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MHOT'OCJOMHBIE NEPUOAUYECKUE KOMIO3ULINHU ZrC/Mg
TSI JJIMHBI BOJIHBI 30,4 am

JI. E. Konoronckuii, U. A. Konbuien, B. B. Konaparenko
Hayuonanvnoiii mexnuueckuil ynusepcumem «Xapbko8CKUll NOAUMEXHUYECKUU UHCTNUMYm>,
2. Xapkoe, Ykpauna
[Toctynuna B penakuuro 20.01.2015

MeTonaMu peHTTeHOBCKOW TU(PAKTOMETPUH UCCIIE0BaHa CTPYKTYPa MHOTOCIIONHBIX TIepHOIIYe-
ckux komnosutuit (MIIK) ZrC/Mg, noy4eHHBIX METOIOM MPSIMOTOYHOTO MarHETPOHHOTO PACIIbI-
nernst Ha kpeMHUEBBIX (001) u (111) ¥ CTEKISHHBIX TOAIOKKAX, B HCXOTHOM COCTOSIHUHU W TIOCTIE
tepmuyeckoro omkura (50—450 °C). YcraHoBIeHO Haluuue nepemerirantbix 300 B MITK ZrC/Mg
B MCXOAHOM COCTOSIHUHU. [I0Ka3aHO, 4TO HamIydlllee COBIAJEHUE TEOPETUUYECKOTO U IKCIIEPUMEH-
TAJBHOTO CIIEKTPOB MaJIOyIIIOBOM peHTreHoBckoi audpakmnuu ot MITK ZrC/Mg nocturaercsi, eciu
B KQ4€CTBE MEPEMEIIAHHON 30HBI UCIONL30BaTh Kapoua maruus Mg,C.. Tepmuueckuit OTXRHUT 110
350 °C nmpuBOIUT K POCTY IEepeMeIIaHHbIX 30H, 3a cueT auddy3un yrepona u3 cioes ZrC. B pe-
3yabrare TepMudeckoro omkura g0 400 °C nporcxoaut kpuctamumsanus Mg, C,, BCIEACTBUE ETO
MIPOMCXOIHUT paszpylieHue nepuognaaocTu cioes B MITK ZrC/Mg.

KiiioueBble c10Ba: peHTTeHOBCKas TUPPAKTOMETPHS, MHOTOCIIOHHAS TEPUOMUYECKAst KOMITO3UIIHS,
MarHeTPOHHOE paclbUIeHNE, MAarHUN, KapOUa IUPKOHHUS.

BATATOIIAPOBI NEPIOAWYHI KOMITO3HUIIIT ZrC/Mg
JJI JOBXKUHU XBUJII 30,4 am
JI. €. Konoroncokuii, I. A. Konwiens, B. B. Konaparenko

MertonamMu peHTTeHIBCHKOI JAr(paKTOMEeTpii JOCTIHKEHO CTPYKTYpY OaraToniapoBUX MepioquIHUX
rxommnosuuiil (BIIK) ZrC/Mg, oTpuMaHuX METOJOM MarHETPOHHOTO PO3MWICHHS Ha MOCTIMHOMY CTpY-
Mmi Ha kpemHieBux (001) ta (111) 1 CKISHUX MIAKIAAKAX, Y BUXITHOMY CTaHi Ta MICIS TEPMIYHOTO
Bignany (50—450 °C). BcranosneHo HasBHicTh 3Mmimanux 30H B BIIK ZrC / Mg B mouarkoBoMy CTaHi.
[lokazano, mo Haikpaia 301KHICT TECOPETUYHOTO Ta EKCIEPUMEHTAIBFHOTO CIIEKTPIB MaJIOKyTOBOT
pentreniBepkoi mudpakiii Big BIIK ZrC/Mg nocsiraeThest, KO B SKOCTI 3MillIAaHOT 30HU BUKOPUCTO-
ByBaTy KapOix Maruiro Mg,C.. Tepmiunmii Biznan 10 350 ° C mpu3BOAUTE 10 3pOCTaHHSA 3MIIIAHUX 30H,
3a paxyHOK Audy3ii Bymiero 3 mapis ZrC. B pesynbrari repmiunoro Bignany 10 400 © C BinOyBaeTbes
kpucraitizamis Mg,C,, BHAaC/II0K 40r0 BifI0yBa€ThCs pyHHYyBaHHs nepioauynocTi mapis B BITK ZrC/
Mg.

KuarouoBi ciioBa: peHTreHiBchbKka AU(PaKTOMETpis, OararomapoBa rmepiognyHa KOMITO3HUIlisl, MarHe-
TPOHHE PO3MUIICHHS, MarHii, KapOiJl IIMPKOHIIO.

ZrC/Mg MULTILAYERS FOR RADIATION AT 30.4 nm
L. E. Konotopskyi, I. A. Kopylets, V. V. Kondratenko

X-ray diffraction methods were used for investigation of structure of ZrC/Mg multilayers deposited
by DC magnetron sputtering on Si (001), Si (111) and on glass substrates in initial state and after
annealing (50—450 °C). The presence of mixed zones in ZrC/Mg multilayers in initial state was fo-
und. It is shown that theoretical and experimental small-angle X-ray diffraction spectra of ZrC/Mg
multilayers can be fitted well if magnesium carbide Mg,C, is used as mixed zone. Thermal annealing
up to 350 ° C leads to increase of mixed zones due to carbon diffusion from ZrC layers. As a result
of thermal annealing up to 400 ° C crystallization of Mg,C, is observed. Owing to this process the
destruction of the periodicity of the layers in the MPC ZrC/Mg occurs.

Keywords: X-ray diffraction, multilayer, DC magnetron sputtering, magnesium, zirconium carbide.

BBEJIEHUE MONaJal0T €€ OCHOBHBIE CIIEKTPATbHbBIC TNHUU:
Yyactok comnednoro cnekrpa 17-35 um sBust-  AFe-1X = 17,1 am, AFe-XII = 19,5 um, AFe-
eTcst Hanbosee nHGopMaTUBHBIM JUtst fuarHo-  XIV = 21,1 uMm, AFe-XV = 28,4 um, AHe-II =
CTHKM KOPOHAJIBHOW TuIa3Mbl, Tak kak B Hero 30,4 um, AFe-XVI = 33,5 um. Pemenue 3anaun
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IIOJIyYEHHUs] PEHTIT€HOBCKHMX CIEKTPAJIbHBIX H30-
Opa’keHUI COJIHEYHOTO JWCKa M KOPOHBI B M3-
Jy4EeHUU MOHOB JKeJie3a U I'ellusl, COOTBETCTBY-
IOLUX MOHOTEMIIEPATYPHBIM CJIOSIM  ILJ1a3Mbl
COJIHEYHOI aTMOC(EpHI B IIMPOKOM TEMIIEpaTyp-
HOM HMHTEpBAJIE C BBICOKUM IIPOCTPAHCTBEHHBIM,
CIEKTPaJbHBIM M BPEMEHHBIM pa3perieHHeM
SIBJISIETCSl OCHOBOM U HAOMIONEHMS M HCCIie-
noanus ComHia. B 3To# CBS3M peHTIeHOBCKUE
3epKajla HOPMaJIbHOIO MaJCHMs IPEACTaBIISIOT
0co0bIit nHTEpec 11 acTpodusukw [1, 2].

