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5/6&-3/"&17& 8.-90 ,-&,.-.%%.-:0 7&"".' ;<'& ,!"#$"&3%-!"#%%( 

+/"=%#8.6.%%.-+&' 3.,9/":&/ +>+3(':(7(' 1&-%%&/ 

>+?+)+ -%))+, 6$0@0)$#%/D, #+=/$K+ /%=D,*% @+H*+)+,A@, S$=0F+, GO,% *%4J=/+,J.)RW+==+, =[/+=A, 

@0)$C)%4=/0)$==D #.)R=$?+6+==+/#%, =.6%/4.)%F-% ?+/JA @/%@+/+==+/*A 4+@J.)*%. #M#4D,*D-D, 

F%/==%.-% +/,+)B+,. ')A,B+, 4+@J.)+)+/ /+J=/)D C)%4=/0,*A? #$4/0J40@$L O*DJD#%, F%/==%)-%,. 

P.6%/4.)%F-% ?+/JA @/%@+/+==+/*A 4+@J.)+B+ %,-DF. =$D#*D)D-D +,A?=+)B+,. 

70'1 (892"/: =.6%/4.)%F-% ?+/JA @/%@+/+==+/, -%))+,, @0)$C)%4=/0)$==D #.)R=$?+6+==+/, S$=0F+,, 

*%4J=/+,J.)RW+=. 

 

70/0(:" 

>%*$K$,+,AE J0EBA G%=DJ=D4=%/D,% ?+/+#+J=+,, =.6%/4.)%F O)D *% B+)+#*A? NF%4=D #OJ%)% 60)A@ 

=[/, J%6%6D O)%# 60HA,"+ GA) J+HA, #$))$0,*+B+, +*+# 0JA +./.#%, +.A/.*+. 20,A#%, ?0J+ 

=.6%/4.)%F*DE /%F$J=%,==D, LB,$ *O/D-% =NFD#*D, W0/#+)+/A, %#*%. =$D#*D)D-D, O)D *% =N#%,. :O/D-% 

=NFD#*D =.6%/4.)%F 4N@"D)D4 *O/D)D4-=NFD#*D GO,% #0) *O/D)D4-=NFD#*D (5:P-P< GO,% >:P-P<) 60)A@ 

6N)D,%*D. X)%#*% 5:P-P< %#*%. =$D#*D)D-D 48 % ?[/+H*A, %#*%. 6+/AJA,*+ N)D# @+HAFA — 15 %, 

O*%==% *O/D)%/-% G+,+#+ /%+4K$L)+/#%, 6+H)+,AJ=A 60)+=A, %#*%.*%, 6+J=+/=. — 28 %. >[,*+H 

+./.)+/ ?AJ?+ .+?A= D"D,*% NF*%/D#%, ?+=A,+J=+ 60)B+, 25 +*+#B+ 5:P-P< G[?=A/+ +)+*A. >:P-P< 

%#*%. =$D#*D)D-D 33 % ?[/+H*A, N)D# — 26 % [1]. 

:O/D-% =NFD#*D =.6%/4.)%F (:P-P<) =M@=%@ 4%)-%,*% %#*%)%*D, 6D/+? @+K$%,= 6 +,=$6$0=$4=%, 

=[/+=A, %#*%. 4./JA, N=.D =$DJ, 2–3 GA) 60HA =O.)D-D,% 20 *O/D ?+6A)*+.A 4%/%4. ]#*%).-% G+,+#+ 

OJ%/)%/ ?+6+==+J+*A, 0,AE D"D,*% GM/%4 +H,., +BA)-=%-D) ?[J., *O/D)D4 -%@+=$=, +-/%JJ$&=D #D,%F-

?[)A?, 6+J +H,+)., *$+/%L, %J=D#%H ?+)., 4MHF%)DJ, -+))VK$,+K$L, )%=+/-$L. 5%H6D/ %#*%)."D-% 

G+,+#+ OJ%/)%/*%, +/A). M"D, ?0JA#"+ *O/D)%/ 6%/. 4%/%4. ^B,$ %#*%. @/0K%JD %#*%)."D,DE 

=[/#AJ J+@+JA, =N#%,*%=%*D: =D@=D NFD,% ?0) J+). G+B*+H)+/A 0/A, +)B+,. 20,*A?=+, :P-P< 6+/ 

%#*%.D, G%=D)*D/.*DE 4%F 4%)-%, O/%4%=D NF%4=D GO,% O)%.#%= M"D, #+EAF*A. 

