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Jlst psijia CIIOMCTBIX MUJPOCUINKATOB XapaKTEPHO CAMOIIPOM3BOJILHOE CBOpadMBaHue Gyiaromapsi pasMep-

HOMY HECOOTBETCTBHIO MEXKJY IIOACJIOAMU. ZLOHI/IPOBB,HI/IB CJIOEB MOHaMM II€PEeXOJHBbIX METaJIJIOB OTKpPbIBaET

BO3MOXKHOCTU [JIs1 IPpUJaHNS HAaHOCBUTKAaM Mal'HUTHBIX cBoiicts. B pa60Te HCCJIeJ0BaJIOCh MarHUTHOE ITOBE-

JIeHUe CUHTETUIEeCKUX I'MpOoCHInKaToB cocrasa (Mg, Co,)3Si205(0OH)4 (z = 0.2, 0.4, ... 1) co cTpyKTypoit

XpUu3oTujia J0 U I10CJI€ JaCTUIHOI'O BOCCTaHOBJIEHN ST BOJOPOJOM. Briseieno JAOMUHUDPYIOIIEee d)eppOMaFHI/ITHOG

IIOBEIEHNE BCEX COCTABOB. AHcambOJIM METaIMYEeCKNX HAHOYACTHI] KOOAJbTA B CUJIMKATHOW MATPHUIE ITPOIE-

MOHCTPHUPOBAJIN KOJIJICKTUBHBII MAarHUTHBIA OTKJIMK IIPY KOMHATHOHR TeMIlepaType C y3KOI IeT/Iel I'UCTepe3nuca

n 6I)ICTpI)H\/I BbIXOJOM Ha HaCBIIIIECHHE.
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1. BBenenue. CunrerwmdecKkue HAHOCBUTKHA THI-
POCUJIUKATOB C OOIIEH CTEXUOMETPHUIECKOH (HOPMyJIOit
Me3Sis05(0OH)y (cTpyKTypHBIE aHAJIOTH XPU30THIIA)
HAPSAy C POJCTBEHHBIMHU COEIMHEHUSIMU IIPUBJIEKAIOT
BHUMAHUE yJeHbIX 6Jiarojapsi CBOUM KATAJIATHIECKAM
[1-4] u ancopbuumonusiM [5] cBoiicrsam. Ciion co CTPYK-
TypOil Xpu30Tuia 0OPa30BaHBI JBYMs KOBAJIEHTHO CBS-
3aHHBIME MTOACJIOAME — TeTpadapudeckum SiO4 u oKTa-
sapudeckuMm MgQOg, — 1 CKperuieHbl MexK 1y coboil cer-
KO#l BOIOPOIHBIX CBs3eil. PaszmepHoe HecooTBeTCTBHE
IIOJICJIOEB TPUBOAUT K uU3ru0y m (hOPMUPOBAHUIO HAHO-
CBUTKOB. 3aMellleHre MarHusi Ha KATHOHBI METAJLIOB C
HeCHAPEHHBIMHU 3JIEKTPOHAMHE, HanpuMep Ha NiZt [6-9],
Co?T [1], Fe?T [10, 11], Fe*T [12-14], cnocobuo BbI-
3BaTh MArHUTHBIA OTKJIUK MUIPOCAIAKATOB, 9YTO II03BO-
JIIleT paCIIUPUThH 00JIACTU IIPUMEHEHUsI MaTEePUAJIOB HA
X OCHOBE.

Ha nammbiit MOMeHT cpean HAHOCBUTKOB TH/I-
pOCHJIMKATOB ~ Hambojiee  HU3yYIEHHBIM OKAa3aJICT
NizSiO5(OH),  [15, 16], KoTopeIil mperepreBaer
¢daz30BbIil MATHUTHBIH IEepexoil B (eppoMarHUTHOE
cocrosiune npu Tc = 24K [15]. UarepecHBIM OKa-
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3aJI0Ch TO, 4TO (EPPOMATHUTHOE YIOpSIOUYEHNE B
nanoceuTkax NizSizO5(OH), npoucxomut jerde, yem B
JIDYTUX CJIOUCTBIX CUJIUKATAX HUKEJIs, YTO OObIICHEHO
GOJIBIITIM MeKCII0eBbIM paccrosgaueM (0.73 HM) MeXLy
JeyMst Gmkaitmvu nogcaosimu NiOg [15]. Eme ozaoit
0COOEHHOCTBIO HUKEJIb-COJEPIKAIIEr0 TUIAPOCHINKATA
SIBJIIETCS TO, YTO JJisi TOJHOTO BHIPDABHUBAHUS Mar-
HUTHBIX MOMeHTOB Hukess (npu T = 5K) tpebyercs
[IPUJIOXKUATH MEHBIIEE 110 BEJIUYUHE MAHUTHOE I0JIe —
Bcero 20kD. B jmreparype Takyke BCTPEUYAIOTCH pa-
60THI IO BHEJIPEHUIO MATHUTHBIX HaHo4dacTuil FesOy B
HemarauTHyo Marpuiny MgsSiaOs(OH), [9]. ApTops
[IPOJIEMOHCTPUPOBAJIM IIPUMArHUINBaHUE BCEro 00bema
KOMITO3UTHOTO TIOPOIIKA K MATHUTY, YTO CBHIETEIb-
CTBYeT O CBSI3M MArHUTHON COCTABJISIFOINEl KOMITO3UTA
Fe304 ¢ rumpocuyinkaTabiMu HaHodacTunamu. OgHaKo,
CUCTEMATUYIECKAe MATHUTHBIE HCCJICOBAHUSA HE MPO-
BomnCh. [loXoXkKasi JIeMOHCTpaIysl BCTPEYAJach U B
pabore [16], rje paccMaTpUBAJOCh BIIUSHHUE YCJIOBUIL
PUAPOTEPMAJIBHOTO  BOCCTAHOBJIEHUSI METAJUIMICCKUX
gactun, Ni° B NizSioO5(OH), na wmzoTepmmdeckoe
[IOBeJIeHe HAMArHUYEeHHOCTH IIPU KOMHATHOMN TeMItepa-
Type. Hecmorpsi Ha HEOOJBIYIO KOIPIUTUBHYIO CHLY,
HAHOKOMIIO3UTBI JIEMOHCTPUPOBAIN  (DEPPOMATHUTHOE
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HOBeJIeHHEe € KOIPUUTHBHON cmiaoit mo 1009 [16].
OTcyTcTBHE CHCTEMATUYECKOTO aHAJIN3a U CPaBHEHUsI
MAarHATHOTO TIOBEJIEHUST TUJIPOCUIUKATHBIX CJIOEB CO
CITOCODHOCTHIO K CBOPAYMBAHUIO 1 HAHOKOMITO3UTOB HA,
X OCHOBE OTIpeIesIsieT MHTEPeC K HOBOMY HAITPaBJICHUIO
uccieIoBanns (hU3NIECKNX CBONCTB TAKUX COEIMHEHMIT.