K Hacrosmemy BpeMeHH BBICOKOOTpaXkKaro-
M€ PEHTIeHOBCKHUE 3epkana Mo/Si Obutn ycre-
IITHO TIPUMEHEHBI B aCTPO(MU3UKE JUIS CO3IAHUS
TEJIECKOIIOB, I'€JIMOCIEKTPOMETPOB U KOPOHOT-
padoB C 1ENbI0 HAOTIONCHUS W HCCIICAOBAHHS
Connua [3, 4]. Tem He MeHee, KO3 PHULUECHT OT-
pakeHus: JaHHOW cuctemsl ipu A = 30,4 HM He
npesbimaeT 20 %. Bo3Hukaer HEOOXOAMMOCTH
CO3[IaHMsl PEHTICHOBCKUX 3€pKaJl Ha OCHOBE
HOBBIX Tap MarepualioB, KOTOPbIE CIIOCOOHBI
obecrieunTh 0o0JIee BHICOKOE 3HAaUCHUE KO H-
LMEHTAa OTPaXCHUS B JAMANa3oHE JUIMH BOJIH
25-35 Hm.

OpHMM M3 JIyYIIMX MarepualioB IO OITH-
YECKUM CBOICTBaM Ha JJIMHAX BOJH OOJBIINX
25,2 um sBisgerca Mg. MHorocnoiiHele nepuo-
nudeckue komnosunuu (MIIK) na ocHoBe Mg
MOT'YT CJIYXKWUTb aJbTEPHATUBOM MHOTOCIION-
HbIM TiepuogudeckuMm kommnosutusm (MIIK)
Mo/Si. Onnako Mg akKTUBHO B3aUMOJICHCTBYET
CO MHOTHMH 3JIEMEHTAaMH, YTO MPUBOAUT K 00-
pa30BaHUIO [EPEMELLIAHHBIX 30H Ha MEXCIIoe-
BBIX I'PAaHULIAX MHOTOCJIONHOM KOMIIO3ULIUU U,
KakK CJEJCTBHE, BEAET K CHIKEHHUIO KOd(pdu-
nueHTa orpaxkeHus. HeBbicokas Temmeparypa
maBiieHuss maraus (650 °C) MoxeT ObITh Tak-
K€ NPUYMHON HU3KOM TEPMUYECKOM CTaOMIIb-
HOCTH PEHTI'€HOBCKHUX 3€pKaJl HA €T0 OCHOBE.

Puc. 1 noka3siBaeT paccunTaHHbIE 3HAUCHUS
Kko3((uIeHTa OTpaKEHUs B MITKOM pEHT-
TE€HOBCKOM U3JIYUYEHHUH Ul Pa3IMYHBIX [1ap Ma-
TEpPUAJIOB Ha OCHOBe Mg, npeanonaras uaea-
JBHYIO INIAJIKOCTh TpaHul] paszzaena cioes. [lpu
sToM ToimMHbl cinoeB B MIIK BeiOupanucek
TaKUMH, YTOOBI KOAPPHUIHUEHT OTpaKeHUs ObLI
MaKCHUMAJIbHBIM I JJIMHBI BOJHBI 30,4 HM
IIpY HOPMAJIbHOM YIJI€ Ma/ICHUsI.

Haubonpmield orpaxarenbHOH CrnocoOHO-
CThIO OOJIaJalOT PEHTIEHOBCKUE 3€pKaja Ha

ocHOBe map MmarepuanoB Si-Mg u B4C-Mg
(puc. 1). OnHaKo SKCIIEPUMEHTAIBHO U3MEPEH-
HOE€ 3HaYeHHE KOA(PPHUIMEHTa OTPaXEeHUs s
nmanaeix MIIK cocraBnster 5,6 % u 0,2 % co-
oTBeTCTBEHHO [5].Takoe HM3KOE 3HaYEHHE KO-
G puIMeHTa OTpakeHUs] aBTOPbI padoThl [5]
OOBSCHSIOT HECOBEPLICHCTBOM MEXKCIOEBbIX
I'PaHUI] CBSI3aHHBIM C NIEpEMEIINBAaHUEM CIIOEB
MIIK B nponecce usrotosnenus. Mcnonabs3oBa-
nue Co B kauecTBe OGaprepHoro ciosi B MIIK
B4C/Mg, mo3BonsieT 3HAUUTENBHO YIIyUIIUTh
ONTUYECKHE XapaKTEPUCTUKU TaHHOTO MHOTO-
CJIOMHOrO NOKphITUA [6]. Tem He MeHee, crucTe-
Ma SiC/Mg 3HaYUTEeNbHO F(EKTUBHEE CHCTEMBI
Co/B4C/Co/Mg. Teopernueckuil Kodhuim-
ent orpaxenus MIIK SiC/Mg He3HauuTEIHHO
MeHblle, yeM y Si-Mg u B4C-Mg, u cocrasisier
~58 % (puc. 1). IIpu 3TOM Ha MpaxKTHKE KO-
¢unment orpaxenus MIIK SiC/Mg nocturaer
44,6 % na nnune BoaHbl 30,3 M [5]. OTinune
HKCIIEPUMEHTATBHOTO U TEOPETHUYECKOTro 3Ha-
yeHus: Korpdunuenta orpaxenus B MIIK SiC/
Mg cBsI3aHO C pa3BUTHEM IIEPOXOBATOCTU HA
MEXCJIOEBBIX TPaHUIAX,CPEAHEKBAIPATUYHOE
3HaueHHe KOTOpoil cocTaBmser 1,8 HM s
rpanunbl SiC Ha Mg u 1,9 nng — Mg na SiC
[7]. HeoOXxomuMoO OTMETHTH, YTO ONTHYECCKHE
XapaKTepUCTUKU JaHHBIX PEHTI€HOBCKHUX 3€p-
Kaj crabmibHel Juib 10 350 °C. D10 cBA3aHO
C TeM, 4TO Mg BCTyNaeT B XMMHUYECKYIO peak-
1uio ¢ Si ¢ 00pa3oBaHUEM CUJIUIIMIA MarHus
Mg2Si [7, 8]. Tak kaKk dKCIUTyaTalus peHTre-
HOBCKHX 3€pKajl B YCIIOBHSX OTKPBITOIO KOC-
Moca MPeIbIBISET BHICOKHE TPEOOBaHUS K UX
TEPMUYECKOW M BPEMEHHOH CTaOUIBHOCTH,
MPAKTUYECKOE HCIOIb30BaHUE PEHTIC€HOBCKUX
3epkast SiC/Mg B acTpodu3uKe OrpaHHYEHO.
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Puc. 1. Teoperuyecku paccuuTaHHble KO3 UIHEHTHI
OTPa)KEHHsI PA3IMYHBIX MHOTOCIOWHBIX PEHTTEHOBCKUX
3epKall HA OCHOBE MarHus JJisi AJTMHBI BOJIHBI 30,4 HM
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MHOTI'OCJIOHHBIE ITEPHOIHYE CKHE KOMITO3HIHH ZrC/NMg JUIA JIVTHHBI BOJTHBI 30,4 um

