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YCJIOBHBIE OBO3HAYEHUA U COKPAIIEHUSA

M"(BH,),) - 6Goporuapuisl MeTanIos;
M"(AIH,), - adroMOruaIpHIBI METAILIOB;
M — MeTabI;

TXD - Tabnauia XUMHUYECKUX DJIEMEHTOB;
[IIM - mieno4YHble METAJLIIbI;

I13M — ménouno3eMeIbHbIC METAILIbI,
P3M — penko3zemMenbHbIE METAILIBI;

TI'® — rerparuapodypas;

JAM — mUriavM Wi JUMETHIIOBBIN 3QUpP AU THIICHTIIUKOIS,
UK - uadpakpacHas ClIeKTPOCKOMHS;
SAMP — simepHOMarauTHBIA PE30HAHC;

P®A — pentrenoda3oBblii aHAIN3.



BBEJIEHUE

Axmyansnocms memsl. Hanbonee MHTEPECHON U MEPCIIEKTUBHON 00JIaCThIO
COBPEMEHHOW TEXHOJIOTMH SIBISIETCS XUMHUS M TEXHOJIOTHS COeIMHEHHU Oopa H
ATIOMUHUS.

Boporuapuabl 1 aTIOMOTHAPUILI METAIIOB MPOSBISIIOTCSA B 3P (HEKTUBHOCTH
BOJOPOJIOHOCUTEIIBHOCTY U BEChMa  peaklUOHHOCTOcoOHocTH. B camom
Ooporuapujie TUTUs, K IpuMepy, npucyrctByet 18% ruapuaHoro Bogopoaa.

B mpomeccax monmMepuszanuu M MOJYYEHUH TOTYMPOBOJAHUKOB, a TaKXKe
IJICHOYHOTO TOKPBITUS OOPOTUIPHUIBI U ATFOMOTHUIPUJIBI METAIIJIOB HCIOIB3YIOTCS,
KaK MCTOYHUKH BOJIOPOJIA, KATATM3aTOPHl M aKTUBHBIE BOCCTAHOBUTEIIH.

3HauUUTENbHAS JHEPrOEMKOCTh OOPOTHUIPUIIOB U AITIOMOTHUIPUJIIOB JIETKUX
METaJUIOB IIO3BOJISIET HCIIOJIb30BaTh WX B KauyeCTBE KOMIIOHEHTOB TBEPJIOTO
PaKeTHOTO TOIUIMBA. bBOPOTHAPHUIALI H  ATOMOTHAPHUIBI METAJOB  SIBISIIOTCS
HocutensiMu DHy-rpynmel (tne D = B, Al), u npumeHsroTcs A MOTy4eHUs
O0opoBoaOpoIbI, KapOopaHnsl, coequnenus, AlHs;, coxepxaiue nmoausapudeckue u
MOJIUTUAPUIO00pATHBIE TUAPUIIHBIE AHUOHBI, TaK e I JIETUPOBaHUA OOpOM
METAJUIMYECKUX TTOBEPXHOCTEM.

B xumun u ananmse, 60po- W aTIOMOTHIPHUABI IICIOYHBIX METAIOB CTAJIA
OCHOBHBIMH p€areHTaMu, M Ha CETOJHAIIHBIA JeHb TOJyueHue Oopo- W
QTFOMOTHJIPUIOB JIUTHS U HATPUSI OCBOEHO B MPOU3BOJICTBCHHBIX MacIITabax.

Bce ke, ans momyudeHuss OOpo-M aTIOMOTHAPHUIOB METAIOB TPEeOYIOTCS
TPaJAMIIMOHHO JOPOTOCTOSIINE PEAreHThl, TaK KaK MPOIECC SBISETCS TPYIOEMKHUM.

B nacrosiei padote ¢ 1ebi0 yIeIIeBICHUs Mpoliecca MoydeHus 00po- u
ATIOMOTHUJIPUIOB IIEJIIOYHBIX METAJUIOB, W THAPUIA ATIOMHHHUS MPEIJIOKEHO
NOJyYeHHE MCXOAHBIX peareHToB — xyopuaoB 6opa (BCls) u amomunus (AICI,)
HEIMOCPEJICTBEHHO W3 OOPOCHJIMKATHBIX M  QJTIOMOCHJIMKATHBIX pyAd  IMyTEM
XJIOPUPOBAHMSI, YTO TIO3BOJWIJIO Jajiee TMOJYYUTh OOpO - H  aJIOMOTHAPHUIBI

IICJIOYHBIX METAJIJIOB U TUAPHUAA aJIFOMHUHNA.



Boporuapuabl 1meI0YHbIX METANIOB SIBISIOTCS, HECOMHEHHO, UHTEPECHBIMU
COCIMHEHHUSAMH, KAaK HOCHUTEIU CBOWCTB 3JEKTPOOTPHUIATENIBHOIO BOAOPOJA CO
BCEMH €ro KaueCTBAMH: DHEPTUYHBIM pPEarupoOBaHHEM C BOJOW, C BEIIECTBaMH,
COJlepKalllUMKH  TUAPOKCHIIbHBIE  TPYMIbI, CIOCOOHOCTHIO  BOCCTAHABIIMBATH
HEOPraHUYECKUE U OPTaHUYECKUE COCTMHEHUS.

B nurepaTtype mmMpoko omucaHbl METOAbI CUHTE3a OOPOTUIPHUIOB METAJUIOB,
ouncTka U (Qusuko-xumuueckue cgoiictea M"(BH,), C uenbio BeIOOpa ycIOBUi
PAKTHYECKOTO HCIOJB30BaHUsI OOPOTHUAPUIOB METAUIOB HIMPOKO HCCIEIOBAHBI
TepMHYECKas CTaOUIBHOCTh U TepMOaMHaMuueckue cBoiictea M"(BH,),

bonbmioe BHMMaHue B JUTEpAType YACIACTCS XUMHUYECKHM CBOMCTBaM
OOpOTUIPHUIOB IIEJTOYHBIX METAJJIOB: PEaKlUU THUIPOJIU3a, COJbBaTallid, OOMEH-
HOTO Pa3JIOKEHUs, BOCCTAHOBJICHHS] HEOPTAaHMUECKUX U OPTaHUYECKUX BEIIECTB.

B nwureparype Takxke mnpuBeneHbl TaOiuubl pactBopumocth MBH; B
pPa3IMYHBIX HEOPTraHWYECKUX U OPTraHUYECKUX PACTBOPUTENSAX, OOpa3oBaHUsA
COJIbBATOB, PAaCCMOTPEHBI  3JEKTPOXMMHUYECKHE CBOMCTBA —  DJIEKTPOJIM3,
noJisiporpaduyueckoe MmoBeJeHNE B BOAHBIX M HEBOJIHBIX CpeiaX.

Boporuapuab! mea0uyHbIX METAIIJIOB IIMPOKO MUCTIOJIB3YIOTCS: JIJISl TIOTyYeHUs
BOJIOpOJia, 1uOOpaHa U APYrux OOpOBOJOPOJIOB; MOJTYUYEHUsS] OOPUIIOB METAJJIOB;
OOpOTUIPHUIIOB TEPEXOMHBIX METAUIOB M JIETYYUX THAPHUIOB; MOITYYEHUS KOJUIIO-
UIHBIX CHCTEM; CHHTE3a TOJUDAPUYECKUX OOpPOTHIPUAHBIX COCIWHCHUN, B
IpOIECCe METAUIM3aI[Mi TOBEPXHOCTEH METaIoB, KEpaMUKH U IJIACTUKOB; B
TOTUTMBHBIX AJIEMEHTAX; BOCCTAHOBIICHUU KpacUTEJIEH NP OKpaITMBaHUU, OTOEIIKE
MEXOB U JIp.

Kax akTHUBHBII BOCCTAHOBUTENH M KaTAJIM3aTOP B MPOIECCaX MOJIUMEPU3AIIHH
npeBpameHuss (PYHKIIMOHAIBHBIX TPYII OpraHUYecKux coenuHenuir, MBH,
ITUPOKO TPUMEHSETCS TIPH TIOJYYCHHH IOJYIPOBOJHUKOB, B aHAJIUTHYCCKOM
XUMUU JJI1 KAYECTBEHHOTO M KOJIMYECTBEHHOTO aHaJN3a aHHOHOB M KATUOHOB.

3HauuTeNbHAsS JHEPrOEMKOCTh OOYCIABIMBACT BO3MOYKHOCTH TMPUMEHEHHS

MBH, B kauecTBe KOMITIOHEHTA TBEPIOTO PAKETHOTO TOILIMBA.



OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AJIOMOTHIPUIBI  IIEJIOYHBIX MeTawioB - MAIH,; — Takke mupoko
UCTIONB3YIOTCS B Pa3IMUHBIX 00J1acTAX TeXHUKH. Jlerko ruaponusyrommiicss MAIH,
UCIIOJIB3YETCs JUIsl ONPEIeTICHUsI BOJIbI, TUAPOKCUIOB U APYTHX BUIOB MOJABUKHOTO
BOJIOPOJIa B PA3JIMYHBIX opraHuueckux coeamHeHusx. MAIH, ymorpeGnsercs s
MOJIYYCHHUSI CHHTE3a JPYTrUX KOMIUIEKCHBIX THUIPHUAOB, TOKPUTHHA, TOIUTMBHBIX
AJIEMEHTOB, MOJIMMEPOB HA OCHOBE TUAPUJIOB, U JP.

ILlenvto nacmosaweit padomepl IBISAETCS UCCIICIOBAHUE U PA3BUTHE CITOCOOOB
MoJTy4yeHusi 00po- U aTIOMOTHUIPHUAOB IIeT0YHbIX MeTaioB (IIJM) HemocpeacTBeH-
HO U3 OOpcojepKalliX W alOMOCUIIMKATHBIX Py, CIIOCOOOM XJIOPUPOBAHHS C
UTOTOBOW B3aMMOCBsI3bI0 Mexay xsopumamu Oopa (BCls) u amomunus (AICI3) ¢
OMHAPHBIMU THIPUAAMHU U CUHTE3 THAPUIA ATFOMUHUS MEXaHOXUMHUYECKUM ITyTEM.

Pa3paboTka MOJENBHOTO CHUHTE3a TUAPHAA ATIOMHUHHS uepe3 OuHapHbIE
TUAPUIBI MIET0UYHO3eMETbHBIX MeTauioB (LL[3M).

3adauu uccnedoeanus:

- U3y4EeHHUE Mpolecca XJIOpUPOBaHUS OOPO- U ATFOMOCHIMKATHBIX PY/I C LIEIIO
MOJIYYSHHS] UICXOHBIX XJIOPUIOB OOpa U AIFOMUHUSA;

- TOJy4YeHue OOpOTUIPHUAOB MIEJIOYHBIX METAUIOB B3aUMOCHCTBUEM
THapUaa JUTUS Wid HaTpus co cMmeckto BF3 wu  BCl;, Haxoxnenue ycioBuit
oOpazoBanus 6oporuapuos 1[M;

- TMOJy4eHUE TSKENBIX QTIOMOTHAPUIIOB IIEIOYHBIX METAUIOB — Kajus,
pyouaMs U 11e3Usl C UCTIOIh30BaHUEM OOMEHHOMN peakiuu B cpejie AUTIINMa:

NaAlH; + MCI — MAIH, + NaCl, rne M = K, Rb, Cs.

- OYHCTKa aJTIOMOTHIPHAOB Kayus, PyOWUIus W II€3UsS BBICOKOH CTCTICHU
YUCTOTHI U3 JUTIIMMOBBIX PACTBOPOB M OMPECICHHUE TIIOTHOCTEN aIFOMOTHUIPHUIOB
METaJlIOB;

- u3ydYeHHe B3amMojciicTBus  amomormapumoB  Hatpus ¢ AlCl;

MEXaHOXMMHUYECKUM METOIOM U Tojy4eHue oopasmnos AlHs;
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- TepMoAMHAMUYecKoe OOOCHOBaHME IIPOILIECCOB TMOJy4YyeHUs Oopo- u
amomoruapuaoB I[I[[M, ycraHoBI€eHHME 3aKOHOMEPHOCTH MX W3MEHEHUS B
3aBUCHUMOCTH OT MPUPOIbI METAILIOB.

Oo0vexkmul u Memoovl UCC1e008aHUA, UCNOIb30BAHHAA annapamypa

OObBeKTaMH HUCCIIENOBAHUS SIBJISIIOTCS TIOMyYCHHsI OOpO- W aTFOMOTHIPHUIBI
M, myTem XJIopupoBaHUEM OOpCOAEpKAUUX PYA, TaHOYPUTOB MECTO POXKIACHHUS
Ak-Apxapa wu aprammThl Yamma-CaHra W KAaOJWHOBBIC TJIMHBI  3UJUIBI.
HccnenoBanue rmpolecca B3aUMOACHCTBUS XJIOpUIOB Oopa H  allOMUHUA C
OMHApHBIMU THUAPUJIAMU M CHUHTE3 THIApPUIA ATIOMHUHHUS MEXaHOXUMUYECKUM
METOJIOM.

OU3NKO-XUMUYECKUE HCCIICAOBAHUE CHIPbS M MPOAYKTOB HUX MEpepabOTKU
MIPOBOJICHBI C NMPUMEHEHUEM COBPEMEHHBIX METOJI0OB M O0OpYyJAOBaHHE, PEHTICHO-
¢dazoBblii aHanu3 (PDA), saepHoMarHUTHBIA pe3oHaHc (AMP), uHbpakpacHsbIii
cnektpockonusi (MK), MEXOHOXMMHUYECKUU METOJl C HCIOJIb30BAaHHUEM IIIapOBOM
MEJIbHUIIE U XUMUUYECKHE METO/Ibl aHalin3a. PazpaboTad MOACIHbBINA CUHTE3 TUIPUIA
amomMuHusa 4depe3 OuHapHbie ruapunbl I[3M c¢ ayrounmmpoBanueM. CocTaBieH
TEPMOJIMHAMHYECKUN aHaIN3 XapaKTepucTuk Oopo-u amomoruapuaoB M.
[IpoBeneHO MaTeMaTHUECKOE MOJEIUPOBAHUE MPOLECCA MOTYYEHUSI KOMIUIEKCHBIX
TUIPUAHBIX coenquHenui [1[M.

Cmenensv 0ocmosepnocmu u anpoodayus pe3yibmamos

CocrtaB, cTeneHb YUCTOTHI U CTPYKTypa MOJYYEHHBIX THUIPUAHBIX
coequueHu IIIM ycTaHOBIEHBI IPUMEHEHHEM IPEUU3UOHHBIX METOAOB AHAJIN3A.
PazpaboTtanHblii MOJEIBHBIM CHHTE3 IIO3BOJIAET ABTOMATHU3UPOBATH IPOIECC
MOJYYEHUs] Tuapuja amomMuHus udepe3 ruapunoB [I[3M ¢ BBICOKMM BBIXOJOM
MPOAYKTAa.

Pacyér TepMoaMHAMMYECKUX XapaKTEPUCTUK THUIPUIHBIX COCIAUHECHUM U
CTaTUCTHYECKass 00paboTKa  MOJETBHOTO  CHHTE3a TUApUIa  AJTIOMUHHUS

OCYUIIECTBJIEHBI C HCHOJb30BaHHEM KoMIbloTepHbIX mporpamm “MICROSOFT

OFFICE u MATLAB.
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OcHOBHBIE pe3yJIbTaThl JUCCEPTAIIMOHHON PaOOThI ObUIH JOJIOKEHBI U
00CYXJICHBI Ha CJICTYIONTNX HAYYHBIX KOH(EPEHITUAX !

MEXAYHapoJHble: MexayHapoaHas Hay4dyHO-TIpakTH4ecKas KoHdepeHus
«IlepcrieKTUBBI HCIOIB30BAHUSI MATEPUATIOB, YCTOMUYMBBIX K KOPpPO3UH, B TIPO-
MbiieHHOCTH Pecrybnmuku Tamkukuctany ([lymante, 2018); MexmyHapoaHas
KOH(pepeHIns «AKTyalabHbIe TTPo0eMbl coBpeMeHHOU pusukm» (Jymande, 2018);
VIl Mexnynaponnass koHepeHuust «llepcnekTuBbl pa3BUTHS HAyKd M 00pa3o-
Banus» (Jlyman6e, 2019); Mexnynapoanas koudepentnus TTY (dymanoe, 2019).

pecniyonukanckue: Xl HymanoBckue uteHust «JlOCTHKEHUS XUMHYECKOM
Hayku 3a 25 netr ['ocygapcTBeHHOM HezaBucuMocTH PecnyOnmuku TamkukucTan»
(dyman6e, 2016); XIV HymanoBckue urenus «Bxiaa Mononbix y4EHBIX B pa3Bu-
Tthe xumudeckoi Haykw» (Hymaunoe, 2017); xoundbepennus «CoBpeMeHHbIE MPOO-
JeMbl MaTeMaTuku u e€ npunoxenuid» (Jymanbe, 2018); XV HymaHOoBckue uTe-
HUs1 «COBPEMEHHOE COCTOSIHUE XMMHYECKOW HAyKHW M HUCIOJIb30BAaHUE €€ JIOCTH-
KCHHUU B HApOTHOM X03s11icTBe PecrryOnmku Tamkukuctan» ([Qymante, 2019).

Hayunasa nosusna pabomal 3aKiro4aetcs B pa3paboTKe:

- TIpoliecca XJIOpUPOBaHUSI OOpOCOAEpKAIIUX U ATOMOCUIIUKATHBIX DY/
TamKkuKucTaHa )T TOTYYSHUS XJIOPUIOB 00pa U aTFOMUHUS;

- TEXHOJIOTMYECKHX OCHOB TOJy4YeHUS OOpO- U QITIOMOTHUIPHUIOB JUTHS U
HATpUA U3 XJIOPUI0B O0pa, U aIFOMUHUS;

- MOJICTPHOTO CHHTE3a THJpHA aTIOMUHHUS C WCHOJIb30BaHWEM OWHApPHBIX
rugpuoB [[3M MexaHOXMMHUYECKUM METOJIOM,;

- NPUHIUIUAAIGHOM  TEXHOJOTHYECKHX  CXEeM CHHTe3a Oopo- |
TFOMOTHJIPUIOB IEJIOYHBIX METAJIJIOB;

- B OIIPE/ICIICHUE ONTUMAIILHBIX YCIOBUN MPOIECCa CHHTE3a aATFOMOTHUAPUIOB
KaJus, Ue3usi U pyouaus;

- TePMOAMHAMHUYECKOE OOOCHOBAHHME MPOLECCOB MOJY4YCHUsS OOpO-, alOMO-
ruapuoB 1M, 3akoHOMEPHOCTH M3MEHEHHSI TEPMOJIMHAMHYECCKUX XapaKTEPUCTHK

MpoHeCCOB B 3aBUCUMOCTHU OT IIPUPOALI METAIJIOB U UX MATCMAaTUICCKHUE MOICIIN.
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Teopemuueckana 3nauumocmsy padomel 3aKIIOYAETCS B pa3paboOTKe
TEOPETUYECKHMX OCHOB  XJIODHOM  mepepabOTKe MeECTHBIX ©Oopo - U
AMIOMOCWJIMKATHBIX pyA [ TOJYYEHHS KOMIUIEKCHbIX ruapuaoB 1M,
MPOrPaMMHUPOBAHHOTO  CHHTE€3a  THUApPUJA  AIIOMUHHS ~ B3aWMOJICHCTBUEM
amomoruapuaoB Hatpus u II3M, momenbHOTO ero cuHTe3a uepex OWHAPHBIX
ruapugoB I3M. IlpoBeneHo TepMoaMHaAMUYECKOe OOOCHOBaHUE MPOIECCOB
noixyyeHust 6opo-, amomoruzpuaoB LM c ykazanueM poJid SHTATBNUIUHBIX U
SHTPOMHUUHBIX (PAKTOPOB.

Ilpakmuueckaa 3unauumocmsv pabomer. llonydeHsl xnopuzabl Oopa u
ATIOMUHUA MyTEM OPSIMOTO XJIOPUPOBAHUS M3 MECTHBIX OOpO- M aTIOMOCHIIMKAT-
HbIX Pyl TamkxuKucTaHa C MOCIEAYIOIIMM HCIIOIb30BAHUEM HX JUIS IOJIYYECHUS
oopo- u amomMoruapuoB M. Ilpemioxensl NpUHIMIHAIBHBIE TEXHOJIOTUYECKUE
CXEMbl CUHTE3a OOpPOTMAPHUIOB JIUTHS U HaTpus. Pa3paboTan mporpaMMHUpOBaHHBIM
CHoc00 CHHTE3a THPH/Ia ATFOMUHHS MEXaHOXUMUYECKUM METOOM.

[lony4yeHHble TEPMOAMHAMUYECKUE XaPAKTEPUCTHUKUA HOCAT CIPABOYHBIN
XapakTep U MONOJHAT OaHK TEPMOJUHAMUYECKUX BEIHUUH.

[Tomydyeno 2 manpix narenta PecnyOnuku Tamkukuctan u 1 mojgoXuTeIbHOE
pelnieHue o Bbigaue Majoro nateHra PecnyOnuku TapKuKrcTas.

Ha 3auwyumy evinocamcs:

® TEXHOJOTMYECKHE OCHOBBI YCJIOBHMM CHHTE3a HCXOIHBIX XJIOPHIOB Oopa u
AIOMUHUSA U3 00pO- U AIFOMOCHIIMKATHBIX PY/I;

® TEXHOJIOTUYECKUE OCHOBBI CHHTE3a OOPOTHAPUAOB U AITIOMOTHAPUAOB JIUTHS
U HaTpus U3 XJIOPUA0B O0pa, U aTOMUHUS;

® CHUHTE3 U OCOOEHHOCTH OYMCTKH ATFOMOTHAPUIOB Kausi, pyOuaus U 11e3usl;

e ompefereHue IUIOTHOCTA aTIOMOTHIPUAOB Kalus, pPyOuauss M 1Le3ust
NUKHOMETPUYECKUM METO/I0M;

® IPOrPAMMHUPOBAHHBIA CHHTE3 THAPUIA AIIOMHUHHS C HCIOJIb30BAaHUEM

OouHapHbIx ruapusioB 3M;
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e pa3pabOTKa NPUHIMIHUAIBHBIX TEXHOJOTMUYECKMX CXEM CHHTe3a 0opo- u
TFOMOTUJIPUIOB IEJIOYHBIX METAJIIOB;

® TEPMOJMHAMHYECKOE OOOCHOBaHHE TMPOLECCOB TMOJyuYeHUs OOpo- H
amomorunpuaos IIIM, ycraHoBieHHEe 3aKOHOMEPHOCTHM HX HM3MEHEHHS B
3aBUCUMOCTH OT IPUPOIbl METAJIIOB.

Juunvui  6xkna0  aemopa.  ABTOPOM  JIHCCEPTAMOHHOW  pabOTHI
chOpMyIMpOBaHBl 1€MW  3aJladyd  HCCIEJOBaHUs, IMPOBEACHBI  aHAIIN3
JUTEpAaTypHBIX  JAHHBIX 1O  TeMme,  HHTepOperamuss U oOpaboTka
HKCIIEPUMEHTATIbHBIX pE3yNbTATOB, c(hOpMyIUPOBAHBI BBIBOJIBI. Bce
DKCIIEPUMEHTAJIbHBIC JIaHHBIE, BKJIOUYEHHBIE B JAUCCEPTALUIO, TOTYYEHBI JHUYHO
aBTOPOM WJIM TPU €ro HEMOCPEJACTBEHHOM YYacTHUH, O(OpMIEHbI B BHJE
myOTUKaIHiA.

Iyonuxkayuu. 1lo Teme auccepranuu ObUTH OnyonMkoBaHbl 13 pabot, 2 u3
KOTOpBIX CTaTbl B JKypHaiax, Bomenmme B peectp BAK-a mpu Ilpesmaenre
PecniyOonuku Tamkukucran, 2 crareid B MEXKIyHapOJIHBIX >KypHaliax U 9 B
MaTepuanax KOH(PEpEeHIHH MEeXAYHApOIHOIO M PECIyOJMKAaHCKOTO YpPOBHEW.
[Tonyyeno 2 wmanbix mateHTa PecnyOnmuku Tamxukucran U 1 TONOXHUTENIbHOE
peleHre o Bbigade Manoro natenra Pecnybnuku TamkukucTaH.

00vém u cmpykmypa ouccepmayuu. Jluccepraiuonnasi pabota COCTOUT U3
3 riaB, 3aKJIIOYCHUS, BBIBOJOB M CHHCKa JUTEparyphl. Jlucceprammsi m3mokeHa
Ha 134 cTpaHuI] KOMIBIOTEPHOTO HAbOpa, BKiIo4ast 12 tabmun, 40 pucynkoB u 188

HAaMEHOBAHUN JINTEPATYPHBIX HCTOYHUKOB.
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I'JIABA 1. IOJIYYEHUE U CBOVICTBA BOPO- U AJIIOMOT'UJIPUI0OB
METAJJIOB U TUJAPUIA AJTFOMUHUSA (O630p muTeparypsl)
1.1. ITosryyenune u cBoiicTBa DoporuaApuaoB S-, d- u 4f-371eMeHTOB

Boporuapunel metainoB — HauOoyiee pacnpoCTpaHEHHBIE KOMILUIEKCHBIC
ruapuabl. B Hacrosimee Bpemss B JuTeparype MOAPOOHO OMHMCAHBI CHHTE3 U
(U3NKO-XMMHYECKUE CBOMCTBA OOPOTHIPUIOB S-251eMeHTOB [1-8].

Boporuapuasl MeTauIoB MO THUILY CBSI3U AEJATCS HA MOHHBIE U KOBAJICHTHBIC
ruApubl. TUNAYHBIMU TMPEICTABUTEISIMA HOHHBIX OOPOTHUIPHUIIOB  SIBIISIOTCS
Ooporuapuabl S-3JeMeHTOB [6-8].

Boporuzapuapl 1ENOYHBIX U IIETOYHO3EMENBHBIX METAIOB  OOBIYHO
MOJIYHarOT B3aMMOJIEHCTBHEM OMHAPHBIX THAPUIOB C TUOOpaHoM [6, 7]:

2MH+B,;Hs=2MBH, (1.2)

WM B3aUMOJEHCTBUEM rajoreHuA0B 00pa ¢ OMHAPHBIMU THAPUIAMHU:

4LiH+BCl;—LiBH,+3LICl. (1.2)

B paborax m monorpadusx [1-8] mnoapoOHO M3ydeHbI CHHTE3 U (PU3IUKO-
XUMHUYECKUE CBOICTBA OOpOrMApUIIOB S-ayeMeHTOB. HaliieHsl onTuMalibHbIE
napameTpbl CHUHTE3a YyKa3aHHbIX OOpOTHUIPHUIIOB METaUIOB. XOTS CHHTE3
OoporuapuaoB JIMTUSA W HaTpus, a Takke LIAIH; HamakeH B mpon3BOJACTBECHHBIX
MacmTabax, BOMPOCHI YACIICBICHUS CTOMMOCTH 3THX LEHHBIX BEILECTB SBISIETCS
aKTyaJbHOU MPOOIEMOiA.

[lepBbIM B HUCTOpUM CHOCOOOM TIOJMYyYEHHUS OOPOTHAPUIOB MEPEXOIHBIX
METAJIJIOB SIBJISIETCS PEaKIUsl AJIKHJIbHBIX COCIUHEHUN U aJKOKCUIOB ¢ JUOOpaHOM
[9]. Tem He MeHee cymiecTBYeT OOIIMI HEIOCTATOK B CHOCO0aX MOJYYCHHUS
OOpOruapHUIOB METAIOB, MPUMEHSIOMKE AUOOpaH: HE 3aBeplICHHas O KOHIA
peakiusi NPUBOAUT K 3arpsA3HEHUI0 MOJy4yaeMoro Ooporuipuia MNpoayKTaMu
HETMIOJIHOTO  3aMElICHUsA. Takke MO0 IPUYMHE BBICOKOW TOKCHYHOCTH U

B3PBIBAEMOCTH B CMECHU C BO3JlyXOM JuOOpaHa, OepupoBaHUE C HUM HEOE30MacHO.
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JletydecTh 1 HU3Kasa Temieparypa CKUKEHUS (T, =-92°C) nubopaHa noCTaBIsET
HEYM0OCTBAa TP MCTIOIH30BAHNH.

HaubGonee ynoO6HO MoMyduTh OOPOTHAPHUIBI MEPEXOIHBIX METAJIOB OOIIMM
METOJ/IOM, IyTEeM pEaKIMu OOMEHa MX TaJIOTeHUJIOB C OOPOTUIPUAAMH ATIOMUHMUS
i ke ooporuapunamu [I[M. Baxuyio poJsib B 3TOM mpoliecce sIBISETCS MOoa00p
pPacTBOPUTEIIA:

M"Cl, + nM'BH, — M"(BH,), + nM'CI. (1.3)

OcymiectBnenne  peakiuu  (1.3)  ycraHaBiuBaeTcs  OTHOIICHUSIMU
PacTBOPUMOCTU PEAreHTOB U MPOYKTOB, a TAKXKE JOHOPHOM CHUJION PacTBOPHUTEIS.
OnHako, 1a)ke eciu BBICOKAsl TIOHOPHAs Cchjia CIIOCOOCTBYET B3aWMOJCHCTBUIO, OHA
TaK >K€ MPUBOJUT K MPUOOPETEHHUIO COJIbBATHPOBAHHBIX OOPOTHUIPHIIOB, TaK Kak
aTOMbl U MOHBI METAJUIOB BEAYT ce0sl Kak KUCIOTHI. [IpeBpalienust mo ypaBHEHUIO
(1.3) TpeOyrot u3dnITKa pearenta MBH, [11], Hampumep:

2TiCl, +8LiBH, — 2Ti (BH,); + 8LICI +B,Hg +H.. (1.4)

OrcyrctBuM u30bITKa Ooporugpuaa IIIM  BblgaeTr MPOIYKTHI  JUIIb
gyactuunoro 3amemenus M"(BH,)nCly [ToydyeHsl OOPOTHAPUIBI  CO
CMELIAHHBIMU JIMTAHAaMK Ul psaa Metamios, Hanpumep M"(BHg)nxLy, rme L —
rajiousi, GocopopraHNYecKuid OCTATOK, LUUKIONEHTaArueHa1 u nap. Kak mpasuio,
auraHg L okaspiBaeT  cTaOWMIM3HpYyHOIIee  JICMCTBHE, TakXke, Kak U
KOOPJIMHUPOBAHHBIC MOJIEKYJIBI pacTBOpUTes [3-5].

[ToxazaHbsl HHIUBHUAYATbHBIC OOPOTHAPUILI U COSTUHEHUS CO CMEITaHHBIMH
aurangamu d-mepexoausix MetamuioB B tadmune 1.1 [9, 10, 11-29].

[Ipu peiictBuM gubOpaHa Ha aJKOTOJATHI JIAHTAHOUJOB B  Cpele
OpPraHUYeCKHX PacTBOpUTENEH ObUTH TOoTy4eHbl Ooporuapu sl f-aaementos [30].

Bropbim crioco6om moirydeHust 6oporuapuaoB f-ajaemMeHToB sBisieTcst 0OMeH
peaknuy  XJOPUIOB  JIAHTAHOMJOB C  OOpPOTHIAPUAOM JIMTHS B Cpele
tetparuapodypana (TT'D) [31-35]. JlanHbIi criocob CIIOKEH ¥ BHaYaIe MPUBOIUT K

obpazoBanuio xjaopooporuapuaos Ln(BH,),Cl [31-35].
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Ta6muna 1.1 - MaauBuayanbHbie OOpOTUAPH/ILI K COSTUHEHHUS CO CMEIIaHHBIMY JTUTaHaaMu d-11epeXoIHbIX METAILJIOB

Ti V Cr Mn Fe Co Ni Cu
3d | Ti(BHy)3 V(BH.)3 Cr(BHy)3 Mn(BHq4) Fe(BHi); | Co(NH3)s(BHy)3 | Ni(NHz)s(BHz)y | (RsP)CuBHy
[11,12] [9, 16] [12] [9] [13] [10-15] [17] [18]
Zr Nb Mo Ru Rh Pd Ag
4d | Zr(BHs)s | Cpo2NB(BH:); | CpoMO(BH:): | CpRu(PR3:BHs | RhCoBH4L> | R;PPdHBH; | AgBHi(PPh;Me);
[11,13] [23] [25] [26] [29] [28] [29] )
Hf Ta W Re Os Ir Pt Au
5d| HEBHL), II3BecTeH B II3BecTeH B II3BecTeEH B e CymecTByeT
(1] pacTBope pacTBOpe pactBOpe MDD - 07 - mpu —120°C
AMDS [26] | AMS3 [13] [13] [5]




Haiinena cmocoOHOCTh xsopboporuapumoB P3M k oOpamieHuto mpu
HarpeBaHUU B OpaHXeBO-kKENThIe Xmopooporuapubl [35] cocraBa MCI(BHy),, e
M=Sm, Gd, Tm. Ectb cBeaecnus, uro xaopooporuapuasl Vb, Dy, Ho u Er npu
HarpeBanuu B uHTepBaie 120-160°C renepupyror 6oporunpunst M(BH,); B Buze
Y TPYJHO KPUCTAIU3YEMbIX MACISIHUCTBIX COCJIMHEHUMN, MPU ITOM TEHICHIHUS K
00pa30BaHUIO TMOJOOHBIX COEJMHEHUN TOBBIIIAETCS C POCTOM AaTOMHOIO Beca
P3M. Ilomydensie Goporuapumbl ¢ HU3KUM BhIxomoM: miasi Dy=3%, Ho=36%,
Er=37,5% [33].

Xiopooporuapuabl f-aleMEeHTOB MOXKHO pas[eIuTh Ha JBE TPYIIBI IO
XapakTepy TEPMHUECKOro pasiiokeHus. IlepBas rpyrma cOCTOUT U3 COEIUHEHUN
Sm, Gd, Tb. Hx pasnoxkenue mnpoucxomauT B obmactm 170-190°C ¢
dopmupoBanreM  xiopumooporuapuao  MCI(BH,),.  Bropas  rpymma
npuHaaiexuT coenquuenusm Y, Ho, Er u Dy, xotopeie B unrepsane 120-160°C
BBIJIAIOT JIETYYHE TPUOOPOTHIPHUIBI.

BnepBbie 00MEHHOM peakiuei Xaopuaa cKaHausi ¢ OOPOTUIPUAOM JIUTUS B
TIT'® 6b11 mostyuen 6oporuapua ckauaus [36]:

ScCl; + 3LiBH; — Sc(BHy)s + 3LICl. (1.5)

PactBop ObLI MOJHOCTHIO OTOTHAH B CyOJMMATOpE. MO MHEHHIO aBTOPOB,
COCTaB BBIJICICHHOIO TMPOJYKTa, COOTBETCTBYeT (opmyne SC(BH4)s TT'D.
[TogoMOHBIM crOCOOOM  TOJIyd4eHbl OucTeTparuapodypaHaTsl OOPOrHAPUIOB
ckaHaus v uttpus [37, 39].

