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B-NCIRHME 3ATPR3HEHMR PA3.JICI.1ZIHbIX TBIIOB 
HA PA3HOOEPA3ME 3KTOMMKOPM3 PINUS SYLVESTRIS 

V E S E L K I N D. V. INFLUENCE IF DIFFERENT TYPES OF INDUSTRIAL POLLUTION ON DIVERSITY 
OF PINUS SYLVESTRIS ECTOMYCORRHIZAE 

0 6 n u r a ~ ~ a ~  M ~ ~ K O T P O @ H O C T ~  A ~ ~ B ~ C H ~ I X  pac~eHUf i  60peanb~ofi U y~epeHH0fi 30H PaC-  

C M a T p U B a e T C R  K a K  OAHa U3 CYUIeCTBeHHbIX ~ U O ~ K O J I O ~ M ~ ~ C K U X  O C O ~ ~ H H O C T C ~ ~ :  BCTynJIeHUe 

B C U M G M O ~  PaCUlUPReT aAanTUBHbIe B03MOXHOCTU O ~ O U X  naPTHePOB - U pac~eHPifi U C M M -  

~ U O T ~ O @ H ~ I X  r p u 6 0 ~  (John, Coleman, 1983; Kapa~bIruH, 1993). OAHMM U3 aKTyaJbHbIX H a -  

npa~neauii B o6nac~u sKonoruu M U K O P U S  RBnReTcR HanpaeneHue, C B R ~ ~ H H O ~  c u 3 y q e ~ u e ~  

o ~ R ~ ~ T ~ J I ~ H ~ I M  K O M ~ O H ~ H ~ ~ M  11t0601-0 UCCJlenOBaHUR, O ~ L ~ K T O M  KOTOPOrO BbICTyna- 

H)T 3KTOMMKOpU361, RBJIReTCR aHaJIH3 U X  p a 3 ~ 0 0 6 p a 3 ~ ~ .  M O X H O  KOHCTaTUPOBaTb, qTO B Ue-  
n O M  M3MeHeHUe pa3~006pa3u~ 3KTOMUKOPM3 B OKPeCTHOCTRX Pa3nMqHbIX IIPOMblUI~eHHblX 

npe~IIpUR~kiii IIpOUCXOAMT O n H O T U n H O :  H ~ ~ J I K ~ A ~ ~ T c R  ero C H U X e H M e  (Markkola, Ohtonen, 
1988; Kowalski et al., 1989; Kropacek et al., 1989; m ~ a p a 6 a  u ~ p . ,  1991 ; Kieliszewska-Ri- 
kicka et a\., 1997; BecenKu~,  20046, u np.). OnHa~o ~b1RBuTb K ~ K W ~ - ~ W ~ O  06uue 3aKo~O- 

MepHocTCi 3~01-o ~ ~ p o ~ e c c a  Ha 6onee m y 6 o ~ u x  y p o ~ ~ ~ x  ne~anu3auuu He n o 3 ~ o n ~ e ~  pa3- 

H a n p U M e p ,  CO CJIyqaRMM TeXHOreHHOrO 3arpR3HeHHR 3KOCUCTeM MOHaMU TRXenbIX M e -  
T a n n O B .  

PaHee 06paula~1ocb B H U M a H U e  (BecenKuH, 2003) H a  AOBOnbHO qeTKYH) Pa3MePHYH) 

, q u @ @ e p e ~ ~ u a u ~ m  npyr OT npyra rpynn MUKOPUS c qeXnaMu pa3~b1x TunoB CnoxeHuR, 
BbIneJlReMbIX H a  OCHOBaHMM K I I ~ C C U @ H K ~ L ( U U  T. ~ O M U H U K ~  (1963).   TO O ~ C T O R T ~ J ~ ~ C T B O ,  

a TaKXe nOCTyIIHOCTb M e T O n a ,  nO3BOnRH)UerO aHaJIM3UpOBaTb 6onbruue B ~ I ~ O P K U ,  OCTaB- 

Pa3HblX TMnOB B O ~ ~ ~ ~ ~ C T B U H :  3MMCCUU KUCnblX M30B B K O M n n e K C e  C 1IblllbH) TRXenbIX Me- 
Tannoe, ~ M M C C I I U  ra3006pa3~brx nonnmTaHToB OT MeTannypruqecKoro u KoMnneKca He@- 



TeXkiMllYeCKMX 11pennpkiRTki f i .  n o  H a I I l e M y  MHeHkiIQ, n o ~ o 6 ~ o e  CpaBHkiTeJ IbHOe kiCCJIenOBzt- 

HMe M O X e T  C ~ O C O ~ C T B O B ~ T ~  BbUlBJIeHkiIO OCHOBHbIX llnll C Y u e C T B e H H b I X  ~ ~ K O H O M ~ P H O C T ~ ~ ~  

p e a ~ q k i f i  3KTOMllKOPki3 H a  pX3nkiYHbIe  BHeI I lHkie  B O ~ ~ ~ ~ ~ ~ C T B C I R .  

Ma~epr.ian AJlR I lCCJIenOBaHkiR - 3KTOMIIKOPki3HbIe OKOHYaHkiR COCHbl O ~ ~ I K H O B ~ H H O ~ ~ ,  

~ 0 6 p a ~ H b l e  B kiCKyCCTBeHHbIX&peBOCTORX, n p O M 3 p a C T a I o U U X  H a  P a 3 H O M  Y n a n e H k i l l  OT T p e X  

WCTOYHkiKOB n P O M b I U I J I e H H O r 0  3aTPR3HeHIIR:  1) CpenHeyp&JIbcKllh ~ e ~ e n J I a B k i J I b H b 1 f i  3aBOA 

(CYM3), r. Peana, C s e p m o a c ~ a ~  o6n., Cpen~nfi  Ypan; 2) noneec~ofi K P H O J I C I T O B ~ I ~ ~  3a- 
BOA (nK3), r. noneac~oii ,  Csepnnoac~as o6n., Cpen~nfi Y p u ;  3) y @ k i ~ c ~ w f i  n p O M b I m -  

J I ~ H H ~ I H  q e H T p  (Ynu), r. Y@a, P e c r 1 y 6 n k i ~ a  E a m ~ o p ~ o c ~ a ~ ,  n p e n y p a n b e .  npennpwx~wa 
( r p y n r r b r  npennpwx~wfi) x a p a ~ ~ e p u 3 y m ~ c a  pa3nwq~oii c ~ p y u ~ y p o f i  ki o 6 a e ~ a ~ w  B ~ I ~ ~ O C O B ,  

BCJIeACTBWe YeTO OKa3bIBaK)T p a 3 J I w H O e  BJIllRHkie H a  npkiJIeramLL(Me 3KOCHCTeMbI.  