Eme Oonee HU3KMIT yPOBEHb TEPMUUYECKOM
crabuipHOCTH JeMOHCTpupyeT cucrema Co/
Mg. Ilpu temneparypax Bbiie 200 °C, B pe-
3yJbTaTe MEKCIOEBOI0 B3aUMOJCHCTBUS, MIPO-
HCXOJIUT 3HAUUTETBHOE TIaZieHue K03 uiineH-
Ta oTpaxkenus [9, 10].

Taxkum 00pa3oM, ONMCaHHBIE BBILLIE PEHTTE-
HOBCKHE 3€pKaJla HE yIOBJIETBOPSIOT TpeOoBa-
HUSIM, KOTOpbIE NPEIbSBISIET PEHTI€HOBCKAs
acrpodmsuka k MIIK, a uMeHHO: BpeMeHHas
U TepMUYECKasl CTAOMIBHOCTh ONTUYECKUX Xa-
PaKTEPUCTUK PEHTTEHOBCKUX 3€pKaJl, BEICOKOE
3HaueHue kod(pduuuenta orpaxenus. Ilosto-
My B JJaHHBI MOMEHT HJIET TIOMCK HOBBIX Map
MaTepuaoB.

IKCHHEPUMEHTAJIBHAS YACTb
Oo6pasubr ZrC/Mg ¢ nepuonom d = 15,4 um
(ZrC = 2,2 um, Mg = 13,2 HM) U KOJIJTUYECTBOM
neproioB N = 30 Ha CTEKISIHHBIX U MOHOKpHU-
cramnmiyeckux kpeMHuuesbix (001) u (111) nmon-
JIOKKaX OBLIM M3TOTOBJIEHBI METOJIOM IPSIMO-
TOYHOI'O MarHeTPOHHOTO PacHbUICHUS B Cpele
aprosa. [leproa 1 COOTHOILIEHUE TONIIUH CJIO-
€B B 00pa3rax ObUTH BEIOpaHBI TAKUM 00Pa30M,
YTOOBI KOAPPUIMEHT OTpakeHUs1 ObLT MaKCH-
MaJIbHBIM I ITTUHBI BOJHBI 30,4 HM IIpU HOP-
MaJbHOM yIJie TajeHus. B kauecTBe BepxHe-
ro, 3alIUTHOTO, CJIOS Ul NPEAOTBpallleHus
OKHCJIEHUSI MarHusl HambLIsUICS CIION KapOuja
LIUPKOHUS TOJMIMMHON 2,2 HM. TONIIMHA CITO0EB
KOHTPOJIUPOBAajach MyTeM 3aJlaHusl CKOPOCTU
TPAHCIIOPTUPOBKHU TOMAJIOKKHM HaJ| MHILEHSAMU
U OTIpe/IENsiIach BPEMEHEM €€ SKCIIO3UIIUU HaJl
COOTBETCTBYIOILIEH MUILEHBIO MPU CTAOMIN3aA-
MU CKOpOCTeH ocakaeHust u3 muienen ZrC
u Mg.

Crpyxrypa MIIK ZrC/Mg wuccnenoBanach
C TIOMOMIBIO PEHTTEHOBCKOH IH(PAKTOMETPHUA
U MOCJIEYIOIIEr0 KOMIIBIOTEPHOIO MOJEIINPO-
BaHUs. PeHTrenorpaduyeckue wmccienoBaHus
MIPOBOJMIUCH HAa PEHTTEHOBCKOM aU(PaKToO-
metpe JIPOH-3M B msnyyenun Cu-Kal (A =
1,5405 A). Ilpu cheMke MajOyIVIOBBIX PEHT-
TEHOBCKUX JU(PAKTOTPaMM HCIIOIB30BAJICS
MeTon cheMkH (0-20)-ckanupoBanusi ¢ ¢o-
KycupoBkoil 1o bparry-bpentano. Cwemka
TU(paKTorpaMM JUisl PEHTI€HOBCKOrO (pa3zo-
BOT'0O aHaJIM3a OCYLIECTBIISAJIACH B CKOJIb3SIILEH
reOMETPUH TIPH yIVIe CKONIbKeHus 2,5°. B aTom

cllyyae MpOBOJHUTCSA CheMKa OTpaKeHHUH ¢ pas-
upivu (hKI). mpy HenoaBMKHOM MONOKEHUH 110~
JUKPUCTAIIIMUECKOro oOpasia. Takxke chbeMKu
T(paKTOrpaMMm JUIsi pEHTT€HOBCKOTO (ha30BOTr0
aHaJIM3a OCYIIECTBISLTUCH B (0—20)-reomeTpun.
MopnenupoBaHue CIIEKTPOB MaJIOYIJIOBOM PeHT-
T€HOBCKOM JH(paKIUN BBIMTOIHAIOCH B IPO-
rpamme X-Ray Calc Ha ocHoBe ¢popmyn Opene-
JIS1 C YUETOM MEXKCIIOEBOH 1IepOXOBaTOCTH.

Omxur MIIK ZrC/Mg mnpoBoguics B Ba-
KyyMHOH Kamepe nipu aasiennn P = 107 Ila,
B quanasoHe temneparyp 50450 °C ¢ marom
50 °C. O6pazen mpu Kaxa0i Temneparype oT-
KUTAJCS B TeUeHHH | 4.

