
ISSN 2224-9923. ?,#$*)& F!OF". S,797A):. !,;$,A'57-7, ) A74*7, <,97. 2012. T 5 

47

"UH 553.98.061.4  © N976)* J.J., 2012 

!#!+$C @!C*&'( E%?%(*F*& E!?!@$#*&

& E*?*&* E?*)A?!#)A&% E*?*F- !""# $!%!&

'.'. ()*+,-

 !"#$%&' ()*&+(),-(.' &$$,!/+0)1!,-$%&'
2+,&1!3(&4!$%&' 5(&0!"$&1!1, 6+$$&7

8 ")9+1! $ &$2+,-:+0)(&!# "!),-(+;+ %!"(+0+;+ #)1!"&),) &$$,!/+0)(. 2"+*!$$. <):+0.3 2!"!3+/+0   

2)")<&(+0 0 (!<1& (!2+$"!/$10!((+ 0 #&%"++9=!#! 2+"+/. >%$2!"&#!(1. 0%,?4),& &:#!"!(&! &#25,-$(.#

#!1+/+# 7/!"(+;+ #);(&1(+;+ "!:+()($) (@A6) "!,)%$)*&+((.3, 07:%+$1(.3 $0+'$10 & B(!";&& )%1&0)*&&

(!<1& 2"& &:#!(!(&& 1!#2!")15". 0 &(1!"0),! 5–65 °C. D/!(1&<&%)*&7 1+4%& <):+0+;+ 2!"!3+/) 2)")<&(+0

2"+&:0+/&,)$- 2+ %+#2,!%$5 2)")#!1"+0: 0"!#!()# $2&(-"!E!1+4(+' "!,)%$)*&& 2+/0&F(+' & $07:)((+' <):

5;,!0+/+"+/+0 & +1(+$&1!,-(+#5 +9=!#5 (()$!,!((+$1&) #+,!%5, 09,&:& )/$+"9*&+((.3 *!(1"+0. G9=!%1)#&

&$$,!/+0)(&' 70,7,&$- 1"& %+,,!%*&& 1!""&;!((.3 & %)"9+()1(.3 %+,,!%1+"+0 0&:!'$%&3 & 9)E%&"$%&3 +1,+-

F!(&' H+;+0$%+;+, I+%5'$%+;+ & A+$&($%+;+ #!$1+"+F/!(&'. I+,,!%1+"$%&! $0+'$10) 2+"+/ 2+ 2+"&$1+$1&

&:#!(7,&$- +1 9,9 /+ 19,9 %, ) 2+ 2"+(&*)!#+$1& – +1 7·10
–4
/+ 0,488 #%#

2
. J(),&: B%$2!"&#!(1),-(.3 /)((.3

2+%):),, 41+ <):+0.! 2!"!3+/. 2)")<&(+0 0 +;")(&4!((+# #&%"++9=!#! 2+"+/-%+,,!%1+"+0 ()9,?/)?1$7

2"& 1!#2!")15"! () 5–15 °C 9+,!! 0.$+%+' 2+ $")0(!(&? $+ $0+9+/(.# +9=!#+#.  "& B1+# :)0&$&#+$1- 1!#-

2!")15". ()$.K!(&7 2)")<&()#& ()2"7#5? (! :)0&$&1 +1 2"+(&*)!#+$1& 2+"+/. C5K!$10!((+! 0,&7(&! ()

<):+0.! 2!"!3+/. +%):.0)?1 <&:&%+-3&#&4!$%&! 3)")%1!"&$1&%& 2+"+0+' 2+0!"3(+$1&. L,7 %)"9+()1(.3

%+,,!%1+"+0 5$1)(+0,!( ,&(!'(.' "+$1 1!#2!")15". ()$.K!(&7 (!<1& 2)")<&()#& $ 50!,&4!(&!# 2+%):)1!-

,7 $#)4&0)!#+$1& 0(51"&2+"+0+' 2+0!"3(+$1&. M) #+/!,-(.3 $&$1!#)3 & "!),-(.3 +9"):*)3 %!"() 02!"0.!

5$1)(+0,!(+, 41+ $ 0+:")$1)(&!# B(!";&& )%1&0)*&& #+,!%5,7"(.3 /0&F!(&' 5;,!0+/+"+/+0 0 2+"+0+# 2"+-

$1")($10! 2+"+/ 2"+&$3+/&1 #+(+1+((+! 50!,&4!(&! 1!#2!")15". ()$.K!(&7 (!<1& 2)")<&()#&.  +,54!(-

(.! )(),&1&4!$%&! :)0&$&#+$1& 2+:0+,7?1 2"+;(+:&"+0)1- 1!#2!")15"5 <):+0+;+ 2!"!3+/) (!<17(.3 2)")-

<&(+0 2"& &:#!(!(&& 1!#2!")15"(+;+ "!F&#) :),!F& 2"& "):,&4(.3 ;!+,+;+-1!3(+,+;&4!$%&3 #!"+2"&71&73.

 )./0120 3)*14: #!1+/ 7/!"(+;+ #);(&1(+;+ "!:+()($) (@A6), <):+0.' 2!"!3+/ (N ), %"&$1),,&:)*&7

2)")<&(+0, 1!#2!")15") ()$.K!(&7 (!<1& 2)")<&(+#, B(!";&7 )%1&0)*&&, $#)4&0)!#+$1- 2+0!"3(+$1&.

