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?;ILQ<J:OÌQK: IQIJKG<¨:9PK: <99O:SKLIQ<: IQIJKG<¨:9P<[ §KPI�IJ:O:^  

O<9JI 9K9Q> Kf>PQKL:QQK^ ;I�QKWK W:KW;Ii<¨:9PKWK §;K<9[KaS:Q<= 

sbYb"#b%2tbB "2 Y&"Y?2"bb &Y&1YB"bB 3Y7pY/Y@Y-2"21Y3b�$&%ba VY%2521$/$9 /b&1>$? 72&1$"b9 B?-

/B$1&B A#YC"43 &VY&YCY3 #/B Yt$"%b &Y&1YB"bB Y%7A;2=�$9 &7$#4. �$"172/>"49 f252a&12", ?%/=-

�2=�b9 f272@2"#b"&%A= b �/412A&%A= YC/2&1b, B?/B$1&B 7$@bY"Y3 &Y 5"2�b1$/>"43b V7Y34W/$"-

"43b ?4C7Y&23b. �$/> "2&1YB�$@Y b&&/$#Y?2"bB — V7Y?$&1b &72?"b1$/>"Y$ b&&/$#Y?2"b$ 2"21Y3b-

�$&%ba VY%2521$/$9 /b&1>$? Pinus sylvestris, V7Yb572&12=�ba ? "2&$/$""4a VA"%12a �$"172/>"Y@Y f2-

52a&12"2. {$5A/>1214 VY%252/b, �1Y 32%&b32/>"4$ VY%2521$/b #/b"4 b Wb7b"4 /b&12, 1Y/�b"4 3$5Y-

pb//2 YC"27A;$"4 #/B @. �21V2$?2, 1Y/�b"4 �Vb#$73b&2 /b&12 — #/B @. _$5%25@2"2, #b23$172 ?3$-

&1b/b� — #/B @. s2/a2W2, #/b"4 V7Y?Y#B�$@Y VA�%2 — #/B @. f272@2"#4, Wb7b"4 V7Y?Y#B�$@Y VA�-

%2 — #/B @. s2/a2W2. sY/>W2B �2&1> V7b5"2%Y? ?27>b7Y?2/2 "2 "b5%Y3 b &7$#"$3 A7Y?"$, ?4&Y%b9 %Y-

�ppbtb$"1 ?27b2tbb C4/ Y13$�$" 1Y/>%Y #/B #b23$172 ?3$&1b/b� (&3Y/B"4a aY#Y?) a?Yb &Y&"4. �1-

3$�$"Y, �1Y 3b"b32/>"4$ VY%2521$/b 2"21Y3b�$&%ba &17A%1A7 a?Yb Pinus sylvestris YC"27A;$"4 #/B 

V7Y34W/$""4a "2&$/$""4a VA"%1Y? �$"172/>"Y@Y f252a&12"2: f272@2"#4, s2/a2W2, �$3b712A b 

_$5%25@2"2, 1Y@#2 %2% #/B &. �/412A b @. �21V2$?2 ?&$ 5"2�$"bB C4/b "2 &7$#"$3 b ?4&Y%Y3 A7Y?"$. 

nY/A�$""4$ #2""4$ 3Y;"Y V7b3$"B1> #/B CbYb"#b%2tbb & b&VY/>5Y?2"b$3 5$/$"4a "2&2;#$"b9. 

?5A�&E+& #5*E": Pinus sylvestris, �$"172/>"49 f252a&12", a?YB, 2"21Y3b�$&%b$ VY%2521$/b, CbYb"#b-

%2tbB, b53$"�b?Y&1>. 

