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7(80(/+"''-& 2%$0*0"+,"9 '( 8*/"0:'*#1% 8*!+*;$% #8*#*<#1/."1 *0=('%>()%% / 
'"2">*="''-: ;%!$*#16: - #%'1"1%5"#$%: % 8*+.#%'1"1%5"#$%: 2(#+(: (Enersyn 
BP180, ESSO 10W40) 80%#1"''-: 8+('(0'* *0%"'1%0*/(''-: 8*+%2*+"$.+60'-: #+*"/. 
? %>2"0"'%6: *81%5"#$*& ('%>*10*8%% 80*#+*"$ @1%: 2(#"+ / 2*!"+,'*& #1(1%5"#$*& 
10%(!" 10"'%6 80*/"!"'( *)"'$( #10.$1.0'-: :(0($1"0%#1%$ 1($%: #+*"/ % /+%6'%6 
'( '%: 1"02*!"#10.$)%%. A*#+"!'66 / <*+,B"& #1"8"'% #$(>-/("1#6 '( 8*+.#%'1"1%-
5"#$*2 2(#+", 8*'%;(6 *0%"'1()%*''.C .8*06!*5"''*#1, 2*+"$.+ / "=* 80%8*/"0:'*-
#1'*2 #+*". 

 

 

#$%&'( )$*$+,( -'./0,&12 &$*,%&'341 1 5,3653$ 7,8$&1)7'. 2.92,432 

3&1%,&1, &,:$41.&/8 -'39,*34.1( -'96368':' 1 :5$&1+&':' 45,&12 [1] . 451-

;'4,8&1+,3<18 6)9$8. =51 >4'7 4'9?1&$ 7$392&'( -5'39'(<1 . 451$*, 45,&12 

-'52*<$ 6*.',&&'( ./3'4/ 0,5'8'.$4'341 (0,1 7<7) 4.,5*/8 -'.,58&'34,( 

-'*9'%,< 451$*/, ':5$&1+1.$@?18 -5'39'(<6. A*&$<' 4$<1, 5,%17/ 7':64 

17,4B 7,34' 1 . )$)'5$8 451$*/ . 35,*&,7 ;'9,, 1 7<7 (<$)$9'3B ;/ «;,)'-$3-

&/8» *92 ,, 1)&'3$) - . 9'<$9B&'( ';9$341 -5'39'(<1 . 396+$, ,, &,'*&'5'*&'-

341 -' 4'9?1&,. # 34$41<, – . '436434.1, 3*.1:'.':' 4,+,&12 -5'39'(<1 ,, &,-

'*&'5'*&'34B ./).$&$ &,1)'45'-&/7 5$3-5,*,9,&1,7 319, 3%17$@?18 ,, (&$-

-517,5, .,3'7 .$9$ . -'*01-&1<,). C41 319/ 7':64 -5'*$.14B -9,&<6 7$39$ (. 

3$7'( 4'&<'( ,, +$341) *' 6<$)$&&'( 71&17$9B&'( 4'9?1&/. # :1*5'*1&$71-

+,3<'7 5,%17,, )$ 3+,4 «7$392&':' <91&$», &,'*&'5'*&'34B &1.,9156,432 ;9$-

:'*$52 -'2.9,&1@ . -5'39'(<, 3''4.,434.6@?18 - 3 &,3177,451+&'( >-@5'( 

:1*5'*1&$71+,3<18 319 *$.9,&12 7$39$ (.$9 «.3-9/.$,4). 

='>4'76 . 7'7,&4/ -63<$-'34$&'.$ 7,8$&1)7$ . 451$*, 1 7'%,4 .')&1<$4B 

5,%17 :5$&1+&':' 45,&12, 1)&'3&', *,(34.1, <'4'5':' '45$%$,432 &$ *,4$928 

.$9-.<9$*/0 -'*01-&1<$, <'9BD'-.469<$ D191&*5'-'50&,.'( :56--/ *.1:$-

4,9,( .&645,&&,:' 3:'5$&12 (!#E), <'7-5,33'5'. 1 *5. 

=5,-2434.'.$4B ./*$.91.$&1@ 7$39$ 1) 4'&<'( ';9$341 -5'39'(<1 7'%,4 

*'-'9&14,9B&', -5'41.'*$.9,&1, . &,(, .')&1<$@?,, -51 &$91+11 &$ 4.,5*/8 

-'.,58&'3428 451$*/, ':5$&1+1.$@?18 -5'39'(<6, -51-'.,58&'34&/8 3456<-

46515'.$&&/8, . +$34&'341, >-145'-&' %1*<'<5134$991+,3<18 (CF") 39',. [2] 

3 -5,176?,34.,&&' :'7,'45'-&'( '51,&4$D1,( 7'9,<69. G7,&&' 4$<1, 39'1, 

';9$*$2 -'./0,&&'( .2)<'34B@ 1 634'(+1.'34B@ < &'57$9B&/7 &$:56)<$7, '--
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5,*,92@4 -5'41.'1)&'3&/, 3.'(34.$ 37$)<1. K$91+1, CF" 39',. . 4'&<18 (5 ÷ 

