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AHHOTal.ll/lﬂ. AKmya/u,Hocmb HccieJ0BaHUA 3aK/JII04YaeTCd B HEO6XOAI/IMOCTI/I HU3y4Y€HUA BIUAHUA TBépAbIX 4acCcTHul, B IIOTO-
Ke HedTH Ha 06pa3oBaHUe, COCTAB U CTPYKTYPY achasbTocMoionapadpruHOBBIX OTI0XKeHUH. COBpeMeHHbIe MO/iesIn 06pas3o-
BaHUA aC(I)aJIbTOCMOJIOHapa(l)HHOBbIX OTHO)KeHHﬁ, OCHOBAHHbI€ Ha KOPpeJANHOHHBIX 3aBUCUMOCTAX WU 3MIUPUYECKHUX
JIQaHHBIX, He YYUTBIBAIOT BJHSHUE COJlepXKaHUsl TBEP/AbIX YaCTHUI| B HePTH B JO/LKHOU Mepe. [locieHue nccaefo0BaHus 10-
Ka3bIBaIOT, YTO Pa3/IMYHbIe TBEP/ble YACTUIbI B HePTH MOTYT BJIHUATH KaK Ha KPUTHYECKYIO0 CKOPOCTb, TaK U Ha CTPYKTYPY
bopMUpyOIKXCA OTI0XKEHUH NMapaduHa, 0JHAKO BO3JeHCTBHE PA3IMYHbIX YAaCTHUL HA MHTEHCUBHOCTb O0Opa30BaHUs ac-
danbToCMOIONAapadUHOBBIX OTJIO)KEHUH 0CTAéTCA He U3y4eHHBIM. I]e/1b: U3y4UTh BIAUSHUE PA3JIUYHbIX QpaKIUi mecka Ha
MHTEHCUBHOCTb 00PAa30BaHMs, COCTaB U CTPYKTYpPY acdasbTocMosionapadpuHOBEIX OTI0KeHUH. Memodsl: MoJe/MpoBaHUe
nporecca 06pa3oBaHus achasbTOCMOJIONapaPUHOBBIX OTJIOXKEHUH Ha J1abOpaTOPHOM yCTaHOBKe «XOJIOAHBIA CTEPKEHbY
npu 06aBJeHUH pa3IMYHbIX GpaKIUi necka B HepTh; U3yUyeHHE COCTABA U CTPYKTYPbI acPasbTOCMOJI0NAPAPUHOBBIX OT-
JIO)KEHUH 110CJIe IPOBEIEHHBIX MCC/IeJOBaHUH ITPH NMOMOIM MUKpocKona. Pe3y/1bmamel. 1o pe3yjabTaTaM HCCAeA0BaHUN
HabJIl0/jaeTCcs 3HAYUTEbHOE yBeJUYeHHe MHTEHCUBHOCTH 06pa3oBaHus acdasbTocMosionapadrHOBBIX OTJIOKEHUH NpU
Jlo6aBieHHH B HePThb KPYNHbIX GpaKLMH Necka NpU KoHLeHTpauuu 5 % u Bblile. CTOUT OTMETUTD, YTO Masible GppaKkIUu
MOYTH He BJMAIT Ha KOJMYECTBO 00pA3YIOIIMXCA OTJOXKeHUH napaduna. Takke ecnu [06aBasaTh B HeQTb pasidvHble
dpaKL My B paBHBIX IPONOPIHUSAX, BO3AeHCTBUA HA MHTEHCUBHOCTb 06pa3oBaHuA acdasbTocMosionapadrHOBBIX OTI0KEHUH
MOYTH He HabJroaeTcs. B xo/ie aHa/IM3a CHUMKOB OTJIOXKEHUH C MMKPOCKOIIA MOXKHO CZles1aTh BBIBOJ], YTO MOJIEKYJIbI Napa-
¢duHa npy B3aUMOJIEHCTBUH C YaCTULAMHU IlecKa pa3MepHoCcTH Gosiee 0,05 MM 06pa3yroT KOMIJIEKCH], TPUYEM C YBeJUYEHH-
eM ¢paKLMU UX IPOYHOCTH MOBbILIAETCsA. Bbl80odbl. 3yuyeHre cOBpeMeHHbIX MoJiesiel 06pa3oBaHus acdaibToCMoJI0Napa-
(GUHOBBIX OTJIOXKEHUH M aKTya/bHBIX pabOT MO3BOJIMJIO MTOHATH, YTO BONPOC MCCAeA0BaHUA (aKTOPOB 0O6pa30BaHUsA ac-
danbTocMoI0napadUHOBBIX OTJIOXKEHHUH, B YACTHOCTH BJIUSAHUA HAJIMYUA TBEPABIX YaCTHL, B HEPTH, OCTAETCA OTKPBITHIM.
Pe3ysbTaThl AaHHOH paboThl MOTYT ObITb HalpaBJeHbl HAa COBEPIIEHCTBOBAHUE CYLIECTBYIOIMX TEXHOJOTUH B 06/acTh
MO/leJINPOBaHUA Npolecca o6pa3oBaHus acdanbTocMosIonapadUHOBBIX OTI0KEHHUH, a TaKXkKe 6yAyT C10co6CTBOBATh Al b-
Hel1iell paboTe nccaeoBaTe el B JAHHOM HallpaBJIeHUH.

