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KABUTAIIMOHHASI OBPABOTKA JJU3EJIbHOMN ®PAKIIUUA HE®TH

B.B. TeperTheBa®, A.H. Hukoaaes, B.B. IlemuneB, H.A. KoHbKOBa

Mockoeckuili mexHonouueckuil ynusepcumem (MHcmumym moHKUX XUMUUECKUX MEeXHON02U
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IIpedcmasneHsl pe3yabmamul UCCIEO008AHUNL BAUSHUSL MEXAHOXUMUUECKOU obpabomiku OuzestbHOU
ppaxyuu Hedpmu Ha eé puauKo-xumuueckKue xapaxmepucmuru. MexaHoxumuueckas. obpabomia
ousenbHOU hparyuu 00CMUANACH CO30AHUEM 8 2UOPOOUHAMUUECKOM PEXKUMEKABUMAUUOHHO20 3¢h-
pexma. HcenedosaHust nposoousucs 8 duanasoHe gpadueHmoes oagnerutl 0o 50 MIla, uucio yurxio8
obpabomru eapsvuposasioce om 1 0o 5, memnepamypa colpbst Ha 8xode 8 annapam - 0 °C. ITokasaHo,
umo achchexm om KasUMAUUOHHO20 8030eliCMeUsl NPOSIBSIEMCsL HE MOJIbKO Npu obpabomie 8bLCoKOo-
KUNSIUUX Y21e8000p0008, HO U HA CpedHeouCmusimHolx oparyusix. Tax, 8 peyniemame Kasumayu-
OHHO20 8030elicmeaUst CHUXKASMCEsl NJIOMHOCMb OU3Ee/bHOU (hpaKyuu, memnepamypa eé 3aCmobl8aHusl,
npoucxooum uameHeHue ppaKyuoHH020 cocmasa. Bolcka3aHo npeonososkKeHue 0 mom, 4mo smu uame-
HeHUsl cesi3aHbL ¢ decmpykyuell Yy2neeo0opooos. CxonbleaHue nYsblpbkos 2a3a NPUeooum K 0K lb-
HOMY nogblieHUI0 memnepamypbl cpedsbl 0o 800 °C, umo, 8 ceoto ouepedsb, U Npusooum K 0ecmpyruuu
yeneeooopooos. IlosbluueHue epadueHma 0asreHuUll 2U0POOUHAMUUECKO20 NOMOKA YCUUBAEM OmMme-
yeHHblll achcpexm. [Ipu yeesuueHUU YUCAa YUKI08 00padomKi ommeueHo CHUIKEHUE 00CMUZHYMO20
aghgperxkma. BoamMorkHASL npuuuHa 3aiiouaemest 8 0eCmpyKyul Yyanieeoo0opooos, 06pa308as8uLUXCsL HA
nepeom smane 06pabomrxu U 06pa308aHUL NOSUYUKAUUECKUX U apomamuueckux cmpykmyp. Ilpeo-
cmagieHHble 8 Cmambe pesyibmambl PACUUUPSIIOM NPedCmaeieHUs. 0 3aKOHOMEPHOCMSIX NpomeKa-
HUSL KagumMayuu 8 cpede ya2nee000po00s.

Knroueesle cnoea: KagsumayuoHHAs 0bpabomra, Kagumayusi, OusestbHast hpaKyus, memnepamypa
3acmul8aHUSL.

CAVITATIONAL TREATMENT OF OIL DIESEL FRACTION
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The results of investigation on the effect of mechanochemical treatment of the diesel fraction on its
physicochemical characteristics are presented. Mechanochemical treatment of the diesel fraction
was achieved by creating a cavitation effect in the hydrodynamic regime. The studies were carried
out in the range of pressure gradients up to 50 MPa, the number of treatment cycles varied from 1
to 5, the temperature of raw material at the apparatus inlet was 0 °C. It is shown that the effect of
cavitation is manifested not only in the processing of high-boiling hydrocarbons, but also in a middle
distillate directions. So, as a result of the cavitation effect, the density of the diesel fraction and its
pour point decrease, and the fractional composition changes. It is suggested that these changes are
associated with hydrocarbon degradation. The collapse of gas bubbles leads to a local increase in
the temperature of the medium to 800 °C, which, in turn, leads to the destruction of hydrocarbons.
Increasing the pressure gradient of the hydrodynamic flow enhances the noted effect. Increasing
the number of treatment cycles reduces the effect achieved. A possible reason is the destruction of
hydrocarbons formed in the first stage of processing and the formation of polycyclic and aromatic
structures. The results presented in the article extend ideas about cavitation regularities in the
hydrocarbon environment.
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KaBuTanuonHass o6paborka auseAbHOH ppakuuu HedpTH