 

zE&'&83& 

y"Y@b$ 72&1$"bB ? V7Yt$&&$ &?Y$@Y 7Y&12 b 725?b1bB &12/%b?2=1&B & p2%1Y723b Y%7A;2=�$9 

&7$#4, %2% CbY1b�$&%b3b, 12% b 2CbY1b�$&%b3b. {$2%tbB 72&1b1$/>"4a Y7@2"b53Y? 3Y;$1 V7YB?/B1>-

&B "2 725/b�"4a A7Y?"Ba, ? 1Y3 �b&/$ Y172;21>&B "2 ?"A17$""$3 &17Y$"bb Y1#$/>"4a %/$1Y%, 1%2"$9 

b Y7@2"Y? [1, 2].  

�#YC"43 b"#b%21Y7Y3 #/B 3"Y@Y/$1"ba 72&1$"b9 ?4&1AV2=1 /b&1Y?4$ V/2&1b"4, %Y1Y74$ aY-

7YWY 7$2@b7A=1 "2 b53$"$"bB &1$V$"b Y&?$�$"bB, #Y&1AV"Y9 ?/2@b, 2 12%;$ "2 2"17YVY@$""4$ p2%-

1Y74, ?%/=�2B 52@7B5"$"b$ 213Y&p$74 [3–5]. �2%, YVb&2"4 b53$"$"bB 2"21Y3b�$&%ba VY%2521$/$9 

/b&12 Betula czerepanovii ? A&/Y?bBa 1$a"Y@$""Y@Y 52@7B5"$"bB @. yA732"&%2 [6]. �13$�$"2 7$2%tbB 

/b&1>$? a?Y9"4a 72&1$"b9 "2 V7Y34W/$""Y$ 52@7B5"$"b$. `4B?/$"Y, �1Y V7b A?$/b�$"bb 213Y&p$7-

"Y@Y 52@7B5"$"bB &"b;2=1&B 7253$74 %/$1Y% V7Y?Y#B�ba b 2&&b3b/BtbY""4a 1%2"$9 /b&12 $/b &b-

Cb7&%Y9 ? A&/Y?bBa @. f$3$7Y?Y [7], &Y&"4 &bCb7&%Y9 b Vba14 &bCb7&%Y9 ? A&/Y?bBa @. rY7"Y-

j/129&%2 [8, 9], &Y&"4 YC4%"Y?$""Y9 ? A&/Y?bBa @. ~Y?Y%A5"$t%2 [10] b �2"%1-n$1$7CA7@2 [11], &Y-

&"4 �/>#$7&%Y9 ? A&/Y?bBa @. ³A#;2";2 [12]. n7b �1Y3 "2C/=#2$1&B A?$/b�$"b$ 1Y/�b"4 �Vb#$73b-

&2 %2% A&b/$"b$ C27>$7"4a pA"%tb9 /b&1>$?, CY/$$ %Y7Y1%b3b b Wb7Y%b3b &12"Y?B1&B &3Y/B"4$ aY-

#4 A a?Y9"4a %A/>1A7. 

�Y&"2 YC4%"Y?$""2B — A#YC"2B %A/>1A72 #/B Y5$/$"$"bB V7Y34W/$""4a @Y7Y#Y? b V7Y?$#$"bB 

CbYb"#b%2tbb "2 3Y7pY/Y@b�$&%Y3 b 2"21Y3b�$&%Y3 A7Y?"Ba [13, 14].  

�$/> "2&1YB�$9 72CY14 — V7Y?$#$"b$ 2"2/b52 b53$"$"b9 2"21Y3b�$&%Y@Y &17Y$"bB a?Yb Pinus 

sylvestris L. (&$3$9&1?Y ³?Y9"4$ — Pinaceae), V7Yb572&12=�$9 "2 1$77b1Y7bb f272@2"#b"&%Y9 YC-

/2&1b (�$"172/>"49 f252a&12"). 

FBÄ&()+ 3 :&)*'+ 3##5&'*E"834 

�C�$%1Y3 b&&/$#Y?2"bB B?/B/b&> /b&1>B &Y&"4 YC4%"Y?$""Y9, &YC72""Y9 "2 1$77b1Y7bb �$"-

172/>"Y@Y f252a&12"2 ? 15 1Y�%2a (12C/. 1).  