B npencraBienHoM ncciieIOBAHUE PACCMATPUBAIOT-
csi 0OCODEHHOCTH MATHHTHOTO TIOBEIEHUsS] HAHOCBUTKOB
cocrasa (Mgi_,Co,)3Si205(0OH)4 (z = 0.2, 0.4, 0.6,
0.8, 1). st coetuHeHnit KOOAIbTA U3BECTHO MHOTO [IPU-
MepOB MHTEPECHBIX MArHUTHBIX siBjieHnii [17-20], a psiz
coemmuennit Co?t mpu Temmeparypax swmre 70 K 06-
JIaJIaeT CIMHOBBIM MarHermsmoMm (S = 3/2) ¢ cuub-
HBIM OpOUTaIBHBIM BKJIaJoM. [loMuMo 3TOTO, B pabore
paccMaTpUBAIOTCS HAHOKOMIIO3UTHI HA OCHOBE THIPOCH-
sukaros (Mg, Co,)3Si205(0OH)4 ¢ wacTuuno Boccra-
HOBJICHHBIM KOOAQJIPTOM B BHJIE METAJIMIECKUX HAHO-

JACTUII.

2. CuHTe3 ®U MeTOAbl HCCJIEOOBAHUSI.
Hamory0ynsipabie THJIPOCUJINKATHI cocTaBa
(1\/Ig1_ICOI)38iQO5(OI‘I)47 rie r = 07 0.2, ey 1

OBLIM IIOJIyYEeHBI METOJOM OOPATHOIO COOCAXKIIEHMUSI.
it aroro 1 amopduoro SiOy (mapku Aspocu A-300)
nobasiisiin K 0.1 M Boguoro pacrsopa NaOH o6bemom
0.5 1. ITosry4eHHYIO CyCIIEH3UIO IIepeMeNInBaIu J0 M0JI-
unoro pacrBopenus SiOo B Tedenue 48 9. 3areM uCxoIs
u3 3sazansoro coorsomenust (Mg+ Co)/Si=1.5 npu
HEIIPEPBIBHOM IIEPEMEINBAHUN Ha BO3JyXe I10 KaIlJIsM
mobaissin 0.5J1 BOZHOrO PAaCTBOpA, COMEPIKAIIETO
0.5(1 —2) M CoCly u 0.5z M MgCly. Ionyuennbiii
0CaJIOK OTMBIBAJIM JUCTUJLINPDOBAHHON BOJION IIyTeM
eHTpudYTUPOBAHUS [IJIsl YIAJIEHUST XJIOPUI-MOHOB, &
CTEleHb IPOMBIBKM IIPOBEPsIN KAYECTBEHHON peak-
nueit ¢ pacrsopom AgNQOj. ITocie mpoMbIBKE 0CaoK
BeicymmBaju 1pu 80 °C 1o BaKyyMOM M U3MeJIbYaJId
B araroBoii crymke. l'maporepMasbHyI0 00pabOTKY
nposoamin nupu 200°C u 2.5 MIla B Teuenne 1684 B
cocy/iaX BBICOKOTO JIABJIEHUSI U3 HEPXKaBeroleil craju
¢ TedJIOHOBBIME BKJIaJbIaMu obbemoMm 25 mii. B ka-
9ecTBe T'UAPOTEPMAIbHON cpenbl ncmosb3oBaau (.15 M
BoaHbI pacTBop NasSOg jyist yiajeHuns: pacTBOPEHHOIO
KHCJIOPOJA U MPEIOTBPAIIEHUS OKUACIEHUS KOOAJIbTA 10
3-+. Ilocne rumporepmabHOt 00PAOOTKU MOy YeHHBIE
00pasnpl CHOBA OTMBIBAJIM [EHTPUMYTUPOBAHUEM M-
CTUJUIMPOBAHHOW BOJIOW M BBICYIIUBAJIM II0J] BaAKyyMOM
upu Temmeparype 80 °C, 3aTeM m3MebIAINA B araToBO
CTYIIKE JIjIsl IIPOBEJIeHUsI JaJIbHEMIell XapaKTepu3alium
U TEePMUYIECKO 06pabOTKU.

JLJ1si 9acTUYHOTO BOCCTAHOBJIEHUsI KOOAJIbTA U3 Mac-
CMBa HAHOCBUTKOB C COXPaHEHHEM HAHOTYOYJIsIPHOI
mopdosioruu ObL1a BeiOpana temmeparypa 550 °C Ha oc-
HOBaHMM JAHHBIX padorsl [1]. Tepmuueckyo o6paboTKy
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00pa31oB MPOBOIMJIA B KOPYH/IOBBIX TUTJIAX B TpyOda-
TO#l Ieun B JMHAMUYECKON arMocdepe aproH-BOI0POIA
(506. % Hs). Ckopocrb Harpesa cocrabisiia 10 °C/muH,
a BpeMsl M30TEPMUYECKOi BbIIEepKKH — 5 4. O6pasibl
OXJIA2KTAJIUCH BMECTE C MEYBIO IIPH TOI YK€ BOCCTAHOBU-
TesbHOM aTMocdepe. HacTUIHOMY BOCCTAHOBJIEHUIO U
JMaJbHENINeMy UCCIIeIOBAHIIO MATHUTHBIX CBOMCTB MO
BepraJjmch nBa coctasa ¢ * = 0.6 u x = 1, mpeacTasiisa-
IOIIUE CJIYYay HAJIMIHS WA OTCYTCTBHSI HOHOB MATHUSI
Mg?* (mommmo Co?t) B OKTasIPUIECKUX TIOZUTIUSX, CO-
OTBETCTBEHHO.

OO6pasnpl  WCCAEIOBANCH  METOJIOM  ITOPOIIKO-
BOIl PEHTTEHOBCKOIl nudpaKTOMETPpUN Ha IPHOOpe
Rigaku SmartLab 3 (SImomus) ¢ KOGAILTOBBIM AHO-
gom (A = 1.789A) u K3-dbumprpoM B reoMerpuu
Bparra-Bpenrtano no yray 6 — 20 B gumanazone 5°-80°
¢ marom 0.01° u ckopocrbio 1°/vun. Tok Hakasa HETH
KATOJ/a, COCTABJIAT 35 MA, yCKOpSIOIee HANPSIKEHTE —
40kB. JlormopmajbHOE pacupezie/ieHne KPUCTAJINTOB
[0 pa3MepaM OBbLIO IOJIYYEHO C IOMOINBIO MEeTOJA
dyHIAMEHTATBHBIX TTAPAMETPOB.