K.H. Cemenenko u cotp. [38] cuHTE3MpOBaJIM BIEPBBIE AMMHUAKATEI
OOpOTMAPUJIOB JaHTaHA, UTTPUS U CKaHIUs B3auMojehcTBUeM amMmuaka ¢ TT @-
pactBopamu OoporuapuioB f-anemeHTos.

[{uxnoneHTagueHan- W HUHACHWI-OOPOTUIIPUILI JTAHTAHOUIOB COCTaBa
CpsCeBHy(unnennn),Ce(BH,), mody4eHbl 1O peakidd COOTBETCTBYIOLIUX
xmopuoB nepust CpsCeCl u (uagennn),CeCl, ¢ u36srtkom NaBH, npu kunstuennn
B TI'®. Boccranosnenuss BHy-rpynnel B IpUCYTCTBUM YETHIPEXBAIIEHTHOTO LIEPUs
py 3TOM HE oTMedeHO. [Ipu 0OBIYHOI TemmepaType BBIICICHBI B BHUIE TBEPIBIX

HEJEeTYYuX BEIEeCTB, YCTOMYMBBIX B HMHEPTHOM armocdepe, paccMmaTpuBaembie
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Ooporuapuabl ¢ opranndeckuMu Jmrangamu . ITo peakiun Cp,MCIl u NaBH; B

TT® IMOJIYUYCHBI TAKIXC KOMIIJICKCHBIC 60p0FI/II[pI/II[BI JJAHTAHOHNJOB COCTaBa

Cp.MBH, (M=Er, Vb); Cp,MBH,TI'® (M=Sm, Er, Vb):

Cp,MCl+ NaBH, e Cp,MBH, - TT® - Cp,MBH,, (1.6)
rae M= Er, Vb.

[Ipu HarpeBaHuM JIETKO MOJJAIOTCS JIECOJIbBATAIlMU COCIMHEHUS 3pOUs U
utTepOusi. Tem He MeHee cTpemiieHue yAanuTh TI'® W3 coenuHeHus camapus
MPUBEIIO K €ro JECTPYKIMU C OCHOBAHUEM TPULUKIONEHTAAUIHUIBHOTO
npousBojiHOro camapusi [41]. Bs3aumoneiictBuem Ooporuapujga HaTpus C
xjaopusoM P3M nepueBoit rpynmsl B 1uMmetokcane (JIMD) moydeHbl KOMILIEKCHI
NaLn(BHg)4-4AMD [47].

B.Jl. MaxaeB u ap. [47] Hauum, yto Takue JIMO-KOMILIEKChl CKaHIUs U
UTTPUSL PACTBOPUMBI B JIUATUIIOBOM d(upe. ABTOPHl TOJYYWIA JIETy4He
M(BH,)s JIMD HarpeB yka3aHHbIC BelecTBa oja gaBiieHuem okosio 100 ITa. B
mostekyie Y (BHy)sJIMD corimacHO CTPYKTYPHOMY OIPEJICICHHIO, UMEIOTCSA
NOJMMEpHBIE 1IeMH, B KOTOphIX (hparmeHThl Y(BH,)3 CBsI3BHHBIE MOCTHKOBBIMH
BH,-rpynnamu.

JIis UKJIONEHTaIUCHUIBHBIX TPOU3BOAHBIX OoporuapuaoB f-aneMeHToB
MpeanojaraloT Ou- U TPUACHTATHYIO CBsi3b BH,-rpymimbl ¢ nieHTpambHbIM aTOMOM
metaina. Tak, u3 UK-cnektpos cnenyer, uto B Cp,SMBH, TT'® 6oporuapuaHbiii
JUTaH]l CBA3aH C aTOMaMHu camapusi TpUJACHTATHO [41]; B COOTBETCTBYIOIIMX
COCIMHEHUAX JpOus M UTTepOus cBs3b BH,-rpynmbl, mo-BuguMomy, SIBJISIETCS
OMIEHTaTHON. DTO COrJacyercsi ¢ pOCTOM MOHHOTO pajuyca HEHTPAIbHOIO aToMa
MmeTauta npu nepexozae ot Vb u Er k Sm, a Taxke ¢ TpyIHOCTBIO J€COIbBATAIIMN
Cp,SmBH,- TT'®.

Ha ocHoBaHMM ChHeKTpaibHBIX AAHHBIX JJII HECOJIHBATUPOBAHHBIX OMC-
(MKIOTIEHTaIUCHUI) OOPOTHIPUIOB JIAHTAHOWIOB TPEAIOKEHA MOJUMEpHAs
CTPpYKTypa, B KoTtopou BHy-rpymnma sBisieTCI MOCTUKOBOM MEXIY HOHAMH

JaHTAaHOW]Ia, TOJI0OHO TOMY, Kak 3To u3BecTHO miist CH3ZnBH,.
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XapakTepHbl sl ONTHYECKUX CHEKTPOB OOPOTUIPUAOB IpOus, JIAHTAHA,
nrrpus, [43] cunrier npu 2450 cm™ u qyGners: npu 2186 u 2225 cM™; Bee 9TH TpH
MOJIOCHl JOCTATOYHO IIMPOKHE. DTO COMIACYETCS C KOBAJIEHTHBIM THUIIOM CBSI3U
BHy-rpymimsi.

K.H. Cemenenko u cotp. [67, 44] noapobuo u3yunnu K- u AMP-cnektps
o6oporuapunoB ckauaus. CeKTpsl ObUTH MOTy4YeHbI paHee B padote [36]. CriekTpbl
SAMP  Sc(BH,)32TI'® moka3piBalOT Ha HDKBHBAJIECHTHOCTH OOPOTHAPUIHBIX
IIPOTOHOB U OBICTPBIN MPOTOHHBIA 0OMEH B Ipeenax Kaxaou rpynmsl [44]. Cius-
CIIMHOBOE B3aMMOJICHCTBUE NMPOTOHOB C sApaMU CKaHAWsA M Oopa BCJEICTBUE
KBaJIPYIIOJIbHOM  peNlakcallii  3TUX  sIep YCpeAHseTcs TpH  CHUKEHUU
TEeMIEpaTyphl.

Taxoke BBIMOJNHEH TEOPETHYCCKUH pacyér crekTpoB SC(BH4);2TId ¢
y4€TOM BO3ACHCTBUS KBAJPYIMOJIBHOM pellakcaluu fAaep ckKauaus u  0opa,
ONpENIENICHbl HEPTUS. MOJIEKYJSIPHOIO BpAILEHUS U KOHCTAaHThl KBaJPYyMNOJbHON
CBsI3U CKaH1us U Oopal44].

OcBoenbl MK-cniekTpbl amMmmMuakatoB OOpOTHAPUAOB CKaHIUs, JaHTaHa U
uTTpust B obmact 200-4000 cm™. IIpeicTaBIeHO, YTO 9TO MOJEKYJISPHBIC
CTPYKTYpHI ¢ TpuaeHTatHor B-H cBa3pro [38].

B pab6ote [45] uzydyeHna moJiekyJisipHas CTpyKTypa OucteTparuapodpaHata
ooporuapuaa ckanaus coctaBa SC(BH;)32TT'®. Kpucramisr SC(BH,)32TT'd
MOHOKJIMHHBIE; a=7,305, 8B=9,171, c=23,080 A, d,,..=1,01 r/cm. Pentrenockomnueii
MOHOKPHCTAJIJIOB ycTaHOBIeHA CTpyKTypa Y(BH4)3:3TI'® [46]. KpucrammuzaTcus
COEJICHEHMs] MPOUCXOJUT B OPTOpOMOMUYECKOM cucreMe, 4 MOJEKyJIbl B
yeMeHTapHol siueiike. IlapameTpsl pemétku: a=9,314, 8=14,597, c=14,540 A,
cummetpusi Cay. Tpu atoma 6opa u Tpu aroma kuciopoga TI'D pacnosioxeHsl B
yriax UCKaKEHHOTO OKTadJipa, B LIGHTPE KOTOPOTo HAXOAUTCS aTroM UTTpus. OnHa
u3 BH,-rpynn OungenratHa, a jaBe jpyrue TpuaeHTaTHbl. HopwmanbHoe
KOOPAMHAIMOHHOE YuciI0 aToMoB UTTpus 11. B TpunentaTtHoii cBa3u Y-BH,, BH;-

JUTaHa cierka OTKIOHEH OT Cgzy-CUMMETpUM Tak, 4YTO paccTosgHus Y-H
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HepaBHOIIEHHBI. Paccrosinue Y-B=2,68 A nns Ounentatnoro BH,-nuranma
sABJIAEeTCSA 3HAYUTEILHO OONBLINM, YyeM 3HaueHue 2,58 A, naiineHnoe a1 apyrux
JBYX TPUJCHTATHBIX CPYIIII.

B  paborax  [48-51] OoporuaApubpl  JIAHTAHOUIOB  TOJIyYaJIH
B3aMMO/ICHCTBUEM TaJOT€HHUJIOB COOTBETCTBYIOUIMX METAJJIOB C OOpOTHAPUIOM
JUTHSI UM HATPUS B Cpefie MUPUANHA, TUITUIOBOTO 3gupa, TI'® u qurnuma.

Onvimol 6 cpede nupuouna. VIcxonss U3 JaHHBIX O JIOBOJIBHO BBICOKOMU
pPacTBOPUMOCTH, MUPUIUH ObLIT BHIOpaH B KAYECTBE pacTBOpUTEIIS. PacTBOpUMOCTH
TpEX COJIedW M JaHHbIE O HEM JO3BOJWIM MPEANOJIOKUTh BEPOSITHOCTD
OCYIIIECTBIICHUS OOMEHHOM peakiuu: [48, 49]:

MClI; +3NaBH, — M(BHy); + 3NaCl (1.7)
¢ oOpa3oBaHueM OOpOTHIpUa JIAHTAHOUIOB.

Peakiuio  mpoBomAT mpu  OOBIYHOM  TeMIEpaType  COBMEIICHHEM
NPO3payHbIX MUPUAUHOBBIX PAaCTBOPOB WM, ucxoxas u3 teepasix MCl; u NaBH,
[45].

Onvimsl 6 cpede ouenuma u 3¢hupa. Jluriaum ObuT BBIOpaH 1Jisi OOMEHHOM
peakuyu TOJy4eHUsT OOpPOTHUIAPUIIOB JIAHTAHOWIOB, HMCXO/AS W3 CPaBHUTEIBHO
BBICOKOW pacTBopuMocTH B HeMm NaBH,, 3aMeTHOI pacTBOPUMOCTH XJIOPHUJIOB
JaHTaHOMAOB W TmpakTudeckod HepactBopumocTd NaCl. Ilpu coBMmenicHun
npo3paunbix JI'-pactBopoB MCl; u NaBH, nabronaror BeimaaeHre ocaaka CMECH
NaCl wu Oopormapuja JJaHTaHOWAA, TaK IOJyYECHbI CMECH TPUCIUTINMATOB
ooporuapuaos auctposus u roasmust ¢ NaCl [52, 53].

Onvimovl 6 cpede mempacuopogpypana (TI'®@). B xumum OOpOTUIPHUIOB
s dexTrBHBIM pacTBOpuTeneM sBisiercss TI'®D. IlpenBapuTenbHO BBIMOJHEHHbBIC
omnbIThl B3aumoaciicTeust MCl; u NaBH, B TT'® mokazanu nmocrenennoe (3a 15-30
4acoB) YMEHBIIEHHE COJEpX aHUsl XJopa U HakoruieHue Ooporunpuaa P3M B
pactBope.  OTnHUUTENHHON  OCOOCHHOCTHIO  B3aUMOJACHCTBUSL  SIBIISICTCS
MpaKkTU4eCcKass HepacTBOPUMOCTh ojHoro u3 peareHtoB (NaBH,) u npoayktoB

peakuu (NaCl) B TT'® [52, 53]:



19

MCl; + 3NaBH, e M(BH,); + 3NacCl. (1.8)

Onwvimobl 6 cpede benzona u moyo.a. BriepBeie yCTaHOBIICHO, YTO XJIOPHJIBI
aérkux nmantanonaoB La, Ce, Pr, Nd coco6nsl pearupoBats ¢ NaBH, u B cpene
apOMaTUYECKOTO  PAcCTBOPHUTENI ¢  OOpa30oBaHMEM  HECOJIbBAaTHPOBAHHBIX

ooporuapusos P3M [52]:

6EH30J1,TOTYO0JT

LiCl; + 3NaBH, Ln(BH,); + 3NaCl (1.9)

IPU JIOCTaTOYHO HHTEHCUBHOM TiepememninBanuu W u30biTke NaBH, 10-15%
npotekaeT yxe npu 40°C 1 1aéT KoIM4eCTBEeHHBIN BbIX0oJ boporuapuaa P3M.

B paGotax [54-69] uzydyeHbl paBHOBECUSI U XUMHUUECKHE B3aUMOJICHCTBUS B
cucTeMax OOpOTHIpPH[ JIaHTaHOMAa — TeTparuapodypaH s Bcero psga 4f-
aieMeHTOB. Bo Bcex mosmtepMax pacTBOPUMOCTH C MOBBIIICHHEM TeMIIEpaTypbl
noBbIaetcs pacteopumocts LN(BH,); (roe Ln — f-anemenr).

Jlyist GOpOrHAPUIOB 1IEPUEBOM TPYMIBI MPHU TOBBIIICHUU TEMIEPATyphl B
uarepBasie 20-50°C pacTBOpUMOCTh yBEIWYMBAECTCA B 3-4 pasa, TOorma Kak Juis
COEIMHEHU UTTPUEBOU IPYIIbI — TOJIBKO B 2 pasa [54-64]. ITo siBIIeHHE MOKHO
UCIIOJIB30BATh TIPH pa3/ieICHUU OOPOTUIPHUIOB JTJAHTAHOUIOB.

Y.M. MupcanioBeIM U COTp. U3YUYEHBI PABHOBECHSI B TPOMHBIX CHCTEMAX:
Ooporuapu 1 JaHTAHOUIOB — OOPOTUAPUIT HATPHS (JIUTHUsL) — TeTparuapodypan [54,
55, 58, 60-67].

Metonom muddepenuuansuo-Tepmuueckoro aHanmmza (JITA) wusyuena
TepMUYECKass yCTOWYMBOCTh OWC- M TpHUCTETparuApodypaHatoB OOPOTUIPHIOB
HEKOTOPBIX JIJAHTAHOUJIOB, a TaK)Ke HECOJbBATUPOBAHHBIX OOPOTMAPHUAOB JIETKUX
nantaHon0B. Yucrora mpemnaparoB M(BHy); nocturina 99%.

Ha PUCYHKE 1.1 IIPUBECHA TEPMOBOJIFOMOTpaMma
TpucteTparuapodypanara Oooporuapuia JaHTaHa, WJUTIOCTPUPYIOIIAst
ctyneHuaroe ormemieHne TI'®@ u  BO3MOXHOCTH  JI€COJIBBATALMUA  OTOTO
COCIMHEHUA. B3BelMBaHMEM YCTAaHOBJIECHO, YTO B OXJIAKIAEHHOM JIOBYIIKE,
CTOSIIIIE Ha MYTH MPOXOXKICHUS Ta3a, MpPU JTOCTIKEeHHH obpasmom 250°C

KOHJIEHCUPYETCS BeCh cojiepkamuiicsa B oopasie TI'®. 'a3, Beigenstonuiics mpu
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temmnepatype Boiiie 260°C, okazancs YUCThIM BOJOPOJOM: Mpu OapOoTaxe depes
CJIOM BOJbI WJIM alleTOHa He OOHapy>KEeHO MOTJOIEHHOTO Oopa: oO0BEM raza He

M3MEHMIICS [68].

300
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100

0 10 20 30 40 50 Slﬂ
BPEMS , MUH.

Pucynok 1.1 — Tepmorpamma La(BH4)3-3TT'®

AHanoruuHo 6oporuspuay jantana, TT'@-combBaThl OOPOTUAPUIOB LIEPHS,
HEOJMMa U TIpa3eoJrMa MPU HArPEeBaHUM TAaKKe IOJBEPXKEHBI CTYIMEHYATON
JI€COJIbBATALINH.

Ha pucynke 1.2 1gaHbl TepMOBOJIOMOTPAaMMBI HECOJIbBATHPOBAHHBIX
La(BH); u Ce(BH;)3, 3 KOTOpPBIX BHIHO, YTO 3TH COCAWHCHHS OTIMYAIOTCS
3HAYUTENBHON TEPMUYECKONM YCTOMYMBOCTBHIO M PA3IaratoTcs B OJHY CTaIUIO MpHU
261 um 253°C, cooTBeTCTBEHHO. JTH O(PPEKThl MPAKTHUYECKH COBMAMAIOT C
TeMIiepaTypoil nocneaHux 3(p@PexToB Ha TepMorpamMmax coiabBaToB. MHTepecHO,
YTO B Cly4yae JJIUTEIBHO XPaHUBIIMXCS 00pasioB OOpOruApuI0B (OKOJIO Tojia)
HaOJIOAeTCsl YCIOKHEHNE TTUPOJIN3a M TMOCTENEHHOE BBIJICTICHUE BOJOPOAA YKe
Boiie 100°C. OpHako OCHOBHOM 3(¢deKT BBIJIEICHUS BOAOPOJA COXPAHSIETCS

ONMM3KUM TIpuBeaEHHOMY [68].
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Pucynok 1.2 - La(BH;)s u Ce(BH,)3

Ha Ttepmorpamme Tpucterparuapodypanara OOporuapuaa TaI0THHUS
oTMeueHbI ABa d(pdekra. Ouenpb riay0okuii dHI0TEpMHUUECKil dhdEeKT B obnacTu
80-164°C, cBszanHblii ¢ motepeit Oosbmioir wactm TI'D, mnepexogut B
sk30TepMudeckuil ad ekt pacmnana. [locmeaHuil COMPOBOXKAASTCS 3HAYNTEILHBIM
razoo0pa3oBaHMEM U CHJIBHBIM pAaClbUICHHEM BEILECTBA, 3K30TEPMUUYECKUM
IpeBpalleHueM ¢ r1yOO0KON JeCTPYKIHMEHN BEIecTBa, 4YTO, OUEBHIHO, OOYCIIOBIEHO
BHYTPUMOJIEKYJIAPHBIM OKHCJIEHUEM KOMIUIEKCHOTO rujipuaa kuciopoaom TI'O.

Tepmorpammbl  u  GaporpamMmbl  OOPOTHAPUAOB HUTTPUEBON  TPYIIIBI
aHanoruyunsl ¢ 0oporuapuaom Gd(BH,)z 3TT'®.

B [46, 52, 70, 71] m3yuensr SIMP- u UK-cmekrpsr GopormmpumoB 4f-
anemenToB. B HK-cmektpax HaOmomaercss cuibHas XapakTepHas I[ojoca
norJiomeHus (cuHrieT) B obmactu 2450 cm™ [Iupokas mosoca MOTJIOMIEHUS B
o6nactu 2170-2380 cm™ pacmeniena B ay6rier ¢ Makcumymamu mpu 2230-2235

1 -1 <
cM™ u 2170 cm. B obnactsx Oojiee HU3KMX JHEpruil HabomaeTcs moJioca
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CUJIBHOM HWHTEHCHUBHOCTH, 3axBaThiBatomias wuHTepBasn 1100-1300 cmt ¢
makcumyMamu 1160-1300 cm™. KpoMe BBIIMICOMHCAHHBIX TPEX OCHOBHBIX TIPYIII
MOJIOC, UMEIOTCA TaKXXE MOJIOCHI CpeHEe MHTEHCUBHOCTU MPHU HU3BKUX YACTOTAX
560-570 cm’. MMeroTcs Takke IOJIOCHI MOTJIONICHMUsI, CBOMCTBeHHBIE TI'®D:
mupokast mogoca B obmacti 2700-3200 cM™ M rpymnma MHTEHCHBHBIX MONOC B
o6macti 800-750 cm™.

HaGmrogaemass rpynnupoBka mosnoc mnorjomeHus B HMK-cmekTpax
ooporuapunoB P3M HaxoauTcs B HaWIydlleM COIJJACMM CO CHEKTpaMu C
MOCTHKOBBIM crocoboMm cBsi3u  Metaia u  BHy-rpynmei.  JlelicTBuTenbHO,
MPUCYTCTBHE ABYX IPYIII TOJOC B IMHPOKOH obmactr 2400-2600 cm™* ykaspiBaeT
Ha pa3IUYHBIN XapakTep NpoToHOB B Mosiekyiaax M(BHy);NTI'® konnessix B-Hy
1 MOCTUKOBBIX B-H,,.

Penmeenocmpyxmypuvie uccneoosanus La(BHy)s3,5TI'D [73]

N3 pe3ynbTaTOB CTPYKTYPHBIX HCCIEIOBAHMII HA3BAaHHOTO KOMILJIEKCA
CIIEIyeT, YTO KPUCTAUIBI MMEIOT MOHOKJIMHHYIO CTPYKTypy: [a=12,552 (2), B
=28,896 (6), c= 12,402 (2) E, v=97,15 (2)°, V=4462 (1) E®, up.rp. B2/B, Z=8] u
KPUCTAIUIM3YIOTCS B BHAe HOHHOM comu cocraBa [La(BHy), STT®] u
[La(BH4)42TI'®] ¢ Ou- ¥ TpUACHTATHBIMH OOPOTHAPUIHBIMU TPYIIaMU. DTH
JIAHHBIE PAJAUKAIBHO OTIMYAIOTCA OT JAHHBIX, MOJY4YEHHbIX MeTonoM AMP npu
uccinenoBannu pacteopa La(BHg); B TI'®, corimacHO KOTOPBIM BCE IMPOTOHBI
OOpPOTHAPUJIHBIX TPYMI B 3TOM COSIUHEHUM SKBUBAJICHTHBI U, CIEAOBATEILHO, HE
pasznuyHbl. Bipodewm, 3TOT ¢akT HUCKOJIBKO HE YAMBUTENCH, MOCKOJIbKY OTMEUEH
MPAKTUYECKU TSI BCEX M3BECTHBIX OOPOTUIPHUIIOB METANIOB M, BUAMMO, CBS3aH C
ObicTpo  mporekatomumu (B mkaine  Bpemenn — JAMP)  mpoueccamu
BHYTPHUMOJIEKYJISIPHOTO OOMEHA, KOTOPBIE YCPEAHSIOT mapaMeTpsl ciektpa AMP u
JICNIAI0T HEBO3MOXHBIM TOYHOE oOmpeneneHue npupoasl cBs3u LN(BH4); stum
METOJIOM.

[Tommsap aroma La (1) B KaTuoHE — TPAKTUYECKH MpaBUIIbHAL

IICHTAaroHaJibHas 6I/IHI/IpaMI/IJIa, B BCpIIMHAX KOTOpOfI HaxogATCsa aTOMBI 60pa oT
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TPUACHTATHO-CBA3AHHBIX OOpPOTMAPHUI TPYMN, @ B 3KBATOPHUAIBHON IJIOCKOCTU
aToMbl Kuclopoaa Terparuapodypana (pucynok 1.3). KoopaunanronHoe 4mcio

atoma La (1) paBuo 11.

Katuon [La(BHy)>- STT @]

04

[La(BH,)4- 2 TT @]

Pucynok 1.3 — Ctpykrypa La(BHy)33,5TT'®

[Tommap aroma La (2) B aHMOHE — NMPaKTUYECKU MPABWIbHBIA OKTA3JIp C
aToMamMu Oopa OT ABYX OMJIEHTATHBIX OOPOTMIPHA TPYIIl B 3KBATOPHUAILHOMN
IJIOCKOCTH U JIBYX aTOMOB KHUCJIOpOAa B anmUKaJbHBIX MO3ULMSIX (pucyHOK 1.3).

Koopaunanuonnoe uncio aroma La (2) paBao 12.
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CrpyktypHoe uccienoBanue La(BH4); ‘3TI'® no3Bosnsier cuenarh BbIBOJ O
ToM, 4TO B psaay TI'b P3M Bpsi 11 MOKHO 0XXKHAaTh 0Opa3oBaHUs COSTUHEHHM C
yuciaoM Mosiekynl TI'® Oonpmie 3,5 Ha aroM Mertamia. JTO CIEAyeT Kak W3
U300pKEHU CHUMMETPUHM MOJIEKYJ, Tak M U3 pacu€ToB 3arpy>KEHHOCTH
KOOPJIMHAIIMOHHON cepbl B psAay COCAMHEHUH ¢ MUHUMAIbHBIM (SC)
MakcuMalibHbIM (La) pazmepom atoma [73].

B pabGorax [72, 74-79] wu3ydeHbl BHYTpPEHHHE BpamieHus U (Ha30BbIC
nepexonbl B La(BHy)s;, cuHTe3npoBaHBI a3zoTcojepskamniue Ooporuapuasl  4f-
AJIEMEHTOB, HCCIE0BaHbl PEHTIeHO(}A30BBIE U TEPMOJMHAMHYECKUE CBOMCTBA

CUHTC3UPOBAHHBIX KOMIIJIICKCOB T'MAPUIOB.

1.2. CuHTe3 ¥ cBOIiCTBa ATIOMOTHAPUI0B METAJLIOB

[IepBblil mpeacTaBUTENb ATFOMOTUIPUIOB METAIIIOB — AIFOMOTHAPUL JTUTHUS
ObLT OTKPHIT B 1947 rony v nmomyyen no peakuuu [80]:

4LiH + AICIl; — LiAlIH4 + 3LIiCl. (1.10)

Peaknus (1.10) uzyueHa MHOTMMH aBTOPAMH M YCTAHOBJIEHBI ONTUMAJIbHbIE
napameTpbl CHHTE3a AIOMOTUIpPHIA JIUTHUS, HaWJIEHBI MEXAHU3MbI TPOTEKAHMS
nporiecca [81-87].

Xopouasi paCTBOPUMOCTh ATIOMOTUIPUAA JIUTHS B TUITUIIOBOM dpUpe, IpH
He3HauuTenbHOW — pactBopuMoctd  LiIH  w  LICl, ob6ecrneunBaer Jerkocthb
npoTekanus mpoiecca (1.10).

JUIss  anrOMOTMIPUAOB  JPYIMX IIEJOYHBIX METaUIOB  COOTHOILICHHS
pPacTBOPUMOCTH 3HAUMTEIHLHO MEHEe OJaromnpusiTHbI, MOTOMY BCE H3MEHEHUs
nporiecca (1.10) cBomsaTcs K TPeoAOJeHUIO Oapbhepa TE€TEPOreHHOCTH. ITO
JIOCTUTAETCS BBEJICHUEM aKTHBATOPOB - aJKWUJIOB aTIOMUHUS /9/, UCIIONIb30BaHUEM
Opomuga amomunusa [88], BBenenuem [89] wim 3aTparoil 4acTH MNPOAYKTa Ha
oOpazoBanue B pactBope AlH; c mocimeayrommum ero B3auMMOACHCTBHEM C
OWHApPHBIM THIPUAOM MeETaslIa.

HOTeHHI/IaHBHBIM HCTOYHHUKOM  IIPOCTOTO u 6BICTpOI‘O MMOJIy4YCHUA
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aIfOMOTruIpuaa JuTus sBiasieTcss peakius odomeHa NaAlH; u LICl B cpene
auATHI0BOrO 3dupa [90-94].

AHQJIOTUYHBIM ~ 00pa3oM  aJIOMOTHIPHUJA ~ Kajausi B3aUMOJICHCTBYET C
XJIOPUCTBIM U OPOMUCTBIM JIUTHEM [92].

B pa6orax C.U. bakym, Y.M. Mupcaunosa u ap. [93, 94] nokaszaHo, 4To
oomenHas peakmus Mmexxay LIAIH, nm NaAlH, u ramorennaamu MeTamioB MokeT
CIIY’KUTh OCHOBOM JJIs MOTYYEHUS aTIOMOTHIPUIOB JIPYTUX IIETOYHBIX METAJIJIOB.

Bo3MoxHOCTB CYILIECTBOBaHHUS MOJUTUIPUTHBIX COCIMHEHUN
LiAIH4-0,5AIH; u NaAlH4nAlH; obcyxmaercs B paborax [95-97], B KOTOpBIX
MOJUTUAPUIOATIOMUHATEl  JIMTUSI, HATpUs U IIETOYHO3EMEIbHBIX METaJJIOB
MOJTyYEHbI B3aUMOJICHCTBUEM aTIOMOTUIPUI0B MeTallIoB ¢ AlH3.

HaubGonee npocteiM U 3PGHEKTUBHBIM METOJAOM CHHTE3a aJIIOMOTUJIPHUIOB
ABJIAETCS UX MPSAMOM CUHTE3 U3 31EMEHTOB. JlaHHBINM CIOCOO OTKPBHIBAET OOJIbILINE
BO3MOKHOCTH [IJIl IPOMBIIIJIEHHOTO MPOU3BOJCTBA 3TUX BAXKHBIX COCAUHECHHUUN U
0COOEHHO JIJ1s1 HanboJiee AeMEBOro U3 HUX - allfoMoruapuaa narpus [91, 98, 102].

B npouecce nccnenoBanus npsMON peakuuu anroMmoruapuna Harpus JILI.
3axapkud u B.B. 'aBpunenko oOHapyxuin oOpa3zoBaHHE MOOOYHOTO MPOIYKTA
rekcarugpugoamomuaara Hatpus NazsAlHg [99]. 3atem Oblin  HaliaeHBI
ICKCAruJIpUI0TFOMUHATBI JIMTUSL U KaJlusl U pa3paboTaHbl CHOCOOBI MOJYyYCHUS
stux coeauHenuit [100, 101].

OTKpbITHE MPSIMOTO CHUHTE3a CJIEeNajo JOCTYIMHBIM MOJy4YeHUE, MOMUMO
LiAllH,, amoMoruapumaoB W JApYyruxX IHEIOYHBIX MeTauioB. [lomyucHwue
ATIOMOTHUJIPU/IA HATpHs, Kak HauOoJjiee MAemEBOro, CTal0 JOCTHXKUMBIM B
MPOMBIIINIEHHOM MacuiTaoe.

[TepcniekTuBHBIM siBIsIETCsE crmocod mpsimoro cuHTe3a MAIH, B pacmiage,
npemsioxkeHHbld B MHcTuTyTe 0Omed u Heopranumdeckot xumun (MOHX) AH
CCCP T.H. IsimoBoit u corpyanukamu [102], mo KoTopomy IIEIOYHON METal,
ATIOMUHUN U BOJIOpoJ B3auMmozeicTByroT npu 200-250°C, naBneHun BOJIOpOIA

200-230 atm. u atomHoMm otHomennu Al : M = 1,05 - 1,15:1 B Teuenue 2,5-3 gac.
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MeTos 1O3BOJISIET C BBICOKOW CKOPOCTHIO MOJYUYUTh COSAMHEHUE B TIPUTOTHON JIJIst
JaJbHEUIIIeT0 UCII0JIb30BaHUSI KOMITAKTHOM IIJIaBJICHOU (opMme.

[Ipu ycoBepIIeHCTBOBAaHWU CHoco0a TPSIMOTO CHHTE3a B paciliaBe
MOJTYYEHBI aTFOMOTHUIPHUABI Kaus, pyOuIus U 1e3us o peakuuu [100]:

Na+Al+H,+MCl — MAIH, + NaCl. (1.11)

1.3. ®u3uK0-XUMHUYECKHE CBOICTBA AJIOMOTHIPHU/IOB IIEJOYHBIX METAJJIOB

Amromoruapu JuTHS o0pazyer MoHO- U auddupatsl.  LIAIH,Et0
NIOJTYYaroOT MPU OTrOHKE pacTBoputens u3 pactBopa LiAIH, B Et,0 npu -60+25°C;
LiAIH4-Et;,O oOpasyercs mpu oTroHke 3¢upa W3 pacTBopa, WIM Juddupara
amoMoruapuaa autua npu -15+40°C [103]. Ddupatel amomoruapuga JATUS -
HEIPOYHBIE COCTMHEHHUS, UTO TTOATBEPKIACTCS MAJION TEIUIOTOM cMereHus sdupa
¢ LiAIH, (1,95 kkan/mois [104]) 1 AErKOCTBIO BBIACIICHUS HECOJIbBATHPOBAHHOTO
AFOMOTHUJIPU/IA U3 PacTBOPA MPOCTOM BaKyyMHOU OTroHKoM 3¢upa Beie 0°C.

C terparuapodypaHoM alFOMOTHUIPHU] JIUTUS oOpa3yeT OoJiee yCTOMYMUBBIC
koMmiutekchl LIAIH,-3TT® u LIAIH,TT® [103, 105]. C yBenmuueHHEeM MOJISIPHOCTH
pacTBopuTEIs yMeHbIaercs: pactsopumocth LIAIH, (20°C) - 8 moas/it B adupe, 3
MOJIB/T - B TI'®, 2 MoJb/71 - B MOHOTIIMME, 1 MOJIB/JT - B qurimme U 0,8 MOJIb/i - B
tpuriume. PactBopumocts LIAIH, B auatunoBom adupe B 7-8 pas BbIIIE, Y4eM Y
LiBH;, 4To yka3piBaeT Ha 3HAYUTEIbHOE pa3UYMe TOJSIPHOCTEH ITHX
coenuHenui [106].

B Tpernuneix ammuax LiIAIH, pacTtBopsiercs o4eHp 1UI0X0, HO 0Opasyer
JIOBOJILHO TIPOYHBIEC COJIbBAThI. KOMITJIEKC C TPUMETUIIAMUHOM TEPMUUYECKH 0oJiee
ycroiumB, yeM LiAIH, u pasnaraercs B Bakyyme npu 180-200°C [103].

N3yuena coBMecTHasi paCTBOPUMOCTH XJIOpHJIAa W ATIOMOTHIPHUAA JIUTUS B
auatuiioBoM 3dupe [107, 108], u B obnactu konmentpauuu LIAIH, = 9,5 mac%
yCcTaHOBJICHO Bo3pacranue pactBopumoctu LICI g0 1,6 mac%. PactBopumocThb
amomMoruapuaa autus B cuctemax LiAIHz-adup(Ttomyon) namaer ¢ yBennyeHueM

coaepkaHus apomartudeckoro pactsopureis [109, 110].
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Aniomozudpuo nampus 6onee nomnspen, yem LIAIH,; on pactBopum B TT' D,
JUTIIMME, MOHOTJIMME, TPUTJIMME M MPAKTUYECKH HEPacTBOPUM B TUITHIOBOM
a¢upe [111].

