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M3ydeHa tepmudeckasi CTaOMIBHOCTD CMOJI U ac¢albTeHOB HAMDTEHOBOM U METAHOBOM TSIKEJIBIX He(Tel
METOJIOM TepMorpaBUMeTpuu. Ha ocHOBe maHHBIX GU3UKO-XMMUYECKMX METOI0B aHaI1M3a MoKa3aHo, YTO
CMOJIBI 11 acasIbTeHbI CCeAOBAHHBIX He(DTeit UMEIOT 3HAUNTEIbHBIC pA3IMUHsI IO MOJIEKYJIIPHOI Macce,
3JIEMEHTHOMY COCTaBY U pacIpeieICHUI0 aTOMOB yIjiepoia B CTPYKTYpHBIX (hparMeHTax. TepMorpaBuMer-
pUYeCKMIT aHaJIU3 TIPOBOIWIIM IIPU HAarpeBe 00pa3uos oT 25 1o 650°C co ckopocthio 10°C/MuUH B cpene ap-
roHa. [lokazaHo, 4TO MakCcUMaJibHasli CKOPOCTb TOTepU Beca cMOJ U achalibTeHOB HaTeHOBOM HedTH
IIPOMCXOIUT ITPH GoJiee HU3KUX TeMIIepaTypax 1o CPaBHEHMIO C aHAJIOTUMYHBIMUA KOMITOHEHTaMU METaHO-
Boii HeTH. TepMocTaOMILHOCTD CMOJT U achaJIbTEHOB 3aBMCUT OT COCTaBa M CTPYKTYPHOM OpraHu3aluu
STUX KOMITOHEHTOB, UTO OOYCIIOBJIEHO MX (hOPMUPOBAHNEM M3 HEDTSHBIX TUCTIEPCHBIX CUCTEM PA3TTMIHBIX
XUMUYECKUX TUITOB. YCTAaHOBJIEHO, YTO TEPMOCTAOMIILHOCTb CMOJI U achaibTEeHOB METaHOBOI He(TH BbI-
1IIe, YeM TePMOCTAOMILHOCTh aHAJOTMYHBIX KOMIIOHEHTOB HA(pTeHOBOM HE(PTHU.
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BBEJEHUWE

O1leHKa TePMUYECKON YCTOMYMBOCTA HEPTIHBIX
COEIMHEHUI MTO3BOJISIET CYAUTb O BO3MOXHOCTU MX
Y4aCTHUS B XUMHUYECKUX PEaKIIMIX IIPU MOBBIILICHHOM
TeMIeparype. THII peakiimii, X CKOPOCTh U ITTyOMHA
npeBpalleHU 3aBUCAIT OT TEPMOJIMHAMMNYECKO cTa-
OMJILHOCTU HEPTSIHBIX KOMIIOHEHTOB. JIs1 u3ydeHUs
TEPMUUYECKOIO MOBEACHMS He(PTIHBIX KOMIIOHEHTOB
IIIMPOKO MCIIOJB3YIOTCSI METOIbI TEPMOTPABUMETPH-
yeckoro aHanu3za (TTA) u nuddepeHaaIbHON cKa-
Hupywomeii kKanopuMerpuu (ICK) [1, 2]. Merton
TepPMOTPAaBUMETPUM TI03BOJIsSIeT (PMKCHUPOBATh U3MeE-
HEHMe DHTaJIbIINUU B IIpoliecce HarpeBa obpa3slia, KO-
TOPOE MOXKET CBUIETEILCTBOBATH O (Da30BHIX ITEPEX0-
JlaxX, BIUSHUM PaCTBOPUTEIEH, IPOTEKAHNU XUMUYE-
CKHUX peakuuii u TepMoaectpykiuu [3, 4]. B pabore
[2] o MccaenoBaHNIO TEPMOIAECCTPYKTUBHOIO IIOBE-
neHns HepTIHbIX 00beKTOB MeTonoM JCK aBTOpEHI
CpaBHUBAJIM TEPMUUYECKYIO YCTOMUMBOCTDL (hpaKIuid
HACBHIIIEHHBIX M apOMaTUYECKUX YIJIEBOIOPOIOB,
cMon M acdainbTeHoB. Jlmama3oH TeMIiepaTypHBIX
MHTEPBAJIOB 3HAO- U 3K30TepMHYECKUX 3P (PEKTOB
MEHSIETCSI B 3aBUCUMOCTH OT COCTaBa KaxXIoii hpak-
nuu [3]. B padote [5] moka3zaHo, 4YTO MCITOIB3YS TaH-
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HBIE O TEPMUYECKOM YCTOMYMBOCTH CEpOOpTaHrYE-
CKUX COCOUHEHMI, BO3MOXHO OLICHUTh (DYHKIIMO-
HaJIbHBIA TUII M KOJIWYECTBO CEPOCOAEPKAIINX
CTPYKTYPHBIX (DparMeHTOB MOJIEKYJI CMOJI U acajib-
TeHOB HedTU. Hanuuue cnadoii cBsI3u yriaepoa—cepa
B MOCTHUKOBBIX alu(aTUYEeCKMX TIPYIIIaX MOJIEKYII
achanbTeHOB M CMOJ CHOCOOCTBYET CHIDKECHUIO MX
TEPMUYECKOI CTAOMIIBHOCTHU.