DJIEeMEHTHBII COCTaB IMOJIyY€HHBIX 00PA3IOB IIPOBO-
JUAIN METOJIOM 3SHEPrOAVCIEePCUOHHON PEHTIeHOBCKON
crekrpockornu (9JC) ¢ UCHoIB30BaHUEM PEHTTEHOB-
ckoro Si(Li) mukpoanasmzaropa EDAX Ha ckanupy-
omeM ajiekrporroM Mukpockore (COM) FEI Quanta
200 (CHIA). PesymbraThl aHagm3a yCPEJHSINCH HA
OCHOBAHUU W3MEDEHHII 110 AT OOJACTIM Pa3zMepoM
270 x 270 mxMm kaxkmas. Mopdosoruio o6pas3ios usy-
YaJId HA IIPOCBEYMBAIOIIEM 3JIEKTPOHHOM MHUKPOCKOIIE
(II9M) JEM 2100-F Jeol (dAdnonus). Pacupenenerne
M0 pa3MepaM BOCCTAHOBJIEHHBIX METAJUIMIECKUX Hac-
THII OIIPEJIEJISIJIOCH IIPU TOMOIIHU ITPOTPAMMHOIO ITAKETA
ImageJ [21] Ha ocHoBaHuu uameperust 200 YacTUIL st
KaXKJI0TO 00pasIia.

Wsmepennst HAMATHUYEHHOCTH TPOBOJMINCH C TIO-
MOIIIBIO CUCTEMBI JJIs M3MepeHusi (PU3NIeCKUX CBOWCTB
PPMS-9 (Quantum Design) B nuanasone TeMmieparyp
4.2-300 K u npu Bremnmaux nossx g0 9 Tu. TemmepaTyp-
HBbIE 3aBUCAMOCTH HAMATHUYIEHHOCTU U3MEPSINCH B Pe-
JKAMaX HarpeBa B MArHUTHOM IIOJIE IOCJE IIPeIBapH-
TEJILHOTO OXJIaxKIeHusi B HysepoM nosie (ZFC) u oxua-
xkpaerust B noje (FC). VuurbiBag ciaydaiinyio opue-
TAIMIO YACTHUI[ 110 OTHOIIEHUIO K IIPUJIOKEHHOMY Mar-
HUTHOMY IIOJIFO, M3MEPEHHbIE HAMArHUYeHHOCTh U Mar-
HUTHAsI BOCIPUAMYHMBOCTD ObLIN B3sTHI KaK CJIydaiiHOe
cpejiHee.

3. PesynbpraTrbl m obcyxkaenue. Jludbpakro-
IPaMMBbl  ITOJIyYE€HHBIX T'UJIPOCUJINKATOB IIPUBEJIEHBI
ma puc. lb. Bce obpasmsl sBisummch 0aHOMDAIHBIMA
U upeicraBiasiim  coboii  ruppocuiaukarel  (puc. 1la)
CO CTPYKTYpPOil, NOJOOHOI CTPYKType XpU30THIIA.
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Puc. 1. (IserHoit onaiin) (a) — Busyanmsanust crpyKTypbl XpH30THIIA 110 JAHHBIM paboTh! [23], a Tak:Ke IIOPOLIKOBBIE PEHTTe-

HOBCKHe JudpakrorpaMmbl 06pasnos (Mg —,Coz)3SiaOs(OH)4 mocste ruaporepmanbhoit 06paborku (b) n HAHOKOMIIO3UTOB

Ha ux ocHoBe /st = 0.6 1 1, NOJIyYeHHBIX IIyTeM YaCTHYHOIO BOCCTAHOBJIEHUs] B TOKe aproH-sogopoza npu 550 °C (c)

Veeauuenne kounenrparmuun NapSOs (o cpaBHeHHIO
¢ paboroii  [22]) BO BpeMsl THIPOTEPMAIBHON 06-
pabOTKK  CIIOCOOCTBOBAJIO ITOJIYIEHUIO OTHOMAIHBIX
HaHOTYOYIApHbIX  Co-COJIepKAIIX — T'HJIPOCHINKATOB
CO CTPYKTYPOIi, MOMOOHON CTPYKType XPHU30THJA, BO
BCeM JHMala3oHe comep:KaHusi Kobasbra. Cwmernenne
B 006JacTh MeHbIIHX yIoB U ymwmpenue muka (002)
[IPU YBEJIMYEHUU COJEp:KaHUsi KODAJbTa MOIJIO OBITH
CBH3aHO C YBEJUYEHHEM [IapaMeTPa JIEMEHTAPHON
AYEeVKN ¢ W yYMEHBIICHHEM CpeIHel TOJIUHBI CTEHOK
u3-3a (POPMUPOBAHMS JIBYCTEHHBIX HAHOCBUTKOB, KaK
6110 OKa3aHo B pabore [22].

IIo maraeiM D/IC Bo Bcex obpasnax IPUCYTCTBOBA-
JIO HE3HAUUTEJbHOE KOJTMIECTBO CEPhI, APYIUX IIPUMEC-
HBIX JIEMEHTOB OOHAPY2KEHO He ObLI0. DTO MOIJIO OBITH
CBSI3aHO C YACTUIHBIM CYJIb(MaATUPOBAHUEM HAHOCBUTKOB
(zamena OH- rpymnt rpymmoit SO3 ™), Tak Kak 1o J1an-
HBIM PEHTTeHO})A30BOr0 aHAJIN3a TPUMECHBIX KPUCTAJ-
Jmueckux a3 B obpasuax #e nabioganocs (puc. 1b).
Bazmamnoe no cunresdy coornomenue (Co+ Mg)/Si=1.5
BBIJIEPYKUBAJIOCH B IIpeJesiax IMOTPEITHOCTA BO BCEX 00-
pasmax.

