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AHHOTanMs. AKTYaJIBHOCTb paboThl 00YCJOBJEHA HEOGXOAWMOCTbIO YCTAHOBJIEHHS CEJIEKTUBHOIO BJIMSIHUSI OT-
JleJIbHBIX NapaMeTPOB CTPYKTYPbl U eTepoaTOMHBIX QYHKIMOHAJIBHBIX IPYIN B CTPYKType acdaibTeHOBBIX MOJIEKYJ Ha
MPOLECCHI UX arperauuu AJjs pa3paboTky 3¢PeKTUBHBIX CIOCOG0B MPeAOTBpalleHHs] 0CaAKO0Opa30BaHUsA B TEXHOJIOTHY e-
CKOM 060pYy/JJ0BaHUH Ha CTaJUAX JOGBIYH, TPAHCIOPTA U IepepaboTKU TKeJNIOro YraeBoJopoAHOro chipbs. Lleb: yctaHo-
BUTb BJIUSIHUE CTPYKTYPHO-TPYIIIOBOTO COCTaBa, KOHIIEHTPALMK OCHOBHOTO a30Ta B acda/IbTEHOBBIX BellleCTBaX Ha UX KOJI-
JIOUZHYI0 CTa6UIbHOCTb. O6BEeKThI: TsoKesnass HedTh Pecny6unku Tarapcrad (mnotHoctb npu 20 °C - 940,0 kr/m3; BsA3-
kocTb pu 20 °C - 742,9 cCt), MoeibHbIEe HEDTAHBIE CUCTEMBI C COJlepKaHHeM OCHOBHOTO a3oTa 1, 2, 3 mac. %, acdanbTeHbl
HCXOJJHOU ¥ MOJEJbHBIX HeQTSIHBIX CUCTEM U MPOAYKTOB MX TepMoJin3a. MeTOAbI: *KH1/JKOCTHAs aACOPOIMOHHAs XpOMATO-
rpadus, NOTeHLHOMEeTPUYECKOe TUTPOBAHUE, 3JIeMEHTHBIM aHa/IU3, KPUOCKONHUs B HadTaluHe, ciekTpockonus SIMP 1H,
CTPYKTYPHO-TPYINOBOM aHaIu3, cieKTpodOoTOMETPHUs B BUAUMOM o6s1acTu. Pe3ybTaThl. [losy4eHbl CHHTETHYECKHE aC-
danbTeHONO06HBIE a30THCThIe OCHOBAHUS NOCPEACTBOM TEPMOJIM3a MOJEIbHBIX HEPTAHBIX CUCTEM C Pa3JIUYHBIM COZEp-
’)KaHHWEeM OCHOBHOTO a3oTa (XxuHoJsinHa) npu TeMnepatype 400 °C B TeyeHue 4 yacoB. B mpoliecce TepMosi3a MOJIeNbHbBIX
HeTSAHBIX CUCTEM B MOJIEKYJISIPHYIO CTPYKTYPY CUHTeTHYeCKHX acdaJbTEeHONOJO6HbBIX BEIIeCTB JOMNOJHUTEIbHO BCTPaU-
BaeTcs 0,3-0,8 mac. % ocHOBHOro a3zoTta. MoJieKyJisipHas Macca CHHTETHYECKUX acdaJbTeHONOJOOHbIX BELIECTB B IBA pasa
HIDKe OTHOCUTEJIbHO achaJbTeHOB UCXOAHON HedTH. C yBesIMueHHEM B CUHTeTHYeCKUX acdaJbTeHONOJ06HbIX BelllecTBaxX
OCHOBHOTI'0 a30Ta Bo3pacTaeT GaKTOp apoMaTUYHOCTH Ha 2-3 % co CHMXKeHHEM J10J1M TapadUHOBOTO yrieposa. YCTaHOBIIe-
HO, 4YTO acdaJibTeHbl U3 TEPMUYECKHU Npeobpa3oBaHHON HEPTHU B /iBA pasa 6oJiee YCTOUUUBBI K CEIUMEHTALUH 10 CPaBHe-
HHUIO C UCXOAHBIMM achaJbTeHAMH, B CBA3M C JBYKPAaTHBIM CHMXKEHHEM HX cpeJiHel MoJieKyJsspHoH Macchl. [lokaszaHo, 4To
CKOPOCTb CeIMMEHTALlMU CUHTETHYEeCKHX acdaJbTeHONOJOOHBIX a30TUCTBIX OCHOBAaHUM B /iBa-TPH pa3a HUXKe 10 CpaBHe-
HHUIO C UCXOAHBIMM acdasbTeHaMH. YCTAaHOBJIEHO, YTO KOJIJIOW/AHAs CTAaGUJIBbHOCTh CHHTETHYECKUX achalbTeHONOoA00HbIX
Bell[eCTB [OBBIIIAETCS C YBeJMUEHUEM B X MOJIEKYJIIPHOM CTPYKType cofepxaHust Nocu.

KiioueBble cioBa: Tspkesiast HeQTh, TepMOJIN3, achaibTeHbl, a30TUCThle OCHOBAaHHS, COCTaB, CTPYKTYpPa, arperaius

BaaroaapHocTH: Pa6oTa BbinosiHeHa Npu $UHAHCOBOM moafepkke Poccuiickoro HaydyHoro ¢oHza B paMKax InpoekTta Ne
22-73-00302.

Jna putupoBaHus: Kophees /I.C. CTpYyKTYpHO-TPYIIIOBOK COCTAB M KOJIJIOW/HAs CTAaOMJIBHOCTb CHHTETHYECKUX acab-
TEHONO/JOOHBIX a30TUCTBIX 0CHOBaHUH // W3BecTnss TOMCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA. MHXXMHUPHUHT reopecyp-
coB. - 2025.-T.336.- N2 2, - C.116-125. DOI: 10.18799/24131830/2025/2 /4660

UDC 665.613+617:547.83
DOI: 10.18799/24131830/2025/2 /4660

Structural-group composition and colloidal stability
of synthetic asphalten-like nitrogen bases

D.S. Korneev™

Yugra State University, Khanty-Mansiysk, Russian Federation

korneevds90@mail.ru

116



HU3BecTust TOMCKOro NOJIUTEXHUYECKOTO YHUBepcUuTeTa. MHXUHUPUHT reopecypcoB. 2025. T. 336. Ne 2. C. 116-125
Kopaees /I.C. CTpyKTypHO-TpYIIIOBOM COCTaB U KOJIJIOW/JHAsA CTAOUIBHOCTb CHHTETUYECKUX acPpaibTeHONOA00OHBIX ...

