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AHHOTaUus

esn. HTEpEeC K NPUMEHEHHIO SBICHHS KaBUTALMH JUIs 00pabOTKH yIJIEBOJOPOIHBIX CMECei, B 4aCTHOCTH HeTH U HeTEPOIYKTOB,
U OTCYTCTBHE B JINTEPATYPE CHCTEMHOT'O IO/IX0/1a K MPOBEACHHUIO MOJ0OHBIX UCCIIEIOBAHNI OTKPBIBACT HEOOXOAUMOCT Ooliee rTyOoKo-
O U3Y4YCHHMS BIMSHUSA 3TOr0 (PU3MYECKOr0 BO3ACHCTBHS HA XapaKTEPUCTHKHU U JICTaIbHbIH YIJICBOLOPOAHBINA COCTaB HEQTIHOTO CHIPbS.
B cBsi31 ¢ 9TUM, LieJIb JaHHOW paboThI 3aKIIF0YACTCS B M3yYCHUH BIMSHUS YCIOBHIA, IPU KOTOPBIX BO3HUKAET KABUTALMS, HA N3MCHCHHUE
(PU3UKO-XMMUYECKUX CBOMCTB U YIIICBOAOPOAHOTO COCTaBa HE()TH U HEPTEITPOLYKTOB.

Metoapl. B kauectBe 00BEKTOB HCCIICJOBAHUs OBUTH B3sTHI [Ba 00pa3ua He(TH U YeThIpe MPSMOTOHHBbIE (GpaKkuuu — OCH3MHOBAs,
KepPOCHHOBAs, IM3ENIbHAS U Ma3yT, 00J1a1atolue Pa3IMYHbIMH XapaKTEPUCTHKAMU H YITIEBOIOPOIHBIM cocTaBoM. KaBuTalonuyo o0-
paboTKy IpOBOIMIN B THAPOANHAMUYECKOM pexuMe Ha anmapare JloHop-2 B Auamna3oHe nepenanos gasiaeHus ot 20 go 50 Mlla. Konu-
YeCTBO IIUKJIOB 00pabOoTKH cocTaBisio oT 1 10 20. IIMoTHOCTS onpenensiiii MMKHOMETPHYECKIM METOI0M, TIOKa3aTeb MPEIOMICHUS —
Ha pedpakTomerpe Tha AOGe, a HpaKIMOHHBIH COCTaB MM BBIXOA (paKiuil — MEeperoHKoON Mpu arMoC(GEepHOM HIIM MOHIKEHHOM
JIABJICHUM COOTBETCTBEHHO JUISl CBETIIBIX MJIM TEMHBIX HE(TEHPOTYKTOB. YIIIEBOAOPOAHBIH COCTaB OCH3MHOBOH (hpaKuuu onpeaensiu
XPOMATO-MacC-CIEKTPOMETPUUECKUM METO/IOM.

Pe3ynbrarel. B pabote mokasaHo W3MEHEHHE TUIOTHOCTH U (PPAKIIMOHHOTO COCTaBa OOBEKTOB MCCIICMIOBAHUS [TOCIC X 00pabOTKU PU
Pa3IMYHBIX YCIOBHSX. YACICHO 0c000¢ BHUMAHUE YIICBOAOPOJHOMY COCTaBy OCH3MHOBOH (DpakKilMu: MOKA3aHO YBEIMYCHHE COICP-
JKaHHs B HEl HOPMAJIbHBIX AJIKAHOB 3a CYET YBEJIMYCHMs KOJMYECTBA CTPYKTYp, O0JIaJAIONMX MEHBIICH JIMHON YIIIEPOIHOM e,
I10 CPaBHEHUIO C KOMIIOHEHTAMH CbIPbs, HE INOABEPIrHYTOI'O KABUTALIUOHHOMY BO3ﬂeﬁCTBM}O.

BeiBoabl. [IpesicTaBieHbl pe3yabTaThl HCCICAOBAHMUS BIUSHHS KABUTALIHOHHOM 00paboTKK HE()TH 1 ee OTICIbHBIX (pakiuii Ha u3Me-
HeHHe (PU3MKO-XUMHUYCCKUX XapaKTePHCTHK OOBEKTOB MCCIICAOBAHMS. YCTAHOBIICHO, YTO XapaKTep M3MEHEHHIl 3aBHCHT OT YCJIOBHI
00paboTKH U HCXOHBIX XapaKTepUCTHK 00pasiia. BrICKa3aHO MPEAOIOKEHHE O TOM, YTO B PE3yJbTaTe KaBUTAL[IOHHOTO BO3/ICHCTBHS
MOTYT MPOTEKaTh MPOLECChl KPEKHHTa W YIUIOTHEHHS. BO3MOKHOCTh MPOTEKaHMSI PEaKInii KPEKHHra MOATBEPIKACHA PE3ysbTaTaMu
Xpomarorpahuu ¥ OnpeeNeHus IPYHIOBOro YIIEBOAOPOAHOIO COCTaBa 00pasLoB.

