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BBEIAEHUE

Pa3Butrie KBaHTOBOI 3JEKTPOHUKU M JIA3€PHOM
ONTUKU COIPOBOXKIAETCS pacIIMpeHHEM padodero
JIrarna3oHa KOTepeHTHOTO M3JIyYeHHUsI KaK B KOpPOT-
KOBOJIHOBYIO, TaK U B JJIMHHOBOJIHOBYIO 00JIaCTHU OII-
TUYECKOTIO CIIeKTpa. B ¢BSI3M ¢ TeM, YTO MHOTHME 1IN~
POKO HCMOJb3yeMble B HACTOSIIIIEe BPEMSI CIOXKHBIC
OKCHUJIbI METAJUIOB TEPSIIOT IIPO3PAYHOCTh B BAXKHBIX
JIJI1 TEXHUYECKOTO IIPUMEHEHMSI Ararna3oHax mpo3pad-
Hoctu B MK-00J1acTH, aKTyaJIbHBIM SIBJISIETCSI TIOUCK U
KCCJIeIOBaHME HOBBIX JIA3€PHBIX Y HEJIMHEIHO-OITH-
YeCKMX MaTepuajioB, IPUTOIHBIX IS NCIIOIb30BaHUS B
OKHaxX Mpo3pavyHOCTU aTMocdepsl B cpeaHeit (1.5—
3 MKM) u ganbHux obnactsax MK-crexrpa. C 1enbo
CO3IaHMUs TOOXOISINMX MaTepuajoB B HACTOSIIEe
BpeMsI BEAyTCS MTHTEHCHUBHbBIE MCCIeA0BaHUsI T10 MO-
JIy4EHMIO MOHOKPHCTAJIJIOB M CTEKOJI Ha OCHOBE 0CO-
00 YMCTHIX TTOJYIPOBOAHUKOBBIX COSIMHEHUI CeleHa
U Teutypa, cyabduaoB U ¢dochunoB. OTHOBPEMEHHO
pacTeT MHTEepeC K OKCUIHBIM M OKCUTAJIOTEHUIHBIM
MaTepurajiaM, BKJIIOYAIOIIUM 3JIEMEHThl HEMETaJIM-
YeCKOTO XapakTepa, a MMEHHO: K 6oparaM, noaaTam,
BaHamaTtaMm, ocdaram. B aTux rpymnmnax oco6eHHO
BOCTpe0OOBaHbI HELIEHTPOCUMMETPUIHBIE MOHOKPH -
CTaJUIbl, B KOTOPBIX BO3MOXHA peaTnu3alus pa3IunyHbIX
HEJIMHEHO-0NTUYeCKNX 3(P(PEKTOB, B TOM YMCIC TeHE-
parust BTopoit ontuyeckoii rapmonuku (I'BT'). Pazpa-

00TKa METOAUK CUHTE3a HEOPTraHWYECKUX COENUHEe-
HUIA C HEUEHTPOCUMMETPUYHON KPUCTALIAYECKON
CTPYKTYPOW, TIPUTONHBIX B KAYE€CTBE KOHBEPTEPOB Ja-
3€PHOTIO U3JTyYECHUS, IBJISIETCS OMHOM U3 KITIOYEBbIX 3a-
Jlad B pEIICHUU NPOOJIEMBI TTOJTYYeHUSI KOTEPEHTHO-
ro usnydyenus B YO- u UK-gunanasonax [1-3].

l'amMma cymiecTBylomnx HbIHE MaTepUaIoOB BUIM-
Moro u cpenHero MK-nuanasoHos [4—9] 3a mocieqHee
JIeCITUIETAE yIadyHO JIOMOJIHWIACH HOBBIMU — MOJATa~
MU U1 TajioreH-uogaTtaMu. I1pu a3ToM 061acT ITy0OKO-
ro ynsrpaduosnaerosoro usaydenust (A < 0.2 MKM) U
nanbHero MK-auamnasona (2.5 Mkm < A < 25 MKM)
MO-TIPEXKHEMY OCTPO HYXmaloTcs B 3¢ (EKTUBHBIX
MaTepuaiax, XuMuueckasi Ipupoaa KOTOpbIX, BEpO-
SITHO, OyIeT pa3JInYHOIA.

B paccmaTtpuBaeMoM acrieKTe HanOOIbIINIA HAYY -
HBII U NIPUKJIATHONA MHTEPEC BBI3IBAIOT HEJIMHEHO-
ONTUYECKNE KPUCTAJIbI, 00Jagamline ONnTUIeCcKoi
IpO3pavyHOCThIO B cpenHeM MK-nmnana3oHe, co 3Ha-
YUTENbHO 00Jiee BeIcOKMMU, yeM y KDP, Hennneii-
HO-OINTUYECKUMU KO3bduLimeHTaMu (d;;), BBICOKMM
IMOPOroM JIa3epPHOTrO TOBPEXIEHUS U JOCTaTOYHO
oonbmuM aByrydenpenomiuaeHueM (An ~ 0.03—0.10)
IS OCTVKEHUS (Pa30BOro CMHXpOHU3Ma B 3 peKTe
I'BI. OTmeTuM, 4TO 3HEpreTUYECKUii Mopor Jiazep-
HOTO MOBPEXIEHUS B 3HAYUTEIBbHON Mepe 3aBUCUT
OT BEJIMYMHBI 3aMPEIIEHHOM 30HbI (E,) [2, 3] 1 0ObIu-
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Ta6mmma 1. CocTtaB UCXOTHOM ITUXTHI TIPU MTPOBEACHUM THIPOTEPMaTILHOTO CUHTE3a