Abstract. Relevance. The need to establish the selective impact of individual structural parameters and heteroatomic func-
tional groups in the structure of asphaltene molecules on their aggregation in order to develop effective ways to prevent sed-
imentation in technological equipment at the stages of production, transport and processing of heavy hydrocarbon raw mate-
rials. Aim. To establish the impact of the structural group composition, the concentration of basic nitrogen in asphaltene sub-
stances on their colloidal stability. Objects. Heavy oil of the Republic of Tatarstan (density at 20°C - 940,0 kg/m3; viscosity at
20°C - 742,9 cSt), model oil systems with a basic nitrogen content of 1, 2, 3 wt %, asphaltenes initial and model petroleum
systems and their thermolysis products. Methods. Liquid adsorption chromatography, potentiometric titration, elemental
analysis, cryoscopy in naphthalene, 1H NMR spectroscopy, structural group analysis, spectrophotometry. Results. Synthetic
asphaltene-like nitrogenous bases were obtained by thermolysis of model petroleum systems with different contents of basic
nitrogen (quinoline) at 400°C for 4 hours. During thermolysis, 0.3-0.8 wt % of basic nitrogen is additionally incorporated into
the molecular structure of synthetic asphaltene-like substances. The molecular weight of synthetic asphaltene-like substanc-
es is two times lower than that of the asphaltenes of the initial oil. With an increase in basic nitrogen in synthetic asphaltene-
like substances, the aromaticity factor increases by 2-3% with a decrease in the proportion of paraffin carbon. It was estab-
lished that asphaltenes from thermally converted oil are two times more resistant to sedimentation compared to the initial
asphaltenes, due to a twofold decrease in their average molecular weight. It was shown that the sedimentation rate of syn-
thetic asphaltene-like nitrogenous bases is two-three times lower compared to the initial asphaltenes. It was established that
the colloidal stability of synthetic asphaltene-like substances increases with the growth in Npas content in their molecular
structure.
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BBeaeHue

[To mMepe cokpamieHHs 3amacoB JIETKHX HepTeld H
HCTOIIEHHS CYIIECTBYIOIINX MECTOPOKICHUH BO3HU-
KaeT HeoO0XOAMMOCTh WHTEHCU(UKALUU  J0ObIYU
HedTH pasauuHbiME MeTomamu [1, 2]. OmHako 310 He
Bcerna 3pQEeKTUBHO U SKOHOMHUYECKH ONpaBaaHo [2], B
CBSI3M C YEM TOIOJIHEHHE 3alacoB YIJIICBOJAOPOTHOTO
CBIPBSI TIPOMCXOMUT 33 CUET €KECTOAHOTO YBEIMUCHHUS
JOOBIYM W MepepaboTKU TsKENbIX HedTel W mpupo-
HBIX OUTYMOB C BBICOKHUM COJIep)KaHUEM ac(albTeHOB.
[3]. Achanbrensl — HanboEe MOMAPHBIE U BHICOKOMO-
JEeKyJIIpHbIE KOMIOHEHTHI HE(PTH, comeprkaiue 0oib-
[I0¢ KOJIMYECTBO IeTEPOATOMOB U METAJUIOB, YTO CO-
3MaeT MPOOJeMbI TPU J0O0bIUE, TPAHCIOPTUPOBKE M
nepepaboTKe  TSDKEIOTO  YTIIEBOJOPOMHOTO  CHIPHS
[4, 5]. Acdanbrensl npeacTaBIsiOT coO0# Gpakiuio,
HEPAaCTBOPUMYIO B H-aJIKaHaX, HO PACTBOPHMYIO B
apoOMaTHYECKUX pacTBOpUTeNsax (OeH3olie, Toyole),
OJTHAKO MOJIEKYJISIpHAs CTPYKTYpa ac(allbTCHOB BECh-
Ma CIIOKHA U pa3HooOpasHa [6-8]. [IpunATH ABE MO-
JeTTH MOJICKYJIIPHOTO CTPOEHHUS ac(allbTCHOB: «OCT-
poB» (KOHTHHEHT) W «apxumenar». «KOHTHHEHTab-
Has» MOJIeTh ac(aabTCHOB MPEJCTABISAET COO0H OHO
OOoJIBIIIOE  TIONHUIUKINYECKOEe sapo (4—6 koserr), 00-
paMIICHHOE KOPOTKHMH ANKWIBHBIMU 3aMECTUTEIISIMU
[9]. «ApxunenaroBas» Moeab acHalbTEHOB MMOAPA3Y-
MEBACT HAJINYUC HCECKOJIBKHUX IMOJHUIUKINYCCKUX CHU-
cTeM u3 2—4 Konell, COeNMHEHHBIX JUIMHHBIMU amuda-
TUYECKUMH LEISIMA W TETEPOATOMHBIMH MOCTHKAMU
[10, 11]. OcobeHHOCTH XUMUYECKOTO COCTABA M CIIOXK-
HOE CTpoeHHe ac(aabTEHOB OIMPEHCISIIOT MX CKIOH-

