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The internal geocentric problem of a space vehicle interplanetary transfer is considered. The Patched Conic Approximation is
used. The internal problem consists in the optimization of a finite-thrust manoeuvre between near-earth circular or elliptic orbit
and escape hyperbolic orbit. The thrust finiteness and specificity of engine control is taken into consideration. The Pontryagin's
maximum principle is applied for solving of the problem. The comparative analysis is done for different models of gravitational
field and for the model of impulse approximation. The features of optimal thrust direction control are analysed.
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0'**7 !D".B.*!3%7 %12& :(1 "!:.(7 <=>?.

5.  !"#$%&'#$( )'*&'+*,- *"."/( .!+ 0'.1!( 2345
?/!'*'(7,#4"! /!,0'1,!- ,':'87 # 0&$':-# ,'3%!3#0'**1 "!:.(7 <A>?. ?'/'".%/& "'*.0/# %' -!3"78*!2! '$'/'%#
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$'/'".%/70 "'*.0/# %' $./.07/-' (!-'()*!C !$%&"'()*!3%7 /!,0'1,-70 "73%1%)31 0 [4].
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$/!2/'"' ( )opt t 2 -./#0'**1 *'$/1"!" %12& $!-','*7 *' /&3. 6.
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O!,0'1,'*! 0*#%/7H*F 2.!6.*%/&8*# ,':'8# "7B$('*.%*!2! $./.()!%# 7, 0/';#0'**1" !D".B.*!3%7 %12& :(1 "!-
:.(.+ 6.*%/'()*!2! !:*!/7:*!2! %' 6.*%/'()*!2! *)F%!*703)-!2! 2/'07%'67+*&; $!(70. I':'8', *' 07:"7*# 07: -('3&8-
*&; /!D7%, 35!/"#()!0'*' 1- ,':'8' !$%&"'()*!2! $./.()!%# , ,':'*!C $('*.%!6.*%/&8*!C !/D7%& (-/#2!0!C 'D! .(7-
$%&8*!C) *' !$%&"'()*# 27$./D!(78*# !/D7%#. J&10(.*!, 9! # 0&$':-# 0/';#0'**1 !D".B.*!3%7 %12& 3$!3%./72'4%)31
,"7*' *'$/1"# 0.-%!/' %12&. @! %!2! B ,' #"!0& !$%&"'()*!C 3;."& 0&-!*'**1 "'*.0/# %12' 0 -7*6.07+ %!867 '-%&0*!C
:7(1*-& *'$/'0(.*' $! :!%&8*7+ :! %/'4-%!/7C. ?/!0.:.*! $!/70*1()*&+ '*'(7, !%/&"'*&; /.,#()%'%70 :(1 "!:.(.+
6.*%/'()*!2! !:*!/7:*!2! %' 6.*%/'()*!2! *)F%!*703)-!2! 2/'07%'67+*&; $!(70 , $7:;!:!" 7"$#()3*!C '$/!-3&"'67C
%' $7:%0./:B.*! 0'B(&073%) #/';#0'**1 !D".B.*!3%7 %12&.