 

Buk
eto

v U
niv

ers
ity
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� 2 C / b t 2  1  

NK¨P< KJfK;I §;Kf [LK< 9K9Q> SO= §;KL:S:Q<= <99O:SKLIQ<^  

� 1Y�%b  

Y1CY72 V7YC4 

~2&$/$""49 VA"%1 y$&1Y Y1CY72 V7YC a?Yb 

1 @. _$5%25@2" n/Y�2#> V$7$# @Y7Y#&%b3 j%b321Y3 

2 @. _$5%25@2" n27% ~2A745 

3 @. �21V2$? �%?$7 V$7$# j%b321Y3 

4 &. �/412A j%b321, &%?$7 

5 @. f272@2"#2 �Y71b7Y?%2, n27% ;$/$5"Y#Y7Y;"b%Y? 

6 @. f27%272/4 rY7Y#&%Y9 V27% 

7 @. f27%272/4 nY&2#%b ?Y5/$ j%b3212 

8 @. f272@2"#2 ä@Y-`Y&1Y%, �1"YV27% 

9 @. f272@2"#2 �$"172/>"49 V27% %A/>1A74 b Y1#4a2 

10 @. f272@2"#2 n27% nYC$#4 

11 @. �$3b712A n27% `Y&1Y% 

12 @. �$3b712A j?1Y&12"tbB, &%?$7 

13 @. s2/a2W j%b321, &%?$7 

14 @. s2/a2W {29Y""2B V7Y%A721A72 

15 @. f272@2"#2 y29%A#A%, V27% 

 

`&$ 1Y�%b Y1CY72 V7YC "2aY#b/b&> "2 72?"Y3 72&&1YB"bb Y1 2?1Y3YCb/>"4a #Y7Y@ b "2 1$77b1Y-

7bb V7Y34W/$""4a "2&$/$""4a VA"%1Y?, 1Y@#2 %2% &. �/412A B?/B/Y&> %Y"17Y/$3, 1Y $&1> 1$77b1Y-

7b$9, "2 %Y1Y7Y9 Y1&A1&1?A$1 1$a"Y@$""Y$ 52@7B5"$"b$. 

�?$;b9 &YC72""49 321$7b2/ a?Yb pb%&b7Y?2/b ? 7$2%1b?$ �172A&2-o/$3b"@2 (@/bt$7b":&Vb71 

96 %:?Y#2 #b&1b//b7Y?2""2B ? &YY1"YW$"bb 1:1:1) #/B YC$&t?$�b?2"bB b 7253B@�$"bB. nYV$7$�"4$ 

&7$54 ?4VY/"B/b ?7A�"A= & VY3Y�>= 3$#btb"&%Y@Y &%2/>V$/B. q/B %2;#Y9 1Y�%b b5@Y12?/b?2/b "$ 

3$"$$ 10–15 V7$V2721Y?. !&&/$#Y?2/b VY/A�$""4$ &7$54 "2 3b%7Y&%YV$ «sbY3$#-4» & Y%A/B723b 10 

×, 20 ×, /b"523b 4 ×, 10 ×, b53$7$"b$ 3b%7YV7$V2721Y? Y&A�$&1?/B/b & VY3Y�>= V7Y@72334 Altamy 

Studio 10.1. !5A�$"4 &/$#A=�b$ 2"21Y3b�$&%b$ Y&YC$""Y&1b a?Yb: 1Y/�b"2 /b&12, #/b"2 /b&12, 1Y/-

�b"2 �Vb#$73b&2, #b23$17 &3Y/B"Y@Y aY#2, 1Y/�b"2 3$5Ypb//2 ? &7$#"$9 �2&1b, #/b"2 b Wb7b"2 

V7Y?Y#B�$@Y VA�%2.  