MNocTtynuna: 16.12.2024
HAopa6oTaHa: 11.07.2025
MpuHgara B neyatb: 13.02.2026

Kniouyesblie cnoea

He(Th, HehTETPOMYKTHI, KABUTAIHS, YIIIEBOAOPOIHBIH COCTAB, KIACCHI YIIIEBOIOPOIOB

Anga uMTnpoBaHusa

Hukonae A.1., [lemmes b.B., Kopones A H., Huknmmn /I.B. V3MeHeHne ymieBogopoaHOTo coctaBa He(hTEIIPOLYKTOB MOJ BO3/EHCTBHEM
KaBUTanuu. Jonxue xumuueckue mexronozuu. 2026;21(2):157-164. https://doi.org/10.32362/2410-6593-2026-21-2-157-164

© A.N. Hukonaes, b.B. MNMewHes, A.H. Kopones, [.B. HukuwmnH, 2026 157


https://doi.org/10.32362/2410-6593-2026-21-2-157-164
https://elibrary.ru/ZMHSIV
mailto:waterpolist2000@yandex.ru
https://doi.org/10.32362/2410-6593-2026-21-2-157-164

Changes in the hydrocarbon composition of petroleum products
under the influence of cavitation

Alexandr |. Nikolaev,
etal.

RESEARCH ARTICLE

Changes in the hydrocarbon composition of petroleum
products under the influence of cavitation

Alexandr I. Nikolaev, Boris V. Peshnev, Alexandr N. Korolev*™, Denis V. Nikishin
MIREA — Russian Technological University (M.V. Lomonosov Institute of Fine Chemical Technologies), Moscow,

119454 Russia

™ Corresponding author, e-mail: waterpolist2000@yandex.ru

Abstract

Objectives. While the phenomenon of cavitation is of interest for treatment of hydrocarbon mixtures, in particular crude oil and petroleum
products, the literature lacks a systematic approach to conducting such research. This gap stimulates the need for a more in-depth study
of the influence of this physical effect on the characteristics and detailed hydrocarbon composition of petroleum feedstock. Thus, the
present work set out to explore the influence of the conditions leading to cavitation on the physicochemical properties and hydrocarbon
composition of crude oil and petroleum products.

Methods. The objects of the study were two crude oil samples and four straight-run fractions—gasoline, kerosene, diesel, and fuel
oil—having different characteristics and hydrocarbon compositions. Cavitation treatment was carried out in a hydrodynamic mode
using a Donor-2 apparatus within a range of pressure changes from 20 to 50 MPa. The number of treatment cycles was from 1 to 20.
The density was determined by pycnometry using the refractive index, an Abbe refractometer, and the fractional composition or fraction
yield, as well as by distillation at atmospheric or reduced pressure for light or dark petroleum products, respectively. The hydrocarbon
composition of the gasoline fraction was determined by chromatography and mass spectrometry.

Results. Changes in the densities and fractional compositions of the objects of study following their treatment under various conditions
were recorded. Particular attention was paid to the hydrocarbon composition of the gasoline fraction: an increase in the content of normal
alkanes was shown to be due to an increase in the number of structures with shorter carbon chains in comparison with the components
of raw materials not subjected to cavitation.

Conclusions. The results of the study of the effect of cavitation treatment of crude oil and its individual fractions on their physicochemical
characteristics showed that the nature of the changes depends on the treatment conditions and the initial characteristics of the sample.
It is suggested that cavitation treatment causes cracking and compaction processes. The possibility of cracking reactions was confirmed
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by chromatographic determination of the group hydrocarbon composition of the samples.
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BBEOAEHUE

UYepenoBanue obmacTell BBICOKOTO M HU3KOTO JIaBJICHUN
B KMJKOH cpesie IPUBOAUT K BO3SHUKHOBEHUIO SIBIICHUS
KaBUTALUH — OOPA30BaHHIO U CXJIONBIBAHUIO ITy3BIPb-
koB raza [1, 2]. 3yuenue 3Toro sIBJIEHHS MO3BOJUIO
paccMaTpuBaTh €ro He TOJNBKO KaK pa3pymiaroniee rped-
Hble BUHTBHI CYJOB M JIONATKU TYPOUH THIPOIIEKTPO-
CTaHIUH, HO U 3()(HEKTUBHO HCIOJIB30BATH B CEIHCKOM
xo3stiicTBe [3], Mmeanumae [4], MUIEBOI MPOMBITIIIEHHO-
ct [5], ctpoutenbeTse [6] v HedTIHOH oTpachu [7-9].