B cucreme NaAlH,-TT'® B wuntepBaie —110+40°C  ycTaHOBJICHO
cymiecrBoBanre coiabBaToB  NaAlH4;8TI'® wu  NaAlHg4TI'®d [112]. C
noGasiienueM 3¢pupa, OeH30Jla WIM TOJIyoJla PACTBOPUMOCTH B ITOM CHUCTEME
MOHOTOHHO mazaaet [113].

Antomoeudpuoer  kanus, pyououss u ye3us. CHHCOK H3BECTHBIX
pacTBOpUTENEH NIl aFOMOTHAPUJIOB Kajus, pyOuAus U 1e3Usl OTPaHUYUBACTCS
JUATTMMOM U Tpuriaumom [92, 100].

B pabGorax [100, 102] mpemioxkeHbl CHOCOOBI CHHTE3a TSIKENIBIX
ATIOMOTUJPUIOB  IIEJIOYHBIX METAUIOB W HW3YYEHbl HEKOTOphble (U3UKO-
xumuueckue cpoictea MAIH,. B [114-118] uzydensl quarpaMMbl pacCTBOPUMOCTH
TFOMOTUJIPUJIOB IIEJIOYHBIX METAJUIOB B IUTJIMME.

YcTaHoBJIEHHE COCTaBa U MPOYHOCTH COJIbBATOB AJIFOMOTHIPUJIOB, a TAKKE
rpaHull 00JIACTU CYIIECTBOBAHUS HECOJbBATUPOBAHHBIX BEIIECTB MOCITYKHIO
OCHOBOM i pa3pabOTKU HAIMpPaBJICHHOTO CHoco0a OYUCTKH U BBIICICHUS
MPOYKTOB BBICOKOM CTENIEHH YUCTOTHI (pUCYHOK 1.4).

B pabortax [119-121] u3ydens! (a3oBbie paBHOBECUS TPOWHBIX CUCTEM C
y4acTHEM  aJIOMOTHUJIPUIOB  IMICJOYHBIX  MeTayuioB. Haiinensl  oOsactu
KPUCTAJUIM3AIUU COJIbBATOB U TBEPJIBIX PACTBOPOB.

MeTton0oM CpaBHHUTENBHOTO pacuéTa MNPOU3BE/ICHA OILIEHKAa CTaHIApTHOMU
TEIUIOTBI W CBOOOJHOW DJHEPrUM OOpa30BaHUs ATOMOTHUIPHUIOB IIETOYHBIX
METaJUIOB M THUIpHUAA ATIOMUHUSA, PACCUUTAHBI TEIJIOTA M CBOOOJHAS JHEPTUS

['u66ca pa3noxkeHus Ha COCTaBIISIONIUE TUAPUIBI [122].
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Pucynok 1.4 - CoBMmemi€HHbIN rpaduk AuarpaMMbl paCTBOPUMOCTH

ATIOMOIHAPHUAOB IICJIOYHBIX MCTAJIIIOB

Astopamu [123-125] wm3MepeHa TEIUIOEMKOCTh aTFOMOTHJIPHIIOB JIUTHS,
Hatpusi, pyoumus. Temnoémkocte LIAIH, m3mepena B wmuTepBane 12-320 K.
3aBucumocts C,-T mpencraBnsger coOOM IIaBHYIO KPUBYIO 0€3 aHOMAaJbHBIX
ydacTkoB. TemrieparypHas 3aBHCUMOCTh TEIUIOEMKOCTH TIPEACTaBICHA B BHIEC
nonauHoMma 6-ori crenenn [123]. Termoémkocts NaAlH, u3Mepena B mHTepBaie
temnepatyp 11-335 K. Bennunna n3amepeHus: SHTAIBINN U SHTPOIIUHU OTpeiesieHa
YHCIeHHBIM HHTerpupoBanneM. Borancierno AH;® (NaAlH,, x.0.) - 99,1 kJIx/Moib,
AG{ (NaAlH,, k.0., 298, 15 K) - 38,0 kJ[x/Momns. st PCaKIyU pas3IoKEeHUs

MAIH, — MH + Al + 3/2 H,. (1.12)
paccuntano AG’ (NaAlH,, x.0., 298, 15 K) = 2,1 x/x/mons. st RbAIH,
U3MepeHa TeIuoéMKocTh B uHTepBasie Temneparyp 12-320 K. Paccuuransi
BEJIMYMHBI TEPMOAMHAMUYECKUX (PYHKIIUH.

B pabGorax [126-130] TeH3UMETPUYECKMM METOJOM U  METOJOM
KaJOPUMETPUU PACTBOPEHHS ONMPEACICHBI TEPMOIMHAMUYCCKUE XaPaKTCPUCTHKH

ATIOMOIuAPHUAOB HICIIOYHBIX MCTAJIJIIOB.
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1.4. CuHTe3 M CBOMCTBA aJIOMOTUAPHA0B MeTa/LIOB || A rpynnbi
Anomocudpuo maenusi - OTIWYAETCS CBOeoOpasMeM | MPEJCTaBISET
caMOCTOSITeNIbHBIA HHTEpec. OH MOJIy4eH U BIIEPBBIC JECTAIIBHO OMKMCAH TOJBKO B
1966 r. uemckumu uccaenoBarensmu 5. ITnemexkom u C. I'epxxkmanexom [131,
132].
[TepBbIii IpeACTABUTENH ATIOMOTUAPUIOB MIEIOYHO3EMEIBHBIX METAIIJIOB -

Ca(AlH,), 6wt cuaTe3upoBan ®unxoasToMm [81] Mo peakiiuu:

4CaH, + 24ICl, " Ca(AlH,), +3CaCl, (1.13)

W BBIJICJICH U3 pacTBopa B Bujae oucterparuapodypanara Ca(AlHy), 2T .

B pabGorax [133, 134] ocymiecTBiieHa oOOMEHHas pEaKIHs XJIOPHJIOB
ménouno3eMenbHbIX MeTauioB ¢ NaAlH, B TT'®. [TonydeHsl cobBaTUPOBAHHBIC
oopasiel  Ca(AlHy), m  Sr(AlH,),. Peakmueit Mexay ruapugaMu KaJlbIus,
CTPOHIIUS, Oapus C THUAPUIAMH ATIOMUHHS B TeTparuapodypaHe W JUTIIAME
noaydenbl Ca(AlHg4),, Sr(AlH,), n HekoTOpble KOMIUIEKCHBIC THAPUIBI OapHs U
ammomunus [137]. B [135] ycranosieno, uro Ca(AlHy),-4TI'® kpucramimusyercs B
MOHOKJIMHHOH cHCTeMe ¢ mapameTpamu: a=8,372; B=14,716; ¢=0,506 A; z=2;
d=1,11 r/em; Vam = 1715 em™; j = 89,13°.

OnnoBpemenHo B MI'Y Oblna mccinenoBana rereporennas peakuus CaH; ¢
AlH3 B cpene Et,O B nmpucyTcTBUM aoMo- U 6oporuapuaa autus [136].

B pa6ore [137] MexaHOXuMHUECKHM criocoOom cuHTe3rpoBanbl M(AIH,),;
M3(AlHg), 1 panee Hen3BecTHBIC neHTaruaApuaoamoMmuaaTel MAIHs (rne M = Ca,
Sr, Ba).

HMmeroTcss CBEIEHUS O CHHTE3¢ W HEHTPOHOrpauuecKoM OIpeaeICHHN
crpykryp BaAlHs(Ds) [137] u SrAl,H, [138], mony4eHHBIX THAPHUPOBAHHEM

Ali3Ba; u Al,Sr, cooTBeTcTBEHHO.

1.5. HekoTopsble CBOiiCTBA aJIIOMOTHAPHUIOB IIEJI0YHO3EMEIbLHBIX METALIIOB
CpaBHHTEIBHO HEOOJBIIOE YMCIO JHUTEpaTypHBIX AaHHBIX 10 Ca(AlH,);

00BSICHIETCS TPYAHOCTHIO BBIZCIICHHS HECOIbBAaTUPOBAHHBIX coeauHeHui [137].
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[To manubiM pasmuunbix aBTopoB, Ca(AlHz), pactBopum B TI'® no 0,3
Mouib/11 - 0,25 MOJIB/1 MpU KOMHATHOM TeMmIepaType U o0pa3yeT ¢ HUM COJIbBAaTHI
Ca(AlHy),3TT'® u Ca(AlH,), TI'®. Tlpu ymapuBaHMH pacTBOpa BBIICISIOTCS
MOHOKJIMHHBIC TTAJIOUKO0Opa3Hbie KpucTamibl conbBata Ca(AlHy):3TTO.

[To manueM [89, 135], Ca(AlH,4), pacTBopuM B MOHOTIIMME, TUTJIMME, OYCHb
MaJjio B TUATUIIOBOM 3(UpE U HEPACTBOPUM B JUOKCAHE, YIIIEBOIOPOIAX.

Temmora obpasoBanuss Ca(AlHg),, HalineHHass METOIOM CPaBHUTEIHHOTO
pacuéra [122], cocTaBiiser 44 KKaJl/MOJIb.

N3zyuena pacrBopumocts Ca(AlH,),; B TT'® 1 ycTaHOBICHO CYIIECTBOBAHUE
WHKOHTPY3HTHO TUIABSAIIMXCS OKTa- W TerpaconsBatoB [140]. HccmemoBano
MOBEJICHUE COJIbBATOB QIFOMOTHIPHAA KaJbI[US W CTPOHIMS TPH HArPEBaHUH |
MOKa3aHO CBOEOOpa3ue TEPMHUYECKOTO pachaja pa3IMyHbIX IpPernapaToB
Ca(AlH,) - 4TI @; Ca(AlHy),:0,5 TT'D; Sr(AlH,),-2,5 TT'® [133].

Hurmum u TI'® sBasitoTcst OOMMMU PACTBOPUTEISIMU TSI ATFOMOTUJIPUIOB
KaJIbLIUs U CTpoHIMs. /{7151 anromoruapuaa 6apusi paCTBOPUTENM HE HAlICHBI.

MBI u3ydanu paBHOBECHE M XHMHYECKOE B3aWMOJICHCTBHE B CHCTEMax
Ca(AlHy)-murimum, Sr(AlIH,),-TT® u Sr(AlH,),-aurnum nytém  ompenencHus
pacTBOPUMOCTH B IMHPOKOM HWHTEPBAjJE TEMIIEpaTyp C OJHOBPEMECHHBIM
OTIPEJICIICHIEM COCTaBa KPUCTAIUTU3YIONTUXCS TBEPABIX (as3.

Cucmema Ca(AlHy),-0uenum (pucynox 1.5a). Tlonurepma pacTBOPUMOCTH
Ca(AlH,),-murimum  coctout w3 4-x  BerBeil. IlepBas BeTBb  OTBEYaeT
KPUCTAJUIM3AI[MU YUCTOTO JHWTIMMA, a MOCJENyIoNMe KPUCTAUTH3allid OKTa-,
TeTpa- U AucoabBaToB amomoruapuaa kampinus. Coemunenuss Ca(AlHy),- 8/ u

Ca(AlH,),-4 1" mnaBsitcst uHKOHTPY HTHO Tipu 7,5 1 80°C cooTBeTcTBeHHO [141].
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Cucmema Sr(AlH),-TI'® (pucynox 1.56). 3HayeHHs pPACTBOPUMOCTH
Sr(AlH,), B TT'® mis Bcero unteppana (-120+140°C) noayuensl B obiactu -120-
14,5°C  BusyanpHO-nojuTepMuueckuM, npu -14,5+40°C  uzorepmMuyecKkum
MeTOJIOM. VIMEroTcsl 00nacTh KpUCTAUTU3allid OKTa- M TeTPacoiibBaToB. JIMHUSA
cConyayca TOCTPOEHAa MO JaHHBIM JuddepeHITnaIbHO-TEPMUYECKOTO aHalu3a
[142].

Cucmema  Sr(AlHg)-ouenum  (pucynox  1.56). BeTBb  HOIUTEPMBI
pactBopuMoctd Ha yuactke 0-0,5 mac% oTBeuaeT KpuUCTALIU3AlMU AUTIIAMA.
BerBb AB B wunHTepBame 0,5-5 wmac% Sr(AlH;), orpanuumBaer 001acTh
KpucTaum3anun okracoibBaTa Sr(AlH,), 811", ”HKOHTPY?HTHO TUIABSIIETOCS TIPH
10°C ¢ mepexomoM B TerpacosibBar. [lonurepMa OMHOTUIIHA C MOTYYEHHOM IS
cuctembl Sr(AlH,), -TT'® [143].

B paGotax [144-146] u3ydeHsl (a30Bble PAaBHOBECHUS TPOMHBIX CUCTEM C
y4acTHEM aIIOMOTUIPUAOB MIETOYHO3EMEIbHBIX METAJIOB.

B [101] casater UK- u SAMP-crieKTpbl aatoMOTUAPUAOB KaJIbLIUSA U CTPOHIIUS.
B pacTBOpax MMEIOTCS 1BE OYEHb CHUIbHBIC MOJOCHL: ogHa B obmactu 1705-1830
cm™ BanentHex Al-H, apyras - B o6macti 810 u 793 em™ nedopmanmonnsix Al-H
kosiebanuii. B TI'®-pactBopax VAI-H Heckoiapko caBuHYTHI B OoJjee
BBICOKOYACTOTHYIO 00JIaCTh CPAaBHUTEIHLHO C pacTBOpaMu B nuriume. OanHaKoBOe
0JIOJKEHHUE 1moJjioc, oTBeuaromux Al-H konebanusm B crieKTpax alrOMOTHAPHIOB,
yKa3bIBaeT Ha oJinHaKoBoe coctosiane AlH,-rpymnmsl B ux pactBopax [101].

CriekTpbl TBEPABIX BEIIECTB 3aMETHO OTIMYAIOTCS OT CIIEKTPOB PACTBOPOB.
MO’KHO 3aMETUTh Pa3INdus MPHU IMEPEX0Ae OT KaJIbIHs K CTPOHIIMIO, a TAKXKE IMPU
U3MCHCHUU CcTerneHn conbBataimu. C  yBenmuuenweM cosibBatarmu  M(AIH,),
UMeeTCsl SIBHBIH CIABUT B HHU3KOYACTOTHYIO 00JaCTh MOJOCHI BaysieHTHBIX VAI-H
konebanuii. Tak mis Ca(AlH,), 2TT'® vay HabmogaeTces nmpu 1820 emt, a s
Ca(AlH,),4TT® mpu 1622 cm™. D10, MO-BHAUMOMY, CICAYET CBS3BIBATH C
yYBEJIUYEHUEM KOOPIUHAIMK Kaibliusd W HOHHOCTH cBsisu B Ca(AlH,),4TI'O.

OrcyrcTBUe  pacmieryienuss  BajgeHTHOM — Al-H  momocel  mormomieHust
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Ca(AlH,),4TI'® yka3piBaeT Ha SKBHUBAJICHTHOCTh BOJOPOJIHBIX aTOMOB B AlH;-
TpyIIe ¥ TakKe coriacyeTcst ¢ noHHou Moaeibio. B Ca(AlH,),:2TI'® Hao6opoT, B
CBS3M C yYMEHBIIICHHUEM KOOPAWHAIIMM KaJIbIHSA, BO3MOKHO YBEIWYCHHUE BKJIAAa
MOCTHKOBOH CBSI3H.

Konebanus -C-O-C- B TT'®, cBA3aHHOM C aJFOMOTHIPHUIOM, CIABUHYTHI B
HU3KOYACTOTHYIO 00macTh ot 912 110 880 cm™, uTo yKkassiBaeT Ha mpodHocTs TI'D-
coabBaToB Ca(AlH,),.

Cuarel AMP-cniexkTpsl Ha sapax “"Al, TT® u IUCTEMOBBIX pacTBOPOB
ATIOMOTUJIPUIOB Kanblusi W cTpoHuus npu 34°C (pucyHok 1.6). Crextpbl
NPEACTABIAIOT COOOM KBHHTET C OTHOCHTEIbHOM WHTEHCUBHOCTBHIO IHKOB
1:4:6:4:1.

Koncranta cnun-cnmHoBoro B3aumozeictBua (KCCB) He 3aBucuT OT
pacTBoputenisi M KarhuoHa. CHEKTpbl XapaKTepU3yIOT B3aMMOJIEHCTBHE aToMa
ATIOMUHUSA W YETHIPEX CBS3aHHBIX C HUM aTOMOB BOJIOPOJA, IOKAa3bIBAIOT
HKBUBAJCHTHOCTh  BCEX IMPOTOHOB B  pacTBOpaXx M  CUMMETPUUYHYIO

TeTpa’ipuiecKyto cTpykrypy AlH,-nona.

svoe 2800 2200 00 #1000

3y ru
Pucynok 1.6 - Criextp SIMP ?’Al Ca(AlH,), B TT'®
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1.6. CuHTe3 M cBOMCTBA rMAPHUIA ATIOMUHUSA
['uapua — adrOMUHHS —~— BHEpPBbIE  OBUI  TIOJYYEH  B3aMMOJICHCTBHEM

AIIOMOruapuaa JIUTHA € XJIOPUJA0M aJIllOMHUHUS 110 PCAKIIUN:

3LiAlH4 + AICl; — 4AlH; + 3LICL (1.14)

VKa3aHHasA peakuis SBISeTCS ITTaBHBIM HCTOYHIKOM MOTyYeHIs TILIpIia
AITIOMIHHIIA.

THapn  aTIOMHHIA —SBISeTCH HPOMEXKYTOYHBIM COEIIHEHHeM| IpH
00pa30BaHHH aTIOMOTIIPILIA TIITIA:

3LiH + AlCl; — 4AlH3 + 3LiCl, (1.15)

AlH; + LiH — LiAlH, (L.16)
1 oOpa3yeTcs IpH B3aHMOIEIICTBHI aTMIOMOTHIpPHIA JIHTHA C XJIOPHCTHIM

AJTFOMHIHHEM

3LiAlH, + AICl; — 4AlH; + 3LiCL (1.17)

O¢dupHbIi pacTBOp TUAPUJA ATIOMUHUS HECTaOWIIEH, M3 HEro OBICTPO
KpHUCTaUTU3yeTCsl HepacTBOpUMEI B 3upe conbBat AlH3NELO. [Tpu HarpeBannu
B BaKyyMe YJaIUTh 3pUp U3 cOojJbBaTa MOJHOCTHIO HE ynaércs. B cooTBeTcTBUU €
YCIIOBUSIMU BAKYYMHOM CYIIKH, MOJYYEHHBIE TBEPAbIE MPOAYKTHI COAEpKaT 10 6
MoJIE Tuapuaa alroMUHUS Ha 1 Moab 3¢upa. ManocoiabBaTUPOBAHHBIN THAPUL
AIIFOMMHHSI MOXKET OBITh TAaKKe OCaXKIEH M3 3(PUPHOro pacTBOpa MEHTAHOM WIIH
JIUTPOUHOM.

Peaxmus (1.17), otkpeitas @unxonstoMm, bornnom u lllnesunrepom B 1947
I., SBJISETCA TJaBHbIM HCTOYHMKOM TIOJY4YeHHsS 3(UPHBIX PACTBOPOB TUIAPHUJA
amomuHus. [lo3nHee 3Ta peakius MOCIyKujia OCHOBOM JUIsl pa3pabOTKH CrIocOO0B
MOJly4YEHUS  HECOJbBATUPOBAHHOTO THApPUAA allOMUHUA. P cmocoOoB
OITyOJIMKOBAH B OTKPHITOM nedyatu B 1974-76 rr.

B 3aBHCHMMOCTH OT KOJMYECTBEHHOIO COOTHOILIEHHS PEAreHTOB PEaKIH
(1.17) moxeT mpuBecTH Takke K oopasoanuto xyiopaganoB AlIH,Cl umn AIHCI,
[147]. XiopanmaH B3auMOJEHCTBYET C QIIOMOTHAPUAOM JHTHS B 3dupe ¢

oOpa3oBaHueM ruapuaa amomudus [148]:
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LiAlH4 + AIH,Cl — 2AIH; + LiCl, (1.18)
2LiAlHs + AIHCl, — 3AIH;3+ 2LIClL (1.19)

B Coserckom Coro3e BHEpBbIE HECOJbBATUPOBAHHBIN THAPUI ATOMHUHHS
nonydeH JI.W. 3axapkunsim u B.B. I'aBpunenko [149]. [lepBoHauanbHO UX ciocod
COCTOSUT B TOJIYYEHHH pacTBoOpa Tuapuaa aimroMunHus 1o peaknuu (1.17) B cmecu
TUATIIIOBOTO W nuOyTmiioBoro »¢upoB npu —30°C u mociemyromeld OTTOHKE
pacTBOpUTENST B BBICOKOM Bakyyme. 3ateMm aBTopbl monyuwin AlH; B adwup-
apOMaTUYECKON Cpelie ¢ MPUMEHEHHEM BBICOKOTEMIIEPATYPHON KPHUCTAILTU3AINU
[150-153].

JlanbHeillee pa3BUTHE OTH HUCCICAOBAHMS TIOJYYMIIM B COBMECTHBIX
pabotax MuctutyTa snementooprannueckux coequnennii (MHO0C) u Uucturyra
obmeir n Heopranumueckod xumuu uMm. H.C. KypnakoBa (MOHX) AH CCCP,
[leHTpanbHOTO HAYYHO-UCCIEAOBATEIBCKOTO HWHCTUTYTa XUMHUU W MEXaHUKHU
MununctepctBa mamuHocTpoenuss (HHUMUXM MM CCCP). bein pa3zpaboran
METOJ/I TOJy4YeHUS] HECOJIbBATHPOBAHHOTO THIAPHIA ATIOMHUHUS, OTIMYAIOIIUNCS
Oosee BBICOKOM BOCIPOU3BOJMMOCTBIO W TO3BOJISIOIIUN  CHHTE3UPOBATH
npenapatbl HamOoJiee YCTOMYMBOM T€KCaroHaJbHOW MOJU(UKAIUU BBICOKOU
mrotHoctr d=1,47 r/cM® 1 BBICOKOI TepMuueckoi cradbunbHOocTH [154]. B ocHOBe
MOJTyYeHHUs HECOJIbBAaTUPOBAHHOTO THIPHIA aJIOMUHHUS 3aJOKEHBI 00IIne
MPUHITUIIBI IECOJIbBATAINH:

- BBITECHEHHUE JIETKOJIETY4YET0, OTHOCUTEIBHO MOJIIPHOTO PaCTBOPUTEIIS
— 3(upa, BHICOKOKHUIIAIIUM HEMOJISIPHBIM pacTBopuTesieM (O€H30J1, TOJIYOJ1);

- KpUCTAJUTM3AIUsl THAPUIA ATIOMUHUS U3 pa30aBJICHHBIX PAaCTBOPOB
NpU KUISYCHUW B TPUCYTCTBUU CHEUUANbHBIX 100aBok, LIAIH, u LiBH,,
KOTOpbIC, TMO-BUANMOMY, BBITIOJHSIIOT pOJIb  KOMIUICKTYIONINX  JINTaH/OB,

CIIOCOOHBIX OTTOPraTh AHUp:
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mAIH:; nEt;O - nM3H; — mAIH; + nM3H: nEtO, (1.20)
Et;O —msTirioBeil a¢ip; 3=B, Al; M=Li, Na, a IpII IOBBIIEHII TeMIepaTypsl
MOIVI OTIIENNIAIECSA 113 OOpPA30BAHHEIX KOMIUTEKCOB, BBICBOOOKIAd (PparMeHTE]

AlHj;, oTIararoLmiecs Ha rpaHax pacIviiero Kpucranna (AlH;z):

mAlH, - nM3H, 5 mdAlH; + nM3H,. (1.21)

TexHoIOorMYecKn TMEepPCIEeKTUBHBIMU  OKa3aluCh  CIOCOOBI  MOMY4YEHUs
THAPUIA ATIOMHHHS depe3 XJopornpou3Boanbie [147, 148] u ¢ ocymecTBiIcHHEM
OecconbBaTHOM KpucTayum3anuu [155].

OcoOplii MHTEpEC MNPEACTABIAECT «KUHETHUYECKUH METOA», a Takke
npemnoxxenHass UHO0OC AH CCCP 3amena moau@ukaropa KpuUCTaUIM3alUU —
Ooporuapuaa JUTHs — rajJoreHu1aMu 0opa B MPUHITOM CIIOCOO€ CHUHTE3a Tuapua
amomuHus [159, 160]. Bricokoe kauecTBO THAPHIIA ATFOMUHUS JOCTUTHYTO TAKKE
OpU €ro KPHUCTAUIM3allud M3 KOMIUIEKCHBIX COCIUHEHHH W B psAe APYTrux
crioco6oB [158-163].

B «xnopananoBom» crocobe wucrnonb3yroT u3obiTok AlCl; 1o 30% wu
NoJy4aroT 3(UP-TOINYOJIbHBIM pacTBOp 3(upaToB THUApPHUIA ATIOMUHUS U
MoOHOXJIopanana [147, 148].

Kommuiekc wccnenoBaHuid, BBIMOJHEHHBIX MHCTUTYTOM TEOJNOTHH U
reouzuku CO AH CCCP, no3BoHII NPEIOKUTH TaK HA3bIBAEMbIE TOMOTCHHBII-
U KAHETHYECKHH CIOCOOBI TMONYy4YeHHS THApPUAA allOMUHUA. B TOMOreHHOM
crioco0e B Tpoliecce HenmpepbIBHOM kpuctaumianuu AlH; perynmupyroT ckopocTh
ynanenus ddupa.

B kuneTnueckom crnoco0e MmoJiydaroT CYCIEH3UI0 AU3TUiIdGUpaTa ruipuaa
AIFOMHMHMSL ¢ XJIOPUCTHIM JiuTueM 1o Illne3unrepy. 3atem, myTéM peryinpyeMoro
BBCJICHHUS OTOW CYyCIIGH3MM B TropsunMd Toiyos, B mpucyrctBuu LiIAIH,
OCYUIECTBIISIIOT JI€COJIbBATALINIO a¢upara u KPHUCTAJUIU3AIUIO

HCCOJIbBATUPOBAHHOI'O I'MAPpHUAa aJIIOMHUHUA.
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Kunetnueckum crmocobom monyyaroT Menkuit (mo 20 W), BecbMa
OJTHOPOJTHBI MOHOKPUCTANTMYECKUA TMPOIAYKT ¢ Maio1e(heKTHON MOBEPXHOCTHIO
kpuctamioB AlH;.

Y.M. MupcauioBbiM U COTPYAHUKAMH  TPEINPUHATO  U3YUYCHHE
B3anmoneiicteust LIAIH, ¢ XmopucTeiM BoOpoIoM Kak BO3MOXKHOTO MCTOYHHKA
nonyuenuss AlHz B cpene coipBaTHpYIOIMIEr0o W CMENIAHHOTO PacTBOPHUTEIIS
(muatunoBeid >¢up — Et,O, terparuapodypan — TI'D, nurnum, 3¢pup-Tomayosn).
[IpenBapuTenbHO OmpeneseHa pacTBOPUMOCTh razoodpaznoro HCI B yka3zaHHBIX
pactBoputensax. Haiinennole 3Hauenus pacrBopumoctu npu 25°C B Et,0 — 25,8
mac%, B ToIyoJie — Tosibko 1,3 mac% [168, 16].

[Mpu cunrese AlH; uepes NaAlH, nocturaercs yMeHbIICHUWE BIHSHUS

XJIopa Ha IpouecCc, BBUIAY HpaKTHqGCKOﬁ HCPACTBOPUMOCTHU XJIOpHUIOA HATPHA B

a¢upe:

3NaAlH, + AlCl, i 4AlH; + 3NaCl. (1.22
Peakunio mnOpoBOAAT € KaBUTALIMOHHBIM IE€PEMEIIMBAHUEM, B OCTAJbHOM
HOBTOPsIIOT MeToAMKy cuHTe3a depe3 LiAIH,. K B3Becu NaAlH, B adup-tomyone
1:1 mpu 40-60°C npunuBarot pactBop AlCl; B MmomsHOM oTHOmenun ot NaAlH, :
AlClz= 9:1 no 2:1; npu o0béme pactBopureias 500 mi. [lo oxoHuaHHH
COBMEILICHHS] PEAareéHTOB CMECh HENPEPBIBHO MEPEMEMMBAIOT eme 2-3 yaca. U3
MIOCJICPEAKIIMOHHOTO PACTBOPA BHIKPUCTATN30BBIBatOT AlHj.

[Monyuenue AlH; B3ammopgeiicteuem NasAlHg u  AlICl; mpencrasisier
OnpenenEHHBIA MHTEPEC: B MOJICKYJIe TeKcaruapuaoanoMruaara, kak 1 B NaAlH,,
yke 3akarouén AlH;z [169].

V.M. MupcannoBsiM 1 coTp. [170] u3yueHo npeBpaiieHus: aatoMOTUIPUI0B
JUTHSI, HATpHsl, KaJIbLUA W CTPOHIUS TPH BO3JCHCTBUU XJIOPUCTBHIX AJKHIIA,
OKTHJIa, OeH3M1Ia U OpOMHUCTOro OyTHJIA C MOTYYEHHEM THAPUAA aJTIOMUHUS.

K pactBOpy Tramomanpou3BOIHOTO YIJIEBOIOPOAA TPU TMEpEMEIIMBAHUN
N00aBJISIOT PacTBOp WM CyCHeH3Wio amomoruapuaa mertamwia npu  40°C.

H36J'HOI[aIOT BBIACICHHUC MCIIKOKPUCTANIMYCCKOI'O OCadKa IraJIorcHujaa meJIOYHOI 0
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METallia. HpI/ISHaKOM BBaPIMO,ZICfICTBPISI ABIIACTCA TaKKEC HCUC3HOBCHHUCE 3aliaxa

TaJIONJIHOTO aJIKUJIa U c1aboe pa3orpeBaHre PEAKIIMOHHON MaCChI.
LiAlH4 +4RHal — LiAlHaly +4RH. (1.23)

P.®. T'atunoii u ap. [171] ocymiecTBiaeHa npsMas KpUCTaIn3anus TAprIa
QTIOMUHUSA B OJIHY CTAQJMI0 B3aUMOJICHCTBHEM THIApPHUAA JUTUS C XJOPUIOM
amoMuHua B 3dupHO-TOoIyonpHOM cpeae 60-100°C m OTroHKE pPacTBOPHUTEIIS.
OOHapyXeHO, 4YTO BBIOpaHHBIC YCIOBUS CHHTE3a SIBISIOTCS >KECTKUMH IS
MOJYYEHUs] HECOJIbBATUPOBAHHOIO KPUCTAUNIMUYECKOTO THUAPHUAA AIIOMUHUS C
XOpOUIMMH  JKCIUTYyaTallUOHHBIMM ~ XapaKTEPUCTUKAMHU,  OJIHAKO  BIEPBBIC
YCTAHOBJIEHA  BO3MOXHOCTh  TIOJIYy4YEHUS  HECOJbBATUPOBAHHOTO  THApPHUJIA
ATIOMUHUS, MUHYSI CAMOCTOSITEJIbHYIO CTAJIUIO TOJIYYEHUS allFOMOTUIPUIA JTUTHSL.

Corpynnuku Hucruryra xumun um. B.W. Hukutuna AH PecnyOnuku
TamkukucTan co3nanu (U3NKO-XUMUYECKHE OCHOBBI YIPABIEHUS MPOIECCaMu
CHUHTE3a U KPUCTAUIM3AIUU THAPUJIA ATIOMUHUS TyTEM XJIOPTUIPUIHOTO OOMEHa!
[172-180]

1) Ha ocHoBaHMM (U3NKO-XUMHYECKOTO aHAIM3a TPH U3yYCHUH
XUMHUYECKOTO U (Pa30BOTO MPEBPAIICHUS KOMIIOHEHTOB MOCIEPEAKIIMOHHON MacChl
zaumogeiicteust AlCl; ¢ LIAIH, mmm LiH, a Taxke MOIEIbHBIX cMeceid
YCTAHOBJICHbl U3BMEHEHHUS COCTaBa COJibBaTa TMJIpUJa aTIOMUHUS TPU HarpeBaHUU
or 25 no 60°C B paBHOBECHBIX YCIOBHUSAX, OOHAPYXEHO XHUMHYECKOE
B3aumozeiicteue AlH3 Et,O um xnopuma auTtess ¢ oOpa3oBaHMEM KOMILICKCA
AlH3-LiCl-Et,0O, uto conmpoBoxaaeTcs ABJICHUEM 3aryCTeHHUs Macchl pu 56-60°C.

2)  H3yueHo BIMsAHHUE TEMIIEPATypbl, KOHIIEHTPAUH 3Upa, COmEpPIKaHMSI
AlH3, npyrux mapamMeTpoB ¥ X COYETaHUN HAa MOPQOJIOTHIO KPUCTAIIOB THIAPUIA
aMOMUHUS B ogHocTaauiiHoM (xmopruapuanbiii oomen AlICl; ¢ LiH) u B
kuHeTrueckoM crocobax (oomen AlCI; ¢ LiAlIH,). YcranoBieHo, 4To TIaBHBIM
YCIIOBUEM TIOJyUEHHUsSI KPYHMHOKPHUCTAJUTMYECKOro HecoibBaTupoBaHHoro AlH;

reKCaroHaJbHOM MoAu(HKAIMK SBIsSETCS MOBbIICHHOE coaepkanue LICI B
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PEaKIMOHHON Macce, YTO JOCTUTAeTCsl TOJIBKO B OAHOCTAIUHHOM CHUHTE3€, MpHU
cootHommennu AlH; : LiCl = 1:3.

BrisiBieHO ABa croco0a KpHCTAILUIM3alUA HECOJIbBATHUPOBAHHOIO THApHUAA
QITIOMUHUS

- W3 pacTBOpa B YCJOBHMSX 3HAYUTENBHBIX NepechimeHnui, korga AlHj;
CBsI3aH B BBICOKOpacTBOpUMBIH Komruieke LIAIH,-nAlHS;;

- B OTCYTCTBHUE MEpPECHIIICHUI uepe3 TBEPAYIO (azy MaiopacTBOPUMOIO
komruiekca AlHz-LiCI'nEt,O, korma oOecnieunBaroTcsi yciioBusi 00pa3oBaHUs
MaJlor0  4YWCJIa  3apoAblllled M PAaBHOMEPHOIO  POCTa  KPHUCTAJUIOB
HECOJIbBATUPOBAHHOTO  rujpuaa  amomuHus. [lpu  sTtom  oOpa3zoBaHue
XJOPTUAPUAHOTO KOMIUIEKCA SIBJISIETCS TJIABHBIM ~ KPUTEPUEM  TOJYUYECHUS
MOHOKPUCTAINTMYECKOTO THAPU]IA aTFOMUHUSA.