B mocnemmme rofel 3aMeTHO HIMEHIIOCH OTHOMIEHHS K
KABHTAHH. [loMHEMO HEMETATEIEHOTO, OTPHIATENEHOTO
ARMEHHA, NPHEOIANETO K PAPVIIEHHH TOMACTeH TYpOHH
THAPONIEKTPOCTAHIHA H IpeDHEIX EHHTOB cy0E [1], ee cram
PACCMATPHEATE EKAK CIOCO0 HHTEHCHQHEAITHH IpPOLECccoB
Maccoobmera [2, 3] VeTaHoBneHo, 9TC KABHTAIHOHHAR
00paboTka  MOIBOVIAET — CYMECTBEHHO — H3IMEHHTE
XAPAKTEPHCTHEH IMHPOKOTO CHOEKIpa  MATEpPHATOE,
BEMHYAKIMETD KAK pasHooOpa3HEIE HeQTempoIyETEL
(MOTOpPHEIE TOIUTHEA, Ma3yTEL, OHTYMED), TAK H IPOIVETEL
OHTAHHA (Momoko) [4-7].

Ocoboe MeCTO B pATY 3THX paboT 3aHHMAKT HCCTIe-
JOBAHHA ETHAHHY KABHTAIHOHHOH 00paboTIH HAa Xapak-
TEpHCTHEH HedTel H HedTeOpoIyKTOE. JTO CBAIAHO C
TeM, IT0 B 3HEPreTHIecKoM OATAHCE CTPAHE ¢ KAMIEIM
TofoM BO3pAacTaeT JoJIA BEICOKOBASKHX HedTeH, 3amace
KOTOPBIX [IOYTH E IATH Pa3 MPeBRINANT 3amackl HedTel
ManoH H cpemHeii pazkocTH [8]. HMx gofema m mocme-
OyHmMad TPAaHECOOPTHPOBEA CEA3AHE! C IOBEIIEHHEIMH
aarpaTame. OmHEM HI cOocobOR H3MEHEHHT pecioTH-
TECKHX XAPAKTEPHCTHE BEICOKOBAZKHX HedTeH (cooT-
BETCTESHHO, H CHIDESHHA 3ATPAT HA TPAHCIOPTHPOEEY)
ARMAETCA HX VARTPAa3BVEOBAZ o0padoTEa B KOMOHHH-
POBAHHH ¢ JoOaBEaMH XHMHIecKHX peareHToE [9) 10].
Mesay Tem. B padbore [11] mokazaHo, 9T0 B pEIyIBIATE
TONEKO EABHTAITHOHHOH 00padoTIH BOZMOEHO CHHHEHHE
OIOTHOCTH HedTH H TOKOIEX HedTAHEIX QpakimHb
(MazyTa, TyapoHa).

O npHYHHAX HIMeHeHHA XADAKTePHCTHE HedTempo-
IVETOE B peIyiIRTaTe KaBHTADHOHHOTO 3ddexTa cyme-
CTEVIOT Pa3NHYHEIE MpeanonoEeHHd. [lo MHEEEHIO aBTO-
POEB, HIMeHCHHE IIIOTHOCTH Hed TempoIyKTOE, HaHOOmE:
BEPOATHO, CBA3AHO C TEM, UT0 HoJ JeficTBHEeM HIMEHA-
OMEToCT JABIEHAT SHEPIHT, 00pasvIomaicd OpH CXI0-

OEIEAHHH PACTEOPEHHEIX B He(TeIpOIyETe My3LIPEKOB
raza, BEICBODO®IAETCH. 3TO OPHEOIHT K NOBRIMEHHED
TeMIEPATyPH E TOUKE CRICNEEAHEA My3EIPEEA.

