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BBEIAEHUE

Harpuii-ragonnHueBbIiA MOIUOIAT CTEXMOMETPH-
yeckoro, skBUMoisipHoro cocraBa NaGd(MoO,),,
wm Na, ,Gd, ,M00, (NGM), — nipencraBuresb 00-
IIMPHOTO CEMeiCcTBa MOJINOAATOB U BOJIL(PpaMaTOB C
o6uieit hopmynoii M, ,Re, ,TO4 (rne M = Li, Na, K;
Re=Y, La, Gd, Lu...; T= Mo, W). Ilozuuuu, 3aHu-
MaeMble IEeJTOYHBIMU WU PEIKO3EMETbHBIMU NOHA-
MU, OOBIYHO Ha3bIBaIOT A-mo3unusamu. NGM mpen-
CTaBJIsIeT MPaKTUYECKUM MHTEpeC B CBS3U C HC-
MOJb30BAaHUEM B KayecTBe JIIOMUHOGOPOB ISl
cBeTOAMONOB Oejoro nBera [1—3], MaTpui misa ja-
3epHBIX KPUCTAJIOB [4, 5], omTUYeCKUX TeMIlepaTyp-
HBIX CEHCOPOB [6, 7], a TakKe W1t POTOTEPMUUECKOI
Tepanuu 1 IPyrux OMOJIOTUYECKUX IIPUMEeHeHMI [8].

NGM kpucrajumsyeTcss B CTPYKType IleeauTa
CaWO, (TeTparoHajabHasi CUHTOHUS, Tp. Ip. 14,/a)
IIPpU CTATUCTUYECKOM pacIpeesIeHU NOHOB HAaTPU s
U TagoJUHUS 110 A-tio3unusimM [9—11]. Aromuctuye-
CKOE MOJICTUPOBAaHNE CTPYKTYPHBIX XapaKTePUCTUK,
a TakXKe OCHOBOIOJIAralolinuX CBOMCTB KPUCTALIOB
Na, ,Gd, ,;M00, 6bu10 IPOBeneHo B [12, 13].

NaGd(MoO,), MOXXHO cUUTaTh MPOU3BOAHBIM OT
mosmoaara kanbuusg CaMoQO,, B KOTOPOM [1Ba IBYX-
BaJICHTHBIX MOHA Kanbuusg Ca’" 3aMmelieHbl OTHUM
OIHOBaJIEHTHBIM MoHOM Nat ¥ OmHMM TpexBajeHT-

HeiM Gd?*. TTocnenymolee DOMOMHUTEIBHOE 3aMe-
IIIEHEe MOHOB HAaTPpUs TalOJIMHUEM IIPUBOIUT K BO3-
HUKHOBEHMIO KATUOH-Ae(UIIUTHHLIX KPUCTAJIJIOB.

B [14] moka3aHo, 4TO B OCHOBHOM IIpOLIECC pac-
TBOpeHUs TagouHuI B NGM IIpoMCXOIuUT 110 CIIeay-
IOLLEN cxeme:

3Nay, + Gd;” — Gdy¥, + 2va, + 3Naj. (1)

J11s1 NMOHOB B KPHUCTaJJIe MCITOJIb3YIOT 0003HAYCHUS
Kperepa n Bunka [ 15]: HU>KHUA MHAEKC 0003HAaYaeT
TTO3UITIO B KPUCTAJIJIE, BEPXHUIA — 3apsid, N30BITOU-
HBIA TTOJOXUTEIBHBIN (®), M30BITOYHBIN OTpUIIa-
TeJbHBIN (') TIO OTHOLIEHUIO K 3apsiay HEeHapyllleH-
HoO#i Matpulibl (X), v — BakaHcusi. MoHbI, Haxons-
muecs B paciiaBe, O0OO3HAYAIOTCS  HIDKHUM
uHaeKcoM L u 3apsimoM B BEpXHEM MHIIEKCE.

I1pu pacTBOpeHUM TPEXBAJIEHTHOTO MOHA TaI0JIN -
HUS TPU MOHA HATPUS MOKUOAIOT KPUCTAJUI JIJIsl CO-
OJII0IeHUS DJICKTPOHEUTpaabHOCTU. MMOH ragoanHus
3aMellacT OOUH 13 MOHOB HATPUS B A-MIOAPEIIETKE, a
JIBE IpyTUE MO3ULINUA OCTAIOTCS BAKAHTHBIMMU.

Ecnu npuHSTh B Ka4ecTBE IEPEMEHHOI X COlep-
KaHWE TaJdoJWHUS, TO KaTUOH-IE(MUIIMTHBIE Ha-
TPU-TagOINHNEBbIE MOIUOIATHI IIEPEMEHHOIO CO-
craBa B cucreme NaGd(MoO,),—Gd,(MoO,); moryt

ObITh onucaHbl obuei dopmynoit Na, , GdMoO,
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npu 0.5 < x < 0.66. B pe3ynbrare reTepoBaJIEHTHOIO
3aMellleHUs] HAaTpUSI Ha TaJOJIMHUI CTPyKTypa Ha-
TPpUIA-TaAOIMHUEBBIX MOJMOIATOB CTAaHOBUTCS CY-
IIECTBEHHO KATUOH-AC(MULIUTHOMA, 4YTO SIBIISIETCS
BaXXHOII 0COOEHHOCTBIO ATOIO ceMeiicTBa KpUCTaJI-
JIOB ¥ OKa3bIBACT 3HAUYMTEJIbHOE BJIMSIHUE HA X MHO-
rue xapakrepucTuky. C y4eToM KaTMOHHBIX BaKaH-
cuii hopMysia MOXET OBITh MpecTaBlieHa B CJIeAyIO-

weM Buge: Na, ;,Gd 0, ;MoO,, roe O — BakKaHCAU
B A-iompenieTke.

B cepumn pa6or [14, 16—18] 6bUIH BhIpallleHbI Me-
TonoM YOXpaJIbCKOTO M MCCJICIOBAaHBI KAaTHOH-IIE-
(GUIUTHBIE HATpHUI-TamOJIWHUEBbIE MOJIUOIATHI B
LIMPOKOM UHTEpBaJje COCTaBOB; U3yUYeHbI, B YaCTHO-
CTH, 3aBUCUMOCTH MapaMeTPOB PEeIIEeTKU U TJIOTHO-
CTH OT COCTaBa KPUCTAIOB. B BBIpallleHHBIX KpU-
cTajiax coAepkKaHue KAaTUOHHBIX BaKaHCUi1 B A-T10/I-
pemetke nocturaio 10% [14].