®aza P3O WMonconepxaliinii KOMIOHEHT Munepanuzarop
COCTaB KOJIMYECTBO, MMOJIb cocTaB KOJIMYECTBO, MMOJIb COCTaB KOJIMYECTBO, MMOJIb
Pr,0, 0.25 H;I0¢ 2.5 Na,HPO,4 12H,0 0.25
Er,0; 0.25 H;I0¢ 5 Na,HPO,4 12H,0 0.25
Tb(NOj3);-5H,0 1 NalO; 4 — —
Tb(NO3);-5H,0 1 NalO; 4 Na,HPO,-12H,0 0.25
H;10, 2.5
Tb,0;5 0.25 H;I0¢ 2.5 Na,HPO,4 12H,0 0.25

HO BO3pacTaer C yBeJqudeHueM E,. YauToiBas 10 06-
CTOATENLCTBO, YTO YBEAUIEHUE 3HAYEHUS £, IPUBOIUT
K YMEHBIIIEHWIO HEJIMHEWHO-ONTUYECKUX KO3 dUuim-
eHToB [10], cOaaHCMPOBAHHOCTh 3TUX ITapaMETPOB
SIBJISIETCSI OMHUM U3 oNpeaesitonux ¢akTopoB 3¢ dek-
TUBHOCTY MaTepuaa, Iipyu 3TOM OYEBUIIHA CJIOXXHOCTb
COBMEIIIEHHMS BCEX YKa3aHHBIX XapaKTePUCTUK B Ofl-
HoM Kpuctauie. Tak, HauboJiee TpuBJieKaTeIbHbIE
st oTux ueneit AgGas,, AgGaSe, u ZnGeP, [10] ne-
MOHCTPUPYIOT reHepaluo BTOPOi ONTUYECKON rap-
MOHUKHU BbICOKOM MHTEHCUBHOCTH, OMTHAKO HEKOTO-
pble UX TPUHLMIIMAJIbHbIE HEIOCTaTKM, HampuMmep
Majiasg yCTOMYMBOCTb K JIa3€pHOMY BO3JEMCTBUIO,
HaKJIaJAbIBAIOT CYIIECTBEHHOE OrpaHWYeHUE Ha 00-
JIacTh UX (DYHKIIMOHUpOBaHwus [11].

Bri3biBaolue B MocjieaHee BpeMs MOBbIIIEHHbI I
uHTepec nomathl [12—14] TepMoCcTaOMIBHEL U IIPO-
3payHbl ()11 OSCIIBETHBIX COCAUHEHMI) OT BUAUMOMN
YyacTu CHeKTpa J0 Havasa JajlbHero MHGpakpacHOro
nuarasoHa (12 MKM), BKJTII04Yast Tpyu OKHa aTMocdep-
HOM TPO3payHOCTU. B OCHOBHOM OHM ITOBTOPSIIOT
CBOMCTBa LIMPOKO M3BECTHOTO HEJMHEHHOIOo KpH-
crayuia LilO; [15], 1 cpenu HUX MoKa He OOHapyXeH
MaTepuajl C ONTUMaJbHBIM HabOpPOM MapameTpoOB.
Kak HOBYIO TEHIEHIIMIO MOXXHO pacCMaTPUBATh OCY-
IIECTBJICHHBII HenaBHO cuHTe3 0-Agl;04 1 B-Agl; 04
[16]. Kpucrayuiorpadpuyeckre M HeJIMHENHO-OMNTU-
YeCcKne 0COOEHHOCTU 3TUX U POACTBEHHbBIX UM MOa-
TOB BO MHOTOM OIPEAESIOTCS CTEPEOXUMUYECKUM
3(PpHEKTOM HEMOMENEHHOM 2IEKTPOHHOM mapsl 5T,
BXOASIIEN B aHWMOHHYIO TpynnupoBKy (105)~ unn
(I04)*". Takue rpyNIMpPOBKU JAEACTBYIOT KaK BaXHE -
1IMe CTPYKTypHble O10ku TosnsipHoro (10;)™ unu He-
uentpocummerpuunoro (10,)~ crpoeHus, KoTopble
00€ecIieuuBalOT HEUEHTPOCUMMETPUUYHOCTh KpU-
CTaJuia B LI€JIOM U €r0 UHTEHCUBHbBIMA HEJIMHEHHO-OI1 -
tnueckuit oTkuk (HJIOQ) Ha yacTtoTe BTOpOIi rapmo-
HUKHW MO/ AEUCTBUEM JIa3€pHOTO U3yyeHus1. [pynmnu-
poBku IO, (x = 3, 4) criocOOHBI KOHAEHCUPOBATHCS B
Oosiee cioxHble aHcamOnu [1, 17], 4To MOXeT ce-
pre3Ho ckazatbcd Ha HJIO-xapakrepmcTukax Kpu-
cTajuioB. BUIbl TakuMX TOJMMEPHBIX SIUHUILL ceiiuac
orpanuuensl Ha6opom [1;04]7, [1,0,41%7, (150, [1].
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BMecTe ¢ TeM ImoKa OTCYTCTBYIOT YeTKME TIpeacTaBIe-
HUS O BO3MOXHOM COCTaBE€ D3TUX COEIUHEHUN U
YCJIOBUSIX MX MOJdydeHusl. Bce M3BeCTHBIE MOJIMUO-
maTHBpIE (a3bl CMHTE3MPOBAHBI THUIPOTEPMAILHBIM
METOOAOM. 3aMeUeHO, UTO O0Opa30BaHMIO ITOJTUNOAT-
HBIX TPYIIIMPOBOK CIIOCOOCTBYET BBEICHME B peak-
LIMOHHYIO0 cpeny docdopHoit kuciaotsl [17, 18]. B
CBSI3U C 3TUM LIeJIbl0 HAcTOsIIel paboThl ObLIO O0Jiee
JeTajJbHOe n3ydyeHue pa3oo00pa3oBaHUS IIPU TUIPO-
TEpMaJIBHOM B3anMMOIeCcTBUM oKcnaoB P30 ¢ mon-
HOBaTOM WJIM MOOHOM KHUCJIOTOW IIpM MCIHOJIb30Ba-
HUU B KauecTBe MuHepanusaropa Na,HPO, 12H,0.