PE3YJIBTATBI 1 UX OBCYKAEHUE

B nannoit pabote npeanokeHo HOBOE PEeHTre-
HOBCKOE€ 3€pKaj0 Ha OCHOBE Iapbl MaTepua-
noB ZrC-Mg. MIIK ZrC/Mg cniocoOHbI 0b6ec-
neyuTh KOod(QUIMEHT oTpaxeHus ~44 % Ha
JuiiHe BONHBI 30,4 HM IIpU HOPMAJILHOM YIVIE
nazaenus (puc. 1). HecmoTpst Ha MeHbIee 3Ha-
YEeHHE TEOPETUYECKOI OTpaXkaTeabHOI croco0-
Hoctu, ueM y MIIK SiC/Mg, oxumaercsi, 4to
peHTreHoBckue 3epkaia ZrC/Mg OynyT UMeTh
0oJiee BBICOKYIO TEPMHUECKYI0 U BPEMEHHYIO
CTaOMIIBHOCTh, TaK KaK MarHuii He oOpasyeT
XUMHUYECKUX COETMHEHUI C LIUPKOHUEM.

s uccnenosanus MIIK ZrC/Mg B ucxon-
HOM COCTOSIHMM Obljla M3rOTOBJIEHA cepusi 00-
pa3loB Ha CTEKIISTHHOM 1 KpeMHHUEeBBIX Si (001)
u Si (111) moanoxkax. Ha puc. 2 npencraBieHa
SKCIEPUMEHTAJIbHAS MAJIOy[JIOBasi PEHTI€HOB-
ckas nudpakuus or MIIK ZrC/Mg Ha cTeKIsH-
Ho mojytoxkke. [IpaBunpHast GpopMa MUKOB Ha
MaJIOyIJIOBOM PEHTI€HOBCKOM NU(paKkIuu CBU-
JETEILCTBYET O BBICOKOM YPOBHE IMEPHOAMNY-
HOCTH. Tak e cienyeT OTMETUTh, YTO OCLIMJI-
MK HabmrofaroTesd 10 7,5°, B TO BpeMs Kak
B 1K SiC/Mg, Co/Mg oHU COXpaHSIIOTCS JHIIb
710 6°. DTO CBUAETEILCTBYET O TOM, YTO MHOI'O-
cioitHoe nokpsitue ZrC/Mg nmeet 6onee HU3-
KHI yPOBEHb LIEPOXOBATOCTH. [IeHCTBUTEIIBHO,
COIIaCHO pe3yibTaTaM MOJEIHMPOBAHUS PEHT-
T€HOBCKHX CIIEKTPOB CPEIHEKBaApaTUYHas 1ie-
POXOBaTOCTh HAXOAUTCS HA ypPOBHE 1 HM.

IIpn MopenupoBaHMM CHEKTPAa MaJIOyTJIO-
BOM PEHTIeHOBCKON AU(DPaKIMU JBYXCIOHHON
Mozenbto ZrC-Mg He ynanoch TOCTHYb COBIIA-
JEHUsI TEOPETUYECKOW KPUBOM 3€pKaJIbBHOTO
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OTPAKEHHS C HKCIIEPUMEHTANbHOU (pHC. 28).
Hawnyumme pe3yasrarsl ObUIM HOJTYYEHBI IPU
MOJIEIMPOBAHUM KPUBOM 3€PKaIbHOIO OTpaKe-
Hust MIIK ZrC/Mg 4eThIpexciioiHOi MOJEIbIO
(puc. 2a), B NpeanoiaoKeHHH, YTO 00paszyroT-
Csl IepeMelIaHHble 30HbI Ha rpaHunax ZrC Ha
Mg n Mg na ZrC. Haunyumee coBnajaeHue
TEOPETUUECKOM KPUBOHM 3€PKAJIbHOIO OTPAKE-
HUSl C DKCIIEPUMEHTAJIBHOM JOCTUraeTcs Mpu
BbIOOpe Mg,C, B KauecTBe COCTaBa nepeme-
ImIaHHBIX 30H Ha rpanunax MIIK ZrC/Mg. B
Tabn. | mpeacraBiaeHbl 3HAYCHUST TApAaMETPOB,
IIOJIy4Y€HHBIX U3 MozenuposaHus. Ilo pesyib-
TaTaM MOJIEJIMPOBAHUS IIE€PEMEILIAHHBIE 30HbI
ACCUMETPUYHBI: TONIMHA U YPOBEHb CpPEIHE-
KBaJIpaTUYHOW IIEPOXOBAaTOCTU IE€PEMEIIAH-
HOW 30HBI C(POPMHUPOBAHHOM HA rpaHuue Mg
Ha ZrC MeHbllIe, 4eM y 30H, CPOpPMUPOBAHHBIX
Ha rpanuie ZrC Ha Mg.
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Puc. 2. MozaenupoBanue 3KCHEPUMEHTAIBHOIO CIEKTPA
MaJIOyTIIOBOH peHTreHoBckoi nudpakunun MIIK ZrC/Mg
@ — YETHIPEXCIOWHOW U 6 — MBYXCIIOHHON MOJIEIBIO

s noaTBepkaeHUs pakra GopMUupoBaHUS
nepeMelaHHbIX 30H B cucteme ZrC/Mg, 6butn
BBINOJIHEHBI CIEIYIOLIIE SKCIIEPUMEHTHI. bbl1o
M3TOTOBJIEHO J1Ba 00pa3ia, COCTOSIIUX U3 ABYX
nakeTtoB. Kaxxiplii maker mpezacrasiser coOoi
JIBa/IATUIIEPUOHYIO MHOTOCIOWHYIO TJIEHOY-
HYyI0 Kommosuluio. B mepBom oOpasue Tou-
IIMHA CJIOEB MarHusi B NEPBOM IMakere Oblia
BbIOpaHa OoJjblleii, yeM BO BTOPOM IaKeTe,
a TOJILIMHA CJI0s KapOuaa LMPKOHUS ObLIa OfU-
HAaKoBa B MEPBOM M BTOpOM makere (puc. 3a).
Bo Bropom o6pasiie ¢pukcupoBanzach TONIIMHA
CJIOEB MarHus B Ka)/IOM IakKeTe, a TOJIIHMHA
CJIOEB KapOu1a UPKOHUS ObUIa Pa3HON B KaX-
JIOM M3 [TaKETOB BTOPOro obpasia.
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Puc. 3a — cxemarndeckoe H300paskeHIE IBYXITAKETHOTO
o0pa3ma ¢ pUKCHPOBAHHOHN TONIIHWHON KapOwIa IHPKO-
HUS U O — MAaJIOyIIIOBasi PEHTTCHOBCKAs TUPPAKIUSI OT
JIBYXITAKETHOTO 00Opasia ¢ (pUKCUPOBAHHOW TOIIIUHOMN
IMUPKOHUS; | — IMUKU COOTBETCTBYIOIIIE MTAKETY C OO0JTb-
e ¥ 2 — MEHbBIICH TOJIIIMHON MarHus