[To mapmEng padotel [1], TeMmeparypa B TORHE CHIO-
MEIEAHHA Iy3IEIPEEA MOEET JocTErats 800 “C. [Ipm Tammx
TEMIEpaTypai E o00BeME VITIEBOZOPOOCE IPOTEKAROT
DEANTHH HY PAVIOEEHHA [PHEOIAINHE K OODA30BAHHID
VIMEEOJOPOIOE € MEHBIIEH, 00 CPABHEHHID ¢ HCXOTHOL
MOMERYITApHOH Macco [12], a cooTBeTCTReHED — IWITHOCTERD. B
OEpYEAOMed ToUKy CXIONEEAHHA Cpele TeMIEpParypa
OpaKTHIeCKH He H3MEHASTCA, H 3TV cpely MOEHC CIHTaTE
IAKANOTHOH FHIKOCTEH, HE MOIBQIAIOMEH PaIBHBATECA
JaMsHeHmeH JecTpyEIHE YTIEB0I0pOI0E.

VMeHEMeHRe MOTSKYIAPHOR MACCEl YITIEEOIOPOIOR
OpPHEOIHT HE TONBEC K CHIDEEHHIO ILTOTHOCTH H EAIKOCTH
HedTeNPOIYETOR, HO H K YMEHBIIEHHID TEMIEPATyPEl HX
3acTHEAHAA. (IeIyeT OTMeTHTE, 10 337394, CEA3aHHAT C0
CHIEEHHEM TEeMIEPATypEl 3acTHIBAHHA, AKTYATEHA HE
TONMEEC A4 TPAHCIOPTHPOBKH BEICOKOBAIRHN HedTAHEIX
dpasIE, Ho H 19 SHzETREEN dparrmi. KmyaTageckne
ycmoeEs B PoccHickoH JPefepamHE  TAKOBEL  ITO
CE30HHEIE H CYTOUHEIE HIMEHEHHA TeMIEPaTypPEl MOTYI
BAPEHPOEATECA B IIHPOKOM JHANAZOHE 3HAUEHHHA, H K
HHIKOTEMIEPATYPHEDNM CBOHCTBAM He@TAHEIX (parIlHi,
TOIUNIHE, B TOM YHCIE [JHIEIEHOIO, OPeTRARITAOTCH
OOEEIMNEHHEIE TPeOOBAHHA.

B cTaTee OpeicTABIEHEl PEIyIBTATH HCOCTETOBAHHA
KABHTAHOHHOTO BO3JeHCTEHT HA HIMEHEHHE XapakTe-
PHCTHE JH3TEHOH QpakitHe HedTH.

IKC OepHEMEeHTAIRHAR 9aCTE

DHIHKO-XHMHTIECKHE XAPAKTEPHCTEEH 00LEKTA
HCCIIETOEAHHA NPHEBEICHE B Ta0m. 1.

Tatanua 1. $EzEK0-XEMHAYECKHEE XapaKTepHCTHRH JHENEHOH QpakoHH
Iorazarens 3maueEne

Temneparypa sacTrsamms, 'C -12
[LrotHOCTE, T/ea’ 0.8363
LeTaroE0e THCIO, €T 52
P paEmHOHEEIH cocTas, 'C

TEMIepaTypa HATATA ERISHAT 155

TeMIepaTypa BEERDAERT 50% ob. 267

TEMIepaTypa BRERTAHEA 96% ob. 356

ObpaboTka gHzeTEHOH (pakUHH OPOBOIHTACE E
Je3HHTeTpanHoHHoM annapare JJA-1[13, 14]. IlpeEDED
OefiCTEHA ANIAPATa OCHOBAH HA NepeTeKAHHH HedTe-
OPOIVETA Gepes Mels PeryIHpPYeMoT0 CeueHHT H3 30HE
BEICOKOTO JABMeHHA (KOTOPOE MOMHO PeTyIHpOBAaTE) B
30HY arMocdepHoro maenenHa. MueHHO B pesvieTa-
T& TAKOTO Pe3KOT0 CHHEEHHA JABIeHHA H BOIHHKAET
KAEHTANHOHHEH 3¢dexkt B npomecce HccnegoeaHHH
IARTeHHE HA BXOJOEe B allIApaT BapBHPOEANock oT 20 mo