20 7<7) -5'39'(<$8 71&,5$9B&/8 7'4'5&/8 7$3,9 7,%*6 :9$*<171 7,4$991+,-

3<171 -'*9'%<$71 ;/9' 634$&'.9,&' . 1339,*'.$&128 '-41+,3<171 [3] 1 .13-

<')17,451+,3<171 [4] 7,4'*$71. # 4'%, .5,72, <$< 1 . 4,57'45'-&/8 F" [5] 

3-,D1$9B&'( ';5$;'4<'( '-'5&'( -'.,58&'341 (&$-517,5, ,, &$-5$.9,&&'( -'-

915'.<'( *92 ';5$)'.$&12 &$ &,( 3''4.,434.6@?18 71<5'<$&$.'< - «:5,;&,';-

5$)&':'» 5,9B,L$) 7'%&' . &,7,)':,&&/8 $5'7$41<$8 1 $91L$41<$8 3')*$4B [6, 

7] 1 -9$&$5&'-'51,&415'.$&&/, CF" 39'1. "$< ;/9' )$7,+,&' [4, 7], 71<5'&-

&/, -5'39'(<1 71&,5$9B&/8 7$3,9 3 4$<171 39'271 17,@4 8'42 1 7,&B06@ 

.2)<'34B, +,7 «';M,7&$2» %1*<'34B, &' 7,&,, 634'(+1./ < ./*$.91.$&1@ 1) 

451$*/.  

K$560,&12 639'.1( ><3-96$4$D11: &,3.',.5,7,&&$2 37,&$ 7$39$ (-51 *91-

4,9B&'7 13-'9B)'.$&11 '&' )$:52)&2,432 7,8$&1+,3<171 -517,3271 1 . &,7 

-5'138'*14 4,57'*,3456<D12), &,*'-63417/, &$:56)<1 ('3';,&&' – . -,51'* 

-515$;'4<1 456?1832 *,4$9,( 7,8$&1)7$) 7':64 -51.,341 < 4'76, +4' 451;'6)-

9/ 7':64 &$+$4B 5$;'4$4B . 5,%17, :5$&1+&'( 37$)<1. =51 >4'7 &$ -'.,58&'-

3428 -$5 45,&12 . &$-5$.9,&11 3<'9B%,&12 -'2.92@432 71<5')$*15/ 1 D$5$-1-

&/, 3'.'<6-&'34B <'4'5/8, '+,.1*&', -'*';&$ ./0, '-13$&&'76 «:5,;&,';5$)-

&'76» 71<5'5,9B,L6. ='39,*&1( 7'%,4 3-'3';34.'.$4B ';5$)'.$&1@ 6%, &, 

:'7,'45'-&'(, $ -9$&$5&'( 3456<465/ <$< . 4,57'45'-&/8 %1*<18 <5134$99$8, 

4$< 1 . CF" [5, 7].  

# &$34'2?,, .5,72 1) 37$)'+&/8 7$4,51$9'. 34$91 -'-6925&/ 31&4,41+,-

3<1, 1 -'9631&4,41+,3<1, 7$39$. K,37'452 &$ 3.'@ -'./0,&&6@ 34'17'34B 

'&1 -' D,9'76 52*6 8$5$<4,51341< (34$;19B&', )&$+,&1, .2)<'341 1 ./3'<1, 

37$)'+&/, 3.'(34.$ . 015'<'7 *1$-$)'&, 4,7-,5$465, 8171+,3<$2 34$;19B-

&'34B, ':&,34'(<'34B) ;'9,, -5,*-'+414,9B&/, +,7 71&,5$9B&/,. # -5,*.$51-

4,9B&/8 .13<')17,451+,3<18 1 '-41+,3<18 1339,*'.$&128 -5'39',< 31&4,41+,-

3<':' (Enersyn BP180) 1 -'9631&4,41+,3<':' (ESSO 10W40) 7$3,9 634$&'.9,&', 

+4' &$ :9$*<'( 34$9B&'( -'.,58&'341 '&1 ';5$)6@4 CF" 39'( ~ 10 7<7, 4$<%, 

:'7,'45'-&'( 3456<465/.  

N,9B@ 5$;'4/ ;/9': ><3-,517,&4$9B&' 634$&'.14B .')7'%&'34B, -51 3')-

*$&11 &$ 4.,5*/8 -'*9'%<$8 451$*/ 45,&12 &$-5$.9,&&':' 71<5'5,9B,L$, -'-

2.9,&12 . -5'39'(<$8 31&4,41+,3<18 1 -'9631&4,41+,3<18 7$3,9 -9$&$5&/8 

CF" 39',., '-5,*,914B 18 3456<465&/, 3.'(34.$ 1 .912&1, 4,57'*,3456<D11 

7$39$ &$ &18.  