ANALYSIS OF PHASE TRANSITIONS IN THE PORE SPACE  
PARAFFIN RESERVOIR ROCKS 

'.'. Zlobin 

Perm National Research Polytechnic University, Russian Federation 

In using real core samples to study the processes of phase transitions (PT) in paraffin oil directly in microvolume 

rocks. The experiments included measuring pulsed nuclear magnetic resonance (NMR) relaxation, viscosity of oil and 

activation energy with temperature in the range of 5-65 ° C. Identification of the phase transition point waxes made by 

complex parameters: the spin-lattice relaxation time of the mobile phase and related hydrocarbons and the relative size 

(population) of the molecules near the adsorption sites. Objects of research are three collections clastic and carbonate 

reservoirs Visean and Bashkirian deposits Logovsky, KokuyMosinskogo and deposits. Reservoir properties of the 

rocks on the porosity ranged from 9.9 to 19.9 % and permeability – 7 · 10
–4

 to 0.488 m
2
. Analysis of experimental data 

showed that the phase transition in a confined microvolume paraffin reservoir rocks is observed at a temperature of 5-

15 °C higher than the free volume. The dependence of the saturation temperature of wax is not directly dependent on 

the permeability of the rocks. Significant role in the OP have physical and chemical characteristics of the pore surface. 

For carbonate reservoirs installed a linear increase of the saturation temperature paraffin oil with an increase in pore 

surface wettability. Model systems and real core samples for the first time found that with the increase of the activation 

energy of molecular motions of hydrocarbons in the pore space of rocks is a monotonic increase in the saturation 

temperature of paraffin oil. The analytical dependence can predict the phase transition temperature petroleum waxes 

when the temperature reservoir under different geological and technical measures. 

Key-words: nuclear magnetic resonance method (NMR), phase transition (PT), paraffin crystallization, paraffin oil 

saturation temperature, activation energy, wettability of the surface. 
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&(&%% *(:8(41*/46 /.%"%-1C*., 84#=(.-

.6 1..#=%1=%% % /84#3&(&%, .-,5% :(7-

9/ :#"(0/"1:%. Q 9%.8(4.&#2 )15( &()*%

#*&#.,* &19:#"(0/",4&6( .*4/0*/46 (1..#-

=%1*6), #04/7(&&6( .#"+-1*&6: ."#(:.

D101, 9%.8(4.&1, 31.*%=1 ."#7&#<# .*4#(-

&%, 8#"/3%"1 &15-1&%( ."#7&#2 .*4/0-

*/4&#2 (9%&%=6 (FFT) [10]. L94#: FFT

,-",C*., *-(496( 1..#=%1*6 %5 :#"(0/"

1.)1"+*(&#- [8, 12, 13], 1 .#"+-1*&#2 #$#-

"#30#2 – :#"(0/"6 .:#" % -6.#0#:#"(-

0/",4&6( ?@. Q10 8#0156-1(* #86*, 01-

791, &()*+ #$"191(* %&9%-%9/1"+&#2

9%&1:%3(.0#2 .*4/0*/4#2, 0#*#41, #84(-

9(",(*., .#9(471&%(: % 10*%-&#.*+C ((

19.#4$=%#&&6; =(&*4#- - -%9( FFT. Q#-

"%3(.*-(&&# 10*%-&#.*+ FFT &()*% 8# LMN
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3,1-'&$%$4,02$, 0('501(" 1,--$6,!!)* $ 2"-7'!"1!)* +'-'.-2'##,21'-'(

$ 1,/+,-"18-" !"0)9,!$: !,&1$ +"-"&$!'/

;$+

+'-'.)

</"4$(",-

/'01= ,

.'#$ ,..

3'-$0-

1'01= >+,

%

?7@A/!":

+#'1!'01=

ρ+, 6/0/
3

3-'!$B"-

,/'01=

+' 6"%8 >+-6,

10–3 /2/2

?01"1'4-

!": ('."

>'(, % 

C2($("#,!1-

!)5 -".$80

+'-'()*

2"!"#'(,

/2/

C!,-6$:

"21$("B$$

!", 2DE/

/'#=

;,/+,-"18-"

!"0)9,!!'5

!,&1$ +"-"&$-

!'/ t!
:/-, °<

F,&1= 02(. 1318 >'28502'6' /,01'-'E.,!$: ( 0('7'.!'/ '7@,/, (+#"01 GH),

0'.,-E"!$, +"-"&$!" 5,6 %  
20,95 30,0 

F,&1= ( '7-"%B"* 2'##,21'-'( >'28502'6' /,01'-'E.,!$:   

I%(. J. 0,12 14,5 2,28 56,7 14,6 1,98 17,78 30,0 

I%(.K-J. 0,38 14,9 2,28 50,5 17,0 1,84 20,12 35,0 

I%(. L3 0,45 13,6 2,32 157,5 15,5 3,40 23,61 40,0 

I%(. L3 0,66 17,1 2,11 160,2 19,7 3,06 23,11 45,0 

F,&1= 02(. 141 M'6'(02'6' /,01'-'E.,!$: ( 0('7'.!'/ '7@,/, (+#"01 ;#),  

0'.,-E"!$, +"-"&$!" 3,2 %  
14,13 20,5 

F,&1= ( '7-"%B"* 2'##,21'-'( M'6'(02'6' /,01'-'E.,!$:   