50 MIIa, a xoTH9ECTEC ODHETOE 00patoTEH — oT 1 g0 5

paz. Temneparypa IH3eNTEHOR QPAaKIHE HA BXOJE B 30HY
BEICOKOTO JAaBISHHT cOocTaRmana ~ 0 °C.

Pe3vasTaTel B BX 00CVEIeHIE
Braaawe gapnerrd oOpadoTEH (0IHOKPATHOE EO3-

IeHCTEHE) HAa TeMOepaTypy 3acTEBAHHA H [NTOTHOCTE
OH3IeNEHOH (paKkIHHE D0KazaHo B Tadm. 2.
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Tadanoa 2. BaesHEe JaRNeHHA KABHTAODHOHHOTC BO3IeHCTEHA HAa XapaKTePHCTHEH

OJH3eTeHOH (QpakuHE (1 UKD obpaboTEH)

Japnenns EABATAODHECHEOrD BosmedcTeRA, Mlla
IMoraszaTens
20 30 40 50
Teumeparypa 3acTHEAERA, “C -13 -15 -18 -32
IInotrOoCTE npa 20 °C, ricsd 0.8355 08354 0.8335 0.8301
BE,I[HID._ TTO C YEETHTICHHEM JABTEHHA KABHTAITHOH-
a0 ¢

HOTO BO37eHCTBHA TEMIEPaTypa 3acTRIBAHHT JHIEIEHOH
dparmEE cEREAeTcd. Hammyame# pezyIsTaT 05T IOTY-
=eH npH gakneHHHE 50 MIIa. B pezyaerare sToro eozged-
CTEHA TEMIOEPATypPy 3ACTHIEAHHA THIENEHOH (pakmHH
YIAanock MOHHIHTE 0T -12 1o -32 °C. [InoTHOCTE JHIETE-
HOH QpakIHH Takke CHEKATACH IPH NOBEINEHHH T3E-
JIEHHA KABHTAUTHOHHOH 00padoTKH.

[lony=eHAEle JaHHEE BOOMHE O0BACHHMEI, €C]IH
IOMYCTHTE, 9T0 B Pe3yIETATE KABHTAIHOHHOTO BO3eH-
CTEHA NPOTEKAKT PEAKIHH JeCTPYEIHHE YIIEEOIOPOIoE
(c obpazoBaEHEM OPOIYETOE C MEHEIIEH MOIeKYIApHOH
maccoH). O0pazoEaHHe OpPOIVETOE ¢ MEHBIIEH Moie-
KyIApHOH MaccoH (MeHBIIeH TeMIepaTypol KHICHHA)
DOATEEPEIAETCA CONOCTABICHHEM JAHHEIX O QpakmuE-
OHHOM COCTABE HCXOZHOH H 00paboTaHHOH JHIETEHOH
pasiHy (PHCYHOK).

Hazo otMeTHTE. 9T0 HIMEHeHHT YVIICEOJOPOIHOTO
COCTAEa JHIENEHOH QpakOHH, IPOHCROIAINHE B Pe3ViIb-
TaTe OJHOKPATHOTO KABHTADHOHHOTO BO3JEHCTBHA H
OPHEOIAINHE K YVMeHBIEHHK HATeHHHA ee TeMIepaTy-
PH 3acTEIBAHHA H IUTOTHOCTH, HETAaTHEHO CEA3EIBAROT-
cd Ha CHOCOOHOCTH IPAaKOHH K CaMOBOCILTAMEHEHHID.
Tak, 3Ea"deHAe NeTAHOROTO THCIA JHIETEHOH QpakmHH
CHHEAeTCA ¢ 52 eIHHHN YV HCXOZHOH QpakmHeE mo 48
ETHHHI], OTMEIEHHEIX ¥ QPakIHHE, NOJBEPTHYTOH KaBH-
TamHOHHOMY EBo3gefcTeEW mpH 50 MIla. OgHaro 3to

