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AHHoTanuda. AkmyabHocmb. Tpy60npoBojHask TPAaHCIIOPTUPOBKA TsKeJbIX HePTel oT MecTa JO6BIUM /10 IYHKTA Nepepa-
GOTKH CBs3aHa C Cepbe3HBbIMHU NPo6JIeMaMU M3-3a UX BBICOKOH BA3KOCTH U TeMIIepaTyphl 3acTbIBaHHUs. [Ipy Mpokauke TsoKe-
JIbIX HedTell 6bICTPO 06pasyroTcs HedTsAHbIE OTJIOKEHHUS, CHUXKAIOIMe CBOGOHBIN IPOX0/ B TPy6e, a MOBBIIIEHHOE COJep-
’)KaHMe CepoBOJOpoJa M XJOPHUCTBIX COJIe MPUBOJUT K POCTY CKOPOCTH KOPpPO3UH. M3BecTHO, YTO CTPYKTYypHO-
MeXaHH4YeCKHe CBOMCTBA U NpeJieJ TeKy4eCTH BbICOKO3aCThIBAIOIIUX NapadUHUCTBIX HedTel 3aBUCAT OT MHOTUX GaKTOPOB,
B YAaCTHOCTH OT TeMIlepaTypbl TepMOCTaTHUpPOBaHUs HedTH. MccieoBaHUe BIUSHUA YCJIOBUHA TePMOOOPAGOTKM Ha Bs3-
KOCTHO-TeMIIepaTypHble XapaKTePHUCTHUKU U MPOLiecCc 0Caikoo6pa3oBaHusl BbhICOKONapadUHUCTONH CMOJIMCTON HedTH 1103-
BOJIUT TOHU3UTbH 3HEPronoTpebjeHHe W ONTHUMHU3UPOBATH TEXHOJIOIHIO NepeKayKH MW TPaHCIOPTUPOBKU NPOOGJIEMHBIX
HedTell B yCJIOBUAX TOHMKEHHBIX TeMIepaTyp. Lles1b: BoisiBleHHE KPUTHYECKUX HHTEPBAJIOB TeMIIepaTyp TepMOo6PaboTKH
BbICOKOMapaduHUCTON cMosiucTol HedTH H0xHO-Malickoro MecTopoXxieHHs1 Ha OCHOBAaHHUM aHa/IM3a AaHHBIX CTPYKTYPHO-
pPeoJIOru4ecKoro MoBeleHus], cCocTaBa HepTAHOrO 0caZiKa U U3MeHEHHUsI painycoB HePTAHBIX arperaTos, OPMUPYIOIINXCS B
vccaeyeMoil HeQTH PU PA3IUYHBIX YCIOBUSIX TEPMOOOPa6oTKH. Memodsul Peosioruueckux cBOMCTBA HEQTU ONpe/ieieHbl
Ha poTranuoHHoM Brcko3uMeTpe HAAKE Viscotester iQ ¢ nsaMeputebHbIM yCTpPOHCTBOM U cucTeMol ynpaBieHus HAAKE
RheoWin; TeMnepaTypy 3acTeiBaH{s HEQTH aHAIM3UPOBAIM C IOMOIIbIO U3MePUTEJII HU3KOTEMIIepaTyPHBIX IloKa3aTe el
HedTenpoaykToB «Kpuctann»; BbigeseHre achajbTeHOB NPOBOAMIN «XOJOAHBIM» coco6oM ['osbjie; cofepxaHue Macss-
HBIX U CMOJIMCTBIX KOMIIOHEHTOB B HeQTH ONpeZiessiii MeETOLOM KOJIOHOYHOM KHUJKOCTHOH aJicOpOIIMOHHON XpoMaTorpa-
buu; MHAMBUAYATbHBIM COCTaB H-aJIKAHOB ONpPeJieIsiIM METO/IOM XpoMaTo-Macc-ciiekTpoMetpuu (Thermo Scientific); pas-
Mepbl HePTAHBIX arperaToB GUKCUPOBAIUCh Ha CIEKTPOMeTpe JUHAMHUYeCKOTr0 U CTaTUYeCKOro paccessHus cBeta Photocor
Complex c nporpamMmoit 06pa6oTku AaHHbIX DynalS MeToZ0M GOTOHHON KOppeSIMOHHON CIeKTPOCKONUU. Pe3y1bmambL
W3y4yeHo BiMsHUEe TeMIepaTypbl TepMOOOGPAbOTKM Ha BSIBKOCTHO-TeMIlepaTypHble U 3HepreTH4YecKHe XapaKTePUCTHUKU
BbICOKOMIapapUHUCTON CMOJUCTOW HedTH, IpoLecc 0CaIkOO6Pa30BaHUA U COCTaB acdalibTOCMOJIONapadpUHOBBIX OTJIOXKe-
HUH. YCTaHOBJIEHO 3HaYyeHHe KPUTHYeCKOM TeMmepaTypbl TepMoo6paboTku 40 °C, mpu KOTOpoil B ucciegyeMoit HedpTH
dopmMupyeTcs HanboJlee MJIOTHasA KPUCTA/UIM3allMOHHAsA CTPYKTYpa, XapaKTepHusyeMasl BbICOKOH BA3KOCTbIO, UHTEHCUBHBIM
06pasoBaHMeM 0Ca/iKa, IHepruell akTUBALMU BSA3KOT0 TeYeHHUsI U BHYTPeHHel SHepruM paspyLleHUs AUCIIepCHON CTPYKTY-
pbl. MeToi0M GOTOHHOHN KOpPPENAIMOHHON CIIEKTPOCKONMY MOKa3aHo, 4YTo 1ocje TepMoobpaboTku HedpTH npu 40 °C mpo-

UCXOJAHWT CIIOHTaHHBIHM pocT pa3MepoB HeTSAHbBIX arpPeraToB B uHTepBase TeMmnepatyp 35-25 °C.