Takum o6pa3oM, TepMHUyecKas CTaOMIbHOCTb
cMoJ1 U achaibTEHOB HapaBHE C TaHHBIMU M0 COCTa-
BY U CTPYKTYPHBIM OCOOE€HHOCTSIM SIBJISIETCST UX BaK-
HOI XapaKTepHUCTHKOIT [6]. B cBsI3u ¢ 3TUM LEbIO
paboTHI OBIITIO U3YYSHUE TEPMUIECKOMN CTAOMIIBHOCTH
CMOJI U acaTbTeHOB TSIXKeJbIX HedTell HAahTEHOBOTO
1 METAHOBOT'O TUITIOB METOJOM TE€PMOTIPAaBUMETPUMU.

SKCITEPUMEHTAJIBHAA YACTb

OObeKkTaMu HCCAeAOoBaHUSI ObUIM CMOJIBI U ac-
danbrennl HedTeit Yeunckoro (Pecnyonuka Komm)
u 3103eeBckoro MecropoxneHuit (Tarapcran). OTtu
HedTH TsIKeable, BbICOKOCEPHUCThIE, BBICOKOCMO-
JIUCTBIE, COAepXalllue 3HAYUTEIbHOE KOJIUUYECTBO
acanpreHoB (tabiu. 1). ITo xumMuyeckoil mpupome
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Taomuna 1. Xapakrepuctrka o0beKTOB UCCIISTOBAHUS

3HauyeHue
Hokazatenp Ha(TeHOBas MeTaHOBast

HeDThb HePThb
[noTHOCT, KT/M> 967 940
C, mac. % 84.94 81.67
H, mac. % 11.98 12.38
Sogus Mac. % 1.98 4.50
N, mac. % 0.63 0.79
Cwmoutel, Mac. % 18.0 28.1
AcdanbreHsl, Mac. % 8.1 12.2
Macia, mac. % 73.9 59.7

ycuHckasi HedTh (YH) saBiseTcss HahTeHOBOI, 310-
3eeBckas (3H) — meranoBoit (mmapaduHuctoii) [7].
MeTtaHoBas 3103eeBcKast He(pTh COASPXKUT OOJIbIIIE U
cMmoit, u acanbTeHoB. CoaepkaHue reTepo3JIeMeH-
TOB — CEpHI, a30Ta M KUCJIOpOoIa — B 3TOit He(hTH BBI-
11I€ IO CPaBHEHUIO ¢ HADTEHOBOM YCUHCKOIA.

g BeieneHus acdaabTeHOB MPoOy HehTH pas-
OaBnstin 40-KpaTHBIM M30BITKOM H-TekcaHa. [ekca-
HOBBIM pacTBOP BBIAEPXKMBAIM B TEeMHOM MECTE B T€-
yeHHe CyTOK. BeImaBimii ocagok acgalbTeHOB OT-
GUIBTPOBBIBAJIN, TOMEIIAIN B OYMasKHBIN ITaTPOH.
B annapate Cokciera nmaTpoH ¢ acajibTeHaMu IIpo-
MBbIBAJIM TOPSTYMM TEKCAHOM JUIS yIAJICHUSI COOCAKIECH -
HBIX Maced M cMoJl. 3aTteM acaJibTeHBI ¢ MaTpoHa
9KCTparupoBanu xiaopodopmoM. Hanee xaopodopm
yOaISIM, TIOJydeHHBble achalbTeHbl AOBOIWIN IO
IMOCTOSTHHOTO Beca BbIcylinBaHueM. [loinydyeHHEBIe
nocie aeacaabTeHU3ALUU MAIbTEHbI HAHOCUJIM Ha
cunukareslb ACK, KOTOpbIil 3arpyxaiu B ammapar
Coxkcnera. CHayana H-TEKCAaHOM OJKCTparupoBaInd
MacJjia (KOHIEHTPAT HACHILLIEHHBIX 1 apOMaTUYECKUX
VB), a 3areM cMmechio OeH3ojia 1 3TaHona (1:1) —
cmounbl. Tlocite ynaneHus: pacTBopuTelieil U3 reKca-
HOBOTO U CITMPTO-OEH30JILHOTO 3JIF0aTOB, BBHICYIIIM-
BaHUS U TOBEIECHMUSI 10 MOCTOSITHHOTO Beca OIpeIessi-
JIU, COOTBETCTBEHHO, COAEpXXaHWe Macell U CMOJI.
Macna pasaesnsiii MeTOA0M KOJOHOYHOM SKMIKOCT-
HO-aICOPOLIMOHHO XpoMaTorpadumn Ha CUJTMKarese
Ha (¢pakiMy HACHIIMIEHHBIX M apoMaTrndecknx YB.
PazneneHue Macen KOHTpOIUPOBaAIU MeTogamMu Y D-
CHEKTPOCKOITNHU U XPOMATO-MaCC-CITIEKTPOMETPUH.

