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�!"&�*�/  

�>;VA=8: ).  . «$>7@>1:0 1V>B5E=>;>3VG=8E ?V4E>4V2 4> ?V428I5==O 
040?B82=>3> ?>B5=FV0;C @V4:VA=8E 284V2 @>4C Carlina L. in vitro» 3 
�20;VDV:0FV9=0 =0C:>20 ?@0FO =0 ?@020E @C:>?8AC.  

�8A5@B0FVO =0 74>1CBBO =0C:>2>3> ABC?5=O 4>:B>@0 DV;>A>DVW 091 

«�V>;>3VO» (09 3 �V>;>3VO). &5@=>?V;ьAь:89 =0FV>=0;ь=89 ?5403>3VG=89 

C=V25@A8B5B V<5=V �>;>48<8@0 �=0BN:0 3 &5@=>?V;ь, 2025. 

%CG0A=89 5B0? @>728B:C ;N4AB20 AC?@>2>46CєBьAO B5=45=FVO<8 4> 

?>A8;5==O ?>?8BC I>4> 70AB>AC20==O C D0@<0FVW 5:>;>3VG=> G8AB>W @>A;8==>W 

A8@>28=8. "4=0:, 157:>=B@>;ь=0 703>BV2;O ;V:0@Aь:8E 284V2 @>A;8= ?@872>48Bь 

4> 28A=065==O 70?0AV2 B0 A:>@>G5==O G8A5;ь=>ABV ?>?C;OFV9, I> <>65 

A?@8G8=8B8 7=8:=5==O F8E 284V2. &><C =5>1EV4=> HC:0B8 0;ьB5@=0B82=V A?>A>18 

>B@8<0==O FVєW @>A;8==>W A8@>28=8. 

�> B0:8E FV==8E @V4:VA=8E @>A;8=, O:8< =5>1EV4=0 >E>@>=0 =0 B5@8B>@VW 

':@0W=8, 2V4=>AOBьAO 2848 @>4C Carlina L., 7>:@5<0, 2V4:0A=8: B0B0@=8:>;8AB89 

(Carlina onopordifolia Besser ex Szafer, Kulcz. et Pawl) B0 2V4:0A=8: >A>B>?>4V1=89 

(Carlina cirsioides Klokov), O:V 22V9H;8 4> +5@2>=>W :=838 ':@0W=8 (2009 @.) B0 

=0;560Bь 4> :0B53>@VW 2@07;828E. �:B82=> 7<5=HCєBьAO V 0@50; 2V4:0A=8:0 

157AB51;>2>3> (Carlina acaulis L.), O:89 2 ':@0W=V 22060єBьAO @53V>=0;ь=>-

@V4:VA=8<. 

"4=8< V7 =095D5:B82=VH8E A?>A>1V2 715@565==O B0 2V4=>2;5==O ?>?C;OFVW 

@V4:VA=8E 284V2 @>A;8= є 1V>B5E=>;>3VG=V <5B>48 :C;ьB82C20==O in vitro, O:V 

28:>@8AB>2CNBьAO O: 4;O >E>@>=8 1V>@V7=><0=VBBO, B0: V 4;O 70157?5G5==O 

?@><8A;>2>ABV 4>AB0B=ь>N :V;ь:VABN A8@>28=8. ' ?>@V2=O==V 7V 728G09=8< 

28@>IC20==O<, :C;ьB82C20==O in vitro 70157?5GCє AB01V;ь=V C<>28 =570;56=> 2V4 

A57>=C 2535B0FVW B0 D0:B>@V2 =02:>;8H=ь>3> A5@54>28I0. ":@V< Fь>3>, 

B5E=>;>3VO :C;ьB82C20==O in vitro 40є <>6;82VABь >45@60B8 7=0G=C :V;ь:VABь 

>74>@>2;5=>3> @>A;8==>3> <0B5@V0;C 7 <V=V<0;ь=>W <0A8 4>=>@Aь:>3> <0B5@V0;C. 

' 729O7:C V7 =5>1EV4=VABN 715@565==O 35=>D>=4C @V4:VA=8E ;V:0@Aь:8E 

284V2 @>4C Carlina, D@03<5=B0FVєN WE ?>?C;OFV9, 0 B0:>6 =5?>2=8< 282G5==O< 

FVєW ?@>1;5<8, 281@0=0 B5<0 4>A;V465=ь є 0:BC0;ь=>N. 
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�8A5@B0FV9=0 @>1>B0 ?@8A2OG5=0 @>7@>1FV >?B8<0;ь=8E C<>2 

:C;ьB82C20==O in vitro @>A;8= 284V2 @>4C Carlina 7 2@0EC20==O< WE=VE 1V>;>3VG=8E 

>A>1;82>AB59 B0 540DVG=8E C<>2 @>ABC 4;O >B@8<0==O 28A>:>68BBє740B=>3> 

@>A;8==>3> <0B5@V0;C. 

�=B@>4C:FVO @>A;8= @>4C Carlina C :C;ьBC@C in vitro 2V4:@820є <>6;82VABь 

157?5@5@2=>3> >B@8<0==O @>A;8==>3> <0B5@V0;C, I> <>65 A;C3C20B8 465@5;>< 

1V>;>3VG=> 0:B82=8E A?>;C:. !0C:>20 ;VB5@0BC@0 <VAB8Bь 4C65 <0;> V=D>@<0FVW 

?@> 22545==O 2 :C;ьBC@C in vitro 284V2 C. onopordifolia, C. cirsioides B0 C. acaulis. 

�V4B0:, 28@>AB0==O 1V>B5E=>;>3VG=8E <5B>4V2 704;O 715@565==O 35=>D>=4C 

?@54AB02=8:V2 @>4C Carlina O: ?>B5=FV9=>3> 465@5;0 1V>;>3VG=> 0:B82=8E 

@5G>28= 4;O <548F8=8 B0 D0@<0FVW є 206;828< 70240==O< ACG0A=>W =0C:8 

�030B>ABC?V=G0AB0 B5E=>;>3VO «in vitro 3 ex vitro 3 in situ», O:0 1C;0 27OB0 70 

>A=>2C 4;O 282G5==O <>6;82>ABV ?V428I5==O 040?B82=>3> ?>B5=FV0;C @>A;8= 

2V4:0A=8:V2 I5 =0 AB04VW in vitro 4> C<>2 ex vitro, ?5@5410G0є 2@0EC20==O 

540DVG=8E ?>B@51 284V2 C ?@8@>4V, AB0=C D>B>A8=B5B8G=>3> 0?0@0BC ((%�), 

2>4=>3> 10;0=AC, A2VB;>28E V B5<?5@0BC@=8E C<>2 WE @>ABC. 

' @57C;ьB0BV ?@>2545=8E 4>A;V465=ь 1C;> 287=0G5=>, I> 5:>;>3VG=V B0 

35>3@0DVG=V C<>28 @>ABC 2?;820NBь =0 <>@D>;>3VG=V >A>1;82>ABV, D5=>@8B<8, 0 

B0:>6 AB0= (%�. #@> F5 A2V4G8Bь 7030;ь=89 2<VAB ?V3<5=BV2 B0 A?V22V4=>H5==O 

@V7=8E WE 3@C?. $57C;ьB0B8 ?@>2545=8E C 2018 @. 4>A;V465=ь 70A2V4G8;8, I> 

=0928I89 7030;ь=89 2<VAB ?V3<5=BV2 (131,20 <3/100 3 A8@>W <0A8) 28O2;5=> C 284C 

%. cirsioides, 45I> <5=HV ?>:07=8:8 ?@8B0<0==V @>A;8=0< %. acaulis (115,90 <3/ 

100 3 A8@>W <0A8, 128,80 <3/ 100 3 A8@>W <0A8), B>4V O: C @>A;8= %. onopordifolia 

=09=86G89 7030;ь=89 2<VAB ?V3<5=BV2 (109,20 <3/100 3 A8@>W <0A8). 

�0 @57C;ьB0B0<8 >B@8<0=8E 40=8E 28O2;5=>, I> 7030;ь=89 2<VAB ?V3<5=BV2 

C @>A;8= 284C C. cirsioides є =86G8< =0 23,96339,35 %, ?>@V2=O=> V7 284>< 

C. onopordifolia. ":@V< Fь>3>, @V25=ь Carot 2 CAVE 2V:>28E 3@C?0E 284C 

C. cirsioides 28O282AO 2 132,5 @078 <5=H8<, =V6 C @>A;8= C. onopordifolia. &0:V 

@>71V6=>ABV A2V4G0Bь ?@> 52>;NFV9=5 ?@8AB>AC20==O 284V2 4> 5:>;>3VG=8E C<>2 

70 @V7=>3> >A2VB;5==O.  
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�8O2;5=> :>@5;OFV9=89 729O7>: <V6 @V2=5< E;>@>DV;V2 B0 :0@>B8=>W4V2, 

A?V22V4=>H5==O< ?V3<5=BV2 ?@54AB02=8:V2 @>4C Carlina B0 ?>3>4=8<8 C<>20<8. 

�9OA>20=>, I> <5B5>@>;>3VG=V G8==8:8 2 <VAFOE @>ABC C. onopordifolia B0 

C. cirsioides 2?;820NBь =0 7030;ь=89 2<VAB V A?V22V4=>H5==O ?V3<5=BV2. ' @>A;8= 

35;V>DVB=>3> 284C C. onopordifolia 2<VAB D>B>A8=B5B8G=8E ?V3<5=BV2 є 28I8< =0 

24339%, ?>@V2=O=> V7 284>< C. cirsioides. �AB0=>2;5=>, I> AB0= (%� @>A;8= 

?@54AB02=8:V2 >1>E 284V2 1V;ьH5 70;568Bь 2V4 =04;8H:C 01> =5AB0GV 2>;>38, =V6 

2V4 B5<?5@0BC@8 ?>2VB@O. 

�9OA>20=>, I> <5B>4 V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C 4 є 4Vє28< 

V=AB@C<5=B>< 4;O 4>A;V465==O DC=:FV>=C20==O (%� @>A;8= @>4C Carlina. !0<8 

1C;> ?@8?CI5=>, I> 2 C<>20E ?@8@>4=>3> A5@54>28I0 @>A;8=8 C. cirsioides B0 

C. onopordifolia 707=0NBь 4VW 01V>B8G=8E AB@5AV2, C @57C;ьB0BV G>3> 7@>AB0NBь 

2B@0B8 A2VB;>2>W 5=5@3VW C 283;O4V B5?;>2>W 48A8?0FVW B0 ?>A8;NNBьAO ?@>F5A8 

D>B>V=3V1C20==O. �=45:A 68BBє740B=>ABV @>A;8= C. cirsioides V C. onopordifolia, I> 

@>ABCBь C ?@8@>4=8E C<>20E, C42VGV =86G89 70 >?B8<0;ь=89 @5D5@5=B=89 @V25=ь. 

�AB0=>2;5=>, I> C 284V2 C. onopordifolia B0 C. cirsioides AD>@<>20=> @V7=V 

040?B82=V H;OE8 @53C;OFVW 2>4=>3> 10;0=AC. #>@O4 V7 F8<, <>;>4HV 2V:>2V 3@C?8 

>1>E 284V2 45<>=AB@CNBь 2V4=>A=> 28A>:C ABV9:VABь 4> =5AB0GV 2>;>38. �>4=>G0A, 

35=5@0B82=V @>A;8=8 C. cirsioides B0:>6 715@V30NBь 7=0G=89 @V25=ь ABV9:>ABV, 0 >B 

35=5@0B82=V @>A;8=8 C. onopordifolia 28O2;ONBьAO =091V;ьH 2@07;828<8 4> 7<V= 

2>4=>3> 10;0=AC. #V4B25@465=>, I> V=B5=A82=VABь B@0=A?V@0FVW, @V25=ь 2>4=>3> 

45DVF8BC B0 2>;>3>CB@8<C20;ь=0 740B=VABь @>A;8= in situ <>6CBь 1CB8 

28:>@8AB0=V O: :@8B5@VW-<0@:5@8 4;O >FV=N20==O DV7V>;>3VG=>3> AB0=C @>A;8= ?V4 

G0A :C;ьB82C20==O in vitro. 

#>:070=>, I> DV78:>-EV<VG=V 2;0AB82>ABV �@C=BV2 C <VAFOE @>ABC 

4>A;V46C20=8E 284V2 <0NBь 7=0G=V 2V4<V==>ABV. �>:@5<0, 7=0G5==O >1<V==>W 

:8A;>B=>ABV C ?@>10E �@C=BV2, 45 @>ABCBь 2848 C. 4caulis 28O28;8Aь 7=0G=> 

=86G8<8, ?>@V2=O=> <VAFO<8 @>ABC C. cirsioides B0 C. onopordifolia. �AB0=>2;5=>, 

I> @>A;8=8 284C C. 4caulis ?>H8@5=V C ;>:0;VB5B0E V7 ?V428I5=8< @V2=5< 

1V>4>ABC?=>3> (>AD>@C, >4=0:, 7 =86G8<8 ?>:07=8:0<8 �0;VN, �0;ьFVN, 

0<>=V9=>W B0 =VB@0B=>W D>@< �7>BC, =0 2V4<V=C 2V4 284V2 C. cirsioides B0 
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C. onopordifolia. �AB0=>2;5=V 40=V 4>72>;OBь 710;0=AC20B8 5;5<5=B=89 A:;04 

6828;ь=>3> A5@54>28I0 2 C<>20E in vitro. 

�>A;V465==O >A>1;82>AB59 :C;ьB82C20==O @>A;8= 2 C<>20E in vitro 

?5@5410G0;> >FV=:C 2?;82C =0 WE DV7V>;>3VG=89 AB0= @V7=8E A2VB;>28E C<>2 

28@>IC20==O, 5;5<5=B=>3> A:;04C 6828;ь=>3> A5@54>28I0 B0 5:7>35==8E 

AB8<C;OB>@V2 @>ABC. 

#V4V1@0=> C<>28 4;O >B@8<0==O B0 2:>@V=5==O @>A;8= 2V4:0A=8:V2. 

#>:070=>, I> 70<>GC20==O =0AV==O C @>7G8=V � � є 1V;ьH 5D5:B82=8<, =V6 

70<>GC20==O ?@>@>AB:V2. �AB0=>2;5=>, I> 28B@8<C20==O =0AV==O C @>7G8=V 

V=4>;8;<0A;O=>W :8A;>B8 (� �) :>=F5=B@0FVєN 1000 <3/; C?@>4>26 234 3>4. 

A?@8O;> 7=0G=><C ?V428I5==N 2V4A>B:0 2:>@V=5==O C @>A;8= 2V4:0A=8:V2. ' 

B0:><C 28?04:C ?>:07=8:8 2:>@V=5==O AB0=>28;8: C. Eirsioides 3 100 %, C. 

BnoDordifolia 3 100 %, 0 C. 4caulis 4 80 %. 

�9OA>20=>, I> ?V3<5=B=89 :><?;5:A :C;ьB82>20=8E in vitro @>A;8= @503Cє 

=0 7<V=C A2VB;>28E C<>2 WE 28@>IC20==O. #V4V1@0=> A2VB;>2V C<>28, O:V 

2V4?>2V40NBь ?@8@>4=8< ?>B@510< 284V2 C. onopordifolia B0 C. acaulis. 

�AB0=>2;5=> 70;56=VABь ?>:07=8:V2 2>4=>3> @568<C @>A;8= 2V4 

A?5:B@0;ь=>3> A:;04C A2VB;0 2 C<>20E in vitro. �0 ?0@0<5B@0<8 2>4=>3> @568<C 

@>A;8=, I> є :@8B5@VO<8-<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8= in vitro, 

287=0G5=> >?B8<0;ь=89 @568< :C;ьB82C20==O 4;O 2V4:0A=8:V2. 

#>:070=>, I> 4;O :C;ьB82C20==O @>A;8= in vitro 284C C. acaulis 

=094>FV;ь=VH5 28:>@8AB>2C20B8 A5@54>28I5, >?B8<V7>20=5 2V4?>2V4=> 4> A:;04C 

�@C=BV2 7 ?@8@>4=8E <VAFь @>ABC. #>:07=8:8 71V;ьH5==O 4>268=8 ;8AB:>2>W 

?;0AB8=:8 (2,1 ±0,95 A<) B0 CB2>@5==O =>28E ;8AB:V2 (5,5±1,12 HB.) V :>@5=V2 

(3,8 ±1,44 HB.) 70 B0:8E C<>2 28@>IC20==O є =0928I8<8. !091V;ьH A?@8OB;828< 

4;O @87>35=57C @>A;8= 284V2 C. cirsioides B0 C. onopordifolia (5,4 ±1,80 A< B0 

4,2 ±2,14 A< 2V4?>2V4=>) 28O28;>AO <>48DV:>20=5 6828;ь=5 A5@54>28I5 70 

2<VAB>< (>AD>@C, �0;ьFVN B0 �7>BC, C<>28 O:>3> 70157?5GC20;8 D>@<C20==O B0 

@VAB ;8AB:>28E ?;0AB8=>:. 

�AB0=>2;5=>, I> AD>@<>20=V C ?@>F5AV 52>;NFVW 1V>;>3VG=V >A>1;82>ABV 

284V2 2V4V3@0NBь >A=>2=C @>;ь ?@8 ?V41>@V C<>2 4;O >?B8<V70FVW 
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28@>IC20==O  in vitro @>A;8= 284V2 @>4C Carlina. �@0EC20==O ?>B@51 284V2 I>4> 

A2VB;>2>3> @568<C B0 5;5<5=BV2 <V=5@0;ь=>3> 682;5==O 4>72>;Oє <V=V<V7C20B8 

A?5F8DVG=89 2?;82 C<>2 in vitro =0 <>@D>-DV7V>;>3VG=V ?0@0<5B@8 @>A;8= 

7024O:8 =01;865==N F8E C<>2 4> ?@8@>4=8E, B0, 2V4?>2V4=>, ?V428I5==O 

040?B82=>3> ?>B5=FV0;C @>A;8= in vitro 4> C<>2 ex vitro.  

!0 >A=>2V 0=0;V7C ;VB5@0BC@=8E 465@5; B0 @57C;ьB0BV2 2;0A=8E 4>A;V465=ь 

=0<8 70?@>?>=>20=> AE5<C V=B53@0;ь=>3> ?V4E>4C 4> ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @>A;8= 284V2 @>4C Carlina in vitro. 

�;NG>2V A;>20: 2848 @>4C Carlina L., :C;ьBC@0 in vitro, ?@>@>AB0==O 

=0AV==O, @VAB B0 2:>@V=5==O @>A;8=, @53C;OB>@8 @>ABC, @5:C;ьB820=B 

:><?>78FV9=89 TREVITAN®, <>@D>;>3VG=V B0 DV7V>;>3VG=V ?0@0<5B@8, 

D>B>A8=B57, E;>@>DV;8, D;C>@5AF5=FVO E;>@>DV;C, A?5:B@0;ь=89 A:;04 A2VB;0, 

2>4=89 @568<, 0<>=V9=89 07>B, D>AD>@, :0;V9. 
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ABSTRACT 

Kolisnyk K. M. <Development of Biotechnological Approaches to Enhance 
the Adaptive Potential of Rare Carlina L. Species In Vitro= 3 Qualification 

scientific work as a manuscript. 

 

Dissertation for the degree of Doctor of Philosophy in the field 091 "Biology" 

(09 3 Biology). Ternopil Volodymyr Hnatiuk National Pedagogical University 3 

Ternopil, 2025. 

The current stage of human development is characterised by an increasing 

demand for environmentally friendly plant raw materials for use in the pharmaceutical 

industry. However, the uncontrolled harvesting of medicinal plant species leads to the 

depletion of their natural reserves and a decline in population sizes, which may 

ultimately result in the extinction of these species. Therefore, it is crucial to identify 

alternative sources for obtaining such plant materials. 

Among the valuable rare plant species in need of protection within the territory 

of Ukraine are species of the genus Carlina L., in particular, Carlina onopordifolia 

Besser ex Szafer, Kulcz. et Pawl and Carlina cirsioides Klokov. Both are listed in the 

Red Data Book of Ukraine (2009) and are classified as vulnerable species. The range 

of Carlina acaulis L., which is considered regionally rare in Ukraine, is also rapidly 

declining.  

One of the most effective methods for the conservation and restoration of rare 

plant populations is the application of in vitro biotechnological cultivation techniques. 

These are used both to preserve biodiversity and to ensure the availability of sufficient 

raw materials for industrial use. Compared to conventional cultivation, in vitro culture 

provides stable growth conditions regardless of the vegetation season or environmental 

factors. Furthermore, this technology allows for the production of a significant quantity 

of healthy plant material from a minimal amount of donor tissue. 

Due to the necessity of preserving the gene pool of rare medicinal species of the 

genus Carlina, the fragmentation of their populations, and the insufficient research into 

this issue, the chosen research topic is of high relevance. 
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This dissertation is dedicated to the development of optimal in vitro cultivation 

conditions for Carlina species, taking into account their biological characteristics and 

edaphic growth requirements, with the aim of obtaining highly viable plant material. 

The introduction of Carlina species into in vitro culture provides an opportunity 

for the continuous production of plant material, which can serve as a source of 

biologically active compounds. Scientific literature contains very limited information 

on the in vitro culture of C. onopordifolia, C. cirsioides, and C. 4caulis. 

Therefore, the development of biotechnological methods for the conservation of 

the gene pool of Carlina species, as a potential source of biologically active substances 

for medicine and pharmacy, is an important task of contemporary science. 

The multistage «in vitro 3 ex vitro 3 in situ» technology, which has been taken 

as the basis for studying the possibility of enhancing the adaptive potential of Carlina 

species already at the in vitro stage for subsequent ex vitro conditions, considers the 

edaphic requirements of species in their natural habitats, the condition of the 

photosynthetic apparatus (PSA), water balance, and the light and temperature 

conditions of their growth. 

As a result of the research, it has been determined that the ecological and 

geographical conditions of growth influence the morphological features, 

phenorhythms, and the state of the PSA. This is evidenced by the total pigment content 

and the ratio of different pigment groups. The findings from the 2018 studies showed 

that the highest total pigment content (131.20 mg/100 g fresh weight) was observed in 

C. cirsioides, slightly lower levels were recorded in C. acaulis (115.90 mg/100 g and 

128.80 mg/100 g fresh weight), while C. onopordifolia exhibited the lowest total 

pigment content (109.20 mg/100 g fresh weight). 

Based on the obtained data, it has been found that the total pigment content in 

C. cirsioides was 23.96339.35% lower compared to C. onopordifolia. Additionally, the 

carotenoid (Carot) level in all age groups of C. cirsioides was 1 to 2.5 times lower than 

in C. onopordifolia. These differences indicate evolutionary adaptations of the species 

to varying light conditions. 

A correlation has been established between chlorophyll and carotenoid levels, 

pigment ratios in Carlina species, and weather conditions. It has been revealed that 
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meteorological factors at the habitats of C. onopordifolia and C. cirsioides influence 

both the total content and the ratio of pigments. In the heliophytic species 

C. onopordifolia, the content of photosynthetic pigments was 24339% higher 

compared to C. cirsioides. It has been confirmed that the state of the photosynthetic 

apparatus (PSA) in both species is more dependent on water availability than on air 

temperature.  

The method of chlorophyll a fluorescence induction has been shown to be an 

effective tool for studying the functionality of the PSA in Carlina species. It has been 

hypothesised that under natural conditions, C. cirsioides and C. onopordifolia are 

subjected to abiotic stress, resulting in increased light energy loss through heat 

dissipation and enhanced photo-inhibition. The viability index of C. cirsioides and 

C. onopordifolia growing in natural habitats has been found to be twice as low as the 

optimal reference level.  

It has been ascertained that C. onopordifolia and C. cirsioides have developed 

different adaptive mechanisms for regulating water balance. At the same time, younger 

age groups of both species demonstrated relatively high drought tolerance. Generative 

plants of C. cirsioides also have maintained significant resilience, whereas generative 

plants of C. onopordifolia have proved to be the most vulnerable to changes in water 

balance. It has been confirmed that transpiration rate, water deficit level, and water-

holding capacity in situ may serve as marker criteria for evaluating the physiological 

status of plants during in vitro cultivation. 

The physicochemical properties of soils at the growth sites of the studied species 

showed significant differences. In particular, the exchangeable acidity values in soil 

samples from C. acaulis habitats were significantly lower than those from sites where 

C. cirsioides and C. onopordifolia grow. It has been identified that C. acaulis is 

widespread in localities with higher levels of bioavailable phosphorus but lower 

potassium, calcium, and both ammonium and nitrate forms of nitrogen, compared to 

C. cirsioides and C. onopordifolia. These findings will allow for the optimisation of 

the elemental composition of nutrient media under in vitro conditions.  
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The study of in vitro cultivation of Carlina plants included the evaluation of the 

effects of various light conditions, nutrient media composition, and exogenous growth 

stimulators on plant physiological status.  

Conditions for obtaining and rooting Carlina plants have been validated. It has 

been shown that soaking seeds in an IBA solution is more effective than soaking 

seedlings. Soaking seeds in a 1000 mg/L solution of indole-3-butyric acid (IBA) for 23

4 hours significantly increased the rooting rate of Carlina plants. In this case, the 

rooting rates were: C. cirsioides 3 100%, C. onopordifolia 3 100%, and C. acaulis 3 

80%. 

It has been found that the pigment complex of in vitro cultivated plants responds 

to changes in light conditions. Lighting regimes appropriate to the natural preferences 

of C. onopordifolia and C. acaulis have been selected.  

A relationship between plant water regime parameters and the spectral 

composition of light under in vitro conditions has been established. Based on water 

regime parameters, which are marker indicators of plant functional status, an optimal 

in vitro cultivation regime for Carlina species has been defined.  

It has been demonstrated that for in vitro cultivation of C. acaulis, it is most 

appropriate to use a medium optimised according to the soil composition of its natural 

habitat. Under such conditions, the following growth parameters have been recorded: 

leaf blade elongation (2.1 ± 0.95 cm), formation of new leaves (5.5 ± 1.12 pcs), and 

root development (3.8 ± 1.44 pcs) 3 the highest among tested conditions. For C. 

cirsioides and C. onopordifolia, a modified nutrient medium containing phosphorus, 

calcium, and nitrogen was most favourable for rhizogenesis (5.4 ± 1.80 cm and 4.2 ± 

2.14 cm, respectively), and supported leaf blade formation and growth. 

It has been identified that the species-specific biological traits shaped by 

evolution play a major role in selecting optimal in vitro growth conditions for Carlina 

species. Taking into account species-specific requirements for light regimes and 

mineral nutrition allows for the minimisation of stress effects under in vitro conditions 

by approximating them to natural ones, thereby enhancing the adaptive potential of in 

vitro plants for successful ex vitro transfer.  
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Based on literature analysis and our experimental results, we have proposed an 

integrated approach scheme to enhance the adaptive potential of Carlina species in 

vitro.   

Keywords: Carlina L. species, in vitro culture, seed germination, plant growth 

and rooting, chlorophylls, growth regulators, composite reclamant TREVITAN®, 

morphological and physiological parameters, photosynthesis, chlorophyll 

fluorescence, light spectrum, water regime, ammonium nitrogen, phosphorus. 
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#�$���� ' "�!�) %�"$"+�!Ь 

��# 3 6-15=78;0<V=>?C@8= 

��$ 3 1V>;>3VG=> 0:B82=V @5G>28=8 

3. 3 3>@0 

��3 3 3V15@5;>20 :8A;>B0 

� %" 3 48<5B8;AC;ьD>>:A84 

�A 3 E28;V A8=ь>3> (4003500 =<) 4V0?07>=C (�$ 

�7 3 E28;V 75;5=>3> (5003600 =<) 4V0?07>=C (�$ 

�G 3 E28;V G5@2>=>3> (6003700 =<) 4V0?07>=C (�$ 

�"� 3 V=4>;V;-3->FB>20 :8A;>B0;  

�V= 3 :V=5B8= 

�� 3 ;N<V=5AF5=B=V ;0<?8 45==>3> A2VB;0 

�)� 3 ;N<V=5AF5=B=V ;0<?0 E>;>4=>3> 1V;>3> A2VB;0 

=. <. @. 3 28A>B0 <VAF52>ABV =04 @V2=5< <>@O 

 % 3 6828;ь=5 A5@54>28I5  C@0AV353%:C30 

 %/2 3 6828;ь=5 A5@54>28I5  C@0AV353%:C30 7 ?>;>28==8< 2<VAB>< <0:@>- B0 

<V:@>5;5<5=BV2 

!"� 3 1-=0DB8;>FB>20 :8A;>B0  

%� 3 A2VB;>20 :>@5:FVO 

&!#' 3 &5@=>?V;ьAь:89 =0FV>=0;ь=89 ?5403>3VG=89 C=V25@A8B5B V<5=V 

�>;>48<8@0 �=0BN:0 

(�$ 3 D>B>A8=B5B8G=> 0:B82=0 @04V0FVO 

(� 3 DVB>;0<?0 

g 335=5@0B82=V >A>18=8 

im 3 >A>18=8 V<0BC@=>3> AB0=C 

v3 >A>18=8 2V@3V=V;ь=>3> AB0=C 

in vitro 3 2 0A5?B8G=8E, :>=B@>;ь>20=8E C<>20E :C;ьB82C20==O 

ex vitro 3C =5AB5@8;ь=8E, HBCG=8E C<>20E :C;ьB82C20==O 

in situ 3 2 C<>20E ?@8@>48 
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�%&'# 

 

�:BC0;ь=VABь B5<8. %CG0A=89 5B0? @>728B:C ;N4AB20 AC?@>2>46CєBьAO 
B5=45=FVO<8 4> ?>A8;5==O ?>?8BC I>4> 70AB>AC20==O C D0@<0FVW 5:>;>3VG=> 

G8AB>W @>A;8==>W A8@>28=8. �;87ь:> G25@BV D0@<0F52B8G=8E ?@5?0@0BV2 <VABOBь 

A:;04=8:8 @>A;8==>3> ?>E>465==O (Dias, 2012; (54>@8H8= ".  .; Historical, 

2019; �03>@>4=O �.%, 2021). "4=0:, 157:>=B@>;ь=0 703>BV2;O @V4:VA=8E ;V:0@Aь:8E 

284V2 @>A;8= ?@872>48Bь 4> 28A=065==O 70?0AV2 B0 A:>@>G5==O G8A5;ь=>ABV 

?>?C;OFVW, I> <>65 A?@8G8=8B8 7=8:=5==O F8E 284V2. &><C =5>1EV4=> HC:0B8 

0;ьB5@=0B82=V A?>A>18 >B@8<0==O FVєW @>A;8==>W A8@>28=8. 

�> B0:8E FV==8E @V4:VA=8E @>A;8=, O:8< =5>1EV4=0 >E>@>=0 =0 B5@8B>@VW 

':@0W=8, 2V4=>AOBьAO 2848 @>4C Carlina L., 7>:@5<0, 2V4:0A=8: B0B0@=8:>;8AB89 

(Carlina onopordifolia Besser ex Szafer, Kulcz. et Pawl) B0 2V4:0A=8: >A>B>?>4V1=89 

(Carlina cirsioides Klokov), O:V 22V9H;8 4> +5@2>=>W :=838 ':@0W=8 (70 2009 @V:) 

B0 =0;560Bь 4> :0B53>@VW C@07;828E (+5@2>=0 :=830 ':@0W=8&, 2009). �:B82=> 

7<5=HCєBьAO V 0@50; @>ABC 2V4:0A=8:0 157AB51;>2>3> (Carlina acaulis L.), O:89 2 

':@0W=V 22060єBьAO @53V>=0;ь=>-@V4:VA=8< ("DVFV9=V ?5@5;V:8&, 2012). 

!0 Aь>3>4=VH=V9 45=ь 70AB>AC20==O 284V2 @>4C Carlina >1<565=5 =0@>4=>N 

<548F8=>N. �V>;>3VG=0 0:B82=VABь 5:AB@0:BV2 @>A;8= 2V4:0A=8:V2 ?>29O70=0 7 

=0O2=VABN B0:8E A?>;C:, O: ?5=B0F8:;VG=V B@8B5@?5=8: >;50=>;>20 ("�) B0 

C@A>;>20 :8A;>B8 ('�) (Strzemski M., 2016; Sen, 2022; Spinozzi, 2023), 

E;>@>35=>20 :8A;>B0 ()�), 3,5-48-:>D5>W;EV=>20 :8A;>B0 (3,5�)�) (Rosato, A.; 

2021; Jaiswal; 2011; Strzemski M., 2017); D;02>=>W48: 2VB5:A8=, >@Vє=B8=, 

3><>>@Vє=B8= V H0DB>784 (Dordević, 2012); B0 :0@;V=0 >:A84 (CO), O:89 ?@83=VGCє 

@VAB @0:>28E :;VB8= C :C;ьBC@V (Wnorowski �. S., 2020; Ireneusz S., 2023; Strzemski 

M., 2019; Strzemski M.; 2017,. Benelli G., 2019; Ziemlewska A., 2023). 

�0AB>AC20==O 2V4:0A=8:V2 O: 1V>?5AB8F84V2 B0:>6 V=B5=A82=> 4>A;V46CєBьAO 

(Nickolas G., 2022; Benelli G., 2022; Benelli G., 2020; Rizzo R., 2021; Hitz, T., 2020). 

$>A;8=8 @>4C Carlina є ?>B5=FV9=>N <VH5==N 4;O ?@><8A;>2>3> 28@>1=8FB20 

DVB>EV<VG=8E @5G>28=, O:V <>6=0 70AB>A>2C20B8 C D0@<0FVW B0 <548F8=V. )>G0 

DVB>EV<VG=V B0 D0@<0:>;>3VG=V 4>A;V465==O 5:AB@0:BV2 7 ;8ABO B0 :>@5=V2 
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2V4:0A=8:V2 ?V4B25@46CNBь B5@0?52B8G=89 ?>B5=FV0; F8E @>A;8=, A8@>28=C 1C;> 

28;CG5=> 7 DVB>B5@0?VW, 9<>2V@=>, G5@57 >1<565=C ?@8ACB=VABь 4>A;V4=8E 284V2 C 

?@8@>4=8E A5@54>28I0E VA=C20==O. �@V< B>3>, C. acaulis =8=V ?5@51C20є ?V4 

>E>@>=>N C 1030Bь>E :@0W=0E (Vangendt, J. 2019).  

�>4=>G0A, 2 ?5@V>4 3;>10;ь=8E :;V<0B8G=8E 7<V= ?@>1;5<0 715@565==O 

C=V:0;ь=>3> 35=>D>=4C @>A;8= O: 465@5;0 A8@>28=8 4;O <548F8=8 B0 

D0@<0F52B8G=>W ?@><8A;>2>ABV є 0:BC0;ь=8< 4;O Aь>3>45==O (Vangendt J., 2019; 

Balabuch V.O., 2023; �01V=5B  V=VAB@V2 ':@0W=8, 2025; �2V@=0 &.%., 2023; �8O:, 

2022). �;O 28@VH5==O Fь>3> 70240==O 70AB>A>2CNBь =87:C B5E=>;>3V9 

B@048FV9=>3> B0 V==>20FV9=>3> E0@0:B5@C. "4=8< V7 =095D5:B82=VH8E A?>A>1V2 

715@565==O B0 2V4=>2;5==O ?>?C;OFVW @V4:VA=8E 284V2 @>A;8= є 1V>B5E=>;>3VG=V 

<5B>48 :C;ьB82C20==O in vitro, O:V 28:>@8AB>2CNBьAO O: 4;O >E>@>=8 

@V7=><0=VBBO, B0: V 4;O 70157?5G5==O ?@><8A;>2>ABV 4>AB0B=ь>N :V;ь:VABN 

A8@>28=8 (+53 �., 2023; Chiorchina N. 2021;  �03>@>4=O �. %., 2023; Shaw, 2012; 

Kolewe, 2011; Isah 2015; Jimenez-Garcia,  2013). ' ?>@V2=O==V 7V 728G09=8< 

28@>IC20==O<, F5 70157?5GCє AB01V;ь=V C<>28 =570;56=> 2V4 A57>=C 2535B0FVW B0 

D0:B>@V2 =02:>;8H=ь>3> A5@54>28I0 (Zielinska S., 2018; Batista D. S., 2018). 

":@V< Fь>3>, B5E=>;>3VO :C;ьB82C20==O in vitro 40є <>6;82VABь >45@60B8 7=0G=C 

:V;ь:VABь >74>@>2;5=>3> @>A;8==>3> <0B5@V0;C 7 <V=V<0;ь=>W <0A8 4>=>@Aь:>3> 

<0B5@V0;C. �V4><>, I> <V:@>:;>=0;ь=5 @>7<=>65==O in vitro є =5 702648 

?5@5410GC20=8< ?@>F5A><, >A:V;ь:8 D0:B>@8 =02:>;8H=ь>3> A5@54>28I0 <0NBь 

@V7=89 25:B>@ 2?;82C =0 :C;ьBC@C @>A;8=. &><C 206;828< 70240==O< є @>7@>1:0 

B5E=V:8 28@>IC20==O @>A;8= in vitro 4;O :>6=>3> 35=>B8?C. 

�025@H0;ь=>N AB04VєN :C;ьB82C20==O @>A;8= 2 C<>20E in vitro є WE 

?@8AB>AC20==O 4> ex vitro 01> in situ (�@8F0: �. $. B0 V=.., 2020). "4=0:, 7=0GCIV 

<>@D>;>3VG=V B0 DC=:FV>=0;ь=V 7<V=8 @>A;8= in vitro G0AB> ?5@5H:>460NBь 

?@8AB>AC20==N 4> =>28E C<>2 @>ABC. &><C 28=8:0є ?>B@510 C ?V428I5==V 

040?B82=>3> ?>B5=FV0;C ?>A04:>2>3> <0B5@V0;C in vitro 4> C<>2 ex vitro. �;O 

Fь>3> =5>1EV4=> AB2>@8B8 =09A?@8OB;82VHV C<>28 @>ABC =0 AB04VW :C;ьB82C20==O 

in vitro, ?V4B@8<CNG8 ?>5B0?=C AB@C:BC@=>-DC=:FV>=0;ь=C @5>@30=V70FVN ?V4 G0A 

040?B0FVW 4> C<>2 ?@8@>48 (Batista D. S., 2006). $0=VH5 �.$. �@8F0: B0 !. . 
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�@>18: @>7@>1;5=0 B5E=>;>3VO 715@565==O 28A>:>3V@=8E 284V2, O:0 CA?VH=> 

@50;V7>20=0 =0 ?@8:;04V @>4C Gentiana L. =0 107V ;01>@0B>@VW 5:>;>3VW B0 

1V>B5E=>;>3VW &5@=>?V;ьAь:>3> =0FV>=0;ь=>3> ?5403>3VG=>3> C=V25@A8B5BC V<5=V 

�>;>48<8@0 �=0BN:0 (&!#'). *O B5E=>;>3VO ?5@5410G0є, 2@0E>2CNG8 540DVG=V 

?>B@518, 2>4=89 10;0=A, A2VB;>2V B0 B5<?5@0BC@=V C<>28 @>ABC 2 ?@8@>4V, ACBBє2> 

?V428I8B8 ?@8AB>AC20;ь=V <>6;82>ABV @>A;8= I5 =0 AB04VW in vitro, 7<5=H8B8 

9<>2V@=VABь 35=5B8G=8E <>48DV:0FV9 C @>A;8=, 30@0=BC20B8 ?>2=5 ?@86820==O 2 

?@8@>4=><C A5@54>28IV, 715@V30B8 28A>:>3V@=V 2848 70 4>?><>3>N :C;ьBC@ 

in vitro O: 0;ьB5@=0B82C WE :>;5:FV9 ex situ. #@8 Fь><C 28:>@8AB>2CNBьAO 

:@8B5@VW-<0@:5@8 >FV=:8 <>@D>-DV7V>;>3VG=>3> AB0=C @>A;8= =0 AB04VW 

:C;ьB82C20==O in vitro B0 ?@8AB>AC20==O 4> C<>2 ex vitro B0 in situ, 0 A0<5: 

<>@D><5B@8G=V ?0@0<5B@8 0=0B><VG=8E AB@C:BC@, ?>:07=8:8 AB0=C 

D>B>A8=B5B8G=>3> 0?0@0BC @>A;8=, 2>4=>3> 10;0=AC >A>18= 7 ?@8@>48 (�@8F0: 

�.$ & �@>18: !. ., 2019). 

' 729O7:C V7 =5>1EV4=VABN 715@565==O 35=>D>=4C @V4:VA=8E ;V:0@Aь:8E 

284V2 @>4C Carlina, D@03<5=B0FVєN WE ?>?C;OFV9, 0 B0:>6 =5?>2=8< 282G5==O< 

FVєW ?@>1;5<8, 281@0=0 B5<0 4>A;V465=ь=O є 0:BC0;ь=>N. 

�2’O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. 
�8A5@B0FV9=C @>1>BC 28:>=0=> C ;01>@0B>@VW 5:>;>3VW B0 1V>B5E=>;>3VW 

&!#' C @0<:0E 45@61N465B=>W B5<8 «$>7@>1:0 C=V25@A0;ь=>W 

1030B>ABC?V=G0AB>W 1V>B5E=>;>3VW «in vitro 3 ex vitro 3 in situ» 4;O AB01V;V70FVW 

?>?C;OFV9 @V4:VA=8E 284V2 @>A;8=» (�$ № 0119U100475, 20192021 @@.), 0 B0:>6 

=0C:>2>-B5E=VG=>W @>1>B8 «"A>1;82>ABV AB@C:BC@=>-DC=:FV>=0;ь=>3> AB0=C 

@>A;8= in vitro 70 @V7=8E A2VB;>28E C<>2 :C;ьB82C20==O» (�$ № 0122U200695, 

20222026 @@.). 

 5B0 V 70240==O 4>A;V465=ь.  5B0 @>1>B8 3 @>7@>1:0 >?B8<0;ь=8E C<>2 
:C;ьB82C20==O @>A;8= 284V2 @>4C Carlina in vitro 7 2@0EC20==O< WE=VE 1V>;>3VG=8E 

>A>1;82>AB59 B0 540DVG=8E C<>2 @>ABC 4;O >B@8<0==O 28A>:>68BBє740B=>3> 

@>A;8==>3> <0B5@V0;C. 

�;O 4>AO3=5==O <5B8 28@VHC20;8 B0:V 70240==O: 
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 287=0G8B8 2<VAB <V=5@0;ь=8E 5;5<5=BV2 B0 >1<V==C :8A;>B=VABь �@C=BV2 7 

?@8@>4=8E <VAFь @>ABC @>A;8= @>4C Carlina; 

 4>A;V48B8 2<VAB D>B>A8=B5B8G=8E ?V3<5=BV2 B0 WE A?V22V4=>H5==O C @>A;8=0E 

2V4:0A=8:V2 7 @V7=8E ;>:0;VB5BV2 @>ABC; 

 282G8B8 2>4=89 @568< @>A;8= @>4C Carlina 2 ?@8@>4V; 

 ?V4V1@0B8 C<>28 4;O >?B8<V70FVW :C;ьB82C20==O B0 2:>@V=5==O in vitro 284V2 

@>4C Carlina; 

 4>A;V48B8 2?;82 A?5:B@0;ь=>3> A:;04C B0 V=B5=A82=>ABV >A2VB;5==O =0 

DC=:FV>=C20==O (%�; 

 282G8B8 2>4=89 @568< @>A;8= in vitro Carlina 2 7<V=5=8E C<>20E >A2VB;5==O; 

 4>A;V48B8 7<V=8 @>AB>28E ?0@0<5B@V2 @>A;8= in vitro =0 A5@54>28IV 4;O 

:C;ьB82C20==O  % 7 4>4020==O< @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC; 

 282G8B8 7<V=8 @>AB>28E ?0@0<5B@V2 @>A;8= in vitro 70 >4=>G0A=>3> 2?;82C 

5;5<5=B=>3> A:;04C A5@54>28I0 4;O :C;ьB82C20==O V 4>4020==O 

@53C;OB>@V2 / AB8<C;OB>@V2 @>ABC; 

 @>7@>18B8 ?V4E>48 4> ?V428I5==O 040?B82=>3> ?>B5=FV0;C @>A;8= @>4C 

Carlina in vitro. 

"1’є:B 4>A;V465==O: ?V428I5==O 68BBє740B=>BV @V4:VA=8E 284V2 @>A;8= 70 
:C;ьB82C20==O 2 C<>20E in vitro. 

#@54<5B 4>A;V465==O: >?B8<V70FVO ?0@0<5B@V2 :C;ьB82C20==O in vitro 

@>A;8= 284V2 @>4C Carlina 4;O 70157?5G5==O 5D5:B82=>3> ?5@51V3C 2 =8E 

DV7V>;>3VG=8E ?@>F5AV2  

 5B>48 4>A;V465==O: C 48A5@B0FVW 28:>@8AB0=> B5>@5B8G=V (0=0;V7, A8=B57, 
C7030;ь=5==O, A8AB5<0B870FVO), 1V><5B@8G=V, 1V>DV78G=V (V=4C:FVO D;C>@5AF5=FVW 

E;>@>DV;C), A?5:B@>D>B><5B@8G=V <5B>48 (4;O 287=0G5==O 2<VABC 

D>B>A8=B5B8G=8E ?V3<5=BV2, @CE><8E D>@< (>AD>@C, =VB@0B=>W B0 0<>=V9=>W 

D>@< !VB@>35=C 2 �@C=BV), <5B>48 :C;ьB82C20==O @>A;8==8E >19є:BV2 in vitro, 0 

B0:>6 AB0B8AB8G=V <5B>48 4;O 287=0G5==O 4>AB>2V@=>ABV @57C;ьB0BV2. 

�>A;V465==O ?@>2>48;8Aь C ?>;ь>28E C<>20E B0 2 ;01>@0B>@VW 5:>;>3VW B0 

1V>B5E=>;>3VW &!#'. 
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!0C:>20 =>287=0. 

ВC9DL9: 

 2V4V1@0=> :@8B5@VW-<0@:5@8 4;O >FV=:8 DC=:FV>=0;ь=>3> AB0=C @>A;8= 2 

C<>20E ?@8@>48; 

 ?>:070=>, I> 2@0EC20==O 540DVG=8E C<>2 @>ABC @>A;8= 7 WE ?@8@>4=8E 

;>:0;VB5BV2, 0 B0:>6 282G5==O >A>1;82>AB59 WE DV7V>;>3VW є >A=>2>N 4;O 

>?B8<V70FVW C<>2 :C;ьB82C20==O B0 ?V428I5==O 040?B82=>3> ?>B5=FV0;C 

@>A;8= in vitro; 

 ?V4V1@0=> C<>28 4;O >?B8<V70FVW :C;ьB82C20==O B0 2:>@V=5==O in vitro 

284V2 @>4C Carlina; 

 70?@>?>=>20=> AE5<C V=B53@0;ь=>3> ?V4E>4C 4> ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @>A;8= 284V2 @>4C Carlina in vitro. 

#@0:B8G=5 7=0G5==O >45@60=8E @57C;ьB0BV2. !0 >A=>2V 4>A;V465=ь 
2?;82C A2VB;>28E @568<V2 B0 5;5<5=B=>3> A:;04C 6828;ь=>3> A5@54>28I0 =0 

DV7V>;>3VG=V >A>1;82>ABV 2V4:0A=8:V2 @>7@>1;5=> A?>A>18 ?V428I5==O 

040?B82=>3> ?>B5=FV0;C @>A;8= I5 =0 5B0?V in vitro. $>7@>1;5=V ?V4E>48 <>6=0 

28:>@8AB0B8 O: 4;O ?>40;ьH>W 0:;V<0B870FVW @>A;8= 2V4:0A=8:V2 4> C<>2 ex vitro 

B0 in situ, B0: V C ?@8@>4>>E>@>==8E FV;OE 4;O ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @>A;8= V=H8E @V4:VA=8E 284V2 @>A;8=. 

"A>18AB89 2=5A>: 74>1C20G0. �8A5@B0FV9=0 @>1>B0 є A0<>ABV9=>N 
=0C:>2>N ?@0F5N. �A?V@0=B:0 A0<>ABV9=> >?@0Fь>2C20;0 B0 ?@>0=0;V7C20;0 

=0C:>2C ;VB5@0BC@C 70 B5<>N 48A5@B0FV9=>W @>1>B8, >2>;>4V;0 =5>1EV4=8<8 

<5B>48:0<8, ?@>2>48;0 ?>;ь>2V B0 ;01>@0B>@=V 4>A;V465==O, AB0B8AB8G=> 

>?@0Fь>2C20;0 40=V, >B@8<0=V @57C;ьB0B8 4>A;V465==O C7030;ь=N20;0, 

D>@<C;N20;0 28A=>2:8 B0 ?8A0;0 =0C:>2V AB0BBV.  

�>=F5?FVN @>1>B8, ?@>3@0<C V <5B>4>;>3VN 5:A?5@8<5=B0;ь=8E 

4>A;V465=ь, >A=>2=V ?>;>65==O, >B@8<0=V @57C;ьB0B8 V 28A=>2:8 @>1>B8 

>13>2>@5=V 48A5@B0=B>< A?V;ь=> 7 4.1.=. ?@>D. :0D54@8 7030;ь=>W 1V>;>3VW B0 

<5B>48:8 =02G0==O ?@8@>4=8G8E 48AF8?;V= �@8F0: �.$. B0 =0C:>28< :5@V2=8:>< 

4.1.=., ?@>D. �@>18: !. . 
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�8A;>2;Nє<> I8@C ?>4O:C 4>F5=BC :0D54@8 7030;ь=>W 1V>;>3VW B0 

<5B>48:8 =02G0==O ?@8@>4=8G8E 48AF8?;V= &!#' V<. �. �=0BN:0, :0=4840BC 

1V>;>3VG=8E =0C:  �. �. �5@FC 70 =040=V @5:><5=40FVW B0 <>6;82>ABV 70AB>AC20==O 

D;C>@><5B@0 Multispe Q.  

�?@>10FVO @57C;ьB0BV2 48A5@B0FVW. "A=>2=V ?>;>65==O 48A5@B0FV9=>W 
@>1>B8 ?@54AB02;5=V 02B>@>< V >13>2>@N20;8Aь =0 70AV40==OE :0D54@8 7030;ь=>W 

1V>;>3VW B0 <5B>48:8 =02G0==O ?@8@>4=8G8E 48AF8?;V= &!#' V<. �. �=0BN:0 

(202132025 @@.); �A5C:@0W=Aь:V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW, ?@8A2OG5=V9 

50-@VGGN :0D54@8 7030;ь=>W 1V>;>3VW B0 <5B>48:8 =02G0;ь=8E ?@8@>4=8G8E 

48AF8?;V= V 100-@VGGN 2V4 4=O =0@>465==O 4>:B>@0 1V>;>3VG=8E =0C:, ?@>D5A>@0 

,CAB0 �20=0 �0A8;ь>28G0 «&5@=>?V;ьAь:V 1V>;>3VG=V G8B0==O - Ternopil 

Bioscience» (2021 @., &5@=>?V;ь, ':@0W=0);  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 

:>=D5@5=FVW «&5@=>?V;ьAь:V 1V>;>3VG=V G8B0==O 4 Ternopil Bioscience 3 2024», 

(435 ;8AB>?040 2022 @., &5@=>?V;ь, ':@0W=0);  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 

:>=D5@5=FVW, ?@8A2OG5=V9 100-@VGGN 2V4 4=O =0@>465==O 2V4><>W 2G5=>W-1>B0=V:0, 

A8AB5<0B8:0 V D;>@8AB0, :0=4840B0 1V>;>3VG=8E =0C:, 4>F5=B0, 702V4C20G0 

:0D54@8 1>B0=V:8 ,8<0=Aь:>W �0;5=B8=8 "<5;O=V2=8 «&5@=>?V;ьAь:V 1V>;>3VG=V 

G8B0==O 3 Ternopil Bioscience 3 2023» (11313 B@02=O 2023 @. &5@=>?V;ь, ':@0W=0); 

XV���  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW «(0:B>@8 
5:A?5@8<5=B0;ь=>W 52>;NFVW >@30=V7<V2» (26329 25@5A=O 2023 @., �8W2, ':@0W=0); 

XIX  V6=0@>4=V9 =0C:>2V9 :>=D5@5=FVW ?@8A2OG5=>W 185-@VGGN :;VB8==>W B5>@VW, 

180-@VGGN 2V4 4=O =0@>465==O (@V4@VE0  VH5@0 B0 145-@VGGN 2V4 4=O 

=0@>465==O �./. .@9є20 «(0:B>@8 5:A?5@8<5=B0;ь=>W 52>;NFVW >@30=V7<V2» (263

29 25@5A=O 2024 @., &5@=>?V;ь, ':@0W=0); XV �9W74V ':@0W=Aь:>3> 1>B0=VG=>3> 

B>20@8AB20 (30 25@5A=O 3 4 6>2B=O 2024 @., �20=>-(@0=:V2Aь:, ':@0W=0); 

 V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW «&5@=>?V;ьAь:V 1V>;>3VG=V 

G8B0==O 4 Ternopil Bioscience 3 2024», (18319 :2VB=O 2024 @., &5@=>?V;ь, 

':@0W=0);  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW «&5@=>?V;ьAь:V 

1V>;>3VG=V G8B0==O 4 Ternopil Bioscience 3 2024», (132 B@02=O 2025 @., &5@=>?V;ь, 

':@0W=0). 
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#C1;V:0FVW. "A=>2=V ?>;>65==O 48A5@B0FV9=>W @>1>B8 28A2VB;5=V 2 14 

?C1;V:0FVOE, C B><C G8A;V: 6 ‒ C D0E>28E 2840==OE ':@0W=8 :0B53>@VW �; 7 3 B578 

4>?>2V459 =0 =0C:>28E :>=D5@5=FVOE; 1 3 =0 79W74V.  

"1AO3 V AB@C:BC@0 48A5@B0FVW. �8A5@B0FV9=C @>1>BC 28:;045=> =0 176 

AB>@V=:0E <0H8=>?8A=>3> B5:ABC, 2:;NG0NG8 9 B01;8Fь V 27 @8AC=:V2. �>=0 

A:;040єBьAO 7 C:@0W=><>2=>W B0 0=3;><>2=>W 0=>B0FV9, 2ABC?C, ?9OB8 @>74V;V2, 

C7030;ь=5==O @57C;ьB0BV2 4>A;V465==O, 28A=>2:V2, A?8A:C 28:>@8AB0=8E 465@5; 

=0C:>2>W ;VB5@0BC@8, I> =0@0E>2Cє 289 =09<5=C20=ь, B0 6 4>40B:V2. 
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$"���� � 
 

�!&��$��Ь!�� #��)�� �" ���+�!!/ ����� $"�' 
CARLINA L. � #$�$"�� &� � �'�Ь&'$� IN VITRO 

 

1.1. �V>5:>;>3VG=V >A>1;82>ABV B0 E>@>;>3VO  
 

#@8@>4=V C<>28 ':@0W=8 є A?@8OB;828<8 4;O @>ABC 48:>@>A;8E 284V2 

@>A;8= (+5@2>=0 :=830 ':@0W=8, 2009). �82G5==O @V4:VA=8E B0 C=V:0;ь=8E 

?@54AB02=8:V2 DVB>1V>B8, I> =0;560Bь 4> =5>FV=5==>3> 35=>D>=4C @>A;8==>3> 

A2VBC, 0 B0:>6 2>;>4VNBь 4>A;V4=8Fь:>N B0 ?@8:;04=>N 7=0GCIVABN, є 206;828< 

70240==O< Aь>3>45==O. &0:8<8 FV==8<8 4;O =0C:8 B0 ?@><8A;>2>ABV @>A;8=0<8 

є ?@54AB02=8:8 @>4C Carlina (�V:0@Aь:V @>A;8=8, 1992), O:V =0 B5@8B>@VW ':@0W=8 

@5?@575=B>20=V HVABь<0 2840<8, A5@54 O:8E =09?>H8@5=VHV: C. acaulis, 

C. vulgaris, C. onopordifolia, C. cirsioides, C. biebersteinii, C. taurica Klokov (,8O= 

!.  . B0 V=., 2010). 

C. acaulis @>AB5 C @V2=8==>-AC10;ь?V9Aь:><C ?>OAV Є2@>?8, I> 

7CAB@VG0єBьAO 2 3V@Aь:8E A8AB5<0E #V@5=5W2, %525==, .@8, �;ь?, �?5==V= V 

�0;:0= (ЄD@5<>20 ".". B0 V=., 2009; �V:0@Aь:V @>A;8=8, 1992; !5AB5@C: .. B0 V=., 

2003). *59 284 70DV:A>20=89 C <0965 2AVE @>A;8==8E 5:>A8AB5<0E ':@0W=Aь:8E 

�0@?0B. &@0?;OєBьAO C A5@54=ь>3V@Aь:8E ;VA0E V ;CG=8E 5:>A8AB5<0E 

AC10;ь?V9Aь:>W 7>=8 =0 28A>B0E 2V4 400 4> 1800 < =. @. <. &8?>289 4;O +>@=>3>@8, 

�5A:84V2, +82G8=, �>@30=, �@8=O2Aь:8E 3V@ B0 %284>2FO.  >65 @>AB8 >:@5<8<8 

>A>18=0<8, =525;8:8<8 3@C?0<8 01> @>7AVO=> ?> B5@8B>@VW. �CAB@VG0єBьAO 

?5@5206=> =0 ACE8E ;C:0E, 3V@Aь:8E AE8;0E V ;VA>28E 30;O28=0E C <560E ;VA>2>3> 

B0 AC10;ь?V9Aь:>3> ?>OAV2 (50031500 < =. @. <.) (%:>@>?;OA �. ". B0 V=., 2015). 

C. acaulis 70=5A5=89 4> >E>@>==8E A?8A:V2 B0 <0є >DVFV9=89 AB0BCA 2 

':@0W=V @53V>=0;ь=>-@V4:VA=>3> 284C, 0 B0:>6 70=5A5=89 G5@2>=>3> A?8A:C C 

#>;ьIV (Polska %. �. et al., 1993). $>AB5 2V4:0A=8: 157AB51;>289 =0 �0;:0=0E, 

�>;30@VW, C 3>@0E #V245==>W B0 *5=B@0;ь=>W Є2@>?8, %5@5475<=><>@9W. 

�CAB@VG0єBьAO 284 C. acaulis =0 20?=O:0E, A:5;OAB8E AE8;0E =0 28A>BV 400-2800 

<5B@V2 =04 @V2=5< <>@O (Meriem H. et al., 2017). %:>@>G5==O B5@8B>@VW @>ABC 
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28:;8:0=5 O: 2?;82>< ;N4Aь:>W 4VO;ь=>ABV (=04<V@=5 ?>H8@5==O @V7=>B@029O V 

G030@=8:V2, ?>A8;5=0 703>BV2;O ;V:0@Aь:>W A8@>28=8), B0: V 7<V=>N :;V<0B8G=8E 

C<>2 (%:>@>?;OA �. ".B0 V=., 2014). 

C. cirsioides 3 F5=B@0;ь=>є2@>?59Aь:89, 2C7ь:>0@50;ь=89, B@02'O=8AB89 

1030B>@VG=8:, 70=5A5=89 4> +5@2>=>W :=838 ':@0W=8 (B@5Bє 2840==O, 2009 @.) B0 

Є2@>?59Aь:>3> G5@2>=>3> A?8A:C (�025@CE0 �. �. B0 V=., 1989; �;>:>2  . �. B0 V=., 

1962; +5@=O: �.  , 2008; +5@2>=0 :=830 ':@0W=8, 2009; Bilz M. et al., 2011). �0 

<VAF5< 7@>AB0==O 2V4:0A=8: >A>B>?>4V1=89 є ;CG=>-AB5?>28<, C7;VA=8<, 

30;O28==8< 284><. �0 �@C=B>28<8 28<>30<8 ?@54AB02=8:8 C. cirsioides 

:0;ьF5DV;ь=V (?@8E8;ь=V 4> :0@1>=0B=8E �@C=BV2) B0 ?><V@=> 2>;>3>;N1=V 

@>A;8=8.  56V @>7?>2AN465==O ?@>ABO30NBьAO =0 45O:V @53V>=8 #>;ьIV, 

�>;8=>-#>4V;ьAь:C 28A>G8=C, ?V245==>-?>;VAь:C 7>=C. �;O C. cirsioides 

=5>1EV4=0 >E>@>=0 C 2AVE @53V>=0E @>ABC, 7>:@5<0, V 4;O =5I>402=> 28O2;5=>3> 

@>A;8==>3> C3@C?C20==O =0 3. �0@20=8FO (%:>@>?;OA �. "., 2015). 

-5 >4=VєN 4>A;V465=>N =0<8 3@C?>N FV==8E ;V:0@Aь:8E 5=45<VG=8E 284V2 

@>A;8= 1C;8 ?@54AB02=8:8 C. onopordifolia, O:V 70=5A5=V 4> +5@2>=>W :=838 

':@0W=8 B0 #>;ьIV, 0 B0:>6 4>40B:C � �5@=Aь:>W :>=25=FVW B0 Є2@>?59Aь:>3> 

+5@2>=>3> A?8A:C  %"# (�V=VG5=:> &. %. B0 V=., 2006.; �V4CE /. #, 2008; �V4CE 

/. #., 2003; 2014; Bilz M., 2011; Polska %. �., 1993). $>AB5 2V4:0A=8: 

B0B0@=8:>;8AB89 C ?V245==8E @53V>=0E #>;ьIV B0 є ?V4 703@>7>N ?>2=>3> 

7=8:=5==O. !0 C:@0W=Aь:8E B5@8B>@VOE 2V47=0G5=> 12 ;>:0;VB5BV2 @>ABC Fь>3> 

284C ( 5;ь=8: �. �., 2005), 0 B0:>6 537 <VAF57@>AB0=ь 1C;> 70DV:A>20=> =0 

 0;>?>;ьAь:V9 28A>G8=V (�;>:>2  . �., 1962; �025@CE0 �. �., 1981;  5;ь=8: �. 

�. B0 V=., 2005; %>1:> �. �., 2005). $>A;8==V C3@C?C20==O C. onopordifolia 

2V47=0G5=> =0 #>4V;;V B0 �>;8=Aь:V9 28A>G8=V. � >A=>2=><C, B5@8B>@VW @>ABC 

Fь>3> 284C 70DV:A>20=V 01> ?>70 <560<8 B5@8B>@V9, O:V ?>B@51CNBь >E>@>=8, 01> 

=0 ;>:0FVOE =87ь:>3> AB0BCAC 715@565==O 1V>@V7=><0=VBBO ( 5;ь=8: �. �., 2005). 

�=0;V7 =0C:>2>W ;VB5@0BC@8 A2V4G8Bь ?@> 5;V<V=0FVN ?>?C;OFV9 C <560E 

�10@07ь:>3> V �@5<5=5Fь:>3> @09>=V2 &5@=>?V;ьAь:>W >1;0ABV ( 5;ь=8: �. �., 

2005; Binkiewicz B., 2011; Polska %. �., 1993). ' 729O7:C 7 F8<, 206;82VHC @>;ь 

2V4V3@0є ?>?C;OFVO �5@560=Aь:>3> @09>=C, O:0 2V4=>A=> =5I>402=> 1C;0 
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V45=B8DV:>20=0 B0 <0є ?>B@51C 2 ?@>2545==V @53C;O@=>3> A?>AB5@565==O, 0 B0:>6 

2 >E>@>==><C AB0BCAV (#5B@V=0 $. "., 2013). #@8@>4>>E>@>==V 70E>48 є 

=5>1EV4=8<8 4;O :>6=>3> ;>:0;VB5BC 284C C. onopordifolia, 0;5 =5AB0G0 

4>A;V465=ь ?5@5H:>460є 5D5:B82=><C 2?@>20465==N 5:>70E8A=8E ?@>є:BV2 

(�025@CE0 �. �., 1981;  5;ь=8: �. �., 2005; Binkiewicz B., 2011;  Polska %. �., 

1993). 

�:>;>3VG=V B0 DVB>F5=>B8G=V E0@0:B5@8AB8:8 ?V245==8E, ?V245==>-70EV4=8E 

V ?V245==>-AEV4=8E AE8;V2 :@594O=8E 3V@ A?@8ONBь @>ABC C. onopordifolia. ' 

1V;ьH>ABV <VAFь 7@>AB0==O ?> 2AV9 >1;0ABV VA=C20==O ?>?C;OFVW 2V4:0A=8:0 

B0B0@=8:>;8AB>3> 2E>4OBь 4> A:;04C D>@<0FVW Cariceta humilis. #@>B5, 73V4=> 7 

4>A;V465==O<8 /. #. �V4CE0 (�V4CE /. #., 2003), 2:070=89 ?@54AB02=8: 

:0;ьF5DV;V2 2V440є ?5@5203C A5@V9=8< C3@C?>20==O< V7 Inula ensifolia, I> 28=8:;8 

G5@57 5@>7V9=C 483@5AVN ;C3>2>-AB5?>28E DVB>F5=>7V2 Cariceta humilis. � =01030B> 

<5=H>N G0AB>B>N C. onopordifolia 2E>48Bь 4> A:;04C @>A;8==>3> C3@C?C20==O 

Brizeta mediae (�025@CE0 �. �., 1981). "19є:B0<8 >E>@>=8 2V4:0A=8:0 

B0B0@=8:>;8AB>3> є 3>@0 %8?CE0, �8A0 3>@0 B0 ?@8@>4=89 ?0@: «#V2=VG=5 

#>4V;;O» (�ь2V2Aь:0 >1;0ABь), 0 B0:>6 =0 B5@8B>@VW �>;8Fь:>3> 1>B0=VG=>3> 

70:07=8:0 7030;ь=>45@602=>3> 7=0G5==O 2 &5@=>?V;ьAь:V9 >1;0ABV ( 5;ь=8: �. �., 

2014). 