KnroueBsle c/10Ba: achanbTocMosionapadruHOBLIE OTJIOKEHMUS, 1ECOK, HeTh, COCTAB, CTPYKTypPa OTJIOXKEHUH
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Abstract. Relevance. The need to study the effect of solid particles in oil stream on formation, composition and structure of
deposits. Modern models of formation of asphalt-resin-paraffin deposits, based on correlation dependencies or empirical
data, do not take into account the influence of the content of solid particles in oil to the proper extent. Recent studies show
that various solid particles in oil can affect both the critical velocity and the structure of the formed deposits, but the effect of
various particles on the intensity of formation of asphalt-resin-paraffin deposits remains unexplored. Aim. To study the effect
of various sand fractions on the intensity of formation, composition and structure of asphalt-resin-paraffin deposits.
Methods. Modeling of formation of asphalt-resin-paraffin deposits at the laboratory installation “Cold Finger” when adding
various sand fractions to oil; studying composition and structure of deposits after the conducted investigations using a
microscope. Results. According to the research results, there is a significant increase in the intensity of formation of asphalt-
resin-paraffin deposits when large fractions of sand are added to oil at a concentration of 5% or higher. It is worth noting that
small fractions have almost no effect on the amount of deposits formed. Also, if various fractions are added to oil in equal
proportions, there is almost no effect on the intensity of formation of asphalt-resin-paraffin deposits. When analyzing the
deposits images from a microscope, it can be concluded that paraffin molecules, when interacting with sand particles of a
dimension greater than 0.05 mm, form homols, and with an increase in the fraction, their structural strength grows.
Conclusions. The study of modern models of formation of asphalt-resin-paraffin deposits and current articles made it
possible to understand that the issue of studying the factors of formation of asphalt-resin-paraffin deposits, in particular the
effect of the presence of solid particles in oil, remains open. The results of this article can be aimed at improving existing
technologies in the field of modeling paraffin formation, as well as contribute to the further work of researchers in this
direction.
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BBeaeHue BIUSTHUM HEKOTOPBIX (haKTOPOB Ha Ipoliecc oOpa3oBa-
Ha ceropssmuwmii ieHb J100b9a He()TH HA MHOXKE-  HUS OTIOKEHHUH.
CTBE HE(PTAHBIX MECTOPOKICHUH COMPOBONKITACTCS B Hacrosiiee BpeMsl U3BECTHO O CIEAYIOIIUX (ak-

oOpa3oBaHneM ac(arbTOCMOIONAPaQUHOBEIX OTIOKE-  TOpaX, BIMSIONIMX HAa MHTEHCHBHOCTH BBINAICHUS I1a-
Huit (ACIIO) na BHyTpeHHUX CTeHKax HedTemoObBa-  paduua: Temreparype HedTH, 3aBUCHMOCTH IaBJICHHS
IONIMX CKBaxuH [1, 2]. Beneacreue 3Toro yMeHslnaeT-  Ha 3a00€ OT JABJICHUS HACBHIIICHHS TOIMYTHBIM Ta3oM,
Csl TU/IPABIINYECKUH pagnyc JTU(TOBOH KOJIOHHBI, YTO  CKOPOCTH IOTOKA U KOMIIOHEHTHOM M XHMHYECKOM CO-
NPUBOANT K BO3pAacTaHWIO HArpy3kd Ha Hedrermpo-  crae Hedru [7, 8]. Temmeparypa HedTH OKa3bIBaeT
MBICIIOBOE 00OpYIOBaHME M YBEIMUMBAET PUCK aBa-  3HAYMTENbHOC BimsiHue Ha oOpaszoanue ACIIO. Ipu
puiiHbIX cutyauuit [3, 4]. Jng 6opsosl ¢ ACIIO npu-  oxiraaeHHHM CTEHOK JU(TOBON KOJOHHBI HUYKE TEMITS-
MEHSIETCSI MHOXECTBO METOJIOB, CPEN HUX BBUIENSAIOT  parypbl Hadana kpuctammsanuu mnapadura (THKIT)
JIB€ TPYNIIbI: METOMBI YAAICHUS OTIOKEHUM M METOIBl  MPOMCXOMUT oOpasoBanue oTiokenud [9, 10]. Ilpum
npenynpexaeHus ux oOpasoBaHus. OJHAKO MHOTHME  HHM3KHMX 3HAYEHHUSX 3a00WHOIO JABJICHHSI OTHOCHTEIBHO
MCCIIEZI0BATEIH TTOITBEPXKIAIOT, 4TO s SP(EKTUBHO-  J@BJIECHHS HACBHICHUS JIECTA0MIM3UPYETCS CUCTEMA
ro BbIOOpa croco0a GOPEOBI € OTIOKEHHAMH HEOOX0-  (KHIKOCTH—Ta3». ITO MPOUCXOAUT BCIEJACTBUC WHTCH-
JUMO KOPPEKTHO OLEHUTHh UX Mpoduib [5, 6]. He-  cuBHOro ra3oBbIJENEHUS W NPHBOJUT K YBCIHUCHUIO
CMOTpsI Ha 3TO, HEPA3pELIEHHBIM OCTAETCS BOIpoc O  ckopoctu obpaszoanusi ACIIO [11]. Beicokast ckopocTh
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TIOTOKA CPHIBAET HAKOMMBILIUECS OTIOXKEHHS U COXPaHs-
er temmeparypy HepTtu [12]. HemanoBaxHbM (akTo-
POM TIOSIBIICHHS OTIIOKCHHH SIBISACTCS COCTaB HE(DTH.
OTHOIIIEHHE KOHIIEHTpaIMK achaibTeHOB K KOHIIEHTpa-
LUK CMOJI HATIPSIMYIO BIIHSIET Ha TeMIepaTypy HachlIle-
uus. [lpy yBenmmdeHun koimdecTBa ac(aabTEHOB TEM-
nepaTypa HAChILEHUS YMEHbBLIAETCs, YTO MPUBOAUT K
TIOHM)KEHUIO MHTEHCUBHOCTH 0Opa30BaHMS OTIOKEHHH.
[Ipy BBICOKMX 3HAUEHMAX TEMIIEPATYPHl HACBILICHUS
TIpOIIeCcC BINAICHNUS napapuna yckopsiercs [13].

