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MeTtomamMu Macc-CIIeKTpOMETPUU, TEPMOrpaBUMETpUN U AuddepeHIInaIbHON CKaHUPYIOIIEH Kaaopu-
METPUU UcCIIeT0BaHbl TEPMOIMHAMUYECKHE CBOIICTBA MUBAIATOB 1IeI0YHBIX MeTauioB (CH3);CCOOM,
rme M = Li, Na, K, Rb, Cs. YcraHOBJIeH KOHTPY HTHBII XapaKTep cyoauMaliuu coenrHeHuii. HacoiimeH-
HBI ITap copepXuT ouroMepHseie popmbl M, Piv, (n = 1—6) c mpeoGiananrieM TMMEPHBIX U TETPaMEPHBIX
MOJIeKyJI B ciaydae nuBajaToB Na u K, B cirydae nuBaiatoB Rb 1 Cs ToOMUHUPYIOT MOHOMEPHBIE M TUMEpP-
HbIe MOJIEKYJIbI. PaccunTaHo napimaabHOe 1aBjeHe OCHOBHBIX KOMITOHEHTOB ra30Boi (ha3bl, UX 3aBUCH-
MOCTB OT TEMIIEPATYPbl M CTAHAAPTHBIE IHTATBIIUY cyOoauMannu. OnpeneaeHbl 3HAYeHUST SHTATbITUI TUC-
collMalluM AOVMMEPHBIX W TeTpaMepHbIX MoJieKyd. OlLieHeHbl CTaHIAapTHhIE SHTAJBIIUU OO0pa30OBaHUS
MPiv(tB) 1 MPiv(r).

Karoueswie cnosa: Mmacc-CIIeKTpOMETPUS, TEpMOTpaBUMeTpusl, nuddepeHIMalbHasl CKaHUpPYIoIlas Ka-
JIOPUMETPUSI, MACC-CIIEKTPOMETPUSI, IapO0Opa3oBaHUE, SHTATBIINU 00pa30BaHUS, SHTAJIBIIMU JUCCO -
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JlerkoneTyune KOMIUIEKCHBIE COEIMHEHUS Me-
TAJUIOB C OPraHMYEeCKUMU JIMTAHOaMU, Harpumep [3-
JUKETOHAThl U KapOoKcuiaThl [1, 2], — nepcrieKTuB-
HbIE MPEKYPCOPbI, UcTonb3lyeMble B CVD-TexHom0-
TUSIX JUIS TIOJIydeHUs] QYHKIIMOHATbHBIX MaTEpUaJIOB
BBICOKO YMCTOTHI U OJHOPOAHBIX META/UIMYECKUX,
OKCUIHbBIX, KapOUAHBIX OKpbITUIi. K ux yuciay ot-
HOCSITCSI M COJIU TPUMETUIYKCYCHOM (ITMBaJIMHOBOIA)
kuciaotel HPiv. KoMmiekchl ILIEOYHBIX METaII0B
UTPAIOT BaXHYIO POJib B OMOJIOTMYECKUX CHUCTEMaXx
[3], a TakxKe MOTYT MCHOJb30BaTbCsI TIPU CHUHTE3E
TOHKMX TIEHOK HUOOATOB, TAHTAJIATOB, MAHTAHATOB
ILIEJIOUYHBIX BJIEMEHTOB, MPOSIBJISIONINX DJEKTPOOTI-
TUYECKUE, ITbEe303JIEKTPUIYECKUE, aKyCTUYECKUE U
MarHUTHBIE CBOIicTBa [4—6]. B wacTHOCTH, MaTepua-
Jibl Ha ocHoBe coenuHeHui (K,Na)TaO; npencras-
JISIIOT UHTEPEC JIJIS1 COBPEMEHHOI 3JIEKTPOHUKU B Ka-
yecTBe (DEPpPOITEKTPUKOB M MbE30KEpaAMUUECKUX
marepuaioB [7, 8]. Bo3aMoXHOCTh IpUMEHEHMS HO-
BbIX IPEKYPCOPOB B MeTo/Iax nMapoga3HOro ocaxjie-
HUsI TpeOyeT 3HaHUSI TEPMOJIMHAMMYECKUX XapaKTe-
PUCTUK MpolieccoB napooodpazoBaHusi. Jlo 3Toii pa-
OOTBI JIOCTATOYHO MOAPOOHO OBLIM MCCIIEHOBAHBI

TepMOAMHAMUUYECKHUE XapaKTepUCTUKW THUBajaTa
Ty [9], 4TO KacaeTcsl MMBAJIaTOB OPYTHUX IEI0Y-
HBIX METAJUIOB, TO B JUTEpPaType €CTh HECKOJIHKO
myGmkanmii [ 10—16], B KOTOPBIX IPUBEIEHBI TEPMO-
IMHAMWYECKHE XapaKTePUCTUKU IIPOIIECCOB ITapo-
o0Opa3oBaHUs 3TUX coeauHeHui. OgHAKO, ¢ HaleHn
TOYKMU 3pPEHUsI, TaHHbIC, MPEICTaBICeHHbIC B YKa3aH-
HBIX paboTax, He ITOJIHBIC, HAIIpUMEp, B HUX OTCYT-
CTBYET ONMCAaHUE TEPMOIMHAMUUYECKUX XapaKTepH-
CTUK TeTpaMepPHbIX MOJIEKYJI HACBIILIEHHOTO Mapa u
HEIIOCTaTOYHO ITOAPOOHO MCCIeIoBaH MpoIlece Ia-
pooOpa3oBanus TmBanata Kanus [17]. B cBg3m ¢
STUM LIEJIbIO HACTOSIIIEH paOOThI ObUIO U3YyYEHUE Jie-
TY4eCTH, COCTaBa Ta30BOI ha3bl, TEMIIEPATypPHOTO
WHTEpBaJIa TEPMUIECKOI CTAaOMIBHOCTH, OIpeesie-
HUE TEpMOJMHAMUYECKUX XapaKTepUCTUK TUBaja-
TOB HATpHWS, Kalusl, pyOWIHs, LIe3WsI B Ta30BOM U
KOHJICHCUPOBAHHOM (pa3ax.

SKCIIEPUMEHTAJIBHAA YACTb

Cunre3. KoMIuiekensl MMBajaToB IIEJIOYHBIX MeE-
TaJUZIOB CUHTE3MPOBAJIM 110 OIIMCAHHOM paHee METO-
nuke [9] myreM B3auMOIEMCTBUSI KapOOHATOB, pac-
TBOPEHHBIX B JUCTUJIMPOBAHHOI BOAE, CO CTEXMO-
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METPUUECKUM  KOJIMYECTBOM  KPUCTAJUIMYECKOM
TPUMETUITYKCYCHOM (ITMBaJIMHOBOIT) KUCIOTHI (99%
AcrosOrganic) npu 80°C mo ee MOJHOro pacTBoOpe-
HUS U TIpeKpalleHUusT BBIACICHUS raza. MemjieHHoe
yIapuBaHUE pacTBoOpa IMPUBOIWIO K 0Opa30BaHUIO
ocazKa, KOTOPBIM CYIIWIM Ha BO3MyXe OO IMOCTOSH-
Hoit Maccel. OTMeTHM, 9TO B padore [18] mpm moiry-
YeHUM TIMBajaTa JUTUs TI0JydaeMoe COeIUuHEeHUE
MMeEJIO TIOJIMMEPHOE CTPOCHUE, a UCCIIEIOBAaHUE Ta-
KX COCIMHEHUM 3aTPYyIHEHO M3-3a UX Pa3JI0XKCHUS
[19]. B pe3ynbTaTe poBeAEHHOIO CMHTE3a MoJIydaiu
Ipernaparbl IIMBAJaTOB HATpUs, Kalus, pyouauss u
1e3us1 B Buae 0eJIoro mmopolika ¢ BeixogoM 75—90%
oT TeopeTndeckoro. CocTtaB KOHEUHBIX IPOIYKTOB
MOATBEPKIAEH HOAHHBIMU 3JEMEHTHOrO aHajinu3a
(CHN-anamuzatop EBposexktop 300, LIKIT MOHX
PAH) un coorBercTByer OpyrTro-popmyiam KPiv -
- H,0, NaPiv - 0.3H,0, RbPiv - H,0, CsPiv - H,0.

C,Mmac. % H,wmac. %
Haiineno KPiv: 37.97 7.33
Beraucneno KPiv - H,O: 37.95 6.96
Haitneno NaPiv: 47.17 7.46
Bbruucneno NaPiv - 0.3H,0: 46.37 7.42
Haiineno RbPiv: 29.19 5.69
Boraucneno RbPiv - H,O: 29.34 5.38
Haiineno CsPiv: 23.69 4.70
Boruucneno CsPiv - H,O: 23.82 4.37

TepmorpaBumeTpusi. TepMmorpaBuMeTpudecKue
KCCJIENOBaHUS BBIMOJHSIM Ha TepMoBecax TG 209
F1 Libra npousBonctBa ¢pupmbel Netzsch co ckopo-
cThio HarpeBa 10 rpag/MyUH B IMHAMUYECKOII aTMO-
cdepe azora (1orok raza 30 Mj1/MUH) IPU 3aLIUTHOM
MOTOKe MHepTHOro raza 10 MJI/MUH B aJlyHIOBBIX
TUIJIAX 0€3 KPpbIIKKY. MaKcuMalIbHbBIe TEMITIEpaTypPhl
(T,,.) B IpOrpaMMax M3HavyajbHO NOAOUPAIN UCXO-
ISl U3 TeMIlepaTypbl Hadyaja pa3jioXeHUsl, MoJTyYeH-
HoOM n3 KpuBoii TT, KoppeKTupys ux 1o Mepe peru-
CTpalluy MUKa IUIaBJICHUS Ha TepMOTpaMMe.