C. acaulis 3 B@029O=8AB89 1030B>@VG=8: 7 :>@>B:8< AB51;><. �8AB:8 

3;81>:>@>7AVG5=V, 0;5 G0AB:8 =5 2V4>:@5<;5=V ?>2=VABN, 715@V30NG8 A?V;ь=C 

A5@54=N 68;:C. �2VB:8 C 283;O4V <0A82=8E ACF2VBь 4V0<5B@>< 4> 12 A<, O:V 

@>7B0H>20=V 2 F5=B@V ;8AB:>2>W @>75B:8. �8AB:>2V >13>@B:8 є =5A5<5B@8G=8<8: 

7>2=VH=O G0AB8=0 75;5=0 B0 ;8AB>284=0, A5@54=O G0AB8=0 >13>@B:8 B5<=>-1C@0, 7 

:>;NG:0<8, I> @>7E>4OBьAO 2 1>:8, 2=CB@VH=O G0AB8=0 >13>@B:8 =0304Cє 

?5;NAB:8, A2VB;>3> 7010@2;5==O 7 3;O=F52>N ?>25@E=5N. #>25@E=O :2VB:>;>60 

?>:@8B0 ?;V2G0AB8<8 ;CA:0<8. "A=>2=89 :>@V=ь A8;ь=> @>728=5=89, AO30є 1 < 

3;818=8. #;>48 3 >?CH5=V AV<9O=:8 7 ?5@8AB8< GC1:>< (ЄD@5<>20 ". "., 2009; 

 0=V2GC: .. �., 2007; +>?8: �. �., 1976). C. acaulis =5 CB2>@Nє 3@C?>28E 

=0A0465=ь, 78<CNGV 1@C=ь:8, O: V 2;0AB82> 35<V:@8?B>DVB0<, @>7B0H>20=V =0 

@V2=V �@C=BC 01> B@>E8 703;81;5=V, CB2>@Nє ;CA:8, I> >15@V30NBь @>A;8=C 2 
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?5@V>4 A?>:>N. !0AV==O Fь>3> 284C @>7?>2AN46CєBьAO O: 2VB@><, B0: V 70 

4>?><>3>N B20@8= ( 0=V2GC: .. �., 2007; +>?8: �. �., 1976).  

C. cirsioides є 1030B>@VG=8< ?>;V:0@?VG=8< 284><, 1@C=ь:8 2V4=>2;5==O 

O:>3> 7=0E>4OBьAO =0 @V2=V �@C=BC 01> B@>E8 703;81;5=V, I> 4>72>;Oє W< 

?5@56820B8 =5A?@8OB;82V C<>28 (�;>:>2  . �., 1962). � >A=>2=><C, ?>?C;OFVW =5 

709<0NBь 25;8:8E ?;>I. #@8G8=0<8 A:>@>G5==O ?>?C;OFVW є 0=B@>?>35==89 

2?;82 B0 48=0<VG=5 ?>3V@H5==O 5:>;>3VG=>W A8BC0FVW (�;>:>2  . �., 1962). *59 

284 @>AB5 =0 B5@8B>@VOE 7 45@=>2>-:0@1>=0B=8<8 �@C=B0<8, =0 20?=O:0E, 0 B0:>6 

709<0NBь 45@=>2>-?V47>;8ABV ;>:0FVW (%:>@>?;OA �. "., 2014). %B51;0 Fь>3> 284C є 

?>?0@=8<8 01> >48=>:8<8, 28A>B0 AO30є 50 A< 7 3CAB>N ;8AB:>2>N @>75B:>N, 7 

>4=8< :>H8:><. �8AB:>2V ?;0AB8=:8 ?V@G0AB>@>4V;5=V, :@0W ;8AB:>28E ;>?0B59 

7C1G0ABV, 7 :>;NG8<8 703>AB@5==O<8. (�;>:>2  . �., 1962). !0C:>2V ?C1;V:0FVW 

A2V4G0Bь, I> ?>?C;OFVO 2V4:0A=8:0 040?B>20=0 4> C<>2 AB5?>28E 4V;O=>:, <0є 

28A>:89 @V25=ь 5:>;>3VG=>W ABV9:>ABV, 0 C AB@C:BC@V ?>?C;OFVW 4><V=CNBь 

35=5@0B82=V B0 A5=V;ь=V >A>18=8, I> 2V4>1@060є WW AB01V;ь=89 @>728B>:. ' 

?>?C;OFVW 2V47=0G0єBьAO B5=45=FVO 4> 7=865==O :V;ь:>ABV V<0BC@=8E >A>18=, I> 

<>65 2?;820B8 =0 ?>40;ьHC 48=0<V:C 2V:>2>W AB@C:BC@8 ?>?C;OFVW. #@>5:B82=5 

?>:@8BBO B@02>AB>N 2?;820є =0 CA?VH=VABь ?5@5E>4C @>A;8= <V6 2V:>28<8 

AB04VO<8. �CAB89 B@02'O=89 ?>:@82 AB2>@Nє :>=:C@5=FVN, I> >1<56Cє 

286820=VABь V @>728B>: <>;>48E >A>18=. �0;0=A <V6 ?@535=5@0B82=8<8 B0 

35=5@0B82=8<8 >A>18=0<8 2:07Cє =0 AB01V;ь=VABь ?>?C;OFVW (%:>@>?;OA �. "., 

2014). 

�>A;V4=8:8 28AC20NBь @V7=V 4C<:8 I>4> 68BBє2>W D>@<8 2V4:0A=8:0 

>A>B>?>4V1=>3>. $>1>B8 �. �. %>1:0 B0  . �. �0?>=5=:0 (%>1:> �. �., 1996), 

A2V4G0Bь, I> C. cirsioides =0;568Bь 4> <>=>:0@?VG=8E 42>@VG=8:V2. �=HV 

4>A;V4=8:8, B0:V O: &. �. %0?>65=:>20, �. &. �5;5=GC:, &. �. �5;5=GC: B0 

�. �. %:@8=8:>2, V=B5@?@5BCNBь 2V4:0A=8:0 >A>B>?>4V1=>3> O: B@029O=8AB>3> 

?>;V:0@?VG=>3> 42>@VG=8:0 (%:>@>?;OA �. "., 2015). 

C. onopordifolia 3 <>=>:0@?VG=89 1030B>@VG=89 284 V7 AB@86=52>N 

:>@5=52>N A8AB5<>N, O:0 2:;NG0є G8A5;ь=V 1VG=V :>@5=V ?5@H>3> V 4@C3>3> 

?>@O4:C. %B51;> є 2:>@>G5=8<, 0 A0<0 @>A;8=0 C 283;O4V @>7;>3>W @>75B:8 V7 
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?@8:>@5=528E ;8AB:>28E ?;0AB8=>: 7 @>7<VI5=8< <0A82=8< :>H8:>< ?> 

A5@548=V. �8AB:>2V ?;0AB8=:8 @>7<V@>< 4> 30 A<, 6>@AB:V, ?5@8AB>@>7AVG5=V, 

5;V?A>284=V. %V<9O=:0 4>230AB0 70 D>@<>N, 7 GC1G8:><, 3CAB> 2:@8B0 2>;>A:0<8, 

AV@>3> :>;ь>@C (%:>@>?;OA �. "., 2015). �V4:0A=8: B0B0@=8:>;8AB89 

@>7<=>6CєBьAO 70 4>?><>3>N =0AV==O, D>@<C20==O O:>3> 70;568Bь 2V4 

:;V<0B8G=8E D0:B>@V2 (#>7=0=Aь:0 �., 1986). 

' ?>@V2=O==V 7 C. cirsioides B0 C. acaulis, C 2V4:0A=8:0 B0B0@=8:>;8AB>3> 

2V4ACB=V9 5B0? 2V4@>AB0==O :2VB:>=>A=8E ?03>=V2. #V4 G0A Fь>3> 5B0?C 

?@54AB02=8:8 C. onopordifolia 7=0G=> 7<V=NNBь A2V9 301VBCA. *2VB5 2V4:0A=8: 

B0B0@=8:>;8AB89 2 ;8?=V-A5@?=V, >A8?0==O AB83;>3> =0AV==O 2V41C20єBьAO C 

15@57=V-:2VB=V =0ABC?=>3> @>:C, 7=0G=> @V4H5 3 C 6>2B=V B>3> 6 @>:C. �:070=V 

E0@0:B5@8AB8:8 B0:>W A57>==>ABV 22060NBьAO 040?B82=>N @50:FVєN 4;O 

?V4B@8<0==O AB01V;ь=>ABV ?>?C;OFVW (�5;5=GC: &. �., 1986; #@>FV2 �.#., 2019). 

"FV=:0 2V:>2>W AB@C:BC@8 4>A;V465=8E ?>?C;OFV9 C Fь><C @53V>=V 28O28;0, I> 

7451V;ьH>3> 2>=8 є AB01V;ь=8<8 B0 E0@0:B5@87CNBьAO ;V2>1VG=8< @>7?>4V;>< 

>=B>35=5B8G=8E AB04V9. �0 68BBє2>N D>@<>N :;0A8DV:CєBьAO O: 35<V:@8?B>DVB. 

�030B>@VG=89 <>=VB>@8=3 284V2 C. acaulis, C  cirsioides, C. onopordifolia 2 

C<>20E ?@8@>48 4>72>;ONBь 287=0G8B8 4V0?07>= A57>==>3> @>728B:C B0 4V0?07>= 

:>;820=ь D5=>;>3VG=8E ?0@0<5B@V2 284V2 C :C;ьBC@V. �V4B0:, 4>A;V46C20=V 2848 

2V4=>AOBь 4> @>A;8= 7 B@820;8< ?5@V>4>< 2535B0FVW (4> 3 <VAOFV2), F2VBV==O O:8E 

?@8?040є =0 ;VB=V B0 >AV==V <VAOFV, I> 70;568Bь 2V4 :;V<0B8G=8E G8==8:V2. 

!0AV==O, O:5 ?>2=VABN 4>AB830є 2 ;8AB>?04V B0 2>;>4Vє 28A>:8< ABC?5=5< 

AE>6>ABV B0 5=5@3VW ?@>@>AB0==O, =5>1EV4=> 718@0B8 C 3@C4=V (ЄD@5<>20 ". "., 

2009). 

�VB5@0BC@=V 40=V 2:07CNBь =0 =5>1EV4=VABь 282G5==O =0AV==є2>W 

?@>4C:B82=>ABV @>A;8= ex situ, >A:V;ь:8 ABC?V=ь 740B=>ABV 4> 35=5@0B82=>3> 

@>7<=>65==O 2?;820є =0 CA?VH=VABь 22545==O 284V2 2 :C;ьBC@C. !0 ?@>@>AB0==O, 

O:5 2V41C20єBьAO 70 =0475<=8< B8?><, 2?;820є @O4 D0:B>@V2: B8? �@C=BC, 

:8A;>B=VABь, =0O2=VABь 4>ABC?=8E <0:@>- B0 <V:@>5;5<5=BV2, 3@0=C;><5B@8G=89 

A:;04, 0 B0:>6 :;V<0B8G=V C<>28 (ЄD@5<>20 ". "., 2009). 
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&0:8< G8=><, 0=0;VB8G=89 @>71V@ =0C:>2>W ;VB5@0BC@8 2:07Cє =0 B5, I> 

@5;V:B>2V 2848 @>4C Carlina є FV==8<8 @>A;8=0<8 4;O D0@<0FVW 7024O:8 2<VABC 

1V>;>3VG=> 0:B82=8E @5G>28=: V=C;V=C, A<>;8AB8E B0 4C18;ь=8E @5G>28=, FC:@V2, 

D;02>=>W4V2 (�V:0@Aь:V @>A;8=8, 1992; #>7=0=Aь:0 �., 1989; (54>@8H8= ".  ., 

2021). !530B82=V =0A;V4:8 ;N4Aь:>W 4VO;ь=>ABV B0 ?>3V@H5==O AB0=C 

=02:>;8H=ь>3> A5@54>28I0 7C<>28;8 A:>@>G5==O ?>?C;OFV9. #@54AB02=8:8 

284V2 C. Bnopordifolia B0 C. cirsioides є G5@2>=>:=86=8<8 B0 ?>B@51CNBь 70E8ABC 

2 :>6=><C ;>:0;VB5BV @>ABC. "FV=:0 >A>1;82>AB59 ?>H8@5==O, 0 B0:>6 AB@C:BC@8 

?>?C;OFVW є 206;828< 0A?5:B>< 4;O 715@565==O DVB>@V7=><0=VBBO. �030;><, 

282G5==O 1V>5:>;>3VG=8E E0@0:B5@8AB8: 2V4:0A=8:V2 7 ?@8@>4=8E <VAF57@>AB0=ь 

A2V4G8Bь ?@> B5, I> C. acaulis, C. cirsioides, C. onopordifolia є @>A;8=0<8 7 

H8@>:8< 5:>;>3>-DVB>F5=>B8G=8< 4V0?07>=><, I> 40є A?@8OB;8289 ?@>3=>7 4;O 

22545==O 2 :C;ьBC@C. 

  

1.2. (V78:>-EV<VG=V 2;0AB82>ABV ґ@C=BV2 V7 ?@8@>4=8E <VAFь @>ABC 
@>A;8= 4>A;V46C20=8E 284V2 

 

(V78G=V B0 EV<VG=V E0@0:B5@8AB8:8 �@C=BV2 є >4=8< V7 =09VAB>B=VH8E 

:@8B5@VW2, O:V 45B5@<V=CNBь WE O:VA=V 2;0AB82>ABV, 2?;820NBь =0 <>@D>;>3VN, 0 

B0:>6 @07>< 7 1V>B8G=8<8 :><?>=5=B0<8 287=0G0NBь @V25=ь @>4NG>ABV. 

&@0=AD>@<0FVW =02:>;8H=ь>3> A5@54>28I0 <>6CBь =530B82=> 2?;820B8 =0 

DV78:>-EV<VG=V ?0@0<5B@8 �@C=BV2. $048:0;ь=> ?5@5B2>@5=V ;N48=>N 5:>A8AB5<8 

@>710;0=A>2CNBь ?@8@>4=C @V2=>203C C �@C=B>2><C 1V>F5=>7V, I> 2V4>1@060єBьAO 

=0 68BBє4VO;ь=>ABV DVB>1V>B8, DC=:FV>=C20==V 5:>A8AB5< , 0 B0:>6 ABV9:>ABV 

@>A;8= 4> 2?;82C G8==8:V2 4>2:V;;O (#8;8?5=:> ". �., 1994; %28=:> �.  ., 1998; 

�02=89 �. �., 2012; #0=ь:V2 �. #., 2017).  

�>A;V46C20=V =0<8 ?@54AB02=8:8 284C C. 4caulis 7@>AB0NBь C �0@?0B0E B0 

#@8:0@?0BBV. �;O FVєW B5@8B>@VW E0@0:B5@=8< є =5>4=>@V4=VABь A:;04>28E 

�@C=B>2>3> ?@>DV;N. *5 >1C<>2;5=> ACBBє2>N =5>4=>@V4=VABN 

�@C=B>CB2>@NNG8E ?>@V4, @V7=>N 35>EV<VG=>N =0A8G5=VABN 35>;>3VG=8E 
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D>@<0FV9, =5@V2=><V@=8< 70;O30==O< 35>;>3VG=> >4=>B8?=8E ?>@V4 B0 VAB>B=>N 

0<?;VBC4>N 28A>B <VAF52>ABV (�02=89 �.�, 2012; #0=ь:V2 �. #., 2017).  

�;O 3V@Aь:>W G0AB8=8 ':@0W=Aь:8E �0@?0B 2;0AB825 ?5@52060==O 1C@8E 

3V@Aь:>-;VA>28E �@C=BV2 (1C@>75<V2). &0:>3> :>;ь>@C 2>=8 =01C20NBь 7024O:8 

2<VABC =5@>7G8==8E C 2>4V A?>;C: (5@C<C, 7>:@5<0, :><?;5:A=8E A?>;C: 70;V70 

B0 3C<V=>28E :8A;>B, O:V >AV40NBь =0 ?>25@E=N <V=5@0;ь=8E A:;04>28E �@C=BC 

(�=4@CI5=:> �.�., 1970).  

%CBBє28< 5:>;>3VG=8< G8==8:>< є :8A;>B=VABь �@C=B>2>3> @>7G8=C, I> 

2;820є =0 4>ABC?=VABь <V=5@0;ь=8E @5G>28=, 0 2V4B0: =0 ?@>F5A8 @>ABC B0 

@>728B:C @>A;8=. �AC2 ?>:07=8:0 @! :>@5;Nє 7 V=3V1C20==O< @>ABC DVB>1V>B8, ?@8 

G><C, B0:5 V=3V1C20==O C A5@54>28IV 7 ;C6=>N @50:FVєN є V=B5=A82=VH8<, =V6 C 

:8A;><C (�02=89 �. �., 2012). /: 707=0G0є #. %. #>3@51=O:, >A=>2=8< 

?0@0<5B@>< @>4NG>ABV �@C=BC є AC<0 04A>@1>20=8E >A=>2, 1> 2>=0 45<>=AB@Cє 

G8A;> :>;>W4V2 �@C=BC 3 >A=>2=8E G8==8:V2 �@C=B>2>W @>4NG>ABV, 0 4>40B:>28<8 

3 ?>B5=FV0; 04A>@1FVW B0 25;8G8=C @CE><8E D>@< $2"5 B0 �2" (#>3@51=O: #.%., 

1993). �3V4=> 7 4>A;V465==O<8 ". �. "@;>20, 28A>:89 2<VAB 3C<CAC C �@C=B0E 

�0@?0B A?@8G8=5=89 2?;820<8 =87ь:8E B5<?5@0BC@ B0 7=0G=>N :V;ь:VABN >?04V2, 

I> 2545 4> A?>2V;ь=5=>W B@0=AD>@<0FVW >@30=VG=8E @5HB>: ("@;>2 ". �., 2005). 

�06;828< ?>:07=8:>< 4;O @>ABC @>A;8= є 2>;>3VABь �@C=BC, O:0, 2 A2>N G5@3C, 

70;568Bь 2V4 @O4C :;V<0B8G=8E B0 540DVG=8E G8==8:V2. ' �@C=B>2><C ?@>DV;V 

25@E=V 3>@87>=B8 1V;ьH 2>;>3V, ?>@V2=O=> 7 =86=V<8. "4=0:, C ?5@V>48 7=0G=>3> 

28B@0G0==O 2>;>38 =0 ?@>F5A8 B@0=A?V@0FVW @>A;8=0<8 >4=>G0A=> 7 2V4ACB=VABN 

>?04V2, 2V41C20єBьAO 7=0G=5 7=865==O @V2=O 2>;>38 C 25@E=ь><C 3>@87>=BV �@C=BC 

B0 =04E>465==O WW V7 =86=VE O@CAV2 (�02=89 �. �., 2012). 

%CBBє2>N E0@0:B5@8AB8:>N 1C@>75<=8E �@C=BV2 ':@0W=Aь:8E �0@?0B є 

28A>:89 ABC?V=ь I515=N20B>ABV �@C=B>2>3> ?@>DV;N. �5@E=V O@CA8 35=5B8G=8E 

3>@87>=BV2 28:>=CNBь 70E8A=C DC=:FVN, >A:V;ь:8 70?>1V30NBь 0:B82=><C 

28<820==N B0 7=8I5==N �@C=BV2 ?V4 G0A <0A>2>3> B0=5==O A=V3C, 0 B0:>6 

V=B5=A82=8E >?04V2. &0: 720=89 «70E8A=89 ?0=F8@» A?@8Oє >?B8<0;ь=><C 

2>4=><C B0 ?>2VB@O=><C @568<C �@C=BV2, =02VBь C 28?04:C 206:>W 

3@0=C;><5B@8G=>W AB@C:BC@8. -51V=ь B0 E@OI 25@E=ь>3> O@CAC �@C=BC є 
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465@5;>< B0:8E 1V>;>3VG=> 206;828E EV<VG=8E 5;5<5=BV2, O: �0;ьFV9,  03=V9, 

�0;V9, (>AD>@), :>B@V B@0=AD>@<CNBьAO C 4>ABC?=C 4;O 70A2>є==O @>A;8=0<8 

D>@<C, I> 70157?5GCє 28A>:C B@>D=VABь �@C=BV2 (�0@0==8: �. �., 2015). 

&0:8< G8=><, 2V47=0G0єBьAO 70:>=><V@=VABь, I> 2=0A;V4>: V=B5=A82=>3> 

28B>?BC20==O B0 7<VHC20==O �@C=B>28E O@CAV2, 25@E=V 35=5B8G=V 3>@87>=B8 

70;8H0NBьAO 157 «70E8A=>3> ?0=F8@O», I> @>18Bь 7<V=5=V ;N4Aь:>N 4VO;ь=VABN 

1C@>75<8 2@07;828<8 4> 2>4=>W 5@>7VW (�0@0==8: �. �., 2015). 

�@0=C;><5B@8G=89 A:;04 �@C=BV2 є 2V4>1@065==O< �5=57C 

�@C=B>CB2>@N20;ь=8E ?>@V4, 0 B0:>6 2:07Cє =0 25:B>@ 7<V= F8E ?>@V4 ?V4 G0A 

�@C=B>CB2>@5==O. %0<5 3@0=C;><5B@8G=8E A:;04 >1C<>2;Nє DV78G=V B0 EV<VG=V 

2;0AB82>ABV �@C=BV2, 9>3> ?>2VB@O=89 B0 2>4=89 @568<, 287=0G0є AB@C:BC@=V @V2=V 

>@30=V70FVW B25@4>W D078, 0 B0:>6 2V4V3@0є 206;82C @>;ь C D>@<C20==V <V:@>- 

<0:@>AB@C:BC@8 �@C=BC. �0 :@8B5@Vє< 3@0=C;><5B@8G=>3> A:;04C 3V@Aь:>-;CG=V 

1C@>75<8 =0;560Bь 4> A5@54=ь>- B0 206:>AC3;8=:>2>3> A:;04C (�0@0==8: �. �., 

2015). 

�06;82>N >A>1;82VABN 3@0=C;><5B@8G=>3> A:;04C є VAB>B=89 2<VAB 

D@0:FV9 4@V1=>3> ?VA:C (19,41-45,43 %) C 25@E=ь><C �-3>@87>=BV 7 ?>5B0?=8< 

7@>AB0==O< 70 ?@>DV;5< 2=87 4> �@C=B>CB2>@N20;ь=>W ?>@>48, B0 VAB>B=8< 

2<VAB>< :0B53>@VW 4@V1=>3> ?8;C (16,49-27,08 %) B0 ?>A;V4>2=8< 7=865==O< 2=87 

?> ?@>DV;N (�0@0==8: �. �., 2015). 

�0 ;VB5@0BC@=8<8 465@5;0<8 287=0G5=>, I> ACBBє28E 7<V= 2=0A;V4>: 

;N4Aь:>W 4VO;ь=>ABV C B25@4V9 D07V 1C@>75<V2 =5 70DV:A>20=>, >A:V;ь:8 VAB>B=8E 

B@0=AD>@<0FV9 C @>7?>4V;V 5;5<5=B0@=8E �@C=B>28E G0AB8=>: =5 1C;> 2V47=0G5=> 

(�0@0==8: �. �., 2015). 

-V;ь=VABь 1C4>28 35=5B8G=8E 3>@87>=BV2 0=B@>?>35==> 7<V=5=>3> �@C=BC 

7=0G=> 28I0, I> 7C<>2;5=> @C9=C20==O< 9>3> AB@C:BC@8 B0 B@0=AD>@<0FVєN WW 

D>@<. *5 =0:>?8GC20;ь=5 A:C?G5==O 03@530BV2 є =0A;V4:>< 4>23>B@820;>3> 

28B>?BC20==O B>2IV �@C=BC. �AB>B=>N >A>1;82VABN B5E=>35==>3> �@C=BC є 

:><?0:B870FVO �@C=B>2>W B>2IV, 70 O:>W 2V47=0G0єBьAO 7<5=H5==O 7030;ь=>W 

?>@8AB>ABV (�0@0==8: �. �., 2015). 
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�0 :@8B5@VO<8 >FV=:8 AB@C:BC@=>3> AB0=C �@C=B8 ':@0W=Aь:8E �0@?0B 

2>;>4VNBь 704>2V;ь=8< AB@C:BC@=8< AB0=>< C 25@E=ь><C 3>@87>=BV. &0:>6 

206;82>N >A>1;82VABN AB@C:BC@8 �@C=BC є 2>4>B@82:VABь, O:0 2V4>1@060єBьAO 

2;0AB82VABN AB@C:BC@=8E 03@530BV2 5D5:B82=> ?@>B84VOB8 @C9=CNGV9 A8;V 2>48. 

%BV9:VABь �@C=B>28E A:;04>28E 70;568Bь 2V4 =0O2=>ABV <V=5@0;ь=8E B0 

=5>@30=VG=8E :>;>W4V2, I> >1C<>2;Nє 7F5<5=BC20==O 3@0=C;><5B@8G=8E 

5;5<5=BV2 (�0@0==8: �. �., 2015). 

&0:8< G8=><, 1C4>20 3V@Aь:>-;CG=8E 1C@>75<V2, 45 @>ABCBь 2848 

C. cirsioides B0 C. acaulis, є IV;ь=>N, I> VAB>B=> 206;82> 4;O :0B53>@VW �@C=BV2 

?@><82=>3> B8?C 2>4=>3> @568<C. #V4 G0A D>@<C20==O ?@>DV;N �@C=BC C 

35=5B8G=8E 3>@87>=B0E D>@<CєBьAO IV;ь=0, OA:@02> 28@065=0 75@=8AB0, 

4@V1=>3>@VEC20B0, 2>4>B@82:0 AB@C:BC@0. �=0;V7 =0C:>2>W ;VB5@0BC@8 2:07Cє =0 B5, 

I> ;N4Aь:0 4VO;ь=VABь A?@8G8=Oє 45AB@C:FVN FV==8E 4;O 03@>=><VW 03@530BV2 B0 

A:C?G5==O 4@V1=8E :><?>=5=BV2 4> ?@87<>284=8E 03@530BV2 (�0@0==8: �. �., 

2015). 

�>:0;VB5B>< 7@>AB0==O ?@54AB02=8:V2 284V2 C. onopordifolia B0 C. cirsioides 

є �>;8Fь:89 1>B0=VG=89 70:07=8:, O:89 @>7B0H>20=89 C �5@560=Aь:><C @09>=V 

&5@=>?V;ьAь:>W >1;0ABV (�0@=0  .  ., 1997; �VA>20 !. "., 2008). ' 35>;>3VG=><C 

0A?5:BV ?;>I0 70:07=8:0 @>7<VICєBьAO =0 B5@8B>@VW �>;8=>-#>4V;ьAь:>W ?;8B8 

(�>3CFь:89 �. �., 1963; �>=40@GC: �. �. 1959). 

!0 ?>25@E=V �@C=B>2>3> ?>:@82C �>;8Fь:>3> 1>B0=VG=>3> 70:07=8:0 

?5@52060є G>@=>75< =53;81>:89 A;01>7<8B89 :0@1>=0B=89. !0 25@H8=V 3>@8 

�>;8FO ;>:0;V7CNBьAO AV@V >?V47>;5=V A5@54=ь> 7<8BV �@C=B8 C :><?;5:AV V7 

A8;ь=>7<8B8<8. &5@8B>@VO 709<0є ?;>IC 8,6 30. *V �@C=B8 =0;560Bь 4> A5@54=VE 

B0 =86=VE A8;ь=>A?048AB8E AE8;V2 3>@1V2. !0A8G5=VABь �@C=BC 3C<CA>< B0 

?>682=8<8 @5G>28=0<8 =54>AB0B=O, >A:V;ь:8 3C<CA>289 3>@87>=B 28<8B89, 0 

@>4NGVABь =87ь:0 B0 =57=0G=0 ( 0@B8=5=:> �."., 2010.).  

�@C=B8 �>;8Fь:>3> 1>B0=VG=>3> 70:07=8:0 E0@0:B5@87CNBьAO B0:8< 

45AB@C:B82=8< ?@>F5A>< O: 5@>7VO. �:>;>3VG=8<8 G8==8:0<8, :>B@V 

45B5@<V=CNBь V=B5=A82=VABь 5@>782=8E ?@>F5AV2 є @5;ьєD=V E0@0:B5@8AB8:8 B0 

:;V<0B8G=V D0:B>@8 ( 0@B8=5=:> �."., 2010). 
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�=0;V7 =0C:>2>W ;VB5@0BC@8 2:07Cє =0 28A>:C 70:8A;5=VABь 4>A;V4=8E 

3@C=BV2, =87ь:C G0AB:C 2 =8E 3C<CAC B0 07>BC, I> >1C<>2;NNBь @V25=ь @>4NG>ABV 

�@C=BV2. *5 70157?5GCєBьAO 7024O:8 =0O2=>ABV <V=5@0;ь=8E A:;04>28E @>4NG>ABV 

3 $2"5 B0 �2". �V47=0G5=> B0:>6 V 7=0G=C G0AB:C ?VA:V2 B0 :0;ьF8DV:0FVN, I>, 

7451V;ьH>3>, 28:;8:0=V :0@1>=0B0<8 V =57=0G=>N <V@>N AC;ьD0B0<8. �<VAB 

@5G>28= 1>@C B0 <03=VN, O: =5>1EV4=8E 4;O @>ABC @>A;8= <V:@>5;5<5=BV2, є 

4>A8Bь =87ь:8<. -> AB>ACєBьAO 3@C?8 <5B0;V2, B> G0AB:0 6>4=>W 7 WE :0B53>@V9 =5 

?5@528ICє ���. ' A?V22V4=>H5==V EV<VG=8E 5;5<5=BV2 ?5@52060NBь A?>;C:8 

<5B0;V2 3 :>10;ьBC, <0@30=FN, 70;V70.  

� >A=>2=><C 70 2:@09 =87ь:8E ?>B5=FV9=8E <>6;82>ABOE �@C=BV2 C ?;0=V 

@>4NG>ABV, WE FV==VABь 4;O 68BBє4VO;ь=>ABV DVB>1V>B8 45B5@<V=CєBьAO 

:><?;5:A>< <V=5@0;ь=8E @5G>28= 7 4><V=C20==O< B0:8E :><?>=5=BV2 @>4NG>ABV 

O: (>AD>@ B0 �0;V9, 0 B0:>6 2<VAB>< 1V>;>3VG=> >?B8<0;ь=8E :>=F5=B@0FV9 

<5B0;V2 O: <V:@>5;5<5=BV2 A5@54>28I0 4;O :C;ьB82C20==O @>A;8= 

( 0@B8=5=:> �."., 2010). 

 

1.3. #@>1;5<8 >B@8<0==O 6828E :>;5:FV9 @>A;8= @V4:VA=8E 284V2 2 
C<>20E in vitro  

 

1.3.1. #@>1;5<8 V ?V4E>48 22545==O 2 :C;ьBC@C in vitro @>A;8= 

 

�8=0<V:0 A:>@>G5==O DVB>@V7=><0=VBBO є 3;>10;ь=>N ?@>1;5<>N, >A:V;ь:8 

7<V=0 :;V<0BC B0 0=B@>?>35==89 D0:B>@ A?@8G8=Oє 5;V<V=0FVN ?>?C;OFV9 B0 

A:>@>G5==O 35=>D>=4C FV==8E @>A;8= (Grout B.W., 1990; Hammer K. et al., 2003; 

Coates D.J., 2007). #>=04 90 % 35=5B8G=>3> @V7=><0=VBBO A:;040NBь 48:>@>A;V 

2848 @>A;8= (Hammer K et al., 2003; Fernie A.R. et al., 2006; Westwood M.N., 1989), 

:>B@V 7402=0 28:>@8AB>2C20;8Aь O: 465@5;> 1V>;>3VG=> 0:B82=8E A?>;C: B0 

?>:@0I5==O O:>ABV :C;ьBC@=8E @>A;8= 7024O:8 A5;5:FVW (Heywood V. et al., 2007; 

Fernie A.R., 2006; Towill L.E., 1989). �8:>@8AB0==O <5B>4V2 1V>B5E=>;>3VW  

4>72>;Oє O: 715@V30B8 FV==89 @>A;8==89 <0B5@V0; 2 :C;ьBC@V in vitro, B0: V 

70157?5G8B8 A8@>28=>N D0@<0F52B8G=C ?@><8A;>2VABь (�5;>:C@>20 �.�., 2010). 

�0AB>AC20==O <5B>4C :C;ьB82C20==O in vitro <0є 7=0G=V ?5@52038 C ?>@V2=O==V V7 
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<5B>40<8 715@565==O @>A;8==>3> <0B5@V0;C 2 C<>20E 2V4:@8B>3> �@C=BC, 

7>:@5<0, 2V4ACB=VABь 2?;82C 5:>;>3VG=8E D0:B>@V2, 70?>1V30==O 4VW H:V4=8:V2 B0 

DVB>?0B>35=V2, <V:@>:;>=C20==O @>A;8= V7 70B@C4=5=8< 35=5@0B82=8< 

@>7<=>65==O<, 715@V30==O @>A;8= ?@>BO3>< B@820;>3> G0AC, 70E8AB 2V4 

3@81:>28E, 2V@CA=8E B0 10:B5@V0;ь=8E E2>@>1, 28:>@8AB0==O =525;8:8E 70 

?;>I5N (Kuckuck H. et al., 1991; Westwood M.N., 1989; Towill L.E, 1989; 

 5;ь=8GC:  .�., 2003; Engelmann F., 1997; Veramendi J. et al., 1998). �;O 

28@VH5==O 3;>10;ь=8E 5:>;>3VG=8E 70240=ь D>@<CNBьAO 1V>B5E=>;>3VG=V 

:>;5:FVW, <5B>N O:8E є 715@V30==O B0 @5V=B@>4C:FVO FV==8E ;V:0@Aь:8E 284V2 

@>A;8= (#>430єFь:89 �.�. B0 V=., 2018). 

�=0;V7 ;VB5@0BC@=8E 465@5; A2V4G8Bь, I> :C;ьB82C20==O @>A;8= in vitro 

70157?5GCє >B@8<0==O 7 <V=V<0;ь=>3> >1AO3C 4>=>@Aь:8E @>A;8= 7=0G=C :V;ь:VABь 

A0481=>3> <0B5@V0;C 704;O 715@565==O 35=>D>=4C @V4:VA=8E @>A;8= 

(#>430єFь:89 �.�. B0 V=., 2018; Paek K.Y., 1996). 

$57C;ьB0B82=VABь ?@>F5AC 715@565==O DVB>@V7=><0=VBBO <5B>40<8 

1V>B5E=>;>3VW 70;568Bь 2V4 1030Bь>E G8==8:V2. �8:>@8AB0=V B5E=>;>3VW =5 <0NBь 

A?@8G8=OB8 =5>1>@>B=V B@0=AD>@<0FVW G8 45AB@C:B82=V 7<V=8 @>A;8==8E B:0=8= 

B0, 2>4=>G0A, ?>28==V 715@V30B8 ?>B5=FV0; I>4> ?>25@=5==O 4> 728G09=8E 

?@>F5AV2 @>ABC B0 >1<V=C @5G>28= 7 28A>:8<8 :V;ь:VA=8<8 ?0@0<5B@0<8; 

B5E=>;>3VO <0є 1CB8 0?@>1>20=>N, 0 70B@0B8 ?>28==V 1CB8 28?@0240=8<8 (Benson 

E.E, 1988). 

�<5VD 9>EC?4AFG. �D5:B82=VABь 22545==O @>A;8==>3> <0B5@V0;C 2 :C;ьBC@C 

in vitro 287=0G0єBьAO 2V41>@>< >?B8<0;ь=>3> 5:A?;0=BC, <5B>48:8 AB5@8;V70FVW, 

A:;04C A5@54>28I0 4;O :C;ьB82C20==O, 0 B0:>6 A2VB;>2>3> B0 B5<?5@0BC@=>3> 

@568<V2 28@>IC20==O (Withers L., 2002; Withers L., 1981; Pence V.C., 2002). 

�06;828< 0A?5:B>< 715@565==O @V4:VA=8E B0 7=8:0NG8E 284V2 @>A;8= є 

A?5F8DVG=VABь ?>B@51 C A:;04V A5@54>28I0 4;O :C;ьB82C20==O, 2V4B0:, 28=8:0є 

?>B@510 2 9>3> >?B8<V70FVW (Sarasan V., 2006). 

!5>1EV4=>N C<>2>N 4>1>@C 5:A?;0=BV2 є WE 35=5B8G=0 V45=B8G=VABь, B><C 

1C4ь-O:V A?04:>2V 2V4E8;5==O є =5?@8?CAB8<8<8 (#>430єFь:89 �.�. B0 V=., 2018). 

#V85VD EF9D<?V;GNKB7B 479AF4. %0<5 2V4 CA?VH=>ABV 7=570@065==O 
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70;568Bь <>6;82VABь ?>40;ьH>3> :C;ьB82C20==O 2 0A5?B8G=8E C<>20E (Pence 

V.C., 2002; #>430єFь:89 �.�. B0 V=., 2018). #@8 Fь><C, B:0=8=8 2=CB@VH=ь>3> 

A5@54>28I0 @>A;8==8E >@30=V7<V2 22060єBьAO 22060NBьAO AB5@8;ь=8<8 

(�>=>=CG5=:> �. �., 2002). !09G0ABVH5 O: 5:?;0=B8 4;O 22545==O 2 :C;ьBC@C 

28:>@8AB>2CNBь =0AV==O (#>430єFь:89 �.�. B0 V=., 1989). 

�@8B5@VO<8 2V41>@C AB5@8;V7CNG>3> 035=B0 є 7 >4=>3> 1>:C 28A>:0 

GCB;82VABь 4> =ь>3> 2AVєW <V:@>1V>B8, 0 7 V=H>3> 3 <V=V<0;ь=89 ?>H:>46CNG89 

2?;82 =0 @>A;8==V B:0=8=8. 

#5@>:A84 2>4=N 3 >:8A=8:, O:89 28:>@8AB>2CNBь 4;O AB5@8;V70FVW 

@>A;8==>3> <0B5@V0;C. �06;828< ?>78B82=8< 0A?5:B>< 9>3> 70AB>AC20==O C 

1V>B5E=>;>3VW є B5, I> ?VA;O 45:>=B0<V=0FVW 5:?;0=B8 =5 ?>B@51CNBь B@820;>3> 

?@><820==O 2>4>N (#>430єFь:89 �.�. B0 V=., 2018;  0F:528G. �.�., 2010; 

 0F:528G. �.�., 2013).  

� <5B>N ?>25@E=52>W 45:>=B0<V=0FVW =5 28:>@8AB>2CNBь 0=B81V>B8:8, 

>A:V;ь:8 2>=8 <0NBь 284>A?5F8DVG=VABь 4VW. !8<8 4>?>2=NNBь A5@54>28I5 4;O 

:C;ьB82C20==O 4;O :C;ьB82C20==O C B><C 28?04:C, :>;8 ?>25@E=525 

7=570@065==O є =54>AB0B=ь> 5D5:B82=8< G5@57 3;81HC ;>:0;V70FVN V=D5:FVW, 

=0?@8:;04, 10:B5@VO<8-5=4>DVB0<8 (Hollis J.P., 1951). ' Fь><C 28?04:C 

<V:@>>@30=V7<8 <>6CBь 28O2;OB8Aь =5 >4@07C, 0 ?>B@0?;ONBь C @>A;8==V 

@535=5@0=B8 B0 ?>H8@NNBьAO ?V4 G0A <V:@>:;>=0;ь=>3> @>7<=>65==O (Stead D., 

1999; Pereira J.E.S., 2003). 

ІAFB>E<>4JVO 6FBD<AA<@< @9F45B?VF4@<. "4=VєN 7 >A=>2=8E ?@>1;5< ?V4 

G0A ?5@52545==O @>A;8= 7 A5@54>28I0 in vivo 2 C<>28 in vitro є V=B>:A8:0FVO 

5:A?;0=BV2 D5=>;ь=8<8 A?>;C:0<8, :>B@V <0NBь ?@83=VGC20;ь=89 2?;82 =0 WE 

?>40;ьH89 @VAB B0 @>728B>: (Benson E.E., 1990; �>AB8=0 �.  ., 2009). *V 

@5G>28=8 284V;ONBьAO @>A;8=0<8 O: @50:FVO =0 AB@5A>2V 2?;828, =0?@8:;04, 

<5E0=VG=5 ?>H:>465==O (�C@GV9 �."., 2002; #>;5IC: %.�., 1998; �CH=V@ �. #., 

2005; %:@8?G5=:> !. �., 2009). 

#@>1;5<C A0<>>B@Cє==O D5=>;0<8 in vitro <>6=0 28@VH8B8 H;OE>< 

4>4020==O 4> A5@54>28I0 4;O :C;ьB82C20==O @V7=><0=VB=8E @5G>28=, =0?@8:;04, 

?V428I5==O< :>=F5=B@0FVW 3;VF8=C (';8=5Fь �.�., 2009;  0F:528G �.�., 2009; 
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#>?:>20 �.�., 1999). �;O =59B@0;V70FVW 284V;5=8E D5=>;V2 @5:><5=4CNBь 

(�CH=V@ �. #., 2005; Compton M. E., 1999; Compton M. E., 2001; Miyazaki J., 2010; 

Benson E.E., 1990; Kozai T., 1991) 4>?>2=N20B8 A5@54>28I5 4;O :C;ьB82C20==O 

0:B82>20=8< 2C3V;;O< C :>=F5=B@0FVW 1-2 3/;, 0A:>@1V=>2>N B0 ;8<>==>N 

:8A;>B0<8. �030;><, 5D5:B82=8< A?>A>1>< C=8:=5==O =530B82=>W 4VW D5=>;V2 є 

G0AB5 ?5@5A046C20==O <V:@>:;>=V2 (#>430єFь:89 �.�. B0 V=., 2018). #@8 Fь><C 

=5>1EV4=> 2@0E>2C20B8 ?>B@518 V A?5F8DV:C :>6=>3> 284C ( 0F:528G �.�., 2010). 

�5O:V 4>A;V4=8:8 4>2>4OBь, I> 0:B820B>@>< A8=B57C D5=>;V2 in vitro ?V4 G0A 

682FN20==O @>A;8= є 4><V=C20==O F8B>:V=V=V2 =04 0C:A8=0<8 (#>430єFь:89 

�.�. B0 V=., 2018; �C=0E �.�., 2005).  

�>BDVA9AAO. !0ABC?=8< 5B0?>< ?VA;O CA?VH=>3> 22545==O 284V2 2 :C;ьBC@C 

in vitro є V=VFV0FVO CB2>@5==O ?03>=V2 B0 2;0A=5 <V:@>:;>=0;ь=5 @>7<=>65==O. �;O 

1030Bь>E 7=8:0NG8E 284V2 @>A;8= 28=8:0NBь B@C4=>IV ?V4 G0A <V:@>=0;ь=>3> 

@>7<=>65==O B0 2:>@V=5==O. � <5B>N >?B8<V70FVW ?@>F5AC :;>=0;ь=>3> 

<V:@>@>7<=>65==O 70AB>A>2CNBь <>48DV:>20=V A5@54>28I0 4;O :C;ьB82C20==O, 

O:V 4>?>2=NNBь @V7=8<8 :>=F5=B@0FVO<8 @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC, 

:><1V=CNBь V7 @V7=8<8 ?@5?0@0B0<8, O:V 287=0G0NBьAO A?5F8DVG=8<8 

1V>;>3VG=8<8 ?>B@510<8 284V2 @>A;8= (Sarasan V., 2006; Egorova N.,2004; Ivanova 

N., 2002).   

�9A9F<KAV @GF4JVW. �0@B> 707=0G8B8, I> 70 B@820;>3> :C;ьB82C20==O 

<>6;825 7=865==O 01> ?>2=0 2B@0B0 <>@D>35=5B8G=>3> ?>B5=FV0;C :C;ьBC@8 

(Hiraoka N., 1984), 0 B0:>6 ?V428I5==O 9<>2V@=>ABV 35=5B8G=8E 7<V= (Hiraoka N., 

1984). ":@V< Fь>3>, =5 28:;NG5=89 @878: 2B@0B8 <0B5@V0;C 2=0A;V4>: ;N4Aь:>3> 

D0:B>@C G8 V=DV:C20==O ?V4 G0A AC1:C;ьB82C20==O (Mantell S.H., 1985; Joy R.W., 

1991; Grout B.W., 1990; Williams R.R., 1987; Bessembinder J.J.E., 1993; Golmirzaie 

A., 1997; Deng R., 1993). &><C :C;ьB82C20==O 2 C<>20E in vitro ?5@5410G0є 

>@30=V70FVN <V=V<0;ь=>3> 2B@CG0==O ?5@A>=0;C  

�>?V@4F<;4JVO 8B G@B6 6V8>D<FB7B ґDGAFG. #@8AB>AC20==O @>A;8==>3> 

<0B5@V0;C 4> C<>2 28@>IC20==O ex vitro є 7025@H0;ь=>N AB04VєN 

<V:@>:;>=0;ь=>3> @>7<=>65==O. %CG0A=V =0C:>2V 4>A;V465==O @>73;O40NBь 

?@>F5A 0:;V<0B870FVW @>A;8=-@535=5@0=BV2 4> ?@8@>4=>3> A5@54>28I0 O: 
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A0<>ABV9=89 5B0? <>@D>35=57C (�CH=V@ �. #., 2005; �@83>@N: 2004; Dubrovnaya 

O.V., 2003). 

$>A;8=8 2 C<>20E :C;ьBC@8 in vitro 70 AB01V;ь=>3> B5<?5@0BC@=>3> @568<C 

B0 2>;>3>ABV ?>2VB@O D>@<CNBь B>=:5 AB51;>, =525;8:V ;8AB:>2V ?;0AB8=:8 B0 

A;01>@>728=5=V :>@5=V. � ;01>@0B>@=8E C<>20E ?@83=VGCєBьAO 02B>B@>D=5 

682;5==O, 0 35B5@>B@>D=5, =02?0:8, 7024O:8 =0O2=>ABV FC:@>78 2 A5@54>28IV 3 

?5@52060є (#>430єFь:89 �.�. B0 V=., 2018).  

#V4 G0A <V:@>:;>=0;ь=>3> @>7<=>65==O @>A;8==89 <0B5@V0; in vitro 

?>B@V1=> ?V43>BC20B8 4> B@0=AD>@<0FVW =0 02B>B@>D=89 B8? 682;5==O ?@8 

?5@5A04FV C AC1AB@0B (&0@0= ". #., 2011; Weiss D., 2007). �>@V=3 #. (Wareing P.F., 

1978) C A2>W 4>A;V465==OE 707=0G0є, I> ��� ?>B@V1=0 4;O ?V4B@8<:8 

=>@<0;ь=>3> 2>4>>1<V=C V 70?>1V30==O =04<V@=8E 28B@0B 2>;>38. #>5B0?=5 

7=52>4=5==O ?03>=V2 A?@8G8=Oє 71V;ьH5==O ��� 2 :>@5=52V9 A8AB5<V 

(Mitrychenko A., 1998). 

�>A;V465==O E0@0:B5@8AB8: @V7=8E 284V2 @>A;8= 2 C<>20E ?@8@>48, 

1>B0=VG=8E :>;5:FVOE B0 ;01>@0B>@VOE є 107>N 4;O @>7@>1:8 1V>B5E=>;>3VG=8E 

<5B>4V2 WE :C;ьB82C20==O 7 ?>40;ьH>N 0:;V<0B870FVєN 4> C<>2 ex vitro. $>A;8=8 

@V7=8E B0:A>=V2 45<>=AB@CNBь @V7=89 ABC?V=ь B>B8?>B5=B=>ABV =0 :;VB8==><C 

@V2=V B0 740B=VABN 4> @535=5@0FVW. *5 7C<>2;Nє ?>B@51C 2 48D5@5=FV9>20=><C 

?V4E>4V 4> @>7@>1:8 <5B>48: <V:@>:;>=0;ь=>3> @>7<=>65==O ( >;:0=>20 ". �., 

2016).   

 

1.3.2. %B@C:BC@=>-DC=:FV>=0;ь=V 7<V=8 @>A;8= 2 C<>20E in vitro  

 

'<>28 :C;ьB82C20==O in vitro A?5F8DVG=> 2?;820NBь =0 <>@D>-

DC=:FV>=0;ь=89 AB0= @>A;8==>3> <0B5@V0;C. !572060NG8 =0 2AV 7CA8;;O, 

5:A?5@8<5=B0B>@ =5 <>65 ?>2=VABN 2V4B2>@8B8 ?@8@>4=V C<>28 C HBCG=><C 

A5@54>28IV. *5 ?>29O70=> 7 B8<, I> ?@8@>4=V 5:>A8AB5<8 A:;040NBьAO 7 

=04728G09=> A:;04=8E V 270є<>?>29O70=8E D0:B>@V2 3 DV78G=8E, EV<VG=8E, 

1V>;>3VG=8E, :;V<0B8G=8E B>I>. !02VBь =09ACG0A=VHV ;01>@0B>@VW B0 B5E=>;>3VW =5 

<>6CBь V450;ь=> ?>2B>@8B8 2AV FV C<>28. *5 2:;NG0є 2AV D0:B>@8 @>ABC: 
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A2VB;>289 B0 B5<?5@0BC@=89 @568<8, 2>;>3VABь ?>2VB@O, 9>3> A:;04 V B.?. ,;OE>< 

5:A?5@8<5=B0;ь=>3> ?V41>@C A?5:B@0;ь=>3> A:;04C A2VB;0 є <>6;82VABь 

<0:A8<0;ь=> =01;878B8 9>3> 4> 1V>;>3VG=8E ?>B@51 284V2 (#>430єFь:89 �.�. B0 

V=., 2018; Pospíšilová J. et al., 1999). 

�>A;V465==O @>A;8= 2 C<>20E in vitro ?>G8=0єBьAO 7 >?B8<V70FVW A:;04C 

2V4?>2V4=>3> A5@54>28I0 4;O :C;ьB82C20==O. ' 729O7:C 7 F8< :>=F5=B@0FVO 

A5@54>28I0, ?V4V1@0=>3> 4;O 45O:8E 284V2 @>A;8=, <>65 VAB>B=> 2V4@V7=OB8Aь 2V4 

B8?>28E, O:V 1C;8 =0?5@54>4=V 70?@>?>=>20=V 4>A;V4=8:0<8. �>:@5<0, F5 2<VAB 

0<>=V9=>W B0 =VB@0B=>W D>@< !VB@>35=C, 2C3;52>4V2, 2VB0<V=V2, 1V>;>3VG=> 

0:B82=8E A?>;C: B0 @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC.  

$>A;8=8, 28@>I5=V in vitro, =5 <0NBь ?>B@518 @>72820B8 ?>2=>FV==C 

:>@5=52C A8AB5<C. #@8G8=0 Fь>3> ?>;O30є 2 B><C, I> :>@V==O @>7<VICєBьAO 2 

HBCG=8E A5@54>28I0E 4;O :C;ьB82C20==O, O:V <VABOBь ;53:>4>ABC?=C 2>;>3C B0 

=5>1EV4=V 5;5<5=B8 682;5==O (!86=8: &.#., 2001). !54>AB0B=V9 @>728B>: 

:>@5=52>W A8AB5<8 :C;ьB82>20=8E in vitro @>A;8= є >4=VєN 7 :;NG>28E ?@>1;5< 

=0 5B0?V ?>AB0A5?B8G=>W 0:;V<0B870FVW. *V @>A;8=8 206:> 040?BCNBьAO =0 AB04VW 

in vitro - in vivo ?V4 G0A ?5@5=5A5==O WE 2 C<>28 2V4:@8B>3> �@C=BC.  

%:;04 ?>2VB@O 2 C<>20E in vitro VAB>B=> 2V4@V7=OєBьAO 2V4 ?@8@>4=>3>. �65 

=0 5B0?V 22545==O <0B5@V0;C 2 :C;ьBC@C 2V= 707=0є 7<V=. $>A;8=8 ?>ABV9=> 

707=0NBь =5AB0GV 2C3;5:8A;>3> 307C, =5>1EV4=>3> 4;O ?@>F5AC D>B>A8=B57C 

(Boonsuebsakul W., 1992; De Proft, 1985). "A:V;ь:8 2C3;5:8A;>3> 307C, I> 

284V;OєBьAO @>A;8=0<8 ?V4 G0A 48E0==O, =54>AB0B=ь> 4;O WE=ь>3> @>ABC, >4=8< V7 

<>6;828E @VH5=ь є 4>4020==O CO¢ C ?@>1V@:>2C :C;ьBC@C. "4=0: G5@57 ?>B@51C 

2 4>B@8<0==V AB5@8;ь=>ABV B0 V=HV B5E=VG=V >1<565==O F59 <5B>4 @0=VH5 =5 =01C2 

H8@>:>3> 70AB>AC20==O (#>430єFь:89 �.�. B0 V=., 2018). �>4=>G0A >?@0Fь>20=V 

;VB5@0BC@=V 465@5;0 A2V4G0Bь ?@> B5, I> ?V428I5==O :>=F5=B@0FVW 2C3;5:8A;>3> 

307C =5 <0є ?>78B82=>3> 2?;82C =0 V=B5=A82=VABь D>B>A8=B57C C @>A;8= G5@2>=>W 

<0;8=8 in vitro ("@0710520 �.�., 2012).  

 >48DV:0FVW C @>A;8= 2 :>=B@>;ь>20=8E C<>20E 28:;8:0NBь 2B@0BC 

740B=>ABV @CE0B8 @V48=8 G5@57 :;VB8=8 :A8;5<8. "A=>2=89 >19є< 2>48 @>A;8=8 C 

?@>1V@:0E >B@8<CNBь 157?>A5@54=ь> 7 ?>2VB@O, =0A8G5=>3> 2>;>3>N, 0 B0:>6 
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G5@57 A8<?;0AB=89 B@0=A?>@B. %0<5 F8< @>A;8=8 in vitro ACBBє2> 2V4@V7=ONBьAO 

2V4 in vivo. ' 7=0G=>W G0AB8=8 :C;ьBC@8 2V4<VG0єBьAO ?>O20 <V:@>:;>=0;ь=> 

@>7<=>65=8E @>A;8= V7 >7=0:0<8 3V?5@3V4@0B0FVW, B0:>6 2V4><>W O: 2VB@8DV:0FVO 

01> A:;O=V==O. 

%5@54 >A=>2=8E DV78:>-EV<VG=8E D0:B>@V2, O:V 2?;820NBь =0 

<V:@>:;>=0;ь=5 @>7<=>65==O, 28>:@5<;NNBь A2VB;>289, B5<?5@0BC@=89 @568<8 

B0 5;5<5=B=89 A:;04 A5@54>28I0 4;O :C;ьB82C20==O (#>430єFь:89 �.�. B0 V=., 

2018). "A2VB;5==O 3 F5 >48= 7 =09ACBBє2VH8E G8==8:V2, O:V <0NBь 2?;82 =0 @VAB V 

@>728B>: (�;0A5=:>  ..., 2006;  CAVє=:>  . ., 2005; �@8F0: �.$., 2018). 

":@V< DV78G=8E G8==8:V2, 7=0G=C 5D5:B82=VABь <0NBь @V7=><0=VB=V 

DV7V>;>3VG=> 0:B82=V A?>;C:8 3 V=4C:B>@8, I> @53C;NNBь @VAB, <5B01>;V7< V 

D>@<>B2>@5==O, AB8<C;NNG8 01> ?@83=VGCNG8 2V4?>2V4=V ?@>F5A8 (#>430єFь:89 

�.�. B0 V=., 2018). �;O :C;ьB82C20==O @>A;8==>3> <0B5@V0;C 2 C<>20E in vitro 

70AB>A>2CNBь 3>@<>=8 4;O AB8<C;OFVW @>AB>28E ?@>F5AV2, 0 A0<5: 0C:A8=8, 

F8B>:V=V=8, 3V15@5;V=8 ( 0F:528G �.�., 2010). %0<5 2V4:@8BBO F8B>:V=V=V2 40;> 

?>HB>2E 4> AB@V<:>3> @>728B:C :C;ьB82C20==O @>A;8==>3> <0B5@V0;C in vitro 

( 0F:528G �.�., 2010; �C=0E �.�, 2005). �;O 0:B820FVW @>7<=>65==O @>A;8==8E 

>19є:BV2 in vitro A5@54>28I5 4;O :C;ьB82C20==O 4>?>2=NNBь O: 0C:A8=0<8, B0: V 

F8B>:V=V=0<8 ( 0F:528G �.�., 2010;  5;ь=8GC:, 2003; �;0A5=:>  ..., 2006). 

!5AB0G0 V=H8E 5;5<5=BV2, B0:8E O: (>AD>@ V �0;V9, A?@8G8=Oє D>@<C20==O 

;8AB:>28E ?;0AB8=>: B5<=>-75;5=>3> :>;ь>@C V7 G5@2>=8< 06 4> DV>;5B>2>3> 

2V4BV=:C C =86=ь><C O@CAV (�09=03V9 �. �., 1993). #@> =54>AB0B=є 70A2>є==O 

�0;ьFVN A2V4G0Bь <0;V 70 @>7<V@0<8 ;8AB>G:8 25@E=ь>3> O@CAC 1;V4>-75;5=>3> 

:>;ь>@C, O:V 73>4>< 2V4<8@0NBь (�09=03V9 �. �., 1993). +5@57 2B@0BC 25@EV2:>2>3> 

4><V=C20==O 2V41C20єBьAO @>7@>AB0==O 1VG=8E ?03>=V2, 25@EV2:8 O:8E B0:>6 

73>4>< 2V4<8@0NBь. !0>G=8< ?@>O2>< 45DVF8BC 70;V70 C @535=5@0=BV2 1C;8 4@V1=V 

B0 1;V4>-75;5=V ;8AB:8 =0 25@EV2FV, 0 B0:>6 E;>@>B8G=V ?;O<8 =0 =86=ь><C O@CAV. 

�1V;ьH5=89 242VGV 2<VAB 70;V70 A?@8G8=O;0 DVB>B>:A8G=VABь, I> 28@060;>AO C 

2VB@8DV:0FVW >:@5<8E >@30=V2 C 45O:8E @535=5@0=BV2. 
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1.3.3. "A>1;82>ABV >B@8<0==O 0A5?B8G=8E @>A;8= 284V2 @>4C Carlina B0 

WE <V:@>:;>=0;ь=5 @>7<=>65==O  
 

�V>;>3VG=0 @V7=><0=VB=VABь є 70?>@C:>N 5:>;>3VG=>W @V2=>2038, B><C 

>E>@>=0 @V4:VA=8E 284V2 <0є ?5@H>G5@3>25 7=0G5==O. /: ?@0:B8G=C, B0: V =0C:>2C 

7=0G8<VABь <0NBь @5;V:B>2V 2848 B0 5=45<V:8, I> =0;560Bь 4> C=V:0;ь=>3> 

35=>D>=4C 48:>@>A;8E @>A;8= (ЄD@5<>20 ". ". B0 V=., 2009). 

%CG0A=0 D0@<0:>;>3VO 7=0G=>N <V@>N A?8@0єBьAO =0 @>A;8==V A?>;C:8, I> 

<VABOBьAO C 1V;ьH =V6 B@5B8=V ;V:0@Aь:8E 70A>1V2. #@>B5 =04<V@=89 71V@ 

?@8@>4=>W ;V:0@Aь:>W A8@>28=8 B0 0=B@>?>35==V G8==8:8 A?@8ONBь A:>@>G5==N 

0@50;C WW ?>H8@5==O.  5B>4 :C;ьBC@8 :;VB8= V B:0=8= є 0;ьB5@=0B82=8< 

A?>A>1>< >B@8<0==O ;V:0@Aь:8E @>A;8=. �V= <0є =87:C ?5@5203 C ?>@V2=O==V O: 7V 

71>@>< A8@>28=8 2 ?@8@>4V, B0: V 7 WW :C;ьB82C20==O< C ?>;ь>28E C<>20E (#5B@V=0 

$.". B0 V=.., 2013).  5B>4 :C;ьB82C20==O in vitro 40є 7<>3C :>=B@>;N20B8 @>AB>2V 

?@>F5A8 :;VB8= @>A;8= B0 0:C<C;OFVN =8<8 1V>;>3VG=> 0:B82=8E @5G>28=, 

H;OE>< >?B8<V70FVW A2VB;>2>3>, B5<?5@0BC@=>3> B0 2>4=>3> @568<V2, 0 B0:>6 

710;0=AC20==O< EV<VG=>3> A:;04C A5@54>28I0 4;O :C;ьB82C20==O (�>=5G=0 $. &. 

B0 V=., 2015). 

�?@>20465==O @>A;8= @>4C Carlina C :C;ьBC@C in vitro 2V4:@820є 

<>6;82VABь 157?5@5@2=>3> >B@8<0==O @>A;8==>3> <0B5@V0;C, I> <>65 A;C3C20B8 

465@5;>< 1V>;>3VG=> 0:B82=8E A?>;C:. !0C:>20 ;VB5@0BC@0 <VAB8Bь 4C65 <0;> 

V=D>@<0FVW ?@> V=B@>4C:FVN 2 :C;ьBC@C in vitro 284V2 C. onopordifolia, 

C. cirsioides, C. acaulis, O:V 7@>AB0NBь =0 �0E>4V ':@0W=8 (Trejgell A., 2009; 

(54>@8H8= ". ., 2020; Trejgell A., 2007; Trejgell A., 2009; Trejgell A., 2011). 

�V4B0:, 28@>AB0==O 1V>B5E=>;>3VG=8E <5B>4V2 704;O 715@565==O 35=>D>=4C 

?@54AB02=8:V2 @>4C Carlina O: 0;ьB5@=0B82=>3> 465@5;0 ��$ 4;O <548F8=8 B0 

D0@<0FVW є 206;828< 70240==O< ACG0A=>W =0C:8 (Strzemski M., 2019; Dordevic S., 

2012). 

%ь>3>4=V 2 :C;ьBC@V in vitro 715@V30єBьAO 7=0G=0 :V;ь:VABь 5=45<VG=8E 284V2 

@>A;8=, 7>:@5<0, V ;V:0@Aь:8E. *59 ?V4EV4 2V4:@820є ?5@A?5:B828 4;O @>7@>1:8 

@>A;8==8E A>@BV2, >G8I5=8E 2V4 2V@CA=8E V=D5:FV9. �82G5==O <5B>4V2 
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V=B@>4C:FVW @>A;8= 2 C<>28 :C;ьBC@8 74V9A=NєBьAO 2 !V:VBAь:><C 1>B0=VG=><C 

A04C, �=V?@>?5B@>2Aь:><C B0 '63>@>4Aь:><C C=V25@A8B5B0E, 0 B0:>6 C =87FV 

=0C:>28E V >A2VB=VE 70:;04V2 ':@0W=8 B0 V=H8E :@0W= (#5B@V=0 $. ". &  0A=N: /. 

&.,  2008; Kumlehn J.1997; Wardle K., 1983; &CA8: ". !., 2011; �5;5=GC: &. �., 

1987) A2V4G8Bь, I> 2 C<>20E ?@8@>48 2848 @>4C Carlina @>7<=>6CNBьAO 70 

4>?><>3>N =0AV==O 157 3;81>:>3> DV7V>;>3VG=>3> A?>:>N. �8A>:0 AE>6VABь 

=0AV==O 2V4:0A=8:V2 A?@8Oє WE=ь><C ?@8@>4=><C 2V4=>2;5==N B0 5D5:B82=><C 

:C;ьB82C20==N 2 C<>20E in vitro. �=0;V7 ;VB5@0BC@=8E 465@5; I>4> 48=0<V:8 

AE>6>ABV =0AV==O A2V4G8Bь ?@> 72>@>B=C 70;56=VABь: 7 ?>4>265==O< G0AC 

715@V30==O =0AV==є2>3> <0B5@V0;C 2AVE 284V2 @>4C Carlina 2 C<>20E ;01>@0B>@VW 

9>3> AE>6VABь ?>ABC?>2> ?>3V@HCєBьAO (ЄD@5<>20 ". "., 2009). #>;ьAь:V 

4>A;V4=8:8 282G0;8 >A>1;82>ABV ?@>F5AC 2:>@V=5==O ?@54AB02=8:V2 @>4C Carlina 

70 C<>2 :C;ьB82C20==O in vitro (Trejgell A. 2009). �;O 2:>@V=5==O @>A;8= 

2V4:0A=8:0 157AB51;>2>3> =0C:>2FV 70AB>A>2C20;8 A5@54>28I0 4;O 

:C;ьB82C20==O  % B0  %/2 7 4>4020==O< @53C;OB>@V2 @>ABC, 7>:@5<0, 0C:A8=V2 

(�"�, � �, !"�). #V4 G0A ?@>2545==O 5:A?5@8<5=BV2 1C;> 287=0G5=> 2V4A>B>: 

CB2>@5==O :>@5=V2, O:89 A:;0402 1V;ьH5 50 %. �;O V=H8E 284V2, 7>:@5<0, 

%. cirsioides B0 %. onopordifoli4, 70AB>AC20==O A5@54>28I 4;O :C;ьB82C20==O  % 

B0  %/2, 4>?>2=5=8E 0C:A8=0<8, ?>:07=8:8 2:>@V=5==O 1C;8 =01030B> =86G8<8 

(�@025Fь !. �., 2016). �C;> 79OA>20=>, I> >1@>1:0 @>7G8=>< � � C @V7=8E 

:>=F5=B@0FVOE =0 AB04VW AB5@8;V70FVW ?V428IC20;0 2V4A>B>: 2:>@V=5==O C 

%. onopordifoli4 4> 52,7 3 84,8 % (Trejgell A., 2011). 

