
AHATOMEI9ECKOE CTPOEHEIE 3KTOMEIKOPEI3 
ABIES SIBIRICA LEDEB. EI PICEA OBOVATA LEDEB. 

B YCJIOBWX 3ArPII3HEHW JIECHbIX 3KOCEICTEM 
BbIEPOCAMH MEAEIIJIABEIJIbHOrO KOMEEIHATA 

O 2004 r. A. B. B~c~JIKHH 
hcmumym a~onozuu pacrnetiuri u xueomtiblr YpO PAH 

620144 E~arneputi6yp2, yn. 8 Mapma, 202 
nocrynnna B penaKqnio 04. 1 1.2002 r. 

P ~ C C M O T ~ ~ H O  H3MeHeHHe  aHaTOMHYeCKHX npH3HaKOB 3KTOMHKOpH3 nHXTbl  C H ~ H P C K O #  H e n H  C A ~ H P C K O ~ ~  

B YCJIOBUHX 3 a V R 3 H e H H I I  eCl 'eCl 'BeHHblX JleCOB TIDKenblMU M e T ~ J l n a M H  (CU, Zn, Cd, Pb. AS U Fe) H CepHHC- 
Tb lM BHrHnPHnOM. C POCl'OM T ~ X H O ~ ~ H H O ~ ~  HBrPY3KH 06w~ii p a n H y C  MHKOpH3HblX O K O H ' I ~ H N ~ ~  U K 0 p ~ e f i  

061,e~ n o r n o w a m r q H x  o p r a H o B  n p H  ~ ~ ~ P R ~ H ~ H H H  ~ 0 3 p a m a m ~ .  npennonarae~ca, YTO y m a H o s n e H H b l e  pe- 
a K m  H M e m T  W ~ ~ T H B H ~ I ~ ~  X a p a K T e p  H H a n p a B J l e H b l  H a  K O M n e H C a 4 l i O  He raTUBHblX  B@@~KTOB, Bbl3BaH- 
HblX TeXHOlXHHblM 3a rpX3HeHHeM.  

Knmreeb~e cnoea: ~ K T O M H K O P H ~ ~ ,  KOPHU, T a x e n b l e  M e T m n b l ,  Abies sibirica Ledeb., Picea obovata Ledeb.. 
r p H 6 ~ 0 f i  Y e x o n ,  a H a T o u s a .  

P e a v H  3 K T O M H K O P H 3  - ( P H ~ H O ~ O ~ H Y ~ C K W  ~ a u 6 0 -  
nee ~ K T H B H O ~  S a C T H  K O P H ~ B O ~  C H C T e M b l  A e p e B b e B  - 
H a  T e X H O r e H H b l e  ~ 0 3 a e f i C T ~ U R  UCCJ leROBaHbI  AOBOJIb-  

HO cna60, STO 0Tpamae-r cywecr~ymwui  0614sii 
A U C ~ E I J I ~ H C  B UHTeHCUBHOCTU U 3 Y S e H U R  C T P O e H H R  H 

3 K O n O r U U  H a A -  U n O A 3 e M H b l X  SaCTei A p e B e C H b I X  P a C -  

T ~ H A ~  ( ~ B A A ~ H K O  U AP., 2000). B H a C T O R W e e  B p e M R  

H e n n O X O  3 a A O K Y M e H T H P O B a H b I  U 3 M e H e H H R  B C T p O e -  

H H H  3 K T O M H K O P U 3 ,  0 6 y C n 0 ~ J I e ~ ~ b l e  ~ 0 3 ~ e i C T ~ l i e M  

r a 3 0 0 6 p a 3 H b l x  n O n n l o T a H T O B  U n p u B o a R W u e  B 06- 
W e M  K ocna6ne~wm M H K O P H ~ O O ~ ~ ~ ~ O B ~ H H R ,  (PHKCW- 
p y e M o M y  no ~ ~ ~ J I U S H ~ I M  n a p a M e T p a M  (Reich et al., 
1985; Stroo et al., 1988; Adams, O'Neill, 1991; u ~ a -  
pa6a H ~ p . ,  1991; Ohtonen et al., 1993; B e c e n ~ ~ ~ ,  
20026). M e H b L L I e  0 6 x e ~  A a H H b I X  (Dixon, 1988; Rp- 
MHIIIKO,  1990; Leyval et al., 1997) U C O O T B e T C T B e H H O  

M e H e e  R c H a  p e a K q a r r  SKTOMHKOPH~ H a  s a r p m ~ e ~ u e  
H O H a M U  M e T a n n O B .  

0 6 ~ a ~  p e a K s u r r  c u c r e M b I  "rpu6-pacre~ue" H a  

nm6oi  Twn ~ o s n e i c r ~ u ~ ,  B TOM Y n c n e  H H a  sarpns~e- 
H w e  T R m e n b I ~ n  M e T a n n a M u ,  o n p e A e n R e T c R ,  o 9 e B w a -  

HO,  r n y 6 u ~ o i  C T p e C C a  H X a p a K T e p O M  O T B e T H b l X  pe- 
a K q U i  O T A e n b H b l X  CUM~UOHTOB. P e a K u U R  C O ~ C T B ~ H H O  

K O P H ~ ~  A e p e B b e B  H a  I IOBblLLIeHHbIe  K O H q e H T p a q U U  

MOHOB T R X e n b l X  M e T a n n O B  B n O S B e H H O M  P a C T B O p e  

H e r a T H B H a ,  Y T O  B b I p a X a e T C H  B T O P M O X e H U U  P O C T a  

~ o p ~ e i i ,  n p u o 6 p e ~ e ~ n u  UMU c n e q u + u ~ e c ~ u x  MOP- 
+onorurec~ux O C O ~ ~ H H O C T ~ # ,  y s e n u s e H u u  aonw 
M e P T B b l X  K O P H ~ ~  B o614ei ~ U O M ~ C C ~  ( ~ ~ P H ~ H ~ K o B ~ ,  
1987; K a G a ~ a - n e ~ ~ ~ a c ,  l l e~nuac ,  1989; RPMHLLIKO, 

1990; Helmisaari et al., 1999). ~ K T O M W K O P H ~ H ~ I ~  r P H -  

6b1 o 6 n a ~ a 1 o ~  AOBOJIbHO 3 H a S H T e n b H 0 f i  ~ C T O ~ S H B O C -  

TbH) K T O K C H S e C K O M Y  B O ~ A ~ ~ ~ C T B H H )  H O H O B  MeTaJ I J IOB 

(Willenborg et al., 1990; Wilkinson, Dickinson, 1995), 
Y T O  C B R 3 a H O  C O C O ~ ~ H H O C T R M U  UX M e ~ a 6 0 n U 3 ~ a  H 

C ~ O C O ~ H O C T ~ H ,  A e n O H U p O B a T b  U O H b I  M e T a n J I O B  B H e -  

~ K T U B H O #  + 0 p M e  H a  K n e T O S H b I X  C T e H K a X  U ( U n H )  B 

K n e T O S H b I X  B a K y O n R X  (rop6y~oaa. Tepexo~a, 1995; 
Leyval et al., 1997). l l apa~o~canbso ,  HO (Pusuonora- 
S e c K u e  H ~ K O ~ O ~ H S ~ C K H ~  n o c n e ~ m B n R  ( P o p ~ ~ p o ~ a -  
HHR 3 K T O M U K O P H 3  B YCJIOBHRX nOBbILUeHHbIX KOH- 

q e H ~ p a u l i 8  T R X e n b I X  M e T a J I J I O B  B n O Y B e ,  CBUAeTeJ Ib -  

C T B y H ) W U e  06 UX 6apbep~oii P O n H  no OTHOUleHUH)  K 

H o H a M  M e T a n n o B  (Dixon, 1988; Wilkinson, Dickin- 
son, 1995; Leyval et al., 1997), u 3 y ~ e ~ b 1  e a B a  na H e  

nysrue, s e M  C O ~ C T B ~ H H O  ( P e ~ o ~ e ~ o n o r u ~  pea~uui'i 
3 K T O M U K O P U 3  H a  R ~ H H ~ I ~  T U n  T O K C U S e C K U X  H a r p y -  

3 0 K .  