Jduddepennmanbias CKaHMpYOIIAs KaJIOpUMET-
pua. JICK-ucciaenmoBanuss mpoBomuin Ha audde-
peHLMaIbHOM CcKaHupyoouieM kKaiopumerpe DSC
204 F1 Phoenix npousBoncta ¢upmbl Netzsch. Ka-
JIMOPOBKY IO TEMIIepaType U YyBCTBUTEIbHOCTU BbI-
MOJIHSIIM TIPU aTMOC(EepHOM NaBJIeHUU B TeMIlepa-
TypHOM auarna3oHe ot 100 mo 500°C no napamerpam
¢a30BbIX TTEPEXOA0B BHICOKOUMCTHIX CTaHAapTOB Hg,
In, Sn, Zn, Bi, Pb, CsCl (Netszch) u C;H;COOH
(99.99%), ckopoctu HarpeBa 2, 5 u 10 rpag/MuH co-
mracHo crangaptamM ASTM E967-08 (2014) 1 ASTM
E968-02 (2014) cooTBeTcTBeHHO. KannbpoBKy mpu-
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6opa ¥ Bce U3MEPEHUST OCYIIECTBIISIIN B TMHAMMWYE-
cKoi1 atMocdepe azora (1moTok raza 40 Mji/MUH) TIpU
3alIUTHOM IIOTOKE MHepTHoro raza 70 My/MUH B
AJTIOMUHUEBBIX TUTJISIX C TIPOKOJIOTOM KPHIIIIKOIA.

ITocne mpoOoIoaAroTOBKY MEPBOE U3MEPEHUE BbI-
MOJIHSIIA B UHTEpBaJie TeMIlepaTyp OT KOMHATHOM 10
T max IPY cKOpocTU Harpesa 10 rpaa/muH. st npo-
BEPKM BOCIIPOU3BOIUMOCTH 3(PPEKTOB 1edb Mpuodo-
pa oxyaxaaar B pydYHOM peKUMe ra3000pa3HbIM a30-
TOM 110 Temrepatyphl Ha 20—30°C Huzke TeMIlepaTy-
pel Hayajla nepBoro 3¢d@eKra, He CBSI3aHHOTO C
MoTepeil Macchl, MOCJIe Yero perucTpupoBaId Kpu-
Byto JICK ngBa pa3a mpu CKOPOCTSIX CKAHUPOBAHUS 5
u 2 rpaa/MuH. 1151 CHUKeHUsI BpEMEHU U3MEepPEHUS
MPU BBIXOJIe CUTHAJIa Ha 0a30BYI0 IMHUIO MOCJE Mep-
BOro 00paTuMoro 3 deKra CKOpoCTh HarpeBa IIOBbI-
manu a0 15 rpaa/MuH BIUIOTh A0 TeMIlepaTyphbl, KO-
Topas 6bl1a Ha 10—20°C HuKe TeMIIepaTypbl BTOPOTO
Bocripou3BoguMoro agdekra. Ilocie mocTkeHUs
9TOil TeMIlepaTypbl CKOPOCTh HarpeBa COCTaBJIsiia
2 rpaja/MuH.

Macc-cneKrpajbHble HcclaeaoBanua. MizyueHue
MPOLIECCOB MapooOpa30BaHUs KOMILJIEKCOB BBIIOJI-
Hsiu Ha ripuoope MC 1301 3¢ py3rnOHHBIM METOAOM
KnynceHa ¢ Macc-crekTpajbHbIM aHAJIM30M COCTaBa
razoBoil ¢a3el B nHTEepBajie Temnepatyp 513—584 K
(NaPiv), 500-585 K (KPiv, RbPiv) u 500-575 K
(CsPiv). ITogpoGHoOe onmcaHre METOIMKY 1 aIlIiapa-
Typsl npuBeneHo B [20]. B paboTe ucronb3oBaiu Mo-
JoaeHoBbIe 3P Py31OHHBIE sSTYeiiku KHyaceHa ¢ OTHO-
IIEHWEeM TUIOIIAAM UCTapeHust K ruiowmanu 3¢hdy3un
~600. Temniepatypy usmepsiiu Pt/Pt—Rh-tepMorapoii
U TIOAAEPKUBAIN TOCTOSIHHOM ¢ ToyHOCThlo T1°C.
TemneparypHblit UHTEpPBaJ UCCIIETIOBaHWS BIOMPAIIK C
y4eToOM TeMIlepaTyp IUIaBJIEeHUsI COEIWHEHUWM, IIOoJy-
YeHHBIX B 3Toli pabore metogamu TT u JICK.

PE3VJIBTATHI U OBCYXIEHUWNE

Pesynbratel TT- u JICK-uccinenoBanuii moapoo-
HO TIpeJCTaBeHbl B MPUJIOXKEeHUU. VI3 MOTy4yeHHBIX
MAaHHBIX MOXHO CAelaTh BBIBOM, UTO pPa3JIOKEeHUE
BCE€X CHMHTE3MPOBAHHBIX COGI[I/IHCHI/Iﬁ IIpOTEKacT B
JIB€ CTaIuU: TOC/e MepBOHAYAILHON AeruapaTauun
cemyeT paslIoKeHHe caMUX MuBajiaToB. [lomydeH-
HbIE PE3YyJbTAThl MO TEMIIEPATYypaM U SHTAILIIUAM
(kJI>x/MoJib) (ha3oBbIX MEPEXOJOB CYMMUPOBAHbBI B
Tabm. 1.

IMuBanat muTHA. DTO coeNMHEHNUE HA TICPBOM 3Ta-
ne B auamaszoHe Ttemmeparyp 50—150°C Tepsier
5.4 Mac. %, 4TO COOTBETCTBYET €Tr0 MepBOHAYATBLHO-
My coctaBy LiPiv - 0.35H,0, nanee mpu 320°C mpowuc-
XOJIUT pa3JioKeHue 0eCCOoJIbBATHOIO MUBajaTa JINTUS
IO OKCHUJA JINTUS ¢ moTepeit Maccol 80.3 mac. %. Ha
kpuBoii JCK 1pucyTCTBYIOT TP SHIOTEPMHUYECCKUX
addexra. IlepBoiii 3¢pPeKT, ¢ IIeYoM, B Auara3oHe
50—150°C cBs3aH ¢ geruaparanmeii 1 COOTBETCTBYET
nepBoii ctyneHn Ha Kpupoit TI. Cnemyromuve nsa
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a(ddekra ¢ HavyanoM 1ipu 152.2 u 230°C cBg3aHBbI,
MPEATIOJIOXUTEIbHO, C OOpaTUMbIMU (Pa30BBIMU ME-
pexogamMu, BO3MOXHO, C TBEPAOTEIbHBIM (ha30BEIM
IIEPEXOI0M M ILIaBJICHHEM YMCTOro BemiecTBa. s
MMPOBEPKU ITOM TMIOTE3bl OBLIO MIPOBEASHO TEPMO-
nuKiarpoBanue. Havano 1mmepBoro mmka u €ro Imjo-

maas cocrasuu 151.8°C u 8.9 JIx/r! mpu HarpeBe co
cKopocThlo 2 rpan/muH, 152.0°C u 8.0 /T npu Ha-
rpeBe CO CKOPOCThIO S5 rpan/muH, 152.2°Cu 9.5 Ix/T
pu Harpese co ckopocThio 10 rpag/muH. ITockoib-
Ky TeMmrneparypa Hadasa 3¢ @deKrTa 1 ero IIomaab X0-
POLIIO BOCIIPOU3BOIATCI, MOXHO TPEIIOJOXUTb,
yTO HaOIIOmaeTcss oOpaTuMbIil (Da30BLIA MEpPEXO.
Hauayo BTOpOoro mmkKa M ero IUiomanab COCTABUIN
229.1°C u 40.8 [X/T mpu HarpeBe CO CKOPOCTbIO
2 rpag/mMuH, 230.4°C u 42.4 JIX/r npu HarpeBe co
ckopocThio 5 rpan/mun u 230.0°C u 43.1 JIx/T ripu
HarpeBe co ckopocTbio 10 rpaag/muH. TToCKOJBKY
mwiomanb 3 @exra Xopoluro BOCIPOU3BOAUTCS U HET
MOTEPU MACCHI, MOKHO YTBEPKIATh, YTO IIPOUCXOIUT
TUIaBJIeHUE 0e3 pa3I0XKeHUs].

IInBanat natpusa. IlepBoHavanbpHasI IIOTEpPsl Mac-
ChI 3TOTO KOMIIJIEKCca 3a CUET Aeruaparaluy B 1uamna-
3o0He Temiepatyp 30—100°C cocraBuia 4.3%, 4to co-
otBeTcTBYET coctaBy NaPiv - 0.3H,0. Janee Ha Kpu-
Boit TT BrioTh g0 375°C He HabI0IaeTCS 3aMEeTHOM
MOTEPU MaCChl OECCOIBBATHBIM MUBAIATOM HATPUSI.
Buitre 375°C HauuHaeTcd pasnoxeHue. Ha kpuBoit
HCK, nonyyeHHoOi#l nmpu HarpeBe obpasua 10 7, =
= 375°C co ckopocthio 10 rpam/MuH, OTYETIUBO
dukcupyroTcs nBa 3HA03(pdeKTa: IMepBhIii CBI3aH C
yIajeHUeM cojibBaTHOM Boabl 1o 100°C, BTOpOIi1 — C
$a30BBIM IEPEXOAOM, KOTOPBI BOCIPOM3BOIUTCS
npu TepMouukKiauposanuu. [1o Bceit BUIMMOCTH, 3TO
IUIaBJICHUE, a He TBepaoda3HbIi Iepexo, MOCKOIb-
KY BBIIIE 3TOTO SIBJICHWs] HAUYMHAETCs TUIAaBHOE CHU-
JKEeHMEe MAacChl HaBeCKU U ee pasjoxeHue. Terurora
GUKCUpOBAHHOTO (pa30BOTO MpEeBpaILICHUS XOPOIIIO
BOCIPOU3BOAUTCSI U COCTABJISIET B IEPBOM cllydyae
75.4 JIx/t, Bo BTopoMm — 75.2 /1. IIpn ckopocTtu
HarpeBa 10 rpan/MuH TeMIlepaTypa Hadajia IMKa paB-
Ha 355.4°C, a mpu CKOpOCTH HarpeBa 2 rpai/MUH —
355.8°C.