KatnoH-neduimTHbIe KPpUCTAIJIBI HATPUIA-Tago-
JIMHMEBOro MoJubaara, BbIpallleHHOTO U3 paciuiaBa,
cocraBa Na, ;Gd,,;Mo00O, uccienoBanu B psizie pabot
[3, 5, 16, 19]. B HacTosIIIEE BpeMsI HET ENMTHOM TOYKHU
3peHUs] Ha CTPYKTYPY 3TUX KpucTasioB. CorjiacHo
[3, 5, 16] oHn uMerT NehEKTHYIO KaTUOH-IedU-
LIUTHYIO 11I€EJIUTONOAO00HYIO CTPYKTYpY (TIp. Ip. 14,/a)
MPU CTATUCTUYECKOM paclipefesieHUU HaTpus, ra-
JIOJIMHUSI U HE3aHSThIX KaTUOHHBIX IMo3uliuii. B [19]
NPUIIUIY K 3aKJIIOYEHUIO, 4TO B ciydae Na, ,Gd, ;,Mo00,
MPOUCXOAUT TTO3UIIMOHHOE YNOPSIOUYEHUE U MOSB-
JisileTcsl MOJyJUpoBaHHasi CTpyKTypa. Henb3si uc-
KJIIOUUTD, UTO pa3Hble TOUYKU 3PEHUSI OCHOBAHBI Ha
pa3IM4YUU YCIOBUI pOCTa U MOCIEAYIONIETO OTKM-
ra KpucraaioB. BoaMoxHoe BiusiHUE MO3ULIUOH-
HOTro YyIOpPSIIOYEeHUSI HAa CBOMCTBA U JIOKAJIbHYIO
CTPYKTYpY Kpuctamios Na,,Gd,,M00, paccmor-
peHo B [12] METOIOM aTOMUCTUYECKOTO MOIEIMPOBa-
Hud. IIpyu uccnenoBaHuy IPYyroro KaTHMOH-AEMULINT-
HOTO cOCTaBa HATPUI-TaIOJMHUEBOIO MOJIMOIATa, BbI-
paieHHoro u3 pacruiasa Nag,sGdg/sMoO, [16], 6bu1
clejaH BbIBOJ O TOM, UTO 3TW KPUCTAJUIbl, KaK U B
cllydyae KpHUCTa/UIOB, BbIpAllleHHBIX W3 pacIlIaBOB
Na,;Gd,;;M00, 1 Na, ,Gd, ,M00,, umeror nip. rp. /4, /a
0e3 IpU3HAKOB MOAYJSILMU. Takum o0pa3omMm, KO-
HEUYHBIN YJIeH cepuu TBepabix pacTBopoB NGM u uc-
cJieJOBaHHbIE TIPOMEXYTOUHbIE KaTUOH-AEHUIIUT-
HbIE COCTaBbl COIJIACHO OOJIBIIIMHCTBY JIUTEPATYPHBIX
JNIaHHBIX KPUCTAJJIU3YIOTCSI B CTPYKTYpPE 11IeenTa.

Jlpyroii KOHEUHBIM YjIeH paccMaTpuUBaeMoOil CH-
CTEMbI TBEPABIX PAacTBOPOB, MOJMOAAT TadOJIMHUS
Gd,(Mo0O,); (GMO), obiagaet sipKoO BbIPaXKEHHbIM
noauMopduzmMom. M3BecTeH 1eblii psia HoauMopd-
HbIX MoauduKaluii MoaubaaTa ragoavHUs, B TOM
YUCJIe ¢ UCKAKEHHOU 1IeeIUTONON00HON CTPYKTY-
poii [20, 21]. Moaubaart ragoJIMHuS SIBASIETCS KaTu-
OH-Ae(PUILIMTHBIM KPUCTAJUIOM, B KOTOpoM 33% 110-
3ULIMM TaI0JMHUS BAKAHTHHI.
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st MporHo3upoBaHus BaXKHEUIITMX CBOMCTB CO-
eIMHEeHUI M UX TBEPAbIX PACTBOPOB BEChbMa BaXKHO
HCCeA0BaHUEe UX JIOKATLHOMN CTPYKTYpPbl. DKCIIEepU-
MEHTaJIbHOE MCCJIeOBAaHUE JIOKATBbHON CTPYKTYPbI
KPUCTAJIJIOB OOBIYHO MPEACTaBISIET 3HAYUTEIbHBIE
TPYAHOCTU. B 3TOM OTHOIIIEHUM BechbMa BOCTpebO-
BaHHBIM SIBJISIETCS aTOMUCTUYECKOE MOAEJIUPOBAHUE.
Tak, npoBeaeHHoe B [22] cpaBHEHUE pe3yJbTaTOB
OIMMCaHUsl JIOKAJIbHON CTPYKTYpbl TBEPAbIX PacTBO-
pos Ca,_,,.Eu,Na (Mo0O,),, TOTy4eHHBIX C TOMOILBIO
Mmetona EXAFS [23] n aTOMUCTHIECKOTO MOIIETNPO-
BaHUs [22], CBUIETEABCTBYET OO0 MX XOPOIIIEM COOT-
BETCTBUU. ATOMUCTUYECKOE MOAEIUPOBAHUE JIOKAb-
HOM CTPYKTYpPBI JBYX COCTAaBOB HATPUM-TraIOJIMHUEBbIX
monubnaros Na,,Gd,,M00, u Na,,;Gd,;M00,
ObL10 TTpoBeaeHO B [12].

B [24] meTomoMm EXAFS uccienoBanm 10KaJbHYIO
CTPYKTYPY KPUCTAJJIOB, BbIpAIleHHBIX U3 IIIUXThI CO-
crasoB Na, ,Gd, ,M00, u Na,;Gd, ;M00,, onHako,
K COXAJIEHUIO, JTaHHBIE O JIOKAJIbHOM OKPYKCHUM A-
MO3UIINU B paboTe OoTCyTCTBYIOT. UMeHHO 3TN maH-
HbIe IPEACTABISIOT HAMOOIBIINI MHTEPEC, IIOCKOJIb-
Ky aKTMBaTOPHbBIE IIPUMECH PEIKO3eMEIbHBIX NOHOB
BXOJISIT B A-MO3UILIUM NP JIETUPOBAHUM KPUCTAJIJIOB
HaTpUii-ragoJMHUEBbIX MoarubaaTtoB. MIMeHHO OJu-
XKaliIee JJOKaJIbHOE OKpYKeHUEe A-TIO3ULINI B 3HAYM-
TeJIbHOM Mepe OIlpeiesisieT ITOBeIeHE MOHOB aKTHBa-
TOpa U €T0 CIIEKTPOCKOITNYECKIE XapaKTEPUCTUKM.

Hacrosmasg pabora mmocssmieHa MOIEINPOBAHUIO
METOAOM MEXKATOMHbIX IMOTCHIMAJIOB TBEPABIX pac-
tBopoB NaGd(MoO,),—Gd,(Mo00O,); Bo BceMm aua-
Ma30He COCTaBOB. 3HAYNUTEJIbHOE BHUMAaHUE YIEJIE€HO
HCCJIEMOBAHUIO JIOKAJIBHOU CTPYKTYpPhl A-TIO3UILIMIA,
OIpeAeIeHUIO MOJ0XEHUS OJMXKAUIIUX aHUOHOB U
U3MEHEHUs1 A-NoJM3IPOB B 3aBUCUMOCTU OT BHUIA
HEHTPaJIbHOT'O MOHAa UJIN €TI0 OTCYTCTBUS.