C yBenuueHueM TeMIMOB IU(poBU3AIMHA HEPTIHBIX
MECTOPOXICHUH BOIIPOC O MOJCTHPOBAHIH 00pa3oBa-
Huss ACIIO ¢ y4€tom H3BeCTHBIX (akTopoB mapadwu-
HOOOpa3oBaHMs BcTaeT Hambosee ocTpo. Ha cero-
JHSIIHAKA JIeHb BBIACTSIOT TPU OCHOBHBIE MOJIEIIHU:
RRR (Rygg, Rydahl u Renningsen), Matzain u Teruro-
Byto aHanoruto (Heat Analogy). OCHOBHBIM W TIaB-
HBIM (pakTopom obOpazoBanus ACIIO B kaxmoit u3 me-
pPEUMCIICHHBIX MoJenel sBisercs Temreparypa [14].
OpHako npencTaBiIeHHbIE MOJIEIN HE YUUTBIBAIOT JAaH-
HbIC J1a0OpPATOPHBIX HCCIENOBAaHW W OCHOBaHBI Ha
KOPPEJLIIAOHHBIX 3aBUCUMOCTAX. [Ipu 3TOM B pabore
[15] nmpoBeneH MacIITaOHBIM aHATH3 TAHHBIX MOJCIICH,
YKa3bIBAIOIIUKA Ha HEOOXOIUMOCTh pa3padOTKU Moje-
JIM, OCHOBAaHHOUW Ha sMrpudeckux gaHHbX. B HOLJ
I'mPHI'M pa3pabotaHa cOOCTBEHHAs 3MITHPHYUCCKAsS
MOJIeNb IO pe3yIbTaTaM HCCIEOBaHUN Ha JlabopaTop-
HoMm crenae Wax Flow Loop. JlaHHas yctaHOBKa MO-
JIEMUpPyeT TMPOIecC ABIKCHUS He()TH B CKBAKHUHE C
y4E€TOM MHOKECTBA MapaMeTPOB C BO3ZMOKHOCTBIO pe-
TYJIMPOBAHUS TEMIIEPaTyphl, CKOPOCTH HEPTH W J1aB-
neHus B ycraHoBke. [logpoOHee mpencraBieHHas MO-
JIeNIb OMHChIBaeTCs B padote [16].

OpHako, HECMOTpPsI Ha Pa3BUTHE METOJOB MOJEIU-
poBaHUs 00pa30BaHUS TApaHHOBHIX OTIOXKCHUM, B
HUX HE YYWTBIBAETCS BIMSHUE TBEPIbIX B3BEIIECHHBIX
YacTUI], KOTOPHIC CHOCOOHBI OKa3aTh 3HAYMTEIIHLHOE
BIIMSTHHE Ha 00Opa3oBaHME JTAaHHBIX OTIOKeHWH. Tak, B
pabote [17] oTmedaeTcst, 9TO KPYITHBIC YACTHUIIHI ITECKa
MOTYT U3MeHATh CTpykTypy ACIIO, TeM cambIM yBenu-
9quBasi MPOYHOCTh OOPa3yIOMMXCS OTIOKeHuH. Jlemo-
PHHU OIHCHIBACT, YTO IECOK B HE()TH BIHSCT HA KPUTH-
YECKYI0 CKOPOCTh, MPUYEM OTO 3aBUCHUT OT JMAMETpa
nobasisiembix yactul [18]. Tlomumo 3Tor0, 10 CUX TIOP
HE U3Y4YEHO BIIUSHUE PA3JIMYHBIX TBEP/IBIX B3BEIICHHBIX
vactull Ha nporiecc oopaszosanust ACIIO. Coneprxanue
MEXaHHYCCKUX MpUMeceld B HE(pTH Ha TEPPUTOPHU
[epmckoro kpast mocturaet 45 /11, cpeqiHee 3HAUCHHUE —
3 r/n. B nanHo# paboTe mccieryeTcst BOIPOC O BO3IEH-
CTBHH COJICp)KaHMsI B HE(PTH pa3InIHbIX (pakIuii ecka
Ha KOJIMYECTBO BBIMAIAOIINX OTIOKEHHH.

MaTepuabl U METOABI

Jnst BBINOJHEHUsT J1a0OPaTOPHBIX HCCIENIOBaHMIA
NpUMEHsIach 1poda HedTH, (UIUKO-XUMHUICCKHE
CBOICTBa KOTOPOH MpHUBE/ICHBI B Ta0. 1.

Ta6auya 1. Qusuko-xumuyeckue cgolicmea Hegpmu

Table 1. Physical and chemical properties of oil

Pasmep- | Besnu-
[TapameTp
Parameter HocTh AnHa
Dimension | Value
[lnactoBasi/In reservoir 853
[lnoTHOCTB JleTasApoBanHan Kr/m3
il it k 3
0il density Degassed g/m 883,9
JluHaMuyeckas [lnacroBasi/In reservoir lla-c 8,25
BSI3KOCTb JlerazupoBaHHast
L. . Pa:s 12,39
Dynamic viscosity Degassed
Acdanbre
CozeprkaHue A bansrensl 2,5
sphaltenes
B HedTH - %
L Cmouibl/Resins 23,3
Content in oil -
[lapa¢punsl/Paraffins 3,6
TeMnepaTypa Hayasia KpUCTa/JIM3alUH NapadpuHa oC 26
Wax appearance temperature