�C72CY1%A pY1Y@72pb9 V7Y?Y#b/b ? V7Y@7233$ Paint 10.1. �Vb&2"b$ 2"21Y3b�$&%ba VY%2521$/$9 

V7Y?Y#b/b ? &YY1?$1&1?bb & ~.~. w@Y7Y?Y9 [15] b B. Radovanovich & &Y2?1Y723b [16].  

{2&�$1 #Y&1Y?$7"Y&1b 725/b�bB VY/A�$""4a 7$5A/>121Y?  V7Y?Y#b/&B & b&VY/>5Y?2"b$ %7b1$7bB  

y2""2–�b1"b [17], ?4&�b14?2/b &7$#"b$ VY%2521$/b V7b5"2%2 (y±m) b %Y�ppbtb$"1 ?27b2tbb (Cv). 

1&o-5@)")+ 3 3/ *B#-;'&83& 

�Y&1YB"b$ a?Yb &Y&"4 YC4%"Y?$""Y9 B?/B$1&B b"#b%21Y7Y3 52@7B5"$"bB b AaA#W$"bB &Y&1YB"bB 

Y%7A;2=�$9 &7$#4 [8, 9, 12–14].  

j"2/b5 VY/A�$""4a #2""4a (12C/. 2, 7b&.) VY%252/, �1Y 3b%7Y&%YVb�$&%b$ VY%2521$/b ?27>b7A=1 

? 52?b&b3Y&1b Y1 3$&12 V7Yb572&12"bB.  

nY 1Y/�b"4 /b&12 32%&b32/>"4$ VY%2521$/b (4,67 3%3) C4/b ?4B?/$"4 #/B YC725tY?, 

&YC72""4a ? @. �21V2$?$, ? &%?$7$ Y%Y/Y j%b3212, 3b"b32/>"4$ (2,55 3%3) — #/B @. _$5%25@2"2, 

V/Y�2#> V$7$# @Y7Y#&%b3 j%b321Y3. q2""49 V7b5"2% ?27>b7Y?2/ Y1 3,33 #Y 49,3 %, V7b�$3 

32%&b32/>"49 %Y�ppbtb$"1 ?27b2tbb Y13$�$" #/B @. �21V2$?2. q/B #/b"4 a?Yb &Y&"4 32%&b32/>"4$ 

5"2�$"bB (9,01 3%3) YC"27A;$"4 12%;$ ? @. �21V2$?$, ? &%?$7$ Y%Y/Y j%b3212, 1Y@#2 %2% 

3b"b32/>"4$ (5,49 3%3) #/B @Y7Y#&%Y@Y V27%2 �Y71b7Y?%b @. f272@2"#4. n7b5"2% ?27>b7Y?2/ Y1 4,19 

#Y 23,03%, V7b�$3 32%&b32/>"4$ %Y�ppbtb$"14 YC"27A;$"4 12%;$ #/B @. �21V2$?2.  

n7b5"2% 1Y/�b"2 �Vb#$73b&2 /b&12 b53$"B/&B Y1 0,13 3%3 (@. s2/a2W, {29Y""2B V7Y%A721A72) #Y 

0,22 3%3 (@. _$5%25@2", V27% ~2A745). fY�ppbtb$"1 ?27b2tbb &Y&12?b/ Y1 9,45 #Y 22,09 %, V7b�$3 

32%&b32/>"4$ VY%2521$/b Y13$�$"4 #/B @. _$5%25@2"2.  

qb23$17 &3Y/B"4a aY#Y? ? /b&1>Ba &Y&"4 b53$"B/&B Y1 0,19 3%3 (V27% nYC$#4 @. f272@2"#4) #Y 

0,89 3%3 (&%?$7 Y%Y/Y j%b3212 @. s2/a2W2). q2""49 V7b5"2% ?27>b7A$1 & 32%&b32/>"43 72532aY3. 