METOANKA MOAEJINPOBAHUWA

MonenupoBaHue IPOBEICHO METOIOM MEXaTOM-
HBIX MOTEHIIMAJIOB C UCMOJIb30BAHUEM MPOTPaAMMBI
GULP 4.0.1 (General Utility Lattice Program) [25],
B OCHOBE KOTOPOI JIEXKUT Mpolieaypa MUHUMHU3ALUU
SHEPIUM MEXAaTOMHBIX B3aumoaeicTBUil. IlapHEbIit
noreHuman U; B3auMoneicTBYsI MFOHOB i 1/ C 3apsiia-
MU g; U ¢; ONIPEEISUIN CIIEAYIOIIMM 00pa3om:

2 6
U;(Ry) = qq;e"/R; + Ajexp(—=R;/p;) — C;/R;, (2)

rae R; — MexaTtoMHoe paccrostHue, Ay, py, C; — oM-
MUPpUYECKUE MapaMeTpbl KOPOTKOASUCTBYIOIIUX TTO-
TEHIIMAJIOB, 00JaCTh AEUCTBUS KOTOPBIX B HACTOSI-
meit pa6ote cocrapisiia 15 A st KOHTaKTa KUCITIO-
pon—kuciopor u 10 A it ocTalbHBIX KOHTAKTOB.
IMonstpu3yeMoCTh MOHA KUCIIOPOAa YIUTHIBAJIM C IO~
MOILLBIO “o0oJioueyHoit Mozeau” [26]. B pamkax
3TOI MoAenu 0cTOB MoHa Kucyopona (O,) u ero 060-
Jnouka (O,), cMellleHHas Ha PacCTOSIHUE /;, CBSI3aHbI
rapMOHMYECKON YIIPYTOii KOHCTAHTOM ;:



538

AVYIHUKOBA u ap.

Ta6mauma 1. HapaMeprI IIOTCHIIMaJIOB MEXKAaTOMHOTO BSaHMOHeﬁCTBHH, UCITIOJIb30OBaAHHLIC B pa60Te

ITapameTpsl NOTEHIIMATIOB
BzaumoneiictBue Atom 3apsn, e
A, 3B A, A ¢, 7B A®

Na—O, 41894.857 0.193493 0.0 Na 0.85
Ca—Oq 4181.7977 0.264109 0.0 Ca 1.7
Gd-O, 3558.66 0.2861 0.0 Gd 2.55
Mo—O;, 945.947 0.366617 0.0 Mo 5.1
0,—0O, 598.8379 0.314838 26.8965 0. 0.746527
0,—0. X = 56.5628 5B/A? 0, —2.446527

IIpumevanue. O, — ocroB, Oy — BajeHTHasA 000JI0YKA NOHA KMCJIOPOJA.

Ul = x4’ /2. (3)

Pacuersl TpoBOAMJIM B HMOHHO-KOBaJEHTHOM
MPUOIVKEHUU C BBeAeHUEM 3(h(hEKTUBHBIX 3apsII0OB
atromoB. [lapamMeTpbl TOTEHIIMATIOB MEXAaTOMHBIX
B3aUMOAEHUCTBUIT U 3apsbl aTOMOB, MCIOJIb30BaH-
HbIE B paboTe, NMpencTaBieHbl B Ta0. 1. Ux 3HaueHus
ObLIM TMOJIyYEHBl ONTUMMU3ALIMEN CTPYKTYPHBIX U
YIOPYTUX CBOMCTB LIEJIOTO psida COEAMHEHUM 1 B3SIThI
u3 [27, 28]. Monenuposanue Na,,Gd,; ,M00,, Ko-
HEYHOTO 4JieHa TBEPAbIX paCTBOPOB, Oojiee MoApOO-
HO paccMoTpeHo B [12].

MonenvpoBaHue TPOBOIMIIM B CBEpXbsUeKax
TP CTATUCTUYECKOM paclipefeIcHN KOMITOHEHTOB
B A-TIofpelleTKe, CO CHSITUEM HEeTPaHCISLMOHHOMI
cumMeTpuu (rip. rp. P1), B U30TpOIHOM IIPUOJIKEe-
HUU TapaMeTPOB aTOMHBIX CMEIIIEHUI BO BPEeMsI OIT-
TUMU3ALUH.

Brl10 MccenoBaHo BIMSIHUE HA PEe3YJIbTaThl MOZIE-
JIMPOBaHMSI TakKux (haKTOpOB, KaK pa3Mep CBEPXb-
STIEMKY 1 KOHGUTYpAITUs TBEPIOTO pacTBOpa, Olpere-
JiseMas B3aMMHBIM PACIIOJIOKEHUEM CMEITNBAeMbIX
aToMoB. Mcnofib30Baid CBEPXbSUYEHKU pa3sMepoM
7Xx2%X2,6X3X2U5X5X 33]IeMeHTAPHBIX STUEEK.

Jas MoneIMpoBaHUS CBEPXbSIUEEK C HEYIOPSI-
JIOYEeHHBIM pacOpeaeaeHIeM NOHOB ObLIa UCIIOJIb-
3o0BaHa nporpamma Binar [29]. B kauecTtBe Kpute-
pUsI CTEIIEHU HeYIOPSA0YeHHOCTY KOH(UTYypallun
B IIpOrpaMMe€ UCITOJb3YETCS TaK Ha3bIBa€MBbIA KpH-
Tepuit comtacus IlupcoHa, XapakTepu3yOIIUA B
JaHHOM cJy4yae OTKJIOHEHHE YKcjaa pa3HOPOIHBIX
CBsI3eil BO BTOPOI KOOpIWHAIMOHHON cdepe I
cly4aillHOM KOH(UIrypaluud OT CTAaTUCTUUYECKOTO
pacripeneaeHus.

B cBepxbsueiikax 6 X 3 X 2 il KaXXIOro cocTaBa
TBEPIOTO pacTBOpa ObUIO MPOBEIECHO MOIESIMPOBa-
HUE B YEThIPpEX pPa3IMIHbIX KOH(MUTYpaLUIX, C OO~
HAKOBBIM MMHUMAJIBHBIM 3HAa4€HUEM KpPUTEPUSI
IMupcoHa, HO pa3IMYaAIOIINXCS B3aUMHBIM PAaCOJIO-
XKEHHeM KaTuoHoB B A-moapemietke. OlieHKU
CBOIICTB NPOBOAWINA C MCIIOJIb30BAHUEM CPEIHUX
3HAYEHUII M CTAaHOAPTHBIX OTKJIOHEHUM C y4EeTOM
BCceX KOH(pUTypaimii.

