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OCOBJIMBOCTI HEPETBOPEHD B P3E-BMICHUX CUCTEMAX HITPATHUX TPEKYPCOPIB Y
NIAroTOBYUX NPOIECAX ®OPMYBAHHSA NNEPOBCKITONNOAIBHUX OKCHUIHUX
MATEPIAJIIB

I3 3acTocyBaHHAM KOMIUIEKCY (Di3MKO-XIMIYHMX METO/IB aBTOPAaMM BUBYEHO IPUPOJLY i 0COOIMBOCTI XiMI4HOT B3aeMOii, reTeporeHHUX piBHOBar (25-
65°C) CTPYKTYpPHUX KOMIIOHEHTIB y BOJHO-COJILOBUX CHCTEMax HITPAaTiB HEOJUMY i MarHiro, Kajblil0, CTPOHLi0, 0apito, K MOJACIBHUX CHCTEMAaX
HITpaTiB piAKiCHO3eMENbHHUX eNeMEHTIB U enemeHTiB IIA rpymm nepioguuHoi cHCTeMH, IO HUHI IIMPOKO BHKOPHCTOBYIOTBCS y CHHTE3aX,
TEXHOJIOTIYHHX perIaMeHTaX CTBOPEHHS Ha IXHiff OCHOBI MaTepialliB pi3HOTO IPU3HAYCHHS i3 3aJaHUM KOMIUICKCOM CTPYKTYPHO-UyTIUBHX
XapakTepUCTHK. BusiBieHa HU3Ka 0COONMBOCTEH 1 3aKOHOMIpHOCTEH y iXHiN cykynHiil noBeninIi. [IpoTikaroui KOHKYpYIO4i peakiii € CHIBHOAIIYUM
TEXHOJOMYHIM (PaKTOPOM, IO CYTTEBO BILTHBAE HA 3MiHY aKTHBHOCTI CTPYKTYpHHX (opm Ln**.

KorouoBi cioBa: pinkicHO3eMeNbHI eIeMEHTH, MarHil, JTy>KHO3eMeNbHI METalH, HiTpaTH, KOMILIEKCOYTBOPEHHS, BOJHO-CONbOBI CHCTEMH,
BJIACTUBOCTI.

C uCrosb30BaHUEM KOMIUIEKCA (DI3MKO-XUMMYECKUX METO/OB aBTOPAMH H3YYEHbI IPUPOJAa M OCOOCHHOCTH XMMHUYECKOTO B3aUMOJCHCTBHS,
reTEepOreHHbIX paBHOBecHi (25-65°C) CTPYKTYPHHX KOMIIOHEHTOB B BOJHO-COJIEBBIX CHCTEMaX HHTPATOB HEOJMMa W MArHWs, KaJbLHsi, CTPOHLHS,
0apusi Kak MOJICTIbHBIX CHCTEM HUTPATOB PEAKO3EMENIBHBIX IEMEHTOB M eMEHTOB I[A rpymnmbsl NepHoOJUYecKOl CUCTEMH, KOTOPbIE Ceifyac IHPOKO
HCIIONB3YIOTCS B CHHTE3aX, TEXHOJIOTMYECKUX perjaMeHTaX IIONIyYeHHs Ha HMX OCHOBE MAaTepHajoB pa3HOro NpeAHa3HA4YEeHUs C 3aJaHHBIM
KOMIUIEKCOM CTPYKTYPHO-4YBCTBUTEJIBHBIX XapPAaKTEPUCTUK. BBIABICH psAA OCOOCHHOCTEW M 3aKOHOMIPHOCTEH B HX COBMECTHOM IOBEJCHHUM.
TIpoTekaromue KOHKYPUPYIOUIME PEaKLMU SBISIOTHCS CHIBHOICHCTBYIOIMM (AaKTOPOM CYLIECTBEHHO BIHMSIONMM HAa HM3MEHEHHUE AKTHBHOCTH
CTPYKTYpHHUX (hopm Ln*".

KiaroueBble c10Ba: peKO3eMENbHBIC IEMEHTBI, MATHUI, IIEJI0YHO3EMENbHBIC METALIBI, HUTPAThI, KOMIUIEKCOOOpa30BaHKE, BOJAHO-COJICBbIC
CHCTEMBbI, CBOMCTBA.

With the use of complex physical and chemical methods the authors studied the nature and characteristics of chemical interaction of heterogeneous
equilibria (25-65°C) structural components in water-salt systems neodymium nitrate and magnesium, calcium, strontium, barium, as model systems of
nitrate of rare earth elements and elements of IIA group periodic system, now widely used in the synthesis, technical regulations the creation based on
these materials for various purposes with predetermined complex structure-sensitive characteristics. Revealed differences in the behavior of the
structural components in the systems of the lanthanide cerium and yttrium subgroups. Differences in the nature of their interaction with the differences
in staging, differences in the characteristics and patterns of flow. In systems tsarievoy subgroup elements nitrate and Mg, Ca, Sr, Ba only in
magnesium systems in the temperature range of existence solvents are congruently soluble [Mg(H20)6]3[Ln(NO3)6]2-6H20. However, in other
systems - the new solid phase do not form (evtonichnogo type system). The resulting competing reactions are potent technological factor significantly
impacting on change of activity of structural forms Ln*".
Keywords: rare earth elements, magnesium, alkaline earth metals, nitrates, complexation, water-salt systems, property.