IMusanar kamua. IMotepst maccor (11.08%) o6pa3s-
oM KPiv - H,O B mmamazone temmnepatyp 30—130°C
oOycJIOB/IeHa yIajJieHueM cOJbBaTHOI Bomdkbl. aiee
OeccoibBaTHOE COCAUHEHUE YCTOWUYMBO BIUIOTH 10
350°C. Cwremky kpuBbix JCK nposogunm ot 180 go
350°C nocJie yaajieHUs COIbBATHBIX MOJIEKYJI CO CKO-
poctbio 10 u 2 rpan/muH. Ha kpusbix JICK HaG1o1a-
eTcsl uenas cepus 3HI03(dEKTOB, IUIOXO W JIydlle
pa3pelieHHbIX ITpy ckopocTty 10 1 2 rpai/MUH COOTBET-
ctBeHHO. IlepBble nBa addekra TO0CTaTOUHO HU3KO-
SHEPreTUYHbIE M XOPOIIIO BOCIPOU3BOISTCS (HAYAIO
nepsoro 3ddexTa npu 323.3 u 322.5°C npu HarpeBe co
ckopocThio 2 u 10 rpaj/MuH COOTBETCTBEHHO; HAYajIo

! 3nech U gajnee Ha rpaMM BE€LIECTBA — ryuapara.
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Broporo asddekra 1pu 327.2°C nOpu  CKOpPOCTU
2 rpaa/muH). Iormomaercsa 2.7 u 1.2 JIX/r npu Ha-
IpeBe CO CKOPOCThIO 2 Tpam/MuH U 4.6 JIX/T Iipu Ha-
rpeBe co ckopocTtbio 10 rpam/muH. Bropnie nBa ag-
dexTa He paspelraroTcs U MPU HarpeBe co CKOpo-
ctbio 2 rpan/muH; Havaino 340.1 u 339.1°C mnpu
nepBoM (10 Tpam/mMmH) ®W BTOPOM Harpene
(2 rpan/MuH) cooTBeTCTBeHHO. O061Iast IuTomanb 3¢ -
dexToB 74 u 76 JIx/r ipu nepsoM (10 rpag/MuH) u
BTOpoM HarpeBe (2 Tpad/MHH) COOTBETCTBEHHO.
MOXXHO MPeAIToa0XnTh, UYTO 3TU ABa 3P deKTa OTHO-
CSITCSI K eITMHOBPEMEHHOMY TLIaBJIEHUIO U YaCTUYHO-
MY pa3JI0XEeHUIO.

IIusanat pyommus. [Torepss Mmacchbl muBajaaToM py-
ounus RbPiv - H,O B nuanazone temneparyp 30—
130°C cocraBuia 8.22%, 4TO COOTBETCTBYET OTILEII-
JneHuio Boabl. [Ipy mepBoM HarpeBe CO CKOPOCTBIO
10 rpan/muH Ha kpuBoii JICK B unTepBaie 50—170°C
MPUCYTCTBYIOT NBa 3HO03(hdeKTa, CBSI3aHHbIE, IO-
BUIMMOMY, C IUIaBJICHMEM KpUCTa/UIOrMapaTa U 1Uc-
napeHueM Boabl. I[1pu noBropHOM Harpese 10 330°C
co ckopocTbio 10 rpan/MuH 3Tu 3(pheKThl He HAOII0-
nanuchk. Ha kpusoit JICK BIJIOTh 10 TeMIlepaTypbl
pas3toxXeHus ObLT 3apUKCHUPOBaH OMMH 3P @EKT, KO-
TOPBII BOCIIPOU3BOIWIICS MPU TPETheM HarpeBe Co
ckopocThlo 2 rpaa/MuH. [Ipu ckopocTu cKaHUpoBa-
Hug 10 rpag/MuH TeMmieparypa (a3zoBoro mepexoaa
cocrapisiia 319°C, teriota — 56.9 JIX/T; 9TH Besu-
YMHBI BOCIIPOU3BOIMINCH U IIPU HAarpeBe CO CKOPO-
CThIO 2 Tpaji/MUH — TeMIiepatypa coctaBuia 319.3°C,
teruiota — 56.4 JIx/r. Da30BbIil mepexom, cKopee
BCETO, CJIeAyeT OTHECTH K TUIaBJICHUIO.

IMuBanar mnesus. IIpu uccienoBaHuu TMBajaTa
Le3UsI MOTeps MACChl 3a CUET AeTUApaTallu B AUAaria-
30He TeMiieparyp 50—200°C cocraBuia 7.6 mac. %,
npu 380°C mpoucxoausio pasjioXeHue GeccoibBaT-
HOTO MUBaliaTa 1e3us (MMOTePIO MACChl HE PETUCTPU-
poBayii 0o koH1a npouecca). Ha kpusoii JICK Ha-
OrofaeTcsi Hepa3pellMMBblil 9HIOTEpMUYECKU 3¢ -
dexT, cBgI3aHHBINA C OecoibBaTalueil B obGpaslie.
Perucrpanmus cermenra 300—370°C ipu 10 rpan/MuH
ObL1a mpoBeaeHa oTaeabHO. Crneayrouiue nsa 3 dexk-
Ta ¢ HavaJioM ripu 327.5 u 346.6°C cBsi3aHbI, IPEAIIO-
JIOKUTENTBHO, ¢ O0OpaTUMBIMH (pa30BBIMU TIepPEXoaa-
MU ((pa3oBbIM TMEPexXoqOM U TUIABJICHUEM YHCTOTO
BellleCTBA WJIM 3BTEKTUYECKUM IUIABJIECHUEM U TLIAB-
JIECHEM OCHOBHOIo KOMIOHeHTa). sl mpoBepKu
9TO TMMOTE3bI ObLIO MPOBENEHO TEPMOLIMKIUPOBA-
Hue. Hauao nmepBoro nuka u ero Iiolianb COCTaBU-
Jm 327.3°C u 30.0 JIx/T 1ipu HarpeBe cO CKOPOCThIO
2 rpag/muH, 327.3°C u 31.5 JIX/r npu HarpeBe co
ckopocthio 5 rpan/muH, 327.5°C u 28.7 HX/T 1ipu
HarpeBe co ckopoctbio 10 rpam/muH. ITocKoiabKy
TeMmIieparypa Havaja 3¢ deKTa 1 ero riolaab Xopo-
III0 BOCITPOU3BOASITCSI, MOXHO YTBEPKIATh, UTO AEii-
CTBUTEIBHO HaOIOmaeTcss oopaTnuMbIit pa30BbIi T1e-
pexon ((ha3oBbIit TTepexoa YUCTOTrO BEIlIeCTBa WU XKe
SBTEKTUYECKOE I1aBjeHue). Hauamo BToporo nuka u
ero ruromaab coctaBuyiv 345.2°C u 39.5 JIxx/T nipu
Ne 5
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Puc. 1. M3oTepma NojIHOro MCIapeHusl TMBajiaTa Kajaus
(T =585 K): 1 — [K]*/KPiv; 2 — [K,Piv] " /(KPiv),; 3 —
[K5Piv,]*/(KPiv)y; 4 — [K4Pivs]T/(KPiv),.

Harpese CO CKOPOCTHIO 2 rpan/muH, 344.7°C w1 39.9 I/t
MpY HarpeBe CO CKOPOCThIO 5 rpan/mMuH, 346.6°C u
39.4 JIx /T npu HarpeBe co ckopocThbio 10 rpag/MuH.
IMTockonbKy momank 3¢ ¢eKkra XOpoIllIo BOCIIPOU3-
BOIMTCSI M HET MTOTEPU MAcCChl, MOXHO YTBEpKIATh,
YTO MPOUCXOAUT IJIaBlIeHNEe Ge3 pa3IoXKeHHUS.

Macc-cnekTpbl Ta30Boi (a3bl Had NMUBajlaTaMU
IIEJIOYHBIX METAJIJIOB ITPUBeASHBI B Ta01. 2. Kak Bum-
HO M3 3TOM TaOJMIIBI, BCE MaCC-CIEKTPHL COIepKaT
OJIUTOMEPHBIE MOHBI, YTO CBUIETEIBCTBYET O CyIIE-
CTBEHHO}M OJIMTOMEPU3allMi HACBILLIEHHOIO Iapa,
KOTOpasi 3aMETHO YMEHBIIIAeTCSI C yBEIWYEHUEM
WOHHOTO paauyca IeJoYHoro Metasuia. MoHuzaius
OJIUTOMEPHBIX MOJIEKYJT HACBIIIIEHHOTO Mapa COIMpo-
BOXIaeTcs IpolieccaMy AUCCOLMAIMU C OTIIETIe-
HHMEM 4YacTHUIl B BUAe KHUCJIOTHOTO octaTka Piv man
M, Piv. ITonydyeHHbIE B 3TOU paboTe pe3yabTaThl MO
MaccC-CIHeKTpaM HaChIIIIEHHOTO Mapa IIMBAJIaTOB IIIe-
JIOUHBIX METAJIOB YIOBJIETBOPUTEILHO COINIACYIOTCS
¢ JaHHBIMU pa6orT [10, 14, 16], HO CyIIECTBEHHO OT-
JIMYArOTCS OT pe3ybTaToB mcciaenoBanus [11]. Pac-
XOXKIIEHUS JIETKO OOBSICHSIIOTCS TEM, YTO MCIOJIb30-
BaHHas B pabore [11] annmapartypa He mpeaHa3HaYeHa
JUIST TEPMOAWMHAMUYECKUX WCCIEeNOBAaHUI U TIONIYy-
YeHHBIE C €€ TTIOMOIIbI0 MaCC-CIIEKTPhI (Macc-CIeK-
tpoMeTp Finnigan 1015) COOTBETCTBYIOT HEHAaChI-
IIIEHHOMY Mapy 1 IMO3TOMY COAEpKaT Ype3BblUYalfHO
Majo€e KOJUYECTBO OJIUTOMEPHBIX MOHOB.