�=0G=C :V;ь:VABь ?C1;V:0FV9 ?@8A2OG5=> 22545==N 2 :C;ьBC@C in vitro 

@53V>=0;ь=>-@V4:VA=>3> 284C C.  acaulis (#>1V3CH:0 ". $., 2013; Trejgell A., 2009; 

Trejgell A., 2009; Trejgell A., 2011). "A=>2=8<8 @57C;ьB0B0<8 4>A;V4V2 1C;0 @>7@>1:0 

B5E=>;>3VW >B@8<0==O 5:A?;0=BV2 (#>1V3CH:0 ". $., 2013). �5AOB845==V ?@>@>AB:8 

28@>IC20;8 7 28:>@8AB0==O< A5@54>28I0 4;O :C;ьB82C20==O, O:5 4>?>2=N20;8 

@V7=8<8 :><1V=0FVO<8 F8B>:V=V=V2: ��#, �V=, �50 2 ?>є4=0==V 7 !"�. !0928I0 

5D5:B82=VABь >@30=>35=57C A?>AB5@V30;0Aь =0 A5@54>28IV 4;O :C;ьB82C20==O, 

4>?>2=5=><C 13.3 <:  ��#, ?@8 G><C 70 B0:8E C<>2 G0AB>B0 >@30=>35=57C A:;040;0 

100 %. ' Fь><C 28?04:C A5@54=O :V;ь:VABь ?03>=V2 =0 >48= 6825Fь AB0=>28;0 7,5 , 
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V=B5=A82=VABь 2V4B2>@5==O 2 ?9OB8 0=0;V7>20=8E AC1:C;ьBC@0E 1C;0 =0 @V2=V 6,1. 

�>268=0 1@C=ь:8 2 :C;ьBC@V =0 A5@54>28IV 4;O :C;ьB82C20==O 7 ��# 1C;0 <5=H>N, 

=V6 =0 A5@54>28I0E 4;O :C;ьB82C20==O V7 �V= 01> �50. #@>@>AB:8 D>@<C20;8AO 7 

G0AB>B>N 60 % C ?@>1V@FV =0 A5@54>28IV 4;O :C;ьB82C20==O  % B0 55,3 % 2 C<>20E 

ex vitro. �0AB>AC20==O A5@54>28I0 4;O :C;ьB82C20==O  % V7 =0?>;>28=C 7=865=8< 

2<VAB>< <0:@>- B0 <V:@>5;5<5=BV2 A?@8O;> @87>35=57C. �>?>2=5==O 0C:A8=0<8 

A5@54>28I0 4;O :C;ьB82C20==O V=VFVNє @VAB :>@5=V2 C 4>268=C B0 CB2>@5==O 1VG=8E 

:>@5=V2, >4=0:, 70 C<>28 9>3> 4>4020==O 4> ?>2=>FV==>3> A5@54>28I0 4;O 

:C;ьB82C20==O  %.  V:@>:;>=0;ь=> @>7<=>65=V @>A;8=8 70F2VB0;8 B0 D>@<C20;8 

68BBє740B=5 =0AV==O (#5B@V=0 $."., 2015).  

�030;><, =0 Aь>3>4=V :C;ьB82C20==O in vitro є >4=8< V7 =09?5@A?5:B82=VH8E 

<5B>4V2 :C;ьB82C20==O 284V2 @>4C Carlina. �;O CA?VH=>W V=B@>4C:FVW @>A;8=, 

:C;ьB82>20=8E in vitro, =0 5B0?V 0:;V<0B870FVW =5>1EV4=> 2@0E>2C20B8 >?B8<0;ь=V 

<>@D><5B@8G=V B0 DV7V>;>3VG=V ?0@0<5B@8. *5 4>?><>65 <V=V<V7C20B8 2?;82 

AB@5A>28E D0:B>@V2 V ?>:@0I8B8 040?B0FVN @>A;8= ?V4 G0A ?5@5=5A5==O 7 C<>2 in 

vitro 4> ex situ. 

 

1.4. %CG0A=V ?V4E>48 4> 2V4=>2;5==O <>@D>-DV7V>;>3VG=>3> AB0=C 
@>A;8= 2 C<>20E in vitro   

 

' @535=5@0FVW @>A;8= in vitro, ?>@O4 7 B0:8<8 2=CB@VH=V<8 5;5<5=B0<8, O: 

35=>B8?, B8? 5:A?;0=B0BC, 5B0?8 :C;ьB82C20==O, @53C;OB>@8 / AB8<C;OB>@8 @>ABC 

A;V4 2@0E>2C20B8 D0:B>@8, O: B5<?5@0BC@0, 2>;>3VABь V A2VB;>289 @568< (Bidabadi 

S.S., 2020; Miguel J.F., 2020). !0<8 1C;> ?@>0=0;V7>20=> ;VB5@0BC@=V 465@5;0 

I>4> >?B8<V70FVW A2VB;>2>3> @568<C B0 :><?>=5=BV2 A5@54>28I0 4;O 

:C;ьB82C20==O @>A;8= in vitro. 

 

1.4.1. �?;82 A2VB;>2>3> @568<C =0 @VAB @>A;8= 2 C<>20E in vitro  

 

%2VB;> є =5 BV;ь:8 206;828< D0:B>@>< =02:>;8H=ь>3> A5@54>28I0, O:5 

A;C68Bь >A=>2=8< 465@5;>< 5=5@3VW 4;O D>B>A8=B57C, 0;5 B0:>6 2V4V3@0є 
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:@8B8G=C @>;ь C AB8<C;N20==V B0 @53C;N20==V @>728B:C @>A;8= (Tobin E.M., 

1985; Mawphlang OI, 2017; Simpson J, 1990; Toscano, S., 2021). "A2VB;5==O 

<>4C;Nє @V7=V 0A?5:B8 1V>;>3VW @>A;8=, I> >E>?;NNBь 040?B82=V @50:FVW, 

@53C;NNBь :;NG>2V ?5@5E>48 @>728B:C (?@>@>AB0==O =0AV==O, ?>G0B>: 

@5?@>4C:B82=>W D078, V 70?@>3@0<>20=5 AB0@V==O B:0=8=), V <>4C;NNGV :;VB8==V 

?@>F5A8 (=0?@8:;04, @CE E;>@>?;0ABV2 V @53C;OFVO ?@>48EV2) (Miguel JF. 2020; 

Galvão VC, 2015; Llorente B, 2016; Wang H, 2003; Meng Y., 2013; Takemiya A, 

2013). $>A;8=8 28O2;ONBь V @503CNBь =0 @V7=V E0@0:B5@8AB8:8 A2VB;0, =0?@8:;04 

9>3> O:VABь (A?5:B@0;ь=89 A:;04), V=B5=A82=VABь, =0?@O<>: V B@820;VABь 

(2:;NG0NG8 D>B>?5@V>4), O:V є 28@VH0;ь=8<8 4;O >?B8<V70FVW @>ABC V @>728B:C 

?@>BO3>< CAь>3> 68BBє2>3> F8:;C (Chory J., 1997; Batschauer A., 1998; Heijde M, 

2012; Fiorucci A.S., 2017). ' :>=B@>;ь>20=8E A8AB5<0E in vitro A2VB;> 2V4V3@0є =5 

<5=H 206;82C @>;ь. ' @>A;8= in vitro 2V4 A?5:B@0;ь=>3> A:;04C A2VB;0 70;560Bь 

?@>F5A8 5:A?@5AVW 35=V2, <>@D>;>3VO >@30=V2 V 48D5@5=FV0FVO (Fiorucci A.S., 2017). 

"?B8<0;ь=V 28<>38 4> >A2VB;5==O 70;560Bь 2V4 284C, D078 @>728B:C B0 

01V>B8G=8E D0:B>@V2, B0:8<8 O: =0O2=VABь ?>682=8E @5G>28=, B5<?5@0BC@0 B0 

2<VAB 2C3;5:8A;>3> 307C (Dou H., 2020), O:V 2?;820NBь @535=5@0FVN @>A;8= in 

vitro, A><0B8G=89 5<1@V>35=57 V >@30=>35=57. �?;82 A2VB;0 =0 ?52=89 284 <>65 

1CB8 @V7=8< =0 @V7=V >@30=8 01> =02VBь :;VB8=8, I> 70;568Bь 2V4 AB04VW @>728B:C 

(Fiorucci A.S., 2017). 

!0?@8:;04, C A0460=FOE 0@01V4>?A8AC ?@81;87=> >4=0 B@5B8=0 є 

@53C;ь>20=8<8 A2VB;>< 35=0<8, ?@8G><C 60% <0NBь 0:B82=C @53C;OFVN B0 40% 

<0NBь =87ь:C @53C;OFVN, ?V4:@5A;NNG8 A:;04=VABь V 206;82VABь @>;V A2VB;0 2 

@0==V9 @>728B>: @>A;8= (Miguel J.F., 2020; , Ma L., 2001; Hao Y.J., 2003).  

&><C >?B8<V70FVO C<>2 >A2VB;5==O є 206;82>N 4;O ?>:@0I5==O 

5D5:B82=>ABV A8AB5< @535=5@0FVW in vitro, ?@>F5AV2 A><0B8G=>3> 5<1@V>35=57C B0 

>@30=>35=57C, I> <0є 28@VH0;ь=5 7=0G5==O 4;O ?V428I5==O ?@>4C:B82=>ABV 

@>A;8=. 

"4=0: 2?;82 A2VB;0 =0 @535=5@0FVN 70;560Bь 2V4 1030Bь>E G8==8:V2 (Ikeuchi 

M, 2016; Malik M.R., 2008), I> CA:;04=Nє 2AB0=>2;5==O C=V25@A0;ь=8E 

@5:><5=40FV9 I>4> C<>2 >A2VB;5==O, =03>;>HCNG8 =0 =5>1EV4=>ABV >?B8<V70FVW 
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4;O :>=:@5B=>3> 28?04:C. $>A;8=8 <0NBь 28@065=C 35=><=C ?;0AB8G=VABь, I> 

4>72>;Oє W< ?5@5?@>3@0<C20B8 :;VB8=8 B0 5:A?@5AC20B8 B>B8?>B5=B=VABь 01> 

?;N@8?>B5=B=VABь (Malik M.R., 2008).  

%2VB;> (A?5:B@0;ь=0 O:VABь, ?>BV: D>B>=V2 B0 D>B>?5@V>4) є >4=8< V7 

G8==8:V2, I> 45B5@<V=Cє DV7V>;>3VG=V ?@>F5A8 @V7=8E 284V2 @>A;8= in vitro 

(Hughes, 1981, Gupta, 2013). �>=> є 206;828< 4;O @V7=8E DV7V>;>3VG=8E ?@>F5AV2 

C @>A;8=, B0:8E O: D>B>A8=B57, 2?;820є =0 @VAB V @>728B>:, 0 B0:>6 =0 <>@D>35=57 

(Gupta, 2013). 

�65@5;0<8 A2VB;0, O:V 70728G09 28:>@8AB>2CNBьAO 4;O :C;ьB82C20==O in 

vitro, є B@C1G0ABV ;N<V=5AF5=B=V ;0<?8 (��). �� 28?@><V=NNBь A2VB;> H8@>:>3> 

A?5:B@C 2V4 350 4> 750  =<, O:5 <VAB8Bь =87ь:>O:VA=V 4>268=8 E28;ь, =5?>B@V1=V 

4;O AB8<C;N20==O @>ABC (Kim et al., 2004). %2VB;>4V>48 (LED) є ?>B5=FV9=8< 

0;ьB5@=0B82=8< 465@5;>< A2VB;0 4;O :C;ьB82C20==O in vitro 7024O:8 A2>W9 

A?5F8DVG=>ABV I>4> 4>268= E28;ь B0 2C7ь:V9 A<C7V ?@>?CA:0==O, =87ь:V9 

:V;ь:>ABV B5?;>2>3> 28?@><V=N20==O, =87ь:><C ABC?5=N 453@040FVW B0 B@820;><C 

B5@<V=C A;C618 (Bull et al., 1991; Gupta and Jatothu, 2013). %2VB;>4V>4=V ;0<?8 

<>6CBь CAC20B8 4>268=8 E28;ь A2VB;0, O:V =50:B82=V 4;O D>B>A8=B57C, I> 

?@872>48Bь 4> H284H>3> @>ABC B0 @>728B:C @>A;8= (Gupta and Jatothu, 2013). 

!091V;ьH ?>H8@5=8<8 A2VB;>4V>4=8<8 ;0<?0<8 4;O <V:@>@>7<=>65==O 

@V7=8E 284V2 @>A;8= є: 1V;5 A2VB;> (W, 420  =<), G5@2>=5 (R, 660  =<), A8=є (B, 460  

=<) B0 :><1V=0FVO A8=VE V G5@2>=8E A2VB;>4V>4V2 (B:R, 1:1). 'AV 2>=8 (70;56=> 2V4 

4>A;V46C20=>3> 284C) <0NBь @V7=89 2?;82 =0 <>@D>;>3VN, DV7V>;>3VN B0 

<>@D>35=57 @>A;8=. "FV=:0 2?;82C @V7=8E 4>268= E28;ь A2VB;>4V>4V2 =0 @VAB V 

@>728B>: @>A;8= @V7=8E 284V2 @>A;8= in vitro ?@825@=C;0 >A>1;82C C203C (Gupta 

and Jatothu, 2013).  

�=0;V7 ;VB5@0BC@8 2:07Cє =0 B5, I> @V7=V A2VB;>4V>4=V ;0<?8 <0NBь @V7=89 

2?;82 (?>78B82=89 G8 =530B82=89) =0 @VAB V @>728B>: @>A;8= ?V4 G0A 

:C;ьB82C20==O in vitro. �8:>@8AB0==O A2VB;>4V>4V2 B:R AB8<C;Nє 284>265==O 

?03>=V2 C D07V ?@>;VD5@0FVW, B>4V O: C D07V 2:>@V=5==O in vitro 2>=> AB8<C;Nє ;8H5 

A8=B57 D>B>A8=B5B8G=8E ?V3<5=BV2 B0 ?;>IC ;8ABO. �8:>@8AB0==O A2VB;>4V>4=8E 

;0<? <>65 1CB8 4C65 :>@8A=8< 4;O 28@VH5==O @V7=8E ?@>1;5<, O:V G0AB> 
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28=8:0NBь C :C;ьBC@V V. planifolia in vitro ?V4 D;C>@5AF5=B=8< >A2VB;5==O<, 

B0:8E O:, =0?@8:;04, 284>265==O ?03>=V2 V :>@5=V2, 0 B0:>6 71V;ьH5==O 2<VABC 

D>B>A8=B5B8G=8E ?V3<5=BV2. 

 

1.4.2. "?B8<V70FVO 5;5<5=B=>3> A:;04C 6828;ь=>3> A5@54>28I0  
 

$V7=V A5@54>28I0 4;O :C;ьB82C20==O <0NBь @V7=89 2?;82 =0 @V7=8E 5B0?0E 

<V:@>@>7<=>65==O @>A;8= G5@57 @V7=C :>=F5=B@0FVN B0 A:;04 ?>682=8E @5G>28=. 

� V=H>3> 1>:C, :>65= 284 @>A;8= 45<>=AB@Cє @V7=C @50:FVN =0 A?5FV0;ь=5 

A5@54>28I5 4;O :C;ьB82C20==O, B><C =5>1EV4=> >?B8<V7C20B8 C=V:0;ь=5 

A5@54>28I5 4;O :>6=>3> C=V:0;ь=>3> 284C @>A;8= B0 :>6=>W D078 

<V:@>@>7<=>65==O (Arab, M. M. et al., 2014). !5I>402=> @>73;O40;0AO 206;82VABь 

28:>@8AB0==O <5B>4C <0B5<0B8G=>3> <>45;N20==O ANN-GA O: 4C65 B>G=>W 

?@>F54C@8 4;O >?B8<V70FVW A5@54>28I 4;O :C;ьB82C20==O C B5E=VFV 

:C;ьB82C20==O B:0=8= @>A;8= (Arab, M. M., 2014; Felipe, A. J., 2009; Arab M. M. 

et al., 2018; Vandenbussche F, 2018). $V7=V V=3@54Vє=B8 A5@54>28I0 4;O 

:C;ьB82C20==O, B0:V O: ?>682=V @5G>28=8, 3>@<>=8 B0 2VB0<V=8, 

28:>@8AB>2C20;8AO O: 2EV4=V 40=V 4;O ,!  4;O <>45;N20==O B0 ?@>3=>7C20==O 

WE=ь>3> 2?;82C =0 AB04VN ?@>;VD5@0FVW :V;ь:>E 284V2 45@52, B0:8E O: Pistacia vera 

31 , ?V4I5?8 3@CHV 30 B0 ?V4I5?0 A;828 G×N15 20 , 23. 'AV FV 4>A;V465==O 

?>:070;8, I> ,! -�� є ?>BC6=8< V=AB@C<5=B>< C @>7@>1FV >?B8<V7>20=8E 

A5@54>28I 4;O :C;ьB82C20==O 4;O ?@>;VD5@0FVW B0 ?@>3=>7C20==V V=45:AV2 

?@>;VD5@0FVW 70 4>?><>3>N @V7=8E :V;ь:>AB59 A:;04=8:V2 A5@54>28I0 4;O 

:C;ьB82C20==O (Custódio L. et al., 2004). 

�40B=VABь @>A;8= CB2>@N20B8 1VG=V :>@5=V 70;568Bь 2V4 270є<>4VW 1030Bь>E 

7>2=VH=VE B0 2=CB@VH=VE D0:B>@V2, B0:8E O: B8?8 3>@<>=V2 B0 5;5<5=B8 

A5@54>28I0 4;O :C;ьB82C20==O. �:7>35==> 4>40=V 0C:A8=8, B0:V O: IBA, NAA B0 

IAA, 740B=V V=4C:C20B8 ?>O2C 4>40B:>2>3> :>@V==O B0 =5>1EV4=V ;8H5 =0 @0==VE 

AB04VOE ?@>F5AC 2:>@V=5==O 4;O 9>3> @>728B:C (Antonopoulou C., 2007). 

�=0;V7 5;5<5=BV2 :>@5=5CB2>@5==O ?>:07Cє, I> =VB@0B :0;VN, =VB@0B 0<>=VN 

B0 =VB@0B :0;ьFVN є :;NG>28<8 :><?>=5=B0<8 A5@54>28I0 4;O :>@5=5CB2>@5==O. 
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&0:>6 7<5=H5==O :V;ь:>ABV =VB@0BC :0;VN 242VGV 2 ?>є4=0==V 7 ?>2=>N :V;ь:VABN 

=VB@0BC 0<>=VN 2 MS B0 =VB@0BC :0;ьFVN 7=0G=> 71V;ьH8Bь C:>@V=5==O 

(Antonopoulou C., 2007). 

�=0;V7 GCB;82>ABV ?>:0702, I> �0;V9 B0 0<>=V9 <0NBь <0:A8<0;ь=89 2?;82 

=0 2:>@V=5==O 2V4?>2V4=>, 0 B0:>6, I> 0<V0G=0 A5;VB@0 <0є =57=0G=89 2?;82 =0 

AB04VW 2:>@V=5==O. �>=F5=B@0FVW ?>682=8E @5G>28= C A5@54>28IV 4;O 

:C;ьB82C20==O 2?;820B8<CBь =0 2:>@V=5==O (Antonopoulou C., 2007; Arab M. M. 

et al., 2018). &0:>6 @O4 4>A;V4=8:V2 ?@8?CAB8;8, I> 7<5=H5==O 2<VABC ?>682=8E 

@5G>28= C A5@54>28IV 4;O :C;ьB82C20==O 242VGV ?>:@0I8Bь 2:>@V=5==O (Custódio 

L. et al., 2004; Jamshidi S., 2016; Leblanc et al., 2013; Ahmadi H., 2016). �<5=H5==O 

2<VABC ?>682=8E @5G>28= 242VGV 70157?5GCє 704>2V;ь=V C<>28 4;O @>ABC :>@5=V2, 

7<5=HCNG8 2535B0B82=89 @VAB, 7 V=H>3> 1>:C, 7024O:8 7=865==N :>=F5=B@0FVW 

?>682=8E @5G>28= >A<>B8G=89 B8A: 7=878BьAO, V 73>4>< A?@8OB8<5 C:>@V=5==N. 

�06;820 @>;ь :0;VN B0 0<>=VN C 2:>@V=5==V 2 Fь><C 4>A;V465==V <>65 1CB8 

?>2'O70=0 7 @53C;N20==O< pH B0 >A<>B8G=>3> ?>B5=FV0;C 2 A5@54>28IV 4;O 

:C;ьB82C20==O, I> C73>46CєBьAO 7 4>A;V465==O<8, O:V 28@060;8 pH O: 

@53C;NNG89 035=B ?>3;8=0==O ?>682=8E @5G>28=.  >6=0 7@>18B8 28A=>2>:, I> 

:0;V9, @53C;NNG8 >A<>B8G=89 ?>B5=FV0;, B0 0<>=V9, 7=86CNG8 pH C A5@54>28IV 

4;O :C;ьB82C20==O, ?>:@0ICNBь 2:>@V=5==O. 'A?VH=5 2:>@V=5==O є 28@VH0;ь=8< 

:@>:>< 4;O <V:@>@>7<=>65==O @>A;8= in vitro V <>65 1CB8 ?@>1;5<>N ?@8 

<V:@>@>7<=>65==V 45O:8E 284V2 @>A;8=, 0 B0:>6 <>65 >1<56C20B8 

0:;V<0B870FVN @>A;8= (Arab M. M. et al., 2018; Jamshidi S., 2016; Harbage J. F., 

1996; Ruzic D. & Vujovic T., 2007). 

(>B>?5@V>4 3 I5 >48= D0:B>@, O:89 <>65 2?;820B8 =0 ?@>F5A 2:>@V=5==O, 

?>2V4><;O;>AO ?@> ?>78B82=89 2?;82 ?5@V>4V2 =87ь:>W B5<@O28 =0 2:>@V=5==O in 

vitro. (>B>@5F5?B>@8 є =09206;82VH8<8 035=B0<8, I> A?@8G8=ONBь ?>78B82=89 

2?;82 B5<@O28 =0 2:>@V=5==O. (VB>E@>< 3 F5 4>1@5 >E0@0:B5@87>20=89 

@>A;8==89 D>B>@5F5?B>@, O:89 :>=B@>;Nє @>728B>: @>A;8=, B0:89 O: 0?V:0;ь=5 

4><V=C20==O B0 2:>@V=5==O in vitro. ' 45O:8E 284V2 2:>@V=5==O in vitro 2V41C20;>AO 

;8H5 70 =0O2=>ABV A2VB;0.&5<=5 A5@54>28I5 ?@83=VGCє 0:B82=VABь DVB>E@><C, V 2 

Fь><C AB0=V ?@8ACB=VABь 0C:A8=V2, B0:8E O: IBA, <>65 AB8<C;N20B8 ?>4V; :;VB8= 
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V 73>4>< 71V;ьH8B8 R%. �840;5==O A2VB;0 70E8AB8Bь 0C:A8= 2V4 453@040FVW B0 

7<5=H8Bь 0:B82=VABь ?5@>:A84078, O:0 є D5@<5=B><, I> @C9=Cє 0C:A8=. �8IV 

:>=F5=B@0FVW IBA =0 AB04VW 2:>@V=5==O ?>A8;N20;NNBь CB2>@5==O :0;NAC, I> 

73>4>< ?>A;01;Nє 01> 7=8ICє 28A>:89 2V4A>B>: @>A;8= =0 AB04VW 0:;V<0B870FVW. 

'B2>@5==O :0;NAC =0 :V=FV <V:@>?03>=V2 ?>3V@HCє AC48==89 72'O7>: <V6 

:>@V==O< V <V:@>?03>=0<8 B0 70?>1V30є ?>3;8=0==N 2>48 B0 ?>682=8E @5G>28= 

(Arab M. M. et al., 2018; Felipe A. J., 2009; Jamshidi S., 2016; Harbage J. F., 1996). 

#>78B82=89 2?;82 70;V70 <>6=0 ?>OA=8B8 9>3> 68BBє2> 206;82>N @>;;N 

2 1030Bь>E <5B01>;VG=8E H;OE0E, B0:8E O: F8B>E@><8, 1V>A8=B57 �!�, 3>@<>=8, 

;V?V48, 45B>:A8:0FVO 0:B82=8E D>@< :8A=N (�(�) B0 70A2>є==O 07>BC, 4;O G>3> 

?>B@V1=0 4>AB0B=O :V;ь:VABь 70;V70. �5DVF8B 70;V70 ?@872>48Bь 4> <>@D>;>3VG=8E 

B0 DV7V>;>3VG=8E 7<V= C :>@5=52V9 <5@8AB5<V, >A>1;82> 2 <5@8AB5<0E :V=G8:0 

:>@5=O. �5O:V 7 F8E 7<V= 2:;NG0NBь ?>A8;5=89 ?>4V; :;VB8=, ?@83=VG5==O 

?>4>265==O :>@5=O, 71V;ьH5==O 4V0<5B@0 :>@5=O B0 CB2>@5==O 2>;>A8AB8E 

:>@5=V2. �0<V=82H8 Fe-EDDHA =0 Fe-EDTA, 28I573040=V ?@>1;5<8 <>6=0 

?>4>;0B8, >A:V;ь:8 FO A?>;C:0 є 1V;ьH AB01V;ь=>N B0 ;53:>4>ABC?=>N 4;O 

70A2>є==O @>A;8=0<8. &V0<V= <0є 1030B> ?>78B82=>3> 2?;82C =0 G8A;5==V 

DV7V>;>3VG=V ?@>F5A8, B0:V O: 3;V:>;V7, ?5=B>7>D>AD0B=89 H;OE B0 A8=B57 

=C:;5W=>28E :8A;>B. �@V< A2>єW ?>682=>W @>;V, 1C;> 28O2;5=>, I> BV0<V= 4Vє O: 

2B>@8==89 A83=0;ь=89 <5A5=465@ V, O: ?>2V4><;O;>AO, V=4C:Cє A8AB5<=C =01CBC 

ABV9:VABь C @>A;8= 4> V=D5:FV9, A?@8G8=5=8E @V7=8<8 ?0B>35=0<8 (Arab M. M. et 

al., 2018; Molassiotis A., 2003; Antonopoulou C., 2007; Arpaia G. et al., 1993).  

 

�8A=>2>: 4> @>74V;C 1 
 

�=0;VB8G=89 >3;O4 =0C:>2>W ;VB5@0BC@8 2:07Cє =0 B5, I> @V4:VA=V 2848 @>4C 

Carlina є FV==8<8 @>A;8=0<8 4;O D0@<0F52B8G=>W ?@><8A;>2>ABV 7024O:8 2<VABC 

1V>;>3VG=> 0:B82=8E @5G>28=. !530B82=V =0A;V4:8 ;N4Aь:>W 4VO;ь=>ABV B0 

?>3V@H5==O AB0=C =02:>;8H=ь>3> A5@54>28I0 7C<>28;8 A:>@>G5==O ?>?C;OFV9.  

"FV=:0 >A>1;82>AB59 ?>H8@5==O ?>?C;OFVW є 206;82>N 4;O >E>@>=8 

DVB>@V7=><0=VBBO. �>A;V46C20=V =0<8 ?@54AB02=8:8 284V2 C. cirsioides B0 
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C. acaulis 7@>AB0NBь C �0@?0B0E B0 #@8:0@?0BBV. �C4>20 3V@Aь:>-;CG=8E 

1C@>75<V2, 45 ;>:0;V7CNBьAO FV 2848, є IV;ь=>N, I> VAB>B=> 206;82> 4;O 

:0B53>@VW �@C=BV2 ?@><82=>3> B8?C 2>4=>3> @568<C. �>:0;VB5B>< 7@>AB0==O 

?@54AB02=8:V2 284V2 C. onopordifolia B0 C. cirsioides є �>;8Fь:89 1>B0=VG=89 

70:07=8:, O:89 @>7B0H>20=89 C �5@560=Aь:><C @09>=V &5@=>?V;ьAь:>W >1;0ABV. 

!0 ?>25@E=V �@C=B>2>3> ?>:@82C �>;8Fь:>3> 1>B0=VG=>3> 70:07=8:0 ?5@52060є 

G>@=>75< =53;81>:89 A;01>7<8B89 :0@1>=0B=89. 

!52?8==5 A:>@>G5==O 0@50;V2 @>ABC 2V4:0A=8:V2 >1C<>2;Nє ?>HC: H;OEV2 

715@565==O DVB>@V7=><0=VBBO. "4=8< V7 =09?5@A?5:B82=VH8E A?>A>1V2 >E>@>=8 

@5;V:B>28E 284V2 @>A;8= є V=B@>4C:FVO 2 :C;ьBC@C in vitro. $57C;ьB0B82=VABь 

?@>F5AC 715@565==O DVB>@V7=><0=VBBO <5B>40<8 1V>B5E=>;>3VW 70;568Bь 2V4 

1030Bь>E G8==8:V2, 7>:@5<0: 281V@ 5:A?;0=BC, ?V41V@ AB5@8;V7CNG>3> 035=B0, 

V=B>:A8:0FVO 2B>@8==8<8 <5B01>;VB0<8, 2:>@V=5==O, 35=5B8G=V <CB0FVW, 

0:;V<0B870FVO 4> C<>2 2V4:@8B>3> �@C=BC. 

�?@>20465==O @>A;8= @>4C Carlina C :C;ьBC@C in vitro 2V4:@820є 

<>6;82VABь 157?5@5@2=>3> >B@8<0==O @>A;8==>3> <0B5@V0;C, I> <>65 A;C3C20B8 

465@5;>< 1V>;>3VG=> 0:B82=8E A?>;C:. !0C:>20 ;VB5@0BC@0 <VAB8Bь 4C65 <0;> 

V=D>@<0FVW ?@> 22545==O 2 :C;ьBC@C in vitro 2V4:0A=8:V2.  

%2VB;>289 @568< <>4C;Nє @V7=V 0A?5:B8 1V>;>3VW @>A;8=, I> >E>?;NNBь 

040?B82=V @50:FVW, @53C;NNBь :;NG>2V 5B0?8 @>728B:C (?@>@>AB0==O =0AV==O, 

?>G0B>: @5?@>4C:B82=>W D078, V 70?@>3@0<>20=5 AB0@V==O B:0=8=), V <>4C;NNGV 

:;VB8==V ?@>F5A8 (=0?@8:;04, @CE E;>@>?;0ABV2 V @53C;OFVO ?@>48EV2).  

"?B8<V70FVO C<>2 >A2VB;5==O B0 710;0=AC20==O A:;04C A5@54>28I0 4;O 

:C;ьB82C20==O є 206;82>N 4;O ?>:@0I5==O 5D5:B82=>ABV A8AB5< @535=5@0FVW in 

vitro, ?@>F5AV2 A><0B8G=>3> 5<1@V>35=57C B0 >@30=>35=57C, I> <0є 28@VH0;ь=5 

7=0G5==O 4;O ?V428I5==O ?@>4C:B82=>ABV @>A;8=. 
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$"���� ��  

 

 �&�$���� �  �&"�� �"%�����!Ь 

 

$50;V70FVO @>1>B8 ?5@5410G0;0 ?@>2545==O ?>;ь>28E V ;01>@0B>@=8E 

4>A;V465=ь 7 28:>@8AB0==O< 1V><5B@8G=>3>, A?5:B@>D>B><5B@8G=>3> <5B>4V2 

(4;O 287=0G5==O 2<VABC D>B>A8=B5B8G=8E ?V3<5=BV2, @CE><8E D>@< (>AD>@C, 

=VB@0B=>W B0 0<>=V9=>W D>@< !VB@>35=C 2 �@C=BV); <5B>4V2 :C;ьB82C20==O 

@>A;8==8E >19є:BV2 in vitro, 0 A0<5, :;>=0;ь=>3> <V:@>@>7<=>65==O 4;O 

=09H284H>3> >45@60==O 25;8:>W :V;ь:>ABV ?>A04:>2>3> <0B5@V0;C; 1V>DV78G=V, 0 

A0<5, V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C (�()); AB0B8AB8G=V: 48A?5@AV9=89 0=0;V7 

(B5AB &N:V), 70 4>?><>3>N O:8E 1C4CBь 28>:@5<;5=V C7030;ь=5=V ?0@0<5B@8 

D>B>A8=B5B8G=>3> 0?0@0BC ((%�) @>A;8==8E ;8AB:V2, :>B@V <>6CBь 28ABC?0B8, 

<0@:5@0<8 9>3> DV7V>;>3>-1V>EV<V=>3> AB0=C. 

 

2.1. $>A;8==89 <0B5@V0;, ;>:0;V70FVO ?>?C;OFV9 B0 C7030;ь=5=0 AE5<0 
?@>2545==O 4>A;V465=ь 

 

�;O 287=0G5==O 2<VABC ?V3<5=BV2 2V418@0;8 7@07:8 @>A;8==>3> <0B5@V0;C 

2V4:0A=8:V2 O: 7 ?@8@>4=8E <VAF57@>AB0=ь, B0: V :C;ьB82>20=8E in vitro. � C<>2 

2V4:@8B>3> �@C=BC 28:>@8AB>2C20;8 @>A;8==89 <0B5@V0; 10-15 @>A;8=, 7 O:8E 

2V418@0;8 ?> 3 ;8AB:>28E ?;0AB8=:8 233 O@CAC C ;VB=V9 ?5@V>4 (G5@25=ь 3 ;8?5=ь) 

7 =0ABC?=8E ;>:0FV9 7@>AB0==O: C. acaulis (A. �075I8=0, $0EV2Aь:89 @09>=, 

�0:0@?0BAь:0 >1;0ABь, 714 < =.@.<.) B0 A. �@82>?V;;O (�5@E>28=Aь:89 @09>= 

�20=>-(@0=:V2Aь:0 >1;., 1100 < =.@.<.); C. onopordifolia B0 C. cirsioides =0 

3. �>;8FO (=5?>40;V: A. �CB8Aь:>, &5@=>?V;ьAь:89 @09>=, &5@=>?V;ьAь:0 >1;0ABь, 

295 < =.@.<). �;O V=B@>4C:FVW 2 :>=B@>;ь>20=V C<>28 in vitro 718@0;8 =0AV==O 

%. Bnopordifolia B0 %. cirsioides 7 28I573040=8E ?@8@>4=8E ;>:0;VB5BV2 @>ABC. ' 

28?04:C %. acaulis =0AV==O 1C;> 7V1@0=5 7 ;>:0;VB5BC C A. �075I8=0. �;O 

4>A;V465==O 2<VABC E;>@>DV;C 4 B0 b V :0@>B8=>W4V2 C ?V3<5=B=V9 A8AB5<V @>A;8= 

@>4C Carlina 2V418@0;8 7@07:8 435 <VAOG=8E ?@>@>AB:V2 in vitro. 

file:///D:/User/Luyda/Disertaciya/Talmud/Rukopys/Дисертація_all_16-05.docx%23_Toc369173822
file:///D:/User/Luyda/Disertaciya/Talmud/Rukopys/Дисертація_all_16-05.docx%23_Toc369173822
file:///D:/User/Luyda/Disertaciya/Talmud/Rukopys/Дисертація_all_16-05.docx%23_Toc369173822
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$8A. 2.1. '7030;ь=5=0 AE5<0 4>A;V465==O 
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2.2. �82G5==O EV<VG=8E 2;0AB82>AB59 ґ@C=BV2 
 

�;O ?@>2545==O ;01>@0B>@=>-0=0;VB8G=8E 4>A;V465=ь 2V418@0;8 =5 <5=H 

=V6 ?> 5 ?@>1 �@C=BC 7 :>6=>3> >A5;8I0, C <VAFOE =091V;ьH>3> A:C?G5==O >A>18= 

284V2. �@C=B 2V418@0;8 7 25@E=ь>3> 3C<CA>2>-0:C<C;OB82=>3> 3>@87>=BC 4> 

3;818=8 25330 A< 3 C 7>=V ?>3;8=0==O 1V;ьH>W G0AB8=8 :>@5=V2 @>A;8=. �030 

:>6=>W ?@>18 1C;0 =5 <5=H5 1 :3; �@C=B >G8I0;8 2V4 AB>@>==VE 4><VH>: B0 

ACH8;8 C B5@<>AB0BV ?@8 B5<?5@0BC@V 30º % 4> ?>2=>3> 28A8E0==O. #VA;O G>3> 

9>3> ?@>AVN20;8, 28:>@8AB>2CNG8 A8B0 @V7=>3> 4V0<5B@C, ?5@5B8@0;8 C 

D0@D>@>2V9 ABC?FV 4> >B@8<0==O 3><>35==>W :>=A8AB5=FVW B0 715@V30;8 :>6=C 

?@>1C >:@5<> C ?0?5@>28E ?0:5B0E.  

�@07:8 �@C=BV2 4;O 5:A?5@8<5=BV2 1C;8 7V1@0=V 2 <560E �>;8Fь:>3> 

1>B0=VG=>3> 70:07=8:0 C &5@=>?V;ьAь:V9 >1;0ABV, C <VAF57@>AB0==OE 2V4:0A=8:0 

B0B0@=8:>;8AB>3> B0 2V4:0A=8:0 >A>B>?>4V1=>3>, 0 B0:>6 =5?>40;V: A. �075I8=0 

C �0:0@?0BAь:V9 >1;0ABV B0 A. �@82>?V;;O �20=>-(@0=:V2Aь:>W >1;0ABV, 45 7@>AB0є 

284 C. 4caulis. �<VAB =VB@0B=>W B0 0<>=V9=>W D>@< !VB@>35=C 1C;> 287=0G5=> 7 

28:>@8AB0==O< <>48DV:>20=>W <5B>48:8 !!* ��� V<5=V ". !. %>:>;>2Aь:>3> 

73V4=> �%&' 4729:2007; :>=F5=B@0FVN 4>ABC?=8E A?>;C: (>AD>@C 3 70 

28:>@8AB0==O <5B>4C �V@A0=>20 70 <>48DV:0FVєN !!* ��� V<5=V 

". !. %>:>;>2Aь:>3> (70 �%&' 4405:2005). "1<V==C :8A;>B=VABь 287=0G0;8 =0 

V>=><V@V �� 123 7 �@C=B>2>W 28BO6:8 (1   @>7G8= KCl) 2V4?>2V4=> 4> �%&' ISO 

10390:2001 (�%&' ISO 10390:2001&, 2003). 

�<VAB �0;VN, �0;ьFVN B0 );>@C 287=0G0;8 <5B>4>< V>=A5;5:B82=>W 

?>B5=FV><5B@VW 2V4?>2V4=> 4> �%&' 4725:2007 (�%&' 4725:2007&, 2008). 

 

2.3.  5B>48:8 :C;ьB82C20==O B0 4>A;V465==O @>A;8= 2 C<>20E in vitro 

B0 in situ  

 

2.3.1. �2545==O 2 :C;ьBC@C in vitro 

 

�;O :C;ьB82C20==O AB5@8;ь=8E ?@>@>AB:V2 %. cirsioides B0 %. onopordifolia 

=0AV==є289 <0B5@V0; >1@>1;O;8 AB5@8;V7CNG8< 15 % @>7G8=>< !2"2 ?@>BO3>< 30 
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E2. &5E=>;>3VO AB5@8;V70FVW =0AV==є2>3> <0B5@V0;C ?5@5410G0;0: 1) >1@>1:C 

@>7G8=>< 45B5@35=BC B@820;VABN 30 E2; 2) >1<820==O 2>4=8< ?>B>:>< 

B@820;VABN 30 E2; 3) 2-@07>25 >1<820==O C 48AB8;ь>20=V9 2>4V; 4) 7=570@065==O 

?>25@E=V 96 %-8< 5B0=>;>< B@820;VAN 15 A5:C=4; 5) >1@>1:0 AB5@8;V70FV9=8< 

@>7G8=><; 6) 2-@07>25 ?@><820==O AB5@8;ь=8< 48AB8;OB><. �5:>=B0<V=>20=5 

=0AV==O ?><VI0;8 C 0A5?B8G=V G0H:8 #5B@V 7 030@87>20=8< A5@54>28I5< 4;O 

:C;ьB82C20==O  C@0AV35, %:C30 ( %) (Murashige T., 1962) 7 242VGV 7<5=H5=>N 

:>=F5=B@0FVєN O: <0:@>-, B0: V <V:@>A>;59 ( %/2) 157 4>?>2=5==O @53C;OB>@0<8 

@>ABC. #@>@>IC20==O 2V41C20;>Aь 70 V=B5=A82=>ABV >A2VB;5==O 2000 ;:, 

?>:07=8:0E B5<?5@0BC@8 +18 3 +20 %, ?@8 Fь><C 2>;>3VABь AB0=>28;0 80 %. � 

>:@5<8E A8BC0FVOE, C 28?04:C ?V428I5=>3> V=DV:C20==O =0AV==O, ?>?5@54=ь> 

=0AV==є289 <0B5@V0; >1@>1;O;8 A;01>:>=F5=B@>20=8< @>7G8=>< (20 <3/;) 

?5@<0=30=0BC :0;VN ?@>BO3>< 20 E2.  

�;O 4>A;V465==O ?0@0<5B@V2 2:>@V=5==O @>A;8= 79OA>2C20;8 2V4A>B>: 

2:>@V=5==O (��), A5@54=N :V;ь:VABь :>@5=V2 (%��) B0 A5@54=N :V;ь:VABь ?03>=V2 

(%�#) =0 @>A;8=C. 

�;O >1G8A;5==O 2V4A>B:0 2:>@V=5==O 28:>@8AB>2C20;8 D>@<C;C: �� = Nr / 

N, 72V4A8 Nr 3 :V;ь:VABь @>A;8=, C O:8E AD>@<C20;8Aь :>@5=V, N 3 :V;ь:VABь 

?>A0465=8E <V:@>:;>=V2.  

�;O >1G8A;5==O A5@54=ь>W :V;ь:>ABV :>@5=V2 28:>@8AB>2C20;8 D>@<C;C: 

%�� = R / Nr, 72V4A8 R 3 :-ABь :>@5=V2; Nr 3 :V;ь:VABь @>A;8=, C O:8E 

AD>@<C20;8Aь :>@5=V  

�;O >1G8A;5==O A5@54=ь>W :V;ь:>ABV ?03>=V2 28:>@8AB>2C20;8 D>@<C;C: 

%�# = S / Ns , 72V4A8 S 3 :V;ь:VABь ?03>=V2; Ns 3 :V;ь:VABь @>A;8=, C O:8E 

AD>@<C20;8Aь ?03>=8. 

!0<8 1C;0 28:>=0=0 @>7@>1:0 4 AB@0B53V9 AB8<C;OFVW =0AV==O 4> 

?@>@>AB0==O B0 V=4C:FVW @87>35=57C @>A;8==>3> <0B5@V0;C in vitro: 1 ?V4EV4 3 

?>?5@54=є 70<>GC20==O =0AV==є2>3> <0B5@V0;C C @>7G8=V ��3, :>=F5=B@0FVO O:>3> 

AB0=>28;0 1000 <3/;, B@820;VABN 16318 3>4. ' 2 ?V4E>4V 3 =0AV==O @>A;8= @>4C 

Carlina 70<>GC20;8 C @>7G8=V V=4>;V;-3-<0A;O=>W :8A;>B8 (� �). �0 3-3> ?V4E>4C 

<8 28?@>1>2C20;8 @V4:V, 030@87>20=V (:>=F5=B@0FVO 030@C 8 3/;) A5@54>28I0 4;O 
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:C;ьB82C20==O V A5@54>28I0 7 :><1V=0FVєN 030@C (4 3/;) B0 ?5@;VBC (16 3/;): MC, 

 %/2,  %/4 (A5@54>28I5 4;O :C;ьB82C20==O  % V7 7=865=>N :>=F5=B@0FVєN 

2G5B25@> O: <0:@>- B0: V <V:@>A>;59), 7 4>40=8<8 @53C;OB>@0<8 @>ABC 3 � �, 

V=4>;V;>FB>2>N :8A;>B>N (�"�), :V=5B8=>< (�V=), ��3, 1-=0DB8;>FB>2>N 

:8A;>B>N (!"�), C @V7=8E ?@>?>@FVOE B0 :>=F5=B@0FVOE ?@8 @! 5,7. �0 4-3> 

?V4E>4C 4> A5@54>28I 4;O :C;ьB82C20==O  % 4>4020;8 A?>;C:8 7 :0B53>@VW 

0C:A8=V2. 

 

2.3.2.  V:@>:;>=0;ь=5 @>7<=>65==O 

 

�;>=0;ь=5 <V:@>@>7<=>65==O 2V4:0A=8:V2 74V9A=N20;8 B5E=V:>N ?@O<>3> 

<>@D>35=57C, 2V418@0NG8 @>75B:8 233 <VAOG=8E ?@>@>AB:V2. �=0;V7 

@57C;ьB0B82=>ABV <V:@>:;>=0;ь=>3> @>7<=>65==O 74V9A=N20;8 ?VA;O H5AB8 

<VAOFV2 :C;ьB82C20==O, >1@0E>2CNG8 A5@54=є 7=0G5==O @>75B>: V7 <V:@>:;>=0<8 

C ?5@5@0EC=:C =0 >48= 6825Fь. ' ?@>F5AV >?B8<V70FVW C<>2 4;O :;>=0;ь=>3> 

<V:@>@>7<=>65==O 70AB>A>2C20;8 A5@54>28I5 4;O :C;ьB82C20==O  %/2 7 

4>4020==O< 030@C (8 3/;), O:5 1C;> 4>?>2=5=5 :><?;5:A>< 20@V0B82=8E 

:>=F5=B@0FV9 :V=5B8=C (133 <3/;), 0 B0:>6 0,1 <3/; !"�. "45@60=V 

<V:@>:;>=0;ь=8< @>7<=>65==O< @>75B:8 ?5@5A046C20;8 =0 A5@54>28I5 4;O 

:C;ьB82C20==O  %/2 157 4>?>2=5==O @53C;OB>@0<8 @>ABC, >:@V< Fь>3>, WE 

70AB>A>2C20;8 O: ?5@28==89 <0B5@V0; 4;O :>@5:FVW C<>2 4;O V=4C:FVW 

:0;NA>35=57C. 

 

2.3.3. �87=0G5==O 2<VABC D>B>A8=B5B8G=8E ?V3<5=BV2 
 

�;O 287=0G5==O :>=F5=B0FVW ?V3<5=BV2 2V418@0;8 7@07:8 @>A;8= 2V4:0A=8:V2 

O: 7 ?@8@>4=8E <VAF57@>AB0=ь, B0: V :C;ьB82>20=8E in vitro. �0 C<>2 2V4:@8B>3> 

�@C=BC ?@>2>48;8 2V41V@ ?@>1 7 10-15 @>A;8=, 7 O:8E 2V418@0;8 ?> 3 ;8AB:>28E 

?;0AB8=:8 2-3 O@CAC C ;VB=V9 ?5@V>4 (G5@25=ь 3 ;8?5=ь). �;O 4>A;V465==O @V2=O 

E;>@>DV;C 4, E;>@>DV;C b B0 Carot C D>B>A8=B5B8G=V9 A8AB5<V @>A;8= 2V4:0A=8:V2 

2V418@0;8 4-5 <VAOG=V ?@>@>AB:8 in vitro. �;O 287=0G5==O 70;56=>ABV AB@C:BC@=>-
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DC=:FV>=0;ь=8E >A>1;82>AB59 <V:@>:;>=V2 2V4 V=B5=A82=>ABV >A2VB;5==O B0 

A?5:B@0;ь=>3> A:;04C A2VB;0 1C;> 70AB>A>20=>: ;N<V=5AF5=B=V ;0<?8 45==>3> 

A2VB;0 (��) DV@<8 «General Electric» (Hungary) (A?5:B@0;ь=89 A:;04: 22,30 % 3  

400-450 =<, 19,5 % 3 450-500 =<, 22,3 % 3 500-550 =<, 22,3 % 3 550-600 =<, 11,8 

% 3 600-650 =<, 3,7 % 3 650-700 =<); ;N<V=5AF5=B=V ;0<?8 Lumilux 36W 840 

E>;>4=>3> 1V;>3> A2VB;0 (�)�) B0 DVB>;0<?8 Fluora L36W/77 G l � ((�) DV@<8 

«OSRAM» (!V<5GG8=0). �0 B5E=VG=8<8 E0@0:B5@8AB8:0<8 ?>BV: A2VB;0 ;0<? �)� 

A:;040є 2700 ;N<5=, 0 9>3> V=B5=A82=VABь 2 4V0?07>=V D>B>A8=B5B8G=> 0:B82=>W 

@04V0FVW ((�$) A:;040;0 3,45 <:<>;ь/(<²·A), A?V22V4=>H5==O A?5:B@V2 C A:;04V 

(�$ 1C;> =0ABC?=8<: 12,8% 3 400-450 =<, 20,1% 3 450-500 =<, 12,3% 3 500-550 

=<, 29,7% 3 550-600 =<, 20,2% 3 600-650 =<, 4,9% 3 650-700 =<. (� 2>;>4VNBь 

B0:8<8 E0@0:B5@8AB8:0<8: V=B5=A82=VABь 2 >1;0ABV (�$ 3 16,23 <:<>;ь/(<²·A) 01> 

12,98 <:<>;ь/(<²·A) G5@57 5 B8A. 3>48=, A?5:B@0;ь=89 A:;04: 15,5% 3 400- 450 =<, 

3,7% 3 450-500 =<, 7,4% 3 500-550 =<, 9,6% 3 550-600 =<, 59,9% 3 600-650 =<, 

3,9% 3 650-700 =< (�5;8B �. �., 2013). 

�;O 282G5==O 7<V= DC=:FV>=0;ь=8E ?>:07=8:V2 <V:@>:;>=0;ь=> 

@>7<=>65=8E @>A;8= ?V4 4VєN @V7=>W V=B5=A82=>ABV >A2VB;5==O 1C;> AD>@<>20=> 

G>B8@8 20@V0=B8 V=B5=A82=>ABV >A2VB;5==O: �0@V0=B 1V 3 5 <:<>;ь/(<²·A), �0@V0=B 

2V 3 15 <:<>;ь/(<²·A), �0@V0=B 3V 3 30 <:<>;ь/(<²·A), �0@V0=B 4V 3 70 <:<>;ь/(<²·A). 

�;O 45B0;ь=VH>3> 4>A;V465==O AB0=C (%� @>A;8= in vitro 70AB>AC20==O 

707=0G5=8E ;0<? A?@8O;> AD>@<C20B8 4 20@V0=B8 <>48DV:0FVW A?5:B@0;ь=>3> 

A:;04C (%�), 7>:@5<0: 1 20@V0=B 3 V=B5=A82=VABь A2VB;>2>3> ?>B>:C 2 >1;0ABV (�$ 

46 <:<>;ь/(<²·A) V7 A?5:B@0;ь=8< A:;04><: 15,50 % 3 400-450 =<, 3,7 % 3 450-500 

=<, 7,4 % 3 500-550 =<, 9,6 % 3 550-600 =<, 59,9 % 3 600-650 =<, 3,9 % 3 650-700 

=<, ;0<?8 DV@<8 «Osram» B0 ;N<V=5AF5=B=V ;0<?8 Lumilux 36W 840 E>;>4=>3> 

1V;>3> A2VB;0 (�)�) C A?V22V4=>H5==V 1:0,7. &0:89 ?V4EV4 40є <>6;82VABь 

71V;ьH8B8 V=B5=A82=VABь >A2VB;5==O 7 0,115 <<>;ь/(<²·A) 4> 46 <:<>;ь/(<²·A), 2 

20@V0=B 3 V=B5=A82=VABь A2VB;>2>3> ?>B>:C 2 >1;0ABV (�$ 62 <:<>;ь/(<²·A), 

A?V22V4=>H5==O ;0<? �� 4> �)� B0 (� AB0=>28Bь 0,6 : 1 : 1, A?5:B@0;ь=89 A:;04: 

�A : �7 : �G = 29,5% : 32,5% : 38,1%; 3 20@V0=B 3 V=B5=A82=VABь A2VB;>2>3> ?>B>:C 

2 >1;0ABV (�$ 39 <:<>;ь/(<²·A), ;0<?8 �)�, AC<0@=89 A?5:B@0;ь=89 A:;04: �A : 
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�7 : �G = 33% : 42% : 25%; 4 20@V0=B 3 V=B5=A82=VABь 0,46 <<>;ь/(<²·A), 

A?V22V4=>H5==O ;0<? �)� 4> (� - 0,7:1,0, A?5:B@0;ь=89 A:;04 �A : �7 : �G = 25% 

: 27% : 48%. �<VAB ?V3<5=BV2 287=0G0;8 70 7030;ь=>?@89=OB8<8 <5B>48:0<8. 

#V3<5=B8 1C;> 5:AB@03>20=> V7 @>A;8==>3> <0B5@V0;C 48<5B8;AC;ьD>:A84>< 

[� %", (%!3)2SO2] 73V4=> 7 <5B>48:>N Hiscox J. D (Hiscox J. D et al, 1979). #V4 

G0A ?@>2545==O 4>A;V4C 2 C<>20E 2V4:@8B>3> �@C=BC �;O Fь>3> C ?>;ь>28E C<>20E 

7206C20;8 =0 <>1V;ь=8E 2030E 1;87ь:> 1003150 <3 ?@>1 @>A;8==>3> <0B5@V0;C. � 

C<>20E ;01>@0B>@VW 7 28:>@8AB0==O< 5;5:B@>==8E 203 28<V@N20;8 <0AC ≈ 100 <3 

A2V6>3> ;8AB:>2>3> <0B5@V0;C. #;>IC ;8AB:>28E ?;0AB8=>: in vitro >1G8A;N20;8 

7 28:>@8AB0==O< <>1V;ь=>W ?@>3@0<8 Petiole 70 4>?><>3>N <>1V;ь=>3> 4>40B:C 

4> =5W OpenCV Manager. �V4V1@0=89 ;8AB:>289 <0B5@V0; ?5@5<VI0;8 C 25-

<V;V<5B@>2V ?@>1V@:8 7 ?@8B5@B8< 3>@;>< V :>@:><, ?VA;O G>3> 70;820;8 

48<5B8;AC;ьD>:A84>< (� %") C >19є<>< 7 <; B0 70:@820;8 3C<>28<8 :>@:0<8. 

#@>18 ;8AB:V2 C ?@>1V@:0E V7 � %" 5:AB@03C20;8 C B5@<>AB0BV 70 B5<?5@0BC@8 

65°% 4> <><5=BC 01A>;NB=>3> 7=510@2;5==O B:0=8= ;8AB:V2, I> 1C;> 287=0G5=> 

2V7C0;ь=>. !0ABC?=8< 5B0?>< 1C;> >E>;>465==O ?@>1 B0 287=0G5==O :>5DVFVє=BV2 

5:AB8=:FVW >45@60=8E @>7G8=V2 =0 A?5:B@>D>B><5B@V %(-46 4;O E;>@>DV;V2 4 

(Chl a), b (Chl b) V AC<8 :0@>B8=>W4V2 (Carot) ?@8 4>268=V E28;ь 663, 645 V 440,5 

=< 2V4?>2V4=>.  

�<VAB E;>@>DV;V2 >1G8A;N20;8 70 D>@<C;>N  0:V==V-�@=>=0 (�@025Fь B0 

V=., 2019):  

Chl a = 12,7�663 3 2,69�645; Chl b = 22,9�645 3 4,68�663. 

�<VAB :0@>B8=>W4V2 3 70 D>@<C;>N �5BBHB59=0: Carot = 4,695�440,5 3 0,268 

(0+b), 45 � 3 ?>:07=8: A?5:B@>D>B><5B@0 (Arnon D. I., 1949).  

�<VAB ?V3<5=BV2 >1G8A;N20;8 C <3 =0 100 3 A8@>W <0A8 ;8AB:V2:  

) = (0,1 E � E %)/ n, 45 � 3 >1є< 28BO6:8, % 3 2<VAB ?V3<5=B0 C @>7G8=V 

<:3/;, n 3 <0A0 =0206:8, 3 (Lichtenthaler, H. K., 1987). 

 

2.3.4. �=4C:FVO D;C>@5AF5=FVW E;>@>DV;C а 
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�;O 0=0;V7C 5D5:BC A2VB;>2>3> @568<C 7@>AB0==O =0 ?@>E>465==O ?5@28==8E 

?@>F5AV2 D>B>A8=B57C @>A;8==89 <0B5@V0; in vitro ?@>BO3>< 60 4V1 28@>IC20;8 ?@8 

V=B5=A82=>ABV >A2VB;5==O 39,1346 <:<>;ь/(<²·A) B0 @V7=8E ?>є4=0==OE A?5:B@0;ь=>3> 

A:;04C A2VB;0: 3 20@V0=B: 39,1 <:<>;ь/(<²·A), A?5:B@0;ь=89 A:;04: �A : �7 : �G = 33 % : 

42 % : 25 %; 4 20@V0=B: 46 <:<>;ь/(<²·A), A?5:B@0;ь=89 A:;04: �A : �7 : �G = 25 % : 27 

% : 48 %. �>@5:FVN A2VB;>2>3> @568<C ?@>2>48;8 ?@8 28:>@8AB0==V ;N<V=5AF5=B=8E 

(�, �� B0 �)�. �;O 4>A;V465=ь 1C;> >1@0=> ?> 10 ?@>@>AB:V2 in vitro 4>A;V4=8E 

@>A;8=. (;C>@5AF5=FVN E;>@>DV;C (�()) 28<V@N20;8 C A2VB;>040?B>20=8E 

;8AB:>28E ?;0AB8=:0E 70 4>?><>3>N PAM D;C>@8<5B@0 Multispe Q, O:89 ?>є4=Cє 2 

A>1V ?>@B0B82=89 D;C>@8<5B@ V E;>@>DV;><5B@, 21C4>20=89 C ?;0BD>@<C Photosyn Q 

(Korneev D. Iu., 2002). � C<>20E :C;ьBC@8 in vitro V=4C:FVN D;C>@5AF5=FVW E;>@>DV;C 

B0:>6 287=0G0;8 C A2VB;>040?B>20=8E ;8AB:0E >A>18= in vitro B0 in situ. #@><V@8 

74V9A=N20;8 =0 AD>@<>20=8E ;8AB:>28E ?;0AB8=:0E C A5@54=V9 G0AB8=V ?03>=V2. �;O 

4>A;V465=ь 1C;> 2V4V1@0=> =5 <5=H5 10 >A>18= in situ B0 in vitro. 

�8<V@N20;8 =0ABC?=V ?>:07=8:8 �(): (PSII 3 5D5:B82=89 :20=B>289 28EV4 

D>B>A8AB5<8 �� ((% ��); FB' 3 <V=V<0;ь=89 @V25=ь D;C>@5AF5=FVW 040?B>20=8E 4> 

A2VB;0 ;8AB:V2; Fm' 3 <0:A8<0;ь=89 @V25=ь D;C>@5AF5=FVW 040?B>20=8E 4> A2VB;0 

;8AB:V2; Fv'/Fm' 5D5:B82=VABь 5;5:B@>==>3> B@0=A?>@BC 2V4:@8B8<8 @50:FV9=8<8 

F5=B@0<8 (%ІІ; NPQt 3 @V25=ь =5D>B>EV<VG=>3> 30AV==O, >FV=5=89 157 B5<=>2>W 

040?B0FVW; ϕNO 3 G0AB:0 A2VB;0, I> >B@8<CєBьAO @>A;8=>N, :>B@0 2B@0G0єBьAO 

G5@57 =5@53C;ь>20=V ?@>F5A8, CB5VKAV ?@>4C:B8 O:8E V=3V1CNBь D>B>A8=B57 01> є 

H:V4;828<8; ϕNPQ 3 :20=B>289 28EV4 NPQ; LEF 3 ;V=V9=89 5;5:B@>==89 

B@0=A?>@B C <560E A2VB;>718@0;ь=>3> :><?;5:AC (%%�) (% ��; Fs 3 AB0FV>=0@=89 

@V25=ь D;C>@5AF5=FVW; qL 3 G0AB:0 $* (% II, I> 7=0E>4OBьAO C «2V4:@8B><C 

AB0=V»; qP 3 D>B>EV<VG=5 30AV==O E;>@>DV;C (@>7@0E>2CєBьAO 70 D>@<C;>N: 

qP=(Fm'-Fs)/(Fm'-Fo); Rfd 3 V=45:A 68BBє740B=>ABV (@>7@0E>2CєBьAO 70 D>@<C;>N: 

RFd = (Fm'-Fs)/Fs). "AB0==V9 ?>:07=8: 4>72>;Oє >FV=8B8 ?>B5=FV9=C 

D>B>A8=B5B8G=C 0:B82=VABь ;8AB:0 (�=B>=>20 �. �., 2015). 

' ?@>F5AV 4>A;V465=ь <8 ?@89=O;8 B25@465==O, I> 7030;ь=0 AC<0 

:20=B>28E 28E>4V2 B@ь>E :;NG>28E <5E0=V7<V2, O:V 15@CBь CG0ABь C @50;V70FVW 

5=5@3VW :20=BV2 A2VB;0 3 (PSII, ϕNPQ V ϕNO, 4>@V2=Nє >48=8FV (Pospisil P., 1950). 
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#>:07=8:8 �() 4;O >4=VєW >A>18=8 >1G8A;N20;8 O: A5@54=ь>0@8D<5B8G=5 V7 5 

7=0G5=ь, 0 ?> 281V@FV 3 707=0G0;8 ?>A5@54=V 40=V 7 10-E @>A;8= B0 4>4020;8 

AB0=40@B=V 2V4E8;5==O. 
 

2.3.5. �>4=89 @568< 

 

�;NG>28<8 <5E0=V7<0<8, O:V ;560Bь 2 >A=>2V 2>4=>3> 10;0=AC, є ?@>F5A8 

04A>@1FVW, B@0=A?>@BC20==O B0 B@0=A?V@0FVW 2>;>38 @>A;8=0<8. %0<5 ?@>?>@FVW 

<V6 =04E>465==O< B0 28B@0B0<8 2>48 287=0G0NBь 2>4=89 10;0=A @>A;8= 

( 0:@CH8=, 2006). �>4=89 @568< @>A;8= E0@0:B5@87C20;8 70 ?>:07=8:0<8 

7030;ь=>3> 2<VABC 2>48 C ;8AB:0E (WCF), 2>4=>3> 45DVF8BC (WSD), V=B5=A82=>ABV 

B@0=A?V@0FVW (�) 203>28< <5B>4><. ' E>4V 287=0G5==O 2>;>3>CB@8<CNG>W 

740B=>ABV ;8AB:V2 (WL) 70 <5B>4>< «29O=5==O» >FV=N20;8 H284:VABь 7<V=8 2038 

28AVG>: C G0AV. #>:07=8:8 287=0G0;8 C @>A;8= 3-E 2V:>28E 3@C?: V<0BC@=>W, 

2V@3V=V;ь=>W B0 35=5@0B82=>W. �;O 4>A;V465==O 1C;> 2V4V1@0=> =0 15320 @>A;8= 7 

:>6=>W 2V:>2>W 3@C?8. ' :>6=>W >A>18=8 1C;> 28;CG5=> ?> 2 ;8AB:0 V7 A5@54=ь>3> 

O@CAC @>75B:8. �=0;>3VG=> 1C;> 2V4V1@0=> <0B5@V0; C @>A;8= in vitro 4>A;V465=8E 

284V2. 

�=B5=A82=VABь B@0=A?V@0FVW ;8AB:V2 287=0G0;8 <5B>4>< H284:>3> 

7206C20==O. �;O Fь>3> 28<V@N20;8 <0AC ;8AB:8 2V4@07C ?VA;O 71>@C V G5@57 3 

E28;8=8. 

�=B5=A82=VABь B@0=A?V@0FVW (E) @>7@0E>2C20;8 70 D>@<C;>N: 

E = (Mo 3 M3) x 20/S (<3 2>48/A<2.3>4), 

45 Mo V M3 3 <0A0 ;8AB:0 2V4@07C ?VA;O 71>@C V G5@57 3 E28;8=8 2V4?>2V4=>, 

S 3?;>I0 ;8AB:0, 20 3 :>5DVFVє=B ?5@5@0EC=:C E28;8= C 3>48=8. #;>IC 

;8AB:>2>3> <0B5@V0;C >1G8A;N20;8 70 4>?><>3>N <>1V;ь=>W ?@>3@0<8 Petiole V 

<>1V;ь=>3> 4>40B:C 4> =5W OpenCV Manager.  