OKCITEPUMEHTAJIbHAA YACTb

B kayecTBe MCXOOHBIX BEIIECTB HCIIOJb30BAIU
kommepueckue Er,0;, PrgO,;, Tb,O, (Bce He MeHee
99.9%), Tb(NO5);-5H,0, HIO; (x. 4.), H510 (oc. 4.),
Na,HPO, 12H,0 (x. u.), 85% H;PO,. Oxcunpl npa-
3eoguma (111, IV) u repous (111, IV) npenBaputebHO
BoccTaHaBIUBamu 10 Ln,O; B TOTOKe BOmopoa Impu
temneparype 500°C. OcrajibHble peaKTUBbI IPUMeE-
HSI7IM 6€3 TOTIOTHUTEIbHOM 00pabOTKM.

WcxomHoil mMMXToi SBISJIMCh CMECH COCTaBOB,
TpeacTaBIeHHBIX B Ta0j. 1. HaBecku KOMITOHEHTOB
COOTBETCTBYIOIIMX CMeCEl TIIATeJIbHO IepeTupaii B
araToBbIX CTYIIKaX 1 IIEPEHOCUJIM B aBTOKJIABBI 00be-
MoM 18 mi1 ¢ TedpIIOHOBBIM WK #apa-nonnuGeHOIOBEIM
BKJIabIeM. Bo Bce aBrokiaBel BHocwiu 1o 1 mit H,O.
CuHTe3 npoBoAwIn npu Temieparype 215°C B Teue-
HUe 72 4 ¢ rocnenytonmm oxjaxaeHueM no 40°C 3a
50 4. KoHeuHbIe TBepAbIe MPOAYKTHI OT(UIBTPOBHI-
BaJIi Ha BOpoHKe BbloxHepa, IIpoMbIBaIu AUCTUILIN-
pPOBaHHOM BOOOM M CYILIMJIM Ha BO3IyXe IIPU TEMIIC-
patype ~40°C.

[MonyyeHHblE MOPOIIKOOOPa3HbIEe MpenapaThl U3y-
yaau MetogoM P®PA, a npu ocakIeHUMU KPUCTAJLIOB
MPOBOJIWJIN UX 3JIEMEHTHbIN aHAJIU3 METOJIOM BHEP-
TOAVICIIEPCUOHHOU PEHTITEHOBCKOM CIIEKTPOCKONUN
Ha 3JeKTpOHHOM MUKpockore LeoSupra 50 VP c
YCKOPSIIOIIMM HampsikeHueMm 15 kB, ocHameHHOM
SHEPTOIMCIIepCMOHHBIM aHamm3aTopom INCA.
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I'PUTOPLEBA u np.

Tabmuna 2. Kpucramnorpaduyeckue xapakKTepucTUKU norydyeHHbIX nogatoB NalLn(I10s), u mapameTpbl peHTreHOOU-

(GPaKLMOHHOIO SKCIeprUMeHTa

IMapamerp 3HaueHMe
BbpyTro-dopmymna I,NaO,Pr I4NaO,,Tb I4,NaO,Er
M, t/moib 863.50 ‘ 881.51 889.85
Kpucraummaeckast cucteMma MoHOKITMHHAsI
Ip. rp. Cc (Ne 9)
Z(Z) 8(2)
a, A 31.4771(13) 31.1633(10) 31.033(4)
b, A 5.6272(2) 5.5531(2) 5.5287(7)
c, A 12.7656(5) 12.5470(4) 12.4756(17)
B, rpan 90.7322(15) 91.0132(10) 91.126(6)
v, A3 2260.96(15) 2170.96(13) 2140.1(5)
dyy > T/CM? 5.074 5.394 5.24
u, cm~! 153.3 179.92 194.86
F(000) 3024 3072 3096
20,,.x, TPAL (TTOTHOTA, %) 58 (99.6) 58 (99.5) 55(99.6)
Yucao usMepeHHbIX OTpakeHUt 15954 15052 8824
Yuco He3aBUCUMBIX OTpakeHU (Ryy() 5952 (0.0730) 5704 (0.0711) 4663 (0.0747)
Yucio orpaxkenuii ¢ > 26 (1) 5493 5542 4108
Konm4ecTBO yTOUHSIEMBIX ITApaMETPOB 326 327 326
IMapamerp ®nska 0.54(4) 0.34(2) 0.56(3)
R, 0.0368 0.0302 0.0521
WR, 0.0819 0.0695 0.1249
GOF 1.025 0.939 1.020
OCTaTOUHas! 3MEKTPOHHAS TUTOTHOCTD, AP, 0x/APmins € A~ 1.298/—1.252 1.475/—1.566 1.663/—1.879

PeHTreHOBCKYI0 CheMKY 00Pa31i0B OCYIECTBISIN
Ha nudpakromerpe Tuna STOE B CukK,-usnyyeHuu.
O0pabdoOTKy peHTITeHOTpaMM OCYIIECTBIISITIA C UCITONh-
3oBaHreM nporpammbl WinXPow ¢pupmbr STOE & Cie.