HOCTh K camoaccormarmu [12]. Monekyisl achanbre-
HOB 00pa3yloT CyNpaMOJIEKYJIpHbIE CTPYKTYpPhI pa3-
JMYHOTO YPOBHS (AMMEpBI, HAHOATPETaThl, KIACTEPhI)
B 3aBHCHMOCTH OT BHEUIHHX T€PMOOAPHIECKUX YCIIO-
BUIf, COCTaBa TUCIIEPCHOHHOM cpeabl u T. a. [12-14].
Kpynnsle arperatsl ac¢aibTeHOB CO3AAIOT MPOOIEMBI
mpu T00BIYe TSDKENBIX HE(TEH, CBI3aHHBIC C yBEIHYe-
HUEM BSBKOCTH (promma, 3aKymopHBaHHEM MOPOIbI-
KOJUIEKTOpa, 0Opa3oBaHMEM oOcajka B TEXHOJOTHWYe-
ckoM obopynoBanmu [15-17]. O6pa3oBanue actanb-
TEHCOJIEPKAIUX OTJIOKECHHUM SBISETCA BaKHEHILIEH
HEpEIICHHON mpobieMoil 1o0buM M TpaHCHOpTa
veptu [18, 19]. [na npenoTBpanieHus OCIOXHCHHUN
He(TeT0OBIYM HEOOXOIUMO TOYHOE OIMCAHHE CYIpa-
MOJIEKYJSIpHO cOopku acdanbTeHoB. OgHAaKO Mexa-
HH3M arperayy 1 ceIMMEeHTalnu ac(hanbTeHOB JI0 CHX
mop HemoctatouHo um3ydeH [20]. Cuumraercs, 4To OC-
HOBHOW CcHIIOM arperaiuu ac(anbTEeHOB SIBISIOTCS
CTIKUHT-B3aUMOJICHCTBUS MEXIYy apOMaTHYCCKUMU
sapamMu ¢ 00pa3oBaHUeM CIIOMCTBIX mauek [21]. Taxke
3HAYHUTENFHOS BHUMAaHHE yIeIseTcs chiaM Ban-pep-
Baanbca, KOTOphIE CHOCOOCTBYIOT acCOLMAIMU ac-
(abTCHOB 32 CUCT B3AMMOJCHCTBUS aMU(PaTHICCKIX
O0oKOBBIX 1enei [22, 23]. B nocnegHue rojsl Npu onu-
CaHMU CYIIPaMOJICKYISIPHO cOOpKU ac(albTCHOB CTa-
JM YYUTBIBATHCSI KHUCIOTHO-OCHOBHBIC —B3aMMOJICH-
CTBHS, BOJOPOJHBIC CBSI3M, KOMIUICKCHI METAUIOB U
T. 1. [24]. TlokazaHo, 4T0 00pa3oBaHHE arperaToB ac-
(aIbTCHOB B pacTBOpax MPOUCXOIHUT C yIaCTHEM apo-
MaTHYECKAX (ParMeHTOB M CYIb(OKCHAHBIX, 3(up-
HBIX TPYIII, THPHAAHOBBIX U TIHPPOIBHBIX Kouel [25].
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OmHAaKO TPYIHO YCTAHOBHUTH POJb PA3IUYHBIX TETEPO-
aTOMHBIX (PParMeHTOB B CIOXKHBIX IpoIleccax odpaso-
BaHUs arperaToB U KIacTepoB achaabTeHoB. B cBs3um ¢
STHM BEChbMa aKTyaJIbHBIMHU SIBIISTIOTCSI MCCIICHOBAHHUS
MEXaHW3MOB arperamuu acdaimbreHoB [26, 27] u
YCTOHYHMBOCTH HE(TSHBIX JHUCIEPCHBIX CHCTEM [28,
29]. B mociennee BpeMs OOJIbIIOE BHUMAHUE YAEISIET-
cs ponu rerepoaromoB (N, S, O) B mporeccax camo-
coopku achanprenoB [30, 31]. TlokazaHo, 4yTO QyHK-
[UOHAJBHBIE TPYNIEI MOTYT CYHICCTBCHHO W3MEHATH
MPOCTPAHCTBEHHYIO CTPYKTYPY ac(aibTeHOB, a TaKkke
BIUATh Ha wmx arperamuto [31-33]. OmgHako MaHHBINA
BOIIPOC JI0 CHX IIOp HEOAHO3HAYCH W IMPOTHBOPEUUB
[34]. Tax, B psiae paboT yTBEPKAAIOCH, YTO MOJIEKYIIbI
ac(aabTEHOB C IeTEPOATOMHBIMHU (DYHKIIMOHATEHBIMU
TpyIIaMy TPOSBISIOT 0ojiee BBHICOKYIO CKIOHHOCTH K
camoaccouuanuu. [Ipu 3ToM mpupoa rerepodieMeHTa
U €ro MoJOKEHUE B MAaKPOMOJICKYJIC BIUAIOT HA MeXa-
HU3M cOopku arperatoB [35-37]. [pyrue uccienopa-
HUS TTOKA3aJi, YTO HAIMYHE TETePOATOMOB B MOJIEKY-
JSIPHOU CTPYKType ac(aabTeHOB HE WIPACT CyIIe-
CTBEHHOH POJIM B WX CyNpPaMoJeKyJsipHoi cOopke [38,
39]. IlpoTrBOpEeYnsT OTYACTH CBA3aHBI C TEM, YTO pe-
3yJIBTAaThl UCCICIOBAHUM OOBIYHO MOJYYAIOT C IOMO-
IIBI0 TEOPETHYECKUX PACIETOB METONAMH MOJEKYJIISIp-
HOU TUHAMHUKH U TEOpHUH (PyHKIMOHANA IDIOTHOCTH HA
Pa3IMYHBIX JKCICPUMEHTAIBHBIX MOAeNax. [losTomy
JUIL  TIOHMMaHHs PEATbHOW pPOJNIM TETePOATOMHBIX
(parMeHTOB B Tpolleccax arperamuu ac(haibTeHOB
HEOOXOMMBI TOTTOJHUTEIBHBIC HCCIICAOBAHUSA C HC-
MOJIb30BAaHMEM METO/OB JIAOOPATOPHOTO MOJECITHUPOBA-
HUSL.

OnmauM #3 (PaKTOPOB, BIMSIONIMX HAa arperammio
ac(aabTCHOB, SBIIACTCS XMMHUYECKAsl MPHUPOIA a30TH-
CTBIX TETEPOLUKINICCKAX CTPYKTYp, CKIOHHBIX K
MEXMOJICKYISIPHBIM B3aUMOICHCTBHUAM U3-32 HATHIHS
COTPSDKEHHBIX apOMAaTHUYCCKUX CHCTEM, a TaKXkKe Hermo-
JIETIEHHOM Taphl 3JIEKTPOHOB aTOMOB a30Ta. Takue co-
€IWHEeHNs TIPENICTaBICHBI B HE(PTH TOMOJIOTaMH MHPH-
JWHA, XWHOJWHA, O€H30- U JUOCH30XMHOJIMHOB
[40, 41]. N3BecTHO, YTO BBICOKOMOJICKYIISIPHBIC a30TH-
CTBIC OCHOBAaHHS MPUCYTCTBYIOT B  CMOJHCTO-
ac¢abTEHOBBIX BEIIECTBAX, BIUSIIOT Ha COCTaB He(HTH
U CTPYKTYpy ac(anbTeHOBBIX arperaToB. Tak, a3oTH-
CTBIC OCHOBAHUS, BBHIJCICHHBIC M3 HE(PTSIHBIX CMOJT U
JN00aBICHHBIC B TSHKEIYIO0 HE(Th, CIIOCOOCTBYIOT yBe-
JUYCHUIO CcoJiepkaHusl acaibTeHOB, CYIpPaMOJIEKy-
JSIpHAs CTPYKTypa KOTOPBIX CTaHOBHTCS Ooliee pBIX-
J0ii 1 HeynopsaoueHHoH [42, 43]. OgHako U3y4eHHbIE
A30THUCTHIC OCHOBAHUS CMOJI COIEPIKAT Takke (PyHKIIU-
OHAaJBHBIE TPYHIEI ¢ aToMamMu S u O, KOTOPBIE MOTYT
YYacTBOBATh B IPOIlECCaX arperauu. B ¢Bs3u ¢ 3THM
CJIOXKHO CZIeIaTh JOCTOBEPHBII BHIBOJ O BIMSHUU (M-
CTBIX» A30THUCTHIX OCHOBAHWI Ha arperaruio achaib-
TeHOB. [Ipm 3TOM ocTaeTcs HEsSCHBIM BKIA HMHPHIU-
HOBBIX CTPYKTYPHBIX (hparMeHTOB ac(hanbTCHOB B Me-

XaHU3M UX CyMpPaMoOJIeKyIsIpHO# cOopku. Takum oOpa-
30M, KpaiiHe Ba)KHO OLICHHUTH BIIMSHHE KOHIICHTpPAIUU
OCHOBHBIX a30TOPTaHUYECKHX (PPArMeHTOB B CTPYKTY-
pe achambTeHOB Ha TpolecC POPMUPOBAHUS U TIOBE-
JICHUS MX CYIPaMOJICKYISIPHBIX 00pa30BaHUM.