�>;>3>CB@8<C20;ь=C 740B=VABь ;8AB:V2 287=0G0;8 203>28< A?>A>1>< 70 

". !8G8?>@>28G5< (1926) (!8G8?>@>28G �. �., 1926). �;O Fь>3> 28AVG:8 ;8AB:V2 

@>A;8= V7 ?@8@>48 B0 >:@5<V ;8AB:8 :C;ьB82>20=8E in vitro @>A;8= 7206C20;8 B0 

?5@5=>A8;8 C G0H:8 #5B@V 4;O 7029O=5==O =0 2 3>4 ?@8 :V<=VB=V9 B5<?5@0BC@V 203
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22º%. #VA;O G>3> 7@07:8 ;8AB:V2 ?>2B>@=> 7206C20;8 B0 287=0G0;8 2<VAB 2B@0G5=>W 

2>48 C 7@07:0E 70 D>@<C;>N: 

WL = (FWt0 3 DWt ) 3 (FWt 3 DWt ) × 100 / (FWt0 3 DWt), 

45 WL 3 2V4A>B>: 2B@0G5=>W 2>48; FWt0 3?>G0B:>20 <0A0 A2V68E ;8AB:V2; 

FWt 3 <0A0 A2V68E ;8AB:V2 G5@57 2 3>4; DWt 3 ACE0 <0A0 ;8ABV2 (�urkovič J., 2009). 

�87=0G5==O 2>4=>3> 45DVF8BC ;8AB:V2 (WSD) 74V9A=N20;8 70 <5B>48:>N 

�. +0BAь:>3>,  . %;02V:0 (Catsky J., 1960). �V4@07C ?VA;O 71>@C A2V6V ;8AB:8 

27206C20;8 B0 ?5@5=>A8;8 =0 2 3>4. 4;O @53V4@C20==O C G0H:8 #5B@V =0 ?>@>;>=, 

=0<>G5=89 48AB8;ь>20=>N 2>4>N. #VA;O =0A8G5==O WE 2>4>N 7=>2C 287=0G0;8 <0AC 

;8AB:V2.  

#>BV< ;8AB:8 28ACHC20;8 2 ACH8;ь=V9 H0DV ?@8 60°% 4> ?>ABV9=>W <0A8 V 

287=0G0;8 ACEC <0AC ;8AB:V2, I> 4>72>;8;> 79OAC20B8 7030;ь=89 2<VAB 2>48 

(WCf) C ;8AB:0E (01> >2>4=5=VABь). 

�>4=89 45DVF8B (WSD) V 2<VAB 2>48 C A2V6V9 =0206FV (WCf) @>7@0E>2C20;8 

70 D>@<C;0<8: 

WSD = (Ws ‒ Wf ) / (Ws ‒ Wd)×100 (%),  

WCf = Wf ‒ Wd / Wd (3 2>48 × 3 31 ACE.<0A8), 

45 Wf V Wd 3 A2V60 V ACE0 <0A0 ;8AB:V2; Ws 3 <0A0 ;8AB:V2 ?VA;O =0A8G5==O 

(Catsky J., 1960). 

 

2.3.6. �?;82 EV<VG=>3> A:;04C A5@54>28I0 B0 5:7>35==8E 

@53C;OB>@V2 / AB8<C;OB>@V2 @>ABC =0 <>@D>DV7V>;>3VG=V ?0@0<5B@8 @>A;8= in 

vitro 

 

�A5?B8G=V ?@>@>AB:8 284V2 @>4C Carlina :C;ьB82C20;8 70 V=B5=A82=>ABV 

>A2VB;5==O 15 <:<>;ь/(<²·A), V7 28:>@8AB0==O< @V7=8E 20@V0=BV2 A5@54>28I0 4;O 

:C;ьB82C20==O. #5@H0 4>A;V4=0 3@C?0 AD>@<>20=0 =0 >A=>2V :;0A8G=>3> 

A5@54>28I0 4;O :C;ьB82C20==O  %, 7>:@5<0, �>=B@>;ь 1: A5@54>28I5 4;O 

:C;ьB82C20==O MC/2 157 4>?>2=5==O ?@5?0@0B>< B0 @53C;OB>@0<8 @>ABC; �0@V0=B 

1: A5@54>28I5 4;O :C;ьB82C20==O MC/2, 4>?>2=5=5 0,1 <;/; �"�. �@C30 4>A;V4=0 

3@C?0 @>7@>1;5=0 =0 >A=>2V A5@54>28I0 4;O :C;ьB82C20==O  %/2, 
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<>48DV:>20=>3> 70 A:;04>< <0:@>A>;59 2V4?>2V4=> 4> 5;5<5=B=>3> A:;04C 

�@C=BV2 3 �>=B@>;ь 2: <>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 1 70 A:;04>< 

<0:@>A>;59 2V4?>2V4=> 4> 5;5<5=B=>3> A:;04C �@C=BV2 (B01;.2.1, 2.2) 157 

@53C;OB>@V2 @>ABC; �0@V0=B 2.2: <>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 1 

70 A:;04>< <0:@>A>;59 2V4?>2V4=> 4> 5;5<5=B=>3> A:;04C �@C=BV2 (B01;.2.1,2.2), 

4>?>2=5=5 0,1 <;/; V=4>;8;-3->FB>2>W :8A;>B>N (�"�).  

�V4><>, I> =0 4>ABC?=VABь 5;5<5=BV2 682;5==O C ?@8@>4=8E C<>20E 

2?;820є @O4 G8==8:V2, :>B@V =5 ?5@5410G5=V C<>20<8 in vitro, 0 A0<5: 

3@0=C;><5B@8G=89 A:;04 �@C=BC, :;V<0B8G=V C<>28, <V:@>1V>;>3VG=0 0:B82=VABь, 

2<VAB 3C<CAC, I> <>65 7=0G=> 7<V=N20B8 ABC?V=ь 70A2>є==O <V=5@0;V2 @>A;8=0<8 

(Lavnyi, 2012; Pankiv, 2017). 

&><C C ?@>F5AV 4>A;V465=ь =0<8 1C;> 74V9A=5=> :>@5:FVN EV<VG=>3> 

A:;04C A5@54>28I0 4;O :C;ьB82C20==O B0 AD>@<>20=> FD9FN 8BE?V8AG 7DGCG V7 

B0:8<8 20@V0=B0<8: �>=B@>;ь 3: <>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 2 

70 A:;04>< <0:@>A>;59 (B01;.2.1) 157 @53C;OB>@V2 @>ABC; �0@V0=B 3.2: 

<>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 2 70 A:;04>< <0:@>A>;59 (B01;. 

2.1), 4>?>2=5=5 0,1 <;/; V=4>;8;-3->FB>2>W :8A;>B>N (�"�); �0@V0=B 3.3: 

<>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 2 70 A:;04>< <0:@>A>;59 

(B01;.2.1), 4>?>2=5=5 1 <;/; « ®»; �0@V0=B 3.4: <>48DV:>20=5 A5@54>28I5 

4;O :C;ьB82C20==O 2 70 A:;04>< <0:@>A>;59 (B01;.2.1), 4>?>2=5=5 0,1 <;/; �"� 

B0 1 <;/; «Trevitan®».  

� CAVE 4>A;V4=8E 20@V0=B0E @>A;8=8 28A046C20;8 =0 ?>@>;>=>2V 48A:8 C 

:C;ьB820FV9=V :>;18 >19є<>< 200 <;. �8<V@N20==O <>@D><5B@8G=8E ?0@0<5B@V2 

C 2AVE 5:A?5@8<5=B0;ь=8E 20@V0=B0E 74V9A=N20;>Aь G5@57 60 4V1. 

 

 

 

 

&01;8FO 2.1 

�<VAB <0:@>A>;59 C @V7=8E 20@V0=B0E A5@54>28I0 4;O :C;ьB82C20==O 

C. cirsioides B0 C. onopordifolia (C <3/;) 
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С>?а8Aи> 

КBAц9AFDація, @7/? 

#5@H0 4>A;V4=0 
3@C?0 

�@C30 4>A;V4=0 
3@C?0 

&@5BO 4>A;V4=0 
3@C?0 

%9D98B6<M9 8?O 
>G?PF<6G64AAO 

 %/2 

 B8<HV>B64A9 
E9D98B6<M9 8?O 
>G?PF<6G64AAO 1 
(;4 E>?48B@ 
ґDGAFV6)  

 B8<HV>B64A9 
E9D98B6<M9 8?O 
>G?PF<6G64AAO 2 

KNO3 95,0 1,10 23,75 

(NH4)2SO4 - 6,52 - 

CaCl2  16,6 24,50 75,65 

MgSO4 x 7 H2O 18,5 18,5 18,5 

KH2PO4 x 2 H2O 10,5 9,80 2,65 

NH4NO3 82,5 - 20,62 

�2SO4 - 11,80 - 

 

&01;8FO 2.1 
�<VAB <0:@>A>;59 C @V7=8E 20@V0=B0E A5@54>28I0 4;O :C;ьB82C20==O 

C. acaulis (C <3/;) 

С>?а8Aи> 

КBAц9AFDація, @7/? 

#5@H0 4>A;V4=0 
3@C?0 

�@C30 4>A;V4=0 
3@C?0 

&@5BO 4>A;V4=0 
3@C?0 

С9D98B6иM9 8?я 
>G?ьFи6G6аAAя 

МС/2 

МB8иHі>B6аA9 
E9D98B6иM9 8?я 

>G?ьFи6G6аAAя 1 
(;4 E>?48B@ 
ґDGAFV6)  

МB8иHі>B6аA9 
E9D98B6иM9 8?O 
>G?PF<6G64AAO 2 

CaCl2  16,6 12,61 12,61 

KH2PO4 x 2 H2O 10,5 13,05 2,50 

KNO3 95,0 0,78 9,50 

NH4NO3 82,5 - - 

(NH4)2SO4 - 7,60 3,35 

�2SO4 - 9,35 - 

MgSO4 x 7 H2O 18,5 18,5 18,5 

 

 

2.3.7. �?;82 @5:C;ьB820=B0 :><?>78FV9=>3> <Trevitan®= =0 @VAB @>A;8= 

in vitro 

 



63 

�;O 79OAC20==O 2?;82C @5:C;ьB820=BC :><?>78FV9=>3> <Trevitan®= =0 

?@>@>AB0==O =0AV==є2>3> <0B5@V0;C 1C;> 70AB>A>20=> =0ABC?=C AE5<C: 

=0AV==є289 <0B5@V0; >1@>1;O;8 ?@>BO3>< 24 3>4 @>7G8=>< <Trevitan®= 

:>=F5=B@0FVєN 1 <;/;, =0ABC?=8< 5B0?>< 1C;0 AB5@8;V70FVO C 15 % @>7G8=V !2"2 

?@>BO3>< 30 E2 B0 ?><VI0;8 =0 030@87>20=5 A5@54>28I5 4;O :C;ьB82C20==O  % 

7 242VGV 7<5=H5=>N :>=F5=B@0FVєN <0:@>- B0 <V:@>A>;59 ( %/2), O:5 1C;> 

4>?>2=5=> ?@5?0@0B>< <Trevitan®= :>=F5=B@0FVєN 1 <;/;. #@>F5A ?@>@>IC20==O 

=0AV==є2>3> <0B5@V0;C 2V41C20;>Aь 70 B5<?5@0BC@8 +18 3 +20% B0 2>;>3>ABV 80 

%. �A5?B8G=V ?@>@>AB:8 2V4:0A=8:V2 28@>IC20;8 =0 =0ABC?=8E 20@V0=B0E 

A5@54>28I0 4;O :C;ьB82C20==O: �>=B@>;ь 3 MC/2 157 ?@5?0@0BC B0 

@53C;OB>@V2 / AB8<C;OB>@V2  @>ABC; 4.1 20@V0=B 3 MC/2, 4>?>2=5=5 0,1 <;/; �"); 4.2 

20@V0=B 3 MC/2 V7 4>4020==O< 1 <;/; <Trevitan®=; 4.3 20@V0=B 3 MC/2, V7 

4>?>2=5==O< 0,1 <;/; �"�, 1 <;/; <Trevitan®=. �0 :C;ьB82C20==O =0 2AVE 

AD>@<>20=8E 20@V0=B0E A5@54>28I0 4;O :C;ьB82C20==O 2V4:0B=8:8 ?><VI0;8 =0 

48A:8 7 ?>@>;>=C, 7 28:>@8AB0==O< :C;ьB820FV9=8E :>;1 >19є<>< 200 <;. 

"1G8A;5==O <>@D><5B@8G=8E ?>:07=8:V2 CAVE 5:A?5@8<5=B0;ь=8E 

20@V0=BV2 ?@>2>48;>Aь G5@57 60 4V1. 

 

2.3.8. �?;82 :;V<0B8G=8E G8==8:V2 =0 2<VAB B0 A?V22V4=>H5==O 
?V3<5=BV2 C @>A;8=0E @>4C Carlina in situ  

 

�;O >FV=:8 70;56=>ABV <V6 2<VAB>< ?V3<5=BV2 C @>A;8==><C <0B5@V0;V in 

situ, ?>:07=8:0<8 WE 2>4=>3> 10;0=AC B0 <5B5>@>;>3VG=8<8 D0:B>@0<8 

74V9A=N202AO :>@5;OFV9=89 0=0;V7 7 >1@0EC=:>< :>5DVFVє=B0 :>@5;OFVW #V@A>=0. 

!0<8 1C;> ?@>2545=> 287=0G5== =0?@O<:C :>@5;OFV9=>3> 729O7:C: ?@O<89 G8 

72>@>B=V9 V ABC?V=ь 729O7:C. #V4 G0A >FV=:8 281V@:>2>3> :>5DVFVє=B0 :>@5;OFVW (r) 

ABC?V=ь 72'O7:C 287=0G0;8 70 H:0;>N +544>:0: ?@8 r = 0 3 729O7>: 2V4ACB=V9; ?@8 

r = 2V4 0,1 4> 0,3 3 A;01:89 729O7>:; 0,330,5 3 729O7>: ?><V@=>W A8;8; 0,530,7 3 

?><VB=89 729O7>:; 0,730,9 3 729O7>: 28A>:>W A8;8, 0,931 3 4C65 28A>:>W A8;8. 

 

2.4. %B0B8AB8G=0 >1@>1:0 40=8E 
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%B0B8AB8G=89 0=0;V7 >B@8<0=8E 40=8E ?@>2>48;8 70 4>?><>3>N 

?@>3@0<=>3> 70157?5G5==O Prism 6. �;O AB0B8AB8G=>3> 0=0;V7C DV7V>;>3VG=8E 

?0@0<5B@V2 @>A;8= in situ 28:>@8AB>2C20;8 >4=>D0:B>@=89 48A?5@AV9=89 0=0;V7 

ANOVA. $>7@0E>2C20;8 A5@54=N 0@8D<5B8G=C 25;8G8=C >7=0:8, AB0=40@B=C 

?>E81:C A5@54=ь>W 0@8D<5B8G=>W.  

�@8B8G=89 @V25=ь 7=0G8<>ABV ?@8 ?5@52V@FV AB0B8AB8G=8E 3V?>B57 C 

4>A;V465==V ?@89<02AO @V2=8< 0,05. 
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$"���� ��� 
 

"*�!.��!!/ ��"�"��+!�) ' "� $"%&' &� (���"�"��+!�) 
"%"����"%&�� $"%��! $"�' CARLINA ' #$�$"�!�) *�!"��) 

 

�030B>ABC?V=G0AB0 B5E=>;>3VO «in vitro 3 ex vitro 3 in situ», O:0 1C;0 27OB0 70 

>A=>2C 4;O 282G5==O <>6;82>ABV ?V428I5==O 040?B82=>3> ?>B5=FV0;C @>A;8= 

2V4:0A=8:V2 I5 =0 AB04VW in vitro 4> C<>2 ex vitro, ?5@5410G0є 2@0EC20==O 

540DVG=8E ?>B@51 284V2 C ?@8@>4V, AB0=C D>B>A8=B5B8G=>3> 0?0@0BC, 2>4=>3> 

10;0=AC, A2VB;>28E V B5<?5@0BC@=8E C<>2 WE @>ABC. *5 ?V4B25@46CєBьAO B8<, I> 

4>A;V465==O >A>1;82>AB59 DV7V>;>3VW @>A;8= 2 C<>20E ?@8@>48 є ?V4�@C=BO< 4;O 

@>7@>1:8 1V>B5E=>;>3VG=8E B5E=>;>3V9 28@>IC20==O @V4:VA=8E 284V2, 0 B0:>6 

70157?5G5==O WE 0:;V<0B870FVW 4> C<>2 ex vitro. #@54AB02=8:8 @V7=8E 

B0:A>=><VG=8E 3@C? 2V4@V7=ONBьAO ABC?5=5< B>B8?>B5=B=>ABV :;VB8= B0 740B=VABN 

4> @535=5@0FVW, I> 7C<>2;Nє =5>1EV4=VABь V=482V4C0;ь=>3> ?V4E>4C 4> AB2>@5==O 

<5B>48: <V:@>:;>=0;ь=>3> @>7<=>65==O (�@8F0: �.$.& �@>18: !.  ., 2019). 

&><C 2V4 282G5==O >A>1;82>AB59 DV7V>;>3VW 2V4:0A=8:V2 C ?@8@>4=8E C<>20E 

70;560Bь ?>B@518 @>A;8= in vitro 2 5;5<5=B0E 682;5==O, 2>4=><C, 

B5<?5@0BC@=><C B0 A2VB;>2><C @568<0E. !52V4?>2V4=VABь DV78G=8E V EV<VG=8E 

C<>2 2 :C;ьBC@V in vitro 284>28< ?>B@510< @>A;8= 28:;8:0є AB@C:BC@=>-

DC=:FV>=0;ь=V 7<V=8, O:V 7=86CNBь WE 040?B82=89 ?>B5=FV0;. � >3;O4C =0 F5, =0<8 

1C;> 4>A;V465=> DV7V>;>3VG=V E0@0:B5@8AB8:8 284V2 @>4C Carlina C ?@8@>4=8E 

<VAFOE 7@>AB0==O B0 >4=>G0A=> 287=0G5=> :@8B5@VW-<0@:5@8 @>A;8= in situ, 

28:>@8AB0==O O:8E 4>72>;Oє >FV=8B8 AB@C:BC@=>-DC=:FV>=0;ь=V ?5@51C4>28 

@>A;8=, >B@8<0=8E 70 4>?><>3>N 1V>B5E=>;>3VG=8E <5B>4V2 =0 5B0?0E in vitro-

ex vitro-in situ. �> B0:8E :@8B5@VW2-<0@:5@V2 DV7V>;>3VG=>3> AB0=C @>A;8= 

=0;560Bь ?>:07=8:8 DC=:FV>=C20==O D>B>A8=B5B8G=>3> 0?0@0BC B0 2>4=>3> 

10;0=AC @>A;8=. 
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3.1. (C=:FV>=C20==O D>B>A8=B5B8G=>3> 0?0@0BC  
 

3.1.1. �<VAB ?V3<5=BV2 C ;8AB:0E @>A;8= 4>A;V46C20=8E 284V2 B0 9>3> 
70;56=VABь 2V4 :;V<0B8G=8E G8==8:V2 

 

�V4><>, I> D>B>A8=B5B8G=89 0?0@0B ((%�) @>A;8= є =091V;ьH 2@07;828< 

4> 2?;82C @V7=8E =5A?@8OB;828E D0:B>@V2 A5@54>28I0, O:V V=VFVNNBь <5E0=V7<8 

@>728B:C 040?B0FV9, I> AC?@>2>46CєBьAO D>@<C20==O< :><?;5:AC 

<>@D>;>3VG=8E, DV7V>;>3VG=8E V 1V>EV<VG=8E <>48DV:0FV9 (Man'ko M., 2016; 

Pospisil, 2016). #@8 Fь><C AB0= D>B>A8=B5B8G=>3> 0?0@0BC @>A;8= 7 ?@8@>48 

<>6=0 >FV=8B8 70 7030;ь=8< 2<VAB>< ?V3<5=BV2, WE A?V22V4=>H5==O< B0 V=4C:FVєN 

D;C>@5AF5=FVW E;>@>DV;C 4.  

�<VAB D>B>A8=B5B8G=8E ?V3<5=BV2 C ;8AB:0E @>A;8= є :;NG>28< 

?>:07=8:>< >FV=:8 5D5:B82=>ABV  DC=:FV>=C20==O (%�. ' A2>N G5@3C, 2<VAB V 

A?V22V4=>H5==O D>B>A8=B5B8G=8E ?V3<5=BV2 70;568Bь 2V4 A2VB;>28E C<>2, 

B5<?5@0BC@8, 2>4=>3> @568<C B0 5B0?C 68BBє2>3> F8:;C @>A;8= (Pollastri S., 

2021; Heber U., 2000). &><C @V25=ь ?V3<5=BV2 A;C68Bь V=48:0B>@><, 70 O:8< 

<>6=0 287=0G8B8 5:>;>3VG=C ?;0AB8G=VABь @>A;8= B0 WE=N 68BBє740B=VABь C 

7<V=5=8E C<>20E A5@54>28I0 (Ullah A., 2022; �@8F0: �.$.& �@>18: !.  ., 2019).  

�848 @>4C %4rlin4, O:V 1C;8 =0<8 4>A;V465=V, 7@>AB0NBь C @V7=8E 28A>B=8E 

?>OA0E @>A;8==>ABV. �>:@5<0, ?>?C;OFVW 284V2 %. onopordifolia B0 %. cirsioides 

7CAB@VG0NBьAO 2 <560E 28A>B 290-350 <. =. @. <. "4=0:, DVB>F5=>B8G=V C<>28 

7@>AB0==O F8E 284V2 2V4@V7=ONBьAO, 0 A0<5: 0@50; %. Eirsioides >E>?;Nє A>=OG=V 

C7;VAAO, 30;O28=8, @>7@V465=V ;VA8, ACEV ;C:8, A2V6V :0@1>=0B=V �@C=B8, 0 

A5@54>28I5 VA=C20==O @>A;8= %. onopordifolia 3 AB5?>20 <VAF52VABь. �84 

%. acaulis =0;568Bь 4> 28A>:>3V@=8E @>A;8= V ?>H8@5=89 2 4V0?07>=V 500-1500 < 

=. @. < (ЄD@5<>20 ".". B0 V=., 2009). 

' @57C;ьB0BV ?@>2545=8E 4>A;V465=ь 1C;> 287=0G5=>, I> 5:>;>3VG=V B0 

35>3@0DVG=V C<>28 7@>AB0==O 2?;820NBь =0 <>@D>;>3VG=V >A>1;82>ABV, 

D5=>@8B<8, 0 B0:>6 AB0= D>B>A8=B5B8G=>3> 0?0@0BC @>A;8=. #@> F5 A2V4G8Bь 

7030;ь=89 2<VAB ?V3<5=BV2 B0 A?V22V4=>H5==O @V7=8E WE 3@C?. $>7?>4V; 70 
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7030;ь=8< 2<VAB>< ?V3<5=BV2 C 2018 @>FV 70A2V4G82, I> =0928I89 7030;ь=89 2<VAB 

?V3<5=BV2 (131,20 <3/100 3 A8@>W <0A8) 28O2;5=> C 284C %. cirsioides, 45I> <5=HV 

?>:07=8:8 ?@8B0<0==V @>A;8=0< %. acaulis (115,90 <3/ 100 3 A8@>W <0A8, 128,80 

<3/ 100 3 A8@>W <0A8), B>4V O: C @>A;8= %. onopordifolia =09=86G89 7030;ь=89 

2<VAB ?V3<5=BV2 (109,20 <3/100 3 A8@>W <0A8) (@8A. 3.1). 

 

 

 

$8A. 3.1. '<VAB ?V3<5=BV2 C @>A;8= @>4C Carlina 7 ?@8@>4=8E ;>:0;VB5BV2 

@>ABC 

 

$>A;8=8 284V2 %. onopordifolia B0 %. cirsioides @>7B0H>20=V =0 >4=0:>2V9 

28A>BV =04 @V2=5< <>@O. �0@V0FVO ?>:07=8:V2 7030;ь=>3> 2<VABC ?V3<5=BV2 A2V4G8Bь 

?@> =0;56=VABь F8E @>A;8= 4> @V7=8E 5:>;>3VG=8E 3@C? 70 A2VB;>28<8 ?>B@510<8: 

A2VB;>;N1=>W 3 %. onopordifolia B0 BV=ь>28B@820;>W 3 C. cirsioides. 

�V4><>, I> 5B0? 68BBє2>3> F8:;C 28:;8:0є DV7V>;>3>-1V>EV<VG=V 

<>48DV:0FVW C D>B>A8=B5B8G=><C 0?0@0BV @>A;8=. �=0;V7 7<V= ?>:07=8:V2 2<VABC 

?V3<5=BV2 C ;8AB:0E @>A;8= 70;56=> 2V4 AB04VW >=B>35=57C ?>:0702, I> C 

35=5@0B82=>W 3@C?8 @>A;8= C. onopordifolia :>;820==O 7030;ь=>3> 2<VABC 

?V3<5=BV2 є <5=H8<, ?>@V2=O=> V7 ?@535=5@0B82=>N 3@C?>N @>A;8=. �>:@5<0, 

7<V=0 7030;ь=>3> 2<VABC ?V3<5=BV2 2 35=5@0B82=8E @>A;8= AB0=>28Bь 2V4 106,62 

<3/100 3 (2018 @V:) 4> 149,9 <3/100 3 (2017 @V:). �;O V<0BC@=8E @>A;8= F59 

?>:07=8: :>;820єBьAO 2V4 113,70 <3/100 3 (2018 @V:) 4> 172,38 <3/100 3 (2017 @V:), 
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0 4;O 2V@3V=V;ь=>W 3@C?8 @>A;8= 20@VN20==O є <5=H8< V AB0=>28Bь 2V4 111,06 

<3/100 3 C 2018 @>FV 4> 161,12 <3/100 3 C 2017 @>FV. #@>B5, =091V;ьH8E 20@V0FV9 

707=02 2<VAB E;>@>DV;C 4 V :0@>B8=>W4V2 2 CAVE >=B>35=5B8G=8E 3@C?0E 

C. onopordifolia (�>;VA=8: B0 V=., 2024).  

�0 @57C;ьB0B0<8 >B@8<0=8E 40=8E 28O2;5=>, I> 7030;ь=89 2<VAB ?V3<5=BV2 

C @>A;8= 284C C. cirsioides є =86G8< =0 23,96339,35 % C ?>@V2=O==V V7 284>< 

C. onopordifolia. #@8G><C, =0928I8< 1C2 2<VAB ?V3<5=BV2 C 35=5@0B82=>W 3@C?8. 

":@V< Fь>3>, @V25=ь Carot 2 CAVE 2V:>28E 3@C?0E 284C C. cirsioides 2 142,5 @078 

28O282AO <5=H8<, =V6 C @>A;8= C. onopordifolia. #>4V1=V @>71V6=>ABV A2V4G0Bь 

?@> 52>;NFV9=5 ?@8AB>AC20==O 284V2 4> 5:>;>3VG=8E C<>2 70 @V7=>3> >A2VB;5==O. 

�@>AB0==O 2<VABC :0@>B8=>W4V2 C ?V3<5=B=><C :><?;5:AV 2V41C20єBьAO ?@8 4VW 

AB@5A>28E D0:B>@V2 B><C, I> 2>=8 <0NBь 740B=VABь =59B@0;V7C20B8 ?5@>:A84=V 

A?>;C:8 B0 70?>1V30B8 D>B>>:8A=5==N ?V3<5=B-1V;:>28E :><?;5:AV2 

D>B>A8=B5B8G=8E <5<1@0= 2V4 >:8A=5==O A2VB;>< (Prashant Swapnil, 2021; 

Assessing, 2022). �<>2V@=>, 28A>:89 2<VAB :0@>B8=>W4V2 C ;8AB:0E @>A;8= 

C. onopordifolia 7C<>2;5=89 WE=ь>N ?@8=0;56=VABN 4> A2VB;>;N1=8E 284V2.  

�V4><>, I> @>A;8=8 @53C;NNBь A2V9 ?V3<5=B=89 A:;04 70;56=> 2V4 7<V= 

A5@54>28I0 VA=C20==O. ' 284V2 C. cirsioides B0 C. onopordifolia 70 2018 @V: 

?@0:B8G=> C 2AVE 2V:>28E 3@C?0E, >:@V< 35=5@0B82=8E @>A;8= C. cirsioides, C 1,14

3,7 @078 7@VA @V25=ь Chl b (@8A.3.2). &0:0 7<V=0 2V4>1@078;0Aь O: =0 2V4=>H5==V 

Chl 4 4> Chl b (B01;. 3.1), B0: V =0 2V4=>H5==V AC<8 E;>@>DV;V2 4> :0@>B8=>W4V2. �7 

;VB5@0BC@=8E 465@5; 2V4><>, I> 2V4=>H5==O 2<VABC E;>@>DV;V2 4> :0@>B8=>W4V2 

7030;>< 70;568Bь 2V4 C<>2 >A2VB;5==O. ":@V< Fь>3>, 25;8G8=C A?V2AB02;5==O 

@V2=O E;>@>DV;V2 4> :0@>B8=>W4V2 28:>@8AB>2CNBь O: :@8B5@V9 DV7V>;>3VG=8E 

>A>1;82>AB59, 0:B82=>ABV D>B>A8=B5B8G=>W A8AB5<8, B@0=AD>@<0FV9 C E>4V 

>=B>35=57C B0 @50:FVW @>A;8= =0 AB@5A (Gitelson A., 2020; Souahi H. 2021; Zeng J., 

2021). 
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$8A. 3.2 '<VAB D>B>A8=B5B8G=8E ?V3<5=BV2 C @>A;8=0E C. cirsioides B0 

C. onopordifolia 7 ?@8@>4=8E C<>2 @>ABC C 2017, 2018, 2021 B0 2023 @@. '<>2=V 

?>7=0G5==O: Chl a 3 E;>@>DV; 4, Chl b 3 E;>@>DV; b, Carot 3 AC<0 :0@>B8=>W4V2; Im 

3 V<0BC@=V @>A;8=8, V 3 2V@3V=V;ь=V @>A;8=8, G 3 35=5@0B82=V @>A;8=8; 

 

$57C;ьB0B8 4>A;V465=ь A2V4G0Bь ?@> 7<V=C 2<VABC ?V3<5=BV2 C 2V4?>2V4ь =0 

C<>28 @>ABC 2021 @>:C, I> B0:>6 2?;8=C;> V =0 WE A?V22V4=>H5==O. �<5=H5==O 

:V;ь:>ABV E;>@>DV;C b C @>A;8=0E C. onopordifolia =0 2AVE 5B0?0E 68BBє2>3> F8:;C 

AC?@>2>46C20;>Aь ?V428I5==O< 2<VABC :0@>B8=>W4V2 C42VGV, ?>@V2=O=> 7 2<VAB>< 

Carot ?V4 G0A 4>A;V465=ь C V=HV @>:8. *5 ?>7=0G8;>Aь =0 2V4=>H5==V E;>@>DV;C 

b 4> Carot. �07=0G5=89 ?0@0<5B@ 28O282AO =09<5=H8< 70 2AV @>:8 4>A;V465=ь, 

I> A2V4G8Bь ?@> 7=0G=89 @V25=ь AB@5AC C @>A;8=, 0465 2<VAB :0@>B8=>W4V2 

:>@5;Nє 7 2<VAB>< 01AF87>2>W :8A;>B8 4 3>@<>=>< AB@5AC. �=B5=A82=V C<>28 

>A2VB;5==O A?@8G8=ONBь 7<5=H5==O @>7<V@V2 B0 :V;ь:>ABV A2VB;>718@0;ь=8E 

:><?;5:AV2 D>B>A8AB5<, B><C 7=0GCIVABь D>B>70E8A=>W @>;V :0@>B8=>W4V2 

7@>AB0є, >A:V;ь:8 2>=8 ?5@5H:>460NBь @C9=V2=><C D>B>>:8A=5==N >@30=VG=8E 

A?>;C: =0 A2VB;V C ?@8ACB=>ABV <>;5:C;O@=>3> :8A=N (%820H "."., 2012). 

&V=ь>28B@820;89 284 C. cirsioides B0:>6 707=02 DC=:FV>=0;ь=8E 7<V= C 
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?V3<5=B=><C A:;04V, 7>:@5<0, C ?@54AB02=8:V2 ?@535=5@0B82=>W 3@C?8. "B@8<0=V 

@57C;ьB0B8 <>6CBь A2V4G8B8 ?@> 71V;ьH5==O V=B5=A82=>ABV A>=OG=>3> 

28?@><V=N20==O C 2021 @>FV C ?>@V2=O==V 7 V=H8<8 @>:0<8. 

&01;8FO 3.1 

%?V22V4=>H5==O ?V3<5=BV2 C @>A;8=0E C. onopordifolia =0 @V7=8E AB04VOE 

>=B>35=57C  

�V:>20 3@C?0 $>:8 Chl 0 / b Chl 0 + b / car Chl 0 / car Chl b / Aar 

�<0BC@=V 

2017 3,77  ±0,07 2,58  ±0,14 2,04  ±0,11 0,55  ±0,03 
2018 3,77  ±0,05 3,37  ±0,03 2,21  ±0,03 1,15  ±0,01 
2021 3,63  ±0,09 1,47  ±0,21 1,15  ±0,17 0,32  ±0,05 
2023 3,99  ±0,19 3,22  ±0,12 2,57  ±0,10 0,64  ±0,01 

�5=5@0B82=V 

2017 3,50  ±0,12 4,29  ±0,02 3,34  ±0,05 0,95  ±0,09 
2018 1,90  ±0,10 4,77  ±0,46 3,15  ±0,28 1,64  ±0,18 
2021 3,32  ±0,13 1,69  ±0,18 1,29  ±0,13 0,38  ±0,03 
2023 4,57  ±0,21 3,46  ±0,14 2,84  ±0,17 0,62  ±0,02 

�V@3V=V;ь=V 
2017 3,75  ±0,18 3,49  ±0,24 2,75  ±0,18 0,74  ±0,06 
2018 1,96  ±0,04 3,80  ±0,13 2,52  ±0,11 1,29  ±0,04 
2021 3,66  ±0,14 2,12  ±0,16 1,66  ±0,51 0,45  ±0,14 

 

 

&01;8FO 3.2 

%?V22V4=>H5==O ?V3<5=BV2 C @>A;8=0E C. cirsioides =0 @V7=8E AB04VOE >=B>35=57C 

�V:>20 
3@C?0 $>:8 Chl 0 / b Chl 0 + b / 

car 
Chl 0 / car Chl b / Aar 

�<0BC@=V 

2017 3,42  ±0,05 4,18  ±0,07 3,20  ±0,02 0,95±  0,09 

2018 1,35  ±0,16 2,96  ±0,57 2,21  ±0,28 1,67  ±0,30 
2021 4,11  ±0,98 3,10  ±0,11 2,53  ±0,51 0,62  ±0,01 
2023 3,95  ±0,08 2,39  ±0,96 1,91  ±0,01 0,48  ±0,01 

�5=5@0B82=V 

2017 3,48  ±0,02 6,16  ±0,12 4,89  ±0,02 1,41  ±0,03 
2018 4,47  ±0,31 3,86  ±0,07 2,28  ±0,40 0,51  ±0,08 
2021 4,44  ±0,91 4,54  ±0,32 3,69  ±0,14 0,85  ±0,09 
2023 4,68  ±0,21 2,85  ±0,10 2,35  ±0,11 0,51  ±0,01 

�V@3V=V;ь=V 
2017 3,36  ±0,09 3,62  ±0,04 2,79  ±0,11 0,83  ±0,07 
2018 2,04  ±0,02 4,42  ±0,02 3,17  ±0,08 1,70  ±0,02 
2021 4,24  ±0,03 5,28  ±0,12 4,27  ±0,32 1,01  ±0,23 

 

�=0;V7 ?>:07=8:V2 A?V22V4=>H5==O Chl a/b 45<>=AB@Cє, I> <0:A8<0;ь=V 

7=0G5==O Fь>3> ?>:07=8:0 (3,4744,67) A?>AB5@V30;8Aь C @>A;8= C. cirsioides 

35=5@0B82=>W D078. �;O @>A;8= C. onopordifolia, O:V @>7B0H>20=V =0 AE>6V9 28A>BV 
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=04 @V2=5< <>@O, 7=0G5==O Fь>3> ?>:07=8:0 :>;820;>Aь 2 <560E 1,9034,57 2 

70;56=>ABV 2V4 @>:C 4>A;V465==O (B01;.3.1). #@>B5, C @>A;8= C. cirsioides, 

ACBBє2>W @V7=8FV C 7=0G5==V ?>:07=8:0 Chl 4/b ?><V6 ?@54AB02=8:0<8 @V7=8E 

>=B>35=5B8G=8E AB04V9 =5 1C;> 70DV:A>20=> (B01;.3.2) (�>;VA=8: B0 V=., 2024). 

�>A;V4=8:0<8 2AB0=>2;5=>, I> @V7=V 5:>;>3VG=V D0:B>@8 740B=V G8=8B8 

2?;82 =0 @V25=ь E;>@>DV;V2 C @>A;8=0E B0 WE ?@>?>@FVW. "A2VB;5==O 22060єBьAO 

:;NG>28< G8==8:><, O:89 0:B82Cє CB2>@5==O E;>@>DV;V2 (Hang Y., 2021). ":@V< 

>A2VB;5==O, ?@>F5A CB2>@5==O E;>@>DV;C 70;568Bь 2V4 B5<?5@0BC@8, 2>48 B0 

4>ABC?=>ABV 07>BC.  >48DV:0FVW C A:;04V ?V3<5=BV2 2V4>1@060NBь 

DC=:FV>=C20==O C3@C?C20==O 4> 7<V= 4>2:V;;O. �>;820==O 2<VABC ?V3<5=BV2 

A2V4G8Bь ?@> ?@8AB>AC20==O 4> AB@5A>28E 5:>;>3VG=8E C<>2 (Mitchell R.M., 2018). 

$>A;8=0< ?@535=5@0B82=>W 3@C?8 C. onopordifolia 2;0AB8289 <0:A8<0;ь=89 

2<VAB B0 =09H8@H89 A?5:B@ :>;820==O 2<VABC ?V3<5=BV2. !0928I89 2<VAB 

?V3<5=BV2 E0@0:B5@=89 @>A;8=0< C. cirsioides 35=5@0B82=>3> 5B0?C @>728B:C. 

�V4><>, I> 2V4 2<VABC Chl 4 70;568Bь ?@>4C:B82=VABь @>A;8=. �@>AB0==O 

?>:07=8:0 E;>@>DV;C 4 C D>B>A8=B5B8G=><C 0?0@0BV 2V4:0A=8:0 157AB51;>2>3>, C 

?>@V2=O==V 7 V=H8<8 4>A;V4=8<8 2840<8, =040NBь W< <>6;82VABь 0:B82=VH5 

70?0A0B8 ?>682=V @5G>28=8 ?V4 G0A :>@>B:>3> 2535B0FV9=>3> ?5@V>4C 2 C<>20E 

28A>:>3V@9O. *5 є 206;828< 0A?5:B>< 4;O DC=:FV>=C20==O @>A;8= ?@8 4VW 

5:AB@5<0;ь=8E :;V<0B8G=8E D0:B>@V2 (�@025Fь !.�. B0 V=., 2019). 

%5@54 CAVE 4>A;V465=8E 284V2 C @>A;8= %. acaulis 2<VAB E;>@>DV;C b є 

=09=86G8<. �<>2V@=>, F5 >1C<>2;5=> @V7=8F5N A?5:B@0;ь=>3> A:;04C A>=OG=>W 

@04V0FVW B0 A?V22V4=>H5==O< <V6 ?@O<>N B0 @>7AVO=>N @04V0FVєN C 3V@Aь:8E 

@09>=0E V =0 @V2=8==8E B5@8B>@VOE. �=B5=A82=0 A>=OG=0 V=A>;OFVO 28:;8:0є 

7=865==O @>7<V@V2 V :V;ь:>ABV A2VB;>718@0;ь=8E :><?;5:AV2, V, 2V4?>2V4=>, Chl b, 

O:89 є WE=V< :><?>=5=B>< (%820H ". "., 2012). �7 ;VB5@0BC@=8E 465@5; 2V4><>, 

I> C<>28 ?V428I5=>W A>=OG=>3> 28?@><V=N20==O B0 =5AB0GV 2>;>38 A?@8G8=ONBь 

7@>AB0==O :0@>B8=>W4V2, >A:V;ь:8 FV ?V3<5=B8 729O7CNBь ?5@>:A84=V A?>;C:8 B0 

70?>1V30NBь >:8A;5==N A2VB;>< ?V3<5=B-1V;:>28E :><?;5:AV2 D>B>A8=B5B8G=8E 

<5<1@0= V Chl 4 (�@025Fь !.�., 2019). *5 >1C<>2;Nє =5 ;8H5 7@>AB0==O 2<VABC 

Carot C ?V3<5=B=><C :><?;5:AV 28A>:>3V@=8E @>A;8= %. acaulis, 0;5 V <5=HV 
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?>:07=8:8 A?V22V4=>H5==O Chl b/E4r (@8A. 2), C ?>@V2=O==V 7 @>A;8=0<8 

C. cirsioides B0 %. onopordifolia.  

�V4B0:, 2<VAB >:@5<8E :0B53>@V9 ?V3<5=BV2 ?>7=0G82AO =0 WE ?@>?>@FVW C 

?V3<5=B=><C A:;04V. !0928IV ?>:07=8:8 (4,38-4,66) 2V4=>H5==O 2<VABC Chl 4/b 

1C;> 28O2;5=> C 2V4:0B=8:0 157 AB51;>2>3> (@8A.3.3), 0 =09<5=HV (2,0) 3 C 

2V4:0A=8:0 B0B0@=8:>;8AB>3>. *V @57C;ьB0B8 4>A;V465=ь B0:>6 A2V4G0Bь ?@> 

7=865==O ?>:07=8:0 Chl b C A:;04V %�� D>B>A8AB5< II ((% II) B0 � ((% �), @>A;8= 

284C %. acaulis, I> A?@8G8=5=> C<>20<8 >A2VB;5==O C <VAFOE WE 7@>AB0==O. !87ь:V 

?>:07=8:8 A?V22V4=>H5==O Chl 4/b 45<>=AB@Cє =0;56=VABь @>A;8= 4> 3@C?8 

BV=ь>28B@820;8E (�@025Fь !.�. B0 V=., 2019). 

  

 

 

$8A. 3.3. %?V22V4=>H5==O D>B>A8=B5B8G=8E ?V3<5=BV2 C @>A;8=0E %. acaulis 

7 ?@8@>4=8E C<>2 @>ABC. '<>2=V ?>7=0G5==O: Chl a 3 E;>@>DV; 4, Chl b 3 E;>@>DV; 

b, Carot 3 AC<0 :0@>B8=>W4V2; 

 

%5@54 282G5=8E 284V2 A?V22V4=>H5==O E;>@>DV;V2 (4 + b) 4> :0@>B8=>W4V2 є 

=09=86G8< C %. acaulis 7 >1>E ;>:0;VB5BV2 V =0928I8< 3 C %. onopordifolia. 

�>A;V465=>, I> G8< =86G5 є 2V4=>H5==O Chl (4 + b) 4> Carot, B8< 1V;ьH>3> 

AB@5AC 707=0є @>A;8=0, 1> @V25=ь :0@>B8=>W4V2 <0є ?@O<C :>@5;OFV9=C 70;56=VABь 

2V4 AB@5A>2>3> 3>@<>=C 3 01AF87>2>W :8A;>B8 (�@025Fь !.�. B0 V=., 2019). *V 40=V 

A2V4G0Bь ?@> 040?B0FVN 4> 5:AB@5<0;ь=8E C<>2 @>ABC C @>A;8= 284C %. acaulis. 

$V25=ь ?V3<5=BV2 C D>B>A8=B5B8G=V9 A8AB5<V @>A;8= in situ 40є 7<>3C =5 ;8H5 

Chl 0 / b Chl 0 + b / car Chl 0 / car Chl b / Aar 

A.�075I8=0

A. �@82>?V;;O
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287=0G8B8 >A>1;82>ABV WE @>728B:C, 0;5 9 A;C68Bь :;NG>28< ?>:07=8:>< 4;O 

>FV=:8 2V4?>2V4=>ABV C<>2 >A2VB;5==O @>A;8= in vitro WE=V< DV7V>;>3VG=8< 

?>B@510<.  

!0 >A=>2V ?@>2545=>3> 4>A;V465==O 2AB0=>2;5=>, I> =091V;ьH AB0;8<8 

?0@0<5B@0<8, 0 2V4B0:, V :@8B5@VO<8-<0@:5@<8 4;O >FV=:8 DC=:FV>=0;ь=8E 7<V= C 

@>A;8=0E ?V4 G0A :C;ьB82C20==O in vitro 284V2 @>4C Carlina є 2V4=>H5==O 

E;>@>DV;C 4 4> b B0 (4 + b) 4> :0@>B8=>W4V2.  

З4?9:AVEFP 6@VEFG CV7@9AFV6 6V8 ;@VA< >?V@4F<KA<I K<AA<>V6. �;O 

45B0;ь=VH>3> 282G5==O DC=:FV>=C20==O (%� 2V4:0A=8:V2 2 C<>20E :;V<0B8G=8E 

7<V= =0<8 1C;> 4>A;V465=> 270є<>729O7>: 2<VABC E;>@>DV;C 4, E;>@>DV;C b B0 

:0@>B8=>W4V2 4>A;V4=8E 284V2 @>A;8= V7 <5B5>@>;>3VG=8<8 D0:B>@0<8. �;O Fь>3> 

=0<8 1C;> 28:>@8AB0=> <5B>4 :>@5;OFVW, O:89 45<>=AB@Cє 70;56=VABь 2<VABC 

?V3<5=BV2 2V4 <5B5>G8==8:V2. !5>1EV4=VABь 282G5==O ABC?5=O 70;56=>ABV 2<VABC 

?V3<5=BV2 2V4 :;V<0B8G=8E D0:B>@V2 ?V4B25@46CєBьAO B8<, I> @5;V:B>2V @>A;8=8 

A;C3CNBь V=48:0B>@0<8 5:>;>3VG=>3> AB0=C, >A:V;ь:8 E0@0:B5@87CNBьAO =87ь:>N 

B>;5@0=B=VABN 4> 7<V= G8A;5==8E 01V>B8G=8E D0:B>@V2 B0 1V;ьH>N GCB;82VABN 

4> :;V<0B8G=8E 7<V= (Zahra N., 2023;  0=ь:>  .�., 2016; Rhl A.T., 2015; Evans 

J.R., 2013; Li H., 2017; Hatfield J.L., 2005; Hazarika B. N., 2006). �@>AB0==O 

3;>10;ь=>W A5@54=ь>W B5<?5@0BC@8 =0 142 °C C ?>є4=0==V 7 <V=;82VABN A5@54=ь>W 

:V;ь:>ABV >?04V2 A?@8G8=Oє 7@>AB0==O 2?;82C 5:AB@5<0;ь=8E D0:B>@V2. �:070=0 

?@>1;5<0 є ?@8B0<0==>N V 4;O B5@8B>@VW ':@0W=8, >A:V;ь:8 :;V<0B>;>30<8 1C;> 

2AB0=>2;5=>, I> 2V4 1991 @>:C :>6=5 10-@VGGO 1C;> 1V;ьH B5?;8<, =V6 ?>?5@54=є 

(�<V=0 :;V<0BC, 2020; Balabuch, V.O., 2023; Lewis S.C., 2015). 

�=0;V7 >?@0Fь>20=>W ;VB5@0BC@8 A2V4G8Bь, I> ?5@H8< =0 7<V=C 2?;82C 

5:>;>3VG=8E D0:B>@V2 @503C20B8<5 D>B>A8=B5B8G=89 0?0@0B @>A;8= (Pospisil P., 

2016;  0=ь:>  .�., 2016). �V4B0:, :@8B5@Vє<, 70 O:8< <>6=0 287=0G8B8 ABC?V=ь 

B5?;>2>3> 2?;82C =0 @>A;8=8 B0 AB@0B53VW 040?B0FVW, є 2<VAB B0 2V4=>H5==O 

D>B>A8=B5B8G=8E ?V3<5=BV2 (Gholamin R., 2011; Hailemichael G., 2016; Perkins-

Kirkpatrick S.E., 2020; Pollastri S., 2021). *5 >1C<>2;5=> 2?;82>< B5?;>2>3> 

AB@5AC, O:89 V=3V1Cє 1V>A8=B57 E;>@>DV;C, 0 B0:>6 2?;820є =0 0A8<V;OFVN %"2, 

DV7V>;>3>-0=0B><VG=V >A>1;82>ABV E;>@>?;0ABV2, B@0=A?>@B 5;5:B@>=V2 B0 



74 

D>B>EV<VG=V @50:FVW (Zahra N., 2023). &><C DV:A0FVO @50:FVW =0 <V=;82VABь 

5:>;>3VG=8E D0:B>@V2 2V4V3@0є 287=0G=C @>;ь 4;O 715@565==O 1V>@V7=><0=VBBO 

(Zahra N., 2023; Lewis, 2015; Perkins, 2020; Pollastri S., 2021; Ullah, 2022; �@8F0: 

�.$. & �@>18: !.  ., 2019). 

!0<8 1C;> ?@>0=0;V7>20=> 70;56=VABь 2<VABC B0 A?V22V4=>H5==O ?V3<5=BV2 

2V4 ?>3>4=8E C<>2 70 2018, 2021 B0 2023 @>:8, >A:V;ь:8 A0<5 C F59 ?5@V>4 

A?>AB5@V302AO =091V;ьH 28@065=89 2?;82 :;V<0B8G=8E D0:B>@V2 =0 AB0= (%� 

2V4:0A=8:V2. �82G5==O 2?;82C ?>3>4=8E C<>2 =0 AB0= (%� @>A;8= ?@>2>482AO 70 

40=8<8 F5=B@C 7 3V4@><5B5>@>;>3VW �5@602=>W A;C618 7 =04728G09=8E A8BC0FV9 C 

<VAFOE 7@>AB0==O 284V2 C. cirsioides B0 %. onopordifolia 1V;O A. �CB8Aь:> 

&5@=>?V;ьAь:>3> @-=C, &5@=>?V;ьAь:>W >1;., =0 3>@V �>;8FO. �>A;V465==O 

?@>2>48;>Aь ?V4 G0A 2535B0FV9=>3> ?5@V>4C C B@02=V B0 G5@2=V. $57C;ьB0B8 

4>A;V465=ь A2V4G0Bь ?@> :>;820==O <5B5>@>;>3VG=8E D0:B>@V2 70 ?@>0=0;V7>20=V 

@>:8. #@8 Fь><C 287=0G5=>, I> A5@54=O B5<?5@0BC@0 ?>2VB@O C 2023 @>FV 1C;0 =0 

2,65º % =86G>N, =V6 C 2018 @>FV. �V41C;>Aь B0:>6 7=865==O <V=V<0;ь=8E B0 

<0:A8<0;ь=8E B5<?5@0BC@ 70 @>:8 4>A;V465==O. �>4=>G0A 2V4<VG5=> 7@>AB0==O 

B5<?5@0BC@8 =0 ?>25@E=V �@C=BC. %5@54=O 2>;>3VABь ?>2VB@O C 2023 @>FV 7=878;0Aь 

=0 3,5 %, ?>@V2=O=> 7 ?>?5@54=V<8 @>:0<8. �=0G=> 2V4@V7=O;8Aь FV @>:8 70 AC<>N 

>?04V2 70 4>1C, 7>:@5<0, C 2021 @>FV 4>A;V465==O F59 ?>:07=8: 1C2 7=0G=> 

=86G8< =0 27,35 << B0 44,36 <<, ?>@V2=O=> 7 2018 B0 2023 @>:0<8 4>A;V465==O 

2V4?>2V4=> (B01;.3.3). 

' @57C;ьB0BV 4>A;V465=ь 1C;> 79OA>20=>, I> 01V>B8G=V D0:B>@8 4>2:V;;O 

2?;820NBь =0 2<VAB B0 A?V22V4=>H5==O D>B>A8=B5B8G=8E ?V3<5=BV2. �:>;>3VG=V 

C<>28 2018 V 2021 @>:V2 1C;8 =09A:;04=VH8<8 4;O 284V2 @>4C Carlina. �0 2018 @V: 

C @>A;8= 71V;ьH82AO @V25=ь E;>@>DV;C b C 7030;ь=><C :><?;5:AV ?V3<5=BV2, 0 

2<VAB Carot 7@VA C 2021 @>FV. �=0G=>N <V@>N 7@503C20;0 D>B>A8=B5B8G=0 

C. onopordifolia. 

&01;8FO 3.3 

 5B5>@>;>3VG=V 40=V 1V;O A. �CB8Aь:> �5@560=Aь:>3> @-=C, &5@=>?V;ьAь:>W >1;., 

=0 3>@V �>;8FO F5=B@C 7 3V4@><5B5>@>;>3VW �5@602=>W A;C618 7 =04728G09=8E 

A8BC0FV9 
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$V:  VAOFь 

&5<?5@0BC@0 ?>2VB@O, 
º% 

&5<?5@0BC@0 
=0 ?>25@E=V 
�@C=BC, º% 

�V4=>A=0 
2>;>3VABь 
?>2VB@O, % 

%C<0 >?04V2, << 

 

)
<0
@=
VA
Bь
 

70
30
;ь
=0

 

%5@.  0:.  V=  0:.  V= %5@.  V=. %C<0 
70 45=ь 

%C<0 
70 =VG 

%C<0 
70 4>1C 

2018 

B@025=ь 16,9 29,9 6,4 51,0 5,8 68 27 32,0 17,1 49,1 5 

G5@25=ь 19,7 30,0 7,8 56,2 6,0 77 34 93,9 18,5 112,4 6 

A5@54=є 18,3 29,9 7,1 53,6 5,9 72,5 30,5 62,95 17,8 80,75 5,5 

2021 

B@025=ь 13,2 25,5 -1,9 50,4 -0,1 69 30 31,1 23,4 54,5 6 

G5@25=ь 18,7 33,2 7,1 57,8 7,4 72 35 43,4 8,9 52,3 5 

A5@54=є 15,9 28,8 2,6 54,1 3,65 70,5 32,5 37,25 16,15 53,4 5,5 

2023 

B@025=ь 14,1 27,3 0,1 57,9 0,7 62 25 2,7 4,3 7,0 6 

G5@25=ь 17,2 29,2 5,7 56,0 5,8 76 27 121,3 67,2 188,5 7 

A5@54=є 15,7 28,3 2,9 56,9 6,3 69 26 62 35,8 97,8 6,5 

 

�;O 45B0;ь=VH>3> 282G5==O 270є<>729O7:C ?>:07=8:V2 E;>@>DV;C 4, 

E;>@>DV;C b B0 :0@>B8=>W4V2 ?@>4V03=>AB>20=8E @>A;8= =0<8 1C;> 28:>@8AB0=> 

<5B>4 :>@5;OFVW, I> 45<>=AB@Cє A8;C V E0@0:B5@ 270є<>729O7:C ?V3<5=BV2 B0 WE 

70;56=VABь 2V4 <5B5>G8==8:V2. 

�=0;V7 :>@5;OFV9=8E <0B@8Fь, O:89 1C2 ?@>2545=89 C 2018 @>FV, :>;8 

70DV:AC20;8 =091V;ьH89 2<VAB E;>@>DV;C b, 28O282 A;01:C 72>@>B=C :>@5;OFVN 

<V6 2<VAB>< E;>@>DV;C a B0 B5<?5@0BC@>N ?>2VB@O (r = 0,45; p < 0,001), 0 B0:>6 

E;>@>DV;C b B0 B5<?5@0BC@>N ?>2VB@O (r = -0,38; p < 0,001) C 284C C. onopordifolia 

(B01;.3.4). ' ?@54AB02=8:V2 284C C. cirsioides B>3> 6 @>:C 2AB0=>2;5=> 28@065=C 

72>@>B=C :>@5;OFVN <V6 @V2=5< E;>@>DV;C b C @>A;8=, 2V4=>H5==O< Chl a 4> Chl 

b B0 ?>:07=8:0<8 B5<?5@0BC@8 ?>2VB@O, 7>:@5<0, 7=0G5==O<8 <0:A8<C<C (r = -

0,58; p < 0,001). �>4=>G0A, 1C;> 70DV:A>20=> ?>78B82=89 729O7>: <V6 2<VAB>< Chl 

b B0 2V4=>H5==O< Chl a/b V7 :V;ь:VABN >?04V2 C?@>4>26 A2VB;>2>3> 4=O (r = 0,54, 

p < 0,001) (B01;.3.4). $57C;ьB0B8 V=H8E 4>A;V465=ь B0: A0<> ?V4B25@46CNBь 

VAB>B=89 2?;82 @V2=O 2>;>3>ABV =0 AB0= D>B>A8=B5B8G=>3> 0?0@0BC @>A;8= 

(Baslam M., 2023).  

/: 1C;> 73040=> 28I5, 70 2021 @V: 2V41C;>AO 7=0G=5 7@>AB0==O @V2=O 

:0@>B8=>W4V2 C 284C C. onopordifolia. �>@5;OFV9=89 0=0;V7 70 F59 @V: 28O282 

28@065=89 72>@>B=89 729O7>: <V6 :V;ь:VABN >?04V2 70 45==89 G0A V 7030;ь=8< 

2<VAB>< ?V3<5=BV2 B0 WE A?V22V4=>H5==O<8 (r = 40,80, p < 0,001). �@V< Fь>3>, 

:V;ь:VABь >?04V2 ?@>BO3>< 4>18 2?;820є =0 ?>:07=8:8 Chl 4 B0 b B0 WE=є 

A?V22V4=>H5==O, 7>:@5<0, 7=0G5==O Chl a/b <0є 28@065=C 72>@>B=C 70;56=VABь 2V4 
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7030;ь=>W :V;ь:>ABV >?04V2 C =VG=89 G0A (B01;. 3.4). !0 ?@>B8203C 284C 

C. onopordifolia, C @>A;8= C. cirsioides :>@5;OFV9=89 729O7>: <V6 7030;ь=8< 

2<VAB>< ?V3<5=BV2 B0 :V;ь:VABN >?04V2 28O282AO ?>78B82=8<. �>:@5<0, 4;O Fь>3> 

284C 28@VH0;ь=C @>;ь 2V4V3@0NBь >?048 2=>GV. �>40B:>289 2?;82 =0 

D>B>A8=B5B8G=89 0?0@0B @>A;8= <0є <V=V<0;ь=5 7=0G5==O B5<?5@0BC@8 =0 

?>25@E=V �@C=BC (B01;. 3.5).  

�>A;V465==O, ?@>2545=V C 2023 @>FV, B0:>6 ?V4B25@48;8 =0O2=VABь 

72>@>B=>3> 729O7:C <V6 7030;ь=8< 2<VAB>< ?V3<5=BV2 B0 @V2=5< >?04V2 4;O 284C 

C. onopordifolia. #@8 Fь><C, @V25=ь :0@>B8=>W4V2 7=0E>48BьAO C ?@O<V9 

70;56=>ABV 2V4 7030;ь=>W :V;ь:>ABV >?04V2 ?@>BO3>< 4>18 (r = 0,60, p < 0,001). 

�>4=>G0A, <V6 @V2=5< Chl 4 B0 :V;ь:VABN >?04V2 A?>AB5@V302AO 45I> A;01H89 

:>@5;OFV9=89 729O7>: (B01;. 3.4). 

->4> @>A;8= 284C C. cirsioides 2AB0=>2;5=>, I> :V;ь:VABь >?04V2 ACBBє2> 

2?;820є =0 2<VAB Chl b V @V25=ь :0@>B8=>W4V2. ":@V< Fь>3>, 287=0G5=>, I> 

2V4=>A=0 2>;>3VABь ?>2VB@O (?>:07=8:8 <V=V<C<C) <0є 72>@>B=V9 729O7>: 7 

?>:07=8:0<8 2V4=>H5==O Chl a/b ( B01;. 3.5). 

�?;82 B5<?5@0BC@8 287=0G0єBьAO >A>1;82>ABO<8 2>4=>3> @568<C (Hatfield, 

2015). !0HV 4>A;V465==O B0:>6 ?V4B25@46CNBь, I> AB0= D>B>A8=B5B8G=>3> 

0?0@0BC @>A;8= 48:>W D;>@8, 7>:@5<0, ?@54AB02=8:V2 @>4C Carlina, 7=0G=>N 

<V@>N >1C<>2;5=89 @V2=5< 2>;>3>ABV A5@54>28I0. 
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&45?<JO 3.4 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. onopordifolia B0 <5B5>@>;>3VG=8E G8==8:V2 

№ #0@0<5B@8 
2018 2021 2023 

E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,93 1,0      0,97 1,0      0,93 1,0      

E3 �0@>B8=>W48 0,49 0,43 1,0     0,60 0,61 1,0     0,54 0,60 1,0     

E4 Chl_a/b 0,49 0,13 0,27 1,0    0,87 0,80 0,63 1,0    0,20 -0,60 -0,30 1,0    

E5 Tot_chl/car -0,08 0,01 -0,88 -0,23 1,0   0,69 0,65 -0,15 0,54 1,0   0,86 -0,19 -0,46 0,79 1,0   

E6 Chl_a/car -0,05 0,02 -0,88 -0,15 0,99 1,0  0,69 0,65 -0,15 0,55 0,99 1,0  0,88 -0,29 -0,45 0,86 0,99 1,0  

E7 Chl_b/car -0,12 0,02 -0,87 -0,34 0,99 0,98 1,0 0,68 0,67 -0,15 0,51 0,99 0,99 1,0 -0,04 0,71 -0,14 -0,47 0,17 0,04 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,45 -0,38 -0,23 -0,32 0,11 0,09 0,16 0,07 0,10 0,04 0,02 0,05 0,05 0,06 -0,01 0,12 0,13 -0,08 -0,07 -0,08 0,03 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) -0,38 -0,34 -0,12 -0,19 0,01 -0,01 0,05 0,29 0,29 0,04 0,15 0,28 0,28 0,29 0,03 0,21 0,10 -0,11 0,01 -0,02 0,17 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,36 -0,27 -0,11 -0,31 0,02 0,01 0,08 -0,15 -0,10 -0,02 -0,10 -0,12 -0,13 -0,09 -0,01 -0,10 -0,04 0,06 0,01 0,01 -0,09 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) -0,27 -0,29 -0,21 -0,01 0,12 0,13 0,12 0,18 0,20 0,06 -0,05 0,14 0,13 0,14 0,05 0,21 0,12 -0,08 0,02 -0,01 0,16 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,34 -0,28 -0,12 -0,24 0,03 0,02 0,08 -0,20 -0,14 -0,11 -0,19 -0,11 -0,11 -0,07 -0,07 -0,16 -0,11 0,03 -0,02 -0,01 -0,09 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) 0,22 0,18 0,19 0,12 -0,16 -0,15 -0,17 -0,24 -0,14 -0,01 -0,19 -0,23 -0,24 -0,18 -0,08 -0,33 -0,28 0,13 0,04 0,06 -0,16 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) 0,23 0,23 0,15 0,04 -0,08 -0,07 -0,07 -0,07 -0,02 0,14 -0,01 -0,17 -0,18 -0,14 -0,24 -0,39 -0,27 0,04 -0,12 -0,09 -0,25 

E15 )<0@=VABь 
7030;ь=0, 0,26 0,30 0,17 -0,02 -0,04 -0,04 -0,02 -0,28 -0,26 -0,12 -0,27 -0,21 -0,21 -0,20 -0,10 -0,34 -0,30 0,12 0,03 0,05 -0,15 

E16 "?048, << AC<0 70 
45=ь 0,09 0,04 0,08 0,22 -0,08 -0,07 -0,09 -0,79 -0,75 -0,76 -0,80 -0,70 -0,69 -0,71 -0,39 -0,26 -0,17 -0,39 -0,37 -0,38 -0,02 

E17 "?048, << AC<0 70 
=VG -0,13 -0,20 0,48 0,05 -0,47 -0,47 -0,46 -0,39 -0,39 -0,30 -0,46 -0,39 -0,39 -0,38 -0,21 0,12 0,04 -0,31 -0,24 -0,27 0,07 

E18 "?048, << AC<0 70 
4>1C 0,12 0,05 0,21 0,21 -0,21 -0,19 -0,22 -0,47 -0,46 -0,37 -0,51 -0,37 -0,37 -0,39 -0,01 0,19  0,60 -0,60 -0,19 -0,29 0,71 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: 
A;01:89; r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001).
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&45?<JO 3.5 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. cirsioides B0 <5B5>@>;>3VG=8E G8==8:V2 

№ #0@0<5B@8 
2018 2021 2023 

E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,99 1,0      0,99 1,0      0,99 1,0      

E3 �0@>B8=>W48 -0,40 -0,41 1,0     0,32 0,35 1,0     0,94 0,86 1,0     

E4 Chl_a/b 0,42 -0,88 0,62 1,0    -0,78 -0,87 -0,29 1,0    0,76 -0,56 -0,46 1,0    

E5 Tot_chl/car 0,33 -0,11 0,05 0,19 1,0   0,17 0,15 -0,87 -0,15 1,0   0,38 -0,70 -0,87 0,77 1,0   

E6 Chl_a/car 0,47 0,44 -0,47 -0,25 0,34 1,0  0,15 0,12 -0,89 -0,124 0,99 1,0  0,46 -0,70 -0,83 0,82 0,99 1,0  

E7 Chl_b/car -0,17 0,93 -0,67 -0,87 -0,05 0,59 1,0 0,26 0,25 -0,82 -0,26 0,99 0,99 1,0 -0,11 -0,56 -0,903 0,25 0,81 0,75 1,0  

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,41 0,01 -0,54 -0,36 0,01 0,05 0,14 -0,19 -0,25 -0,40 0,31 0,30 0,31 0,26 -0,07 -0,11 -0,05 0,01 -0,01 -0,01 -0,02 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) 0,10 -0,01 0,19 0,17 -0,15 0,03 -0,08 -0,16 -0,19 -0,34 0,23 0,26 0,27 0,23 -0,08 -0,06 -0,03 -0,02 -0,02 -0,02 -0,01 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) 0,14 -0,01 0,22 0,27 -0,02 -0,04 -0,09 -0,25 -0,31 -0,44 0,42 0,30 0,31 0,25 -0,03 -0,05 0,05 0,01 -0,07 -0,06 -0,12 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) 0,31 0,35 0,10 -0,16 -0,11 0,29 0,23 -0,19 -0,21 -0,22 0,20 0,13 0,14 0,11 -0,12 -0,04 0,01 -0,07 -0,07 -0,07 -0,03 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) 0,16 -0,03 0,15 0,25 0,01 0,02 -0,07 -0,21 -0,26 -0,39 0,35 0,27 0,28 0,23 -0,04 -0,04 0,09 0,01 -0,12 -0,11 -0,18 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) -0,07 0,06 -0,18 -0,13 0,17 0,12 0,09 -0,31 -0,34 -0,18 0,37 0,01 0,02 -0,03 0,23 0,16 0,21 0,09 -0,08 -0,05 -0,20 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) -0,02 0,09 -0,11 -0,14 0,05 0,05 0,12 -0,26 -0,32 -0,23 0,44 0,07 0,09 0,02 0,21 0,12 0,17 -0,42 -0,06 -0,04 -0,18 

E15 )<0@=VABь 
7030;ь=0, -0,12 0,03 -0,32 -0,11 0,08 0,14 0,13 0,02 0,03 0,22 -0,02 -0,23 -0,23 -0,22 0,12 0,05 0,19 0,07 -0,13 -0,10 -0,26 

E16 "?048, << AC<0 70 
45=ь -0,30 0,52 -0,59 -0,63 -0,16 0,37 0,64 0,23 0,31 0,36 -0,41 -0,23 -0,24 -0,17 0,39 0,44 0,64 0,31 0,10 0,9 0,14 

E17 "?048, << AC<0 70 
=VG -0,18 -0,01 -0,16 -0,11 -0,01 -0,02 0,03 0,74 0,74 0,39 -0,74 -0,06 -0,09 0,06 0,16 0,07 0,22 0,14 0,16 0,15 -0,03 

E18 "?048, << AC<0 70 
4>1C 0,46 -0,63 0,59 0,73 0,17 -0,28 -0,67 0,35 0,43 0,47 -0,50 -0,28 -0,30 -0,22 -0,07 0,09 -0,27 -0,13 0,27 0,21 0,53 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: 
A;01:89; r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 



&0:8< G8=><, 282G5==O 270є<>70;56=>ABV 2>4=>3> 10;0=AC B0 

B5<?5@0BC@=>3> @568<C є 206;828< 4;O @>7@>1:8 5D5:B82=8E 040?B0FV9=8E 

AB@0B53V9 A?@O<>20=8E =0 <V=V<V70FVN =530B82=>3> 2?;82C B5<?5@0BC@8, 

A?@8G8=5=8E :;V<0B8G=8<8 7<V=0<8. $57C;ьB0B8 4>A;V465=ь 28O28;8 

:>@5;OFV9=89 729O7>: <V6 @V2=5< E;>@>DV;V2 B0 :0@>B8=>W4V2, WE=V<8 ?@>?>@FVO<8 

?@54AB02=8:V2 @>4C Carlina B0 <5B5>@>;>3VG=8<8 ?>:07=8:0<8 4>2:V;;O 

(�>;VA=8: B0 V=., 2024). �AB0=>2;5=>, I> 2V4<V==>ABV 2 C<>20E 7@>AB0==O 

C. onopordifolia B0 C. cirsioides 2?;820NBь =0 7030;ь=89 @V25=ь B0 ?@>?>@FVW 

?V3<5=BV2. ' BV=ь>28B@820;8E @>A;8= C. cirsioides 28O2;5=> =0 24339% =86G89 

@V25=ь D>B>A8=B5B8G=8E ?V3<5=BV2, ?>@V2=O=> V7 284>< C. onopordifolia (B01;. 