HccnenoBanust Mo OLEHKE BIHMSHUS YacTHUI] IECKa
Ha KOJIMYECTBO OTIOKCHUH MPOBOMMINCH HA YCTAaHOB-
ke «XonoaHbli crepxkerby [19, 20]. JlanHbli 1abopa-
TOPHBII CTEHJ WCIONB3YyeTCsl AT MOACTMPOBAHUS
nporecca obpazoBanust ACIIO BO Bpems IBIKCHHUS
HepTH B TH(TOBOI KOJIOHHE WIH TPYyOOIpPOBOIE MpPHU
3aJlaHHBIX 3HAYCHUAX TEeMIepaTypbl HE()TH U CTECHKU.
TemnepaTypHbIil rpailu€HT B MPOLECCE HUCCIEI0BaHUS
cocraBisur 40 °C. CkopocTh TepeMeNIMBaHus HePTH
cocrapnsna 350 06/MHH, YTO COOTBETCTBYET TCUCHHUIO
70 mM3/cyT RKUAKOCTH 1O TPYOGOHPOBOJY C BHYTPEHHHM
auaMeTpoM 62 mwm. IlpuHimn pa®oTel n1aHHOHM ycTa-
HOBKH TIPEICTaBIICH Ha pHC. 1.

Onenka uHTeHcHMBHOCTH OOpasoBanusi ACIIO BbI-
TMIOJTHSUTACH C MCTIONb30BaHUEM (hopmydsl (1):

_ Myeno
Hacno =

Myedru’ 1

TA€ Uaco MHTEHCUBHOCTH oOpaszoBanmus ACIIO;

Myeno — MAcCa OTIIOKUBILETOCS TTapaduHa Ha CTEPIKHE,

T Myegry — MACCa HEPTH 10 HAYAIIA UCCIIEOBAHU, T.
OTBITHI TPOBOAMINCH C MCTIOIB30BAHUEM (DpaKIHi

cienytoueit pasmepnoctu: menee 0,05; 0,25-0,05 u

0,5-0,25 mM. HaBecku mecka MoJTydeHbl MPU TTOMOIIN

KOMILJIEKTa CHUT COOTBETCTBYIOUIETO JUamMeTpa |

BuOpocura. lns onpenenenus macckl ACIIO crepxHU

B3BEIIMBAIUCh Ha aHanuTHueckux Becax «METTLER

TOLEDO» ¢ norpemsoctsio 0,1 Mr no u mocie wuc-

cie10BaHus Ha «XOJOJHOM CTEPIKHE.

J1 OLIeHKH BAMSIHUSA COJIEPKAHMSI TBEP/IbIX YACTHII

Ha MHTEHCHBHOCTb O0pa30BaHUs OPraHUYECKUX OTIIO-

JKEHUW TIPOBENIEHO JBE CEPUM HCCIEAOBAHUN, IIPO-

rpaMMBbl KOTOPBIX TPUBEIEHBI B Ta0I. 2, 3:

e B nepsoil cepun uccnenoBanuii B He(pTh 100aBIs-
JIOCh pa3IMyHOE KOJMYECTBO CMECH IIECUaHbIX
(bpakuuii B paBHBIX MPOTIOPIIHSX.

e Bo BTOpOIi cepun uccnenoBanuii B He()Th 100aBIIs-
U KaXIylo (PakIUio M0 OTACTHHOCTH B Pa3IUd-
HBIX KOHLIEHTpaLUIX.
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Puc. 1.
Fig. 1.

Ta6auya 2. [lapamempdvi npogedeHusi cepuu uccaedosanuti N 1

Table 2. Parameters of the research series no. 1

KoHueHTpanus
Homep onbiTa
. PasmepHoCTb ppakiun necka B HepTH, %
Experiment . . . .
Fraction dimension Concentration of
number L
sand in oil, %
1 Bes necka/Without sand 0
2 0,5
3 Bce ¢paxunu B paBHbBIX 2
4 POTOPLHUSIX R
S All fractions in equal pro- 10
portions
6 30

Ta6auya 3. [lapamempul npogedeHus cepuu uccaedosaruii Ne 2

Table 3. Parameters of the research series no. 2

Homep onbiTa
Experiment
number

PasmepHocTh
dpaxuuu, MM
Fraction dimension,
mm

KonueHnTpanusa necka B
HedTH, %
Concentration of sand in
oil, %

be3 necka

Without sand 0

<0,05

0,25-0,05 1 2 5 15

Slwn| =

0,5-0,25

Jnst oneHKM cocTaBa W CTPYKTYpPHI OTJIOKEHUH,
bopmupyromuxcst npu 100aBIeHHH B HE(PTh HABECKH
TIeCKa, JaHHBbIC OTJIOKCHHUS TOCIIe UCCIICAOBAHUS pac-
TBOPSUTM B TOJYOJIE€ M aHAJIM3UPOBAIM HEPACTBOPEH-
HBIE€ YaCTHLIbI O] MUKPOCKOIIOM. AHAJINU3 MPOBOIMIICS
Ha mukpockorne moaenu MBC-10 ¢ makcumanbHBIM
yBenuuenueM B 100 pas.

IIpunyun pabomol 1a60pamopHoll ycmaHoeKu «X0100HbIl cmepiceHby
Principle of operation of the laboratory installation «Cold Finger»

Pe3ysibTaThl pacyeTa

B pesynbraTe BBITIONHEHUS MEPBON CEpPUH HCCIIE-
JIOBaHWH, MPEJICTABICHHON B Ta0. 2, OblIa COCTABJICHA
TOYCYHAS 3aBUCUMOCTh WHTCHCHBHOCTH OOpa30BaHHS
ACIIO 0T KOHIIEHTpaIM¥u TIECUaHOW CMECH C PaBHOU
npornopirei ppakiuit B HedTH. [laHHAS 3aBHCUMOCTh
npuBeieHa Ha (puc. 2).

