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WccaemoBan MmarHUTOPE3UCTUBHBIN apdexrT MmyabTucioés Pd/Fe B saBucumo-
cTu oT KosmuecTBa (pparmerToB (mo 10) m romrmmuusl ciaoda Pd (0,4—-1,4 um).
ITokasano, uTo Ipu M3MeHeHUU KondecTBa (hparMmeHToB oT 3 1o 10 mpoucxo-
IUT yBeJudYeHue MarauTocomnporusiaeHus Ha 0,05—0,19%, a B 0TOMXIKEHHBIX
mo 780 K obpasmax — ua 0,02—-0,16% . IIpu nsMeHeHUY TOJIIITNHLI HEMATHUT-
Ho# Pd-1mpociiofiky B CBeKeCKOHJeHCUPOBaHHbIX obpasmax MC yBeanuuBaeT-
cana0,6-1,4%, a B orosxokénHbIXx — HaA 0,5—0,03% . [IOIOJIHUTEIbHBIN CI0i
Cu, TonmiuHa KoToporo cocraBisieT 10% o0611ieii TOMIITUHBI MYJbTUCIOEB, IIPHU-
BOIUT K MOHMKEHUIO BeJIMUYNHLI MATHUTHOTO I0JIA Hacklimenus Ha 0,3 Ta.

Hocuimgxeno marmeropesuctuBHuil epext myapruinapis Pd/Fe samexuo Bif
Kinbroctu dpparmenris (xo 10) i ropmuam mapy Pd (0,4-1,4 um). ITokasaso,
110 mpu 3MiHi KigbKocTu pparmenTtiB Big 3 mo 10 BimOyBaeThca 36iabIITEeHHSA
maraetoomnopy Ha 0,05-0,19%, a y Bigmanenux go 780 K spaskax — ma 0,02—
0,16% . IIpu 3mini ToBIMUMHN HemMarseTHOro Pd-mpoIapky B IMONHOCKOHIEH-
coBaumx spaskax MO s6inbinyerses Ha 0,6—1,4%, a y Bigmanenux — Ha 0,5—
0,03% . HomarkoBuii map Cu, TOBIMHA SIKOro cTaHOBUTH 10% 3araabHOI TO-
BIIIMHYA MYJIbTUIIAPIB, IPUSBOAUTD [0 3HUKEHHSA BeJINYNHN MArHETHOTO IIOJIS
nacury Ha 0,3 Tu1.

Magnetoresistance (MR) of the Pd/Fe multilayers depending on the number
of fragments (up to 10 ones) and the thickness of Pd layer (0.4—1.4 nm) is in-
vestigated. As shown, the change in a number of fragments from 3 to 10 re-
sults in increase of the magnetoresistance by 0.05-0.19%, and by 0.02—
0.16% in samples annealed to 780 K. When the thickness of the nonmagnetic
layer in the Pd samples increases, MR of just condensed samples increases by
0.6-1.4%, and MR of annealed samples increases by 0.50—0.03% . Additional
Cu layer with the thickness of 10% of the total thickness of multilayers leads
to the decrease of the magnetic-field saturation by 0.3 T.

RJIIO‘IeBI)Ie CJIOBA: MYJbTHUCJ/ION, MAarHuTOCOIIPOTHUBJIEHNE, HEMariuTHad IIPo-
cJIOliKa, JOIOJHUTEJbHBIH caoit Cu, IoJIe HaChIIeHnA.
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(ITonyueno 1 urwna 2011 2.)