A;M,<4$71 *92 4$<':' 1339,*'.$&12 ;/91 ./;5$&/ 13-'9B)6,7', . !#E 

$.4'7';19B&'( -5'7/09,&&'341 -'9631&4,41+,3<', 7$39' ESSO 10W40 1 

31&4,41+,3<', 7$39' Enersyn BP180 &$ -'91:91<'9,.'( '3&'.,, -517,&2,7', . 

:56)'./8 <'7-5,33'5$8 36*'. 41-$ LPG. 

=527/7 39,*34.1,7 &$91+12 3456<46515'.$&&/8 CF" 39',. . -5'39'(<, 

2.92,432 -'2.9,&1, . &,( '-41+,3<'( $&1)'45'-11. ='>4'76 ><3-,517,&4$9B&', 

7,4'*'7 ?,9,.':' 3.,4'.'*$ -,5,7,&&'( 4'9?1&/ [7, 8], 1)7,529'3B *.696+,-

-5,9'79,&1, (!O=) . 4$<18 -5'39'(<$8. C4'4 35$.&14,9B&' -5'34'( 7,4'* '4-

91+$,432 ><3-5,33&'34B@ 1 -').'92,4 1339,*'.$4B 3456<4656 -5'39'(<1 -64,7 

'D,&<1 4$<18 ,, -$5$7,45'. <$< 5$.&'.,3&$2 4'9?1&$ CF" 39'2 ds 1 .,91+1&$ 
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'-41+,3<'( $&1)'45'-11 !n, '-5,*,92,7$2 34,-,&B@ '51,&4$D1'&&'( 6-'52*'-

+,&&'341 7'9,<69. 

                 
 

                    H                                                                   I 
 

4$0. 1. D - #:"2( %>2"0"'%6 *81%5"#$*& ('%>*10*8%% / 1*'$%: 80*#+*&$(: ;%!-
$*#1% 2"1*!*2 E"+"/*=* #/"1*/*!( 8"0"2"''*& 1*+E%'-, % F – #10.$1.0'(6 
2*!"+, 80*#+*&$% ;%!$*#1% # ('%>*10*8'-2% #+*62% / E"+% #/"1*/*!( # ="*-
2"10%"& 80*:*;!"'%6 #/"1( / '"2 / 80%<+%;"'%% +.5"/*& *81%$%. 

 

«P,9,.'( 3.,4'.'*» - <'&3456<D12, 7'*,9156@?$2 5,$9B&6@ 451$*6 45,-

&12, 3';5$&$ &$ 71<5'7,45, 1) -527'6:'9B&/8 (4810 77) -9$341&'< (E, 513.1). 

='39,*&1, 1):'4$.91.$913B 1) ';5$)D'./8 <'&,+&/8 7,5, ./-'9&,&&/8 1) 1&-

34567,&4$9B&'( 34$91. A-5,*,92@?17 *92 13-'9B)'.$&12 7,5 2.929'3B ./3'-

<', <$+,34.' 18 -'.,58&'34,(: -9'3<'34&'34B 1 +134'4$ ';5$;'4<1 (./3'4$ 

71<5'0,5'8'.$4'34,( ~ 0,05 7<7, 34,-,&B &,-$5$99,9B&'341 < 10'). # 5,)69B4$-

4, &$-5$.9,&&'( -'915'.<1 (-$34$71: $97$)&'( 1 QAG) .&645,&&18 – '45$-

%$@?18 -'.,58&'34,( -9$341&'< 3.,4'.'*$ (.*'9B 18 *91&&/8 34'5'&) &$ &18 

-'2.92913B 71<5'<$&$.<1, ';5$)6@?1, &,';8'*17/( «:5,;&,';5$)&/(» 71<-

5'5,9B,L. =' 7,4'*1<$7 [7, 8] . <'&45'9B&/8 '-/4$8 634$&$.91.$9$3B )$.131-

7'34B «$)1764$ 6:9$ -':$3$&12» '4 4'9?1&/ .')*60&':' )$)'5$ ?,91 . *1$-$-

)'&, '4 5 *' 100 7<7, )$4,7 4$ %, )$.1317'34B – . 3.,4'.'*,, )$-'9&,&&'7 -5,-

-$5$4'7. 

E8,7$ -'9251)$D1'&&':' -51;'5$, 3456<465&$2 7'*,9B -5'39'(<1 %1*<'-

341 3 $&1)'45'-&/71 39'271 . ?,91 3.,4'.'*$ 1 :,'7,4512 -5'8'%*,&12 3.,4$ 

. &,7 -5,*34$.9,&/ &$ 513.1.  