CbeMKy MOHOKPUCTAJIJIOB, MPUTOAHBIX JJ151 PEHT-
reHocTpykTypHoro aHanu3a (PCA), BBITTOJHSLIU TIpU
100 K Ha nudppakrometpe Bruker Quest DS, ocHalieH-
HoM aetektopoM Photon-III (¢- u ®-ckaHupoBaHnue),
npuv ucnosb3oBaHuu MoK,-usimyyeHus (ontuka MoH-
Tess1). YUYeT NOmIOIIEHWs TTPOBOAWIM TTOTYIMIIMpUYe-
cku 1o nporpamme SADABS [19]. CtpyKTypbl ObLIU
pelIeHbl MpsIMbIM MeToaoM no nporpamme SHELXT
[20] 1 yrounens! o F? mpu nomowmn SHELXL-2018
[21]. ITpu yrouneHuu napametrpa daska (X) [22] —
oIpeaeIeHU aOCOMIOTHOM KOHDUTYpalluu, HECMOTPS
Ha 3HAYUTEIbHYIO BEJIMUMHY aHOMATBbHOIO PaCcCesiHUS
TSI pEIKO3EMETbHBIX MIOHOB M aTOMOB MO/, TTOJTYy4YeH-
Hble 3HaUEHUs YKa3blBAJIU Ha palieMUYECKOe TBOMHU-
koBaHue. ITomoOHas1 Be1nurHaA MOXKET ObITh OOYCI0B-
JIeHa Kak TICeBIOLICHTPOCUMMETPUYHBIM PaCIIOJIOXe-
HUEM DPEIKO3EMEbHbIX MOHOB, TaK U JIAMUHAPHbBIM
IBOMHUKOBaHMEM [23].

KYPHAJl HEOPTAHUYECKOMN XUMHWNU

OcCHOBHBIE KpUCTaJIIorpadpuieckue moCcTOSTHHbIE
U TIapaMeTpbl yTOUHEHUSsI TpuBeeHbI B Ta0J1. 2. [ToJ-
HBIIA HA0Op KpHUcTamorpad@UIecKnx TaHHBIX JIEII0-
HupoBaH B KeMOpumkckoM 6aHKe KpucTauiorpagu-
yeckux naHHbIX (CCDC 2238910, 2238911 u 2250590).

HuddepeHnunanbHbIi TEpMOTPABUMETPUYECKU
aHam3 00pa3noB npooavi Ha iproope NETZSCH
STA 409PC/PG B KBaplIeBbIX KOHTEHEpax Ha BO3IY-
Xe B MHTepBaJjie TeMIlepaTyp oT KoMHaTHOoI 10 900°C.
Macca o6pa3noB cocrapisia He meHee 10 MT, cKo-
pocTb HarpeBa — 10 rpag/MuH.

MK-cnekTp nmoiaydyeHHbIX (ha3 CHUMAaJM Ha CIIeK-
TpoMeTpe Perkin—Elmer Spectrum One Fourier B
unrepsaie 3000—400 cm~!. O6pasuamMu CIIyXWIn
TabJIeTKU UccheayeMbix a3, CIIpeccoBaHHbBIE C OIl-
TUyecku yucThiM KBr.

M3MepeHus: reHepallMyM BTOPOM FapMOHUKHU BbI-
MOJIHSIIM HAa KPUCTAJIMYECKUX 00pa3iiax B COOTBET-
crBuu co cxemoit Kyprna u Ileppu [24]. B xkadecTBe
MCTOYHUKA N3MydeHUs ncronb3oBain YAG: Nd-ma-
3ep Minilite-1 (A = 1064 HM, yacTOTa OBTOPEHUS
10 mMI1/C, IIMTEIBHOCTh UMITYJIbCA 3 HC, peTUCTpa-
1IMS U3JTy4YEeHUsI BTOPOU TapMOHUKMU T10 CXeMe Ha OT-
Ne 11
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Ta0bmuna 3. bmxaiiine MmexatoMHble pacctosgHust M—O (M = Pr, Na) B ctpyktype NaPr(103),

Chsish I[Jll/lHSI.&CBFBI/I, Chsish . iﬁﬁia‘& Chsish Z[JII/IHET&CB}BI/I, Chsish Z[JUAHE:&::BHM/I,
Pr(1)—0(6) 2.362 Pr(2)—0(8) 2.362 Na(1)—0(22) 2.340 Na(2)—0(8) 2.377
Pr(1)—0O(5 2.370 Pr(2)—0(7) 2.403 Na(1)—0(20) 2.476 Na(2)—0(20) 2.470
Pr(1)—0(2 2.432 Pr(2)—0(21) 2.444 Na(1)—0(4) 2.482 Na(2)—0(22) 2.476
Pr(1)—0(1)) 2.441 Pr(2)—0(12) 2.471 Na(1)—0(19) 2.518 Na(2)—0(12) 2.603
Pr(1)—0(19) 2.459 Pr(2)—0(9) 2.476 Na(1)—0(2) 2.544 Na(2)—0(23) 2.667
Pr(1)—0(4) 2.462 Pr(2)—0(15) 2.484 Na(1)—0(24) 2.629 Na(2)—0(7) 2.750
Pr(1)—0O(1) 2.542 Pr(2)—O(11_ 2.501 Na(1)—0(23) 3.008 Na(2)—0(21) 2.855
Pr(1)—0(24) 2.636 Pr(2)—0(20) 2.508 Na(1)—0(5) 3.234 Na(2)—0(9) 2.919

paxxenue. ITocaeqHee MO3BOIWIO UCKIIOYUTD 3aBU-
CUMOCTb BEJIMYUHBLI PETUCTPUPYEMOTO CUTHaja OT
TOJIIIIUHBI CJIOSI MOPOIIIKA, KOTOPBII paccMaTpuBaI-
¢s1 KaK MOJIyOeCKOHEYHBI.