B ~ac roawei  p a 6 o ~ e  u 3 n a r a m ~ c ~  p e 3 y n b ~ a ~ b 1  
UCCnef lOBaHUR a H a T O M U Y e C K O r 0  C T P O e H H R  3 K T O M H -  

K O P H 3  ABYX A O M U H a H T H b I X  AJIR 60peanb~oi  3 0 H b I  

E ~ p a s n s  BuAOB A e p e B b e B  ( ~ H X T ~ I  C U ~ U P C K O B  - Abies 
sibirica Ledeb. H enu c u 6 u p c ~ o i  - Picea obovata Le- 
deb.) B yCJlOBURX K ~ ~ ~ H O M ~ C U I T ~ ~ H O ~ O  3 a r p R 3 H e H H H  

J I eCHbIX 3 K O C U C T e M  B ~ I ~ P O C I M H  M e A e n n a B H n b H O r O  

K O M ~ U H ~ T ~ .  
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BblCOTa HaR yp. M., M 

P a 6 0 ~ b l  n p O B e n e H b 1  B eCTeCTBeHHbIX m X H 0 T a e X -  

H ~ I X  T ~ M H O X B O ~ ~ H ~ I X  necax Cpen~ero Ypana c pa3- 
H0f i  CTeneHbH)  T ~ X H O ~ ~ H H O ~ ~  HaPyUIeHHOCTH. Ilp06- 
H b l e  nnoqann p a c n o n o m e H b 1  B 3 o ~ e  ~osne#crenn 
Cpen~eypanbc~oro M e n e n n a e n n b H o r o  sa~ona ,  B ~ I -  

6pacb1samu[ero B a ~ ~ o c @ e p y  6onbune K o n n q e c T s a  

TBepRblX (CU, Zn, Cd, Pb, AS n Fe) H r a 3 0 0 6 p a 3 ~ b I x  

(SO,) np0MbIWJIeHHbIX OTXOflOB. B o ~ p y r  npeJ(npHH- 

TWH B b l R e n e H b l  T P H  3 0 H b I  T ~ X H O ~ ~ H H O ~ ~  HarPY3KH 

(Bopo6efi.i~~ n Rp., 1994): HMnaKTHaH ( n p 0 6 H b l e  

nnoqann H a  y n a n e H n r r x  1 n 2 KM OT sa~ona) ,  6y@ep- 
HaH (4.5 n 7 KM) n @ O H O B ~ H  (30 KM). B H e n o c p e n c r -  

B ~ H H O #  6nn3ocrn OT npennpnmm y p o B e H b  conep- 
X a H H H  KkiCnOTOPaCTBOPHMblX @OPM CU B n O n C T H n K e  

B b l W e  @OHOBO~O B 65 pas, Pb - B 18 pas, Cd - B 3- 
5 pa3 ( ~ a 6 n .  1). P e r ~ c - r p n p y e ~ c ~  T e x H o r e H H o e  non- 
K u c n e H n e  now (BopoGeii.in~, 1995). Mcxon~o H a  

n p o 6 s b l x  n n o q a n R x  6 b l n n  n p e R c r a B n e H b 1  e n o B o -  

nWXTOBble n e C a  nMnHIIKOBOr0 H KHCnll.iHHKOBOr0 TH- 

n o B  neca H a  c e p b l x  n e c H b l x  noLmax, K o T o p b l e  B pe- 
3 y n b T a l ' e  T ~ X H O C ~ H H O ~ ~  r r p a ~ ~ @ ~ p ~ a q ~ M  C y q e C T B e H -  

HO M3MetieHbI (BopoGeiiqnk: M np., 1994). 

M H R ~ K C  3arpfl3HeHUR 
n o ~ m u n ~ u * * *  

K o p ~ w  H 3KTOMkiKOPM3bl n O n p O C T a  e n H  H nAXThl 

0 ~ 0 6 p a ~ b l  B 1995 r. 6e3 ~ n @ @ e p e ~ q n a q n n  110 MX 

npkiypO.ieHHOCTH K nO.iBeHHbIM rOPI130HTaM;  06 'be~ 
B ~ I ~ O P K H  - 30 pac~e~kif i  H 100 cny.iafi~0 O T O ~ ~ ~ H -  
HblX KOPHeBblX 0 ~ 0 H ' l i l H ~ f i  B K a W 0 f i  3 0 H e .  06pa3ub1 
K 0 p H e f i  A e p e B b e B  IlMXTbl n e P B O r O  IIpyCii 0 ~ 0 6 p a H b l  B 

1997 C. OTAenbHO H3 n e c H 0 f i  I lO~CTHnKM, ryMyCOB0-iiK- 

KYMYnRTHBHOrO ( H ~ ~ O C P ~ ~ C T B ~ H H O  nOJ( ~ O J ( C T H ~ K O # )  

H 3nh3BHanbHOCO (C C n y 6 n H b l  15-20 CM) nO'iBeHHbIX 

COPM30HTOB. Ha 18 (4-10 B n p e n e n a X  30Hb1) npo6- 
HbIX IIJlOqaflHX O T O ~ ~ ~ H O  no  n R T b  npo6 K o p H e f i ;  

o 6 p e ~  B ~ I ~ O P K W  - 150-300 O K O H ' ~ ~ H H ~ ~  H 3  Ka>K,QOrO 

nO. iBeHHOr0 COPH30HTa B K I X ~ O #  3 0 H e .  M H K O P M ~ ~ I  
RByneTHMX BCXOAOB nHXThI 0 ~ 0 6 p a H b l  B 1998 r. y PaC- 

T ~ H H #  C 15 ~ P O ~ H ~ I X  I I J I o q a n e f i ;  0 6 ~ e ~  B ~ I ~ O P K M  - 
30-100 oco6efi H 130-250 0 ~ 0 H . i a H k i f i  B K a X n o f i  30- 

H e .  C6op M a T e p n a n a  B c e r n a  n p o B o n n n n  B K o H q e  se- 
C e T a q n o H H o r o  nepnona. 06pasqb1 @ n ~ c n p o ~ a n k i  B 

4%-HOM a o p ~ a n n ~ e .  

* & i H H b l e  E.n.  Bopo6ekqu~a H A p . ,  1994. 
** K o ~ q e H T P a q H t i  IIOABUXHbIX WPM M e T a n n O B  ( 3 K C T P a r e H T -  5 % - H ~ R  HN03) H 3 M e P e H b l 3 . X .  AXYHOBO~ H a  ~ T O M H O - ~ ~ C O P ~ U H O H H O M  

C ~ ~ ~ K T ~ O @ O M O T O M ~ T ~ ~  A M - 3  @ H P M ~ I  Kapn qekc B n a 6 0 p a T o p u u  ~ K o J I o ~ H ~ ~ c K O ~ ~  TOKCHKOJlOrHH W 3 P H X  YpO PAH. 
*** W H R ~ K C  3BrPR3HCHHH flOAcTHJlKH - f l O K a 3 a T e J I b  f l p e B b l l l l e H H R  B ~ ~ H H O G  T O q K e  @OHOBO~O YPOBHR 3 a r P R 3 H e H H R  n0 KOhll lneKCY 
I l O n n l o T a H T O B  (CU, Cd, P b ) .  O ~ O C H O B ~ H H ~  ~ b 1 6 0 p a  n a H H o r o  H H n e K C a  H n O p R n O K  P a C q e T O B  f l p H B e n e H b l  B pa6o~e E.n. Bopo6ekru~a 
H A P . .  1994. 