LU

Temmeparypa, “C

L

0 20 a0 0 80 (v ]
O omrong, %e of.
Bmasnne qapnernd o0paboTEH Ha QpaKITHOHHEL
COCTAE TH3ISTEHOH (HparIHm:
| — HcxomHAR MH3eTEHAR Gparung; 2 — THIeIEHAA QparITHa
MOOBEPTHYTAT OIHOKDATHOMY BOTEHCTEHED mpH P = 20
MIa: 3 — gEzenEHAf QpAKITHL, DOTBEPIHYTAL
OfHOEpaTHOMY BozaeHcTEHRD mpH P = 50 MIIa.

CHHEEEHHE He KPHTHIHO, CYIMIECcTEEHHO HE CKAEIEAETCA
HA IKCIUTYATANHOHHEX XaPAKTEDHCTHEAX H NOTHOCTBH
HHEETHPYETCH NONOEHTEIEHEM 3Q{eKToM, JoCTHTae-
MEIM CHHAEHHEM TEMIEPATYPH 3aCTEIBAHHA.

HuadopManHd o BIHAHHH THCIA DHEIOE KABHTA-
UHOHHOTO BO3IeHCTEHA HA XAapPAKTePHCTHKH JHISTEHOH
{paKIHH MOEA33HO B Tam. 3.

Tatanoa 3. BouaaHe 9HCIa THETOE KABHTADHOHHOA 00paldOoTEH Ha XapaKTepPHCTHEH

IH3eTEHOH QpakuHH (1aeneHHe 00padoTH 50 Mma)

INoxkazarens UnCcTo DHEIOE EAEHTANHOHEOTO BOSIeHCTERA
1 3 5

Temmeparypa 3acTHEAHRA, “C -32 -15 -14
InoteocTs mpa 20 °C, ricad 0.8301 0.8425 0.8485
HetasoEce 9@CIO 43 30 51
P pasTHOHHEE cocTas, “C
TEMIEpPATYPa HATATA KHIeHHRA 74 79 80
TeEMOEepaTypa BREAENAaEAT 50% ob. 249 63 270
TEMOEPAaTVPa BREANAHAT 96% 0. 313 346 335

BHIHO. 9T0 VEeIHISHHE THCIA DHEIOE KABHTAIH-
OHHOTO BO3OeHCTEHA NPHEOIHT K MOEBIIEHHI) IeTAHO-
poro 9HCTa © 48 go 51 eOHHHIE, HO IPH 3TOM TaKEES
OOBHIIAKTCA TEMIEPATyPa 3ACTEEAHHA H IUIOTHOCTE
OHICTEHOH ¢ paKITHH.

Jnf BEIABIEHHA OPHIHH 3TOT0 ABICHHA Heob-
EOOHMEl JOMOMHHTENBRHEIE HCCAegoBaHHEA. Hanbomee

BEPOATHO, 3TO CEA3AHO C TeM. 9TO [OPH VBEIHYUeHHH
THCIa OHEIOE 00padoTEH OpoOecchl IecTPVEIHH,
OPHEOJAMEE E OOpaz0BaHHK OHEIHYECKHX, IO-
ITHUHEIH9eCKHX H apOMaTHISCKHX YIIEBOZOPOIOB
(AMeHmMHEX OOIBMYK MOIOTHOCTE, 0ONee EBEICOKHE
TEMIOEPATYPH KHOCHHA H 3ACTHEAHHA), OOTYIaHT
IATsHeHMEes PAIEHTHE.
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[IpencTABTEHAEIE PE3IVIBTATEL PACITHPAIOT Ipel-
CTABNEHHA O 3AKOHOMEPHOCTAX NPOTEEAHHA KABHTA-
IUHH E Cpele yInepogopomos. OHH CEHIETENBCTEVIOT,
qT0 3TO ABIEHHE MOEHO PACCMATPHBATE KAaK BAPHAHT

Comcox THTEPATVPRL:

1. TTapcon H. Kaerramma. M.: Mup, 1975 95 ¢

2. Xajuzoep $ 1., Adapacenmwo B.I., Xajuzoe
H.%¢. KaerTHpoBaHHe HHIECH (a3H KaK coocod HHTEH-
CHDHEATHE MaccooOMeHHEIX mponeccok /| EcTecTeer-
HEIE H TeXHHE9ecEHe HaykH. 2007 Ne 4. C. 267-268.