K$ 513. 1 1)';5$%,&/: H – $&$91)$4'5, E – -9$341&<1, ';5$)6@?1, ?,9,-

.'( )$)'5 3.,4'.'*$, " – <'7-,&3$4'5 E,&$57'&$, = – -'9251)$4'5; G – 9$),5-

&/( 134'+&1< 3.,4$, l – *91&$ 3.,4'.'*$, 2d – 0151&$ )$)'5$, ds – 4'9?1&$ '--

41+,3<1 $&1)'45'-&/8 (3 !n=n"-n*) 39',. . -5'39'(<, -5,-$5$4$, n*, n" – -'-
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<$)$4,91 -5,9'79,&12 *92 ';/<&'.,&&':' 1 &,';/<&'.,&&':' 96+,(. R$)'5 1)-

7,52932 '-41+,3<17 71<5'3<'-'7 (&$ 513. &, -'<$)$&) 3 '<6925&/7 71<5'7,4-

5'7 (D,&$ *,9,&12 – 0,6 7<7). 

 

 
4$0.2. G/( 8*+*;"'%6 E"+"/*=* #/"1*/*!( / 8*+60%>()%*''*& .#1('*/$", 

%#8*+,>."2-" !+6 .#1('*/+"'%6 1%8( *0%"'1()%% / 80%#1"''-: HIJ #+*6:: 

1)'(80(/+"'%" L $('(/*$ 2%$0*0"+,"9( 8"08"'!%$.+60'* +.5. #/"1( - L"#, % 

2)'(80(/+"'%" $('(/*$ 2%$0*0"+,"9( 8(0(++"+,'* #/"1*/*2. +.5. - L #.  

!92 $&$91)$ 5,)69B4$4'. 1)7,5,&1( !O= 5$337$451.$9$3B 3456<465&$2 7'-

*,9B -5'39'(<1: '*&'5'*&/, -51-'.,58&'34&/, '51,&4$D1'&&' 6-'52*'+,&-

&/, (1 -'4'76 '-41+,3<1 $&1)'45'-&/,, '*&''3&/,) CF" 39'1, '4*,9,&&/, 

5,)<'( L$)'.'( :5$&1D,( '4 1)'45'-&'( -5'39'(<1 %1*<'341 7,%*6 &171 

(513.1I). !92 4$<'( 7'*,91 6-5'?,&&$2 (. 5$7<$8 :,'7,451+,3<'( '-41<1) 

L'5769$ .)$17'3.2)1 1)7,52,7':' «$)1764$ 6:9$ -':$3$&12» – -'.'5'4$ <'7-

-,&3$4'5$ 1 5$33+14/.$,7':' -' &,76 3*.1:$ L$) S (7,%*6 <'7-'&,&4$71 >9-

91-41+,3<1 -'9251)'.$&&':' 3.,4$) 3' 3456<465&/71 8$5$<4,51341<$71 39'2 

17,,4, <$< 39,*6,4 1) [7], .1*: 

$ %2 1
2 sl d n

&
2d

' ( )
*

) ) ! ) ,                                 (1) 

:*, l – *91&$ 3.,4'.'*$, * – *91&$ .'9&/ . .$<667, 7'&'85'7$41+,3<':' 3.,4'-

.':' )'&*$, ds – 4'9?1&$ CF" 39'2, 2d – 5$334'2&1, 7,%*6 -'*9'%<$71, !n – 

.,91+1&$ !O= . 39', CF". A+,.1*&', +4' n!  – 35,*&22 -' 4'9?1&, 2d -5'-

39'(<1 .,91+1&$ !O= . &,( n! =(2ds+!n)/2d. 

E 6+,4'7 -51&24'( 7'*,91, )$.1317'34B (1) -5,*34$.17$ . .1*,: 

1
,

2
k

d
' ( )   -51 2 2 sd d, , :*, 

4
sk l d n

&
( ) ) ) !
*

 1 

max ,' ( '   -51 2 2 sd d- , :*, max

2
.l n

&
' ( ) ) !

*
                                        (2) 

G3<'7/, )&$+,&12 4'9?1& ds CF" 39',. 1 n!  . &18 '-5,*,92913B 1) 

$&$91)$ ><3-,517,&4$9B&' 634$&'.9,&&/8 )$.1317'34,( 3*.1:$ L$) S '4 ';-
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5$4&'( 4'9?1&/ 3.,4'.'*$ 1/2d. G)7,5,&12 -5'.'*1913B -51 5$)&/8 -'9'%,-

&128 3.,4'.'*$ (513.2) 1, 3''4.,434.,&&', – *.68 5$)91+&/8 &$-5$.9,&1( 71<-

5'5,9B,L$ L &$ ,:' '45$%$@?18 -9$341&$8 -' '4&'0,&1@ < 96+6 3.,4$. # '*-

&'7 1) &18 96+ 3.,4$ # ;/9 -,5-,&*1<6925,& &$-5$.9,&1@ L <$&$.'< 5,9B,L$ 

(.*'9B <'5'4<'( 34'5'&/ -9$341&, l1 = 4 77) - L"#, $ .' .4'5'7 - -$5$99,9B&' 

17 (96+ ;/9 '51,&415'.$& .*'9B *91&&/8 34'5'&, l2 =10 77) - L #.  