JlaHHBIE MAJIOYIJIOBOM PEHTI€HOBCKOU Tu -
pakiuu (puc. 36) MO3BOJIAIOT paccyUTaTh Ie-
pUOIBI IEPBOrO M BTOpOro mnakera. PasHuna
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Tabnuua 1
JlanHble, moJIy4YeHHbIE B pe3yJbTaTe MOAeJTUPOBAHUS KPUBOl 3¢PKAJILHOI0 OTPAKEeHUs
MIIK ZrC/Mg
Yucao . IInorHocTh, | TosmmHa CpennexkBagpaTHIHAS
cJI0eB Caoii r/em? €JI0s1, HM Hepuon, i IePOX0BaTOCTh, HM
1 ZrC 6,2 1,9 1,125
Mg C, 2,2 1,5 1,075
30 Mg 1,9 12,3 16,2 0,8
Mg,C. 2,2 0,75 0,325
Z:C 6,15 1,65 1,135

3HAYEHUH MEepPHOI0B NEPBOr0 U BTOPOTO IMaKe-
Ta COOTBETCTBYET pa3HULIE TONIIUH clloeB Mg
B nepBoM oOpasue u ZrC Bo BTopoM o0Opasle.
Pa3nuia Bo BpeMeHax 0CakJIeHHs CI0€B, KOTO-
past 3aJ1aeTcsl B SKCIIEPUMEHTE, a TaKKe Pa3HU-
1a toamuH Mg u ZrC no3BoJsioT ONpeesIuTh
UX CKOPOCTHU ocaxaeHus. Takum oOpaszom, 1aH-
Hasi METOAMKA IO3BOJISIET ONPEAENIUTh CKOPO-
CTH OCAKJEHHS MaTepHalioB, a TaKXKe pa3HUILY
MEX1y IKCHEPHUMEHTAIbHBIM (ONpereIeHHbBIM
13 MaJlOyIJIOBOM PEHTTEHOBCKOM AM(paKINN)
U TEOPETHUUECKUM (PacCUMTaHHBIM U3 BPEMEHU
U ckopocTH ocaxkaeHust Mg un ZrC) 3HaueHusIMu
nepuooB MIIK B xoz1e 01HOTO 3KCIIEPUMEHTA.

DKCIIEpUMEHTAJIBHO OIpeEIEHHOE 3Haue-
Hue nepuoaa MIIK Mmenbie, uem Teopernyec-
koe, Ha 0,9 HM. DTO 3HAYUT, YTO B TpoIEcCce
W3TOTOBJIEHUS IUIEHOK IMPOUCXOIUT MEXKCIIO0e-
BO€ B3aWMOJICHCTBUE, KOTOPOE IPUBOAUT
K YMEHBIIIEHHUIO NEPHOA, YTO MO3BOJISET TOBO-
puth 0 ToMm, uto B MIIK ZrC/Mg oGpa3zytorcs
nepeMenanHbie 30Hbl. Hamu Obu10 ycTanoBie-
HO, YTO 00pa3oBaHHE MEPEMEIIAHHBIX 30H CO-
MIPOBOXKJIAETCSI YMEHBIIEHUEM TOJILUHBI CI0s
Mar"usi, B TO BpeMsl Kak TOJIIHMHA CJIOS Kap-
Ouja IMPKOHUS OCTaeTCs Heu3MeHHOU. M3-
BECTHO, YTO COCTaB MOHOKapOMJIOB METaJIOB
IV rpynmsl MOXET 3HAUUTEIBHO OTKIOHSTHCS
ot crexuomeTrpuueckoro [11]. Takum obpazom,
BO3MOYKHO 00pa3oBaHUE MEepeMEIIaHHbIX 30H
3a CYET B3aMMOJICHCTBUS MarHus C yIJiepoJoM,
yxomsamuM u3 cioes ZrC. Ilpu 3Tom TomnmuHa
cinoeB ZrC 3aMeTHO HE U3MEHUTCSI.

Ha ocHoBe qaHHBIX MOJyYEHHBIX B PE3YJib-
TaTe MOJEIMPOBAaHUs CIEKTpa MajoyIJIOBOH
PEHTTeHOBCKOM Jupakiuuu OblT MPOU3BEACH
TEOPETUUECKUN pacueT Koddduimenta orpa-
JKEHWs PEHTreHOBCKoro 3epkana ZrC/Mg,C./

Mg/Mg,C, na une Bonubl 30,4 HM, 3HaYEHUE
KOTOporo coctaBuiio 31,6 % mpu HOpMAJIBHOM
yriie nafeHus. [Ipu 3ToM crienyer OTMETUTh,
9TO pacueT Kod(dduiMeHTa OTpaxKeHHs s
peHTreHoBckoro 3epkana ZrC/Mg 06e3 mepe-
MemanHbIX 308 Mg,C, ¢ Takum Ke ypOBHEM
CpEIHEKBaJPaTUYHON IIEPOXOBAaTOCTH, KaK M
B ZrC/Mg,C./Mg/Mg,C, cocrasun 32 %. To
€CTbh, CIIeyeT OKUIATh, UTO KOA(D(GUIIUEHT OT-
paxxeHus: peHTreHoBcKoro 3epkana ZrC/Mg ¢
peanbHON CTPYKTYypoii cioeB OyneT Ha 9 % HU-
xe, ueM y SiC/Mg u Co/Mg.