B HedrenoObiBatomield u HedTenepepadaThiBato-
LIIMX OTpAacisAX SBJICHHWE KaBUTALlMU HCIOJNB3YIOT s
HU3MCHEHHS PEOJIOTHIECKUX XapaKTePUCTHK HEPTU U ee

(dpaknuii, 9To o0ecreYyrMBaeT CHU)KEHUE BS3KOCTH He-
(TSHBIX AMCHEPCHBIX CHUCTEM M, COOTBETCTBEHHO, 3a-
Tpar Ha UX TpaHCIOPTUPOBKY [10], noBsiIeHNE BBIXONA
cBeTbIX (paknuii [11] m KadecTBa YITICBOIOPOIHBIX
toruB [12]. Yka3piBaeTcs Takke Ha BOZMOXKHOCTb MC-
TOJTb30BAaHMS KaBUTAIUU U1 MHTEHCU(PUKAIIMA XUMUKO-
TexHoJoruuaeckux mporeccos [13]. Bmecte ¢ Tem, npu
BCEM MHOToo0pa3uu myOlIMKalui, MOCBSILIEHHBIX HC-
MOJTb30BAHUIO KAaBUTALMKM B Ipoleccax HedTenepepa-
0OTKH, B HUX HE MPOCICKUBACTCS CUCTEMHBII MOAXO],
MO3BOJISIONIMKA CBSI3aTh YCJIOBHUS, NMPUBOIAIIME K BO3-
HUKHOBEHHUIO KaBUTALIMOHHBIX SIBICHHUHA, W (UKCHpYe-
MBIC W3MECHEHHS XapaKTCPHCTHK CBHIPbS, OCOOCHHO €ro
YIJIEBOJOPOAHOTO COCTABA.
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Lenbro qaHHOM PaOOTHI SBJISICTCS U3YyUCHHUE BIUSHUS
YCIIOBHH, TPUBOJSIINX K BO3HUKHOBECHHUIO KaBUTAIIHMH,
Ha M3MCHEHHE XapaKTEPUCTUK U YIJIICBOJOPOTHOTO CO-
cTaBa HE(pTH U HEPTETIPOAYKTOB.

OKCNEPUMEHTAJIbHASAA YHACTb

B kadectBe 00BEKTOB HCCIIEJOBAaHUS B pabOTE UCIIOJNb-
30BasIMCh 00pasnbl Tskenoit (H1) u nerkoii (H2) ned-
i Uneckoro mectopoxknaenus (KpacHomapckuii kpaif,
Poccust), mpsimoronneie Ocu3uHOBas (b), kepocuHO-
Bas (K), nuzenbHas () ¢dpakuuu Hedhtu u mazyt (M),
npenocraBieHubie  AO  «lasnpomnedpmo-MHII3
(Poccwst), HEKOTOpBIE XapaKTEPUCTUKHA KOTOPBIX MPUBE-
neHnl B Ta0m. 1.

Tadmuua 1. XapakTepucTUKU 0OBEKTOB UCCIICIOBAHMS

Table 1. Characteristics of research objects

KaButanmonnyio 00pabOTKy NpOBOIMIN B amma-
pare mapku JloHop-2 (Poccus) [14, 15]. B nmannom
ammapare KaBHTAIlMsS BO3HUKACT B TUAPOIUHAMHUYC-
CKOM TIIOTOKE IpU IEPEeTeKaHUH HE(TEIPOMYKTa MO
JICHCTBHEM IOBBIIICHHOTO JaBICHHS Yepe3 TudQy3op.
JlaBieHue B HAarHETATENHFHOM IMJIMHIPE BapbHPOBAIU
ot 20 no 50 MIla, a KOJIMYECTBO LIMKJIOB BO3JICHCTBHUS
mmensu ot 1 go 20. Temrieparypa, npu KOTOpO# Mpo-
BOIIIIACH 00pabOTKa, ONpENeNsUIach BSI3KOCThIO 00pa3-
1oB. O6paboTky oOpasuoB b, K u /| npoBoaunu mnpu
20°C, H1 u H2 — nipu 50°C, a o6pasiia M — mipu 70°C.

[TnoTHOCTE 00pa3LOB ONPENCSIH THKHOMETPUYE-
ckuM MeToz1oM B cooTsetctBr ¢ TOCT P 50.2.075-2010.