�2%, %Y�ppbtb$"1 ?27b2tbb #/B /b&1>$?, &YC72""4a ? 729Y"$ j%b3212 @. s2/a2W2, &Y&12?b/ 146,26 %, 

�1Y 5"2�b1$/>"Y V7$?4W2$1 ?27>b7Y?2"b$ Y&12/>"4a 2"21Y3b�$&%ba VY%2521$/$9. 
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� 2 C / b t 2  2  

ZQIJKG<¨:9P<: §KPI�IJ:O< [LK< 9K9Q> Kf>PQKL:QQK^ <� ;I�Q>[ JK¨:P 9fK;I QI J:;;<JK;<< 

�:QJ;IOÌQKWK XI�I[9JIQI 

� nY%2-

521$/b 

�Y/�b"2 

/b&12, 3%3 

 

q/b"2 

/b&12, 

3%3 

�Y/�b"2 

�Vb#$73b-

&2, 3%3 

qb23$17 

?3$&1b-

/b�2, 3%3 

�Y/�b"2 

3$5Ypb/-

/2, 3%3 

q/b"2 V7Y-

?Y#B�$@Y 

VA�%2, 3%3 

.b7b"2 

V7Y?Y#B�$-

@Y VA�%2, 

3%3 

1 y±m 2,55±0,09 5,75±0,13 0,21±0,02 0,24±0,02 0,81±0,33 3,22±0,09 1,23±0,09* 

Cv, % 11,11 6,66 22,09 29,44 122,08 8,05 22,71 

2 y±m 5,68±0,34 7,35±0,25* 0,22±0,01* 0,60±0,07* 0,62±0,22 1,69±0,03* 1,62±0,03* 

Cv, % 17,89 10,14 9,58 32,62 25,55 5,25 6,09 

3 y±m 4,67±0,77* 9,01±0,69* 0,20±0,01 0,39±0,07 0,92±0,04* 5,78±0,20* 1,64±0,03* 

Cv 49,3 23,03 15,39 51,72 12,69 10,25 5,5 

4 y±m 3,04±0,42 5,90±0,08 0,18±0,00 0,28±0,04 0,53±0,04 3,04±0,06 1,01±0,11 

Cv 41,1 4,61 2,37 48,22 20,5 5,59 32,81 

5 y±m 2,31±0,09 5,49±0,4 0,13±0,00* 0,24±0,04 0,34±0,03* 3,50±0,19* 1,10±0,03 

Cv 11,65 19,86 8,53 52,06 23,12 15,87 8,68 

6 y±m 2,62±0,03 5,47±0,1* 0,15±0,01* 0,23±0,02 0,50±0,02 2,82±0,06* 1,17±0,03* 

Cv 3,52 5,25 12,71 21,59 9,96 6,42 8,9 

7 y±m 2,60±0,28 5,82±0,10 0,16±0,01 0,42±0,08 0,56±0,04 2,65±0,20 1,4±0,21 

Cv 32,03 5,22 19,32 59,89 20,88 22,65 44,88 

8 y±m 2,94±0,03 7,24±0,09* 0,16±0,01 0,25±0,02 0,48±0,03 3,76±0,07* 1,2±0,03* 

Cv 3,33 3,72 10,98 19,17 18,99 5,82 7,1 

9 y±m 3,17±0,07 7,71±0,18* 0,16±0,01 0,45±0,09 0,67±0,05* 4,62±0,36* 1,43±0,06* 

Cv 6,17 6,94 9,56 58,27 23,4 23,57 12,2 

10 y±m 2,93±0,04 5,58±0,27 0,15±0,01* 0,19±0,01* 0,54±0,04 3,31±0,1* 1,35±0,03* 

Cv 4,4 14,41 16,37 19,46 20,83 9,13 7,37 