KioueBble c/10Ba: HedTh, BA3KOCTb, TapaduHbl, CMOJIb], achaJbTeHbl, TEMIEPATYPa 3aCThIBaHUs, TEpMO0OGPabOTKa, pajH-
yC YaCTHIL
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Abstract. Relevance. The pipeline transportation of heavy oils from the extraction site to the processing point is associated
with serious problems due to their high viscosity and pour point. Oil deposits form quickly during pumping and causing flow
reduction in pipe. Moreover, the increased content of hydrogen sulfide and chloride salts leads to increased rate of corrosion.
Structural and mechanical properties and the yield point of highly pourable paraffinic oils depend on a variety of factors, like
oil thermostatting temperature. Studying the impact of the heat treatment temperature of highly paraffinic resinous oil on its
mobility will allow reducing energy consumption and optimizing the technology of oil pumping and transporting in winter
conditions. Aim. To identify the critical temperature ranges for heat treatment of highly paraffinic resinous oil from the Yu-
zhno-Mayskoe field based on the analysis of data on structural and rheological behaviors, composition of oil sediments and
changes in the radii of oil aggregates formed in the studied oil under various heat treatment conditions. Methods. Oil rheolo-
gical properties were determined using a HAAKE Viscotester iQ rotational viscometer with HAAKE RheoWin measuring de-
vice and control system; oil pour point was analyzed using “Kristall” low-temperature indicator of petroleum products meter;
asphaltenes were isolated using the “cold” Golde method; oil composition was determined by column liquid adsorption
chromatography; oil particle size was recorded by a Photocor Complex spectrometer for dynamic and static light scattering
with DynaLsS data processing program. Results. The authors have studied heat treatment temperature impact on the viscosi-
ty-temperature and energy characteristics of highly paraffinic tarry oil, formation and composition of asphalt, resin and
paraffin deposits. They established that the critical temperature of heat treatment is 40°C. At this temperature the densest
crystallization structure is formed in the studied oil, characterized by high values of both viscosity, intensive formation of
sediment, activation energy of viscous flow and internal energy of destruction of the dispersed structure. It was shown that
with photon correlation spectroscopy, during oil heat treatment at 40°C, a spontaneous size increase of oil aggregates occurs
in the temperature range of 35-25°C.
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BBegeHue paTypa, KOHLEHTpauus AUCIepCcHOH ¢asbl, HaJIUuMe
B nporneccax J06bIMM M TPAHCHOPTUPOBKY HEDTH M3-  MOBEPXHOCTHO-aKTUBHBIX BELECTB, IpeJBAPUTEb-
3a NMOCTOSIHHO MEHSIIOIErocsi TeMIIepaTypHOro rpa- Has TepMHYeckass obpaboTka HedTu. Psax aBTopoB
JueHTa HedTAHOro MOTOKAa HepejKO HabJoJaeTcd  OTMeyaJd 3aBUCHUMOCTb TeMIlepaTyphl reseo6paso-
BO3pacTaHUe B3KOCTHU M TEMIEPATYPhI 3aCTBIBAHUS, BaHHs M PEOJIOTHUYECKUX CBOMCTB HEPTH OT CKOPOCTH
yBeJMYeHUe Npefiesia TEKYYeCTH U MOAYJS YIpyro-  oxaaxzaeHus [9-12]. OxHako B jdTepaType HET efu-
CTH, YTO IPUBOAUT K 06pPA30BaHUIO TBEPJbIX OTJO- HOIO MHEHHUS O BJHSHUU JAaHHOTO MapaMeTpa Ha peo-
KEHUM Ha IOBEPXHOCTH HepTAHOrO 06OPYJOBaHUS  JiOTHMYecKoe moBeZeHune HedTH. OLHU aBTOPHBI CYUTA-
[1-5]. C noHm)XKeHHMEeM TeMIepaTypbl OKpYy)Kalolled 0T, YTO YeM BbILIE CKOPOCTh OXJIAXKAEHHs, TEM HHXe
cpenbl B MapapUHUCTBIX HePTAX MPOUCKXOAUT ¢Gop-  Hpejes TeKy4yeCTH U TeMIlepaTypa rejeo6pa3oBaHUs
MUpOBaHUe resieobpasHoit 3D-cTpykTyphl, koTopas HedTu [13]. Apyrue uccnegosartenu [14, 15], Hanpo-
HMMeeT BSI3KOIJIACTUYECKHE CBOMCTBA, 3aBUCSIME OT  THUB, ONMCHIBAIOT YBeJUYEHUe IpeJesia TEKy4YeCTH C
BpeMeHU popMupoBaHus [6-8]. POCTOM CKOPOCTH OXJIAXAEHUS TepMOCTATUPYeMbIX
[Iponecc reTeporeHHON KpuUCTa/IM3aluu napaduHa  HedTeil.

3aBHUCUT OT pa3/M4YHbIX PaKTOPOB, TAKUX KaK TeMIle-
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B cBsi3u ¢ Tem, uto mapaduHECTBIE HE(DTH Mpen-
CTaBJIAIOT COOOM CIIOKHYIO CMECh YIJIEBOIOPOAOB U
reTepoaTOMHBIX  COEAMHEHUHM, HUX  CTPYKTypHO-
MeXaHUUYEeCKHE CBOICTBA U Mpeiesl TEKyueCTU 3aBUCAT
OT MHOTHX (paKTOPOB, B YACTHOCTH OT HAYAIBHOU TEM-
nepatypsl oxmaxaeHusi [16—18]. DkcrnepuMeHTs 1Mo
TepMuueckoit obpadorke Hedtu npu 60 °C, npoBoau-
MOW ISl yHAJCHUS JIETKUX (QPakuid W YIyqIIeHUS
CTaOMIIBHOCTH €€ COCTaBa, IOKA3aJId YBEIMUCHHUS TIpe-
Jiesia TEKy4ecTH U TeMIepaTyphl rejieo0pa3oBaHusl 10
CpaBHEHHIO ¢ He0OpaOOTaHHOW HE(PTHIO WIIM HarpeTon
1o 35 u 45 °C [10, 19]. U3BecTHO, uTO TEpMOOOPAOOT-
Ka 0e3 yJaneHus Jerkux (pakuuil ¥ Ipu TeMIeparype
HarpeBaHUsI BEIIIE TEMIIEPATypPHI IUIaBIICHHUS apapuHa
yiydliaeT peoJIoTUYEeCKUe CBOWCTBA mapaduHUCTON
HepTU. DTOT PaKT 0OBICHAETCSA TEM, YTO 0Opa30BaHUE
JOCTaTOYHO KPYIHBIX KPHCTAJUIOB MapaguHOB MOXKET
MIPOUCXOJNUTh B TepMooOpaboTtanHoW Hedtn. OmHO-
BPEMEHHO C 3THM 00pa30BaHMIO MPOYHOI mapaduHo-
BOM CTPYKTYpbI NPENSATCTBYET HAJIMYUE Ha MOBEPXHO-
CTH 3THX KPUCTAJUIOB aJCOPOMPOBAHHBIX ac(haabTeHOB
U CMOJI, MEXAY KOTOPBIMU 3HAYUTENIFHO OCNAOISIOTCS
CHJIBI KOATYJIALIMOHHOTO CLCTIIICHNUSI.

TepMoo6paboTka HepTU HUXKe TeMIepaTyphl IJaB-
JleHus napaduHa MOXKeT BbI3BaTb IMOBBIIIEHHE IIpe-
Jlefla  TeKy4eCcTM M yXyALIEHHe PeoIOTHYecKHX
cBOHCTB. B pa6oTe [20] mokasaHo pe3koe yxy/lieHue
PeoJIOTHYECKHX NTapaMeTPOB M0CJIe TEPMOOOPaOOTKH
npu 28-40 °C. Ha6stojaeMble siBJIeHUSI aBTOPbI 00'b-
SICHAIOT 0COGEHHOCTSIMM AMarpaMM ¢$a3oBoro cocro-
AHUA UCCJIeyeMbIX XXUAKUX Cpe.

AHanu3 uTepaTypHBIX JAHHBIX CBUJETENbCTBYET O
TOM, YTO TPEGYIOTCS JONOJTHUTE/NIbHbIE UCCIe0BAHUS
BJUSIHUSL TeMIepaTypbl TepMmoobpaboTku (T:) Ha
CTPYKTYPHO-PeOJIOTUYECKHEe CBOMCTBA U TpoIecc
dopMupoBaHUs HeTSIHOTO OCaAKa JJIs BBICOKONA-
padUHHUCTBIX CMOJIUCTBIX HepTeH.

O6'BEKTHI M1 METOABI HCCJIEJOBAHUS

OOBEKTOM HCCIIeIOBaHUsI BBIOpaHa BBICOKOIApa-
¢unHCcTas cMomucrtas HedTe KOxHO-Maiickoro mecto-
poxaenus 3anagHo-CuOupckod  HedTerasoHOCHOM
npoBuHuH. Coxepxkanne B HEPTH MaciSHBIX (hpak-
muit cocrasmwio 85,8 mac. %, B ToM ymcie mapauHO-
BbIX yraeBojoposios (ITY) — 7 mac. %, cmon — 13 mac.
% u acdanmbTeHoB — 1,2 mac. %. B HeTH 0TCYyTCTBYIOT
MEeXaHWYeCcKHe MPUMECH U BOJA.

TepmMo00OpaboTKy HE(TH OCYIIECTBISUIN B TEUCHUE
60 munyT npu temnepatrypax 10, 20, 40 u 60 °C B
TFEPMETUYHON EMKOCTH.

TemmnepaTypy 3acThIBaHUs HED)TH aHATTU3UPOBAIH C
MOMOIIBIO U3MEPUTENST HU3KOTEMIIEPAaTypHBIX MMOKa3a-
tenert HerenpoxykToB MHITH «Kpuctamm» (Tomck,
NXH CO PAH).