TeX~02eHHblk I10~7tl2OH CYM3a. 06qnfi  o 6 a e ~  n p O M b l l l l J I e H H b l X  ~ T M O C @ ~ ~ H ~ I X  B b 1 6 ~ 0 -  

COB CYM3a n o c T c i r a e T  80 000-140 000 T / ~ O A  (Bop06ef i~w~ M np., 1994; IOcynos H np., 
1999). B K o T o p b r x  ~ ~ C O J I ~ T H O  1lpeo6nanae~ SO2 (92-95 % no ~ a c c e ) .  Cneqw@w~a TOKCM- 

YeCKOrO ~ 0 3 n e f i C T B k i R  H a  6ki0~y C O 3 n a e T C R  3a C Y e T  IIpwCyTCTBMX B ~ b 1 6 p o c a x  IIbIJIeBKAHbIX 

YaCTkil l  C ~ A C O ~ ~ M ~ O B ~ H H ~ I M ~ ~  COenMHeHkiaMM AS (0.5-0.8 % BCeX B ~ I ~ ~ O C O B )  ki TRXeJIbIX 

M e T U J I O B :  CLl (1.8-2.9 %), Zn (1.2-2.1 %), Pb ( 0 . 6 0 . 7  %), Cd. M ~ M ~ H ~ H H X  B CO- 

CTORHHU 6 ~ 0 T b 1 ,  0 6 y c n o ~ n e k l ~ b 1 e  3 M k i c c w e f i  T e X H O r e H H b I X  IIOJIJIlOTaHTOB, H ~ ~ J I I O A ~ ~ T C H  

H a  p a c c T o a H w w  10-30 KM OT n p e n n p w a T w R .  n o n n r o ~  H a x o n w T c R  B npenenax ZIyco~c~oro 
I I ~ ~ ~ ~ O ~ H O - H ~ ~ ~ K O ~ O ~ H O T O  o K p y r a  Cpen~ero Ypana (nonso~a  m x ~ o f i  ~ajir1. i ) .  L U e c ~ b  npo6- 

B 0 f i  (18-20 KM) 3 0 H a X  B03neg~TB1.1~ .  H a c a x g e ~ n ~  COCHbI OTHOCRTCR K ~ ~ J I ~ H o M o I I I H o ~  

rpynne TMIIOB neca, nx B O ~ P ~ C T  - 25-35 n e T ,  n o q e b I  - ~ ~ ~ H O B O - ~ O A ~ O ~ ~ C T ~ I ~  c pa3nw~- 
H 0 f i  CTeI IeHbkO OIIOA30JIMBaHHR. B 6 n n 3 ~  n p e A n P H R T M R  C O A e p X a H k i e  KkiCJIOTOpaCTBOpkiMbIX 

@OPM CU B I IOACTWIKe B b I W e  @ O H O B O ~ O  B 26 pas, Pb - B 11 pa3, Cd - B 3 pa3a. P e r ~ c ~ p k i -  

p y e T c a  T e x H o r e H H o e  n o , y K w c n e H w e  nosa (Bopo6eEsn~ w np., 1994). O6uwfi 3anac c o c ~ o -  
BbIX KYJIbTYP BTOPOrO K n a C C a  B O 3 p a C T a  C H H X a e T C R  C 226-300 M 3 / r a  H a  @ O H O B ~ I X  TeppkiTO-  

P H a X  A 0  31-139 M 3 / r a  H a  H a p y I I l e H H b I X ,  npw 3TOM KJIaCC ~ O H K T ~ T ~  H3MeHReTCR C 1-11 
no III-IV (IOcynoa w np., 1999). 

TeX~02e~Hblk nonu2oH 17K3. 0 6 5 e ~  B ~ I ~ ~ O C O B  HK3 - OKOJIO 4600 T / ~ O A  (no A a H -  

H b l M  K O M M T ~ T ~  no I I p k i p O n H b I M  P e C y p C a M ,  3 K O n O r H H  H CeJIbCKOMy X O ~ R ~ ~ C T B Y  Myn 3a 
1999-2000 rr., r. nonesc~oii), YTO H a  n O p R n O K  M e H b l l l e  0 6 5 e ~ a  B ~ I ~ P O C O B  CYM3a. ripe- , 
o6nanam~ T a m e  r a 3 0 0 6 p a 3 ~ b r e  eeuec~sa :  S O 2  (45 % no ~ a c c e ) ,  CO (27 %), NO, (25 %). 
OKOJIO 1 % B ~ I ~ ~ O C O B  IIpwXOnMTCR H a  HF Pi  T B e p n b I e  @ ~ 0 p k i n b 1 .  B s b 1 6 p o c a x  OTCYTCTBYIoT 

COeAWHeHHR BbICOKOTOKCtfYHbIX M e T a n J I O B  Cd ti CU, B 0 Y e H b  He3HaYMTeJ lbHbIX KOJIkiYeCT- 

B a X  C O n e p X a T C R  Zn M Pb. M 3 M e H e H w R  B COCTOaHMw 6 ~ 0 ~ b 1  H ~ ~ J I K ~ ~ ~ I O T C R  H a  PaCCTORHMRX 

3-10 KM OT r I p e n n p w x T n a .  nonwro~  T a K x e  p a c n o n o x e H  B npenenax ZIycoac~oro npen- 
r o p ~ o - ~ w 3 ~ o r o p ~ o r o  o K p y r a  Cpen~ero  Ypana. A B e H a n q a T b  n p o 6 ~ b 1 x  nnouaneii 3ano~e -  
H b l  B BOCTOYHOM M IOrO-BOCTOYHOM H a n p a B J I e H K R X  OT 3 a B O A a  B M M ~ ~ K T H O ~ ~  (1.7-2.7 KM), 

6yi$ep~ofi (3.5-6 KM) M @ O H O B O ~ ~  (20-30 KM) 3 0 H a X  B O ~ ~ ~ ~ ~ C T B C I R .  Tnn n e C a  - COCHRK 

R ~ O ~ H M K O B ~ ~ ~ ~ ,  B 0 3 p a C T  - 2 9 - 4 5  JIeT,  nOYBbI  - A e p H O B O - I I O n 3 0 n U C T b I e .  B6nasu ripen- 

IIpkiRTkiR C O n e p X a H M e  @ T o p a  B Pa3J IUYHbIX KOMIIOHeHTaX 3KOCKCTeM n p e B b I I l I a e T  @ O H O B ~ I ~ ~  

y p o B e s b  H a  2-3 n o p n n K a ,  n o n r c w c n e H k i R  n o s m  H e  ~a6nmnae~ca  ( J im6arne~c~ i f i  ki np., 
1996). O6qnii 3 a n a C  A p e B O C T O e B  CHMXaeTCR C 233-300 M 3 / r a  H a  @ O H O B ~ I X  TePPHTOPtfRX 

no 1 10-128 M 3 / r a  H a  H a p y I l l e H H b I X ,  KJIaCC 6 0 H k i ~ e ~ a  U3MeHReTCR C 1-11 no 111 ( n a H H b 1 e  

J I ~ c o ~ c T ~ o ~ ~ c T B ~ ) .  



T O P ~ I X  npeo6nanato~ neTyqne y r n e e o n o p o n b l  ( o~ono  50 %), npoqne y r n e a o n o p o n b 1 ,  CO, 
NO, n SOz (OT 5 A 0  20 %). B M e H b m H X  KOnHqeCTBaX nPUCYTCTBYtoT C12, NH3, H2S (TO- 
C ~ A ~ ~ C T B ~ H H ~ I ~ ~  AOKnaA ..., 2002). Ase n p o 6 s b l e  WlOLUaAki C CHnbHO O C ~ ~ ~ ~ ~ H H ~ I M H  H a C a X -  

AeHMHMM HaXOAHUITCH B H ~ ~ O C ~ ~ ~ C T B ~ H H O ~ ~  ~ J I Z I ~ O C T M  OT r p y l l l l b I  H ~ + ~ ~ X H M I I ~ ~ C K M X  M He+-  

~ e o e p e p a 6 a ~ b 1 ~ a t o q n x  npennpnx~nfi, K o H T p o n b H b I e  ( ~ A O P O B ~ I ~ )  - B 35 KM K toro-sanany 
OT YnL[ (3aEqea n np., 200 1). Bospac~ ~ a c a m n e ~ n f i  - 45-50 n e T .  l I o r e b 1  - T~MHO-ce- 
p b r e  n e c t i b l e  ~ x m e n o c y r - n n ~ n c ~ b ~ e  (YlIL[), B K o m p o n e  - ~ e p ~ o 3 e ~  s b l q e n o q e ~ ~ b ~ i i  T n x e -  

~ O C Y ~ J I Z I H M C T ~ ~ ~ ~  ( 3 a f i u e B  H Ap., 2001). 
K o p ~ n  W 3KTOMMKOpH3bI B r p a A z i e H T e  3 a l p n 3 H e H t i H  CYM3a 0 ~ 0 6 p a H b l  B 1996 r., B rpa- 

n n e H T e  nK3 - B 2001 r., H a  n o n n r o H e  Y l I q  - B 2002 r. C6op B c e r n a  o c y q e c T s n x n n  B 

K o H u e  B e r e T a u u o H H o r o  ce30~a. B r p a A n e H T a x  CYM3a H nK3 a ~ a n n 3 n p o ~ a n n  KOPHH n3 
B e p x H e f i  (5-7 CM) ~ H H e p a n b H o f i  WCTM n O q B b l  ( I Y M Y C O B O - ~ K K Y M Y ~ R T M B H ~ ~  ~ O P H ~ O H T ) .  