ITopomikooOpa3Hbie 00pa3lbl IS HM3MEpeHUN
I'BI' mony4yanu ¢ pa3miMyHbIM pa3MepoM KPUCTAILIU-
YeCKMX 3epeH. DTH 00pa3libl TOTOBWIN U3MEJIbYCHU -
€M B CTYyIIK€ KPHUCTaJJIOB, OTOOPAHHBIX B COOTBET-
CTBMH C XapaKTEePHBIM IJIsI HUX TaOUTYyCOM M3 OOILeii
MacChl IIPOAyKTa TuapoTepMaabHOoro cunresa. Ilo-
cJie U3MeJIbYSHUST IIOPOIIKM pa3Aessiid ¢ TIOMOIIBIO
cuT Ha (ppakumu ¢ pazmepoM 3epeH ot 10 1o 200 MKM.
Tonugaimmii MopoIIoK pasMepoM 3—5 MKM OBLIT TTO-
JIydeH MyTeM IJIUTEIbHOTO U3MEJIbYE€HUsI KpUCTa-
JIOB B CIIMPTE 10 00pa30oBaHUsl CYCIIEH3UM, KOTOPYIO
3aTeM BBICYIIUBAINA. DTy (PpaKIUio HMCIOIb30BAIN
IUISI CPABHEHUSI HEJIMHEWHO-ONTUYECKON aKTUBHO-
CTH 00pa3lLoB C 3TAJIOHHBIM ITIOPOIIKOM O/-KBaplia C
TeM K€ pa3MepoM 3e€pHa IJIs MUCKIIIOYEeHMs pa3zMep-
Horo ¢axkrtopa. MHTEHCMBHOCTh ONTUYECKOTO CUT-
Hajla Ha 4acTOTe BTOPOil rapMOHUKU [, U3MEPSUIU B
noisx naTeHcuBHOCTH ['BI 0T MenkoaucniepcHOro mo-
poIliKa KBaplia, KOTopas ObljIa IIPUHSTA 32 SAUMHUILY.

PE3VJIBTATHI 1 OBCYXIEHUWE

B pesynapTaTe rmapoTrepManibHOrO B3aMMOIEH-
CTBUSI KOMIIOHEHTOB IIMXThI, MPEACTABICHHON B
Tabs. 1, HaGIOHAIU MHTEHCUBHOE (hopMUpOBaHUE
MOHOKPHCTAJIJIOB, KOTOPbIE, 110 JAHHBIM HEPTrOANC-
MEPCUOHHOM PEHTIeHOBCKON CHEKTPOCKOIUU, CO-
nepxanu B cBoeM coctaBe Na, O, I u cooTBETCTBYIO-
muii Ln. Bo Bcex mapTusix KpuUCTaJUIOB YyOalOCh
HaliTi o6pa3iisl, mpurogHbie 111 PCA, KOTOPBIN BBI-
SIBUJT U30CTPYKTYPHOCTb MOJYYEHHBIX COCAUHEHMIA
(Tab1. 2) ¥ IPUHAMIEXHOCTD UX K CTPYKTYPHOMY TH-
ny NaY(IO;), [25]. Ux cTpoeHue paccMOTpUM Ha
npumMepe NaPr(10;),.

DTa CTPYKTypa OTHOCUTCS K HEIIEHTPOCHUMMET-
puyHoit mp. rp. Cc U BKIIIoYaeT B ce0sl 1Ba KpUCTaI-
JorpayeckKy He3aBUCHMBIX aToMa IIpa3eonrma,
IIBa aTOMa HATPUs ¥ BOCEMb aTOMOB 1oma. Bce aTombr
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noga KOOpaAMHUPOBAHbI TPEMA aTOMaMM KHUCJIOpOoJa

¢ o0pazoBaHueM rpynnupoBokK 105, B KOTOPBIX CBS3U
I—O umetor amny 1.769—1.836 A. HenocpencraeH-
HO MeXAy co00i1 3TU TPYIIMPOBKU He CBs3aHbl. OHU
CIyXaT TOCTaBIIMKAaMU KMCJIOPOIHBIX JIUTAHAOB IS
MOJIM3APOB METALTMYECKMX UOHOB, OJIMDKaIIe Kuc-
JIOPOJIHBIE COCeIU KOTOPBIX PACIIONOXEHBbl Ha pac-
CTOSIHUSIX, TPUBENEHHBbIX B Taba. 3. CymMMa BaJieHT-
HBIX yCUJIUT U151 aTOMOB ITpa3eoarmMa, pacCuMTaHHast
o MeToavKe [26], ISt yKa3aHHBIX BOCBMU JIMTaAHIOB
coctapiset 3.4 B. en. IToaromy mrst Pr(1) B kadecTBe
KOOPAMHAIIMOHHOTO MOJU3/Apa CleayeT BbIOpaTh ce-
MUBEpIIMHHUK (puc. la), a mist Pr(2), y kKoToporo
JIBa HauOoJjiee ynaJeHHbIX cocella HaXOAsATCs TpaK-
TUYECKM Ha 3KBUBAJEHTHOM paccTosHuu (tadi. 3),
JIOTUYHO BBIOPATh BOCbMUBEPIIMHHUK — CUJILHO UC-
KaxXeHHYIO KBaIpaTHYIO aHTUIIpu3My (puc. 16).