YJA,*+H #D,*%==%/*DE ?+=+/A,+ #N)"%/)%.*D 0E=+H)+,*A/., @/%@+/+==+/*AE O/%4%=D, [F+/=., 

6$0G%=D#*D)D-D, +/==A/., J0,A#%, ?+=+/ O/ =M/)D =.6%/4.)%F-% ?+/JA @/%@+/+==+/*A (P_;) ?+.D@JDF 

MH)%J=D/% ?0)*+,. G0)*+/A, DF*%J=D/. G+=+*A, 6[)+/ :P-P< %#*%. [F+?=ABA, +F+H=A@, +./.*AE 

=[/#AJ J+@+JA, +/==A/+*A. 

;0)$#%/)D #.)R=$?+6+==+/*A 6$0#%*$K$,+)A? #+?J+==+ ?0)*+,. #M#4D,*D4=%/D [2, 3] "0).*+ 

?+/+J=A/A)B+,. <D/+? 0,*+*+ @0)$C)%4=/0)$==D 40#@)%4J=%/*D @+H*+)+,. G+H)A #O)D#%==%/ +F. LbL 

(Layer by Layer deposition) =%S,$4+JA#%, +)A,B+, #.)R=$?+6+==A @0)$C)%4=/0)$==D 4+@J.)+)+/ 

/%40#6$,+==+)B+, $,J.)$,*D @%/0/+)R*A G%=4DF. M"D, ?0)*+,A)B+, [4], +,$0,*A? GO,% 4+=$0,*A? 

@0)$J+S+/$*=+/ ?+6+==+/A,+, =MFD)-%, #$4/06N)"%4=%/ ?[/+#A,+ $,J.)$,*%/ %,-DFD)-%,, J0,A#%, 

?0J+ $,J.)$,,DE 6$0G%=D#*D)D-D, +/==A/. M"D, @/0=%+F+)+/ $,-$6$=0/)+/A ?0J+ %,-DFD)-%,. 
]/%4"% +H=+ 4%=%=D, G+H=, 0JA G0)#%, +)A,B+, #$4/04+@J.)+)+/ ?A"?A)*A? 0/=+*+ 

(+J?+F+,*+) O6*%, =[/+?=A 60)B+,, +) /8 6%H=+/+@ "+#+)+/A,*+ (D"%4 0/=+JA) $,J.)$,*D 6N)D@, 

GA)*+# A*A/+@ 4%=4%,. LbL =%S,$4+JA,AE =+BA 6D/ #+EAF*A %/%4"%)D-D — 0) #$4/04+@J.)+)+/B+ 

6+J?+ O/%4%= %=."D 6+J=+#+, #AJ+)A, @/0=%+F+ $,-$6$=0/A, ?0JA#"+ ?0J.A,+ #M#4D,*D4 6%/%*D. <[) 

G+B*+H*+ 6%H=+/+@ 0/=+*+ %/D=D,*D-% 6N)D,D@ "AB+=A, #$4/04+@J.)*%,-%, $,J.)$, @/0=%+F+)+/ 

OJ%/D,%, ?0/B+)+*A, +) 6[) G+B*+H 0,AE 6$0G%=D#*D)D-D, +/==A/+*A. ')+H*+ 6[) F%/==%.)%/ 

W.,*+#%,=+)*A J$@+==+ GO,% 0JA .+?A=?+ *%HD, %#*%. =OGD/$6%JD,*% ?0)*+,AJ =+@@+B+,. 