[To rpacduky MOXHO cAenaTh BBEIBOM, YTO Macca OT-
JIO’)KEHUH, OCaXIAIOUIMXCS Ha TOBEPXHOCTU «XOJO-
HBIX» CTEpXKHEH, HE3HAYHUTEIIbHO YBEJIWYUBACTCA C
MOBBIIIICHUEM KOHIIEHTpAIlMA PaBHOMEPHOW CMecH
MecKa BeeX (Ppakiui, B PaBHBIX MPOMOPIUIX J00aBIIS-
eMbIX B mccrneayemyo HepTb. Koadduiment xoppe-
nsiuuu [Tupcona coctasisier 0,764, 4To TOBOPUT O BBI-
COKOM KOPPEJSLMUA MEXIy PacCMaTpUBAEMbIMU BEJH-
yuHaMHU. J[aHHBIA MPOLIECC MOXKET ObITh BBI3BAH BKITIO-
YEHHEM B 00bEM OTJIOKECHMH YaCTHUI[ IICCYaHON CMECH,
3aMOJIHAIOUIMX MOPOBYIO CTPYKTYpPY OTiOxeHud. On-
HAaKO JUIsl OLEHKH JTMaMETPOB YACTHI], OKa3bIBAFOIINX
HauOoJIbIlIee BIUSHUE Ha MPOLECC MapapuHOOTIONKE-
HUS, IPOBe/IeHa BTopas cepus onbiToB. [1o pesynbra-
TaM BTOPOW CEpUH ONBITOB COCTaBJCHA TOYEUHAs 3a-
BHCHMOCTh HMHTEHCHBHOCTH oOpazoBanuss ACIIO or
KOHIICHTpAIlMA  ONpEJeNEHHON (paknuu Tecka B
HedTH. JlaHHAS 3aBUCUMOCTH TIPUBEICHA HA PUC. 3.

AHaNM3UPYS TIOIYYCHHBIN rpapHK, MO)KHO OTMETHTb,
YTO YBEJIMYCHHE KOHIICHTpAIK (PPaKITHii TIecKa TuaMeT-
pom 10 0,05 MM HEe IPUBOJUT K YBEJIMYEHUIO HHTEHCUB-
HOCTH 00pa3oBaHus oTiIoXeHud. [Ipr aToM moOaBneHme
yactun niecka auamerpamu 0,25-0,05 u 0,5-0,25 mm ¢
KOHIIEHTpanuel Oonee 5 % NPUBOIUT K YBEIMUICHUIO
WHTEHCUBHOCTH 00pa30BaHMUs OPraHUYECKUX OTIIOKESHHUM.



HW3BecTuss TOMCKOI0 NOJUTEXHUYECKOTO yHUBepCcUTeTa. MTHXXUHUPUHT reopecypcoB. 2024. T. 335.Ne 2. C. 17-24
WmromuH [L10. u gp. BiusiHue cocTaBa MexaHMYeCKUX IpuMecell Ha 06pa3oBaHre OpraHU4YecKUX OTJI0KEeHUH

VHTeHCHUBHOCTD 00pa30oBaHuUs

Puc. 2.

Fig. 2.

MHTEeHCUBHOCTH 00pa30BaHus
ACIIO, . en.

0,25
02
P
015 @
=
o
5 01
=z
0,05
0
0% 5%

10% 15%

R*=0,5837

20%

25%

Konnentpamus necuanoit cmecu, %

Pe3ysemamul npogedenus cepuu uccaedosaruti Ne 1
Results of the research series no. 1

0,24
0,23
0,22
0,21

0,2
0,19
0,18
0,17
0,16
0,15

4

5

6 7 8 9 10 11
Konnenrparms necka, %

Puc. 3. Pe3ysnbmamul npogedeHust cepuu uccaedosaHuti Ne 2
Results of the research series no. 2

Fig. 3.

Puc. 4.

Fig. 4.

ala

o/b
CHUMKU pacmeopéHHbIX ac@anbmocmononapag@uHosslX 0maoxceHull, noay4eHHbIX 8 Xode cepuu ucciedosanuli Ne 2
dza5 gppakyuu: a) <0,05; 6) 0,25-0,05; 8) 0,5-0,25 mm
Images of dissolved asphalt-resin-paraffin deposits obtained during the series of studies no. 2 for a fraction: a) <0.05;
b) 0.25-0.05; c) 0.5-0.25 mm

21

12

13

14 15

16

30% 35%

—0—0.5-0.25 mm
—0—0.25-0.05 mm
—0—-<0.05 Mmm

bes mecka

e/c



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 2. P. 17-24
Ilyushin P.Yu. et al. Effect of mechanical impurities composition on formation of organic deposits

Ha puc. 4 npencraBineHsl CHUIMKH PacTBOPEHHBIX B
TOJIyOJIe OTJIOKEHUH mapaduHa, MONyYEeHHBIX IMOCIe
cepun wuccnenoBannii Ne 2. Jlis HarisqHOCTH pac-
CMaTPUBAIKChH OTBITHl ¢ HAMOOIbIIeH KOHIICHTpaluel
necka B He(TH, paBHOH 15 %. PazmepHOCTh yacTuil Ha
CHUMKaX OICHHBAJIAaCh C IIOMOIIBI0 MacImTaOHOH
KpacHOMU JINHUU.