BriOpaHHBIE Mpa3zeoaMMOBbIE MOJUBIPHI chop-
MUPOBaHbl CEMbIO U BOCEMbBIO MOHOJEHTATHBIMU
rpynnamu [O; COOTBETCTBEHHO.

KaTtuoHbl HaTpusi HaXxomsITCSl B IBYX HE3KBUBa-
neHTHbIx mo3unusax Na(l) m Na(2). CymMma BaJIeHT-
HBIX YCWJIMN 111 000MX HAaTPUEBBIX KATUOHOB BOCh-
MU OJIVZKARIIMX KUCIOPOIHBIX coceneii (Tab. 3) 6nus-
ka K equauie (0.99 u 0.93 B. ed. COOTBETCTBEHHO), U
KOOPIMHAIIMOHHBIE TTOIMAAPEI B 000MX CITydasiX IIpe-
CTaBJIAIOT CcO0OIl MCKaXkKeHHbIe KBagpaTHbIE aHTH-
npusMbl. B cirygae Na(1l) antunpuzma cpopMupoBa-
Ha IBYMsI OMI€HTaTHBIMM U YETHIPbMS MOHOIEHTAT -
HbiMU Tpynnamu [O;, B Apyrom ciydyae — Tpems
OMICHTATHLIMU W IBYMSI MOHOACHTATHLIMU T'pyIIIa-
mu 10;. B kpuctayuimueckoit CTpyKType 3TU IBa MoO-
JIM3apa CBSI3aHBI OOIIMMHU pedpaMM TaK, YTO BO3HU-
KaeT 3uraaroo0pasHasi Lielb BIOJIb ocH b (puc. 2a).

CemuBepiumHHUK Pr(1)0O, 060611aeT onHo pedpo
U ONHY BeplunHy ¢ ounupamugamu Na(1)Og cocen-
HHX “CTyIleHeK’ HaTpUii-OKCUIHON 1eru (puc. 20),
a ounupamunaa Pr(2)Og cousieHsIET BIOJb HallpaBiie-
HUS ¢ coceqHue 1enu (puc. 2B). B urore Bo3HUKaeT
CJIO¥ U3 TIOJIU3APOB METAJLIOB, TTapaslie/IbHbIH T10C-
Koctu (bc) (puc. 3).
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I'PUTOPLEBA u np.

Puc. 1. Koopmmaaumonnsie noauaapsl Pr(1)05 (a) n Pr(2)Og (6).

Puc. 2. 3ursaroo6paszHas uemnb nmoausnpos NaOg (a); KonoHHa n3 nonuaapos NaOg (BelIeIeHbl KOpUIHEBBIM IBETOM) U PrOg
(BBLAEJIEHBI 3€JIEHBIM LIBETOM) (6); cowleHeHUe aHTunpusMamu Pr(2)Og HaTpuii-oKCUAHBIX Leneil (B).

Takum 06pazoM, KpUCTATTYECKYIO CTPYKTYPY pac-
CMaTpUBaEMOTI0 COEIMHEHNS MOXKHO OIMUCATh KaK CJI0-
HCTYIO, TIOCTPOEHHYIO M3 Ipa3eoarM-HaTPUii-OKCHI-

HBIX CJIOEB, NEKOPUPOBAHHBIX rpynnupoBkamMu 105
(puc. 4). IlocnemoBarenbHOE yKJIagblBaHWE HICH-
TUYHBIX CJI0EB (DOPMUPYET KOJTOHKU BAOJb OCH b, KO-
TOpble MPOSIBJISIIOTCS] B YIJIMHEHHOM TabuUTyce KpU-
CTaJIJIOB, UMEIOIINX BUJI YIUTMHEHHBIX CTEPXKHEMH.

ITo mannev JITT-ananuza (puc. 5), mojrydeHHEIS
COCAVHEHUSI TEPMUYECKM JOCTATOYHO CTAOWIBHBI:
daza ¢ Pr mo remneparypsr 320°C, ¢ Er — 1o 410°C, ¢
Tb — no 550°C. I1pu nanpHeiilieM HarpeBaHUU IPO-
ucxonut noteps Beca. B ciayyae NaPr(10;), kpuBas
MOTepU Beca 3aMETHO OTJIMYACTCS OT HAaOII0gaeMOM y
aHayoroB. UMeHHO y TepOMeBOTO COeIMHEHMS IJ1a I~
kas TT-kpuBas (puc. 5a) uMeeT OMHOCTYIIEHUYATHIM
BUI, a Y 9pOMEBOro MPOSIBISICT CIa00BBIPAXKEHHYIO
JIBYXCTYIIEHYaTOCTh (puc. 560). MakcuMaibHas IoTe-

KYPHAJl HEOPTAHUYECKOMN XUMHWNU

Puc. 3. [IpazeonuM-HaTpuii-OKCUIHBI CIIOI B CTPYKTY-
pe NaPr(I03),.

ps Beca y Nalb(lO;), Habmonaercss B UHTEpBaJe
temrnieparyp 545—605°C, y NaEr(10;), — B uHTEpBa-
e 560—680°C, rae pacItojoXeHO M0 OSHOMY MHTEH-
Ne 11
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CUBHOMY 3HAOTEPMUYECKOMY TTUKY Ipr 579 u 568°C
COOTBETCTBEHHO. MI3MeHeHue Beca 00yCIOBICHO IO~
Tepell MoJaTHBIX TPYIII MPU UX pacliaae Ha cBOOO-
Hble I, u O,. Ha ykazaHHBIX ydyacTKax oOpa3iibl B Iep-
BOM CJTy4ae TepsitoT 66.6% MCXOMHOTO Beca, BO BTOPOM —
59%. B tepbueBoit cucteMe Ha KpuBoii JITA npucyt-
CTBYeT sHAoTepMHUUecKuii addekT npu 545°C, KkoTo-
pBIi MOXET OBITh CBSI3aH CO CTPYKTYPHOI mepe-
cTpoiikoii. Takast 0cCOOEHHOCTh TEPMUYECKOTO MOBEIE-
Hust NalLn(10;), otMeuanacek paHee 1Jisi IPOU3BOIHBIX
JaHTtaHonaoB KoHua psiaa P39 (Ln = Dy—Lu) [27].