TepmorpaBuMeTpuUecKUii aHAJIM3 0OpPa3LOB BhI-
MnonHsUICA Ha aepuBarorpade “Q — 1000”. HaBecky
obpasia Opam B KonmdectBe 100 MT, MCIIBITAHUS
MMPOBOAWJIM B MHEPTHOII aTmMocdepe (aproH, CKo-
POCTh MOJa4YM KOTOPOTo coctapisuia S0 MJI/MUH) CO
cKopocThlo Harpea 1eun 10°C/muH ot 25 1o 650°C.

st xapakTepuCcTUKU CMOJT U achalbTeHOB pac-
CUUTBHIBAIM CPENHUE CTPYKTYpHBbIE MapaMeTpbl IO
sMIIMpUYecKuM GopMysnaM Ha ocHose 'H-IMP-nan-
HBbIX, JIEMEHTHOTO aHAJIM3a U 3HAYEHU I MOJIEKYJIsIp-

Hoit Macchl [8]. Cniektpol '"H-IMP perucrpupoBanu
¢ nomoibio Pypbe-criekrpomerpa AVANCE-AV-300
(pacTBOpUTEb — AEUTEPOXTOPODOPM, BHYTPEHHUIA
CTaHJApT — TeKcaMeTWIaucuiokcan). CpeagHue Mo-
JIEKYJISIpHbIe Macchl acdaabTeHOB U3MEPSIJIU KPUO-
cKomnuei B HadTalumHe. DJIEMEHTHBIA COCTaB ac-
danbTeHOB onpenensiin Ha CHNS-aHanuzaTope
Vario EL Cube mMeTOIOM IIPSIMOTO COXCKEHUS IIPU
temneparype 1200°C ¢ nocJienyoummM pasaejecHUeM
ra3oB U MPOIYKTOB CTOPaHUsI B TpeX aACOPOLIMOHHBIX
KOJIOHKaXx (Ta3-HOCUTEIb — Tenil) 1 uaeHTUu(hMnKa-
1IM€el C MOMOIIIBIO AETEKTOPA MO TEIMJIONPOBOAHOCTH.

MNK-cnekTpbl cMoa U acdajabTeHOB PErUCTPUPO-
Banu B oonactu 4000—400 cm~!' Ha FT-IR-cniekTpo-
metpe “NICOLET 5700”. 11 OLIeHKU CTPYKTYPHBIX
0COOeHHOCTe cMoJI 1 achaIbTeHOB HeTei pa3HOM
XUMUUYECKON TIPUPOAbl MCHOJb30BAIU CIIEKTPaJlb-
HEBIe Koa(dduuueHThl. 11 pacyeTra CrieKTpaibHBIX
K03 PUIINESHTOB ONpeneaeHbl ONTUYECKNE TIJIOTHO-
CTU B MaKCUMyMax noJjioc nomtomenus: 720, 1380 u
1460 cm~! — xoneb6anus cBga3u C—H MeTHIBHBIX U
METMJIEHOBBIX TpymIr;, 1710 cm~! — konebaHud cBgI3U
C=0 kapboHmIbHOMN Tpymmer, 1600 cMm~! — koseb6a-
Hust cBsizu C=C — apomMaTuyeckux (pparMeHTOB;
1030 cm~! — konebanns cssasu S=O cynbhOKCHUIOB.
ITo coOTHOIIEHUSIM ONITUYECKUX IJIOTHOCTEM B MaK-
CMMyMax 3THUX IIOJIOC PACCUMTAHBI CIIEKTPaIbHBIC
K03(DOULIHUEHTHI: apOMaTUIHOCTHU D40/ D460, OKUC-
JeHHOCTU D\7,0/ D460, PA3BETBIEHHOCTU D350/ D460,
napadunucroctv (D + Di350)/Digo9 U YCTOBHOTO
conepxaHusi cynb®okcuaoB D g30/Diaso [9]-