Ha puc. 4 npezncraBieHbl pe3ynbTaTbl peHT-
T€HOBCKOTO (ha30BOT0 aHAIIN3a MIICHOUYHBIX KOM-
no3uruii ZrC/Mg ¢ nepuogom 15,4 M. Ha kap-
TUHE PEHTI€HOBCKOW NUMPAKIMU CHITOM st
00pa3loB Ha KPEMHHUEBBIX U CTEKJISIHHBIX TOJ-
JIO)KKaxX B reoMeTpun ®—20 CKaHUPOBaHUS NIPH-
CYTCTBYET OTpakeHHe OT 1utockocterd Mg (002)
Ha 34,18° (puc. 4a). ITuk or Mg (002) nmeer
acCUMETPUYHYIO (opMy. ITO MOXKET OBITH CBS-
3aHO C TeM, 4TO Ha 33° JOIKHO HAaXOOUTHCS OT-
paxenue ot twiockocter ZrC (111). [eiictBu-
TEJIbHO, YUNTHIBAS, UTO TOJIIIMHA CIOEB KapOuaa
LUPKOHUS B 6 pa3 MEHbIIIE TOIIIHHBI CIIOEB Mar-
mus (h, . = 2,2 um, hMg = 13,2 HM), ¥ OTpaxka-
Ui 00beM 3epeH B ciiosix ZrC 3HAUYNuTENBHO
MEHBbIIIE, 4eM B 105X Mg. MOXHO 0)KuAaTh, 4TO
MHTEHCUBHOCTb OTPa)XeHHsl OT miockocten ZrC
(111) Gynet HU3KOH, a MUK — IIMPOKUM. Takxke
ClIelyeT OTMETUTh, UTO Ha pEHTTE€HOTpaMMe, T0-
JIy4eHHOH B ®—20 CKaHUPOBAHUU, OTCYTCTBY-
0T OTpaKeHUsI OT JPYTUX IIockocteit Mg, uTo
CBHUJIETENILCTBYET O TOM, YTO MarHMeBas TUIEHKa
UMeeT TeKCTypy ¢ ocbto Mg [001] HopmanbHOM
K moBepxHOocTH. Ha kapTHHE pEeHTreHOBCKON
TUQpakuy CHATOM It 0Opa3loB Ha Kpem-
HUEBBIX M CTEKJSHHBIX TOAJIOXKKAX METOJ0M
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CKOJIB3SIIIIMX PEHTICHOBCKUX Jyueh (puc. 40)
MPUCYTCTBYIOT OTPaXEHUS OT IUIOCKOCTEH
Mg (002) u Mg(103), a Takke OTpakeHUS OT
mockocteit ZrC (220) u ZrC (311). Hanmuuue
orpaxxenus Mg (002) cBUACTEIBCTBYET O TOM,
9TO B CJIOSIX MarHusl MPHCYTCTBYET (paKius
3epeH OPUEHTUPOBAHHBIX HETEKCTYPHUPOBAHHO.

ZrC (111) f}{Mg (002)Mg (101) zrC (200)
L
c
=
=
20,°
a
Mg (002) ZrC (220) Mg (103)ZrC (311)
!
8 ‘
c
=
=

100 ‘

'I'II'('I'!’P’I'I'I'I'I'I'I'I'I'I'I
3032 343638 5052545658 606264 6668 70
20,°

6
Puc. 4. Jludppaxrorpamma B nznydennn Cu,  JUIs TPUI-
[MATUNIEPUOAHON  TUIeHOYHOH kommosmnuu  ZrC/Mg
(hZrC = 2,2 um, hMg = 13,2 uM), Ha CTEKJISHHOU IMOJI-
JOXKe, @ — O©—20 cKaHHPOBAaHUE; O — METOJ CKOJIb35-
IIMX PEHTTCHOBCKUX JIydyen

Mexmnockoctabie paccrosauss Mg (002)
paccuuTaHHbIE U3 JaHHBIX AUPPAKTOTPaMM IO-
JYYEHHBIX METOJIOM CKOJB3SALIMX PEHTTEHOB-
CKHX JIyuel 1 ®—20 cKaHUPOBAHUS COCTABUIIU
2,59 A u 2,62 A coorBercTBeHHO. MexIuIo-
ckocTHeie pacctossHus Mg (103) cocraBuam
1,46 A. TlomyueHHBIE 3HAYEHHUS MEKIUIOCKOCT-
HBIX PAcCTOSHUI OTIMYAIOTCSA OT TaOIMUYHBIX

(dMg(002)= 0,2605 HM™, dMg(m): 0,147 um). On-
HOMW M3 BO3MOYKHBIX IPUYMH PACXOXKICHUS MO-
I'yT ObITh HaNPsDKEHUS B closgx MarHus. 00 ux
HAJIMYMM B TUIGHKaX Mg, MOJy4YeHHbIX MarHe-
TPOHHBIM paclbUIEHUEM YIIOMHHAETCS U B pa-
6ote [12]. O nanpspokeHHOM coctossHuu MITK
SiC/Mg coobmaercs Takxke B pabdore [13].
OnHako OKOHYATEIbHOE OOBSICHEHUE PACXOXK-
JIeHUs] TAOJMYHBIX U YKCTIEPUMEHTAJIbHBIX 3Ha-
YEHHU MEXIUIOCKOCTHBIX PacCTOSHHUI Tpedyer
JOTIOJTHUTENBHBIX UCCIIEI0BAHUI.

Jlnist uccnenoBaHusl TEPMUUECKON CTaOUIIb-
HOCTHU NOKpbITUs ZrC/Mg OB IPOBEACHBI OT-
xura MIIK ZrC/Mg Ha CTEeKISTHHOHN MOJIIOKKE
B TeMneparypHoM unrepsaie 50—450 °C c ma-
rom 50 °C. Ilocne kax10ro OTXKUra CHUMajach
MaJIOyIJIOBasi peHTreHOBCKas nudpakuus. Kak
CBHUJIETEJICTBYIOT MAaJOyIJIOBbIE PEHTIE€HOB-
ckue nu¢paxrorpammel, MIIK ZrC/Mg cra-
omneHbl 10 T = 350 °C (puc. 5).

s
= 400, °C
z
o
& 50, °C
0, °C
0 ) 4 6
20,°

Puc. 5. ManoyriioBble peHTT€HOBCKHUE TU(PPAKTOrPaMMBbl
B u3nydenun Cu, , or MIIK ZrC/Mg B ucxomHoM cocTo-
SIHUU U [IOCJIE OT/KUTa

[To ManoyriioBsIM pEHTTEHOBCKUM JIU(ppaK-
torpammam ot MIIK ZrC/Mg 6butn paccuu-
TaHbl 3HAYEHMsI IEPUOJOB MHOTOCIIOMHBIX II0-
KPBITUH U MOCTPOEHA 3aBUCHMOCTD BEJIMYMHBI
IIepHoia OT TeMIlepaTypbl oTkura (puc. 6). Ile-
puoa nokpsiTHst ZrC/Mg u3MeHsieTcss HEeMOHO-
tonHo. IIpu narpese MIIK ZrC/Mg no 50 °C
MEPUOJ MHOTOCIOMHON KOMIIO3ULIMU HE3HAYU-
TenbHO yBenuuuaercs Ha 0,08 HM. DTOT 1po-
LIECC MOXKET OBITh CBSA3aH C pellaKcanuei CTpyk-
TYPHBIX HAIIPSKECHUN B CIOSX MHOI'OCIOWHOU
komno3uuuu [14]. JlanpHeWmuii OTXKUT MO-
kpbiTus ZrC/Mg o 350 °C npuBOIUT K yMEHb-
mennro nepuona Ha 0,3 HM. DT0 MOXET OBITh
CBSI3aHO C POCTOM IEPEMEIIAHHBIX 30H 3a CUET
JIalIbHEHUINEro B3aMMOACUCTBUS CIIOCB MarHUs
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n kapOuaa umpkonud. I[locnmemyrommii oTuUr
pu temmneparypax 400—450 °C npuBoauT K uc-
YE3HOBEHUIO TIEPHOIUYHOCTH CIJIOEB TOKPBITHS
ZrC/Mg, 3a cueT KpUCTaJUIM3aluy KapOuia mar-
Husg Mg,C,, 9To IIOATBEPIKAACTCA PE3y/IbTaTaMK
PEHTTEHOBCKOTO ()a30BOTO aHAN3A.