B p a f i 0 H e  B O ~ ~ ~ ~ C T B H R  B b 1 6 p 0 ~ 0 B  Y n q  KOpHM H 3 B n e q e H b I  C 6 0 n b ~ e 1 - 0  ~ n a n a 3 o ~ a  rny- 
6 n ~  - 3-20 CM ~ k i H e p a J I b H 0 f i  YaCTH n O q B b 1 . 0 6 p a 3 ~ b 1  ~ M K C H ~ O B ~ J I H  B 4%-M + o ~ M U H H ~ .  

n 0 n e p e q H b l e  C p e 3 b l  MHKOPH3HbIX O K O H ~ ~ H H ~ ~  (90-100 O K O H ~ ~ H U ~ ~  C npo6~ofi I l n O U a A I l ,  

B c e r o  o K o n o  1800 cpesoa) ~ o n q n ~ o f i  I &20 MKM M c c n e n o B m n  B mnuepnae 6e3 o l c p a m n -  

BaHMR. Y K a X A O r O  OKOHqaHUR +MKCMPOBUH HaJIkiqkie ~ ~ U ~ H O I - 0  3KTOMHKOPH3HOrO YeXJla  

n onpenemnu ero n o A T n n  no T. ~ ~ O M H H M K Y  ( I  963), n c n o n b s y n  o n p e A e n n T e n b H y t o  ~ a 6 n u -  
uy, ~PMBOAIIMYH) B pa6o~e M. A. Cenusa~oea (1981). 

B 06ueii CJIOXHOCTU B UCCneAOBaHHbIX H a C a X A e H I u r X  y COCHbl 0 6 ~ a p ~ X e H b l  3KTOMH- 

~ 0 p n 3 b 1  c q e h n a M u  15 ~ O A T M ~ O B :  n n e K T e H x n M a T u q e c K n e  (B, E), n e p e x o n t i b l e  (BF), n c e B -  

n 0 n a p e H X H M a T H q e C K H e  (F, G, H,  I), ~ B o f i H b l e  (K, L, M, N, 0, P, Q) H 6 e ~ ~ ~ p y K T y p H b l e  

(SR) ( ~ a 6 n .  1). 
B 3aBtiCHMOCTH OT PaCCTOIlHIlR A 0  MCTOqHUKOB 3aTp113HeHIur P a C I I p e A e n e H l l e  Mt iKOPt i3  

C qeXJlaMIi  OTAenbHbIX IlOATHnOB H e  nOAqHHIleTCR ~ a ~ 0 f i - n u 6 0  o6qefi AJlH BCeX PaCCMaT- 

Pz iBaeMblX n O n H r 0 H O B  3aKOHOMePHOCTM: qeXJlbI  ~ O ~ ~ U I H H C T B ~  IIOATtinOB 3 a p e r t i C T p H p O -  

BaHbI  B O T n e n b H b I X  B b 1 6 0 p K a x  H B P a 3 H b l X  p a f i 0 H a x  C O q e H b  H e 3 H a q H T e n b H b I M  IIOCTORHCT- 

BOM. MOXHO TOnbKO OTMeTUTb, q T O  B OKpeCTHOCTRX BCeX I I p e ~ n p ~ i R ~ t i f i  n p H  BCeX YpOB- 

HRX 3 a V R 3 H e H t i R  O T M e q e H b l  MZiKOPZi3bI C YeXJlaMH B F - ~ O A T H ~ O B  ti ~~CCTPYKTYPH~IMH.  
Ha n p n M e p e  AByX n o n H r o H o B  (CYM3 k i  lIK3) M O X H O  rOBOPMTb 06 OTCYTCTBUIl 3aBHCH- 

MOCTH B c q e q a e M o c T n  G - M U K O P ~ ~  OT YPOBHR 3 a r p n 3 ~ e ~ n n .  Ha 6onee B~ICOKOM Knaccn+n- 
KBUHOHHOM YpOBHe - H a  YpOBHe v y n n  IIOnTt inOB - T a K X e  H e  BblRBnReTCH q e ~ K 0 f i  n p H -  

YpOYeHHOCTM YeXnOB p a 3 H b I X  T H n O B  C n O X e H H I l  K H a C a X A e H H R M  T 0 f i  UnM H H O ~ ~  C T e n e H U  H a -  

PyLUeHHOCTH. 

T ~ M  H e  M e H e e  OUeHKti  ~ O ~ ~ T C T B ~  ti pa3~006pa3nn H ~ ~ O ~ O B  YeXJlOB B npenenax npo6- 
H 0 f i  M O U a A H  BO BCeX p a f i 0 H a x  AeMOHCTPHpYtoT 3aBHCHMOCTb OT PaCCTOIlHMR A 0  HCTOqHH- 

K a  3arpR3HeHMR ( ~ a 6 n .  2). C O ~ C T B ~ H H O  ~OIXTCTBO ~ a 6 o p o ~  IIOATHnOB CHHXaeTCR no C p a B -  

HeHHH) C ~ O H O B ~ I M U  neCaMM B OKPeCTHOCTIlX ABYX I I p e ~ n p H R ~ k i f i  (CYM3 k i  Yw), OCTaBa- 

RCb ~ 6 n n 3 n  KPtiOnHTOBOrO 3 a B O n a  H a  YpOBHe,  COnOCTaBHMOM C H e  HaPYLUeHHblMH neCaMM. 

O A H ~ K O  AIlHaMHKa PaCCqHTaHHblX 3 H a q e H n f i  HHAeKCOB ~ ~ H H O H ~  H C H M ~ C O H ~ ,  yYkiTb1BaH)- 

WHX OTHOCtiTenbHOe o6mae MHKOPH3 C q e X J l a M H  p a 3 H b I X  nOATHnOB, CBHAeTeJIbCTBYeT 0 

TOM, q T O  3aKOHOMePHOCTb T e X H O r e H H O r O  CHMXeHMR p a 3 ~ 0 0 6 p a 3 ~ ~  B b I p a X e H a  BO BCeX pafi- 
OHaX. M H A ~ K C  ~ ~ H H O H ~  BblrOAHO OTnHYaeTCfl OT APYrMX TeM,  q T O  AJIH H e r 0  p a 3 p a 6 0 ~ a H  

cnoco6 OUeHKH 3Haqt iMOCTt i  p a 3 n H ~ k i f i  M e m y  B b l 6 0 p K a ~ t i  (Msrappa~, 1992). P e 3 y n b T a ~ b 1  

p a c r e T a  t - ~ p n ~ e p n ~  npnBeAem.1  B ~ a 6 n .  3. B ~ O ~ ~ L L I H H C T B ~  c n y q a e B  pa3~006pa3ne n o n T n -  

n O B  MllKOPZi3HblX q e X n O B  ~ 6 n n 3 ~  nPOMblUlJIeHHblX n p e ~ n p l l ~ ~ ~ f i  OKa3bIBaeTCR AOCTOBepHO 

6onee HZI3KZIM, q e M  B H e  H a p y U l e H H b l X  C O O ~ ~ ~ C T B ~ X .  P ~ ~ H O C T U  3 H a q e H n f i  MHAeKCOB M e m y  