 

     
; $ 

4$0.3. H$#8"0%2"'1(+,'-" >(/%#%2*#1% #!/%=( 9(> K *1 *<0(1'*& B%0%'- #/"-
1*/*!( 1/2d / 80*#+*&$(: 2(#"+ ESSO 10W40 (() % Enersyn BP180 (<). L = 295 ÷298 

J. M/"1*/*!- (# '(80(/+"''-2 2%$0*0"+,"9*2 L '( 8*!+*;$(:) / 8*+*;"'%% L"#. 
A.1, #/"1( / '%: l1=4 22. A.'$1%0 - 0">.+,1(1 (880*$#%2()%& 8* (2). 

T,)69B4$4/ 1)7,5,&1( . -5'39'(<$8 7$3,9 ESSO 10W40 1 Enersyn BP180 

(;) . -'9'%,&11 3.,4'.'*$ L"# (-51 l1 = 4 77) -5,*34$.9,&/ &$ 513.3 . L'57, 

)$.1317'341 3*.1:$ L$) S '4 ';5$4&'( 4'9?1&/ 3.,4'.'*$ 1/2d. G) 5136&<$ 3 

.1*&', +4' .,91+1&$ 3*.1:$ L$) S . ';'18 396+$28 . ';9$341 «4'934/8» -5'39'-

,< -51 18 64'&+,&11 (6.,91+,&1,7 1/2d) 3&$+$9$ -'+41 91&,(&' .')5$34$,4, $ 

)$4,7 -51 4'9?1&, -5'39'(<1 2d ~ 12 7<7 34$&'.1432 7$<317$9B&'( (Smax ~ 38
'
 

*92 7$39$ ESSO 10W40 1 Smax ~ 33
'
 *92 7$39$ Enersyn BP180). # ';9$341 7,&B-

018 4'9?1& -5'39',< .,91+1&$ 3*.1:$ L$) . &18, $ -'4'76 1 n! , 6%, &, 1)7,-

&2@432. A+,.1*&', +4' 634$&'.9,&&', 3.'(34.' *.696+,-5,9'79,&12, <'4'5', 

-5'2.92,432 . 4'&<18 -5'39'(<$8, ';639'.9,&' &$91+1,7 . &18 '-41+,3<1 $&1-

)'45'-&/8 1, )&$+14, '51,&4$D1'&&' 6-'52*'+,&&/8 39',.. A47,417, +4' . ';-

9$341 -,5,8'*$ (-' 4'9?1&,) '4 >418 39',. < 1)'45'-&'( %1*<'341 )$.1317'34B 

K(1/2d) &, 91&,(&$. C4' 6<$)/.$,4 &$ «5$)7/4'34B» :5$&1D/ (;'9,, 2 7<7), '4*,-

92@?,( <$%*/( 1) 39',. '4 1)'45'-&'( -5'39'(<1 7$39$ 7,%*6 &171, 1 -'4'-

76 - &$ 36?,34.,&&6@ 3456<465&6@ &,'*&'5'*&'34B 39',.. =5,&,;5,:$2 '47,-

+,&&'( &,91&,(&'34B@ . ';9$341 -,5,8'*$ 1 -'9$:$2 39'( '*&'5'*&/7 -' .,-

91+1&, !n, 7'%&' . 3''4.,434.11 3 -51&24'( 3456<465&'( 7'*,9B@ -5'39'(<1 

$--5'<31715'.$4B -'96+,&&/, ><3-,517,&4$9B&/, *$&&/, *.672 -527/71 (2). 

# -51&24'7 -51;91%,&11 4'+<$ -,5,3,+,&12 >418 91&1( '-5,*,92,4 6*.',&&6@ 

4'9?1&6 CF" 39',. 1 .,91+1&6 18 '-41+,3<'( $&1)'45'-11 !n. U$4,7$41+,-

3<$2 ';5$;'4<$ 5,)69B4$4'. ><3-,517,&4'. . -5,*34$.9,&11 6<$)$&&'( -5'-

34,(0,( 3456<465&'( 7'*,91 -5'39'(<1 39'2 *$9$ ;91)<1, *92 ';'18 7$3,9 
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)&$+,&12 !n ~ (1.3÷1,5)·10
–5 
1 35,*&,( 4'9?1&/ >418 39',. ds ~ 8 7<7. E 6+,4'7 

%, '47,+,&&'( 18 &,'*&'5'*&'341 . ';9$341 :5$&1D/, 4'9?1&$ '*&'5'*&':' 

39'2 7,&B0, 1 3'34$.92,4 5÷6 7<7. C4$ .,91+1&$ ds 7&':' 7,&B0, 634$&'.9,&-

&/8 . 5,'9':1+,3<18 ><3-,517,&4$8 [9] 4'9?1& 3456<46515'.$&&/8 -51-'-

.,58&'34&/8 39',. 7$3,9 Enersyn BP 180 1 ESSO 10W40 . 4$<18 %, 71<5'&&/8 

-5'39'(<$8 7,%*6 34$9B&/71 -'.,58&'34271 5'4$D1'&&'( -$5/ .13<')17,45$. 