1. >/!:,!03-&+ >.P., Q0'*!0 R.A.,  !-'/.0 J.J. S.;'*&-' -!3"&8.3-!2! $!(T%' ($/!D(."U !$%&"&,'6&&). – S.: A'#-', 1975.– 704 3. 2. Q()&* J.G.,
K#,"'- >.V. =$%&"'()*U. $./.(.%U -!3"&8.3-&; '$$'/'%!0 3 :0&2'%.(1"& D!()H!+ %12&. – S. : A'#-', 1976. – 744 3. 3. W'/&%!*!0 G.S. K $/!D(.".
!$%&"&,'6&& !/D&%'()*U; "'*.0/!0 -!3"&8.3-&; '$$'/'%!0 3 1:./*U"& /'-.%*U"& :0&2'%.(1"& // ?/!D(."U #$/'0(.*&1 & &*5!/"'%&-&. – 2005. –
X5. – L.120–135. 4. W'/&%!*!0 =.S., @.;%1/ =. . =$%&"7,'671 "'*.0/# $./.0.:.**1 -!3"78*!2! '$'/'%# *' 35./# 0$(&0# $('*.%& $/& 3%'/%7 , .(7$%&-
8*!C $('*.%!6.*%/&8*!C !/D7%& // J73*&- K&C03)-!2! *'67!*'()*!2! #*70./3&%.%# 7".*7  '/'3' Y.08.*-'. L./71: Z7,&-!-"'%."'%&8*7 *'#-&. – 2011. –
J&$..3, L. 81-84. 5. Azimov, D.M., Bishop, R.H., Transfer between Circular and Hyperbolic Orbits using Analytical Maximum Thrust Arcs, J. Spacecraft Rock-
ets, 2003, vol. 40, no. 3, pp. 433-436. 6. Borowski, S.K., An overview of NTR /BNTR propulsion concepts, vehicle designs and future missions applications, in
Proceedings of Space Nuclear Conference, San Diego, California, June 2005. 7. Rapp D. Human Missions to Mars: Enabling Technologies for Exploring the
Red Planet. – Chichester, UK: Praxis Publishing Ltd, 2008. – 521 pp. 8. Taraba M., Zwintz K., Bombardelli C. et al., Project M3 – a study for manned Mars
mission in 2031, // Acta Astronaut. – 2006. –58. – pp. 88-104. 9. Willis E.A. Optimal finite-thrust transfer between planet-approach and departure asymptotes
with specified intermediate orbit, // NASA Technical note, NASA TN D-4534-1968. –1968.
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?@>  !"#$%&'(' )*$+%',-. # /.+$*0!$, 1' 2.+'#&)&"3 #'02/'4 !$-"&'4

 !"#$%&'()*+% ,-.!/-+)'00% )1!/23 "45/10* &! /!",'%"'00% "'&'62 7/! /58 ./!,2 5 &591 ,5"*.-8 .'72$%/'8. : %.!+)2
;!&1$2 61/,!0!#! ./!,'%0!#! )2$*<% ('4! 1/-)/!<-)') ,-.!/-+)!,5()*+% )/-,2+0-= 1$27+!3&. >!&1$* 7$'";- ./!,2 –
0*?)!02,+*.' ,'%".' /2&-0'.  1"5$*)')- 7!/2,0??)*+% 2" /1"5$*)')';- 20@-8 ',)!/2,.

Applications of perturbation method to the problems of blood flow in very narrow capillaries are examined. The red blood cell
(or erythrocyte) was modeled with three-axial ellipsoid. The plasma of blood was modeled with Newtonian viscous fluid. The re-
sults were compared with results of other authors.

 !"#$
 !"#$%&'$()*+,(- ./"+-.0$((1 #%/2$"-3 #/4&%$((1 #/0&3(&5 %$6/3&( 3 /%7*(-8'- +9.&(& 8:")%-6*9),"1 8 -")/)-

(&'& )%:.(/;*'&, ;/ /<:'/3+$(- '*+&'& %/8'-%*'& /<'=!)-3, 1!- ./"+-.0:9),"1, #/5&<!*'& 3&'-%-3 >, ;/ /"/<+&3/
($#%&='(/, ($'/0+&3-")9 3&'-%1)& <$8#/"$%$.(,/ .$1!- #*%*'$)%&, 1!, (*#%&!+*., )&"! #+*8'& '-0 $%&)%/2&)/' )*
")-(!/9 !*#-+1%*, (*)17 '$'<%*(& $%&)%/2&)* #%& >/7/ #$%$'-;$((- #/ .%-<(&5 ":.&(*5 )/;/ ?*")/":3*((1 '*)$'*-
)&6(/7/ '/.$+93*((1 > /<6&"+93*+,(&5 8*"/<-3 #%& ./"+-.0$((- #/4&%$((1 %$6/3&( (/"/<+&3/ !&"(9) 3 /%7*(-8'-
./83/+&+/ #/./+*)& 2- )%:.(/;- > 8(*>)& $@$!)&3(- #-.5/.& ./ %/83'18*((1 #%/<+$'& )%*("#/%): %$6/3&( 3 /%7*(--
8'- +9.&(&. A 83'18!: 8 /<'$0$(-")9 '/0+&3/")$> !/'#'9)$%-3 3*0+&3&' = #&)*((1 /#)&'-8*2-B %/83'18*((1 #/.-<(&5
'*)$'*)&6(&5 '/.$+$>.