TepMuueckoe moBeneHe HOBOTO MPa3e0aMMOBO-
ro coenuHeHus (puc. 5B) JOCTaTOYHO CBOEOOpa3HO.
HauanbHoe aktuBHOe paznoxeHue NaPr(10;), B uH-
tepBaiie Temirepatyp 320—463°C nmpuBOIUT K IOTEPE
o6pa3siioM 38.6% cBoero IMepBOHAYAIHLHOTO Beca, YTO
XOPOIIIO KOppelupyeT ¢ BeanuuHoi (38.7%) ynery-

Puc. 4. Ctpykrypa NaPr(103), (cruiomHoii tunueit 060- YUBaHUS U3 BelleCcTBa OAHOI MoJieKyJbl [, u 2.5 Mo-
3Ha'EH KOHTYP 9IeMEHTapHO SuehKn). snexyn O,. JanbHeliliee HarpeBaHre oopa3iia MpuBO-
TT, % OCK, MBt/mr
e 0.1
90" \ O_O |
80 - F\\ 0.2
70 \ 1203
60 - \ 1 1-0.4
0} N 0%
40 - s
1 1 1 1 M g _07

100 200 300 400 500 600 700 800 900

100 —— {0.2
B ﬂ (\o
oo —0.2
60 - 1—0.4
50 - U\ +—0.6
40 - 1—0.8
30 ~— -1
201 | | | | HH\] _ 0

1.2
100 200 300 400 500 600 700 800 900

100 et 40.15
90 0.10
80 0.05
70 0
60 —0.05
50 —0.10
40 —0.15
30 . 2 P ~0.20
201 I T M I siell ay o

100 200 300 400 500 600 700 800 900

t,°C

Puc. 5. ITT- u 1CK-xpussie niast NaLn(103)4: Ln = Er (a); Tb (6); Pr (8).
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Puc. 6. IHTEHCUBHOCTh CUTHaJIa BTOPOIl TAPMOHUKHU B
MoHoaucnepcHeIx mopomkax NaLn(103)4 (Ln = Er, Pr,
Tb) B 3aBUCHUMOCTH OT pa3Mepa COCTABIISIONINX UX KPU-
CTaJUIUTOB B cpaBHeHuU ¢ nopowkamu KH,POy.

IUT K mostiieHnIo Ha JI TA-KpWBOii psima SHIOTEpMM-
YeCcKMX MUKOB mpu 499.5, 525.5, 591 u 654.7°C.

s coeqHeHU paccMaTpUBaEeMOTO CTPYKTYp-
Horo Tuna rnmonooHbIi xon JITA-3aBUCUMOCTHA MOXKET
ObITb OTMeueH Tojibko y NaBi(10;), [28]. B ynoms-
HYTOU BUCMYTOBOM CHCTEME B KaueCTBE KOHEUYHOIO
MPOJIYKTa OIMMCHIBAGMOIO TEPMHUYECKOTo IMpoliecca
aBTOpPHI [28] 0OHAPYXWIN HOBOE HEUAEHTU(PUIINPO-
BaHHOe coenuHeHue. He uckiiioueHo, 4to 1 B HallleM
cllydyae UMeeT MeCTO aHAJIOTUYHASI CUTYyallusl.

CTpyKTypBl CUHTE3UPOBAHHEBIX (pa3 OTHOCITCS K
HELIEHTPOCUMMETPUYHOM TIp. Tp. (Tab. 2), MO3TOMY
OIMHUM U3 3HAUYMMbIX aTpUOYTOB M3y4aeMbIX COEIU-
HEHU SIBJISIETCS UX CITOCOOHOCTD K reHepaluu BTO-
poii onTUYecKoi rapMOHUKU. MHTEHCUBHOCTb CUTHA-
Jla BTOpOi TapMOHUKH (OTHOCUTEIHHO KBaplieBOTO
3TaJIOHA), TEHEPUPYEMOTO HOBBIMU COEIMHEHUSIMU, U
€¢ 3aBHCHMMOCTb OT pa3Mepa 3epHa reHepUpPYIOIIEeTro
MOJIMKPUCTAJIMYECKOTO oOpaslia MNpuBeleHbl Ha
puc. 6 B CpaBHEHUU C COOTBETCTBYIOLIMMU rpacuka-
mu 11 o-kBapua u KH,PO,. 13 sToro pucyHka cie-
JIyeT, YTO HOBbIE MOJAThI OTHOCSITCSI K COETMHEHUSIM
¢ BeicokuM curHaioMm I'BI, B mecsaTku u coTHM pas
MPEBBIIAIOIIUM CUTHAI B3TaOHHOro o-Si0,. BTo
CTaBUT IOJIyYeHHbIE HAMY HOBBIE BEIIECTBA B OAWH Psill
CO CTPYKTypHO Omu3kumu um nopatamu NalLn(10;),
(Ln = Sm, Eu, Dy, Ho, Er, Yb, Lu, Y), panee kiac-
CU(UIIUPOBAHHBIMU KaK 3(PPEeKTUBHBbIE HEJTWHEH-
HO-OIITUYECKUEe KPpUCTAJIHI [25, 27, 29, 30].