Jns m3ydeHus ocankooOpa3oBaHUs B HE(YTH HC-
nmonb30Bany Jtabopatopueid ammapat Coldfinger. On
COCTOUT M3 OXJIAKIAEMOT0 CTAJIBHOTO IIIHHAPA («XO-
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JOHOTO TMANbIA»), MOTPYKECHHOTO B TePMETUYHBIN
TEepMOCTAaTHPOBAHHBIA COCYJI, COJEPIKALIUi HCCIenye-
MBI oOpazent HeTr. Temreparypa CTEHKH «XOJIOHO-
ro manbia» 10 °C, a temmeparypa oOpasma HedTH
20 °C. Bpems QopmupoBaHus acdaibTocMoIonapa-
¢uHOBEIX oTiokeHui (ACIIO) — 1 4.

Brigenenue achanbTeHOB M3 HEPTIHOTO OCagKa
MPOBOAMIIM  «XOJOMHBIMY criocobom ['ompne (FOCT
11858). ConepxaHue HACBHILCHHBIX U APOMATHICCKHUX
YIJIEBOIOPOJIOB, OCH30JIEHBIX M CIHPTOOEH30JIBHBIX
CMOJI OTIPEIEISITA METOJIOM KOJIOHOYHOM KUAKOCTHON
agcopbuunonHoii xpomatorpaduu (FOCT 11851-2018).
WunvBuayaabHBIA COCTAaB H-AJIKAHOB ONPEIENSIA Me-
TOOOM  XPOMAaTO-Macc-CIEKTPOMETPHUH (Thermo
Scientific) na xamwuispHO#t Kos0HKE TR-5MS (30 M™;
0,25 MM). AHanu3 BBHINOTHSICS B PEXUME JIMHEHHOTO
nporpaMMHupoBaHus temrepatrypsl: 2 muH mpu 80 °C,
ot 80 mo 300 °C co ckopocTtbto HarpeBa 4 °C/muH. Ka-
JIUOpOBKa MPOBOIMIIACE C UCTIOIB30BaHHEM H-Cy.

Uccnenosanue BSI3KOCTHO-TEMITEPATYPHBIX
CBOMCTB TEpMOOOPaOOTAaHHON HEPTH OCYIIECTBIISUTN C
nomorikio peomerpa HAAKE Viscotester iQ ¢ usmepu-
TENBHBIM YCTPOWCTBOM M CHUCTEMOW yIpPaBIICHHUS
HAAKE RheoWin. Cxkopocts oxiaxaenus HeDTH
2 °/MWH TIOANIEPKUBAIACH C MTOMOIIIBIO TPOTrpaMMUPY-
€MOro KpeocTaTa, a BBIOpaHHAas COBHIOBAas CKOPOCTH,
IpU KOTOPOW pa3pyllIeHHE CTPYKTYphl HEPTAHON CH-
CTEMbl MHUHHUMallbHA, cocTaBisuia 1 ¢ ~. Pe3synbrarom
HCCIICIOBAHUS SIBISIOCH ITIOCTPOCHHE TpadUIECKIX
3aBucumocteit f(T) s dexTrBHOM BA3KOCTH OT TEMIIE-
patypsl HedrH (puc. 1, a).

s ompeneneHust SHEPTHH aKTUBAIMU BSI3KOTO Te-
geHust E,up HcHIonb3oBanu ypaBHeHuEe AppeHHyca—
®penxens—iipunra: 1 = B - expfeCEDI/RT | rpe
a¢dexTuBHAs BsI3KOCTh, MIla-c; B — mpeadkconeHIH-
QIBHBIN KOA(PHUINEHT, BKIIFOYAIONINN B CKPBITOM BHIIE
3aBHCUMOCTD BSI3KOCTH OT JPYTHX ITapaMeTPOB CTPYK-
TYpBl, B YaCTHOCTH MOJEKYIApHOH Macchl; E,mm —
SHEpPrusi aKTHUBALMM TIpOIecca BSI3KOTO TCUCHUS,
kJx/Moib; R — yHUBepcasbHas Ta30Bas MOCTOSHHAS;
T — aGconroTHas Temnepatypa, K.

OHeprusi aKTHBAaLUU BS3KOTO TeUeHUs E,yy sxun-
KOCTH — 3TO MUHHMANbHAas DSHEPTusi, HEOoOXOIuMast
MOJIEKYJIaM M YacTUI[aM JUCIIEPCHOM (a3bl KUIKOCTH
JUIsL TIPEOJIOJICHUsI TTOTEHIMAIBHOIO Oapbepa CHJI B3a-
UMOJICHCTBHS C OJIDKAWIIIM OKPY)KCHHEM U IepeMe-
IIEHUS] UX Ha HOBOE TOJIOKEHHE paBHOBecus [21, 22].
B pabGore BenuunHa E,mr) MO3BONSAET OLIEHHUTH CHJIBI
MEXKMOJICKYJISIPHBIX B3aUMOACUCTBHN MEXKAy HAaHO-
KJacTepaMi ¥ HE(TIHBIMH AacCOIMaTaMH, a TakkKe
MHUKPOCTPYKTYPHYIO  YIIOPSIAOYEHHOCTh  HE(TSIHBIX
CHCTEM U UX cTabuiabHOCTb. Bemmumna E,qy ompene-
JSIETCS 10 TAHTeHCY YIila HaKJIOHAa KacaTelbHOU K
KPUBOJMHEWHBIM yyacTKaM KpUBOM.

Pasmepbr He(TSIHBIX arperatoB, (GpOPMHUPYIOIIHXCS
B TEPMOCTATHPYEeMON HEe(TH C MOHWKEHUEM TeMIepa-
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Typbl, (PUKCHPOBAIKCH Ha CHEKTPOMETPE IMHAMHYEC-
CKOro ¥ CTaTHYECKOro paccesHus cBeta Photocor
Complex (r. Mocksa). Metox (HOTOHHOH KOPPEJISIH-
onHoi cnekrpockonuu (OKC) ocHoBaH Ha ompenerne-
HUM Kod(duumeHta mudQPy3ud KOUIOMIAHBIX YaCTHUIL
MyTeM M3MEPEHUs KOPPENSAIMOHHOW (yHKIMM (Win
CHEKTPAIbHOTO COCTaBa) IMHAMUYECKOTO DPACCESTHHOTO
cBeta. Mcnone3zyemoe 00opynoBaHIe BKIIOYAET B ceOs
MPOrpaMMHPYEMBbIi JIa3epPHBIH (OTOHHBIN KOPPEIISAIH-
onnblii criektpometp Photocor-FC, momysp ympasiie-
HUS KOPPEJATOPOM M AIMPOKCHMAIMU DKCIICPUMEH-
TaJbHBIX JAHHBIX W 00paboTku m3Mmepenwid. [Ipubdop
MO3BOJIICT IPOBOJWTH PA3NUYHBIC HCCIICAOBAHMUS
HE(PTAHBIX JAMCICPCHBIX CHUCTEM. MeToJ OCHOBaH Ha
3aBHCHMOCTH MEXIy THAMETPOM YaCTHIBI U YIIHpPE-
HUEM CIIEKTpa OTPaKEHHOTO OT Hee JIA3EPHOTO CBETA.
Panuyc HaHOarperatoB MOXeT OBITH pPacCUdUTaH IIO
¢dopmyne Crtokca—DUHIITEHA, €CU TPUHATH IOIMY-
nieHne o0 ux cepudeckoit popme.