X*%6$%==% P_; 4N@ ?+6+==A 4+@J.)+)+/B+ %,-DF.*DE 4%H6D/ ,O=$G%)%/D 4%)=D/D)-%,. >AJ+)A, 

/$W+#@$K$,*D /8=2 "+#+JA,*+ @0)$&$,$)S)0/$*0,,+, (;7;:) GO,% @0)$#%=$)+4/$) 

?A"?A)A,+, =[/+=A, 8 ?+6+==A, N)"%#D 6D/,%"% #$4/0, 60)+=A, 4+@J.)+)+/B+ %,-DF-%,. /8=7,4 

4%FD,*% *O/D 90 %-B+ 60J+@ "A??+,; in vitro GO,% in vivo F%/==%. ,O=$G%)%/D $,4+@J.)*%,-%, GO,% 60J 
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@/%@+/+==+/ 6D/*%H %#*D4 O/%

@0)$C)%4=/0)$==D 40#@)%4J =MF. 

4%/%4. 

`.!.>[J=+W$, ?AF#%=4%/)%

(+,$0,*A GO,% 4+=$0,*A =+6$B+=

G%=4DF. GMH%JD, +). =%S,0)0-$LJA

<%/D)-%, G[#AJ=AE #+?J+=A

JA,*+ -%))+, #%, S$=0F+, GO,% *

4+@J.)+)+/B+ @$/+F$,+#$*, $F0,

F%/==%. 60)A@ =+6A)+*A. 

Z0B+/A*+ +=+)B+, G[#AJ=+ 

@/%@+/+==+/A#AF =N#%,-D #0)%4

@0)$#%/)D #+=/$K+ ?+G%=. YJA,

_A=+H*+ N,*D/D)-%, =N#%, +K%=$)

Q%))+, — Sphingomonaselod
1:2:1 #0)L/)A ?+=A,+J=+BA a

6D/)D4=%/*%, =[/+*A. 2D)=D#%, NE*

 

1-J./

;0)$C)%4=/0)$= /%=D,*% 0E F

*%4J=/+,J.)RW+= =+E*+)A,*A. Z

(«<$0@/0-/%JJ» Z'_, >OJ4%.) GO

 
 

 
 

1 – "@/

2 – -%))

*O/D-*O

3 – 1 %

J.)A %/

4 – #+-

+/+)+J=

2-J./%=. P.6%/4.)%F-% ?+/JA @/

-%))+, 4+@J.)+)+/A, +

Q%))+,*A 4+@J.)+)+/ 4%ED,

1 % (3 %) -%))+, %/D=D,*DJD 0,01 

%/D=D,*DJD#%, 6D/-% 90°2 *%HD

#%*$K$,+)A? "@/$K @+H*+)+,A@

*$+#%=/D 3–3,5 ## #N)"%/D 60H

4+@J.)+)+/ 4+)RK$H S)0/$*D %/D=D

425!",26!7/!

%4%= %=%=D,D 4N/J%=D)-%, [5]. ')+H*+ 6[)

+/?A)A %#%J, J.=%4=D4 6+H)+,AJ +/?A)A O/

%/D#%, 6D/-% [6] #0,0?+6+==A $,=%/@0)$C)

=A 6+/ C.*/+-$==%/) ,%-DFD,*% *O/D)D4 F+==+/*

A, OFD/)%-%,. 