Ienb paboOTBl — YCTAHOBHUTH BIIMSHUE CTPYKTYPHO-
IPYIIIOBOTO COCTaBa, KOHIIEHTPAIIWH OCHOBHOTO a30Ta
B ac(habTEHOBBIX BEIIECTBAX HA WX KOJUIOMIHYIO CTa-
OUIIBLHOCTD.

JdKcnepUMeHTa/IbHAA YaCTh

OObekTaMu UCCIieNOBaHMs ObLTH TsDKeNas HedTh
PecnyOonmuku Tartapcran (wiotHocts mpu 20 °C —
940,0 kr/M%; BsI3KOCTB npu 20 °C — 7429 cCt) u mo-
JieNTbHBIE He()TSIHBIE CUCTEMBI, TTOJYYCHHBIC CMEIICHHEM
rcxonHor HeTr M XuHONMHA (Sigma-Aldrich, yucrora
98,9 %). CooTHonienne HepTH W XUHOJNMHA TOAOUpa-
JOCh TaKWM, YTOOBI PACUETHOE CONCpPIKAHHE a30Ta B
MOJENBHBIX cMecsix cocraBmmio 1, 2, 3 mac. %
(tabn. 1). ITonmyueHHBIE CMECH TOMOTE€HU3UPOBAINCH C
MOMOIIBI0 MArHUTHOH MENIAKH TpPU TEMIeparype
40 °C B Teyenne 8 ydacoB. Takxe 00bEKTAMU HCCIIENO-
BaHUS SBJSUINCH ac(haTbTCHBI, BBICICHHBIC U3 MOICITh-
HBIX HE()TSHBIX CHCTEM U MPOAYKTOB MX TEPMOJIN3A.

Ta6auya 1. OnucaHue HehmsHbIX cCUCMEM

Table 1. Description of petroleum systems
Ososmae- | e
06bexT/Object HUe . i - 70
- Nitrogen content,
Abbreviation
wt %
WcxopHas HedTb/Initial crude oil Ho/Oo 0,4
MopgenbHas HedTsiHasA cucTeMa 1
Model petroleum system 1 H1/01 1.0
MogenbHas HedTsiHasA cucTeMa 2
Model petroleum system 2 Hz/0: 2,0
MopgenbHas HedTsIHAsA cucTeMa 3
Model petroleum system 3 Hs/0s 3,0

XUMUYECKUN COCTaB MCXOJHOW He(TH MpPUBEICH B
Tabn. 2. HepTp xapakTepusyeTcst BBICOKHM COJEpXka-
HUEM cMoJ U acanbTeHoB (okoio 35 mac. %). Obmiee
coJiep)KaHHe TeTepOaTOMOB B HE(TH TaKKe BEIIUKO —
5,95 %, omHako cojepxaHHe a30Ta YMEPEHHOE M CO-
craBmsier 0,4 mac. %. B cBs3u ¢ atuMm nanHas HeDTH
OblLTa BEIOpaHa B Ka4eCTBE CHIPHS JUISL TPUTOTOBIICHUS
MOJICIBHBIX HEPTSIHBIX CHCTEM IS TIOCIEIYIOIETO
TEPMOJIMTUYECKOTO CHHTE3a  ac(arbTeHOOJOOHBIX
A30THCTHIX OCHOBAHUH.

OmnpeneneHne BEIIECTBEHHOTO COCTAaBA HCXOIHOM
He(PTH IPOBOAMIOCH IO CTAHIAPTHON METOAUKE ITyTEM
nobapieHus K HaBecke obpasua (3 r) w-rexcana B 40-
KpaTHOM MacCOBOM HM3OBITKE IIJISi OCXKIECHUS acdalib-
TeHOB. [lamee pacTBop QHUIBTPOBAJICS, ITOCIE YETO ac-
(haIbTCHOBBIN 0CAIOK OYHINAIICS H-TEKCAHOM OT MaJib-
TeHOB B annaparte Cokciera B TedeHHue 18 yacoB u cy-
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IMJICS J0 TIOCTOSHHOW MacChl. MajbTeHBl pa3uens-
JUCh HAa Maclla U CMOJBI METOJOM >KUIKOCTHOW aj-
copO1moHHON XpomaTorpaduu Ha cumkarene (ACKI
¢p. 0,2-0,5 mm). Macna 3MFOMPOBATUCH H-TEKCAHOM,
CMOJIBI — CMECBIO 3TaHOJI-0€H30JI B COOTHOIICHUHU 1:1,
MOCJIE Yero 00pasibl CYLIMINCH A0 MOCTOSHHOTO Beca.

Ta6auya 2. Xumuueckuil cocmas ucxodHoll Hepmu
Table 2.

JJIeMeHTHBIN COCTaB
Elemental composition

Chemical composition of initial oil

BemecTBeHHBIN COCTaB
Group composition
Mac. %/wt %
Macna CMmouibl | AcdanbTeHbl
¢ H NS |0 Hydrocarbons | Resins | Asphaltenes
81,67[12,38/0,41]4,01|1,53 64,7 24,0 11,3

Hcxomuast u MonenbHbIe HE()TSIHBIE CUCTEMBI MOI-
BEPrajiuiCh TEPMOJIM3Y C LENbI0 MOIYYCHHs achanbTe-
HOMOAOOHBIX BELIECTB C PA3IUYHBIM COJCPIKAHUEM
ocHOBHOTO a30Ta (Nog,). IIpennonaranocs, 4to B mpo-
[ecce TepMOJIU3a MOJICKYJIBI XHHOJIUHA M BBICOKOMO-
JIEKYJSIPHBIX COCMHEHUH HE(TSIHBIX CHCTEM OYyIyT
B3aUMOJICHCTBOBATh MO PAAMKAIBHO-LEITHOMY MeXa-
HU3MY ¢ 00pa3oBaHueM ac(hanibTeHOMOAOOHBIX KOMIIO-
HEHTOB, oOorameHHBIX Ny, TepMOJIM3 HUCXOMHOU W
MOJIEIbHBIX HE(TSHBIX CHCTEM MPOBOMICS HPH TEM-
nepatype 380—400 °C B TeueHue 4 yacoB. Bei6op Tem-
mepaTypbl TEPMOJIN3a OCHOBAH Ha pe3yNbTaTrax Mpej-
BapUTENbHBIX 3KCIIEPHUMEHTOB, KOTOPHIE [TOKA3aIH, UTO
1o 380 °C BemecTBEHHBIH cOCTaB HEPTIHBIX CUCTEM
U3MEHSIETCS HE3HAUUTEIHLHO B CBSA3H C HU3KOU KOHBCP-
cHell KOMIOHEHTOB He(TSHBIX CHCTEM B JaHHBIX
ycnoBusix. CxeMa YCTAaHOBKH TEPMOJIH3a IPEICTaBie-
Ha Ha puc. 1.