d, A

162,6 4
162,24
161,84
161,94
160,7 4

159,54

0 50 100 150 200 250 300 350
T,°C
Puc. 6. 3aBucumocts nepuona MIIK ZrC/Mg Ha crek-

JITHHOM IOJULKKE OT TEMIIEPATyphl OTKUTA

Ha puc. 7 npencraBineHsl pe3yabrarbl peHT-
reHoBckoro (azoBoro ananmza MIIK ZrC/Mg,
MOJTy4YE€HHBbIE OT 00pa3loB, OTOXGKEHHBIX MpU
pasHbIX TeMmmeparypax. Kak yxke ObL1o OT-
MEUEHO, Ha PEHTTEHOBCKON Iu(pakTorpam-
Me CHATOU B reomeTpun O—20 ckaHUPOBaHUS
MIPUCYTCTBYIOT TOJIbKO oTpaxkeHuss Mg (002).
IIpn orxure no 350 °C MHTEHCUBHOCTH OT-
paxenus Mg (002) ymenblniach B TpU pasa,
a npu omxkure 10 450 °C pedunekc auauu Mg
(002) mpaktuuecku wucuesaer (puc. 76). Ha
PEHTTCHOBCKOI Tu(pakTorpaMMe CHATOW Me-
TOJOM CKOJB3AIIUX PEHTTEHOBCKUX JIyuei
MIPUCYTCTBYIOT OTPAKEHUS OT IJIOCKOCTEN Mg
u ZrC (puc. 76). Ilpu orxure nokpeituii 1o 7'=
350 °C MHTEHCHUBHOCThH ITUKOB IO CPaBHEHUIO
C UCXOAHBIM COCTOSTHUEM He u3MeHsiercs. Ot-
xur 10 400 °C npuBOIUT K pOCTY HHTEHCUBHO-
ctu otpakenust Mg (002). Dto cBsi3aHO € TeM,
YTO B CJIOSIX MarHusi McYe€3aeT TEKCTypa, YTO
TaK)Ke MOATBEPKIAIOT JAHHBIE PEHTT€HOBCKHUX
TU(PpPaKTOrpaMM CHATHIX B reomerpun ©-20
ckanupoBanus. Taxxke npu orxure g0 400 °C
HAUMHAET KPUCTAJIIM30BAThCs IMEepeMelllaHHas
30Ha Mg,C, 0 4eM CBHUIETENLCTBYET MOSBIIE-
nue orpaxennd Mg,C, (005) u Mg,C, (301)
(puc. 76). Kpucrannuzauus kapouma Maraus
B IIPOLIECCE OTYKUIA HAXOAUTCS B COIVIACHU C
HallUM TPEANoNIoKeHneM O (HOPMHUPOBAHUU

nepemeranubix 308 B MIIK ZrC/Mg B nporiec-
ce ux u3roromineHus. Cienyer OoTMETUTh, YTO
MMEHHO C KpUCTaJUuiM3aluel kapOuaa marHus
nepuoauyHocTh cinoeB B MIIK ZrC/Mg npo-
nagaer. Mbl cuuTaem, 4TO B pe3yabTare Kpu-
CTaJUIM3ALMK TIepeMeInantbix 308 Mg,C, nipo-
HCXOTUT paspylIeHHe TOHKUX CJIOEB KapOumaa
LIUPKOHUS M HCYE3HOBEHHE MEPUOIUYHOCTH.
Otrxur go 450 °C npuBOAMT K JTalbHEHIIEH
KpUCTAJUTM3AllMK  TEePEMEIIaHHbIX 30H, YTO
CONPOBOXIAETCA pocToM oTpaxkennid Mg,C
(005) m Mg,C, (301) (puc. 76).

3

0-20

ZrC (111) Mg (002)

450, °C
400, °C

| 350, °C

|, OTH. eq.

300, °C
250, °C
0,°C

25 30 35 40 45
20, rpag.

zC M3 Mg g ziC ZiC ZrC
(220) (}10)4103)112)  (331)| (420) (511)
(o C

gl 222

450, °C
400, °C

350, °C
250, °C

I, OTH. eq.

0,°C

20 30 40 50 60 70 80 90 100 110 120
20, rpag.
0
Puc. 7. ludppaxrorpamma B usnyuenun Cu, , ans MIIK
ZrC/Mg B MCXOIHOM COCTOSIHMH U IOCIIE OTXKHIa, d —
®-20 ckaHUpPOBaHHE; O — METOJ CKOJB3SIIUX PEHTIe-
HOBCKUX JIy4ei

B pesynbrare orxkura go 400 °C mexro-
ckoctHbie paccrostHust ZrC (311), ZrC (331),
ZrC (420), ZrC (511) ymensmmuch Ha 0,004
M, 0,002 sm, 0,001 M, 0,00027 BM cooT-
BercTtBeHHO U coctaunu 0,144 um, 0,108 =M,
0,105 um, 0,089611. Ha puc. 8 npencrasiena
3aBHUCHUMOCTb U3MEHEHUS OTHOILIEHUS 3HaUeHU I
MepHO/ia B UCXOIHOM COCTOSHUHM K OTOX)KEH-
HoMYy 1t citost ZrC, KoTopast Obljla pacCuuTaHa
13 yIIIOBOTO nojioxkeHus orpaxenust ZrC (511).
Mpbl monaraeM, YTO YMEHBLIECHHE MEpHoaa
B CJIOSIX KapOuga HUPKOHUS CBSI3aHO C POCTOM
nepemermanHoi 3ouel Mg, C,. M3BecTHO, uTO
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IIPU OTKJIOHEHHUHU COCTaBa KapOHIOB METAIIJIOB
IV rpynmsl OT CTEXHOMETPUYECKOTO TIPOUCXO-
JIUT yMeHblIeHHe nepuoaa pemerku [11]. Ta-
KUM 00pa3oM, MBI CUUTAEM, YTO B pe3yibTare
oOpasoBanus KapOuna maraus Mg,C. yruepon
nokuaaet ciou ZrC, B pe3ysbTare 4ero Nepruos
B c1051X ZrC yMEeHbIIAIOTCS.