3. Xadmzcr U & Hoporer [I.b. KapuTtanea xak
HHTEHCHQHKATOP B Oponeccax MaccooOMeHa // Hedte B
raz. Tromers. 2014 Ne 2. C. 106-110.

4. Xaduzoe H.&.. Jerrepee H.C., Joxyaace B.B.
TlomydeHHe CTPOHTENEHEIX DHTYMOE YIVIMIEHHOTO Ka-
qeCcTEA ¢ HCOOTE3OBAHHEM KABHTADHOHHO-BHXPEBEIX
apdexTor /| CrpoETentEmle MaTepHAmel. 2007. Na O
C. 4243

5. 3yoprnoe CII. Cemmpepctor B M., bpacmas-
crkHfH M M. VIeTpa3eykoBad EABHTAOHOHHAA 00paloTEa
TOMTHE Ha cygax CyzocTpoerme, 1988 80 c.

6. Ilpomtor M A TlepciekTHEE OpHEMeHEHHA Ka-
BHTAIHOHHEIX TeXHOJNOTHH O714 HHTEHCHOHEAIHH XH-
MHKO-TEXHONOTHIeckHY mpomeccok | Bectamx TITY.
2008.T. 14 N=4. C. 861-869.

7. IpomTtoe M. A KaEHTanHOEHAR TeXHOTOTHE
YIVIMeHHS Ka9ecTEA YIIeBOTOPOIHEIY TONIHE // X H-
MHYeCcKOoe H HedTerazoeoe MamuEHOCTpoeHHe. 2008,
Ne 2. C.6-8.

8. TaxaytoEsor 11 & Mycmamor PX.| XucaMor
PC. Hcynoe UT Hoarymnes PP AggymuazuTor PT
PazpaboTka MecTOpO&IeEHH BEICOEOBAIKHX HedTeH H
MeTOIH YBeNHIeHHA HedTeoTJa9s MecTopoxIeHEH Pe-
coyoaHEH Tarapcra" [/ CO. TpyZoB Hayd -MPakT. KoHQ.
«BEICOKOBA3NHE He()TH, IPHPOIHEE OHTYMEl H 0CTATOE-
HEle HedQTH paipabaTelBasMEIN MecTOPOEIeHHH». Ka-
3aHs, 1900 C_ 28,

9. Mymnakaee M.C., ASpamoe B.O., Bomxopa ['H.,
Ilpozopora B, FOgura HB. Hecnenopanne BIHAHEA
VIETPa3BYKOBOTO BO3NEeHCTEHA H XHMHUECKHX peareH-
TOE Ha PEONIOTHYeCKHE CBOHCTEA BAIKHY HediTedl // Obo-
PYACBAHHE H TEXHOTOTHH A1 He(TeraioBoro KoMILIEK-
ca. 2010. Ne 5. C. 31-34.

10. Mymnakaee M.C.. Abpamor B.O., bagznToR
B M. Bapamoer J A . Hoeotopuee B.M.. Epemenno
H.JI.. Hzyuerne BO3MeficTEHA KABHTATHH HA PEeOJIOTH-
TeCKHe CBOHCTBA ToEenoH HedTH [/ ObOpyIoBaHHE H
TeXHOIOTHH 118 HedTerazoporo koMmuekca. 2011 Ne 5.
C.24-27.

11. Ancroe HM., Monrceera JL.C. IlpaMeHenHE
VIETPa3BYKOBOH KABHTAIHH JIA VIYTIIeHHA KadecTEa
TOBAPHOTO Ma3yIa // AKTVANBHEIE MpoQUIeMEl YMAHH-
TAPHEX H eCTecTBeHHEIN Hayy. 2017 Ne 2-3. C. 55-57.