Beryn. baratrokoMIOHEHTHI OKCH/THI KOHCTPYKIIiiTHI
1 CIelianbHOro IMPH3HAYEHHS Marepiaau 3i 3MillIaHO
CJIEKTPOHHOIO W KHCHEBOK MPOBIIHICTIO, NIBHIKUM
IOHHUM TpPaHCIIOPTOM Ha CHOTOJIHI BiJIrParOTh BaXKIUBY
pOJIb Y CHCTEMax B3a€MHOTO MEPETBOPEHHS Pi3HUX (opM
eHeprii, KUCHEBO-IIPOBIIHUX Marepianax ajisi KOHBepCii
OPUPOIHOTO Ta3y, MNAIMBHUX e€JEeMEHTaX, OaraTtbox
KaTaIITHYHMX 1 MAarHITHHX  CHCTEMaX, KHCHEBHX
MeMOpaHax, SK MaTepialy Uil BHCOKOTEMIIEPaTypHHUX
CIIEKTPOJIIB, HArpiBaJIbHUX  EJIEMEHTIB, Yy Ta30BHX
ceHcopax tomo. Cepex nux OaraToyHKIIOHAIBHUX
MaTepialliB HalOIIbIe 3aCTOCYBAHHS 3HAXOSTH CKIIAIHI
OKCHJIH 31 CTPYKTYporo mepoBckita ABO; Ta moaBiiftHOTO
neposckita AMe'B,Oq5, 1O MicTAT y Bysmax A
JaHTaHOImM, a y By3nax B - aromu d-mertany. Lli cionyku
€ alCoNIOTHMMH  JifepamMH, SK 3a MacmraboMm
3aCTOCYBaHHS, TaKk 1 CTOCOBHO YBark A0 HHUX 3 OOKy
Jocmigaukis [1 - 11].

CuctemHi focmipkeHHsT OynoBH, GyHAaMEHTAIBHUX
BJIaCTUBOCTEH, Je(eKTHOI CTPyKTypH W  KHCHEBOI
HECTEXiOMETpii MEepPOBCKITOMOAIOHNX (a3 3 YaCTKOBHMHU
i30MOp(HIMH 3aMillIeHHSIMH B HijapemriTkax A i B Ha inmni
€JIEMEHTH BKa3ylOTb, 1110 Taki MoanQiKamii Npu3BOIATh 10
ICTOTHO{ 3MiHH BCIX IIIOBUX XapaKTEPHCTHK LIUX CIIOJIYK
(ETMeKTpUYHUX,  MArHiTHUX, KaTAIITHYHUX Ta I(HIINX
BJIACTHBOCTEH ).

[porioHoBaHe NOCHIKEHHS € PE3yIbTaTOM aHalizy
BITOMOCTEH TIPO CHCTEMHI JIOCNIDKCHHS, BUKOHAHI 3a

octaHHl 15 poOKiB, i NPUCBSYECHI BUBUEHHIO KHCHEBOI

Hectexiomerpii, Ae(peKTHOI  CTPYKTYpH, TEXHOJIOTI]
ollep>)KaHHs W  OOYMOBJICHMX HHMH  BJIACTHBOCTEH
nepoBckiTonofionnx  okcunis  P3E  (Ln), wmarHiro,

nyxHo3zeMmenbHUX enementiB (Ca, Sr, Ba) i d-meranis (Cr,
Mn, Fe, Co, Ni, Cu, in.).

Binpmicts  gocnimkens P3E-BMICHUX CKIagHHUX
OKCHIIIB CIPSIMOBaHI, TOJOBHMM YHHOM, HAa BUBYCHHS
HIMPOKOTO CHEKTPY (Pi3MYHUX BIACTUBOCTEM, & TEXHOJIOTIT

BUTOTOBJICHHSI  JIDIOHOAMCIIEPCHUX TAaKUX MaTepiaiiB
HOPHUIIIAETBCS  HENOCTATHBO YBard, XoO4a BOHA €
HEBiZ’EMHOI0  YaCTHHOK  CTBOPEHHS  c(heKTHBHHX

MarepialliB Ta BiJirpac BUHATKOBY poiib y (opMyBaHHI
PI3HUX CTPYKTYpPHO-UYTIMBHX BIACTHBOCTEH.

Humi 3'icoBy1oThCs criocoOu KepyBaHHS TEXHIYHIMHA
rapaMeTpaMy TaKuX MaTepiajiiB MUITXOM BHOOpY CKIany,
YMOB CHHTe3y 1 HacTymHoro o0OpobOnenHs. Illupora
(yHKI[IOHATBHUX 3a/iay, NMPHUHIMIIB 1 CHOCO0IB IXHBHOTO

BUPILICHHS, BIACYTHICTb MarepiayiB, IO  IOBHICTIO
3aJ0BOJIBHAIOTE  BECh ~ KOMIUIGKC  TEXHIYHUX 1
TEXHOJIOTIYHUX  BHMOTI'  OOYMOBIIOIOTH  BIJICYTHICTB

VHIBEpCATHHUX METOJIB iXHBOTO BUpimeHH. OnepKaHHsg
JIOCKOHAJTUX TaKUX MaTepialiB 3yMOBJIIOE BHKOPUCTAHHS
HAHOPO3MIPHUX YAaCTHHOK pEYOBHMH —  CKJIQOBHX
KOMITOHCHTIB TEXHOJIOTIYHHX CyMIIICH, a IIe, Y CBOIO
4yepry, IIBUIIYE IHTEpeC J0 HU3BKOTEMIIEPaTypHHUX
CHOCO0IB IXHBOTO CHHTE3Y «XIMIYHUMH METOJIaMm» i3



BUKOPHCTAHHSIM PIAKAX 0araTOKOMIIOHEHTHUX HITPAaTHUX
CHCTEM.