B cnexTpomMeTpe BCmonap30BaNIcs TUOTHEBIN HH(pa-
KpacHblii aszep (A=980 um) B cocraBe Photocor-DL/R
— CHCTEeMEI cyeTa ()OTOHOB Ha OCHOBE BHICOKOUYBCTBH-
TEJIBHOTO (POTOIMOJA C BO3MOXXHOCTBIO paboTaTh B
uHGpaKpacHOi U KpacHO# obinactu cnexrpa. s npo-
BEICHUS U3MEPEHUI HCIIONB30BAINCH KPYTIIBIE KIOBE-
THI U3 ONTHYECKOTO cTekna 6xX50 MMm. Yron paccenBa-
Husa coctaBun 90°. U3mepenust pasMepoB 4acTHI] Ha
npubope PhotoCor Complex mpekpamiamick, Kormaa
He(TAHBIE arperathl BHIpAaCTAIN A0 TAKUX pPa3MeEpoB,
YTO CEJMMEHTAlMOHHBIE MPOLECChl HAYMHAIN MPeoo-

Ienbto pa®oThl OBLIO U3YYUTh BIMSHUE TEPMOOO-
pabOTKH Ha CTPYKTYPHO-PEOJIOTHYECKHe, SHepreTnye-
CKHE XapaKTepUCTHKH, COCTaB HE(TIHOTO Ocamka U
pa3Mepsl GopMHpYyIOIIHXCs HETAHBIX arperaToB BHI-
cokonapaduuucror  cmommctod  HepTH  FOxkHO-
Maiickoro mectopoxnerus (TomMckas 00acTs).

Pe3y/ibTaThl HCC/IEAOBAHUSA U UX 06CYXKIEeHUE

Hauvanpnas temmeparypa nepexadyku HE(QTH MOXKET
BapbUPOBATh B IMUPOKHX mpenenax. [lostomy mccie-
nyemyro HeTb TepmocTtatupoBanu (1) mpu 10, 20, 40
n 60 °C. BimsHue TemmnepaTypHoOro (aktopa Ha Bs3-
KOCTh HE()TH M3y4aIH C IMOHMKEHHEM TeMIlepaTyphl B
unTepBaie ot 35 °C po Temmneparypsl, OJM3KON K TEM-
nepaType noTepu Tekydect (puc. 1).

Jliis o6pasios, oopadotanubx npu T, 10 °C (1) u
20 °C (2), a¢dexTrBHAS BA3KOCTH 720 IPU TOHWKESHUN
temnepatypbl HepTr 10 20 °C paznuuaercs HE3HAYH-
TeNbHO, s oopasna (3) ¢ T 40 °C 3HaveHus 77,0 BO3-
pactarot B 10 pa3 (Tabxa. 1). OxHako nmpu nanbHEUIIeM
yBenmmdeHun T, 1o 60 °C (4) IpoMCXOTUT Takoe e
pe3koe CHIDKeHHE BsI3KOCTH. [Ipu 3TOM Bce BA3KOCTHO-
TeMIlepaTypHbIe 3aBUCUMOCTH HCCIIEyeMbIX 00pa3LoB
HUMEIOT TI0 JIBa 3HAYMTENIBHO Pa3jIMYarolHecst YIJIOM
HAKJIOHA yJacTKa C TOYKOW mepernda, COOTBETCTBYIO-
meld Temmeparype (asoBBIX MEPEXOIOB «30Ib—TEIb»
(T4u), KOTOpBIE CBA3aHHBI C MHTEHCUBHON KPUCTAJLIH-
3anueil mapauHOBBIX YTIIEBOIAOPOIOB IPH ITOHIDKE-
HUHM TEMIIEPaTypel U ¢ 00pa30BaHHUEM IPOYHOU MPO-

CTpPAaHCTBEHHOH  3D-CTpyKTypbl  KOaryjisLiAOHHO-
nanaath Haa UGG y3HOHHBIMHA, TPUBOASIIUMH K He- KPHCTaJLIM3ALMOHHOTrO Thna [23].
KOPPEKTHOMY M3MEPEHHIO HX Pa3MEpOB.
n, mlla-c In(n)
14000 10 1
12000 9 4
10000 g 4
8000 7 ]
6000 6 |
4000 A 5 4
2000 4l
0 - ‘ ‘
0 % 30 3 3 ' ' ' ' '
32 33 34 35 36 37
Temneparypa, °C 103/T, K1
a/a 6/b
Puc. 1. 3asucumocmu (a) ssaskocmu Hegpmu om memnepamypbl; (6) 8 noayaozapudmuieckux appeHuycosckux KoopouHamax
nocse mepmocmamuposarusi npu Tm (C): 10 (1), 20 (2), 40 (3), 60 (4)
Fig. 1. Dependences of (a) oil viscosity on temperature; (b) in semi-logarithmic Arrhenius coordinates after thermostatting at

Te(°C): 10 (1), 20 (2), 40 (3), 60 (4)

21



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 12. P. 18-28
Yudina N.V,, Loskutova Yu.V., Chekantseva L.V. Heat treatment impact on structural-rheological properties of high-parafin oil

Ha puc. 1, 6 npencraBnensl momynorapudpmuye-
ckue 3aBucumoctd IN(7) Bsiskoctr HeTH OT OOpaTHOM
Temrieparypbl 1/T mpu pasiuuHBIX PEXUMAaX TEPMO-
ctutupoBanus. Jlias Bcex 00pa3sloB € MOHMKECHHEM
TEMIIEpPaTypsl IO TOYKH (pa30BOTO IMEPEX0Aa OTMEUCHO
HE3HAYUTEIbHOE MOHOTOHHOE YBEIHYCHHE BS3KOCTH,
nocine Ty, A7d Bcex o0pasloB HaOMIOMAeTcs pPe3Kuii
CKa4OK BSI3KOCTH B 00JIACTH MOHIKEHHBIX TEMIIepa-
Typ.

CocTosiHue 000K TEPMOANHAMHYECKON CHCTEMBI
3aBHCHUT OT COOTHOILICHHS JHEPTHH MEKMOJICKYIISIPHO-
r0 B3aMMOJEIHCTBUS M TEIUIOBOTO JABIKEHUS, IOITOMY
s HedTsHO#M mucnepcuoit cuctembl (HAC) okasbl-
BAaIOTCSl B3aUMOCBSI3aHHBIMH 3HAYCHUS JHEPTUM aKTH-
BAallUM BSA3KOTO TEUCHUS E,(y) U APAMETPBl CTPYKTY-
PUPOBAHHOCTH KHUIKOCTH. B Tabn. 1 mpuBeneHsl 3Ha-
YCHUSI TEMIICPATYPhl 3acThIBaHHSA 1, TEMIIEpaTyphl
tazoBoro nepexona Iy, U SHEPTUH AKTUBALIUH BA3KOIO
tedeHUs (Eaeri, Eamr) TepMoOOOpaboTaHHBIX 00pas3-
IOB.

Ta6auya 1. BausiHue memnepamypbl mepmoobpabomku Tm
Hemu Ha 3gdekmugHyto esi3kocmsb npu 20 C
120, memnepamypy 3acmoieanus Ts memnepa-
mypy ¢azoeozo nepexoda Tgn U 3Hepaulo0 akmu-
sayuu 8s13k020 meveHust Eatem)

Table 1. Effect of oil heat treatment temperature T: on
effective viscosity at 20°C nzo, pour point Tp,
phase transition temperature Tpe and activation
energy of viscous flow Eq

20, Ea(er),
TTO/ CTt' Mflzla'c Ts/Tp,°C Tq)Z/CTpt' k/x /Mo /K] /mol
mPa-s Ea@n/Eal FEaer)2/Ea2
10 106,8 7,5 23,0 62,6 340,4
20 116,0 7,3 24,1 27,3 324,4
40 600,2 9,4 19,1 60,8 217,8
60 66,0 -4,7 19,0 9,2 187,2

Oneprus aktuBaluu E,gy mocie TepmMooOpadboTKH
Hedtr nipu 10, 20 u 60 °C B TemIepaTypHOM HHTEpBa-
ne ot 35 mo Ty, cHmkarorca ¢ poctoMm 17 B 2,3 m 6,8
pa3 COOTBETCTBEHHO, a Jis obpaborannoii mpu 40 °C
He(TH B,y Onuska x 3Ha4YeHUIo 3Hepruu s HeTw,
obpadorannoit pu 10 °C. C moOHMKEHUEM TEMIIepaTy-
pel He(hTH HIDKE TeMIeparypsl (a3oBOrO Iepexoja
HaumHaeTcs npouecc odopazosanus B HJC kpucrammm-
4ecKOoH reneoOpasHOl CTPYKTYpHI, U BEIMYUHA E,m
U BcexX 00pasoB pe3ko BospactaeT — B 20,3 u 3,6
pasza ans obpadoranHod mpu 60 um 40 °C cooTser-
ctBeHHO H B 5,4 n 11,9 pa3 gns o6paboranHoii npu 10
1 20 °C cOOTBETCTBEHHO.