1.13-1.17 

n o n e p e . i H b 1 e  C p e 3 b I  OKOnO 2700 MHKOPM3HblX 

O K O H . ~ ~ H W ~  T O ~ ~ H H O ~ ~  10-20 MKM ~ P O C M ~ T P H B ~ J I M  M 
H3MepHnki B M H q e p W H e  6e3 OKPaIIIHBaHHR. C ORHOrO 

OKOH'laHHH aHaJIH3WPOBaJlH ORHH C p e 3 .  Ha K a W O M  

cpese @n~cnpoeann nnn p a c c . i n T b l e a n n  cnenymque 
n a p a M e T p b r :  H a n n . i n e  rpn6~oro .iexna n ero n o p n n ;  
06q~f i  P a R H y C  MHKOPZI3HOrO OKOH'laHHH (rI) - OT Ce- 

PeRkiHbl UeHTpaJ lbHOTO q H n k i H A p a  no H a p y X H o f i  

KPOMKH qexna; T o n q n H y  rpn6aoro .iexna (m); pann- 
yC KOPHH PaCTeHHII B MHKOPM3HOM OKOH'laHMW (r2) - 
p a 3 H O C T b  rl M m. Ha OCHOBaHMM rl W r2  PaCC'IWTbIBaJIM 

J lOntO ' 4 e X n a  B o6'be~e MUKOPW3HOCO OKOH'ISHMH (d )  
r ~ o  @ o p ~ y n e  

npennonaran,  TO M M K O P H ~ H O ~  oKoH.iaHMe npen- 
C T a B n R e T  co6oii qAnkiHRp ( K O P ~ H ~ )  C H a n e T 0 k  H a  He- 

ro B T Y ~ K O ~ ~  ( ' I ~ x o ~ ) ,  K O T O P b l e  H a  BCeM n p O T H X e H U U  

4.7 1-14.62 17.20-32.67 
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Ta6nnqa 2. P a s ~ e p ~ b ~ e  napaMe-rpbI M B K O P U ~ H ~ I X  O K O H ~ ~ H B ~  B r p a n e e H T e  s a rpas~e~ea  (o64ne peaaqne) 

0 6 q n k  panHyC OKOH9aHnR, MKM E n b ,  IIORpOCT 

H n x ~ a ,  e c x o ~ b ~  

n n x ~ a ,  nonpocr 
n n x ~ a ,  A0 

l l t ix~a ,  A1 

l l e x ~ a ,  A 1B 

E n b ,  nOEpOCT 

l l n x ~ a ,  B C X O A ~ I  

n n x ~ a ,  n o R p o c r  

nex~a, A0 
n n x ~ a ,  A1 

Hnx~a ,  A 1 B 
E n b ,  nonpom 
~ H X T ~ ,  BCXORbI 

l l n x ~ a ,  nonpocr 
H n x ~ a ,  A0 

l l n x ~ a ,  A 1 

I l n x ~ a ,  A 1 B 

1 Ens, noupom 
H n x ~ a ,  B C X O ~ ~ I  

~ U X T ~ ,  IIORpOCT 

i ::::: 2; 
, n n x ~ a ,  A l B  

HMCWT OAHHaKOBbIe P a n H Y C  H T O n q H H Y .  B P R n e  C n y -  

q a e B  ( P H K c A ~ o B ~ J I H  B C T p e Y a e M O C T b  H n U  OTCyTCTBHe 

B H a P Y X H b I X  CJIORX n a p e H X H M b 1  K O P b I  KOPHR T I H H A -  

HOBbIX KJIeTOK - Y n J I O q e H H b l X  K n e T O K  C T e M H O O K p a -  

I l I eHHbIM C O A e P X A M b I M  H n O ~ C Y R T b l B a n A  9HCJIO UIO-  

e B  TaHHHHOBbIX H "XHB~IX", COXPaHUBLLIUX HCXOR- 

HYIO A30gHaMeTPHqeCK)'IO (POPMY, KJIeTOK K O P b l  

KOPHR. E U I H  BCe K n e T K H  K O ~ O B O ~ ~  I I a p e H X H M b I  T e p R -  

nu  H30AHaMeTPHYeCKYH) (POPMY, T a K H e  OKOHqaHHR 

C q H T a n H  OKOHqaHHRMU 6e3 T y p r O p a .  

0 6 q n e  pearrqnn. ~ ~ H H ~ M A K ~  O ~ I I J H X  ( o n p e n e n e H -  

HbIX AJlR B C ~ G  COBOKyIIHOCTH I IpOaHaJIH3HpOBaHHblX 

3KTOMHKOPW3HblX O K O H ~ ~ H M ~ ~ )  p a 3 M e P H b I X  n a p a M e -  

TPOB B T o K c n q e c a o M  r p a A n e H T e  n p e n c T a s n e H a  B 
~ a 6 n .  2. ~ P H  MaKCHManbHOM 3 a r P R 3 H e H H H  Y O ~ O A X  
BHXOB B MJIaAUIHX B 0 3 P a C T H b I X  r p y n n a X  H a 6 n H ) ~ a e ~ -  

ca y s e n s q e H n e  o6qero pannyca M H K O P H ~ H ~ I X  OKOH- 
W H H ~  H a  10-27% no C p a B H e H H W  C (POHOM. Y B3POC- 

n b x x  p a c r e ~ u P  0614nii pagnyc nps s a r p a s ~ e ~ u n  ~ 0 3 -  

p a c T a e T  B n o a c r n n K e  ( H a  lo%), HO c H u m a e T c x  B 

M A ~ e p a J I b ~ o f i  YaCTA IIOqBbI.  

k I 3 ~ e ~ e ~ n e  ~ ~ C O J I I O T H ~ I X  (B MKM) nonepeqmx 
p a 3 M e p O B  3KTOMAKOPA3HblX O K O H ~ ~ H A ~  06ycnosne- 
HO npemge B c e r o  H ~ M ~ H ~ H A ~ M  p a 3 ~ e p o ~  ~ o p ~ e i i  
p a c T e H n a ,  ~ x o q r r ~ s x  B HX C o c T a B .  Y BCXOAOB H non- 
poc-ra, a T a H e  B n o n m n n K e  B y c n o B n x x  sarpas~e- 
H n a  cpen~uii  pannyc K o p H n  ysennqnsaeTca H a  9- 
23% no CpaBHeHHH)  C (POHOM H YMeHbIlIaeTCR H a  6- 
8% y MHKOPH3HbIX O K O H ~ ~ H W ~ ~  B3POCJIbIX A e p e B b e B  

H 3  ryMyCOB0-aKKyMynRTHBHOr0 (A 1) M. 3 n W B H a J I b H O -  

r0 (A 1 B) I IOqBeHHbIX rOPH30HTOB.  