[Ipennoxen >PeKTUBHBIN OTHOCTATUNHBINA (COBMENIEHHBIN) JTUTHUEBBINA
CIocO0 TMOJIy4eHHUS] THAPUIA aJIOMUHUS TPSIMBIM B3aUMOJIEHCTBUEM THAPUIA
JUTUSL U XJIOpHJAa aTIOMUHUA B 3(QUPHO-TONYOJbHOM cpene mpu 25-60°C ¢
MOCJICTYIOIIEH CTYIIeHYaTOW JecoybBaTaleil u kpuctamm3anuein. Berxoa 80-90,
conepkanne xyopa 0,01-0,2%, TepMOCTabHIBHOCTE Tgbs 144 40-80 wacos,
KPHUCTAILIBI OJTHOPOAHBIC, pazMepoM 50-80 mxm [171].

[IpoBeneHbl TMPOMBINIIICHHBIE MCHBITAHUS  OJHOCTAJAMIHOIO  crocoda
MOJYYEHUs] Tujapuia antoMuHUsA. [lodmydyeH HecoJbBaTUPOBAHHBIA THAPUIL
ATIOMHUHUS, MO PsAy HapaMeTpoB OTBEUAONIUN TpeOOBAHUS TEXHOJOTUUECKUX
ycioBuit.  [lokazaHo, 4TO  cmoco0  TEPCHEKTUBEH IS CO3JaHUs

pecypcocOeperaroiei TeXHOJI0THH ruapuaa amoMununs [171].

1.7. CBoiicTBa ruipuaa aJlOMUHMS
B pa6orax u monorpadusx [100,101,172.] onucanbl (HpU3HKO-XUMUYECKUE
XapaKTepUCTHKK coibBatupoBanHoro AlHz, cTpoeHne KOMIUIEKCOB THApHIA
ATIOMUHUS, HEKOTOPhIC TEPMOJMHAMHUYECKUE KOHCTAHTHI MPOU3BOIHBIX THUAPHUIA

amomunusa. K.H.Cemenenko, b.M. bynblueB u apyrue mnogpoOHO H3YUWIH
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CUCTEMBI C YYaCTHEM TUIPHUIA ATIOMUHUS, CHHTE3UPOBAIIU Psil KOOPAUHAIIMOHHBIX
COCJIMHEHUN TUJIpUA ATIOMUHUSA, U3yUYUIIU UX CBOWCTBA W MPOTOHHBIE CIEKTPHI.
[181,182]

Ha Tepmorpamme cCOJBBAaTUPOBAHHOIO TUApPHUJA  ATIOMUHHS — TpU
TeMIlepaType 100-130°C bukcupyercs AK30TEPMUYECKHIA addexr,
COOTBETCTBYIOLIUH pa3ioxeHuto s¢upara. [Ipu HeOonboM coaepkanuu 3¢upa B
oOpaslie Bcies 3a dK30TepMHUeCKUM 3(PGHEKTOM B TOM ke MHTEepBalie TEMIEPATyp
¢ukcupyercss dHIOTEpMUYECKUl 3()PEKT, COOTBETCTBYIOUINI  Pa3I0KEHUIO
THIPHIa aTFOMUHKS Ha 3neMentsl [101,171].

DU3NKO-XUMUIECKHE CBOWCTBA HECOJBbBATHPOBAHHOTO THAPHIA ATFOMUHHUS
CIJIbHO OTJIHMYAIOTCA OT CBOWCTB COJIbBaTa. B Hacrosimee Bpemsi yCTaHOBJICHO
CYIIIECTBOBAHHE MHOTHX KPUCTAJUTMYECKUX (POPM HECOJIbBATUPOBAHHOIO THUAPUJIA
AIIOMHUHMSI, U3 KOTOPBIX HanOoliee M3Yy4YeHBbl TeKCcaroHajdbHash W poMOWYecKas.
NnentudunupoBansl Takxke Kyoudeckas ¢opma U JiB€ MOIU(DUKAIUN HU3IIUX
CUHTOHUN. PEHTreHOBCKUU aHaiu3 KPUCTAJUIOB IeKCArOHAJIbHOW MOAM(UKAIMU
NaéT CHelylollMe MapaMeTphl JJeMeHTapHoW sdeiiku: a=4,45+446 A n
c=11,83+11,84 A. PaccuuraHHas peHTTEHOBCKAs IUIOTHOCTh  0Opa3IOB
reKcaroHaIbHON MoudUKALMY TeXUT B peaenax 1,47-1,48 r/em® [183,184].

B tabnuue 1.2 mpuBeneHsl KpucTamiorpapuieckie mapaMeTpbl OCHOBHBIX
MOAU(UKAIMNA TUAPUIA ATFOMUHUA.

Ha TtepmorpamMmMe rexkcaroHaabHOW MOIUGUKALMK HECOJbBATUPOBAHHOTO
TUApUIA amoMUHUS (UKCUpYeTCs dHIoTepmuueckuii addext B obmactu 170-
190°C, otBewarommii paznoxenutro npoaykra [101,185]. Ha nHekoTopsix
TepMOorpamMMax  SHJIOTepMuuYeckoMy dd@deKTy mnpeamecTBsyer  HeOOJbIION
sK3oTepMudeckuii  dQPeKT, HaIUuue KOTOPOTO OOBSICHACTCA MPUCYTCTBHEM
COpOMPOBAHHOTO HA MOBEPXHOCTU 0OPaA3IOB HEOOIBIIIOTO KOJIUYECTBA KUCIOPOa.
[lepexonq pomOMYeckoil MoauduKauu B TEKCAroHAJbHYI0 TIPOTEKAeT MpHU

KPAaTKOBPEMEHHOM HarpeBaHuM o0pa3na W (QUKCUpyeTcsl Ha TepMorpamme
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sk3oTepmudeckuM dddektom B uHTepBane 110-120°C. Hanuuwe mnepexona

IMOATBCPIKACHO PCHTI'CHOBCKUM aHAJIU30M.

Ta6smuna 1.2 - Kpucraminueckue moauduxaruu AlH;

ITapameTpsl Z D, pac. | JIurepatypa
3JIeMeHTapHOIT T/om?
aefKH
a B c
Kyoiraeckas (Y) 9,04 - 2 16 192 183
Kyougeckad 8,38 - - - 1,52 183,184
I'excaroHansHas (¢) 4.45 - 11,81 6 1,47 184
TI'ekcaroHanpHas 2.9 - 4,55 - - 184
I'excaronamsHad (I1) 8,04 - 12,58 - - 183,184
I'ekcaronansHag (III) | 6,56 | - 10,61 | - - 101,184
PomOmgeckas 3,18 - 1,56 - - 101,184
PomOugeckasn 5,32 7,31 | 5,82 6 1,31 101,184
PomOmgeckas 6,91 | 5,02 | 6,73 6 1,26 101,171
PomOmnaeckas 6,62 | 6,48 | 5,62 6 1,24 101,171
CranpaptHas cBoOonHas oSHeprusi [mb0Oca oOpa3zoBaHusi ruapuaa

aJIOMHHUS WMeeT mnojokutenbHoe 3HadeHne AG°=11,11+£0,23 kkain/MoOJIb;

sHTaNbUs oOpazoBaHus AH=-2,73+0,2 kkas/MoJb.

B pabote [186] MUKpOKaIOpUMETPHUECCKUM CIIOCOOOM H3MEpeHa TEIIoTa

TEPMUUYECKOTO pa3IOKEHHsl Tuapuaa amoMmuHus npu temmneparype 102°C. Ha

OCHOBAaHUH HOqueHHOﬁ BEJIMUMHBI IO TEMJIOEMKOCTH aJIFOMUHUS pacCcurTaHa

CTanJgapTHas  TCILJIOTa O6p&30BaHI/I$I

moauduranuu AH =-2,73+0,05 xkkan/mMob.

TUJIpUaa AJIIOMUHHUS TEeKCAaroHaJbHOU
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1.8. 3akJil04eHMe MO JUTEPATYPHOMY 0030pY M 321a4M HACTOsIIEH padoThl

[IpencraBieHHbIN TUTEPATYPHBIA 0030p MO3BOJISET OLICHUTH MPOOJIEMATUKY
XUMUU BOKHEUIINX KJIACCOB KOMIUICKCHBIX THAPUIHBIX COCAMHEHUN — OOpo- |
TIOMOTUJIPU/IOB METAJUIOB U THAPUJIA ATFOMUHUA.

CunTe3 OOpOTUIAPUIOB METAIJIOB MapalieIbHO C  alOMOTHUIPHUIAMU
METAJIJIOB TPEACTABISETCS 3aKOHOMEPHBIM U IEIECOO00pa3HbIM MPEXKIE BCETO
MOTOMY, 4TO OOp U aJIIOMUHMU sABISAIOTCS aHanoramu |IIA rpynmbl 3jaeMeHTOB,
MpoCTeUmuid  TUApUA KoTopod OHj o0mamaer mNpakTUYECKW YHUKAIBHOU
CIIOCOOHOCTBIO K MPHUCOCIUHEHHIO THapua-uoHa H ¢ oOpa3oBaHueM aHHOHOB
(asmroMo- u 6oporunpuaHbix rpynm). [Ipu s3ToM G6op sBisieTcs HanboJee CUITbHBIM
aKIIETITOPOM, YTO OMpeJIeNsieT HauOOJBIITYI0 YCTOHYMBOCTh BH , -TpyTIIbL.

Takum o6pazom, MBH, npencrapnsercs yno0HON MOJEIBIO JUIsl U3yUEHUS
CBOMCTB MeHee cTabmibHbIX AlH, .

CxonctBo  almoMo- W OOPOTUAPUAHBIX  TPYNI  MPOSIBISETCS B
TETPad’IPUYECKOM CTPOCHUU M PAJE PEaKIUi C UX y4aCTHEM, OCHOBAHHBIX Ha

VOHHOM U T'€TEPOIMTUYECKOM PABHOBECUAX:
M3H4 «> M™ + DHy,

M3H; <> MH + DHs.

N 6opo- m amoOMOTHAPUIHBIC TPYIIIEI CIIOCOOHBI MPUCOSAUHATHCS TIO
WOHHOMY M KOBAJIEHTHOMY THIY, ojaHako, AlH,-rpynmna uMmeer B 3HAYMTEIHHOU
cTereHH Oosiee MOHHBIA Xapaktep. B oriamune ot BHs-rpymmer, AlH4-rpynma
SBJIICTCSI KOOPJIWHATUBHO HEHACHIIIICHHOM W CHOCOOHA K  PACIIMPEHUIO
KOOPJIMHAIIUOHHON cdeppl oT 4 1m0 6. DT0 00YCIOBICHO HSHEPTreTUUYECKOMN
JOCTYITHOCTBIO BaKaHTHBIX O-opOMTajeii aToMa allOMHHHS IO CPaBHEHHIO C
aToMOM Oopa. JTa O0COOEHHOCTh ANOMHUHHS MPOSBIAECTCS U B CYIIECTBOBAHUU
OTKpPBITBIX Bubeprom Oop-adlOMUHHUEBBIX KOMIUIEKCOB C  MOCTHUKOBBIMU

bparMeHTamu:
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[TpucyTcTBUE MOAOOHBIX COEAMHEHUN CO CMEIIAHHBIMM JIMTaHIaMH TaKKe
MOJITBEPIKJIAET IEIeCO00Pa3HOCTD MapaJIEIbHOTO UCCIIEIOBAHMS M PACCMOTPEHUS
QTIFOMO- U OOPOTHIPUIOB.

W3ydyeHne XUMUK U UIECHTU(UKALNS 3TUX €lle HEM3YUYEHHBIX COCAMHEHUN
npeacTaBisger OoNbIIOW HWHTEpeC. ITO TMOJATBEPKAACT IeIeco00pa3HOCTh
NapajuIeIbHOTO PACCMOTPEHUS W HCCIENOBAaHUS OOOMX KJIACCOB BOJOPOJHBIX
COEJIMHEHUI — aJIFOMO- U OOPOTUIPUIOB METAIIIOB.

B nenom no cTabuibHOCTH aTOMOTHIPUABI YCTYNAIOT OOpOruaApUIaM, Ipu
IIPOBEICHUM IIPSIMOTO CHHTE3a COJEpKAT IPUMECH HENPOPEArnpoBaBLIETO
HIEJIOYHOTO METajla U €ro THIPHUAA, YTO YPE3BBIYANHO OCIIOXKHSIET SKCTPAKIUIO
YHUCTHIX AJIIOMOTHJPUAOB, OCOOEHHO TSDKENBIX INEJIOYHBIX METaIOB — Kalud,
pyOuIus U 11e3us.

[IpssMoll CHHTE3 aTOMOTMAPUIOB IIETOYHO3EMENIBHBIX M TEPEXOJIHBIX
METaJUIOB HE OCYLIECTBIEH. V3BECTHBIE BO3MOXHOCTH [UISl  IOJYYEHUS
amomoruipuaoB IlA rpynnbl U mepexoJHbIX METaUIOB OTKPBIBAIOT OOMEHHBIE

pe€aKunyn MEJIOYHBIX AJIIOMOTHAPHUAOB U COOTBECTCTBYIOIIHUX I'aJIOTCHHUAOB!

MAIH, + M’Hal, — M’(AlH4), + nMHal.

J10 HACTOSALIEr0 BPEMEHHU 3TO B3aUMOJACUCTBUE OBLIO KIIOYEBBIM B CUHTE3€
AIFOMOTHIPUI0OB MeTauioB. OJHAaKO OOMEHHOE B3aUMOJICHCTBHUE, KaK IMpPaBHIIO,
BECbMa OTPaHUUYEHO M3-3a Y3KOI0 Habopa pacTBOPUTENEH U IPOYHON COJIbBATALIUU
npoaykToB. Kpome mnpocTeIX TuapunoB MeTauioB [A rpynmsl, NpeBpaiicHHue
OWHAPHBIX THAPHUIOB APYTUX deMeHToB M"H, H3ydeHo HEA0CTaTOYHO.

XOoTsl cIoCcOOBI OJIYYEHHS TUAPHIA ATIOMUHUS Yepe3 aTFOMOTUAPUTT JIUTUS
¥ OTYACTH HATpHsl IETAIBHO pa3padOTaHbl, 3a/laya MCIOJIb30BAHUS B TEXHOJIOTUU

TUApUIA aTIOMUHUS JEHIEBBIX TUIPUJIOB HATPUA U KalblUsi U B MEPCIEKTUBE —
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Mar"us, K HadaJly HacTosmied paboTel OblIa OYEHb Jajneka OT pelIeHHs. JTO
CBSI3aHO CO CJIa00OW M3YyYEHHOCTBIO peakuuid ATuX TuapumoB. [loatomy Hamu
pa3paboTan MexaHoxumudeckuid MmeToy cuaTe3a AlH3 gepe3 cmecs NaH u CaH,
¥ COCTaBJICH MPOTPAMMHPOBAHHBIN CHHTE3 UYepe3 yKa3aHHbIC OMHAPHBIC THAPUIBI.

AHanu3 nuTepaTypHOro 0030pa MOKa3bIBAET, YTO OOPO- U ATFOMOTHUAPUIIBI
METaJUIOB  SIBIITFOTCS OCHOBHBIMH HMCTOYHWUKAMH [IJIl TIOJYyYEHUS THAPUIA
amomunus. boporuapun nmutus LiBH, wcnonb3oBaiics, kak moaudukarop, mpu
cunaresze AlH; B mpomsBocTBe.

B nuteparypHoMm 0030pe mpuBeIeHBI O00IIHE CBOWCTBA OOPOTHAPHUIOB
METaJIJIOB, CUHTE3 M CBoicTBa OoporumapumoB d- m f-anemenroB. B pasnene,
MOCBAMIEHHOM TFOMOTHIPHIaM METAJIJIOB, OITUCAHBI CHHTE3 M (PU3HUKO-
XUMUYECKHE CBOWCTBA QIIOMOTHUIPHUAOB IIEJTOYHBIX M MIEIOYHO3EMETbHBIX
METaJUIOB, KaK Han0oJee YCTONIMBBIC KOMIUICKCHBIC THAPHUIBI.

B 0030pe ocoboe MecTo 3aHMMaeT paszei, IMOCBAIMIEHHBIM CHHTE3y H
CBOMCTBaM Tujpuja aloMuHug. B 3ToM paziene moapoOHO ONMucaHbl pa3inyHbIe
MeTo bl cuHTe3a AlH3: TpaauIMOHHBIN METOI, XJI0paJIaHOBBIA METOJI, MOJTyUYCHHE
THApUIA ATIOMUHHUS 4Yepe3 XJIOPHPOU3BOJHBEIE yriieBojaopoasl. Kpome Toro,
OIKCaH NEPCIEKTUBHBIN OTHOCTAAUHHBIN MeTo [171].

[lokazaHo nmnpeumyiecTBO pazpaboranHoro B HMHcTUTyTe  XUMHUH
uM.B.M.Hukutuna AH Pecnybnmuku Tamxukucran XJjI0opOEH3UIBHOTO METOJIa
nonyuenus AlH; [101].

Hcxons u3 BBIIEU3I0KEHHOTO, B HACTOSIIEH paboTe MpEeIoKEeH CHUHTE3
O00po- W aMOMOTHAPUIOB IIETOYHBIX METAUIOB JOCTYIMHBIM METOIOM dYepes
OOpOCHIIMKaTHBIC M AJTIOMOCHIIMKATHBIC PyIbl. Pa3paboTaHbl MpUHIMITHAIBHBIE
TEXHOJIOTUYECKHE CXEMBbI TOJyUYEeHUsI MCXOJHBIX XJIOPUIOB OOpa M alFOMUHUS C
MOCIIEAYIOUTUM TIOJTy4eHHEM 00pO- U ATFOMOTHAPUAOB MICTIOUYHBIX METAIIIOB.

PazpaboTan MexaHOXMMHYECKUN METO]] CHHTE3a TUIPHIa ATIOMUHUS Yepe3
neméBbie  OWHApHBIE — TUApUALI  HaTpuss W Kanblus.  CocraBlieH

nporpamMmmupoBanHbiii cuaTe3 AlH3 uepes cmecu NaH u CaH,.
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Takum 00pa3oM, 3aa4aMK HaCTOSIIEH paOOThI SIBIISTFOTCS:

- CHHTE3 OOpO- M aTIOMOTHAPHUIOB METAUIOB IEPCHEKTHBHBIM METOIOM
gepes: pyaa — XJIOPHIbI — OMHAPHBIC THAPUIBI OOPOTHIPHIBI U aTIOMOTHIPHIBI
— THAPU]] ATFOMUHUS;

- YCTaHOBJICHHWE ONTHMAJbHBIC YCIIOBUS IIOJYYCHHS XJIOPHIOB Oopa u
ATFOMHHHSI B CpeJIe OPraHUYESCKUX PACTBOPHUTEIICH;

- CHHTE3 THJpHUAA aTIOMUHUS MEXaHOXHMHUYECKHM MeToaoM udepe3 NaH wu
CaHy;

- H3yYCHHE (PUINKO-XUMHUUYCCKHE CBOWCTBA HEKOTOPBIX KOMILICKCHBIX
ruapuaoB — MAIH,.

- TEpPMOJMHAMHYECKas OIICHKa TporieccoB nosryuenus MBH, u MAIH,,
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I'JTIABA 2. ITIOJIYYEHUE UCXO/HbIX BEHIECTB, CUHTE3
BOPOTUJAPUIOB U AJIIOMOT'UIPUI0OB HEJTOYHbBIX METAJIJIOB
2.1. ITosryvyeHue TPEXXJIOPUCTOr0 Oopa U3 GOPOCUIMKATHBIX pya [8-A]

C uenpto monyuenuss BCl; u3 Oopocwimkataeix pyn — maHOyputa Ax-
Apxapa HamMu coOpaHa yCTaHOBKa JUJIsl XJIOpupoBaHMs chipbsi. Ha pucynke 2.1
MPE/ICTaBIICHA YCTAHOBKA YAAJICHUs U3 OOPOCUIIMKATHBIX Py COCIMHEHUN Kere3a
u nosryuenus 3¢upara BCls.

[Ipouecc XnopupoBaHUS COCTOMT M3 JBYX OTallOB, Ha IIEPBOM ITale
npoBoautcss xjopupoBanue mnpu  400-500°C ¢ umenp0 ynaleHUs KENe30-
coJiepkalux coeauHeHuil. [lepen XxmopupoBaHUEM HCXOIHOE CBIPHE MOIBEPTaU
o0xury mipu 600-700°C, 3atem py1y IOMEIIAIU B PEAKTOP SISl XJIOPUPOBAHUSI.

Ha wncxomHOM cChIpb€ M KOHLEHTpaTax H3ydajd IPOLEcC XJIOPUPOBAHUS
IPUPOJIHBIX OOpOCOAEpKALUX PYI-A1aHOYpPUTOB.

Jns u3ydeHusl mpouecca XJIOPUPOBAHUS MPUBEACHA CXEMa YCTAaHOBKH Ha
pucynke 2.1.

["a3000pa3ublii xyop mojaBaics w3 OamwioHa (1) depe3 ocCyHIMTENbHbBIS
ckisHkA (2, 3). Peomerpom ocyiiecTBiIsIach peryJupoBKa IMOJa4u XJjopa
peoMmeTpoM (4), npeaBapuTENbHO OTIPAIYHUPOBAHHBIM IO CYXOMY XJIOPY.

B peakrop 3arpykanach HaBecka KOHIIEHTpaTa WU HCXOIHOTO NaHOypuTa,
MEXIy JABYMs  acOecTOBBIMM  MpOKIaIKamMu. B 3lexkTpuyeckyro  Iedb
conpoTuBieHus: nomentancs peaktop (7) (8). Temmeparypy B meuu U B 30HE
peaknuu M3MepsIu  TepMoMeTpoM (9) W ¢ TOMOIIBI0 aBTOTpaHc(opmaropa
peryaupoBaliach Harpy3Ka 3JIeKTpUYecTBa.

B HmwxHIO YacTh peakTopa mocTymnan razoo0pasHbiii xyop (7), mpoxons
yepe3 HaBEeCKy NaHOypuTa, BCTYNMaJl B PEAKIMI0 C OKCHJIAMH Keje3a, KOTOphIe
BXOJSIT B cocTaB OOpHOro chiphsi. Ha BbIXOJE B XOJIOMHOM 4YacTH peakTopa
KOHJIEHCUPOBAJIMCh NPOAYKThl Bo3roHa. Ilocne peakuyu B MOTJIOTUTENAX

yJIaBIUBANIKUCh oTXosme ra3el (12) ¢ 10% pacTBOopoM 1ienoyu.
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Pyaa

Oo:xur

PHCcyHOK 2.1 - CXeMa YCTaHOBKIH I H3YYEHIId HIIBKOTEMIIEPATyPHOIO
XJIOpPHPOBAHIIA 1aHOYPHTOB MECTOPOXKICHHA AK-ApXap (1 — damioH ¢ XnopoM; 2 —
CKIfHKAa THINEHKO U1 JKIIKIX morinornreneil (konm. H;SOs); 3 — cKiIgHKa
THmeHKo JUId TBEPABIX HOITOTITeNell; 4 — peoMeTp; 5 — pyza; 6 — medsp Ul
obxmra); 7 — peakTop; 8 — 3neKTpuYeckas Imeds; 9 — TepMomapa; 10 —
IBYXCEKIIIOHHAA MedYb; |1 — XomomuIpHIK; 12 — mornoturens ¢ 10% pacTBopoM

meno4n (NaOH).

Ha nepBom stane mpoBoaunu mpouecc xsnopupoBanus npu 600-700°C B
teueHue 120 MUHYT JJ1s yIaJIeHUS UOHOB jXene3a. [[Jid MoJHOro yiajieHus HOHOB
xKese3a B mporiecce xjaopupoBanus no6asisum 10 30% BoccTaHOBUTENS (YIJIS) OT
BECa HABECKH.

B  rtabmmme 2.1 nmpuBOAMTCS ~ XUMHUYECKUH  COCTaB  HMCXOIHOTO
OOpPOCUIIMKATHOTO CBHIPhSI M HA PUCYHKE 2.2 — pEHTI€HOTpaMMa UCXOTHOTO ChIPbS.

Crnenys POA (pucyHok 2.2), OCHOBHBIMH PYI000pa3yIOIIMMHA MHHEpAIaMH
nopojbl  TaHOypuTa SIBISIOTCS: MAaHOYPHUT, aKCUHUT, THUAPOOOPAIUT, MATOJIHT,

rpaHaT, MOHTMOPUJIJIOHUT MUPOKCEHBI (UM T€IEHOEPTUT), TUAPOCTIONA, KalbLUT
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H KBapu. HYCTa}I InmopoJga MmpecacTaBJICHA Kap6OHaTaMI/I KaJlbliys, THIICOM,
TIMHUCTBIMHA MHUHCPAJIaMHU (MOHTMOpI/IJIJ'IOHHT, FI/I,ZIPOCJ'IIOI[a) " KBApILCM.

Tab6auna 2.1 - XuMu4yeckuii COCTaB UCXOJHOTO JaHOYpHUTa MECTOPOKICHHUS

Ax-Apxap
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Pucynok 2.2 - PeHTreHorpamMma HCXOJHOTO AaHOypUTa MECTOPOXKICHHUS
Ak-Apxap: K — KaJbIuT, T — TpaHaT, KB — KBapIl, 1 — JaHOYpPHUT, a- aKCUHUT, T —
MUPOKCEHBI, AT - AATOJUT, TUAPOC — THIPOCIIOA, THA — FTUAPOOOPAIUT, MOHT -

MOHTMOPHUJIJIOHHUT.
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Ha pucynke 2.3 mokazaH mpouecc XJIOpPUPOBaHUS OKCHUIOB Kelie3a B

3aBUCUMOCTH OT BPCMCHH, TCMIICPATYPhI XJIOPpUPOBAHUA W  COACPIKAHUA
BOCCTAHOBHUTCIIA.
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PHcyHOKR 2.3 - 3aBIICIIMOCTE CTEIEHH II3BIeYEHIIT OKcia Fe)O: ot

TeMIepaTypsl  (a). IPOIOLKHITIEIBHOCTII

nponecca (0) H  couep:KaHILA

BOCCTAHOBHTEIA (B) IPH XJIOPHPOBAHIH 000ACKEHHOTO OOPHOTO CHIPBS.



50

Kax nokazano Ha pucyHnke 2.3, 1js mnpoiiecca XJOpUpOBaHUsT 000AKEHHOTO
OOpHOTO ChIpbsi ¢ moidyueHueM okcuga Fe,O; onTUMaabHBIMHU IapaMeTpamu
ABJISIIOTCS: TeMIieparypa npoiecca - 600°C, conepkaHre BOCCTAHOBUTEIIS B IINXTE
30%, nmurenbHOCTH nporecca — 110 MuH.

[Tocne ynaneHuss HOHOB KeJie3a MPOBOAMIN 2 3Tl MPOoLEecca XJIOPUPOBAHUS
¢ nensto nmomydeHust BCl;.  [lns 3TOoro B cxemMe BMECTO MOTJIOTHTENS TOMEIATH
COCYJl C OpPraHMYEeCKUM pacTBOpUTEIEM (IAMATUIIOBBIA 3up, TeTparuapodypan
WIM JATJIMM) M YCTAHOBKA ISl MOJIYYEHHS TPEXXJIOPHCTOrO OOpa COCTOMUT W3
CIEIYIONIMX YacTeil: Oa/ioH ¢ XJOpOM, CKJIsSiHKa THINEHKO Uil KUIAKUX
NOTJIOTUTEIIEH, PEAKTOP, TEPMONApa, XOJIOAWIbHUK, TOTJIOTUTENb C OPTAHUYECKUM
PacCTBOPUTEIIEM.

Kax u3BectHo, x0pua 6opa npecrapisieT coo0i OECIBETHYIO, MOABUKHYIO
(temniepatypa kunenus 118°C), ApIMANIyIOCS BO BJIQXKHOM BO3IYyXE >KUIKOCTb,
KOTOpasi TUAPOIUIYETCS BOJOM, 00pa3ysi OOPHYIO U COJISIHYIO KHCIIOTHI.

W3zyuen npomecc nmonyuenus: BCl; ¢ cpene oprannueckux pacTBopuTenei.

Ilpumep 1.

bopuyo pyay (100 r) moasepranu ooxury npu 600°C B Teuenue 1 daca,
3aTeM XJIOPUPOBAIA B MPUCYTCTBUU BoccTaHoBUTENS — yris (30 r) B Teuenue 120
MUH [JJs1 yAaJeHHsT WMOHOB kene3a. [locie ynaneHuss HOHOB kKejle3a pyay
noABeprajiv  xjopupoBanutro npu Temneparype 800°C B mOpHCYTCTBUU
BoccranoButes — kokca (30 r). [Tonyueno 32,43 r BCl; B adupe. Borxox — 92%.

Ilpumep 2.

bopayro pyny (20 1) momBepraim OOXHTY IO YCIOBHSIM Tmpumepa 1.
[Monyveno 6,22 r BCl; B TeTparunpodypane. Bexonx — 90%.

Ilpumep 3.

bopnas pyna (200 r) noasepranace ooxkury npu S00°C B Teuenue 1 yvaca u
xjopupoBainack B muxrte (60 r) 3a 60 munyT. [locie ynaneHust XJIOpuCToro xemnes3a
pyay TOABEpPrayii XJIOPUPOBAHUIO B MpUCYTCTBHM BoccrtaHoButens mnpu 800°C.

[Monyueno 70,50 r BCl; B nurimme.
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Bce onbIThl OBLTM MPOBENEHBI C 000XOKEHHOM HCXOJHOW OOpHOU Pyaol C
conepxxanuem B,03 10,4% (Tabnuma 2.1).

Jlis  ompeneneHUs ONTHMAJIbHBIX mapameTpoB mnoiydeHus BCl; nHamum
W3Y4YEHBI 3aBUCUMOCTH CTETICHH U3BJICUCHUS TPEXXIJIOPUCTOTO OOpa OT BPEMEHH U
TEMIIEpATypbl XJIOPUPOBAHUSA, TAK K€ KOJIMYECTBA BOCCTaHOBUTENA. Ha pucynke

2.4 pecTaBIIEHBI PE3yIbTAThl XJIOpUPOBaHUs B epecuére Ha B,0s;.
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PucyHOR 2.4 - 3aBIICIIMOCTE CTeNEHII II3BISYEHIA OKCIIa ByO; or
TeMIepPaTypsl  (a). NPOIOTKITETBHOCTII Ipouecca (0) 1 CcOUep:KaHIL]

BOCCTAHOBIITEIA (B) IPII XTOPIPOBAHIII 000AKKEHHOTO OOPHOTO CHIPBSL.
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Kak mokaszano Ha pucyHke 2.4, 1uist iporiecca XJIOpUPOBaHUs 000K KEHHOTO
OOpHOTO CHIpbA ¢ monydeHHeM okcuga B,0O; onTuManbHBIMEH IMapameTpamMu
SABJIFOTCS: TemriepaTtypa mpomecca — 900°C, pnmurensHOCTH Tporiecca — 100 muH,

coaepkaHue BoccTaHoBUTENS B uXxTe 30%.

2.2. Mosxyuyenue BCl; u3 6opocmiankaTHOro KoHmeHTpara[8-A]
Hamu u3ydeHO XJOpHpOBaHUE JTaHOYPUTOBOTO KOHIICHTpATa C COJCPKAHUEM
B,03 60mn¢ee 17 mac% (Tabnmma 2.2).
Tabimma 2.2 - XuMHUYECKHH coCTaB JaHOYpHUTOBOTO KOHIICHTpaTa

MeCTOpOKaeHU AK-Apxap.

KOMIIOHeHTBI
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Pentrenorpamma qaHOypuTOBOro (OOpOCHIMKATHOTO) ChIPhS MPEACTaBiIeHa
Ha PUCYHKE 2.5.

Jlist 1aHOypUTOBOTO KOHUEHTpaTa Tak:Ke M3y4eHbl 3aBUCHUMOCTU CTEIEeHEH
W3BJICUCHUS OKCHJIa Ke€Je3a M OKcHaa Oopa OT TeMmIeparypbl, JJIMTEIbHOCTH
MPOIIECCa U KOJMYECTBA BOCCTAHOBUTEIA (PUCYHKH 2.6 1 2.7).

Kak mokazano Ha pucyHke 2.6, B TeueHun 60 MuHYT, TmpHU
MIPOJIOJDKUTEIILHOCTH MPOIEcca XJIOPUPOBAHUS, CTETICHb n3BieueHus Fe,03 - 98%,
Ipu 3TOM Temmeparypa xjopupoBanus coctaBisuia 600°C, KoIuuyecTBO
BocctaHoBuTenss — 30%. Ilpu nnurenbHOCTHM Tporiecca 60 MuH, TeMmmepaTrype
800°C u no3upoBke yrist 30% crenens usBineuenus B,03; cocrasnser 6omee 80%

(pucyHok 2.7).
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Pucynoxk 2.5 - PeHrreHorpamMMa KOHIEHTpaTa JaHOypHTa IIocIIe
IpeIBapHTeIbHOIO 00KIIra: K — KaIbLHT, T — TPaHaT, KB — KBapll, J — JaHOYpIIT, JaT

— JaTOJIHT, TIIIPOC — I'AIPOCI0da, T'HI — nmpo6opamrr. II — IIIPOKCEHEBI, MOHT -

MOHTMOPITITOHIIT.
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PHcyHOR 2.6 - 3aBICIMOCTE CTENEHH MH3BIedYeHId okciyia Fe;Os oT
TeMIlepaTypsl (a), NPONOKHIEIBHOCTH mporecca (0) H  KOHIEHTpaIn

BOCCTAaHOBHTENIA (B) MpH XJIOPHPOBAHIII IIPeIBAPHTEIFHO OO0MCKEHHOTO

KOHILIEHTpaTa JaHOypHTa.
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Josupoeka vriaq, %o
PucyHOK 2.7 - 3aBICHMOCTh CTENEHH MH3BIEYEHIII OKcmua BOs; ot
TeMIlepaTypsl (a), IPONOKHTIEIBHOCTH mpomecca (0) ¢  KOHIIEHTpAIII
BOCCTAHOBHTEIA (B) MpH XJIOPHPOBAHUII IpeIBApHTEIBHO OO00XCKEHHOIO

KOHIIEHTpaTa JaHOypHTa.
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Ilpumep. JlanOyputoBbiii koHieHtpatr (100 r) moaBepramu mporeccy
xjopupoBaHus B TeueHne 60 MuHyT npu temneparype 800°C B mpHUCYyTCTBUU
BoccraHoBurens — kokca (30 r). [Tomydeno 52,6 r BCl; B adpupe. Beixon — 90%.