OpakIMOHHBI COCTaB CBETIBIX HEPTENPOIYK-
TOB ompefensncs B cootBerctBun ¢ TOCT 2177-992,

OOBEeKT UcCIIeI0BaHUS
[Moka3arensb Research object
Indicator H1 H2 B K I M
o1* 02 G K D F
III0THOCTB, T/cM3
. 0.9693 0.8810 0.7112 0.7880 0.8333 0.9684
Density, g/cm?
[Toka3zaresns npenomiieHus
Refractive index - - 1.4345 1.4501 1.4709 -
Temneparypa Hauasna kunenus, °C
. O . 160 56 40 144 175 290
Initial boiling point, °C
Temneparypa Beikumnanus, °C
Distillation point, °C
10 06. % / 10 vol % - - 71 162 213 -
50 06. % / 50 vol % 116 192 280
90 06. % / 90 vol % 186 218 335
Beixon ppaxmwmii, mac. %
Yield of fractions, wt %
Jlo 160°C / Up to 160°C - 11.9 -
160-230°C 0.5 19.2 -
230-350°C 5.2 19.5 - - - 49
350-400°C 93.4 49.4 9.3
400-480°C 934 49.4 27.9
Beimre 480°C / Above 480°C 934 494 57.9

* 01, heavy crude oil; 02, light crude oil; G, gasoline; K, kerosene; D, diesel; and F, fuel oil.

T'OCT P 50.2.075-2010. TocynapcrBenHas cuctema obecnieueHus: equHceTBa uzmepennit. Hedrb u nedrenponyxrsl. JlaboparopHsie MeTob!
M3MEpEHUs IUIOTHOCTH, OTHOCHTENIFHO TUIOTHOCTH U IUIOTHOCTH B Tpanycax APL. M.: Crannaprundopm; 2011. [GOST R 50.2.075-2010.
State system for ensuring the uniformity of measurements. Crude petroleum and petroleum products. Laboratory methods for determination
of density, relative density and API gravity. Moscow: Standartinform; 2011.]

I'OCT 2177-99. MexrocynapcTBeHHblii  cranmapt. Hedrenponykrel. Metonsl  onpeneneHus  (pakIHOHHOTO —cocraBa. M.:
Cranpnaprundopm; 2006. [GOST 2177-99. Interstate Standard. Petroleum products. Methods for determination of distillation characteristics.
Moscow: Standartinform; 2006.]
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Mg storo ucnosp3oBaincs annapar mapku APHII-1
(HIII «CKU®D-TIPUFOPy, YxkpanHna). Beixon TeMHBIX
¢dpakumii He(hTH U MazyTa ONpEesIn Pa3rOHKON oA
BaKyyMOM IIpH OCTaTOYHOM JIaBJIEHUU ~2 MM.pPT.CT. [16].

VYIIIeBoIOpOHBI  cOCcTaB OCH3MHOBOW  (ppaKiuu
ONpenessicss ¢ HCIOJIb30BaHUEM Xpomarorpada map-
ku Agilent GC 7890 Ha kBapreBOH KamwJUIAPHOH KO-
nouke HP-5MS (30 m x 0.25 mm % 0.25 MKM) Gupmbl
Agilent Technologies (CILIA) ¢ monubuuupoBaHHOM
METHJICWIIMKOHOBOH (5% (EHUIMETUIICHINKOHA) KH/I-
KOW HermoaBMXHON (azoil. Xpomartorpad oOopyaoBaH
Macc-CelIeKTUBHbIM JeTekropoM MSD 5975C (Agilent
Technologies, CIIIA) ¢ kBagpyIOIbHBIM aHATH3aTOPOM
Macc. Macc-CieKTphl MOTy4Yaiad MOHM3alHue METOAOM
9NIEKTPOHHOTO yhapa ¢ sHeprueil monuzauuu 70 5B
U PEerucTpupoBalu B auanaszoHe macc 29-550 a.e.M.
VYeoBUS IPOBENICHUS aHAJH3a: TeMIIepaTypa HCrapuTe-
151 — 320°C, oObeMHasi CKOPOCThb IOTOKA ra3a HOCUTENs
(renust) — 1 Ma/MuH.