3//%/ 0 0,07 17,1 2,21 487,9 5,9 5,3 21,61 40,0 

3//%/ 0 – 16,1 2,20 116,1 8,1 2,7 20,61 35,0 

3//%/ 0 – 17,3 2,18 236,5 8,3 3,7 16,95 25,0 

3//%/ 08-6 0,06 13,6 2,27 296,6 5,8 4,7 17,78 35,0 

3//%/ 0 – 16,4 2,17 393,9 5,5 4,9 20,86 35,0 

3//%/ 0 – 11,8 2,31 5,8 65,0 0,7 22,69 45,0 

3//%/ 0 – 9,9 2,35 0,7 90,8 0,3 25,59 45,0 

F,&1= 02(. 235 N'0$!02'6' /,01'-'E.,!$: ( 0('7'.!'/ '7@,/,

(+#"01 L.), 0'.,-E"!$, +"-"&$!" 2,83 %  
14,80 20,0 

F,&1= ( '7-"%B"* 2'##,21'-'( N'0$!02'6' /,01'-'E.,!$:   

I%(.K-J.  19,9  230,7  3,4 14,21 25,0 

3//%  13,8  262,3  4,36 – 35,0 

3 - $ / , 4 " ! $ ,: 3//% – +,04"!$2 /,#2'%,-!$01)5; 3//%/ 0 – +,04"!$2 /,#2'%,-!$01)5 "#,(-$1$-

01)5; 8-6 – 86#$01'-6#$!$01)5; I%(. J. – $%(,01!:2 ('.'-'0#,()5; I%(. K-J. – $%(,01!:2 &'-"/$!$&,-'('-

('.'-'0#,()5; I%(. L3 – $%(,01!:2'()5 -"2'($!!)5 +,04"!$2

'+-,.,#:,10: '-$,!1"B$'!!'5 +'#:-$%"-

B$,5 /'#,28# OJ .$0+,-0$'!!'5 0-,.),

1.,. '1!'0$1,#=!)/ '7@,/'/ 0(:%"!!)*

(/,!,, #"7$#=!)*) /'#,28#, !"*'.:9$*-

0: (7#$%$ <<P. ?7#".": ()0'2'5 +'1,!-

B$"#=!'5 Q!,-6$,5, :.-' <<P +-$1:6$("-

,1 $ 8.,-E$(",1 !" +'(,-*!'01$ +,-,-

*'.!'6' 0'#=("1!'6' 0#': 4"01= /'#,28#

86#,('.'-'.'(. R,/ ()H, (:%2'01= !,&-

1$, 1,/ 7'#=H, ( !,5 <<P $, 0''1(,101-

(,!!', 7'#=H, '7@,/ 0(:%"!!)* /'#,28#

+' ."!!)/ SNL.

 !"#$% ."!!)* +'2"%)(",1, 41' +-'-

B,00) K3 +"-"&$!'( ( +'-'('/ +-'01-"!-

01(, ( 2"4,01(,!!'/ +#"!, 0*'E$ 0 "!"#'-

6$4!)/$ +-'B,00"/$ ( 0('7'.!'/ '7@,/,

(0/. -$0. 1, "). ;"2, !"+-$/,-, .#: '7-"%B" 5 

0 +'!$E,!$,/ 1,/+,-"18-) '1 65 .' 45 °<

!" -$0. 3 (5) +-'$0*'.$1 /'!'1'!!', 8(,-

#$4,!$, '7@,/" 0(:%"!!)* /'#,28# 0 27 .'

58 % %" 04,1 80$#,!$: 01,+,!$ "00'B$"B$$

/'#,28# ( 80#'($:* 0!$E,!$: .,01-821$(-

!'6' &"21'-" KT (K – +'01':!!": G'#=B/"-

!", T – 1,/+,-"18-") 1,+#'('6' .($E,!$:

/'#,28#. 3-$ 1,/+,-"18-, 45 °< +-'$0*'-

.$1 &"%'()5 +,-,*'., 0'+-'('E."T9$50:

'7-"%'("!$,/ 1(,-.'5 &"%) $% 2-$01"#-

#'( +"-"&$!". ;'42, K3 ( '7-"%B"* (0,-

6." 0''1(,101(8,1 /"20$/8/ !" Q201-'-

6-"//, 0'01"(–1,/+,-"18-".

F' ,0#$ 6'('-$1= 1'4!,,, (,#$4$!"

t!= 45 °< *"-"21,-$%8,1 1,/+,-"18-8 '2'!-

4"!$: 02-)1'6' +,-$'." !"2'+#,!$: ( 0$0-

1,/, %"2-$1$4,02$* %"-'.)H,5 +"-"&$-

!'( $ !"4"#' &'-/$-'("!$: !'('5 &"%)

( ($., +,-()* /"2-'2-$01"##'( ( '7@,/,

!,&1$. 3'0#, K3 +-'$0*'.$1 +-'B,00

.,0'-7B$$ /'#,28# $% 0'#=("1!'5 '7'-

#'42$ $ +,-,*'. !,&1$ ( 0(:%!'.$0-

+,-0!', 0'01':!$,. J .-86$* '7-"%B"*
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N%.. 3. D(:8(41*/4&6( 51-%.%:#.*% %5:(&(&%,