Takum 00pa3oM, HaMU YCTAHOBJIEHBI YCJIOBHS TOJYyYEHUS pPacTBOpa

TPEXXIIOpUCTOro Oopa Jyisd CUHTE3a OOPOrHIPUIOB LIETOYHBIX METAIIIOB.

2.3. ITonyuyenue 3¢puparta XJI0pUCTOr0 AJIOMUHUS U3 APTHIJIMTOB U
KAOJHMHOBBIX IJTuH [13-A]

[Ipy XxJOpUpPOBAaHMM APTUJUINTOB M KAOJMHOBBIX TJMH JETKO MOXHO
noJTyduTh d¢upar xnopucroro amomuaus — AlCls-Et,0, Tak kak rnpu Bo3aeicTBUN
temmeparyp 800-900°C XJOpHUCTBIM aTOMUHUN BO3TOHAETCA B IPHUCYTCTBHHU
BOCCTaHOBUTENS — yriia. st monmydeHust yuctoro sguparta NmpeBapUTEeIbLHO U3
pYJIbl HEOOXOIMMO YJAJIUTh COCIUHEHHUS KeTe3a.

Kakx wu3BecTHO, »dupaT XJIOPUCTOTO AJTIOMUHHUS SIBISETCA IICHHBIM

peareHToM JjIsi MHOTHX IPOIECCOB XUMHYECKON TEXHOJIOTHH (PUCYHOK 2.8).

AICL-Et;0, rae Et;0=(C,H:),0

L\

AlH; — xoMDoHEeHT LiAlH; — Iloavaenne
TEEpIOTro paKeTHOTOD BEOCCTAHOEBHTEIE KaTaaHzaTopa
TOILIHBA dVEKNIHOHATLHEIX Haraepa-HatTa
rPYON OpraEddeckKux
COeTHHeHHH
Kpexnar KartammzaTop
HeTeOpoIVKTOE Ppagaxa-KpadTca

Pucynok 2.8 - cnons3oBanue 3¢upara AlCl;

Kak BugHO u3 pucyHka 2.8, 3dupaT XJIOPUCTOTO aTIOMHHHS ILIUPOKO

UCIOJIB3YyeTCs B pasinuHbix peakimsax. Ocodoe 3nauenune AlCl3Et,O umeer mis

Et,0
CHHTE3a aimoMoruapua utus o peakiuu 4LiIH+AICI; i LiAIH,+3LiCl.
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H3BecTHO IMOJIYUCHHA 663BO,Z[HOFO 3(1)1/IpaTa XJIOPUCTOTO  AJIFOMHUHUA
HCIIPCPBIBHBIM XJIOPUPOBAHHUCM MCTANIMYCCKOI'0 aJIIOMHMHHA MW ITOCJICAYIOIIUM

pPacTBOPEHHEM B TUATHIOBOM 3(UpE MO PEaKIIUU:

2AI+3Cl,—2AIC; 2 AICIyEt,O (sdupar),

a Ttawke spupar AICl; momydyaroT B3aMMOACHCTBHEM pacTBOpa XJIOPHUCTOTO
BOJIOPOIa B TUATHIIOBOM d(DUPE C METAUTUIECKUM ATFOMUHUEM:

HCI-Et,0 (pactBop) + Al — AICI;-Et,0.

be3BoaHbIN AUATHIOBBI 3(QUp HACHINAIOT Ta3000pa3HbIM  XJIOPUCTHIM
BOJIOpOJIOM 110 3-5 M/ u mepeMemmuBaloT B TedeHUe 2-4 4 ¢ METAUIMYECKUM
ATIOMUHUEM, B35ITOM B U30BITKE.

B nacrosimiem noapasaene aisi noiydeHus hupaTa XJOPUCTOr0 aTIOMUHUS
UCITIOJIb30BaHbl ApTUJUIATBI M KAaOJIMHOBBIE TJIMHBI — MECTHBIE CBIPHEBBIE PYAbI
TamKuKUCTaHa, KOTOpPHIE SBIAIOTCA JOCTYIHBIM MHHEPAIBHBIM  CHIPBEM.
HcTtounuk xopa Takke uMeeTcs B TaKUKUCTaHe.

[Tponiecc nomyuenus 3¢upara AlCl; npoBoauTcs Ha MOJIECPHU3UPOBAHHOU
HaMH YCTaHOBKE, ITPEJCTABICHHOW HAa pucyHke 2.1.

s nonydenuss s¢upara AlCl; anromocwimkatHas pyna (aprujuTUThI,
KAOJMHBI) TPEABAPUTEIIBHO TMOABEPraloT OOXKUTY U 3aTeM 00pabaThIBacTCs
muHepanbHbiMu kuciaotamu (HCI, H,SO,) nns ynanenus coenMHEHUH jkenesa,
3aTeM py/a MOMEIIAETCS B pEaKTOp Uil XJOPUPOBAHUS. XJIOPUPOBAHUE POBOIUM
npu Ttemrepatype 800-1000°C, coaepkaHue BOCCTAaHOBHUTENS (YIJIsI) B IIHUXTE
(30%). Pazmep yacTull altoMOCHIIMKATHOU pyabl v yriig 0,1 M.

B kadecTBe mpumepa MOKHO HCIIOIb30BaTh APTHIUIUTBI MECTOPOKIACHUS
Yamma-Canr. B peakrop nomemaem 100 r aprwmuroB u 30 r  yrus.
XnopupoBaHUE TPOBOJUM B COOTBETCTBUU C YCTaHOBKOHM (pucyHok 2.1). Ilpu
temneparype 800-1000°C B mnOpHUCYTCTBUM BOCCTAHOBUTEINS  BO3TOHSETCS
XJIOPUCTBIA aIOMUHHUM, KOTOPBIA MPOXOAMUT 4Yepe3 CHeUuaIbHbI (QUIbTp U
norJiomaercs B JudTHIoBOM 3dupe. [IpoBeneHo Takke U3ydyeHUE XJIOPUPOBAHUS

KAaOJJMHOBBIX I''IMH MCCTOPOKIACHU A 3I/II[I[BI I10 BI)IHICYK&C%&HHOﬁ MCTOJHUKCE.
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[Tonyuenne »sdupara xmopuctoro amomunus (AlCl3-Et,O) BeirogHo
OTJIMYAETCS OT APYrHX MeTonoB, Tak kKak AlCl3-Et,0 momydaroT HEmocpeICcTBEHHO
B3aMMOJICHCTBUEM XJIOPA C AIFOMOCUIIMKATHON PYJIOH, ITPEABAPUTENIBHO YA U3
pyab! MoHbI xkene3a. DpupHbrii pactBop AlCIl; 6bpuT aHaMM3MpPOBaH Ha copepkaHue
AIFOMHUHHUSA U XJI0pa.

Takum oOpa3om, mokazaH 3¢G(EKTUBHBIA METOJ MOJdydeHHus 3dupata
XJIOPUCTOTO ATIOMHHUS JJIsl MOJMYyYSHHs ATIOMOTHIPUIOB METAJUIOB U TUAPUAA
ATFOMHUHUSL.

[lo yka3aHHOW METOJMKE TaKK€ IOJyYE€Hbl PpPaCTBOPHI AICI; B

TeTparuipoPpypase u AUrIUMe IS MOTYUYEHUS aJIOMOTHIPUIOB HATPUS U KaJIHSL.

2.4. HexoTtopwble cBoiicTBa 3¢uparta AlCI;[13-A]

Hamu m3ydensr HekoTophie cBoiicTBa 3dupara AlCl;. Ha pucynkax 2.9 u
2.10 mpencrasiensl SIMP-cnextper 3¢upara AICl; u comsBata AICI3-Et,O. B
criextpe SIMP? Al supHOro pacTBopa XJI0pH/Ia aTIOMUHHS ¢ KOHIEeHTpamei 100
/1 (pucyHok 2.9) HaOI01aeTCsl OMMHOYHBIN YIIUPEHHBIN curHai ¢ X.c. 101,1 m.a.,
XapaKTEepHBIA ISl KOOPAWHALMOHHOTO YHUCIIa alfOMUHUSA =4, TO €CTh B PacTBOPE
cymectByer komiuiekc AlCl3-3Et,0. Cneayer 3ameruth, uyTo ¢dopMma JTHHHU
CUTHaJa NCKa)KEHA, YTO CBUICTEILCTBYET O HAJIOKEHUH €Ie U APYTUX CUTHAIOB.
[Tpy MOHWXEHHH TEeMIIepaTypbl MPOUCXOIUT YIIUPCHHUE JIMHUU C TMOSBICHHEM
HEKOTOpBIX Jpyrux curHainoB ¢ x.c. 103,7; 100,0; 92,4 m.n. IlosiBnenue 3tux
CUTHAJIOB CBHJIECTCIBCTBYET O Hamuwuuu dyactun tuma AlCl, (103,0 m.x.);
AICI(Et,0); (92,4 m.1.); AICI5Et,O (99,9 m.1.), To ecth B pactBope AICl; B Et,0O
IIPOICXOINT YaCTIYHOE JHCIIPOIOPINIOHIIPOBAHIIE:
2AICL,; - Et,0 < AICIL[AICL,(Et,0),]",
[2AICL,(Et,0),]* + Et,0 © [AICL; [Et,0):]™% + CI™
IUTH o01m1eil hopMyIIoii:

[AlCl,_,.(Et,0),]"" !, tme n=0, 1, 2, 3.
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B cnektpe SIMP*® Cl pacrBopa AICl; HaGmromaeTcs WIMpOKas JHHHS C
X.C.=+22 M.JI., CBHUIETEILCTBYIOIIAsS O HAJWYMU OJHOIO THIIA aTOMOB XJOpa H
cyiiecTBeHHO noHHOM xapakrtepe cBsa3u Al-Cl. lupuna muaun onpenessieTcs, Kak
KBAJPYMOIbHON pemakcarmeii -°Cl, Tak u ydactmem artomoB Cl B

MEXXMOJIEKYJIIPHOM OOMEHE COIVIACHO IPUBEIEHHON BBIIIIE CXEME.

92 4

\ -30°C AeCe,

rooAeee,

i

<S50 200 (50 f00 S50 @ -30

Pucynok 2.9 — Crextp IMP?’ Et,O-pacTBOPOB XJIOPHAA ATIOMUHHUS

88.6
102 52.4
AICI3-Et20
i 4 i i I i " " d
50 100 50

Pucynoxk 2.10 - Cnektp SIMP?" Et,O-conbBatoB XJIOpUIa ATFOMUHUSA
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2.5. llonyyeHnue Goporuapuaa JUTHUSA
Jlns cuHTe3a GoporuapuIa JUTUS HEOOXOAMMBI 3(DUPATHl TPEXXIOPUCTOTO
oopa — BCl; wmm »duparer tp€xdropucroro Oopa BFj3;, mnomydeHHsie 10
pa3paboTaHHON HAMU METOIMKE U THUIPH]] JTUTHUSI.
Jlnst cuHTe3a OOPOTHAPUIA JIUTUST UCTIOIH30BAIN J1a00PATOPHYIO YCTAaHOBKY

(pucynok 2.11).

PucyHok 3.1 — Cxema na0opaTOpHOIl YCTAaHOBKH I CHHIE3a H
KpHCTaIIN3alNH Oopormapiyia IuTis (1- peakTop cHHTe3a; 2 — KpHCTauI3aTop; 3
— pybamka; 4 — cudoH; 5 — nepemMemnBarolnee yCTPoICTBO; 6 — perysaTop 4Iicia
000pOoTOB; 7 — HpAMOIl XOJOMUIBHIIK; 8- mpHéMHas Konda; 9 — TepMoMeTp
conpoTnBieHns; 10 — camommrymminii MocT KCM-4; 11 — kanensHas BOPOHKa; 12 —
TeioHOBasA TpyOkKa; 13 — maHOMeTp:; 14 — TepMocTtaTr; 15 — Tepmomerp
compoTHBieHNA; 16 — TepMoperymgrop BT-71; 17 — ©moK mporpamMMHpPOBAaHIIA

Temneparypsl BITT-71.

IIpomekanue peaxyuu

ty

8LiH + BCl; + BF;  * 2LiBH, + 3LiCl + 3LiF
o0ycioBjieHO dHeprueii conmpBaraiuu LIBH; u OmaronpusSTHBIMH OTHOIICHHUSMHU
pactBopumoctu BClz, BF; u LiBH,4, xoportiio pactBopumbIX B adupe.

[Munpun mutus (X.4.) aHATU3UPOBAIH HA COJEPKaHUE THAPUTHOTO BOJOPO/IA
u auTus. YucTtora nepuoja coctapiset oonee 98%.

[Mporiecc  cuntesa wu  kpuctaumszanmu  LIBH,;  ocymectBosm  Ha

HKCIIEPUMEHTAJILHON YCTaHOBKE, CXeMa KOTOpOM Ipe/cTaBiieHa Ha pucyHke 2.11.
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YcranoBka coctout W3 peaktopa (1) wum  kpucraumzatopa  (2),
MIPEACTABIIAIONIUX COOON YeThIpEXTOpibie KOJIOBI ¢ pyOamikoit (3) mus mojgayu
TeruioHocuTens. Peaktop cuHTe3a mmeer cudoH (4) mns momaum LiBH; B
Kpucraumszatop. PeakTop W KpucTaum3aTop CHA0XKEHbI YCTPOMCTBOM JJist
MepeMEIIUBaHUs PEAreHToB (5) ¢ peryisiTopoM uucia o0opoToB (6), MPsIMbIM
xonoauiIbHUKOM (7) ¢ mpuéMHOH k01001 (8) M1t KoHaeHcanuu dbupa win dpup-
TOJIyOJIa, MaJIOMHEPLUUOHHBIMU TEPMOMETpPaAMU COMPOTHUBJICHUS 9),
MOKITIOYEHHBIMU K camonuinymemy mocty KCM-4 (10).

Kommekrarust cunte3a pactBopa BCl; ocyiecTisiach ¢ MOMOIIBIO
kanenbHoM BOpoHKM (11). Cycnensusi rugpujia autus B 3(QUpe W HHULHATOP
cunre3a LiBH, 3arpysxanu 3apanee nepes CHHTE30M.

Jist moxpnep)kaHus 3aJlaHHOTO  TEMIIEPAaTypHOrO PpEXKUMa CHUHTE3a W
kpuctawm3auun LiIBH;  Oblma paspaborana cucreMa TepMOpETYJIUPOBaHUS,
cocrosimass w3 Tepmoctrara (14), TepmomeTrpoB compoTuBieHus  (15),
TepMoperysaTopoB (16) u 6110k0B porpammupoBanus Temmneparypsi (17).

[Tocne cunreza LiBH, B peakrope B Teuenune 90 MUHYT, ONpEaCIISLIH
coJiep>kaHue xjopa B pactBope. [Ipu oTcyTCTBUU XJIOpa pacTBOp MEpEeKayrBaId B
peaxTop (2) mis kpuctamusamuu LIBH,. TIporece kpucranim3anyuy MpoBOIUIN C
nobasineHneM OeH30JIA.

B tunrunoMm ombite Opanu 10 r LiH u adupHbIi pacTBOp ¢ copepikaHueM

100 r BCl; : BF3. TTonyueno 103,5 r LiBH4-Et,0.

2.6. ITosryuenue Goporuapuaa HaTpust
Jist cunte3a Ooporuapuja HaTpUsi HEOOXOIUM TeTparupodypaHOBBIMA
pactBop xmopuaa amomubus - AlClyTI'®, momydeHHBIM 1O pa3paboTaHOM
Meroauke. Jlns  cuHTe3a  Ooporuapuaa  HaTpUs  TaKXKe — MCIOJIb30BaIU

71a00paTOPHYIO YCTaHOBKY (pUCyHOK 2.11).

ITpoTeKaHHe peaKII:

T
8NaH + BCl; + BF; — 2NaBH; + 3NaCl + 3NaF
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Takxe 00ycnoBieHo sHeprueit conbaTanuu NaBH, + 1 6naronpusitHeiMu
otnoteHusMu pactBopumoctu BCls, BF; 1 NaBH, B Tetparuapodypane (TT' D).

I'unpun Hatpusi comepxkut 6onee 98% ocHOBHBIX BemiecTB. st cuHTe3a
NaBH,; B Terparuapodypane B peakrope (1) mnpeaBapuTeIbHO TOTOBWIH
cycriensuo NaH B TI'®, 3atem nobGammsumn pactBop BCl; + BF;. B tunmuunoMm
ombite Opaymm 20 t NaH B TI'd-pactBope BCl3+BF;. Tloaydeno 89,8 r
NaBH, TT'O.

B comsBat NaBH, TT'® nob6asmisuiu Tomyon juis noiayderust ynctoro NaBH,
C coZiepKaHHEM OCHOBHOTO BeriecTBa 98,1%.

Ha pucynke 2.12 npencraBnena tepmorpamma NaBH,. I[lonyyennsiii NaBH,
10 (PU3UKO-XUMHUYECKUM CBOMCTBAM COOTBETCTBYET JINTEPATYPHBIM JTaHHBIM.

V, Cl\-l3

100 4

50

60

40

20-

24 410 60 80 T,MHH

Pucynok 2.12 — Tepmorpamma NaBH,

2.7. IloayyeHue aTrOMOTHAPUAOB HIEJTOYHBIX METAJIOB
B  HacTtosimiem  monpaszielie  TPUBEACHBI  PE3YIbTaThl  MOJYy4YECHUS
amomoruapuaoB metamwioB — MAIH,; — a¢dexTuBHBIX BOIOPOACOACPIKAIIMX
COCIMHEHUMN, UCIOJIB3YEMBIX B Pa3IMYHBbIX 00JIACTSIX HOBOW TEXHUKH, a TaKXKe B

HCOPraHN4CCKOM U OPTraHNYCCKOM CHHTC3C.
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SlpkuM  TIpUMEpOM  HCIONb30BaHMs — coequHeHud  MAIH,  sBisercs
amomoruapua utus — LIAIH,. AiroMoruapua auTus SBISETCS OYCHb Ba)KHBIM
BOCCTAHOBHUTEJIEM, KaK B HEOPTaHWYECKOM, TaK M OPTaHMYECKOW XUMUHU (PUCYHOK
2.13). Kpome Toro, LIAIH,; sBAsieTCSI OCHOBHBIM HCTOYHHKOM JJISl IOJYYCHHUS
IIEHHBIX KOMIUICKCHBIX THAPHUIOB M TUIAPHUAA ATFOMUHUS — KOMITIOHEHTa TBEPIOTO
PaKEeTHOTO TOTLIMBA.

MH
4

LI[AlH(CH=CH,),] -
(X=Cl,OMe uT.2.)

LI[AIH(OR);1 +3H,

% e ROH
RNH y
LIAI(NHR),]= - LIAIH, ey 2 TF®___ Al(dipy),
NHg ,PH,, Py

MegN ¢+ HCI
LILAI(C4HgN),]

LI[AI(PHy), ) aT.n. )
Me,NAIHs

Pucynok 2.13 — HexoTopsie peakiuu ¢ amOMOTHAPUIOM JIUTUS

[Tonyuenue amomoruapunoB wmetawwioB MAIH; (rme M — 1menounsie
METaJIJIbl) U3 MECTHBIX CHIPbEBBIX AIFOMOCOJIEPKAINX MaTepraioB TaJKUKUCTaHa
(HepenrHOBBIE CHEHMTHI, KAOJUHOBBIE T[JMHBI, AQJIyHUTBI M JAp.) TIpH
HETMIOCPEICTBEHHOM B3aMMOJCHCTBUM TOIYYCHHOTO M3 ATFOMOCUIIMKATHBIX DY
AICl; ¢ cycnensueit rumpumo metawioB (MH) B cpeme opranmdeckux
pactBopuTenied (AUATUIIOBBIA 3¢up, TeTparuapoPypaH, [IUIIIMM) SBISETCA
aKTyaJbHOM 3a/1a4eH.

bessonubiii  AlCl;  sBAsieTcst  JOpOrocTOSIMM — pearecHTOM, IS €ro
MOJTy4YeHUs] HEOOXOJAMMO HMMETh YHCThIE peareHThl. B Tpeayio)keHHOM METoje

AICIl; mony4arot HEMOCPEACTBEHHO U3 ATFOMOCHIIMKATHBIX PY/I.
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JUist mony4yeHus aJrOMOTHAPUIOB METAIOB MNPEIJI0KEHHBIM CHOCOOOM
UCIIOJIB3YIOT ~AJTIOMOCWJIMKATHBIE pyAbl TaKUKHUCTaHa, KOTOpPbIEC SBIISAIOTCS
JOCTYITHBIM MHHEPATbHBIM CHIpbEM. VICTOYHHMKH XJOpa TakKe HWMEeTCs B
Tamxukucrane.

[Ipomecc mosrydeHuss OE3BOJHOTO XJIOPUCTOTO ATIOMHUHHS TPOBOIAT Ha
YCTaHOBKE, OMMMCAaHHOW Ha pucyHke 2.11.

Jlns nonydenus ucxomnoro pearenta - AlCl; amomocunukatHas pyna
oOpabaTpiBaeTCsI MHUHEPAIBHBIMH KHCJIOTAMHU IS yJIAJCHUS Kene3a W3 Py/bl.
3aTeM pyla NOMENIAETCA B PEAKTOp, TIE CMENIMBAECTCS C BOCCTAaHOBUTEIEM
(yrném) s nonmydenus ucxoganoro o6e3pogHoro AlCl; npu temmeparypax 800-
900°C.

[Monyyennsrit  s¢pupar LIAIH, mma  NaAlH,-TI'®  HenmocpeacTBEHHO
B3aUMOJICHCTBYET C CycleH3ue OuHapHbIX ruapunoB MH, rne M — menodnoi
METasl1) 0 PEaKIINH:

AMH+AICI;—MAIH,+3MCI, rne M = Li, Na.

3amayell TPensioKeHHOTO0 METOJAa SIBJISETCS CO3JaHhe HOBOIO croco0a
NOJYYCHHUS  ATIOMOTHAPUIOB MeTauioB mnpu  B3aumojeiictBuu ¢ AlCl;
HETMOCPEJCTBEHHO U3 aTIOMOCWIMKATHBIX Pyl B Ipolecce xjopupoBanus. Kpome
ATOTO, MOCTABJICHHAS 3ajlaya JOCTUTAETCS HCMOJIb30BAHUEM MECTHBIX ChIPhEBBIX
MatepuanoB TamkukuctaHa. B xo/ie 1aHHOTO CHHTE3a aIFOMOTUJIPUIOB METAJJIOB
ymecto pobaBmenue 0,5-1,0 T compBata THApWIA aTIOMHHHS B KadyeCTBE
WHUIIAATOPA.

Ilpumep 1.

200 r aprummTa MOABEPraeTcs MPOLECcCy XJIOPUPOBAHUS TIPU TEMIEPATYPE
800-900°C, nmpeaBapuTebHO U3 pyAbl yaauseTcs xene3o. Pyna cmemmuBaercs ¢ 30
r yois. [lonydennsiii a¢upar AlCl; HenocpencTBeHHo B3ammozeicTByer ¢ 10 T
LiH B cpene muatunoBoro s¢upa. B mporece cunresa mobdasmsercs 0,5-1,0 T

conpBata AlH;, kak wHHMImaTopa peaknuu. OOmmid BBIXOA cocTaBiser 93%.

[Monygeno 44,2 r LiAIH,.
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Ilpumep 2.

bepém 200 r KaoNMHOBBIX TJIMH. YCJIOBHS TNMPOBEIACHUS MpOIEcca, Kak B
npumepe 1, B cpene terparuapodypana (TT'®P), ¢ ucnonszoBanrem NaH. Beixox —
91,5%. B Ttunuunom ombite Opamu 20 r NaH B TI'®d. Ilomydueno 94,2 r
NaAlH, TI'®.

2.8. CuHTe3 M CBOMCTBA TAKEIBIX AJTIOMOTHAPHUIOB METALIIOB
(xamusi, pyounust u me3us) [3-A,4-A]

[Tockonbky OWHapHbBIE THIAPUABI TPYAHOMOCTYIHBI, JUIsl  CHUHTE3a
ATIOMOTUAPUAOB Kanus, pyouaus u uesuss (MH), Mbl ucnonan30Baiu XJIOPUIbI
ykasanHbix MetauioB MCI, rne M = K, Rb, Cs.

CuHTe3 aJIOMOTHAPUIIOB Kallis, pyOUIUs U 11€3Usl MPOBOIUIIU 110 METOIUKE

[101] B cpene aurimma mo peakuuu ooOMeHa:

NaAlH4 + MCI = MAIH4 + NacCl.

2.9. Oco0eHHOCTH BbIIeJIeHUS U OYHCTKHU AJTIOMOTHAPUI0B
Kajus, pyonaus u uesus [3-A,4-A]

Jlurnum (TuMeTUSIOBBIN d(PUp TUITUIICHTIIMKONS) — €AMHCTBEHHBIM OOIIUIA
JOCTYITHBIA PACTBOPUTEIH JIJISl ATFOMOTHAPHUIIOB Kauusi, pyouaus u ue3us — MAIH,
(M= K, Rb, Cs). [lis o4MCTKM M BBIACICHUS B HHIUBUAYAJIHHOM COCTOSHHH
MAIH, Heo6xoaumo 3HatTh pactBopumocth MAIH, B murmmme.

B paborax [111-119] U3YyYCHbl PACTBOPUMOCTH  aJTIOMOTHIPUIIOB
IIEJIOYHBIX METAJUIOB B ITUPOKOM HHTEpBAJIC Temrepatyp. Vcrmonb3ys JaHHbBIES 10
pactBopumoctd MAIH, ¥ 3Has NPOYHOCTH COJIBBATOB AJFOMOTHAPHUIOB Kallus,
pyouIus ¥ 11e3Ms B JUTIMME, MOXHO HaWTH yciaoBus BbiaenacHus MAIH, B urctom
BUJIC.

W3 muarpamm pactBopumoct MAIH,-murmum yeranosiaero, uro KAIHy,
RbAIH, u CsAIH, oOpa3ytoT cobBaThl IPU HU3KKMX TemrepaTrypax. IIpu BRICOKHX

temnepatypax MAIH, kpuctammusyeTcsi B HeCOIbBAaTHPOBAHHOM BHJIE.
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CymiecTBoBaHUEe 0O0JIACTH KPUCTAJUIM3ALMU HecobBatupoBanHbix MAIH,
MO3BOJISIET O00OCHOBaTh HaubOoJee paluOHAIbHBIE YCJIOBHUS KpHUCTAJUIM3alUU
TSOKENBIX TETPAruapaToB MICTOYHBIX METAJJIOB BBICOKOMW CTENEHH YHUCTOTHI W3
pPacTBOPOB B JIUTJIMME.

TexHudeckue amrOMOTHUAPUIBI KalMus, pyOuIus W 1e3Usl, TOJyYCHHBIC IO
metoauke [101] myrém oOMeHa amIOMOTHAPUAOB HATpUsS C XJIOpUIAMH KaJus,
pyouaus u me3us B yciaoBusx obpasoBanms NaAlH,; B pacruraBe, ouuimanud oT
cienoB NaAlH, myrém o6paboTtku Terparuapodypanom (TT'D), 3atem mpoMbIBan
MIEHTAaHOM U CYIIWIIH.

MeToaukoi moMydeHUs] YUCThIX aTIOMOTUIPHUIOB Kalusl, pyOuaus u 1esus
SBIISAJIACH TOJIYYCHHE TOJHOCThIO OCBETJIEHHBIX COBEPIICHHO IPO3PavHbIX
JUTIIMMOBBIX PACTBOPOB W TMOCJEAYIONIEH BBICOKOTEMIIEPATYpPHON KpUCTAIUIIH-
3anuerl ¢ oOpa3oBaHHEM KpYMHBIX KpuctamioB. Kpucramisr MAIH, momydanu B
nBa 3Tamna. | sram - mosydeHue Mpo3pavyHbIX PaCTBOPOB AJTIOMOTHIPHUIOB Kaws,
pyouaus u uesus. |l stan — kxpucrammsamus MAIH,.

N3 pacuéra 10 r BemectBa Ha 100 M pacTBOpUTENS B OYHMIIEHHOM OT
MEePEKMCeN U BJIard JUTIUME PACTBOPSUIM U3METHYEHHBIC B TIOPOIIOK TEXHUYECKUE
AFOMOTHIPUABI Kamusl, pyOuaus wim nes3us. [Ipu 7ToM MOpoIKY altOMOTHAPHIOB
KaJusi, pyOuIust 11e3usi TOCTENEHHO MPHUCHITAIH IIPH SHEPTUYHOM MepeMEIInBaHuN
K TUTJIUMY B YCIIOBUSIX, UCKITIOUAIOIINUX JOCTYT BO3/yXa.

Jl7iss pacTBOPEHHUs HCIOIB30BAIM CHAOKEHHYIO MEIIAIKON TPEXTOPIIOBYIO
koJ0y. [locne 20-25 MUHYTHOTO TIepEeMEININBAHUS CONEPKUMOE KOJIObI TIEPEBOIN-
JJU B OTCTOMHMK, TJ€ OCTaBIIsUIM Ha 1-2 daca. OcaxxmaroTcs M3 CMECH TOJBKO
KPYIIHBIE YaCTHUIIbI, a TIOJTHOTO OCBETJICHHS PAacTBOpa He HAOIIOJaeTCs Aake MpH
noyroM otcrauBanuu. [loTomy pacTBOp HEHTPUDYTHPOBAICS CO CKOPOCThIO 3-4
ThICSTYM 000pPOTOB B MUHYTY. [Ipu TakoM mpornecce pactBop ocBeTisiercs 3a 15-20
MUHYT U JIETKO IEKAHTUPYETCS C XOPOIIO YIJIOTHEHHOTO OCaIKa.

CoBepIlieHHO TPO3pavHbIil PACTBOP ATFOMOTUIPHUAOB Kallusl, PyOUIUs WM

ne3us HOJIaéTCH B KpHUCTAJJIN3AaTOP, KOTOPBIM MOKET CIYXHUTbH COC}II/IHéHHaSI C
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JIOBYIIKOW M BaKyyM-HAcOCOM KpyrjojioHHas kojba. Ha macnsHoil OaHe KoJOy
HarpeBaiu 10 100°C, npu oxnaxaeHuu JoByuku 10 -78°C. B cucreme co3gaBaiu
BakyyM 10 107 mm pr. cr. IIpekpaiann KpHCTAIM3AIMIO TOCIE YIAPHBAHMUS
pactBopa 10 1/4 ucxogHoro oobéma. bonblasi creneHb ynmapuBaHUsi 1OMyCTHUMa
TOJIBKO B CIIy4ae 4yTh >KEJITOBATOr0, MPO3PAYHOr0 MAaTOUHHUKA.

[lo oOKOHYaHWMM KPUCTAIU3AIUU COJACPKUMOE KOJIObI  OXJaXKJaJlH,
KPUCTAJUIbl OTNIETISUIM OT MAaTOYHUKA JEKAHTAIIMEW U MPOMBIBAIM MX TETParujpo-
dbypanoM mpu nepeMmemmBaHUU. Bwmecte ¢ TeTparuapodypaHOM KPHUCTAIUIBI
NEePEeHOCUJIM Ha HEIUIOTHBIM CTEeKIAHHBIA (uibTp Nel, ordunbTpoBBIBaNIM U
TPUXKBI, IPU XOPOILIEM MEPEMEIINBAHUN, TPOMBIBAIIA TETPAruapoypaHoM.

[TonydeHHbIe KPYMTHOKPUCTAUIMUECKUE TpenapaThl alllOMOTUIPUIOB KaJlusl,
pyounusa wiu nesus cymwin Ha Quibtpe 10-15 MuHYT B Bakyyme g0
NPUOOPETEHUS] HMMHU CHIMYYECTH M 3aTe€M Mepechliaid B EMKOCTh s
OKOHYaTeNbHOM cymKkd. CyliKy BeJIM TMpPU MOCTENEHHOM  IOBBIIIEHUU
temneparypel 10 120°C B Teuenue 1-1.5 waca B Bakyyme. B mnomydeHHOM
BEILIECTBE OMNpPEACIISUIM COJACP)KaHUE THAPUIHOTO BOJOPOJA, ATIOMHUHUS U B
OTHEJIbHBIX CIIy4asxX - IIEJIOYHOTO MeTaia. BelaeaeHHble KPYMHOKPUCTAIUINYEC-
KHE TMpernaparbl aTIOMOTHAPHUIOB Kajus, pyOuaus, Ie3usi HUMEIOT BBICOKYIO
CTEIMEHb YHUCTOTHI U MPEACTABIIAIOT COO0M XOpoIio chopMUpPOBaHHBIE, OJIECTAIIUE
KPHUCTaJUIbI B BUae poM0031poB B ciydae KAIH,;, RbAIH, win okTasapos B cinydae
CsAlH, (pucynku 2.14-2.16).

OuncTKka W BBIICICHHWE TEXHUYECKUX ATIOMOTHAPUIIOB Kalus, pyOuaus,
1Ee3Usl M3 JUTIMMOBBIX PACTBOPOB MO JIUTEPATYPHBIM JIaHHBIM, JIOCTUTAETCS
BbICAIMBAaHUEM ToiyosioM wuiu 3pupom [101]. DToT cnoco® mNPUBOAUT K
o0pa30BaHUIO B3BECH XJIOMIBEBUIHOTO OEJIOT0 BEIMIECTBA W OCAXKICHHUIO
MEJIKOKPUCTAUIMUYECKOTO BEIIECTRA.