A =.6%/4.)%F-% ?+/JA @/%@+/+==+/*AE, ,+?=

*%4J=/+,J.)RW+==+, =[/+=A, @0)$C)%4=/0)$==

,$+F$* ,%#%J% #04J$W)04J+K$, @/%@+/+==+/A

 -;0/5<"'0. <8'0# 

[4] $,J.)$,,DE NFD G0B+/A #0)%4.)+)A +?.AF

4.)+)A? ?0JA)AJ=+/, J0,*A?=+, 6DF-% 4+@

,*+H #+=/$K+ /%=D,*% 6$0@0)$#%/ -%))+, =+E

*%,-%, -%))+, +)A,*A. 

dea 6+4=%/$L)+/A,+, =.A,*+H=A, JAFA?=A +

a-L-/+#,0F+, b-D--)V40F+, b-D--)V4./0,+=

*%H 0=A/A@, =N#%, +K%=$)*%,-%, -%))+, +)+*A

/%=. PN#%, +K%=$)*%,-%, -%))+, W0/#.)+JA 

F+/L*=A @0)$C)%4=/0)$= S$=0F+, GO,% =%/DJ F+

Z[#AJ=+ J.*+ %/$=D, S$=0F+,, #0)%4.)+)A

O,% ,+=/$H *%4J=/+,J.)RW+=A, 500 4:+ (Sigma

/$K;  

)+, GO,%  

O/#%4 %/D=D,*DJD;  

% 4+)RK$H S)0/$*D  

/D=D,*DJD;  

-,$==D  

=A/BA" 

%@+/+==+/ %,-DFD)-%,  

+). JS%#+JA 

3-J./%=. ;0)$C)%4=/0)$

?+@=+)B+, @$/+F$,+#$

,%, ?0)*+,A)A@ GM/-%, $0,0=/0@=A -%)R =

-/#) @$/+F$,+#$* (,%#%J% 0,02 -/#) $F0,$

D, ?AF*A/A)*A. ')A,B+, %/D=D,*D, 2-J./

@, 1 % 4+)RK$H S)0/$*D %/D=D,*DJD,% =+#"A)+

HA,"+ =+/+)+=A, #N)*D/ 4+@J.)+)+/ +)A,

D,*DJD,*% 10 #$, 60HA [J=+)A@, 0*+, 4%HD, %)

! 8.")9 :"!:.".**."09 … 
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) G+B*+H*+ ?+6+==+/ 

/%4%==%J%=D,D, +=+@ N=. 

)%4=/0)$==D 40#@)%4J 

*A D"%44% @%/0/+)R*A 

=A +H=?+,*+, W0/#.)+-

=D #.)R=$?+6+==+/A 6+/ 

A, %,-DF. #M#4D,*D-D, 

, +) 6DF*DE @+H*+)+,B+, 

@J.)+ *+HA,*+. M"D, 

E*+)*A. 20,AE D"D,*% 

+,$0,*A @0)$J+S+/$*. 

= J$L?=A #0,0#%/)D 

A (low-acyl) (1-J./.). 

 

+/L*=A @0)$C)%4=/0)$= 

? #+JJ+JA c 8000 :+ 

a-Aldrich) @+H*+)+,*A. 

$==D #.)R=$?+6+==+/#%, 

$*--%))+, 4+@J.)+)+/A 

=MF. O*DJD#%, +)A,*A. 

$+F$*/#04J$W)04J+K$,) 

/%==% 4N/J%=D)-%,*%H, 

+=A@ %,-DFD)*D. Y/=+"+ 

,*A (3-J./.). ')A,B+, 

)%.D" +/?A)A N=4DFD)D@, 
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;.%.<=).5.!3., <.<. 6$&13. *.5. 

22 (!)*+#, -."./.+0#+),1/1 2+#3!")#*!*. 

20 #) J.#%, "+HA)*A. 5+@J.)+)+/ +F*+@ +.+*+ 4%@=D/D)D@, +) %/D=D,*DJD *O/D-*O/#%4=D -%))+,B+ %,-DF. 

=$D#*D)D-D, +,A?=+. M"D, @+H*+)+,*A. 

]/D=D,*D*%-D @$/+F$,+#$* #N)"%/D Specord 210 (Q%/#+,$L) +J@+6A,*+, _+F+?J=+,*A? 