1. BBEJEHUE

C pasBUTHEM HOBEMIINX TEXHOJOTUHN aKTyaJIbHLIMHU OCTAIOTCSI BOIPOCHI
McCIeq0BAaHUA MarHNTOPE3UCTUBHBIX CBOMCTB TOHKOILJIEHOUHBIX MarTe-
PHUAJIOB C TOUKY 3PEHUA BOSMOMKHOCTH UX IPAKTUUECKOTO MPUMEHEHU .
IToce orkpbITHA 9(h(perTa ruranTcKoro marauToconporunienus (I'MC)
B ToHKOIJIeHOUHO# cucteme Fe/Cr [1, 2], 1poucXoAUT MOCTOAHHBIN II0-
WCK HOBBIX MATEpPUAaJOB CO CIUH-3aBUCUMBIM aHTU(HEPPOMATHUTHBLIM
(AD) paccemBaHMEM B3JJIEKTPOHOB UM MATHUTHON IepHeHAUKYJIAPHON
AHUB3OTPONUEN IJIS CO3MaHUSI HOCUTEJEH CO CBEPXILIOTHON MArHUTHOIO
3alMUCBHI0 C BBICOKOCTAOUILHBIMU TEeMIEePATYPHBIMU XapaKTepPUCTUKA-
Mu. ITO TpedyeT CO3AAaHUA HOBBIX MHOTOMYHKIIMOHAJbHBLIX MaTepua-
JOB, K KOTOPBIM MOXKHO OTHECTH MaTepuaJjbl C BBICOKOW MAarHuTHOM
auumsorpomnueii: FePd, FePt, CoPt, CoPd [3—4]. YuopsamgoueHHEbIE CILIA-
Bel FePd, FePt co crpykTypoii L1, 1pu ompeneleHHBIX YCAOBUAX IPO-
SABJAIOT IMEPIEeHAUKYIAPHYI0O MarHUTHYIO aHM30TPOIINIO, OJaromaps
yeMy, CTAHOBATCS IIPeTeHAEHTaMHU AJA CO3TaHUsS HOBBLIX HOCHUTeJ el
MarHuTHOHU 3alHUCH C IIePIEeHIUKYJIIPHON OpHUeHTaIueH.

B pab6orax [5, 6] ykasamo Ha HesHauuTeabHoe AP B3auMoaeiicTBUE B
TPEeXCJIONHOI mieHouHo# cucteme Fe/Pd mpu ronmuue Pd 8 12-16 mo-
"HocaoeB. Ciaou Pd nmposaBIsaoT (peppoMarHUTHBIE CBOMICTBA HPU TOJIIIU-
HaxX MeHbIlle 6 MOHOCJOEB M He3HAUHuTeJbHbIe aHTU(EPPOMATHUTHLIE
CBOIICTBA, UTO O0YCJIOBJIEHO BEICOKOU IIJIOTHOCTHIO COCTOSIHUM, KOTOPEIE
HaxXomATcA YyTh HUKe ypoBHA Pepmu. Ilogobmasa curyarnus Habmoma-
eTcd u B caydae Cr, HO ero IJIIOTHOCTb COCTOAHUMN HaXOAUTCA UYThH BBIIIIE
ypoBHA Pepmu, 1, KaK U3BECTHO, NPUBOAUT K AD B3aMOJeCTBUIO B
cucreme Fe/Cr. [lannagnii, ABAsAACH HEMAarHUTHLIM METAJJIOM, obJiazna-
€T BLICOKOU ITapaMarHUTHOM BOCIIPUUMUYMBOCTLIO 1 ITDOSABJIAET TUTAHT-
CKUIT MarHUTHBIN MOMeHT 10 10U, [ 7] B coequaennax ¢ Fe u Co.

Ilens ganHO# PabOTHI COCTOUT B MCCJIEIOBAHUY BIUAHUSA TEMIIEPaTy-
pBI Ha BEeJIWMUYMHY MaTrHUTOCONPOTUBIIEHUS B MyJabTucaosax Fe/Pd, ero
3aBUCHUMOCTh OT KOJIMUeCTBa (PPAarMeHTOB MHOTOCJOMHON IIJIEHOYHOM
CHCTEMBI, TOJIIUHBI IPOMEXKYTOUHOTO ¢JI0A U cJiosg Cu ¢ o011ieil KOHITeH-
rpamueii 10 at.% .

2. METOJUKA U TEXHUKA 9KCITEPUMEHTA

MyJsbTHCION TOJMYYATIN METOIOM TEPMUYECKOTO MCHAPEHUS B BBICOKO-
BAKyyMHOI1 ycTaHOBKe (JaBJeHue ocTaTOYHbIX razos — 107" I1a). B ka-
YyecTBe HMOJJIOMKKY MCIIOJIb30BaIN cTeKJ0 U KpeMuui ¢ 100 uMm Tosmu-
HO¥ oKcuzga. KOHTPOIb TOJMIIUHEI OCYIIECTBIAJNCA METOIOM KBapI[€BOTO
pesoHaTOpa B PeaJIbHOM BPEMEHU C HCIIOJb30BAHUEM ITPOTPAMMHOTO
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obecrieuenusa LabView. [yst 9T0i mein ObLI CMOHTHPOBAH dJIEKTPHUYE-
CKU KoJie0aTeIbHBIM KOHTYP, COCTOAIIUM 13 reHepaTopa ¢ paboueit ua-
croroit 1 MI'ti, KBapia u U3MEPUTEJIA YACTOTHI (9JI€KTPOHHO-CUETHBIH
yHuBepcanbHbIl uactoromep Hewlett-Packard 5328A). Bea cucrema
COCTOSJIa 13 TPeX KBapIlieB: OJHOTO 3TAJOHHOTO, KOTOPHIA HAXOAMJICA B
MecTe o0pasia, u IByX O0OKOBBIX KBAPIEBBIX ILJIACTHUH AJISI KaINOPOBKH.
[a obecreueHra TeMIepaTypPHON CTAOMILHOCTY MPUMEHAIACh CUCTe-
Ma BOJSAHOTO OXJIAMKIEHUSA U KPUCTAJJI C HUSKUM TeMIIepPATyPHBIM KO-
3(GUIMEHTOM pPacIINPEeHU A TPU KOMHATHON TeMIlepaType.