11 y±m 2,97±0,04 6,13±0,07* 0,15±0,02 0,27±0,04 0,59±0,04 3,40±0,06 1,31±0,06* 

Cv 3,93 3,37 15,06 46,35 19,01 5,17 13,4 

12 y±m 2,64±0,07 5,62±0,08* 0,16±0,01 0,21±0,01 0,56±0,11 3,23±0,06* 1,19±0,04* 

Cv 7,65 4,19 13,24 16,16 19,73 5,72 10,.45 

13 y±m 3,38±0,05 7,01±0,07* 0,16±0,01 0,89±0,43 0,58±0,04 4,18±0,05* 1,47±0,04* 

Cv 4,1 2,96 21,85 146,26 20,92 3,36 7,92 

14 y±m 2,84±0,06 6,53±0,17* 0,13±0,01* 0,20±0,01 0,43±0,04 3,33±0,25 1,66±0,29* 

Cv 6,03 7,95 15,1 14,67 27,09 22,76 52,48 

15 y±m 3,01±0,05 6,58±0,26* 0,14±0,01* 0,21±0,02 0,50±0,03 4,03±0,30* 1,35±0,06* 

Cv, % 4,50 3,96 15,32 24,65 19,4 7,52 12,28 

*�%3:&�"83&. qY&1Y?$7"Y&1> Y1/b�b9 V7b5"2%2 ? &72?"$"bb & %Y"17Y/$3 V7b {<0,05. 

 

�Y/�b"2 3$5Ypb//2 /b&12 #/B &Y&"4 YC4%"Y?$""Y9 VY%252/2 3b"b32/>"4$ 5"2�$"bB #/B n27%2 

;$/$5"Y#Y7Y;"b%Y? @. f272@2"#4 (0,34 3%3), 2 32%&b32/>"4$ — #/B &%?$72 Y%Y/Y j%b3212 @. 

�21V2$?2 (0,92 3%3). q2""49 V7b5"2% 12%;$ ?27>b7Y?2/ "2 "b5%Y3, &7$#"$3 b ?4&Y%Y3 A7Y?"$. �2%, 

32%&b32/>"49 %Y�ppbtb$"1 ?27b2tbb &Y&12?b/ 122,08 % #/B @. _$5%25@2"2, 3b"b32/>"49, 9,96 % — 

@Y7Y#&%Y@Y V27%2 @. f27%272/4. 

y2%&b32/>"4$ 5"2�$"bB #/b"4 V7Y?Y#B�$@Y VA�%2 C4/b YC"27A;$"4 #/B /b&1>$? &Y&"4, 

&YC72""4a ? �$"172/>"Y3 V27%$ %A/>1A74 b Y1#4a2 @. f272@2"#4 (4,62 3%3), 3b"b32/>"4$ — #/B 

V27%2 ~2A745 @. _$5%25@2"2 (1,69 3%3). q2""49 VY%2521$/> ?27>b7A$1 "2 "b5%Y3 b &7$#"$3 A7Y?"$, Y1 

5,17 #Y 23,57 %. yb"b32/>"4$ 5"2�$"bB %Y�ppbtb$"12 ?27b2tbb (3,36 %) Y13$�$"4 #/B /b&1>$?, 

&YC72""4a ? &%?$7$ @. s2/a2W2, 32%&b32/>"4$ (23,57 %) — #/B �$"172/>"Y@Y V27%2 %A/>1A74 b 

Y1#4a2 @. f272@2"#4. 
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@. _$5%25@2", V/Y�2#> V$7$# @Y-

7Y#&%b3 j%b321Y3 

@. _$5%25@2", V27% ~2A745 @. �21V2$?, &%?$7 V$7$# j%b321Y3 

 

. �/412A, j%b321, &%?$7 @. f272@2"#2, &Y71b7Y?%2, V27% 

_$/$5"Y#Y7Y;"b%Y? 