PE3VJIBTATHI 1 OBCYXIEHUNE

Cmonst. Ha ocHoBe 'H-IMP-naHHBIX, 2J1€MEHT-
HOIO aHajiu3a U 3HAYECHUN MOJIEKYJISIPHOU MaccChl
MIpOBEIeH CTPYKTYpHO-TpyIIoBoit anamm3 CI'A mo-
JIEKYJI CMOJI — PacCYMTaHbI UX CPEOIHUE CTPYKTYPHBIE
napameTpsbl. ITo ntanHbeiM CI'A, MoeKyJIsipHast Macca
cmon HadreHoBoit YH Hike, yem y cmon 3H (tabm. 2).
CpenHure MOJIeKYJIbl CMOJI Kaxkaoi 13 HedTeil cocTo-
SIT U3 2 CTPYKTYPHBIX OJIOKOB, UMEIOT OJIM3KUE 3HA-
yeHus oTHomeHu H/C, ux monuuukindeckKue siapa
B CpeaHEM COCTOST u3 4 apoMaTnyeckux kKoJjel. Co-
JIiepxKaHue e HapTeHOBBIX KOJIell B CMoJIaX METaHO-
BOIT HE(TU BHILIIE U COCTABIISET 6, IIPOTUB 5 B CMOJIaxX
VH. AtomEl yraepoga nmo ¢pparMeHTaM CpEeIHUX MO-
Jnekyn cmon YH pacnpenesieHbl TpaKTUYECKU paBHO-
MEPHO: OTHOCUTEIBHOE COJIepKaHNe aTOMOB YIJIEPO-
Ila B apoMaThdecKux KoJbiax (f,) cocrasiser 31.8%,
B HadTeHOBHIX (f;,) — 34.8%, Ha momo anudaruye-
ckoro ymiepoaa (f,) nmpuxomutcst 33.4%. B cMomax
3H aToMmElI yrilepona mpeuMyIleCTBEHHO PaCIIOIoXKe-
HBI B ampaTrndecKux pparMeHTax M UX JOJISI COCTaB-
nsieT 45.9%. KonvyectBo N B cMoitax HaTEeHOBOM 1
MeTaHOBOM HedTell cormoctaBuMo. Hanbonbiiee co-
IepxaHue S, npesblinaoliee 7.2%, xapaKTepHO 11
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Hadrenonass YH MertanoBasa 3H
ITapamerp
CMOJIbI acgaabTeHbI CMOJIBI achaibTeHbI
MonekyisipHast Macca, a.e.M. 812 1400 827 1800
Conepxanue, Mac. %
C 81.2 79.0 79.7 81.0
H 9.3 7.8 9.1 8.4
N 1.1 1.1 1.2 1.6
S 2.9 4.0 7.2 7.7
(0] 5.5 8.1 2.8 1.3
Yucio aToOMOB B CpeHE MOJIeKYJIe
C 54.9 92.5 54.9 124.4
H 75.1 109.1 74.7 154.2
N 0.6 1.1 0.7 2.1
S 0.7 1.7 1.9 4.4
(0] 2.8 7.1 1.5 1.5
H/C 1.37 1.18 1.37 1.25
Yucio yriieponHbIX aTOMOB pa3HOTO TUTIA B CPEHE MOJIeKYJIe
Cap 17.5 42.2 15.9 51.1
C, 19.1 20.5 25.2 38.0
C, 18.4 29.8 13.8 35.3
KonnuecTBo Koeln
K, 8.9 15.8 10.2 22.7
K, 4.2 10.6 4.0 13.2
Ko 4.7 5.2 6.2 9.5
Pacnipenenenue aromos C, %

fa 31.7 45.7 29.0 41.1
Ju 34.8 22.2 45.9 30.6
Ju 33.5 32.1 25.1 28.3
m, 1.8 3.1 1.8 3.7

Ilpumeuanue. Tlapametp Cap — yriepon apomaTtudeckuii; C,, — ymiepon B HagTeHOBbIX Kobuax, C,, — yniepoa B anu@aTuyecKux Le-
1s1x; K, — oOLee KoIM4ecTBO Koell; K, — KOJIMIECTBO apOMATHIECKHX KoJell; K, — KOIMYeCTBO HAhTCHOBBIX KOJCLL; fy, fi, fi —
110JI1 aTOMOB yIJIEpOJa B aDOMAaTUYECKUX, HaQTEHOBbIX NapaUHOBLIX (PparMeHTax; m, — YACJI0 OJOKOB B MOJIEKYJIE.

cmon 3H, Torna kak mwis cmoil YH 310 3HaueHue co-
crasiseT 2.9 mac. %.

IIpumenenue metoga MK-crekTpockonuu Ijist
U3YyYEeHUsI CTPYKTYPHBIX XapaKTEPUCTUK CMOJIMCTO-
achanbTeHOBBIX KOMIIOHEHTOB IO3BOJISICT OLICHUTh B
HHX YCJIOBHOE COAgpxKaHUE apoMaTUYEeCKUX, Itapa-
(UHOBEBIX CTPYKTYP, KApOOHWIBHBIX TPYIIII, CEPHU-
cThix coequHenuit [9]. Ha puc. 1 nmpuBeneHsr MK-
CIIEKTpPHI CMOJI, a B TaOJI. 3 — cneKTpaJibHble KO3(]-
(ULMEHTHI, PACCUMTAHHBIC IO COOTHOILICHUSIM OII-
TUYECKNX IUIOTHOCTEM B MaKCHMMyMax XapaKTepH-
CTUYHBIX IT0J10C TTormonteHusa. CMoJel MeTaHoBoit 3H
XapaKTepU3YIOTCS TTOBBIIICHHBIM COACPKaHUEM T1a-