C n e ~ y e ~  OTMeTWTb, q T O  C ~ O P  o6pa3uo~ K O ~ H ~ G  
BCXOAOB, I IOnpOCTa A 06pa340~ K O P H ~ ~ ~  B3pOUIbIX 

A e p e B b e B  M3 IIORCTnnKH B H M ~ ~ K T H O ~ ~  3 0 H e  O C y W e -  
C T B n e H  H e  n p H  CaMbIX MaKCHMaJIbHbIX YPOBHRX Ha- 

r P y 3 K H  ( H H ~ ~ K c  3 a v R 3 H e H H R  17-20 en.), T a K  KaK n p W  
6onbrueu 3 a r p a s ~ e ~ n n  pa3su~ne ~ o p ~ e f i  B nonmnn- 
K e  n o n H o c T b m  n o n a B n R e T c n  ( B ~ C ~ ~ K M H ,  2002a). 0 6 -  
pa3ubX H 3  M A H ~ P ~ J I ~ H O #  W C T H  n O q B b 1  0 ~ 0 6 p a H b 1  BO 
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Ta6n1qa 3. K a q e c T e e n n b ~ e  n a p a M e T p M  M H K O ~ V ~ H ~ I X  OKOH'I~H& B r p a a n e H T e  3 a r p ~ 3 ~ e m  (06uue peawm) 

n p ~ ~ e q a m e .  nocro~ep~ocrb pa3nnqnti c @OHOBLIM~ n o ~ a 3 a ~ e n l 1 ~ ~ :  * - p  < 0.05; ** - p  < 0.01; *** - p  < 0.001. 

BCeM B03MO)KHOM A H a n a 3 0 H e  H a r p y 3 O K  - BIMOTb A 0  P O B  co6c r se~~o  KOPHII H ~ H ~ H O ~ O  'Iema, IIsJIReTCR 

n o c n e R H I u r  c o x p m m m ~  ~ 6 n ~ s a  3 a ~ o ~ a  +par- A o n R  sexna B o614e~ 06.aeue MHKOPH~HOM) OKotI ' Ia-  

M e H T o B  neca. M a ~ e p ~ a n  w3 A1 H A1B c m n a K ~ ~ o 8  mix. B pme c n y s a e B  (y noApocra e n H  H B n o ~ c r m ~ e )  
3o~b16b1n p a 3 6 ~ ~  H a  Ase n o ~ s b 1 6 0 p ~ ~ :  npo6b1, B KO-   TOT n a p a M e T p  B r p w H e H T e  ymosrrit ocraeTM ~ew3- 
T o P b I X  K O P H ~ ~  B IIORCTwnKe H e T  ( C ~ L T I ~ H O ~  3 W p R 3 H e -  MeHHbIM, IlOCKOJIbKy p a 3 M e p b I  H K O P W  H 'IeXJIa H3- 
HHe), H npo6b1, rAe KOPHH B nOACTkLn.Ke ~ ~ @ H K C H P O -  MeHqIOTCR n P H M e P H O  B p a B H 0 8  CTeneHH.  Y BCXOROB 
BaHbI  ( M e ~ b I U e e  3 a q R 3 H e H H e  HJIH 6oaee 0 n T ~ h a J l b -  H B r O P H 3 0 H T a X  A1 H A1B BKJIaA qn6a  B @OPMHPO- 
H b I e  YMOBWI). O K ~ ~ W O C ~ ,  'IT0 I I O n e p e ' I H b I e  B a H H e  o614ero o6.ae~a MHKOPH3HbIX OKOH'I~& I l p H  
pa3Mepbl .  K o p H e g  3Ha'IHTeJIbHo CIWXaIOTCR B npo- 3 a q R 3 H e H K l i  IIOBbIIUaeTCR, a y n O R p O c r a . ~ b I  - 
6ax C MaKCHMaJlbHbIM 3 W P R 3 H e H H e M  - 232 f 6 MKM YMeHbIUaeTCR. 
(A 1) H 235 f 3 MKM (A 1 B), O C T a B W C b  BO BTOPOP nOR- 

~ b 1 6 0 p ~ e  H a  YpOBHe @OHOB~IX 3 l i a ' I e H d  (256 f 11 H O T M ~ T ~ ,  'IT0 efXH H 3 M e H e m  ~ a ~ o r o - n H 6 0  

240 f 9 MKM). npw31ia~a (PWKC~~YIOTCR yxe B 6y@ep~oii s o ~ e ,  TO 
er0 3 H a ' I e W  3 A e C b  IIsJIXIOTCR ~ P O M e X J V O ' I H b I M H  

Cpenma Ton-Ha VH6sb1x 'IemoB y M e w y  ~ H ~ ' I ~ I U ~ X ,  B m n a u ~ ~ o 8  a @ O H O B O ~  3oeax: 
Hccne~OBaHWI npH aaa60nbmeM 3aqa3HeHHH " B ~ I ~ P O C ~ I "  B 6y+ePH~8 3 0 ~ e  ~ a ~ H ~ H ' I e c ~  H e n o -  

~ 0 3 ~ a c r a e ~  H a  6-18 MKM - H a  2655% '0 CPaBH'HHK' 
m B e p H b 1 .  B U e n o M  Ternoremu nmaruu;a p a 3 M e p -  

@OHOBblMH 3Ha'IeHWIMH. AcKJIm'IeHHe CocraBnR- 
HblX n P m H u O B  m O P H 3 H b I X  O K O H ' I ~  TeMHO- 

IOT 'Iemb1 MHK0PH3 nORpOcra nKxrbl' cpeAHIuI 
X B O ~ ~ I X  C B a e T e J I b C T B y e T  0 IIpOHCXOJ(HueM nOR 

Horn '  KOTOPbIX B V a R H e H T e  3 a V R 3 H e H M  H e  '3Me- 
eJa-eM 3 a r p a 3 H e -  Bb16P~~aMH M e A e m a - b -  

m e T c R .  
H O r O  K O M ~ H H ~ T ~  yBeaH' Ie4Hki  o6.ae~a @H~HoJIoI'w- 

X a p a K ~ e p l i C X H K ~ f i ,  K O T O P U  II03BOJIIIeT CpaB-  'IeCKH aKTWBHbIX I I O r J I O ~ a I O I ~  O p r a H O B .  3 ~ y  pe- 
H H T ~  c r e n e H b  ~ e m o r e ~ ~ o k  ~ p a ~ c @ o p ~ a q i ~  pame- a m r o  o c y u e c r a n a r o T ,  K a K  n p a B m o ,  06a napmepa 

'IHCJIO CJIOeB KJIeTOK, UT.  

5.5 

5.0 6.0 

4.5 

30na ~ a r p y 3 ~ n  

Els~enenne qncna cnoeB TMHHHOBLIX (a) n ")IMB~IX" (6) KneTOK KOPM KOPHII, a Tame nx IXqem qncna (B) B rpwneHTe 
3qlI3HeHU y bUiKOPM3HbIX O K O H Y ~ ~  B3POCnhU RepeBbeB WTbI: 
1 - noRcrnnKa, 2 - ~ ~ M ~ C O B O - ~ K K ~ M ~ J I X T H B H ~ I ~ ,  3 - 3JlloB~aJlbHbl~ lWpP30HT; @ -  HOB^^, 6 - 6fiep~aa. n - klMllaKTHaZ4 
30nb1 ~ q y 3 ~ n .  ROCTOB~PHOCT~ p a z n n d  aowa3a~eneiI B W~oeoi i  n nmamoit  sorrax: * - p  < 0.05; ** r p  < 0.01; 
*** - p  < 0.001. 