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 5

Huist onipenesieHUs1 MOJIEKYJISIPHOTO COCTaBa ra3o-
BOW (ba3bl U xapakTepa cyoauMaliu ObLUTU TPOBEIES-
HbI DKCIIEPUMEHTBI IO TTOJTHOMY M30TE€PMUYECKOMY
KUCIapeHUI0 U3BECTHBIX HABECOK UCCIIENOBAHHBIX BE-
mecTB. Bo Bcex onmbITax BUA U30TEPM HOCHI TIPUH-
LIMMAJILHO ONWHAKOBBIN XapaKTep: ITOCTOSIHCTBO
WHTEHCUBHOCTEN MOHHBIX TOKOB (BEJIMUKH, MTPOIOP-
LIMOHAJIbHBIX TTapUMaIbHBIM JABJICHUSIM) Ha TPOTSI-
JKEHUHU BCEro BpEMEHU UCapeHUs BIUIOTh 10 TTOJTHO-
ro “BBITOpaHMsSI” HABECOK M OTCYTCTBHE HEJIETy4Eero
ocTtaTtka B 3¢ @dy3MOHHBIX SlUeiiKaX MO OKOHYAHUU
9KcIiepuMeHTOB. Puc. 1 wuttoctpupyert BuI u3oTep-
Mbl TOJIHOTO MCIIApPEHUS] OJHOTO U3 KOMIUJIEKCOB —
nuBayiaTa Kaiust KPiv. AHaIn3 aKCIriepuMeHTalbHbIX
JIaHHBIX MO3BOJIWI ClieJIaThb BbIBOA O KOHTPYSHTHOM
MPOTEKAHUM TIPOLIECCOB CyOJMMallMU MUBAJIATOB
1IEJIOYHBIX METAJIJIOB B U3YYEHHOM TeMII€paTypHOM
WHTepBaJie Mo peaKIvu:

n(MPiv)(1B) = (MPiv), (r), n=1-9, )

rae mpoueccel c n =2, 4 u 1, 2 IBASII0TCS JOMUHM-
pytommmu 111 komiuiekcoB Li [9], Na, K u Rb, Cs
COOTBETCTBEHHO.

OTU Xe BKCMEePUMEHThI MO3BOJIMIN BBITIOJIHUTD
pacimndpoBKy Macc-CMeKTpOB, HEOOXOIUMYIO s
pacyeTra abCOTIOTHBIX BEIMYUH NaplATbHBIX AaBJie-
HUI KOMITOHEHTOB HAacChIIleHHOTO Tapa. Pacmmd-
pOBKa Macc-CIeKTpOB Oblla BBIMIOJHEHA METOMIOM,
OCHOBaHHBIM Ha HE3aBMCUMOCTU KOHCTAaHT pPaBHO-
BecHs razodasHbIx peakiuii Tumna (1) oT maBiaeHUs
IIpU IOCTOSTHHOI TeMItepatype [21] u mpeamnoaoxke-
HUU, YTO CYMMapHbIE U3MEPSIEMbIE HOHHbBIE TOKW 00~
pa30BaHbI TIPU TUCCOLIMATUBHON MOHU3AIIA MOHO-
MEPHbBIX, TUMEPHBIX, TPUMEPHBIX U TeTpaMepHBIX
MOJIEKYJT:

[M* - [M*(MPiv) ]M*(szivz) + (2)
+ IM*(M3Piv3) + IM*(M4Piv4)’
1 M,Piv* =1 M,Piv"(M,Piv,) + 3)
1 M,Piv* (M;Pivy) 1 M,Piv* (M Pivy)’
1 M;Pivy - IM3Piv§(M3Piv3) U M;Pivi (M,Piv,)’ “
IM4Piv§ - IM4Piv§(M4Piv4)' &)

B pacuerax mcnonab3oBaau 3KCIepUMEHTATbHbIE
JIaHHbIE TI0 MOJHOM M30TEpMUYECKON CcyOoamMMaluu
MMBaJaTOB METAaJIJIOB B IIEPUOJ “BbITOpaHUSI” HaBe-
COK, KOTIa TPOUCXONUT NU3MEHEHUE COCTaBa TAa30BOM
dazsl [21, 22]. Huxe B KauecTBe MprMepa NpuBeaeHa
pacidpoBKa MOHHOIO TOKa IK3PW;, 00s13aHHOTO

CBOUM MPOUCXOXICHUEM TUCCOIIMATUBHON MOHM3a-
LIMM TPUMEPHBIX U TeTpaMEepPHBIX MOJIeKYJI. Beipaske-
Hue (4) MOXHO MpeICTaBUTh B BUIE YPaBHEHMSI:

4 4
IK3Piv;’ /IK4Piv; = k(7)/ v IK4in; + a3y, (6)
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1/

rae kg Macc-CIIEKTPOMETPUYECKAsT KOHCTAaHTa
paBHOBECUS peaKLUN:

3M,Piv, = 4M,Piv, (7)

(KOHCTaHTa pPaBHOBECHUA, 3alilMCaHHasA 4€pE3 MHTCH-

CUBHOCTU UOHHBIX TOKOB [ MPiv:? IM3P],V; (szivz)), a3y =

= Iy o pivn / I pyy: — K03DOUILMEHT MacC-Criek-
Tpa.

MeTonoM HaMMEHBIIMX KBaApPaTOB ObIJIO PEIIEHO
ypaBHeHUe (6) 1 HalimeH KoddPUIIMEeHT Macc-CIeK-
Tpa a;,, MOKA3BIBAIOIINI, KaKasl YaCTh U3MEPSIEMOTO
MOHHOTO TOKa /|, . . 00pa3oBaHa MpY AMCCOLMATHB-

3 2
HOW MoHu3auuu Mmojekyn K,Piv,, T.e. BbINOJHEHa

pacmudpoBka auHuM (4) — [M pivt Ha puc. 2 B xaue-
3 2
CTBe IIpUMepa IIpuBeleHa rpacdudecKasi 3aBUCH-

MOCTh ypaBHeHUs (6), TTO3BOJISIIOIIAS HANTU KO3(-

GbULMEHT a3y TMHUN (MOHHOTO TOKa) [, .. .. AHAJIO-
3 2

TWYHBIM 00pa30oM ObLIa BHIMOJIHEHA pacIim@poBKa

WOHHOTO TOKAa [, _ ..
NasPiv;

PaccunranHbie TakuM 00pa3oM 3HaAUYEHUST KO3(P-
(u1MeHTOB a5, NpuBeneHbI B Tab. 3. AHaJIU3 Macc-
CHEKTPOB U 3HaYeHUsI KO3(DDUILIMEHTOB ds, ToKa3a-
JIM, 9YTO coAep>KaHMe B HACHIIIIEHHOM I1ape TpUMep-
HBIX MOJICKYJT MaJIO, TI0O3TOMY MOXHO IIPUHSTh, UTO
JIMHUU IMZPiv+ 00s13aHBI CBOUM IIPOMCXOXKICHUEM

TJIaBHbIM 06pa30M JNVCCOLIMAaTUBHON MOHM3ALIMU
TOJIBKO OBYX MOJIEKYIJI:

IMZPiv* = IMZPiv*(MZPivz) + IMZPiv*(M4Piv4)‘ @®)

Kak u B ciyyae pacumdpoBku JUHUHM (4), BeIpa-
XeHue (8) MOXeT OBbITh IIPEACTaBICHO B BUIE ypaB-
HEHUS:

KYPHAJI HEOPTAHUYECKOW XUMUU

T o
Puc. 2. I'paduk pyHKIMN “KsPivy

K,Pivs

K
=f 4{(7) ]+ a3 |-
I, piv,

_ 2 2
Isziv*/IM4P1v; = k(IO)/ \/IM4in; + ay, 9)

e k(]O) — MacCC-CIIEKTPOMETPpHUYIECKAasA KOHCTaHTa
PaBHOBECHUA PCAKIINN:

M,Piv, = 2M,Piv,, (10)

@ = Ly o opiv / Iy iy — KoObdUUMEHT Mace-

CIeKTpa.

MeTonoM HaMMEHBIINX KBaAPaTOB OBIJIO PEIIEHO
ypaBHeHMe (9) u HalimeHbl KO3(h@UIIMEHTH Macc-
CIIEKTPA d,4, TOKA3BIBAIOIIIME, KAKas YACTh U3MEpSsie-

MOTO MOHHOTO TOKa /, .. . 006pasoBaHa IpHU IHUCCO-
2
LIMaTUBHOU MOHU3aLMU MoJeKkyaT M,Piv, (Tabm. 3).