@. f27%272/4, @Y7Y#&%Y9 V27% 

  

@. f27%272/4, VY&2#%b ?Y5/$ 

j%b3212 

@. f272@2"#2, =@Y-?Y&1Y%, �1"Y-

V27% 

@. f272@2"#2, �$"172/>"49 V27% %A/>-

1A74 b Y1#4a2 

  

 

@. f272@2"#2, n27% nYC$#4 @. �$3b712A, V27% `Y&1Y% @. �$3b712A, 2?1Y&12"tbB, &%?$7 

   
@. s2/a2W, j%b321, &%?$7 @. s2/a2W, {29Y""2B V7Y%A721A72 @. f272@2"#2, y29%A#A%, V27% 

{b&A"Y%. nYV$7$�"4$ &7$54 a?Yb &Y&"4 YC4%"Y?$""Y9, V7Yb572&12=�ba ? 725/b�"4a 1Y�%2a f272@2"#b"&%Y9 b 

�/412A&%Y9 YC/2&1$9 (�$"172/>"49 f252a&12") 
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nY%2521$/> Wb7b"4 V7Y?Y#B�$@Y VA�%2 b53$"B/&B Y1 1,19 3%3 (&%?$7 Y%Y/Y 2?1Y&12"tbb @. �$-

3b712A) #Y 1,66 3%3 ({29Y""2B V7Y%A721A72 @. s2/a2W). n7b5"2% ?27>b7A$1 "2 "b5%Y3 b &7$#"$3 

A7Y?"$, 1Y/>%Y 32%&b32/>"Y$ 5"2�$"b$ ?27>b7A$1 "2 ?4&Y%Y3 A7Y?"$ — 52,48 %. 

y"(5A�&83&  

�2%b3 YC725Y3, 3Y;"Y Y13$1b1>, �1Y "2C/=#2=1&B #Y&1Y?$7"4$ Y1/b�bB VY 2"21Y3b�$&%b3 VY-

%2521$/B3 b &1$V$"b ?27>b7Y?2"bB V7b5"2%Y? a?Yb &Y&"4 YC4%"Y?$""Y9 b5 725"4a 1Y�$% &CY72. �&12-

"Y?/$"Y, "2 "$52@7B5"$""4a b 32/Y52@7B5"$""4a A�2&1%2a (@. f27%272/4, VY&. �/412A, @. �21V2$?) 

"2C/=#2=1&B &7$#"b$ 3b%7Y&%YVb�$&%b$ VY%2521$/b, 2 12%;$ 3b"b32/>"4$ %Y�ppbtb$"14 ?27>b7Y-

?2"bB. q/B "2&$/$""4a VA"%1Y? & V7Y34W/$""43 52@7B5"$"b$3 V7b5"2%b ?27>b7A=1 & CY/>W$9 �2&-

1Y1Y9.  

nY/A�$""4$ #2""4$ 3Y@A1 b&VY/>5Y?21>&B #/B CbYb"#b%2tbb Y%7A;2=�$9 &7$#4 ? "2&$/$""4a 

VA"%12a f272@2"#b"&%Y9 YC/2&1b.  
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3 Voronin P.Yu. Structural and functional changes in the leaves of plants from steppe communities as affected by aridization of 

the Eurasian climate / P.Yu. Voronin, L.A. Ivanova, D.A. Ronzhina, L.A. Ivanov, O.A. Anenkhov, C.C. Black, P.D. Gunin, 
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174 ?#@A0%B C1$1+10.%0@B)+) D0%E#$@%A#A1 

 

f. �A/$WY?2, j.f. e2/b 

Ê;J�;Od W:KW;Ii<=O>� F>cH J:Wd fI; �I;IcI^ aI§>;Ic>Q>e  

IQIJKG<=O>� Po;9:JPdFJ:;dQ 9IO>9J>;GIO> IQIJKG<=O>� �:;JJ:H 

v&'3#'%1$7 ;2V47261274"4� 3Y7pY/Y@bB/46-2"21Y3bB/46 %x7&$1%'W1$7'"'� ;29-%89' "$@'5'"#$ CbY-

b"#b%2tbB 6Y7W2X2" Y712"4� ;29-%89'" C2X2/2A 8W'" 6Y/29/4 1u&'/. e272X2"#4 ;u"$ Ì/412A YC/4&-