[IpenyioxxeHHas METOIMKA OYMCTKH ATFOMOTUIPHUIOB KaJHsl, pyOuIns, 1e3ust
Ja€T BO3MOXHOCTh MOJYYHTh KPYHMHOKPUCTAIIIMYECKUE BEUIECTBA BBICOKOM

CTENEeHU YUCTOTHI, Oomee 99% (tabmuma 2.3).
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Pucynok 2.14 - Bun xpucramios KAIH, B mone 3perns Mukpockormna

Pucynok 2.16 - Bun kpucramios CSAIH, B mone 3pennst MUKpOCKOTa



Tadauma 2.3 - OnpITHl BBIACICHUS WU OYUCTKH TETParuJIpUI0aTIOMUHATOB

KaJIisl, pyOUIUs U 11e3Us.
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MAIH. KAIH: | KAIH, KAlH, RbAIH: | CsAlH:
MAIH,
TeXHHYECKHH. 433 48.2 398 58.1 46.2
Baaro
r
JHUrTe, M 400 400 400 330 400
AHaxocTs 314
TIPOMEIBAHHA adup 0eH301 T® Te Te
kpucTaios MAIH,
He- oIy - po3- poMoo- OKTa-
opo3- | mpo3pa% | payHble | 3JpHYEC | 3JpHUEC
BHa kpHCTaTIOB padsele | -HBIE | poMOO3ipH | -KHe -KHe
KPHCTAT | KPHCTAT- [ -4eCKHe | KPHCTal- | KPHCTAT-
-7IB 7B KPHCTRTTE Bl Bl
[ToTvdeno nepe-
KPHCTATTH30EAaHHOIO 228 21.1 20.6 283 26.2
KIA.H‘I.;, T
Ha#H-
5.72 572 5.74 343 243
JEeHO
H;
BBIYHC-
5.75 5.75 5.75 3.46 2.46
JIeHO
Ana- HaH-
38.05 38.18 38.20 23.02 16.35
TH3 JEeHO
Al
mpermna- BBIYHC-
38.48 38.48 38.48 23.16 16.46
PaToB JeHO
M=| Ha#-
55.38 55.32 55.46 - -
K. JeHOo
Rb. | Beramc-
55.77 55.77 55.77 73.38 81.08
Cs JIeHO
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2.10. Onpenesienne MJIOTHOCTH AJTIOMOTHAPUIOB KAJIHs,
pyounaus u nesus [3-A]

B nuteparype mMeroTcs NaHHBIE O IUIOTHOCTH ATIOMOTHIPHUIOB JIUTHUS H
Hatpus [1-3]. JlanHble O IUIOTHOCTH AJTIOMOTHUAPUIOB Kajus, pyOHUIUs U IE3Us
MPAKTUIECKUA OTCYTCTBYIOT.

B Hacrosmem noapasene MeToaoM MMKHOMETPUN OTPEEICHBI TUIOTHOCTH
AIIOMOTHIPUIOB Kanus, pyoummus u nesums — MalH;, tme M — K, Rb, Cs.

AmoMoruapupl Kanus, pyouauss W Le3us NOoJydyadd B Cpele AUriauMa 10

o6Mmenmoi peakmmm:  NaAlH, + MCI™ MAIH, + NaCl.

MeronoM  KUAKOCTHOW  IMKHOMETPUM  IPOU3BOAWIN  ONPEICICHUE
IUVIOTHOCTH C HCIOJBb30BAaHUEM B KauyecTBE paboueld JKUIKOCTU TOIYOJIa,
BBICYIIICHHOT'O Haa MeTajutndeckum Na ¢ mocieayromieii meperonkoi Ham LIAIH,.

JUist paboThl MCMOJIB30BAIM NUKHOMETP KaNWUIAPHOTO THUHAa (PUCYHOK
2.17), 3akpwiBaromuics cBepXy NpunumdoBaHHOW KpbImkoi. KoHCTpykius
IIMKHOMETpA MO3BOJISIA IPAKTUYECKU ITOTHOCTHIO UCKIIFOUYNTh KOHTAKT KUIKOCTH,
a, CIeJ0BaTelIbHO, U aHAJU3UPYEMOIro BEIECTBA C MapamH BOJbI U BO3IYXOM.
MeTkoil B TIMKHOMETPE CIHYKWJI BEpXHUW Kpal Kanmwuisipa. 3aloJIHEHUE
Kanwuisipa  OPOBOAWIOCH — NPU  TEMIEpaType  HIKE  TEMIEPATypsl
tepmoctatupoBanus (20°C) ¢ Tem, 4ToObI K KOHILy TEPMOCTATUPOBAHUS KAITUILISAP
ObUT TOJIHOCTBIO 3allOJIHEH JKUJIKOCTBIO. BBICTymaronryio Ha IOBEPXHOCTb
Kanujuisipa Karuiio >KUJIKOCTH OCTOPOXKHO (Toxke mpu Temieparype Huke 20°C)

CHUMAaJIHM (QUIHTPOBAIHLHON OyMaromu.

Pucynok 2.17 - Cxema KanwjIsipHOTO MUKHOMETpPA
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Halinennble 3Ha4eHMs] IUIOTHOCTEM aIIOMOTMAPUAOB Kalus, pyOuaus Hu
1e3HsI, COJEPIKaIIUX CBbIIIe 99% OCHOBHOTO BellecTBa, cocTaBisor: aist KAIH, —
1.325 r/em®; RbAIH, — 1.865 r/em® CsAlH, — 2.317 r/em’. Tlo MOJTyYCHHBIM
IUIOTHOCTSAIM ~ MCCIIEAYEMbIX QJIIOMOTHJIPUAOB METAIJIOB IIOCTPOEH TIpaduk
3aBUCHMOCTH M3MEHEHHs IUIOTHOCTEH QIIOMOTHAPHUIIOB IIEJIIOYHBIX METAUIOB
MAIH, (pucynoxk 2.18).

Pe3ynbpTaTel UcCienoBaHus MO ONPEACIICHUIO TUIOTHOCTEN aIFOMOTHIPHUIOB
Kanmusi, pyouauss M 1e3us METOJOM KUAKOCTHOM mnukHoMeTpuu mpu 20°C

npejcTaBiieHbl B Ta0utie 2.4.

d 2/em? CsAEHy

201

154

Kil] B0 30 120 50 Moa. Bec

Pucynok 2.18 - N3MeHeHHME IUIOTHOCTH QIIOMOTHAPHUJIOB IIEITOYHBIX

METAJUIOB C MOJIEKYJIIpHBIM Becom MAIH,

OnpeneneHue IJIOTHOCTH alIOMOTUIIPUIOB MPOBOAWIM IO CTaHIAPTHOM
METOJMKE OMpeeieHusl TUIOTHOCTU ChIMyuux Tei. [locie Toro, kak B3BEUIMBAIU
MUKHOMETPOB, OMNPENENsIA HUX BOJHBIE YHUCJA, 3aTeéM IUIOTHOCTh TOJYyOJIa.
Hapecku mopoIikoB aqtoMOTHAPUIOB METAJIJIOB BBOJIMIIM B MUKHOMETPHI B CyXOH
kamepe. Tam Ke BeEImEeCTBO TOKPHIBAIM paboueld >KHIKOCTHIO, IOCJIE Yero
NUKHOMETPHl ~ BaKyyMUpOBajdu JI0 NPEKpAICHHS  BBIACICHHUS  BO31yXa,
a7ICOpOMPOBAHHOTO MOPOIIKOM THIPHUIA. 3aT€M MUKHOMETPHI I0BEPXY 3aIOTHSIIN
pabouelt KUAKOCTHIO, TEPMOCTATUPOBAIH U, TIOCJIE TOBEJCHUSI YPOBHS JKUIKOCTH

0 METKHM, B3BemMBalIW. TepmocrtatupoBanue ocymiectsisuin npu 20°C. U3
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MOJyYEHHBIX JAHHBIX BBIYUCISUIM BEIWYUHBI TUIOTHOCTH QIIOMOTHAPHUIOB TI0
bopmyie:

(g1 —g:]d?_f']ze(ga—g:]

d = ;
(ga—gs+g1—92) (ga—gs)

re: 0 — IUIOTHOCTB HCCIIEYEMOTO BEIECTBA, I/cM’; dZ- o — IIOTHOCTb BOJBI IIPH
20°C, r/em’; g — BEC IIyCTOI'0 MMKHOMETPA, T'; J; — BEC IIMKHOMETpA C BOJIOW, T; ¥, -
BEC MUKHOMETpPA C TOIYOJIOM, T; (3 — BEC MUKHOMETpPa C TUAPUIOM, T; J; — BEC
NUKHOMETpA C TUAPUIOM U TOIYOJIOM, T.

Tab6uauuna 2.4 - OnpeneneHne MIOTHOCTEH aTIOMOTHAPUAOB Kallvs, pyouIus u

[I€3UsI METOJIOM KUJIKOCTHOW NMUKHOMETpuH npu 20°C

Hccaegyemoe
KAIH; RbAIH, CsAlH,
BEeIIECTBO
Pado9aq :KHIKOCTh Tonyon
22.2544 22.2544 22.2944
Bec mukHOMETpA, T
19.7735 19.7735 19.7735
11.5440 11.5440 11.5440
Bognoe gnCcI0
10.0810 10.0810 10.0810
Bec maxHOMeTpa C 31.3437 31.3437 31.3437
ZEHIKOCTBIO, T 28.5353 28.5353 28.5353
[T10THOCTE TOMTYOIa, 0.8705 0.8705 0.8705
ricn? 0.8688 0.8688 0.8688
1.1598 2.4586 1.5002
Hagecka ruapuaa, r
03372 1.2828 1.8465
Bec maxHOMeETpa C 31.7325 32.6573 32.2841
KHIKOCTEIO H
28.6373 29.2209 296814
HABEeCKOH. T
ITnoTHOCTE THAPHAA, 1.325 1.867 2332
rica? 1.246 1.864 2.301
Cpeansas
1.285+0.04 1.8665+0.00 2.316+0.016
IIOTHOCTB
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2.11. Pa3paboTKka NPUHIMIMAIBLHBIX TEXHOJOTHYECKUX CXeM MOJyYeHU st
00pO-M aJIOMOTHAPH/IOB IIEJTOYHBIX MeTALIOB [4-A]

Croco6 mosrydenusi 60po- U aTFOMOTHAPHUIOB METALIIOB HETIOCPEICTBEHHO
U3 Py COCTOUT M3 CTAJHMH MOJyUYEHHUs UCXOMHBIX XJIOPUIOB OOpa U aFOMHUHHS, C
MOCJICTYIOIITUM TIOJIy9eHHEM OOPOTHUAPUIIOB U AITFOMOTHUIPHUIOB METAJIIOB.

JIJIst TTOJTy4eHUsT KCXOAHBIX XJIOPHIOB NPEIIOKEHO XJIOPUPOBAHHUE PYIbI B
MPUCYTCTBHUHM BOCCTAHOBHTEISI — KOKCA C MPEABAPHUTEIHHBIM yIaJCHUEM W3 PYIbI
COCIMHEHNH JKeJe3a.

st monydeHust OOpPOTHUAPUIIOB MIETOYHBIX METAJIOB 3(UPHBIA PaCTBOP
TPEXXJIOPUCTOrO OOpa oKa3ajics HempocTaTodeH U peakmus ¢ ydactueM LiH u BCl;
unér memineHHo. Hamu s monyyenus LiBH; ncmonb3oBana cMech CoeMHEHUM
BCl; + BF;, koTopble oka3anuch yA0OHBIMU pearcHTaMHu JJIs CHHTE3a.

Oprannueckre pactBopsl AlCl; Takke mMoaydeHBI W3 ATFOMOCHIMKATHBIX
pya mo merony, kak W B ciaydae noiydeHuss BClz. Tlocne momyuenust AlCI;
MPOBOJMIM CHHTE3 aJTIOMOTHIPUAOB MeETAIOB. Mcxoas u3  ONTUMaIbHBIX
napaMeTpoB, cuHTe3upoBaHbl oOpasiel NaAlH; B cpene TI'®. Ha ocHoBanum
ONTUMAJIbHBIX MMAPAMETPOB KaJbIUs XJIOpUI0B Oopa u amoMmunus cunreza MBH,
u MAIH,

Pa3paboTansl TpUHIMNHUATBHBIE TEXHOJIOTHYSCKAE CXEMBI TOJyUCHHUSI
KOMITJIEKCHBIX THAPUIOB Oopa m amomMuuusg. Ha pucynke 2.19 mpencraBieHa
TEXHOJIOTHUYECKAs IEMOYKa MOJYyICHUS OOPOTHIPHUIA JIUTUS, KOTOpask COCTOUT W3
CTaauii: moydeHue d(pupara TpEXXIOPUCTOro Oopa MyTeM YIaIeHUsT COSTUHEHUN
xenmeza W noaydenue pactBopa BCl;. 3arem mnonydennsiii pactBop BCls
UCHOJB3YIOT Jiis oiyueHusi LiBH, Bo BTopoii craguu mporecca. B peaktop mst
cunte3a LiBH,; nobasnsior BF; u karanuszatop, cycnensuro LiH, mocne cunTesa
pacTtBOp (GUIBTPYIOT W YMApUBAIOT C JOOABJICHUEM TOJIyOJia IS TIOJNyYCHHS
HecobBaTupoBaHHOro LiBH,.

Ha pucynke 2.20 npencraBieHa TEXHOJIOTHYECKas IEMOYKA MOJIYYCHUS
s¢pupata AICl; miast cuntesa LiIAIH;. DToT mporiecc Takke COCTOMT HX JIBYX
cTaauii: monydenue ucxoanoro Bemectsa AlCl; u3 pyasl; cunTe3 anromMoruapuia

meJI049YHOoro Merajaia.
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Pl/lcyHOK 2.19- HpI/IHIII/IHI/IaJ'IBHaﬂ TCXHOJIOTUYCCKad CXCMa IOJIYUCHUA

Ooporuapua TUTUS

[To manHO¥M TexHOJOTHYECKO# cxeme noaydeH Takke NaAlH, B cpene TI'O.
W3-3a TpyaHOCTH MOTydeHUss OMHAPHBIX TUAPUIOB KIS, pyOUINS ¥ 1IE3Usl, HAMH
M0 U3BECTHOM METOJUKE MOJYYCHBI ATFOMOTHAPHUIBI KaIus, pyOuIust U 1e3us 1o
peaxIuu: NaAlH, + MCI — MAIH, + NaCl, rne M = K, Rb, Cs.

AJIOMOTHIIPU/IBI Kalldsl, pyOUAUs W 11e3Usl TMOJYyYEHbl B Cpelie IUTIMMa,
€IMHCTBEHHOM JIOCTYIIHOM pAaCTBOPUTEIIC JJIsI YKa3aHHBIX AJFOMOTHUIIPUIIOB U
HaMU pa3paboTaHa METOJAWKA TMOJYYCHUS UYHUCTHIX aTIOMOTHAPUIOB TKETBIX
HIEJTOYHBIX METAJJIOB M ONPEAEIIEHBI IIJIOTHOCTU 3TUX YKA3aHHBIX AJIFOMOTHUIPUIOB

MCTAJIJIOB MCTOJIOM ITMKHOMCTPHU.
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Pucynoxk 2.20 — IlpuHnunuanpHas TEXHOJOTHYECKAs CXeMa TOJIYYCHHS

ATIOMOIHAPHUAOB MCTAJIJIOB

Nmess  ucxomHele  allOMOTHAPUIBI  METAIOB, HaMu  pa3padoTaH
MEXaHOXUMUYECKUN METOJ] CUHTE3a TMJpuaa allOMUHHUS — KOMIIOHEHTa TBEPIOTO

PAKETHOIO TOIUIMBA, a TAaKXKe pa3padoTaH MOJEIbHBIA CUHTE3 TMAPHUIA ATFOMUHUS

yepes TUAPU KaJIbIus.
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I'JIABA 3. CUHTE3 T'NAPUJA AJITFOMUHUSA
MEXAHOXUMHWYECKHUM METOJA0M U TEPMOJUHAMMWYECKHA
AHAJIN3 MPOLECCOB NOJYYEHUSA KOMIIVIEKCHBIX METAJIJIOB
3.1. CuHTe3 ruaApua aTIOMUHUSA MEXaHOXUMUYECKHM MeTOA0M
[1-A2-A, 3-A, 6-A, 8-A, 9-A,10-A]

YuurteiBas otHOocuTenbHyro gemeBu3Hy NaAlH; u  Ca(AlH,),, st
COCJIMHEHUS MCIOJb30BaHbl s cuHTe3a AlH;. B kauecTBe Xjopuia aaroMUHHS
ucnonb3oBaH AlClz, momydeHHbII HemoCPEeICTBEHHO U3 AIFOMOCHINKATHBIX PY/I.

Hcnonb30BaHHbIE 11 CUHTE3a TUAPUIA ATIOMUHUS [JIaHETapHasl apoBast U
HEHTPOOEKHAsT MENBbHULIBI n3abpaxkenbl Ha pucyHkax 3.1 u 3.2 [{ns ob6paboTku
MOPOIIIKOB MPHU HMCTOJIB30BAHWHU TUIAHETAPHOW IIAPOBOM MEIBHUIIBI, B TPOIECcCe
U3MEJbYCHUS B BEILECTBE OTMEUAIOTCS CTPYKTypHblE HM3MeHEeHMs. B Bemiectse
MPOUCXOAUT OOpa3oBaHUE MHOXECTBa Je(PEeKTOB, H OHO MpuoOpeTaer
PEaKUMOHHOCIOCOOHOCTh.  XHMMHMUYECKHE  PEAKIUH  MPOUCXOJAT  MEXKIY
HECKOJIbKMMH BELIECTBaMH B mpoliecce o0padoTku. TeM He MeHee 4TOObI MpolIa
MEXaHOXMMHYECKas PeakKiusi, He0OXOIMMO TMOABECTH K TMOPOIIKY OMpeAeTEHHOE
KOJIMYECTBO MEXaHMYECKON IHEPTHH.

[IpenmyIiecTBO MeTOJA 3aKIIOYACTCS B TOM, YTO HCIOJB3YETCS ICIIEBBIN
AFOMOTHIPU HATpHUsl BMECTO aJIOMOTHApHUIA JIUTHSA, a TaKXkKe MCKIIOYaeTCs
PUMEHEHNE TOKCUUHBIX PACTBOPUTENICH.

Cnocob6 oTHOcUTCA K cHnocoOy TOJNYy4YeHUs TUApHAa  aIIOMUHUSA
MEXaHOXMUMHMYECKUM METOJOM, HCHOJIb3yEMOro, KakK KOMIIOHEHT TBEPIOTO
pPaKeTHOro TOIJIMBA U B TOHKOM OPIaHUYECKOM CHHTE3E.

Kak wu3BecTHO, cylmecTByeT crmoco0 cuHTe3a ruapuaa agroMuHus [1-3]

BSaHMOHeﬁCTBHeM aJIroMoruapuaa JIUTUA ¢ XJIOPUAOM aJIIOMHUHUA 110 PCaKIIMN

t,0—ToayoJ

. E .
3LiAlIH, + AICI; AlH; + 3LiCl (3.1)
B CpeJle OPTaHUYECKUX PACTBOPUTENEH.
Taxke wu3BecTHBl Meronbl monydenus AlH; yepes kuciaotel u

XJIOPHPOU3BOJHBIC YTITICBOAOPOAOB 11O PCAKIINH:
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Et,0—Tonyon

LiAIH, + HCI AlH; + MCI + H,, (3.2)
rae Et,O — nuatunossiit 23dup;
LiAIH, + C,HsCH,CI (xnopuctsiii 6en3un) — AlH; + LiCl + Tonyost. (3.3)
N3BectHble cniocoObl nonmydenust AlH; Tpymoémkue n TpeOyrOT NMpUMEHCHHUS
TOKCUYHBIX PACTBOPUTEIICH, a TaKKE HCIOJIb3YETCS TOPOTOCTOSIIIUN pEarcHT
aroMoruapua autus - LIAIH,.

Hamwu niist momy4yeHust rujpuia aTlOMHHIS MEXaHOXUMHUYECKAM METOJIOM 0e3
y4acCTHsl paCTBOPUTEIICH IIyTEM HMCIIOJIb30BaHbl TBEPABIE ANIFOMOTMIAPUI HATPUS U
XJIOPUCTHIM ATIOMUHHM, CHHTE3 OCYIIECTBIIUIN HA TUTAHETAPHON U IIEHTPOOEKHOU
MEJIbHUIIAX.

JIJist cuHTEe3a pa3iMYHbIX MaTepUaJIOB B Ja0OPATOPHBIX M MPOMBIIICHHBIX
MaciTadax MUPOKO MPUMEHSIETCSI TEXHOJIOTHS MEXaHOXUMHYECKOTo cuHTe3a. Jliis

CHUHTC3a T'mApruaad aJIlOMUHUA MEXaHOXUMUYESCKUMN MCTOA HUCIIOJIB30BaH BIICPBLIC.

Pucynok 3.1 — [lnanerapHas mapoBasi MeJIbHULIA
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nogaya TBEPAbIX
PEArEHTOB

\ —= B PEQKTOP
e

Pucynok 3.2 - Cxema 11eHTpOoOESKHOM METbHUIIBI

[Ipy mnpuMeHeHUU TUTAHETAPHOW IIAPOBOM MEJBHUIBI I 00pabOTKU
MOPOIIKOB B TMPOIIECCE HM3MEIIbUYCHHUS] B BEIIECTBE OTMEYAIOTCS CTPYKTYPHBIE
n3MeHeHus. B BemniecTBe MmpoucxoauT oOpa3oBaHWE MHOXKECTBA Je(PEKTOB U OHO
npuoOpeTaeT peakImoOHHOCTIOCOOHOCTh. B mporiecce 00paboTKM BEIIECTB MEXKTY
HUMHM TIPOMCXOJAT XHUMHYECKUE peakuuu. TeM He MeHee 4YToObl MpoIlia
MEXaHOXMMHUYECKasi peakiusi TMpollia, HEOOXOJWMO K TMOPOIIKY TOJABECTH
ONPEAEIEHHOE KOJIMYECTBO MEXaHUUYECKOU JHEPTHH.

DHeprusi B MOPOIIOK MOJIBOJUTCS MPU TMOMOIIH IJIAHETAPHOU METbHUIIbI-
akTuBaTopa (um3oOpakenue 3.1), €caM  yBEIUYHUTh CKOPOCTh  BpPAIICHHS
IEeHTpaIbHOW ocu u OapabanoB. lllapbr B miaHeTapHON METBHUIIE WMITYJIHCHO
BO3J/ICHCTBYIOT Ha MOPOIIOK, U CHUJIa TAKOTO BO3JEHCTBUS (M MOCIEICTBUS, B BUJIC
CTEMIEHH NPEBpaAllEHUs B XHWMHYECKON pEaKIuu) 3aBUCIT OT YCKOPEHHUS, C
KOTOPBIM 3TH IIAphl JIBUTAIOTCS BHYTpHU OapabaHa B 1o0Jie IEHTPOOEIKHBIX CHIL.
YckopeHne 3aBUCUT OT paJinyca W KBaJpara yrilOBOW CKOPOCTH LIEHTPAIbHOU OCH.
Taxoke kBaapaTUYHO, C 000POTAMH, BO3pACTAET HArPy3Ka Ha OMOPHI BPAIICHUS.

YcranoBieHo, uro B cuHTe3e AlH; 0e3 ucnosib3oBaHus pacTBOPUTEIS,
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IUIaHETapHasi WM UEHTPOOEekKHash MEJbHUIIBI CIIOCOOCTBYIOT WHTEHCUBHOMY
NepEeMENIMBAHUIO PEAreHTOB, PEaKIUs MPOTeKaeT 0e3 ydacTus PacTBOPUTENS C
BBICOKOI cKopocTbto. Peakmust mpotekaer 3a 10-30 MuH, BBIXOJ KOHEYHOI'O
MPOYKTa OJIM30K K KOJTUYECTBEHHOMY BBIXO/TY.

[Iporecc cuHTE3a MPOBOAUTCS B aTMOC(epe HHEPTHOTO Trasa, BKIOYas
3arpy3Ky peakTopoB, 00pabOTKy Ha ILEHTPOOEKHOW MENbHUIE PEaKIIMOHHBIX
cMecel, a Takke MOJArOTOBKY 00pa3ioB Jyisl uccieaoBaHus. CMech altoMOTHIIPU
Hatpusi (NaAlH,;) c¢ xmopumamu amomuHust nepemernmBaiorT 10-20 MuHYT
MEXaHOXUMHUYECKHM METOJIOM.

[Tokazano, uro peakmust NaAlH, ¢ AlCIl; mporekaer B Teuenne 10-20 MuH ¢
KOJIMYECTBEHHBIM  BbixogoM  AlH;  mpum  10cTaToO4HO ~ MHTCHCHBHOM
MepEMEIINBAHUN.

Ilpumep 1.

bepém 8,2 r anromoruapuaa Hatpus - NaAIH, u 2,0 r AlCl; u momemaem B
IUTAaHETapHYIO MENIbHUILY, TiepeMeninBaeM B Teuenue 20 mun. OOpasyercs 1,56 T
AlH; HemocpencTBenHo B MenbHUIE. Boixo coctaiset 81%.

IIpumep 2.

bepém 6,9 r NaAlH, wu 2,8 r AICl; u momemaem B HEHTPOOSKHYIO
menbauIy. O6pasyercs 1,92 r AlH;. Beixon coctasisier 82%.

Hcnonp3oBanre TMaHETApHOW U HEHTPOOEKHOM MENBHHI] TO3BOJISET
noay4uTh HenocpeactBeHHo AlH; 6e3 ydacTus opraHudeckux pacTBOPHUTENICH.

[IpermyniecTBO MPeAsoKEHHOro crnocoda MO CPaBHEHUIO C H3BECTHBIMU
COCTOMT B TOM, YTO MCHOJIb3YIOT JACIIEBBIA AIIOMOTHIAPHUI HATpUs BMECTO
ATIOMOTHUIIPUAA JIUTUS, a TaKXKe MCKIIOYAeTCs NPUMEHEHUE TOKCHUYHBIX
PacTBOPUTETIEH.

Cmecr AlH; CO clelaMHd aJIOMOTHUIPHUAOB HATpUS W  KaJbIUs
oOpabartpiBaii 3pupoM u U3 IPUPHOrO PacTBOpa MO TPATUIIMOHHON METOIHUKE

noJrydaiun HCCOHBBaTHpOBaHHBIﬁ Tmapua aIrOMHUHUA.
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3.2. MojeabHbIi CHHTE3 THAPUAA ATIOMUHUS Yepe3 OMHAPHbIE THAPUABI
ET0YHO3eMeIbHBIX METAJIOB ¢ AyTONHHIIHUPOBaHueM [1-A]
[IpuHIIMT  MOMETBHOTO CMOCO0a CHUHTE3a BOJOPOJHBIX  COCAMHEHUI
amomunus uyepes MH, (rme M — Ca, Sr, Ba) u AICl; cocrout B mHMIIMUpOBaHUH
nporiecca AlH; ¢ wacThio THIpuaa MeTaia ¥ TOCISAYIONIEM pa3IeibHOM

nocraauiiHoM no3upoBanuu peareHToB AlCl; 1 MH,.
ITar:

3MH , +6AIH ; — 3M(AIH,),

l’
1
\3M(AIH,), +2AICI, — 8AIH , + 3MCI,

ITHINTITHPOBaHHE

. I AMH , +8AIH, - 4M(AIH ),
“V4M(AIH ), + 84 AICI; — 324 AIH, +4MCI,
|‘- ¢ 4)2 4 i 2 i - ayTolHHIIIpopadie (4.4)
[ 16/ ; 32 16/ ;
: "116 { MH, + ; 24 AIH, _)1733 _,11(_41114)62
’ A F“ e > 1 #
1164 M(aiH ), +324 aict, - 1287 il + 16 Mc,

ayTOIHIIIIIIPOBAHIIE
1 T.J., BIUIOTh J0 IOJHOro pacxoxoBaHisi MH; 1 AlH: 1 nomaydeHHs 3aJaHHOTO

komrgecTBa M(AIHy)> i AlH;.

IIportecc BemyTr ¢ obecrnieyeHMEM Ha KaXJIOW CTaJWM TTOBBIIIEHHON
koHmeHntpanuu AlH; (15-60 r/m) u ero u3oeitke (MH, : AlH; = 1:1.05+1.3).
KonudecTBo [103MpyeMBIX pEareHTOB MOMYMHACTCS TMPU OTOM OO0OOIEHHOM
MOJICNTA, BKITIOYAONICH CTENeHHbIe MoauMHOMBI (Tabiuma 3.1). Ha ocHoBe aToM
MOJIeJIM co3[aHa o0Imas MaTeMaTH4ecKas MporpamMma, BBIYHCICHBI KOJIHYECTBA
ucnonp3yemoro B cuHTe3e ruapuaa metamia u AlCl; mis 16-18 craguit (maros)
nporecca. CocraBneHa pabodas mporpaMma CHHTE3a aJTIOMOTHAPHUIOB KallbLIUA,
cTpoHIus, Oapust U ruapuaa amomuuus depe3 CaH, um AICl; Ha ocHoBaHMM
MAaIlIMHHOW TPOTPaMMBbI U UCTIONB3Ys JaHHbIe padoThl [101].

B Tabmune 3.1 3anmporpammupoBaHbl kojmuecTBa go3upyembix CaH, u
AICl; Ha 8-mm marax, 0.0145 gonmu or kommyecTBa OOOOIIEHHOW MAIIMHHOU

nporpammbl. O01IIEe KOJINYECTBO PEareHTOB COCTABIISICT:

CaH2+2A|C|3—>2AIH3+3CaC|2 (35)

mome 052 035 040 0.16

r 2184 46.70 12 56.50  (0.0145 -mons 8-ro mara, tabnuna 4.2).
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Ta6imma 3.1 - IlomuHombl ais mporpammupoBanusi cuHte3a AlH; ¢

ayTOMHUIIMMpOBaHUEM (00001IEHHAs MaTeMaTUYecKasi MOJIeJIb CUHTE3a)

Ne miara
PeareHTEI
1 2 3 4 N
14 pearery (Y | A2 | [2et) [ Y
\3 100/ \3 100/ 3 100) \3 100)
,]+—, ll e | 'l-r-i| '1+—!
100 \""100) 100 | \ 7100
(4 b)) (4 b)) ,"4_ b ""4_ b Y
> DEALEHT a a\3 100/ | a\3 100/ | a\3 100/ a\3 100
P 3 3 BY 3. B Y | ) B
AlCl; " 100) \""100) " 100) \""100)
HIFHIERO (4.2 | (4,23 (4,0
b (4, 5 \3 100/ \3 100, \3 100/
" 1+ d,_ _' h <L 7= po i iliekabcl AT
AlHz a 100) 13 100 au"l 5 c‘{,H > a'ﬁl* 33
\'"100) 100 ) L 100
(4.8 Y| (4.8 | (2.2) | (4.2) (2.0
IIpoaykT | 4 5% 750/ G'w) | 37100) | \37100) 37100
AlH; ) | ) | 2 | e (1.2
’ 100 \""100/ \" 100/ \""100)
a — 1ncxoaHoe konmdecTBo MH (Moms), b - % 1130BITKa HHHIIIATOpa
Ha KaykKJIOM Imare (CTYIeHI).

ITpu 06béme peakimonnoit maccel 300 M 3amanHas kouuentpanus AlH;
12/0.3=40 1/n. B Ttabmuue 3.2 mpuBencHsl Takke 00bEMBI 3dupara AlCl;,
PEaKIMOHHOTO PACTBOPA NP WHHUITMUPOBAHUH MPOIIECCa, PEAKIIMOHHOTO PacTBOpPa
nocie po3upoBanus AlCl;, a Taxoke korrenTpanun AlH3 npy HHUITUUPOBAHUN — U
niociie BBeneHus AlCls.

Oco0oe BHUMaHME HEOOXOJUMO YIENATh pa3leIbHOMY BBEICHHUIO W
ToyHOCTH fo03upoBanus peareHToB CaH, u AlCI; (13 OropeTkH) B COOTBETCTBHH C
paboueil mporpammoii Tabiauibl 42, a TakXke COXpPaHEHUIO B IPOIECCe CUHTE3a

BBICOKOM KOHIeHTpanuu | u30biTka AlH; Ha kaxkaom mare. Iporecc Beaércs B
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CYCIIEH3MH C TOBBIIICHHON KoHIeHTparuei 40 /1 mo AlHz u okomo 220 1/ mo
CyMMe€ MPOJYKTOB.

W3 BBINIEU3I0KEHHOTO SICHO, YTO B CTYNEHYATOM IMPOIECCE KAXKIBIM Immar
MOXET ObITh TMpepBaH IOCJE BBEACHHS OMHAPHOTO THUIApPHAA MeTaia
(ayTOMHUITMUPOBAHKE), TO €CTh HA CTYIEHH 00pa3oBaHUs amoMoruapuaa. Torna,
cpaBHHTEIBHO ¢ TosydeHueM AlH; (cormacHo ypaBHenuto (4.5)) MBI He 1o1aéM B

nporiecc cymmapuo 25% AlCl;:
3MH, + 8/ AICI, > 3 M(AIH,), + 9, MCI,

Jist 8-u maroB (Tabnuna 2) 3To COCTaBUT:
3CaH, + %/ AICI, — 3 Ca(AH ), + ¥, CaCl,
052 0026 013 0.39

21.84 34.7 53.04 173.1

Takum 00pa3oM, pacCMOTPEH MPOIECC CHHTE3a TUApUIa aTIOMUHHUS Yepe3
OvHapHble  TUApUABl  miEnmoyHo3emedbHbIX  MetauioB  u  AlCl; ¢
ayTOMHUIIMAPOBAHHUEM. Hcnonp3oBanue OWHAPHBIX THIPUIIOB
IEJI0YHO3EMENBbHBIX METAJIOB 110 cpaBHEHMIO ¢ LiH nMeeT psii mpenMymiecTs:

- OMHapHBIe TUAPUIBI METOYHO3EMENbHBIX METAJIOB SBISIOTCS 00Jiee ACIIEBBIMU
peareHTaMu 1o cpaBHeH#uo ¢ LiH;
- MH; Gonee nocTynHbIM peareHT, YeM THAPUIBI MET0YHBIX METaJIOB.

MosxeT OBITh HCIIOJNIB30BaHO OONbBIIE WM MEHBIIE pPEearecHTOB B

3aBUCUMOCTH OT 00beMa peakTopa U 3aJaHHoW KoHieHTpamuu AlHjz, HO

HEMIPEMEHHO KpaTHOE JaHHBIM, IPUBEAEHHBIM B TabuIe 3.2.