WMsmepeHre MarHUTOPE3UCTHUBHBIX CBOMCTB BBIIOJHSANNA IIPU KOM-
HATHOI TeMIIepaType B TPeX reOMEeTPUAX: MEePUeHINKYIAPHON (HAIpPs-
JKeHHOCTb MATHUTHOTO THOJIA MEePIeHAUKYJIIpPHA TOKY U 00pasiy), Ia-
pajenbHoN (Ioje mapaJjieIbHO TOKY 1M 00pasIly) U IoIepevHon (1moJe
MePIeHINKYISIPHO TOKY U ITapajjieJbHO 00pasiry).

KoHTpPOoIb BeIMUYMHBI MATHUTHOTO IIOJIA OCYII[ECTBJISJICS IIPU IIOMO-
mu marauTomMerpa DC magnetic field meter HTM-11S, maxcumanbHOe
3HAUYEHNE MArHHTHOTO II0JIS, CO34AaBAaeMOro KaTYIIKaMU WHIYKTUBHO-
ctu, cocraBaaio 1,2 Tiu. Usmepenue marauToconporusienusa (MC) Boi-
MMOJIHSAJIYA B aBTOMATU3MPOBAHHOM PesKHMe II0 YeThIPEeXTOUEUHOM cCXeMe:
Ha BHEIIIHIE KOHTAKTHI IOAABAJICS IOCTOSHHBIN TOK BeInUnHOM 1 MA, a
¢ BHYTPEeHHUX ¢ moMoIbio BoabTMeTpa HP 34401 A cuumaioch mageHue
HanpsxeHud. IIpyu TaKoOM IMOAKJIIOUEHUN COIPOTUBJIEHNE IIPOBOIOB CY-
II[eCTBEHHO He BJIUAET Ha BeINUNHY COOPOTHUBIeHUA o0pasia. Obopymo-
BaHUE COeIUHANOCH C IIEPCOHATBHBIM KOoMOboTepoM uepes moptT GPIB u
unTepdeiic RS232.

1A ucciegoBaHUS MAarHUTOPE3UCTUBHBIX CBOMCTB OBLIM ITOJYUYEHBI
myabtucyaou Fe/Pd ¢ Tormunoit ornensubix caoes 0,9 um (Fe) u 1,1 um
(Pd) u konruuectBoM pparmenTos nn = 3—10.

Pacuer marautoconporusienusa (MC) ocyiecTBisiacs mo popmy.Jie:

_ AR _ R(B)-R(0)
" ROO)  R(0)

2

rae R(B) u R(0) — comporuBjeHne o0pasiia BO BHEITHEM MarHUTHOM
moJie ¥ pa3MarHMYeHHOTo 00pasIia (B IIoJie KOSPIITUTUBHOM CUJIBI).