PE3VJIbTATbl U UX OBCYXXAEHUE

Haubornee HamsaAHO U3MEHEHNE XapaKTepUCTUK HedTe-
MPOAYKTa TMOJ BO3ACUCTBUE KaBUTALMM MPOSIBIAETCS
B U3MEHEHHUH IJIOTHOCTU obOpasna (puc. 1) u ero ¢pax-
IIMOHHOTO cocTaBa. Hampumep, Temmeparypbl Hadania
kurieHus oopasuos H1, M u b nocne 5 uuknos o6pador-
ku nipu gasnennn 50 MIla nonusunuce Ha 30, 25 u 8°C
COOTBETCTBEHHO. [Ipy 3TOM TpocCieXHuBacTcs Cleayro-
I1asi 3aKOHOMEPHOCTh: YeM BBIIIC HAYAIBHBIC 3HAYCHUS
IUIOTHOCTH He(TEnpoayKTa, TeM OoJyiee 3aMETHBI H3Me-
HEHHS eT0 (PH3UKO-XUMHUCCKUX XapaKTCPHCTHK (ILIOT-
HOCTH, PPAaKLIMOHHOTO COCTABA U T.II.).

OTMEUYeHO CYIIECTBEHHOE BIMSHUE NPUPOIBI 00-
pasma Ha XapakTep H3MEHEHHS ero IoKasaTeled mpu

B/G K/K JA/D H2/02 M/F H1/01

Ob6pasen
Sample

1.00 ¢
095t
090+
0.85}
0.80F
0.75¢
0.70
0.65

I1n0THOCTS, I/cM3
Density, g/cm3

Puc. 1. BiusiHue KaBUTAIIMOHHOM 00pab0TKK Ha INIOTHOCTH
00pa3uoB. 5 k0B o6padotku pu 50 MIla. (/) [TnotHOCTH
oOpasna 10 00padoTku; (2) IIoTHOCTH 0Opasna mocie
00paboTKH

Fig. 1. Influence of cavitation treatment on the density
of samples in five treatment cycles at 50 MPa: sample density
(1) before and (2) after treatment

W3MEHEHHHU YCIOBUH 00pabOTKH. YBETUUCHHUE JaBICHUS
W KOJIMYecTBa IMKIOB 00paboTku (10 10) obpasma M
MPUBOMIIO K CHIDKCHUIO TEMIICPATyPhl Hauaa KUIICHUS,
IUTOTHOCTH U YBEIHUCHUIO BHIXOA (PPAKIIHiA, BHIKHITAIO-
mmx 110 400°C. Berxos! (hpakiivii, BEIKHITAIONINX BBIIIE
400°C, npu 3TOM cHHUXKanuch. Hanpumep, nocie oqHoro
ukia o6padorku mpu gasnenun 20 Mlla, Temmeparypa
Havayia Kunenus oopasia M causmiack ¢ 290 no 287°C,
a BeIxon (paxuuii, Beikunamomux g0 400°C, Bo3poc
¢ 14.4 no 14.8 mac. %. Ilocne 10 nuxioB 006paboTKH
9TH TIOKa3aTelld COCTaBsUIM COOTBETCTBEHHO 273°C
u 23.4 mac. %. Ecnu sxe o0paboTka MpoBOAMIACE TIPU
50 MITa, To nocne 10 nukiI0B BO3AEHCTBUS TEMIIEpaTypa
Hauaja KUTMeHUs MoHu3MIach J10 257°C, a BBIXOA Ppak-
nui, Beikumnatomux 110 400°C, Bo3poc a0 29.2 mac. %.
IIpn panpHeileM yBEJIMYEHUH KOJIMYECTBA LUKIIOB
00pabOTKH CYyIIECTBEHHBIX M3MEHEHUH HE (PUKCHPOBa-
JI0Ch.

ITpu o6padotke cBeTnbix ppakuwmii (b, K, /1) Temme-
parypa Hadasia X KHIICHUS TaKkKe CHIDKAIAch IO Mepe
MTOBBIIICHUS JaBJICHHUS U KOJIHYESCTBA IUKIOB 00paboT-
KH. XapakTep M3MEHEHHUS IJIOTHOCTH 3THUX 00pPa3IoB
OT JaBJIeHHs 00paOOTKM OB aHAIOTHYCH 3a(pUKCH-
poBaHHOMY Uit 00pa3ia M — MOBBIIICHUE NABICHUS
OPUBOIWIO K OOJBIIEMY CHIDKCHHIO HX IJIOTHOCTH.
B 10 xe BpeMmsi OBUIO OTMEYECHO CYIIECTBEHHOE OTIIH-
4Hpe XapakTepa U3MCHEHHUsS IUIOTHOCTH CBETIBIX IIPO-
JYKTOB OT KOJIMYECTBA IMKJIOB 00paboTKu. B oTnmnune
oT 00pasna M npu MOBTOPHBIX 00pabOTKaX MIOTHOCTh
CBETIIBIX HE(PTENPOAYKTOB HAYMHAIA YBEIHYHBATH-
cs (puc. 2).