C/ 2,/7/ 6*": #%& '/.$+93*((- %:5: $%&)%/2&)-3 : 3:8,!&5 !*#-+1%*5 :"- *3)/%& 3&!/%&")/3:9), 3-"$"&'$)%&6(-
'/.$+- [1, 3-4]. D&!/%&")*((1 3-"$"&'$)%&6(/B '/.$+- 3 1!/")- '/.$+- $%&)%/2&): #/3'18*(/ 8 %/</)/9 C0.E. F-)2-
C0$%*+,.* [3], 1!&> 3#$%4$ #/<:.:3*3 '*)$'*)&6(: '/.$+, > #/")*3&3 8*.*6: #%/ :")*+$(&> %:5 )%&3-"(/7/ $+-#-
"/B.* : 3:8,!/': 2&+-(.%&6(/': !*#-+1%-. 1!&> 3-( )*!/0 #/!*8*3, ;/ 8 #+&(/' 6*": ($3-"$"&'$)%&6(* @/%'* $%&)-
%/2&)* #$%$5/.&), : 3-"$"&'$)%&6(:. A )/> 0$ 6*" (* :"-5 3-./'&5 '-!%/@/)/7%*@-15 [2] 3&.(/, ;/ <-+,4-"), $%&)-
%/2&)-3 : !*#-+1%*5 '*= ":)/ ($3-"$"&'$)%&6(: @/%':.

G%/3$.$(- : ")*))- ./"+-.0$((1 ./83/+19), /2-(&)& 3($"/! "($3-"$"&'$)%&6(/")-" : 3&)%*)(- 5*%*!)$%&")&!& )$-
6-B !%/3- : 3:8,!&5 !*#-+1%*5 )* #/1"(&)& ($3-.#/3-.(-"), '*)$'*)&6(/B '/.$+- F-)2-C0$%*+,.* > !*%)&(& %:5: %$*-
+,(&5 $%&)%/2&)-3.

%&"'( ('!)*(+&,,-
H:5 %-.&(& 3 ;-+&(-, '-0 $+-#"/B./' )* ")-(!/9, )/3;&(* 1!/B 0 0( , ) ( , ) ,EH z R R z R  ! " ## 8 :%*5:3*((1' #%&#:-

;$(,, ;/ 5*%*!)$%(- .+1 )$/%-B '*")&+,(/7/ 4*%:, /#&":=),"1 "&")$'/9 %-3(1(, H$>(/+,."*, 1!* 3 2&+-(.%&6(->
"&")$'- !//%.&(*) ( , ,R Z ) '*= 3&7+1.

$ % $ %0, , , 0,R ZZV VRV RVVP P PR R
R R R Z R R R R Z

  &&
  

' () )' ( ) ))) ) ) ) )* + * +! ! ! , - - !* +* +) ) ) ) ) ) ) ) ) ). /. /
(1)

.$ , ,R ZV V V " !/'#/($()& 43&.!/")-, P " )&"!.
I%*(&6(- :'/3& .+1 "&")$'& (1) 3 "&")$'- 3-.+-!:, ;/ #/3'18*(* 8 2$()%/' $+-#"/B.*, 8*#&":9),"1 : 3&7+1.-

0, 0, 0, ;R Z ER R V V V W ! ! ! ! " $ %, , 0, 0, 0.E R ZR R Z V V V  ! ! ! ! (2)

J:) EW " #/")->(* 43&.!-"), %:5: $+-#"/B.* 3 ($%:5/'-> "&")$'- !//%.&(*).
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