HaubGonee cnoxHoil mpeacrasisieTcs paciiug-
pOBKa MOHHOIO TOKa M™, KOTOpHIii, CTPOro roBops,
00pa30BaH BOCHOBHOM ITPU TMCCOLIMATUBHONX MOHU -
3aluu 4YeTbipex MoJiekyil: MPiv, M,Piv,, M;Piv; u
M,Piv,. Ctporas paciimnbpoBKa U3MEPSIEMOTO UOH-
Horo Toka M* (Belpaxenue (2)) metogoM [21] Bo3-
MOXHa MpU pelIeHUM YpaBHEHUsI, aHaJOTMYHOIO
ypaBHeHUsM (6), (9), HO ComepKalllero YeThbIpe HEN3-
BECTHBIX — MacC-CIeKTpaJbHble KOHCTAHThl PaBHO-
Becuss U Ko3ahbdUlMeHThl Macc-criekTpa. OmHako
TOYHOCTb PEIIEHUS TTOJOOHBIX 9KCIIEPUMEHTATbHBIX
YpaBHEHUI Bceraa oKa3blBaeTCsl O4eHb HU3KOi U Mo-
JlydeHHble 3HaYeHUs Ko3(h@UIIMEHTOB MaccC-CIeK-
Tpa 4acTo He UMEIOT pu3mdeckoro cMmuiciaa. [Toaromy
pacindpoBKa YETBEPHOM JUHUU MT MOXET ObITb
BBITIOJIHEHA TOJILKO B paMKax OINpeAeeHHbBIX TOMy-
LIeHU U MpuOIKeHuii. Tak, Majble MHTEHCUBHO-

-+ -+
CTU NTOJIMMEPHBIX MOHOB Na,Piv, n Na,Piv; B Macc-
CIIEKTPE HACBILIEHHOIO Iapa NuBajara HAaTpusl U

cuMbaTHOe Imag€HUEC MOHHBIX TOKOB I + U 1 o+
Na Na,Piv

TOM 68 Ne 5 2023
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Taomuna 1. Pesynbratel [ICK-uccnenoBanuii: Temneparypa u sHtaibnus (kI /Monb) pazoBoro nepexona
CoenuHeHue Ty, °C AyHS Ty, °C A HS T °C Ay H
LiPiv 152.0 £ 0.2 1.00 + 0.04 — — 229.8 £ 0.5 4.81+0.1
PaznoxeHue
[10]
NaPiv — — — — 355.6 £ 0.2 9.7x0.1
315 [10]
KPiv 3229+04 0.43 £ 0.05 327.2+0.5 0.19 £0.02 339.6 £ 0.5 *11.9 £ 0.2
320 [10]
RbPiv — — — — 319.2 £ 0.1 11.6 £ 0.1
327 [10]
CsPiv **327.4 £ 0.1 **7.57 £ 0.21 — - 345.5+0.9 10.0 £ 0.1
346 [10]
* TInaBiaeHUE U YaCTUYHOE Pa3JI0KEHUC. ** (Da3oBBIN IIEPEXOa YUCTOTO BEIIECTBA UJIM 3BTEKTUYCCKOC ITJIaBJICHUEC.
MO3BOJISIIOT MPUHATDH, YTO MOJIEKYJISIPDHBIM TIpEIe- M,Piv, = 2MPiv, (13)

CTBEHHMKOM MOHOB Na* ABJISIOTCS TOJBKO MOJIEKY-
Jbl Na,Piv,, a Majioe conepxaHue B Macc-CIIEKTpax
NapoB MMBAJIaTOB Kalus, pyOMOUSI W 1ie3UsI MOHOB

M,Piv; u M,Piv; Mo3BoJIIET IPUHSATD, YTO MOHHBIA
ToK M* 00pa3oBaH Ipu IUCCOLMATUBHON MOHU3A-
uuu mosekyin MPiv, M,Piv,:

I.=1 +1

M M (MPiv)

(1)

JT10 BBIPpAa>kK€HHUE MOXKET OBITh IIpE€aACTaBJICHO, KaK
M B IIPECABIOAYIHINX ClIydadX, B BUAC YPABHCHUA:

_ 2 2
IM*/IMZPW+ - \/k(IS)/ \/Iszi\ﬁ +ap,, (12)

rae k(13) — MacCC-CIICKTPpOMETpHUUYECKasd KOHCTaHTa
PaBHOBECHA PCAKIINN:

M"(M,Piv,)"

ap, = 1 — Koo duumeHT macc-

M,Piv"(M,Piv,) / 1 M,Piv*
CIIEKTpa, pEeUIEHNE KOTOPOTO METOAOM HAUMEHBIIINX

KBaJApaTOB ITO3BOJIMJIO paccuyuTarb KO3 UIIMEHT

ap =1 (M,Pivy) / IMZPiV+ . BTabn. 3 u 4 npuBeneHsl pe-
3yJIbTaThl PACIIM(PPOBKU MACC-CIIEKTPOB HACHIIIIEH-

HOTrO 1apa nmBajJJaToB IICJIOYHbIX METAJIJIOB.

DKcnepuMeHTalIbHbIE JaHHbIE IO TIOJHON M30-
TEePMUYECKON CyOJIMMallud HABECOK U PE3YJbTaThl
pacmn@poBOK Macc-CIIEKTPOB MTO3BOJIMJIU TI0 ypaB-
HeHuto I'epua—KHynceHa, 3armMcaHHOMY TSI CIIOXK-
HOT'O MOJIEKYJISIDHOTO cocTaBa razoBoit ¢a3zsel (14), u
OCHOBHOMY ypaBHEHUIO Macc-crniekTpomeTrpuu (15):

Ivpiv (&) =8, 4k X

M\ 1 ¢ M,
(_1j L ]1 + (_zj ﬁ]z +
2R/ O3 M,) o,
p = (k/o)IT, (15)

rae S,y — oddexTrBHasg omanb >hdysun, k —
KOHCTaHTa npubopa, M; — MojsipHasg Macca i-To
KOMITOHEHTA ra30oBoii (pa3kl,  — BpeMsI CyOJIMMaliiu,
O; — MOJIHOE CEYEHME UOHU3ALUU i-TO KOMITOHEHTA
ra3oBoii ¢a3bl, /; — TOJHBIA MOHHBII TOK, 0Opa30-
BaHHbBIX P MOHU3ALUU (-TO KOMIIOHEHTA ra30BOM
daszbl, T — Temrieparypa cyoaumaiuu, K, g — HaBec-
Ka nmuBajara IeJOYHOTro MeTajlia, I, pacCUuTaTh ad-
COJIIOTHBIE BEJIMYMHBI NapHUaIbHBIX JTaBJIEHUII OC-
HOBHBIX KOMITOHEHTOB HAaCBIILIEHHOTO Tapa Haj M1-
BaJlaTaMU LIEJIOYHBIX MeTaJUu1oB. IIpu pacuere ObLIO
MPUHSATO, 4TO G,/G, = 1.5, 65/, = 2.26, 6,/6, = 3.0
[23—25]. PesynbraThl pacyeToB IpPENCTaBJICHBI B

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68
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14
Sy, el (14)
Gy

0.5 0.5
M c M
ELa Iy ) L7
M, (o8 M,
Tabi. 5. B 310l Xe Tabiuiie MprBeIeHbI OLICHEHHbIC
HaMH 110 WHIWBUIYAILHBIM MaccC-CITEKTpaM MOJIe-
KyJI TTABaJIaTOB BEJIWYMHBI MapLUaJbHbBIX JaBJICHUNA

KOMIIOHE€HTOB, ciabo IIpeaCTaBJICHHbLIX B HACBIIIICH-
HOM 11apc.

M3 T1abn. 5 BugHO, 4TO IMapooOpa3oBaHUE ITUBaIa-
Ta JIMTHS CUJIBHO OTJIMYAETCS OT OCTAIBHBIX ITUBaja-
TOB 1IEJIOYHBIX METAJIJIOB: B ra3oBoii (haze mpeobia-
AfOT TeTpaMepHBIC U MTPAKTUIECKUA OTCYTCTBYIOT MO-
HOMepHBIe MOJIeKyJbl. Kpome Toro, obGpaiaer Ha
cebs BHUMaHMe HU3Koe o0lllee JaBJieHUe Hal M1uBa-
JIaTOM HaTpUS.