3.4). ' >A>18= ?@535=5@0B82=>W 3@C?8 7@>AB0==O C. onopordifolia 7030;ь=89 2<VAB 

?V3<5=BV2 ?5@52060є =04 @>A;8=0<8 35=5@0B82=>W 3@C?8, B>4V O: C 284C 

C. cirsioides A?>AB5@V30єBьAO ?@>B8;56=0 B5=45=FVO. $V7:> @503Cє =0 2?;82 

01V>B8G=8E C<>2 4>2:V;;O D>B>A8=B5B8G=89 0?0@0B @>A;8=. �>:@5<0, C 2018 @>FV 

2V47=0G5=> 7@>AB0==O @V2=O E;>@>DV;C b, 0 C 2021 @>FV 3 71V;ьH5==O @V2=O 

:0@>B8=>W4V2. �9OA>20=>, I> AB0= D>B>A8=B5B8G=>3> 0?0@0BC @>A;8= 

?@54AB02=8:V2 >1>E 284V2 1V;ьH5 287=0G0єBьAO =04;8H:>< 01> =5AB0G5N 2>;>38, 

=V6 B5<?5@0BC@>N ?>2VB@O (B01;.3.5). 

 

3.1.2. �=4C:FVO D;C>@5AF5=FVW E;>@>DV;C а 

 

-5 >4=8< :@8B5@Vє<, 70 O:8< <>6=0 >FV=8B8 DC=:FV>=C20==O (%� @>A;8= 

є V=4C:FVO D;C>@5AF5=FVW E;>@>DV;C 4 (�()). �V4><>, I> 7@>AB0==O @>A;8= 

287=0G0єBьAO :><?;5:A=8< 2?;82>< B@ь>E G8==8:V2: A?5:B@0;ь=>3> A:;04C 

A2VB;0, 9>3> V=B5=A82=>ABV B0 G0A>2>3> 2?;82C (Folta �.  ., 2008). �=0;V7 �() 

4>72>;Oє >FV=8B8 DC=:FV>=0;ь=89 AB0= (%� I5 4> ?>O28 ?><VB=8E 7<V= (Kalaji 

H. M., 2017; Kami C, 2010; Kovanda M., 2002). 

�>6=0 7<V=0 ?@>F5AC D>B>A8=B57C 01> AC?CB=VE DV7V>;>3>-1V>EV<VG=8E 

@50:FV9 28:;8G5 VAB>B=V 7<V=8 C 48=0<VFV @>7AVO=>W D;C>@5AF5=FVW, I> <>65 

A;C3C20B8 <0@:5@>< CH:>465=ь, 28:;8:0=8E ?>;NB0=B0<8 01> 5:>;>3VG=8<8 

7<V=0<8. "FV=:0 D;C>@5AF5=FVW (%II є =5V=20782=8<, C=V25@A0;ь=8< B0 



5:>=><=8< C G0AV <5B>4><, O:89 2V4>1@060є ?0@0<5B@8 I>4> ?@>4C:B82=>ABV 

@>A;8= B0 WE 70E8A=V @50:FVW. �V4><>, I> ?@0:B8G=5 28:>@8AB0==O �() O: 

V=D>@<0B82=>3> B0 GCB;82>3> 1V>V=48:0B>@0 040?B0FVW @>A;8= C 2V4?>2V4ь =0 

5:>;>3VG=V D0:B>@8 (Kumar K. S., 2014; Guidi L., 2019). *5 >1C<>2;5=> B8<, I> 

1C4ь-O:89 2;>2;5=89 ?V3<5=B0<8 :20=B A2VB;0 <0є <>6;82VABь @CE0B8Aь >4=8< V7 

B@ь>E A?>A>1V2: 1) 28:;8:0B8 ?5@28==5 @>74V;5==O 70@O4V2 C @50:FV9=8E F5=B@0E 

($*) (%, 2) 48A8?C20B8 2 B5?;>; 3) 28A2VB8B8AO C AB0=V :20=B0 D;C>@5AF5=FVW. 

�:070=V B@8 H;OE8 ?@>E>4OBь 2 :>=:C@5=B=8E C<>20E, 2V4B0:, :>6=5 7@>AB0==O 

V=B5=A82=>ABV >4=>3> A?@8G8=8Bь ?>A;01;5==O 5D5:B82=>ABV V=H8E 42>E. &><C 

70 4>?><>3>N 287=0G5==O 28E>4C D;C>@5AF5=FVW є <>6;82VABь >2>;>4VB8 

V=D>@<0FVєN I>4> 7<V= 5D5:B82=>ABV D>B>A8=B57C B0 @>7AVN20==O B5?;0 (Kalaji 

H. M., 2017; Guidi L., 2019). 

�5;8G8=0 ?0@0<5B@0 φNO 2:07Cє =0 G0AB:C 5=5@3VW :20=BV2 A2VB;0, I> 

28:;8:0є 7<5=H5==O D>B>EV<VG=8E ?@>F5AV2 C (% II O: @57C;ьB0B 

D>B>V=3V1C20==O. �V4><>, I> 7=0G5==O ?>:07=8:0 φNO 71V;ьHCєBьAO ?V4 G0A 

B@820;>3> 2?;82C =0 @>A;8=8 =04<V@=>3> >A2VB;5==O, 0 B0:>6 70 4VW 28A>:>W 

B5<?5@0BC@8 (Pospisil P., 2016.). �0 @57C;ьB0B0<8 4>A;V465=ь 2AB0=>2;5=>, I> 

25;8G8=0 φNO 2 C<>20E ?@8@>48 C 284C C. cirsioides є =0 22,54% 1V;ьH>N, 

?>@V2=O=> 7 284>< C. onopordifolia. �1V>B8G=89 AB@5A ?@872>48Bь 4> 7@>AB0==O 

=5 BV;ь:8 ?>:07=8:V2 φNO, 0;5 9 ?V428I5==O ?>B>:C D>B>A8=B5B8G=8E 5;5:B@>=V2 

(LEF), O:V ?5@5E>4OBь 4> O2, 0 =5 4> NADP+, I> 0:B82Cє 35=5@0FVN AC?5@>:A84-

0=V>=C (O2-) (@8A.3.4). 

�=0G5==O LEF C 284C C. onopordifolia 28O28;>Aь =0 25,39% 28I8<, 

?>@V2=O=> 7 284>< C. cirsioides. �>4=>G0A 2 >1>E 4>A;V465=8E 284V2 ?@>E>48Bь 

7<5=H5==O 25;8G8=8 A?V22V4=>H5==O Fv'/Fm', I> 45<>=AB@Cє V=B5=A82=VABь 

0:C<C;OFVW 5=5@3VW A2VB;0 (% �� (Yan K., 2022). #>:07=8:8 ?0@0<5B@C Fv'/Fm' C 

<560E 0,8-0,83 є E0@0:B5@=8<8 4;O 74>@>28E @>A;8=, 0 7<5=H5==O 7=0G5==O <>65 

A2V4G8B8 ?@> AB@5A>2V C<>28, ?>H:>465==O D>B>A8AB5< 01> V=HV DV7V>;>3VG=V 

?>@CH5==O (Kalaji H. M., 2017). �5;8G8=0 Fv'/Fm' C 284V2 C. onopordifolia B0 

C. cirsioides є =86G>N, ?>@V2=O=> 7 >?B8<0;ь=8< 7=0G5==O<, =0 17,12% B0 14,38% 

2V4?>2V4=> (@8A.3.4). 



�4>1CBV ?>:07=8:8 40NBь <>6;82VABь 28AC=CB8 ?@8?CI5==O, I> @>A;8=8 

284V2 C. onopordifolia B0 C. cirsioides 7 ?@8@>4=8E <VAFь 7@>AB0==O 707=0NBь 

AB@5A>28E 2?;82V2 01V>B8G=8E D0:B>@V2, I> 2V4>1@060єBьAO =0 @>1>BV WE=ь>W 

D>B>A8=B5B8G=>W A8AB5<8. �<>2V@=>, 2:070=V 01V>B8G=V AB@5A8 28:;8:0=V 

7@>AB0==O< B5<?5@0BC@8 ?>2VB@O C ?@8@>4=8E ;>:0;VB5B0E @>A;8= 

C. onopordifolia B0 C. cirsioides, I> 7C<>2;5=> :;V<0B8G=8<8 7<V=0<8.  

!0 VA=C20==O F8E 42>E 284V2 C AB@5A>28E 01V>B8G=8E C<>20E A2V4G8Bь B0:>6 

0=0;V7 7=0G5=ь Rfd, O:89 28:>@8AB>2CєBьAO 4;O >FV=:8 68BBє740B=>ABV @>A;8=, 

01> @V2=O 7=865==O D;C>@5AF5=FVW (Kalaji H. M., 2017; �=B>=>20 �. B0 V=.., 2015). 

!0928IV (≥2) ?>:07=8:8 Rfd A?>AB5@V30NBьAO C B><C 28?04:C, :>;8 @>A;8=8 

?5@51C20NBь C A?@8OB;828E C<>20E A2VB;>2>3> V B5<?5@0BC@=>3> @568<C 

(�=B>=>20 �. B0 V=). $V25=ь Rfd C 284C C. onopordifolia, I> 7@>AB0NBь C 

?@8@>4=><C A5@54>28IV, є 242VGV <5=H8< =V6 >?B8<0;ь=5 7=0G5==O. ' 

?@54AB02=8:V2 284C C. cirsioides ?>:07=8:8 Rfd є <5=H8<8 C 1,61 @078 2V4=>A=> 

=>@<0B82=>3> @V2=O.  

 

 

 

$8A. 3.4. #>@V2=O==O 45O:8E ?>:07=8:V2 V=4C:FVW D;N>@5AF5=FVW 

E;>@>DV;C 0 C @>A;8=0E in situ C. onopordifolia B0 C. cirsioides 7 =>@<0B82=8<8 

7=0G5==O<8 

 

&0:8< G8=><, @57C;ьB0B8 4>A;V465=ь 4>72>;ONBь ?@8?CAB8B8, I> @>A;8=8 

284V2 %. cirsioides V C. onopordifolia, O:V 7@>AB0NBь 2 C<>20E ?@8@>48, 707=0NBь 

2?;82C 01V>B8G=8E AB@5AV2, I> ?@872>48Bь 4> 7@>AB0==O 2B@0B 5=5@3VW A2VB;>28E 

Rfd Fv'/Fm'

Carlina onopordifolia

Carlina cirsioides

$5D5@5=B=5 7=0G5==O



:20=BV2 G5@57 B5?;>2C 48A8?0FVN B0 ?@>F5A8 D>B>V=3V1C20==O, 0 B0:>6 VAB>B=>3> 

?@8A:>@5==O B@0=A?>@BC 5;5:B@>=V2 C @0<:0E A2VB;>718@0;ь=>W A8AB5<8. &0:5 

?@8?CI5==O 25@8DV:CєBьAO B0:>6 7=865==O< ?>:07=8:0 V=45:AC 68BBє740B=>ABV 

C 4>A;V465=8E 284V2 @>A;8= in situ. 

 

3.2. "A>1;82>ABV 2>4=>3> @568<C @>A;8= 2 C<>20E 2V4:@8B>3> ґ@C=BC 
 

$0FV>=0;ь=0 68BBє4VO;ь=VABь @>A;8= 4>?CAB8<0 BV;ь:8 ?@8 C<>2V 

4>AB0B=ь>3> 70157?5G5==O WE =5>1EV4=8<8 5;5<5=B0<8 VA=C20==O: A2VB;>28<8 

C<>20<8, B5<?5@0BC@=8<, 2>4=8< @568<><, ?>2VB@O< B0 ?>682=8<8 

@5G>28=0<8. $V25=ь 2>;>38 C �@C=BV V ?>2VB@V є =5>1EV4=8< G8==8:>< 4;O 

DVB>1V>B8, >A:V;ь:8 @>A;8=8 2A<>:BCNBь 7=0G=89 >19є< 2>48 7 �@C=BC, >4=0:, 

A?>6820NBь <V75@=C WW G0AB:C 3 0,130,3 %. !091V;ьH5 2>;>38 28?0@>2CєBьAO ?V4 

G0A B@0=A?V@0FVW =0 ?>25@E=V ;8AB:V2 (�>1G5=:>, 2010). 

!54>AB0B=V9 @V25=ь 2>;>38 2 �@C=BV ?>@CHCє 2>4=89 10;0=A @>A;8=. ' 

?5@V>48 ?>ACE8 28?0@>2C20==O 2>48 G5@57 B@0=A?V@0FVN ?5@528ICє WW ?>3;8=0==O 

7 �@C=BC, I> A?@8G8=Oє @>728B>: 2>4=>3> 45DVF8BC 2 B:0=8=0E. *5 2?;820є =0 

:;NG>2V DV7V>;>3VG=V ?@>F5A8, 0 A0<5: D>B>A8=B57, 48E0==O B0 D5@<5=B0B82=C 

0:B82=VABь, I> 2 @57C;ьB0BV 7=86Cє ?@>4C:B82=VABь @>A;8=. +5@57 7=0G=C 2B@0BC 

2>48 ?V4 G0A B@0=A?V@0FVW ?V428ICєBьAO :>=F5=B@0FVO :;VB8==>3> A>:C, I> 

?@872>48Bь 4> 7@>AB0==O >A<>B8G=>3> B8A:C. ' 2V4?>2V4ь ;8AB:8 ?>G8=0NBь 

CB@8<C20B8 2>;>3C 1V;ьH V=B5=A82=>, I> 7<5=HCє 28?0@>2C20==O B0 A?@8G8=Oє 

?5@53@V20==O. �<5=H5==O DV7V>;>3VG=>W 0:B82=>ABV ;8AB:V2 =530B82=> 

?>7=0G0єBьAO =0 @>AB>28E ?@>F5A0E @>A;8=, I> ?@872>48Bь 4> 7<5=H5==O WE=ь>W 

ABV9:>ABV B0 ?@>4C:B82=>ABV (�>70:>2 Є. "., 2001). 

�>4=89 >1<V= є :><?;5:A=8< ?@>F5A><, O:89 A:;040єBьAO 7 ?>3;8=0==O 

2>48, B@0=A?>@B>< WW ?> @>A;8==><C >@30=V7<C, 28B@0B0<8 WW ?V4 G0A 

28?0@>2C20==O B0 >1<V=C @5G>28= ()@0<G5=:>20 ".,  2016). �030;ь=89 2<VAB 2>48 

2 @>A;8=V 35=5B8G=> 45B5@<V=>20=89, >4=0:, =0 =ь>3> 2?;820NBь D0:B>@8 

=02:>;8H=ь>3> A5@54>28I0, I> 2V4>1@060єBьAO 2 040?B82=8E @50:FVOE (�09F520 

�. �., 2010). &><C >?B8<0;ь=8< C<>20< =02:>;8H=ь>3> A5@54>28I0 



2V4?>2V40NBь 287=0G5=V ?>:07=8:8 2>4=>3> 10;0=AC, O:V 2?;820NBь =0 DV7V>;>3>-

1V>EV<VG=V ?>:07=8:8 @>A;8==>3> >@30=V7<C (�09F520 �. "., 2014). �2060NG8 =0 

28A>:89 ABC?V=ь 70;56=>ABV ?0@0<5B@V2 2>4=>3> @568<C 2V4 7>2=VH=VE 2?;82V2, 

WE <>6=0 22060B8 :@8B5@VO<8-<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8=. *5 40є 

<>6;82VABь A?@O<>20=> @53C;N20B8 DV7V>;>3VG=V ?@>F5A8 @>A;8= in vitro B0 

48D5@5=FVN20B8 WE 70 68BBє740B=VABN. 

&01;8FO 3.6 

#0@0<5B@8 2>4=>3> @568<C C. onopordifolia B0 C. Eirsioides 7 ?@8@>4=8E 

<VAFь @>ABC 

�84 �V:>20 
AB04VO 

E, 32>48/A<2 

3>4 WSD, % WL, % 
WCf 3 2>48 × 
3 –1 ACE.<0A8 

�V4:0A=8: 
B0B0@=8:>;8AB89 
(C. onopordifolia) 

І@4FGDAV 
DBE?<A< 0,033±0,02 7,3645±0,74 15,87±2,8 15,66±3,73 

�VD7VAV?PAV 
DBE?<A< 0,019±0,08 15,516±4,81 17,41±4,8 18,28±6,1 

�9A9D4F<6AV 
DBE?<A< 0,023±0,02 16,501±4,34 6,81±1,8 8,69±1,02 

�V4:0A=8: 
>A>B>?>4V1=89 

(C. Eirsioides ) 

І@4FGDAV 
DBE?<A< 0,067±0,01 7,449±3,04 6,86±3,29 9,99±2,03 

�VD7VAV?PAV 
DBE?<A< 

0,076±0,02 6,566±2,86 8,35±2,77 12,96±3 

�9A9D4F<6AV 
DBE?<A< 0,075±0,01 13,769±3,34 8,82±1,10 7±1,22 

 

�V;ь:VABь 2>48 2 @>A;8=V 287=0G0єBьAO 35=5B8G=8<8 >A>1;82>ABO<8 284C B0 

C<>20<8 9>3> 7@>AB0==O. �>4=>G0A ?0@0<5B@8 2>4=>3> 10;0=AC 48=0<VG=> 

@503CNBь =0 7<V=8 3V4@>B5@<VG=>3> @568<C (�09F520 �. "., 2014). ' 729O7:C 7 F8< 

?0@0<5B@8 2>4=>3> @568<C @>A;8= V7 ?@8@>4=8E ;>:0;VB5BV2 @>ABC <>6=0 

28:>@8AB0B8 O: :@8B5@VW >FV=:8 WE DC=:FV>=0;ь=>3> AB0=C. 

&@0=A?V@0FVO 2V4V3@0є :;NG>2C @>;ь C @53C;N20==V 2>4=>3> @568<C 

@>A;8=. #V4 G0A 28?0@>2C20==O 2>;>38 =0475<=>N G0AB8=>N @>A;8= 2>40 @07>< 

V7 @>7G8=5=8<8 <V=5@0;ь=8<8 @5G>28=0<8 ?5@5<VICєBьAO 2V4 :>@5=V2 4> ;8AB:V2, 

I> A?@8Oє >E>;>465==N @>A;8=8 B0 70?>1V30є WW ?5@53@V20==N. $>A;8=8 <0NBь 

@O4 DV7V>;>3VG=8E <5E0=V7<V2, O:V 4>72>;ONBь :>=B@>;N20B8 28?0@>2C20==O 

2>48. �=B5=A82=VABь B@0=A?V@0FVW 7=0G=>N <V@>N 70;568Bь 2V4 5D5:B82=>ABV 



2A<>:BC20==O 2>48 :>@5=52>N A8AB5<>N, 1C4>28 B0 @>7<V@V2 A0<>W @>A;8=8, 

AB04VW 68BBє2>3> F8:;C, >A>1;82>AB59 @>7<VI5==O B0 0=0B><VW ;8AB:>2>W 

?;0AB8=:8, WE=ь>W ?;>IV, AB@C:BC@8 B0 @>7<V@V2 (�@83>@N: �., 2001). 

�=B5=A82=VABь 28?0@>2C20==O 2>48 @>A;8=>N 70;568Bь =5 ;8H5 2V4 WW 

<>@D>DV7V>;>3VG=8E >A>1;82>AB59, 0;5 V 2V4 7>2=VH=VE G8==8:V2, B0:8E O: 

B5<?5@0BC@=V C<>28, H284:VABь @CEC ?>2VB@O, @V25=ь 2>;>3>ABV B0 V=B5=A82=VABь 

>A2VB;5==O ( 0:@CH8=  . ., 2005). 

$57C;ьB0B8 4>A;V465=ь A2V4G0Bь, I> C?@>4>26 68BBє2>3> F8:;C 0:B82=VABь 

28?0@>2C20==O 2>48 C 284V2 C. onopordifolia B0 C. cirsioides 707=0є 7<V=, ?@>B5 

E0@0:B5@ F8E B@0=AD>@<0FV9 2V4@V7=OєBьAO <V6 2840<8. �>:@5<0, C 

C. onopordifolia =0928I89 ABC?V=ь 2B@0B8 2>;>38 (0,032 3 2>48/A<²·3>4) 

70DV:A>20=> 2 V<0BC@=8E @>A;8=, B>4V O: C >A>18= C. cirsioides <0:A8<0;ь=V 

?>:07=8:8 A?>AB5@V30NBьAO C 2V@3V=V;ь=V9 B0 35=5@0B82=V9 3@C?0E, <V6 O:8<8 =5 

28O2;5=> AB0B8AB8G=> 7=0GCI8E 2V4<V==>AB59. �030;>< B@0=A?V@0FVO C @>A;8= 

@V7=8E 2V:>28E 3@C? C. onopordifolia є C 233 @078 =86G>N C ?>@V2=O==V 7 

@>A;8=0<8 C. cirsioides (B01;.3.6). 

!0 @V7=8E AB04VOE 68BBє2>3> F8:;C C @>A;8= C. cirsioides B0 C. onopordifolia 

2V41C20NBьAO ACBBє2V 7<V=8 9 V=H8E ?0@0<5B@V2 2>4=>3> @568<C. �>4=89 45DVF8B 

є 206;828< ?>:07=8:><, I> 2V4>1@060є H284:VABь =04E>465==O B0 28:>@8AB0==O 

2>48, B>4V O: 2>;>3>CB@8<C20;ь=0 740B=VABь A;C3Cє :;NG>28< ?>:07=8:>< 

?>ACE>ABV9:>ABV @>A;8=. #>ACE>ABV9:V 2848 E0@0:B5@87CNBьAO 28I8<8 

7=0G5==O<8 2>;>3>CB@8<C20;ь=>W 740B=>ABV. 

#@>F5A8, O:V @53C;NNBь 740B=VABь @>A;8= CB@8<C20B8 2>;>3C, 287=0G0NBь 

@V25=ь WE=ь>W ?>B5=FV9=>W ABV9:>ABV 4> ?>ACE8 B0 ABC?V=ь >2>4=5=>ABV B:0=8= 

(%;NA0@ %. �., 2007). �3V4=> 7 @57C;ьB0B0<8 4>A;V465=ь, @>A;8=8 V<0BC@=>W 3@C?8 

284C C. onopordifolia 70 ABC?5=5< =0A8G5==O 2>4>N (15,70 3 2>48 / 3 ACE>W <0A8) 

B0 740B=VABN CB@8<C20B8 2>;>3C (15,90 %) 709<0NBь ?>A5@54=є ?>;>65==O <V6 

>A>18=0<8 2V@3V=V;ь=>W V 35=5@0B82=>W 3@C?8. #@8 Fь><C =09=86G89 @V25=ь 

2>4=>3> 45DVF8BC A5@54 CAVE 2V:>28E 3@C? (7,4 %) B0:>6 A?>AB5@V30єBьAO C 

V<0BC@=8E @>A;8=. 



%5@54 2V:>28E 3@C? C. onopordifolia =09=86G89 @V25=ь >2>4=5=>ABV 

2;0AB8289 35=5@0B82=8< @>A;8=0<. ' =8E F59 ?>:07=8: C 1,8 @070 <5=H89, 

?>@V2=O=> 7 ?@54AB02=8:0<8 V<0BC@=>W 3@C?8, V C 2,1 @070 =86G89 =V6 C 

2V@3V=V;ь=>W 3@C?8. �5=5@0B82=V @>A;8=8 B0:>6 <0NBь =091V;ьH89 @V25=ь 

2>4=>3> 45DVF8BC (16,5 %) B0 =09<5=HC 2>;>3>CB@8<C20;ь=0 740B=VABь (6,8 %) 

?><V6 CAVE 2V:>28E 3@C?. *5 A2V4G8Bь ?@> 28IC 28B@820;VABь 4> =5AB0GV 2>48 2 

>A>18= O: V<0BC@=>W B0: V 2V@3V=V;ь=>W 3@C? 284C C. onopordifolia (B01;.3.6). 

$>A;8=8 V<0BC@=>W 2V:>2>W 3@C?8 C. cirsioides 70 ABC?5=5< 7030;ь=>W 

>2>4=5=>ABV, 45DVF8BC 2>;>38 B0 740B=VABN 4> CB@8<0==O 2>;>38 709<0NBь 

?>A5@54=є ?>;>65==O <V6 2V@3V=V;ь=>N V 35=5@0B82=>N 3@C?0<8. &0: O: V C 

35=5@0B82=8E @>A;8= C. onopordifolia, C FVєW 2V:>2>W 3@C?8 C. cirsioides 

70DV:A>20=> =0928I89 @V25=ь 2>4=>3> 45DVF8BC (13,81 %) V =09=86GC 

>2>4=5=VABь B:0=8= (7,00 %). &8< =5 <5=H, =0 ?@>B8203C C. onopordifolia, C 

35=5@0B82=8E @>A;8= C. cirsioides ?>:07=8: 2>;>3>CB@8<CNG>W 740B=>ABV є 

=0928I8< (B01;.3.6). 

&0:8< G8=><, @57C;ьB0B8 4>A;V465=ь 28A2VB;8;8 =5 BV;ь:8 >A>1;82>ABV 

48=0<V:8 2>4=>3> @568<C ?@>BO3>< >=B>35=57C 284V2 @>4C Carlina, 0;5 V 2:070;8 

=0 AB2>@5==O C C. onopordifolia B0 C. cirsioides 2V4<V==8E 040?B82=8E H;OEV2 4;O 

?V4B@8<:8 >?B8<0;ь=>3> @V2=O 2>48. *5 4>72>;Oє >FV=8B8 @V25=ь >?V@=>ABV 

:>6=>W 2V:>2>W 3@C?8 4> 45DVF8BC 2>;>38 2 =02:>;8H=ь><C A5@54>28IV. 

!572060NG8 =0 <V6284>2V 2V4<V==>ABV C ?0@0<5B@0E 2>4=>3> @568<C, <>;>4HV 

2V:>2V 3@C?8 >1>E 284V2 45<>=AB@CNBь 2V4=>A=> 28A>:C ABV9:VABь 4> =5AB0GV 

2>;>38. �>4=>G0A 35=5@0B82=V @>A;8=8 C. cirsioides B0:>6 715@V30NBь 7=0G=89 

@V25=ь ABV9:>ABV, 0 >B 35=5@0B82=V @>A;8=8 C. onopordifolia 28O2;ONBьAO =091V;ьH 

2@07;828<8 4> 7<V= 2>4=>3> 10;0=AC. 

�>2545=>, I> B0:V ?>:07=8:8, O: V=B5=A82=VABь B@0=A?V@0FVW, @V25=ь 2>4=>3> 

45DVF8BC B0 2>;>3>CB@8<C20;ь=0 740B=VABь @>A;8=, 7V1@0=8E C ?@8@>4=8E 

C<>20E, B0:>6 <>6CBь A;C3C20B8 =04V9=8<8 :@8B5@VO<8-<0@:5@0<8 4;O 

>FV=N20==O DV7V>;>3VG=>3> AB0=C @>A;8= C ?@>F5AV :C;ьB82C20==O in vitro. 

3.3. �;5<5=B=89 A:;04 ґ@C=BV2 7 ?@8@>4=8E <VAFь @>ABC @>A;8= 

 



�;O >B@8<0==O 28A>:>68BBє740B=>3> ?>A04:>2>3> <0B5@V0;C 70 4>?><>3>N 

1V>B5E=>;>3VG=8E <5B>4V2 :;NG>2C @>;ь 2V4V3@0є 2V4?>2V4=VABь DV78G=8E B0 

EV<VG=8E ?0@0<5B@V2 :C;ьB82C20==O @>A;8= in vitro WE=V< DV7V>;>3VG=8< 

?>B@510<. *5 AB>ACєBьAO =5 BV;ь:8 ?V41>@C A2VB;>2>3> B0 B5<?5@0BC@=>3> 

@568<V2, 0 9 70157?5G5==O <V=5@0;ь=>3> 682;5==O. &0:89 ?V4EV4 287=0G0є 

:>@83C20==O :8A;>B=>ABV ?>682=>3> AC1AB@0BC, O:0 G8=8Bь 157?>A5@54=V9 2?;82 

=0 4>ABC?=VABь ?>682=8E @5G>28= 4;O @>A;8=, 0 B0:>6 <>48DV:0FVN <V=5@0;ь=8E 

5;5<5=BV2 682;5==O (�@8F0: �. $. B0 V=., 2023).  

�8@VH5==O FVєW ?@>1;5<8 ?5@5410G0є ?@>2545==O 4>A;V465=ь ?>:07=8:V2 

>1<V==>W :8A;>B=>ABV 7@07:V2 �@C=BV2 <VAF57@>AB0=ь 284V2 C. onopordifolia, 

C. acaulis, C. cirsioides B0 :V;ь:VA=8E 7=0G5=ь @CE><8E :>=DV3C@0FV9 >A=>2=8E 

?>682=8E 5;5<5=BV2. #>@O4 7 F8<, C <560E ?@>2545=>3> 4>A;V465==O <8 

287=0G0;8 2<VAB @CE><>W D>@<8 (>AD>@C, 0 B0:>6 0<>=V9=>3> B0 =VB@0B=>3> 

07>BC, ?0@0;5;ь=> 0=0;V7CNG8 >1<V==C :8A;>B=VABь ?@>1 �@C=BV2 7 <VAF57@>AB0=ь 

C. acaulis, C. onopordifolia, C. cirsioides. %B@C:BC@=V >A>1;82>ABV �@C=BV2 V WE=O 

D@0:FV9=0 AB@C:BC@0 2V4V3@0NBь :;NG>2C @>;ь C 1V>4>ABC?=>ABV <V=5@0;ь=8E 

@5G>28= 4;O @>A;8= B0 <0NBь 2?;82 =0 ?>:07=8:8 >1<V==>W :8A;>B=>ABV. 

/: 265 1C;> 707=0G5=>, �>;8Fь:89 1>B0=VG=89 70:07=8: ;>:0;V7CєBьAO =0 

B5@8B>@VW �>;8=>-#>4V;ьAь:>W ?;8B8, 0 WW �@C=B>289 ?>:@82 ?@54AB02;5=89 

?5@5206=> G>@=>75<0<8 =53;81>:8<8 :0@1>=0B=8<8, 45@=>2>-:0@1>=0B=8<8 B0 

AV@8<8 >?V47>;5=8<8 �@C=B0<8 7 @V7=8< ABC?5=5< 7<8B>ABV. *5 <VAF57@>AB0==O 

284V2 C. onopordifolia F4 C. cirsioides ( 0@B8=5=:>, 2010). 

' �0@?0BAь:><C @53V>=V, O:89 є <VAF57@>AB0==O< 284V2 C. acaulis B0 

C. cirsioides, ?5@52060NBь 1C@>75<=V �@C=B8, I> E0@0:B5@87CNBьAO 7=0G=>N 

I515=N20BVABN ?@>DV;N (�0@0==8: �.�., 2015). 

!0HV 4>A;V465==O 70A2V4G8;8, I> 2 <VAFOE 7@>AB0==O C. onopordifolia 

>1<V==0 :8A;>B=VABь 20@VNє 2 4V0?07>=V 7,3237,56, B>4V O: C C. cirsioides F59 

?>:07=8: AB0=>28Bь 7,2237,33, I> A2V4G8Bь ?@> =59B@0;ь=5 A5@54>28I5. ' A2>N 

G5@3C, ;>:0;VB5B8 C. acaulis 2V47=0G0NBьAO 7=0G=> 28I>N >1<V==>N :8A;>B=VABN 

2V4 3,98 4> 4,21. $V25=ь pH �@C=BC 157?>A5@54=ь> 2?;820є =0 ?@>F5A8 @>7G8==>ABV, 



>A0465==O, ?5@5<VI5==O B0 =0:>?8G5==O <0:@>- 9 <V:@>5;5<5=BV2 C AB@0B83@0DVW 

�@C=BC, I> 287=0G0є :>5DVFVє=B 70A2>є==O <V=5@0;V2 4;O 2V4:0A=8:V2 (@8A.3.5). 

 

 

 

$8A. 3.5. #>:07=8:8 >1<V==>W :8A;>B=>ABV C ?@>10E �@C=BV2 V7 ?@8@>4=8E <VAFь 

7@>AB0==O 284V2 @>4C Carlina 

 

(>AD>@ є :><?>=5=B>< A?>;C: �&( V ��( B0 15@5 CG0ABь 2 >1<V=V @5G>28=. 

!5AB0G0 Fь>3> 5;5<5=BC A?@8G8=Oє 7=865==O ?@8@>ABC 1V><0A8, I> 

2V4>1@060єBьAO =0 @>7<V@0E @>A;8= (Ávila-Juárez L., 2017; Wu P. 2003; Çolgecen 

H., 2011). �>2545=>, I> V7 7@>AB0==O< :8A;>B=>ABV @CE><VABь 1V;ьH>ABV 5;5<5=BV2 

7<5=HCєBьAO, I>, <>6;82>, ?>OA=Nє 2V4=>A=> =87ь:89 @V25=ь @CE><>3> (>AD>@C 

7 �@C=BV2 <VAF57@>AB0=ь C. onopordifolia B0 C. cirsioides 2 �>;8Fь:><C 

1>B0=VG=><C 70:07=8:C (54,56 <3/:3 B0 42,43 <3/:3). ' 7@07:0E �@C=BV2 

�0@?0BAь:>3> :@0N, 45 7@>AB0є C. acaulis, :>=F5=B@0FVO @CE><>3> (>AD>@C є 

B@>E8 28I>N 3 56,83 <3/:3. 73V4=> 7 40=8<8 :;0A8DV:0FV9=>W B01;8FV 

«�@C?C20==O �@C=BV2 70 2<VAB>< @CE><>3> D>AD>@C» (/:VABь 3@C=BV2, 2005) 2>=8 

=0;560Bь 4> :0B53>@VW �@C=BV2 V7 A5@54=V< 2<VAB>< $2"5 (@8A.3.6). 

0 1 2 3 4 5 6 7 8 9

C. cirsioides (�0@?0BAь:89 @53V>=)

C. acaulis (�0@?0BAь:89 @53V>=)

C. cirsioides  (�>;8Fь:89 70:07=8:)

C. onopordifolia (�>;8Fь:89 70:07=8:)

@!-�%l

@!-%0%l



 

 

 $8A. 3.6. �<VAB 45O:8E EV<VG=8E 5;5<5=BV2 C ?@>10E �@C=BV2 V7 ?@8@>4=8E <VAFь 

7@>AB0==O 284V2 @>4C Carlina 

 

�06;82C @>;ь C <V=5@0;ь=><C 682;5==V @>A;8= 2V4V3@0є !VB@>35=. ":@V< 

Fь>3>, ACBBє28< є =5 BV;ь:8 7030;ь=89 2<VAB, 0;5 V :>=F5=B@0FVO 9>3> 0<>=V9=>W 

B0 =VB@0B=>W D>@<. �3V4=> 7 ;VB5@0BC@=8<8 465@5;0<8 :>=F5=B@0FVO A?>;C: 

!VB@>35=C C 1C@>75<=8E �@C=B0E A:;040є 16,8330,8 <3/:3 (�0@0==8: �. �., 2016). 

$07>< 7 B8< =03>;>HCNBь, I> G5@57 A?>2V;ь=5==O ?@>F5AV2 =VB@8DV:0FVW 

2V41C20єBьAO ?>A8;5=5 =0:>?8G5==O 0<>=V9=>W D>@<8 !VB@>35=C (NH4z) (#>7=O:, 

2012). �=0;V7 2<VABC @V7=8E D>@< !VB@>35=C ?@>45<>=AB@C202, I> @57C;ьB0B8 

=0H8E 4>A;V465=ь C73>46CNBьAO 7 ;VB5@0BC@=8<8 465@5;0<8. �>:@5<0, @V25=ь 

NH¤z C ?@>10E �@C=BV2 <VAF57@>AB0==O C. acaulis AB0=>282 15,01 <3/:3, B>4V O: 4;O 

DVB>1V>B8 �>;8Fь:>3> 70:07=8:0 F59 ?>:07=8: 1C2 7;53:0 28I8<, 7>:@5<0, C 284C 

C. onopordifolia 3 16,55 <3/:3, 0 4;O C. cirsioides 19 3 <3/:3 2V4?>2V4=>. �<VAB 

=VB@0B=>3> 07>BC (NO£{) C �@C=B0E <VAF57@>AB0==O C. acaulis ?><VB=> =86G89 

(0,43 <3/:3), =V6 C <VAFOE 7@>AB0==O C. onopordifolia (3,62 <3/:3) V C. cirsioides 

(3,13 <3/:3) (@8A.3.6). �07=0G5=V G8A;>2V @>71V6=>ABV <>6=0 ?>OA=8B8 =87ь:>N 

:>=F5=B@0FVєN 07>B=8E A?>;C: C 28A>:>3V@9W �0@?0BAь:>3> @53V>=C ( 0@B8=5=:>, 

2010). �>A;V4=8:8 707=0G0NBь, I> 2<VAB =VB@0B=>W D>@<8 70;568Bь 2V4 

A57>==>ABV: =09=86GV ?>:07=8:8 28O2;5=V =0 ?>G0B:C 2535B0FV9=>3> ?5@V>4C, B>4V 

O: =0928IV 3 =0?@8:V=FV ?5@V>4C 2535B0FVW. $>71V6=>ABV C :>=F5=B@0FVW F8E 

A?>;C: <>6CBь ?5@528IC20B8 >4=5 >4=>3> 2B@8GV. #@8G8=>N B0:8E 2V4<V==>AB59 

$2"5 NH4+ N"3- �2" %0"

C. acaulis (A. �@82>?V;;O)

C. cirsioides  (A. �CB8Aь:>)

C. onopordifolia (A. �CB8Aь:>)



є ?>5B0?=0 0:B820FVO D5@<5=BV2, O:V 2?;820NBь =0 V=B5=A82=VABь =VB@8DV:0FVW 

(�0@0==8: �. �., 2016).  

-5 >4=8< =5>1EV4=8< 5;5<5=B>< 4;O @>ABC @>A;8= >:@V< !VB@>35=C B0 

(>AD>@C є �0;V9, =5AB0G0 O:>3> 28:;8:0є ?>@CH5==O 2>4=>3> 10;0=AC B0 

7=865==O D>B>A8=B57C @>A;8=. ' 7@07:0E �@C=BV2 �0@?0BAь:>3> :@0N, 45 7@>AB0є 

C. acaulis, :>=F5=B@0FVO 2>4>@>7G8==>3> �0;VN є 7=0G=> =86G>N (0,10 <3/:3), 

?>@V2=O=> 7 2840<8 �>;8Fь:>3> 1>B0=VG=>3> 70:07=8:0, 45 7@>AB0є 

C. onopordifolia (1,02 <3/:3) B0 C. cirsioides (8,06 <3/:3) (@8A.3.6). !87ь:89 2<VAB 

4>ABC?=>3> 4;O @>A;8= �0;VN C ;>:0;VB5B0E @>ABC C. acaulis <>65 1CB8 

7C<>2;5=89 ?@><82=8< B8?>< 2>4=>3> @568<C, >A:V;ь:8 3V@Aь:V @09>=8 �0@?0B 

E0@0:B5@87CNBьAO 28A>:>N :V;ь:VABN >?04V2, I> A?@8Oє 28<820==N 

;53:>@>7G8==8E D>@< :0;VN 7 25@E=VE H0@V2 �@C=BC (�0@0==8: �. �., 2016). *5 

>A>1;82> E0@0:B5@=> 4;O AC?VI0=8E V ;53:>AC3;8=:>28E �@C=BV2, O:V <0NBь 

=87ь:C 740B=VABь CB@8<C20B8 ?>682=V @5G>28=8. ":@V< Fь>3>, :8A;0 @50:FVO 

�@C=B>2>3> @>7G8=C (pH 3,834,2) 7=86Cє 4>ABC?=VABь �0;VN 4;O @>A;8= V A?@8Oє 

9>3> 0:C<C;OFVW C 206:>4>ABC?=8E D>@<0E (�0@0==8: �. �., 2015). �3V4=> 7 

40=8<8 :;0A8DV:0FV9=>W B01;8FV «�@C?C20==O �@C=BV2 70 2<VAB>< @CE><>3> 

D>AD>@C» (/:VABь 3@C=BV2, 2005) 4>A;V465=V 7@07:8 =0;560Bь 4> :0B53>@VW �@C=BV2 

V7 =87ь:8< 2<VAB>< �2".  

/: V C 28?04:C 7 2<VAB>< �2", C <VAFOE 7@>AB0==O 284C C. acaulis, =0<8 1C;> 

287=0G5=> =09=86G89 @V25=ь �0;ьFVN (0,60 <3/:3), ?>@V2=O=> V7 C. onopordifolia 

(2,74 <3/:3) B0 C. cirsioides (4,43 <3/:3) (@8A.3.6). !87ь:0 :>=F5=B@0FVO %0" 

A?@8G8=5=0 28A>:>N :8A;>B=VABN �@C=BV2, I> A?@8Oє 28<820==N �0;ьFVN 7 

25@E=VE H0@V2 �@C=BC 4> 3;81H8E 3>@87>=BV2 01> =02VBь 4> �@C=B>28E 2>4. $07>< 

7 F8< C �0@?0B0E ?5@52060NBь 1C@>75<=V, 45@=>2>-?V47>;8ABV B0 3V@Aь:>-;VA>2V 

B8?8 �@C=BV2, O:V ?@8@>4=> 1V4=V =0 �0;ьFV9, 0 G5@57 @OA=V >?048 V 3V@Aь:89 @5;ьєD 

%0" H284:> 28<820єBьAO (/2>@Aь:0, 2023; �>9B:V2 #.%., 2019; �5=AV@Aь:89 �., 

2011). �=0G=> 28IV ?>:07=8:8 %02+ =0 B5@8B>@VW �>;8Fь:>3> 1>B0=VG=>3> 

70:07=8:0, 9<>2V@=>, <>6CBь 1CB8 7C<>2;5=V 35>;>3VG=>N >A=>2>N 3 =0 B5@8B>@VW 

70:07=8:0 70;O30NBь :0@1>=0B=V ?>@>48 (20?=O:8, 4>;><VB8), O:V ?>ABC?>2> 

@>7:;040NBьAO, 71030GCNG8 �@C=B �0;ьFVє<. ":@V< Fь>3>, 7=0G=C @>;ь 2V4V3@0NBь 



@>A;8=8, I> 2V440NBь ?5@5203C :0;ьFVє28< �@C=B0<, >A:V;ь:8 2>=8 <>6CBь 

A?@8OB8 CB@8<0==N 01> =02VBь =0:>?8G5==N �0;ьFVN 2 �@C=BV G5@57 >@30=VG=V 

70;8H:8. -5 >4=8< D0:B>@><, O:89 >?>A5@54:>20=> A?@8Oє 28A>:><C 2<VABC 

�0;ьFVN є :;V<0B8G=V C<>28, 1> C @53V>=0E V7 ?><V@=8< 72>;>65==O< %02+ <5=H5 

28<820єBьAO 7 �@C=BC, B><C 2V= 715@V30єBьAO 2 1V;ьH 28A>:8E :>=F5=B@0FVOE. 

":@V< Fь>3>, =0<8 1C;> 4>A;V465=> 2<VAB );>@C C ?@>10E �@C=BV2 V7 ?@8@>4=8E 

<VAFь @>ABC 2V4:0A=8:V2. �V4B0:, 2AB0=>2;5=>, I> 2<VAB Cl- C ;>:0;VB5B0E 

?>H8@5==O C. 4caulis 28O282AO C 4,7 B0 C 7,4 @078 =86G8<, ?>@V2=O=> V7 <VAFO<8 

@>ABC C. cirsioides B0 C. onopordifolia 2V4?>2V4=>. �030;><, :>=F5=B@0FVO );>@C C 

4>A;V465=8E ?@>10E �@C=BV2 є =87ь:>N (0,10 3 0,76 <3/:3), I> A2V4G8Bь ?@> =5 

28A>:C 70A>;5=VABь �@C=BV2 B0 2V4ACB=VABь B>:A8G=>3> 2?;82C E;>@84V2 =0 

@>A;8=8. 

&0:8< G8=><, C E>4V 4>A;V465=ь 1C;> 287=0G5=> @V25=ь 1V>4>ABC?=8E 

A?>;C: (>AD>@C, �0;VN, �0;ьFVN, =VB@0B=>3> B0 0<>=V9=>3> !VB@>35=C. ":@V< 

Fь>3>, 1C;> 79OA>20=> 7=0G5==O >1<V==>W :8A;>B=>ABV C ?@>10E �@C=BV2, 45 

7@>AB0NBь 2V4:0A=8:8. �9OA>20=>, I> @>A;8=8 284C C. 4caulis ?>H8@5=V C 

;>:0;VB5B0E V7 ?V428I5=8< @V2=5< 1V>4>ABC?=>3> (>AD>@C (56,83 <3/:3), =0 

2V4<V=C 2V4 284V2 �>;8Fь:>3> 70:07=8:0. �>4=>G0A 2 C<>20E B5@8B>@VW 

':@0W=Aь:8E �0@?0B 70DV:A>20=> =86GV ?>:07=8:8 2<VABC A?>;C: !VB@>35=C NH4z 

3 15 <3/:3, NO3ˉ 3 0,43 <3/:3. #>@O4 7 F8< @>A;8=8 284C C. 4caulis 7@>AB0NBь C 

<VAFOE V7 =86G8< 2<VAB>< 4>ABC?=>3> �0;VN (0,10 <3/:3) B0 �0;ьFVN (0,60 <3/:3), 

?>@V2=O=> V7 C. onopordifolia B0 C. cirsioides. �0DV:A>20=V D0:B8 4>?><>6CBь 

>?B8<V7C20B8 7=0G5==O >1<V==>W :8A;>B=>ABV B0 :><?>=5=B=89 A:;04 ?>682=>3> 

AC1AB@0BC 4;O :C;ьB82C20==O. 

 

�8A=>2>: 4> @>74V;C 3 

 

"B65, ?@>2545=> 4>A;V465==O I>4> 282G5==O AB0=C (%� B0 2>4=>3> 

@568<C 2V4:0A=8:V2 in situ, 0 B0:>6 287=0G5=> EV<VG=89 A:;04 B0 >1<V==C 

:8A;>B=VABь �@C=BV2 7 ?@8@>4=8E ;>:0;VB5BV2 @>ABC.  



�87=0G5=> 2<VAB ?V3<5=BV2 C D>B>A8=B5B8G=><C 0?0@0BV @>A;8= 284V2 

%. acaulis, %. onopordifolia, %. cirsioides 7 ?@8@>4=8E <VAFь @>ABC. �9OA>20=>, I> 

@V7=><0=VB=VABь 5:>;>3VG=8E, 35>3@0DVG=8E V DVB>F5=>B8G=8E C<>2 7@>AB0==O 

2?;820є O: =0 7030;ь=89 @V25=ь ?V3<5=BV2, B0: V =0 @V25=ь >:@5<8E WE 3@C?. 

 0:A8<0;ь=89 2<VAB ?V3<5=BV2 A?>AB5@V30єBьAO C BV=ь>28B@820;>3> 284C 

%. cirsioides, 0 =09<5=H0 3 C A2VB;>;N1=>3> 284C %. onopordifolia. !0928I89 

@V25=ь E;>@>DV;C 4 1C;> 28O2;5=> C @>A;8= 284C %. acaulis, 0 =09<5=H89 C 

@>A;8= %. onopordifolia, I> A2V4G8Bь ?@> 040?B82=V AB@0B53VW F8E @>A;8= 4> 

@V7=><0=VB=8E 5:>;>3VG=8E C<>2. �=0G=C @V7=8FN 1C;> 2AB0=>2;5=> C 

2V4=>H5==OE 3@C? ?V3<5=BV2, 7>:@5<0, C ?>:07=8:0E Chl 4/b, 7=0G5==O O:8E C 

%. acaulis AO30є 4,3634,65, 0 C %. onopordifolia 3 2,0. �=0;V7 74>1CB8E @57C;ьB0BV2 

70A2V4G82, I> A?V22V4=>H5==O E;>@>DV;C a 4> b, 0 B0:>6 ?>:07=8:0 AC<8 

E;>@>DV;V2 4> Carot є =091V;ьH AB01V;ь=8<8 ?>:07=8:0<8. *5 4>72>;Oє 

@>73;O40B8 WE O: V=D>@<0B82=V :@8B5@VW-<0@:5@8 4;O >FV=:8 DC=:FV>=0;ь=8E 7<V= 

C @>A;8=0E ?V4 G0A :C;ьB82C20==O in vitro. 

$57C;ьB0B8 4>A;V465=ь 28O28;8 :>@5;OFV9=89 729O7>: <V6 @V2=5< 

E;>@>DV;V2 B0 :0@>B8=>W4V2, A?V22V4=>H5==O< ?V3<5=BV2 ?@54AB02=8:V2 @>4C 

Carlina B0 ?>3>4=8<8 C<>20<8. �9OA>20=>, I> <5B5>@>;>3VG=V G8==8:8 2 <VAFOE 

7@>AB0==O C. onopordifolia B0 C. cirsioides 2?;820NBь =0 7030;ь=89 2<VAB B0 

A?V22V4=>H5==O ?V3<5=BV2. ' 35;V>DVB=8E @>A;8= C. onopordifolia 28O2;5=> =0 243

39% 28I89 2<VAB D>B>A8=B5B8G=8E ?V3<5=BV2, ?>@V2=O=> V7 284>< C. cirsioides. 

�AB0=>2;5=>, I> AB0= (%� @>A;8= ?@54AB02=8:V2 >1>E 284V2 1V;ьH5 

287=0G0єBьAO =04;8H:>< 01> =5AB0G5N 2>;>38, =V6 B5<?5@0BC@>N ?>2VB@O. 

�AB0=>2;5=>, I> <5B>4 �() є 4Vє28< V=AB@C<5=B>< 4;O 4>A;V465==O 

DC=:FV>=C20==O (%� @>A;8= @>4C Carlina. !0<8 1C;> ?@8?CI5=>, I> 2 C<>20E 

?@8@>4=>3> A5@54>28I0 @>A;8=8 C. cirsioides B0 C. onopordifolia 707=0NBь 4VW 

01V>B8G=8E AB@5AV2, C @57C;ьB0BV G>3> 7@>AB0NBь 2B@0B8 A2VB;>2>W 5=5@3VW C 283;O4V 

B5?;>2>W 48A8?0FVW B0 ?>A8;NNBьAO ?@>F5A8 D>B>V=3V1C20==O. �=45:A 

68BBє740B=>ABV @>A;8= C. cirsioides V C. onopordifolia, I> 7@>AB0NBь C ?@8@>4=8E 

C<>20E, C42VGV =86G89 70 >?B8<0;ь=89 @5D5@5=B=89 @V25=ь. 



�9OA>20=>, I> C 2V4:0A=8:0 B0B0@=8:>;8AB>3> B0 2V4:0A=8:0 157AB51;>2>3> 

AD>@<>20=> 2V4<V==V 040?B82=V H;OE8 4;O @53C;OFVW 2>4=>3> 10;0=AC. #>@O4 7 

F8< <>;>4HV 2V:>2V 3@C?8 >1>E 284V2 45<>=AB@CNBь 2V4=>A=> 28A>:C ABV9:VABь 4> 

=5AB0GV 2>;>38. �>4=>G0A 35=5@0B82=V @>A;8=8 C. cirsioides B0:>6 715@V30NBь 

7=0G=89 @V25=ь ABV9:>ABV, 0 >B 35=5@0B82=V @>A;8=8 C. onopordifolia 28O2;ONBьAO 

=091V;ьH 2@07;828<8 4> 7<V= 2>4=>3> 10;0=AC. #V4B25@465=>, I> V=B5=A82=VABь 

B@0=A?V@0FVW, @V25=ь 2>4=>3> 45DVF8BC B0 2>;>3>CB@8<C20;ь=0 740B=VABь @>A;8= 

in situ <>6CBь 1CB8 28:>@8AB0=V O: :@8B5@VW-<0@:5@8 4;O >FV=N20==O 

DV7V>;>3VG=>3> AB0=C @>A;8= ?V4 G0A :C;ьB82C20==O in vitro. 

#>:070=>, I> DV78:>-EV<VG=V 2;0AB82>ABV �@C=BV2 C <VAFOE 7@>AB0==O 

4>A;V46C20=8E 284V2 <0NBь 7=0G=V 2V4<V==>ABV. �>:@5<0, 7=0G5==O >1<V==>W 

:8A;>B=>ABV C ?@>10E �@C=BV2, 45 7@>AB0NBь 2848 C. 4caulis 28O28;8Aь 7=0G=> 

=86G8<8, ?>@V2=O=> <VAFO<8 @>ABC C. cirsioides B0 C. onopordifolia. �AB0=>2;5=>, 

I> @>A;8=8 284C C. 4caulis ?>H8@5=V C ;>:0;VB5B0E V7 ?V428I5=8< @V2=5< 

1V>4>ABC?=>3> (>AD>@C, >4=0:, 7 =86G8<8 ?>:07=8:0<8 �0;VN, �0;ьFVN, 

0<>=V9=>W B0 =VB@0B=>W D>@< !VB@>35=C, =0 2V4<V=C 2V4 284V2 �>;8Fь:>3> 

70:07=8:0. �AB0=>2;5=V 40=V 4>72>;OBь 710;0=AC20B8 5;5<5=B=89 A:;04 

A5@54>28I0 4;O :C;ьB82C20==O 2 C<>20E in vitro. 

"B@8<0=V @57C;ьB0B8 4>A;V465=ь 4>72>;8;8 2V4V1@0B8 :@8B5@VW-<0@:5@8 

4;O >FV=:8 DC=:FV>=0;ь=>3> AB0=C @>A;8= 2 C<>20E ?@8@>48 7 ?>B5=FV0;>< 

:>=B@>;N <>48DV:0FV9 @>A;8= in vitro C 2V4?>2V4ь =0 >?B8<V70FVN C<>2 WE 

:C;ьB82C20==O.  

  



$"���� �V 

 

"#&� ���*�/ ' "� �'�Ь&��'��!!/ IN VITRO ����/ 
#����Щ�!!/ ���#&��!"� ���&!"%&� $"%��! 

 

�:BC0;ь=V ?V4E>48 4> 715@565==O @5;V:B>28E 284V2 @>A;8= �@C=BCNBьAO =0 

<5B>40E in situ B0 ex situ, I> <0NBь =0 <5BV D>@<C20==O 6828E :>;5:FV9 

7=8:0NG8E 284V2 C 1>B0=VG=8E A040E, 0 B0:>6 71V;ьH5==O :V;ь:>ABV 

?@8@>4>>E>@>==8E B5@8B>@V9. "4=0:, 28:>@8AB0==O B5E=>;>3V9 ex situ <0є @O4 

=54>;V:V2, 0 A0<5: ;V<VB>20=5 G8A;> ?5@28==8E 35=>B8?V2 @5;V:B>28E 284V2 C 

2V4>:@5<;5=8E ?>;ь>28E C<>20E <>65 A?@8G8=8B8 V=1@54=C 45?@5AVN 

(�5;>:C@>20 �.�., 2010); <>6;82VABь A?>=B0==>W <V6284>2>W 3V1@84870FVW; @878: 

703815;V @>A;8==>3> <0B5@V0;C 2 @57C;ьB0BV 28=8:=5==O V=D5:FV9 (Maunder  et  al.,  

2004). &0:>6 :C;ьB82C20==O @>A;8= C =5B8?>2><C A5@54>28IV VA=C20==O <>65 

?@83=VGC20B8 5:A?@5AVN >4=8E 35=V2, 0;5 =04<V@=> 0:B82C20B8 V=HV, 0 B0:>6 

28:;8:0B8 7<V=8 :0@V>B8?C. �V4B0:, F5 ?@>O2;OєBьAO C 35=>B8?V, D5=>B8?V B0 

2V4>1@060єBьAO =0 68BBє740B=>ABV ?>A04:>2>3> <0B5@V0;C (�@8F0: �. $. & �@>18: 

!.  ., 2019). #5@A?5:B82=8< A?>A>1>< >B@8<0==O O:VA=>3> @>A;8==>3> 

<0B5@V0;C 4;O 28A04:8 2 C<>28 ex situ є B5E=>;>3VW in vitro, I> ?5@525@HCNBь 

:;0A8G=V <5B>48 :C;ьB82C20==O @>A;8= (�5;>:C@>20 �.�., 2010). )>G 

:C;ьB82C20==O in vitro E0@0:B5@87CNBьAO A?5F8DVG=VABN B0 2V440;5=VABN 2V4 

?@8@>4=8E C<>2 7@>AB0==O, 70B5 4>A;V465==O @>A;8= @>4C Gentiana L. (�@8F0: �. 

$. B0 V=., 2018; �@8F0: �. $. & �@>18: !.  ., 2019) A2V4G0Bь, I> A?@O<>20=>N 

4VєN ?V4V1@0=>3> @568<C >A2VB;5==O, @568<C 2>;>3>ABV, B5?;>2>3> @568<C B0 

EV<VG=>3> A:;04C A5@54>28I0 4;O :C;ьB82C20==O <>6=0 7<V=N20B8 ?@>F5A8 

<>@D>35=57C @>A;8= 2 :C;ьBC@V, 4VO;ь=VABь WE D>B>A8=B5B8G=>3> 0?0@0BC, 

2?;820B8 =0 ?>:07=8:8 2>4=>3> 10;0=AC. �V4B0:, C @57C;ьB0BV <>6=0 >B@8<0B8 

28A>:>68BBє740B=89 A0481=89 1V><0B5@V0;, O:89 1C45 ABV9:8< 4> <V=;828E 

D0:B>@V2 =02:>;8H=ь>3> A5@54>28I0. 

&><C =0HV 4>A;V465==O 1C;8 A?@O<>20=V =0 >?B8<V70FVN C<>2 

:C;ьB82C20==O in vitro 4;O ?V428I5==O 68BBє740B=>ABV @>A;8= in vitro B0 WE=ь>W 



>?V@=>ABV 4> 2?;82C AB@5A>28E D0:B>@V2 ?@8@>4=8E C<>2 @>ABC, 7>:@5<0, 2>4=>3> 

AB@5AC B0 28A>:>3> @V2=O V=A>;OFVW. 

 

4.1. #V4E>48 4> >B@8<0==O B0 2:>@V=5==O in vitro @>A;8= 4>A;V46C20=8E 
284V2  

 

 V:@>:;>=0;ь=5 @>7<=>65==O @>A;8= ?5@5410G0є >B@8<0==O 0A5?B8G=8E 

?@>@>AB:V2 V7 ?@>AB5@8;V7>20=>3> =0AV==O. #@8 Fь><C 282G5==O =0AV==є2>W 

?@>4C:B82=>ABV <0є 206;825 7=0G5==O ?V4 G0A 22545==O @>A;8= 2 :C;ьBC@C. *5 

?>29O70=> 7 B8<, I> є =0AV==є20 ?@>4C:B82=VABь є >4=8< V7 :;NG>28E :@8B5@VW2 

>FV=:8 68BBє740B=>ABV @>A;8= B0 45<>=AB@Cє ?>B5=FV0; 4> 2V4=>2;5==O 

48:>@>A;>W D;>@8 (ЄD@5<>20 ". "., 2009; �5;5=GC: &. �., 1987; �5;5=GC: &. 1986). 

�84>20 ?@8=0;56=VABь 4>A;V4=8E @>A;8= 287=0G0є ABC?V=ь 2?;82C C<>2 

:C;ьBC@8 =0 =0AV==є2C ?@>4C:B82=VABь. �>:@5<0, C 284C C. cirsioides ?V4 G0A 

71V;ьH5==O G8A5;ь=>ABV =0AV==8E 70G0B:V2 A?>AB5@V30єBьAO ?><VB=5 A:>@>G5==O 

:V;ь:>ABV =0AV=8=, O:V 7029O70;8Aь. �>4=>G0A, C 284C C. acaulis 2V47=0G0єBьAO 

?@O<89 72'O7>: <V6 ?>B5=FV9=>N B0 D0:B8G=>N =0AV==є2>N ?@>4C:B82=VABN. 

!0AV==O @>4C Carlina =5 <0є ?5@V>4C A?>:>N, 0 ?@>@>AB0==O 2V41C20єBьAO =0 3-8 

4>1C 7 28A>:8<8 ?>:07=8:0<8 AE>6>ABV B0 5=5@3VW ?@>@>AB0==O. �1V@ =0AV==O 

=5>1EV4=> ?@>2>48B8 2 3@C4=V (ЄD@5<>20 ". "., 2009).  

(>@<C20==O :>;5:FV9 @>A;8= in vitro ?>;O30є 2 >45@60==V AB5@8;ь=>3> 

@>A;8==>3> <0B5@V0;C V7 =0AV==O =570;56=> 2V4 ?>@8 @>:C. �;O Fь>3> =5>1EV4=> 

?V4V1@0B8 >?B8<0;ь=V C<>28 4;O AB5@8;V70FVW =0AV==O, 4>A;V48B8 >A>1;82>ABV 9>3> 

?@>@>AB0==O B0 287=0G8B8 5D5:B82=V A?>A>18 ?>4>;0==O DV7V>;>3VG=>3> AB0=C 

A?>:>N. 