3KOJIOlXH N 2 2004 

\ 

r # 

.I 

4.. * 
I 

n a p a ~ e ~ p  

Bc~peqae~ocrb O K O H ~ ~ H ~  c 
TaHHHHOBbIMII KJIeTKaMH, % 

. B c ~ p e q a e ~ o m  OKOH'I~HII# c 
COXPaHeHHbIM TYPM)POM KJIeTOK 
KOpbl KOPHII, % 

0 6 ' b e ~ T  

nm~a ,  BCXOA~I  

nHxTa, A. 

l l m a ,  A1 

l h m a ,  AlB 

n&a, BCXOA~I  

~ I w x T ~ ,  A0 

nw~a, A1 

llm~a. AlB 

3 o ~ a  ~ a r p y 3 ~ n  

@ H O B ~ ~ I  

36.25 

63.63 

60.95 

59.13 

88.75 

7 1.42 

82.24 

83.87 

6 ~ 4 ' e ~ n a 5 1  

33.5 1 

78.60** 

75.10* 

76.28** 

79.67 

76.61 

74.69 
79.21 

i 

HWIiUCTHa5I 

59.47*** 

90.12*** 

75.84* 
77,09** 

79.08 

90.24** 

74.38 

84.44 



@ H ~ w o J I o I ' H Y ~ c K H ~  MeXaHH3MbI TeXHOreHHO 
06ycnoane~~oro H 3 M e H e H I U  p a 3 M e p O B  K 0 p H e f i  B 
COCTaBe MWKOPW3HbIX O K O H Y ~ H E I ~ ~  MOIYT 6 b l T b  pas- 
JIUWIbI. Hanpmep, TaHHHHOBbIe KJIeTKW, K a K  npa- 
BHJIO, CRaBJIeHbI B PaflUWIbHOM HaI lpaBJIeHHH,  H, 
c n e R o s a T e n a H o ,  ~w B ~ I C O K ~  n p e R c r a s n e H H o c r a  
M O X e T  npHBeCTU K YMeHblUeHIIH) R H a M e T p a  KOPHEI. 
ORH~KO 3 T O T  MeXaHW3M. eCJlIi H " p a 6 0 T a e T W   TO 
MOWO u p e R n o n a r a T b  Rnn O K O H Y ~ H H ~ ~  n3 A 1 n A 1B 
rOPW30HTOB - ~ a 6 n .  3 W PWCYHOK), BCe Xe H e  HBJIH- 
eTCH YHHBepCWIbHbIM, T a K  K a K  y BCXOROB IlUXTbI U B 
n o A c r I i n K e ,  H e c M o T p n  H a  mpaxeaaoe ~ospacra- 
HWe B C T p e ~ a e M O C T U  li o6mm TaHHHHOBbIX K n e T O K  
B H M ~ ~ K T H O ~ ~  3OHe. P a A H y C  KOPHH YBeJlHuHBaeTCH. 
Apyr0fi B O ~ M O X H ~ I ~ ~  MeXaHH3M B03PaCTaHWII I i n H  
y M e H a r r r e H a a  p a 3 ~ e p o ~  ~ o p m  - n s ~ e ~ e ~ n e  uncna 
U O e B  X H B b I X  K n e T O K  n a p e H X H M b 1  KOpHH H n H  HX 06- 
qero uacna.  TO n p e R n o n o x e H I i e  n o R T s e p m a e T -  
cx p e 3 y n b ~ a ~ a ~ n  M H o x e c r B e H H o r o  p e r p e c c H o n H o -  
r0 a H W I U 3 a ,  K O T O p b I e  C B H R e T e J I b m B y l O T  0 TOM, YTO 
BO B c e x  3 0 ~ a x  ~arpy3~11 unmo c n o e B  "IKHBMX" me- 
TOK n o n o x u i T e n b H o  n T e c H e e  npounx n a p a M e T p o B  
c~nsaao c papiycou K o p H a ,  HO H e  n o R T s e p m a e T c n  
npn asannse ~ e x ~ o r e ~ ~ o f i  R n H a M n K H  p a c c M a T p a -  
BaeMbIX npH3HaKOB.  B H ~ K O T O P O ~ ~  CTeneHW O n p a B -  
A b I s a e T c x  T a K m e  n p e A n o n o x e H H e  o TOM,  TO cpeg- 
nne p a s ~ e p b ~  K o p H n  caasaaa~ co c r e n e H a m  H a p y -  
KleHHOCTH T y p r O p e C q e H T H O r O  C O ~ O R H U S  K n e T O K  
K O p b I  KOPHX. Y MWKOPH3HbIX O K O H Y ~ H W ~ ~  B3POCJIbIX 
A e p e B b e B ,  O T O ~ ~ ~ H H ~ I X  B IIOJ(CTWKe, B YCJIOBHIIX 
3 a r p H 3 H e H l f H  AOnH O K O H V ~ H H ~ ~  C T Y P r O P O M  (H PaAU- 
y C  KOPHH) ROCTOBePHO BbIKle  CpaBHeHHK,  C @o- 
HOBOB 301-109. Pes~we pasnnum pas~epoe ~ o p ~ e f i  B 
ryMYCOB0-aKKYMynHTWBHOM r O P k l 3 0 H T e  B IIpeReJIax 
H M ~ ~ ~ K T H O ~ ~  3OHbI MOrYT O~%HCHIIT~CII TBM, q T O  B 
npo6ax, rRe KOPHH B n o g c r I i n K e  O T C ~ C T B Y ~ T ,  ~ y p -  
rop y T e p a H  n p w M e p H o  y 30% o ~ o ~ u a ~ n f i ,  a B donee 
~ J I ~ ~ O I I ~ ~ T H ~ I X  yCJIOBHHX R O n R  T a K I l x  O K O H V ~ H H ~ ~  
H e  n p e s b I r u a e T  2%. 

u e c K o r o  cnoxem c m x a e T c x ,  a 6 e C c r p y K ~ y p H b l ~  - 
~ospacrae~  (Becenm, 1999). 

Texxore~~b~e ~ 3 ~ e ~ e m  pma a H a T o M H u e c I u u r  
~ P H ~ H ~ K O B  B rpynnax MWKOPH~ c u e x n a M H  passoro 
c rpoem n p w s e g e H b I  B ~ a 6 n .  4, a B ~ a 6 n .  5 npeR- 
crameab~ n0ny.Ie-e B cepmi R B ~ X @ ~ K T O P H ~ I X  
R n c n e p c n o I i H b I x  ~ H W I H ~ O B  o q e w  ~0nei4 o64eP 
RHCllepCHIi HeKOTopbIX npH3HaKOB, O ~ % H C H X ~ M ~ I X  
B J I m H H e M  ABYX C&KTOPOB: THIIOM CTIOXCeHWZI '3eXJIa 
( rpagaw~ - "nne~~em~amuecrure" ,  "nce~aona- 
P ~ H X U M ~ T H S ~ C K E I ~ "  W " 6 e ~ ~ ~ ~ T y p H b 1 e " )  Ii MeCXOM 
o~6opa npo6 ("KMII~KTH~!~", "by@epam", "@OHO- 
 ill^" 30Hb1). 

Papiyc KOPHX cnnmee ~ ~ B W C W T  OT 3o~b1 ~arpy3- 
m, u e M  m c r p y ~ q b ~  uexna, @opu~pymqeroc~ H a  
ero noaepxxocm, n o s T o M y  RHHaMnKa A a n H o r o  npn- 
s ~ a ~ a  B r p w H e H T e  ywo~nii, c K o p e e  scero, H e  csn3a- 
H a  C H3MeHeHIleM IIPeRCTaBJIeHHOCTH YeXnOB pa3HO- 
ro cnomeam. M H O ~  ' M ~ X W ~ M  npeo6pa30sa~m 
H M e m  ~ P H ~ H ~ K M  ' b ~ ~ ~ p e u a e ~ ~ ~ b  O K O H S ~ H ~  c TaH- 
HHHOBbIMH KJI~TKBMEI" B " B C T P ~ Y ~ ~ M O C T ~  OKOHYa- 
HHfi C COXPZLHeHHbIM TYPIY)POM", KOTOPbIe  B RBYX- 
@ ~ K T O P H O ~ ~  M o R e n n  ma60 ~ ~ B H C R T  m crenem H a p y -  
m e H H o c r n  M ~ C T O O ~ H T ~ H H ~ ~  H B 6onbme9 M e p e  - OT 
T m a  cnoxeam uexna. Ha o64ym y c r a H o a n e H H y m  