Temmnepatypa 3acTeiBanus HedTu 7, TOCIE TEpMO-
o6pabotku npu 10 u 20 °C umeet OJIM3KKE 3HAYCHHS —
7,3 u 7,5 °C cOOTBETCTBEHHO, IPH TeMIIepaType oopa-
6otku T 40 °C Bo3pacraer no 9,4 °C. Hanporus, Tep-
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Moo0paboTka Hedptr mpu 60 °C HPUBOIUT K AeTpec-
CUM TeMmIlepaTypsl 3acThiBaHus Ha 12 °C. 3HauuTelnb-
Hoe BiusHHE T, OKa3bIBaeT Ha TeMIeparypy (azoBoro
nepexofa: HanoOonee Huskad Ty, 19,0 u 19,1 °C orme-
yeHa y HedtH, oOpadoTannoi nipu 60 u 40 °C, u Mak-
cumanbHas 24,1 °C — nng HedTH, 00pabOTaHHON HpU
20 °C. CnenoBarenbHo, TepMooOpabotka mpu 60 °C
OKa3bIBacT OOJIBIICE BIUSIHUEC HA TEMIEPATypy 3acCThl-
BaHUsI, YeM Ha TeMIIepaTypy KPUCTAIUTA3AIIHH.

Jns ompeneneHust CyMMapHOTO pacxojia BHYTPEH-
Helt sHeprun AW, HE0OXOIUMOro TpH pa3pyIIeHHU
CTPYKTYpPBI BBICOKOTIapaUHUCTBIX HepTed 3a cueT
CIBHTOBOW CKOPOCTH IPU TPYOOIIPOBOAHOM TPAHCIIOP-
TE€, PACCUMTHIBAIM DHEPreTUYCCKUE MapaMeTphl TH-
POMEXaHMUYECKOTO  paspylICHUs  HaIMOJCKYIIPHOU
CTPYKTYpBl He()TH IO METOIHKE, ONMMCAaHHOH B [24].
BbutM TONMy4YeHBI METIM TUCTEePE3Hca, MPEICTABIISIO-
me co0oi PEOIOTHIeCKUE 3aBUCHMOCTH HANPSDKCHHUS
CIBUTa OT CKOpoCTH caBura T(y) Aast mpsaMoro (—) u
00paTHOTO (<—) XOJa CHATHS KPUBBIX TeueHHUS He(TH,
TEPMOCTATHPOBAHHON IIPH Pa3IMYHBIX TeMIepaTypax
T, d4epe3 (QUKCHPOBAHHBIE MPOMEKYTKH BpPEMEHH
(20 ¢), npu ckopoctsix capura or 0,34 mo 85 ¢, xa-
PaKTEepHBIX MpHU MepeKadke Mo TPyOOIIPOBOIY B peaib-
HBIX ycaoBUsaX. Ha puc. 2 mpuBeaeHbI ST TUCTEpe-
3uca npu temmeparype 5 °C, koTopas Haubosee 0Jn3-
Ka TeMmIeparype 3acThIBaHUS HCCICIyeMOH HedTu
(~7 °C) nocne TepMo0OPaOOTKH IIPU PA3HBIX TEMIEpa-
Typax 7;.

T, la
180 1

\I\J

160

140

120

100

80

\H

60

40

20

0 T T T T 1
10 15 20 25

Ckopoctsb caBura, ¢t

Puc. 2. Peozpammbl hpsimozo (—) u obpamuozo (<) xoda
3aeucumocmu HanpsijceHusi cdguea T om cKkopocmu
cdsuza npu memnepamype He¢gmu 5 °C nocae mep-
Moo6bpabomke npu Tm (C): 20 (1), 40 (2), 60 (3)

Rheograms of forward (—) and reverse (<)
dependence of shear stress t on shear rate at oil
temperature of 5°C after heat treatment at T:( C): 20

(1), 40 (2), 60 (3)

Fig. 2.
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[Tocne tepmoobOpadbotku HedTr Tpu 20 m 60 °C
KpUBBIC MPSAMOrO M OOpaTHOrO XoJa CONMKAaKTCH,
CKOpPOCTH Pa3pyLICHUs] U BOCCTAHOBIEHUS TUKCOTPOII-
HOM CTPYKTYpBI BEIpaBHUBatOTCs (puc. 2, 1, 3). Tepmo-
cratupyemas npu 40 °C HeTh xapakTepu3yeTcs Mak-
CHMANTBHO#M 10 MIomaay neriei (puc. 2, 2).

3HaueHus] BHYTPEHHEN SHEPTUH pa3pyIIeHns TUcTiepc-
HOH cTpykTypbl AW HedTH mocie TepMooOpaboTK Tpu
Pa3MMYHBIX TEMIIEpaTypax He(TH IPUBEIEHBI B TAOM. 2.

Ta6auya 2. 3HayeHusi SHympeHHel 3Hepauu paspyuweHus
ducnepcHoti cmpykmypet AW Hedpmu nocae
mepMoobpabomku npu pas/auvyHblX memnepa-
mypax Tm

Table 2. Values of the internal energy of destruction of
the dispersed structure AW of oil after heat

treatment at different temperatures Tt

TeMnepaTypa HedpTH AW nipu Ty, [x/AW at Ty, J
Oil temperature, °C 20 °C 40 °C 60 °C
5 2,90 3,39 2,13
10 0,16 1,54 0,11
15 0,03 0,13 0,01

20 0,01 0,10 -

3HadyeHus BHyTpeHHel >Heprun AW tepmoobpabdo-
tanHoU Tiprt 20 1 60 °C HedTH OJIM3KKM MEX Ty co00i, a
nocine 40 °C — Boime Ha 14 u 37 % npu 5 °C, B 10 u
14 pa3 mpu 10 °C cooTBETCTBEHHO.

Ta6auya 3. Koauvecmso u cocmas ACIIO nocsae mepmoo6-
pabomku npu pasau4Hbix memnepamypax Tm

C yBenmuenunem temneparypsl 7, ot 10 mo 20 °C ko-
JMYECTBO OCAgKa CHIDKAETCS, OIHAKO MaKCHMAIbHOE
KOJIMYECTBO ocagka Qopmupyercs B Hedtu, odopabo-
taaaoi npu 7,=40 °C (30,3 mac. %). [Ipu manpueii-
meM pocte 7; 10 60 °C 0TME4eHO pe3Koe CHUKEHHE
1o 2,6 mac. % komuuectsa ACIIO. [Ipu TepmocraTu-
poBanuu m3Mmensiercst Takxke cocraB ACIIO: mosebite-
Hue Ttemneparypsl 1, ¢ 10 1o 60 °C npuBoIuT K yBe-
JUYEHUIO B COCTaBe oOcajka JO0NHU ac(aabTeHOBBIX U
CHIDKEHUIO JI0JI CMOJIUCTBIX KOMIIOHEHTOB B 5,4 pasza
u Ha 11,8 mac. % COOTBETCTBEHHO.