Hudpakrorpammer (Mg, Co,)351205(0H)y, e
x = 0.6 m 1, mocime TepMuueckoii 0OpabOTKM B cpe-
ne aprou-pogoposaa npu 1T = 550 °C npeacraBieHbl Ha
puc. 1lc. B obpa3zriax HabJII0/1a/10Ch TPUCYTCTBUE METAJI-
JITIEeCKOT0 KODAJIbTA, 8 TAKXKe HE3HAUYUTEJIHHOTO KOJIH-
qectBa CoO. Kpome Toro, Ha Bcex mudparTorpaMmax
[IPUCYTCTBOBAJA CJIa00 OKPUCTAJIM30BAHHAS THJIPOCH-
JmKaTHasA Gas3a n3-3a pas3pyIIeHns XPU30TUIONOI00HON
CTPYKTYPBI, YTO MOIJIO OBITH CBS3aHO KaK C YaCTUY-
HBIM JIETHJIPOKCUJINPOBAHNEM HAHOCBUTKOB U3-3a BBICO-
KOIi TeMIIEpPaTyPbl TEPMUIECKO 00pabOTKHU, TaK U C Ya-
CTUYHBIM BOCCTAHOBJICHHEM KOOAJIHTA U3 MACCHUBA HAHO-
CBUTKOB 1 HapyienueM coorHomenus (Co+Mg)/Si.

II9M-mukpodororpadun obpasuos ¢ =z = 0.6
u 1 mocie YACTHIHOIO BOCCTAHOBJIEHWS B APrOH-
BogopoaHoii cpege npu 550 °C npuseseHbl Ha puc. 2a

20
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Puc. 2. (Iernoit onmnaiin) II9M-mukpodororpadbun 06-
pasnoB (Mg1_5Co.)3S81205(0OH)s (a) = = 0.6 u (b)
x = 1 mocjile YacTUYHOIO BOCCTAHOBJIEHUsI B aTMocdepe
apros-pogopoaa npu 550 °C, MukporMapkep pased 50 HM;
pacmpeiesieHusi YacTUIl MO pa3MepaMm Mo JaHHbIM [[DM
(drEM, CTONOLBI M IyHKTUpHAsS JIMHUS) U paclpejese-
HY€ KPUCTAJIJINTOB 10 Pa3MepaM I10 JAaHHBIM [TOPOIIKOBOIT
PeHTreHOBCKOl udpakromMerpun (dxRp, CHUIONIHAS JIH-
Husi) o muky (111) must o6pasuos (¢) x = 0.6 u (d) z =1

u b, coorBercrBenno. Hanorybynspras mopdosorus
MIPEUMYIIECTBEHHO COXPAHSIACH IIOCJI€ IPOBEICHUS
TEPMHUIECKOl 00pabOTKU B BOCCTAHOBUTEJBLHOU Cpe-
ne. Hexoropele wmerajummdecknme YacTUNBI KODAJIbTA
uMesn CTPYKTypy THIa dnpo-obosouka Co@QCoO,
C MeTajiInYeCKUM sJIpOM U aMOP(MHOI 060JI0YKOiA,
[IPeJICTaBJISABINE cODOM YaCTUYHO OKHCJIEHHBIA Ha
BO3/yXe MeTasndeckuii kobaupr [1]. Takxke mpomc-
XOJIMJIO YACTUYHOE BOCCTAHOBJIEHHE KOOAJIbTa BHYTPHU
KaHaJja HaHOCBUTKOB. Ha pucynke 2c u d sy obpas-
OB TIOCJIe YACTUIHOTO BoccTaHoBjenusa r = 0.6 u 1,
COOTBETCTBEHHO, IIPUBE/ICHBI PACIPEICICHIS JACTHI] U
KPUCTAJITATOB METAJLJINYECKOI'O KODAJIBTA, [I0 Pa3MepaM.
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B pamkax omHOro cocraBa MaKCHMYyMBI PacCIIpeIe/IeHui
OKa3aJIuCh OJIN3KHU JIPYT K JAPYTY, 9TO TOBOPUT O COBIIA-
JIEHUH pa3MepoB YaCTUll U1 KpUCTAJUIUTOB. [ jis1 o6pasia
x = 1 pacupezenenne ObLIO CPABHUTEJHHO OoJjiee Iim-
POKMM W3-3a MEHBIEHl TePMUYECKOl CTabmIbHOCTH
HAHOCBUTKOB M MEHBIINX I[IPOCTPAHCTBEHHBIX OrPaHU-
YEeHUII CO CTOPOHBI MArHNUH-CUJIMKATHOU MAaTPHUIBI, YTO
MOIJIO IPUBOJUTH K 00Jiee aKTUBHOMY (DOPMUPOBAHUIO
MEeTaJIINYECKUX YACTHUI[ M WX IIOCIEAYIOIel Iepe-
kpucrajumsanuu. CpeHeB3BEIIeHHBIN pa3Mep YacTHUIl
METAJLTMIIECKOT0 KObaIbTa st 0bpasia £ = 1 cocTaBmI
5.7+ 1.6 HM, 9TO HECKOJILKO MEHBIIE 110 CPABHEHUIO C
obpasuom z = 0.6 (6.1 + 1.1 uM). D10 MOIIO BBITH BbI-
3BaHO 0OJIee OTHOPOHBIM PACIIPE/IEICHIEM KODAIbTa B
MaCCHBE HAHOCBUTKOB W, CJIEJIOBATEIBHO, YBEJINICHUEM
KOJINYECTBA IEHTPOB 3apOJIbIIIE00Pa30BAHMS MeTa LI~
“eckoro Kobasabra. MakcumaJibHble 3HAYEHNsT PA3MEPOB
YACTHUI[ METAJUIMIECKOr0 KODaJbTa M0 JaHHbIM [19M
U PasMepoB KPUCTAJJIUTOB IO JAHHBIM IIOPOIIKOBOIA
PEHTreHOBCKOI audpakToMerpun [y obomx o0bpa3-
OB COBIAJAJIA W3-33 OTCYTCTBUs CIHEKAHUS YACTHI]
[IpU JAHHON TeMIeparype: YaCTHId MeTaJLIMYeCKOro
KODAJIbTa COCTOsIJIA U3 OJHOIO KPUCTAJLIATA.
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Puc. 3. (Lsernoii onnaitn) TemueparypHble 3aBUCAMOCTH
HaMarawdeHHocTu npu H = 1KD st KaxKI0ro cocTaBa
(Mgl_xCow)gsiQO5(OH)4 (.T = 0.27 0.47 0.67 0.8, 1)7 us3-
Mmepensble B pexkume FC (BbikosoTsle cumpousbl) u ZFC
(3akpamennble cuMBosibl). Ha BepxHeil BcTaBKe K pHCYH-
Ky IOKa3aHa IepBasl IPOU3BOJIHAS HAMATHUIEHHOCTH I
KaXKJOr0 COCTaBa, HA HUXKHEll BCTaBKe K PUCYHKY ITOKa-
3aHa KOHIEHTPAIIMOHHAs 3aBHCHMOCTB IIPEJIIoIaraeMoil
TeMIIepaTypPbl MATHUTHOI'O II€PEX0/1a