IcHyroui criocoOu oTprUMaHHS MEPOBCKITIB CKIAHI 1
TPYIOOMICTKI, YacTo JaloTh IPOAYKTH 3 HHU3BKHUMHU
3HAYEHHSAMH  [UTOMOI  TMOBEPXHI W  BHUSBISAIOTH
BJIACTUBOCTI, 1[0 HE BIAMOBIJAIOTh BHMOraM 0ararbox
MOXIIMBHX HalpsIMIB 3acTocyBaHb. HuHI Ui onepikaHHs
MEPOBCKITIB  BUKOPUCTOBYIOTh TpAIULIMHY KepamiuHy
TEXHOJIOTIF0,  METOAHM  CHIBOCAPKEHHS,  30JIb-Tellb,
CKJIaZIHUX e(ipHUX MOJIIMEPHUX MOMEPETHHUKIB (METOIMKA
[Mexini, cuHTE3 KepaMiuHMX IMOPOIIKIB),  [IIIIMH-
HITpaTHUH, MEXaHOXIMIYHMH, MIA3MOXIMIYHUI Ta 1HIII.
OmHUM 3 HOBHMX  IIEPCHEKTHBHHX  MHIAXOIIB €
BUKOPHCTAHHS B npotieci CHHTE3Y cragii
MIKpPOXBHIJILOBOTO 0OPOOJICHHS IPEKYPCOPIB.

Crhig  TakoX  3a3HAYMTH, 110  KOMOiHOBaHe
BUKOPHCTaHHS METOMIB «M’SIKOT XiMil» sl CHHTE3y
0araTOKOMIIOHEHTHUX OKCH/IIB Y Cy4aCHOMY BUKOHaHHI —
e MOTY)XHHH apceHal, KOHIIEHTPOBaHE CIHPSMYBaHHS
3yCHJIb Ha OJIHOYACHE BHPILICHHS L7101 HU3KH HEBiJ €EMHO
BOKJIMBUX CKJIQJOBUX 3aB/aHb (IHOXI CyNepedIMBHX) Ta

3HAXOKECHHS e(heKTUBHIX [JISX1B IXHBOTO
(hyHOAMEHTATBHOTO, TEXHIYHOTO Ta TEXHOJOTIYHOTO
BupimeHHs. Lle 1ae MOXKIIUBICTh TOETHYBATH:

— OJepkaHHS JpIOHO PO3MIPHMX  CKIJIQJIOBHX

0araTOKOMIIOHECHTHUX CHCTEM;
— 3mIACHEHHS JIEKTOi TOMOTEHI3allisl peaKIifiHmX

CHCTEM;

— Oe3nocepenHio B3a€EMOJIIO CTPYKTYPHHUX
KOMIIOHEHTIB y NPEJOCTaBICHOMY peakiiiHOMY
IPOCTODi;

— Jerkicte migOopy ckiagy W yMmMoB peatizamii
TaKWX MPOIIECIB,;

— TPOBEACHHS  MEPETBOPEHb 3
mBUAKOCTsIME (I HaBiTH 32
MEXaHI3MOM);

—  CHEpreTMYHY HM3bKO3aTPATHICTh TEXHOJOTIYHHX
CXeM TaKMX [epeTBOPeHb, MaJoi eHeprii
aKTHBAIl pearylo4nx peuyoBUH;

— JIerKicTh amapartypHoi iX peamizauii HOpocTHMHU
3aco0aMu;

— BIUIMB  TEXHIKO-TEXHOJIOTIYHUX YWHHHUKIB 1
CMOCO0IB OfIep)KaHHs Ha BapilOBaHHS KOMIUIEKCY
BUXIIHAX LITBOBUX BJIACTUBOCTEH Ta
JIOCKOHAITICTb OYJIOBU MPOAYKTIB CHHTE3Y.

Tomy HaOyri HOBITHI 3HaHHS ¥  TEXHiuHI
MOXIIMBOCTI MiJHIMAIOTh Ha OIJbLI BUCOKWIl piBEHb
JIOCKOHAJICTb, BIJITBOPIOBaHICTb, MPOTHO30BAHICTh
XapaKTePUCTUK TAKUX CHHTE30BAaHUX MPOAYKTIB Ta
BIJIKDUBAIOTh HOBI MEPCIEKTHUBH IXHHOTO MPAKTHYHOTO
3aCTOCYBaHHSI.

HaBeneni Meroaum TIpYHTYIOTbCS Ha BHIIUICHHI
[IThOBUX TPOIYKTIB 3 PI3HOIO JUCHEPCHICTIO YAaCTHHOK
HaHopo3MipiB (20 — 60 HM), mo He 3abe3medyeTbcs
KepamiuHOrO TexHojoriero (100 HM i1 BuIe), 3a paxyHOK
PI3HUX XIMIYHHMX peakLiii B3aeMOii MK CTPYKTYpHUMH
KOMITOHEHTAMH CHCTEM 13 BOJHHX PO3YMHIB COJICH, SIKi
MICTATh KAaTIOHM pI3HUX METaliB Yy HEOOXiTHOMY
chiBBigHOMICHHI. SIKk mpukian, Ha puc. | HaBeneHa
MOCNIJIOBHICT, ~ HOBITHIX  ONepamiii  NpUTrOTyBaHHS

BCIIMKUMHA
JIJAaHIJIOTOBUM

nepoBckiTonoionnx okcuanux ¢as P3E i 3d-enemenris
KaTaJITUYHOTO IPU3HAYEHHS MPOBIAHUMHU KOPEHCHKUMHU
kommaHisiMu [11]. 3a TakuM perjiaMeHTOM BIJICYTHICTh
MOMOJIbHUX OIlepaliil MpH MiArOTOBLI BUXIAHOI IIUXTH
3a0e3rneuye BUCOKY YHCTOTY KiHIIEBUX MPOYKTIB.