R$7,417, '*&$<', +4' 1) 5,)69B4$4'. .13<')17,4511 4'&<18 -5'39',< (3' 3456<-

46515'.$&&/71 39'271), ..1*6 634$&'.9,&&'( -'./0,&&'( .2)<'341 >418 39'-

,. 39,*'.$9 ./.'* ' :'7,'45'-&'7 41-, 6-'52*'+,&&'341 7'9,<69 . &18.  

 

 
4$0.4. H$#8"0%2"'1(+,'(6 >(/%#%2*#1, #!/%=( 9(> K *1 *<0(1'*& B%0%'- 

#/"1*/*!( 1/2d / 80*#+*&$" 2(#+( ESSO 10W40. L=295÷298 J. M/"1*/*! (# '(-

80(/+"''-2 2%$0*0"+,"9*2 L '( 8*!+*;$(:) / 8*+*;"'%% L #, l2=10 22. A.'$-

1%0 - 0">.+,1(1 (880*$#%2()%& 8* (2). 

 

!92 634$&'.9,&12 41-$ 7'9,<6925&'( '51,&4$D11 . 39'28 1339,*6,7/8 

-5,-$5$4'. 4, %, 1)7,5,&12 !O= ;/91 -5'.,*,&/ *92 -5'39',< 7$3,9 . -'9'-

%,&11 3.,4'.'*$ L # (3''4.,434.,&&', -51 >4'7 *91&$ 3.,4'.'*$ l2 =10 77). T,-

)69B4$4/ 4$<18 '-/4'. ('47,417, ;'9,, 39'%&/8, ..1*6 )&$+14,9B&':' 67,&B-

0,&12 3.,4'.':' -'4'<$, -5'-63<$,7':' ?,9,./7 3.,4'.'*'7 3 l2>l1) 3 7$39'7 

ESSO 10W40 -51.,*,&/ &$ 513.4. 

G) 513. 4 .1*&', +4' 8$5$<4,5 13<'7'( )$.1317'341 &, 1)7,&1932 1 . 4'7 

%, -51;91%,&11 7'%,4 ;/4B -5,*34$.9,& . .1*, 2-8 -527/8, +4' 4$<%, -'*-

4.,5%*$,4 &$91+1, '4&'314,9B&' '*&'5'*&/8 CF" 39',. . -5'39'(<,. "$)$-

9'3B ;/, 1 +139,&&' '491+12 &,)&$+14,9B&/: -5$<41+,3<1 4$ %, 4'9?1&$ 39'2 

(';9$34B '*&'5'*&'341 39'2 ds ~ 6 7<7) 1 '-5,*,92@?1( ,:' $&1)'45'-&/, 

3.'(34.$ 3*.1: L$) Smax &, &$7&':' 7,&B0,, ~34
'
. A*&$<', 4.<. l2>l1 (l2/l1=2,5), 

5,)69B4$4/ 36?,34.,&&' 5$)91+$@432 -' .,91+1&, $&1)'45'-11. V$<, . &'.'7 

-'9'%,&11 3.,4'.'*$ L # 5$33+14/.$,7$2 -' .,91+1&, Smax (1) $&1)'45'-12 

(!n2) 7&':' 7,&B0,, +,7 . :,'7,4511 ><3-,517,&4$ L"#: !n1/!n2 ~3. T$)67,,4-

32, 4$<', 1)7,&,&1, 3.2)$&' 3 1)7,&,&1,7 &$-5$.9,&12 96+$ -' '4&'0,&1@ < 

:9$.&'( '-41+,3<'( '31 *.696+,-5,9'792@?,:' 39'2. A+,.1*&', +4' . >4'7 

396+$, . 3196 !n1<!n2 &$-5$.9,&1, 96+$ 34$9' ;91)<17 < &$-5$.9,&1@ QAA. 
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C4' 3.1*,4,9B34.6,4 ' -5,176?,34.,&&'( '51,&4$D11 7'9,<69 . -5134,&&/8 