Puc. 1. (Cxema nabopamopHoll ycmaHosku mepmoausa: 1 —
peakmop nepuoduveckozo deticmeus, 2 - neub, 3 —
mepmonapa, 4 - npozpammupyembvlil 02uvecKull
koHmpoasanep, P - manomemp [44]

Fig.1.  Scheme of a laboratory unit: 1 - batch reactor, 2 -

furnace, 3 - thermocouple, 4 - programmable logic
controller, P - pressure-gauge [44]

YcTaHoBKa MpeNCcTaBlgeT COOOH PeakTop IMepuo-
IUYECKOro JercTtBus o0nbeMoMm 12 cM°.  ABTOKIIaB
OCHAINEH MEXAaHWYECKOW MEIMIAJIKON W IBYMSI TEpPMO-
napamu. [IporpaMMupyeMsblil JTOrHYECKUi KOHTPOILIIEp
peryiupyeT CKOpPOCTh MepeMElINBaHUI U TeMIIepaTy-
Py, a TaKke KOHTPOIUPYET JaBleHHE B cucreme. Mac-
ca oOpasma cocraBisuia 6 r. [lepea ucnbITaHUAME pe-
aKTOp ¢ 00Pa3LOM MPOAYBAIA HHEPTHBIM T'a30M, 3aTEM
3aKpBIBAIM M HArpeBajd cO CKopocThio 15 °C/MuH.
IIpu nmocTmwkeHnn 3alaHHON TEMIEPATyphl PEAKTOP
BbIIEpKUBaTIM 3,5 daca. Beixox ra3zoo0pasHbIX mpo-
IOYKTOB KPEKHHTa PACCUUTHIBAJIM IO IIOTEPE MAacChl
peaxTopa Imocie yAaJeHUs ra3000pa3HBIX MPOIYKTOB.
BeliecTBeHHBIH cOCTaB KHUJIKUX MPOTyKTOB TEPMOJIN3A
OTIPEAETISIICA M0 aHAJIOTHH C OMUCAHHOM BBIIE METO-
VKON OIpEHeICHNs] BEIIECTBEHHOTO COCTaBa HMCXOJ-
HoM HedTu. [lanee peakTop NPOMBIBAIN XJI0po(opMoM
u B3emuBanu. [lomyueHHast pa3HUIIA MEXIY Maccoi
peaxTopa 110 U Iociie SKCISPHIMEHTa OIIpeaeisiiach Kak
COJeprKaHIe TBEPIBIX IIPOILYKTOB TEPMOIIH3a (KOKC).

OmnpeneneHue cojepKaHusi OCHOBHOI'O a30Ta B ac-
(abTeHaX MPOBOIMIOCH METOIOM ITOTEHIIHOMETPUIe-
CKOT'O TUTPOBAHUS C TIOMOIIBIO MoTeHIomeTpa Metler
Toledo S80_K. Hasecka obpasua cocrasisina 0,05 T.
Hagecky pactBopsiu B 5 mut Tonyona (OeH3ona), 1no-
OaBisn 20—25 MJI YKCYCHOW KHCJIOTBHL. B KadecTBe
TUTPaHTa MPUMEHSUIM YKCYCHOKHUCIBII PacTBOp XJIOp-
HOU kucnoTel. Pacuet cogeprkanus Ny B acanbpreHax
B Mac. % mpomsBoamics o Gopmyie:
14100Kclo,'VK

N =
ocH 1000-m

rae Kycios — KOHIIGHTpalus THUTpaHTa, MOJb/T;, Vi —
KOJIMYECTBO TUTPAHTA, IOIIEIIee Ha THTPOBAHUE, MIT;
M — Macca He(pTenpoIyKTa, T.

CTpyKTypHO-TPYIIIOBOH aHAIN3 ac(albTeHOB MPO-
BOJWIICS C HMCIIOJB30BAHUEM JAHHBIX 00 X DIIEMEHT-
HOM COCTaBe, CpeHEW MOJIEKYJISIPHOM Macce U CHeK-
Tpockonuu SIMP 'H. Meroauka pacuera CTpyKTypHO-
TPYIIOBEIX IMapaMeTpoB ac(albTeHOB NpHUBEICHA B
[45]. MeTooM CTPYKTYpHO-IPYIIIIOBOTO aHAIN3a Pac-
CUUTAHBI CIEAYIOIINE YCPEAHCHHbIE CTPYKTYpHbIC ITa-
pametpsl acanstenos: f,, f,, f, — orHOCHTENBHOE CO-
JIep)KaHHEe aTOMOB YIIIEpona B apOMaTHUYECKHX, Had-
TCHOBBIX M TNapaUHOBBIX CTPYKTYPHBIX (pparMeHTax
COOTBETCTBEHHO.

MornekynsipHbie MacChl ac(aabTEHOB H3MEPSITUCH
METOJIOM KpHockonuu B HadTanuHe. KoHueHTparus
obpasna B Ha)TaTMHEe HAXOAWIACH B auamnazoHe 0,5—
0,7 mac. %. OTHocuTenbHAsT OMMOKA OIpPEHCICHUS
MOJIEKYJISIPHBIX Macc cocTaBisiia He 6onee 5,0 oTH. %.

OJeMEeHTHBI COCTaB HMCXOMHON HedTH M acaib-
TEHOB ompejensuics ¢ ucnonb3oBanueM CHNS-
ananm3aropa Vario EL Cube meromom mpsimoro co-
¥okeHHs npu Temneparype 1200 °C. AbGcomioTHas
ommuoOKka He npepbimana +0,1 % mis kaxmoro onpexae-
asiemoro 3ieMenTa. ConepkaHue KUCIOPOAa OIICHUBA-
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nu 1o pasnuie Mexay 100 % u cyMMapHBIM cofepxa-
HueM dementoB C, H, N, S.

Cuextper SAMP 'H ac(aJbTEHOB IOJIyYEHBI C HC-
MOJIH30BaHHEM Oypre-crekTpoMeTpa Bruker
AVANCE-AV-300 ¢ paboueii gacrotoit 300 MI'n. B
mporiecce MpoOOIOATOTOBKHA 00pa3iibl PACTBOPSIIHCH B
CDCl3; xoHmeHTpanus BEIIECTB B paCTBOPE COCTABIIS-
na 1 mac. %. B kauecTBe BHYTpEeHHEro CTaHIapTa UC-
MIOJIB30BANICS TEKCAMETIIIANCHIIOKCAH.