Mera poGoru. Merowo mpoBefeHHS L€l podOTH
OyJI0 JTOCHI/PKEHHST KOOTIEPAaTHBHUX IPOLECIB B3a€EMOIT
MK CTPYKTYPHHMH KOMIOHEHTaMH Y X0Ji (OpMyBaHHs
MEePOBCKITOMOMIOHMX OKCUAHUX (a3 piJKiCHO3EMETbHUX
1 TepexifHMX eJIEeMEHTIB y MiArOTOBYMX CTajisiX 3
BUKOPHCTAHHSIM HITPATIiB €JIEMEHTIB Pi3HOT eIEeKTPOHHOT
CTPYKTYPH Ta 3HAXOJUKEHHS MOXJIUBHX NMPUIOMIB BIUIUBY
Ha piakodasHi i TBepAoda3Hi CUCTEMH, OCHOBaHUX Ha
TEpMIYHIN aKkTUBaLii peareHTiB, 3 METOIO BIATBOPEHHS iX
CTPYKTYPHO-UYTJIMBUX XapaKTEPUCTHK.

OpepxaHi  BIacHI pe3yJabTaTH Ta BiJOMOCTI 3a
TEeMaTUKOIO JOCII[UKEHHS BKa3ylOTb Ha MOXKIUBICTb
kepyBaHHs (izmyHumMu  BrnactuBocTsIMH P3E-BMmicHMX
6araTOKOMITOHEHTHUX MIEPOBCKITOMOIIOHIX a3
BapilOBaHHAM pO3MIPOM YaCTHHOK SIK 3a PaxyHOK
BUKOPHCTaHHS METONIB (pOpMyBaHHS, Tak 1 3a paxyHOK
3MIHM TEMIEpaTypd W IHIIMX TEXHOJOTIYHUX (aKTOpiB
IXHBOTO CUHTE3Y.

Taxe BUBYCHHS YMOXJIMBIIOE  PO3YMiHHS
0cOOIHMBOCTEH 1 MOMKITHBOCTEH KOHKPETHUX PErJIaMCHTIB
(hopmyBaHHs CTPYKTYPHO-YYTJINBHUX (hiznyHNX
BJIACTUBOCTEH TBEPAMX PO3YHMHIB MEPOBCKITOMOIIOHNX
OKCH/IIB, MEePCIICKTUBHUX Ut NPaKTHYHOTO
BUKOpUCTaHHs. [Ipu 1BOMY, BCTaHOBIICHA pPO3MipHA
3aJIeKHICTh HAWOUIBII 3HAYYIIMX BIJIACTHBOCTEH TaKMX
MaTepialliB Ja€ BiAMOBiAb, YW HEOOXITHO OIEPKYBATH
JaHUi Martepian (kjlac MarepiaiiB) 3 HaHOIUCIIEPCHOIO
CTPYKTYpOIO Ta SIK 3MIHHTH HOTO CKJIaJ], BMICT 4H CIIOCIO
(¢opMmyBaHHS IJIi OTPUMAaHHA BiAYYTHHUX 3MiH B HOTO
CTPYKTYPpi, MOp(oJIorii, BTacTHBOCTSX.

HaiiHoBiTHIII fAaHi mpo pe3ynbTatd  MOAIOHHX
JIOCITIJPKEHb JIAJIEKO HEPIBHOLIHHI, Y Psi/ii BUIIAJIKIB BOHH
3yMOBJIEHI BEIIMKUMHU eKCIIePHMEHTATbHIMH
CKJIQIHOII]AMH, 4aCOM HOCATH CYINEPEWIMBHH XapakTep i
HE JJal0Th IIOBHOTO YSABJICHHS PO KOMILJIEKCOYTBOPIOIOUY
3IATHICTh PIIKICHO3EMEIbHUX €JIEMEHTIB y MOHIOHHX
o0‘exrax. OpHO3HA4HIN iHTepHperarii mepediry BuILe
BKa3aHUX HpoIeciB 4acTo 3aBa)kae TaKOX
IHKOHIPYEHTHHI XapakTep pPO3YMHHOCTI (ILIABJICHHS)
YTBOPIOBaHUX MPOMDKHHX (a3, OJHOYACHE CITIBICHYBaHHS
JICKIIbKOX METacTablIbHUX (OPM MPOAYKTIB TEPMOII3Y;

YTBOpPEHHSI rerepo-(a3, 3alexHICTh iXHBOI (opmu
iCHyBaHHsI BiJI mepeaicTopii camoro mnpotecy (MOXKITUBHNA
amMopdHUII YM  TOraHO  3aKPHCTATI30BaHMW  CTaH

npekypcopiB [10]), ckiaaHiCTh HPOLECIB, MPOTIKAYMX
Ha TPaHWLAX 3€peH Y MONIKPUCTAIIYHUX CHUCTeMaX, SKi
BU3HAYAIOTHCA  OCOOJIMBOCTAMM  XIMIYHOI  B3aeMomil
KOMIIOHEHTIB CHCTEM, HEPIBHOBAXHICTIO NPOTIKaHHA
MIEpEeTBOPEHb Ta HASBHICTIO JIMITYIOUMX iX CTamii Ta
IHIIMMHY iICHYIOUMMH YUHHUKaMH. ToMy HasiBHI BiZIOMOCTI
IIOA0 CTaHy 1 MOJMKIJIMBUX HANpsIMKIB YJOCKOHAJICHHS
TEXHONOTi  cTBOpeHHS  okcuaHux  P3E-BMicHuHX
NOJTi(QYHKIIOHATBHIX MarepiajiB, iCHyIOYi BHUMOTH JI0
iXHBOT CTaOITBPHOCTI ¥ BIATBOPIOBAHOCTI BJIACTHBOCTEH
IHIIFOBAJIV TIPOBENICHHS HAIIIOTO JTOCHTiIXKCHHS.