0.78

0.76

0.74

ITnotHOCTS, T/CM3
Density, g/cm3

0.72

0.70

068 1 1 1 1 J
0 5 10 15 20 25

Yueno nukinoB 06paboTKH
Number of processing cycles

Puc. 2. BiusiHue ycnoBHid KaBUTAMOHHOH 00paOOTKH
CBETJIBIX HE(TENPOAYKTOB HA M3MEHEHHE UX IUIOTHOCTH:
obpasusl (1, 2) b, (3, 4) K, u (5, 6) 1 npu naBieHnn
obpabotku (1, 3, 5) 20 u (2, 4, 6) 50 MIla

Fig. 2. Influence of conditions of cavitation treatment of light
petroleum products on their density: Samples G (7, 2),

K (3, 4), and D (5, 6) at treatment pressures of 20 (Z, 3, 5)
and 50 MPa (2, 4, 6)
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KonmyectBo HUKIOB 00pabOTKH, TOCHE KOTOPBIX
(PUKCHPOBAJIOCH BO3pacTaHWE IUIOTHOCTH, 3aBHCENO
OT IpUPOJIBI 00pa3iia (€ro UCXOAHOHU IIIOTHOCTU) U JIaB-
nenust 06padotku. Hanpumep, npu naBiaeHnu o6padboT-
ku 30 MIla y o6pa3noB b u K mioTHOCTh yBeIHIuiIach
nociie 10 muknos. s oopasna [| roBoputh 00 U3MeHe-
HUM IDIOTHOCTH Ttoctie 10 MuKiIoB 00paboTKH P TaKOM
JaBieHuH 3arpyaHutenbHo. [locme 10 mukiioB oOpa-
GOTKH ero MIoTHOCTH 6buIa paBHa 0.8293 r/cM3, mocne
20 — 0.8295 r/cm?. Onuako MIPY TIOBBIIICHNH JIABICHUS
00padoTku o6pasna [ no 40 MIla, yxe nocie 10 rukios
00paboTKH, (PUKCUPOBATIOCH YBEIMYEHUE €T0 INIOTHOCTH
(nocsie 5 MKJIOB MIOTHOCTH ObLia paBHa 0.8298 r/cm?,
noce 10 — 0.8294 r/cM?, a mocie 20 — 0.8301 1/cm?).
IIpu naBnenun o6padotku 50 MIla yBenuueHue mioTHO-
cti oOpasna /[ ObII0 OTMEUEHO yIKe TIOCHIE TMATOTO [TUKIIA.

AHaNOTUYHBINA XapaKTep W3MEHEHUN XapaKTePUCTHK
CBETIIBIX HE(TEIIPOLYKTOB IIPU YBEIMUCHUN KOJTHICCTBA
[IUKJIOB O0pa0OTKHM OTMEYEH W U1 MX KOAPQHIIHEH-
TOB pedpakiuii. Y obpasnoB b u K yBenudenue ywmc-
na uuKioB oopadorku mo 10 (mpu maBnenunu 30 Mlla)
NPUBOAMIO K CHIDKCHHIO Kod(duiuenta pedpakuuu
o 1.4185 u 1.4408 coorBercrBenno. [locie 20 ukioB
00pa0oTku 3TH 3Ha4eHus1 ObuIK paBHbI 1.4205 u 1.4422.
IIpu maBnenuun 50 MIla xospdunment pedpaxuu 06-
pasua b mocite 5 nukioB 00paboTku ObUT paBeH 1.4205,
anocye 10 nukmnoB oH yBenuumics o 1.4225.

JlocToitHO BHUMAaHUS BIMSHHUE YHCIA IIUKIOB 00pa-
00TKHM Ha (PAKIMOHHBI COCTaB CBETIBIX HedTErpo-
IYKTOB M TEMIIEPATypPhl BBIKATIAHUST COOTBETCTBYIOIIUX
00beMOB 0oOpasna. Temneparypbl Hadajga KUIEHUS 00-
pasuos b, K u /| cHmxanuch Kak mpy yBETHYEHUH JIaBiIe-
HUSI, TaK M IIPH YBEJINYCHUH YUCIIA IIUKIOB 00pabOTKH.
IIpu oOpaboTke 3THX 00pazos mpu gasiaeHuu 20 Mlla
[0 Mepe YBEIMUYCHUS YMCIia IUKIOB BO3ACHCTBHS CHU-
JKaJIKCh TakxKe Temreparypsl orrona 10, 20, ..., 95 06. %
3arpy3ku. Ecim ke 00paboTka mpoBOMIach MpH OOJIb-
MIAX JaBICHUSAX, TO TTOCIE TIEPBOHAYATIHLHOTO CHIKCHUS
(mocite 1-5 1mKIOB), mOCIEAyIOMmAas 00paboTKa IPUBO-
JIUJIa K TIOBBIIICHUIO TeMIepaTyp BeIkumanus 40% u 6o-
nee obpasua (puc. 3).