Ha pucynke 3 B siorapudmmdgeckom macirabe Imo-
Ka3aHbl TEMIIEPATYPHBbIE 3aBUCHMOCTA HAMATHUIEHHO-
CTH JJId KaKJIOTO COCTaBa, M3MEpPEHHBbIE BO BHEITHEM
MarsuTHOM MoJjie 1KD. VHTeHCUBHBI pOCT HaMarHu-
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Puc. 4. (Ilpernoit onnaiin) (a) — TemneparypHble 3aBUCH-
moctu (x — xo0)(T — 0) (T € [4;300] K) st kaxxnoro co-
craBa (Mgi—5Coz)351205(0OH)4 (z = 0.2, 0.4, 0.6, 0.8, 1)
B JIOrapupMUIECKOM MacIiTabe, CepbIM IIBETOM ODO3Ha-
YeH JUana3oH OOpabOTKM HJAHHBIX 10 MOIUMUIIMPOBAH-
HoMy 3akoHy Kropu-Beiicca n (b) KoHIeHTpannoHHast 3a-
BUCHMOCTH 9KCIIEDHIMEHTAJIBHOIO (3aKPAIIeHHBIE KPYIJIbIe
CUMBOJIBI, COEIMHEHHBIE JIMHHUENH) U TeOPEeTUIECKOro (Io-
JIbIE TPeyTroJIbHbIE CUMBOJIBL it S = 3/2 u moJsble KBaJ-
parHble cuMmBousibl i S = 1/2) saddexrnBHOrO Marsut-
HOI'O MOMEHTa

YEHHOCTH B OOJIACTM HU3KHUX TEMIIEPATYP TOBOPHT O
npeobiagaHnu peppOMArHUTHLIX KOPPEJISIAil MarHuT-
HBIX MOMEHTOB KobaJibra. B TO ke Bpems, s cocra-
Ba £ = 1 OBLIO 3aMEYEHO PACIIEIUIEHUE PEKUMHDBIX
kpusbix FC (Bbikosiorbie cumposibl) 1 ZFC (3akparnen-
HbIE CHMBOJIbI), PHUC. 3, KOTOPOE MOXKHO CBSA3aTh KAaK C
3aMOpayKUBAHUEM CIIMHOB TIPU KPUTUIECKOH TeMIIepa-
Type (COCTOSIHME CIMHOBOTO CTEKJIA), TaK W C OJIOKH-
POBKOil JBUXKEHHUsI JIOMEHHBIX CTeHOK. Panee 1momo6HOE
pacimerienne HabIOAIO0Ch I TUAPOTEePMaHaTa KO-
6anbra Co3Ges05(0OH)y [24] u ruapocuimkaTa HUKe-
ast NigSioO5(OH)y [15], siBastfOIUXCsl CTPYKTYPHBIME
anasjoramu rugpocusukaTos (Mg, Co,)3S1205(0OH)y
(x =0, 0.2, 04, 0.6, 0.8, 1). Kak upasuso, 6JOKHUpOB-
Ka MOXKeT ObITh BbI3BaHa HaJU4YueM J1e(eKTOB U BHYT-
PEHHMX HAlpsKeHUit BHyTpu Kpucrasuia [25, 26]. Ilo-
CKOJIbKY M3TH0O W CBOPAYMBAHUE THIPOCAIUKATHBIX CJIO-
€B IPOUCXOJUT KaK CJEJICTBUE KOMIICHCAIIUU BHYTDPEH-
HUX HAIIPSKeHUil, BOSHUKAIOMIUX B PE3YJILTATE COCIIHe-
HUS HECOPA3MEPHBIX METAJLI-KUCJIOPOIHOTO U KPEMHMIA-
KHCJIOPOJHOTO TOoJciaoeB (puc.1a)), TO MMEHHO 3TOT
daKTOp MOXKET 3aTPYAHSThL JIBUKEHHE JOMEHHDLIX CTe-
nok. Takxke, o nanubiM [27], paciienienne pezKUMHBIX
kpuBbix FC u ZFC 60siee SpKO BBIPAXKEHO /I CPABHU-
TeJILHO MeHee CUMMETPUYHBIX KPHCTAJLIOB.
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BricokoTemneparypHasi 49acThb HAMATHUYEHHOCTH
norunHsiercs: 3akony Kropu—Beiica BHe 3aBuCHMOCTH OT
x. Jj1st KarXk 1010 cocTaBa & ObLIM OIIPeIeJIeHbl TeMIlepar-
Typbl MArHUTHOIO yropsanodenus (Torq) 10 MUHUMYMY
IepBOl IPOMU3BOJHON MATHUTHOII BOCHPUUMYUBOCTHU
(BepxHsisl BCTABKa K PHC.3). 3HAUEHUs] TeMIepaTyphI
dazoBOro MArHuTHOrO mepexona Tord WISt KarXKIOro
x jexar B mmamna3one Temmeparyp 5-14 K u xoporro
KOPPEJIUPYIOT €O 3HAYEHUsIMU, I[IOJIyYeHHBIMUA JIJIsi
JIPYTuX THJIPOCUIUKATOB C HAHOTYOY/ISIPHONH MOPdOJIO-
rueit [15] u g rugporepManaTa KoGaabTa cO CJIOUCTOM
cTpyKTypoii [24] (Taba. 1). Ha HuKHel BCcTaBKe K puc. 3
[pUBEJEHa KOHIEHTPAIMOHHAST 3aBUCUMOCTD T ord (),
qUCIeHHbIE 3HAYeHNs puBeaeHsl B Tabur. 1. C yBeande-
HUEM COJIEPYKAHUs KOOAIbTa TeMIePaTypa MAarHUTHOTO
[epexo/ia Bo3pacTaJia, [IPpU STOM TeMIIepaTypa MArHUT-
Horo ymuopsaodenus g CozSiaO5(OH)s okaszasnach
[IOYTH B J[Ba pas3a HIKE, YeM I IUCTO HUKEJEBOrO
ruapocuiukara NigSioOs(OH)s [15]. Taxxke cienyer
OTMETHTD, 9TO JJIi HAHOCBUTKOB IIEPEMEHHOTO COCTABA
muaamyM OM /0T obsanas 6osiee CII0KHON CTPYKTY POil
110 cpaBHEHUIO ¢ obpas3noM x = 1. JlanHass 0cOOEHHOCTH
MOIJIa OBITh CJIEJICTBUEM PAaCIpelesieHns KaTUOHOB
KODAJIbTa MEXKJy HAHOCBUTKAMH B COOTBETCTBUU C WX
UHAVBUYAJbHON KPUBU3HON, YTO OTMEYaJIOCh paHee
B psijie MCCJIeJOBAHUI AHAJIOTUYHBIX 110 CTPYKType U
mopdosiornu  rugpocusukaros |7, 14,28-30]. Takum
o0pa3oM, B paMKax 3aJaHHOTO [0 CHHTE3Y T MOTJIA
BO3HUKHYTDH YACTHUIIBI, 00ETHEHHDbIE MJIH, HA00OPOT, 000-
raIeHHble MOHAMHU KOOAJIbTa OTHOCUTEIBLHO 33IAHHOTO
[0 CHHTE3Y T, OOJIAMAIOIINEe HECKOJbKO PA3JINIHBIMU
TeMIlepaTypaMu MarHUTHOI'O (PA30BOTO IIEPEXOJIA.