12, Cyproe BT, Tonoerko A K., Mosafickas M.B.

TEepMHYECKOTO BO3IeHCTEHA Ha VIMEEOLOPOIH H Ipo-
ABIAETCA OHO He TOMBKO IPH 00padoTke BEICOKOKHIIA-
mEX QpakuHEA. HO H B CIVIae CpeIHeIHCTHIIATHEIX
tpaKmHi.

References:

1. Pirsol I. Cavitation. Moscow: Mir Publ., 1975.
95 p. (in Russ ).

2. Khafizov F.Sh.. Afanasenko V.G., Ehafizov N.F.
Cavitation of the liquid phase as a method of mass-
exchange processes intensification // Estestvennie 1
tehnicheskie nayki (Natural and Technical Sciences).
2007 N2 4. P 267-268. (in Russ.).

3. Ehafizov IF.. Doronin D B. Cavitation as an
intensifier in mass-transfer processes // Neft” 1 gas (0Oil
and Gas). Tvumen. 2014 Ne 2. P 106-110. {in Russ.).

4 EKhafizov LF_ Degterev N.5., Dokuchaev V'V
Preparation of construction bifumens of improved
quality using cavitation-vortex effects // Stroitelnye
materiali (Construction Materials). 2007. Na 9 P. 4243
(in Russ ).

5. Zubrilov 5P, Seliverstov VM., Braslavskiy
MI Ultrasonic cavitation treatment of fuels on ships.
Leningrad: Sudostroenie Publ.. 1988. 80 p. (in Russ.).

6. Promtov M_A. Prospects of applying cavitation
technologies for intensification of chemical-
technological processes // Vestnik TGTU (Herald of
TSTU). 2008. V. 14. N 4. P. 861-869. (in Russ.).

7. Promtov M A Cavitation technology for improving
the quality of hydrocarbon fuels // Khimicheskoe 1
neftegazovoe mashinostroenie (Chemical and Petroleum
Engineering). 2008. N= 2. P. 6-8. (in Russ.).

8. Takhautdinov Sh.F., Muslimov BE_Eh.. Khisamov
E5., Yusupov 1G., Ibatullin RE., Abdulmazitov
E.G. Development of high-viscosity oil deposits and
increasing methods of oil recovery in the Tatarstan
Republic // Proceed. of the scientific-practical conference
«High viscosity oil, natural bitvmen and residual oil of
developed depositsy. Kazan®, 1999 P. 28 (in Russ ).

9. Mullakaev M.5. Abramov WV.O. Volkova
GI1, Prozorova IV, Yudina NV Investigation of
ultrasonic action and chemical reagents influence on the
rheological properties of viscous oils // Oborudovanie 1
tekhnologii dlva neftegarovogo kompleksa (Equipment
and Technologies for 01l and Gas Complex). 2010 Na 5.
P 31-34. (in Russ.).

10. Mullakaev M5 Abramov V.O., Bayazitov
V.M., Baranov DA . Novotortsev V.M., Eremenko LL.
The study of the effect of cavitation on the rheological
properties of heavy oil // Oborudovanie 1 tekhnologii
dlya neftegazovogo kompleksa (Equipment and
Technologies for Oil and Gas Complex). 2011. N= 5. P.
24-27. (in Russ.).

11. Asstov WM., Moiseeva L5 Application
of ultrasonic cavifation for improving the quality

54 Tonkue xuMmmueckue TexHosoruu / Fine Chemical Technologies 2018 tom 13 Ne 2



B.B. TepenTheBa, A.H. HukoaaesB, B.B. IlemineB, H.A. KoHbkKOBa

Brranne YCIOBHA MEXAHHYIECKOTO BO3IeHCTBHA Ha H3-
MeHEeHHe cOCTaBa napaduHoE HedTH // Hipectur ToM-
CKOTO MONHTEXHHYIeCKOTo VEHBepcHTeTa. 2012 T. 321.
Ne3.C. 148-152.

13. Bopoorer C M., Topxoeckmii B H.. Tytopckmi
H A Kamame UK. MexarogecTpykUHA YIIeBogopo-
J0E HE(TH ¢ DOMOIIEX JEe3HHTETPATOPa BEICOKOTO J3E-
nennd // Bectaax MHTXT. 2008. T. 3. N2 3. C. 77-84.