#$B(:1 .-,51&&#2 )156 /<"(-#9#4#9#- - 8#41;

014$#&1*&6; 0#""(0*#4#-. U%)4 04%-6;

.##*-(*.*-/(* &#:(4/ #$415=#- %5 *1$"%=6

9%&1:%01 8#9;#91 0 04%*%3(.0#2 *#30(

:#7(* $6*+ %&#2, &184%:(4, 51 5–8 <41-

9/.#- 9# >E :#7(* 84#%.;#9%*+ .8#&-

*1&&#( .&%7(&%( #$B(:1 .-,51&&6; :#"(-

0/" (.:. 4%.. 3, 2, 4). J*.C91 0%&(*%01 )1-

5##$415#-1&%, 8141)%&#- - &()*% 51-%.%*

#* 0#&04(*&6; #.#$(&&#.*(2 0#""(0*#41.

J9&10# <"1-&#( #*"%3%( #* .-#$#9&#<#

#$B(:1 510"C31(*., - *#:, 3*# 8410*%3(-

.0% -# -.(; 8#4#91;-0#""(0*#41; (04#:(

#9&#<#, .:. *1$"%=/) &1$"C91(*., .9-%<

D' 8141)%&1:% - .*#4#&/ $#"(( -6.#0%;

*(:8(41*/4. V*# -17&62 8410*%3(.0%2

4(5/"+*1*, 0#*#462 &(#$;#9%:# /3%*6-

-1*+ 84% 84#-(9(&%% 415"%3&6; <(#"#<#-

*(;&%3(.0%; :(4#84%,*%2 (ODM), .-,51&-

&6; . 510130#2 -#96 % ;%:4(1<(&*#- 9",

8#-6A(&%, &()*(#*913% 8"1.*#-.

D10%: #$415#:, -"%,&%( 8#4%.*#2

.4(96 &1 >E 8141)%&#- - &()*% 84#,-",-

(*., - *#:, 3*# 04%.*1""%51=%, 8141)%&#-

- #<41&%3(&&#: :%04##$B(:( 84#%.;#9%*

84% $#"(( -6.#0#2 *(:8(41*/4(. V*# #$B-

,.&,(*., *(:, 3*# &1 8#-(4;&#.*% *-(49#2

)156, 010 &1 01*1"%51*#4(, -#541.*1(* -(-

4#,*&#.*+ #$415#-1&%, 8(4-#<# /.*#23%-

-#<# 514#96A1 *-(49#2 )156 8141)%&#-

51 .3(* $#"(( &%50#2 .4(9&(2 H&(4<%% #$-

415#-1&%, 04%.*1""%*1.

@ 41$#*( %.."(9#-1&# -"%,&%( &1 *(:-
8(41*/4/ >E .*4/0*/4&6; .-#2.*- 0#"-
"(0*#4#-. '1 4%.. 4 84%-(9(& 8#"/3(&&62
<41)%0 51-%.%:#.*% *(:8(41*/46 &1.6-
G(&%, #* 84#&%=1(:#.*% #$415=#- 0(4&1.

@ =("#: 8#"/31(*., &(:#&#*#&&1, 51-%-
.%:#.*+ . ,-&6: H0.*4(:/:#: - #$"1.*%
0,2–0,25 :0:2. T."% #$"1.*+ .&%7(&%, t&
:#7&# #$B,.&%*+ /:(&+A(&%(: /9("+&#2
8#-(4;&#.*% 8#4#9 . 4#.*#: 84#&%=1(:#-
.*%, *# 9", #$B,.&(&%, *(&9(&=%% /-("%-
3(&%, D' - -6.#0#84#&%=1(:6; 0#""(0-

*#41; 84% Q84< > 0,25 :0:2 &(#$;#9%:#
84%-"(01*+ 9#8#"&%*("+&6( 8141:(*46
8#4%.*#2 .4(96. '1 4%.. 5 9", 0#""(0=%%
014$#&1*&6; 0#""(0*#4#- Q#0/2.0#<#
:(.*#4#79(&%, /.*1&#-"(&1 /.*#23%-1,
"%&(2&1, .-,5+ *(:8(41*/46 &1.6G(&%, t&
. 8#0151*("(: # .:13%-1(:#.*% 8#-(4;-

&#.*% 8#4 % 8#4#-6; 01&1"#-. F:13%-1(-
:#.*+ - #$G(: ."/31( &( .-,51&1 . 84#&%-
=1(:#.*+C %"% 419%/.#: 8#4 8#4#9-
0#""(0*#4#- % #*4171(* &1"%3%( 10*%--
&6; 19.#4$=%#&&6; =(&*4#- &1 *-(49#2
8#-(4;&#.*%. D(: &( :(&(( - &1A(2 0#"-
"(0=%% (.:. *1$"%=/) -#541.*1&%( D' 8141-

)%&1:% .-,51&# . 4#.*#: 84#&%=1(:#.*%
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N%.. 4 . !1-%.%:#.*+ *(:8(41*/46 &1.6G(&%, &()-

*% 8141)%&#: - 8#4#-#: #$B(:( #* <15#84#&%=1(-

:#.*% 0#""(0*#4#-: &()*+ % 8#4#96 M#.%&.0#<#

( ) % S#<#-.0#<# ( ) :(.*#4#79(&%2. E/&0*%4&1,

"%&%, – %.;#9&1, *(:8(41*/41 &1.6G(&%, &()*%

8141)%&1:% - .-#$#9&#: #$B(:(

8#4#9 3(4(5 8#-6A(&%( 8141:(*41 .:13%-
-1(:#.*%.