39'28 . &$-5$.9,&11 <$&$.'< 5,9B,L$, 4.,. - ' &$91+11 . CF" -9$&$5&'( '51,&-

4$D11 -'917'9,<6925&':' 39'2 (-' <5$(&,( 7,5, –. ,:' ';9$341 &,-'35,*34-

.,&&' 6 -'.,58&'341 -'*9'%<1) 1 ' 4'7, +4' 3.'17 -'2.9,&1,7 >4$ -9$&$5&'34B 

';2)$&$ &$&,3,&&'76 71<5'5,9B,L6. =51 >4'7, 4$< <$< &$-5$.9,&1, 5,9B,L$ L 

;91)<' < &$-5$.9,&1@ QAA 39'2, 4' L, '-5,*,922 -5,176?,34.,&&6@ '51,&4$-

D1@ *91&&/8 '3,( -9$&$5&'-'51,&415'.$&&/8 7'9,<69 . 39',, 3'.-$*$,4 3 

.,<4'5'7 *15,<4'5$ . &,7. V$<17 ';5$)'7, 3456<465$ (-9$&$5&$2) 1339,*6,7/8 

CF" 39',. . 3.,4'.'*, '491+$,432 '4 :'7,'45'-&'( 3456<465/ . -5'39'(<$8 

5'4$D1'&&'( -$5/. C417, -'-.1*17'76, ';M23&2,432 '47,+,&&', '491+1, 4'9-

?1& CF" 39',. -'96+,&&/8 . '-41+,3<18 1 5,'9':1+,3<18 ><3-,517,&4$8 . 

-5'39'(<$8 7,%*6 7,4$991+,3<171 -'*9'%<$71 ;91)<18 -' 3.'(34.$7 7$3,9.  

 

  
$ ; 

4$0.5. H$#8"0%2"'1(+,'-" >(/%#%2*#1% #!/%=( 9(> K *1 *<0(1'*& B%0%'- #/"1*-
/*!( 1/2d / 80*#+*&$(: 2(#"+ ESSO 10W40 (() % Enersyn BP180 (<).  <0(>)- 80"!/(-
0%1"+,'* 80*=0"1- 80% 365 367 J. M/"1*/*!- (# '(80(/+"''-2 2%$0*0"+,"9*2 L 

'( 8*!+*;$(:) / 8*+*;"'%% L"# (l1=4 22). A.'$1%0 - 0">.+,1(1 (880*$#%2()%& 
>(/%#%2*#1"& 8* (2). L = 295 ÷298 J. 

.

 

!92 1339,*'.$&12 .912&12 4,571+,3<'( *,3456<D11 &$ 1339,*6,7/, 7$39$ 

ESSO 10W40 1 Enersyn BP180, 18 ';5$)D/ -5,*.$514,9B&' -5':5,.$913B &,-

-5'*'9%14,9B&', (. 35$.&,&11 3 -5'*'9%14,9B&'34B@ ;,337,&&'( 5$;'4/ 7$3-

9$) .5,72 -51 4,7-,5$465, 365 ÷ 367 ", 3''4.,434.6@?,( V  ><3-96$4$D11 

7$392&/8 3134,7. E9,*6,4 '%1*$4B, +4' 3456<465&/, 1)7,&,&12, 3.2)$&&/, 3 

4,57'*,3456<D1,(, -5,%*, .3,:', '45$)2432 &$ 3.'(34.$8 -5134,&&/8 CF" 39'-

,., +4' 3''4.,434.,&&/7 ';5$)'7 3<$%,432 &$ 1)7,&,&11 8$5$<4,5$ -'96+$,7/8 

)$.1317'34,( 3*.1:$ L$) S (1/2d) . -5'39'(<$8 4,57'';5$;'4$&&/8 7$3,9. 

T,)69B4$4/ '-/4'. 3 4$<171 ';5$)D$71 -'<$)$&/ &$ 513.5.  

G) 513.5 .1*&', +4' 4'9?1&$ -5134,&&/8 CF" 39',. . ';'18 7$39$8 ESSO 

10W40 1 Enersyn BP 180 1)7,&19$3B &,)&$+14,9B&', ds 4$<%, ~ 6 7<7. A*&$<', 

)&$+,&1, Smax (~18
'
) *92 -'9631&4,41+,3<':' 7$39$ 34$9' . *.$ 5$)$ 7,&B0,, +,7 

;/9' . ,:' -5'39'(<,, &, -5'0,*0,:' 4,57'';5$;'4<6 (Smax~34
'
). E9,*'.$4,9B-

&', . 5,)69B4$4, 4$<':' -5':5,.$ 1 .,91+1&$ '-41+,3<'( $&1)'45'-11 1, 3''4-

.,434.,&&' - '51,&4$D1'&&'( 6-'52*'+,&&'341, ,, '-5,*,92@?,(, 67,&B01-

9$3B 4$<%, .*.',.  
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T,)69B4$4/ 1339,*'.$&1( ';5$)D'. 7$3,9: 1)7,5,&1( 18 !O= . 7'*,9B&'( 

451$*, 45,&12 – ?,9,.'7 3.,4'.'*, -,5,7,&&'( 4'9?1&/ 1 5$3+,4$ 3456<465-

&/8 8$5$<4,51341< -51-'.,58&'34&/8 39',. -51.,*,&/ . 4$;91D,. 