B pesynbrare nccienoBaHus TeMIepaTypHBIX 3a-
BUCUMOCTEI WMHTEHCUBHOCTEN pacim@poBaHHBIX

2023
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Ta6muna 2. OTHOCUTENIbHBIC THTEHCUBHOCTH METaJJICOACPpKAIlIMX NOHOB B MAaCC-CIIEKTpax ra3oBoi (I)aSI)I Haqa nmuBajia-

TaMU LIEJOYHBIX METAJUIOB C y4eTOM u3oTonHoro coctasa (U, g, = 70 B)

I/IHTCHCI/IBHOCTL, OTH. €.
Hon LiPiv [9] NaPiv KPiv RbPiv CsPiv
(T=543K) (T= 584 K) (T=565K) (T=565K) (T=565K)

[M]* 5.6 85 200 290 1000
[M,]* - - - 6 8
[M,Piv]* 100 100 100 100 100
[M;Piv,]* 17.3 6.6 10 8 7
[M4Piv,;]* 56.1 6.6 7.5 4 2
[M;Piv,]* 7.2 0.8 0.3 - -
[M¢Pivs]* 8.2 0.3 - - -
[M;Pivg] ™ 4.4 - - _ _
[MgPiv;]* 0.5 - - — _
[MoPivg]* 0.5 - — -

MOHHBIX TOKOB /., IMZPiv*’ 1M3Pw; u 1M4PiV; B MHTep- [IOJMMEPHBIX MOJICKYJ MUBAIATOB ILIECJTOYHBIX Me-

Basie Temriepatyp 503—584 K no ypaBHeHuto Knay-
3nyca—KunarneiipoHa MeTo0M HaUMEHBIIIMX KBaapa-
TOB OBUIM pacCYMTAHbI SHTAJIBIINU CyOIMMAIIA MO-
JIEKYJ TTMBAJIaTOB ILIEJIOYHBIX MeTa/uIoB (Tabn. 6—9).
B Tabm. 6, 7 npuBeAeHbI 3HAYEHUST SHTAIBIINI Cy0-
JquManyu mMosiekyn NaPiv u KPiv, moiydyeHHbIe MO
Hepacmm@poBaHHLIM M pacImpOBaHHBIM HOH-
HBIM TOKaM M* (11 mpuMepa cM. puc. 3), KOTOphIE
OMHO3HAYHO ITOKAa3bIBAIOT, YTO H3MEpSIEMbIE CyM-
MapHble noHHble TokKM Nat u K* B 3HauuTenbHOM
CTelleHU o0pa3oBaHBl 3a CYET AUCCOLUATHUBHON
WOHU3ALM OJIMTOMEPHBIX MOJIeKyl1. PacimmdppoBka
MMO3BOJIMJIa U30eKaTh OIpencIeHHOM HETOUHOCTU B
SHTAJIBIIHUIX CYyOIMMALIMY MOHOMEPHBIX MOJIEKYII.

OmnpenenuTh HTAIBNUUA CyOIMMALUU TpUMEP-
HBIX MOJIEKYJ TI0 2-My 3aKOHY TEPMOIMHAMUKU He
yAJIOCh U3-3a MX MaJIOTO KOJMYECTBA B HACHIIIEH-
HOM ITape€ M TOYHOCTU pacueTa Ko3(h(dUIIMEHTOB
MAacCC-CIEKTPOB ad34. OMHAKO Halll BIBOJ O MaJIOM CO-
JIep>KaHUU B HachllleHHOM TMape Mosiekyal M;Piv,
MOJIHOCTBIO TIOATBEPXKAAETCS COBIAJEHUEM (B Mpe-
JieJlax MOTPEIIHOCTU) 3HAYEHUM SHTAIBIUN CyOau-
Manuu moiekyn M,Piv,, mogydeHHBIX O MOHHBIM

TOoKaM [/, i 1 1 ML PivE”

B xayecTBe peKOMEHIOBAaHHBIX BEJIMINH SHTATb-
MU cyOJIMMAallMM TeTpaMEePHbIX MOJIEKYI MPUHSITHI
cpenHeaprudMeTHUIeCKNE 3HAYCHUS, TMOJIydeHHBIC
MPU UCCIETOBAHUM TEMIIEPATYPHBIX 3aBUCUMOCTEH

o .+ .+
WHTEHCUBHOCTEN MOHHBIX TOKOB M;Piv, 1 M,Piv;
(Tabm. 6-9).

ﬂ,aHHLIC 110 DHTAJIBIINAM CY6.TII/IMaL[I/II/I IIO3BOJIN -
JIM pacCYUTATh HCKOTOPLIC OHTAJIBIIMN JUCCOLIMALI

KYPHAJI HEOPTAHUYECKOW XUMUU

TAJUIOB MO 2-My 3aKOHY TepMoauHaMuKu (Tabi. 10):
(MPiv),(r) = 2MPiv(r), (16)

(MPiv)(r) = 4(MPiv)(r), a7
(MPiv),(r) = 2(MPiv),(r). (18)

DT XKe XapakKTCpUCTUKM, a TaKXE OSHTaAJIbIINU
JUucCCoraliu TPUMEPHBIX M1 TETPAMCPHBIX MOJICKYJI:

(MPiv);(r) =3(MPiv)(1), (19)
3(MPiv),(r) = 4(MPiv);(r) (20)

OBbUIM pacCYMTAHBI U IO 3-MY 3aKOHY TepMOIMHAMU -
ku (taba. 10), B pacueTax MCIIOIB30BAIM a0COJIOT-
HbI€ BEJIMUMHBI TTapUMaIbHBIX JaBJICHUI, TTpeaCcTaB-
JICHHBIC B TaOJI. 4, M BEIUYMHBI U3MEHEHUSI SHTPO-
MMA  Ta30BBIX  peaklMif, TPOTEKAMOIINX C

M3MEHEHHMEM YMCia Mojieii Ha emuHuiry — A,S7 (16,
18, 20) = 146.4 + 13.0 Ox/(monp K), Ha mBa —

A,S;(19) = 292.8 + 18.4 JIx/(monp K), Ha Tpu —
A,Sy(17) = 439.2 + 22.5 Txx/(monb K).

Taomuna 3. KoadduumeHtsl Macc-cnekKTpoB MUBAIATOB
LLIEJIOYHBIX METAJIJIOB

DneMeHT ap ayy a3y
Na - 1.6 £1.5 0.8+0.3
K 0.6+0.4 23+1.2 1.3+0.1
Rb 0.3+0.3 — —
Cs 7.8+ 3.5 - -

TOM 68 Ne 5 2023
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Tabsmua 4. OTHOCUTENTPHBIE MTHTEHCMBHOCTH METAJUICOAEPXKAILMX MOHOB B MHANUBUAYAJIBHBIX MacC-CIEKTPaX MOJIEKYJI
MUBAJIAaTOB MIEJOYHBIX METAIOB (U, s = 70 B)

KomrmoHeHT dopma Li [9] Na K Rb Cs
MPiv M+ - - 100 100 100
M+ 5 63 63 28 100
MPi -
(MPI)2 M,L* 100 100 100 (Rb, 37) 10
100
M* 5 100 100
.

_ M,L 93 53 80
(MPiv), . — _

M;L, 30 — 45

ML} 100 83 35

Tabauna 5. AOGCOIOTHBIE BEJIMYMHBI napuraJbHbIX JABJIEHUI KOMIIOHEHTOB MOJICKYJIAPHBIX (bOpM B HACbBILICHHOM I1a-

pe [I1a]

KoMIOHeHT Li [9] Na K Rb Cs

(T=543K) (T= 584 K) (T=565K) (T=565K) (T=565K)

Mpiv <2 X107 * 5.0 x 107+ 1.6 x 1072 2.8 x 1072 1.1 x 107!
M,Piv, 4.1 % 1072 1.6 x 1072 1.4 x 1072 1.0 x 1072 3.1 %1072
M;Piv, - 5.0 x 10~ 1.0 x 1074 5.0 x 107+ 1.0 x 107*
M,Pivy 9.3 x 1072 3.3%x 1073 3.9 %1073 4.9 x 1074 * 3.0 x 1074*
M;Pivs - 5.0 X 1075* 1.0 x 107>* - -
M¢Pivg — 1.5 % 10-5+ _ _ _
O6ee 13.4 x 1072 1.9 x 1072 3.4 x 1072 3.8 x 1072 14.1 x 1072
* OLeHKa.

Tabmuna 6. 3HaueHUS SHTAIBITUI CyOJIMMalIMY MOJIEKYJISIPHBIX (hOPM TTMBajIaTa HATPUsI B UHTepBaje Temrepartyp 513—

584 K (k/X/MoJib)
AH°(MPiv) AH°(MPiv), AH°(MPiv),
Ne o mony Na*t 0 VIOHY 110 OHY 10 UOHY
HepacidpoBaHHOMY Na,Piv* Na,Piv; Na,Piv}
1 207.6 £5.5 201.4 £2.8 238.7+59 246.6 £ 5.1
2 200.2 £2.3 194.9 + 3.1 230.8 £4.3 232.7+£3.2
3 206.4£2.5 196.4 £ 1.3 2353144 2354127
4 203.1£2.9 198.5 + 2.8 2447 £ 8.9 2442 +19
Cpennee 204.3+34 197.8 £2.8 238.6 £7.5

HOJIy‘-ICHHBIC Pa3sHbIMHN criocobamMy BEJIMYMHEL

ApH. ; XOPOIIIO COTIACYIOTCS MEXIY COOO0I TSI MOTU -
MEPHbBIX MOJIEKYJT TMBAJIaTOB HATPUS, PyOUIMSI U 1ie-
31, 3a UCKJIIOUEHUEM peaklMu TUCCOLUALuU TeT-
pamepHbix MoJiekysn Cs,Piv,. Xopoiiee cornacue B
3HAUYEHUSIX DHTAJbIUN NUCCOLMALIMUA CBI3aHO C OT-

XYPHAJI HEOPTAHUYECKOU XUMUU  ToMm 68

Ne 5

HOCHUTEJILHO MPOCTOM U, KaK CJeCTBUE, Oojiee TOU-
HOI paciIndpoBKOM Macc-CIIEKTPOB ITApOB 3TUX Be-
mecTB. B ciydae nuBanaTa Kajaus U3-3a onpenesieH-
HBIX JOIYIIEHWI TOYHOCTh paciIM(ppoOBKU Macc-
CIEKTPOB OKa3ajlach HEJOCTATOUHOM AJisl onpeaese-
HUS SHTABIUN cyonumanmu MoJiekyn KPiv u nuc-
colanuu noauMepHsix MmoJiekyn K, Piv, mo 2-my 3a-
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MAJIKEPOBA u ap.