D10%: #$415#:, 1&1"%5 8#0151", 3*#

)%"+*41=%#&&6( % .:13%-1CG%( .-#2.*-

-1 8#4%.*#2 .4(96 ,-",C*., "%A+ 31.*-

&6:% 8141:(*41:%, &( 0#&*4#"%4/CG%:%

- 8#"&#2 :(4( 04%.*1""%51=%C 8141)%-

&#- - 8#4#9(. I", #$B,.&(&%, #$G(<# :(-

;1&%5:1 >E 8141)%&#- - 8#4%.*#2 .4(9(

&1:% 84(9"#7(&# %.8#"+5#-1*+ /&%-(4-

.1"+&62 8141:(*4 .*4/0*/46 7%90#.*% –

H&(4<%C 10*%-1=%% $1 :#"(0/",4&6;

9-%7(&%2. V&(4<%, 10*%-1=%% #84(9(",-

"1.+ 8# /41-&(&%C  44(&%/.1 [7], % 41&((

H*#* 8141:(*4 /7( %.8#"+5#-1"., &1:%

- 013(.*-( 04%*(4%, 9", -6$#41 %&<%$%-

*#4#- 8141)%&##*"#7(&%2 [2, 14]. F"(9/-

(* 51:(*%*+, 3*# H&(4<%, 10*%-1=%% 7%9-

0#.*% - :%04##$B(:( 8#4 51-%.%* 010 #*

%&9%-%9/1"+&#<# ;%:%3(.0#<# .#.*1-1 ?@

&()*%, *10 % #* )%5%0#-;%:%3(.0%; .-#2.*-

:%&(41"+&#<# .0("(*1.

'1 8(4-#: H*18( $6"% %.."(9#-1&6

84#.*6( :#9("% &()*,&6; 9%.8(4.&6;

.%.*(:: <#:#<(&&62 41.*-#4 *(;&%3(.0#<#

8141)%&1 (F17–F36) - 0(4#.%&( (F6–F10). 

J*./*.*-%( .:#"%.*#-1.)1"+*(&#-6; -(-

G(.*- (F @) - :#9(",; 5&13%*("+&# /8-

4#G1(* H0.8(4%:(&*6 % %&*(484(*1=%C

91&&6;. @ H0.8(4%:(&*1; 8(4(:(&&6:

8141:(*4#: ,-","1.+ 0#&=(&*41=%, 81-

N%.. 5. !1-%.%:#.*+ *(:8(41*/46 &1.6G(&%, &()*%

8141)%&#: - 8#4#-#: #$B(:( 014$#&1*&6; 0#""(0-

*#4#- #* 8#0151*(", .:13%-1(:#.*% 8#-(4;&#.*%

41)%&1 %8 - 0(4#.%&(, 0#*#41, %5:(&,-

"1.+ #* 0 9# 16 :1.. %, 1 %5:(4,(:6:%

8141:(*41:%, .##*-(*.*-(&&#, D' 8141-

)%&1:% % H&(4<%, $1 10*%-1=%% :#"(0/"

0(4#.%&1. '1 4%.. 6 8#0151& H0.8(4%:(&-

*1"+&62 <41)%0 1, #*4171CG%2 .-,5+ D'

8141)%&1:% - .%.*(:( 0(4#.%& + 8141)%&

- 51-%.%:#.*% #* -("%3%&6 H&(4<%% 10*%-

-1=%% :#"(0/" 0(4#.%&1. !1-%.%:#.*+ #8%-

.6-1(*., &("%&(2&6: /41-&(&%(: -%91

 t&= 72,812 ln$1 – 155,712, R = 0,992,  (1) 

<9( t& – *(:8(41*/41 &1.6G(&%,, °F; $1 – 

H&(4<%, 10*%-1=%%, 0I7/:#"+. J*&#.%-

*("+&# :1"1, -("%3%&1 H&(4<%% 10*%-1-

=%% 0(4#.%&1 #84(9(",(*., &%50%: :#"(-

0/",4&6: -(.#: % 0#4#*0#2 9"%&#2 :#-

"(0/" ?@.

E# 1&1"#<%% . /84#G(&&6:% :#9("+-

&6:% .%.*(:1:% 9", 4(1"+&6; 8#4%.*6;

.4(9 *107( $6"1 %5:(4(&1 8# LMN H&(4-

<%, 10*%-1=%% &()*% - 415"%3&6; 0#"-

"(0*#41; % .#8#.*1-"(&1 . %:(CG(2., D'

8141)%&1:%. E#"/3(&&62 <41)%0 0#44(-

",=%% 2 84%-(9(& &1 4%.. 6, 0#*#462 #8%-

.6-1(*., /41-&(&%(:

 t&= 44,001 ln$1 – 96,269, R = 0,935.  (2) 

I", 4(1"+&#2 &()*% 9%1815#& H&(4<%%

10*%-1=%% $1 5&13%*("+&# A%4( – #* 14 

9# 28 0I7/:#"+, 3*# #$/."#-"(&# &(8#.4(9-
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N%.. 6. !1-%.%:#.*+ *(:8(41*/46 &1.6G(&%,