La(NO; );6H,0 Sr(NO;), Ga(NO,);xH O Mg(NO; );6H,0 Co(NO;);6H O
I | | |
Po3uuHenHs y BoJi
ity
H,NCH,COOH

IlepemimryBanus
i BumapogrysanHs (~70 °C)

HarpiBaHHst rycToi Macu
JI0 caMmo3aiiMaHHs
(200-300°C)

Bunanenus
(1000°C, 2 roguamn)

YTBOPEHHS OPOILUIKY
La Sr,,Ga 3Mg,,Co,,0;4

Puc. 1 — IocninoBHicTs onepariit GopMyBaHHS IIEPOBCKITONONIOHUX OKCHIHUX
(a3 Laj gSry,Gay sMg (.1C0g 1 O35 TIIIHUH-HITPATHAM METOIOM

MeTtonuka npoBeIeHHs eKCIIEPUMEHTY.

Y poOoTi 1Sl OWIHKK MOKIMBOCTI KEpyBaHHs
BKa3aHMMHU IIpollecaMd W OJEp)KaHHS MarepialiB i3
3aJaHUMH BJIACTHBOCTSAMH Yy SIKOCTI MOJEJBbHUX BHBYCHI
cucrema Me(NO3), — Ln(NO;); — H,O (Me — Mg, Ca, Sr,
Ba; Ln — Nd) (muB. taba. 1, 2, puc. 2, 3), KOMIIOHEHTH
SKUX 33Jal0Th TEXHIYHI XapaKTEPHUCTHKH IPOIAYKTY
cHHTe3y a00 MoauQikyloTh #Horo (i3W4HI BIACTUBOCTI.
Bubip pmnst  nmocnmijpkeHHsST  HITpaTy — HeoguMmy  (SIK
MPE/ICTABHUKA PIiJKICHO3EMEJIbHUX EIIEMEHTIB I1epieBoi
miArpynu) OOYMOBJIEHHH ICHYIOUMMH CTaTUCTHYHHMHU
JAHUMH TIPO HaHOIJbIIY BIPOTIAHICTh 3MIHU CKIJIAAy YU
CTPYKTYpH CIIOJYK, YTBOPIOBAaHMX HEOIMMOM, IIpH
Mepexo/Ii 1Mo IPUPOJHOMY PsIy Bill JJAHTaHY 0 JIFOTELIO.
BuGip 3HaueHb TemieparypHux nepepizis 25, 50, 65°C
JUIs  BUBYEHHS  I30T€PM  PO3YMHHOCTI  CHCTEM
oOyMOBJIEHMII ~ HECTIMKICTIO  rekcaripara  HIiTpaTry
HEo/IMMY 1 OYaTKOM IUIABJICHHS HOTO0 y KpHCTaTi3aliiHii
Bomi npu 68°C, Bumle sKOi BiH nepeOyBae y pimkomy
CHJIbHO B’SI3KOMY METacTabijIbHOMY CTaHi.

JUis 3’sicyBaHHSA XapakTepy XiIMIUHOI B3aeMogil i

(a3oBux piBHOBar y BOJHO-COJBOBHX  CHCTEMax
JIOCITLIPKYBAHHUX HITpaTiB (mpexypcopis
06araTOKOMITOHEHTHUX OKCHIHUX IT0JIi(DyHKITIOHATbHAX
MarepialiB) y MOBHUX KOHIIEHTpaniiHIX
CHIBBIHOIIEHHSAX B  TEMIeEpaTypHOMY  Jliara3oHi

ICHYBaHHS PpO3YMHIB BHKOPHUCTaHMH MeETOX J00aBOK,
omucannii B [12, 13] i ocHOBaHWUH Ha JOCHIIKEHHI
PO3YHMHHOCTI SIK OJHi€l 3 BIACTHBOCTEH HAHOUIBII
,UYTIUBUX" JI0 BHUSBJICHHS (Da30BHX IEPETBOPEHb Y
CHCTEMAX, 1[0 € OJHOYACHO MaPaMeTPOM TXHBOTO CTaHy, 1
JO  TOr0 >  MOPOCTHMH  JOCTY[IHUMH  HUHI
EKCIIEPUMEHTAIbHUMU ~ METOJaMHu.  MeTon  J103BOJISIE
3HAlTH MeXi CaMOpPO3BHUTKY, [0 SKHX MPSIMYyE
KOHKPETHUX YMOBaX B PIBHOBOXHOMY CTaHi 130JIbOBaHA
cHUCTeMa 3aJaHOro CKJaay. 3 METOH IIiJIBUILEHHS
JIOCTOBIPHOCTI ~ OJIEp)KYBaHUX  JaHUX  BHKOPHUCTaHE
OJTHOYAaCHE KOMIUIEKCHE JIOCHI/DKEHHS  PO3YMHHOCTI
KOMIIOHEHTIB CHCTEM, T'YCTUHH 1 BiTHOCHOTO TMOKa3HHKA

3aJIOMJICHHsI CBITJIa IXHIX po3uuHiB. BusiBiena no0pa
Y3rOJPKEHICTh OJIePKAaHUX Pe3yJIbTaTiB.