3. PE3YJILTATHI HCCJETOBAHUN

TunuyHbIe 3aBUCHMOCTU COIIDOTHUBJIEHUS OT MATHMUTHOIO IOJIA IJS 00-
pastioB [Pd(1,1 um)/Fe(0,9 um)],/II (n =3, 5, 10) mpencrasyieHbl Ha puc.
1. VBeJnueHNe KOJHUYECTBA IIOBTOPAEMBIX CJIOEB COIIPOBOYKIAETCS HH-
Tep(delicHBIM pacceuBaHNeM 3JeKTPOHOB, UTO MPUBOAUT K BO3PACTAHIIO
MC B unrepsae ot 0,05 10 0,25% . IleprneHANKYISDHAS COCTABJISIONIAA
s n=3 1 5 nMeeT TONOOHBIN XapaKkTep M IIPAKTUYECKU OIUHAKOBOE
saauenre MC =0,06% , mpu n =10 ouo Bo3pacraer 10 1,1%, u qisa Bcex
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Puc. 1. 3aBucumocts MC gaa [Pd(1,1)/Fe(0,9)];/I1 (a), [Pd(1,1)/Fe(0,9)];/11
(6) u [Pd(1,1)/Fe(0,9)],,/I1 (8). Teomerpusa usMepeHUii: NEePHEHIUKYIAPHAS
(), mapamnensras ((0) u momepeunas ().
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Puc. 2. 3aBucumocts MC mna [Pd(1,1)/Fe(0,9)1./1I (a), [Pd(1,1)/Fe(0,9)1./I1
(6) u[Pd(1,1)/Fe(0,9)],,/I1 (8) mocse repmuueckoro or:xura go T'= 780 K. O6o-
3HAUYEHUS TAKUe JKe, KaK Ha puc. 1.

cJy4YaeB MPpU MAarHUTHBIX MOJAX mopsaaka 0,5 Ty HaumHaeT BBIXOAUTH Ha
HachbIllleHre. B maHHOU cucTeMe peausdyercs orpuiiareabHoe MC —
YMeHBIIIeHNE 3JIEKTPUYECKOTO CONMPOTUBJIEHUA MIPU BAUSHUYU BHEIITHETO
MAaTHUTHOTO II0JIA, YTO ToBOpUT 0 Hamuunm npusHaxos 'MC. ITocie Tep-
MHUUYecKoro ot:kura oopasimos [Pd(1,1)/Fe(0,9)],/II no 780 K MC Boapac-
taeT (puc. 2) ot 0,2 g0 0,4% , 1 Ha 3aBUCUMOCTSIX MOXKXHO HAOJIIOJATH ITH-
KH, KOTOpPbIe BOSHUKAIOT B IIPOIleCCe MePeMarinuYuBaHUA U COOTBETCTBY-
FOT TIOJTI0 KOSPIIUTUBHOCTH.

ITpu TepMo0OpPabOTKE YBEIUUMBAETCS CPEIHUN pasMep KPUCTAJINTOB,
aKTUBUBUPYIOTCA AuMG(HYy3MOHHBIE IIPOIECCHI, WM IIPOUCXOIUT IIEPEXO
IBYXKOMIIOHEHTHOU cucTeMbl B HeynopsamoueHnyio 'K niu ymopsmo-
yennyto I'LIT-pasy FePd (L1,). Atomsr Pd nuddyuaupyior B ciou Fe, u
YBeJIMUMBAETCA CIUH-3aBHCHUMOE PaccenBaHmue 9JeKTPOHOB Ha IpaHUIaX
3epeH, uTo 1 o0ycJaBauBaeT HekoTopoe yBenuuernue MC B oOpasiie.

O6o0matommas sasucumMocTh MC 118 MHOTOCJIOMHBIX 00pasIoB
[Pd(1,1)/Fe(0,9)],/II or KoauyecTBa IIOBTOPSIEMOCTH CJIOEB IIPeACTaBJIe-
Ha Ha puc. 3. Beanumnna MC cBeKeCKOHIeHCUPOBAaHHBIX 00PasIloOB C yBe-
JUYeHueM n Bo3pacraetr B 3—4 pasa. Ilomo0Hasa saBucuMoCTb HAOIIO1a€ET-
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Puc. 3. 3aBucumocts MC 0T KoJIm4ecTBa ITIOBTOPSIEMOCTHY CJIOEB 7L AJIS CHCTEMBI
[Pd(1,1)/Fe(0,9)],/II mpu T = 300 K (a) u mocse or:xura no 780 K (6).

CA U B OTOKKEHHBIX CHCTeMAax IJIA IMapaljieJIbHON U IOIIePeuHOoii cCoCTaB-
agromux MC, KpoMe IepIeHIUKYIAPHON, BeJIMUNHA KOTOPON OCITMJLIH-
pyer B uaTepBase 0,24—0,30% . HeobxoguMo OTMETHUTH, UTO BJIUSHUE
TEeMIIePaTYpPhI OOJIbINIe CKA3bIBaeTCsa Ha 00pasllaX ¢ MEHBIIHM KOoJUYe-
CTBOM IIOBTODSAEMOCTH ¢J1oeB n = 3, 5, MC 11 KOTODHIX VBEIMUNBAETCA B
2—8 pasa, uem 14 n = 10, Korga npupoct MC cocrasiser 0,9—2 pasa.