XUMUA TBEPOAOI'O TOIVIMBA  Ne 2—-3 2023

padUHOBBIX (ParMEeHTOB U METUJIBHBIX Ipymn (KO-
ahduieHT pasBeTBIeHHOCTH). CMOJIBI HadTEeHO-
Boii YH nMeroT 601ee MHTEHCUBHBIE TIOJIOCHI ITOTJIO-
HIEHUs apoMaTUYecKuX pparMeHToB mpu 1602 cm~!
u “apomaTtudeckoro tpuriera” (870, 814, 747 cm~')
(puc. 1) u, Kax ciieacTsue, 6oyiee BHICOKYIO CTEIIEHb
KOHJIEHCUPOBAHHOCTU apOMaTUUYECKUX CTPYKTYpP 1O
cpaBHeHUIOo co cmonamu 3H. Hammuwme xapakrepm-
CcTUYHOI mosockl noroineHus B UK-criekrpax cMon
o6eux Hedreit B oomactu 1710—1700 cM~! 06bsAcHA-
€TCSl BAJEHTHBIMU KOJEOAHUSAMU KapOOHWJIbHOM
(C=0)-rpymmebl. Ilonoca IOIIOIIEHUSI, PACHOJIO-
XeHHas B ooaactu 1019 cm~!, 1 cirabble 1TOIOCH B 00-
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Puc. 1. UK-cniekrpsl cMoi: [ — HadreHoBoit YH, 2 — meTanoBoit 3H.

nactu 1260—1060 cM~! OTHOCATCST K BaJIEHTHBIM KO-
sne6anusM cBsi3u C—O B criupTax, CJIOXHBIX 3dupax.

Takmm o0O6pa3zoM, Ha OCHOBAHWNM CPAaBHUTEIBHOTO
aHajM3a CTPYKTYPHO-TPYITIIOBBIX ITapaMeTPOB yCTa-
HOBJIEHO, YTO B CMOJIaX METaHOBOI He(DTU aTOMBI YT-
JIEpoJa PacloI0XKeHbI IIPEUMYIIIECTBEHHO B aluda-
TUYECKUX (pparMeHTax, COAEePKUTCS O00JbllIe HapTe-
HOBBIX I1IMKJIOB M aToMOB cephl. B cpemHux
MoJIeKyax cMoi HadreHoBoit YH aromsbl yriepona
rno ¢pparMeHTaM pachpefeieHbl MPakKTUIYeCKd paB-
HoMepHo. JlanHble MK-criekTpockonuu Koppeau-
pytot ¢ manHbIMHu CTA.

Ha puc. 2 npuBeaeHbl TepMorpaMMbl CMOJT Ha(-
TEeHOBOI 1 MeTaHOBOI HedTeitl. Ha puc. 3 mpencras-
JIEHbI TIPOU3BOJHbBIE MacC IJIs1 CMOJ U achalbTEeHOB.
ITo manueiM TT'A cMonm moTepu Macchl 00pa3loB
MPOUCXOOAT B HECKOJIBKO 3TanoB (puc. 2, 3). B nua-
na3oHe ot 150 no 350°C mist cMoa HadpTeHOBOI Hed-
TM HauMHaeTcs TUIaBHAasl TIOTepsl MaccChl, CKOpee Bce-
ro Ha MEepBOM dTalle AeCTPYKLUHU TTOABEPratoTcs ai-
KWIbHbIE 3aMECTUTENIM, CBsS3aHHble C HadTeHO-

apoMaTUYECKUM SIIPOM 4epe3 CYJIb(PUIHBIC MOCTU-
ku. Hambonee 3amMeTHO moTepst Macchl 00pa3iia CMOJI
METaHOBOII He(THM HayMHAETCs IpU TeMIepaType
Bbilie 260°C. B unrepBaiie temmeparyp 350—500°C
JUTSI CMOJI METAaHOBOI 1 Ha(hTeHOBOM HEe(THU MPOUC-
XoIuT noteps okojio 80 Mac. %, Kak mpaBUJIO, B JaH-
HOM HHTEpBaJjie MPOTEeKal0T peaKiiy pa3pbiBa CBSI-
3eii C—C. IIpu 3TOM CMOJBI IIPUHUMAIOT y4acTHE,
KaK B peaklusIx AeCTPYKIMU, TaK U KOHACHCAlIUH,
MPUBOASIIMX K 00pa3oBaHU10 60Jiee KPyITHBIX MOJie-
Kyn (acansreHoB) u Kkokca [10]. Haubonbirass cko-
POCTBb MOTEPU MaCChl 00pa310B CMOJI HAOIOJaeTCs B
oobnactu ot 400 no 500°C. B ob6nactu Brinze 500°C
MoTepsl MacChl 00pa3lOB 3aMELISIETCS U HAUMHAIOT
npeobaagaTh peakluy AeTUIPUPOBAHUS, IPUBOISI-
1Y€ K YBEJIMUYCHUIO CTeTICHU KOHJIEHCUPOBAHHOCTU
apoMaTUYECKUX CTPYKTYp. 3HAUYCHMs TeMIepaTyp,
Ipy KOTOPBIX HAOMIOMAeTCsI MaKCHUMaIbHAasl CKO-
pocTh noTepu Macchbl cMon YH, cocrtaBnsier 470°C,
a st cmon 3H oHa Beire u pasHa 477°C (tadi. 4).
B riporiecce TTA cmon YH npu Harpese mo 650°C