TakuM 00pa3zoM, B OTIHYUE OT TEPMOOOPAOOTKH
uccaenyemoit Hepr npu 20 u 60 °C, mocne Tepmocra-
tupoBanus npu 40 °C HabmogaeTcs aHOMaJIbHBIH pOCT
HE TOJIBKO BSI3KOCTHO-TEMIICPATYPHBIX ITAPaMETPOB U
konuuectBa ACIIO, HO M XapaKTEepPUCTUK, OMUCHIBAIO-
[IMX JHEPreTHYeCKOe COCTOSHUE HE(PTSIHOW AMCIepC-
HOW CHCTEMBI, SHEPTUU aKTHUBALNH BSA3KOTO TCUCHUS U
BHYTPEHHEH DHEPTUH Pa3pyLICHUs JTUCIIEPCHON CTPYK-
Typbl. J{71s1 OOBACHEHUS NaHHOTO SIBJIICHUS OBUIH TPH-
BJICUCHBI CIIEKTPAbHBIE METOALI HCCICIOBAHUS H-
QIKAHOB HE(PTAHBIX 0CAAKOB. DHU3MKO-XUMHUICCKUE
CBOMCTBA HE(PTAHOTrO OcCajKa TIaBHBIM 00pa3oM oIpe-
JENSIOTCS KOJIMYECTBOM M COCTaBOM Hapa(puHOBEBIX
yraeBogoposoB (I1Y), kpucrammuzamus KOTOPBIX SIB-
JSIETCST OCHOBHOM MPHYMHOW 00pa3oBaHus HEe(TIHBIX
OTJIO)KEHH. MeToIoM XpoMaTo-Macc-CIIEKTPOMETPHUH
HCCIIEIOBAH COCTaB H-aJIKaHOB HE(TSHBIX OCAIKOB,
BBIJICJICHHBIX M3 HeTH mocie TepMooOpadoTku. s
BCeX 00pa3IoB XapaKTepHO MOHOMOJATEHOE MOIIEKY-
nsipHO-MaccoBoe pactpenencaue (MMP) H-ankaHOB ¢
MakcuMyMoM, nipuxosmumcs Ha Cy5—Cag (puc. 3).

Conepxanne H-ankaHoB B ACIIO tepmooOpaboTtaH-
Hoit ipu T 10, 20, 40 u 60 °C nedtu npuseneHo B Tabm. 4.

Ta6auya 4. Codepicarue H-ankaHos 8 ACIIO Hegpmeli, o6pa-
60MAHHbIX NPU PA3HBIX MEMNepamypax

Table 3. Amount and composition of asphalt-resin-
paraffin deposits (ARPD) after heat treatment at
different temperatures Tt

KousmuectBo Cocra ACIIO, mac. %
T/ Ty, ACIIO, mac. % ARPD composition, wt %
°C Amount of Macsa CMOJIBI acasbTeHbI
ARPD, wt % oils resins asphaltenes
10 19,5 86,4 12,7 0,9
20 18,3 86,7 11,6 1,7
40 30,3 86,3 11,5 2,2
60 2,6 83,9 11,2 4,9

W3BecTHO, 4TO TpagueHT TemIiepaTyp HeQTIHOTO
MOTOKa U OKpyxkaroiei cpensl, Hannuue B HIAC napa-
(DPMHOBBIX YTIIEBOJOPONIOB MPHUBOAUT K OOpPA30BaHHIO
He(TAHBIX OTJOXKEHWA Ha CTEHKaxX O0OpYIOBaHUs
[25]. CocTaB M MHTEHCHBHOCTH 00pa3oBaHUs acdalb-
To-cMoso-napaduHoBsIx oTiIokeHui (ACIIO) ompe-
JIEJISIETCS. MHOXKECTBOM Pa3lIMYHbIX (DaKTOPOB: KOMIIO-
HEHTHBIM COCTaBOM He(TH, CHIDKCHHEM TEMIIePaTypPhI
HE(PTSIHOTO MMOTOKA, Pa3ra3upoBaHUEM U OOBOTHEHHO-
cThi0 HedTu U 1p. B Tabn. 3 mokazaHo BIMSHHE YCIIO-
BHUH TepMooOpaboTku 7, Ha KOJIMYECTBO M COCTaB
ACITIO, BbIJCTEHHBIX W3 HUCCleAyeMod He(TH MpH
rpaaueHTte temiepatyp HepTh/cTenka — 20 °C / 10 °C.

Table 4. Content of n-alkanes in ARPD oils treated at
different temperatures
ConepkaHue CopeprxaHue, % OTH.
T:/T:, | H-ankaHOB, Mac. % Content, % rel. >C11-Ci6/
°C Content of Y.C17-Cs4
n-alkanes, wt % »C11-Ci6 | YC17-C3a
10 14,7 33,6 66,4 0,51
20 14,7 28,9 71,1 0,41
40 15,5 32,6 67,4 0,48
60 13,7 20,0 80,0 0,25
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B sHedrsHOM ocanke HedTH mOCITE TEPMOOOPaOOTKH
nipu 20 °C Bo3pacTaeT coAepkaHue H-aJIKaHOB C YMCIIOM
atoMoB yriiepojia Cig M BBIIIC B CPABHEHHH C OCAJIKOM U3
HedH, odpadoranHoi npu 10 °C. Bosee cymecTBeHHbIE
paznuuns HaOmoarTes B MMP - H-aJlkaHOB M3 0CaJIKOB
HedH, 06padoTannoii ipu 77 60 1 40 °C. Tak, H-aiKaHBI
ocaJika, orydenHoro u3 Hedtu nocie 7 40 °C, obdora-
1IeHb! yrieBogopoaaMu coctaBa Cy1—Cig.
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Fig. 3.

(b) 40 (3), 60 (4)

C poctom T, Hedptr ot 10 mo 20 °C obmiee conep-
YKaHHE H-aJIKaHOB B OCAJIKe U3MEHSETCS HE3HAUYUTENb-
HO, a JOJIsI B HEM BBICOKOMOJIEKYJISIPHBIX H-aJIKAHOB
Bo3pactaeT. 13 Tepmoobdpadotannoii mpu 60 °C Hedtu
Ha «XOJIOJHOM CTepxHe» (POPMHUPYETCsl 0CaTOK C MH-
HUMAaJBHBIM KOJIMYECTBOM H-aJIKaHOB, B COCTAaBE KOTO-
PBHIX TPEBANHPYIOT BHICOKOIUIABKHAE YTIICBOIOPOIBI
(80 otH. %), Ha KOTOpBIE B JajbHCHIIIEM KPHUCTAILIN-
3yIOTCS H-aJIKaHbl ¢ Oojee HM3KOH TeMmmepaTypoit
IUTaBJICHUS. DTO MOATBEPKAAETCS MHUHHMAIBHBEIM CO-
OTHOIIIEHUEM CYMMBI H-aIKaHOB Y C1;—Cig K Y C17—Caq.
IIpu T; 40 °C B ocagke COIEPKUTCS MaKCHMAaJIbHOE
KoimuecTBo H-ajkaHoB (15,5 mac. %), KommuecTBO
nerkux H-ankaHoB Cp;3—Cjg BO3pacTaer, a TBEpABIX
C17—C34, HANIPOTHB, CHIDKACTCA.