INonydeHHBIC B pe3yIbTaTe pacyeTOB KOOPIMHATHI
aTOMOB B CBEpXbsUeiKax ObUIM MCIIOJB30BAHBI TSI
aHajau3a JIOKAIbHON CTPYKTYpPbl KPHCTAaJIOB, IO-
CTPOEHUsI TUCTOTPaMM YacTOTHOTO pacIipemeieHUs
MEXaTOMHBIX PACCTOSTHU, BBISIBJICHUS UX Hanboee
BEPOSITHBIX 3HAYEHU U OLIEHKU CPEAHUX BEJIUYMH.
st aToit menu ncnoiab3oBanu nporpammy GISTO-
GRAMMA [29]. [ucTorpaMmMbl 4aCTOTHOTO pacIipe-
JIeJICHUsI MEXaTOMHBIX PACCTOSTHUM CTPOWJIU C IIU-
puHOI nHTepBaia paszouenus 0.01 A.

PE3VIIBTATHI 1 UX OBCYXIEHUWNE

3aBUCUMOCTH MapaMeTPOB DJIEMEHTAPHON sTYeii-
KU U TUIOTHOCTU OT COCTaBa TBEPIbIX PACTBOPOB
Na,_,,Gd,0,, ;MoO,, noigy4eHHbIE IO pe3yabTaTaM
MOJEINPOBaHUs, TTOKa3aHbl Ha puc. la n 16 (yepHbIe
KBaApaTbl U KPYXKKM COOTBETCTBEHHO). TaM e st
CPaBHEHUSI MIPUBEIEHBI U3BECTHBIE IKCIIEPUMEHTANIb-
Hble TaHHbIC U CChIJIKM HAa COOTBETCTBYIOIIME PAaOOTHI.

Bce pacueTHble pesynbTaThl MpEACTaBIEHbI Kak
CpemHMe 3HAUYCHUS, TTOJyYeHHBIe IJI YeThIPeX KOH-
durypanuii B cBepxbaueiikax 6 X 3 X 2 co craHmapT-
HbIMU OTKJIOHEHUSIMU C YYETOM BceX KOHpurypa-
nuii. B MacmrTabe HEKOTOPHIX PHUCYHKOB pa3dopoc
TMAHHBIX JUTSI pa3HbIX KOHOMOUTYpaIMii He BBIXOIUT 3a
Mpeaesbl UCMOAb3yeMOro CUMBOJIA.

ITo pe3ynbTatamM MOAETUPOBAHUS OOBEM BJIEMEH-
TapHOU SYEMKU U TUIOTHOCTD JIMHEMAHO BO3PaCTalOT C
YBEJIMYEHUEM COJIEPXKAHUS TANOJIUHUS B PSINY TBEP-
JIBIX pacTBOpPOB. Bo BceM nuama3oHe COCTaBOB Mapa-
MeTp a yBenuunBaetcs Ha 0.9%, mapameTtp ¢ Ha 0.8%.
VYpaBHEHUS anMPOKCUMUPYIOLIMX MPSIMBIX C yKa3a-
HUeM Koa(hduiimeHTa Koppesiiuu 7:

a=5b[A]=0.2298x +5.1254; r>=0.96, (4)

¢ [A]=0.5029x +11.2140; > =0.96, %)

v [A’] = 41.7450x + 293.9700; r* =0.96, (6)

p[r/em’] =1.1384x +4.7070; > =0.98. (7)
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Puc. 1. Pe3ynbratsl pacyeTa mapaMeTpoB 3JIEMEHTAPHOI siueiiku (a) ¥ roTHOCTH (6) TBepAbIX pacTBopoB Na,_3, Gd,[1,,._MoOy,
M UX CPaBHEHUE C 9KCIIEPUMEHTATbHBIMU JaHHBIMH (JIaHbI CCHUTKH).

3aMmelieHye MoHa HaTpusi ¢ paguycom 1.18 A Gonee
MEJKMM HOHOM TragojuHusi ¢ pagmycoMm 1.053 A
JOJDKHO YMEHBIIUTD pa3dMepbl 3JIEMEHTAPHOM S4eii-
k1. Habmogaemoe yBeJInueHre rapaMeTpoB 1, COOT-
BETCTBEHHO, 00beMa 3JIeMEHTAPHOM STYeHKI MOXKET
OBITH CBSI3aHO C “pa3pbIXJICHUEM”’ CTPYKTYpHI U3-3a
BO3HUKHOBEHUS U ITOCJIEAOBATEIbHOIO YBEJIMUYCHUS
KOJIMYECTBAa KATMOHHBIX BakaHcuii. OTMETUM, 4TO
rnapaMeTp ¢ 3JeMEeHTapHoI ssueiiku (ypaBHeHuEe (5))
pacTeT C YBeJIMYSCHUEM COAECPKAHUS TaJoIUHUS He-
CKOJIBKO OBICTpee, YeM ItapamMeTp a (ypaBHeHue (4)),
YTO MPUBOJAUT K UCKAXKEHUIO 2JIEMEHTAPHOM STUEUKU.
OnHoBpeMeHHOEe BO3pacTaHue MIOTHOCTU U 0ObeMa
2JIEMEHTAPHOI STYEUKN CBUIETEILCTBYET O TOM, YTO
OIPEIIEIISTIONIYIO POJIb B 3TOM IIPOILIECCE UTPACT yBE-
JIMYeHUEe KOHILEHTpALIMM TSKEJIBIX aTOMOB TaoJIy-
Hus. Bo BceM mmama3oHe COCTaBOB IJIOTHOCTH BO3-
pacraer Ha 3%.

DKCIIepUMeHTaJIbHbIE TaHHBIE O ITApaMeTPax JIe-
MEHTAPHOM AYENKM M TIOTHOCTH, ITPUBEIEHHBIE B
pa3HbBIX paboTax, XapaKTePU3YIOTCS HEKOTOPBIM pa3-
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OpocoM 3HaueHuii. McciieqoBaHHBIE KPUCTAJLIBI pa3-
JIMYAIMCh YCIAOBUSIMM CUHTE3a M HOIOJIHUTEILHOMN
TepMO0oOpaboTKu. B [16] KOHLIEHTpALIMIO raI0JIMHUSI
B MCCJIEIOBAaHHBIX OOpa3liax OINpeae/sii C ITOMO-
IbIO PEHTTEHOCTPYKTYPHOIO aHajin3a MUKPOKPU-
ctaynos o6beMoM 0.001 mm3. B [17] nosydeHbl 3aBU-
CUMOCTU TIapaMETPOB BJIEMEHTAPHOM SYE€HKU U
IUIOTHOCTHU KPUCTAJUIOB OT COACPKAHUS TaIOJIMHUS,
OIpelIeICHHOIO 3JIeKTPOHHO-30HIOBEIM MUKpPOaHa-
Jm3oM. B npyrux paborax coctaB KpUCTAJLIOB HE HUC-
clieoBaIn, a OTOXAECTBIISIIM C COCTaBOM pacIliaBa.
OTanuus TOJAy4eHHBIX B HACTOsIIel padoTe mapa-
METPOB 3JIEMEHTAPHOM TYSHKM a U ¢ OT SKCIIEPUMEH-
TaJIbHBIX COCTABIISTIOT MeHee 1%.