�D5:B82=VABь 22545==O @>A;8= 2 :C;ьBC@C in vitro 7=0G=>N <V@>N 

287=0G0єBьAO 281>@>< AB5@8;V7CNG>3> 035=B0, :>=F5=B@0FVєN 9>3> @>7G8=C B0 

B@820;VABN >1@>1:8 =0AV==O. �0 >?B8<0;ь=8E C<>2 AB5@8;V70FV9=0 @5G>28=0 

?>28==0 <0:A8<0;ь=> CAC=CB8 ?0B>35==C 10:B5@V0;ь=C 9 3@81:>2C <V:@>D;>@C 7 

?>25@E=V =0AV==O, =5 70240NG8 H:>48 9>3> B:0=8=0< B0 >@30=0<. !0B><VABь 

=5?@028;ь=> ?V4V1@0=V @5035=B8 01> WE :>=F5=B@0FVW <>6CBь A?@8G8=8B8 



?>H:>465==O 5=4>A?5@<C V 70@>4:0, I> =530B82=> ?>7=0G8BьAO =0 AE>6>ABV, 

?>40;ьH><C @>ABV B0 @>728B:C @>A;8=. 

�0 @57C;ьB0B0<8 =0H8E 4>A;V465=ь 2AB0=>2;5=>, I> =095D5:B82=VH8< 

AB5@8;V7CNG8< 035=B>< 4;O ?>25@E=52>W >1@>1:8 =0AV==O 284V2 @>4C Carlina 

28O282AO 15% @>7G8= ?5@5:8AC 2>4=N (H¢O¢) 7 28B@8<C20==O< ?@>BO3>< 

35  E28;8=. �0 F8E C<>2 5D5:B82=VABь AB5@8;V70FVW 4;O C. onopordifolia AB0=>28;0 

97,80-100 %, C C. cirsioides 3 98,50-100 %, 0 C C. acaulis 3 97,40-100 %.  

#@>F5A @>7@>1:8 B5E=>;>3VW :C;ьB82C20==O @>A;8= @>4C Carlina 2 C<>20E 

in vitro ?5@5410G0є ?>HC: A?>A>1V2 ?V428I5==O ?>:07=8:V2 AE>6>ABV =0AV==O 

%. cirsioides, %. acaulis B0 %. onopordifolia. �V4B0:, ?>?5@54=O >1@>1:0 @>7G8=>< 

��3 C :>=F5=B@0FVW 1000 <3/; B@820;VABN 16-18 3>48= ?>-@V7=><C 2?;8=C;0 =0 

V=B5=A82=VABь ?@>@>AB0==O, 0 A0<5: 4;O %. cirsioides B0 %. onopordifolia A:;040;0 

?> 100%, 0 4;O %. acaulis 3 71%. !0B><VABь G0AB:0 AD>@<>20=8E :>@5=V2 C 284V2 

%. onopordifolia B0 %. cirsioides AB0=>28;0 ?> 33%, 0 2 @>A;8= %. acaulis 3 22%. ' 

E>4V @>1>B8 1C;> ?@>4V03=>AB>20=>  0:B82=VABь ?@>@>AB0==O =0AV==O =0 

A5@54>28IV 157 @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC. ' Fь><C 28?04:C AE>6VABь 

AB0=>28;0 100% 4;O %. onopordifolia B0 100% 4;O %. cirsioides, 0 >B C 284C 

%. acaulis 28O28;0Aь C 1,2 @078 =86G>N, =V6 C 20@V0=BV V7 28:>@8AB0==O< ��3. &0:V 

C<>28 :C;ьB82C20==O =5 1C;8 A?@8OB;828<8 4;O ?@>F5AV2 @87>35=57C, >A:V;ь:8 

@>728B>: :>@5=52>W A8AB5<8 A?>AB5@V302AO BV;ь:8 2 ?>>48=>:8E 28?04:0E. 

�0<VABь Fь>3> =0 28A0465=8E ?03>=0E 2V41C20;>Aь D>@<C20==O :0;NAC, I> 

?@83=VGC20;> 2:>@V=5==O.  

$87>35=57, O: V ?>40;ьH5 ?@8AB>AC20==O 4> C<>2 2V4:@8B>3> �@C=BC, 

=0;568Bь 4> =09206G8E AB04V9 :C;ьB82C20==O @>A;8= in vitro =570;56=> 2V4 B8?C 

@>A;8==>3> <0B5@V0;C (Trejgell A., 2009). &0:0 A:;04=VABь ?@8B0<0==0 V 4;O 

@>A;8= @>4C Carlina, >A:V;ь:8 =>2>CB2>@5=V @>A;8=8 2V4@V7=ONBьAO =87ь:>N 

740B=VABN 4> :>@5=5CB2>@5==O B0 040?B82=8< ?>B5=FV0;><, I> 7C<>2;5=> 

A?5F8DV:>N AB@C:BC@8 :>@5=O. �4>1CBV @57C;ьB0B8 :>@5;NNBь 7 =0C:>28<8 

?C1;V:0FVO<8 I>4> =87ь:>W 5D5:B82=>ABV @87>35=57C B0 040?B0FV9=>N 740B=VABN 

G5@57 E0@0:B5@=V @8A8 :>@5=51C4>28 (�02@8;5=:> !."., 2010; ЄD@5<>20 ". "., 

2009). �=0;V7 ?@>2545=8E 4>A;V465=ь ?>:07Cє, I> C =0AV==O 2V4:0A=8:0 



157AB51;>2>3> =0 10 4>1C ?VA;O ?@>@>AB0==O A5@54=O 4>268=0 :>@5=V2 (%��) 

4>AO30;0 5 <<. !0AV==O 284V2 C. onopordifolia B0 C. cirsioides ?>G0;> ?@>@>AB0B8 

=0 7-18 4>1C. �;O =0AV==O 284C C. cirsioides, 7V1@0=>3> C 2014 @>FV, =0 20 4>1C 

7=0G5==O %�� A:;040;> 16 <<, 0 4;O =0AV==O 2015 @>:C 71>@C 3 9 <<. �;O >A>18= 

C. onopordifolia, =0AV==O O:>3> 718@0;8 C 2013 B0 2015 @>FV, 7=0G5==O %�� 

A:;040;> =0 20 4>1C :C;ьB82C20==O 13 << B0 2 << 2V4?>2V4=>. �0 30 4V1 

:C;ьB82C20==O %�� C. acaulis AB0=>28;> 24 <<, 4;O C. cirsioides 3 31,7 << (2014 

@>:C 71>@C) B0 9 << (2015 @>:C 71>@C), 0 4;O C. onopordifolia 3 19,4 << (2013 @V:) 

B0 6 << (2015 @V:). 

&><C ?>40;ьHV =0HV 4>A;V48 1C;8 >@Vє=B>20=V =0 D>@<C20==O B5E=>;>3VW 

:C;ьB82C20==O in vitro 4;O 0:B820FVW @>AB>28E ?@>F5AV2 B0 @87>35=57C 0A5?B8G=8E 

@>A;8= 2V4:0A=8:V2. 

' =0C:>2V9 ;VB5@0BC@V ?@>45<>=AB@>20=> <0B5@V0;8 I>4> 22545==O 

(#5B@V=0 B0 V=., 2013) B0 E0@0:B5@8AB8:8 2:>@V=5==O 284C C. acaulis ?V4 G0A 

:C;ьB82C20==O in vitro (Trejgell et al., 2009). �;O 0:B820FVW :>@5=5CB2>@5==O 

2V4:0A=8:V2 157AB51;>28E 4>A;V4=8:8 70AB>A>2C20;8 A5@54>28I0 4;O 

:C;ьB82C20==O  % V  %/2, 4> O:8E 4>4020;8 @53C;OB>@8 @>ABC, B0:V O:: !"�, �"� 

G8 � � :>=F5=B@0FVєN, 01 <3/; G8 0,1 <3/;. ' B0:><C 28?04:C G0AB:0 D>@<C20==O 

:>@5=V2 A:;040;0 44-90% (Trejgell et al., 2009). �0AB>AC20==O FVєW B5E=>;>3VW 

2:>@V=5==O C =0H8E 4>A;V465==OE =5 ?@8=5A;> CA?VEC. � <5B>N 0:B820FVW 

?@>F5AV2 @87>35=57C 3@5Fь:V =0C:>2FV 28:>@8AB>2C20;8 � � ?V4 G0A 

:C;ьB82C20==O 284C Carlina diae (Rech. f.) Meusel and A. Kástner (Grigoriadou et 

al., 2020). &0:>6 0=0;V7 ;VB5@0BC@=8E 465@5; A2V4G8Bь ?@> 5D5:B82=VABь 

70AB>AC20==O 42>5B0?=>3> ?V4E>4C ?@8 :C;ьB82C20==V in vitro @>A;8= 

C. onopordifolia (Trejgell & Tretyn, 2011). &0:89 A?>AV1 ?5@5410G0є =0 ?5@H><C 

5B0?V ?@>@>IC20==O ?@>AB5@8;V7>20=>3> =0AV==O, 0 =0 4@C3><C 3 >1@>1:0 

B@820;VABN 60 A5:C=4 >45@60=8E ?@>@>AB:V2 C @>7G8=V � � (1000 <3/;), I> 

?>78B82=> 2?;8=C;> =0 2:>@V=5==O %. cirsioides (74,3 %) B0 C. onopordifolia (76,2 

%). ' E>4V =0H8E 5:A?5@8<5=BV2 1C;> 28O2;5=> @O4 =54>;V:V2 B0:>3> <5B>4C, 0 

A0<5: B@02<C20==O 0A5?B8G=8E ?@>@>AB:V2; =5>1EV4=VABь =0;56=>3> >1AO3C 

?@>AB5@8;V7>20=>3> @>7G8=C � �; A?@8OB;82VABь @>7G8=C 4> :>=B0<V=0FVW 



?0B>35=0<8, 0 2V4B0: =5<>6;82VABь 9>3> B@820;>3> 28:>@8AB0==O; ;01V;ь=VABь 

@>7G8=C ?@8 4VW 28A>:8E B5<?5@0BC@. ' B0:><C 28?04:C ?@>F5A8 2:>@V=5==O 

?@>E>4OBь 7 B@C4=>I0<8. �;O 0:B820FVW ?@>F5AV2 @87>35=57C C AB5@8;ь=8E 

?@>@>AB:0E @>A;8= @>4C Carlina ?>B@V1=> 1C;> >?B8<V7C20B8 DV78:>-EV<VG=V 

C<>28, O:V 1 A?@8O;8 @>728B:C :>@5=52>W A8AB5<8 B0 >4=>G0A=> =5 B@02<C20;8 

@>A;8=8. � >3;O4C =0 F5, =0AV==O 4>A;V4=8E 284V2 @>A;8= 4> AB5@8;V70FVW 

28B@8<C20;8 C @>7G8=V � �. �9OAC20;>Aь, I> =091V;ьH 5D5:B82=8< 1C;> 

28B@8<C20==O C AC1AB0=FVW :>=F5=B@0FVєN 1000 <3/; C?@>4>26 234 3>4. ' B0:><C 

28?04:C V=B5=A82=VABь CB2>@5==O :>@5=V2 @>A;8= 2V4:0A=8:V2 ?V428I8;0Aь 4> 803

100 %, ?@8 Fь><C CB2>@5==O :0;NAC 2 <560E >A=>28 ?03>=C =5 A?>AB5@V30;>Aь 

(@8A.4.1). 

 

   
    �)                                        �)                                            �) 
 

$8A.4.1 #@>@>AB0==O =0AV==O 284V2 @>4C Carlina ?VA;O >1@>1:8 @>7G8=>< � � 

:>=F5=B@0FVєN 1000 <3/; C?@>4>26 234 3>4 

 

�=0;V7 @57C;ьB0BV2 4>A;V465=ь 70A2V4G82, I> 28B@8<C20==O C @>7G8=V � � 

A?@8O;> 7=0G=><C ?V428I5==N 2V4A>B:0 2:>@V=5==O C @>A;8= 2V4:0A=8:V2. �0 F8E 

C<>2 C 284V2 C. cirsioides B0 C. 4caulis ?>:07=8: 2:>@V=5==O 1C2 28I8< C 2,4 @078, 

?>@V2=O=> 7 :>=B@>;ь=8< B0 CB@8GV @078 28I8<, ?>@V2=O=> V7 70<>GC20==O< 

@>7G8=>< ��3. ' 284C C. onoDordifolia 2V4A>B>: 2:>@V=5==O 2B@8GV ?5@520602 

7=0G5==O :>=B@>;N, B0 C 4,5 @078, ?>@V2=O=> V7 >1@>1:>N ��3. 

�0 28:>@8AB0==O >?8A0=>3> <5B>4C 1C;> 2AB0=>2;5=> 28A>:V ?>:07=8:8 

;01>@0B>@=>W AE>6>ABV B0 V=B5=A82=>ABV ?@>@>AB0==O =0AV==O, 7>:@5<0, C @>A;8= 



C. onopordifolia F5 7=0G5==O AB0=>28;> 98,40 %, C C. cirsioides 3 95,58 %, 0 C 

C. acaulis 3 83,87 %.  

 

 

 

$8A.4.2. %57>==0 48=0<V:0 ?@>@>AB0==O =0AV==O 284V2 @>4C Carlina 

 

#5@HV ?@>@>AB:8 2V4:0A=8:V2 79O2;O;8Aь 265 =0 7-8 4>1C. �V03=>AB8:0 

48=0<V:8 AE>6>ABV =0AV==O ?>:070;0, I> B@820;VABь 9>3> 715@V30==O <0є <V75@=89 

2?;82 =0 ?@>@>AB0==O. �V4B0:, AE>48 =0AV==O 2V4:0A=8:0 B0B0@=8:>;8AB>3>, O:5 

1C;> 7V1@0=5 C 2015 @>FV, BV;ь:8 =0 3% 1C;8 <5=H8<8, ?>@V2=O=> V7 =0AV==O< 2022 

@>:C. ' @>A;8= 2V4:0A=8:0 >A>B>?>4V1=>3> AE>6VABь =0AV==O ?VA;O A5<8 @>:V2 

715@V30==O 7<5=H8;0Aь =0 7%, 0 C 2V4:0A=8:0 157AB51;>2>3> 3 =0 9%. ' =0C:>2V9 

;VB5@0BC@V є 2V4><>ABV ?@> 7<V=8 0:B82=>ABV ?@>@>AB0==O @>A;8= 2V4:0A=8:V2 

?@>BO3>< @>:C, 2V4B0:, &.�. �5;5=GC: 707=0G0є, I> @0==ь>25A=O=V <VAOFV є 

=09A?@8OB;82VH8<8 4;O AE>6>ABV =0AV==O, 0 2;VB:C B0 78<>N A?>AB5@V30;8Aь 

=09<5=HV ?>:07=8:8 ?@>@>AB0==O (�5;5=GC: B0 V=., 1987). $57C;ьB0B8 =0H8E 

5:A?5@8<5=BV2 C73>46CNBьAO V7 ;VB5@0BC@=8<8 40=8<8. �>:@5<0, =0<8 1C;> 

287=0G5=>, I> 5=5@3VO ?@>@>AB0==O @>A;8= @>4C Carlina 1C;0 =091V;ьH>N C 

6>2B=V, 0 =09=86G>N C 3@C4=V (@8A.4.2). 
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4.2.  >@D>35=57 B0 <V:@>:;>=0;ь=5 @>7<=>65==O @>A;8=  
 

�C;ьB82>20=V 2 0A5?B8G=8E C<>20E @>A;8=8 28@>IC20;8 =0 A5@54>28IV 4;O 

:C;ьB82C20==O  % 157 4>4020==O @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC. 

 V:@>:;>=0;ь=5 @>7<=>65==O 2 C<>20E in vitro є 20@V0=B>< ?@8@>4=>3> 

@>7<=>65==O @>A;8= ( 5;ь=8GC: B0 V=., 2003). *59 <5B>4 4>72>;Oє >45@6C20B8 

=5>1EV4=C :V;ь:VABь ?>A04:>2>3> <0B5@V0;C, O:89 є 3><>35==8< 70 48=0<V:>N 

@>ABC B0 1V>EV<VG=8< A:;04><.  5B>4 :;>=0;ь=>3> <V:@>@><=>65==O 107CєBьAO 

=0 28=OB:>2V9 740B=>ABV @>A;8= C A5@54>28IV 4;O :C;ьB82C20==O 4> @535=5@0FVW 

A><0B8G=8E :;VB8=. *5 40є <>6;82VABь >B@8<0B8 G8A5;ь=C :>;5:FVN @>A;8= 

in vitro, O:V <0NBь B@C4=>IV 2 =0AV==є2><C G8 2535B0B82=><C @>7<=>65==V. 

 5B>4 <V:@>:;>=0;ь=>3> @>7<=>65==O 4>72>;Oє 74V9A=N20B8 A0=0FVN 

?>A04:>2>3> <0B5@V0;C B0 7=0G=> 71V;ьH8B8 H284:VABь 9>3> >45@60==O (�CH=V@ 

�.#, 2005). $>A;8=8, O:V 1C;8 >B@8<0=V A?>A>1>< :;>=0;ь=>3> <V:@>@>7<=>65==O 

B0 CA?VH=> 2:>@V=5=V, CA?VH=> <>6=0 70AB>AC20B8 704;O 2V4=>2;5==O B0 

710;0=AC20==O :V;ь:>ABV 453@04>20=8E ?>?C;OFV9 @V4:VA=8E @>A;8=. 

�;O <V:@>:;>=0;ь=>3> @>7<=>65==O @>A;8= 2V4:0A=8:V2 28:>@8AB>2C20;8 

?@>@>AB:8 2-3 <VAOG=8E @>A;8=. �=0;V7 @57C;ьB0B82=>ABV :;>=0;ь=>3> 

<V:@>@>7<=>65==O 1C2 ?@>2545=89 ?VA;O 136 <VAOFV2 28@>IC20==O in vitro, ?@8 

Fь><C, 1C;> 287=0G5=> A5@54=є 7=0G5==O @>75B>: 7 <V:@>:;>=0<8 C ?5@5@0EC=:C 

=0 >48= 6825Fь. ' ?@>F5AV >?B8<V70FVW C<>2 4;O :;>=0;ь=>3> <V:@>@>7<=>65==O 

=0<8 1C;> 70AB>A>20=> 030@87>20=5 A5@54>28I5 4;O :C;ьB82C20==O  %/2 7 

?>є4=0==O< �V= (C :>=F5=B@0FVW 1, 2 01> 3 <3/;) B0 !"� (0,1 <3/;). $>75B:8, O:V 

AD>@<C20;8 335 ?0@ ;8AB:V2, ?><VI0;8 =0 A5@54>28I5 4;O :C;ьB82C20==O  %/2 

157 2:;NG5==O @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC. ":@V< Fь>3>, @>A;8==89 

<0B5@V0; 1C;> 28:>@8AB0=> 4;O >?B8<V70FVW C<>2 4;O :0;NA>35=57C. � <5B>N 

0:B820FVW CB2>@5==O :0;NAC 28:>@8AB>2C20;8 5:A?;0=B8 4>268=>N 1;87ь:> 10 

<< V7 2AVE 4V;O=>: AB515; B0 :>@5=V2 @>A;8= 2V4:0A=8:V2 B0 ?><VI0;8 WE =0 

A5@54>28I0 4;O :C;ьB82C20==O  %,  %/2 B0 �0<1>@30, �25;593 (�5) (Gamborg 

O.L.,1968), 4> O:8E 1C;> 4>40=> @V7=V :>=F5=B@0FVW F8B>:V=V=V2 3 ��# 01> �V= 7 

0C:A8=0<8 3 2,4-� 01> !"� B0 �"�. #V4 G0A ?@>2545==O 4>A;V465=ь 2848 @>4C 



Carlina 1C;> 28A0465=> =0 A5@54>28I5 4;O :C;ьB82C20==O, 4>?>2=5=5 0,1 <3/; 

!"� B0 �V= @V7=>3> A?5:B@C :>=F5=B@0FVW (1-3 <3/;). ' ?@>@>AB:V2 ?VA;O 20-30 

4=V2 :C;ьB82C20==O 2V41C20;>Aь D>@<C20==O 1VG=8E ?03>=V2. +5@57 5-6 <VAOFV2 

28@>IC20==O CB2>@5==O @>75B>: ?@>E>48;> ?>2V;ь=>, :>@5=5CB2>@5==O <0965 =5 

2V41C20;>Aь, V, O: @57C;ьB0B, @>A;8=8 ?>G0;8 6>2BVB8. �>A;V465=>, I> 7@>AB0==O 

2<VABC �V= C A5@54>28IV 4;O :C;ьB82C20==O  % V7 ?>;>28==8< 2<VAB>< 

<0:@>A>;59 2V4 1 4> 3 <3/; =57=0G=> ?>7=0G8;>Aь =0 D>@<C20==V :V;ь:>ABV 

@>75B>: C 2V4:0A=8:V2. $O4 4>A;V4V2 70A2V4G82, I> ?5@5A046C20==O @>A;8= @>4C 

Carlina =09>?B8<0;ь=VH5 ?@>2>48B8 70 AE5<>N. 

 

 

 

$8A.4.3. %E5<0 ?5@5A046C20==O @>A;8= @>4C Carlina 

 

!0<8 1C;> 2AB0=>2;5=>, I> G5@57 30 4=V2 :C;ьB82C20==O =0 A5@54>28IV 4;O 

:C;ьB82C20==O  %/2, 4>?>2=5=><C 1 <3/; �V= B0 0,1 <3/; !"� G8A5;ь=VABь 

AD>@<>20=8E <V:@>:;>=V2 2V4:0A=8:V2 AB0=>28;0 1,433,5 2 @>7@0EC=:C =0 

28A0465=89 6825Fь. %5@54=є 7=0G5==O <V:@>:;>=V2 =0 @>75B:C 70 ?V2 @>:C 

28@>IC20==O A:;040;0 4;O 284C C. cirsioides 4 6,8; C. acaulis 4 4,2, 0 4;O 

C. onopordVfolia 4 4,8 (@8A.4.4, 4.5). 



 

 

 

$8A.4.4 #>:07=8:8 :;>=0;ь=>3> <V:@>@>7<=>65==O 284V2 C. acaulis, 

C. cirsioides B0 C. Bnopordifolia =0 A5@54>28IV 4;O :C;ьB82C20==O  %/2, 

4>?>2=5=><C 0,1 <3/; !"� B0 1 <3/; �V= 

 

!0 =0ABC?=><C 20@V0=BV A5@54>28I0 4;O :C;ьB82C20==O 3  %/2, 4>?>2=5=5 

3 <3/; �V= B0 0,1 <3/; !"� 3 D>@<C20==O <V:;>:;>=V2 G5@57 ?5@HV 30 4V1 

:C;ьB82C20==O 1C;> 2,532,6 C @>7@0EC=:C =0 6825Fь. �0 6 <VAOFV2 28@>IC20==O 

2:070=V ?0@0<5B@8 4;O @>A;8= C. cirsioides AB0=>28;8 6,6; 4;O C. onopordVfolia 4 

5,2; 0 4;O C. acaulis 4 5,0 (@8A.4.4, 4.5). #><V6 4>A;V465=8E @>A;8= =091V;ьH0 

V=B5=A82=VABь <V:@>:;>=C20==O =0 4V03=>AB8G=8E A5@54>28I0E 4;O 

:C;ьB82C20==O 28O2;5=0 C C. cirsioides. #>;ьAь:8<8 2G5=8<8 1C;> 4>A;V465=> 

>A>1;82>ABV :;>=0;ь=>3> <V:@>@>7<=>65==O 2V4:0B=8:0 157AB51;>2>3> in vitro 

(Trejgell et al., 2009). #@8 Fь><C 1C;> 2AB0=>2;5=>, I> 70 :C;ьB82C20==O =0 

A5@54>28IV  % 7 4>40=>N :>=F5=B@0FVєN 0,1 <3/; !"� B0 1 <3/; �V= 70 30 4V1 

:C;ьB82C20==O G8A;> ?03>=V2 4>@V2=N20;> 2,6, 0 I5 G5@57 5 <VAOFV2 3 4,3 ?03>=8 

2V4=>A=> >4=>3> 682FO. �0 C<>2 A5@54>28I0 4;O :C;ьB82C20==O  %, 

4>?>2=5=>3> 0,1 <3/; !"� B0 3 <3/; �V= G8A;> ?03>=V2 G5@57 30 4=V2 28@>IC20==O 

AB0=>28;> 3,6, 0 G5@57 I5 5 <VAOFV2 3 3,9 ?03>=V2 2V4=>A=>3> >4=>3> 682FO 

(Trejgell et al., 2009). #>@O4 7 F8<, @57C;ьB0B8 =0H8E 4>A;V465=ь A2V4G0Bь, I> 
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28@>I5=V =0 A5@54>28IV 4;O :C;ьB82C20==O  %/2 7 4>4020==O< 0,1 <3/; !"� V 

2V4 1 4> 3 <3/; �V= @>A;8=8 ?@0:B8G=> =5 D>@<C20;8 :>@5=52>W A8AB5<8. ' Fь><C 

28?04:C @>75B:8 @>A;8= 28B@8<C20;8 C @>7G8=V � � B0 28A046C20;8 =0 @V4:5 

(?>@>;>=>2V 48A:8) 01> 030@87>20=5 A5@54>28I5 4;O :C;ьB82C20==O  %/2 157 

4>?>2=5==O @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC. /: BV;ь:8 C @>A;8= CB2>@8;8Aь 

:>@5=V, WE V =040;V :C;ьB82C20;8 =0 Fь><C A5@54>28IV 4;O :C;ьB82C20==O 01> 

?><VI0;8 C AB5@8;ь=C 2>4C. #VA;O 1 <VAOFO :C;ьB82C20==O C 2>4V 4>268=0 B0 

:V;ь:VABь CB2>@5=8E :>@5=V2 71V;ьHC20;8Aь, ?@8 Fь><C @>AB>2V ?@>F5A8 @>A;8= 

?@>4>26C20;8Aь I5 1,532,5 <VAOFV2 V ;8AB:8 ?>G0;8 6>2BVB8. �V4:0A=8:8 

?><VI0;8 =0 A5@54>28I5 4;O :C;ьB82C20==O  %/2 157 4>?>2=5==O 

@53C;OB>@0<8 / AB8<C;OB>@0<8 @>ABC, 45 V ?@>4>26C20;8 :C;ьB82C20==O. 

 

$8A. 4.5 #>:07=8:8 :;>=0;ь=>3> <V:@>@>7<=>65==O 284V2 C. acaulis, 

C. cirsioides B0 C. Bnopordifolia =0 A5@54>28IV 4;O :C;ьB82C20==O  %/2, 

4>?>2=5=><C 0,1 <3/; !"� B0 3 <3/; �V=. 

 

$57C;ьB0B8 =0H8E 5:A?5@8<5=BV2 C73>46CNBьAO 7 ;VB5@0BC@=8<8 40=8<8. 

�V4B0:, ?>:07=8:8 @87>35=57C 284C C. onopordifolia 7@>AB0NBь V AB0=>2;OBь 53,7-

84,8 % ?@8 C<>2V WE 28B@8<C20==O C @>7G8=V � � C :>=F5=B@0FVW 2V4 10 4> 

1000 <3/;) (Trejgell et al., 2009). %D>@<>20=V =0<8 B5E=>;>3VW 0:B82CNBь 
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CB2>@5==O :>@5=V2 2V4:0A=8:V2, ?@>B5, 15@CG8 4> C2038 =87ь:C 48=0<V:C @>728B:C 

=0475<=>W G0AB8=8, ?>B@51CNBь C4>A:>=0;5==O.  

&0:8< G8=><, =0<8 1C;> 2AB0=>2;5=>, I> =09:@0IV ?>:07=8:8 

?@>@>AB0==O =0AV==O 1C;8 ?VA;O >1@>1:8 @>7G8=>< � � V AB0=>28;8 4;O 

2V4:0A=8:0 >A>B>?>4V1=>3> B0 2V4:0A=8:0 B0B0@=8:>;8AB>3> ?> 100%, 0 4;O 

2V4:0A=8:0 157 AB51;>2>3> 4 83,3 %. %5@54>28I5 4;O :C;ьB82C20==O  %/2 7 

4>4020==O< 0,2 <3/; �"�, 0,5 <3/; ��3 B0 0,1 <3/; !"� 1C;> =091V;ьH 

A?@8OB;828< 4;O 2:>@V=5==O 2V4:0A=8:V2, ?@8 Fь><C 2V4A>B>: :>@5=5CB2>@5==O 

AB0=>282 4;O %. onopordifolia 3 60 %, 0 4;O %. cirsioides 4 62,5 %, >4=0:, G5@57 6-

10 <VAOFV2 28@>IC20==O 4>268=0 :>@5=V2 =5 ?5@528IC20;0 8-10 <<. 

�8B@8<C20==O 0A5?B8G=8E ?@>@>AB:V2 2 @>7G8=V � � (1000 <3/;) 2?@>4>26 

60 A5:C=4 7 ?>40;ьH8< ?5@5<VI5==O< =0 030@87>20=5 A5@54>28I5 4;O 

:C;ьB82C20==O, O:5 =5 1C;> 4>?>2=5=5 @53C;OB>@0<8 / AB8<C;OB>@0<8 @>ABC 

71V;ьH8;> 2V4A>B>: C:>@V=5==O 4;O %. onopordifolia 4> 76,2 %, 0 4;O %. cirsioides 

3 4> 74,3 %. ' B0:><C 28?04:C A?>AB5@V30;8 <5E0=VG=V ?>H:>465==O ?@>@>AB:V2 

B0 V=DV:C20==O G5@57 1030B>@07>25 28:>@8AB0==O @>7G8=C � �. �8E>4OG8 7 Fь>3>, 

=09>?B8<0;ь=VH8< A?>A>1>< 0:B820FVW @87>35=57C 2V4:0A=8:V2 1C;0 >1@>1:0 

=0AV==O @>A;8= 284V2 @>4C Carlina C @>7G8=V � � :>=F5=B@0FVєN 1000 <3/; 

C?@>4>26 234 3>4. ' B0:><C 28?04:C ?>:07=8:8 2:>@V=5==O AB0=>28;8: 

C. Eirsioides 3 100 %, C. BnoDordifolia 3 100 %, 0 C. 4caulis 4 80 %, 0 @878:8 

B@02<0B870FVW ?@>@>AB:V2 B0 :>;820==O :>=F5=B@0FVW @>7G8=C � � G5@57 

1030B>@07>25 28:>@8AB0==O B0 AB5@8;V70FVN ?>2=VABN 7=8:0;8.  

 

 

 

4.3. (V7V>;>3>-DC=:FV>=0;ь=0 @50:FVO D>B>A8=B5B8G=>W A8AB5<8 B0 
2>4=>3> @568<C @>A;8= =0 20@V0FVW A?5:B@0;ь=>3> A:;04C B0 V=B5=A82=VABь 
>A2VB;5==O 

4.3.1. �<VAB ?V3<5=BV2 C ;8AB:0E @>A;8= @>4C Carlina 

 



�C;ьB82C20==O @>A;8= 2 C<>20E in vitro ?5@5410G0;> >FV=:C 2?;82C =0 WE 

DV7V>;>3VN @V7=8E A2VB;>28E C<>2 28@>IC20==O, 5;5<5=B=>3> A:;04C A5@54>28I0 

4;O :C;ьB82C20==O B0 5:7>35==8E AB8<C;OB>@V2 @>ABC. 

C2VB;>2V C<>28 740B=V 28:;8:0B8 3>@<>=0;ь=V ?5@51C4>28 2 @>A;8==8E 

>@30=V7<0E, @53C;NNG8 ?@8 Fь><C WE=V @>AB>2V ?@>F5A8. $568< >A2VB;5==O 

2?;820є =0 <>@D>DV7V>;>3VG=V ?>:07=8:8 AB0=C @>A;8= B0 040?B82=V ?@>F5A8 4> 

C<>2 4>2:V;;O (Melis, 2020; Tang, 2022; Beatrice, 2021). 

�0 4>?><>3>N 4>A;V465==O ?V3<5=B=>W A8AB5<8 @>A;8= 7 ?@8@>48 B0 

2V4?>2V4=>W :>@5:FVW A2VB;>2>3> @568<C 2 C<>20E in vitro, <>6=0 «?V43>BC20B8» 

(%� @>A;8= B0 ?>:@0I8B8 040?B82=89 ?>B5=FV0; ?V4 G0A 0:;V<0B870FVW >A>18= 

4> C<>2 2V4:@8B>3> �@C=BC (Batista D. S., 2018). 

�@8B5@VO<, 70 O:8< <>6=0 >FV=8B8 AB0= (%� @>A;8= ?@8 :C;ьB82C20==V in 

vitro є ?0@0<5B@ 2V4=>H5==O Chl a/%arot, O:89 45<>=AB@Cє @V25=ь 2V4?>2V4=>ABV 

HBCG=8E C<>2 1V>;>3VG=8< ?>B@510< 284V2. �>:@5<0, 7=865==O Fь>3> ?>:07=8:0 

A2V4G8Bь ?@> 28A>:89 ABC?V=ь 2?;82C AB@5A>28E C<>2 @>ABC @>A;8=8 2 :C;ьBC@V 

in vitro ( 0B2єє20, 2010). ":@V< Fь>3>, V=D>@<0B82=8< є ?>:07=8: 2V4=>H5==O 

Chl a/b, I> 2:07Cє =0 @>7<V@ %�� D>B>A8AB5< B0 @57C;ьB0B82=VABь D>@<C20==O 

040?B82=>3> ?>B5=FV0;C @>A;8= (�>4=0@ ". �., 2016). !0HV 4>A;V465==O, 

28A2VB;5=V C @>74V;V 3, ?>:070;8, I> =091V;ьH AB0;8<8 ?>:07=8:0<8, 70 O:8<8 

<>6=0 >FV=8B8 AB0= (%� 2V4:0A=8:V2 in vitro є 2V4=>H5==O E;>@>DV;C 4 4> b B0 

(4 + b) 4> :0@>B8=>W4V2. ' 729O7:C 7 F8< @>A;8=8 @>4C Carlina 28@>IC20;8 ?@8 

@V7=V9 V=B5=A82=>ABV A2VB;0, I> 2?;820є =0 5D5:B82=VABь DC=:FV>=C20==O 

D>B>A8=B5B8G=>3> 0?0@0BC 2V4:0A=8:V2. #@8 Fь><C C ?@>F5AV 4>A;V465=ь, 

:5@CNG8Aь ?>:07=8:0<8 :@8B5@VW2-<0@:5@V2, =0<8 1C;> 74V9A=5=> ?V41V@ 

A2VB;>2>3> @568<C in vitro, O:89 18 704>2V;ь=82 ?@8@>4=V ?>B@518 2V4:0A=8:V2 2 

V=B5=A82=>ABV >A2VB;5==O. 

' E>4V =0H8E 4>A;V465=ь 1C;> 2AB0=>2;5=>, I> ?V3<5=B=89 :><?;5:A 

in vitro @>A;8= VAB>B=> 20@VNє ?@8 7<V=V A2VB;>28E C<>2. (>B>A5=A>@=0 @50:FVO 

@>A;8= =0 A2VB;> 70;568Bь 2V4 WE 1V>;>3VG=8E >A>1;82>AB59, I> 28=8:;8 2 E>4V 

52>;NFVW. *5 <>65 1CB8 ?@8G8=>N 7=0G=8E @>71V6=>AB59 C A8AB5<V ?V3<5=BV2 



?><V6 @V7=8<8 2840<8 @>A;8= in vitro, =02VBь 70 C<>2 ?>4V1=8E C<>2 

:C;ьB82C20==O. 

�;O CAVE 4>A;V465=8E @>A;8= @>4C Carlina =0928I89 7030;ь=89 2<VAB 

?V3<5=BV2 1C;> 287=0G5=> 70 20@V0=BC >A2VB;5==O 3V: 113,26 <3/100 3 A8@>W <0A8 

4;O C. onopordifolia, 88,59 <3/100 3 A8@>W <0A8 4;O %. acaulis, 67,84 <3/100 3 A8@>W 

<0A8 4;O C. cirsioides. !09<5=H89 7030;ь=89 2<VAB ?V3<5=BV2 4;O C. onopordifolia 

(66,02 <3/100 3 A8@>W <0A8) 1C;> 287=0G5=> 70 4V 20@V0=BC >A2VB;5==O, 0 4;O 

%. acaulis B0 C. cirsioides 70 4>A;V4=>3> 20@V0=BC 1V (79,49 <3/100 3 A8@>W <0A8 B0 

56,14 <3/100 3 A8@>W <0A8 2V4?>2V4=>) (@8A.4.6). 

 

 

 

$8A. 4.6. �<VAB ?V3<5=BV2 C @>A;8= in vitro @>4C Carlina 70 @V7=8E 20@V0=BV2 

>A2VB;5==O 

 

� ;VB5@0BC@=8E 465@5; 2V4><>, I> 2<VAB E;>@>DV;C 4 287=0G0є 

?@>4C:B82=VABь @>A;8=. �=0;V7 @57C;ьB0BV2 4>A;V465=ь ?>:0702, I> ?@8 

V=B5=A82=>ABV >A2VB;5==O 20@V0=BC 3V =0928I89 2<VAB E;>@>DV;C 4 1C;> 28O2;5=> 

C 284C C. onopordifolia (76,98 <3/100 3 A8@>W <0A8), O: V ?@8B0<0==> 4;O 

A2VB;>;N1=8E 284V2, I> 4>72>;Oє H284H5 =0:>?8GC20B8 @5G>28=8 4;O 

:C;ьB82C20==O, ?>@V2=O=> V7 @>A;8=0<8 C. cirsioides (46,93 <3/100 3 A8@>W <0A8) 

(%820H ". "., 2012). );>@>DV; b є 206;828< :><?>=5=B>< ?V3<5=B=>3> 

�0@V0=B 
1V

�0@V0=B 
3V

�0@V0=B 
4V

�0@V0=B 
1V

�0@V0=B 
3V

�0@V0=B 
1V

�0@V0=B 
2V

�0@V0=B 
3V

�0@V0=B 
4V

C. cirsioides C. acaulis C. onopordifolia

Carot

Cl b

Cl a



:><?;5:AC 2 @>A;8=0E, 70157?5GCNG8 040?B0FVN 4> @V7=8E C<>2 >A2VB;5==O B0 

?V428ICNG8 5D5:B82=VABь D>B>A8=B57C. �0 =87ь:>W V=B5=A82=>ABV >A2VB;5==O 

71V;ьHCєBьAO :V;ь:VABь B0 @>7<V@8 A2VB;>718@0;ь=8E A8AB5<, 0 2V4B0: V 

E;>@>DV;C b, :>B@89 4> =8E 2E>48Bь. '<VAB E;>@>DV;C b 7@>AB0є, 71V;ьHCNG8 

5D5:B82=VABь ?>3;8=0==O A2VB;0 (�@025Fь !. �., 2019). �<VAB Chl b B0:>6 1C;> 

28O2;5=> =0928I8< C 2V4:0A=8:0 B0B0@=8:>;8AB>3> (18,92 <3/100 3 A8@>W <0A8), 

I> =5 є ?@8B0<0==> 4;O A2VB;>;N1=8E @>A;8=, 0 =09=86G8< C BV=ь>28B@820;>3> 

284C C. cirsioides (9,94 <3/100 3 A8@>W <0A8). *59 ?>:07=8: 7<5=HCєBьAO C 2AVE 

4>A;V465=8E 3@C?0E @>A;8= V7 71V;ьH5==O< V=B5=A82=>ABV >A2VB;5==O (@8A.4.6).  

�V4=>H5==O E;>@>DV;C a 4> b є ?>:07=8:>< 040?B0FVW @>A;8=8 4> 

>A2VB;5==O. ' BV=ь>28E @>A;8= F5 A?V22V4=>H5==O =86G5, >A:V;ь:8 2>=8 

?>B@51CNBь 1V;ьH5 E;>@>DV;C b 4;O 5D5:B82=>3> 718@0==O A2VB;>2>W 5=5@3VW. 

$57C;ьB0B8 =0H8E 4>A;V465=ь C73>46CNBьAO V7 40=8<8 ;VB5@0BC@=8E 465@5;, V 

?>:07CNBь, I> V7 71V;ьH5==O< V=B5=A82=>ABV >A2VB;5==O 7@>AB0є A?V22V4=>H5==O 

Chl a/b, I> 7C<>2;5=> 7=865==O< 2<VABC E;>@>DV;C b (�@025Fь !. �. B0 V=., 2019).  

#@8 G><C, =0928IV ?>:07=8:8 Fь>3> A?V22V4=>H5==O 28O2;5=V C %. acaulis 70 3V 

20@V0=BC >A2VB;5==O (4,84), 0 =09=86GV 3 C C. onopordifolia 70 20@V0=BC 

V=B5=A82=>ABV >A2VB;5==O 2V (@8A.4.7). 

�V4><>, I> :0@>B8=>W48 =59B@0;V7CNBь 0:B82=V D>@<8 :8A=N, 7>:@5<0 

A8=3;5B=89 :8A5=ь, O:89 CB2>@NєBьAO 2 C<>20E 28A>:>W V=B5=A82=>ABV A2VB;0, 0 

B0:>6 15@CBь CG0ABь 2 040?B0FVW @>A;8= 4> AB@5A>28E C<>2 (%820H ". "., 2012). 



 

 

$8A. 4.7. %?V22V4=>H5==O ?V3<5=BV2 C @>A;8= in vitro @>4C Carlina 70 @V7=8E 

20@V0=BV2 >A2VB;5==O 

 

�V4><>, I> :0@>B8=>W48 =59B@0;V7CNBь 0:B82=V D>@<8 :8A=N, 7>:@5<0 

A8=3;5B=89 :8A5=ь, O:89 CB2>@NєBьAO 2 C<>20E 28A>:>W V=B5=A82=>ABV A2VB;0, 0 

B0:>6 15@CBь CG0ABь 2 040?B0FVW @>A;8= 4> AB@5A>28E C<>2 (%820H ". "., 2012). 

!0928I89 2<VAB :0@>B8=>W4V2, O: V 7030;ь=>3> 2<VABC ?V3<5=BV2, 1C;> 28O2;5=> C 

C. onopordifolia 70 1V 20@V0=BC >A2VB;5==O (19,27 <3/100 3 A8@>W <0A8), ?>@V2=O=> 

V7 284>< C. cirsioides (8,2 <3/100 3 A8@>W <0A8). !87ь:89 ?>:07=8: 2V4=>H5==O 

Chl b/car (0,89) C C. onopordifolia 70 1V 20@V0=BC >A2VB;5==O 70 @0EC=>: 28A>:>3> 

2<VABC :0@>B8=>W4V2 A2V4G8Bь ?@> ?5@51C20==O @>A;8= 2 C<>20E 28A>:>3> AB@5AC, 

I> <>65 1CB8 7C<>2;5=> =04B> =87ь:>N V=B5=A82=VABN >A2VB;5==O I>4> 

52>;NFV9=> AD>@<>20=8E ?>B@51 284C. #@>B5, 4;O @>A;8= %. acaulis B0 

C. cirsioides ?>:07=8:8 Chl b/car є 28I8<8 70 Fь>3> 20@V0=BC >A2VB;5==O, I> 

7C<>2;5=> =86G8< 2<VAB>< :0@>B8=>W4V2, 0, 2V4?>2V4=>, V @V2=5< AB@5A>28E C<>2 

(@8A.4.7). 

�V4><>, I> :@V< V=B5=A82=>ABV >A2VB;5==O, =0 DV7V>;>3VG=V ?@>F5A8 2 

@>A;8==><C >@30=V7<V 7=0G=89 2?;82 <0NBь A?5:B@8 A2VB;0 (Dou H., 2017). 

�>:@5<0, E28;V �7 4V0?07>=C 28:;8:0NBь 7@>AB0==O :>=F5=B@0FVW ��� B0 
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2V
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�0@V0=B 
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C. cirsioides C. acaulis C. onopordifolia

Cl a / b Cl a+b / car Cl a / car Cl b / car



3V15@5;>2>W :8A;>B8, B0, 2>4=>G0A, 7<5=HCє 2<VAB F8B>:V=V=V2 B0 �"� (Dou H., 

2017). /: =0A;V4>:, 2V41C20єBьAO @>728B>: @>A;8= 7 B>=:8<8 ;8AB:>28<8 

?;0AB8=:0<8, O:V <VABOBь =87ь:C :V;ь:VABь :;VB8= <57>DV;C 7 >19є<=8<8 

<V6:;VB8==8:0<8 (Dou H., 2017). )28;ь>289 2?;82 �7 4V0?07>=C 28:;8:0є 

284>265==O <V62C7;V2 C @>A;8= ()>F:>20 �. �., 2011). ' @57C;ьB0BV 2?;82C E28;ь 

�A 4V0?07>=C 2V41C20єBьAO 7=865==O :>=F5=B@0FVW 3V15@5;>2>W :8A;>B8 B0 �"�, I> 

30;ь<Cє @VAB ?03>=V2 B0 :>@5=V2 B0 7@>AB0==O 2<VABC 750B8=C, O:89 0:B82Cє ?>4V; 

:;VB8=, I> ?@872>48Bь 4> 7<5=H5==O :;VB8= <57>DV;C (!5<>9:8=0 �. � 2002). 

�=0A;V4>: Fь>3> 2V41C20єBьAO CB2>@5==O B>2AB8E ;8AB:>28E ?;0AB8=>: 7 <0;>N 

?;>I5N (!5<>9:8=0 �. �., 2002).  

�V4B0:, 287=0G5=>, I> 7<V=0 A?V22V4=>H5==O A?5:B@V2 A2VB;0 7C<>2;Nє 

AB@C:BC@=>-DC=:FV>=0;ь=V ?5@51C4>28 C (%� @>A;8=. �>:@5<0, A2VB>289 @568< 

3 20@V0=BC C 2AVE 4>A;V465=8E 284V2 A?@8G8=Oє ?V428I5==O 7030;ь=>3> 2<VABC 

?V3<5=BV2 (@8A.4.8), I> =091V;ьH OA:@02> A?>AB5@V30єBьAO C 284C %. onopordifolia. 

� ;VB5@0BC@=8E 465@5; 2V4><>, I> =87ь:0 V=B5=A82=VABь >A2VB;5==O V=4C:Cє 

7@>AB0==O 7030;ь=>3> 2<VABC ?V3<5=BV2 B0 71V;ьH5==O @>7<V@C A2VB;>718@0;ь=>3> 

:><?;5:AC D>B>A8AB5<, 0 2V4B0:, V Chl b, I> 2545 4> 7=865==O ?>:07=8:V2 

Chl b/car ((><VH8=0 P. H., 2009). ' :C;ьB82>20=8E in vitrB 284V2 %. onopordifolia 

B0 %. cirsioides, >4=>G0A=> V7 71V;ьH5==O< 7030;ь=>W :>=F5=B@0FVW ?V3<5=BV2  

A?>AB5@V30єBьAO 7@>AB0==O 7=0G5==O Chl 4/b 242VGV, ?>@V2=O=> 7 @>A;8=0<8 V7 

?@8@>4=8E <VAFь 7@>AB0==O, C O:8E A?>AB5@V30єBьAO ?@>B8;56=0 B5=45=FVO. *V 

<>48DV:0FVW C 2V4:0A=8:V2 2V41C20NBьAO 2 @57C;ьB0BV 7@>AB0==O ?>:07=8:V2 

E;>@>DV;C 4.  >6=0 ?@8?CAB8B8, I> E28;ь>25 A?V22V4=>H5==O �A : �G = 33% : 

25% A?5:B@0;ь=>3> @>7?>4V;C 3 20@V0=BC 0:B82Cє CB2>@5==O E;>@>DV;C 4, O:89 

?>3;8=0є A2VB;> 2 42>E 7>=0E D>B>A8=B5B8G=>3> 0:B82=>3> 28?@><V=N20==O. 

$07>< 7 F8<, 04A>@1FVO 5=5@3VW C A8=ь><C 4V0?07>=V є C 1,3 @078 28I>N, ?>@V2=O=> 

7 G5@2>=8< 4V0?07>=>< ( 0@3VB09 �., 2006). &0:V 7<V=8 45<>=AB@CNBь 70;56=VABь 

AB0=C (%� @>A;8= =5 BV;ь:8 2V4 V=B5=A82=>ABV >A2VB;5==O, 0;5 V 2V4 

A?V22V4=>H5==O A2VB;>28E A?5:B@V2. �1V;ьH5==O V=B5=A82=>ABV >A2VB;5==O 4> 

46 <:<>;ь/(<²·A) ?@8725;> 4> 7<5=H5==O 7030;ь=>W AC<8 ?V3<5=BV2 C 284C 

%. acaulis 4> 7=0G5=ь, O:V 2;0AB82V >A>18=0< in situ. �0 Fь>3> @568<C >A2VB;5==O 



7=0G5==O Chl a/b B0:>6 4>AO30є @V2=O @>A;8= 7 ?@8@>48 (@8A. 4.9). �<>2V@=>, F5 

2:07Cє 7 >4=>3> 1>:C =0 28A>:89 040?B82=89 ?>B5=FV0; (%� %. acaulis, 0 7 V=H>3> 

3 <>65 A2V4G8B8 ?@> AB@5A>2V C<>28 C ;>:0;VB5B0E @>ABC, A?@8G8=5=V 

?V428I5==O< 0@84=>ABV :;V<0BC, 7@>AB0==O< B5<?5@0BC@8 V B.4. 

%2VB;>289 @568< 20@V0=BC 4 A?@8G8=82 C :C;ьB82>20=>3> in vitro 284C 

%. onopordifolia 7@>AB0==O 7030;ь=>3> @V2=O ?V3<5=BV2, ?>@V2=O=> 7 @>A;8=0<8 

%. acaulis. �=0;V7 ?>:07=8:V2 A?V22V4=>H5=ь ?V3<5=BV2 45<>=AB@Cє, I> ?>:07=8:8 

Chl a / b 4>AO30NBь 7=0G5=ь, O:V 2;0AB82V @>A;8=0<8 in situ. "4=0:, C Fь><C 

28?04:C 7=0G5==O Chl a+b/car V Chl b /car AB@V<:> 7@>AB0NBь, I> >1C<>2;5=> 

71V;ьH5==O< 2<VABC E;>@>DV;C b B0 :0@>B8=>W4V2. ' 20@V0=BV 2 >A2VB;5==O 

V=B5=A82=VABь A2VB;>2>3> ?>B>:C 1C;> ?V428I5=> 4> 62 <:<>;ь/(<²·A).  

 

 

 

$8A. 4.8. �<VAB ?V3<5=BV2 C @>A;8= in vitro @>4C Carlina 70 @V7=8E 20@V0=BV2 

A2VB;>2>W :>@5:FVW 

 

' Fь><C 28?04:C 2V41C;>Aь 7=865==O 7030;ь=>3> 2<VABC ?V3<5=BV2 4> 

7=0G5=ь, O:V ?@8B0<0==V @>A;8=0< 20@V0=BC 3 A2VB;>2>3> ?>B>:C. &0:V C<>28 

?@8725;8 4> 7=0G=> 1V;ьH>3> 7<VI5==O A?V22V4=>H5==O Chl a/car B0 Chl b / car, 

?>@V2=O=> O: 7 ?@8@>4=8<8 C<>20<8, B0: V=H8<8 42><0 20@V0=B0<8 >A2VB;5==O in 

vitro. �>:@5<0, ?>:07=8: Chl a/car є :@8B8G=> =87ь:8< (0,85), I> A2V4G8Bь ?@> 

?5@51C20==O @>A;8= 2 5:AB@5<0;ь=8E C<>20E, 0 =5B8?>2> 28A>:5 7=0G5==O 
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C. 0caulis C. onopordifolia C. cirsioides�<
VA
B 
?V
3<
5=
BV
2,
 C
 <
3/
10
0 
3 

A8
@>
W <
0A
8

Carot

Chl b

Chl 0



Chl b /car (4,20) 70A2V4GCє 4><V=C20==O E28;ь �G 4V0?07>=C C A?5:B@V 

28?@><V=N20==O. 

�V4><>, I> Chl b 2V4V3@0є 206;82C @>;ь C ?@>F5A0E B5@<>@53C;OFVW. *5 

>1C<>2;5=> B8<, I> ?V: 9>3> ?>3;8=0==O @>7B0H>20=89 C :>@>B:>E28;ь>2><C �A 

4V0?07>=V, 45 5=5@3VO :20=BV2 A?@8G8=Oє A;01H89 B5?;>289 5D5:B ?>@V2=O=> 7 �G 

A?5:B@><. �V4B0:, ?V428I5==O ?>:07=8:V2 E;>@>DV;C b C A8AB5<V ?V3<5=BV2 є 

?@8AB>AC20==O<, O:5 <V=V<V7Cє 703@>7C B5?;>2>3> AB@5AC C @>A;8=.  

$57C;ьB0B8 4>A;V4V2 ?>:070;8, I> A?5:B@0;ь=89 A:;04 B0 V=B5=A82=VABь 

A2VB;>2>3> ?>B>:C 20@V0=BC 3 =091V;ьH 1;87ь:89 4> ?@8@>4=8E C<>2 4;O @>A;8= 

%. onopordifolia, 0 A2VB;>289 @568< 20@V0=BC 2 =5 70157?5GCє =5>1EV4=V C<>28 4;O 

@>728B:C @>A;8=. %2VB;>289 @568< 3 20@V0=BC 7C<>282 7@>AB0==O ?>:07=8:0 

A?V22V4=>H5==O E;>@>DV;V2 4> :0@>B8=>W4V2, 0 2 20@V0=B A2VB;>2>3> @568<C 

?@872V2 4> 7<5=H5==O 2<VABC E;>@>DV;V2 a B0 b C ?>@V2=O==V 7 @>A;8=0<8 in situ. 

 

 

 

$8A. 4.9. %?V22V4=>H5==O ?V3<5=BV2 C @>A;8= in vitro @>4C Carlina 70 @V7=8E 

20@V0=BV2 A?5:B@0;ь=>3> A:;04C 

 

$57C;ьB0B8 =0H8E 4>A;V465=ь A2V4G0Bь ?@> B5, I> ?@>4V03=>AB>20=V 

20@V0=B8 A2VB;>28E @568<V2 =5 2V4?>2V40NBь 5:>;>3VG=8< ?>B@510< @>A;8= 284C 

%. cirsioides. �<>2V@=>, F5 ?>29O70=> 7 ?@8=0;56=VABN Fь>3> 284C 4> :0B53>@VW 

�>=B@>;ь �0@V0=B 3 �0@V0=B 2 �>=B@>;ь �0@V0=B 3 �0@V0=B 4 �0@V0=B 2 �>=B@>;ь �0@V0=B 3 �0@V0=B 2

C. 0caulis C. onopordifolia C. cirsioides
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Chl 0 / b Chl 0 + b / car Chl 0 / car Chl b / Aar 



BV=ь>;N1=8E @>A;8=, I> ?>B@51CNBь V=B5=A82=>ABV >A2VB;5==O 1;87ь:> 32 

<<>;ь/ (<²·A) (�>2>@>2 #. #., 2011). 

 

4.3.2. �=4C:FVO D;C>@5AF5=FVW E;>@>DV;C а  

 

' E>4V 4>A;V465=ь =0<8 1C;> 287=0G5=>, I> 2V4<V==>ABV @568<V2 

>A2VB;5==O @>A;8=, O:V :C;ьB82CNBьAO 2 C<>20E in vitro B0 in situ 2V4>1@060NBьAO 

O: =0 ?>:07=8:0E 2<VABC D>B>A8=B5B8G=8E ?V3<5=BV2 (Yan K., 2022; Yang J, 2005; 

Ying-Ning, Z., 2010), B0: V =0 7=0G5==OE >A=>2=8E ?>:07=8:V2 D;N>@5AF5=FVW 

E;>@>DV;C 4. #0@0<5B@8 V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C є >4=8< 7 

=09?>BC6=VH8E <5B>4V2 4V03=>AB8:8 2?;82C 5:>;>3VG=8E D0:B>@V2 =0 AB0= (%� 

@>A;8=, O:V :C;ьB82CNBьAO 2 C<>20E in vitro (Zanandrea I.,. 2006). �>:@5<0, 2 

>A>18= in vitro %. onopordifolia 70 :C;ьB82C20==O 2 C<>20E A2VB;>2>3> @568<C 4 

20@V0=BC 5D5:B82=VABь D>B>EV<VW (% �� 71V;ьHCєBьAO =0 0,22 % C ?>@V2=O==V 7 

@>A;8=0<8 :>=B@>;ь=>W 3@C?8 (@8A. 4.10). #@>B5, A2VB;>20 :>@5:FVO 3 20@V0=BC 

AB8<C;Nє 7@>AB0==O ?>:07=8:V2 (PSII =0 5,70 %, ?>@V2=O=> 7 :>=B@>;5<. *5 

A2V4G8Bь ?@> >?B8<0;ь=VH5 28:>@8AB0==O 2V4:0A=8:0<8 04A>@1>20=>W 5=5@3VW 4;O 

V=VFV0FVW D>B>EV<VG=8E ?@>F5AV2. !0<8 1C;> ?>:070=>, I> =572060NG8 =0 20@V0=B 

@568<C >A2VB;5==O :C;ьB82C20==O, :20=B>289 28EV4 D>B>EV<VG=8E @50:FV9 (% �� 

2 >A>18= in vitro 284C C. onopordifolia є =0 26,38-30,35 % 1V;ьH8< =V6 7=0G5==O 

(PSII 2V4:0A=8:V2 in situ. %E>6V @>71V6=>ABV <V6 @>A;8=0<8 7 ?@8@>4=8E <VAFь 

7@>AB0==O B0 2V4:0A=8:0<8, O:V :C;ьB82C20;8 2 C<>20E in vitro, 2AB0=>2;5=> 4;O 

7=0GCI8E 25;8G8= ϕNPQ V ϕNO, I> 40є 7<>3C >FV=8B8 @>7AVN20==O 5=5@3VW 

:20=BV2 A2VB;0 =0 @50:FVW, O:V 729O70=V 7 B5?;>2>N 48A8?0FVєN V D>B>V=3V1C20==O<. 

' 4>A;V4=><C 20@V0=BV 4 2V41C20єBьAO 7@>AB0==O (=0 12,87 %) 28B@0B 5=5@3VW A2VB;0 

=0 @>7AVN20==O B5?;0, ?>@V2=O=> 7 :>=B@>;ь=>N 3@C?>N. �0 A2VB;>2>W :>@5:FVW 3 

20@V0=BC :C;ьB82C20==O, 25;8G8=0 φNPQ 7=86CєBьAO =0 14,21 % C ?>@V2=O==V 7 

:>=B@>;5<. #@>B5, C 2V4:0A=8:V2 :>=B@>;ь=>W 3@C?8 B0 4>A;V4=8E 20@V0=BV2 

in vitro 28B@0B8 5=5@3VW  D>B>=V2 є 242VGV <5=H8<8, ?>@V2=O=> 7 @>A;8=0<8 

?@8@>4=8E ;>:0;VB5BV2 @>ABC.  



 

 

$8A. 4.10 �<V=0 45O:8E ?>:07=8:V2 V=4C:FVW D;N>@5AF5=FVW E;>@>DV;C 4 C 

@>A;8=0E in vitro C. onopordifolia B0 @>A;8=0E 7 ?@8@>4=8E C<>2 @>ABC 70 @V7=>W 

:>@5:FVW A2VB;>28E C<>2 

 

 %E>6V 70:>=><V@=>ABV A?>AB5@V30;8Aь V AB>A>2=> ?0@0<5B@V2 φNO. 

%2VB;>289 @568< 4 20@V0=BC A?@8G8=82 =57=0G=5 (=0 1,86 %) 7<5=H5==O 

2:070=>3> ?0@0<5B@0 ?>@V2=O=> 7 :>=B@>;5<. ' 284V2 70 :C;ьB82C20==O 

4>A;V4=>3> 20@V0=BC 3 25;8G8=0 φNO 7@>AB0є =0 6,02 % ?>@V2=O=> 7 :>=B@>;5<. 

"4=0:, C @>A;8= in vitro G0AB:0 5=5@3VW D>B>=V2, I> A?@8G8=Oє CB2>@5==O 

H:V4;828E <>48DV:0FV9 :8A=N B0:>6 є =86G>N =0 13,20-22,16 %, C ?>@V2=O==V 7 

@>A;8=0<8 ?@8@>4=8E <VAFь 7@>AB0==O. 

' @>A;8= in vitro C. cirsioides B0: A0<>, O: V 2 >A>18= %. onopordifolia, 

?>:07=8:8 D>B>EV<VG=>W 5D5:B82=>ABV (% �� є 1V;ьH8<8, =V6 2 >A>18= 7 

?@8@>4=8E ;>:0;VB5BV2 @>ABC =0 18,05 %. $>7AVN20==O 5=5@3VW D>B>=V2 =0 @50:FVW, 

O:V 729O70=V 7 CB2>@5==O< @50:B82=8E D>@< :8A=N B0 @>7AVN20==O B5?;0 =0 

39,27 % B0 11,20 % 2V4?>2V4=> є <5=H8<8 C @>A;8= in vitro, ?>@V2=O=> 7 

2V4:0A=8:0<8 in situ. �=0G5==O 25;8G8=8 B@0=A?>@B=>3> ?>B>:C 2 HBCG=8E 

C<>20E :C;ьB82C20==O є <0965 C 10 @07V2 <5=H8<8, 0 :>5DVFVє=B 70?0A0==O 

A2VB;>2>W 5=5@3VW (% �� є 28I8< =0 4,73 %, =V6 7 ?@8@>4=8E <VAF57@>AB0=ь. 

#>:07=8: Rfd 4;O C. cirsioides in vitro є =0 32,79 % 1V;ьH8<, =V6 C @>A;8= 7 

?@8@>48. 

�=0;V7 >B@8<0=8E @57C;ьB0BV2 4>A;V465=ь ?>:0702, I> A2VB;>289 @568< 

:C;ьB82C20==O in vitro G8=8Bь <5=H AB@5A>289 2?;82 =0 D>B>A8=B5B8G=89 0?0@0B 

2V4:0A=8:V2, ?>@V2=O=> 7 C<>20<8 >A2VB;5==O in situ. *5 4>2>4OBь @57C;ьB0B8 

0

0,2

0,4

0,6

0,8

�>=B@>;ь �0@V0=B 4 �0@V0=B 3 in situ

(PSII

φNO

φNPQ



0=0;V7C B5=45=FV9 25;8G8= 5D5:B82=>ABV 0:C<C;OFVW 5=5@3VW A2VB;0 D>B>A8AB5<8 

��, 7=0G5==O ;V=V9=>3> B@0=A?>@BC 5;5:B@>=V2, 0 B0:>6 V=45:AC 68BBє740B=>ABV 

@>A;8= 2 :C;ьBC@V in vitro.  

 

&01;8FO 4.1 

�<V=0 45O:8E ?>:07=8:V2 D;C>@5AF5=FVW E;>@>DV;C 4 @>A;8=0E 284V2 @>4C 

Carlina 7 ?@8@>4=8E <VAFь @>ABC B0 C :C;ьBC@V in vitro, n = 20, x ± SD 

 
�>A;V4=V 
3@C?8 

LEF NPQt SPA

D 

Fm' 

 

F>' 
 

Fs Fv'/Fm' 

 

qL 

 

q$ 

 

Rfd 

 

C. onopordifolia Besser ex Szafer, Kulcz. et Pawt. 

�BAFDB?P* 4,11± 
0,4 

0,89± 
0,13 

24,38

± 
4,6 

17581,

3 

±1309,

9 

4831,5

± 
442,0 

5426,6± 
377,8 

0,706 

±0,025 

0,816

± 
0,084 

0,953± 
0,001 

2,24± 
0,06 

4 64DV4AF* 5,92± 
0,42 

1,04± 
0,34 

49,02

± 
2,7 

2615,9

± 
160,1 

763,4± 
77,4 

875,7 

±98,4 

0,708 

±0,031 

0,856 

±0,04

9 

0,939± 
0,016 

1,99± 
0,15 

3 64DV4AF* 6,83± 
0,6 

0,70± 
0,06 

46,32

± 
5,28 

2652,7 

±141,9 

684,4± 
32,1 

796,4± 
55,8 

0,742± 
0,008 

0,811 

±0,05 

0,943 

±0,005 

2,33± 
0,33 

in situ 38,87

± 
4,6 

1,64± 
0,34 

35,62

± 
1,79 

7784,6 

±1412,

8 

2612,9 

±270,6 

3861,8 

±502,9 

0,663± 
0,030 

0,493

± 
0,034 

0,758± 
0,020 

1,01± 
0,11 

C. acaulis L. 

�BAFDB?P* 2,69± 
0,24 

1,61± 
0,29 

11,33± 
2,30 

15707,

3 

±4738,

3 

5415,4 

±1552,6 

4707,9

±924,9 

0,639± 
0,038 

0,915

± 
0,084 

1,068± 
0,025 

2,34± 
0,23 

4 64DV4AF* 5,89± 
0,62 

1,04± 
0,25 

37,46 

±4,57 

2568,3 

±219,7 

752,1± 
89,7 

811,3± 
97,9 

0,704± 
0,029 

0,856

± 0,06 

0,967± 
0,005 

2,16± 
0,11 

3 64DV4AF* 7,82± 
0,30 

0,88± 
0,18 

38,97± 
3,49 

2344,8 

±210,7 

652,7± 
71,5 

713,3± 
95,7 

0,724± 
0,019 

0,881

± 
0,047 

0,964± 
0,012 

2,29± 
0,20 

C. cirsioides Klokov 

�BAFDB?P* 3,16± 
0,18 

1,23± 
0,11 

19,16

±3,76 

17542,

3 

±1949,

3 

5556,6

±689,5 

6190,5± 
513,1 

0,719± 
0,042 

0,854 

±0,08

5 

0,917± 
0,035 

1,83±  
0,2 

in situ 31,0± 
6,76 

0,85± 
0,29 

47,22

±6,61 

13188,

3 

±2762,

9 

3364,1

±318,0 

5922,9± 
707,6 

0,685± 
0,011 

0,436

± 
0,051 

0,739± 
0,041 

1,23± 
0,21 

#B;A4K9AAO: * 3 4>A;V4=V 3@C?8 @>A;8= 284V2 2 C<>20E in vitro 

 

#>:070=>, I> =572060NG8 =0 B5, C 284C C. onopordifolia in vitro 70 C<>2 

>A2VB;5==O 3 20@V0=BC  ?>:07=8:8 LEF є 1V;ьH8<8, =V6 ?@8 A2VB;>2V9 :>@5:FVW 4 

20@V0=BC B0 :>=B@>;5<, 5D5:B82=VABь 0:C<C;OFVW 5=5@3VW C =8E є B0:>6 28I>N =0 



4,60 % V 4,85 % 2V4?>2V4=>. �=0G5==O Rfd 2 >A>18= 3 20@V0=BC A2VB;>2>W :>@5:FVW є 

1V;ьH8<8, ?>@V2=O=> 7 4>A;V4=8< 20@V0=B>< 4 V :>=B@>;5< =0 15,60 % B0 3,86 % 

2V4?>2V4=> (B01;. 4.1, 4.2).  