ArperatuBHasi yCTOMYUBOCTh ac(ajbTEHOB OICHH-
BaJach CIIEKTPOPOTOMETPHISCKAM METOJIOM C UCIIONb-
3oBanueM npudopa Perkin Elmer Lambda 950. Ananu3
npoBoawics B TedeHne 7200 ¢ (mrar — 5 ¢). TommmHa
KIOBETHI cocTaBistia 10 MM, miauHA BOJIHBI — 620 HM.
PactBop acgansrenos B xmopodopme 1,5 mac. % cme-
LIMBAJICS B KIOBETE C H-TEKCAHOM B COOTHOILUIEHUH 1:3,
Y aHAJIA3 TIPOBOJIMJICS 110 BBINICOMHUCAHHOMY PEXKUMY.

Pe3y/IbTaThl U UX 0GCYKAEHNE

Jia mony4eHus MOJENbHBIX a30TCOAEepKAIUX ac-
¢anpTeHOB (achaabTEHONOJOOHBIX a30THUCTBIX OCHO-
BaHUI{) MPOBEICH TEPMOJH3 UCXOTHOW M MOIEITHHBIX
He(TAHBIX cucTeM Tipu Temreparypax 380 u 400 °C B
teyeHue 4 vacoB. [lo cocTaBy MpOAYKTOB TEpMOJIM3a
ObLIa ompeneNieHa ONTHMANbHAS TeMIIepaTypa Ui To-
Jy4eHHsT MOJCIBHBIX ac(aibTeHoB. B Tabm. 3 mpen-
CTaBJICH COCTaB MPOJYKTOB TEPMOJIH3a HEQTIHBIX CH-
CTEM.

OO0pazoBaHue Ta3a B Ipolecce TepMoiu3a HedTs-
HeIx cucteM npu 400 °C cocrasiser 3,0-3,3 mac. %,
Torja kak npu temmneparype 380 °C obpasyetcst 0,5—
0,8 mMac. % rasza. KoHIeHTpamus XHHOJIMHA B He(Ts-
HOU cucteMe ci1abo BIMAET Ha COAEp)KaHHE Tra3000-
Pa3HBIX MPOAYKTOB TepMonu3a. Jlomst KOKca B MPOIYK-
Tax TepMoyn3a Bcex o0pasios npu 380 °C He npeBHI-
maet 0,3 mac. %, Tora Kak MoBBILIEHUE TEMIIEPATyPhI
10 400 °C npuBOAUT K 3HAYUTENHHOMY 00Pa30BaHMIO
TBEPAbIX HEPACTBOPUMBIX MpoAyKToB 4,1-2,8 mac. %.
OO0pa3oBaHre KOKCa CHIDKAETCS C YBEIHMUCHHUEM B CH-
cTeMe KOHIIEHTPAIUU XUHOJIHWHA. DTO CBA3aHO CO CHH-
KCHUEM IO BBICOKOMOJEKYISIPHBIX TETEPOOPTaHH-
9eCKUX KOMIIOHEHTOB, SIBILFOIIUXCS IPEKypcopaMu
KOKCa B TEPMHUYECKUX MPOIECCaX.

Ta6auya 3. Cocmag npodykmos mepMoau3ad HegPmsHbIX
cucmem npu pazauyHslx memnepamypax (°C)

Table 3. Composition of thermolysis products of petrole-
um systems at different temperatures (°C)
Content of compounds, wt %
06D- CojieprkaHH e KOMIIOHEHTOB, Mac. %
eKT Gas/Tas Macna Cmoubl | Achanbrennl | Kokc
Object Hydrocarbons | Resins | Asphaltenes Coke
380 |400| 380 | 400 |[380)400| 380 | 400 |380|400
Ho/Oo | 0,8 [3,3] 72,1 | 759 |16,2|11,0| 10,7 58 02|41
Hy/O, | 0,6 [3,0] 70,7 | 695 194|188 9,2 51 /0135
Hx/O, | 05 |3,2|691 | 71,4 [22,2/18,2| 8,0 43 10,230
HyO; | 0,5 |3,3| 67,7 | 70,2 (24,3188 7,2 48 10328

CozepxaHue CMOJHCTBIX BEIIECTB B IMPOIYKTaX Tep-
momuza npu 380 °C yBemMUYMBaeTCsl ¢ pOCTOM COZAEpIKa-
HUSI XMHOJIMHA B MOJENBHBIX HE(TAHBIX CHCTEMaX. JTO
yKa3pIBaeT Ha HETMONHYI0 KOHBEPCHIO XHMHOJIMHA B JaH-
HBIX ycnoBusX. B mpouecce Tepmonusa npu 400 °C ta-
KOl TeHmeHMH He Habmromaercs. CopmepkaHue cMOJ B
MPOJyKTax TepMOJH3a MOJEIBHBIX HedTell npu 400 °C
MpaKTHYECKH paBHOE U cocTaBisgeT 18-19 mac. %. D10
CBHUJICTETICTBYET O JOCTATOYHON KOHBEPCHUH XUHOIH-
Ha 1 yCTaHOBJIEHUU paBHOBecus B cucteme mpu 400 °C
B TeueHue 4 yacoB. ConeprkaHue ac(aabTeHOB CHHXKA-
eTCsl He3aBHCHMO OT TEMIIepaTyphl TepMOIH3a HeTS-
HBIX cucTeM. lIpm 3TOM KommuecTBO acanbTeHOB, IO-
aydenHsix npu 400 °C, B 1,52 pasza HuKe, 4eM Ipu
380 °C. BaxHO, 4TO B IPOAYKTax TEPMOJIH3a HEPTIHBIX
cucreMm nipu 400 °C coxepkanue achallbTCHOB KOJeO-
JIeTCsl B JOCTATOYHO Y3KOM Juanazone (4,3-5,8 mac. %).
OTO TakKe MOATBEPIKAACT JOCTHIKEHHUE XUMHUYECKOTO
paBHOBECHs B NAHHBIX YCIOBUsX. [loBBIIIEHNE TeMIie-
paTypel TepMoOI3a MHPEACTABISLETCS HeEIenecoodpas-
HBIM B CBSI3M C BEPOSTHBIM 00pPa30BAHUECM 3HAYUTEIIh-
HBIX KOJHMYECTB KOKCA W CHIDKCHHEM CONIEPXKAaHUS ac-
(haIbTCHOBBIX BEIIECTB, YTO HE COOTBETCTBYET IICIISIM
Hactosimed pabotel. Takum o0pa3oM, Ha OCHOBaHHMHU
MONY4YEeHHBIX JaHHBIX O COCTaBE MPOAYKTOB TEPMOIIN3a
HEe(TAHBIX CHCTEM JUIS JNATBHEHIINX WCCICIOBaAHHMA
ObUTH BBIOpAaHBI CUHTETHUECKHE ac(hanbTeHOMOM00HbIE
BEIlIeCTBa, nosrydeHHsle npu 400 °C.