8141)%&#: #* H&(4<%% 10*%-1=%% - :#9("+&#2

.%.*(:( (0(4#.%& + 8141)%&) (1) % - &()*(&1.6-

G(&&6; 0#""(0*#41; (2) S#<#-.0#<# ( ),  

Q#0/2.0#<# ( ) % M#.%&.0#<# ( ) :(.*#4#79(&%2

.*-(&&6: -"%,&%(: -6.#0#10*%-&6;

F @ &1 :#"(0/"6 /<"(-#9#4#9#- 9%.8(4-

.%#&&#2 .4(96. P5 1&1"%51 <41)%01 2

4%.. 6 *107( -%9&#, 3*# &1 H0.8(4%:(&-

*1"+&#: <41)%0( .*1*%.*%3(.0%2 415$4#.

9", *4(; *%8#- &()*% 5&13%*("+&# $#"+-

A(, 3(: - :#9("+&6; .%.*(:1;, &# :#&#-

*#&&62 ;1410*(4 .-,5% 4#.*1 D' 8141)%-

&#- 84% /-("%3(&%% H&(4<%% 10*%-1=%%

.%.*(:6 &()*+–8#4#91 84#."(7%-1(*.,

9#.*1*#3&# &19(7&# . -6.#0#2 .*(8(&+C

-(4#,*&#.*% &1 -.(: 9%&1:%3(.0#: 9%1-

815#&( $1.

D10%: #$415#:, ."#7&#( *(4:#9%&1-

:%3(.0#( .#.*#,&%( &()*,&6; 9%.8(4.-

&6; .%.*(: - :%04##$B(:( 0#""(0*#4#-

:#7&# #8%.1*+ (9%&6: %&*(<41"+&6:

8141:(*4#:, #*4171CG%: *(0/G/C -("%-

3%&/ :(7:#"(0/",4&6; -51%:#9(2.*-%2

(H&(4<%C -#9#4#9&6; .-,5(2) 9%.8(4.%-

#&&#2 .4(96. J*.C91 -#5:#7&6( .8#.#$6

4(</"%4#-1&%, )15#-6; 8(4(;#9#- 8141-

)%&#- . 8#"#7%*("+&6: H))(0*#: 9#"7-

&6, *10%: #$415#:, -"%,*+ &1 &()*,&/C

8"1.*#-/C .%.*(:/, 3*#$6 0 0#&(3&#:

%*#<( #$(.8(3%*+ :10.%:1"+&# -#5:#7&#(

.&%7(&%( H&(4<%% 10*%-1=%% &()*%.

9*+7:-"$%"

@ H0.8(4%:(&*1; . %.8#"+5#-1&%(:

.#-4(:(&&#2 188141*/46 % %.."(9#-1-

*("+.0%; :(*#9%0 /.*1&#-"(&#, 3*# )15#-

-62 8(4(;#9 8141)%&#- - #<41&%3(&&#:

:%04##$B(:( 8#4#9-0#""(0*#4#- &1$"C-

91(*., 84% *(:8(41*/4( &1 5–15 °F $#"((

-6.#0#2 8# .41-&(&%C .# .-#$#9&6:

#$B(:#:. E4% H*#: 51-%.%:#.*+ *(:8(-

41*/46 &1.6G(&%, 8141)%&1:% #* 84#-

&%=1(:#.*% 8#4#9 &#.%* &(:#&#*#&&62

;1410*(4, 3*# #*4171(* -"%,&%( &1 84#-

=(.. 04%.*1""%51=%% 8141)%&#- &( *#"+-

0# .*4/0*/4&6; .-#2.*- 8#4#9 (<(#:(*-

4%% 8#4), &# % )%5%0#-;%:%3(.0%; ;1-

410*(4%.*%0 8#4#-#2 8#-(4;&#.*%. I",

014$#&1*&6; 0#""(0*#4#-, - 31.*&#.*%,

;1410*(4(& "%&(2&62 4#.* *(:8(41*/46

&1.6G(&%, &()*% 8141)%&1:% . /-("%-

3(&%(: 8#0151*(", .:13%-1(:#.*% -&/*-

4%8#4#-#2 8#-(4;&#.*%. '1 :#9("+&6;

.%.*(:1; 0(4#.%& + 8141)%& % 4(1"+&6;

#$415=1; 0(4&1 -8(4-6( /.*1&#-"(&#, 3*#

- #$G(: ."/31( *(:8(41*/41 &1.6G(&%,

&()*% 8141)%&1:% ,-",(*., )/&0=%(2

H&(4<(*%3(.0#<# .#.*#,&%, .%.*(:6

&()*+–8#4#91. F -#541.*1&%(: H&(4<%%

10*%-1=%% :#"(0/",4&6; 9-%7(&%2 /<-

"(-#9#4#9#- - 8#4#-#: 84#.*41&.*-(

0#""(0*#4#- 415"%3&6; :(.*#4#79(&%2

84#%.;#9%* :#&#*#&&#( /-("%3(&%( *(:-

8(41*/46 &1.6G(&%, &()*% 8141)%&1:%.