 

&01;8FO 4.2 

#>:07=8:8 :;NG>28E ?0@0<5B@V2 ((PSII, φNO, φNPQ) D;C>@5AF5=FVW 

E;>@>DV;C 4 @>A;8=0E C. cirsioides 2 C<>20E in vitro B0 ?@8@>48, n = 20, x ± SD 

 
�>A;V4=V 3@C?8 (PSII φNO φNPQ 

�BAFDB?P 0,65 ± 0,03 0,15 ± 0,01 0,19 ± 0,02 

in situ 0,53 ± 0,04 0,25 ± 0,02 0,22 ± 0,05 

 

":@V< Fь>3>, 2AB0=>2;5=>, I> @>A;8=8 C. onopordifolia B0 C. cirsioides O: in 

situ, B0: V :>=B@>;ь=0 3@C?0 70 C<>2 in vitro, <0NBь 7=0GCIV @>71V6=>ABV C 

?>:07=8:0E >A=>2=8E ?0@0<5B@V2 D;C>@5AF5=FVW E;>@>DV;C. &0:V 2V4<V==>ABV 

7C<>2;5=V @V7=8<8 1V>;>3VG=8<8 ?>B@510<8 2 >A2VB;5==V, >A:V;ь:8 FV 2848 

=0;560Bь 4> @V7=8E 5:>;>3VG=8E A5@54>28I: C. onopordifolia є A2VB;>;N1=>N 

@>A;8=>N, O:0 7@>AB0є C AB5?0E, 0 C. cirsioides O: BV=ь>28B@820;89 284 @>AB5 C 

@V4:>;VAAV (�@025Fь !. �. B0 V=., 2021). 

�;O 3V@Aь:>3> 284C C. acaulis 4V03=>AB8:0 20@V0=BV2 A2VB;>2>W :>@5:FVW 70 

:C;ьB82C20==O 2 C<>20E in vitro 70A2V4G8;0, I> ?>@V2=O=> V7 :>=B@>;5<, 

5D5:B82=89 :20=B>289 28EV4 (% �� C 4 4>A;V4=><C 20@V0=BV 7@>AB0є =0 8,89 %, 0 

70 C<>2 1.1 20@V0=BC 3 =0 12,77 %. �>4=>G0A, 7 5D5:B82=VH8< 28:>@8AB0==O< 

04A>@1>20=>W 5=5@3VW (%� @>A;8= >1>E 4>A;V4=8E 20@V0=BV2 in vitro, 2>=8 =0 20,52 

% (3 20@V0=B) B0 17,59 % (4 20@V0=B), ?>@V2=O=> 7 :>=B@>;5<, 2B@0G0NBь 5=5@3VW =0 

@50:FVW D>B>V=3V1C20==O. �8@>IC20==O @>A;8= 70 A2VB;>2>W :>@5:FVW :>=B@>;N C 

2V4:0A=8:V2 28B@0B8 5=5@3VW D>B>=V2 =0 @>7AVN20==O B5?;0 7@>AB0NBь =0 34,8 %, 

?>@V2=O=> 7 20@V0=B>< 4, V =0 44,5 % C ?>@V2=O==V 7 20@V0=B>< 3. ' :>=B@>;ь=V9 

3@C?V B0 4>A;V4=8E 20@V0=B0E V=45:A 68BBє740B=>ABV 4;O C. acaulis AB0=>28Bь 

?>=04 2 (@8A.4.11). 

 



 

 

$8A. 4.11 �<V=0 45O:8E ?>:07=8:V2 V=4C:FVW D;N>@5AF5=FVW E;>@>DV;C 4 C 

@>A;8=0E in vitro C. acaulis B0 @>A;8=0E 7 ?@8@>4=8E C<>2 @>ABC 70 @V7=>W :>@5:FVW 

A2VB;>28E C<>2 

 

&0:8< G8=><, =0<8 1C;> ?@>45<>=AB@>20=>, I> ?V3<5=B=89 :><?;5:A 

@>A;8= 2V4:0A=8:V2 @503Cє O: =0 V=B5=A82=VABь A2VB;>2>3> 28?@><V=N20==O, B0: V 

=0 9>3> A?5:B@0;ь=89 @>7?>4V;. �=0;V7 @57C;ьB0BV2 4>A;V465=ь A2V4G8Bь, I> 70 

4>?><>3>N :>@5:FVW V=B5=A82=>ABV A2VB;>2>3> 28?@><V=N20==O 2 >1;0ABV (�$ B0 

@53C;N20==O A?5:B@0;ь=>3> A:;04C >A2VB;5==O <>6=0 FV;5A?@O<>20=> 7<V=N20B8 

:><?;5:A ?V3<5=BV2 @>A;8= in vitro. �V4?>2V4ь @>A;8=, :C;ьB82>20=8E 2 C<>20E 

in vitro, =0 @568< >A2VB;5==O >1C<>2;NєBьAO <>@D>DV7V>;>3VG=8<8 

E0@0:B5@8AB8:0<8 284V2, O:V є =0A;V4:>< 52>;NFV9=8E ?@>F5AV2. �V4B0:, =02VBь 70 

V45=B8G=>3> >A2VB;5==O @>A;8=8 in vitro @>4C Carlina @V7=OBьAO <V6 A>1>N O: 

7030;ь=8< 2<VAB>< ?V3<5=BV2, B0: V 2V4=>H5==O< WE :0B53>@V9. �=0;V7 4>A;V465=ь 

I>4> 2<VABC B0 A?V22V4=>H5=ь 3@C? ?V3<5=BV2 2 HBCG=8E C<>20E 284C C. acaulis 

70A2V4G82, I> 1V>;>3VG=8< ?>B@510< Fь>3> 284C =091V;ьH5 2V4?>2V40є 4>A;V4=89 

20@V0=B 4. "4=0:, 28IV 7=0G5==O 25;8G8=8 5D5:B82=>ABV 0:C<C;OFVW D>B>=V2 

D>B>A8AB5<8 ��, 1V;ьH89 :20=B>289 28EV4 D>B>A8AB5<8 ��, 0 B0:>6 <5=HV 

7=0G5==O @>7AVN20==O B5?;0 2:07CNBь =0 B5, I> 4;O :C;ьB82C20==O 284C 

C. acaulis =091V;ьH >?B8<0;ь=8<8 є C<>28 3 20@V0=BC.  

�AB0=>2;5=>, I> O: 70 ?>:07=8:0<8 70;56=>ABV 2<VABC D>B>A8=B5B8G=8E 

?V3<5=BV2 C @>A;8= in vitro, B0: V >A=>2=8<8 ?0@0<5B@0<8 D;C>@5AF5=FVW 

E;>@>DV;C A2VB;>20 :>@5:FVO 3 20@V0=BC є =091V;ьH >?B8<0;ь=>N 4;O 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

�>=B@>;ь �0@V0=B 4 �0@V0=B 3

(PSII

φNO

φNPQ



:C;ьB82C20==O in vitro 284C C. onopordifolia. #>@O4 7 F8<, ?@>4V03=>AB>20=V =0<8 

20@V0=B8 A2VB;>2>3> ?>B>:C =5 ?V4E>4OBь 4;O :C;ьB82C20==O 284C %. cirsioides, 

>A:V;ь:8 ?>:07=8:8 A2VB;>28E @568<V2 =5 2V4?>2V40NBь ?@8@>4=8< ?>B@510< 

BV=ь>28B@820;8E @>A;8=, >4=0:, ?>@V2=O=> 7 C<>20<8 in situ, A2VB;>289 @568< 

in vitro <0є <5=H AB@5A>289 2?;82 =0 (%� 2V4:0A=8:V2. 

 

4.3.3. �>4=89 @568< @>A;8= 

�;O ?>40;ьH>W >?B8<V70FVW C<>2 :C;ьB82C20==O 2V4:0A=8:V2, =0<8 1C;> 

4>A;V465=> ?>:07=8:8 2>4=>3> @568<C 284V2 @>4C Carlina 70;56=> 2V4 20@V0=BC 

A2VB;>2>3> @568<C. �V4><>, I> 2>4=89 >1<V= є :><?;5:A=8< ?@>F5A><, O:89 

A:;040єBьAO 7 ?>3;8=0==O 2>48, B@0=A?>@B>< WW ?> @>A;8==><C >@30=V7<C, 

28B@0B0<8 WW ?V4 G0A 28?0@>2C20==O B0 >1<V=C @5G>28=. �030;ь=89 2<VAB 2>48 2 

@>A;8=V 35=5B8G=> 45B5@<V=>20=89, >4=0:, =0 =ь>3> 2?;820NBь D0:B>@8 

=02:>;8H=ь>3> A5@54>28I0, I> 2V4>1@060єBьAO 2 040?B82=8E @50:FVOE (�09F520, 

2010). &><C >?B8<0;ь=8< C<>20< =02:>;8H=ь>3> A5@54>28I0 2V4?>2V40NBь 

287=0G5=V ?>:07=8:8 2>4=>3> 10;0=AC, O:V 2?;820NBь =0 DV7V>;>3>-1V>EV<VG=V 

?>:07=8:8 @>A;8==>3> >@30=V7<C (�09F520, 2010). �2060NG8 =0 28A>:89 ABC?V=ь 

70;56=>ABV ?0@0<5B@V2 2>4=>3> @568<C 2V4 7>2=VH=VE 2?;82V2, <>6=0 WE 22060B8 

:@8B5@VO<8-<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8=. *5 40є <>6;82VABь 

A?@O<>20=> @53C;N20B8 DV7V>;>3VG=V ?@>F5A8 @>A;8= in vitro B0 48D5@5=FVN20B8 

WE 70 68BBє740B=VABN. 

�V4><>, I> 28@>IC20==O @>A;8= 2 C<>20E in vitro AC?@>2>46CєBьAO 

AB@5A>28<8 D0:B>@0<8, 7>:@5<0 G5@57 C 10 @07V2 =86G89 2>4=89 ?>B5=FV0; 

A5@54>28I 4;O :C;ьB82C20==O ?>@V2=O=> 7 �@C=B><, 0 B0:>6 ?V428I5=C 2>;>3VABь 

B>I> (�5;8B �. �., 2013). #@8 B@820;><C :C;ьB82C20==V 2 B0:8E C<>20E ?@>48E8 

?>ABC?>2> 2B@0G0NBь 740B=VABь 70:@820B8AO, I> AB0є >4=VєN 7 >A=>2=8E ?@8G8= 

H284:>3> 7=52>4=5==O @>A;8= ?VA;O ?5@5=5A5==O 7 in vitro 2 ex vitro B0 7=0G=>W 

A<5@B=>ABV ?>A04:>2>3> <0B5@V0;C. 

' ?@>F5AV :C;ьB82C20==O @>A;8= 2 C<>20E in vitro 206;828< є GVB:89 

:>=B@>;ь B5<?5@0BC@=>3>, A2VB;>2>3> @568<V2, <V=5@0;ь=>3> 682;5==O, 0 B0:>6 



2>4=>3> 10;0=AC @>A;8=, O:89 є =5>1EV4=>N A:;04>2>N <5B01>;V7<C. &><C 

:><?;5:A=V 4>A;V465==O :;NG>28E :@8B5@VW2 2>4=>3> @568<C A?@8ONBь 

287=0G5==N 7<V= C ?>:07=8:0E 2>4=>3> 45DVF8BC B0 040?B0FV9=8E E0@0:B5@8AB8: 

4> D0:B>@V2 A5@54>28I0 :C;ьB82C20==O (Kovanda, 2002; Lance C. J., 1992). 

�>4=89 45DVF8B (WSD) є V=B53@0;ь=8< ?>:07=8:><, O:89 70;568Bь O: 2V4 

V=B5=A82=>ABV 28?0@>2C20==O, B0: V 740B=>ABV 4> CB@8<0==O 2>48 @>A;8==8E 

:;VB8= ($07C<>20 %. &., 2013). �@>AB0==O Fь>3> ?0@0<5B@C A?@8G8=Oє 7=865==O 

V=45:AC 68BBє740B=>ABV @>A;8=, 0 B0:>6 45AB@C:FVN E;>@>?;0ABV2, 0, 2V4B0:, 

?>@CH5==O DC=:FV>=C20==O (%�. �=0A;V4>: 7=52>4=5==O 2V41C20єBьAO 

=0:>?8G5==O 01AF87>2>W :8A;>B8, O:0 A?@8G8=Oє G0AB:>25 70:@820==O ?@>48EV2 C 

@57C;ьB0BV 453V4@0B0FVW F8B>?;07<8, I> 2545 4> IV;ь=>3> C?0:C20==O 

E;>@>?;0ABV2 (#>AC4V= .., 2014).  �>4=89 45DVF8B 28:;8:0є 7=865==O 

5D5:B82=>ABV D>B>A8=B57C, 48E0;ь=>3> :>5DVFVє=BC (/:>2;є20-!>A0@, 2016). +8< 

<5=H89 ?>:07=8: WSD, B8< 1V;ьH ABV9:8<8 є 2848 4> <V=;82>ABV C<>2 4>2:V;;O 

(�5;>CA 2016).  

�>4>CB@8<C20;ь=0 (WL) 740B=VABь 3 F5 2;0AB82VABь @>A;8==8E :;VB8= 

2B@8<0B8 2>4C ?V4 G0A 2?;82C @V7=8E G8==8:V2: 28A>:8E ?>:07=8:V2 B5<?5@0BC@8, 

=87ь:>3> ?0@FV0;ь=>3> B8A:C 2>48 2 0B<>AD5@V. +8==8:0<8, O:V CB@8<CNBь 2>4C 

2A5@548=V :;VB8=8, є >A<>B8G=>-0:B82=V A?>;C:8, ?@>=8:=VABь :;VB8==8E 

<5<1@0= B0 AB0= 2=CB@V:;VB8==>W 2>48. �=865==O ?@>=8:=>W 740B=>ABV 

?;07<0;5<8, 71V;ьH5==O =01@O:0==O <VB>E>=4@V9, E;>@>?;0ABV2, 71V;ьH5==O 

729O70=>W 2>48 28:;8:0NBь 7@>AB0==O 2>4>CB@8<C20;ь=>W 740B=>ABV.  

�;O 70157?5G5==O >?B8<0;ь=>3> 2>4=>3> @568<C 206;828< є 0=0;V7 2?;82C 

A?5:B@0;ь=>3> A:;04C A2VB;0 2 C<>20E in vitro. �030B> 4>A;V4=8:V2 22060NBь, I> 

2>4=89 10;0=A =0;568Bь 4> D0:B>@V2, I> 45B5@<V=CNBь @>AB>2V ?@>F5A8 @>A;8= 

ex situ (Chaves et al 2009; Flexas et al., 2006). 

' ?@>F5AV 4>A;V465==O 2>4=>3> @568<C 284V2 @>4C Carlina, =0<8 1C;> 

?@>0=0;V7>20=> =0ABC?=V ?>:07=8:8: V=B5=A82=VABь B@0=A?V@0FVW, >2>4=5=VABь 

;8AB:V2, 2>;>3><VAB:VABь, 2>4=89 45DVF8B. �=0;V7 ?@>2545=8E 4>A;V4V2 I>4> 

2?;82C V=B5=A82=>ABV B0 A?5:B@0;ь=>3> A:;04C A2VB;0 =0 2>4=89 10;0=A 

2V4:0A=8:V2 ?>:0702, I> 2>4=89 45DVF8B C @>A;8= C. acaulis ?@8 28:>@8AB0==V 



;0<? E>;>4=>3> 1V;>3> A2VB;0 B0 DVB>;0<? 28O282AO <5=H8< (6,74 %), ?>@V2=O=> 

V7 C<>20<8 BV;ь:8 �)� (10,18 %). &0:C 6 B5=45=FVN 28O2;5=> AB>A>2=> ?;>IV 

?>25@E=V ;8AB:>2>W ?;0AB8=:8 2V4:0A=8:V2: C 1 20@V0=BV 2>=0 1C;0 =86G>N, =V6 70 

A2VB;>2>W :>@5:FVW 20@V0=BC 2. �>4=>G0A, 1C;> 79OA>20=> I> A2VB;>20 :>@5:FVO 

<0965 =5 2?;820;0 =0 7=0G5==O 2>4=>3> 45DVF8BC C. onopordifolia, >4=0:, 

45B5@<V=C20;0 @V7=8FN ?;>IV ;8AB:>2>W ?;0AB8=:8: 40,79 A<2 ?@8 A2VB;>2V9 

:>@5:FVW 1 20@V0=BC B0 46,16 A<2 20@V0=BC 2. ' 284C C. cirsioides ?>:07=8:8 2>4=>3> 

45DVF8BC 28O28;8Aь 45I> 28I8<8, =V6 C @>A;8= C. onopordifolia B0 AB0=>28;8 

7,32 % 4;O 1 20@V0=BC B0 8,23 % 4;O 2 20@V0=BC. 

�>4>CB@8<C20;ь=0 740B=VABь @>A;8= A;C3Cє ?>:07=8:>< ?>ACE>ABV9:>ABV 

@>A;8=. *59 ?>:07=8: 4;O 4>A;V4=8E 284V2 287=0G0;8 70 ?>:07=8:0<8 2V440GV 

2>48 G5@57 5 E2 B0 2 3>48=8. ' E>4V 4>A;V465=ь 1C;> 79OA>20=>, I> 70 A2VB;>2>3> 

@568<C V7 :><1V=0FVєN �)� B0 (� 2V4:0A=8:8 28O28;8Aь ABV9:VH8<8 4> ?>ACE8, 

?>@V2=O=> 7 20@V0=B>< 28:>@8AB0==O ;8H5 �)�. �87=0G5=>, I> V=B5=A82=VABь 

28?0@>2C20==O 4;O 284C C. acaulis 1C;0 =0 2 % 1V;ьH>N ?@8 28:>@8AB0==V 

20@V0=BC 1, 0 C 28?04:C C. onopordifolia :>@5:FVO A2VB;0 =0 FN 25;8G8=C =5 

2?;820;0. �=0;V7 5:A?5@8<5=B0;ь=8E 40=8E A2V4G8Bь, I> 0:B82=VABь B@0=A?V@0FVW 

C @>A;8= in vitro C. onopordifolia є <5=H>N, ?>@V2=O=> 7 C. acaulis, I>, 9<>2V@=>, 

7C<>2;5=> @V7=8F5N C @>7<V@0E ;8AB:V2: 1V;ьHV 70 @>7<V@0<8 ;8AB:8 2B@0G0NBь 

1V;ьH5 2>48, 0 V=B5=A82=VABь B@0=A?V@0FVW 3 <5=H0. #@54AB02=8:8 284C 

C. cirsioides 709<0NBь ?@><V6=C ?>78FVN 70 ?>:07=8:>< V=B5=A82=>ABV 

B@0=A?V@0FVW.  

#>:07=8: V=B5=A82=>ABV B@0=A?V@0FVW 2>48 @>A;8=0<8 C. onopordifolia 

in vitro 28O282AO 4;O 1 20@V0=BC C 6,8 @07V2 28I8<, ?>@V2=O=> 7 @>A;8=0<8 in situ, 

0 4;O 2 20@V0=BC 3 C 7,2 @07V2. ' E>4V 4>A;V465=ь 1C;> 28O2;5=>, I> 2>4=89 

45DVF8B Fь>3> 284C @>A;8= in vitro 28O282AO C 2,24 B0 2,57 @07V2 <5=H8<, 

?>@V2=O=> 7 @>A;8=0<8 ?@8@>4=8E <VAFь @>ABC. �V4B0:, 740B=VABь 4> CB@8<0==O 

2>;>38 C @>A;8= in vitro C. onopordifolia 1C;0 C 5,63 B0 4,85 @07V2 28I>N, 

?>@V2=O=> 7 @>A;8=0<8 ?@8@>4=8E ;>:0;VB5BV2 @>ABC. �<>2V@=>, F5 A2V4G8Bь ?@> 

5D5:B82=VHV ?@8AB>AC20;ь=V @50:FVW @>A;8= in vitro 4> =5AB0GV 2>48 C A5@54>28IV 

7@>AB0==O. 



 

 

 

$8A. 4.12 #0@0<5B@8 2>;>3>CB@8<C20;ь=>W 740B=>ABV B0 2>4=>3> 45DVF8BC 

@>A;8= @>4C %arlina 2 C<>20E in vitro 

 

�;O 284C in vitro C. cirsioides 25;8G8=0 V=B5=A82=>ABV B@0=A?V@0FVW 1C;0 C 

2,88 @07V2 28I>N C 1 20@V0=BV A2VB;>2>W :>@5:FVW B0 C 2,6 @07V2 C 20@V0=BV 2, 

?>@V2=O=> 7 @>A;8=0<8 ?@8@>48. #>:07=8:8 2>4=>3> 45DVF8BC 70 4>A;V4=8E 

20@V0=BV2 in vitro <5=H =V6 =0 2 % =86G8<8, =V6 ?>:07=8:8 2 ?@8@>4V. "4=0:, 

7=0G5==O 2>;>3>CB@8<C20;ь=>W 740B=>ABV 70 :C;ьB82C20==O in vitro 20@V0=BV2 

A2VB;>2>W :>@5:FVW 1 B0 2 є 28I8< C 8,25 B0 7,42 @078 2V4?>2V4=>. 

&0:8< G8=><, @57C;ьB0B8 4>A;V465=ь 2:07CNBь =0 48=0<VG=C 70;56=VABь 

?>:07=8:V2 2>4=>3> @568<C @>A;8= 2V4 A?5:B@0;ь=>3> A:;04C A2VB;0 2 C<>20E 

in vitro. �>:@5<0, 2>;>3>CB@8<C20;ь=0 740B=VABь, 70 O:>N 287=0G0NBь 

?>ACE>ABV9:VABь 284V2, C @>A;8= V7 HBCG=8E C<>2 :C;ьB82C20==O 1C;0 7=0G=> 

28I>N C 2AVE 4>A;V4=8E 284V2, =V6 C @>A;8= 7 ?@8@>48. *5 <>65 2:07C20B8 =0 

:@0IC ?@8AB>A>20=VABь @>A;8= in vitro 4> =5AB0GV 2>48. �0AB>AC20==O �)�  

A?@8O;> :@0IV9 2>;>3>CB@8<C20;ь=V9 740B=>ABV 4;O ?@54AB02=8:V2 284C in vitro 

C. acaulis, 2>4=>G0A, 28@>IC20==O @>A;8= ?@8 4VW DVB>;0<? C :><?;5:AV 7 �)� 

A?@8O;> :@0IV9 740B=>ABV ?5@5=>A8B8 ?>ACEC 4;O @>A;8= C. onopordifolia. �0 

:@8B5@VO<8-<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8= in vitro ?0@0<5B@8 2>4=>3> 

@568<C @>A;8= C 284C C. onopordifolia є =01;865=8<8 70 1 20@V0=BC >A2VB;5==O, 

0 C 284C C. cirsioides 3 2 20@V0=BC A2VB;>2>W :>@5:FVW. 
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4.4. $53C;OFVO A:;04C A5@54>28I0 4;O :C;ьB82C20==O O: G8==8: 
?>:@0I5==O 040?B0FV9=>W 740B=>ABV @>A;8=  

":@V< >?B8<0;ь=>3> A2VB;>2>3> @568<C, 4;O 0:B820FVW @87>35=57C B0 

@>AB>28E ?@>F5AV2 C @>A;8= in vitro, 2 FV;><C, 7=0G=C @>;ь 2V4V3@0є 710;0=A>20=89 

EV<VG=89 A:;04 A5@54>28I0 4;O :C;ьB82C20==O B0 5:7>35==V 

@53C;OB>@8 / AB8<C;OB>@8 @>ABC. �V4><>, I> C<>28 28@>IC20==O @>A;8= 2 

C<>20E in vitro 7=0G=> 2V4@V7=ONBьAO 2V4 ?@8@>4=>3> A5@54>28I0. *5 AB>ACєBьAO 

B0:8E V D0:B>@V2 O: A:;04 A5@54>28I0 4;O :C;ьB82C20==O, :>=F5=B@0FVO 

?>682=8E @5G>28= V @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC, 0 B0:>6 B8? AC1AB@0BC 4;O 

:C;ьB82C20==O (Melis A., 1995; Murchie E. H., 1997; Afzali S., 2021; Sgamma, 2021; 

Cavallaro V., 2022; Rühl A.T., 2015). 

 

4.4.1. �<V=0 @>AB>28E ?0@0<5B@V2 @>A;8= =0 A5@54>28IV  % 70;56=> 2V4 
4>4020==O V=4>;V;->FB>2>W :8A;>B8 B0 @5:C;ьB820=BC :><?>78FV9=>3> 
Trevitan® 

 

�0AB>AC20==O >@30=VG=8E ?@5?0@0BV2, B0:8E O: @5:C;ьB820=B :>A?>78FV9=89 

« ®» A?@8Oє ?V428I5==N 5D5:B82=>ABV D>B>A8=B57C, ?@>4C:B82=>ABV 

@>A;8=, 70?CA:C <5E0=V7<V2 A0<>7@>H5==O, 0 B0:>6 0:B820FVW V<C==>W A8AB5<8 B0 

B2V@=8E B:0=8= @>A;8= (�75=475;ь �., 2021). $57C;ьB0B8 4>A;V465=ь 2:07CNBь =0 

70;56=VABь @>AB>28E ?0@0<5B@V2 2V4:0A=8:V2 2V4 4>4020==O C A5@54>28I5 4;O 

:C;ьB82C20==O @5:C;ьB820=BC :><?>78FV9=>3> < ®=. #>:07=8:8 @>728B:C 

@>75B:8 ;8AB:V2 @>4C Carlina 70;560Bь 2V4 B0:A>=><VG=>W ?@8=0;56=>ABV. �V4B0:, 

4;O @>ABC ;8AB:V2 >A>18= C. acaulis =09>?B8<0;ь=VH8< 28O28;>Aь A5@54>28I5 

4;O :C;ьB82C20==O  %/2 7 4>4020==O< BV;ь:8 ?@5?0@0BC < ®=, >A:V;ь:8 

71V;ьH5==O 4>268=8 ;8AB:V2 70 ?5@V>4 4>A;V465==O A:;0402 2,63 A<, D>@<C20==O 

;8AB:>28E ;8AB:>28E ?;0AB8=>: 3 3,62 HB. �><1V=0FVO 0C:A8=C �"� V7 

?@5?0@0B>< C A5@54>28IV 4;O :C;ьB82C20==O  %/2 (?@83=VGC20;0 CB2>@5==O 

=>28E ;8AB:>28E ?;0AB8=>:, G8A5;ь=VABь O:8E A:;040;0 2,29 HB. �:;NG5==O 4> 



A:;04C A5@54>28I0 4;O :C;ьB82C20==O BV;ь:8 @53C;OB>@0 @>ABC �"� 

A?>2V;ь=N20;> 71V;ьH5==O 4>268=8 ;8AB:V2 (0,89 A<). 

 

 

 

$8A. 4.13. #>:07=8:8 ?@8@>ABC A5@54=ь>W 4>268=8 ;8AB:V2 @>A;8= @>4C 

Carlina =0 @V7=8E 20@V0=B0E A5@54>28I0 4;O :C;ьB82C20==O (C A<) 

 

%5@54>28I5 4;O :C;ьB82C20==O 1 20@V0=BC 28O28;>AO =091V;ьH 

?V4E>4OI8< 4;O 70?CA:C ?@>F5AV2 :>@5=5CB2>@5==O C @>A;8= Fь>3> 284C (?@8@VAB 

2,66 A<).  V=V<0;ь=89 ?@8@VAB 4>268=8 :>@5=V2 2V47=0G5=> =0 A5@54>28IV 4;O 

:C;ьB82C20==O 3 4>A;V4=>3> 20@V0=BC (1,21 A<).  

 

 

 

$8A. 4.14. (>@<C20==O =>28E ;8AB:V2  @>A;8= @>4C Carlina =0 @V7=8E 

20@V0=B0E A5@54>28I0 4;O :C;ьB82C20==O (HB.) 

�=0;V7 >B@8<0=8E 40=8E ?>:0702, I> 70AB>AC20==O ?@5?0@0BC <TREVITAN®= 

?V4 G0A :C;ьB82C20==O 284C C. acaulis A?@8Oє 0:B82=><C @>ABC ;8AB:>2>W @>75B:8 

@>A;8= in vitro, >4=0:, ?@83=VGCє ?@>F5A8 @87>35=57C. !09A8;ь=VH5 F59 5D5:B 
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A?>AB5@V30єBьAO ?@8 :><1V=C20==V ?@5?0@0BC 7 @53C;OB>@>< @>ABC �"�.  >6;82>, 

:><1V=0FVO F8E :><?>=5=BV2 28:;8:0є 0=B03>=VAB8G=89 5D5:B, O:89 2?;820є =0 

?>3;8=0==O ?>682=8E 5;5<5=BV2 B0 0:B82=VABь 35=V2, I> 287=0G0NBь @>728B>: 

:>@5=52>W A8AB5<8. 

�0@48=0;ь=> 2V4<V==V @57C;ьB0B8 1C;8 >45@60=V 4;O 284C C. cirsioides. 

!091V;ьH 0:B82=5 CB2>@5==O =>28E ;8AB:>28E ?;0AB8=>: C @>75BFV 2V47=0G0;>AO 

C 4>A;V4=><C 20@V0=BV 1, B>4V O: <0:A8<0;ь=89 ?@8@VAB WE 4>268=8 (2,62 A<) 

A?>AB5@V30;8 =0 A5@54>28IV 4;O :C;ьB82C20==O 4>A;V4=>3> 20@V0=BC 3. ' 

?>@V2=O==V 7 284>< C. acaulis, @>728B>: ;8AB:>2>W @>75B:8 C @>A;8= C. cirsioides 

1C2 =09A;01H8< =0 A5@54>28IV 4;O :C;ьB82C20==O 4>A;V4=>3> 20@V0=BC 2. "4=0:, 

?>4V1=> 4> C. acaulis, =091V;ьH A?@8OB;828< 4;O @>728B:C :>@5=52>W A8AB5<8 C. 

cirsioides 28O28;>AO A5@54>28I5 4;O :C;ьB82C20==O 4>A;V4=>3> 20@V0=BC 1.  

 

 

 

$8A. 4.15. #>@V2=O==O ?@8@>ABC 4>268=8 :>@5=O @>A;8= @>4C Carlina =0 

@V7=8E <>48DV:0FVOE A5@54>28I0 4;O :C;ьB82C20==O (C A<) 

 

"B65, :C;ьB82C20==O @>A;8= =0 A5@54>28IV  %/2 28O28;>Aь A?@8OB;828< 

4;O D>@<C20==O ;8AB:>28E ?;0AB8=>: C. onopordifolia B0 C. cirsioides 7 >1>E 

?>?C;OFV9, ?@>B5 7>2AV< =5 ?@840B=8< 4;O @>ABC :>@5=52>W A8AB5<8, I> 

28:;8:0;> H284:C 703815;ь <V:@>:;>=0;ь=> @>7<=>65=8E @>A;8=, I> <>65 

A2V4G8B8 ?@> =5710;0=A>20=VABь <V=5@0;ь=>3> 682;5==O, 7>:@5<0, =5AB0GC 

(>AD>@C. !091V;ьH A?@8OB;828< 4;O ?@>F5AV2 @87>35=57C C 2AVE 4>A;V465=8E 
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284V2 @>A;8= 28O28;>Aь <>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 

:>=B@>;ь=>3> 20@V0=BC 3, C<>28 O:>3> 1C;8 704>2V;ь=8<8 V 4;O ?>:07=8:V2 

CB2>@5==O B0 @>ABC ;8AB:>28E ?;0AB8=>: C 284V2 @>4C Carlina. �8:>@8AB0==O 

A5@54>28I0 :>=B@>;ь=>3> 20@V0=BC 2, :><?>=5=B8 O:>3> 1C;8 ?V4V1@0=V 

2V4?>2V4=> 4> 2<VABC 5;5<5=BV2 682;5==O C �@C=B0E 7 ;>:0;VB5BV2 @>ABC @>A;8=, 

28O28;>Aь =5?@840B=8< 4;O @>ABC ;8AB:V2 C 284V2 C. onopordifolia B0 C. cirsioides 

7 >1>E ?>?C;OFV9, ?@>B5 >?B8<0;ь=8< 4;O @>ABC @>A;8= 284C C. acaulis.  

�AB0=>2;5=>, I> 4>?>2=5==O @53C;OB>@0 @>ABC �"� C :>=F5=B@0FVW 0,1 <;/; 

B0 ?@5?0@0BC «TREVITAN®» (1 <;/;) =5>4=>7=0G=> 2?;820є =0 @VAB @>A;8= 

2V4:0A=8:V2 2 C<>20E in vitro B0 70;568Bь 2V4 284>2>W ?@8=0;56=>ABV. &0:, C 284C 

C. onopordifolia AB8<C;OB>@ @>ABC 0:B82C202 D>@<C20==O ;8AB:>28E ?;0AB8=>: 

B0 71V;ьH5==O WE C 4>268=C, 0 4;O 284C C. cirsioides C <>48DV:>20=><C 

A5@54>28IV 4;O :C;ьB82C20==O 70 A:;04>< �@C=BV2 3 A?@8O2 @87>35=57C. 

�8:>@8AB0==O �"� 4;O 284C C. acaulis =5 40;> ?>78B82=8E @57C;ьB0BV2. 

�87=0G5=>, I> ?@5?0@0B «TREVITAN®» ?>:@0ICє @>AB>2V ?0@0<5B@8 ;8H5 C 

:><1V=0FVW 7 0C:A8=>< �"� C 284C C. onopordifolia. �9OA>20=>, I> A57>==VABь 

VAB>B=> 2?;820є =0 @VAB @>A;8= CAVE 4>A;V46C20=8E 284V2 @>4C Carlina. 

 

4.4.2. �><?;5:A=89 2?;82 =0 @VAB @>A;8= 5;5<5=B=>3> A:;04C 
A5@54>28I0 B0 @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC 

 

�:7>35==V @53C;OB>@8 / AB8<C;OB>@8 @>ABC <0NBь 7=0G=89 2?;82 =0 

<>@D>DV7V>;>3VG=V ?0@0<5B@8 @>A;8=, :C;ьB82>20=8E in vitro, A?@8ONG8 

>?B8<V70FVW WE=ь>3> @>ABC, @>728B:C B0 040?B0FVW 4> C<>2 :C;ьB82C20==O. 

�>A;V465==O ?>:07CNBь, I> @53C;OB>@8 @>ABC, B0:V O: 0C:A8=8 0:B82=> 

2?;820NBь =0 ?@>F5A8 <>@D>35=57C, D>@<C20==O B:0=8= B0 ABV9:VABь @>A;8= 4> 

AB@5A>28E C<>2. �E 28:>@8AB0==O 2:;NG0є AB8<C;OFVN :>@5=5CB2>@5==O, 

?>:@0I5==O @>728B:C B:0=8= C :C;ьBC@V in vitro, ?V428I5==O ABV9:>ABV @>A;8= 4> 

AB@5AV2 01V>B8G=>W B0 1V>B8G=>W ?@8@>48. �C:A8=8, B0:V O: V=4>;-3-<0A;O=0 

:8A;>B0 (IBA) B0 =0DB8;>FB>20 :8A;>B0 (NAA), 0:B82=> 28:>@8AB>2CNBьAO 2 

@>7A04=8:0E V 4;O <V:@>:;>=0;ь=>3> @>7<=>65==O @>A;8=. �>=8 AB8<C;NNBь 



@>728B>: :>@5=52>W A8AB5<8 V @535=5@0FVN B:0=8= C B@0=A?;0=B0B0E (Jianshuang, 

2024; ,5?V;>20 &.#., 2019; Fukui, 2018; Serre, 2021; Qi, J., 2024). �>?>2=5==O 

A5@54>28I0 4;O :C;ьB82C20==O 0C:A8=0<8 A?@8Oє 0:B820FVW @87>35=57C C ?03>=V2. 

"4=0:, 4>4020==O F8E @53C;OB>@V2 @>ABC є =5>1EV4=8< BV;ь:8 =0 ?>G0B:C 

CB2>@5==O :>@5=V2, ?>40;ьH89 2?;82 0C:A8=V2 є V=3V1CNG8< 4;O 

:>@5=5CB2>@5==O. �>4=>G0A, =87ь:V :>=F5=B@0FVW V=4C:CNBь @87>35=57, 0 4VO 

28A>:8E <0є 72>@>B=V9 5D5:B. ":@V< Fь>3>, ?>78B82=89 5D5:B =0 ?@>@>AB0==O 

=0AV==O <0є 3V15@5;>20 :8A;>B0 (Kovanda, 2002). !0<8 1C;> ?@>B5AB>20=> @V4:V 

A5@54>28I0 4;O :C;ьB82C20==O 7 4>4020==O< 030@C 8 3/; B0 7 4>4020==O< 030@C (4 

3/;) B0 ?5@;VBC (16 3/;) 3  %, A5@54>28I5 4;O :C;ьB82C20==O  % V7 7<5=H5=8<8 

242VGV B0 2G5B25@> :>=F5=B@0FVO<8 <V:@>- B0 <0:@>A>;59, 4>?>2=NNG8 

@53C;OB>@0<8 @>ABC (�"�, � �, !"�, ��3, �V=) C @V7=8E :>=F5=B@0FVOE. 

�0AB>AC20==O O: 030@87>20=8E, B0: V @V4:8E A5@54>28I 4;O :C;ьB82C20==O =5 1C;> 

5D5:B82=8<, 0 4>?>2=5==O @53C;OB>@>< @>ABC �V= C :>=F5=B@0FVW 0,1530,1<3/; =5 

A?@8O;> @87>35=57C. $57C;ьB0B8 4>A;V465=ь 2:07CNBь =0 B5, I> =095D5:B82=VH5 

2:>@V=5==O 2V4:0A=8:V2 2V41C20;>Aь =0 A5@54>28IV  %/2 7 4>4020==O< 0,1 <3/; 

�"�. �0 B0:8E C<>2 G0AB:0 2:>@V=5=8E >A>18= %. onopordifoli4 A:;040;0 33,3 %, 0 

A5@54=O :V;ь:VABь :>@5=V2 (%��) 3 2,3. #@8 4>?>2=5==V O: 0,1 <3/; �"�, B0: V 0,1 

<3/; � � A5@54>28I0  %/2 4;O 284C %. cirsioides ?>:07=8: %�� AB0=>282 2,5, 0 

2V4A>B>: 2:>@V=5==O 3 28,6 %. 

' :>=B@>;ь>20=8E C<>20E in vitro >?B8<0;ь=5 A?V22V4=>H5==O 0<>=V9=>3> 

(N!4
+) B0 =VB@0B=>3> 07>BC (NO£{), �0;VN (Kz), �0;ьFVN (Ca²z), (>AD>@C (P), 

%C;ьDC@C (S) <0є 7=0G=89 2?;82 =0 <>@D>35=57, @VAB B0 @>728B>: @>A;8==8E 

:C;ьBC@ (Qin et al. 2016; Zhang et al. 2016).  

"4=8<8 V7 =09206;82VH8E A:;04=8:V2 A5@54>28I0 4;O :C;ьB82C20==O 

in vitro є 0<>=V9=0 B0 =VB@0B=0 D>@<0 !VB@>35=C. �V4><>, I> 0<>=V9=0 D>@<0 

!VB@>35=C ?>ABC?>2> 70A2>NєBьAO @>A;8=>N, 2?;820є =0 :>@5=52C A8AB5<C, 

A?@8ONG8 WW :@0I><C @>7@>AB0==N B0 CB2>@5==N 1VG=8E :>@5=V2. *5 <>65 1CB8 

>A>1;82> :>@8A=8< 2 C<>20E in vitro, 45 @>728B>: :>@5=52>W A8AB5<8 є :@8B8G=8< 

4;O ?>40;ьH>W 040?B0FVW @>A;8= 4> �@C=B>28E C<>2. "?B8<0;ь=0 :>=F5=B@0FVO 

!VB@>35=C 2 A5@54>28IV 4;O :C;ьB82C20==O є :;NG>28< :@8B5@Vє< 4;O 



4>AO3=5==O 1060=8E @57C;ьB0BV2 C :C;ьBC@V @>A;8= in vitro (Liuta, 2024; 

Sosnowski et al., 2023; Khan et al., 2015; Baziuk, Kobyletska, 2022;  Gao et al., 2020; 

Semeradova et al., 2020; Mazzoni-Putman et al., 2021). 

�@C38< =5>1EV4=8< 5;5<5=B>< 4;O CA?VH=>3> :C;ьB82C20==O C<>20E 

in vitro є �0;V9, O:89 2?;820є =0 V=B5=A82=VABь D>B>A8=B57C, DV78G=89 AB0= 

:>;>W4V2 F8B>?;07<8, 15@5 CG0ABь C 2C3;52>4=><C B0 07>B=><C >1<V=V. !5 <5=H 

206;828<8 4;O @>ABC @>A;8= in vitro є A?>;C:8 %C;ьDC@C, O:V 2V4V3@0NBь :;NG>2C 

@>;ь C A8=B57V 0<V=>:8A;>B (F8AB5W=C, F8AB8=C B0 <5BV>=V=C), =5>1EV4=8E 4;O 

D>@<C20==O 1V;:V2, I> 2?;820NBь =0 @VAB 2535B0B82=>W <0A8 @>A;8=, 

D5@<5=B0B82=C 0:B82=VABь B0 A8=B57 E;>@>DV;C. #V4 G0A :C;ьB82C20==O in vitro 

%V@:0 70728G09 22>48BьAO C 283;O4V AC;ьD0BV2. -5 >4=8< 68BBє2> =5>1EV4=8< 

5;5<5=B>< 2 C<>20E in vitro є (>AD>@, O:89 A?@8Oє @>ABC :>@5=52>W A8AB5<8 B0 

?03>=V2, 2?;820є =0 ?@>F5A8 48D5@5=FV0FVW :;VB8= B0 >@30=>35=57C, 0 B0:>6 

?V428ICє 040?B82=V <>6;82>ABV @>A;8=. ":@V< Fь>3>, >?B8<0;ь=89 @VAB B0 

@>728B>: @>A;8= in vitro =5<>6;8289 157 �0;ьFVN, O:89 2E>48Bь 4> A:;04C 

:;VB8==8E ABV=>:, 15@5 CG0ABь C @53C;N20==V :;VB8==>3> ?>4V;C B0 @>7BO3=5==O, 

70157?5GCє =>@<0;ь=89 @>728B>: :0;NA=>W B:0=8=8 B0 A?@8Oє V=4C:FVW 

>@30=>35=57C, 4>?><030є @>A;8=0< ?@>B84VOB8 >:A840B82=><C AB@5AC B0 2?;82C 

=530B82=8E C<>2 A5@54>28I0 (Liuta 2024). 

�0@B> 707=0G8B8, I> 45DVF8B 28I5 >?8A0=8E 5;5<5=BV2 C A5@54>28IV 4;O 

:C;ьB82C20==O <>65 ?@8725AB8 4> C?>2V;ь=5==O @>ABC, 7=865==O V=B5=A82=>ABV 

D>B>A8=B57C B0 ?>@CH5==O >1<V=C @5G>28= (Liuta 2024). �>4=>G0A, =04;8H>: 

>?8A0=8E <0:@>5;5<5=BV2 <0є B>:A8G=89 2?;82 =0 @>A;8=8 B0 <>65 28:;8:0B8 

48A10;0=A V=H8E 5;5<5=BV2 682;5==O, B0:8E O:  03=V9, (5@C< B0 *8=:. &><C 

206;82> ?V4B@8<C20B8 710;0=A>20=5 <V=5@0;ь=5 682;5==O 4;O 70157?5G5==O 

>?B8<0;ь=>3> @>ABC B0 @>728B:C @>A;8= in vitro. 

�=0;V7 >B@8<0=8E 40=8E 4;O C. onopordifolia ?>:0702, I> @>728B>: @>75B:8 

;8AB:V2 @>A;8= =090:B82=VH5 2V41C20єBьAO =0 A5@54>28IV 4;O :C;ьB82C20==O 

20@V0=BC 1 (5,15±0,65a), I> 4>AB>2V@=> ?5@528IC20;> ?>:07=8:8 V=H8E 20@V0=BV2 

(p < 0,05). #@8 Fь><C CB2>@5==O =>28E ;8AB:V2 =09:@0I5 2V41C20;>AO C 

4>A;V4=><C 20@V0=BV 3.2 (3,00±2,50a) (B01;.4.5). �V4><>, I> KNO£ є 465@5;>< 



=VB@0B=>3> 07>BC (NO£{) V �0;VN (Kz), O:V AB8<C;NNBь A8=B57 1V;:V2, D5@<5=BV2 V 

D>B>A8=B5B8G=C 0:B82=VABь. !VB@0B=0 D>@<0 07>BC є ;53:>4>ABC?=>N 4;O @>A;8= 

V AB8<C;Nє WE 2535B0B82=89 @VAB, B>4V O: �0;V9 ?>:@0ICє >1<V= @5G>28=, 

B@0=A?>@BC20==O ?>682=8E @5G>28= V ABV9:VABь 4> AB@5AV2 (=0?@8:;04, 

>A<>B8G=>3> G8 B5<?5@0BC@=>3>). (Liuta 2024). �8I89 2<VAB KNO£ C A5@54>28IV 

 %/2, ?>@V2=O=> 7 V=H8<8 4>A;V4=8<8 3@C?0<8, 9<>2V@=>, A?@8O2 :@0I><C 

2535B0B82=><C @>ABC @>A;8=. �>4=>G0A, 70 28:>@8AB0==O 4>A;V4=>3> 20@V0=BC 2.2, 

=02?0:8, 28O2;5=> AB0B8AB8G=> 7=0GCI5 (p < 0,05) <5=HC 4>268=C ;8AB:>2>W 

?;0AB8=:8 (0,67±0,07h) B0 CB2>@5==O =>28E ;8AB:V2 (1,09±0,37a HB) (B01;.4.5). 

&0:89 5D5:B <>65 1CB8 ?>29O70=89 V7 7=865==O< :>=F5=B@0FVW KNO3 B0 NH4NO3, 

7 >4=>G0A=8< ?V428I5==O< @V2=O AC;ьD0BV2 ((NH4)2SO4), =04;8H>: O:8E <>65 

28:;8:0B8 >A<>B8G=89 AB@5A, 0 B0:>6 7=86C20B8 4>ABC?=VABь V=H8E 5;5<5=BV2. 

"?B8<0;ь=8< 4;O 0:B820FVW :>@5=5CB2>@5==O C 2V4:0A=8:0 B0B0@=8:>;8AB>3> 

28O28;>AO A5@54>28I5 4;O :C;ьB82C20==O 4>A;V4=>W 3@C?8 3 (:>=B@>;ь 3) 

(4,18±2,14a A<), 7=0G5==O O:>3> AB0B8AB8G=> 7=0GCI5 ?5@52060;> @5HBC 

20@V0=BV2. !09=86GV AB0B8AB8G=> 7=0GCIV (p < 0,05) ?>:07=8:8 ?@8@>ABC :>@5=V2 

C 4>268=C 2AB0=>0;5=> =0 :>=B@>;ь=><C A5@54>28IV 4;O :C;ьB82C20==O  %/2 

(0,61±0,15c A<), I> <>65 1CB8 ?>29O70=> V7 =87ь:8< 2<VAB>< (>AD>@C B0 Ca²z, O:V 

2?;820NBь =0 ?@>F5A8 48D5@5=FV0FVW :;VB8= B0 >@30=>35=57C, ?>@V2=O=> V7 

A5@54>28I0<8 V=H8E 4>A;V4=8E 20@V0=BV2 (�NB0, 2024).  

�C;ьB82C20==O @>A;8= =0 <>48DV:>20=><C A5@54>28IV 2V4?>2V4=> 4> 

5;5<5=B=>3> A:;04C �@C=BV2 (20@V0=B 2.2) A?@8G8=8;> 7=865==O CAVE 

<>@D><5B@8G=8E ?0@0<5B@V2 (B01;. 3). �8:>@8AB0==O �"� 4;O B@5Bь>W 4>A;V4=>W 

3@C?8 7C<>28;> ?>:@0I5==O ?>:07=8:V2 D>@<C20==O =>28E ;8AB:>28E ?;0AB8=>: 

(3,00±2,50a), >4=0:, ?@8725;> 4> =57=0G=>3> ?@83=VG5==O :>@5=5CB2>@5==O 

(2,69±0,75b) B0 @>ABC ;8AB:V2 C 4>268=C (1,97±1,29be). �VB5@0BC@=V 465@5;0 

2:07CNBь =0 0:B82CNG89 2?;82 =87ь:8E :>=F5=B@0FV9 0C:A8=V2 =0 @VAB B0 

@>728B>: @>A;8= (Shepilova 2019; Fukui, Hayashi 2018; Serre et al. 2021; Qi et al. 

2024).&0:0 =5>4=>7=0G=0 4VO �"� =0 D>@<C20==O @>A;8= in vitro <>65 A2V4G8B8 

?@> =5>1EV4=VABь :>@83C20==O :>=F5=B@0FVW @53C;OB>@V2 @>ABC 70;56=> 2V4 2<VABC 

<V=5@0;ь=8E @5G>28= C A5@54>28IV 4;O :C;ьB82C20==O. �>4020==O 4> 



<>48DV:>20=>3> A5@54>28I0 4;O :C;ьB82C20==O FVєW ?@5?0@0BC :><?>78FV9=>3> 

«Trevitan®» (1 <;/;) A?@8G8=82 ?>3V@H5==O @>AB>28E ?0@0<5B@V2 ?>@V2=O=> 7 

:>=B@>;ь=>N 3@C?>N 3 (B01;.3). "4=0:, C :><?;5:AV V7 0C:A8=>< �"�, 

@5:C;ьB820=B :><?>78FV9=89 ?>78B82=> 2?;8=C2 =0 ?>:07=8:8 @>ABC 284C 

C. onopordifolia in vitro.  >6;82>, F5 2:07Cє =0 740B=VABь ?@5?0@0BC «&revitan®» 

0:B82C20B8 ?@>F5A8 70A2>є==O ?>682=8E @5G>28= V7 A5@54>28I0.  

 

 

 

$8A. 4.16. $VAB @>A;8= C. onopordifolia =0 A5@54>28IV: �) <>48DV:>20=5 

A5@54>28I5 4;O :C;ьB82C20==O 2 70 A:;04>< <0:@>A>;59 157 

@53C;OB>@V2 / AB8<C;OB>@V2 @>ABC (�>=B@>;ь 3); �) <>48DV:>20=5 A5@54>28I5 4;O 

:C;ьB82C20==O 1 70 A:;04>< <0:@>A>;59 2V4?>2V4=> 4> 5;5<5=B=>3> A:;04C 

�@C=BV2, 4>?>2=5=5 0,1 <;/; �"� (�0@V0=B 2.2) 

 

!09>?B8<0;ь=VH8< 4;O @>ABC ;8AB:>28E ?;0AB8=>: C 28?04:C C. cirsioides 

(?>?C;OFVO 7 �075I8=8) B0: A0<>, O: V 4;O C. onopordifolia, 28O28;>Aь A5@54>28I5 

4;O :C;ьB82C20==O  %/2 (2,35±0,35a A<), 0;5 157 4>?>2=5==O 5:7>35==8<8 

@53C;OB>@0<8 / AB8<C;OB>@0<8 @>ABC, ?@8 Fь><C, 4>4020==O �"� 4> Fь>3> 

A5@54>28I0 =530B82=> ?>7=0G8;>Aь =0 CB2>@5==V =>28E ;8AB:V2 (2,75±0,56a HB) C 

Fь>3> 284C (B01;.4.5). !090:B82=VHV ?@>F5A8 @87>35=57C 1C;> 28O2;5=> ?V4 G0A 

:C;ьB82C20==O =0 A5@54>28IV 4;O :C;ьB82C20==O 4>A;V4=>3> 20@V0=BC 3.2 

(2,36±0,54b A<) 4;O C. cirsioides (?>?C;OFVO 7 �075I8=8), I> A2V4G8Bь ?@> 

>?B8<0;ь=C :>=F5=B@0FVN @53C;OB>@0 @>ABC 4;O Fь>3> 284C @>A;8= (0,1 <;/;). 

!5A?@8OB;828< 4;O @>ABC ;8AB:V2 (0,47±0,15c A<) 1C;> A5@54>28I5 4;O 



:C;ьB82C20==O :>=B@>;ь 2, 0 4>4020==O 4> =ь>3> �"� =530B82=> 2?;820;> =0 

@>728B>: :>@5=52>W A8AB5<8 (20@V0=B 2.2) (0,58±0,11c), E>G0 0:B82V7C20;> 

CB2>@5==O =>28E ;8AB:>28E ?;0AB8=>: (5,81±0,61a). !09<5=H5 =>28E ;8AB:V2 

1C;> AD>@<>20=> =0 A5@54>28IV 1 20@V0=BC (2,75 ±0,56a), ?@>B5 4>AB>2V@=8E 

2V4<V==>AB59 =5 28O2;5=> (p > 0,05) (B01;.4.5).  

 

 

 

$8A. 4.17. $VAB @>A;8= C. cirsioides (A. �075I8=0) =0 A5@54>28IV: �)  % 157 

4>4020==O @53C;OB>@V2 / AB8<C;OB>@V2 @>ABC (�>=B@>;ь 1); �)  <>48DV:>20=5 

A5@54>28I5 4;O :C;ьB82C20==O 1 70 A:;04>< <0:@>A>;59 2V4?>2V4=> 4> 

5;5<5=B=>3> A:;04C 4>?>2=5=5 0,1 <;/; �"� (�0@V0=B 2.2)  

 

 

&01;8FO 4.5 

�<V=0 @>AB>28E ?0@0<5B@V2 @>A;8= @>4C Carlina =0 @V7=8E 20@V0=BV2 

A5@54>28I0 4;O :C;ьB82C20==O 

 

�84 
�0@V0=B 

6828;ь=>3> 
A5@54>28I0 

 >@D><5B@8G=V ?0@0<5B@8 

�B6:<A4 
?<EF>V6 

�V?P>VEFP 
?<EF>V6 

�B6:<A4 
>BD9AV6 

C. onopordifolia 

�>=B@>;ь 1 2,23 ±0,34d 2,25 ±0,65a 0,61 ±0,15c 

�0@V0=B 1* 5,15 ±0,65a 2,00 ±0,38a 1,13 ±0,23b 

�>=B@>;ь 2 0,97 ±0,65gh 1,43 ±0,79a 3,43 ±2,35a 

�0@V0=B 2.2* 0,67 ±0,07h 1,09 ±0,37a 2,71 ±0,38b 

�>=B@>;ь 3 2,47 ±1,36bd 1,82 ±0,89a 4,18 ±2,14a 

�0@V0=B 3.2* 1,97 ±1,29be 3,00 ±2,50a 2,69 ±0,75b 



�0@V0=B 3.3& 1,27 ±0,23fe 1,87 ±0,43a 1,19 ±0,38b 

�0@V0=B 3.4*& 2,21 ±0,3cf 2,75 ±0,75a 3,35 ±0,68a 

C. cirsioides 

(�4;9M<A4) 

�>=B@>;ь 1 2,35±0,35a 3,50±0,81a 1,13±0,43c 

�0@V0=B 1* 0,98±0,14ab 2,75±0,56a 1,13±0,31a 

�>=B@>;ь 2 0,47±0,15c 5,56±1,12a 1,08±0,29c 

�0@V0=B 2.2* 0,49±0,12bc 5,81±0,61a 0,58±0,11c 

�>=B@>;ь 3 1,01±0,16ab 3,60±0,79a 2,10±0,73b 

�0@V0=B 3.2* 1,58±0,56ab 3,56±1,11a 2,36±0,54b 

C. cirsioides 

�>=B@>;ь 1 5,69±0,68a 5,50±1,37a 3,25±0,81a 

�0@V0=B 1* 1,14±0,32f 3,00±1,25a 0,33±0,11dc 

�>=B@>;ь 2 0,57±0,08g 2,00±0,38a 2,13±0,3 b 

�0@V0=B 2.2* 1,75±0,20bcde 4,12±0,65a 3,08±0,37a 

�>=B@>;ь 3 2,29±1,03c 2,57±1,18a 5,43±1,80a 

�0@V0=B 3.2* 1,23±0,54e 3,25±0,75a 2,47±0,89a 

�0@V0=B 3.3& 1,43±0,45d 1,57±0,56a 1,79±0,26b 

�0@V0=B 3.4*& 2,62±0,65b 2,12±0,56a 1,07±0,44c 

C. acaulis 

�>=B@>;ь 1 1,84±0,12a 6,00±1,38a 1,28±0,47bc 

�0@V0=B 1* 0,11±0,02c 5,00±0,87ab 0,50±0,20c 

�>=B@>;ь 2 2,12±0,95a 5,50±1,12a 3,75±1,44a 

�0@V0=B 2.2* 1,25±0,29b 1,56±0,49c 1,21±0,22c 

�>=B@>;ь 3 1,36±0,85b 3,06±1,07b 4,00±2,00a 

�0@V0=B 3.2* 1,34±0,48b 3,44±1,08b 1,72±0,78bc 

�0@V0=B 3.3& 1,51±0,49b 3,63±0,87bd 1,75±0,31bc 

�0@V0=B 3.4*& 1,21±0,24b 2,29±0,81b 1,21±0,34bc 

#D<@VF>4: * E9D98B6<M9 8?O >G?PF<6G64AAO V; 8B8464AAO@ І"� (0,1 @?/?); & 3 
E9D98B6<M9 8?O >G?PF<6G64AAO V; 8B8464AAO@ CD9C4D4FG «TREVITAN®»; 4, b, c 3 B8A4>B6V 
?4F<AEP>V 5G>6< B;A4K4NFP EF4F<EF<KAB A9;A4KGMV DB;5V:ABEFV E9D98AVI C96AB7B C4D@9FDG 
6 E9D98<AV B8AB7B 6<8G ;4 >D<F9DVє@ &PN>V 

 

�>4020==O �"� (0,1 <;/;) 4> A5@54>28I0 4;O :C;ьB82C20==O  %/2 @V7:> 

=530B82=> ?>7=0G8;>Aь =0 @>AB>28E ?0@0<5B@0E @>A;8= in vitro, I> ?@8725;> 4> 

7=865==O ?>:07=8:V2 @87>35=57C B0 D>@<C20==O ;8AB:V2 C :V;ь:0 @07V2. #>@O4 V7 

8<, 4>4020==O @53C;OB>@0 @>ABC 4> <>48DV:>20=>3> A5@54>28I0 70 A:;04>< 

<0:@>A>;59 2V4?>2V4=> 4> 5;5<5=B=>3> A:;04C �@C=BV2 7C<>28;>, =02?0:8, 

7@>AB0==O <>@D><5B@8G=8E ?0@0<5B@V2 <0965 242VGV (B01;.4.5).  

�;O B@5Bь>W 4>A;V4=>W 3@C?8 4>4020==O �"� ?>78B82=> 2?;8=C;> =0 CB2>@5==O 

=>28E ;8AB:V2, ?@>B5, 45I> ?@83=VB8;> @87>35=57 B0 @VAB ;8AB:>28E ?;0AB8=>:. ":@V< 

Fь>3>, 28:>@8AB0==O ?@5?0@0BC «TREVITAN®» =5 40;> ?>78B82=8E @57C;ьB0BV2 4;O 284C 



C. cirsioides 7 A. �CB8Aь:>. !02VBь C :><?;5:AV 7 �"� @5:C;ьB820=B :><?>78FV9=89 =5 

>?B8<V7C202 D>@<C20==O :>@5=V2 (B01;.4.5). 

�;O @>A;8= 284C C. acaulis =09>?B8<0;ь=VH8< 28O28;>Aь A5@54>28I5 4;O 

:C;ьB82C20==O, >?B8<V7>20=5 2V4?>2V4=> 4> A:;04C �@C=BV2 7 ?@8@>4=8E <VAFь 

7@>AB0==O (:>=B@>;ь 2), O: 4;O @>ABC (2,12 ±0,950) B0 CB2>@5==O =>28E ;8AB:V2 

(5,50 ±1,120), B0: V 4>AB0B=V< 4;O ?@>F5AV2 @87>35=57C (3,75±1,44a). #@8 Fь><C, 

=09=86GV ?>:07=8:8 @>ABC ;8AB:V2 (1,21±0,24c) B0 :>@5=5CB2>@5==O (1,21±0,34c) 1C;8 

28O2;5=V 70 :C;ьB82C20==O =0 A5@54>28IV 4>A;V4=>3> 20@V0=BC 3.4 (B01;.4.5).  
 

 

 

$8A. 4.18. $VAB @>A;8= C. cirsioides (�CB8Aь:>) =0 A5@54>28IV: �) 

<>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 2 70 A:;04>< <0:@>A>;59, 

4>?>2=5=><C 0,1 <3/; �"�  B0 0,1 <3/;«TREVITAN®»; �)  %, 4>?>2=5=><C 0,1 <3/; 

�"� 

�8:>@8AB0==O @53C;OB>@0 @>ABC �"� C :>=F5=B@0FVW 0,1 <;/; =530B82=> 

?>7=0G8;>Aь =0 ?>:07=8:0E @>ABC 284C  C. acaulis in vitro, I> >A>1;82> 

2V4>1@078;>Aь =0 @>A;8=0E, :C;ьB82>20=8E =0 A5@54>28IV  %/2 B0 

<>48DV:>20=><C 70 5;5<5=B=8< A:;04>< �@C=BV2 (B01;.4.5). 

*5 <>65 A2V4G8B8 ?@> =5>1EV4=VABь 7<5=H5==O :>=F5=B@0FVW @53C;OB>@0 

@>ABC 4;O Fь>3> 284C @>A;8=. �0AB>AC20==O ?@5?0@0BC «TREVITAN®» 7C<>28;> 

=57=0G=5 7@>AB0==O ?>:07=8:V2 @>ABC ;8AB:>28E ?;0AB8=>: (1,51±0,49b), >4=0:, 

=5 A?@8O;> @87>35=57C (1,75±0,31bc). 



�=0;V7 @57C;ьB0BV2 4>A;V465=ь A2V4G8Bь, I> =0 @VAB @>A;8= @>4C Carlina 2 

C<>20E in vitro 2?;820є =5 BV;ь:8 5;5<5=B=89 A:;04 A5@54>28I0 4;O 

:C;ьB82C20==O, 0;5 V 7=0G=C @>;ь 2V4V3@0є A57>==VABь. �>:@5<0, ?@>F5A8 ?@8@>ABC 

;8AB:V2 C 4>268=C B0 @87>35=57C C 284C C. onopordifolia 1C;8 0:B82=VH8<8 C ;VB=V 

<VAOFV, ?>@V2=O=> 7 >AV==V<8 (=0 7,02 % B0 29,90 % 2V4?>2V4=>).  

 
 

$8A. 4.19 �?;82 A57>==>ABV =0 @>AB>2V ?0@0<5B@8 @>A;8= @>4C Carlina C 
:C;ьBC@V  in vitro 

 

�;O 284C C. acaulis, =02?0:8, ?>:07=8:8 @>ABC ;8AB:V2 B0 :>@5=V2 1C;8 

:@0I8<8 C 6>2B=V, =V6 C G5@2=V (=0 45,81 % B0 10,40 % 2V4?>2V4=>). #@8 Fь><C 

A57>==VABь =5 2?;8=C;0 =0 :>@5=5CB2>@5==O C 284C C. cirsioides (?>?C;OFVO 7 

�075I8=8), 0 4;O ?>?C;OFVW V7 A. �CB8Aь:> 2;VB:C @87>35=57 1C2 <0965 242VGV 

0:B82=VH8< (4,50 A<), ?>@V2=O=> V7 >AV==V< A57>=>< (2,71 A<) (@8A.4.15). 

 

�8A=>2:8 4> @>74V;C 4 
 

�>A;V465==O >A>1;82>AB59 :C;ьB82C20==O @>A;8= 2 C<>20E in vitro 

?5@5410G0;> >FV=:C 2?;82C =0 WE DV7V>;>3VG=89 AB0= @V7=8E A2VB;>28E C<>2 

28@>IC20==O, 5;5<5=B=>3> A:;04C A5@54>28I0 4;O :C;ьB82C20==O B0 5:7>35==8E 

@53C;OB>@V2 / AB8<C;OB>@V2 @>ABC. 