Hns obpasna /I mOBBIIIEHUE TEMIIEPaTyp BBIKHIIA-
HUSI (PUKCHPOBAIOCH TOJIBKO MPH JABICHUAX 00padOTKU
40 u 50 MIla, u yem BbIIIEe OBLTO aBICHUE 0OPAOOTKH,
TEM paHbIIIC HAYMHAIOCH TO MOBHIIICHUE TEMIIEPATYP.
Taxk, ecin 06paboTka npoBoauiacek npu 40 MIla, mocne
10 muKI0B BO3AEUCTBUS OBLIO OTMEUEHO [OBBIIIEHHUE
TeMIepaTypbl BEIKUIIAaHUA Mociie oTroHa 60% obpasua.
Ecnu sxe 00paboTka npoBoaunacek npu 50 MlIla, To mo-
cie 10 OMKITOB MOBBINICHWE TEMITEPATypPhl BHIKUIIAHUS
obL10 3aduKcupoBaHo mocie orrona 40% obpasia.

Bnusinue ycnoBuii npoBenaenus o0padboTku Ha Gpak-
IIMOHHBINA cocTaB 00pa3ioB b u K ObIJI0 aHAJOTHYHBIM.
[Ipu >TOM MOBHINIEHNE TEMIIEPATYpP BBHIKUIIAHUS TIOCIE

360

320
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200

Temmnepatypa, °C
Temperature,’C

160

120 1 1 1 1 )
0 20 40 60 80 100

Jlons oTroHa 3arpysk, 06. %
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Puc. 3. BiusiHue KonuyecTBa UKIOB 00paboTKH (1aBlieHHE
50 MIla) na ¢pakuronnsiii coctas obpasua . (/) Mcxoqusiii
obpasers; (2) 10 muxiio o6padotku npu nasnerun 50 MIla;
(3) 20 nuknoB obpabotku npu gasiaeHuu 50 MIla

Fig. 3. Influence of the number of treatment cycles (pressure
50 MPa) on the fractional composition of Sample D: (/) initial
sample and the sample after (2) 10 and (3) 20 treatment cycles
at a pressure of 50 MPa

otroHa 40% 3arpy3ku (PUKCUPOBAIOCH U TIPU JABICHUH
obpabotku 30 MITa.

CHIKEeHHE TUIOTHOCTH OOpasloB B pe3ysbTaTe UX Ka-
BUTALIMOHHOI 00pabOTKH, TeMIeparyp Hadaja KHUIICHHS,
(bpaKIMOHHOTO COCTaBa MOXKET OBITh OOBSICHEHO TIPO-
TeKaHHEM peakLuii KpeKMHra MOJ BO3/AEHCTBHEM Teruia,
BBIJICJIAIONICTOCS TIPU CXJIOTIBIBAHUM TTy3bIPHKOB KaBUTa-
1w [ 17]. O6pa3oBaBIIHECS TIPH TOM YIIIEBOIOPO/IH MEHB-
el MOJNIEKYJIIPHON MacChl CHHIKAIOT BCE MEPEUHUCIICHHBIE
HoKazareny. B3anMozeicTBre JOMTOXKUBYIIUX PAANKAIIOB
MIPUBOIUT K OOPa30BAHHUIO TPOIAYKTOB C MOJEKYILIPHON
Maccoil OoIblLeid, YeM y UCXOIHOro chipbs. [IposBisercs
9TO B MOBBIIICHUH TEMIIEPATYP BHIKUIIAHUS COOTBETCTBYIO-
mHX 00bEMOB 3arpy3Kd U Haubosee 3aMeTHO MpH 00padoT-
Ke JISTKUX HU3KOKUIIIMX (ppakimii. B ciryyae 00paboTku
TEMHBIX He(TEPOIYKTOB TAKUE N3MEHEHUS HE (PUKCHPY-
I0TCSI, HO JUTST (DpaKIiii, BEIKUITAIOIINX TIPU TeMIepaType
Bbiie 480°C, 0TMEUEHO yBEeJIMUEHUE TIOTHOCTH ITOCTIe Ka-
BUTAITMOHHOTO Bo3/eiicTBus [ 14, 18].

B ta6m. 2 w1 Ha puc. 4 PUBECHBI IaHHBIE O TPYIIIO-
BOM YIIIEBOJIOPOAHOM cocTaBe oOpasua b u konudyectse
aTOMOB yTJICpOJa B MOJICKyJIaX aJKaHOB JI0 U Tocie 00-
pabotku (5 nukinoB npu aapnerun 50 MIla), monTBepx-
Jarolire NpoTeKaHue peaKuii KpEeKuHTa.