Tab6muna 7. 3HaueHUsT SHTAIBIUI CyOIMMalIMU MOJIEKYJISIpPHBIX (hOpM MUBajaTa Kajius B UHTepBaje Temriiepatyp 500—

585 K (kIx/MOJIb)

A H°(MPiv) AH°(MPiv) AH°(MPiv), AH°(MPiv),
Ne + +

o nony K o uony K K,Piv* Ks PiV; K4Piv;r

HepaciudpoBaHHOMY | paciiubpoBaHHOMY
1 214.0 £ 4.2 169 £ 9 181.5+ 3.9 227.7 £ 3.8 229.0 £ 4.5
2 212.2+6.3 1957 187.0 £ 3.0 2129+ 3.2 219.7+£2.2
3 225.6 + 3.2 210 £ 6 193.6 £ 4.1 217.4 £ 7.8 226.5+ 6.0
Cpennee 217.2 +£7.3 192 £ 21 187.4 + 6.1 222.3+8.0

Taomuna 8. 3HaueHUSsT BHTANBNUI CYyOIMMALIMM MOJIEKYISIPHBIX (OpM MUBajaTa pyouIuss B MHTEpBaJie TeMIlepaTyp

500—585 K (xIx/Momb)

A H°(MPiv) AH°(MPiv), AH°(MPiv),
Ne 10 UIOHY 0 UOHY 110 IOHY 10 UOHY 10 VIOHY 110 IOHY
Rb* Rb; Rb,CO; Rb,Piv* Rb;Piv; Rb,Piv;
1 1493+ 1.6 170.0 + 5.4 157.5+ 8.1 168.5+ 3.1 169.3 + 7.8 166.1 +3.9
2 170.8 + 1.3 164.3 +3.3 178.6 + 8.2 163.0 + 6.3 164.5+4.2 166.6 + 15.9
3 1553+ 1.7 1742 + 3.4 173.3+ 3.1 163.9 + 4.1 175.7 + 8.4 165.3 £ 8.0
4 175.6 + 1.2 160.8 + 8.3 172.5+ 3.4 177.9 + 3.0 164.7 + 4.8 157.9 £ 11.5
5 170.8 + 1.1 173.9 + 5.1 166.7 + 5.6 172.7 £ 2.3 - -
Cpennee 164.4 + 11.4 169.2 £ 8.2 166.3 + 8.4

KOHY TEpMOAWHAMUKU. Majoe conepXaHue B HAChI-
meHHoM nape wmosekyn Cs,Piv, Takke He naer
BO3MOXHOCTb MCHOJIb30BaTh 2-11 3aKOH TepMOAMHA-
MUKMU IS TOYHOTO OIPENeIeHUS DHTAbIIUI CyOIn-
Mali1 U TUCCOIUALIAYN 3TUX MOJieKyl. [ToaToMy pe-
3yJIbTaThl, MTOJIyYEHHBIE 110 3-My 3aKOHY, laXe C yye-
TOM OIIMOKY paciiM(poOBKU MPEACTABISIOTCS Oojiee
TOYHBIMM 1 BBIOpAaHbI HAMU KaK PEKOMEHIOBaHHBIE.
B ta6n. 11 npuBeaeHbl peKOMEHIOBaHHEBIC 3HAYCHMSI
SHTAJIBIMNI CyOJMMalLlMU MOJIEKYJ ITMBajlaTOB, Haii-
JIEHHbIE 10 2-My 3aKOHY U paCCUUTAHHbIE 110 BEJTNYM-
HaM SHTaJIbIIUIA JUCCOLUALIMU TTOJTMMEPHBIX MOJIEKYI
(oTMeuYeHbI 3Be3104KaMi ), OLIEHEHHbIE TOJILKO M0 3-My
3akoHy. Ilepecyer sHTanbnuii cyonumanuu Kk 1 =

=298 K (Tabus. 11) ocyuecTBasiiv B MPEAoOoXeHUU
paBEHCTBa U3MEHEHMSI TEIJIOEMKOCTEH TIpU CyOIMMa-
LIMY MOJIEKYJT TIMBAJIaTOB IIEJIOYHBIX METAJLJIOB U OK-
cuI0B BoJibdpaMa [26].

Haiinennasa B JTaHHOM MCCIIEIOBAaHUM U B padboTax
[27, 28] kapTuHA M3MEHEHUS] TEPMOAUMHAMMNYECKUX
XapakTepUCTUK MUBAJATOB I1IEJOYHBIX METaJJIoB
(PHTaANBNUU CyOIMMALIMU, COCTAB ra30BOM (ha3bl, ad-
COJIIOTHbIE BEJIWUYMHbBI TapUMaIbHbIX IaBJIeHUI) B
pany Li—Cs HanmoMUHaeT U3MEHEHUE 3TUX CBOMCTB y
rajoreHua0B, MeTabopaToB IIEJIOYHBIX METAJLIOB.
Eciiu npuHATH, UTO 3HTAIBINU PEAKIIMKA Auccolra-
LIUU:

Tab6muna 9. 3HaueHUs SHTAIBIUI CyOIMMaLMM MOJIEKYJISIPHBIX (DOPM MUBaJIaTa 1ie3us B MHTepBasie Temriiepatyp 500—

575 K (xJIx/monb)

A H°(MPiv) A H°(MPiv), AH°(MPiv),
Ne

1o nony Cs”* 1o nony Cs; o nony Cs,Piv" | o nony Cs;Pivy | mo uony Cs,Piv;
1 163.6 0.9 187.5+54 183.8 £2.3 180.5+ 4.0 185.4 £ 4.7
2 1583+ 1.1 185.0 £2.7 184.6 + 1.6 1845+ 2.5 185.0 £ 3.4
3 160.7 £ 0.6 183.7+2.4 180.4 £ 1.1 187.3£29 177.7+£ 3.2
4 163.0 £ 0.7 183.3 £2.7 186.6 = 1.3 1853 £5.5 179.4 £ 2.5

Cpennee 161.4+2.4 1844 £33 183.2£5.4
XYPHAJI HEOPTAHUYECKOW XUMUHU  Tom 68 Ne 5 2023
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MM (GPOBKU.
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g IT

3.5

3.0

2.5

2.0

L.5

1.0

0.5

1+2

O 1 1 1
1.76 1.78 1.80 1.82 1.

1000/ T, K~

84 1.86 1.88 1.90 1.92 1.94
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Taomna 10. DHranbnuu (kKX /M0Ib) peakiiuu IUCCOLMAallMU OJIMTOMEPHBIX MOJIEKYJT TMBAIATOB IIEJIOYHBIX METAJIJIOB

Peakuuga ApHy ApHy ApHSg
HalileHHOe 3HaYeHHE  |peKOMEHAOBaHHOE 3HaueHUe
Na,Piv, = 2NaPiv 186.6 (3 3aKkoH) 186.6 £ 22.5 189.3 £ 23.0
Na,Piv, = 4NaPiv 513.4 (3 3akoHn) 513.4+45.0 523.3£46.0
Na,Piv, = 2Na,Piv, 147.9 (3 3akoH) 152.0 + 6.0 1572465
155.9 (2 3aKkoH) T T
3NayPiv, = 4Na;Pivs 211.6 (3 3akoH) 212.0 £ 25.0 219.9 +26.0
K,Piv, = 2KPiv 155.5 (3 3aKkoH) " +
199.3 (2 3aKoH) 178.0 £25.0 180.7 £ 25.5
K,4Piv, = 4KPiv 463.0 (3 3axoH) 507.0 + 45.0 516.8 + 46.0
551.1 (2 3akoH) T T
K,4Piv, = 2K, Piv, 151.1 (3 3aKkoH) " "
152.5 (2 3akoH) 152.0£5.0 157.2 £ 6.0
3K,4Piv, = 4K;Pivs 231.7 (3 3aKoH) 232.0 £20.0 239.9 £21.0
Rb,Piv, = 2RbPiv 149.1 (3 3aKkoH) 155.5+ 6.5 158.2+ 7.0
161.9 (2 3akoH) D T
Rb,4Piv, = 4RbPiv 466.9 (3 3axoH) i "
492.9 (2 3axoH) 480.0 = 20.0 489.8 = 21.0
Rb,Piv, = 2Rb,Piv, 144.3 (3 3aKkoH) 157.0 + 15.0 1622+ 15.5
169.1 (2 3akoH) T T
3Rb,Piv, = 4Rb;Piv; 215.0 (3 3akoH) 215.0 £ 22.0 222.9£23.0
Cs,Piv, = 2CsPiv 138.4 (2 3akoH) 142.0 + 10.0 144.7 + 11.0
141.8 (3 3akoH) T T
Cs4Piv, = 4CsPiv 437.2 (3 3aK0H) " "
466.0 (2 3axom) 451.5 = 20.0 459.4 £ 21.0
Cs4Piv, = 2Cs,Piv, 130.8 (3 3akoH) 157.0 + 25.0 162.2 + 25.5
185.6 (2 3akoH) T T
3Cs4Pivy = 4Cs;3Pivs 239.0 (3 3aKoH) 239.0 £25.0 246.8 £ 26.0
XYPHAJI HEOPTAHUYECKOM XUMHU  Tom 68 Ne 5 2023
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Ta6mma 11. PekoMeHmoBaHHBIE 3HAYCHUS SHTAJIBITNI CyOJIMMAIIM MOJIEKYJISIPHBIX (DOPM TUBAJIATOB IIEJIOYHBIX Me-

Tamios A H°((MPiv),, 298.15 K)

MAJIKEPOBA u ap.

KOMITOHEHT KonnencupoBaHHas dasza
ra3oBoi Qaset LiPiv [9] NaPiv KPiv RbPiv CsPiv
MPiv 176.7 + 13.5* 194* 184.4 +25.0 168.5 + 12.0 164.3 3.0
M,Piv, 1775+ 7.0 197.8 £2.8 190.7 + 13.5 172.5 £ 5.0 187.2 £ 3.0
M;Piv, - 233* 230* 186* 205*
M,Piv, 198.2 £ 5.0 239.7 £ 6.7 228.9£5.0 175.9 £ 5.3 190.8 + 6.0
* OLeHKa.