Eciu paccMoTpeTh xapakTep U3MEHEHMs Tapa-
METPOB 3JIEMEHTApHO S4YeiiKM C COCTaBOM, TO IO
MMEIOIUMCST SKCIIEPUMEHTAIbHBIM JaHHBIM OIHO-
3HAYHBII BBIBOJI CNIEJIaTh CJIOXHO. Tak, Mo pe3yabTa-
TaM [16] MOXHO TrOBOpUTH 00 YMEHBIIEHUU OOOUX
mapaMmeTpoB JIEMEHTAPHOU SYElKYU C yBeJIMYEHUEM
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KOHIeHTpauuu ragoanHaust. OqHaKo OTMETHUM, 4TO B
COOTBETCTBUM C [16] ¢ yBeTMUEeHUEM COMEPXKAHMS ra-
JIOJIMHMUS B pacIllaBe ero cojepxkaHue B oOpa3slie
YMEHBIIWIOCh. DTO IPOTHUBOPEYUT CHUCTEMaTHUIE-
CKMM HCCJICIOBAaHUSIM pacIipeAeieHUusT KOMITOHEH-
TOB INpPU KPUCTAIUIM3ALUUKN HATPUM-TaIOJIMHUEBHIX
MOJIMOIATOB IMepeMeHHoro coctana [ 14, 17]. OgyeBnn-
HO, B CHWJIy criellM(UKU MOHOKPUCTAJIbHOTO IKCIe-
pUMEHTa, MCIIOJIb3YIOLIET0 MUKPOKPUCTAIJIBI, 3TU
pe3yabTaThl HE OTpaXkalT MHTErPajJbHOTO COCTaBa
kpuctamia. B [17] B skcriepuMeHTe HAOMI04AIOCHh
pa3Hoe M3MEHCHUE IIapaMeTpOB 3JeMEHTapHOI
SIYEMKY C IBMEHEHUEM 10au ranoanaus. [TapameTp ¢
BO3pacTall, a IJisl napaMeTpa a HadJroaagiach HEKOTO-
past renaeHuus (0.2%) ymenbiieHust. OmHaKo Moje-
JIMpOBaHWE B M30TPOIHOM IIPUOIVKEHUU CBUIC-
TEIbCTBYET O HEOOJBIIIOM YBEJIMYEHUN 000OUX Mapa-
METPOB C BO3pacTaHUEM KOHLIEHTpAallUU TaIOJIMHUS,
YTO COMIACYeTCs C 001Iel TEHASHIIME SKCIIEpUMEH -
TaJIbHBIX TaHHBIX (pUC. 1a).

DKCIIepUMEHTaJIbHbIC 3HAYECHUSI PEHTTCHOBCKOM
IUIOTHOCTH [16] Bblllle MUKHOMeTpUYecKuXx [17], 4yro
MOXKET OTpaxKaTbhb HNPUCYTCTBHE B KpUCTa/ylaX Ba-
KaHcuii. MakcuMajabHOE pa3jindve pacdyeTHHIX U
9KCIIEPUMEHTANbHBIX 3HAYEHMM IIJIOTHOCTU CO-
craBigeT 2.6%, HO B cpeaHeM He mpesbiaer 1%.
3aBUCUMOCTh IUIOTHOCTU OT COCTaBa B 3KCIEpPHU-
MeHTe [16] HeMOHOTOHHAasA. DKCIIEpUMEHTAJIbHbIE
naHHble [17], mojJlydeHHbIe Ha MHOTUX oOpa3slax,
OIHO3HAYHO JEeMOHCTPUPYIOT YBEJINYECHHUE IJIOTHO-
CTU KPUCTAJJIOB C YBEIUYSHUEM KOHIIEHTPAlIUM Ta-
JIOJIMHMS, YTO XOPOIIO COIJIacyeTcsl C pe3yjabTaTaMU
HACTOSIIMNX PACYCTOB.

OTMeTHUM, YTO IO CPAaBHEHUIO C MOACINPYEMbIMU
KpUCTa/UIaMU DKCIIEPUMEHTAJIBHO TOJyYeHHbIE Ha-
TPU-TagOIUHUEBbIE MOJIMOOATHI OoJiee ne(eKTHEIC:
NX COCTaB OTKJIOHSIETCS OT CTEXMOMETPUYECKOTO,
OHHU cozepKaT KUCIOPOIHbIE BAKAHCUHU, a TAKKE Ba-
KaHCHUY MOJIMOIeHA, BOSHUKAIOIINE N3-3a JICTYYSCTU
MOJIUOIEHCOAepXKAIIMX KOMIIOHEHTOB M3 pacIliaBa
[14, 16—18]. BMecTe ¢ TeM pe3yabTaTbl PacyeToOB U
M3BECTHBIE 3KCIIEPUMEHTAJIbHbIC NTaHHBIE HEIIOXO
CorIacyloTcs. DTO CBUIETEIbCTBYET 00 ameKBaTHO-
CTH IPOBEJIEHHOTO MOJIEJIMPOBAHMS M IOBHILLIACT JO-
CTOBEPHOCTb OLIEHKM IPYIMX CBOWMCTB, MMEIOLIMNX
npeacKa3aTeIbHBIN XapaKTep.

Ha puc. 2 nmoka3aHbl MOJIydeHHbIE B pe3yJibTaTe
MOJCINPOBAHMUS 3aBUCUMOCTH OT COCTaBa TBEPIOTO
pactBopa Na,_ ;. Gd,0,,_;MoO, Monyns o6beMHOM
YIIPYTOCTH, SHTAJIBIIMU, a TAKKe KOJieOaTeIbHOM 9H-
Tponuu U TeruioeMkocTu (7= 300 K). Monyinb 00b-
€MHOM yIIpyrocTu K ¢ poCTOM COACPKaHUS T'ag0I-
HMSI YMEHbIIIaeTCsl, 3aBUCUMOCTD JTUHEITHAs:

K [TTMa] = —88.87x +107.19; > =0.89. (8)
DHranpnus H TuHeTHO yMeHbIIIaeTCs:
H [xIx/Monb] = —1226.8x — 18361,

X )
r°=0.99.

Koneb6arenbHast sHTponUA Sy, TMHEHHO BO3pacTaeT:

Sui [Ax/(Monb K)] = 27.42x +112.25;

2 =0.97.

TeruioeMKOCTb IIpU MMOCTOSAHHOM oobeme CV TaKXKe
JIMHEHO BO3pacTacrt:

Cy [Ax/(monpb K)] = 2.22x +112.56;

2 =0.95.