          567!$86 

M10.$1.0'-" #/*&#1/( HIJ #+*"/ 2(#"+ ESSO 10W40 % Enersyn BP180 
/ %: 80*#+*&$(: 80% L=366-367 J 2";!. #1(+,'-2% 8*!+*;$(2% # '(80(/+"'-

'-2 2%$0* 0"+,"9*2. 

-'9631&4,41+,3<', 31&4,41+,3<', 

V$<17 ';5$)'7, ><3-,517,&4$9B&' 634$&'.9,&', +4' 71<5'5,9B,L, ./-'9-

&,&&/( . .1*, 3134,7/ &$-5$.9,&&/8 71<5'<$&$.'< &$ -'.,58&'341 34$9B&/8 

-'*9'%,< 451$*/ 45,&12, 3-'3';34.6,4 ';5$)'.$&1@ . -5'39'(<$8 ';5$)D'. 

31&4,41+,3<18 1 -'9631&4,41+,3<18 7$3,9 (Enersyn BP180, ESSO 10W40) -51-

-'.,58&'34&/8 '-41+,3<1 $&1)'45'-&/8 -9$&$5&' '51,&415'.$&&/8 39',.. =' 

4'9?1&, (ds < 6 7<7, -51 V=285 ÷ 287 ") 4$<1, 39'1 4'&B0, 39',. 3 '51,&4$D1-

,( :'7,'45'-&'(. # -5'39'(<$8 7$3,9 4'9?1&'( ;'9B0,(, +,7 6*.',&&$2 4'9-

?1&$ '51,&4$D1'&&' 6-'52*'+,&&/8 39',., 7,%*6 -'39,*&171 &$8'*1432 &,-

6-'52*'+,&&$2 – 1)'45'-&$2 %1*<'34B. Q5$&1D$, '4*,92@?$2 >41 39'1 '4 1)'-

45'-&'( %1*<'341 5$)7/4$, +4' 3.1*,4,9B34.6,4 ' &,<'4'5'( 18 3456<465&'( 

&,'*&'5'*&'341. V,57'*,3456<D12 7$39$ . ;'9B0,( 34,-,&1 3<$)/.$,432 &$ 

3.'(34.$8 -'9631&4,41+,3<':' 7$39$, . +$34&'341, &$ 4$<'( 3456<465&'( 8$5$<-

4,51341<, ,:' 39'2, <$< .,91+1&$ '51,&4$D1'&&'( 6-'52*'+,&&'341 . &,7.  
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3456<465/ 
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* CF" 39'2   

V1- -9$&$5&$2 -9$&$5&$2 -9$&$5&$2 -9$&$5&$2 

~6 ~6 ~6 ~6 V'9?1&$ 

ds, 7<7, 'd~30% 

A-4. $&1)'45'-12 ~1,5 ~0,7 ~1,3 ~1,2 

10
5
·!n, '!n~20%
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 !"#9% &.  ., '9(9)* +. ,., -#.#/0:1$2 ;. 3.  

 !"#$!#"&'()7  !" #$%!&'%$( )*!" +"',%,"-'"& ,* '* ($+"',%,"-'"& 

.*+,"/ '*  (01/*02( (3  !#4(/5#$*'". .(1!#!%/564#. 
 

 !"# $%& 

 !"#$%&'()* $+,"%"-./01 (' !%&-"2(+ !+3,.'3,) 4!")#0 56&%"-((7 & (-$-8%9-(()2 "+-
3)('2 - 4)(6-6):()2 6' ('!+&4)(6-6):()2 $'46).'2 (Enersyn BP180, ESSO 10W40) 
!")!%&-"2(-&)2 !.'('"(% %"+0(6%&'()2 ;'"+&. < &)$+"7&'((#2 %!6):(%= '(+8%6"%!+= 
!"%;'",+& >)2 $'46). 5 $%3-./(+* 46'6):(+* 6"+'3+ 6-"6# !"%&-3-(+ %>+(,) 46"5,65-
"()2 2'"',6-")46), 6',)2 ;'"+& 6' &!.)&5 (' ()2 6-"$%3-46"5,>+=. ?46'((# @+./;%7 
$+"%7 !%8(':'06/4# (' ('!+&4)(6-6):(%$5 $'46).+, !%()A57:) %"+0(6'>+*(5 &!%"#3-
,%&'(+46/ $%.-,5. 5 *%9% !")!%&-"2(-&%$5 ;'"+. 

 

 

Altoiz B.A., Kiriyan S. V., Popovskii A.Yu.  

Structured boundary layers of full synthetic and semi - synthetic oils  

on a directed microrelief substrate  

 

SUMMARY 

Directed microrelief on a substrate surface leads to adjacent-to-wall planar oriented multi-
layers organization in non-mesogen liquids such as full and semi-synthetic oils (Enersyn BP 
180, ESSO 10W40). Such layers structural characteristics evaluation and thermal destruction 
influence in static model friction triad were set with optical anisotropy measurements. Ther-
mal destruction affects more semi-synthetic oil, decreasing its multilayer structural order. 
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