K P ~ ~ ~ H H M H  TOqKaMH I p a A M e H T O B  ( Z I M ~ ~ K T H ~ R ~ O H O B ~ R  30Hb1) HeBenMKM. M H A ~ K C  ~ ~ H H O -  

H a  H a  I lMnaKTHbIX TePPHTOPMRX B C p e A H e M  B 1.2-1.7 pa3a HMXe,  YeM B OTCYTCTBIle 38- 

r p m ~ e ~ n n ,  n H n e K c  C n ~ n c o ~ a  - B 1 .I-2.3 pa3a. B A B ~ X  paiio~ax ( n o n u r o ~ ~  CYM3a H 

Yn4) MHAeKC ~ ~ H H O H ~  no C p a B H e H H t o  C HHneKCOM pa3~006pa3ns C H ~ ~ ~ C O H ~  AeMOHCTPM- 



p y e T  6 0 n b m y m  a M n n u T y n y  U ~ M ~ H Z I M B O C T M .  B paf io~e n K 3  6on~mui i  p a s ~ a x  s ~ a q e ~ u f i  
B r p a A w e H T e  3 a r p ~ 3 ~ e ~ u x  x a p a K T e p e H  A n x  a H A e K c a  C a ~ n c o ~ a .  

M ~ B ~ C T H O ,  ' I T 0  MHAeKC ~ ~ H H O H ~  6onee qyBCTBMTeneH K IlORBneHHIO U n H  UCqe3HOBe- 

HUIO B B L I ~ O P K ~ X  peAKMX U HeMHOCOqHCJleHHLIX BMAOB (B HaULeM C n y q a e  - nOATHnOB q e X -  

~ o B ) ,  a HHAeKC C H M ~ C O H ~  n p U A a e T  6 0 n b m ~ i i  BeC 0 6 b I q H b l M  BUAaM ( O ~ Y M ,  1986). T ~ K W M  
06pa30~,  p a 3 H a R  CTeIIeHL BbIPaXeHHOCTM AHHaMUKM ABYX UHAeKCOB I I03BOnReT B G 0 p M a -  

nM30BaHHOM BMAe BbIRBUTb O C O ~ ~ H H O C T M  IIpOUeCCa U3MeHeHUR pa3~006pa3u~  B v e x  pafi0- 
HaX. B OKPeCTHOCTRX M e A e n n a B M n L H O r O  U H ~ ~ T ~ X M M M ~ ~ C K U X  3aBOAOB CTPYKTYpa H ~ ~ O ~ O B  

r p ~ 6 ~ b 1 ~  YeXnOB MeHReTCH n P e H M y U e C T B e H H 0  6naronap~ HCqe3HOBeHHIO H a  3 a r p R 3 H e H -  

HblX IlJIOUaAXX peAKHX H ~ a J l 0 0 6 M f l b ~ b l ~  IIOATMnOB YeXJIOB. B6nusa Xe n K 3  ~ O ~ B T C T B O  

YeXJlOB OCTaeTCR HeU3MeHHbIM, a 3 H a q e H M R  HHAeKCOB p a 3 ~ 0 0 6 p a 3 ~ ~  AeTepMMHUpYIOTCR, 

C n e A O B a T e n b H O ,  COOTHOIUeHMeM O ~ H J I H R  MaCCOBblX n 0 A T U n O B ;  B b l p a X e H H O e  BO3paCTaHMe 

YpOBHR nOMHHUpOBaHHR B H ~ I I O C ~ ~ ~ C T B ~ H H O ~ ~  6nu30c~u OT 3TOrO nPeAIIPURTUR UJIJIIOCT- 

P U p y e T C R  ~au6onee R B H O ~ ~  H 3  BCeX T p e X  rpaAMeHTOB ~ ~ W H ~ M U K O ~ ~  3HaqeHMfi  MHAeKCa AOMU- 

HHpOBaHUR C H M I I C O H ~ .  

H a n p a ~ n e H H o c ~ b  H3MeHeHHfi  B ~a6opax  T ~ U ~ H ~ I X  qeXJlOB, 3aBHCUMbIX OT YpOBHR 

B H ~ I U H ~ ~ ~  H a T Y 3 K H ,  MOXHO nQOUJlJlIOCTPUPOBaTb eUe OAHUM cnoco6o~,  - OUeHUB 6ora-r- 
CTBO YeXJlOB B OTflenbHLIX npo6ax ( ~ w c .  1). ,@HHLI~ n o n y q e H b 1  C n e A y I O q M M  06pa30~.  06- 

3 o ~ a  
T ~ X H O ~ ~ H ~ I O R  

iiarpy.xrn 

n p o 6 ~ a n  
nnou~anb 

$1 PaCCTORHMe 
no ncTovr1HKa , 3arpn313e11nx 

rpynnhl nonTnnos n nonTnnbl ~ n ~ o p n 3 e b r x  rexnos 

n n e ~ ~ e ~ -  
XMMaTH- 
vecKne 7- 

F G H I K L M N O P Q  B 

BF 

E 

ncesnonapeHxnua- 
TnqecKne D ~ o G ~ b l e  HnH K O M ~ ~ ~ H W P O B ~ H H ~ ~ ~  



H ~ n e ~ c  pa3~006pa3ua Cu~ncot la  
M H ~ ~ K C  nOMHHUpOBaHMR C H M ~ C O H ~  
Aona nneKTeHXriMaTUYeCKUX YeXnOB, % 
Aona nceenonapeHxnMaTMqecKm Yexnoe, % 
Aona neoiiebrx qexnoe, % 
Aonu ~ ~ ~ C C T P Y K T Y P H ~ I X  YeXnOB, % 

~ O T B T C T B O  nOATUnOB, L u T ~ K / ~ ~ o ~ H ~ H  nn0llrUJL 
H H ~ ~ K C  pa3eoo6pa3ua U ~ H H O H ~  
H H ~ ~ K C  pa3noo6pa3un C U M ~ C O H ~  
H H ~ ~ K C  AOMHHHpOBaHUX C U M ~ C O H ~  
A O ~ R  nneKTeHXUMaTnYeCKHX YeXnOB, % 
Aona nceenonapenxuMaTuvecKux qexnoe, % 
Aons ne0fiHblx vexnoe, % 
Aons ~ ~ C C T P Y K T ~ H ~ I X  VeXJlOB, % 

~ O T ~ T C T B O  nOnTklnOB, 1 1 1 ~ y d n p 0 6 ~ a ~  nnOI4anb 
H~ne~Cpa3~006pa3Uff U ~ H H O H ~  
M H ~ ~ K C  pa3~006pa3un C H M ~ C O H ~  
H H ~ ~ K C  nOMUHHpOBaHHn C U M ~ C O H ~  
Aona nJleKTeHXUMaTMYeCKUX YeXnOB, % 
Aona nceenonapeHxnMaTnqecKnx Yewoe, % 
Aona n~OiiHb1~ Yewoe, % 
Aons ~ ~ C C T ~ Y K T Y ~ H ~ I X  YeXnoB, % 

n p u ~e Y a H u e. ~ O ~ ~ T C T B O  A uHneKcbl p a 3 ~ 0 0 6 p a 3 ~ ~  - paMax 3 ~ a ~ e n u f i  anx nnouanu; nonu qex- 
noe - cpennee 3 n a ~ c ~ n e  nnn ~ O H ~ I  narpy3~n n pa3~ax.  

p a 3 U b I  K O P H ~ ~ ,  0 ~ 0 6 p a ~ ~ b l e  B none M3 O ~ H O ~  n p M K O n K H  MnM U.lyp@a, H e  CMeU.lMBXWCb C 

A p y r r l M a  0 6 p a 3 u a ~ ~ .  B n e p H o n  0 6 p a 6 0 ~ ~ ~  113 o6pasua c n y ~ a i i ~ o  0~6npanki npo6y B 6 3 ~ -  