PiBHoBara (a3 nocsranacs mporsirom 1-2 nio. Y
SKOCTI BHUXIJHUX COJIeli BUKOPHCTOBYBAJIM TiJIpaToOBaHi i
0€3BOJIHI HITPaTH BKa3aHUX €JIEMEHTIB MapKH «4.J1.2.%.

XiMmiuHU# aHami3 piakux 1 TBepaux a3, «3aIUIIKIB»Y
npoBoiTH Ha BMict ionis Nd**, Mg, Ca*, Sr*", Ba*".

: 3+ 2+
Bmict Ln” Bu3Hauanu TpuiIOHOMETpU4yHO; Mg~ —
2+ 2+ 2+
00’€MHHM METOIOM; Ca™, Sr, Ba -
KOMIUIEKCOHOMETPUYHUM TUTPYBAaHHSAM 3aMiCHHKA Y

dinbpari, 3BimeHenoro Bin Ln’* amiaurmm Gydepom.
OpnepkaHi eKCHepUMEHTANIbHI JIaHI 3 BUBYEHHUX CHCTEM
JUIL OKpEMHX 10HIB IEpepaxOBYBAINCh HA COJbOBHI
BMICT, y3araJlbHIOBAJIKCh, 3BOAWINCH y Tabmumi 1, 2 i
3riIHO 3 TPHHIMIIOM BIiAMOBITHOCTI HAaHOCHJINCH Ha
MOJITEPMIYHI JliarpaMu PO34MHHOCTI cucteM (puc. 2, 3).
I'padiune BigoOpakeHHS CKJaqy TBepaux ¢as, 1o
YTBOPIOIOTHCS B cHcTeMax, TIPOBOIHIIH 3a
CkpettnemakepcoM [12, 13]. XimivuaMA aHANTI3 BHIUICHIX
B MOHOKPHCTaJIYHOMY BHWIJISI IIOABIHHHMX HITpaTiB
MiATBEPIKYE CITIBBIHOIICHHS MK MacaMd €IEMEHTIB y
HaBENICHUX BHINE (popmMyrax. Ixuro IHIMBITyaTbHICTh
1 ATBEpKYBAIH TaKOX KPHCTAIOONTHYHUM,
peHTreHoda3oBuM, TepMorpadiqanMm, 9-
CIICKTPOMETPHYHUM Ta iHIIMMH METOJaMH aHaNTi3y.

Pe3ynbTaTn ekcniepuMeHTy Ta iXHE 06r0BOPEHHS.

VY cucremax 3 BUKOPHCTaHHIM KOMIUIEKCY (i3uKO-
XIMIYHMX ~ METONIB  BCTaHOBJCHO  3aKOHOMIPHOCTI
KOMIUICKCOYTBOPEHHS JIAHTAHOIJiB; KINBKICTh, CKIIa,
XapakTep PO3YMHHOCTI, TEMIIEpaTypHi Ta KOHIIEHTpaLiiHi
MeXi KpucTamizauii ¢a3; 1noOyJoBaHO IOJITEPMIiuHI
JiarpamMy pO34MHHOCTI (SIK IPUKIIAM, TUB. pUC. 2, 3).

Jani mpo xapakTep B3aEMOAil  CTPYKTYpHHUX
KOMIIOHEHTIB y CHCTeMax HITpaTiB eJIEeMEHTIB LepieBoi
miarpynu i Mg, Ca, Sr, Ba cBiguarth mnpo Te, 1o jiuiie y
MarHi€eBUX CHCTeMax B TEMIIEpaTypHOMY iHTepBali
ICHYBaHHsI ~ PO3YMHIB  YTBOPIOIOTBCS  KOHIPYEHTHO
posurHHI [Mg(H,0)6]3[Ln(NO3)s]'6H,O, B iHIIMX — HOBI
TBepAi (a3u HE YTBOPIOIOTHCS (CHCTEMH EBTOHIYHOTO
THUILY)



Ta6muus 1 — Jlauni 3 BUB4eHHs (asoBux piBHOBAr y cuctemi Mg(NO;3), — Nd(NOs3);— Hy0 npn 25 — 65°C