Crout OTMETUTH, YTO B PE3Yy/bTaTe KaBUTALIMOHHOMN
00paboTku B 00pa3iie M3MEHUIIOCHh COOTHOIICHHE all-
KaHOB HOPMAaJIbHOTO, U30CTPOEHUs U HadTeHOB. Jloms
H-aIKAaHOB yBEIMYMIIACh, A COJAEPKAHUE M30aJIKaHOB
1 HaTEHOB CHHM3WIOCH. 3a(h)MKCUPOBAHO YBEINYCHHE
COZIEp)KaHUsI HACHIIICHHBIX YIJIEBOAOPOIOB ¢ 6—8 aro-
MaMM YIIepoia B MOJIEKYJIE€ U CHIDKCHHE CTPYKTYp
¢ 10-12 aromamu yrnepona. M3menenus copepaHus
apeHOB HE OTMEYCHO.
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Tadmuua 2. Biusane 06paboTKy Ha TPYIIITOBOI o 25
YIJIEBOAOPOAHEIN cocTaB oOpasua b. YenoBust 00paboTkm: g
5 ko nipu paBieHnn 50 MIla = i 20 | \
g =
Table 2. Effect of treatment on the group hydrocarbon S
composition of Sample G after 5 treatment cycles at a pressure § £ 15 -
o 9
of 50 MPa 83 \
S8 10tk - u
['pynmnoBoii yrieBoJopoIHbli coCTaB 2 § T /0
obpasua b, mac. % § 5 ;@
VIIIeBOLOPOLIBI Group hydrocarbon composition § M
0, o
Hydrocarbons ol smipls €, 6l © 0 . 7 8 9 1'0 1'1 ]'2
Jlo o6padotku | [Tocie o6paboTku
Yuciio aToMOB yIjIepoJa BMOJIEKYIe
Before treatment | After treatment Number of carbon atoms in a molecule
Bceero ankanos
alk 75.0 73.9 Puc. 4. Pacripenienenue aqkaHoOB 110 YUCITy aTOMOB yTiiepoia
Total alkanes B obpasie b 10 1 nocie o6padorku. (1) o 06padboTku;
H-ATTKAHDI (2) mocne o6padoTku (nasnenue 50 MIla, 5 nukioB)
22.6 25.8
n-Alkanes Fig. 4. Distributions of alkanes by number of carbon atoms
in Sample G (7) before and (2) after treatment in 5 cycles
U30-AJNK2HbI 20.0 18.0 at a pressure of 50 MPa
iso-Alkanes
Iuknoankausl
324 30.1
Cycloalkanes B.B. [leumHeB — aHaIu3 JIUTEPATYPHBIX HCTOYHHKOB, HAITHCAHUE
U PeIlaKTUPOBAHKE TEKCTA CTAaThbH, pa3paboTka METOI0IOTHH, aHa-
ApeHbl 205 2.6 JIU3 U NIPEJICTABIICHUE TTOJIyYEHHBIX PE3yJIbTaTOB.
Arenes A.H. KopoJsieB — mpoBe/icHHE 3KCIIEPUMEHTOB, aHAM3 U 00pa-
He 60TKa MOJYyYCHHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX, PEIAaKTHPOBa-
T y— 55 15 HHE TEKCTa CTAThH.
Not identified JI.B. HUKHIIMH — KOHCYNIBTAIHs 110 BOIPOCAM METOHOJIOTHI
W TPOBEICHMS HCCIENOBaHMs, obecriedeHue 000pyIOBaHHEM
1 KOHCYNbTallMs MO NMpUOOpHOH 0ase, peqakTHpOBaHHE TEKCTa
CTaThH.
SAKJTOMEHUE

[puBeneHHbIE pe3yNbTaThl MMOATBEPIKIAIOT TPOTEKAHHE
peakiuil KpeKUHra npu KaBUTALHOHHONW 00paboTke yriie-
BOZIOPOZIOB. B pesynmbrare 00pa3yrorcs MpOTyKThl MEHb-
el U OONbIIeH MOJIEKYJISIPHOH MAacChl, YeM HCXOIHOE
cbipbe. OHU TaKXkKe MO3BOJSIOT MPEANONIOKUTh, YTO HaU-
Oomblmasi cTaOMIBHOCT B YCJIOBUAX KaBUTALUM MPHUCYINA
YIIEBOIOPOAM apEHOBOTO PSIfIa, B TO BPEMs KaK AJIKaHBI
M30CTPOEHHs M HahTeHBI O0JIee MOBEPIKEHbI ECTPYKIHH.
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