TOMMKOpM3HbIX O K O H Y ~ H M ~  (11~111 2 n p o 6 b 1  no 6 O K O H ~ ~ H M ~ ) .  Ha K a ~ 0 k  nnouanki 6 b l n u  

O U e H e H b l  n O n U  11~06 C p a 3 H b I M  KOnMYeCTBOM 3apel .MCTpMPOBaHHblX B HHX I IOnTMnOB ¶ex- 
nos. Ei3 n a H H b I x  PMC. 1 c n e n y e T ,  YTO no M e p e  nepexona OT H e H a p y r u e H H b I x  c o o 6 u e c ~ ~  
K H a P Y W e H H b I M  YaCTOTHbIe  P a C n p e n e n e H M R  CTaHOBRTCSl 60~1ee IIpaBOCTOpOHHMMM. A p y r M -  

M U  CJIOBaMM, H a  BCeX R O n M r O H a X  B U M n a K T H b I X  ~ b l 6 0 p K a ~  I10  CpaBHeHMH) C @ O H O B ~ I M U  y B e -  

nMYHBaeTCR AOJlR npo6 C HM3KMM ~ O ~ ~ T C T B O M  ROATUnOB (C 1-2 IIOATMRaMM B npo6e). C T ~ -  
TMCTMYeCKU 3aKOHOMePHOCTb pa3nMYMX pacnpenene~wfi B @OHOBOE M M M ~ ~ K T H O ~  3 0 H a X  

n O n T B e p X n a e T C X  AJIR ~ ~ ~ O H O B  BnMRHMR B ~ I ~ ~ O C O B  nK3 01;) = 23.13; p < 0.001) M Ynq 
(X:l, = 7.02; p < 0.01). B p a k 0 ~ e  BnMRHUX B ~ I ~ ~ O C O B  CYM3a n p o c M a T p M s a e T c R  T O n b K O  

~ o s p a c ~ a ~ u e  B y c n o B u R x  ~ ~ ~ P X ~ H ~ H U R  n o n c i  npo6 c 2 n o n T u n a M M  (no 60 %) npm c o o - r s e T -  

CTBYFOueM C H H X e H U M  AOnM npo6 C 3 - 4  IIOATMnaMH. 

0 6 c y x n a ~  O C O ~ ~ H H O C T I I  p a c l l p e n e n e H M R  IIOATHROB YeXJIOB B 3aBUCMMOCTM O T  YPOBHR 

T ~ X H O ~ ~ H H O ~ ~  HaPYrUeHHOCTM M ~ C T O O ~ C I T ~ H W R ,  MbI npOaHaJIM3l iPOBaJIM T O n b K O  MX nPMCYT- 





B H a p y I U e H H b l X  M ~ C T O O ~ H T ~ H I . I H X  BCeX p a f i 0 ~ 0 B  CHMXaeTCH 06wnwe XOpOLLlO CTPYKTY- 

PMPOBaHHbIX nCeBAOl1apeHXMhlaTIiqeCKMX M A B O ~ ~ H ~ I X  q e X n O B .  Hahonee  YeTKO 3 T a  3aKO-  

HOMePHOCTb BMAHa B OKPCCTHOCTHX MeAeIUICiBMnbHOI'O K O M ~ H H ~ T ~ ,  cna6ee - H a  IIOJIMrOHe 

nK3 l4 eUle M e H e e  XBHO - B Y ~ I ~ M C K O M  n P O M b I U I n e H H O M  U e H T P e .  ~ O C K O ~ ~ K Y  CHMXaeTCI l  

OTHOCMTeJlbHaH q a C T O T a  B C T P e q a e h l O C T l l  OAHMX YeXJIOB, B O 3 p a C T a e T  OTt iOCMTenbHOe o6w- 
n M e  npyrax. H a n p n ~ e p ,  n MMlIaKTHblx  3 0 ~ a x  CYM3a M Y n q  y e e n l t r n e a e T c a  o6wnae 6ec- 
CTPYKTYPH~IX q e X n o B  - p a s n M q a n  c 4o~osof i  so~ol ' i  J o c r M r a m T  B r I e p n o M  cnyqae n o p a n K a  

BenkiqMH (B 17 pas), a BO BTOPOM - I I O J I Y T O P O K P ~ T H O ~ ~  BenMYMHbI.  B p a k 0 ~ e  BnMRHMH BbI-  

6 p o c o ~  noneuc~oro K~MOJIMTOBOI-o sasona s a h l e ~ ~ e e  ~ o s p a c ~ a e ~  o 6 ~ n ~ e  qexnos c n n e K -  

T ~ H X M M ~ T ~ ~ Y ~ C K O ~ ~  c T P ~ K T Y ~ o ~ ,  a OTHOCMTellbHaH YaCTOTa BCTpe9aehTOCTM ~ ~ C C T ~ Y K T ~ P -  

HbIX n O B O n b H 0  H e 3 H a q M T e J I b H O  B;1PbIIPYCT B p a 3 H b I X  3 0 H a X  Hal'PY3KM. 

C p a B ~ e ~ b l e  O,L(HOpOflHOCTM B b 1 6 0 ~ 0 K  M3 MhlnaKTHblX M ( P O H O B ~ I X  M ~ C T O O ~ I I T ~ H M ~ ~  K a X -  

nor0 IIOJIMI-OHa M C p a B H e H l l e  M e X n y  co6oii B ~ I ~ O P O K  M3 P a 3 H b I X  3 0 H  n0 COOTHOUIeHMIO YeX- 

JIOB OCHOBHblX TMnOB CJIOXCHMH n O K a 3 a J I 0  C n e n y W U e e .  T p M  4 0 ~ 0 B b l e  Bb160pKM 113 pak0- 
H a  CYM3a (C8, C 18, C20) H e  p a 3 n r r ~ a m ~ c a  M e m n y  co6ok no n a ~ ~ o f i  x a p a n e p M c T M -  

Ke; HO AeMOHCTpMpyIOT 3 H a q M M O e  OTJIIlqMe OT ~ b 1 6 0 p K M  C M M ~ ~ K T H O ~ ~  I I J I O U a n M  C7 
(Xi3) = 27.86-37.78; BO BCeX CJIyYaHX p < 0.001). F I 3  T p e X  Bbl60p0K w ~ ~ I I ~ K T H o ~  3 0 H b I  nK3 
B O A H O ~  c p a ~ ~ ~ ~ a e ~ o k  nape (HI 1 M n14) ~ a 6 n m n a e ~ c n  p a s n a q ~ e  H a  y p o s H e  p < 0.05, T a K  

Xe KaK M B O ~ H O ~  113 I I a p  B b 1 6 0 ~ 0 K  113   PO HOBO^ 3 0 H b I  (n32 M n33; p < 0.01). O ~ H ~ K O  BO 

BCeX 9 I I O n a p H b l X  CpaBHeHMXX MMnaKTHbIX l i  $ O H O B ~ I X  B ~ I ~ O P O K  M3 A a H H O r O  p a f i 0 ~ a  YCTa- 

HOBneHbI  pa3JIMqMH H a  YPOBHHX 3HarMMOCTM p < 0.05 ( 1  cnyqak), p < 0.01 (5 cnyqae~)  M 

p < 0.001 (3 ~ J l y q a X ) .  B OKpeCTHOCTHX Y n q  A B e  MMlIaKTHble  B ~ I ~ O P K M  XapaKTepM3YIOTCH 

OAMHaKOBblhl p a C n p e A e I l e H M e M  Y e X n O B  no OCHOBHbIM T M n a h l  CnOXeHMH,  n p M 3 T O M  O n H a  I f3  

HMX (y3) n O C T O B e p H 0  OTnl3qaeTCH OT ~ O H O B O ~  = 8.36; p < 0.05). 
T ~ K M M  0 6 p a 3 0 ~ ,  M O X H O  C q M T a T b  T B e p A O  y C T a H O B n e H H b I M ,  q T O  B P a C C M a T p M B a e M b l X  