Hacuyenuii po3uun

Touku cxiany Ckuan, mac. % BrnacruBocrti Cxiaz «3anumky», Mac. % | Tepai (basn*
t,’C Mg(NO;), | Nd(NOs); | dx 10°, ki n Mg(NO;), | Nd(NO;);
1 2 3 4 5 6 7 8 9
25 | 1A 41,69 0,00 1,389 1,4100 57,61 0,00 A
2~ 56,60 - 089 Te x
3 49,50 9,26 A+B
4 [ B, 41,16 121 1,394 1,4104 ] 40,93 ] 23,74 Te x
5 ) L 31,27 39,05 B
6 34,99 8,87 1,192 1,4073 30,02 40,86 Te x
7 24,83 23,55 1,469 1,4166 31,06 41,74 «-»
8 16,26 35,81 1,698 1,4342 29,37 41,00 «-»
9 7,44 48,33 1,739 1,4417 27,97 42,49 «-»
10 ) ( 27,8 ( 42,81 «-»
11 C 4,18 55,29 1,982 1,4532 7,81 66,30 B+b
12 J L 1,17 L 72,02 3
13 D, 0,00 58,49 1,887 1,4551 0,00 75,25 B
50 [1 A, 45,35 0,00 1383 1,4129 57,80 0,00 A
2 56,62 0,00 Te x
3 \| |/53,84 |f 6,95 A+B
4 r B, 43,64 1,96 1,467 1,4144 44,10 18,78 Te x
5 J (37,32 (27,83 «-»
6 38,75 5,42 1,417 14112 30,61 39,61 B
7 30,88 16,06 1,460 1,4141 29,86 40,09 Te x
8 21,70 32,39 1,561 1,4253 28,18 41,03 «-»
9 13,68 43,35 1,718 1,4382 27,16 42,67 «-»
10 8,67 51,20 1,727 1,4472 26,62 44,23 «-»
11 1 ( 26,23 45,14 «-»
12 % C, 2,73 62,90 1,900 1,4659 17,50 54,83 B+b
13 L 393 [ 68,04 Te
14 D, 0,00 66,16 1,974 1,4667 0,00 75,28 B
65 | 1 A; 48,52 0,00 57,45 0,00 A
2 7 [ 56.39 2,64 A+B
3 } B; 45,94 1,99 48,68 11,48 A+B
4 J L 34,50 L 32,86 Te x
5 40,67 6,63 29,35 39,33 B
6 24,96 27,58 26,96 41,40 Te x
7 11,16 47,11 27,83 42,87 «-»
R (1939 (5499 B+B
9 Cs 2,29 68,27 5,19 68,97 Te x
10 J L 0,84 L 73,30 «-»
11 Ds 0,00 75,26 3

" A—Mg(NO3), -6H,0;

b~ Nd(NO3);-6H,0; B —[Mg(H20)]3[Ln(NO3)s]»-6H,0




Ta6mmus 2 — JlanHi 3 BuBueHHs pasosux pisHosar y cuctemi St(NOs3), — Nd(NOj3); — H ,0 nmpu 25 — 65 °C

Hacuuennit pozuun Cronax . sammmky”, wac, % .
t) 0 C Touxu Ckuan, mac, % Bractusocti Teepai
c Sr((NO3), | Nd(NO;); d x 10%, kv’ n Sr(NO3), Nd(NOs); i
2 3 4 5 6 7 8 9
25 1A, 44.6 0.00 1.539 1.4068 99.87 0.00 A
5 41.66 5.12 1.541 1.4084 99.32 0.00
3 30.71 17.66 1.547 1.4129 97.56 0.79
4 20.86 29.99 1.550 1.4164 95.87 1.52
5 12.58 41.84 1.569 1.4299 95.60 1.69
6 95.72 2.80
- Vs 5.94 56.97 1.873 14548 52.30 34.84 A'B
! 19.05 59.51 —
8 70.62
9
10 C, 0.00 58.49 1.887 1.4551 0.00 75.25 B
50 1A, 48.03 0.00 1.487 1.4055 99.91 0.00 A
2 39.75 10.75 1.544 1.4079 99.23 0.57
3 29.35 20.28 1.589 1.4184 97.57 1.39
4 14.38 43.08 1.623 1.4298 96.45 1.87
5 94.90 3.40
6 LB, 3.88 65.34 1.850 1.4691 13.73 64.75
7 7.26 9.76
8 G 0.00 66.16 1.974 1.4667 0.00 75.28 3
65 1 A; 48,60 0,00 99,92 0,00 A
2 33,85 13,40 98,23 0,69
3 25.84 23.91 98.11 0.85
4 10.93 40.17 97.50 1.38
5 4.97 53.11 95.85 1.69
6 2.35 61.72 95.30 2.18
7 94.89 2.23
8 Bs 2.52 68.39 10.39 67.78 A+B
9 3,64 72,88
10 C5 0,00 71,58 0,00 72,26 3

*A— ST(NO3)2; B- Nd(NO3)36H20 .
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Puc. 3 — Ionitepma posuuanocti cuctemu Sr(NOs), — Nd(NO;3); — H,O nipu 25 — 65°C



KanbuieBy cucremy B iHTepBani temmeparyp 50—
65°C y NOBHHMX KOHIIEHTPAIL[iMHKUX CIiBBiIHONIEHHSX
coJiell BMBYMTH HE BJIAJOCS BHACHIJOK mepeOyBaHHs
JOCII/DKYBAHUX CYMIllled HE Yy KPUCTAIIYHOMY, a B
KJIEenoii0HOMY CTaHi.

Juis  cucreM  cTpoHIilo, Oapil0  xapakTepHa
ONMM3BKICTD CKIIAJIIB €BTOHIYHMX 1 (DIrypaTMBHHX TOYOK
PO3YMHHOCTI ~IeKcariipaty HITpaTy HEOIUMY. 3
MIIBUIIEHHSIM TEMIIEPaTypH CKJaJ| iXHIX HOH BapiaHTHUX
TOYOK MiHA€TbCs Maino. [lpu mpoMy crHocrepiraerbes
BUCOJIIOIOYA Jlisl HITpary HEOJUMY MO BIiJHOUIEHHIO IO
HITparTiB CTPOHLIIO 1 Oapito.