J8%.1&&62 :(;1&%5: )15#-#<# 8(4(;#91

8#5-#",(* . -6.#0#2 9#.*#-(4&#.*+C

84#<&#5%4#-1*+ -#59(2.*-%( &%50%; *(:-

8(41*/4 &1 .*4/0*/4##$415#-1&%, - &()-

*,&6; 9%.8(4.&6; .%.*(:1; 84#9/0*%--

&6; 8"1.*#-.



 &1"%5 )15#-6; 8(4(;#9#- 8141)%&#- - 8#4#-#: 84#.*41&.*-( 8#4#9-0#""(0*#4#-

55

;/%('+ 7%)"0*)10<

1. !"#$%&  . ., D/"+$#-%3 R.P., R#4./=0%2 !.N. P5/3(&%( )15#-#<# .#.*#,&%, 8141)%&#- - &()*,&6;

/<"(-#9#4#91; %:8/"+.&6: :(*#9#: LMN // N19%#.8(0*4#.0#8%,. – 1993. – @68. 21. – F. 140–148. 

2. !"#$%&  . ., M#49-%&#- @. ., WA0#- P.N. V&(4<%, 10*%-1=%% /<"(-#9#4#9#- &()*% 010 04%*(-

4%2 -6$#41 %&<%$%*#4#- 8141)%&#-6; #*"#7(&%2 // '()*+, <15, $%5&(.. – 2011. – X 9. – F. 50–54. 

3. !"#$%&  . ., D/"+$#-%3 R.P., R#4./=0%2 !.N. F8#.#$ #84(9("(&%, H))(0*%-&#.*% 9(2.*-%,

%&<%$%*#41 8141)%&##*"#7(&%, - &()*%: 81*. N#..%% 1804615 G01 N24/08, E21B 43/00. R.P. X 11 

#* 23.03.93. 

4. M(*#9%3(.0#( 4/0#-#9.*-# 8# -6,-"(&%C 51"(7(2 &()*%, &1.6G(&&6; 8141)%&1:%:

NI 39-0147035-226-88 (-51:(& /.*14(-A(<# NI 39-9-478-80) / @'PP&()*+, M'DQ «'()*(#*9131». – M.,

1988. – 11 ..

5. T)%:#-1 O.>. M1*(:1*%3(.0#( :#9("%4#-1&%( *(:8(41*/4&6; 84#=(..#- - )%"+*41=%#&&#-

-#"&#-6; 8#",; . /3(*#: )15#-6; 8(4(;#9#-: 1-*#4(). 9%.. … 01&9. )%5.-:1*. &1/0. – F*(4"%*1:10,

2004. – 25 ..

6. U141)/*9%&#- N.>. M&#<#)4#&*#-6( )15#-6( 8(4(;#96 84% &(%5#*(4:%3(.0#2 )%"+*41=%%

<15%4#-1&&#2 8141)%&%.*#2 &()*% // E4%0"19&1, :(;1&%01 % *(;&%3(.01, )%5%01. – 2001. – D. 42, 

X 2. – F. 111–117. 

7. @1A:1&  . ., E4#&%& P.F. L9(4&1, :1<&%*&1, 4("10.1=%, % (( 84%:(&(&%( - ;%:%3(.0#2

)%5%0(. – M.: '1/01, 1979. – 224 ..

8. Prunelet A., Fleury M., Cohen-Addad J-P. Detection of asphaltene flocculation using NMR 

relaxometry // C. R. Chimie. – 2004. – Vol. 7. – P. 283–289. 

9. Scotti R., Montanari L. Molecular structure and intermolecular interaction of asphaltenes by FT-IR, 

NMR, EPR // Structures and Dynamics of Asphaltenes / ed. by O.C. Mullins, E.Y. Shen. – N.-Y.: Plenum 

Press, 1998. – P. 79–84. 

10.FC&,(- !.P.,FC&,(- N.!., F1)%(-1 N.!.'()*,&6( 9%.8(4.&6( .%.*(:6. – M.: Y%:%,, 1990. – 224 ..

11. N1</"%& @. . J84(9("(&%( *(:8(41*/46 &1.6G(&%, &()*% 8141)%&1:% 8# %5:(&(&%C

#$B(:1 .%.*(:6: .$. *4. / R1A'PEP&()*+. – ?)1, 1972. – F. 64–72. 

12. Yen T.F., Erdman J.G., Pollack S.S. Investigation of the structure of petroleum asphaltenes by x-ray 

diffraction // Anal. Chem. – 1961. – Vol. 33, X 11. – P. 1587–1594. 

13. Dickie J.P., Yen T.F. Electron microscopic studies on petroleum asphaltics // ACS Division of 

Petroleum Chemistry, Preprints. – 1966. – Vol. 11, X 3. – P. 39–47. 

14. !"#$%&  . . F8#.#$ #84(9("(&%, H))(0*%-&#.*% 9(2.*-%, %&<%$%*#41 8141)%&##*"#7(&%,

- &()*%: 81*(&* N> 2238546 G01 N24/08. RC". X 29 #* 20.10.04. 

15. Khadim M.A., Sarbar M.A. Role of asphaltene and resin in oil field emulsions // Journal of 

Petroleum Science and Engineering. – 1999. – Vol. 23, X 3–4. – P. 213–221. 