Ucnonp3ysas wmomudunmpoBanubiii  3akoH Kropu—
Beiica (dbopmysta (1)), 6l onpeseseHsbl apaMarHuT-
HBIE ITAPAMETPHI JIJIsT KayKIOI'O COCTAaBa I'MJIPACUINKATOB
(raba.1). Momudunuposanusiii 3axkon Kropu—Beiica
ITO3BOJIJI UCIIOJIb30BATH IITUPOKU JTUATA30H 00PabOTKH
9KCIIEPUMEHTATBHBIX JaHHBIX — oT 100 mo 300 K.

X(T) = x0+C/(T —90), (1)

rge XY — MarHUTHAs BOCIHPUUMYHUBOCTH, C' — KOHCTaHTA
Kropu, § — napamaranthaas Temneparypa Kropu—Beiica,
X0 — TeMIIepaTypPHO-HE3aBUCHMBII 9JI€H, BKJIIOYAIOIINI
B cebs Yo JBa BKJIAJA - IUAMATHUTHBIA BKJIAJ U Hapa-
MarHuTHBI BRIz Bas-®@ieka: X0 = Xdia + Xvv [31]-
JluaMarHUTHBIN BKJaJ, CBA3aH C BHYTPEHHUMH 3JIeK-
TPOHHBIMH OBGOJIOUKAME M OIPEIENAICT CyMMONH KOH-
crant [Tackass (tab. 1) [32]. Ha pucynke 4 npuseneHs!
TeMIepaTypHbIE 3aBUCUMOCTH BemdauHbl (Y — Xo)(T —
0) maa waxkzgoro cocraBa. s xz = 0.8, 1 B mn-
pokoii obsiactu Temueparyp (or 50 mo 300K) sxcime-
pUMEHTaJbHasl KpUBasd He OTKJIOHAIACH OT T'OPH30H-

TAJILHOTO TIOBEJICHNs, B OTJIMYUE OT COCTABOB C MEHb-
UM COJIEP’KAHUEM MArHUTHLIX MOHOB KobaJjibra. Tax,
At coctaBoB © < 0.8 1m0 Mepe yMeHbBIIIEHUsI TeMIIe-
parypel 3aBucumoctb (X — X0)(T — 0) or T npoxo-
mwra gepe3 muauMmyM B obsactu 30-50 K. Takwme ot-
KJIOHEHUsI OT 3akKoHa Kropu—Beiica MoryT cBuumeresn-
CTBOBATH O HEOOMLIMIMX AHTH(MEPPOMATHATHBIX CBA3IX
OJIMKHETO TOPsiIIKa, PaHee OOHAPYKEHHBIX B THIPOrep-
manare kobasubra Co3GeaO5(0OH)y [24]. Huxe 50 K st
BCEX I HADJIIOJAJICS] XAPAKTEPHBII CKAYOK 3aBUCAMOCTH
(x — x0)(T — 6) or T, a HuXKe KPUTUIECKOI TeMIepaTy-
PBI 3aBHCUMOCTH CTPEMUJIACH K HYJI0. Pe3koe yBeude-
HUe, MATHUTHOM BOCIPUUMYUBOCTH yKa3bIBaJIO Ha, IIPe-
obramanne (heppOMArHATHBIX B3AUMOJIEHCTEHIA B THIPO-
cumkarax (Mg1_;Co,)351205(0OH)4 (2 =0,0.2, ..., 1).
deppoMarauTHas COCTABJIAIONAA B OOMEHHBIX B3aWMO-
IeffcTBUAX obycaoBIeHa B3ammoeiictsmeM Co?t BHyT-
PH OKTa3JPUIECKUX IOJCI0eB. Ha IpenMyIecTBeHHO
¢eppOMarHUTHBIE CBA3U MAIHUTHBIX MOMEHTOB yKa3bl-
BaJIO W TOJIOXKATETHHOE 3HAYEHNE TTAPAMATHUTHON Te€M-
neparypbl Kriopu-Beiicca 6 (rabu. 1). Ilpu paccmor-
PEHMM MArHUTHBIX CBOWCTB THIporepMaHaTa KoDaJlb-
ta Co3Gea05(0OH), 6bu10 MOKA3aHO, YTO Cabble AHTH-
dEpPPOMATHUTHBIE KOPPEJANA MOTYT BO3HUKATH M3-32
ME2KCJIOEBOI aHTU(EPPOMATHUTHOM CBA3H, KOTOPas 0-
JIABJIsIETCsl B MATHUTHOM 11071 0K0J1o 1 K9 [24]. TTockosb-
Ky COgG6205(OH)4 u (Mg1,ICOI)381205(OH)4 ABJIA-
IOTCS CTPYKTYPHBIME AHAJIOTAMU, TO MEYKCJIOEBOE AHTHU-
deppoMarHuTHOE B3AUMOJENCTBIE, CKOPee BCEro, TakK-
JKe IMEET MECTO JIJIT BCEX CMEIAaHHBIX COCTABOB I'MJIPO-
CHJIMKATOB Maramss u Kobagbra. OTMETHM, 9TO BHEII-
Hee MArHUTHOE Tojie B 1 KD I TaKuX COEJIMHEHMUIA,
[I0-BAIUMOMY, SBJISETCS JOCTATOYHO OOJIBIINM JIJIst TIPe-
OJIOJIEHNUST CJIA0BIX AHTU(DEPPOMATHATHBIX CBA3EH U 171t
YCTaHOBJIEHUsI, B KOHEYHOM cueTe, (heppoOMArHUTHOI'O
MOPSIIKA.
Ha npaBoit mmxkueit mamesm puc.4b npencrasie-
HA KOHIIEHTPAIMOHHAS 3aBUCAMOCTD SKCIEPUMEHTAJIHHO
[IOJIyYeHHBIX 3HaUeHU 3D HEKTUBHOIO MATHUTHOTO MO-
MeHTA ([leff) JIJIS KAXKIOTO COCTABA B CPABHEHUHU C PAC-
YEeTHBIMU 3HAYCHUSIMH JIJIsT BBICOKOCIHHOBOTO (S = 3/2)
U HU3KOCTIMHOBOTO (S = 1/2) cocTosiHMsI By XBAJIEHTHO-
ro Co?t. Besencrsue 3amernenus HemaraurHoro Mgt
ma MarauTebl Co?t 3¢ @eKTHBHDLIN MAHUTHBI MO-
MEHT BO3pPAcTaJl, PABHO KaK BO3PacTaja U Pa3HOCTH
MEXKJy 9KCIEPUMEHTAJIBHO OIPEIEIeHHBIM 3PMEKTHB-
HBIM MOMEHTOM H TEOPETHIECKU PACCINTAHHBIM. TaKyTo
PA3HUILY MOXKHO OODbICHUTH HEIIOJHBIM 3aMOPaKUBa-
HUEM OpOUTAIBLHOIO MOMEHTa KPUCTAJIMIECKIM TI0JIEM
pemterku. Paccunrannbiii 9 HEKTUBHBIA MarHATHBII
mMomenT okoJio 5.4 + 0.15 up/Co®T g x = 1 (Taba. 1)
HECKOJIbKO GoJtbine crmaoBoro 3.87 up ausa mona Co?t
TTucema B 2KOTO