Taomuna 3. CriekTpaiabHble KO3 duumreHTsl cMo U achanbTeHOB

CHeKTpaTbHbIii Hadrenonas YH Meranosast 3H
OTtHeceHMe

KOI(DDULMEHT | ¢vio51p1 | acanbTenbl | cMOITBI |acdanbTeHbI
YcnoBHoe comepkanue napadpuHoBbIX cTpyKTyp (HOIT D55/ D1460 0.14 0.18 0.17 0.25
npu 725 e~ ')
Koadhd-HT pa3BeTBIEHHOCTH — YCJIOBHOE COAEepKaHUe D378/ D146 0.60 0.74 0.65 0.78
CH3-rpynn
YcnoBHoe conepkaHue KOHIEHCUPOBAHHON apOMATUKU D750/ D7y 1.21 1.35 0.93 1.07
YcioBHOE coliepKaHre apOMaTUYECKUX CTPYKTYP D105/ D460 0.30 0.53 0.31 0.44
YcnoBHOe conepxxaHue KapooHWIbHEIX C=0 D705/ D140 0.24 0.19 0.25 H.O.
YcioBHOE coepXxaHUe CEpHUCTBIX coeqUHeHN S=0 D030/ D146 H.O 0.34 H.O 0.33
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ocraetcs 10 20.8% kokcoBoro ocrarka, mist cMoj 3H
—22.1 mac. %.

Takmm oOpa3oM, mokKa3zaHO, YTO MaKCHUMAaJIbHasI
CKOpPOCTh TIOTEPU MAacChl CMOJ METaHOBOM HedTH
MPOUCXOAUT NMPU Gojiee BBICOKUX TEMIIEpaTypax M,
clie0BaTeIbHO, UX TEPMOCTAOMILHOCTD BBILIE, YeM
cMou HapTeHoBoi HedTn. OgHAKO B CMOJIaX MeTa-
HoBoif 3H copepxkanme cepbl OoJiee BLICOKOE, YEM B
cMoutax HapTeHoBoM HepTH. VI3 TuTepaTyphl U3BECT -
HO, YTO HaJIM4Me caaboil CBSI3M YIiiepoi—cepa B MO-
CTUKOBBIX aau(aTUYECKUX TPYIIAaX MOJIEKYJ CMOJ

CITOCOOCTBYET CHMKEHUIO X TEPMHUYECKOI CTaOMITh-
HocTH. BepositHo, uto B cmomax 3H atombl cepsl
pacrnosaraloTcsl He TOJIbKO B CYJIb(DUIHBIX MOCTHKAX,
HO M 3HAYUTEIbHAS X YaCTh BXOJIUT B LIMKJIMYECKUE
CTPYKTYPBI, KOTOpBIE 00J1afaroT 00jiee BRICOKOI Tep-
MUYECKOM cTaOMIILHOCTHIO [5].

Acgparbmensbt HADTEHOBOM HEDTU UMEIOT MOJIEKY-
nsapHyio Maccy 1400 a.e.M., cOCTOSIT B cpeoHEM U3
TpeX CTPYKTYPHBIX OJIOKOB (TabJ1. 2). MoJieKyJibl ac-
danpTeHoB MeTaHoBoI 3H kpynHee. Mx Mostekynsip-
Hasg macca paBHa 1800 a.e.m. OHI cocTOSIT M3 4 CTPYK-