T e X H O r e H H b I X  F p a n M e H T a X  y COCHbI II3MeHXeTCX COOTHOLLleHMe Y e X n O B  p a 3 H b l X  TMnOB CnO-  

X e H n n .  E J I M ~ O C T ~  p e a ~ w f i ,  ~ a 6 n m n a e ~ b 1 x  B p a 3 ~ b 1 x  p a k o ~ a x ,  n o 3 ~ o n s e ~  n p o s e c T M  m c -  
~ C ~ C M O H H ~ I ~  a H a n M 3  n a H H b I X ,  C T e h l  ~ ~ 0 6 6 1  C n p e n e n b ~ ~ k  C T e n e H b K l  4 0 p M a J l l i 3 a u M k 1  BbI- 

HBMTb TeHAeHUMM, o6qcie Z n H  P a C C M X r p M B a e M b l X  IIOJIMrOHOB, M O X a p a K T e p M 3 0 B a T b  MX 

KOnMYeCTBeHHO (PMC. 2). n o  0 6 b e n M H e ~ ~ b 1 ~  A a H H b I M ,  CTaTMCTHqeCKM3HaqMMO n p M  B O 3 p a -  

c T a H m  YPOBHI~ ~ ~ F P X ~ H ~ H M X  M ~ M ~ H H ~ T C X  o6nnne n c e s n o n a p e H x M M a T M q e c K M x  ( c ~ ~ x e ~ b i e  



2 pas) YeXJIOB. O T H O C H T ~ ~ ~ H ~ I I  q a C T O T a  B C T p e q a e M O C T c l  nneKTeHXl iMaTMqeCKMX ki  ~ ~ 0 6 -  
HbIX 9eXJIOB 123MeHIIeTCII B 3aBMCkiMOCTM OT 3 0 H b I  HaTPY3KM H a  Y P O B H e  T ~ H A ~ H U M ~ ,  H O  H e -  

3 H a q M T e n b H O .  

O C H O B H ~ I ~  3aKOHOMePHOCTH T ~ X H O ~ ~ H H O ~ ~  T ~ ~ H C @ O ~ M ~ U M H  H ~ ~ O ~ O B  n 0 A T W I O B  ~ u 6 -  
HblX q e X n O B  Y COCHbl B Tpex p a f i 0 H a x  I lCCneflOBaHMR IIBJIXkOTCX ~ ~ M ~ K I I M M .  BO BCeX C n y q a R X  

B H a p Y U l e H H b I X  J IeCaX ~ a 6 J I k O n a e T c R  C H M X e H H e  pa3~006pa3ki~ qeXlIOB,  Y q T e H H b l X  H a  npo6- 
~ o i i  nnoqanll ana B o ~ ~ e n b ~ b ~ x  npo6ax. Ilpu  TOM ~ O T ~ T C T B O  H ~ ~ O ~ O B  m M e H R e T c a  noso- 
n b H o  cna60, a ~ p a ~ c @ o p ~ a u ~ a  nyqme s a ~ e ~ ~ a  no ~ O K ~ ~ ~ T ~ J I R M ,  y r a T b l B a m q a M  o6anae. 
BO BCeX C n y q a X X  B YCJIOBHIIX n p O M b I U l n e H H O r 0  H a p y U l e H P i X  OAHOTHnHO Il3MeHReTCX COOT- 

H O l l l e H U e  I p y I I l I  qeXJIOB C p a 3 H b I M  aHaTOMH9eCKMM CJIOXieHPieM. n p e ~ ~ ~ a ~ n e ~ ~ b l e  @ a K ~ b l  

n 0 3 B O n I I W T  C A e n a T b  BblBOn,  9 T O  T a n  I I P O M b I U l n e H H O r O  B O ~ A ~ ~ ~ C T B ~ ~ R  H n U  XMMMqeCKaR C n e -  

I ~ ~ ~ @ U ~ H O C T ~  CIHTCAkieHTOB B ~ I ~ P O C O B  H e  COIIPIIXieHbI C K~KWMH-nu60 C ~ ~ U C I @ M ~ H ~ ~ M U  pe- 
aKUllRMlT n a p a M e T p O B  pa3~006pa3a~ 3KTOMMKOPM3, KOTOPbIe  O ~ H ~ P Y X H B ~ ~ H C ~  6 6 1  C MC- 

TepM3yEOluPiMM TeXHOTeHHYkO T ~ ~ H C @ O P M ~ U I I ~ O  pZ3~006pa3~1~ 9 e X n O B  T ~ M H O X B O ~ ~ H ~ I X  A e -  

p e B b e B  ( e n b  cu6kipc~aa l4 n a x T a  c a 6 n p c ~ a ~ )  B OAHOM a3 p a f i 0 ~ 0 ~  H a U l l l X  pa6o~,  - TeXHO- 

r e H H o h l  n o n a r o H e  CYM3a ( B e c e n K M ~ ,  20046). M B  TOM cnyqae H ~ ~ J I ~ O A ~ ~ T C I I  B b l c o K o e  

CXOACTBO OCHOBHblX T e X H O r e H H b l X  ~ @ @ ~ K T o B ,  OTHOCRUlMXCR KaK K O ~ U I C I M  n O K a 3 a T e n R M  

pa3~006pa3wrr, T a K  M K COOTHOLlleHHH, YeXJIOB P a 3 H b l X  Vynn n O n T U n O B .  

O G q e n p u s ~ a ~ o ,  r T o  c H a m e H a e  61lonor~rec~oro pm~oo6pa3a~  - o n H a  n 3  ywmep- 
C U b H b I X  ~ ~ K O H O M ~ ~ H O C T ~ ~ ,  ~ a 6 n m n a e ~ b l x  H a  Y p O B t i e  UeJIblX 6aonoraqec~wx C O O ~ U ~ C T B  

Pi MX O T A e n b H b I X  CTPYKTYPHbIX MJIU @ Y H K U I I O H & ~ ~ ~ H ~ I X  ~ ~ O K O B ,  K O T O P ~ I ~ ~  B 0 3 H U K a e T  B OTBeT 

H a  3 K C T p e M a n b H b I e  U n H  C y 6 0 I I ~ k i ~ Z T b H b l e  YCJIOBHR CyUeCTBOBaHPiI I  ( O A ~ M ,  1986; Msra- 
P a H ,  1992). H ~ O A H O K ~ ~ T H O  C H H X e H M e  pa3~006pa3u~  3KTOMUKOPM3 KOHCTaTUPOBanOCb B 

eCTeCTBeHHbIX C O O ~ U ~ C T B ~ X  npa npOMbIlLIJIeHHblX ~ a r p y 3 ~ a x  (Markkola, Ohtonen, 1988; 
Holopainen, 1989; Kowalski et al., 1989; Kropacek et al., 1989; m~apa6a  M ~ p . ,  1991; Kie- 
liszewska-Rikicka et a]., 1997; B e c e n ~ u ~ ,  20046). Peme B n p a p o n ~ b l x  y c n o B m x  (Kraigher 
et al., 1996) a r aue  B n a 6 0 p a T 0 p H b l ~  M nonemx 3 K c n e p n M e H T a x  npa a M a T a u a a  n p o M b I m -  

n e H H b i x  ~ 0 3 ~ e f i c ~ ~ a i i  (Gronbach, Agerer, 1986; Dighton, Skeffington, 1987; Meier et al., 
1989) Y C T a H O B n e H a  HeM3MeHHOCTb H ~ ~ O ~ O B  3KTOMHKOPH3. K ~ K  n p a B M J I 0 ,  T e X H O r e H H O e  H3-  