1274" 6231b14" �712/46 e2526&12" $/$A/' x"$7%u&'V1'% W4X274"#4/274 C27 x�'7. �$711$A#'� 

326&214 — �712/46 e2526&12""4� $/#'3$%$"#$7'"#$ x&$1'" Pinus sylvestris ;2V47261274"4� 

2"21Y3bB/46 %x7&$1%'W1$7'"$ &2/4&14732/4 5$711$A ;87@'5A. ~u1b;$/$7 %x7&$1%$"#$9, ;2V472614� 

|54"#4X4 3$" $"', 3$5Ypb// 62/4�#4X4"4� 32%&b32/#4 %x7&$1%'W1$7' — �u1C2$? 62/2&4"2"; 

;2V4726 �Vb#$73b&'"'� 62/4�#4X4 — _$5625X2" 62/2&4"2"; Y74"#274"4� #b23$17' — s2/62W 

62/2&4"2"; x1%'5@'W WYX474"4� |54"#4X4 — e272X2"#4 62/2&4"2" ;u"$ x1%'5@'W WYX474"4� $"' 

12X4 s2/62W 62/2&4"2" 12C4/X2". s$/@'/$7#'� C2&43 Cx/'@' 1x3$" ;u"$ Y712W2 #$�@$9#$ x5@$7'V 

Y1472#4, ;YX274 ?27b2tbB %Y�ppbtb$"1' 6272X29 64/62"#274"4� &4943#4/461274"4� (W2947 

;87'&1$7'"'�) #b23$17' 8W'" X2"2 C$/@'/$"#'. Pinus sylvestris 64/62"4"4� 2"21Y3bB/46 

6|74/43#274"4� $� 1x3$"@' %x7&$1%'W1$7' �712/46 e2526&12""4� x"$7%u&'V1'% $/#'3$%$"#$7': 

e272X2"#4, s2/62W, �$3'712A ;u"$ _$5625X2", 2/ Ì/412A ;u"$ �u1C2$? 2A4/#274 8W'" C27/46 3u" 

Y712 ;u"$ ;YX274 #$�@$9#$ CY/#4. j/4"X2" #$7$%1$7#' ;2&4/ ;$/$%1$7#' 6Y/#2"2 Y1474V 

CbYb"#b%2tbB 8W'" 6Y/#2"AX2 CY/2#4. 

?�5) #�o'&%: Pinus sylvestris, �712/46 e2526&12", 64/62", 2"21Y3bB/46 %x7&$1%'W1$7, CbYb"#b%2tbB, 

x5@$7@'W1'%. 

 

 

K. Tuleshova, j.K. Kali 

Comparative anatomical study of anatomical parameters of Pinus sylvestris leaf  

of different geographical origin 

Bioindication based on the state of morphological and anatomical indicators of plant leaves is a convenient 

way to assess the state of the environment. Central Kazakhstan, which includes the Karaganda and Ulytau re-

gions, is a region with significant industrial emissions. The purpose of this study is to conduct a comparative 

study of anatomical indicators of Pinus sylvestris leaves growing in settlements of Central Kazakhstan. The 

results showed that the maximum parameters of leaf length and width, mesophyll thickness were found for 

Satpayev city, leaf epidermal thickness for Zhezkazgan city, reservoir diameter for Balkhash city, conducting 

beam length for Karaganda city, and conducting beam width for Balkhash city. Most of the signs varied at a 

low and medium level, a high coefficient of variation was noted only for the diameter of the containers (resin 

passages) of pine needles. It was noted that the minimum indicators of the anatomical structures of Pinus 

sylvestris needles were found for industrial settlements of Central Kazakhstan: Karaganda, Balkhash, 

Temirtau and Zhezkazgan, while for Ulytau settlement and Satpayev town all values were at an average and 

high level. The obtained data can be used for bioindication using green spaces. 

Keywords: Pinus sylvestris, Central Kazakhstan, pine needles, anatomical parameters, bioindication, varia-

tion. 
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