Ta6auua 4. [TapaMeTpbl TEPMUUECKOTO aHaIM3a CMOJI U ac(PaJIbTEHOB

OOBEKT UCCIETOBAHMS Mmrepsan MakcumanbHoi CKOOp octH T ax TOTEPU Macchl, °C | Bpixon Kokca, Mac. %
MoTepu Macchl 06pasios, °C
Hadrenonas ycuHckass HepThb
CMoJbt 388—537 470 20.8
AcdanbTeHbl 380—519 446 54.9
MertaHoBas 3103eeBcKast HeThb
CMoJbl 380—533 477 22.1
AchanbTeHbl 380—535 471 49.4
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TYPHBIX OJIOKOB, B KaXKIIOM 13 KOTOPHIX COAEPXKUTCS
13 apomatnyeckux U 9 HaTEHOBBIX KOJIEll, UMEIO-
IIIX B CBOEM OKPY:KeHMHU 14 aTOMOB yriiepona B aji-
KWJIBHBIX MOCTUKaxX U aJInugaTUYCCKUX 3aMECTUTE-
Jsix. CpenHsist MojieKyna acgaibTeHOB Ha(TEHOBOM
YH npencrapisieT co00ii MOMULIMKI0apOMaTUYEeCKOe
aapo, coaepxkaiee 11 apomatudeckux v 5 HapTEHO-
BBIX KOJIEII, a TaKKe annudaTundeckoe OKpyKeHUe U3
30 atomoB yriepoaa. B achanbreHax odeux HedTeit
aTOMBI YIJIEpOIa IIPEUMYILIECTBEHHO PaCIIOIOXKEHEI B
apoMaTH4eCcKUX (pparMeHTax, mpuyeM B acanbTe-
Hax YH wux mons Beiie. 1o JaHHBIM 3JIEMEHTHOTO
cocraBa 3HaueHue oTHoueHuit H/C B acdanpreHax
VH paBno 1.19, a B acansreHax 3H — 1.25. B ac-
danbreHax meraHoBoii 3H copepxkaHue reTepoaTo-
MOB — CephI U a30Ta BhIllIe, YeM B achanbreHax YH.

ITo manneiM MK-criekTpockonuu, st CpemHUX
MoJiekyJl acganbreHoB MeTaHoBoi 3H xapakTepHo
MOBBILIIEHHOE CoJiepxKaHUe MapaMHOBBIX (hparMeH-
TOB U METWJIbHBIX TPyl (Ko3dduiimeHT pa3BeTB-
JICHHOCTH), a Jis1 acpanbTeHOB HadTeHOoBOt YH —
MOBHILIEHHOE COJepKaHUE apoOMaTUYEeCKUX CTPYK-
TYp U CTelNeHb WX KOHAEHCUPOBAHHOCTU (puc. 4,
ta6a. 3). ConepxaHue Cyab(POKCUIHBIX TPYIII B ac-
danpTeHax obeux HedTeit OIM3KOE, XOTS IO dJie-
MEHTHOMY cocTaBy B acdanbreHax 3H comepzkaHue
cepbl 3HAUYMUTEIbHO BbIlIe. BeposiTHO, 3HaUUTEIbHAs
JacTh aTOMOB cepbl B acdanpTeHax 3H BcTpoeHa B
noJImapoMaTUYeCKOe SIIpo B BUIE O€H30- 1 TUOSH30-
TUO(PEHOBBIX CTPYKTYp. WHTEHCUBHOCTH IIOJIOCHI
rnoroweHns B oomactu 1700—1710 ecm~!, oTHOCS-
1Ieicsl K KHUCIOPOACOAEPXKAIIUM COSIUHEHUSIM, B
MK-cnexkrpax acanbreHoB 3H o4yeHb HM3KasI, 4YTO
HE MMO3BOJIMJIO paccuuTaTh KoadduimeHT D, yys/ Diag0
IUIST OLIEHKU COAepXXKaHWsI KapOOHWIBHBIX T'PYIII
C=0.

Taxkum oOpa3om, moka3aHo, 4TO acPajIbTECHEI Me-
taHoBoii 3H xpynHee, cogepkaT O0IbIIIe aTOMOB Ce-
pBl M a30Ta, OOoJbIllee KOJMYECTBO HA(PTEHOBHIX M
apoMaTUYECKUX LIMKJIOB IO CPAaBHEHUIO ¢ achanbre-
Hamu HadreHoBoit YH. Jlanasle MK-criekrpocko-
U KoppeaupyioT ¢ fanubIMu CI'A.

AcdanbTeHbl PEACTABISIOT COOOM TOJIUIINKIIO-
apoMaTuyecKoe SApo, colepKallee apoMaTUYeCcKue
1 HaTEHOBBIE LIUKIIBI, TIepUudepuueckue atudaTu-
YyecKHMe 3aMeCTUTEIU C reTeposjieMeHTaMu. B mpo-
necce TTA achanbreHoB npu Harpese 10 350°C no-
Teps X Macchl cocTaBisteT MeHee 10 mac. % (puc. 2, 3).
HaubGonblnas notepst Macchbl 00pa3lioB ac(albTeHOB
HabOmogaeTcs B mHTepBajie oT 450 mo 500°C. Ilpu
9THUX TeMIleparypax IIpeo0yiagaoT IIPOLIECCHl e-
CTPYKLIUM acanmbTeHOB 3a cueT paspyieHus C—C
CBsI3eil aNKUJIbHBIX 3aMecTUTeel M HapTEHOBBIX
LUKJIOB IoJIULMKIoOapoMatudeckoro siapa [10]. B
obustactu Bhie 500°C morepu Macchl 0Opa3LoOB ac-
¢abTEHOB 3aMEeTHO CHUKAIOTCS M HAUMHAIOT Mpe-
00J1agaTh peaklMM KOHAEHCcAlluu ¢ oOpa3oBaHUEM
KOKCOBOTI'O OcTaTKa. MakcuMaibHast CKOPOCTh IOTE-
pu Beca achanmsTeHOB HadpteHOBOI YH mponcxonnt
pu Temneparype 446°C, a achaibTeHOB METAHOBOIT
3H — nipu 471°C (1a6:1. 4). Beixog KOKCOBOTO OCTaT-
ka npu TTA acdanerenoB YH cocrasasier 54.9 u
49.4% — nnst accanbereHoB 3H.