M e H e H a e  pa3~006pa3a~ tie a M e e T  r p e s ~ b ~ q a i i ~ o  pes~oro xapamepa: 0 6 b l q ~ 0  ~ a 6 n m ~ a e ~ c ~  
C H U X e H P i e  OUeHOK ~ O ~ ~ T C T B ~  B 1.5-2 pa3a no CpaBHeHMkO C HeHaPYl l l eHHbIMEi  YCJIOBMIIMM. 

n 0 c J I e n H e e  O ~ C T O H T ~ J I ~ C T B O  06ycnosne~0, no B c e f i  BUnHMOCTU, HeB03MOXHOCTbkO BblAe-  

JIeHUR UnM y Y e T a  B 3 K o n o r l l r e c K a  O ~ H ~ H T ~ ~ ~ O B ~ H H ~ ~ X  pa6o~ax 6 o n b ~ l o r o  K O n t i q e C T B a  pa3- 
H O B U A H O C T ~ ~ ~  3KTOMUKOPki3, KOTOPbIe  M O X H O  MJIH qenecoo6pa3~0 M A ~ H T H @ ~ ~ ~ M ~ O B ~ T ~ :  

0 6 b 1 q H 0  U c c n e A o B a T e n a  pa6o~ak0~ c 8-1 5, p e n K o  - c 20 T a n a M u ,  n o n T u n a M a ,  @ o p ~ a ~ a  
MnM M O ~ @ O T H ~ ~ M M  MHKOpll3.  B T e X  CJIyYaIIX, K O r n a  B O n p O C y  BCTpeqaeMOCTki  qeX.50~ pas- 
HbIX TMnOB CJIOXeHMR YAeJIRnOCb ClIeqkf&llbHOe BHHMaHkie ,  H a  3 a V I I 3 H e H H b l X  TeppPiTOpMHX 

- - 

~ a 6 n m ~ a n o c b  c H w m e H a e  nona nceBnonapeHxaMaTarectiux M ~ o s p a c ~ a ~ a e  ~ H ~ ~ H M O C T M  

~ ~ C C T ~ Y K T ~ ~ H ~ I X  qexno~ (Kowalski et al., 1989; U ~ a p a G a  a ~ p . ,  1991; B e c e n ~ u ~ ,  20046). 

MOM B ~ I ~ P O C O B .  

Pas~oo6pasae n O n T M n O B  T M ~ H ~ I X  9 e X n O B  B n e P B Y k O  O q e p e A b  CBII3aHO C Y p O B H e M  BMAO- 

B O r O  pa3~006pa3a~  C I I M ~ ~ ~ O T ~ O @ H ~ I X  r p a 6 0 ~  ( C e n k i B a H o B ,  198 1). M XOTR M c n o n b 3 y e ~ a ~  

H a M U  K J I ~ c c P ~ @ ~ ~ K ~ u H R  V H ~ H ~ I X  qeXJIOB H e  RBnReTCR ~ C T ~ C T B ~ H H O ~ ~  M H e  n 0 3 B O n R e T  cono- 
CTaBHTb C TCM M n l l  UHblM nOATCIIIOM q e X J I a  K ~ K ~ ~ O - J I U ~ O  CMCTeMaTbiqeCKyKJ Vynny (3a MCK- 

n k O q e H k i e M  qexna n o A T u n a  G, 06pa3ye~or0, no B c e G  BepOIITHOCTH, r p a 6 0 ~  Cenococcum 
graniforme (Sow.) Fred et Winge), n e p e o o r e p e n a a H ,  no H a m e M y  M H ~ H C I ~ ,  n p u r a H a  T e x -  

H O r e H H O r O  M3MeHeHUR pa3~006pa3u11 3KTOMUKOPU3 C B R 3 a H a  C C0OTBeTCTBYK)UUM M3MeHe- 

H H e M  pa3~006pa3u~ rpa6os. C O ~ C T B ~ H H O  a H Z T U 3  ~ ~ K O H O M ~ ~ H O C T ~ ~ ~  T e X H O r e H H b l X  T p a H C -  



+op~aqwfi c o o 6 q e c ~ ~  ~n~opa3006pa3o~a~enef i  B ~ I X O A H T  3a p a M K w  ~ a c ~ o n q e f i  c T a T b a .  

~ O ~ T O M Y  OTMeTnM T O J I ~ K O ,   TO B c e  + O P M ~ I  a H T p o n o r e H H o r o  s a r p n s ~ e ~ a n  n e c o B  conpo- 
BOXAatoTCH H3MeHeHHHMH B CTpYKTYpe TPYnIl)lPOBOK C ~ M ~ ~ O T ~ O + O B ,  gaUe B C e r O  - H e -  

raTHBHbIMH (cM.: Caimey, Meharg, 1999). C p e A a  A p y r H X  n p H r H H ,  KOTOpbIe MOrYT BnCiRTb 

H a  pa3~006pa3we MHKOPCI3, C n e A y e T  OTMeTHTb B 0 3 M O X H b I e  p a 3 n H r H H  B npOAOn?KHTenb-  

TOB B p a 3 H b I X  YCJIOBCIRX. 

IIepexom K 0 6 c y m e ~ n ~ )  B O ~ M O X H ~ I X  n o c n e ~ c ~ s a f i  ~ e x ~ o r e ~ ~ o f i  Tpa~c+op~aqaa  
pm~oo6pa3an 3KTOMCIKOPCI3, OTMeTCIM, 9 T O  CiMeeTCX HeCKOnbKO B03MOXHbIX H a I I p a B n e H a f i  

T a K o r o  06cymneaan. 
n e p B 0 e  H a n p a B n e H H e  CBH3aHO C a H a l l H 3 0 M  IIpXMbIX B ~ ~ H M O C B H ~ ~ ~ ~  M e m y  pa3~006pa- 

3 H e M  MilKOpH3 Ci Pa3BHT)leM OTUenbHbIX oco6eti p a c ~ e ~ i f f i  kina C O O ~ U ~ C T B .  C T e O p e T H r e -  

CKHX I I 0 3 a ~ k i f i  BbICOKOe pa3~006pa3ae 3KTOMHKOPH3HbIX ~ C I ~ O B  IlBnReTCX 3allOTOM B03-  

M o m H o c T n  ycneu~ot i  a A a n T a q a a  A e p e B b e B  K m a p o K o M y  K p y r y  ycno~at i  npoa3pac~a~an 
(John, Coleman, 1983; K a p a T b l r w H ,  1993). Ha YpOBHe O T n e n b H b l X  oco6eii 3TOT Te3CIC HMe-  

e T  3KCIIepHMeHTal lbHbIe  ~ O A T B ~ ~ ? K ~ ~ H H H .  npki O ~ H O B ~ ~ M ~ H H O ~ ~  H H O K y n H ~ H H  HeCKOnbKH- 

M a  BHAaMii r p a 6 0 ~  CeHHqbI  A e p e B b e B  pa3BHBaH)TCX J I y r U l e ,  r e M  npa H H O K y n H ~ H H  OAHHM 

(Chu-ChoLl, Grace, 1985) ma K a X A b I M  a3 BHAOB B OTAenbHOCTH (Parlade, Alvarez, 1993; 
Sudhakara, Natarajan, 1997). B e c T e c T s e H H b I x  ycnosanx 0 6 ~ a p y m a ~ a e ~ c n  n o n o m w T e n b H a n  

CBH3b M e m y  KOnH9eCTBOM IlPCICYTCTBYH)UCIX H a  KOPHHX AByneTHUX oco6eti nHXTb1 ~ 0 ~ 4 0 -  
THIIOB MilKOpH3 Ci pa3BCIT)leM HX no6era ( B e c e n ~ a ~ ,  1999). Ha YpOBHe C O O ~ U ~ C T B  ana 3KO- 

CCiCTeM ~ 6 e ~ i f T e n b ~ b 1 e  A O K m a T e n b C T B a  CBIl3U pa3~006pa3un ~ K T O M W K O ~ W ~ O O ~ ~ ~ ~ O B ~ T ~ J I ~ ~ ~  

a(ana) ~ a ~ o p a s  c n p o A y K T a B H o c T b m  ana Y C T O ~ ~ ~ C I B O C T ~ H )  n e c o B  O T C Y T C T B Y ~ T .  Y6em~e-  
H a n  o n o n o m a T e n b H o M  x a p a K T e p e  c o n p n m e H H o c T a  s T a x  n a p a M e T p o B  B s ~ a r a ~ e n b ~ o f i  M e p e  

a n p a o p H b I  a O c H o B a H b i  H a  T e o p e T n r e c K n x  n p e n c T a B n e H w a x  anw s K c T p a n o n n q a a  srccnepa- 
MeHTaJIbHbIX AaHHbIX, ~ O A O ~ H ~ I X  IIPHBeAeHHbIM BbIUle, C YPOBHH oco6efi H a  ~ ~ H O T H ~ ~ C K H ~ ~ .  