WsBectno [8-11], uTro MakcuMaabHOe OOMEHHOE B3aMMOIEHCTBUE
MEKIY MArHUTHBIMU CJIOSMM MHOTOCJIONHBIX IIJIEHOUYHBIX CHCTEM (Kak
caencreue u BeauunHa MC) gocturaercsa Ipu OIMpegeJIeHHOM COOTHOIIIEe-
HUU TOJIIIUH OTAEJbHBIX MACHHATHBIX CJIO€B X HEMATHUTHBIX CJIOEB. Od-
(beKT TakKe yCHIMBAETCS IIPU YBEJIMUYEHHM KOJUYECTBa (pparMeHTOB
MHOTOCJIOMHUKA, IIOHMMKEHUN TEeMIIepaTypPhbl W IIPKU M3MEHEHUU IeOMeT-
pUM U3MEPEeHUs COIPOTHUBJIEHUS OT MPOAOJIbHON K IEePIeHINKYJIAPHOI
reoMeTpPUM.

B pab6ore [8] uccnemoBasiochk BAUSAHNE TOJIIUHBI HEMATHUTHOTO CJIOA
Cu wma sBemmuumHy MC a1 MHOTOCJIOMHOM IIJIEHOUHON CHCTEMBI
[Fe(1,5)/Cu(dcy)]eo/I1. Ilpu yBemmuenun MemgHOI MPOCIOUKU OOMEHHOE
B3aMMOJIEMCTBYE MEKIY CIOSIMU JKeJie3a ITIOCTeIIeHHO YMEHbIIaeTeA, IPU
STOM 3Ta 3aBUCUMOCTDH HOCUT 3aTyXaIOITNH OCIIUJLINPYIONINI XapaKTep.

Bausaune memarautHoi Pd mpocioiiku Ha MC 06pa3IiioB ¢ IIOCTOSH-
"o Tonmuuou Fe B 0,6 HM mpencraBiaeHo Ha puc. 4. Ilpu yBenrnuenun
rosnuEbl Pd B maTepBase x = 0,4—1,4 HM ¥ II0OCJI€ TEPMUYECKOTr'0 OTHKH-
ra MC cucrems! [Pd(x)/Fe(0,6)],,/I1 yBenruuuBaeT cBoe 3HaUeHUE, IPU
9TOM IEPIEeHAUKYJIIPHAS COCTABJSIONIAad BBIXOAUT HA HACHIIEHUWE, a
sapucumocth MC ot Tommuusl Pd B nmapajieabHON U IIOIIEPEUHON I'eo-
METPHUHU MMeeT SKCIIOHEHIINAJIbHBIA XapaKkTep.

Corsnacuo nuarpamme cocroanusa nas (Fe—Pd) [12], Fe u Pd umetor
HEOrPAaHMYEHHYI0 PACTBOPMMOCTh B JKHUAKOM COCTOSHHH, a IIPHU OXJIia-
JKIEHUU IMIPOUCXOIUT Kpucraiaausdanusa ¢ oopasosanuem I'IIK-TBepmoro
pactBopa (y-Fe, Pd). IIpu kouneunrpanuax Pd 43-60% B 3aBucumMocTH
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Puc. 4. 3aBUCUMOCTh MATHUTOCOIIPOTUBJICHUS OT TOJIUHLI Pd m1si cucTembl
[Pd(x)/Fe(0,6)],,/II mpu T =300 K (a) u nocne orxkura go 780 K (6).
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Puc. 5. 3aBucumocts MC gusa [Cu(0,2)/Fe(0,9)/Pd(1,1)/];/II npu T=300K
(a) u mociie ot:xkura go 780 K (6).

OT BeJIMUYMHBI TeMIIePaTyPhl IPOUCXOAUT YIOPALOUEHME CIIJaBa ¢ obpa-
soBaHueM (assl L1, Tuna AuCu ¢ I'lIT-pemmeTkoii. B HeynopagoueHHOM
cocroauuu ciiaB Fe—Pd umeer I'lIK-perterky tuna AuCus. OTHOoIIIeHIE
c/a=1, HO, HECMOTpPA Ha 9TO, MarHuTHile cBoiicTBa s I'IIK- u I'T[T-
FePd dassI oTinuarores, B YacTHOCTHU, TeMirepatypa Kiopu (0.) [13, 14].
CooreercrBenno [13] nia — FePd 6,= 756 (50 ar.% Pd) uau 623 K (60
at.% Pd), B ToT ;e MmomeHT aJisa ¢asel L1, 0, = 723 K uau 593 K npu Tex
’Ke aTOMHBIX KOHITeHTpanusax Pd.