Kak BuHO Ha TpeCTaBIEHHBIX CHUMKaX, TPU B3a-
UMOJICHCTBHM C YaCTHIIAMH TIecKa Majod (Qpakiuu
napad¥H IMOITHOCTHIO PACTBOPSIETCS B TOIyose. B ciry-
qyae pasMepHocTu (pakuuu 6osee 0,05 MM Habmoxa-
eTCs CBSI3BIBAHUE MOJICKYIN MapaduHa W YaCTHI[ TIecKa
B KOMIUTEKCH. CTOUT OTMETUTbH, YTO KOMIDIEKCEHI, 00-
pa3oBaHHbIE TIPU B3aMMOJCHUCTBUM OTJIOXKEHUH C
HauOoublIel (paxiueil mecka, IMEIOT OoJiee TPOUHYIO
CTPYKTYpPY. DTO CBSI3aHO C TE€M, YTO KPYIHbIE YaCTHUIIBI
MecKka MMEIT OOIBIIYIO IJIOHJb M IIEPOXOBATOCTh
TMMOBEPXHOCTH, 3a CUET Yero YBCIIMYUBACTCA CHUJIa CBsA-

JUYHBIX (Ppakiuil mecka B HedTh. OmpenencHo, 4To
N00aBJIeHNE HAaBECKM IIECKAa C PAaBHOMEPHBIM paclpe-
JCTICHUEM Pa3NIHBIX (PpaKunii He3HAUYNTEITHHO BIIHS-
€T Ha UHTEHCUBHOCTb 0Opa30BaHMsI OTJIOXKEHUIl mapa-
¢una. [lo pesynbTaTaM AOMOJHUTEIBHBIX HCCIEIOBA-
HUM MOXXHO CIIeNlaTh BBIBOX, YTO (PpaKIMH TecKa C
muametpoM ot 0,05 mo 0,5 MM mpH KOHIEHTpPALHIX
5% ¥ BBIIIE 3HAYUTEIBHO YBEIMUYUBAIOT MHTCHCHUB-
HOCTh oOpazoBanust ACITO. [Tomumo 3TOTO, TIPOBEEH
agaim3 ACIIO nocite uccienoBaHuii ¢ ITOMOIIBIO MUK-
pockomna. Ha cHMMKax HaOm0#aeTcs CBS3BIBAHHUE MO-
JMeKyn mapaduHa ¢ KPYMHBIMH YaCTHIIAMH IIeCKa B
KOMIUICKCHI, IPUIEM C YBEIMYECHUEM (PAKIH OTME-
YaeTcsl MOBBIICHUE MX MpodHocTH. IlomyueHHsle pe-
3yJIBTaThl MOTYT OBITh UCIIOJIb30BAHBI JIJIsl TIOBBIIICHUS
TOYHOCTH CYIISCTBYIOIIUX MoJnenell 00pa3oBaHms
ACIIO. IlpuknagHbiM TPUMEHEHHEM JaHHOM pabOTHI
SIBJIICTCS] OIIEHKA JUaMETPOB (Ppakiuii mOpoabl, KOTO-

3piBanus ¢ ACIIO. pBIE CIIOCOOHBI OKa3aTh BIMSIHUC HAa 0Opa3oBaHHE Ia-
pauHOBEIX OTIOXKeHHH. Taxke 3TO MOCIOCOOCTBYET
3aksl0ueHune Oosiee TPHUCTAILHOMY HW3YYCHHIO BIMSHHUS COCTaBa

B nanHOll pabore M3ydyeHa 3aBUCHMOCTb MHTEH-  He(TH Ha 0OPa30BaHUE OTJIOKEHHM.

cuBHocT oOpasoBanus ACIIO ot moGaBneHHs pas-

CITMCOK JIMTEPATYPBI

1.

Nurgalieva K.S., Saychenko L.A., Riazi M. Improving the efficiency of oil and gas wells complicated by the formation of
asphalt-resin-paraffin deposits // Energies. — 2021. — Vol. 14. — Ne 20. — P. 6673.

aCCbaHBTeHOCMOJIOHapa(i)I/IHOBBIX BCHICCTB B

2. Rogachev M.K., Nguyen Van T., Aleksandrov A.N. Technology for preventing the wax deposit formation in gas-lift wells at
offshore oil and gas fields in Vietnam // Energies. — 2021. — Vol. 14. — Ne 16. — P. 5016.

3. 3apumoBa JI.M. BuOpammonHas odyucTka HepTeCOOPHBIX TPyOOIpO BOIOB //3amuTa OKpyKaromel cpelasl B HedTerazoBom
KOMIUIeKce // 3alura okpyKaromieil cpesipl B HedrerazoBoM komriekce. —2011. — Ne 1. — C. 28-31.

4. Thota Surya T., Onyeanuna C.C. Mitigation of wax in oil pipelines // International Journal of Engineering Research and
Reviews. —2016. — Vol. 4. — Ne 4. — P. 39-47.

5. Tlushin P., Vyatkin K., Kozlov A. Development of an approach for determining the effectiveness of inhibition of paraffin
deposition on the wax flow loop laboratory installation // Inventions. —2021. — Vol. 7. — Ne 1. — P. 3.

6. Maptiomies  /I.A. MonenupoBaHue ¥ TPOTHO3UPOBAHHE  OTIOKEHUN
HedrenoOpBaronx ckBakuHax // I'eopecypcerr. — 2020. — T. 22. — Ne 4. — C. 86-92.

7. Wsanosa JI.B., Bypos E.A., Komenes B.H. AcdansrocmononapamHOBEIE OTIOKEHHS B Hpolieccax NOOBIYH, TPAHCIOpPTa U
XpaHeHust // DeKTpoHHbIH Hay4HbIN KypHan Hedrerasooe neno. —2011. — Ne 1. — C. 268-284.

8. T'yropoB A.IO., IlerpoBa JI.B. Mexanusm u ycioBusi oOpa3oBaHusi achaibTocMosonapauHOBBIX OTIOKEHUH B YCIOBHSIX
3aBeplIaoLel craany pa3paboTku HeTAHbIX MecTopoxaeHuit // Heprenpomsiciaosoe neno. —2014. — Ne 2. — C. 23-27.