T ~ M  H e  M e H e e  I I O n a r a H ,  9 T O  B 0 6 u e ~  BbICOKOe pa3~006pa3we MilKOpH3 ( M C I K O P H ~ H ~ ~ X  TpH-  

6 0 ~ )  n O n O X H T e n b H 0  C O n p H X e H O  C p a 3 B H T H e M  @HTO~HOHTOB, er0 T e X H O r e H H O e  C H H X e H H e  

CneAYeT CrWTaTb HeraTCiBHbIM +~KTOPOM, B e A y U c i M  K Y B e n H r e H H H ,  BepOHTHOCTW B03HWKHO- 

B e H m  H ~ ~ ~ ~ ~ o I I ~ H H T H ~ I x  I I o c ~ ~ A c T B H ~ ~  ~ J I H  pac~e~k lk  Pi ~ ~ C T H T ~ ~ ~ H ~ I X  C O O ~ U ~ C T B  B UenOM. 

B ~ o p o e  H a n p a e n e H w e  n p e n n o n a r a e T  B ~ ~ H M O C B H ~ ~ H H ~ I ~ ~  aaa-11~3 n w H a M w K a  n a p a M e T p o B  

pa3~006pa3an MHKOPW3 C CI3MeHeHCleM WX p a 3 M e p O B .  T ~ X H O ~ ~ H H ~ H  T ~ ~ H c I $ o ~ M ~ u W H  QyK- 

V p b I  H ~ ~ O ~ O B  MWKOPH3 M O X e T  HeIIOCpeACTBeHHO O T p a X a T b C X  H a  CpeAHklX B b 1 6 0 ~ 0 9 ~ b 1 ~  

3 H a 9 e H W I X  0 6 " b e ~ a  )1 COOTHOUleHWHX O ~ ~ ~ M O B  CWM~CIOHTOB,  9 T O  I I03BOnReT PaCCMaTpklBaTb 

C T p y K q p H o e  pa3~006pa3we r e x n o B  B K a r e c T s e  + y ~ ~ q a o ~ a n b ~ o r o  n a p a M e T p a .  3 ~ o  csnsa- 
HO C pa3MepHbIMCI pa3n)19)1RMW M e m y  MCIKOPW3aMCI C geXnaMCi  p a 3 H b I X  TWnOB CnOXeHCiR 

( B ~ c ~ ~ K H H ,  2003). Hanpw~ep,  B 10 Pi3 18 B ~ I ~ O P O K ,  aHal lW3WpyeMbIX B H ~ C T O H U ~ ~ ~  CTaTbe ,  

M e m a y  r p y n n a M w  M W K O P W ~  c P ~ ~ H ~ I M W  r e X n a M a  B b I p a m e H b I  pmnarwn no n p a 3 ~ a ~ y  ((naa- 
M e T p  o K o H r a H a n ) ) :  6 0 n b m w f i  n w a M e T p  accoqaapye-rcn c n c e ~ n o n a p e ~ x w ~ a ~ a r e c ~ a ~ w  rex- 
n a M H ,  K KOTOPbIM B AaHHOM C n y r a e  OTHeCeHbI  Pi AB0f iHble .  B 18 B b 1 6 0 p ~ a x  I ICeBnOIIapeHXH- 

M a T w r e c K a e  r e m b I  w M e m T  6 6 n b u y m  a 6 c o n m ~ ~ y m ,  a B 17 - T a K m e  6 6 n b m y m  O T H o c a -  

T e n b H y H )  T O n U H H y  no CpaBHeHWKl C IIneKTeHXklMaTHreCKHMH W ~ ~ C C T ~ Y K T Y P H ~ I M C I .  
~ O C K O ~ ~ K Y  o6wnwe reXJIOB p a 3 H O r O  C n O X e H H H  B 3aBklCklMOCTU OT YPOBHH 3 a V R 3 H e H W X  

H3MeHIleTCX 3aKOHOMePH0,  3TOT I I p O q e C C  BbICTyIIaeT OAHklM i f 3  MeXaHW3MOB T ~ X H O ~ ~ H H O ~ ~  

T ~ ~ H c I $ o ~ M ~ ~ W H  P m M e P H b I X  n a p a M e T p O B  MCIKOPW3 ( B e c e n K w H ,  2004a). H a n p a ~ e p ,  C H H X e -  

HWe B HaPYUleHHbIX C O O ~ U I ~ C T B ~ X  AOnW M a K O p H 3  C MOUHbIMH nCeBAOnapeHXWMaTWgeCKW- 

MW 9eXJIaMW, n p W  OnHOBpeMeHHOM BO3paCTaHklH o6wnan TOHKHX ~ ~ C C T ~ Y K T Y P H ~ I X  reXJIOB, 

OreBWAHO, M O X e T  IIpklBOAHTb K CMeUeHWH) 3Ha9eHCIR cpen~efi TOnUWHbI  g e X J I a  B B b 1 6 0 p K e  

B MeHbUIYH) 0 6 n a c ~ b .   TOT 344 '2~~ ~ a 6 n m ~ a e ~ c n  H a  TeXHOreHHbIX IIOnklrOHaX M e n e n n a -  

B m b H O T O  Ci KPCiOnCiTOBOrO 3aBOAOB ( B e c e n K w H ,  2002; B e c e n K k l H  a Ap.,  2003). B n e p B O M  

C n y r a e  OH IIPHBOAWT K HeW3MeHHOCTCI c p e ~ ~ e f i  TOnUWHbI  9eXJI013 B TOKCWgeCKOM V a A k l -  

e H T e ,  HeCMOTpH H a  TO YTO B b I p a X e H O  BO3paCTaHWe TOnUIdHbI  geXJIOB OCHOBHbIX Vynn  
( n n e ~ ~ e ~ x w ~ a ~ w r e c ~ w x  a n c e ~ ~ o n a p e ~ x ~ ~ a ~ a ~ e c ~ w x )  npw y s e n w Y e H w a  YPOBHH ~ a r p y s -  
KH. BO BTOPOM cnyrae ~ a 6 n m ~ a e ~ c n  s a ~ e ~ ~ o e  c H w m e H a e  cpen~efi T O ~ U W H ~ I  Y e m o B  B B ~ I -  
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S U M M A R Y  

A diversity of ectomycorrhizal mantles of Scotch pine in conditions of industrial pollution is in- 
vestigated. The comparison of three types of  pollution is made: I) heavy metals in a complex with 
SOz; 2) gaseous pollutants from metallurgical and 3) gaseous pollutants from a complex of the petroc- 
hemical factories. The identical patterns of technogenous transformation of sets of fungal mantle in all 
three cases are discovered. In vicinities of all three factories the richness and variety of sets of mantles 
are reduced; the share of mycorrhizal tips with pseudoparenchymatous mantles is decreased and the 
comparative abundance of mycorrhizal tips with unstructured mantles is increased. The conclusion is 
made, that the chemical specificity of industrial emissions does not cause specific reactions ofectomy- 
corrhizal mantles. 