Taoaumna 3.2 - Pabouas nporpamma cunate3a AlH; u Ca(AlH,4), uepe3 CaH, 8=10% (0.0145 nomns marn. TaOIHIIBI)

V M
VvV
pacTBopa Cun
C,y TIpI A% pactBopa | IIpoayk
CaH,, npn AlCl;, nocie
HHIIHIPOBAHMII 3¢mpar 2.CaH, | 2. 4ICI; | mocne T3an
Ne mara | Mois/ | B3anMo- MOJTB/ BBEJICHII Ar
a AlCls, . MOJIB/T | . MoOms/ | BBEIEHH | ILATOB,
r JIeliCTBH ' r 1 AlCL, |
(r/m) MII g AlCl;, | Moas/T
n CaH, 1 (r/m)
MII
AlH;
II
oIryde
ks (10% 0.011
-HIIe 9.1+20 0.0118 0.0475
1ad) - - 8 49,00 - 20.10
HHIII- M1 Et,O 1.57 1.42
0.039 LT
aTopa
1.49
0.021 0.014
0.0216 | 0.0145 0.0600 | 0.3
1 6 29.10 490 S 11.30 44.90 40.10
0.90 1.93 1.80 8
0.90 1.94
0.028 0.018 0.0497 | 0.0333 0.0800 | 0.6
2 40.10 44.90 14.60 43.90 54.70
0 9 2.08 4.44 2.40 0
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1177 2.52
0.036 0.024
0.0864 | 0.0580 0.1100 | 0.9
6 54.70 43.90 7 19.10 44.70 73.80
3.61 7.74 3.17 0
1.53 5.30
0.047 0.032
0.1342 | 0.0900 0.1400 | 0.9
8 73.80 44.70 2 24.96 42.50 98.80
5.46 12.01 4.20 0
2.00 4.30
0.062 0.041
0.1964 | 0.1319 0.1800 | L.2
2 98.80 42.50 9 32.50 41.10 131.30
8.27 17.60 5.40 0
2.61 5.6
0.081 0.054
0.2800 | 0.1863 0.2300 | L.5
1 131.30 41.10 8 42.40 39.70 173.70
11.76 24.87 6.90 0
5.40 7.30
0.105 0.071
0.3833 | 0.0257 0.3000 | 2.1
6 175.30 39.70 2 55.10 39.30 228.80
15.96 34.38 9.00 0
4.45 9.50
0.137 0.093 0.5211 | 0.3498 0.4000 | 3.0
228.80 39.30 72.00 39.90 300.80
9 0 21.84 46.70 12.00 0
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Ha ocHOBe cOCTaBJICHHOrO HaMH MOJCIBHOIO CHHTE3a pa3paboTaHa
IPHUHIKINKAIBHAS TexHojorudyeckas cxema cuHte3a AlHz; wepes MH, u AlCls.

(pucyHok 3.3).

SpEpHEBLH
pacTeop MH>
AlCIs
MemTeneEHaT Cvcnenzna
EOpOHEA MH;
AlCIs [ B Ef20
3 - PeaxTop XOIOOHIEHHK
aﬁ;}ﬁha » cHETeza  AlHj —— | onma vmamemma
S Ef20+tomyon
CoHpTOEO-
KHCIOTHAT 5 )
00padoTra BOpHER
Cvimka

Pucynok 3.3 — I[lpuHiunuanbHasi TEXHOJIOTMYECKAash CXE€Ma MOJEIbHOIO
CHUHTE3a THUIpHJa aJIOMUHUS Yepe3 OWHapHble TUAPUIBl IETOYHO3EMEIbHBIX

MCTaJIIIOB

Jlnsa nonydenus AlH; Ha ocHOBE MOJEIBHOIO CHHTE3a U MPUHIMITHATBHOM
cXeMbl coOpaHa JrabopaTopHasi yCTaHOBKA (PUCYHOK 3.4) M OCYyIECTBIEH CHUHTE3

rmapuaa aJlxOMUHHUA.
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5 =
™\ —_—
AICI4 l
H,0
MH =
L, S S——— 8
AlH 3
o VN
3aTpaBka N,
11

Pucynok 3.4 - JlabopaTtopHas yctaHoBka s noiydeHus AlH; Ha ocHOBe
MojeiapHoro cuHTe3a depes MH, (1 - peakrop cuHTesa, 2 - pyOamka, 3 -
TEPMOMETpP CONpPOTUBIICHUS, 4 - KaleiabHas BOPOHKA, 5 - IEPEMENINBAOIICE
YCTPOMCTBO, 6 - peryisTop 0OOpPOTOB, 7 - CaAMOMMINYIIMK MOCT, 8 - TpsIMOU

XOJIOMWIIBHUK, 9 - TepMocTaT, 10 - Tepmoperynsitop, 11 - mpuémuas konoba.

3.3. HekoTopble cBoiicTBa MOJIy4eHHBbIX 00pa3ios AlH;
Ha TtepMorpamMMe HECOIBBATHPOBAHHOTO THAPUIA ATIOMHHHS MBI
HaOro1amu oauH H103(dekT B paitone 165°C, uro ykaspiBaeT Ha pacnaa AlH;z. B
otauuune ot padot [101], apyrux 3ppekToB MBI HE HAOIFOIAIH.

[IpoBeaén peHTreHO(a30BbIl aHAIW3 MOJYYEHHBIX O0pPA3LOB, KOTOPHIMA
Tnokasaj cieayronye napamerpsl : a=4,43 A, c=11,8 A.

PaccunTannas peHTI€HOBCKas MJIOTHOCTh 00pa3lioB 00pa3IioB COBMAIAET C
MJIOTHOCTBIO, OMPEACIIEHHOW HaMU NMHKHOMETPUYECKHMM METOJ0M W paBHa 1,45
/e,

Ha HK-cnekrpax AlH; HaOmomaioTcs MOCTHKOBbIE M J1e(hOpPMALMOHHBIC
xosebanus AlH;. Kosnebanust dukcupyrorcst B odmactu yactot 1820-1640 em

nebopMaroHHbIe KoneGanus — mpu 860,5 1 670 e
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3.4. TepMoaHAMHYECKHI AHAJIU3 MPOLECCOB MOJIyYeHHsI OOPOTHIPUIAOB H
AJIIOMOTHIPH/IOB IEJOYHBIX METAJLIIOB [2-A]

B Hay4HO-IpHKIIAJHOM acCHeKTe Ba)XHO aHAIM3MPOBATH TEPMOJHMHA-
MUYECKHE BO3MOXKHOCTH TMPOTEKAaHWS HUCIOJIB30BAaHHBIX HAMH  CIIOCOOOB
NoNMydeHuss OOpo- ¥ aMOMOTHAPHUIOB  METaUIOB.  TepMOJAMHAMHYECKOE
000CHOBAaHME TEXHOJOTHUYECKUX MPOIECCOB CO3/IaET HAYYHYIO OCHOBY IO MTOJI00PY
3¢ (GEKTUBHBIX PEareHTOB, pAIlMOHATIBHBIX CIIOCOOOB, YCIOBHU MPOBEICHHUS
nepepaboTKH MHHEPAITBHOTO CHIPbS M CIIOCOOCTBYET HIMPOKOMY MPUMEHEHHIO
OMHAPHBIX ¥ KOMITJICKCHBIX TUIPHUJIOB B MPUKIIAIHBIX pa3paboTKax.

TepmoauHaMuYeckre XapaKTEPUCTUKU COCAMHEHUH W TEXHOJOTHYECKUX
IPOIIECCOB TOMOJHIT OaHK TEPMOIMHAMUYECKHUX JTaHHBIX HOBBIMHU CBEIICHUSIMH.
OTH CBElIeHHsI CO3IAI0T HayuyHYI0 0a3y sl pa3paboTKH MaTeMaTHYECKUX MOJeTei
TEXHOJIOTUIECKUAX TPOIIECCOB, KOTOPBIC TO3BOJISIFOT TOJ00paTh ONTUMAIIbHBIC
yCIOBHUSA TEpPEpadOTKH MHUHEPATbHOTO CBIPbsSl, KOMIIOHEHTOB, HE TPOBOJS
JOPOTOCTOSIINX IKCIIEPUMEHTOB.

[IpoBenéH TepMOAMHAMUYECKUN aHAIW3 IMpolecca MOJdydyeHus Oopo- u
ATOMOTUAPHUIOB IIEJIOYHBIX METAJUIOB B3aUMOJICHCTBHEM OWHAPHBIX TUAPUIOB
HICJOYHBIX MeTaioB ¢  xiyopuaamu Oopa (BCly) u  amomunams (AlCIy),
NOJMYYCHHBIX  XJIOPHPOBAHWEM  MHHEPAIBHBIX pyn  TapKUKHcTaHa. DTH
COCMHEHUS SIBIISIOTCS KIIFOUEBBIMH JIJISi CHHTE3a TUAPUAHBIX COSNUHEHHUN IPYTHX
METAJUIOB U IIMPOKO MPUMEHSIOTCS B HAYYHBIX W MPUKIATHBIX 00JIACTSIX XUMHH U
XUMHUYECKOW TexHomoruu. llpomeccel momydeHuss 00Opo W AITIOMOTHAPHIIOB
MIETOYHBIX MeTAIUTOB TXD BBIpaxaroTCs CICAYIONMMH YPaBHEHHSIMH:

AMH+BCl;—MBH;+3MCI, rne M — metamuisl |A rpymms; (3.6)

4AMH+ AICIl; —» MAIH4+ 3MCI, raoe M — mertamst |A rpymmesl. (3.7)

Jna cpaBHEHHs NPOBEAEH TEPMOJAMHAMMYECKUN aHAINA3 IPUMEHSIEMOIO

crioco0a MmoJTydeHust 00pOTHAPUIOB!

2MH + B;Hg= 2MBH,;, tne M — metamisl |A rpymisl (3.8)
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BaxxapiM  (paKTOpOM I OCYIIECTBIACHHMS HCCIEAYEMBIX  IIPOIECCOB
ABISETCS  MOAOOp pacTBOpHTENs. JIeHCTBHUTEIBHO, OCYIIECTBICHHE PEAKIUH
(3.6)-(3.8) m moOMOOHBIX OMNpeaesAeTCS OTHOMECHUSIMH PACTBOPUMOCTH PEarcHTOB
U MPOIYKTOB, a TaK)Ke JOHOPHOM CHIION pacTBOpUTEINs. BhICOKast TOHOpHAs CHIIA
CIIOCOOCTBYET  B3aHMMOJCHWCTBHIO,  OJHAKO  MPUBOAUT K  IOJYYEHHUIO
COJIbBATHPOBAHHBIX OOPOTHUAPHIOB, TOCKOIBKY aTOMBI MIIM HOHBI META/LUIOB BEAYT
cebs1, KaK KUCIIOTHI.

HeobOxomumble  mist  pacdyéra  BEAMYMHBI  TEPMOJAMHAMHYECKUX
XapaKTEPUCTHK KOMIIOHEHTOB pPacCMaTPUBACMbIX CHCTEM B3SThl U3 UCTOYHHUKOB
[164-167].

B kauectBe mpuMepa mpHBEIEH pacuyéT TEPMOJMHAMUUYCCKUX Xapak-
TEpUCTHK Tmporiecca (3.6) monydeHuss OOPOTHAPHIA JUTHS B3aUMOJCHCTBHEM
OMHApHOTO TUJpUIA C XJOpUIOM Oopa B cpelie AUITHIOBOrO 3(upa, KOTOPHIA

IIPOTCKAECT 110 CXEME.

ALIH+BCl, 2 LiBH, + 3LiCl
AfH -905 -427,2 11908 -408,6
S 20 2063 759 593
AfG -683 -387,4 1250 -384.4

AH mpon.=(-190,8+3*(-408,6)) — (4*(-90,5)+(- 427,2))= (-190,8-1225,8) +
362+427,2= -1416,6 +789,2= - 627,4;

ASmp.=(75,9+3*59,3) — (4*20 +206,3)= (75,9+177,9) — (80+206,3)= 253,8 —
286,3= -32,5;

AG® o= AH® oo — 298AS° 0= - 627,4 - 298*(-0,0325) = - 627,4 +9,685
= -617,7;

AG ipon= (AT )iponyicron = Z(AFG )pearemnon = (-125+3*(-384,4)) — (4%(-
68,3)+(-387,4))= (-125-1153,2) — (-273,2-387,4)=-1278,2+660,6= - 617,6.

HOJ‘IyIIeHHBIG, TaKUM 06pa30M, BCJIMYHNHEBI TEPMOANMHAMUYICCKHUX

XapaKTCPHUCTUK COC}II/IHGHI/Iﬁ H IIponecca IOJIYyUCHHA 60p0FI/I)1pI/I)10B HICJIOYHBIX

metamuioB TXD ( ypas. (3.6)) npuBenens! B Tabnuie 3.3.
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Ta6auna 3.3 - CripaBo4HbIe U OIleHEHHBIC (*) TEpMOIMHAMHYECKUE XapakK-

. 0 0
TEPUCTUKU coeanHeHur u mporecca noiaydenus MBH, (AH™ u A{G™,xJ>x/mMoub;

S, Jix/(moubK).

MAIH, CoenuueHus

M -AH° AGY | S° AHY [ AGE s°

Li 122,6 44,7 787 |AICI; |-7042 |-6288 |109,3

Na 115,7 38,7 89,7 |B,Hs |36,4 87,6 232,1

K 163,6 94,6 119,0 106,0*

Rb 170,0 99,0 130,0

Cs 177,0 110,3 [150,0

[Mporecc (3.2) ITpouecc (3.3)

AMH + AICl; 2 MAIH, + 3MCI IMH +B,Hg * 2MBH,

M | -AH mpou. | AStpou. FAGmpou. | M | -AH nmpou. FASmopor. | -AGmporr.

Li |282,2* 67,3* 302,3%" [ Li |100,6 114,7 66,4

295,99 40,49
Na |419,9* 36,7* 430,8" | Na | 155,2 132,7 115,79
429,1@ 98,0

K |538,1* 57,5% 555,280 | K |248,2 94,1 220,21
208,8?

Rb |562,8* 53,6* 578,8") |[Rb|270,8 99,5 241,19
2242

Cs |585,0* 52,3* 600,67 |Cs [282,0 76,9 259,1%
244,89

[Mpumeuanue: * - OIEHEHO METOAAMH CPaBHUTEILHOTO pacyéTa U pa3HOCTEN;
(1) - paccuuTano mo Gopmyiie AGOHPOH'Z AH? | oL, — 298A80np0u.;
(2) - paccuntano o popmyne AG pon.= Z(ATG) ponyiros - Z(AfGO)p%IFGHTOB

[Ipumeyanue: * - oOIEHEHO METOJAAMH CpPaBHUTEIBHOTO pacuéra W
pazHocteit; (1)- paccuurano o dpopmyiie AGOHPOH.= AH° npor, — 298AS°Hp0H.;

(2) - paccunrano o hopmyie AGOHPOH.= Z(AfGO)HpOHyKTOB - Z(AfGo)pwemoB
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AHanu3 UMEIONNXCS TePMOTUHAMUYECKUX CBEJCHUI MO3BOJWI HCIIPABUTH
JaHHbIC JUIS OWHApPHBIX THAPUIOB pyouaus u 1e3us (*), U yCTaHOBHUTH
3aKOHOMEPHOCTH WX U3MEHEHUS B 3aBUCUMOCTH OT MPUPOJIBI MIEIOYHBIX METAIOB
TXD ( pucynku 3.5 u 3.6).

100 r

Kk J>/MOJ1B
90 a

80
Li

70 f

50 F K

Na AfG Rb Cs

40
30 —3

20 1 1 1 1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55N60
Pucynok 3.5 - I'paduk 3aBUCUMOCTH TEPMOJMHAMHYECKUX XapPAKTEPUCTHUK

MH (M - metainst |A rpynmer) ot npupoast (N) metanios

N3 pucynka 3.5 BUAHO oOmIas TEHACHUUS YMEHBUIEHUS TEPMOIMHAMU-
YeCKOW YCTOMYMBOCTM OWHApHBIX THJPHUIOB C POCTOM MOPSAIKOBOTO HOMeEpa
metauioB |A. Cpenbl OMHapHBIX THIPUAOB IIETOYHBIX METAUIOB HAWOOJBIIYIO
TEPMOJIMHAMHYECKYIO YCTOMUMBOCTh uUMeeT ruapuna autus. [lpum nepexome ot
JUTHST K HaTpuio HaOMIoJaeTcs pe3Koe YMEHbBIIEHHE TEePMOJINHAMUYECKON
ycroiunBocty ruapusioB (A(AH =34,2 k/{x/Monb)). [lo cBoMM xapakTepucTHKaM
OuHapHBIA TUAPU] HATpUs OJM30K K TUApUIaM noarpynnsl kanus. [lpu nepexoze
OT HaTpusi K KMo HAONMI0JaeTcs Majoe IMOBBIIIEHHE TEePMOJAMHAMUYECKOU
ycroiunBocty TuApuaoB. B psany noarpynnet KH— RbH — CsH naGiromaercs
He3HaunuTenbHoe yMmeHblienne (A(AH =3,7 x/x/Monb)) TepMoauHaMUYECKON

YCTOMYMBOCTU THIPUAOB C MUHUMYMOM B CEpEUHE y TUAPUJIA PYOUIHS.
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W3 mannbix Tabmuimmsl 3.2 U pucyHka 3.6 BHIHO, YTO C POCTOM MOPSIIKOBOTO
HOMEpa IMICJIOYHBIX MeTaioB TXD HaOmromaercs yBeiawueHue SHTpormu (S)
OWHApHBIX THAPUIOB. Pe3koe, NByKpaTHOE YBETUUCHUE SHTPOIMH HAOIIOAACTCS B
pAAy OMHAPHBIX THAPHUIOB THIHYHBIX MeTauioB (LiH—NaH).

5 rs
65 |

Rb
55 | K

45 t Na
35 |

25

15 1 1 1 1 1 1 1 1 1 1 1 |
0 5 10 15 20 25 30 35 40 45 50 55N60

Pucynok 3.6 - I'padux 3aBucumoctu sHTporimu MH ot npupoasr (N)

MCTaJIIIOB

[TomydeHHBIE  TIONHBIE  TEPMOAWHAMUYCCKHE  XAPAaKTEPUCTUKU  BCEX
KOMITOHEHTOB UCCIIeTyEeMBbIX CUCTEM MTO3BOJIHIIN 000CHOBATh
TEPMOJIMHAMHYCCKYIO BEpPOSTHOCTh TMPOTCKAHUS TIOJyYeHUS OOpOTHUIAPHIIOB
HICJIOYHBIX MeTauioB 1o cxeme (3.6), KoTopble MpuBeAeHb B Tabmuie 3.3.
CoBmajsienre 3HaYCHUN BETMYMHBI AGOnpou,, PACCUMTaHHOW Pa3HBIMHU CIIOCOOAMH,
CBUIETEIBCTBYET O JOCTOBEPHOCTH HMCXOIHBIX TEPMOJMHAMHYECKHX BEIIMYUH.
3aKOHOMEPHOCTH HW3MEHEHHS TEPMOIMHAMUYECKUX XAPAKTEPUCTUK (DHTAJBIIUH,
sHeprun ['md6ca (n3o00pakenue 3.7) u sHTponuu (M3o0pakenue 3.8)) mporecca
MOJIYYCHHUSI OOpOTHIPHUAOB IIEIOYHBIX METauIoB 1o cxeme (3.6) wumeror
WJICHTUYHBIN XapaKTep.

ITpu mepexome LiH— NaH — KH na0GmiomaeTcsi pe3koe yBeIMYCHHE

sHeprun ['m66ca npomecca (3.6) B npenenax A(AGmp.)= (110—135) x/»x/MoIb.
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ITpu mepexome LiH— NaH ysemuuenwe suTpomuun coctasiser A(ASmp.)=16,2
Jx/(monb-K). s nepexoma KH — RbH — CsH usmenenue cocraBisieTr B

cpenaeM A(AGmp.)= 24+ 4 x/Ix/momnb u A(AStp.)=4u 5 Jx/(monb-K).

%0 r KJ[>K/MOIIb Gs

900 f

850 r

800 f

750 |

700 f

650 F

600 1 1 1 1 1 1 1 1 1 1 1 J
0O 5 10 15 20 25 30 35 40 45 50 55N60

Pucynok 3.7 - I'paduk 3aBUCUMOCTH TEPMOJMHAMHYECKUX XapPaAKTEPUCTHUK
nporiecca (3.6) nonyuenust MBH, ot mpupossr (N) metamios
65 r -ASnp. Cs
60 |
95
50 +
45 f
40 +

35 |

30

0 5 10 15 20 25 30 35 40 45 50N55 60

Pucynok 3.8 - I'paduk 3aBUCHMOCTH M3MEHEHHUs SHTponuH mnpoiecca (3.6)

nonyuenuss MBH,; (M- metamist |A rpynmst) ot npuposst (N) metanios
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[IpoBeneHo TepMoauHAMHUYECKOe OOOCHOBaHME TMPOTEKAaHUs Ipolecca
ATFOMOTHIPU/IOB IIEIOYHBIX METAJJIOB 110 CXEME:

AMH+ AICIl; — MAIH + 3MCI, roe M — meramnst |A rpynmnsr - (3.7)

B kadectBe mpumepa mpuBeAEH pacdET TEPMOJAMHAMHUYECKUX XapaKTepHC-
TUK mnpouecca (3.7) MNOIyYEHHS QIIOMOTHAPHUIA HATPUS B3aUMOJICUCTBUEM
OMHApHOTO THIAPHUAA C XJOPUJAOM AQIIOMHHHS, KOTOPBIM MpOTEKaeT B Cpele

JTUATUIIOBOTO 3(Hpa Mo cxeme:

ANaH +AIC, 2 NaAlH, + 3NaCl
AH  -563 -7042 1157  -4112
S 40 1093 807 721
AMG  -335 -628,8 387 -384,1

A(AH np.)=(-115,7+3*(-411,2)) — (4*(-56,3)+(- 704,2))= (-115,7-1233,6) +
225,2+704,2= -1349,3 +929,4= - 419,9;

ASnp.=(89,7+3*72,1) — (4*40 +109,3)= (89,7+216,3) — (160+109,3)= 306,0
—269,3= 36,7,
A(AGnp.)= A(AH np.) - TAStp.= - 419,9- 298*(0,0367)=-419,9 -10,9=-430,8;

A(AGnp.)= (-38,7+3*(-384,4)) — (4*(-33,5)+(-628,8))= (-38,7-1153,2) — (-
134,0-628,8)=-1191,9+762,8= - 429,1.

B kauecTBe mpumMepa mpuBenEH pacdyeT TEPMOINHAMUYECKUX XapaKTepHC-
TUK Tporiecca (3.8) moyydeHus: 60poruapuia Kaiaus B3auMOIeHCTBHEM OMHAPHOTO

TUAPUIA Kadus ¢ TMO0paHOM, KOTOPBIM MPOTEKAET B Cpee AUITHUIOBOTO dupa mno

CXEME;
2KH+ ByHg = 2KBH,
AfH  -57,7 36,4 -163,6
S 50 232,1 119,0
AfG  -340 876 -94,6

A(AH 1ip.)=2(-163,6) — (2*(-57,7)+ 36,4))= = -363,6 +115,4= - 248,2;
AStp.=2%119,0 — (2*50 +232,1)= 238,0 — (100+232,1)= 238,0 — 332,1=- 94,1;
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A(AGmp.)= A(AH np.) - TAStp.= - 248,2- 298*(-0,0941)=-248,2 +28,0= -220,2;

A(AGnp.)= 2(-94,6) — (2*(-34,0)+87,6))= -189,2 — (-68,0+87,6)=-
189,2+68,0-87,6= - 276,8+68,0=-208,8 .

[Tony4yeHHBIC BEIMYMHBI TEPMOJAMHAMUYECKUX XaPAKTEPUCTUK COCAUHEHUI
U TIpoIiecca MOIy4eHHs 00pO- U aTIOMOTUIPUIOB IIETOYHBIX METAJJIOB 10 CXeMaM
(3.7) u (3.8) npuBenens! B Tabymiie 3.4.

Tadumua 3.4 - CripaBoYHbBIE U OLIEHEHHBIE TEPMOJUHAMHYECKHAE XapaKTe-

PUCTHKH COCIWHEHHH u mpomeccoB mnonyuenus MAIH, u MBH, (AfHO u

AG,xJlx/monb; S°, Jx/Monb-K).

MAIH, CoenuueHus

M -AHP AGY [ S0 AHP AG? s?

Li 122,6 44,7 787 |AICl; |-7042 |-628,8 |109,3

Na 115,7 38,7 89,7 | B,Hs 36,4 87,6 232,1

K 163,6 94,6 119,0 106,0*

Rb 170,0 99,0 130,0

Cs 177,0 110,3 | 150,0

I[Mporecc (3.2) [pornecce (3.3)
Et,0 Et,0

4MH + AICl; ° MAIH, + 3MCI 2MH + B,H; 2MBH,

M | -AH npout. | ASnpou. FAGnporn. | M | -AH mipout. -FASmpornt. | -AGmporr.

Li |282,2* 67,3* 302,3% [ Li |100,6 114,7 66,4

295,9? 40,4
Na |419,9* 36,7* 430,8% | Na | 155,2 132,7 115,7%
429,1) 98,0¢)

K |538,1* 57,5% 555,29 | K |248,2 94,1 220,2Y
208,8?

Rb |562,8* 53,6* 578,8" | Rb |270,8 99,5 241,1W
224,2?

Cs |585,0* 52,3* 600,6 |Cs |282,0 76,9 259,1%
244,82

[Mpumeuanue: * - OIlEHEHO METOJAMH CPABHUTEILHOTO pacuéTa U pasHOCTEM;
(1) - paccunrano mo GopmyJe AGOHPOH? AH® npom, — 298AS°HPOH.;
(2) - paccuntano 1o Gopmyiie AG o= Z(AFG®)1momcros - Z(AFG?) pearerron
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3aKOHOMEPHOCTH HW3MEHEHHUS TEPMOAMHAMHUYECKUX XapPaKTEPUCTUK -
sHTaNbIUs, d3Heprus I[ubbca (pucyHok 3.9) mpormecca (3.7) mnoaydeHus
ATFOMOTHJIPUJIOB IEJIOYHBIX METAUIOB UMEIOT UACHTHYHBIN XapakTtep. C pocTom
MOPSIKOBOTO HOMEpa MeTala TepMOJMHAMHUYECKas BEPOSTHOCTh MPOTEKAHUS
nporiecca (3.7) Bo3pacraert. [Ipu nepexojie ot cuctemsl ¢ yuactreMm LiH k cucreme
NaH mnabGmomaercs pe3koe yBenmmuenue d3Hepruu [mb6ca mpomecca (3.7) B
npeaenax A(AGnp.)= 130 x/[x/mons. Ilpu mnepexoge NaH— KH mpupocr
coctaBisieT 123 kJ{/Moib, a A7 METaJIOB MOATPYIIHI Kajaus — B HHTEepBaje (21-
25) xIx/Moab. ['paduk 3aKOHOMEPHOCTH M3MEHEHUS HTpoIuu Iporecca (3.7) ot
npupobl MetamwioB (pucyHok 3.10) mmeer cioxsblii xapakrtep. [Ipu mepexoje
LiH — NaH u3meHnenue sHTponuu ymeHsblnaercs U coctabisier A(ASmp.)=-31,4
Jx/(mons-K). Tlpu nmepexone NaH— KH mpoucxonut Bo3pacranue n3MeHEHHE
sHTponuH B npenenax A(ASmp.)=+30,8 x/(monb K). B psny KH — RbH — CsH
YMEHBIIICHHE W3MEHEHHE SHTPOIHMH COCTaBlsieT B cpeaHem A(ASmop.)= 4 u 5

Jx/(Monb-K).

650 r C
K J1K/MOJIb AHmp. Rb S
600 K

550
AGrp.

500 +
Na

450
400 |
350 F .
Li
300 F

250 1 1 1 1 1 J
0 10 20 30 40 50 N 60

Pucynok 3.9 - I'paduk 3aBUCUMOCTH TEPMOJUHAMHYECKUX XapaKTEPUCTHUK
nporiecca (3.7) nmonyuenus MAIH,; (M - metamnsr |A rpymmnsi) ot npupoast (N)

MCTaJIJIOB



95

0 r AS,

65 | Tx/mons K
60 K
55
50
45
40
35 F

30 1 1 1 1 1 N ]

0 10 20 30 40 50 60

Cs

Pucynok 3.10 - ['paduk 3aBUCUMOCTH U3MEHEHHS SHTPOIUH Tiporiecca (3.7)

nonydenuss MAIH, (M- metaiel |A rpynmel) ot npupoasl (N) metamios

N3 pucynka 3.11 BugHa aHAIOTHUS 3aKOHOMEPHOCTH U3MEHEHUS
TEPMOJMHAMHUYECKUX XapaKTePUCTHK - SHTaJbIUU, sHepruu ['mbbca mporecca
(3.8) momydyeHuss GOPOTUAPHUIOB INEIOYHBIX METALIOB. C POCTOM MOPSIKOBOTO
HOMEpa MeTajla TePMOJWHAMHYECKAsT BEPOSATHOCTh MpOTeKaHus mporecca (3.8)
Bo3pacraer. Ilpu mepexome ot cuctembl ¢ ydactmem LiIH x cucreme NaH
HaOmomaeTcst yBenuueHwe HHeprum [ubbca mpomecca (3.8) B mpenmenax
A(AGmp.)= 50 x[x/monb. Ilpu mepexome NaH— KH nabmionmaercsa mouru
JIBYKPAaTHBII MPUPOCT U3MEHEHus »dHeprun [mnbbca mpomecca, KOTOPHIN
cocraisier 105 x/[x/Monb, a ajg MeTa/iIoB MOATPYIIBI Kanus — okoyio 20
kJ[>x/Monb. ['paduk 3aKOHOMEPHOCTH H3MEHEHHs SHTpornuu mpoiecca (3.8) or
npupoAsl MeTaiioB (pucyHok 3.12) mmeer cioxHblid Xapaktep. [Ipu mepexone
LiH — NaH u3menenue suTponuu yBenuuuBaetcs U cocrapisier A(ASmp.)=-18,0
Jlx/(mons-K). Ilpu nepexone NaH— KH mpoucxoaut ymeHbllieHre M3MEHEHUS
sHTponuu B npenenax A(ASmp.)=-38,0 x/(mons K). B psny KH — RbH — CsH

rpaduK UMEeT UCKPUBJICHHE BBEPX C MAKCHMYMOM JIJIsl CUCTEMBI ¢ yuacTrem RbH.,
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300 r T
K/ 1K/ MOJIb - —
AHmp. Cs
250 |
200 +
150 +
100 f
50 1 1 1 1 1 J
0 10 20 30 40 50 N 60

Pucynok 3.11 - I'paduk 3aBUCHMOCTH TEPMOJNHAMUYECKUX XapaKTEPUCTUK
nporecca (3.8) monydernnss MBH; (M - metaimsr |A rpymmer) ot mpupoast (N)

MCTaJIJIOB

140 -AStp.,JIx/MonsK

130 Na

120

110 + Li
Rb
100 F K

90 |

Cs
80 F

70 1 1 1 1 1 J
0 10 20 30 40 50 N 60

Pucynok 3.12 - I'paduk 3aBUCHMOCTH MU3MEHEHHS dHTpomuu mporiecca (5.3)

nonyueaust MBH,; (M- metanist |A rpynmst) ot npuposst (N) metanios

AHaIN3 MMEIOLINXCA CBEICHUN U pE3yNbTaThl Pacdy€TOB, MPUBEAEHHBIX B

tabnumax 3.2 u 3.3, moKasaliu, 4YTO PACCUUTAHHBIE TIO IBYM METOJANKAM BETNINHBI
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AGOHPOH. s peakuuit  (3.6) u (3.7) coBmajarOT WM OTIWYAIOTCS B Ipejaesiax
OMMOKU JKCIIEPUMEHTa, a s peakiuu (3.8) OHM 3aMETHO pPa3IMYaIOTCS.
B0O3MOXXHO, = WCTOYHMKOM  OIMMUOKH  SBISETCSA  HECKOJIBKO  3aHIKCHHOE
JUTEepaTypHOE 3HAuYCHWE BeNWYMHBI 3Heprum [ mbOca oOpazoBanus aubOopaHa,
paBHOE AfGOB2H6=87,6 k/[x/Monb. [lo Hammm pacuyéram BenmWYWHA JTAHHOU
XapaKTePHCTHKH THOOpaHa MOXKET MMeTh 3HadeHue, pasHoe A{G’B,Hg= 106,0+2

Kk J>K/MOJIb.

3.5. MaTtemaTuyeckoe Mo/eJIMpOBaHHe 3aKOHOMEPHOCTH U3MEHEHUSI
TEePMOJANHAMMYECKHUX CBOICTB THAPUAOB IIEJ0YHbIX METAJJIOB
[1-A, 2-A, 6-A, 10-A]

[Tony4yeHHbIe, TAKUM 0Opa30M, MOJTHBIC CBEACHUS MO TEPMOJUHAMUYECKUM
CBOMCTBaM OMHApHBIX THIPHUIOB U, BIEpBbIE, 1Js mpoueccoB (ypaBHeHHs (3.6)-
(3.8)) oOpazoBaHMs KOMIUIEKCHBIX OOPO- M aJIFOMOTHJIPHJIOB IEIOYHBIX METAJIOB
C MNPUMEHEHHEM XJIOpUJOB OOpa M altOMHHHS, MOJYYEHHBIX XJIOPUPOBAHUEM
MUHEPAJIbHBIX pyA TamKUKUCTaHA, TO3BOJIWIM MPOBOAUTH MAaTEMaTUUYECKOE
MOJEIUPOBAHUE YCTAHOBJICHHBIX 3aKOHOMEPHOCTEN UX U3MEHEHUS B 3aBUCUMOCTHU
OT MPUPOJBI METAJIOB. MoeIMpOBaHUE MPOBEIEHO MO CTaHAAPTHOM MpPOrpaMme
MICROSOFT OFFICE wu MATLAB. Maremarnueckue  ypaBHEHUS
3aKOHOMEPHOCTH M3MEHEHHSI TEPMOJUHAMUYECKUX XapaKTEPUCTUK YTOUHEHHBIX
ounapueix ruapunoB (RbH u CsH) u mponecca (3.6) momyyenust 6oporuapumaon
MICJIOYHBIX ~META/UIOB TpuBeAeHb B Tabmune 3.5. TepMmoamHamuyeckue
XapaKTEPUCTUKN COCIMHEHHM M TMPOIIECCOB MOJIy4YeHUs OOpO-U aIOMOTHUIPHUIOB
TUIUYHBIX dyieMeHToB Li, Na oOpabaThiBaiiCh OTACIIBHO, TaK KaK OHH BBIMAal0T
U3 OO0IMMX 3aKOHOMEPHOCTEH, XapaKTEPHBIX ISl KaXIOW TPYIIbI COCTUHEHUH.
Js HUX JUMHEWHBIA XapakTep TPEHIA COCIAWHEHUNM W IIPOLIECCOB ITOJYYEHUS
OTJINYACTCS MEXIy co00i yriioM HakioHa. OTKIOHEHHWE CBOWMCTB THUIIMYHBIX
meTauioB LI u Na ot oOriell 3aKOHOMEPHOCTH OOYCIIOBICHO HX 3JIEKTPOHHBIM
CTPOCHHMEM, IIOSBJICHHEM KaWHOCHMMETPHUYHBIX p-opOuTaneii y aroma Li u

BUPTYaIbHBIX 0-opOuTaiieit y atoma Na.
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Tadaunma 3.5. YpaBHEeHMST 3aKOHOMEPHOCTEW HM3MEHEHHS TEPMOJIMHAMUYECKUX
CBOMCTB OMHApHBIX THAPHUIOB U MPOLIECCOB MOIYUYEHUSI OOPO- U ATFOMOTHUIPHUIOB

IIIM oT mpupoasl METAILIOB.