Taomuna 12. CraHmapTHble BHTaIbIIUM OOpa3zoBaHUS
(x/I>k/MOJIb) MMBAJIATOB IIEJIOYHBIX METAJUIOB B Ta30BOM U
KOHAEHCUPOBAHHOM (ha3ax

TYp IJIaBJICHMs, HAliIECHHBIX B HACTOSIIIIE padoTe U B
uccnegopanuu [10] (tabn. 1). PesyabraTel nudode-
PEHLIMAIIBHON CKAaHUPYIOILIEN KAJOPUMETPUU U UX

TOYHOCTb, K COXXaJICHUIO, CDAaBHUTb He ¢ yeM. Mox-

Coenunenue ®aza “AHS
298 HO TOJIBKO OTMETUTb, YTO B JUTEpaType HMEeTCs
NaPiv Kpucramn 760 00JIbLIOE KOJIMYECTBO PAabOT MO UCCIIEI0BAHUIO IpY-
r 566 TMX KapOOKCUJIATOB IIEJTOYHBbIX METa/IOB, KOTOPbIE
a3 XapakTepu3yloTcs HaTuYueM OOJbIIOTO KOJUYECTBA
KPiv Kpucrann 771 TBepaoda3HbIX NepexogoB. JJocTaTouHO ITOAPOOHBIH
las 587 0030p padoT 110 TBepAoda3HEIM IIepexoaaM alleTaTOB
RbPiv Kpucramn 771 JMTUSL, KaJlisl v 11e31sl MOXHO HaiiTh B pabote I'6ac-
Tas 603 cu u PobenuHa [32], B KOTOpoii, HarmpuMep, nmoxkasa-
HO CyllleCTBOBaHME TpeX TBepibix ¢ha3 alerara Ka-
CsPiv Kpucrann 775 musi. CyliecTBOBaHME TpeX MOIUMOPGHBIX (GopM
I'as 611 alieTaTa HaTpusi oTMeueHo B padote [33]. B uccieno-
BaHUMU [34] onrcaHo TepMUYECKOE MOBeIeHUE ATKAHO-
aroB C1—C12 kanms ¥ moKa3aHo, YTO ITPAKTUIECKH BCE
M L(TB) _ M(TB) + L.(r) (20) COJIU C JUTMHOM YIJIEPOIHOM LISTTOYKHU OOJIbIIIE YeThIPEX

alleTaTHBIX ¥ MUBAJATHBIX COJICH IIEJIOYHBIX METaJI-
JIOB U uUX usMeHeHUs B psay Li—Cs onmHaKoBbIE,
MOXHO, HCIIOJNIb3ysl CTaHOAPTHBIE SHTAIbIINU O0Opa-
30BaHMsA panuKanos nuBanesoii A H°(Piv-, 298.15) =
=-265 xJx/Monb [29] W YKCYCHOI KHCJIOT
AH°(-OAc, 298.15) = —216.3 x/Ix/monb [30] u o6pa-
30BaHMd alleTaTOB ILIEJOYHBIX MeTayuioB [31], oue-
HUTbH CTaHOAPTHbIE DHTAJIBINN OOpa30BaHUSI ITMBa-
JIATOB IIEJIOYHBIX METAJUIOB B KOHASHCUPOBAHHOMN U
razoBoii ¢azax (taba. 12). MoXHO OTMETUTh, YTO
MPEAIIONOXEHNE O PaBEHCTBE SHTAJIBIIMI peaKIUuu
(20) ameTaTHBIX M MMBAJIATHLIX KOMIUIEKCOB IIEJIOU-
HBIX METAJUIOB HEOE30CHOBATEIbHO, TaK KaK, HaIllpU-
Mep, 3HaueHus 3Hepruu cBsizu RCOO—H nis nuBa-
JIMHOBOM 1 YKCYCHOM KMCJIOT OJIM3KMU.

J1o HacTos1Iel paOOTHI MCClIEAOBAHUS ITBAIaTOB
IIEJIOYHBIX METAJIJIOB METOAAMU TEPMOTPaBUMETPUU
n 1CK He mpoBoIMINCh, 32 UCKITIOYSHUEM ONpeae-
JileHus1 Temnepatyp ux IuiaBieHust [10], xoTopsie
yCTaHaBJIMBaJIA METOAOM IJIaBJICHMS BellleCTBa B Ka-
muisipe. [TomobHass MeTonmKa BpsII JIM MOXKET TIpe-
TeHAO0BaTb Ha YAOBJIETBOPUTEIbHYIO TOYHOCTb.
DTUM, C HalllEi TOYKU 3pEeHUsI, MOXHO OOBSICHUTh
CYILIECTBEHHBIE PACXOXACHUS B BEJIMUMHAX TEMIIepa-

KYPHAJI HEOPTAHUYECKOW XUMUU

XapakKTepu3yloTcsl (a30BEIMM IIepexomamMu TBepHast
daza—TBepnas ¢daza u TBepras daza—KUIKUHA KpU-
cTtay1. MOXXHO OTMETUTD, YTO HaliICHHBIC B HAILIEM HC-
CJIeIOBAaHUM TEPMUUYECKHE CBOMCTBA MMBAJIATOB e~
JIOUHBIX METAJIJIOB HAXOISTCS B COIJIaCMM C OOIIEeH
KapTUHOI TEPMUYECKUX CBOMCTB aJIKAHOATOB 3TUX
METaJlJIOB.

Macc-cnekTpaibHble UCCIIeIOBaHUSI, BHITIOJTHEH -
HblE B TaHHOU paboTe, yIOBJIETBOPUTEIBLHO COTIacy-
I0TCsI C pe3yJbTaTaMu, npeactaBieHHbIMU B [10, 14,
15, 17], rnaBHBIM 006pa30M 3TO KacaeTcsl cocTaBa ra-
30BOM (ha3bl U 3HAYCHUI SHTAJIBIINI CyOIMMaun 1
JIMCCOLIMAlIMM MOJIEKYJT MOHOMepHbIx MPiv u nu-
MepHbIX M,Piv,. K coxaneHuto, B 3Tux padborax He
MPUBEIEHbl TEPMOIUHAMUYECKHE XapaKTepUCTUKU
JIIPYTUX TIOJIMMEPHBIX MoJieKys. ClienyeT OTMETUTD,
YTO HaOJIIOJAIOTCSI CYLIECTBEHHBIE PACXOXIEHUS B
aOCOJIIOTHBIX BEIMYMHAX MaplUAIbHBIX U OOILIMX
JIABJICHWI MUBAJIATOB IIEJIOYHBIX METAJUIOB, HAUIEH-
HBIX B HacTos el padote 1 padorax [ 10, 17]. Paccuun-
TaHHbIC HAMU BEeJIMUYMHBI OKa3aauch B 5—10 pa3 H1Ke
JIATEpaTypHBIX 3HaueHUI. OOBSICHUTD CTOJIb 3HAYM -
TeJIbHbIE PACXOXIEHUS TPYIHO, TaK KaK B padoTax
[10, 14] He yka3aHO, KaKye 13 MHOTOYMCIIEHHBIX M-
TOAUK ObUIM HMCIOJb30BaHbl MpPU OIPENETICHUU U

TOM 68 Ne 5 2023
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pacyeTe BeIWYMH MapLUUAbHBIX JABIEHUI; CKOpee
BCEro, B MCIOJIb3YyeMOII METOAMKE Obljaa IOoMmyllieHa
cucteMaTndeckas ommnoka. OmHaKO MOXHO OTMe-
TUTh, YTO U3MEHEHUE JIETYYSCTU B PSIOy MHUBAIaTOB
Na—Cs B paccmaTpuBaeMbIX paboTax OIMHAKOBOE,
OHO MOHOTOHHO YBEJIMYMBAETCS OT COJIM HATpUSI K
COJIU LIE3USI.

SAKJIIOYEHHME

IMonyyeHHBIE TepMOIUHAMMUYECKUE XapaKTepu-
CTUKM MapooOpa30oBaHUs MTUBAJIATOB IIEJTOYHBIX Me-
TaJJIOB MTO3BOJISIIOT PEKOMEHIOBATh 3TU COSAMHEHUS
B KauecTBe IpeKkypcopoB B CVD-mMmeTone mjisl moiy-
YeHMsI TOHKUX TVIEHOK Ha OCHOBE UX OKCHUIOB.

PMHAHCHUPOBAHUE PABOThHI

PaGora BbInoJIHEHA B paMKax rocy1apCTBEHHOIO 3a/1a-
Hust MOHX PAH B o6iact hyHIaMeHTaIbHBIX HAYYHBIX
WCCIIENOBAHUIA.

DJIEMEHTHBI aHaJM3 BBIMOJIHEH C MCIOJb30BaHUEM
o6opynoBanus LIKIT ®MHU MOHX PAH. Tepmoananu-
TUYECKUE U3MEPEHMS BBITIOJHEHBl B paMKaX TeMaTUKH
“Xumuueckass TepMOAMHAMMKa W MaTepualioBeiacHue”
121031300039-1 Ha 060pynOBaHUM XMMUYECKOTO (haKyib-
tera MT'VY.

KOH®JIMKT MHTEPECOB

ABTODBI 3aSIBJISTIOT, YTO Y HUX HET KOH(IMKTa UHTEPECOB.

JOITOJIHUTEJIBbHBIE MATEPUAIJIBI

OnnaitH-BepcUsl COIEPKUT JOTOJHUTEIbHbIE MaTEPU-
aJlbl, JOCTYITHBIC Ha
https://doi.org/10.31857/S0044457X22602255
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