Takum ob6pazomM, MoeIUPOBaHUE KATUOH-IehU-
LUUTHBIX TBEpAbIX pactBopoB Na,,Gd,,M0oO,—
Gd,/;;M00, nokasaio, 4T0 mapameTpbl 3JI€MEHTap-
HOI1 IYeKU U ee 00beM, a TaKKe TUIOTHOCTD, KOJIe-
baTresibHasl SHTPOMUS U TEIIOEMKOCTh BO3paCTalOT C
YBEJIMYEHUEM KOHIEHTpAalWU TagoJuHug. Moayib
OOBEMHOI YIIPYTOCTU W SHTAJBIINSA yObIBaloT. Bce
9TU 3aBUCUMOCTHU OJIU3KU K JIMHEWHBIM.

bruto mcciienoBaHO BIMSIHME pa3Mepa CBEpXb-
SIYEMKY Ha TIOJIyYeHHBIC XapaKTePUCTUKU. YBEIUJe-
HHUE pa3Mepa CBEepXbsIUCiiKM MO3BOJISIET Oojiee aaeK-
BaTHO OMMKCATh KPUCTAJLI, HO TPeOyeT 3aMETHO 00JIb-
X BpeMEHHBIX 3aTtpar. CpaBHEHUE pe3yJIbTaTOB
pacyera B cBepxbsIyekax 7 X 2 X 2,6 X 3 X2 nu 5 X
X 5 X 3 371eMEHTapHbBIX STYE€CK CBUIETEIIBCTBYET O TOM,
YTO pe3yabTaThl, MojdydeHHbIe 11T NGM, oueHb
onu3ku. C yBeJIMYEHUEM OOJU TadoJUHUS pa3dpoc
JIAaHHBIX ¥ Pa3IN4us pe3yJIbTaTOB, IIOTYYeHHbBIX C UC-
MOJIb30BAaHMEM Pa3HbBIX CBEPXbIUyeeK, KakK IPaBUiIo,
Bo3pacTaioT. Pa3zdbpoc MaHHBIX YMEHbIIIAEeTCs C YBe-
JIMYeHUEM pa3Mepa CBEpPXbSUYeilKi U B pe3yJibTaTe
yCpemHEeHUs 110 pa3HbIM KoHpUrypauussMm. B kaue-
CTBE pernepHOi Obla BbIOpaHa HauOOIbIIasT CBEPXb-
aueiika 5 X 5 X 3 (cocrosmiast u3 45 s4eek), U B
Taba. 2 TMoOKa3aHO, HACKOJLKO OOJBIINX OTIWYMNMA
MOTYT OOCTUraTtb pe3yJjabTaThl, IMMOJIYYCHHDBbIC B
CBepXbsUyeiikaXx MEHBIIIETO pa3Mepa.

Bunno, uto mns ssaeiiku 7 X 2 X 2 (Bcero 28 s14eeKk)
OTJINYUSI OT PEe3YyJbTaTOB, TOJIYyYEHHBIX B CBEPXb-
syeiike 5 X 5 X 3, coCTaBJISIOT 10JIU MPOLIEHTA 3a UC-
KJTIOYEHUEM MOIYJIST OOBeMHOI YIIPYTrOCTH, OTIYa-
omerocst mouty Ha 10%. C yBeianuyeHueM pasmepa
CBEpPXbIUEKU 10 6 X 3 X 2 (36 stueeK) pa3Indus MO-
Iy7isi OObeMHOM YIIPYTOCTH CTaHOBSATCS MeHee 3%.
3aMeTuM, 4TO OTJIMYME OCTAJbHBIX XapaKTepPUCTUK
IUTST STIEKH 6 X 3 X 2 TTO-TIPEeXXHEMY COCTaBJISICT TOJIH
MPOIIEHTA.

(10)

(1)

Takum 06pa3oM, pacdeThl B CBEpXbsiUeiiKe 6 X 3 X 2
MOKa3bIBAIOT JOCTATOUYHO OJIM3KUE Pe3yabTaThl K
JIaHHBIM, TIOJTyYeHHBIM B CBEpXbsueiike 5 X 5 X 3, u
TpeOyIOT MeHBIINX 3aTpaT BpeMeHU. [ToaToMy BEIOOD
CBEPXBIYEHKHU 6 X 3 X 2 ¢ ycpemHEeHNEM T10 YeTBIpEM
KOH(UTYypalusIM OKa3ajCsd ONTUMaIbHBIM U WC-
MOJIB3YETCs IJIS1 ONIMCAaHUS Pe3yJIbTaTOB.

Ha puc. 3 npencrasiieHbl TeMIepaTypHbIE 3aBU-
CHMOCTH KOJIeOaTeIbHOM SHTPONUH M TEIIOEMKO-
CTU TIPU TIOCTOSTHHOM OOBeMe TSI TBEPIbIX PACTBO-

pos Na,_; Gd,00,,_;MoO, B 1Mana3oHe cocTaBoB OT

KPUCTAJIUIOTPA®UA  Tom 68 Ne 4 2023
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Puc. 2. 3aBucumoctu MoayJst 06beMHoIt yripyroctu (K) u KonebartenbHoit sHTponuu (S,;,) (a), a Takke sHTanbNuK (H) 1 Ten-
JIOEMKOCTH NpY NMOCTOSTHHOM 00beMe () (6) oT cocTasa TBeporo pactsopa. Jlanusblie Sy, 1 Cy pencTaBIeHbl [UIsl TEMITEPa-

TypbI 300 K.

NGM no GMO. OHu Majio MEHSIOTCS IIPU U3MEHEe-
HUU cOocTaBa TBEpAOro pactBopa. KoHIIeHTpallMOH-
HbIE pa3auuus (puc. 2), IeMOHCTPUPYIOIIE YBEIU-
yeHue C, U S,;, C pOCTOM JI0JIU FaI0JIMHUS B MacllTa-
06e puc. 3, nng C, He oTpaxarorcs, a IS S,
YKJIaAbIBAIOTCSI MEXIY ABYMsI TIMHUSIMU, HYDKHSIS U3

KOTOPBIX XapaKTepuU3yeT KOHEUHBIM 4WIeH psaa
NGM, Bepxussgs — GMO.