W+/#+40@%L*+ [7] 4N/J%=D)-%,*%H, 268 ,# =0)?A, [FA,*ABA,*+ J@%4=/0W0=0#%=/$L O*DJD#%, 

+,A?=+)*A. !F0,$+F$* #N)"%/D 6/0#+=0#%=/$L O*DJD#%, +,A?=+)*A. >04J$W)04J+K$, #N)"%/D, 

+,A?=+. 295 ,# =0)?A, [FA,*ABA,*+ J@%4=/0W0=0#%=/$L O*DJD#%, GM/-DFD)*D [7]. 

Q%))+, 4+@J.)+)+/A, @0)$C)%4=/0)$==D #.)R=$?+6+==+/#%, ?+@=+. M"D, LbL =%S,$4+JA 

@+H*+)+,*A. Y) M"D, +)A,B+, -%))+,*A 4+@J.)+)+/ 4%F%4@%, +)*A#%, *%4J=/+,J.)RW+= %/D=D,*DJD,% 

(,+=/$H S)0/$*D,DE 0,5 % %/D=D,*DJD,*% *+HA,*+)B+,) J+)A,*A, %4D /%= J.#%, "+HA)*A, 0*+, 4%HD, 

0,5 % S$=0F+, %/D=D,*DJD,% (JD/4% ?A"?A)A,AE 3 % J.)A %/D=D,*DJD,*% *+HA,*+)B+,) J+)A,A@, =+BA 

*+ J.#%, "+HA)*A. YJA @/0K%*./+ 20 /%= ?+H=+)+,*A. YJA)+H"+ 0E GO,% =%/DJ F+/L*=+)B+, 

@0)$C)%4=/0)$==%/*DE 20 ?+6+=A @+H*+ 60)*A. 

=-15;"'"/20 1&'2&4 

;$/+F$,+#$*, $F0,$+F$*, #04J$W)04J+K$,*A 4+@J.)+B+ %,-DF. =$D#*D)D-D, +,A?=+. ,O=$G%)%/D 

=N#%,-D 4%J=%*% 4N/J%=D)-%,. 

5 % J = %  

?&"".' '&7(1(':&7( 3.,9/".".-@. ,-&,.-.%%.-:0 &'7(1/ %#(+:("(7( (%) 

5+@J.)+ #+=/$K+JA POGD/$6% ,0#%/D 
;/%@+/+= 

;$/+F$,+#$* !F0,$+F$* >04J$W)04J+K$, 

1 % -%))+, 

1 22 26 32 

2 23 27 31 

3 23 26 30 

3 % -%))+, 

1 24 22 50 

2 26 21 50 

3 25 23 49 

3 % -%))+, GO,% S$=0F+, 

1 27 32 52 

2 28 33 53 

3 27 30 53 

 

Z0B+/A*+ 4N/J%=D)-%, #O)D#%==%/ 60HA,"+, @/%@+/+==+/*A %,-DF. =$D#*D)D-D -%))+, 40,K%,=/+-

K$LJA +/=?+, J+HA, +/=+*A. 20,A#%, ?0J+ c2 % 40,K%,=/+K$L*+BA -%))+,,+, 4+@J.)+)+/*A 

*+HA,*+B+, 4%F*% -$*/0-%)R @+H*+ 60)+*A, 0)+/ ?[/B+=?+,,+, 4%HD, W0/#+JA, J+?=+@ ?+)+*A 

(*$+#%=/D 3–3,5 ## -$*/0-%)R 4+@J.)+)+/A,+, ?[/B+=?+,,+, 4%HD, *$+#%=/D 1 ## -/+,.)+)+/ @+H*+ 

60)+*A) GO,% ?+H=+*+, J.B+ J+)B+, 4%F*% 6[,*+H -/+,.)+)+/ NFD,DE +)B+"?A W0/#+JA,+ GO,% 

#N)"%/D,% ?+H=A@ 4%)%*D. Q%))+, S$=0F+,#%, 40#@)%4J =MFJ%, %,-DF. =$D#*D)D-D 0*+, *+ 4N@ +/=+=A,A 

+,A?=+)*A (4%J=%,D ?+/+). 