ToMm 120 Bpm1.3-4 2024
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Tabsmua 1. [Tapamerpsr mMommdunuposanHoro sakoHa Kropm-Beiicca (cm. dopmyny (1)) coemumennit (Mgi—;Cos)3Si205(0OH)y

(z = 0.2, 0.4, 0.6, 0.8, 1), mosyueHHble u3 0OPAGOTKU TEMIIEPATYPHBIX 3aBUCHMOCTEH HAMATHUYEHHOCTH, W 3HAYEHHE TEMIIEPATYDbI
MaruuTHOro nepexona Toyq B cpasaeruu ¢ NizgSiaOs(OH)4 [15] u CozGea O5(OH)4 [24]

x X0, c, 0, Xdia - 1076, Tord, Heff s 9
Tc - em? /momn T'c - em® /nmomb K T'c - em® /nmomb K up/Me>+

0.2 2.75(3) - 10~5 1.7881(9) 4.8(4) —117(1) 6.4(4) 1.87(11) 2.52(6)
0.4 3.89(4) - 104 3.7806(9) 13.4(2) —120(2) 6.3(4) 5.02(7) 2.59(4)
0.6 1.07(1) - 103 6.0229(3) 21.2(3) —132(2) 7.4(8) 5.17(4) 2.67(2)
0.8 2.44(1)-1073 8.027(2) 23.8(7) —139(3) 9.9(2) 5.24(2) 2.74(1)

1 4.85(2) 1073 10.757(3) 22.8(1) —146(3) 13.2(3) 5.35(3) 2.77(1)
[15] 2.2.1073 4.54 38 24 3.48 2.46
[24] 4.2-1073 10.27 6.1 —158 5.9 5.23 2.7
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Puc. 5. (LigerHoii onnaiin) TemueparypHble 3aBUCAMOCTH
Hamarandenoctu (H = 1KD) HAHOKOMIIO3BUTOB HA OCHO-
Be rugpocusnkaroB (Mgi—;Co,)3Si205(0OH)4 ¢ z = 0.6
u z = 1, usmepennsle B pexxume FC (BBIKOJIOTBIE CUMBO-
abl) u ZFC (3aKpallieHHble CHUMBOJIBL), KpacHasl CTPeJIKa
mokasbiBaeT MakcuMmyMm npu 1 = 6.7 K, cBazannsrit ¢ me-
PEXOJIOM B OKCH/IHBIX COCTABJISIIONIAX CUCTEMBI (HU3KOPa3-
meproM CoO [33] miu ocraTodHOil CUIMKATHON MaTPUIIE)

U HAXOJUTCA B XOPOIIEM COIVIACHH C 3KCIIEPUMEHTAJIb-
HBIMA 3HAYMEHUSMU, TTOJTYYEHHBIMA JJIS IBYXBAJIEHTHO-
ro KobaJsibTa B OKTadIpudeckoM okpyzkenun (4.7-5.2 g
[31, 33, 34]). Yucnennsie 3uaveHns 3¢bGeKTUBHOrO Mar-
HUTHOTO MOMEHTa B pacueTe Ha JIBYXBAJEHTHBLIH HOH
npeacTaBieHbl B Ta0s. 1. Vcnonb3ys sKCnepuMeHTa b
HOE 3HAYEHNE MArHUTHOIO MOMEHTA, OIEHKa g-(PaKkTopa
¢ yuerom S = 3/2 nana 3HaveHHs OKOJIO 2.5-2.8 st
cocrasoB (Mgj_,Co,)3Si205(OH)4 (z = 0.2, 0.4, 0.6,
0.8, 1) (rabu.1l), 4ro XOpOIIO COIJIACYETCS C paHee
nosyaenabivu gaHHbiME 71t Co3GeaO5(OH)y [24] u
Ni3SioO5(OH)4 [15].

J1j1s1 MATHUTHBIX UCCJIEIOBAHNN HAHOKOMIIO3UTOB Ha
ocuoBe (Mgi_,Co,)3S1205(0OH)4 ¢ wacruuno Boccra-
HOBJIEHHBIM METAJIINIECKIM KODAJIHTOM OBLIO BBHIOpa-
HO aBa cocraBa — 2 = 0.6 u = 1 (puc.5 u 6). Tem-
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Puc. 6. (Ilsernoit onnaiin) Ilonesble 3aBucMMOCTH HaMar-

HUYIEHHOCTH, W3MEPEHHbIE NIPU KOMHATHOH TeMIIepaTrype
(300 K) 115t HAHOKOMIIO3UTOB Ha OCHOBE I'MIPOCUJINKATOB
(Mg1-2Co02)351205(OH)4 ¢ © = 0.6 m z = 1, Ha BCTaB-
K€ K PHCYHKY IOKA3aHbI M30TE€PMBI HAMATHUIEHHOCTH B
yBeauuennom Macmrrabe (H € [—3; 3] kD)