[To maHHBIM PEOIOTHYECKHUX MCCIICTOBAaHUH (BBICO-
kue 3HaueHus Ty, U Euy, Tabn. 1) MOXHO mpeznono-
XKHUTh, UYTO HCCIeayeMas HeTh COIACPIKUT IMOBHIIICH-
HOE KOJMYECTBO BBHICOKOMOICKYISAPHBIX TBEPABIX Ia-
pauHOB, KOTOpBIE C TOHIXKCHHEM TEeMIEpPaTyphl
HedTH 10 TeMIepaTypsl Hadana kKpuctaumusanuu (50—
40 °C) o0Opa3yrlT MPOCTPAaHCTBEHHYIO KpHCTaTn4e-
CKYIO pelIeTKy, B KOTOPOH MMMOOMIH3YIOTCS KHIIKHUE
YTJIEBOJOPOIHEIE KOMIIOHEHTHI, OOOTamIcHHBIE H-
ankanamMu Cp;;—Cie. B Takoit ¢opme aaresnoHHbie
CBOICTBA MapaMHa YCHIIMBAIOTCS BO MHOTO Pa3 U €ro
CIOCOOHOCTD «IIPWIIMNATEY» K TBEPABIM MOBEPXHOCTSIM
3HAYHUTENFHO WHTEHCH()UIMPYETCS, YTO IMPHBOAUT K
pPE3KOMY BO3pACTaHHMI0 KoIM4ecTBa ocaaka. Acdanb-
TEHBl U CMOJBI B JTOM TEMIIEPATYpHOM JHAITa30HE
HAXOISITCS B MOHO- WM OHArperaTHOM COCTOSHHH.
IIpu nanpHENIEM CHMXKEHUH TEMIIEPATyphl BO3MOXKHO
(hopMupoBaHue B TUCTIEPCHOHHON Cpejie HOBBIX, Ooliee
KPYITHBIX, CMOJIUCTO-aC(abTEHOBEIX arperaTos, Ipe-
MATCTBYIONINX CTPYKTYpOOOpa3oBaHUIO MapaduHOB Ha
METaJUIMYECKON CTEHKE.

Tak, aBTOpHI cTaThul [26], OOCYXIas «aHOMAaIlb-
HBIIf» POCT PEOJIOTHYECKUX IMapaMeTpoB TpeX Kazax-
CKHX  BBICOKOMAPA(UHHUCTBIX  BBICOKOCMOJIUCTHIX

Coaep:xanue, % OTH.
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MounekyasapHo-maccogoe pacnpedeseHue H-AN1KAHO8 8 0cadkax Hegomu npu memnepamype mepmoobpabomku Tm (C):

Molecular mass distribution of n-alkanes in oil sediments at heat treatment temperature Tt (°C): (a) 10 (1), 20 (2),

He(Tell mociie TepmocraThpoBanus npu 55-70 °C,
VKa3bIBalOT Ha OCOOYIO POJb COOTHOLIEHHS CMOJ U
ac¢aibTEeHOB.

Hapsny ¢ TpamgunuoHHBIME METOIAMH HCCIIeIOoBa-
HUH HedTell ocoboe 3HAUYEHWE B HACTOAIICE BpeMs
MPUOOPETAIOT CHEKTPAIbHbIE METOMBI, MO3BOJISIOIINE
CBS3aTh (DPUBUKO-XUMHUYECKYIO TIPHPOAY IIPOLIECCCOB
cTpykTypooOpazoBanns HJIC co  cTpyKTypHO-
peonoruueckuMu cBoiictBamu. OIHAKO BCE U3BECTHBIC
CIIEKTpaJIbHbIE METOIBI OIPEICIICHHS pa3MepoB IIPO-
3pauHBIX YaCTHUI] IUCIIEPCHONH CHCTEMBI B CBETIBIX
HEePTENMPOAYKTAaX IO PACCEHBAHUIO CBETAa PA3TUUYHOU
JUTMHBI HE MPUMEHUMBI K TEMHBIM HE(TECIPOIAYKTaM,
KaKOBBIMH SIBIITIOTCS OONBIIMHCTBO He(Tei, Tak Kak B
TaKUX CHCTEMax NpeoliagaeT MorjoleHre, a He pac-
ceuBanue (otoHoB uactumamu [22]. JlmHamuveckoe
paccestHus ceta (JIPC) — 3T0 MeToH, UCTIONB3YIOIIHI
SIBIICHUE PACCESHUS CBETa W TpeIHA3HAUYCHHBIA IS
WU3MEPEHHUsT pa3MEpOB HAHO- M CYOMHKPOHHBIX JHC-
MepPCHBIX YacTull. B pabote ¢ momonipio Metoma JIPC
OBUTH TIOTYYEHBI JaHHBIE TI0 CPEIHAM pa3MepaM pajau-
yCcOB He(TAHBIX arperaros, ¢popmupytomuxcs B H/AC
npu oxyaxnaeHuu ot 55 °C o temmeparypsl, OJU3K0MH
K T, (puc. 4). CkopocTh OXJaKAeHUs He()TH COCTaBHIIA
0,04 °/muH. C MOHMWKEHHUEM TeMIIepaTypbl 00pasia oT
55 no 35 °C cymecTBEeHHBIX W3MEHEHHWH 3HAYCHUH
CpeIHUX PaJNyCcOB HE(PTSHBIX arperaTtoB He HAOIOAA-
erca (Rep=29,5-17,8 Hm), mocne 4ero npu jganbHei-
meM oxJjaxeHuu 10 28 °C ux pa3Mepsl pe3Ko Bo3pac-
tatoT 70 100 M. [Tocnenyromiee noHwxKeHUE TeMIIEpa-
Typsl He(TH NPUBOAUT K CHIKEHHMIO R., 10 MMHH-
MaJbHBIX pa3MepoB. W ToMpKO TpW Temreparype,
omuskoit k T,, pa3sMepbl arperatoB BHOBb PacTyT B
3-8 pas.

N3BectHO, 4YTO TepMOOOpaboTka HedTecoaepKa-
OIMX CHUCTEM MPHBOAUT K (HOPMHPOBAHHIO B MOICKY-
JSIPHOH ToAcUcTeMe ac(halbTeHBI/CMOIBI TEPMOAMHA-
MHYECKH YCTOWYUBBIX CTPYKTYP.
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aggregates Rav on temperature

B pab6ote [20] 1.H. EBIOKUMOB yTBEpXaaeT, YTO
MIpU TIOHWKEHUU TeMIepaTypsl Uisi TepMooOpaboTaH-
HbIX HedTell HabmoarTCa dPPEKTH «IePeoXITaKIe-
HUS», CBSA3aHHBIE C CYILECTBEHHBIMH CTPYKTYPHBIMHU
npeoOpazoBaHUsIMU B ac(hadbTEHOBBIX KOJUTOHMJAX.
[IpuunHO#M 3TUX ABIEHUI MOTYT CTaTh JOJTOXHUBYILIUE
MeTacTaOUIBHBIE COCTOSHUS TIPH O0Jiee HU3KAX TEM-
nepatypax. IIpu 3Tom obue 1is pasmTuuHBIX HeTe-
CONIepKaIllUX CHCTEM 3HAYCHHUS XapaKTEPHBIX TeMIIe-
patyp TepmoobpaboTku (Hmwxke 38 °C) ompenenstorcs
0COOCHHOCTSMHU SHEPTHI B3aUMOJICHCTBHSI CMOJIHMCTHIX
1 acalbTCHOBBIX KOMIIOHEHTOB, a HE B3aMMOJCH-
ctBusiMH ¢ ydactuem [IY. ®@opmupoBaHue KOJLIOUA-
HBIX CTPYKTYp C ydacTHeM napadUHOB TakkKe CBA3aHO
C XapaKTePHBIMH W3MEHEHHMSMHU TMOJCHUCTEMBI ac(aib-
TEHBI/CMOJIBI M TIPOUCXOJIUT 3a CUST 00pa30BaHHS MPH
TeMIeparypax HUxKe Ty, IPOUYHON NMPOCTPAaHCTBEHHOM
3D-cTpyKTypBI KOaryJsiluOHHO-
KPUCTAJUIM3aLIMOHHOTO THIIA, OXBAaThIBAaIOIIEH BeCh
00BEM JKHUJIKOCTH B 3aBHCUMOCTH OT KOHIICHTPAIIUU U
MOJICKYJISIDHOTO COCTaBa MHapa(puHOB, HPUCYTCTBYIO-
mMX B JaHHOHW Hedrecomepxkamei cucreme. [Ipensa-
putenpHas TepMooOpadoTka mpu Temneparypax 3045
°C mpuBOAWT K TpaHCPOPMAIMK CYIIECTBYIOMIEH
HJC, dopmupyst py MOHMKEHUN TEMIIEPATypPhl HOBOE
MeTacTabUIBHOE (IEPEX0IHOE) COCTOSIHHAE KOJUIOUIOB.
BeposiTHBIM MEXaHHU3MOM Tepexo/ia B MeTacTabuIbHOE
COCTOSIHHE SIBIIsIeTCA 00OpasoBaHHE Oojiee CIOXKHBIX
ac(aTbTEHOBBIX arperatoB B MOJICKYJSIPHOH MOICH-
cremMe ac(agbTeHBI/CMOJIBI, YTO TIOJTBEPIKAACTCS TPS-
MBIMH U3MEPEHUSAMU IPYTuX aBTOpoB [20].