3THX llpH3HaKOB RHHaMHKY C I t n b H e e  BJIAReT no- 
BbIKleHHe C POCTOM Harpy3KEI  o6mm 6 e c c ~ p y ~ ~ y p -  
H ~ I X  u e x n o B  n p H  n a p a m e n m o M  aimcemn 06mm 
n n e K T e H x n M a m u e c m x  (y nepmx ' T ~ H H H H O B ~ I ~  
K n e T m  H n m e p H  Typropa B c r p e u a m T c H  o u e H b  uac- 
TO, y BTOPMX - pexe). ~ P O M ~ X ~ O Y H H M  ~exam3- 
MOM n 3 ~ e ~ e m  O n p e g e n e n H b l x  BO scefi c o B o K y n n o -  
q H  O K O H S ~  p e w  06nwam~, BePOSTHO, n p H -  
~ H ~ K E I  " ~ o n q m a  uexna" w "ROJIR ~ 6 % e ~ a  uexna". B 
RBYX@~KTOPHO~~ MOReJ'Ili OHEI ReTePMHHHPYIOTCH K a K  
T a n o M  cnoxem uexna (cnnb~ee), T a K  n 30~0fi Ha-  
r p y 3 ~ ~  (mabee). ~ ~ M ~ T H M ,  u ~ o  ~an6onee x a p a K x p -  
no ~ospacrame ~ o u p i o m  ~ n x  ma60 c r p y K T y p n p o -  
BaHHbIX IIJIeKTeHXHMaTHYeCKIIX 4eXJIOB; B ~ e ~ b ~ e f i  

BbeB,  a BTOpOrO - 06 OTC)~CTBHM H n H  H ~ R O C T ~ T O Z ~ -  
HO~I B b I p a x e H H o c r a  R a n H o r o  npoqecca. O E j C Y X , Q E H k l E  

fln@@epe~quaJIbnbIe P e a K q U U .  ~ K T O M H K O P W ~ -  
H a l e  uexnbl pasnnuam~cx no   my 6a30~oi'i m a T o -  
unuec~oii c r p y ~ ~ y p b ~ :  nceBRonapeHxnMaTIiuecme, 
n n e K T e n x n u a T I i u e c m e ,  Rsofi~ue, 6 e C c r p y K ~ y p H b l e  
E i  Me>lyly MHKOPW3HbIMH OKOHYaHXHMH C Y e X n a M H  

pasaoro cnoxeam cyuecraym ycrofiunsb~e pama- , 

um, o c H o s t r a I e  ~3 K ~ O P ~ I X  - pamtum no T o n m e  
qeXJIa U B q e Y a e M O C T H  T a H W O B b I X  KJIeTOK (Be- 
cenrura, 20016). npn 3TOM c POCTOM YPOBHX TeXHO- 

Y T O J I u e H H e  - K i B e c ~ l r b l f i  CEiMIITOM TOKCHSeCKOrO 
Reimm HOHOB M e w  H a  ~ o p m  pacrexd (Ka6a~a- 
newac ,  nexqnac, 1989). B H m e M  cnpae 3m npo- 
qecc sa@mcnposaH y wyx BWOB ~ M H O X B O ~ I X  pac- 
~ e I y i i  x p ~  3 a r p ~ 1 3 ~ e ~ ~ ~  e m m e m m  ~ K O C H ~ M  m- 
JIbm TIDKWIblX MeTanJIOB. C J I ~ W ~ T  OTMeTHTb, W W  B03- 
pacrame nonepewm , p a 3 M e p o B  MWKOPBH~M 
O K O H Y ~ ~ I ~ ~  ae o 3 1 i a ~ a e ~  o m o s p e M e m o r o  ~03pacra- 
HHII nx a6Canm~oro 06'be~a npn n o m I T K e  o q e m  
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7-- Tun cnoxeasa sexna H 3 o ~ a  ~ a r p y 3 ~ n  

Bcrpesaeuocrb O K O H ~ ~ H U ~  C TaHHHHOBblMH KJleTKaMH, % 

n n x ~ a ,  B C X O R ~ I  53.1 ' 23.8*** 59.2 18.2 29.7 23.5 100.0 

I l n x ~ a ,  A0 73.0 84.2 88.4 49.2 60.8 88.2 100.0 

n u x ~ a ,  A1 65.6 83.6 71.9 53.2 62.6 75.7 72.2 

n s x ~ a ,  AlB 67.9 87.7 77.2 5 1.9 71.9** 76.0** 79.0 

P ~ R U Y C  KOPHR, MKM 

167 

194 

245 

259 

257 

248 

n a p a u e ~ p  

P a n s y c  K O ~ H R  

T o n ~ q s ~ a  sexna 

A o n ~  06-beua sexna 

Bcrpesaeuocrb O K O H ~ ~ H U ~ ~  
C TaHHHHOBblMH KJIeTKaMH 

BCTpeqaeMoCTb O K O H ~ ~ H U ~ ~  C COXPaHeHHbIM 
TYPI'OPOM KJIeTOK KOPbI KOPHIi 

174 

213 

238 

253 

241 

250 

189 

238** 

268 

250 

262** 

250 

192 

221* 

272** 

258 

248 

257 

TonIquHa sexna, MKM 

Q ~ K T O ~  

186 

245*** 

297*** 

267 

226** 

233 

Tan CJlOXeHHII i re~na 

1.27 (0.02-5.05) 

8.14 (2.59-18.39) 

8.39 (3.92-15.66) 

6.67 (2.38-1 1.75) 

5.36 (0.34-8.49) 

15 

27 

25 

27 

23 

20 

27** 

45*** 

30 

34 

36*** 

28* 

22** 

27 

33 

28 

23 

25 

3 0 H b l  H a v Y 3 K H  

4.45 (1.44-10.07) 

3.02 (0.33-7.99) 

2.93 (0.49-5.58) 

0.96 (0.19-1.62) 

0.71 (0.20-1.29) 

B s a a ~ o ~ e f i c r ~ a e  @ ~ K T O ~ O B  

1.15 (0.29-2.22) 

1.76 (0.09-3.92) 

2.09 (0.05-5.18) 

1.85 (0.5 1-3.45) 

0.57 (0.334.92) 

33 

37 

42 

32 

33 

27 

40 

37 

42 

33 

34 

32 



r H n o T e m Y e c K o e  "cpen~ee" o K o H Z r a m i e .  3-0 CBHS~HO c 
TeM,  YTO W H H a  KOPHeBblX O K O H Z I ~ H H ~ ~  n O C J I e R H e r 0  no- 
PHRKa B e T B J I e H m  B H M ~ ~ K T H O ~ ~  3 0 H e  W e C T B e H H O  CHH- 
x a e T c s  (Becenm~, 1999, 2001a). O R H O ~ H ~ W ~ H )  HH- 
T e p n p e T a w m  nonpessblx R a H H b l x  ~ ~ T ~ Y R H I I ~ T  TO, 

 TO B H ~ Y Z I ~ H H O M  r p a R H e H T e  y s e n s . i e H w e  n o n e p e q e b I x  

p a 3 M e p O B  K o p H e f i  H a 6 J I m R a e ~ c H  TOnbKO B BePXHUX 
nOqBeHHblX r O p H 3 0 H T a X  (rae COcpeROTOZreHa 6onbrum 
WCTb K o p H e f i  BCXOROB H ~ o R P o C T ~ ) ,  a B ~ H ~ e p a J b ~ ~ f i  

%CTH n O q B b l  P a R H y C  K O P H ~ ~  C P O O M  H a w 3 K H  
y M e H b r u a e T c H .  ~ P H W H ~ I  A a H H b l x  P ~ ~ J I H Z I H ~ ~  B H a m o H -  

Wee s p e u  H e  HCHLI, H MOXHO n p w B e c T H  T o n b K o  H a w  

6onee o614ie paccy>yaeHm. 