14 Huwomaee A M Teperteera BB . TopxoeckHEA
B H. Bopooser C H. Ilomyuerre EedTRHOTO KOKCA HI
MOTHOHIEpOEAaHEOTO CEIPEA /[ ABTol az03anpaEo9HEIH
Koummnexc + AneTepHaTHEHOe TommHeo. 2016, Na 7
(112). C. 3-6.

06 aemopax:

of commercial fuel oil Aktalnye problemy
gumanitarnykh 1 estestvennykh nauk (Actual Problems
of the Humanities and Natural Sciences). 2017 Ne 2-3.
P 55-57. (in Russ.).

12, Sutkov V.G., Golovko A K. Mozhayskaya
M.V Influence of conditions of mechanical action on
the change in composition of oil paraffin // Izvestiya
Tomskogo politekhnicheskogo universiteta (Bullefin of
the Tomsk Polytechnic University). 2012 V. 321 Na 3.
P 148-152 (in Russ.).

13. Vorobyev SI1. Torkhovskiy VIN., Tutorskiy
IA KarmalyI K Mechanical destmuction of petroleum
hydrocarbons with a high pressure disintegrator //
Vestnik MITHT (Fine Chemical Technologies). 2008.
V.3 . Ne3. P 77-84. (in Russ.).

14 NWikolaev A I Terentyeva VB._, Torkhovskiy
VIN., Vorobyev 51 Petrolenm coke production from
modified raw materials AvtoGazroZapravochnyi
Kompleks + Alternativnoe toplive (AutoGaz Filling
Complex + Alternative Fuel). 2016. Ne 7(112). P. 3-6.
(in Russ ).

Tepenmeeaa Bepa Bopucoenda, acnEpaHT EadeIpsl TeXHOTOTHE HedTEXAMETECKOTO CHHIE3A H HCEYCCTEEHHOTO
mEgEore TomwmEea EM. A H bamsmpoea HecTETyTa TomRsx xmvemeckmx TexmomormE mM. MB. Jlomomocoea $TBOY BO
«MocroBcEHE TexHoIorHEIecERE yEEBepcHTET (119371, Poccra, Mocksa, np-T Bepragcrkoro, o, 86).

Huronaea Anewxcandp Hzopeeuu, [oKTOp TEXHHUeCKHX — HAVE, JONeHT Eadelpsl  TeXHOTOTHE
Hed TEXHMHTIECEOTO CHETE3d H HCEVCCTESHHOTO ®HEOKore TomnHea mM. A H. Bammmpoera HecTeTyTa ToHFRX XEMEWecKERX
TexaoIorad BM. M B. JTomosocosa $TEOY BO «MockopcEni TexmonoragecEnd yaEBepeHTeT: (119571, Poccra, Mocksa, mp-1
Bepragcroro, o. 86).

IMewnea Bopue Bnadumupoeu, T0ETOp TEXHATECKHY HAVE, Opodeccop radeIpel TEXHOIOTHE He@TeXHMATECKOTO
CHHTE3d H HCEYCCTESHHOIC ®EAEoTe TomiEea BM. A H Bamempopa HecTeTyTa ToEERX xpvEmeckrx Texmomormd v MB.
JNomorocosa $TEOY BO «MockoBckHE TexHOTOTEIecKHHE yEREepCcETeTs (119571, Poccra, Mocsea, np-1 Bepragckoro, g, 86).

Konexoea Huna AnexcandpoeHa, cTyoeHT ©Eadepil TeXHOZOTHH Hed TEXHMMAWecKOro CHHTEIa H
HCEYCCTECHHOTO HHEIECTe TomrEed M. A H. Bamxmposa HecteTyTa ToEREX Xmvemeckrx TexmonorEd mv. MB. Jlomorocosa
FIBOYV BO «Mocrop-cERHE TexHoIoTHIeCKRE yHEEepcHTeT» (119571, Poccra, Mockea, np-1 Bepragcroro, . 86).
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