Takum o0Opazom, (a3oBEIe Mepexoasl B mapadpuHu-
CTBIX CMOJIMCTHIX HE(PTAX ONMpenesnsroTcs KOHILEHTpa-

25

LUed H-aJKaHOB, NPUPOJIOH Cpenbl, TEMIEPAaTYypod U
HannuueM npupoassix ITAB. Pa3mep kpucranios na-
paduHOB Takke OKa3pIBAaeT pEIIAOIIee BIMSHHE Ha
00pa3oBaHUE OCAJKOB B TAaKUX BBICOKOMAPA(PUHUCTHIX
CMOJHUCTBIX He(TIX, Kak HedTh 3amanHo-Maiickoro
MECTOPOXKAEHHA. ATperanus U pocT pa3MepoB Hedrs-
HBIX YacTHUIl IPH OXJIAKAECHUU HE(TH IMOCie pa3iud-
HBIX PEKXUMOB TEPMOOOPAOOTKHU IpeACTaBiIseT coOon
KUHETHYECKH HEPaBHOBECHBIM MPOLIECC C BO3MOXK-
HBIM [IEPHOJIOM CIIOHTAHHOTO POCTa B MHTEpBAIE TEM-
niepatyp 35-25 °C.

3akro4yeHue

[IpoGitemMsl, cBs3aHHBIE C 00pa3oBaHHEM HEQTIHO-
r0 OcagKa Ha MECTOPOXKICHHUH, MOTYT BBI3BaTh CEPhE3-
HbIE TPYJHOCTU IJIsi oOecrieueHHUs Oe30MacHOCTH JI0-
Ob14M HETU U €€ TPAHCIOpTa 10 IMyHKTOB coopa. s
pelIeHusT 3TUX MPOoOJIeM HEOOXOIUMBI JIabOpaTOpHBIC
WCCIIEIOBaHUs, MO3BOJISIONIME ITOMYYUTh TIpeCTaBlie-
HHE O XapaKTepUCTHUKax J0O0bIBaeMBIX HedrTed mpu
Pa3NMUYHBIX TEMIICPAaTYpHBIX peXnMax. AHamW3 pe-
3yIIBTATOB W HAy4YHAsh HWHTEPIIPETAlHs MOTYICHHBIX
JAHHBIX JTAIOT BO3MOXKHOCTH C(HOpMYIHpOBaTh Ooliee
TOYHBIC MOJIENU IUIS CO3JaHUS IPOTPaMM OYHCTKU
TPYOOIIPOBOJIA WM TPEIOKUTH dPPEKTUBHBIE METO-
IbI TIPEIOTBPAILCHNUS BINIAJICHUs] 0caika U3 HehTH Ha
€ro MOBEpXHOCTH. Bce 310 mo3Bomsier chopmymmpo-
BaTh MPAKTHUCCKHE PEKOMEHIAINU II0 BBIOOPY OMNTH-
MaJIbHBIX TEMIIEPaTypHO-BPEMEHHBIX PEKUMOB pabo-
TBI TEXHOJIOTHYECKOT'0 000PYIOBaHHSI.

B pabote skcriepuMeHTaIbHO OOHApyXeH 3¢ ¢eKT
TEPMHUYECKH WHAYLMPOBAHHOM aHOMAJIUU BS3KOCTU
BBICOKONapa(uHUCTOM cMonucTod Heptn FOxHO-
Maiickoro mMectopoxnaeHuss nocie 60 MHHYT TepMoO-
ctatupoBanus npu temneparype 40 °C. B otiauune ot
Tepmoobpadotku mpu 10, 20 u 60 °C, mocne Tepmo-
crarupoBanus mpu 40 °C HabmromaeTcss aHOMAITBHBIN
POCT HE TOJNBKO BS3KOCTHO-TEMIICPATYPHBIX ITapaMeT-
POB M KoJHM4YecTBa C(HOPMUPOBABLIETOCS HEPTSIHOTO
0CaJika, HO U XapaKTePHCTHK, ONHCBHIBAIOLINX YHEpre-
THYECKOE COCTOSTHHE HE(PTSIHOM JTUCTICPCHOW CHCTEMBI,
TaKUX KaK OHEPIruv AaKTHUBAIIUK BIA3KOTO TCUCHUA U
BHYTPEHHEN dHEPrusl paspylleHUs JUCIEPCHOHN CTPyK-
TYpBHIL.

[Mocne TepmooOpabotke mpu 40 °C B oOpasie
HedTH 0OpasyeTcs MaKCHMAaIbHOE KOJIMYECTBO OCaJIKa,
H-aJIKaHbl KOTOPOTO OOOTaIlEHBI JISTKUMH YTIJIEBOO-
ponamu coctaBa Cp1—Cig.

MetonoM (GOTOHHOH KOPPENALMOHHON CHEKTpPO-
CKOTIMH TIOKa3aHo, Mpu oxyaxaeHuu ot 55 °C ¢ puk-
CHPOBAaHHOH CKOPOCTBIO HE(TH, TEpMOOOPabOTaHHOMH
npu 40 °C, B unTepaiue temmeparyp 35-25 °C mpowuc-
XOZWT CIIOHTAHHBIN POCT Pa3MepoB HE(TIHBIX arpera-
TOB B 3—5 pa3. DTo MOXKeET OBbITh CBSI3aHO CO CTPYKTYpP-
HBIMH (Da30BBIMH IIEPEXOAaMH B TMOACHUCTEME ac(hallb-
TEHBI/CMOJIIbI, TIPUBOIANIMMUA K OOpa30BaHUIO JOJTO-
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KHBYIINX METAaCTaOWIBHBIX COCTOSHHH MOJEKYJISp-
HBIX ac(aJbTeHOBBIX KOJUIOMJOB IPH TeMIlepaTypax,
HIDKE TeMIepaTyphl Havyaja KpUCTaJUTM3aluy napadu-
HOBBIX YIJICBOJOPOAOB B T€PMOOOpPaOOTaHHOM HE(TH.
dopmupyronyecs Mpu JaHHBIX YCIOBHAX CMOJIUCTO-
ac(hanbTeHOBBIC arperarbl MOTYT BBICTYNATh Kak Iie-

MEHTUPYIOIUE YaCTHIBI B MPOTHKEHHBIX 3D-ceTkax
KpUCTAIUIOB mapaduHOB. [l yTOYHEHUS MEXaHHU3Ma
(hopMHUpPOBaHUS CMOJIHCTO-aCc(aTBTEHOBBIX arperaTtoB
B JAHHBIX TEMIIEPATYPHBIX YCIOBHAX HEOOXOIUMO
MPOBEICHNE JTaTbHEHINX HCCICIOBAHUN C MPUBJICYC-
HUeM HedTel Ipyroro cocrapa.
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