JaHHBIE CTPYKTYPHO-TPYIIIOBOTO COCTaBa ITOKA3HI-
BAIOT, YTO CPEIHSS MOJCKYJISApHAs Macca CHHTETHUYEC-
CKUX ac(aabTEHOB U3 MPOIYKTOB TEPMOJIH3A MOJEIIb-
HBIX HE(TSHBIX CHCTEM cocTaBisger 615-771 a.e.m.,
9T0 B 2 pasa HIDKE OTHOCHTEIBHO ac()albTeHOB HC-
XomHOH Hedtu (Tabn. 4). M3MeHeHHe MONEKyISpHON
Macchl ac(albTeHOB HE MUMEET IMPSIMOH 3aBHCHMOCTU
OT cocTaBa TepMoNM3yeMoil HedTsHOU cructeMbl. Co-
nepxanue Ny; B COCTaBe CHHTETHUYECKHX acamnbTe-
HoB Ha 0,3—0,8 mMac. % BbIIIE M0 CPABHEHUIO C MCXO/I-
HBIMHU acdaibTeHaMU. JTO YKa3bIBACT HA BCTPaUBaHHE
A30TUCTBIX (PPArMEHTOB B MOJEKYISIPHYIO CTPYKTYpPY
ac(aabTEHOB ¥ TO3BOJICT TOJyYaTh CHHTCTUYCCKHUEC
achaybTeHONOI00HBIC a30TUCTHIC OCHOBAHMSI TOCPE/I-
CTBOM TEpPMOJIM3a MOJCIBHBIX cMeceil. Hanbonpumm
coniepxkaHreM N, 007a1at0T achanbTeHbl, MOTyYeH-
HBIC TIPU TEPMOJIA3E MOJCIBHBIX HE(PTSIHBIX CHCTEM C
conepkanueM azora 1 u 2 mac. %. BeposiTHO, TIOBBI-
MICHUEC KOHUCHTpAI XWHOJIMHA B He(bTI/I BBILIC OIIpE-
JENICHHOTO TIOpOTa TPEMITCTBYET TEPMHUCCKUM IIpe-
BpAIICHUSM KOMIIOHEHTOB. JTO TPHUBOAUT K CHIDKE-
HUIKO CTCIEHU KOHBEPCHUM XHWHOJIMHA W YMCHBUIACT
BCTPaUBAHUC XHHOJIMHOBBIX (DParMEHTOB B CTPYKTYPY
acdanpTeHOB. DaKTOp APOMATUYHOCTH ac(aabTCHOB B
nporecce TepMONU3a MCXOJHOW He(TH 3HAYUTENBHO
Bo3pacraeT (mpaktudecku Ha 20 %) CO CHMKEHUEM
nou HaTeHOBOrO ¥ MapapmHOBOTO yriiepoaa Ha 4 u
15 % coorBercTBenHo. Ilpu 3TOM conepkaHue aTOMOB
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yriaepoaa B apoMaTHYeCKUX (pparMeHTax CUHTETHYEC-
CKUX ac(arbTeHONOAOOHBIX a30TUCTBIX OCHOBAHUH Ha
2-3 % Boime, yeM y ATy DT0 Takke MOATBEPKAACT
BCTPAaWBAHUEC XUHOJIMHA B MOJCKYISIPHYIO CTPYKTYPY
acanpreHoB. ConepikaHue aTOMOB yriepona B Had-
TEHOBBIX IUKJIAX CHHTETUYECKUX ac(arbTeHOB KOIeo-
neTcst B y3koMm auanasone 21,2-21,5 % u He 3aBUCHT
OT cocTaBa TepMmoju3yemoii Hedptu. OnHaKko A0 ma-
paduHOBOTO yTiepo/a B CHHTETHYECKUX ac(haabTeHax
cHmxkaercs Ha 1,5-2,3 % npu yBeIM4eHUU KOHLIEHTpa-
UM XUHOJIMHA B MOJIENBHON HedTsHO# cucteme. Bee
3TO B COBOKYITHOCTH CBSI3aHO C OTIICIUICHHEM AJKHIb-
HBIX (ParMeHTOB W C BCTPAaMBaHWEM XWHOJIHHOBBIX
(apomatudeckux) hparMeHTOB B CTPYKTYpY acdaibre-
HOBBIX BEII[ECTB B MPOIIECCE TEPMOIIH3A.

PesynpraTel onpeneneHus KOJIOUIHON CTaOMIBHO-
CTH TIOKA3bIBAIOT, YTO ac(albTCHBI MIPOIYKTOB TEPMO-
JIM3a UCXOJHOM HedTu B /1Ba pas3a Ooyiee yCTONUUBEI K
CEIMMEHTAIINU 0 CPAaBHEHWIO C WCXOTHBIMH HATHB-
HbIMH acdaimbTeHaMu (puc. 2). YUuThIBas JaHHBIC
CTPYKTYPHO-TPYIIIIOBOTO ~ COCTaBa,  OIPEICIIAIOIIAM
(hakTOpOM B TMOBBIIICHWN arperaTUBHON CTaOMILHOCTH
ac(aIbTEHOB SBIICTCS JABYKPAaTHOE CHIDKCHHE WX
CcpeqHel MOJEKYISIPHOM Macchl IIOCNIE TEpMONHU3a.
BesycnoBHO, moBBIIIEHNE (PakTOpa apoOMAaTUIHOCTH U
CHW)KCHHE JIONIN allu(paTHUSCKUX (PArMEHTOB TaKKe
OKa3bIBAIOT BJIMSHHE HA CTAOMJIBHOCTH ac(ajbTCHOB,
OJTHAKO TaKUe CTPYKTYPHBIC H3MECHEHHS, KaK TPaBHIIO,
HaIPOTHUB, MPHUBOIAT K IIOBBIIMICHUIO CKJIOHHOCTH ac-
(abTCHOBBIX MOJICKYJI K arperaiiyi U CeAUMEHTAITUH.
Crenyer OTMETHTh, YTO MPOIECC CEIUMEHTAIIUU CHH-
TETUYCCKHUX ac(albTeHOB TpoTekaeT Ooyee 7200 ce-
KyHJ (HET BBIXOJIa Ha IIJIATO), TOT/Ia KaK OCaXJICHUE
UCXOIHBIX acanbTeHOB 3aBepmaercs B TeueHue 3000
cekyHll. TakuM 00pa3oM, YCTaHOBJICHO, UTO achanbTe-
HBI U3 TEPMUYECKU NPEOOPa30BaHHOTO YIIIEBOIOPOI-

HOTO CBIpbsl 00Jaal0T 3HAYMTENBHO OoJee BBICOKOU
arperaTuBHOM yCTOMYMBOCTBIO.