IlonyuyeHHBIe B pe3yiabTaTe PacyeToOB B CBEPXb-
s4eiike 6 X 3 X 2 MacCHUBBI KOOPAMHAT aTOMOB, YCPe/-
HEHHbIE [IJT1 YeThIpeX KOH(MUTYpaLrii, ObUIM MCHOJIb-
30BaHbI IS aHAIM3a JIOKAIBHOI CTPYKTYpPhI KPUCTAII-

Ta6mmma 2. BausiHue pa3zMmepa CBEpXbsIUeKN Ha TOUHOCTh OTpeNesieMbIX CTPYKTYPHBIX TapaMeTPOB 1 CBOMCTB

N MakcumanbHOE OTINYME MOTYYEHHBIX PE3YIbTaTOB
Pa3zmep cBepxbsueitku .
OT PE3YJILTATOB TSI CBEPXBIYENRKU 5 X 5 X 3, %

7x2%2 a c Vv p
—0.15 —0.15 —0.44 0.47
K H Cy Svib
9.76 —0.008 0.07 0.04

6x3x%x2 a c V p
Cpenxee [U1st 4eThIpeX 0.09 0.09 0.26 —-0.26
KOHGUTypaluit K H c, Siiv
—2.85 —0.01 0.35 0.01
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Puc. 3. TemnepaTypHble 3aBUCUMOCTH TEIJIOEMKOCTH
M KoJiebaTeNbHON SHTPOMUU TBEPABIX PACTBOPOB
Na2_3dexD2x_1M004.

qoB. [Ins TBepabix pactBopoB Na, ;,Gd, 0, MoO,
OBLIN IIOCTPOSHBI THCTOrPaMMBI YACTOTHOTO pacmpe-
JIeaeHUsT MexKaTOMHBIX paccTosHuit Gd—O u Na—O
B A-TlonuaApax, a TaKXKe pacCTOSIHUIT BaKaHCUS—
kucyiopon (O0—0), onpenelieHbl UX HauboJjiee Bepo-
STHBIC W CPeNHME 3HAYCHUSI U OLICHEHA IUCIIePCUS
PaCCTOSIHMIA.

Ha puc. 4 mokasas ImpuMep TUCTOTpaMM paclipe-
neneHus1 paccrosgHuiit Gd—O, Na—O u O0-O mia
MPOMEXYTOYHOTO COCTaBa TBEPIOTrO pacTBopa
Nay 374Gdy 540,00 054M00O,. BuaHo, yTto pacnpenene-
HUS PaCCTOSTHUIA IO aTOMa KHUCJIOpOJa B Pa3HBIX A-
MMO3UIUSX pa3IndHbl. CpemHre pacCTOSTHUS BO3pac-
tatloTr B psagmy Gd—O, Na—O, 0O-0O, cocraBisasa
2.435(4), 2.590(5) u 2.716(4) A. Qucnepcuu paccro-
SIHU# (T.e. pa3HULIA MeXAY MaKCUMAaJIbHbIM Y MUHU-
MaJIbHbIM paccTostHusIMU) coctapiisitor 1.0 (1), 1.0 (1),
1.21 (5) — nng Gd—O, Na—O u 0—O coOTBETCTBEH-
Ho. TakuMm 00pa3oM, PacCTOSIHUS OO OJIMKANMIIMX
MOHOB KHMCJIOPOJIa OT 1IEHTpa BaKaHTHOM MO3UIINHU B
OOJIblIIEl CTETIeHU OTJIMYAIOTCS APYT OT ApYra, YeM B
MOJMB3ApaX TaJOJIMHUSI U HATpusl, 4YTO BbHI3bIBAET
HanboJjiee 3HAYUTETbHbIC JTOKATbHBIC MCKAXKCHUS.

Pesynbrathl, MoJlydeHHbBIC IUIST BCeil CeprUU TBEP-
JIBIX PACTBOPOB, IIpeACTaBlIeHbl HA puc. 5. Ha puc. 5a
MMOKa3aHbl CpemHue 3HaYeHus paccTosHuit (R) B A-
MOJIMBIpax, oTpaxkawllnue ux pasMmep. BumHo, yrto
pasMepbl A-TIOJIMBAPOB, COAECPXKAIIUX TalOJUHUIMA,
HaTpUi W BaKaHCUW, 3HAYUTEIHLHO Pa3IMYalOTCS.
B cpenHeM 1o BceMy auaria3oHy COCTaBOB TBEPIbIX
pPacTBOPOB PACCTOSIHUS TaAOIUHUNA—KUCIOPOH, CO-
craBisiior 2.441(4) A, paccTostHusI HATPUIH—KHCIIO-
pon — 2.599(10) A, a paccTostHUSI BAKAHCUSI—KUCIIO-
pon — 2.729(10) A. TakuM 06pa3oM, pacCTOSTHUST Ba-
KaHCUsSI—KUCIopon B cpeaHeM Ha 5.0% Ooiblie
paccrosauit Na—O u Ha 11.8% Gomblile, 4eM paccTo-
sausg Gd—O.
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225 237 249 261 273 285 297 3.09 3.21
R, A

Puc. 4. [Ipumep rucTorpaMMBbl pacrpeneaeHusi paccTos -
Huit Gd—O (a), Na—O (6), [1—O (B) B A-mtoiuaapax st
TBEPOOIo pacTBOpa NaO.374Gd0‘542|:| 0.084M004'

Kak mokazanu pacdernl, pacctossHus Na—O B
cpenHeM Ha 6.5% Gonblie paccrosauit Gd—O. Do
CBA3aHO C TEM, YTO MOHHBIA paguyc HATpUs OOJbIIE
paguyca ragonuHug (pasHuuLa cocrabiserT 12%).
B pasnnymne MeXaTOMHBIX PACCTOSTHUIA HEMATOBAX-
HBII BKJIAJ BHOCUT 3JIEKTPOCTATUYECKAS YACTh B3aU-
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Puc. 5. 3aBucumocth cpenHux paccrossHuii Gd—O (1),
Na—O0 (2) u [1-0 (3) B monuaapax (a) u nucriepcun AR pac-
crostHuit Gd—O (6), Na—O (8) 1 [1—O (T) B 3TUX Nojmampax
OT cocTaBa TBepaoro pactsopa Na,_3, Gd,[;,_1MoOy.
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moneicTBus. OTHOBaJICHTHBIN MOH HATPUS C MEHbB-
LIei CUIOW MPUTITUBAECT aHUOHbI KUCI0POa, YeM
TPEXBAJIEHTHBIN TaIOJIMHUI, YTO MIPUBOAMUT K YBEJIU-
YEeHMIO pa3Mepa KOOPAMHALMOHHOTO MOJUBIpa.
B ciygae BakaHCHUM OTCYTCTBHME LICHTPAJILHOTO KaTH -
OHa CIOCOOCTBYET pacTaJIKUBAaHUIO KHUCIOPOTHBIX
aHMOHOB M IPUBOIMT K e11le OONbIIeMY YBEITUTICHUTO
pa3Mepa noamaapa.

ITpu rerepoBasieHTHOM 3ameltieHnu (ypaBHeHue (1))
3aMeHa MOHa HaTpusl Ha raJloJIMHUI YMEHbIIAeT pac-
CTOSIHUS B OJTHOM U3 TPEX YYaCTBYIOIIMX B 3TOM MPO-
Lecce TMOJM3APOB B CPEAHEM ITO BCEMY AMAIla30HY
COCTaBOB Ha 6.5%, B TO BpeMs KaK B IBYX IPYTUX ITO-
JIUBJpax, TIe JOKAIU3YIOTCS KaTUOHHbIE BaKaHCUM,
paccTosHUSI, HanpoTUB, Bo3pacraior Ha 10%.
B utore pesynbTupyloliie pacCTOSSHUS B A-TOJIUA/I-
pax Bo3pacTalior Ha 3.5%, 4To 1 oTipenessieT yBeauJe-
HUE Pa3MEPOB DJIEMEHTAPHON S4YEeWKU KaTUOH-IE-
(ULUUTHBIX KPUCTAJIOB MO CPaBHEHUIO C 3KBHUMO-
JIpHBIM cocTaBoM NGM.