[epaTypHble 3aBUCUMOCTU HAMAIHUIEHHOCTH, U3MEPEH-
HbIE BO BHEIIHEM MAarHUTHOM Iojie 1KY, BKJIOYATIH B
cebsi JIBe OCHOBHBIX cocTaBiisionmx (puc.5). B obusa-
ctu 20-350 K noBejieHne KpuBbIX, UI3MEPEHHBIX B PEKU-
me oxstazkzenus (FC), ykasblBajo Ha IIPUCYTCTBUE CJia-
60 3aBUCAINErO OT TEMIIEPATYPHI MAIHUTHOIO MOMEHTA,
CBSI3AHHOT'O C HAHOYACTUIIAME METAJUIMIECKOTO KODAJIb-
Ta. 3HAYEHUS] HAMATHUYEHHOCTH B 9TOM JIHAITA30HE CO-
crasysio ~ 13Tc - em3/r u ~10Tc-em® /v st & = 0.6
n xz = 1, coorBercrBerno. Xon ZFC KpuBbIX B JaHHOM
HHTEPBAJIE TEMIIEPATYP TAKKe COIVIACOBBIBAJICS C DAHEE
HabmomasmumMest s Hanodactury Co [35]. Tlpu mown-
Kenun TeMrepatypbl BOm3n 20 K nabsomanocsk ysein-
YeHne MarHUTHOTO MOMEHTA, BbI3BaHHOE (ha30BBIM IIe-
PEXOI0M OKCUIHBIX KODAJIBT-CcoepKamux da3, ooHapy-
JKEeHHBIX Ha judparrorpammax (puc. 1c). BoamoxabiMu
UCTOYHUKAMHU 3/I€Ch SIBJISIIOTCS JIUOO OKCUJIHBIE 000JI0U-
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KM MeTaJUINYeCKUX HAHOYACTUIL (IIOJOOHBIH MAKCHMYM
na ZFC kpusoii— okosio 6.7 K, 0603HaYEHHDBI KPaCHOI
CTPEJIKO# Ha PHC. 5, HAOIIONAJICS, HAIIPUMED, JJIs HU3-
kopasmeproro CoO [33]), smbo ocTaToUHBIE CHINKAT-
HbIe MaTPUIBI, COJEPIKAIIIE HEBOCCTAHOBJIEHHBIE HOHBI
kobGasbTa (puc. 1¢). 3aBUCMMOCTH HAMATHUIEHHOCTH OT
[IPUJIOYKEHHOIO MATHUTHOT'O TTOJIS JJIsT HAHOKOMITO3UTOB,
U3MEpEHHbIE JJIf JIBYX COCTABOB IPU KOMHATHOMN TeM-
neparype (puc.6), OpeacTaBisioT cobOi y3Kue meTau
rUCTepEe3Nca ¢ KOIPIUTUBHON cumioii okosio 6503. Ha
BCTaBKe K PHC. 6 MOKA3aHO MOBEIEHUE HAMATHUIEHHO-
CTH B JMalla30HE BHEIIHUX MarHUTHBIX IoJieil 4 3 K.
HamaramdeHHOCTb GBICTPO JOCTUIAET HACHIIIEHUSI [IPU
H < 8D He3aBHCHMO OT MCXOIHOTO COCTaBa THIPOCHU-
smkaToB. [lomobHOe oBeIeHNEe TeT/IN THCTEPE3UCa KOP-
peJiupyer ¢ IOBeJIeHreM M30TePM HaMATHUYUBAHUST JJIsT
HaHOYACTHUI MeTasndeckoro Co, OrpaHUYeHHBIX pa3-
Mepamu 1o 70 BM [35]. B GosbmmHCTBE CIyYaeB HaHOYa~
crunpl Co SIBJISIFOTCS CylieplapaMarHUTHBIMU IIPU KOM-
HaTHOI Temiieparype [36—38]. Y3kue et rucrepesuca
¢ MaJIBIM 3HAYEHUEM KOIPIIUTUBHON CHUJIBI U ¢ OBICTPBIM
BBIXOJIOM Ha HACHIIIEHNE B COUYETAHUM C YCTAHOBJIEHHBI-
Mu ¢ omoibio II9M u peHTreHOBCKOI qudpakToOMeT-
puu (puc. 2) pasMepaMu Y4aCTUIL YKA3bIBAIOT Ha KOJUJIEK-
tusHOe (cynepdeppomarauTaoe [39, 40]) nmosenenue an-
caMmOJIsi MeTaJJINYECKNX HAHOYACTUIL KOOAIbTa BHYTDPU
KaHaja U B 00beMe MapaMarHUTHON IpU JAHHOM TeMIIe-
parype CUIMKATHON MaTpuipl. [Ipu 3TOM BO3HUKHOBE-
HU€ HEKONE€PEHTHBIX CIUHOBBIX MOJI ODJIerdaercs, eCiu
HAHOYACTUIILI 0Opa3ytorT arsiomeparsl [41], mampumep,
B CJIyYae HAHOKOMIIO3UTOB HA OCHOBE HAHOTYOYJISIPHBIX
FUIPOCHJINKATOB — IEIIOYKH.

4. 3akjaro4deHue. B pabore BmepBble METOTAME

MarouToOMEeTpHUHn HCCJIEJOBAHO IIoBeaeHue TeMIIe-
PaTYpHbBIX H IIOJIEBBIX 3aBUCUMOCTENl HaMarHUYeH-
HOCTH HaHOTy6y.HSIpHI>IX THJAPOCUJINKATOB  COCTaBa

(Mg17ICOI)3Si205(OH)4 (IL‘ = 02, 04, 1) n Ha-
YcTaHOBIEHHO, YTO
HU3KOTEMIIEPaTy PHBIMU

HOKOMIIO3UTOB Ha WX OCHOBE.
PUJPOCUJINKATHI  SIBJISTFOTCST
MarHeTuKaMu u OOJIAJAI0T HPEUMYIIEeCTBEHHO dep-
POMATHUTHBIM TOPSAAKOM. TeMmeparypbl MarHUTHOTO
VIIOPSIIOYEHHsT JJIsi KaXKJI0I'0 COCTaBa JieXKaT B JUalla-
3ome ot 5 1o 13 K. Kpome sroro, mais kaxkIoro cocrasa
CIe/TaHbl OEHKN 3M@MEKTUBHOTO MATHUTHOTO MOMEHTA
U OIpeJieieHbl OCHOBHBIE ITapaMarHUTHBIE [IapaMeTPhI.
OpHuM U3 myTell CO3/aHUsI YCTOWYMBBIX MAIHUTHBIX
MaTepPUAJIOB C BOCHPOU3BOIUMBIMU CBONCTBAMU SIBJIs-
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