1,0005

1,0000 -

0,9995 4

< 0, 99901 }
0, 9985-
0, 9980-

o

0 100 200 300 400
T,°C

0, 99751

Puc. 8. 3aBUCHMOCTh W3MEHEHHsI OTHOILLCHUS IIepUOIa
penreTku cioeB ZrC B HCXOJHOM COCTOSHHU K NEPHOILY
pemretku cneB ZrC mocie oTxKura

MesxmnockoctHele  paccrosHus Mg (103)
B UCXOJIHOM COCTOSIHUM OTIIMYAIOTCS OT TaOIn4-
Horo 3HaueHust ICDD Powder Difraction files
Ha 0,013 A u cocrasmsior 1.46 A. MbI cuntaewm,
YTO ATO CBSI3aHO C TEM, YTO CJIOW MarHusl HaXo-
JSTCS B HANPSKEHHOM coctosiHuu. [Ipu oTxure
10 350 °C MeXIIOCKOCTHBIE paccTosHus Mg
(103) He w3menstorcs. JlampHEHIIMI OTXKUAT 10
400 °C npuBOOUT, KaK MBI 110OJIaTaeM, K peJlak-
callii HAMpPSHKEHWH, O 4YeM CBHIETEIhCTBYET
yYBEITUYEHUE MEKIUIOCKOCTHBIX paccTosHui Mg
(103) no TabNMUYHBIX.

Heo0xonumMo 0TMETHTB, 4TO BayKHON 0COOEH-
Hocteto MIIK ZrC/Mg sBnsieTcst HEoOXoau-
MOCTh WX OJKCIUTyaTallud B CyXOil arMmocdepe
WIA B BaKyyMe. JTO CBSI3aHO C Te€M, UTO IpHU
KOHTakTe MoKpeIThsi ZrC/Mg ¢ BOIOW HIET XH-
MHUYECKas PeaKilyisi, B pe3ynbTare KOTOPOil BbI-
JensieTcsl aneTwieH. B maHHOM cucTreme BbI-
JeNieHUe alleTWIeHa B KaueCTBE KOHEYHOTO
MIPOIYKTa XUMUUYECKON peaKIlui BOSMOXXHO TIPH
B3aMMOJICHICTBUU BOJIBI TOJIBKO C KapOUIOM Mar-
HUSI, YTO SIBIISIETCS TOATBEPIKICHUEM HAUYHs
KapOuaa MarHusi B BHJIE MEPEMEIIaHHBIX 30H B
MIIK ZrC/Mg B MCXOIHOM COCTOSIHUH.

3AK/IIOYEHUE
B nanHoii pabGoTe BriepBbIe HCClIe0BaHA HOBasI
napa Marepuainos ZrC-Mg.

VYCTaHOBIEHO HAJIMYKME NEPEMEIIAHHBIX 30H
B nokpbITnu ZrC/Mg. Ilo pesynbraram Mmoaenu-
pOBaHUs, 30HBI 00pa3ytoTcs Ha rpanunax ZrC-
Ha-Mg u Mg-na-ZrC. llepememianHble 30HBI
acCUMeTpUYHbl. TOJIIMHA U YypPOBEHb CpEIHE-
KBaJ[paTUYHOW IIEpOXOBAaTOCTH IE€pPEMEIIAH-
HOW 30HBI C(POPMUPOBAHHOM Ha TrpaHuue Mg
Ha ZrC MeHbllle, 4eM Yy 30H, c(pOpMUPOBAHHBIX
Ha rpanune ZrC ma Mg. Cnenyer oTMETUTS,
4YT0 00pa3oBaHME MEPEMEIIAHHBIX 30H CONpO-
BOJKJIAETCS] YMEHBIIIEHUEM TOJILMHBI €051 Mar-
HUS, B TO BpEMsI KaK TOJIIIMHA CJIOSI LUPKOHUS
IIPAKTUYECKHU HE MEHsAETCs. TeopeTuuecku pac-
CUMTAHHOE 3HaueHue Kod((UIMEeHTa OTpaxe-
HUs Ha JuHe BoaHbI 30,4 HM pEHTI€HOBCKOIO
3epkasia ZrC/Mg ¢ nepeMeniaHHbIMUA 30HaMU
Mg,C, u ¢ peanbHOll CTpyKTypOii cioes ZrC
n Mg cocrasuiio 31 %, uto Ha 9 % Huxe, ueM
y penrtrenoBckux 3epkan SiC/Mg u Co/Mg.
Tem He MeHee ObLIO MOKa3zaHo, uro B MIIK
ZrC/Mg ypoBeHb IIepoXoBaTocTH | HM, 4YTO
Hmxe yeM B SiC/Mg u Co/Mg.

MeTonoM pEeHTTeHOBCKOTro (ha30BOro aHa-
JM3a yCTAHOBJIEHO, YTO CJIOM MarHus HMMEIOT
TeKCTypy ¢ ocbto Mg (001) HopmanbHOH K 1O-
BEPXHOCTU NOJUIOKKH. MccinenoBanue cTpyk-
Typhl 30-EpUOIHBIX INIEHOYHBIX KOMITO3ULINN
ZrC/Mg B UCXOJTHOM COCTOSTHMM TIOKa3aJIo, 4TO
IJIEHKH, TIOJYyYEHHBbIE HA MOHOKPHCTAJIIIMYEC-
KO KpEeMHHEBOH M aMOpP(HON CTEKJISSHHOU
MOJUIOKKaX, UMEIOT OIMHAKOBOE KPUCTAJIIINYE-
CKO€ COBEPIICHCTBO.

[lokazaHo, 4TO B pe3ynbTare OTXKHUra a0
400 °C nepuon B cinosix ZrC yMeHbIIWICS Ha
0,01 A. MbI nonaraem, 4To yMeHbIIEHHUE TIEPH-
o7la B CJOSIX KapOuJa UPKOHUS CBS3aHO C 00-
pasoBaHueM mepemerianHon 3ouel Mg C,, 3a
CUeT B3aUMOACHMCTBMSI MarHusi € YIVIEPOJOM,
KOTOPBIN MOKUIAET CIION KapOuaa IUPKOHUS.

beuto mokazano, uto MIIK ZrC/Mg tepmu-
4yecku cTadbuibHbl uiib 10 350 °C. [Tpu Harpe-
Be 110 400 °C npoucxomut pazpymenue MIIK
ZrC/Mg cBs3aHHOE C pOCTOM U KpUCTAJJIM3aLH-
el mepemernannbix 300 Mg,C,. Takum o6pasom,
MIIK ZrC/Mg TepMUUecKd cTaOWIIBHBI 10 TEX
xe Temneparyp, uto 1 MIIK SiC/Mg u Co/Mg.
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