Ta6auya 4. CmpykmypHo-2pynnossle napamempwvl UCXOOHBIX
acgpanbmeHo8 U cuHmemuveckux acg@anbmeHo-

nodo6HbIx geujecms
Table 4. Structural group parameters of initial asphal-
tenes and synthetic asphaltene-like substances
[TapameTprl/Parameters Ao | ATo | ATy | AT, AT3
MM, a.e.m./MW, a.m.u. 1436|615 | 771|715 690
Nocu/Nbas 1,77 119512351249 2,04
PacnipesenieHre aTOMOB yryiepo/a o CTPYKTYPHbIM dparMeHTaMm,
oTH. %
Distribution of carbon atoms among structural fragments, %
fa 47,0 [65,2167,1|674| 678
fu 252 (21,5(21,2(21,4| 21,2
fu 27,8 113,3|11,7(11,2| 11,0

Ao, ATo - acpanbmenbl, gbldeseHHble U3 UCXOOHOU Hedmu u
npodykmos ee mepmosausza coomeemcmeenHo; ATi, AT, ATz -
acgparomeHsl, 8bldeseHHble U3 NPOJyKMo8 mepMoausa
MOOe/IbHbIX HedMSIHbIX cucmeM ¢ codepxcaHuem azoma 1, 2, 3
mac. % coomeemcmeenHo/Ao, ATo - asphaltenes from the orig-
inal oil and its thermolysis products, respectively; AT1, ATz, ATz -
asphaltenes from thermolysis products of model petroleum sys-
tems with nitrogen content of 1, 2, 3 wt %, respectively.

ArperaTuBHasE yCTOWYHBOCTh CHHTETUYECKHUX ac-
(haIbTEeHOIMOOOHBIX BEIIECTB MOJHOCTHIO KOPPEIUPY-
€T C collepKaHUueM B HUX Ny Tak, KoJIoHIHas cTa-
OWJIPHOCTh CHHTETHYECKUX ac(albTeHOB MOBHIMIACTCS
C YBEJIMYEHUEM B HUX coliepkaHus N Touka Hayama
ocaxkaeruss ATg (No=1,95 mac. %) Hactymaer Ha
20 % panee mo cpasHenuo ¢ AT, (Noe,=2,49 mac. %).
TakuM 00Opa3oM, YCTaHOBJIEHO, YTO KOJUIOWIHAS CTa-
GHHBHOCTB aC(l)aJ'II:TCHOB TMOBLIIACTCA C YBCIIMYCHUEM
B UX MOJIEKYJISIPHOH CTPYKType coaepkaHus Nocy.

Nocn=2,49 %

Nocn=1,95 %
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Puc. 2. BausiHue COdepJfCaHllﬂ OCHOBHO20 a3oma e cmpykmype aC¢a./lbm€H06le gewecme Ha ux azpe2dmueBHyro cmabu/abHOCMb

Fig. 2.

Impact of basic nitrogen content in the structure of asphaltene substances on their aggregative stability
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3ak/l0oyeHue

B xome mpoBemeHHOro WCCIENOBAaHHS IIOKa3aHa
BO3MOXXHOCTh ITOJIYYEHHsS] CHHTETUYECKUX ac(aibTe-
HOIIOMOOHBIX Aa30THCTHIX OCHOBAaHHH IIOCPEICTBOM
TEPMOJII3a MOJCIBHBIX HE(PTSHBIX CHUCTEM C pPa3iIHd-
HBIM COJIep’KaHHEM OCHOBHOTO a30Ta (XWHOJHMHA) IpU
temmnepatype 400 °C B teuenue 4 yacoB. B mpomecce
TEPMOJII3a MOICIBHBIX HE(TAHBIX CHCTEM B MOJIEKY-
JSIPHYIO CTPYKTYPY CHHTETHYECKUX ac(allbTeHOIO-
JOOHBIX BEIIECTB JOMOJIHUTENBHO BcTpauBaercs 0,3—
0,8 mac. % ocHoBHOro asora. MomekyispHas macca
CHHTETHYECKHX ac(albTeHOMOIOOHBIX BEIIECTB B JIBa
paza HMIXKE OTHOCHUTENbHO ac(albTeHOB HCXOIHOMN
He(dTH. V3MeHEeHne MOJEKYISpHOH Macchl acdaibTe-
HOB HE MMEET IPSMON 3aBHCHMOCTU OT COCTaBa Tep-
MosinzyeMoit HeTsHOU cuctembl. C yBeIMUYEHUEM B
CHHTETHYECKHUX ac(halbTCHOIOTOOHBIX BEIIECTBAX OC-

HOBHOT'O a30Ta BO3pacTaeT (akTop apoOMaTHYHOCTH Ha
2-3 % co CHIDKCHHEM JI0JTH TTapaHOBOTO YIIIEpOIa.

YcraHoBIeHO, UTO achaabTeHbl U3 TEPMHUICCKH IIpe-
o0pa3zoBaHHOM He()TH B J1Ba pasa 0Oojee yCTOHYHMBEI K
CeIIMMEHTAIINH 10 CPaBHEHHIO C UCXOJHBIMH acaibre-
HaMH{ B CBSI3U C IBYKPAaTHBIM CHIDKEHHEM HX CpemHeil
MOJIEKYIsIpHON Macchl. [lokazaHo, 4To CKOpPOCTh Celu-
MEHTAIlM¥ CHHTETHYECKHX ac(albTeHONOJ00HbBIX a30-
THCTBIX OCHOBAaHMH B IBa—TPH pa3a HIDKE MO CpaBHE-
HUIO C UCXOIHBIMH ac(asbTeHaMH. YCTaHOBJIEHO, YTO
KOJUTIOMHAs CTAOMJIBHOCTh CHHTETHYECKHX acdaibre-
HOIIOZOOHBIX BEIIECTB ITOBBIIIACTCS C YBEIMUCHUEM B
WX MOJIEKYJSIPHOW CTPYKType coaepkaHusi No.,. [lomy-
YEHHbIC PE3yJIbTaTbl MOTYT HCIHOJB30BAaThCS AJSL IIPO-
THO3UPOBAHUS KOJUTOWIHOM CTaOMIBHOCTH acdabre-
HOB TSDKENBIX He(Tel 1 He(TAHBIX OCTATKOB B 3aBHCH-
MOCTH OT UX CTPYKTYPHO-TPYIIIOBOTO COCTaBa.
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