Y mnotpiitaux P3E-BMicHHX cucTeMax HIiTpaTHUX
MOTEPETHUKIB, 110 € HEBiJ’€MHUMHU CKJIJIOBUMH OLIBII
CKJIagHUX 0araTOKOMIIOHEHTHUX CUCTEM OOMIiHHI XIMiuHi
MEPEeTBOPEHHS TOYMHAIOTHCS BXE B DiaKid ¢asi, 3
MOMEHTY PO3YMHEHHsSI KOMIIOHEHTIB Y BOZl — CHJIBHOMY
HOJIPHOMY  PO3YMHHHKY.  MeXaHi3M  yTBOPEHHS
KOOPAMHALIHUX CIOJIYK MOXKHA TOSCHHUTH 3 TO3ULIN
KOHKYPYIOUHX TMPOLICCIB 3aMIICHHS MOJICKYJI BOIH Y
HallOmpkaomy — otouenni  Ln'"  ma  NOj-rpymm,
PO3YNOPSAAKYBaHHS CTPYKTYPH PO3YHMHIB BBEACHHSAM JIBOX
3apsAAHAX KaTiOHIB Mg2+, Ca*, Sr*', Ba®, BIUIUBY
TemriepatypHoro ¢akropy. CTymiHb MOBHOTH 3aMilllCHHS
3anexuTh Big npupomu Ln’', mpucytHix katiomis Me®,
BJIACTHBOCTEH CIICKTPOHHOJOHOPHHX AaTOMIB KHCHIO Ta
MIPOCTOPOBOT OymoBu JITaH/IB, KOHIIEHTpaIIii
SNIEKTPONITIB 1 Temmeparypu.  CrocrepiraroTbes
BIIMIHHOCTI Y  KOMIUIEKCOYTBOPIOIOWii  31i0HOCTI
CIIEMEHTIB IIepieBoi U iTpieBoi miarpym, itpiro. ¥Yci
BUSBJICHI MarHi€Bi KOMIDICKCHI HITpaTd JIAHTaHOIJIB
[EPIEBOI MIATPYIU CHHTE30BaHI B MOHOKPHCTATIUHOMY
Buzi (po3mipom 4-30 MM), BHBYEHO IXHI ONTHMAalbHI
YMOBH ojiepkaHHS 1 (opmu pocty. [ocmimkeHo iXHIO
aTOMHO-KpHCTaIiuHy OynoBy, (opmMu KoopaMHALIHHUX
NoJieapiB, TUNOM  KOOPAMHALII  JIraHIiB,  HU3KY
BiactuBocTed. Kpucranu Takumx crnoinyk mnoOyJoBaHi 3
ionis mBox Tumis [Mg(H,0)]*" i [Ln(NO;)e]”, 38’ s3ammX
H-3B’s3kaMu  MOJIEKYJ BOIM, IO BXOIATh IO CKJIAIY
KOMILJIEKCIB, 1 «BUTbHUX.

BucHoBKH.

1. PesynbraTn IOCIHIIPKEHHS CBII4AaTh, L0 MPOLECH
onepxkaHHsi OKCUIHMX P3E-BMiCHMX KOHCTPYKIIMHUX 1
(yHKIIOHAIBHUX MaTepialiB Pi3HOTO0 MNpPU3HAYEHHS 13
BUKOPHCTAHHSIM HITPATiB €JIEMEHTIB Pi3HOT eIEeKTPOHHOT
CTPYKTYypH XIMIYHHM 3MIIIYBaHHIM BUXIJHUX
KOMIIOHEHTIB IIpU CIIJIBHOMY BUJIJICHHI MPOAYKTIB 13
piakoi ¢a3u MocmiJOBHHUM YH CYMICHUM OCAJDKEHHSIM 3
HACTYITHUM TEPMOOOPOOJICHHSIM BiI0YBaIOThCS CTAIIHHO,
yepe3s yTBOPEHHs HM3KH TIPOMiKHHX (a3. Ixmiii ckman,
BMICT 1 TOBEIiHKa B KOXXHOMY KOHKPETHOMY BHIAJKY
HOTPEOYIOTh MOMEPEHIX CHCTEMHUX EMITIPUYHUX 3HAHb
npo  IXHIO  CyMiCHY  TIOBEHIHKY B  IIOBHHUX
KOHIEHTPALIMHAX  CHIBBIIHOIICHHAX y  3aJaHOMY
TEeMIIEpaTypHOMY iHTEpBaJIi.

2. BusiBiieHO BiZIMIHHOCTI B MOBEIHII CTPYKTYPHHUX
KOMITOHEHTIB Y CHCTEMax JIaHTaHOIiB 1epieBoi i iTpieBoi
miarpyn, y iXHbOMY XapakTepi B3aeMoJil, CTamiiHOCTI,
0COOJIMBOCTAX 1 3aKOHOMIPHOCTSIX TIepeoiry.

3. OpeprkaHi HOBI 3HAHHS CTAHOBJISTH OCHOBY JUIS:

— TMOIIYKY CITOco0iB 30UTBIIEHHS aKTHBHOCTI Ln-

bopm;

— 3’siCyBaHHsS MPHUPOIM IOCITIJOBHUX TEPMIUHUX

MepeTBOPEHb y HITpaTHUX P3E-BmicHHX
0araTOKOMIIOHEHTHHX ~CHCTEMaX pI3HHX arperaTHux
CTaHIB Yy XOAi iXHBOro TepMOOOpPOOIIEHHS; YMOB

YTBOPEHHS il ICHYBaHHS, BIACTUBOCTEH MPOMDKHUX (a3;
BIUIMBaIOUUX (DAKTOpax; MOXKIMBUX CIOCOOIB KepyBaHHs
OJIep)KaHHs LiTBOBOTO IIPOIYKTY;

— Yy pa3i CTBOpEHHS Cy4acHHX JOCKOHAIIHX
HHU3bKO3aTPAaTHUX TEXHOJOTIH CHHTE3Y (YHKIIOHAJIBHUX
MarepiajliB pi3HOTO NMPHU3HAYEHHs 13 BiJATBOPIOBAIbHUMH
BJIACTUBOCTSMH
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