9. Bidmus H.O., Mehrotra A.K. Solids deposition during “cold flow” of wax— solvent mixtures in a flow-loop apparatus with heat
transfer / Energy & Fuels. —2009. — Vol. 23. — Ne 6. — P. 3184-3194.

10. Wax formation in oil pipelines: a critical review / A. Aiyejina, D.P. Chakrabarti, A. Pilgrim, M.K.S. Sastry // International
journal of multiphase flow. —2011. — Vol. 37. — Ne 7. — P. 671-694.

11. Co6onesa E.B. Bistnue 3aboiinoro nasinenus Ha otnoxenus ACIIB, pekoMeHamm 1o N3MEHEHHIO PEXKUMOB pabOTHI CKBAYKHH
¢ uensto npenotepamieHuss ACIIO Ha npumepe 600pPHKOBCKOM 3anexd YHbBUHCKOrO MecTopoxaenus // HedrenpomsicioBoe
neno. —2013. — Ne 8. — C. 46-51.

12. Jlromme C.B., Penua H.H. O BiustHUM CKOPOCTH MOTOKa Ha WHTEHCHBHOCTH OTIIOXKEHHs mapaduHoB B Tpybax // COOpHHK
6opboa ¢ oTnoxkeHusamu napaguna. — M.: Henpa, 1965. — C. 340.

13. TIporHo3mpoBanue IpoodiIeM mpu 100bde HehTel Ha OCHOBE aHAIN3a HX XUMUYECKOTO COCTaBa M (PM3UKO-XHUMHUYECKIX CBOUCTB /
Bapckas E.E., I'aneeBa 10.M., IOcynosa T.H., dasaoa .U. // BectHuk Ka3aHCKOTO TEXHOJIOTHYECKOTO YHHBEPCHTETA. —
2012. - T. 15.— Ne 6. — C. 166-169.

14. Pipeline wax deposition modeling: a sensitivity study on two commercial software / G. Giacchetta, B. Marchetti, M. Leporini,
A. Terenzi, D. Dall’Acqua, L. Capece, R.C. Grifoni // Petroleum. —2019. — Vol. 5. — Ne 2. — P. 206-213.

15. Van der Geest C. Critical review on wax deposition in single-phase flow // Fuel. — 2021. — Vol. 293. — P. 120358.

16. Ilyushin P.Y., Vyatkin K.A., Kozlov A.V. Development of a new model for the formation of wax deposits through the passage of
crude oil within the well // Sustainability. — 2023. — Vol. 15. — Ne 12. — P. 9616.

17. Zhang X. The coarse particle influence on the strength of wax deposition // International Pipeline Conference. — Calgary, Canada,
2020. - Vol. 84454. — P. 9351-9358.

18.

Leporini M. On the numerical simulation of sand transport in liquid and multiphase pipelines // Journal of Petroleum Science and
Engineering. —2019. — Vol. 175. — P. 519-535.

22



U3BecTrst TOMCKOro MOJTMTEXHUUECKOTO YHUBepCcUTeTa. MHXKUHUPUHT reopecypcoB. 2024. T. 335.Ne 2. C. 17-24
WnrowuH [L10. u ap. BiusiHue cocTaBa MexaHUYECKUX TPUMecel Ha 06pa3oBaHKe OPraHUYeCKUX OTI0KEHUH

19. Lekomtsev A. Designing of a washing composition model to conduct the hot flushing wells producing paraffin crude oil //
Journal of Petroleum Science and Engineering. —2022. — Vol. 217. — P. 110923.

20. Chi Y., Daraboina N., Sarica C. Effect of the flow field on the wax deposition and performance of wax inhibitors: cold finger and
flow loop testing // Energy & Fuels. —2017. — Vol. 31. — Ne 5. — P. 4915-4924.

UHdopmanysa 06 aBTOpax

INaBen KOpbeBuuy WIOMMH, KaHAWUJAT TEXHUYECKUX HAYK, AOLEHT KadeApbl HedTErazoBbIX TEXHOJIOTHUU
[TepMcKOro HaLMOHAJBHOTO HCCAE0BATENbCKOr0 MOJUTEXHUYECKOTO yHUBepcuTeTa, Poccusa, 614990,
r. [lepmb, KoMmcomonbckuii p., 29. ilushin-pavel@yandex.ru

Kupunn AHgpeeBud BATKUH, acnupaHT KadeApbl HepTerasoBblx TeXHOJIOrHH [lepMckoro HalMoOHaJbHOTO
HCCJIe[l0BaTeIbCKOTO MOJUTEXHUYECKOT0 YHUBepcUuTeTa, Poccus, 614990, r. llepmb, KomMmcomonbeckuit np., 29.
kirill.vyatkin@girngm.ru; https://orcid.org/0000-0002-3464-1493

AnToH BagumoBuu Ko30B, acnupaHT Kadeipbl HepTerazoBbix TEXHOJOTUH [lepMCKOTro HallMOHAJBHOIO HC-
CJIeI0OBATE/IbCKOTO MOJIMTEXHUYECKOro yYHUBepcuTeTa, Poccusi, 614990, r. [lepmb, Komcomonbckui np., 29.
anton.kozlov@girngm.ru; https://orcid.org/0000-0003-2350-2153

Janunia BayecsiaBoBuY AHApeeB, labopaHT-UccIe0BaTe b Kadeapbl HedTerasoBbix TexHosorui [lepmcko-
r0 HalMOHAJIbHOT'0 MCCJIe0BATE/IbLCKOTO MOJUTEXHUYECKOr0 YHUBepcuTeTa, Poccus, 614990, r. [lepmb, Komco-
MOJIbCKUM 11p., 29. d.andreev@girngm.ru

[Toctynusa B pegaknui: 12.05.2023
[TocTynusia nmocje pereHsupoanus: 31.05.2023
[IpuHsTa K ny6aukanuu: 06.12.2023

REFERENCES

1. Nurgalieva K.S., Saychenko L.A., Riazi M. Improving the efficiency of oil and gas wells complicated by the formation of
asphalt-resin-paraffin deposits. Energies, 2021, vol. 14, no. 20, pp. 6673.