Takum o6pazomM, MakcuMajibHasE CKOPOCTb ITOTE-
pu Beca acaIbTEHOB METAaHOBOM He(MTH MPOUCXO-
JIUT TIpU OoJiee BBICOKMX TeMIlepaTypax U, CJIeIoBa-
TEJIbHO, MX TEPMOCTAOMJIBHOCTH BHIIIE, YeM CMOJ
HadTeHOBOI HedTH. B acdanprenax mertanosoii 3H
COJIEPKUTCS OOJIBIIIE Cephl, UeM B acaabTeHaxX Had-
TeHOBOI He(THU. BeposiTHO, 4TO U B acaibTeHax,
U B cMoJtax 3H aToMBI cepbl pacnosaraioTcst He TOJIb-
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KO B CYJb(MOHUIHBIX MOCTUKAX, HO M B IIMKIMIECKHUX
CTPYKTypax.

SAKJIIOYEHHME

B pabGore MeTomoM TepMOrpaBUMETPUM U3ydYeHa
TepMUYecKasi CTaOWUJIbHOCTb CMOJ U achalbTEeHOB
Ha(TEHOBOU U MeTaHOBOM TsiXeabix HedTeil. Ha oc-
HoBe 'H-SIMP nmaHHBIX, 3JIEMEHTHOTO aHAIN3Aa U
3HAYEHU MOJIEKYJISIPHOM MacChl pacCUMTaHbI Cpel-
HYE CTPYKTYpHbIE TTapaMeTphbl CMOJI U acdaabTeHOB.
ITokazaHo, YTO CMOJIBI U achalbTeHBI UCCIEIOBAH-
HbIX HedTelt MMEIT 3HAYUTEJbHbIE pas3inuus Io
MOJIEKYJISIDHOI Macce, 9JIEMEHTHOMY COCTaBy U pac-
MpeneicHUI0 aTOMOB Yriepoaa B CTPYKTYPHBIX
dparmenTax. ITo nanpaeiM MK -cniekrpockormn, ycra-
HOBJIEHO, YTO CPENHNE MOJIEKYJIbI CMOJI U achaIbTEHOB
MmetaHoBoii 3H comepxar Oojbine IapadMHOBBIX
¢dparMeHTOB M METUJIbHBIX TPy (KO3 dULIMeHT pas-
BETBJICHHOCTM), a CMOJIbI U achalbTeHbl Ha(hTeHO-
Boii YH sBisttoTcst 60jiee apoMaTUYHBIMU C OOJIbIIEH
CTeTIeHbIO KOHJIEHCUPOBAHHOCTH.

BrigBiaeHHBIE 0COOEHHOCTH COCTaBa U CTPYKTYpP-
HOIT opraHmn3alii CMOJI 1 ac(PaIbTeHOB HapTeHOBOM
1 MeTaHOBOM HedTeil 00ycnoBIeHB X (popMUpOBa-
HUEM U3 He(PTSIHBIX TUCIIEPCHBIX CUCTEM Pa3InIHbIX
XUMHUYECKUX TUIIOB. DTO HAXOOUT OTPakKeHUE U B
pa3JIMYHOM TOBEIEHUU CMOJIMCTO-achaaibTeHOBBIX
KOMITOHEHTOB IIpY TEpPMUUYECKOM Bo3aeiicTBuu. I1o-
Ka3aHo, YTO TEPMOCTAOMIBHOCTb CMOJI U acdanbTe-
HOB METaHOBOM He(TH BHIIIC, YeM TEPMOCTAOMIIb-
HOCTb aHAJIOTUYHBIX KOMIIOHEHTOB Ha(TEeHOBOM
HedTHU, 0 YeM CBUIETEIbCTBYIOT PA3JIMUMS 10 TEMIIe-
paTypaM MaKCHUMaJIbHOM CKOPOCTH IIOTEPH MAaCChI
KaK CMOJI, TaK U achajgbTeHOB UCCIIeIOBaHHBIX He(d-
teii. KpoMe Toro, npu HarpeBaHUU CMOJI HaTeHO-
BOI1 He(TU KOKCa 00pa3yeTcsl MeHbIIIe, YeM JJisl Me-
TaHOBOI HedTH. Torma Kak BIXOJ KOKCa ITPY Harpe-
BaHUM acPaJIbTeHOB HapTEHOBOI He(TH BHIIIE, YEM
achanbTeHOB METAHOBOIT HE(PTH.
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