XoTsl OKCUIIHBIE TOJMAIPHl KaTUOHOB METAaJUIOB,
Kak yKa3bIBaJIOCh BhillIe, B cTpykTypax NaLn(105), no-
JITPHO MCKaKEHBI, MX BKJIa[l B MAKPOCKOITMIECKYIO He-
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I'PUTOPLEBA u np.
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Puc. 7. UK-cnextpel nornomenust NaLn(105)4: Ln = Er
(a); Pr (6); Tb ().

JIMHEMHOCTD YCTyIaeT Bkiamy ot rpymn 105 ¢ BbIcOKO-
TMOJISIPU3YEMOI HEMOAEJIEHHOM Mapoil 2JIEKTPOHOB.
Takasg 3aKOHOMEPHOCTDb HAAEXKHO IIPOCIIEKMBACTCS
JIJIST BCEX HELIEHTPOCHMMETPUYHBIX MOJATOB U OIIpe-
JIeJIsieT MX UCKIIIOYUTEIbHYIO IIPUBIEKATEIbHOCTD ISt
HeJIMHEHO-oNTHYecKoro npuMeHeHunss. Habmromae-
Masl IIpY 3TOM pa3HUIla B UHTEHCUBHOCTU CUTHAJIOB
I'BT" anist uzoctpykrypHbix coenrHenuii NaLn(105),
Ne 11
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BIOAb psina P33 MoxeT OBITH CBSI3aHa ¢ pa3HOI cTe-

IeHbI0 KoMneHcauuu rpyni [O;, pacroaoXeHHbIX B
CTPYKTYp€ B3aUMHO TTPOTUBOIIOJIOKHBIM 00pa3oM.

C paccMaTpuBaeMbIX TTO3UIIMIT BasKHEUIIIEN Xa-
PaKTEePUCTUKON MCCIAEAYEMbIX KPUCTAJIIIOB SIBJISIETCS
00J1acTh UX ONTUYECKOI1 ITpo3payHocTu. Mx MK -cnek-
TPHI TIPOITYCKAHMS TpeAcTaBieHbl Ha puc. 7. KpuBas
nponyckaHust NalT'b(10;), HE conepXUT Kakux-a1ubo
ITOJIOC MOIVIOLIEHMS BIUIOTH 10 7 MKM (10 1550 cm™ 1),
a Ha KPUBBIX ABYX IPYTMX O0Opa3lioB B 3TOM Xe Ya-
CTOTHOM MHTEpBaJie HAOIIOMAIOTCs IIOJIOCHI ITOIJIO-
IIEHMST, KOTOPBIE MOTYT OBITh OTHECEHHI K aJICOPOIII-
OHHOM Bojie. DTO 0OCTOSTEIBCTBO CBUIETEIBCTBYET O
TOM, YTO pacCMaTPpUBAEMbIe KPUCTAJLIbI IIPO3PaAYHbBI
B YKa3aHHOM CIIEKTPaJIbHOM Aualia3oHe, XOTs mpa-
3€0IMMOBBIA U 3pOUEBBIA 00pas3bl, TO-BUINMOMY,
MOABEPKECHBI BO3ACHCTBUIO aTMOC(hEPHOI BJIarH.

SAKIIIOYEHHME

CeMeCTBO CIOXHBIX MOOATOB OOIIEro cocTaBa
NaLn(I0;), nsyyeHo mocraTouyHo rmoapo6Ho [26, 28,
30]. B maHHOIi cTaThe MBI JOIIOJIHWIN UMEIOIIUECS O
HUX CBeAeHUS MHMOopMaILeit 0 CHHTE3¢e U CBOMCTBAaX
NaLn(103), mia Ln = Pr, Tb, npennoxunu moaep-
HHM3MPOBAHHYIO METONMKY ITOJTYyYECHUSI TAKUX COCIHE-
Huii. CTpyKTypa HOBBIX KPUCTAJUIOB, KaK M UX aHaJIO-
TOB, OTHOCUTCSI K HELICHTpOCUMMETpUYHOIA rip. 1p. Cc,
U OHU JEMOHCTPUPYIOT CIOCOOHOCTh K TeHEepaluu
BTOPOM OITUYECKOM TapMOHUKM BbICOKOW WHTEH-
CHUBHOCTM, XapaKTepM3yIOTCsl TEepMMHYECKOil cTa-
OMJIBHOCTBHIO M IIMPOKUM HMHTEPBAJIOM ONTHYECKOM
npo3padyHocTh. C y4eTOM ITOJIydeHHBIX HAMU COEIN-
HEHMIA KOMITO3ULIMOHHAS TIPOTSLKEHHOCTh HCCenye-
MOro ceMelicTBa OMHOTUIHBIX KprcTaiioB NaLn(10;),
TeIrepb OXBATHIBACT ITOYTH LIETMKOM Bech psn P39, uro
yKa3bIBaeT Ha O0IIMe KPUCTAIOXUMHUUYECKUE TIPe-
MOCBhUIKHA CYIIECTBOBAHUSI NTAaHHOIO CTPYKTYPHOTIO
TUIA 1 OOIIMiA MeXaHU3M (pOPMUPOBAHUS HEJIMHEH -
HO-ONTUYECKNX CBOMCTB.
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