#V4V1@0=> C<>28 4;O >B@8<0==O B0 2:>@V=5==O @>A;8= 2V4:0A=8:V2. 

�AB0=>2;5=>, I> 28B@8<C20==O =0AV==O C @>7G8=V � � :>=F5=B@0FVєN 1000 <3/; 

C?@>4>26 234 3>4. A?@8O;> 7=0G=><C ?V428I5==N 2V4A>B:0 2:>@V=5==O C @>A;8= 

0
0,5

1
1,5

2
2,5

3
3,5

4
4,5

5

�>268=0 
;8AB:V2

�>268=0 
:>@5=V2

�>268=0 
;8AB:V2

�>268=0 
:>@5=V2

�>268=0 
;8AB:V2

�>268=0 
:>@5=V2

�>268=0 
;8AB:V2

�>268=0 
:>@5=V2

C. cirsioides (A. 
�075I8=0)

C. cirsioides (A. 
�CB8Aь:>) 

C. acaulis C. onopordifolia

G5@25=ь
6>2B5=ь



2V4:0A=8:V2. ' B0:><C 28?04:C ?>:07=8:8 2:>@V=5==O AB0=>28;8: C. Eirsioides 3 

100 %, C. BnoDordifolia 3 100 %, 0 C. 4caulis 4 80 %, 0 @878:8 B@02<0B870FVW 

?@>@>AB:V2 B0 :>;820==O :>=F5=B@0FVW @>7G8=C � � G5@57 1030B>@07>25 

28:>@8AB0==O B0 AB5@8;V70FVN ?>2=VABN 7=8:0;8.  

�9OA>20=>, I> 2<VAB ?V3<5=BV2 @>A;8= in vitro 48=0<VG=> @503Cє =0 7<V=C 

A2VB;>28E C<>2 WE :C;ьB82C20==O. #>:070=>, I> 70 :C;ьB82C20==O 2 A2VB;>2>3> 

@568<C 3 20@V0=BC =5 ;8H5 7=0G5==O 2V4=>H5==O Chl a/b, 0;5 9 ?>:07=8:8 

7030;ь=>3> 2<VABC ?V3<5=BV2 C @>A;8= 284V2 C. acaulis V C. onopordifolia =01;865=V 

4> ?>:07=8:V2 @>A;8= 7 ?@8@>4=8E <VAFь @>ABC. "4=0: 6>4=89 V7 4>A;V465=8E 

20@V0=BV2 A2VB;>2>W :>@5:FVW =5 2V4?>2V40є ?>B@510< C A2VB;>70157?5G5==V 284C C. 

cirsioides. *5 25@8DV:Cє =0HC 3V?>B57C, I> 2V4:0A=8: >A>B>?>4V1=89 =0;568Bь 4> 

:0B53>@VW BV=ь>28B@820;8E @>A;8=, O:8< =5>1EV4=0 <5=H0 V=B5=A82=VABь 

>A2VB;5==O.  

#>@V2=O;ь=89 0=0;V7 7<V= V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C 4 C @>A;8= 7 

?@8@>48 B0 7 C<>2 in vitro ?>:0702 <0NBь 7=0G=V 2V4<V==>ABV C ?5@51V3C ?5@28==8E 

?@>F5A0E D>B>A8=B57C. �8IV ?>:07=8:8 5D5:B82=>ABV 70?0A0==O 5=5@3VW A2VB;0 

(% ��, :20=B>2>3> 28E>4C (% ��, 68BBє740B=>ABV @>A;8= =0 D>=V =86G8E 7=0G5=ь 

B5?;>2>W 48A8?0FVW 2:07CNBь =0 1V;ьHC 2V4?>2V4=VABь C<>2 3 20@V0=BC 

1V>;>3VG=8< ?>B@510< C A2VB;V @>A;8=0< in vitro 284V2 C. onopordifolia B0 C. 

acaulis. 

�AB0=>2;5=> 48=0<VG=C 70;56=VABь ?>:07=8:V2 2>4=>3> @568<C @>A;8= 2V4 

A?5:B@0;ь=>3> A:;04C A2VB;0 2 C<>20E in vitro. �0 ?0@0<5B@0<8 2>4=>3> @568<C 

@>A;8=, O:V є :@8B5@VO<8-<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8= in vitro 

287=0G5=>, I> C 284C C. onopordifolia =01;865=8< 4> ?@8@>4=8E C<>2 @>ABC є 1 

20@V0=B >A2VB;5==O, 0 C 284C C. cirsioides 3 2 20@V0=B A2VB;>2>W :>@5:FVW. 

#>:070=>, I> 4;O :C;ьB82C20==O @>A;8= in vitro 284C C. acaulis 

=094>FV;ь=VH5 28:>@8AB>2C20B8 A5@54>28I5 4;O :C;ьB82C20==O, >?B8<V7>20=5 

2V4?>2V4=> 4> A:;04C �@C=BV2 7 ?@8@>4=8E <VAFь 7@>AB0==O. #>:07=8:8 

71V;ьH5==O 4>268=8 ;8AB:>2>W ?;0AB8=:8 (2,12 ±0,95 A<) B0 CB2>@5==O =>28E 

;8AB:V2 (5,50 ±1,12 HB.) V :>@5=V2 (3,75 ±1,44 HB.) 70 B0:8E C<>2 28@>IC20==O є 

=09:@0I8<8. !091V;ьH A?@8OB;828< C 284V2 C. cirsioides B0 C. onopordifolia 4;O 



?@>F5AV2 @87>35=57C (5,43 ±1,80 A< B0 4,18 ±2,14 A< 2V4?>2V4=>) 28O28;>Aь 

<>48DV:>20=5 A5@54>28I5 4;O :C;ьB82C20==O 70 2<VAB>< (>AD>@C, �0;ьFVN B0 

!VB@>35=C, C<>28 O:>3> 1C;8 704>2V;ь=8<8 V 4;O ?>:07=8:V2 CB2>@5==O 

(2,57 ±1,18 HB. B0 1,82 ±0,89 HB. 2V4?>2V4=>) B0 @>ABC ;8AB:>28E ?;0AB8=>: 

(2,29 ±1,03 A< B0 2,47 ±1,36 A< 2V4?>2V4=>). 

�AB0=>2;5=>, I> 52>;NFV9=> AD>@<>20=V >A>1;82>ABV 284V2 2V4V3@0NBь 

>A=>2=C @>;ь 4;O >?B8<V70FVW C<>2 28@>IC20==O 2 :C;ьBC@V in vitro @>A;8= 284V2 

@>4C Carlina. �@0EC20==O ?>B@51 284V2 C A2VB;>2><C @568<V B0 5;5<5=B0E 

<V=5@0;ь=>3> 682;5==O 4>72>;Oє =V25;N20B8 A?5F8DVG=89 2?;82 C<>2 

:C;ьB82C20==O in vitro =0 DV7V>;>3VN @>A;8= B0, 2V4?>2V4=>, ?V428I8B8 WE 

040?B82=89 ?>B5=FV0; 4> C<>2 ex vitro. 

  



�!���� � '�����Ь!�!!/ $��'�Ь&�&�� 

�15@565==O 1V>@V7=><0=VBBO FV==8E ;V:0@Aь:8E @>A;8= є 0:BC0;ь=>N 

?@>1;5<>N ACG0A=>ABV (Vangendt, J.; 2019; �2V@=0 &.% 2023 �8O: 2023). �;O 

28@VH5==O FVєW ?@>1;5<8 28:>@8AB>2CNBь 1V>B5E=>;>3VG=V <5B>48 

:C;ьB82C20==O in vitro, O:V 4>72>;ONBь, O: 715@53B8 1V>@V7=><0=VBBO, B0: V 

70157?5G8B8 D0@<0F52B8G=C ?@><8A;>2VABь 4>AB0B=ь>N :V;ь:VABN 

1V>B5E=>;>3VG=>W A8@>28=8 (+53 �., 2023; Chiorchina N. 2021;  �03>@>4=O �. %., 

2023; Shaw, 2012; Kolewe, 2011; Isah 2015; Jimenez-Garcia,  2013). %0<5 =0 

@>7@>1:C ?V4E>4V2 4;O >B@8<0==O C65 =0 5B0?V in vitro 28A>:>68BBє740B=>3> 

@>A;8==>3> <0B5@V0;C 284V2 @>4C Carlina 7 C@0EC20==O< WE=VE 1V>;>3VG=8E 

>A>1;82>AB59 B0 540DVG=8E C<>2 @>ABC V 1C;> A?@O<>20=5 48A5@B0FV9=5 

4>A;V465==O. 

�=0;V7 =0C:>2>W ;VB5@0BC@8 A2V4G8Bь ?@> B5, I> @5;V:B>2V 2848 @>4C Carlina 

є FV==8< 465@5;>< 4;O D0@<0FVW 7024O:8 2<VABC 1V>;>3VG=> 0:B82=8E @5G>28= 

(�V:0@Aь:V @>A;8=8, 1992; #>7=0=Aь:0 �., 1989; (54>@8H8= ".  ., 2021; 

Lubomski, 1989). �8=0<V:0 ?>3V@H5==O AB0=C =02:>;8H=ь>3> A5@54>28I0 B0 

2?;82 ;N4Aь:>W 4VO;ь=>ABV ?@8725;8 4> A:>@>G5==O ?>?C;OFV9. #@54AB02=8:8 

284V2 C. Bnopordifolia B0 C. cirsioides є G5@2>=>:=86=8<8 B0 ?>B@51CNBь 70E8ABC 

2 :>6=><C ;>:0;VB5BV @>ABC (8<6. @>74V; 1). #@8 Fь><C, 282G5==O 1V>5:>;>3VG=8E 

>A>1;82>AB59 2V4:0A=8:V2 7 ?@8@>4=8E <VAF57@>AB0=ь A2V4G8Bь ?@> 

?5@A?5:B82=VABь 22545==O @>A;8= 284V2 @>4C Carlina 2 :C;ьBC@C. 

�C;ьB82C20==O 2V4:0A=8:V2 2 C<>20E in vitro 2V4:@820є <>6;82VABь 

FV;>@VG=>3> >B@8<0==O 7 <V=V<0;ь=>3> >1AO3C 4>=>@Aь:>3> @>A;8==>3> <0B5@V0;C 

7=0G=C :V;ь:VABь @>A;8=, I> <>65 A;C3C20B8 465@5;>< 1V>;>3VG=> 0:B82=8E 

A?>;C:. "4=0:, =0C:>20 ;VB5@0BC@0 <VAB8Bь 4C65 <0;> V=D>@<0FVW ?@> 22545==O 2 

:C;ьBC@C in vitro 284V2 C. onopordifolia, C. cirsioides, C. acaulis, O:V ?>H8@5=V =0 

�0E>4V ':@0W=8 (Trejgell A., 2009; (54>@8H8= ". ., 2020; Trejgell A 2007; Trejgell 

A. 2009; Trejgell A. 2011). &><C 70AB>AC20==O 1V>B5E=>;>3VG=8E <5B>4V2 4;O 

715@565==O 35=>D>=4C ?@54AB02=8:V2 @>4C Carlina O: ?>B5=FV9=>3> 465@5;0 



1V>;>3VG=> 0:B82=8E @5G>28= 4;O <548F8=8 B0 D0@<0FVW є 206;828< 70240==O< 

ACG0A=>W =0C:8 (Strzemski M., 2019; Dordevic S., 2012). 

�:;V<0B870FVO ?>A04:>2>3> <0B5@V0;C 4> C<>2 ex vitro B0 in situ є 

DV=0;ь=8< 5B0?>< :C;ьB82C20==O @>A;8=. #@8 Fь><C, A0<5 @>7@>1:0 ?V4E>4V2 4> 

?V428I5==O 040?B82=8E <>6;82>AB59 @>A;8= I5 =0 AB04VW in vitro 4>72>;Oє 

>B@8<0B8 28A>:> 68BBє740B=89 ?>A04:>289 <0B5@V0;. *5 ?>29O70=> 7 B8<, I> 

<>48DV:0FVO DV78:>-EV<VG=8E C<>2 :C;ьB82C20==O @>A;8= in vitro 40є <>6;82VABь 

FV;5A?@O<>20=> @53C;N20B8 DV7V>;>3VG=V ?@>F5A8 B0, 2V4?>2V4=>, ?V428IC20B8 

040?B82=89 ?>B5=FV0; 4> C<>2 ex vitro B0 in situ. #@8 Fь><C, =5>1EV4=>N C<>2>N 

є 2@0EC20==O DV7V>;>3VG=8E >A>1;82>AB59 284V2 C ?@8@>4=8E C<>20E @>ABC, O:V 

45B5@<V=CNBь ?>B@518 @>A;8= in vitro C A2VB;>2><C, 2>4=><C B0 B5<?5@0BC@=><C 

@568<0E, 0 B0:>6 5;5<5=B0E 682;5==O. � >3;O4C =0 B5, I> A0<5 =52V4?>2V4=VABь 

C<>2 :C;ьBC@8 in vitro 1V>;>3VG=8< ?>B@510< 284V2 7C<>2;Nє ACBBє2V 7<V=8 

?5@51V3C WE DV7V>;>3VG=8E ?@>F5AV2, I> V ?@>O2;OєBьAO C ?@8AB>AC20;ь=8E 

<>6;82>ABOE @>A;8= in vitro.  

�8@VH5==O FVєW ?@>1;5<8 ?5@5410G0є 4>A;V465==O DV7V>;>3VG=8E 

E0@0:B5@8AB8: 284V2 C ?@8@>4=8E <VAFOE @>ABC B0 >4=>G0A=>3> 2V41>@C :@8B5@VW2-

<0@:5@V2 C @>A;8= in situ, O:V <>6=0 70AB>A>2C20B8 4;O >FV=:8 >A>1;82>AB59 

DC=:FV>=0;ь=8E ?5@51C4>2 ?>A04:>2>3> <0B5@V0;C I5 =0 5B0?V in vitrB B0 ?V4 G0A 

?5@5=5A5==O 2 C<>28 ?@8@>48.  

' @>1>BV =0<8 ?@>0=0;V7>20=> :;V<0B8G=V B0 540DVG=V C<>28 @>ABC 

2V4:0A=8:V2 B0 WE DV7V>;>3VG=V >A>1;82>ABV 2 ?@8@>4V, I> 40;> <>6;82VABь 

2V4V1@0B8 :@8B5@VW-<0@:5@8 >FV=:8 DC=:FV>=0;ь=>3> AB0=C 2V4:0A=8:V2. �;O 

Fь>3> 1C;> ?@>2545=> 4>A;V465==O AB0=C (%� B0 2>4=>3> 10;0=AC %. acaulis, 

%. onopordifolia, %. cirsioides in situ, 0 B0:>6 287=0G5=> EV<VG=89 A:;04 B0 >1<V==C 

:8A;>B=VABь �@C=BV2 7 ?@8@>4=8E <VAFь @>ABC.  

�AB0=>2;5=> 2<VAB ?V3<5=BV2 C (%� @>A;8= 2V4:0A=8:V2 7 ?@8@>4=8E <VAFь 

@>ABC. �9OA>20=>, I> 5:>;>3VG=V, 35>3@0DVG=V V DVB>F5=>B8G=V C<>28 @>ABC 

2?;820NBь O: =0 7030;ь=89 2<VAB  ?V3<5=BV2, B0: V =0 2<VAB >:@5<8E WE 3@C?. 

!0928I89 2<VAB ?V3<5=BV2 28O2;5=> C BV=ь>28B@820;>3> 284C %. cirsioides, 0 

=09<5=H0 3 C A2VB;>;N1=>3> 284C %. onopordifolia. �;O 3;81H>3> @>7C<V==O 



DC=:FV>=C20==O (%� 1C;> >1@0E>20=> A?V22V4=>H5==O >:@5<8E 3@C? ?V3<5=BV2. 

#@8 Fь><C 28O2;5=> 284>2V 2V4<V==>ABV C 2V4=>H5==OE :0B53>@V9 ?V3<5=BV2, 

7>:@5<0, C ?>:07=8:0E Chl 4/b, 7=0G5==O O:8E C %. acaulis AO30є 4,3634,65, 0 C 

%. onopordifolia 3 2,0. �=0;V7 74>1CB8E @57C;ьB0BV2 ?>:0702, I> A?V22V4=>H5==O 

E;>@>DV;C a 4> b, 0 B0:>6 AC<8 E;>@>DV;V2 (a + b) 4> :0@>B8=>W4V2 є =091V;ьH 

AB01V;ь=8<8 ?>:07=8:0<8. *5 4>72>;Oє @>73;O40B8 WE O: V=D>@<0B82=V :@8B5@VW-

<0@:5@8 4;O >FV=:8 DC=:FV>=0;ь=8E 7<V= C @>A;8=0E ?V4 G0A :C;ьB82C20==O 

in vitro. 

":@V< Fь>3>, =0<8 1C;> 4>A;V465=> 2?;82 :;V<0B8G=8E G8==8:V2 =0 AB0= 

(%� 2V4:0A=8:V2. $57C;ьB0B8 4>A;V465=ь 28O28;8 70;56=VABь <V6 @V2=5< 

E;>@>DV;V2 B0 :0@>B8=>W4V2, A?V22V4=>H5==O< ?V3<5=BV2 ?@54AB02=8:V2 @>4C 

Carlina B0 ?>3>4=8<8 C<>20<8. !0<8 2AB0=>2;5=>, I> <5B5>@>;>3VG=V G8==8:8 2 

<VAFOE 7@>AB0==O C. onopordifolia B0 C. cirsioides 2?;820NBь =0 7030;ь=89 2<VAB 

B0 A?V22V4=>H5==O ?V3<5=BV2. ' @>A;8=0E A2VB;>;N1=>3> 284C  C. onopordifolia 

28O2;5=> =0 24339% 28I89 2<VAB D>B>A8=B5B8G=8E ?V3<5=BV2, ?>@V2=O=> V7 

284>< C. cirsioides. �AB0=>2;5=>, I> AB0= (%� @>A;8= ?@54AB02=8:V2 >1>E 284V2 

1V;ьH5 287=0G0єBьAO =04;8H:>< 01> =5AB0G5N 2>;>38, =V6 B5<?5@0BC@>N 

?>2VB@O. 

' ?@>F5AV 4>A;V465=ь =0<8 ?V4B25@465=>, I> <5B>4 �() є 4Vє28< 

V=AB@C<5=B>< 4;O 4>A;V465==O DC=:FV>=C20==O (%� @>A;8= @>4C Carlina. 

$57C;ьB0B8 4>A;V465=ь 4>72>;ONBь ?@8?CAB8B8, I> 2 C<>20E ?@8@>4=>3> 

A5@54>28I0 @>A;8=8 C. cirsioides B0 C. onopordifolia 707=0NBь 4VW 01V>B8G=8E 

AB@5AV2, C @57C;ьB0BV G>3> 7@>AB0NBь 2B@0B8 A2VB;>2>W 5=5@3VW C 283;O4V B5?;>2>W 

48A8?0FVW B0 ?>A8;NNBьAO ?@>F5A8 D>B>V=3V1C20==O. �=45:A 68BBє740B=>ABV 

@>A;8= C. cirsioides V C. onopordifoli4 in situ C42VGV =86G89 70 >?B8<0;ь=89 

@5D5@5=B=89 @V25=ь. 

�=0;V7 ?@>2545=8E 4>A;V465=ь 4>72>;Oє ?@8?CAB8B8, I> C 284V2 

C. onopordifolia B0 C. cirsioides AD>@<>20=> 2V4<V==V 040?B82=V H;OE8 4;O 

@53C;OFVW 2>4=>3> 10;0=AC. #@8 Fь><C @>A;8=8 <>;>4H8E 2V:>28E 3@C? >1>E 

284V2 45<>=AB@CNBь 2V4=>A=> 28A>:C ABV9:VABь 4> =5AB0GV 2>;>38. �>4=>G0A 

35=5@0B82=V @>A;8=8 C. cirsioides B0:>6 715@V30NBь 7=0G=89 @V25=ь ABV9:>ABV, 0 >B 



35=5@0B82=V @>A;8=8 C. onopordifolia 28O28;8AO =091V;ьH 2@07;828<8 4> 7<V= 

2>4=>3> 10;0=AC. #>@O4 V7 F8<, =0<8 1C;> 2AB0=>2;5=>, I> V=B5=A82=VABь 

B@0=A?V@0FVW, @V25=ь 2>4=>3> 45DVF8BC B0 2>;>3>CB@8<C20;ь=0 740B=VABь @>A;8= 

in situ <>6CBь 1CB8 28:>@8AB0=V O: :@8B5@VW-<0@:5@8 4;O >FV=N20==O 

DV7V>;>3VG=>3> AB0=C @>A;8= ?V4 G0A :C;ьB82C20==O in vitro. 

�>A;V465==O ?@8@>4=8E C<>2 @>ABC B0:>6 2:;NG0є 282G5==O 540DVG=8E 

?>B@51 284V2. #>:070=>, I> EV<VG=89 A:;04 B0 ?>:07=8:8 >1<V==>W :8A;>B=>ABV 

�@C=BV2 C <VAFOE 7@>AB0==O 4>A;V46C20=8E 284V2 <0NBь 7=0G=V 2V4<V==>ABV. 

�>:@5<0, 7=0G5==O >1<V==>W :8A;>B=>ABV C ?@>10E �@C=BV2, 45 7@>AB0є C. 4caulis 

(A. �075I8=0, �0:0@?0BAь:0 >1;.), 28O28;8Aь 7=0G=> =86G8<8, ?>@V2=O=> <VAFO<8 

@>ABC (A. �CB8Aь:>, &5@=>?V;ьAь:89 @09>=). �AB0=>2;5=>, I> @>A;8=8 284C 

C. 4caulis ?>H8@5=V C ;>:0;VB5B0E V7 ?V428I5=8< @V2=5< 1V>4>ABC?=>3> (>AD>@C, 

>4=0:, 7 =86G8<8 ?>:07=8:0<8 �0;VN, �0;ьFVN, 0<>=V9=>W B0 =VB@0B=>W D>@< 

!VB@>35=C, =0 2V4<V=C 2V4 284V2 C. cirsioides B0 C. onopordifolia. �AB0=>2;5=V 40=V 

4>72>;OBь 710;0=AC20B8 5;5<5=B=89 A:;04 A5@54>28I0 4;O :C;ьB82C20==O 

@>A;8= 4>A;V46C20=8E 284V2 2 C<>20E in vitro. 

"45@60=V @57C;ьB0B8 4>A;V465=ь 4>72>;8;8 2V4V1@0B8 :@8B5@VW-<0@:5@8 

4;O >FV=:8 DC=:FV>=0;ь=>3> AB0=C @>A;8= 2 C<>20E ?@8@>48 7 ?>B5=FV0;>< 

:>=B@>;N <>48DV:0FV9 @>A;8= in vitro C 2V4?>2V4ь =0 >?B8<V70FVN C<>2 WE 

:C;ьB82C20==O.  

"?B8<V70FVO C<>2 :C;ьB82C20==O @>A;8= 2 C<>20E in vitro 2:;NG0;0 

79OAC20==O 2?;82C =0 WE DV7V>;>3VG=89 AB0= @V7=8E A2VB;>28E C<>2 28@>IC20==O, 

5;5<5=B=>3> A:;04C A5@54>28I0 4;O :C;ьB82C20==O B0 5:7>35==8EAB8<C;OB>@V2 

@>ABC. 

' E>4V @>1>B8 1C;> ?V4V1@0=> C<>28 4;O >B@8<0==O B0 2:>@V=5==O @>A;8= 

2V4:0A=8:V2. �AB0=>2;5=>, I> 28B@8<C20==O =0AV==O, 0 =5 ?@>@>AB:V2 

2V4:0A=8:V2, C @>7G8=V � � :>=F5=B@0FVєN 1000 <3/; C?@>4>26 234 3>4. A?@8O;> 

?>:@0I5==N 2:>@V=5==O C @>A;8= 2V4:0A=8:V2, 0 @878:8 B@02<0B870FVW ?@>@>AB:V2 

B0 :>;820==O :>=F5=B@0FVW @>7G8=C � � G5@57 1030B>@07>25 28:>@8AB0==O B0 

AB5@8;V70FVN ?>2=VABN 7=8:0;8.  



�=0;V7 ;VB5@0BC@=8E 465@5; 2:07Cє =0 B5, I> ?V3<5=B=89 :><?;5:A 

:C;ьB82>20=8E in vitro @>A;8= 48=0<VG=> @503Cє =0 7<V=C A2VB;>28E C<>2 WE 

28@>IC20==O. #>:070=>, I> 70 :C;ьB82C20==O 2 C<>20E A2VB;>2>3> @568<C 3 

20@V0=BC =5 ;8H5 7=0G5==O 2V4=>H5==O Chl a/b, 0;5 9 7030;ь=89 2<VAB ?V3<5=BV2 C 

@>A;8= 284V2 C. acaulis V C. onopordifolia, =01;865=V 4> ?>:07=8:V2 @>A;8= 7 

?@8@>4=8E <VAFь @>ABC. "4=0: 6>4=89 V7 4>A;V465=8E 20@V0=BV2 A2VB;>2>W 

:>@5:FVW =5 2V4?>2V40є ?>B@510< C A2VB;>70157?5G5==V 284C C. cirsioides. *5 

25@8DV:Cє =0H5 ?@8?CI5==O, I> C. cirsioides =0;568Bь 4> 3@C?8 

BV=ь>28B@820;8E @>A;8=, O:8< =5>1EV4=0 <5=H0 V=B5=A82=VABь >A2VB;5==O.  

#>@O4 V7 F8<, ?>@V2=O;ь=89 0=0;V7 7<V= V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C 

4 C @>A;8= 7 ?@8@>48 B0 7 C<>2 in vitro ?>:0702 <0NBь 7=0G=V 2V4<V==>ABV C 

?5@51V3C ?5@28==8E ?@>F5A0E D>B>A8=B57C. �8IV ?>:07=8:8 5D5:B82=>ABV 

70?0A0==O 5=5@3VW A2VB;0 (% ��, :20=B>2>3> 28E>4C (% ��, 68BBє740B=>ABV @>A;8= 

=0 D>=V =86G8E 7=0G5=ь B5?;>2>W 48A8?0FVW 2:07CNBь =0 1V;ьHC 2V4?>2V4=VABь 

C<>2 3 20@V0=BC 1V>;>3VG=8< ?>B@510< C A2VB;V @>A;8=0< in vitro 284V2 

C.onopordifolia B0 C. acaulis. 

"?B8<V70FVO C<>2 :C;ьB82C20==O ?5@5410G0;0 287=0G5==O 2>4=>3> 10;0=AC 

@>A;8= in vitro 70;56=> 2V4 A2VB;>2>3> @568<C. #@8 Fь><C 2AB0=>2;5=> 

48=0<VG=C 70;56=VABь ?>:07=8:V2 2>4=>3> @568<C @>A;8= 2V4 A?5:B@0;ь=>3> 

A:;04C A2VB;0 2 C<>20E in vitro. �0 ?0@0<5B@0<8 2>4=>3> @568<C O: :@8B5@VO<8-

<0@:5@0<8 DC=:FV>=0;ь=>3> AB0=C @>A;8= in vitro 74V9A=5=> :>@5:FVN 

A?5:B@0;ь=>3> A:;04C >A2VB;5==O. 

' E>4V @>1>B8 =0<8 1C;> 710;0=A>20=> 5;5<5=B=89 A:;04 A5@54>28I0 4;O 

:C;ьB82C20==O. #@8 Fь><C ?>:070=>, I> 4;O :C;ьB82C20==O @>A;8= in vitro 284C 

C. acaulis =094>FV;ь=VH5 28:>@8AB>2C20B8 A5@54>28I5 4;O :C;ьB82C20==O, 

>?B8<V7>20=5 2V4?>2V4=> 4> A:;04C �@C=BV2 7 ?@8@>4=8E <VAFь 7@>AB0==O. 

#>:07=8:8 71V;ьH5==O 4>268=8 ;8AB:>2>W ?;0AB8=:8 (2,12 ±0,95 A<) B0 

CB2>@5==O =>28E ;8AB:V2 (5,50 ±1,12 HB.) V :>@5=V2 (3,75 ±1,44 HB.) 70 B0:8E C<>2 

28@>IC20==O є =09:@0I8<8. !091V;ьH A?@8OB;828< C 284V2 C. cirsioides B0 

C. onopordifolia 4;O ?@>F5AV2 @87>35=57C (5,43 ±1,80 A< B0 4,18 ±2,14 A< 

2V4?>2V4=>) 28O28;>Aь <>48DV:>20=5 70 2<VAB>< (>AD>@C, �0;ьFVN B0 !VB@>35=C 



A5@54>28I5 4;O :C;ьB82C20==O, C<>28 O:>3> 1C;8 704>2V;ь=8<8 V 4;O ?>:07=8:V2 

CB2>@5==O (2,57 ±1,18 HB. B0 1,82 ±0,89 HB. 2V4?>2V4=>) B0 @>ABC ;8AB:>28E 

?;0AB8=>: (2,29 ±1,03 A< B0 2,47 ±1,36 A< 2V4?>2V4=>). 

�AB0=>2;5=>, I> 52>;NFV9=> AD>@<>20=V >A>1;82>ABV 284V2 є >A=>2=8<8 

?@8 ?V41>@V C<>2 4;O >?B8<V70FVW 28@>IC20==O 2 :C;ьBC@V in vitro @>A;8= 284V2 

@>4C Carlina. �@0EC20==O ?>B@51 284V2 C A2VB;>2><C @568<V B0 5;5<5=B0E 

<V=5@0;ь=>3> 682;5==O 4>72>;Oє =V25;N20B8 A?5F8DVG=89 2?;82 C<>2 

:C;ьB82C20==O in vitro =0 DV7V>;>3VN @>A;8= B0, 2V4?>2V4=>, ?V428I8B8 WE 

040?B82=89 ?>B5=FV0; 4> C<>2 ex vitro.  

!0 >A=>2V 0=0;V7C ;VB5@0BC@=8E 465@5; B0 @57C;ьB0BV2 2;0A=8E 4>A;V465=ь 

=0<8 70?@>?>=>20=> AE5<C V=B53@0;ь=>3> ?V4E>4C 4> ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @>A;8= 284V2 @>4C Carlina in vitro (@8A. 5.1). 

 

 

 

$8A.5.1. %E5<0 V=B53@0;ь=>3> ?V4E>4C 4> ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @>A;8= 284V2 @>4C Carlina in vitro 

 

  



��%!"��� 

 

$>7@>1;5=> 1V>B5E=>;>3VG=V ?V4E>48 4> ?V428I5==O 040?B82=>3> 

?>B5=FV0;C @V4:VA=8E ;V:0@Aь:8E 284V2 @>4C Carlina L. �024O:8 ?@>2545==N 

:><?;5:A=>3> 4>A;V465==O 2<VABC B0 A?V22V4=>H5==O D>B>A8=B5B8G=8E 

?V3<5=BV2 2V4:0A=8:V2, 287=0G5==N ?0@0<5B@V2 V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C 

4 B0 2>4=>3> 10;0=AC @>A;8= in situ ?V4V1@0=> A2VB;>289 @568< in vitro 4;O Carlina 

onopordifolia Besser ex Szafer, Kulcz. et Pawl, Carlina cirsioides Klokov, B0 Carlina 

acaulis L. !0 >A=>2V 282G5==O 5;5<5=B=>3> A:;04C B0 >1<V==>W :8A;>B=>ABV 

�@C=BV2 V7 ?@8@>4=8E <VAFь @>ABC 710;0=A>20=> EV<VG=89 A:;04 A5@54>28I0 4;O 

:C;ьB82C20==O @>A;8= 2 C<>20E in vitro. $>7@>1;5=V ?V4E>48 <>6=0 

28:>@8AB0B8 O: 4;O ?>40;ьH>W 0:;V<0B870FVW @>A;8= 2V4:0A=8:V2 4> 

C<>2 ex vitro B0 in situ, B0: V C ?@8@>4>>E>@>==8E FV;OE 4;O ?V428I5==O 

040?B82=>3> ?>B5=FV0;C @>A;8= V=H8E @V4:VA=8E 284V2 @>A;8=.  

1. �87=0G5=> 2<VAB B0 A?V22V4=>H5==O ?V3<5=BV2 C (%� 2V4:0A=8:V2 7 ?@8@>4=8E 

<VAFь @>ABC. �9OA>20=>, I> @V7=><0=VB=VABь 5:>;>3VG=8E, 35>3@0DVG=8E V 

DVB>F5=>B8G=8E C<>2 7@>AB0==O 2?;820є O: =0 7030;ь=89 2<VAB ?V3<5=BV2, B0: 

V =0 2<VAB WE >:@5<8E 3@C?. !091V;ьH89 2<VAB ?V3<5=BV2 A?>AB5@V30єBьAO C 

BV=ь>28B@820;>3> 284C %. cirsioides, 0 =09<5=H89 3 C 35;V>DVB=>3> 284C 

%. onopordifolia. !091V;ьH AB0;8<8 ?>:07=8:0<8 28O28;8AO A?V22V4=>H5==O 

E;>@>DV;C a 4> b, 0 B0:>6 AC<8 E;>@>DV;V2 (a + b) 4> Carot, I> 4>72>;Oє 

@>73;O40B8 WE O: V=D>@<0B82=V :@8B5@VW-<0@:5@8 4;O >FV=:8 DC=:FV>=0;ь=8E 

7<V= C @>A;8=0E ?V4 G0A :C;ьB82C20==O in vitro. #@8 Fь><C AB0= (%� @>A;8= 

%. cirsioides B0 %. onopordifolia 1V;ьH5 287=0G0єBьAO =04;8H:>< 01> =5AB0G5N 

2>;>38, =V6 B5<?5@0BC@>N ?>2VB@O. 

2. �>A;V465=> :;NG>2V ?0@0<5B@8 V=4C:FVW D;C>@5AF5=FVW E;>@>DV;C 4 @>A;8= 

284V2 @>4C Carlina in situ. !0 >A=>2V 7=865==O ?>:07=8:V2 V=45:AC 

68BBє740B=>ABV (Rfd) C 284V2 C. cirsioides B0 C. onopordifolia C 1,6 B0 1,9 @070 

2V4?>2V4=>, 0 B0:>6 7<5=H5==O ?0@0<5B@C Fv'/Fm' =0 14,3%  B0 17,1% 

2V4?>2V4=>, =0<8 1C;> ?@8?CI5=>, I> 2 C<>20E ?@8@>48 @>A;8=8 C. cirsioides 

B0 C. onopordifolia 707=0NBь 4VW 01V>B8G=8E AB@5AV2, C @57C;ьB0BV G>3> 



7@>AB0NBь 2B@0B8 A2VB;>2>W 5=5@3VW C 283;O4V B5?;>2>W 48A8?0FVW B0 

?>A8;NNBьAO ?@>F5A8 D>B>V=3V1C20==O.  

3. �9OA>20=>, I> C C. onopordifolia B0 C. cirsioides AD>@<>20=> 2V4<V==V 

040?B82=V H;OE8 4;O @53C;OFVW 2>4=>3> 10;0=AC, >A:V;ь:8  E0@0:B5@ 7<V= 

0:B82=>ABV 28?0@>2C20==O 2>48 2?@>4>26 68BBє2>3> F8:;C 2 >1>E 284V2 

2V4@V7=OєBьAO. �>:@5<0, C C. onopordifolia =0928I89 ABC?V=ь 2B@0B8 2>;>38 

70DV:A>20=> 2 V<0BC@=8E @>A;8=, B>4V O: C >A>18= C. cirsioides <0:A8<0;ь=V 

?>:07=8:8 A?>AB5@V30NBьAO C @>A;8= 2V@3V=V;ь=>W B0 35=5@0B82=>W 3@C?. #@8 

Fь><C, @>A;8=8 <>;>4H8E 2V:>28E 3@C? >1>E 284V2 45<>=AB@CNBь 2V4=>A=> 

28A>:C ABV9:VABь 4> =5AB0GV 2>;>38.  

4. �82G5=> EV<VG=89 A:;04 B0 >1<V==C :8A;>B=VABь �@C=BV2 C <VAFOE 7@>AB0==O 

4>A;V46C20=8E 284V2. �=0G5==O >1<V==>W :8A;>B=>ABV C ?@>10E �@C=BV2, 45 

7@>AB0є C. 4caulis (A. �075I8=0, �0:0@?0BAь:0 >1;.), 28O28;8AO 7=0G=> 

=86G8<8, ?>@V2=O=> 7 <VAFO<8 @>ABG C. cirsioides B0 C. onopordifolia 

(A. �CB8Aь:>, &5@=>?V;ьAь:0 >1;.). �AB0=>2;5=>, I> @>A;8=8 284C C. 4caulis 

?>H8@5=V C ;>:0;VB5B0E V7 ?V428I5=8< @V2=5< 1V>4>ABC?=>3> (>AD>@C, >4=0:, 

7 =86G8<8 ?>:07=8:0<8 �0;VN, �0;ьFVN, 0<>=V9=>W B0 =VB@0B=>W D>@< 

!VB@>35=C, =0 2V4<V=C 2V4 284V2 C. cirsioides B0 C. onopordifolia.  

5. #V4V1@0=> C<>28 4;O >B@8<0==O B0 2:>@V=5==O @>A;8= 2V4:0A=8:V2. 

�AB0=>2;5=>, I> 28B@8<C20==O =0AV==O, 0 =5 0A5?B8G=8E ?@>@>AB:V2, C 

@>7G8=V � � 7 <5B>N ?>:@0I5==O @87>35=57C, C=5<>6;82;Nє B@02<0B870FVN 

?@>@>AB:V2 B0 :>;820==O :>=F5=B@0FVW @>7G8=C � � G5@57 9>3> AB5@8;V70FVN. 

�0 70<>GC20==O =0AV==O ?5@54 AB5@8;V70FVєN C @>7G8=V � � :>=F5=B@0FVєN 

1000 <3/; C?@>4>26 234 3>4. ?>:07=8:8 2:>@V=5==O 7@>AB0;8 C C. Eirsioides B0 

C. BnoDordifolia 3 4> 100 %, 0 C C. 4caulis 3 4> 80%.  

6. �9OA>20=>, I> ?V3<5=B=89 :><?;5:A :C;ьB82>20=8E in vitro @>A;8= @503Cє =0 

7<V=C A2VB;>28E C<>2. #>:070=>, I> 70 :C;ьB82C20==O 2 C<>20E A2VB;>2>3> 

@568<C 3 20@V0=BC (V=B5=A82=VABь A2VB;>2>3> ?>B>:C 2 >1;0ABV (�$ 39,1 

<:<>;ь/(<²·A), ;0<?8 �)�, AC<0@=89 A?5:B@0;ь=89 A:;04: �A : �7 : �G = 33% 

: 42% : 25%) =5 ;8H5 7=0G5==O 2V4=>H5==O Chl a/b, 0;5 9 7030;ь=89 2<VAB 



?V3<5=BV2 C @>A;8=0E 284V2 C. acaulis V C. onopordifolia, =01;865=V 4> 

?>:07=8:V2 @>A;8= 7 ?@8@>4=8E <VAFь @>ABC.  

7. �AB0=>2;5=> 70;56=VABь ?>:07=8:V2 2>4=>3> @568<C @>A;8= 2V4 

A?5:B@0;ь=>3> A:;04C A2VB;0 2 C<>20E in vitro. �0 :@8B5@VO<8-<0@:5@0<8 

DC=:FV>=0;ь=>3> AB0=C @>A;8= in vitro ?0@0<5B@8 2>4=>3> @568<C 

@>A;8=  C. onopordifolia є =01;865=8<8 4> @>A;8= 7 ?@8@>48 70 1 20@V0=BC 

>A2VB;5==O (V=B5=A82=VABь A2VB;>2>3> ?>B>:C 2 >1;0ABV (�$ 46 <:<>;ь/(<²·A), 

A?V22V4=>H5==O ;0<? �� 4> �)� B0 (� AB0=>28Bь 0,6 : 1 : 1, A?5:B@0;ь=89 

A:;04: : 15,50 % 3 400-450 =<, 3,7 % 3 450-500 =<, 7,4 % 3 500-550 =<, 9,6 % 

3 5503600 =<, 59,9 % 3 6003650 =<, 3,9 % 3 6503700 =<), 0 C C. cirsioides 3 70 

2 20@V0=BC >A2VB;5==O (V=B5=A82=VABь A2VB;>2>3> ?>B>:C 2 >1;0ABV (�$ 62,1 

<:<>;ь/(<²·A), A?V22V4=>H5==O ;0<? �� 4> �)� B0 (� AB0=>28Bь 0,6 : 1 : 1, 

A?5:B@0;ь=89 A:;04: �A : �7 : �G = 29,5% : 32,5% : 38,1%). 

8. #>:070=>, I> 4;O @>A;8= in vitro C. acaulis 28:>@8AB0==O A5@54>28I0, 

>?B8<V7>20=>3> 2V4?>2V4=> 4> A:;04C �@C=BV2 7 ?@8@>4=8E <VAFь @>ABC 

(�>=B@>;ь 2), 28O28;>AO A?@8OB;828< O: 4;O @87>35=57C, B0: V 4;O @>ABC 

;8AB:V2. #>:07=8:8 71V;ьH5==O 4>268=8 ;8AB:>2>W ?;0AB8=:8 B0 CB2>@5==O 

=>28E ;8AB:V2 70 B0:8E C<>2 28@>IC20==O є =09:@0I8<8. ' 28?04:C 

C. cirsioides B0 C. onopordifolia >?B8<0;ь=V A5@54>28I0 4;O :>@5=5CB2>@5==O 

B0 @>ABC ;8AB:V2 є @V7=8<8.  

9. �AB0=>2;5=>, I> AD>@<>20=V C ?@>F5AV 52>;NFVW 1V>;>3VG=V >A>1;82>ABV 284V2 

2V4V3@0NBь >A=>2=C @>;ь ?@8 ?V41>@V C<>2 4;O >?B8<V70FVW 

28@>IC20==O  in vitro @>A;8= 284V2 @>4C Carlina. �@0EC20==O ?>B@51 284V2 C 

A2VB;>2><C @568<V B0 5;5<5=B0E <V=5@0;ь=>3> 682;5==O 4>72>;Oє 

<V=V<V7C20B8 A?5F8DVG=89 2?;82 C<>2 :C;ьB82C20==O in vitro =0 <>@D>-

DV7V>;>3VG=V ?0@0<5B@8 @>A;8= H;OE>< =01;865==O F8E C<>2 4> ?@8@>4=8E, 

B0, 2V4?>2V4=>, ?V428I5==O 040?B82=>3> ?>B5=FV0;C :C;ьB82>20=8E in vitro 

@>A;8= 4> C<>2 ex vitro.  
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�>40B>: 1 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. onopordifolia B0 <5B5>@>;>3VG=8E G8==8:V2 (2018 @.) 

 

№ #0@0<5B@8 FD469AP K9D69AP ?<C9AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,93 1,0      0,93 1,0      0,93        

E3 �0@>B8=>W48 0,49 0,44 1,0     0,49 0,43 1,0     0,49 0,44 1,0     

E4 Chl_a/b 0,31 0,14 0,34 1,0    0,49 0,13 0,27 1,0    0,49 0,13 0,27 1,0    

E5 Tot_chl/car -0,01 0,07 -0,58 -0,47 1,0   -0,08 0,01 -0,88 -0,23 1,0   -0,08 0,02 -0,88 -0,23 1,0   

E6 Chl_a/car 0,02 0,08 -0,59 -0,43 0,99   -0,05 0,02 -0,88 -0,15 0,99 1,0  -0,05 0,02 -0,88 -0,15 0,99 1,0   

E7 Chl_b/car -0,05 0,05 -0,56 -0,53 0,99 0,98   -0,12 0,02 -0,87 -0,34 0,99 0,98 1,0 -0,12 0,02 -0,87 -0,34 0,99 0,98 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) 0,08 0,05 -0,23 0,31 0,11 0,13 0,06 -0,45 -0,38 -0,23 -0,32 0,11 0,09 0,16 -0,11 0,03 -0,01 -0,38 0,01 -0,01 0,06 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) 0,10 0,13 -0,22 0,28 0,06 0,09 0,02 -0,38 -0,34 -0,12 -0,19 0,01 -0,01 0,05 -0,07 0,05 0,12 -0,33 -0,11 -0,14 -0,07 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) 0,10 -0,07 -0,13 0,35 0,11 0,14 0,07 -0,36 -0,27 -0,11 -0,31 0,02 0,01 0,08 -0,07 0,07 -0,03 -0,33 0,06 0,03 0,09 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) -0,02 0,05 -0,32 0,06 0,09 0,11 0,06 -0,27 -0,29 -0,21 -0,01 0,12 0,13 0,12 -0,20 -0,16 -0,03 -0,15 -0,03 -0,04 -0,01 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) 0,10 0,11 0,04 0,28 -0,01 0,01 -0,04 -0,34 -0,28 -0,12 -0,24 0,03 0,02 0,08 -0,07 0,05 0,03 -0,32 -0,04 -0,06 -0,01 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) -0,06 0,04 0,27 0,01 -0,20 -0,21 -0,18 0,22 0,18 0,19 0,12 -0,16 -0,15 -0,17 0,08 0,09 0,01 -0,02 0,01 0,01 -0,01 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) -0,15 -0,20 0,21 0,01 -0,17 -0,18 -0,15 0,23 0,23 0,15 0,04 -0,08 -0,07 -0,07 0,21 0,19 -0,01 0,10 0,06 0,07 0,03 

E15 )<0@=VABь 
7030;ь=0, -0,14 0,09 0,19 0,19 -0,22 -0,23 -0,22 0,26 0,30 0,17 -0,02 -0,04 -0,04 -0,02 -0,03 -0,05 -0,15 0,02 0,11 0,11 0,09 

E16 "?048, << AC<0 70 
45=ь -0,06 -0,04 0,17 0,09 -0,21 -0,21 -0,21 0,09 0,04 0,08 0,22 -0,08 -0,07 -0,09 0,20 0,10 0,16 0,29 -0,16 -0,14 -0,22 

E17 "?048, << AC<0 70 
=VG -0,09 -0,02 0,02 -0,17 0,15 0,15 0,16 -0,13 -0,20 0,48 0,05 -0,47 -0,47 -0,46 -0,12 -0,11 -0,37 -0,25 0,30 0,28 0,24 

E18 "?048, << AC<0 70 
4>1C -0,09 -0,08 0,09 0,03 -0,11 -0,11 -0,11 0,12 0,05 0,21 0,21 -0,21 -0,19 -0,22 0,18 0,07 0,07 0,29 -0,09 -0,07 -0,16 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; 
r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001). 



�>40B>: 2 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. onopordifolia B0 <5B5>@>;>3VG=8E G8==8:V2 (2021 @.) 

№ #0@0<5B@8 FD469AP K9D69AP ?<C9AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,97 1,0      0,96 1,0      0,90 1,0      

E3 �0@>B8=>W48 0,60 0,61 1,0     0,45 0,48 1,0     0,04 0,02 1,0     

E4 Chl_a/b 0,87 0,80 0,63 1,0    0,79 0,68 0,49 1,0    0,08 -0,35 0,14 1,0     

E5 Tot_chl/car 0,69 0,65 -0,15 0,54 1,0   0,62 0,57 -0,40 0,42 1,0   0,49 0,45 -0,83 -0,07 1,0   

E6 Chl_a/car 0,69 0,65 -0,15 0,55 0,99 1,0  0,62 0,57 -0,40 0,43 0,99 1,0  0,49 0,44 -0,83 -0,04 0,99 1,0  

E7 Chl_b/car 0,68 0,67 -0,15 0,51 0,99 0,99 1,0 0,61 0,59 -0,39 0,38 0,99 0,99 1,0 0,46 0,48 -0,84 -0,19 0,99 0,99 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) 0,07 0,10 0,04 0,02 0,05 0,05 0,06 -0,06 -0,07 -0,27 -0,10 0,14 0,14 0,13 0,08 0,15 -0,21 -0,18 0,19 0,19 0,21 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) 0,29 0,29 0,04 0,15 0,28 0,28 0,29 -0,07 -0,09 -0,33 -0,09 0,18 0,18 0,16 0,10 0,15 -0,18 -0,14 0,19 0,19 0,20 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,15 -0,10 -0,02 -0,10 -0,12 -0,13 -0,09 0,04 0,07 -0,08 0,02 0,09 0,09 0,09 0,16 0,21 0,01 -0,13 0,05 0,04 0,06 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) 0,18 0,20 0,06 -4,8E- 0,14 0,13 0,14 -0,04 -0,11 -0,38 -0,07 0,26 0,26 0,23 0,15 0,19 -0,12 -0,12 0,16 0,16 0,17 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,20 -0,14 -0,11 -0,19 -0,11 -0,11 -0,07 0,04 0,04 -0,10 0,04 0,10 0,10 0,09 0,12 0,11 -0,08 0,01 0,13 0,13 0,13 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) -0,24 -0,14 -0,01 -0,19 -0,23 -0,24 -0,18 0,09 0,14 0,07 0,14 0,03 0,03 0,05 -0,04 -0,03 0,06 -0,01 -0,06 -0,06 -0,06 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) -0,07 -0,02 0,14 -0,01 -0,17 -0,18 -0,14 -0,03 0,06 0,15 0,06 -0,14 -0,15 -0,10 -0,07 -0,08 -0,01 0,05 -0,03 -0,03 -0,03 

E15 )<0@=VABь 
7030;ь=0, -0,28 -0,26 -0,12 -0,27 -0,21 -0,21 -0,20 0,13 0,14 0,38 0,17 -0,20 -0,20 -0,19 0,07 -0,01 -0,01 0,16 0,05 0,06 0,03 

E16 "?048, << AC<0 70 
45=ь -0,79 -0,75 -0,76 -0,80 -0,70 -0,69 -0,71 0,41 0,23 -0,12 0,47 0,28 0,29 0,22 -0,49 -0,40 -0,24 -0,14 -0,13 -0,13 -0,12 

E17 "?048, << AC<0 70 
=VG -0,39 -0,39 -0,30 -0,46 -0,39 -0,39 -0,38 -0,15 -0,04 -0,09 -0,12 0,05 0,01 0,19 -0,56 -0,43 -0,54 -0,15 0,45 0,44 0,46 

E18 "?048, << AC<0 70 
4>1C -0,47 -0,46 -0,37 -0,51 -0,37 -0,37 -0,39 0,35 0,21 0,02 0,37 0,15 0,16 0,10 -0,71 -0,51 -0,39 -0,35 -0,04 -0,05 0,01 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; 
r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001). 



�>40B>: 3 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. onopordifolia B0 <5B5>@>;>3VG=8E G8==8:V2 (2023 @.) 

№ #0@0<5B@8 FD469AP K9D69AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       

E2 );>@>DV; b 0,93 1,0      0,96 1,0      

E3 �0@>B8=>W48 0,54 0,60 1,0     0,62 0,71 1,0     

E4 Chl_a/b 0,20 -0,60 -0,30 1,0    0,82 -0,43 -0,19 1,0    

E5 Tot_chl/car 0,86 -0,19 -0,46 0,79 1,0   0,88 -0,09 -0,25 0,85 1,0   

E6 Chl_a/car 0,88 -0,29 -0,45 0,86 0,99 1,0  0,89 -0,17 -0,25 0,90 0,99 1,0  

E7 Chl_b/car -0,04 0,71 -0,14 -0,47 0,17 0,04 1,0 0,01 0,67 -0,05 -0,40 0,14 0,04 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,01 0,12 0,13 -0,08 -0,07 -0,08 0,03 0,09 0,07 -0,08 0,03 0,15 0,13 0,19 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) 0,03 0,21 0,10 -0,11 0,01 -0,02 0,17 0,23 0,14 0,01 0,12 0,24 0,23 0,19 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,01 -0,10 -0,04 0,06 0,01 0,01 -0,09 -0,19 -0,03 -0,10 -0,16 -0,13 -0,14 0,07 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) 0,05 0,21 0,12 -0,08 0,02 -0,01 0,16 0,33 -0,07 -0,09 0,33 0,36 0,37 0,01 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,07 -0,16 -0,11 0,03 -0,02 -0,01 -0,09 -0,19 0,03 -0,06 -0,19 -0,15 -0,16 0,11 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) -0,08 -0,33 -0,28 0,13 0,04 0,06 -0,16 -0,28 -0,03 -0,03 -0,24 -0,27 -0,27 -0,01 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) -0,24 -0,39 -0,27 0,04 -0,12 -0,09 -0,25 -0,17 -0,10 -0,06 -0,09 -0,15 -0,15 -0,09 

E15 )<0@=VABь 
7030;ь=0, -0,10 -0,34 -0,30 0,12 0,03 0,05 -0,15 -0,16 -0,11 -0,01 -0,08 -0,17 -0,16 -0,14 

E16 "?048, << AC<0 70 
45=ь -0,39 -0,26 -0,17 -0,39 -0,37 -0,38 -0,02 0,07 0,16 0,01 -0,05 0,09 0,07 0,22 

E17 "?048, << AC<0 70 
=VG -0,21 0,12 0,04 -0,31 -0,24 -0,27 0,07 -0,19 -0,37 -0,12 0,09 -0,19 -0,13 -0,44 

E18 "?048, << AC<0 70 
4>1C -0,01 0,19  0,60 -0,60 -0,19 -0,29 0,71 -0,06 -0,04 -0,07 -0,04 -0,03 -0,03 0,03 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; 
r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001). 



�>40B>: 4 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. cirsioides B0 <5B5>@>;>3VG=8E G8==8:V2 (2018 @.) 

№ #0@0<5B@8 FD469AP K9D69AP ?<C9AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,99 1,0      0,99 1,0      0,99 1,0      

E3 �0@>B8=>W48 -0,40 -0,41 1,0     -0,40 -0,41 1,0     -0,40 -0,40 1,0     

E4 Chl_a/b 0,42 -0,89 0,61 1,0    0,42 -0,88 0,62 1,0    0,75 0,71 -0,19 1,0    

E5 Tot_chl/car 0,34 -0,11 0,05 0,19 1,0   0,33 -0,11 0,05 0,19 1,0   0,95 0,95 -0,59 0,64 1,0   

E6 Chl_a/car 0,48 0,44 -0,47 -0,25 0,34 1,0  0,47 0,44 -0,47 -0,25 0,34 1,0  0,93 0,93 -0,69 0,65 0,98 1,0  

E7 Chl_b/car -0,17 0,93 -0,68 -0,87 -0,05 0,59 1,0 -0,17 0,93 -0,67 -0,87 -0,05 0,59 1,0 0,92 0,93 -0,71 0,62 0,98 0,99 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,44 -0,51 -0,04 0,25 -0,25 -0,49 -0,39 -0,41 0,01 -0,54 -0,36 0,01 0,05 0,14 0,18 0,16 0,21 0,31 0,09 0,07 0,05 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) -0,41 -0,58 -0,06 0,35 -0,16 -0,38 -0,40 0,10 -0,01 0,19 0,17 -0,15 0,03 -0,08 0,05 0,04 0,18 0,17 -0,03 -0,02 -0,03 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,09 -0,17 0,09 0,05 -0,28 -0,36 -0,20 0,14 -0,01 0,22 0,27 -0,02 -0,04 -0,09 0,19 0,18 0,19 0,35 0,12 0,09 0,08 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) -0,31 -0,45 -0,11 0,27 -0,19 -0,27 -0,31 0,31 0,35 0,10 -0,16 -0,11 0,29 0,23 0,13 0,13 0,01 0,09 0,07 0,10 0,09 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,18 -0,17 -0,06 0,02 -0,23 -0,26 -0,16 0,16 -0,03 0,15 0,25 0,01 0,02 -0,07 0,13 0,11 0,23 0,27 0,05 0,03 0,01 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) 0,14 0,42 -0,03 -0,25 0,14 0,24 0,34 -0,07 0,06 -0,18 -0,13 0,17 0,12 0,09 0,08 0,07 0,06 0,11 0,11 0,05 0,05 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) 0,19 0,44 0,11 -0,25 0,15 0,16 0,29 -0,02 0,09 -0,11 -0,14 0,05 0,05 0,12 0,07 0,06 -0,02 0,16 0,13 0,08 0,07 

E15 )<0@=VABь 
7030;ь=0, 0,15 0,34 0,06 -0,18 0,05 0,08 0,25 -0,12 0,03 -0,32 -0,11 0,08 0,14 0,13 -0,01 -0,01 0,16 0,15 -0,06 -0,07 -0,07 

E16 "?048, << AC<0 70 
45=ь -0,09 0,54 -0,30 -0,51 -0,08 0,21 0,48 -0,30 0,52 -0,59 -0,63 -0,16 0,37 0,64 -0,01 -0,02 -0,04 0,12 0,05 0,02 0,01 

E17 "?048, << AC<0 70 
=VG -0,26 -0,21 -0,38 -0,01 0,60 0,15 0,07 -0,18 -0,01 -0,16 -0,11 -0,01 -0,02 0,03 0,26 0,25 0,45 0,21 0,24 0,13 0,12 

E18 "?048, << AC<0 70 
4>1C -0,08 0,48 -0,23 -0,48 -0,02 0,18 0,43 0,46 -0,63 0,59 0,73 0,17 -0,28 -0,67 0,03 0,02 0,03 0,14 0,09 0,02 0,01 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; 
r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001). 



�>40B>: 5 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. cirsioides B0 <5B5>@>;>3VG=8E G8==8:V2 (2021 @.) 

№ #0@0<5B@8 FD469AP K9D69AP ?<C9AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       1,0       

E2 );>@>DV; b 0,99 1,0      0,99 1,0      0,99 1,0      

E3 �0@>B8=>W48 0,31 0,34 1,0     0,32 0,35 1,0     0,41 0,45  1,0     

E4 Chl_a/b -0,79 -0,88 -0,28 1,0    -0,78 -0,87 -0,29 1,0    -0,74 -0,81 -0,43 1,0    

E5 Tot_chl/car 0,19 0,17 -0,87 -0,18 1,0   0,17 0,15 -0,87 -0,15 1,0   0,12 0,07 -0,86 0,01 1,0   

E6 Chl_a/car 0,17 0,15 -0,88 -0,15 0,99 1,0  0,15 0,12 -0,89 -0,124 0,99 1,0  0,09 0,05 -0,87 0,01 0,99 1,0  

E7 Chl_b/car 0,29 0,28 -0,81 -0,29 0,99 0,99 1,0 0,26 0,25 -0,82 -0,26 0,99 0,99 1,0 0,19 0,15 -0,81 -0,09 0,99 0,99 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,02 -0,04 -0,22 0,09 0,20 0,20 0,18 -0,19 -0,25 -0,40 0,31 0,30 0,31 0,26 -0,18 -0,21 -0,19 0,23 0,10 0,10 0,07 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) 0,11 0,13 -0,19 -0,17 0,28 0,27 0,29 -0,16 -0,19 -0,34 0,23 0,26 0,27 0,23 -0,22 -0,24 -0,26 0,25 0,15 0,16 0,12 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,23 -0,28 -0,21 0,38 0,07 0,08 0,03 -0,25 -0,31 -0,44 0,42 0,30 0,31 0,25 0,09 0,09 0,08 0,01 -0,05 -0,05 -0,05 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) 0,19 0,23 0,04 -0,31 0,08 0,075 0,12 -0,19 -0,21 -0,22 0,20 0,13 0,14 0,11 -0,27 -0,28 -0,18 0,27 0,04 0,05 0,01 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,32 -0,37 -0,22 0,45 0,03 0,05 -0,02 -0,21 -0,26 -0,39 0,35 0,27 0,28 0,23 0,09 0,07 -0,03 0,08 0,07 0,08 0,07 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) -0,16 -0,19 -0,24 0,25 0,15 0,16 0,12 -0,31 -0,34 -0,18 0,37 0,01 0,02 -0,03 0,19 0,22 0,29 -0,29 -0,20 -0,21 -0,18 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) -0,08 -0,11 -0,15 0,16 0,10 0,11 0,08 -0,26 -0,32 -0,23 0,44 0,07 0,09 0,02 0,11 0,13 0,25 -0,18 -0,20 -0,21 -0,181 

E15 )<0@=VABь 
7030;ь=0, -0,01 -0,04 -0,01 0,13 -0,01 0,01 -0,02 0,02 0,03 0,22 -0,02 -0,23 -0,23 -0,22 0,05 0,06 0,09 -0,07 -0,08 -0,08 -0,07 

E16 "?048, << AC<0 70 
45=ь -0,21 -0,36 -0,05 0,66 -0,07 -0,06 -0,12 0,23 0,31 0,36 -0,41 -0,23 -0,24 -0,17 0,11 0,09 -0,10 -0,02 0,17 0,17 0,18 

E17 "?048, << AC<0 70 
=VG 0,32 0,31 -0,27  -0,27 0,56 0,54 0,58 0,74 0,74 0,39 -0,74 -0,06 -0,09 0,06 0,06 0,07 0,25 -0,15 -0,24 -0,24 -0,24 

E18 "?048, << AC<0 70 
4>1C 0,99   0,34 -0,88 0,17 0,15 0,28 0,35 0,43 0,47 -0,50 -0,28 -0,30 -0,22 0,18 0,19 0,11 -0,18 -0,01 -0,01 0,01 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; 
r = 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001). 



�>40B>: 6 
�>@5;OFV9=0 <0B@8FO D>B>A8=B5B8G=8E ?V3<5=BV2 @>A;8= 284C C. cirsioides B0 <5B5>@>;>3VG=8E G8==8:V2 (2023 @.) 

№ #0@0<5B@8 FD469AP K9D69AP 
E1 E2 E3 E4 E5 E6 E7 E1 E2 E3 E4 E5 E6 E7 

E1 );>@>DV; 0 1,0       1,0       

E2 );>@>DV; b 0,99 1,0      0,93 1,0      

E3 �0@>B8=>W48 0,94 0,86 1,0     0,68 0,88 1,0     

E4 Chl_a/b 0,76 -0,56 -0,46 1,0    0,69 -0,55 -0,48 1,0    

E5 Tot_chl/car 0,38 -0,70 -0,87 0,77 1,0   0,28 -0,71 -0,89 0,76 1,0   

E6 Chl_a/car 0,46 -0,70 -0,83 0,82 0,99 1,0  0,36 -0,70 -0,85 0,82 0,99 1,0  

E7 Chl_b/car -0,11 -0,56 -0,90 0,25 0,81 0,75 1,0  -0,14 -0,61 -0,91 0,32 0,86 0,80 1,0 

E8 &5<?5@0BC@0 
?>2VB@O (A5@.) -0,07 -0,11 -0,05 0,01 -0,01 -0,01 -0,02 -0,21 -0,03 -0,03 -0,15 -0,06 -0,07 0,04 

E9 &5<?5@0BC@0 
?>2VB@O (<0:A.) -0,08 -0,06 -0,03 -0,02 -0,02 -0,02 -0,01 -0,08 -0,12 -0,10 0,02 0,06 0,06 0,07 

E10 &5<?5@0BC@0 
?>2VB@O (<V=.) -0,03 -0,05 0,05 0,01 -0,07 -0,06 -0,12 -0,30 0,16 0,12 -0,37 -0,23 -0,26 -0,05 

E11 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<0:A.) -0,12 -0,04 0,01 -0,07 -0,07 -0,07 -0,03 0,11 -0,21 -0,12 0,24 0,15 0,17 0,04 

E12 &5<?5@0BC@0 =0 
?>25@E=V �@C=BC 

(<V=.) -0,04 -0,04 0,09 0,01 -0,12 -0,11 -0,18 -0,27 0,11 0,08 -0,31 -0,18 -0,21 -0,01 

E13 �V4=>A=0 2>;>3VABь 
?>2VB@O (A5@.) 0,23 0,16 0,21 0,09 -0,08 -0,05 -0,20 -0,24 0,22 0,16 -0,38 -0,25 -0,27 -0,07 

E14 �V4=>A=0 2>;>3VABь 
?>2VB@O (<V=.) 0,21 0,12 0,17 0,09 -0,06 -0,04 -0,18 -0,24 0,29 0,22 -0,42 -0,31 -0,33 -0,12 

E15 )<0@=VABь 
7030;ь=0, 0,12 0,05 0,19 0,07 -0,13 -0,10 -0,26 0,04 0,21 0,16 -0,12 -0,12 -0,12 -0,08 

E16 "?048, << AC<0 70 
45=ь 0,39 0,44 0,64 0,31 0,10 0,9 0,14 -0,01 0,19 -0,04 -0,16 0,08 0,05 0,23 

E17 "?048, << AC<0 70 
=VG 0,16 0,07 0,22 0,14 0,16 0,15 -0,03 0,37 0,10 -0,07 0,22 0,25 0,27 0,18 

E18 "?048, << AC<0 70 
4>1C -0,07 0,09 -0,27 -0,13 0,27 0,21 0,53 0,10 0,19 -0,04 -0,06 0,13 0,11 0,22 

#D<@VF>4: r = 0,9130,99 3 72'O7>: 4C65 28A>:89; r = 0,7130,90 3 72'O7>: 28A>:89; r = 0,5130,70 3 72'O7>: 7=0G=89; r = 0,3130,50 3 72'O7>: A;01:89; r 
= 030,30 3 729O7>: 2V4ACB=V9 (C 2V4?>2V4=>ABV 7V H:0;>N +544>:0). 
�>2B8< :>;ь>@>< 284V;5=> :>5DVFVє=B8 V7 28A>:8< @V2=5< AB0B8AB8G=>W 7=0GCI>ABV (p ˂ 0,001).  