 

      

4-J./%=. ;0)$C)%4=/0)$==D #.)R=$?+6+==+/A 6+/ -%))+,-$F0,$+F$* 4+@J.)+)+/A (4%JD,*D*%) 
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4-J./%==% =N#%, &+4..#*A /+J=/)A C)%4=/0,*A #$4/0J40@$L O*DJD#%, «JEOL» W$/#+JA,AE 

(Z+@0,$L) «JSM-6390 LV» +J@+6A,*+ +)A,B+, #$4/0W0=0-/+W$L)+/ 4N/J%=D)-%,. YE G+? J./%==% 

4%JD,*D*% -%))+, #%, @0)$C)%4=/0)$==D ?+6+=+/ +JA,*+BA "%4+/+ G+?JA 4N/D,%*D. 

>?/)1)*2) 

20,A#%,, =OGD/$6% GMFD,*% @0)$#%/)D #+=/$K+ /%=D,*% -%))+,*A @+H*+)+,A@, =.6%/4.)%F-% 

?+/JA 3 @/%@+/+= — @$/+F$,+#$*, $F0,$+F$* GO,% #04J$W)04J+K$,*D $0,0=/0@=A -%)R =MF. O*DJD#%, 

4+@J.)*%. GM/-DFD)*D. 5+@J.)+)+/B+ @/%@+/+==+/*A %,-DF. =$D#*D)D-D +,A?=+)*A. 5+@J.)+)+/*A 

@0)$C)%4=/0)$==%/*DE #.)R=$?+6+==+/A#%, ?+@=+. #M#4D, %4%,*D-D +,A?=+)*A. ')A,B+, 4+@J.)+)+/ 

*O/D)%/*D G%=4DF. GMH%JD /%=D,*% ?0)*+,. M"D, F%/==%)%=D, 60)+*A. 

 

@A#)( >B C;DE D)')# .?#51"10*0+ %&/;)')% %?'2&4)#"* ;F/G090'G"*, G/&*1 H 0794/IJ4. 
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<.3.>.J+6+%&+, >.>.2)L#0&+, \.5.Y/+FG+,0&+, 1.Z.'/$@G+,0&+, 5.<.>./F+-.)0&+ 

A1/B&'#& C!1+!;'!9%# 3.,9/"#-!C.'#D ,-!%#C!%/6&-3/"&1'0E ,-&,.-.%!C  

9 ,!+!F=G 7&"".'. # ,!"#$"&3%-!"#%'0E +/"=%#9"!&C 

2=+=RL @0J&LU%,+ $JJ)%*0&+,$V &0F#0G,0J=%H 4+@J.)$/0&+,$L @/0=$&0=.6%/4.)%F,AS @/%@+/+=0& 

@0)$C)%4=/0)$=,A#$ #.)R=$J)0L#$ $F S$=0F+,+ $ *%4J=/+,J.)RW+=+ J $J@0)RF0&+,$%# & 4+T%J=&% 

#+=/$KA 6$0@0)$#%/+ -%))+,+. ;0).T%,,A% 4+@J.)A $F.T%,A #%=0*0# /+J=/0&0H C)%4=/0,,0H #$4-

/0J40@$$. Y@/%*%)%,+ CWW%4=$&,0J=R &4)VT%,$L @/0=$&0=.6%/4.)%F,AS @/%@+/+=0& & 4+@J.)A. 
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Study of possibilities of encapsulation of the antituberculous drugs  

by using of gellan and polyelectrolytic multilayers 

The article is devoted to research of opportunities of encapsulation of antituberculous drugs 

bypolyelectrolytic multi-layers from hitosan and dextransulfate with use as a gellan biopolymer matrix. The 

prepared capsules are studied by method of a raster submicroscopy. Efficiency of inclusion of antituberculous 

drugs in capsules is defined. 
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