Ilo Mepe yBenuueHUsT coaep>KaHUS TalOJUHUS B
TBEPIOM PacTBOpE BCe CPEIHUE MeXaTOMHBIE pac-
CTOSTHMSI HEMHOTO Bo3pacTaloT (puc. 5a). 3To conpo-
BOXIAETCS YBEJMYEHUEM Pa3MepoB 3dJIeMEHTapHOM
siyeiiku (puc. la). BugHo, 4to mapamMeTp ¢ 3J1eMeH-
TapHOM STYeHKM CUJIbHEe MEHSETCS MPU YBeImJe-
HMM X, 4yeM napameTp a (ypaBHeHus (4), (5)), uro
CBUIETEJbCTBYET OO0 WCKaXEHUU 3JeMEHTapHO
STYEUKU U A-TIOJTUIPOB.

3aBUCUMOCTH pa3MEepoOB ITOJIUBIPOB, ComepKa-
IIMX TaJ0JUHUIA, HATPUA U BAKAHCUU, OT X HECKOJIb-
KO pa3jIn4aroTcs:

R(Gd—O0) [A] = 0.16x + 2.35, (12)

(13)
R(@@-0) [A] = 0.28x +2.56. (14)

PasMep rajofvMHUEBBIX MOJIMIAPOB HE TaK CUJIBHO
U3MEHSIETCSI ¢ COCTaBOM, KaK pasMephbl MOJU3APOB
(O0-0) u (Na—0).

Ha puc. 56, 5B 1 St mpuBeneHBI TaHHBIE O IUCIIEP-
cuu (AR) MeKaTOMHBIX PACCTOSTHUI B A-TTIOJIMBapaXx.
B cpenHem mo BceMy nmana3oHy cocTaBoB AR co-
crasisier 1.0(1), 1.2(1), 1.3(1) A wist Gd—O, Na—O u
O0—O cooTtBeTcTBeHHO. Kak u mpu paccCMOTpeHUH
TMIPOMEXYTOYHOTO cocTaBa Nag 374Gd 54000 054M0Oy,
B CpEIHEM BO BCEM JUalla30He COCTABOB PACCTOSIHUS
OT LIEHTPa BAaKaHTHOI MO3ULIUU JO UOHOB KUCJIOPO-
na, (hopMUpyIOLIMX “BaKaHTHBIN” TOJUBIP, B OOJIb-
LIEH CTENIEHU OTJIMYAIOTCA OPYT OT APYra, YEM B IPY-
TUX MOJIMBJPAX, UTO BbI3bIBAET HAMOOJIee 3HAUUTEb-
HbIe JIOKAJIbHbIE UCKAXKEHUS.

MN3MeHeHne TUCIIepCruM PacCTOSTHUIA C COCTaBOM
TBEPIOIO pacTBOpa HEBEIMKO. [lucrnepcust paccTosi-
Huit Na—O (puc. 5B) u 0—O (puc. 5T) UMeeT TeHIeH-
UIO0 K BO3PACTAHMIO, B TO BpEeMSI KaK IUCIIEPCUS
Gd—O (puc. 50) HE OEMOHCTPUPYET CKOJbKO-HU-

R(Na—0) [A] = 0.30x + 2.43,
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6}7,[[]'3 3aMCTHOT'O UISBMECHCHMA OT Hadajia K KOHITY Aua-
ImazoHa ¢ HE3HAYUTCJIIbHbIM MMHUMYMOM B obnactu
Cp€AHUX COCTaBOB.

3AKJIIOYEHHME

MonenupoBaHue KaTUOH-ISMUIIUTHBIX TBEPIBIX
pactsopoB Na, ;. Gd 0, ;MoO, mo3sommio ycra-
HOBUTbH 3aBUCUMOCTH Ba>KHEUIITNX CBOMCTB TBEPABIX
pacTBOpOB OT cocTaBa. IlapaMeTphl 371eMeHTapHOI
STYEKM U ee 00BbeM, IJIOTHOCTh, KoJieOaTeIbHAST DH-
TPOTUSI Y TETIJIOEMKOCTh BO3PACTaIOT C YBEIMYEHUEM
KOHUCHTpalIn1 ragoJInuHus. B TO 2K€ BpEMA MOAYJIb
00BEMHOI YIIPYTOCTU U SHTANILITUS yObIBalOT. Onpe-
JIeJIeHbI TeMIIEpaTypHbIE 3aBUCUMOCTU KOJIeOaTeb-
HOW SHTPOIIUHU U TETIJIOEMKOCTH.

151 Kaxkioro cocTaBa TBEPJIOTO pacTBOpa paccum-
TaHbl CPEAHUE 3HAUYCHUST PACCTOSTHUI B A-NOIUII-
pax W Iucnepcusi pacCTOSIHUI. YCTaHOBJIEHO, 4UTO
paccrostHust 1—O B cpemnteM Ha 11.8% 6orblire, yem
paccrostHust Gd—O, 1 Ha 5.0% GoJbIe pacCTOSTHUI
Na—O. 1o Mepe yBenuueHus coaepKaHUsl raaou-
HUS pa3Mepbl BceX A-TIOJU3APOB HEMHOTO Bo3pacTa-
10T, YTO COTMTPOBOXKIAAETCS POCTOM Pa3MepOB 3JIEMEH-
tapHoli gueiikn. [TapameTp ¢ pacreT OBICTpee, YeM
napamMeTp a, YTO OTpaXaeT MCKaXKEeHUe JIeMeHTap-
HOM sTYeliku 1 A-TIOJIM3APOB.

HAwucriepcun MeXKaTOMHBIX paCCTOSHHI B A-TTOJI-
snpax (AR) B cpemHeM I10 BCEMY IMalla30HY COCTaBOB
cocrasstior 1.0 (1), 1.2 (1), 1.3 (1) A wist Gd—O, Na—O
1 0—O COOTBETCTBEHHO W CBUJETENbCTBYIOT O Ha-
pacTaHuU JIOKAJTbHBIX UCKaXeHWI B 3TOM psamy. U3-
MEHEeHME AUCIIEPCUM PACCTOSHUM C YBEJIUYEHUEM
colepKaHUS TaTOJUHUSI HEBEJIMKO; TUCIIEPCUs pac-
crosstHUii Na—O u O0—0O uMeeT TeHASHLMIO K BO3pac-
TaHMI0, B TO BpeMsi Kak nucnepcust Gd—O He 1eMoH-
CTPUPYET CKOJIbKO-HUOYIb 3aMETHOTO UBMEHEHUSI OT
Hayajia K KOHILy Juara3oHa ¢ HE3HAYMTeJIbHbIM MU-
HUMYMOM B O00JIACTH CPETHUX COCTABOB.
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