n 0 ~  BJlHHHHeM T H X e J I b I X  M e T a n J I O B  HHT~HCH@II-  

U H p y e T C H  O T M H p a H H e  K 0 p H e f i  R e p e B b e B  ( ~ ~ P M I I W K O ,  
1990; Helmisaari et al., 1999). rips  TOM H a  3arp113-  
HeHHblX T e P P H T O P H H X  H O B O O ~ ~ ~ ~ O B ~ H H ~  K 0 p H e f i  BCe 
Xe n p O H C X O ~ H T ,  HO 6 0 J I b ~ a ~  qaCTb B03HHKIlIHX TOH- 

KHX ~ o p ~ e f i  ~ ~ I C T P O  nepex0Rw-r B K a T e r o p a m  o T w e p -  

msx (Helmisaari et al., 1999). 3 ~ o  c s w R e T e n b c T B y e T  o 
B 0 3 M O X H O M  C H H X e H H H  npOROJIXHTeJIbHOCTH X H 3 H H  

K o p H e f i  B YCJIOBHHX 3 a r p H 3 H e H H H  T H X e n b I M H  MeTaJI -  

JIaMH. ~ ~ M ~ T H M ,  YTO CKOPOCTb H O B O O ~ ~ ~ ~ O B ~ H H P  H 
OTMHPaHHH K O P H ~ ~  3aBHCHT O T  MHOrHX BHeWHHX 

@~KTOPOB: ce30~a H y c n o ~ ~ f i  B e r e T a q H o H H o r o  n e p H -  

ona B q e n o M ,  06ecnese~~ocrw ~ J I ~ M ~ H T ~ M H  MwHe- 
p a n b H o r o  n s T a H w x ,  anaxsocrw noqsbl, ee T O K C H ~ -  

HoCTH (Opnoa, K o L U ~ J I ~ K O B ,  1971; Makkonen, Helm- 
isaari, 1998; Helmisa* et al., 1999). ~ O ~ T O M Y ,  
B 0 3 M O X H 0 ,  RJIH K a W 0 f i  3 0 H b l  T ~ X H O ~ ~ H H O ~ ~  H a r P Y 3 -  
KH H K a W O r O  n O q B e H H O r O  T O P H 3 0 H T a  X a p a K T e p H b l  

CBOH I lpOROJIXHTeJIbHOCTb C y u e C T B O B a H H H  K O p H e -  
s b i x  O K O H Z I ~ H I I ~ ~  H n e p H o R  HX O ~ H O B J I ~ H H H ,  c q e M  MO- 

r Y T  6 b 1 ~ b  CBH3aHbI O C O ~ ~ H H O C T H  RHHaMHKH MHOrHX 
PaCCMOTPeHHbIX n P H 3 H a K O B .  

Y ~ o n u e ~ w e  r p H 6 H b 1 ~  q e X n o B  B ycno~mx ~osnefi- 
C T B m  B ~ I ~ P O C O B  M e R e n J I a B H J I b H O r O  K O M ~ H H ~ T ~ ,  H a  
H a W  B 3 m H R ,  - H a R e X H O  YCTaHOBneHHaR P e a K q H H ,  

nOCKOJIbKy CHHXeHHH T O J I u H H b I  H e  H ~ ~ J I K ~ R ~ J I O C ~  HH 
y ORHOrO H 3  HCCJIeflOBaHHblX O ~ % ~ K T O B ,  HH B npene- 
JIaX v y n n  MHKOPH3HbIX O K O H Z I ~ H H ~ ~  C q e X J I a M H  ORHO- 
ro H T o r 0  me T u n a  cnomesm. B n s T e p a T y p e  ~ a ~ ~ b ~ f i  
@ ~ H O M ~ H  H e  OnHCaH.  H ~ ~ ~ o T H B ,  H M e I o u H e C H  R a H -  

H b I e  ( W K a p a 6 a  H np., 1991; Becenm~,  20026) cswne- 
TeJ IbCTByIoT 0 C H M e H H H  T O J I u H H b I  ZIeXJIOB B YCJIOBH- 

HX TeXHOreHHblX ~ 0 3 ~ e f i C T B H f i .  no H a U e M y  MHeHHK), 

IlPHZIHHa T a K O r O  HeCOOTBeTCTB~3aKJIlOYaeTCH B C n e -  
W @ H K ~  T H n a  T e x H o r e H H o r o  ~ o s ~ e f i c r ~ m .  B ynasas- 
HbIX pa6max BblBOR 0 CHHXeHHH T O J I u H H b l  ZIeXJIOB 
caenas n p H  ~ ~ ~ P H ~ H ~ H H H  o ~ p y x a m ~ e f i  c p e R b I  raso- 
0 6 p a 3 H b l ~ H  B e u e C T B a M H .  B HaI I IeM CJIyzIae HaH-  
6onbruee BJIHHHHe H a  3KOCHCTeMb1 B qeJ IOM,  H H a  

n o ~ 3 e ~ ~ b r e  o p r a H b 1  pacre~wfi B TOM wcne, 0~a3b1- 
B a e T  TOKCH'IHOCTb llOZIBbl, B 0 3 H H K a K ) u a H  BCJIeRCT- 
B H ~ H ~ K O ~ ~ ~ H I ~ H B ~ ~ C O K H X K O H ~ ~ H T ~ ~ ~ H ~ H O H O B C U ,  
Cd, Pb H Zn. 

r a 3 0 0 6 p a 3 H b l e  I lOnJI IoTaHTbI  B pafio~e RefiCTBHH 

B ~ I ~ P O C O B  CYM3a (SO,), ~ ~ ~ ~ C J I O B H O ,  T a w e  o K a -  

3b lBaH)T n O B p e ~ a m L L ( e e  BJIHHHHe H H a  H a R 3 e M H b I e ,  

n H a  n o ~ 3 e ~ ~ b 1 e  o p r a H b 1  pacressii. Bo BTOPOM cny- 
9ae BJIHHHHe M O X e T  6 b l ~ b  n P H M b l M  - nORKHCJIeHHe 
nowessoro p a c r B o p a  H y B e n s q e s s e  T o K c a w o c - r w  
HOHOB MeTaJIJIOB (Bopo6efiqs~. 1995) H OnOCpeRO-  

BaHHblM - .iepe3 H 3 M e H e H H e  o 6 % e ~ o s  T p a H U l O q H p y e -  

MblX B n O R 3 e M H b l e  O p r a H b I  I lpORyKTOB @ O T O C H H T ~ ~ ~  

(Ohtonen et al., 1993). nocnen~nfi M ~ X ~ H H ~ M  MOXHO 

6blno 6 b 1  npmneqb Rnx 0 6 ' b R ~ H e H m  ~ a 6 n m ~ a e ~ o r o  
n p H  ~ a H 6 0 J I b L l l e ~  3 a r p H 3 H e H H H  CHM)KeHHR p a 3 M e p O B  
K o p H e i i  B MHKOPH3HbIX OKOHZIaHZISIX, n p e R n O J I a r Z M  

"B~IXOR" B BTUX ~CJIOBHIIX H a  n e p B o e  M e m o  no cwne 
B O ~ ~ ~ ~ ~ C T B H R  CepHHCTOrO a H r m p m a .  ORH~KO K ~ a K 0 f i  

T P a K T O B K e  U l e a y e T  OTHOCHTbCH OCTOPOXHO, T a K  KaK 

B  TOM cnyqae y M e s b r u m o c b  6 b 1  H K o n H r e c r B o  pe- 
cypco~, uocrynsblx r p ~ 6 ~ 0 ~ y  n a p T H e p y ,  Y e r o ,  HCXO- 
RH H 3  Hal l lHX naHHbIX,  M b l  n P e R ~ O J I 0 ) I U I T b  H e  M O X e M .  
~ ~ M ~ T H M ,  ZITO npw ra3006pa3~0~  3arpxs~e~ww B ~ I -  