2. Rogachev M.K., Nguyen Van T., Aleksandrov A.N. Technology for preventing the wax deposit formation in gas-lift wells at
offshore oil and gas fields in Vietnam. Energies, 2021, vol. 14, no. 16, pp. 5016.

3. Zaripova L.M. Vibration cleaning of oil-collecting pipelines. Environmental protection in the oil and gas complex, 2011, no. 1,
pp- 28-31. (In Russ.)

4. Thota Surya T., Onyeanuna C.C. Mitigation of wax in oil pipelines. /nt J Eng Res Rev, 2016, vol. 4, no. 4, pp. 39-47.

5. Tlushin P., Vyatkin K., Kozlov A. Development of an approach for determining the effectiveness of inhibition of paraffin
deposition on the wax flow loop laboratory installation. Inventions, 2021, vol. 7, no. 1, pp. 3.

6. Martyushev D.A. Modeling and prediction of asphaltene-resin-paraffinic substances deposits in oil production wells. Georesursy,
2020, vol. 22, no. 4, pp. 86-92. (In Russ.)

7. Ivanova L.V., Burov E.A., Koshelev V.N. Asphalt-resin-paraffin deposits in the processes of extraction, transport and storage.
Electronic scientific journal Oil and Gas business, 2011, no. 1, pp. 268-284. (In Russ.)

8. Gutorov A.Yu., Petrova L.V. Mechanism and conditions of formation of asphalt-resin-paraffin deposits in the conditions of the
final stage of oil field development. Oilfield business, 2014, no. 2, pp. 23-27. (In Russ.)

9. Bidmus H.O., Mehrotra A.K. Solids deposition during “cold flow” of wax-solvent mixtures in a flow-loop apparatus with heat
transfer. Energy & Fuels, 2009, vol. 23, no. 6, pp. 3184-3194.

10. Aiyejina A., Chakrabarti D.P., Pilgrim A., Sastry M.K.S. Wax formation in oil pipelines: a critical review. International journal
of multiphase flow, 2011, vol. 37, no. 7, pp. 671-694.

11. Soboleva E.V. The impact of bottom-hole pressure on the deposits of ASF, recommendations for changing the operating modes
of wells in order to prevent ASF on the example of the Bobrikovskaya deposit of the Unvinsky field. Oilfield business, 2013,
no. 8, pp. 46—51. (In Russ.)

12. Lyushin S.V., Repin N.N. On the effect of flow velocity on the intensity of paraffin deposition in pipes. Collection. Fight against
paraffin deposits. Moscow, Nedra Publ., 1965. pp. 340. (In Russ.)

13. Barskaya E.E., Ganeeva Yu.M., Yusupova T.N., Dayanova D.I. Forecasting problems in oil production based on the analysis of
their chemical composition and physico-chemical properties. Bulletin of Kazan Technological University, 2012, vol. 15, no. 6,
pp- 166—169. (In Russ.)

14. Giacchetta G., Marchetti B., Leporini M., Terenzi A., Dall’Acqua D., Capece L., Grifoni R.C. Pipeline wax deposition modeling:
a sensitivity study on two commercial software. Petroleum, 2019, vol. 5, no. 2, pp. 206-213.

15. Van der Geest C. Critical review on wax deposition in single-phase flow. Fuel, 2021, vol. 293, pp. 120358

16. Ilyushin P.Y., Vyatkin K.A., Kozlov A.V. Development of a new model for the formation of wax deposits through the passage of
crude oil within the well. Sustainability, 2023, vol. 15, pp. 9616.

17. Zhang X. The coarse particle influence on the strength of wax deposition. International Pipeline Conference. Calgary, Canada,
2020. Vol. 84454, pp. VO02T0SA002.

18. Leporini M. On the numerical simulation of sand transport in liquid and multiphase pipelines. Journal of Petroleum Science and
Engineering, 2019, vol. 175, pp. 519-535.

19. Lekomtsev A. Designing of a washing composition model to conduct the hot flushing wells producing paraffin crude oil. Journal
of Petroleum Science and Engineering, 2022, vol. 217, pp. 110923.

23



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 2. P. 17-24
Ilyushin P.Yu. et al. Effect of mechanical impurities composition on formation of organic deposits

20. Chi Y., Daraboina N., Sarica C. Effect of the flow field on the wax deposition and performance of wax inhibitors: cold finger and
flow loop testing. Energy & Fuels, 2017, vol. 31, no. 5, pp. 4915-4924.

Informations about the authors

Pavel Yu. Ilyushin, Cand. Sc. Associate Professor, Perm National Research Polytechnic University, 29,
Komsomolskiy avenue, Perm, 614990, Russian Federation. ilushin-pavel@yandex.ru

Kirill A. Vyatkin, Postgraduate Student, Perm National Research Polytechnic University, 29, Komsomolskiy
avenue, Perm, 614990, Russian Federation. kirill.vyatkin@girngm.ru; https://orcid.org/0000-0002-3464-1493
Anton V. Kozlov, Postgraduate Student, Perm National Research Polytechnic University, 29, Komsomolskiy
avenue, Perm, 614990, Russian Federation. anton.kozlov@girngm.ru; https://orcid.org/0000-0003-2350-2153
Daniil V. Andreev, Research Assistant, Perm National Research Polytechnic University, 29, Komsomolskiy
avenue, Perm, 614990, Russian Federation. d.andreev@girngm.ru

Received: 12.05.2023

Revised: 31.05.2023
Accepted: 06.12.2023

24