s moHWKeHUs TeMIlepaTypbl YIOPSIOUeHUs CIJIaBa IIPU IIOJIyde-
HuM (pasel L1,, yMeHbIITeHUS KOIPIIUTUBHOCTY U TeMIlepaTyphl Koopu K
uccJeqyeMbIM MaTepuaiaM Ho0aBJIsSIOT He0obIIoe KoauuecTBo Cu, Ag,
Au, Ni[10-18]. Atom Cu, pacTBopssach B cucteme FePd, sameriaer oguu
u3 atromoB Fe miau Pd B simeMeHTapHON siueiiKe; IPH 9TOM HMOHUKAETCS
TeMIepaTypa yIOpsSIoUeHUs W CHUKAETCS BeJIUYMHA MATHUTHOTO IIOJIS
HaChINleHUsA. SHAYUTEJIbHOEe BauAgHue Ha BennmunHy MC okasbiBaeT 10-
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6asireuane 10% Cu maa obpasma [Cu(0,2)/Fe(0,9)/Pd(1,1)];/I1 (puc. 5).
Beanunna MC gis cBe:KeCKOHIeHCUPOBAHHLIX 00pas3IloB, ¢ JOOABIEHM-
em Cu u 6e3, oTsimyaeTcA IpPaKTHUYECKU B [Ba pasa B IOJL3y IIPUMECH.
TepMI/I‘—IeCKI/Iﬁ OTMHUT IIPUBOAUT K BO3PACTaHNIO MAarHNTOPE3NCTUBHBIX
cBoiicTB B 1,2—1,4 pasa; Ipu 5TOM ITapaJjeJbHasd U IomepeuHas KOMIIO-
HEHThl IMEIOT MPAKTHUUYECKN OJMHAKOBBIN XapakTep KPUBOI M MMOm00-
Hble sHaueHnusa MC.

ABropamu pa6oTsl [16] BBITIOJIHEHBI KCCJIELOBAHUA BJIMAHUA KOH-
neuTpanuu npuMecu Cu Ha obpaszoBanue dasnl L1, B cucreme FePt. ITo-
JIly4eHHbIe pe3yJbTaThl IIOKA3aJIu, YTO IPU YBEJIMUEHUU KOHIIeHTPaIl[uN
Cu B mpegeaax 1-13 at.% ymopsamoueHHOCTh yBesnmuuBaetrca B 20 pas u
HabJII0JaeTCsA YMEHbIIIeHIe KOPIIUTHBHOM CUJIBI.

4. BbIBOJ1 bl

Wsmenenne KommyecTBa (pparmerHToB B mysabrucaoax [Pd(1,1)/Fe(0,9)],/11
ot 3 1o 10 mpusozut K yeeanuenuo MC Ha 0,05—0,19% , a B OTOMIKEHHBIX
1o 780 K ob6pasmax — ua 0,02-0,16% .

AaTudeppoMarHuTHOe OOMEHHOE B3aMMOJEHMCTBHE NPU M3MEeHEHUU
TONNINHELI HeMarHuTHo# Pd mpocaoiiku B uaTepBaie ot 0,4 mo 1,4 M He
HabJIIoIaeTc; IIPU 9TOM B CBEXKECKOHIeHCUPOBaHHBIX oopasiiax MC ysBe-
anuuBaerca Ha 0,6—1,4% , a B oroskixenHbrx 10 780 K — ma 0,5-0,03%.
Haumenbiiee 3uauenne MC uMeeT meprneHAUKYJIAPHAS COCTABJISIONIA
IL1sT 060UX CIIyUaeB.

Homoauutenbuslil cioit Cu, Touaimuaa Koroporo cocrasiser 10% o06-
el TOJIIUHLI MYJIbTHUCJIOEB, IPUBOJUT K MOHMKEHUIO BeINUYNHBI Mar-
HUTHOTO 1I0JaA Hackimenusd go 0,7 Ta, uro Ha 0,3 Ta MeHbIle, ueM AJIsd
00pasIoB 0e3 CJI0A MeJIH.

Pa6oTa BhITIOJIHEHA B PaAMKaX MEKAYHAPOJHOTO HAYYHO-TEXHUUYECKOTO
npoexTa Mexay CyMCKMM rocyJapCcTBEHHBIM YHHBepcuTeToMm un MHCTH-
TyToM anepuoi pusuku IIAH (Kpakos, IloabIa).
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