Caoil Tun
Pax MH B ypaBHeHHA R?
CTBO TpeHIa
-ArH y=0,5177x + 9.4469 JI 1,000
Li, Na -ArG y = 0,3446x + 9.9663 JI 1,000
S y = 1,7059x + 5.8824 JI 1.000
-ArH y=0,011x2-0,9136x + 71,103 I1 1,000
K, Rb, Cs -ArG y = 0,0085x2 - 0,692x + 44,083 IT 1,000
S y=-0,0068x2 + 1,1414x + 30,765 I1 1,000
Li, Na,K. Rb, Cs S y=18,102In(x) - 1,5587 Log | 0,992
ITporecc (5.1) 4MH + BCl; 2 MBH,4 + 3MCl
y = 0,0067x3 - 0,7784x2 + 29,567x II | 0,996
s +541,69
Li,Na, K, Rb, Cs y = 0,0065%3 - 0,7593x2 + 28,848x IT | 0,995
=8 +533,94
y = 0,0007x3 - 0,0766x2 + 2,6688x IT | 0,987
= +25,768
-AH y=1,2152x 1+ 7,3543 JI | 1,000
Li, Na -AG y=1,2108x + 7,3675 JI | 1,000
-AS y=1,278x+ 7,166l JI | 1,000
-AH y=-0,0077x2 + 1,971x+844,24 II | 1,000
K, Rb, Cs -AG y = -0,0079x2 + 1,8963x + 830,11 IT | 1,000
-AS v =0,2972x + 46,469 JI |0,999
IIpuMedyaHNne: y — CBOIICTBA; X — IOPSIKOBEIT HoMep M; R? — cremeHs
JIOCTOBEPHOCTIL; THHHS TpeH1a — (IT) — momIHoMIHaneHas, (JI) — mHeliHas, (Log)
— norapugMIrgeckas.
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Ha pucynke 3.13 npuBegeHbl rpaduku U3MEHEHHUS TEPMOJAMHAMHYECKUX
XapaKTepUCTUK OWHapHBIX ruapuaoB [IM B 3aBUCUMOCTH OT UX HPUPOIBI.
Pacuérel mokazanu BO3MOXHOCTH NPOBEICHUS JIMHUM TPEHIA C ONMPEACIEHHOU
CTENIEHU JIOCTOBEPHOCTH (OTJIMUME BO BTOPOM 3HAKE JAPOOHBIX YKCET) TOJBKO IS
3aKOHOMEPHOCTH HW3MEHEHUS DHTPONHUH THUAPHUIIOB B Tpeaeiax BCEHW TPYMIbI
(pucynok 3.13 (B)). Jus napyrux TEpMOJMHAMUYECKUX XapaKTEPUCTUK 3TOT
MoKa3zaTellb HIKE, IO03TOMY MPOBEJECHO MaTEMaTUYECKOE MOJCIUPOBAHUE
TUAPUIIOB OTIACTBHO 11 THUIOUYHBIX METALIOB M JJIs MOATPYIIBI Kamus. U3
pucynka 3.13 BUIHO, YTO 3aKOHOMEPHOCTH HM3MEHEHHUS TEPMOJMHAMH-UYECKUX
CBOMCTB OMHAPHBIX TUIPHUIOB METAJJIOB MOATPYIIIHI Kadus HE UMEIOT JTUHEHHBIN

xapaktep. OTKJIOHEHUE CBOMCTB HAOIIOAAETCS JJIsl TUAPUJIa PyOUaus.

38 [ & -AfHLETEMOIE 35 [ AfG.xTxAMOTE
57 + 34 |
36 T 33 | K (6)
55 F
32 | Cs

54
53 | 31 ¢ Bhb
52 | 30 1
51 L L L L ] 29 L L L L

15 25 35 45 55 N 65 15 25 35 45 N 55
[EH 75 r

S, T/ MoTBK Cs S. I/ MoIBK
65 70 F Cs
55 B 65 n
45 F 60
35 F 55 |
(B)

3 r 50 | ¥k
15 L L L | ] 45 1 1 L L

0 15 30 45 N 60 15 25 35 45N 55

Pucynok 3.13 - I'padux 3aKOHOMEPHOCTH U3MEHEHHUSI CBOMCTB OMHApPHBIX

ruapuoB: (a), (0) u (r) mist moarpynmsl K,Rb u Cs; (B) —mist 1A rpymmst
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Ha pucynke 3.14 npuBeneHnl rpapuku 3aKOHOMEPHOCTH HW3MEHEHMUS

OOpOTHAPHUJIOB

meTauioB |A (1o ypaBHeHHIO 3.6) B 3aBHCUMOCTH OT UX NpHUpOJbl. [lomydeHHbIe

PE3YIbTAThl IMOATBCPKAAIOT TAKIKC HCAOCTATOYHYIO KOPPCKTHOCTH IIPOBCACHHA

MOJICTUPOBAHUSI 3aKOHOMEPHOCTH U3MEHEHHUS CBOMCTB COCIMHEHUMN 37IeMEeHTOB |A

Y MPOIIECCOB € X YYacTHEM B Ipenesiax Bceu rpynnsl. Habmomaercs ciaemyromas

OCOOCHHOCTH CUCTEMEI C Y4aCTHUCM dTOMOB HATpHsI:

- 10 W3MEHEHHWI0 DJHTAIBNUM W JHepruu [nbOca OHM HaxomATCs B

IMPOMCIKYTOYHOM COCTOAHHUH MCIKAY CUCTCMAMU JIMTUS U KAJIW:A,
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- I1I0 UBMCHCHHIO SHTPOIINH OHU OrKe PAaCIIOJIOKCHBI K ITOATPYIIIIC KAJIUs.
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Pucynok 3.14 - I'paduk 3aKOHOMEPHOCTH U3MEHEHHS TEPMOJIUHAMHYECKUX

XapaKTEPUCTHK Tporiecca (3.6) mosydenust 00poruapuaoB MeTaioB: (a), (B) - 1A

rpynisl; (0), (T) - MOATrpYMIbl Kanus
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Marematuyeckue ypaBHEHUS 3aKOHOMEPHOCTH U3MEHEHUS
TEPMOJIMHAMHYECKUX XapaKTEPUCTUK MPOIECCOB MOTYUYEHHUS ATIOMOTUIPUAOB (TI0
ypaBHeHHIO 3.7) ¥ OoporuapuioB (MO ypaBHEHHIO 3.8) MICIOYHBIX METAILIOB
npuBegeHbl B Tabnuie 3.6. [Ipu maremarndeckoil 0OpabOTKE HE YUUTHIBAIUCH
BEJIMYMHBl ~ TEPMOJAMHAMUYECKUX  XapPAKTEPUCTUK  COCAUHEHHN  TUIHUYHBIX
ameMeHToB Li, Na, Tak kak OHHM BBIMAJNAIOT W3 OOIIMX 3aKOHOMEPHOCTEH,

XapaKTEPHBIX JIJIs1 KaXKJOW TPYIIIbI COSTMHEHUM.

Ta6.1mua 3.6 - YPaBHGHI/IH BaKOHOMepHOCTeﬁ U3MCHCHUS TCPMOINMHAMHNYCCKHUX

CBOMCTB IMPOLIECCOB MOJy4YeHUs Oopo- u amoMorujapuaoB LM oT mnpupomb

MCTAJIJIOB.
M CBoiicTBO YpaBHeHUs Tun R
TpeHaa
Et,0
Mponece (3.2) AMH + AICl, 2 MAIH, + 3MCl
“AH y = 1,4645x + 6,6064 a1 ]1,000
AG y = 1,4026X + 6,7922 a1 | 1,000
Li, Na

AS y =-0,1135x + 11,341 a1 | 1,000

AH y = 1,3028x + 513,76 q1 0,999

K, Rb, Cs “AG y = 1,2611x + 531,54 a1 |1,000
AS y = 0,004x° - 0,4414x + 64,437 | 1,000

Et,0
Mpouece (3.3) OMH + BHgs  2MBH,

“AH y = 1,4775x + 6,5676 a1 ]1,000

Li Na ‘AG y = 1,6514 + 6,0457 T | 1,000
“AS y = 1,0895x + 7,7314 a1 |1,000

-AH y = -0,0176x° + 2,2407x + 211,98 I | 1,000

K. Rb. Cs “AG y =-0,0045x° + 1,4117x + 194,99 | 1 | 1,000
“AS y =-0,0432x° + 2,7198x + 58,023 | 1 | 1,000

~ ~ 2
[Ipumeuanue: y — CBOMCTBA; X — NOPSIAKOBBIM HOMep M; R” — cTrenens goctoBep-
Hoctu; jauausg TpeHna — (I1) — monmuuomuuanbhast, (JI) — nunetinas, (Log) —
sJorapupMuIecKasl.
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3AK/IIOYEHHUE

VYHuKalbHasi CIOCOOHOCTh K (DPOPMUPOBAHUIO KOMILIEKCOB C BOJIOPOIHBIMU
JUTaHIaMH TeTpadapudeckoil KoHCTpykmmu Mn (OH4)n (3=B,Al; n-BaneHTHOCTD
MeTalla) BeIpaxaeTcs B cxojacTBe U aHajornutoctu III rpynmer [lepuogundeckoit
CUCTEMBI 0Opa U aJTFOMUHHUS.

B aT10i1 paboTe MBI KPaTKO IMEHYEM HCTOPUYECKU MPUHITHIC HANMEHOBAHHUS
00pO-U aMOMOTHAPUIOB, XOTSI C B COOTBETCBHH C PAIIMOHATIBLHON HOMEHKJIATYpOM
OHH M3JIOTal0TCA KakK, TETParuapu1000paThl U TETPArUAPHI0ATIOMUHATEI.

B coorBerctBMM € palMOHAJIbHOW  HOMEHKJIATypou  —  3TO
TeTparuipuapuao00opaTsl M TETpParuapUAOATIOMUHATEL. B Hameill xe pabote
MPUHATHI KpaTKue HaUMEHOBaHUS OMITMPUYECKUE, UCTOPUYECKH
c(opMUpOBABILIKECS - OOPO- U ATFOMOTHUAPUIBI.

HNHuTtepec k O0po- U aTlOMOrMApaTaM U CUCTEMATUYECKOE pa3BUTUE XUMHH
oOsicHsieTcs: ©OOrarcTBOM M MHOIooOpa3ueM  BaJICHTHBIX  BO3MOXHOCTEH
00pa3yIolux UX METAUIOB, Pa3IUYHbBIMU criocobamu cBsizu  DH4-rpymm, a Takxke
MEPCIIEKTUBHOCTBI0 KX IPAKTUYECKOIO HCMOJb30BaHUSI. B cBOIO ouepens,
pa3zHoOoOpa3ue NpUPOAbl CBA3HM, ONPEEISIETCS IIUPOKUM CIEKTPOM HU3MEHEHMMH
MOJIEKYJIIPHOM M KPHUCTAIUIMYECKON CTPYKTYp, CBOMCTB OOpOTMAPUIOB OT
TUIUYHO MOHHBIX JO JIETYYMX COCJMHEHUM C KOBAJICHTHBIMH CBA3aMH
(6oporumpusl Tsokeasix metawios Zr, Hf, Th, U).

Ha cerogusiuauii 1eHb MMEIOTCS CBEAEHUS O OOporuapuaax OONbIIMHCTBA
XUMHUYECKHUX 3J1eMEeHTOB llepnonnyeckoil cUCTeMbl, TeM HE MEHee OOJBIINHCTBO
OOpOTHIPUIOB BCE €IIe MaJlo JOCTYIHBI, BCJIEICTBHE HEYCOBEPIICHCTBOBAHHBIX
CIIOCOOOB WX CHHTE3a; OOpPOrMAPUIIbI JIMIb HEMHOTHMX METAJJIOB IMOJIYYEHBI B
VH/IMBUIYaJIbHOM COCTOSIHUU. I3BECTHO B COJNBBATUPOBAHHOM COCTOSIHUU
MOAABIISIOIIEE YHCIIO COCAUHEHHM, a B CIIy4yae TSKEJIBIX MEPEXOIHBIX METAJUIOB,
CUHTE3UPOBAHBI TOIBKO OOPOTHUAPUIIBI CO CMEITAaHHBIMU JINTaHIaAMH.

K oTkpbITHIO MHOTHX OOPOTHUIPHUIOB MOCTYKUIN KIOYOM CIIOCOOBI CHHTE3a
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C yyacTueMm au0opaHa, TEM HE MEHEE 3THU CIOCOObI HE 00eCeunBatOT MOJTyUYECHHUS
JIOCTaTOYHO YHUCTBHIX BelecTB. M3 uucia M3BECTHBIX — HamboJiee MPaBUIbHBIM
CIIOCOOOM ISl TIOMY4YEHUST OOpPOTHIPHUIOB TMEPEXOTHBIX METALIOB  SBIISCTCS
OOMEH TaJIOTeHHUJIOB 3TUX METAJUIOB C OOPOTHApPUIAMH IIEJTOYHBIX METAJIOB B
TBep0i (pa3e mim pacTBOpaXx.

[Ipumenenue Ooporuapuaa JUTUS W HATpus B OOMEHHOM peakiuu
o0OecrieynBaeT TMOJYyYEHUE YWCTOTO TMPOAYKTa, TOCKOJbKY B OTJIMYHAUA OT
no6ouHoro xyopuaa autust, NaCl npaktndyeckn He pactBopsiercst B TT'®. Kpome
TOT0, TEHACHINI K KoMIUIeKcooOpaszoBanuio ¢ M(BH,) y NaBH, cpaBHUTENBHO €
LiBH,, BeIpaxkeHa ciabo.

VYnanock BHOEpBbIE MOJMYYUTh CBOOOJHBIE OT xjopa TI'®- conbBaThl
OOpOTUIPHIOB BCETO pAJla PEAKO3EMETbHBIX METAIIOB UCTIONb3yst NaBHy,

MCL3 + 3 NaBH; — M(NBH,) + 3NaCl (M =P3M).

Becbma clOXHO M TMOKa TPyIOpa3peliuMo IOJIyYeHHUE CBOOOJTHBIX OT
MOJIEKYJI PacCTBOPUTENST HECOJIbBATUPOBAHHBIX OOPOTUIPHUIOB ISl OOJBIIMHCTBA
MEePEXO/IHBIX METa/UIOB. B OONBIIMHCTBE Clly4aeB yAaeTCs MyTEM TEPMOBAKYYM-
HOM CYIIKM JIMIIb YaCTHYHAS JIeCOJIbBAHTAIMs COJIbBATOB. TakuM 00paszom,
oucrterparuapodypaHat OOporuApHAAa CKaHIWs, MpEBpallaeTcs MpPU CYIIKE B
MoHocosibBaT SC(BH,); * TI'®, u He tepser manee TI'® ButoTh 10 cBOCH Tepmo-
nectpykiuu. [lo HammMm maHHBIM, TPUCTETPOTUAPOGYPOHATHI OOPOTHUIPHUIOB
JAHTAHOWJIOB UTTPUEBOW TPYMIbI, CIOCOOHBI MoTepsATh TT'® Tonbko 10 cocTaBa
Ln(BHy); - TI'®. [Toxoxuii pe3ynbTaT B MPOIECCe HArPEBaHUS ObLT MOJyYeH MPH
BBICATMBAHUW OOPOTUIPHIOB U3 PACTBOPOB IOHOPHBIX PACTBOPUTEIICH.

[lonHoe ocymiecTBieHre OOMEHHOW peakIMd B HECOJbBATUPOBAHHBIX
cpenax, Wik B PaCTBOPUTENSAX C HEBBICOKOW JOHOPHOW CHUJION, MOTJIO OBl MOCITY-
YKUTh KITOUOM K CUHTE3Y YMCTBHIX HECOJbBATUPOBAHHBIX OOPOTUIPHIOB.

Kak BumHo w3 BblieykazanHoro tekcra, M(BH;) u NaBH,; sBusiorcs
KIIFOUEBHIMA KOMIIOHEHTAMH IS CHHTE3a JPYrux OOpPOTUIPHUIOB METAIUIOB.

[TorToMy HamMu B HacTosilied paboTe HaleHBbI JOCTYIIHBIC U JICIIEBBIE METOJIbI
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cunreza M(BH4) nyrem XxmopupoBaHus OOpcoiepiKaliux pya C MOCICAYIOIUM
cuare3oM M(BHy).

B mactosmielr paboTe HaWIEeHBI ONTHUMAJIbHBIE TYTH TOJYyYCHUS
tpexxyopucroro 6opa u M(BH,;). Ha ocHOBaHHMM ONTHMAaJbHBIX IapaMETPOB
XJopupoBaHus U cuHTe3a OoporuapuaoB II[M, pa3zpaboraHa npuUHIMIUATLHAS
TEXHOJOTHUYECKast cxema noxyuenust ooporuapuaos [1IM.

Amomorunpusl (terporuapoamomunatsl) M"(AIH,),, moaurumpoanomu-
matel M"(AIH4),nAlH;, rercormapoamomunarer M"3(AlHg), cocraBnsior psn
KOMIUJIEKCHBIX THAPHUOB aJIOMHUHUS U METaJUIOB TuiapoaitomMuHaToB. Haubonee
BOXHBIM  KJIACCOM  BOJIOPOJHBIX  COCAWMHCHUH  QIIOMUHUS  SBJISTFOTCS
amomoruapuasl M"(AlH,),, u3 xotopeix LiAIH, Ha ceropusmnuii neHp SBIgETCS
OCHOBHBIM HMCTOYHUKOM TMIOJYYEHUS TUIPHUAA QITIOMUHUS W BOCCTAHOBUTEJIEM
GYHKIIMOHATBHBIX TPYII OpPraHWYECKUX COCNMHCHHWA. B HacTtosmiee Bpems
JIOBOJIBHO TIOJIPOOHO M3YYEHBI AIFOMOTHAPU/IBI IETOUYHBIX MeTAII0B. OTHAKO YxKe
JUIST METa/IOB 2-M TPyNIbl CBEACHUS O TOJYYCHHH aJTIOMOTHUIPHUIOB, HX
IIPEBPAILEHNASX M CBOWCTBAaX OCTABAINCH KpAMHE OrpaHUYEHHBIMU. B cBs3u ¢
poOIEeMO COBEPIICHCTBOBAHUSI TEXHOJIOTHMHM THAPUIA ATIOMUHUS U CHUKEHUS
€ro CTOMMOCTH, BO3pOCya M 3ajaya pa3padoTku 3(pPEeKTUBHBIX CIOCOOOB CHHTE3a
TFOMOTHJIPUIOB IIEJIOYHBIX METAIOB, B OCOOCHHOCTH aTIOMOTHAPHIA HATPHS,
SBJIIOIIETOCS OJHUM M3 KJIIOYEBBIX COCIMHEHMM XUMUU TuapunoB. Crocod

IPsIMOTO CMHTE3a aTIOMOTHIPUAOB B pacIljlaBax;

My + Al(TB) + 2H (raz) — MA|h4()K)

Ny + Al (tB) T 2H2(rag) + MCI (8) 18% atm MALH4()K) + N&Cl(TB)
(M=K, RDb, Cs)
0 CKOpPOCTH H BbIXOAaM SBJIACTCA CaMbIM B(b(i)eKTI/IBHBIM CpPaBHUTCIIBHO CO
cnocobamMy CHHTE3a B OpraHI/IquKOﬁ cpeac, OTIIMYArOIHUMUCA MHOFOCT&HHﬁ'
HOCTBIO, MaJjiou CKOpPOCTBIO H HOTeHHI/IaJ—IBHOI\/’I OIIaCHOCTBIO  B3PBLIBHOI'O
pacCIiCIICHUA PAaCTBOPUTCIIA. OI[HaKO HMCIOTCSI KOHCTPYKIIMOHHBIC TPYJIAHOCTHU
IMOHCKa U CO3JaHNA IICPCIICKTUBHDBIX Hy’TeI\/’I MMOJYUYCHUA aJIIOMOTUAPHUAOB,

HCKIIIOYAaOINX HCII0JIb30BAaHUC BEICOKHX ITAPaMCTPOB.
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OcHoOBHas peakuys MOJTYyYEHUS aTIOMOTHAPUIOB METAIIIOB:
4AM"H, + nAICl;— M" (AlH,) + 3M"Cl,
OCYIIECTBIICHA B CpEIEC COJbBATHUPYIOIIETO PACTBOPUTENS, PACTBOPSIOILIETO
CHUHTE3UpyeMbIi amoMoruapua. Tak, monydensl B cpeae TI'® - NaAlH; u
Ca(AlH,),.

Kak BugHO, OCHOBHBIM pearecHToM s cuHTe3a MAIH, sBisercs
XJIOpUCThIN amomMuuuii. [loaToMy B Hacrtosmieit padore mis cunateza MAIH, ¢
IEeNBbI0 yIelIeBNeHus npouecca u nonydeHust poctymHoro AlCl; mcnonbs3oBan
METOJI XJIOPUPOBAHUS ATIOMOCUIIMKATHBIX PYA C TOCIEAYIONIUM MOJIyYeHUEM
COOTBETCTBYIOIIUX antoMoruapuaos [IIM.

Haiinenst ontumanenbie ycnmosus momydeHuss AlCl; uw MAIH,. Ha
OCHOBAaHMHM  ONTHUMAJBHBIX  [MAapaMeTpoB  pa3paboTaHa  NPHUHIMIHAIbHAS
TEXHOJIOTHYecKas cxeMa noydenust MAIH,.

YyuthiBas BaXXHOCTh TEPMOJMHAMUYECKOTO aHalu3a W OO0OCHOBAaHHE
TEXHOJIOTUYECKUX TMPOIECCOB TMepepaboTKU MHUHEpAJIOB, HAMH MPOBEICHO
TEpPMOJMHAMHYECKOE  OOOCHOBAHHME  MPOLIECCOB  MOJy4YeHUsT  Oopo- W
TFOMOTUJIPUIOB METAIJIOB |A TpyIIIIbL.

PaccMoTtpens! cienyrormime croco0bl momydeHus: 60po- U aTOMOTUIPUIOB

AMH+BCl3;—>MBH,+3MCI, rne M — metamst |A rpymimsl (3.1)
AMH+ AICI; —» MAIH4+ 3MCI, roe M — mertamsl |A rpymisl (3.2)
st cpaBHEHUs TIPOBENEH TEPMOIMHAMUYCCKUN aHAIHW3 IMPUMEHSIEMOTO
crioco0a noJrydeHust 00pOruApUI0B
2MH + B,Hg= 2MBH,, rae M — metamisl |A rpynms (3.3)

B uccnaenyeMbIx cucteMax KITFOYEBBIM HMCXOJHBIM KOMIIOHEHTOB SIBJISTFOTCSI
OWHApHBIE THAPHUIBI METOUYHBIX METAIOB. J[JI1 KOPPEKTHBIX TEPMOINHAMUIECKUX
pacdy€ToB HYKHBI JIOCTOBEPHBIE TEPMOJMHAMHYCCKHE XapaKTEPUCTHKH BCEX
KOMITOHEHTOB. AHAJIN3 UMEIOIIUXCS CBEICHUI M PacUEThl MOKA3BIBAIOT, YTO BEJIH-
yuHbl SHeprun [nbOOca oOpa3oBanus W SHTponuu (Tabnuma 3.2) OWHAPHBIX

TUAPUJIOB PYOUAMS W 1E3Usl 3aMETHO OTJIWYAIOTCS, 3HadYeHue ’Heprum [ 'nbOca
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oOpazoBanus aubopana (B,Hs) Heckonpko 3aHmwxkeHo (tabmuma 3.3). Hamu
BHECEHbl COOTBETCTBYIOILIME HCIpaBJICHUS, OTMEUYEHHble B TaOmmmax (*).
[TonTBepkeHueM TOMY CIy>KaT COBIMAJEHUE 3HAUeHU sSHepruu ['mbbca s
nporieccoB  (3.6), (3.7) um 3amMeTHOe HX pacxokiacHue i mporecca (3.8)
NOJTy4eHus: 00pO- U aTIOMOTUIPUIOB IIETOYHBIX METAJIIOB.

[lonubie cBeaeHUS MO TEPMOAMHAMUYECKUM CBOWCTBaM OHHApPHBIX
THIPHUIOB MW, BIEpBble, s mporeccoB (ypaBHenus (3.6)-(3.8)) obOpasoBanus
KOMIUIEKCHBIX OOpO- M aJTIOMOTHAPHUIOB MICTOYHBIX METAJUIOB C MPUMEHEHHEM
XJIOPUIOB OOpa M AIIOMUHUSA, MOJTYYEHHBIX XJIOPUPOBAHUEM MUHEPAIBHBIX Pyl
Tamxukucrana (tabmumbl 3.3 u 3.4), MO3BOJIMIIA YCTAHOBUTH 3aKOHOMEPHOCTH UX
W3MEHEHHUSI B Tpelenax TPYNIbl CXOAHBIX COCAMHEHHHA. YCTaHOBIIEHO, YTO
CUCTEMBl C YYaCTHEM THUIUYHBIX OJJIEMEHTOB JIMUTUS M HATpus MO CBOUM
XapaKTepUCTHKAM OTJIMYAIOTCA OT CHUCTEM C YYacTHEM METAJUIOB MOATPYIIIBI
Kaliisg — Kauus, pyounus u me3us. s cucteM ¢ ydacTueM TUIUYHBIX METaJJIOB
JIUTUS, KJIUSI ¥ METAJUIOB MOATPYIINBI Kalusl MaTeMaThyeckasi 00paboTka JaHHBIX
pOBeJeHA OTACIBHO.

AHanu3 TepMOJIMHAMUYECKUX XapaKTEPUCTUK MPOIIECCOB MOMyUeHUs: O0po-
U QTIOMOTHUIPHUIIOB IIEJIOYHBIX METaNIOB TOKAa3bIBA€T, UYTO HAWOOIBIIYIO
TEPMOJIMHAMHUYECKYIO BEPOATHOCTh MpoTekaHus mmeer mpouecc (3.6). Bo Bcex
npoueccax JOMUHHUPYIOIUM  (AKTOpOM  SIBJSIETCSl  SHTAIBIMUHBIN  (akTop.
DOHTpONUHBIN (hakTOp TOJBKO BO BTOpoM mporecce (cxema (3.7)) oka3bIBaer
MOJIOKHUTEIbHOE BIUSHWE HA €ro NpOTEeKaHHWe B TMPSIMOM HaIlpaBJICHUHU.
Habmoaercst OTKIIOHEHHE U3MEHEHHSI TEPMOIMHAMUYECKIX CBOMCTB OMHAPHBIX U
W3YYCHHBIX MPOIECCOB MOTYUYCHHUS KOMITJICKCHBIX THAPUAOB IICTOYHBIX METAIIIOB
OT IPSIMOJIMHEMHOTO XapaKkTepa.

B HaydHO-1O3HaBaTEIbHOM U TMPHUKIAJHOM achekTax o0o00IieHue u
CUCTEMHBIN aHaJINU3 TEPMOJAMHAMUYECKUX CBOMCTB TMIPHUIHBIX COCAMHEHUN UMEET
ornpenenéHHoe 3HaueHue. B TeopeTHMueckoM acrekTe TaKue HCCIeIOBaHUs

0COOEHHO Ba)XHBI, TaK KaK THAPUI-UOH ABJCTCA YYTKHMM HHIWKATOPOM Ha
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MaJlellline U3MEHEHMsI B CBOMCTBaX aTOMOB-NApTHEpoOB. OmnpeneneHue U aHaau3
JIOCTOBEPHBIX CBEJEHUI O CBOMCTBaX THUJPHUIHBIX COECIUHEHHUM, OCOOCHHO
OMHapHBIX, B KOTOpPBIX HauOoJiee SIPKO TMPOSBISAIOTCA WHAMBHUIYaJIbHbIC
OCOOEHHOCTH aTOMOB-TIAPTHEPOB, TO3BOJSIOT YCTAHOBUTHh 3aKOHOMEPHOCTU HX
U3MEHEHUs B IIpeaenax rpynn. B NpakTUYecKOM aclekTe YCTAHOBJICHHBIE
3aKOHOMEPHOCTH M3MEHEHHUs (yH/IaMEHTAIbHBIX XapaKTEPUCTUK THAPUAOB U HUX
MaTEMaTHYECKUE MOJEIHN MO3BOJISIIOT OA00PY, LIMPOKOMY IPUMEHEHHUIO BELIECTB
B TOHKOM OpPraHMYECKOM CHHTE3€ B Ka4eCTBE BOCCTAHOBHUTENEH (YyHKIIMOHATIBHBIX
rpymni, noa0opy KaTajau3aToOpoB U B JAPYTHUX OTPACISIX HAYKOEMKOW TEXHUKHU U
TE€XHOJIOTHH.

B nacTosiield pabote Takke pacCMOTPEHBI CIOCOOBI IMOJY4YEHUs TUApHUAA
AIFOMMHMSI MEXaHOXMMHUYECKUM METO/I0M 0€3 y4acTus pacTBOPUTEIIS.

Pa3paboTan MOJENpHBIM CHHTE3 THApPUAA QJIIOMUHUSA Yepe3 OWHapHbIE

rugpuasl [3M.
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BbIBO/IbI
OcHo6Hble HayuHble Pe3YNbmambl UCCIE008AHUSA:

1. YcTaHOBJIECHBI ONITUMAIIBHBIC YCIIOBHSI TIOJTYYCHUS XJIopuaa 6opa u Xjiopuaa
ATIOMHUHHS TTYTEM XJIOPUPOBAHUS OOPOCOACPIKAIIUX U ATFOMOCHIUKATHBIX DY
TamkukucTaHa ¢ MOCTISIYIOIUM TIOJTYYCHUEM U3 HUX OOpO - M aTiOMO-THIPUIIOB
MICJIOYHBIX METAUIOB B CpEAC OPraHMYECKUX PACTBOPUTENICH B TPUCYTCTBHH
BOCCTaHOBUTENS — yruis [8-A].

2. HaiineHpl yciaoBUs TONy4YeHHsS OOpPOTHAPHUIOB INEIOYHBIX METAJUIOB U3
s¢upueix pactBopoB BCl; ¢ moOaBmenmem BF; 1npu  HHTCHCHMBHOM
nepeMENIMBaHUN ¢ dpupaTaMu OMHAPHBIX THIPHUIOB IuThs U Hatpus [1-A], [8-A].

3. [IpenioxkeH MEXaHOXUMHUYECCKUI METOJI MOJyUCHHUS THIPHUIA ATFOMUHUS W3
amomoruapuaoB Hatpusi U AlCl; B mutaHeTapHOW MENBHUIC C IMOCICAYIOIIMM
BBIJICJICHUEM HECOJIbBATHPOBAHHOTO THIpHIa amromunus [1-A], [8-Al.

4. Pa3paboTaH MOJNCIBHBIA CHHTE3 THUIPHIA ATIOMHUHHS Yepe3 OWHapHbBIC
runpuabl [1[3M ¢ ayromHunumpoBaHueM. MOJCIBHBIN CHHTE3, OOECIe-4hBaeT
BO3MOYKHOCTh aBTOMATHU3HPOBATH Tporiecc momydeHus: AlH; [1-A].

5. Pa3paboTranbl TPUHIUIHUAIBHBIE TEXHOJOTHYECKHE CXEMbI TONydeHUS
Ooporuapuaos u amromoruapuaos [IIM myTem xiaopupoBaHusi 60pcoaepKammx u
amoMocKaTHeIX pyn Tamkukucrana [1-A], [6-Al.

6. CHHTE3UpOBaHBl ~ ATIOMOTHAPHUIBI Kallus, PyOWIUs W TE3us B Cpelc
IUrIMMa, pa3paboTaH METOJ WX OTYHCTKA M TOJYYeHBI OOpasilbl BBICOKOM
CTereHn YucToThl. OnpesenieHa IOTHOCTh ATIOMOTHIPHIOB MHKHOMETPUYECKAM
metoznom [1-A], [8-A], [13-A], [14-A].

7.Tlony4yeHbl ~ Hambojee  TOJIHBIC  CBEJCHHS  TEPMOIAMHAMUYCCKUX
XapaKTePUCTHK IPOIECCOB TIOJNyYeHUsT OOpPOTHUAPUIOB U  AIFOMOTHAPHIOB
ICTIOYHBIX METAJIIOB. Y CcTaHOBJICHBI 3aKOHOMEPHOCTH U3MCHCHHUS
TEPMOJMHAMHYCCKUX XapaKTEPUCTUK IPOIECCOB B 3aBHCUMOCTH OT TMPUPOIBI
MeTayioB. CUCTEMBI ¢ Y9aCTHEM THUITUYIHBIX 3JIEMEHTOB JIMTUS U HATPUS 110 CBOUM

XapaKTCPUCTUKAM OTJIMYAalOTCA OT CHUCTEM C YYaCTUCM MCTAJIOB IIOATPYIIIIbI
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Kanus — Kanus, pyomaus u uesus. CocTaBieHbl MaTeMaTHYECKHE MOJIENU
YCTaHOBJICHHBIX 3aKOHOMepHOCTei [3-A], [4-A].

Pexomenoayuu no npakmuueckomy ucnoib308anuio pe3yibmamos:

- pa3paOOTaHHBIE TEXHOJOTMU XJOPUPOBaHblE OOpOCOAEpPKAIIUX U
AIIOMOCWJIMKATHBIX pyA TalKuKHCTaHAa MOKHO HCIHOJB30BaTh JUIS TMOTYYCHUS
XJIOpUO0B OOpa U aTIOMUHUS, KOTOPBIX MOXHO MPUMEHSITh, B YAaCTHOCTU JUIA
CUHTE3a TUAPUIHBIX COEAUHEHUN;

- pa3paboTaHHBIE MEXaHOXMMHYECKHE W ayTOMHHUIIMHUPOBAHHBIE METOIBI
MO3BOJIAIOT MPUMEHATH O0Jiee ACIIEBbIE PEAareHThl U MOJYYUTh YUCTBIA THIPHU]
ATFOMUHUS,

- TIOJIyY€HHBIC CIIPABOYHBIE TEPMOJMHAMHUCCKUE XapAaKTEPUCTUKHU TUAPU]I-
HBIX COEJUHEHMM M MPOLECCOB MX MOJYYEHHUS MNOMOJIHAT OaHK TEepMOJMHAMMU-
YECKHUX BEJIMYMH, CIIOCOOCTBYIOT HAYYHO OOOCHOBAaHHOMY OJI00PY ONTUMAJIbHBIX
CHO0cO00B U YCJIOBUM MOJIy4eHHUsT OOPOTHIPHUIOB U aJOMOTHUIPUIOB IIETOYHBIX

MCTAJIIIOB.
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