References 

1. Zlobin  . .,  Tulbovich B.I.,  Borzutski Z.R. Izuchenie fazovogo sostojanija parafinov v neftjanyh  

uglevodorodah impul'snym metodom JaMR [Study of the phase state of paraffins in petroleum 

hydrocarbons by pulsed NMR]. Radiospektroskopija, 1993, vol. 21, pp. 140–148.  

2. Zlobin  . ., Mordvinow V. ., Yuschkow I.R. Jenergija aktivacii uglevodorodov nefti kak kriterij 

vybora ingibitorov parafinovyh otlozhenij  [Activation energy of hydrocarbon oil as a criterion for selection 

of inhibitors of paraffin deposits]. Neft', gaz, biznes, 2011, no. 9, pp. 50–54. 

3. Zlobin  . ., Tulbovich B.I., Borzutski Z.R. Sposob opredelenija  jeffektivnosti dejstvija ingibitora 

parafinootlozhenija v nefti [Method for determining the effectiveness of theinhibitor in the paraffin oil]. 

Patent  RF  No.  1804615  MK  G01  N24/08,  E21B  43/00.  B.I.no. 11, 23.03.93. 

4. Methodological guidance on the identification of reservoirs of oil, saturated paraffins: RD 39-9478-80. 

Moskow, 1988. 11 s.  

5. Efimowa G.F. Matematicheskoe modelirovanie temperaturnyh processov  v  fil'tracionno-volnovyh 

poljah s uchetom fazovyh perehodov [Mathematical modeling of thermal processes in the filtration-wave 

fields with phase transitions]. Sterlitamak, 2004. 25 s. 

6. Scharafutdinov R.F. Mnogofrontovye fazovye perehody pri neizotermicheskoj fil'tracii gazirovannoj 

parafinistoj nefti [Multi-phase transitions at non-isothermal filtration of aerated paraffin oil]. Prikladnaya 

mechanika i technicheskaya physica, 2001, vol. 42, no. 2, pp. 111–117.  



 . . !"#$%&

56

7. Waschman  . ., Pronin I.S. Jadernaja magnitnaja relaksacija i ee primenenie  v  himicheskoj fizike 

[Nuclear magnetic relaxation and its application in chemical physics]. Moscow: Nauka, 1979. 224 p.  

8. Prunelet  A.,  Fleury  M.,  Cohen-Addad  J-P.  Detection  ofasphaltene  flocculation  using  NMR 

relaxometry. C.R. Chimie, 2004, vol. 7, pp. 283–289. 

9. Scotti R., Montanari L. Molecular structure and intermolecular interaction of asphaltenes by FT-IR, 

NMR,  EPR.  Structures  and  Dynamics  of  Asphaltenes. Ed.  by  O.C.  Mullins  and  E.Y.  Shen. N.-Y.: 

PlenumPress, 1998, pp. 79–84. 

10. Syunyaev Z.I., Syunyaev R.Z., Safieva R.Z. Neftjanye dispersnye sistemy [The oil dispersed 

systems]. Moscow: Himiya, 1990. 224 p. 

11. Ragulin  V. .  Opredelenie temperatury nasywenija nefti parafinami po izmeneniju ob`ema sistemy 

[Determination  of  the  saturation  temperature  of  paraffin  oil  to  change  the  system volume]. Ufa: Trud. 

BaschNIPIneft, 1972, pp. 64–72.  

12. Yen T.F., Erdman J.G., Pollack S.S. Investigation of the structure of petroleum asphaltenes by x-ray 

diffraction. Anal. Chem. 1961, vol. 33, no. 11, pp. 1587–1594.  

13. Dickie  J.P.,  Yen  T.F.  Electron  microscopic  studies  on  petroleum  asphaltics. ACS  Division  of 

Petroleum Chemistry, Preprints, 1966, vol. 11, no. 3, pp. 39–47.  

14. Zlobin  . .  Sposob opredelenija jeffektivnosti dejstvija ingibitora parafinootlozhenija v nefti [The  

method  for  determining  the  effectiveness  of  the  inhibitor  in  the  paraffin  oil]. Patent RF No.2238546 

MK G01 N24/08. B.I. vol. 29, 20.10.04. 

15. Khadim  M.A.,  Sarbar  M.A.  Role  of asphaltene  and  resin  in  oil  field  emulsions. Journal  of 

Petroleum Science and Engineering, 1999, vol. 23, no. 3–4, pp. 213–221.  

45 *!)'0"

97'5%$ .7"+(*$#0 .0+*#8"!%- (E(4:+, N#..%,) – 01&9%91* *(;&%3(.0%; &1/0, 9#=(&* 01)(946

41541$#*0% % H0.8"/1*1=%% &()*,&6; % <15#-6; :(.*#4#79(&%2 E(4:.0#<# &1=%#&1"+&#<#

%.."(9#-1*("+.0#<# 8#"%*(;&%3(.0#<# /&%-(4.%*(*1 (614990, <. E(4:+, Q#:.#:#"+.0%2 84., 29;  

e-mail: ZlobinAA55@gmail.com). 

About the author 

Zlobin Aleksandr Arkad'evich (Perm, Russian Federation) – candidate of technical sciences, docent, 

Department for oil and gas fields development and exploitation, Perm National Research Polytechnic 

University (614990, Perm, Komsomolsky ave., 29; e-mail: ZlobinAA55@gmail.com). 

E#"/3(&# 21.05.2012 