6poca~w KpHOJIHTOBOrO 3 a B O R a  @ H K c H ~ ~ ~ T c R  H e  

TOJIbKO YMeHbLLIeHHe TOJllr lHHbl r p ~ 6 ~ b 1 x  qeXJIOB, 
HO H c H w m e H H e  paawyca nornotqamqsx K o p H e f i ,  

BXORRU(HX B COCTaB MHKOPH3HbIX O K O H Z I ~ H I I ~ ~  COCHbI 

( B ~ c ~ J I K H H ,  20026). 
Oco6o C J I e R y e T  O T M e T H T b ,  S T 0  HaPRRY C n p H 3 H a -  

K a M H  nyqruero ~ ~ ~ B H T H H  p a c r a T e n b H o r o  H rps6ao- 
r0 KOMnOHeHTOB 3 K T O M H K O P H 3  B YCJIOBHHX 3 a T p H 3 -  

HeHHH H a  aHaTOMHZIeCKOM Y P O B H e  O T q e T n H B O  np0- 
HBJIHloTCR H n p H 3 H a K H  AX I l O B p e X R e H I l H  H 
CHHXeHHH @ H ~ H O J I O ~ A Z I ~ C K O ~ ~  IKTHBHOCTH: n O T e p I I  
T y p r o p e c q e H T H o r o  COCTOHHHH, ~ o s p a c ~ a ~ w e  B c T p e -  
YaeMOCTH OTMePl I IHX KJIeTOK B KOPHRX, YHCJIO KO- 

T O P ~ I X  O T p w q a T e n b H o  K o p p e n w p y e T  c @wswonor~- 
q e c K 0 f i  aKTHBHOCTbH) M H K O P H 3  (Qian et al., 1998), H 
~ o s p a c r a ~ ~ e  B c - r p e q a e M o c T s  ~ ~ C C T P ~ K T ~ P H ~ I X  qex- 
JIOB (B~c~J IKHH,  1999). a C C O q H H p O B a H H b l X  C 3 a B e p -  
WaH)IJ.(HMH 3 T a n a M H  p a 3 B H T H R  3KTOMHKOPH3 
( C e ~ e ~ o s a ,  1980). X a p a ~ ~ e p ~ o ,   TO 6 n s 3 ~ ~ f i  
C n e K T p  pea~qefi B b l H B n e H  H no M O ~ @ O J I O ~ H . ~ ~ C K H M  
npH3HZIKaM: C POCTOM H a r P Y 3 K H  YBeJIHZIHBaeTCH 

RJIHHa I l p O B O n R u H X  K o p H e f i ,  a T a K X e  KOnHYeCTBO 
n O r J I O ~ a l O ~ H X  K o p H e f i  H M H K O P H 3  n p H  HX O T q e T -  
JIHBOM n O B p e X n e H H H  ( B e c e n K H H ,  1999, 2002~). 
CXOXH~ 3aKOHOMePHOCTH T P ~ H C @ O P M ~ ~ W H  K O p H e -  

B ~ I X  c H m e M  BCXOROB X B O ~ ~ H ~ I X  npw 3 a r p ~ 3 ~ e 1 - 1 ~ ~  TR- 
m e n b I M H  M e T a n n a M w  o n a c a m . 1  H.H. C~aspo~of i  
(1990) B B e r e T a q H O H H O M  3 K C n e p H M e H T e .  

Y W i ~ b l B a ? ,  9 T O  B H ~ ~ J I ~ ~ o ~ ~ H R T H ~ I x  3 R a @ H ~ r e c -  
KHX YCJIOBHRX no CpaBHeHHK)  C OllTHMaJIbHbIMH llOR- 

3 e M H b l e  O p r a H b l  R e p e B b e B  p a 3 B H B a m T C H  O n e p e X a l O -  
U H M H  T e M n a M H  (ABpax~o,  1973; 6 0 6 ~ o ~ a ,  1987; 
~ P O K Y ~ ~ ~ K H H  H RP., 2000), npasnono~o6~oe 0 6 % ~ ~ -  

H e H H e  YCTaHOBJIeHHblX HaMH ~ ~ K O H O M ~ P H O C T ~ ~ ~  
MOXHO c @ o p ~ y n ~ p o s a ~ b  B c n e R y m u e M  mine. Tex- 
H O r e H H O  O ~ ~ C J I O B J I ~ H H O ~  YXyRlrreHHe ~ C J I o B k i f i ,  ~ eo6-  
X O R H M ~ I X  nJIR P O C T a  H @ Y H K ~ H O H H P O B ~ H H R  norno- 
uamuwx o p r a s o B  R e p e s b e B ,  a T a m e  n p n M o e  H e r a -  
THBHOe BnWIIHHe H a  HHX ~ O B ~ I L L I ~ H H O ~ ~  TOKCHYHOCTH 

n O q B b l  0 6 y c n o ~ n s ~ a m ~  B03HHKHOBeHHe OTBeTHblX 

a R a n T H B H b l X  pea~qlifi, B b l p a X a I o u H X C H  B BO3paCTa-  



HUH K o n n U e m B a  ( U H C J I ~ ,  pamepo~)  nornowam- 
~ 0 p H e f i  H 3KTOMHKOPH3. Ha aHaTOMHUeCKOM J'pOBHe 
RaHHbIe  P e a K q H H  OCyweCTBJIIIIOT 06a n a p T H e p a  3 K -  
T O M H K O P H ~ H ~ I X  a c c o r l u a q a f i ,  HO n p w M e s a T e n b H o ,  
UTO npa ~aa6onbruax ~ a r p y s ~ a x  uawe 6onee B b I p a -  
X ~ H H O ~ ~  IIBJIIIeTCII p e a K q H R  rpu6~oro C W M ~ U O H T ~ .  
 TOT BblBOR, C O R H O ~ ~  CTOPOHbI, COOTHOCHTCII C BblCO- 
KOG Y C T O ~ ~ U H B O C T ~ I O  C A M ~ H O T P O @ H ~ I X  M a K p O M H q e -  
TOB K B O ~ R ~ ~ C T B U I O  TIDKenbIX M e T a n n O B  (Willenborg 
et al., 1990; W i l k i n s o n ,  Dickinson, 1 9 9 5 ) ,  a c ~pyrofi - 
n o R T s e p x q a e T  @ y ~ a a ~ e ~ ~ a n b x i b ~ e  npepxaaneam 
06 3KTOMHKOPH3HbIX a C C O q H a q m X ,  K I K  06 3@@e~-  
THBHOM HHCTpyMeHTe PaCIUHpeHHII a n a n T H B H b l X  B 0 3 -  
M o X H O C T ~ ~ ~  RpeBeCHbIX paCTeHki2 .  H a 6 ~ 1 1 o R a e M b l e  
p e a K 4 l H  rpa6soro KOMnOHeHTa H e  n p O T l i B O p e W T  
T a m e  npeACTaBJleHHIo  06 3KTOMHKOPH3e,  KaK 06 
ORHOM H 3  WCTHbIX ~ ~ H C I I O C O ~ ~ ~ H H # ,  n P l i B O m w  K 
@ o p ~ u p o s a ~ u m  x s n e H m  K o p H e B o r o  6apbepa H a  ny- 
TH n o c r y n n e H n x  HOHOB M e T a n n o B  ~3 nowm B HaA- 
s e ~ ~ b ~ e  s a c T n  pacresafi ( W i l k i n s o n ,  D i c k i n s o n ,  
1995; Leyval et a l . ,  1 9 9 7 ) .  
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