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Y C T ~ H O B J I ~ H ~ I  0614ne M c ~ I ~ ~ M @ M Y ~ c K M ~ ,  O I I p e A e J I R e M b I e  XMMMYeCKHM COCTaBOM IIPOMbILIlJIeHHbIX ~b16p0- 
COB O C O ~ ~ H H O C T M  p e a ~ q ~ f i  3KTOMMKOpH3 COCHbI O ~ ~ I K H O B ~ H H O ~ ~  H a  TeXHOreHHOe 3 a r p R 3 H e H M e .  Pa3~006pa3~e 
~ P M ~ H ~ I X  YeXJIOB B OKpeCTHOCTRX I I p e ~ r I p M f f ~ M f i  C p a 3 H b I M  TMIIOM B O ~ A ~ ~ ~ C T B H R  H a  0 K P Y X P H ) ~ Y H )  C p e A y  M3Me- 

HReTCR no e ~ M H 0 f i  C X e M e .  n O n e p e Y H b 1 e  p a 3 M e p b I  MMKOpM3HbIX 0K0HYaHMfi  ( ~ P M ~ H ~ I X  YeXJIOB M ~ 0 p H e f i  P a C T e -  

HMfi) B YCJIOBMFIX 3arPR3HeHMFI  ~ I O J I M M ~ T ~ J I J I M Y ~ C K O ~ ~  nbIJlbH) YBeJIMYMBaloTCFI, a IIOA B O ~ A ~ ~ ~ C T B M ~ M  ra3006pa3- 
HbIX B e q e C T B  ( S O z ,  C O ,  NO,) - YMeHbLLIaH)TCFI. 

T ~ X H O ~ ~ H H O ~  M 3 M e H e H M e  3 & 3 @ ~ 4 e C K M x  YC- 

J I o B M ~ ~  M, COOTBeTCTBeHHO,  I I p O q e C C O B  MMHe- 

P a J I b H O r O  nMTaHMR p a c ~ e ~ ~ f i  P a C C M a T p M B a e T C R  

B K a 4 e C T B e  0 ~ ~ 0 f i  M 3  B e A Y q M X  n P M 4 M H  A e r p a -  

AaqMM JIeCOB B OKpeCTHOCTRX npOMbILLlJIeHHbIX 

n p e ~ n p ~ ~ ~ ~ f i  [ I ,  21. n 0 C I C 0 J I b K y  y A e p e B b e B  

@ M ~ M O J I O ~ M Z I ~ C K M  aICTMBHaR ZIaCTb K O P H ~ B O ~ ~  CM- 

CTeMbI ,  O C Y q e C T B J I R I O q a R  H e n O C p e A C T B e H H O e  

I I O r J I O q e H M e  M M H e p a J I b H b I X  3J IeMeHTOB,  ripen- 

C T a B J I e H a  3ICTOMMICOPM3aMM, C J I e A y e T  O X M A a T b ,  

4 T O  MMeHHO OHM B H e P B Y I O  O 4 e p e A b  CTaJIKMBa- 

IOTCR C T e X H O r e H H O  O ~ Y C J I O B J I ~ H H ~ I M M  ~e6~1ar0-  
IIPMRTHbIMM IIO'IBeHHbIMM @ ~ K T O P ~ M M ,  M M3Me- 

H e m e  MX COCTORHMR (a H e ,  H a n p M M e p ,  c K e n e T -  

H ~ I X  ~ o p ~ e f i )  ~ a ~ 6 o n e e  c K a x e T c R  H a  pewme 
MMHepaJ IbHOrO IlMTaHMR p a ~ ~ e ~ ~ f i  B YCJIOBMRX 

TeXHOreHHbIX B O ~ A ~ ~ ~ C T B M ~ ~ .  

no o I I ~ ~ J I M K o B ~ H H ~ I M  AaHHbIM,  P e a I C q M R  3K- 

TOMMKOPM3HbIX C M M ~ H O ~ O B  H a  Pa3J IM ' IHbIe  T e X -  

H O r e H H b I e  B M e I I I a T e J I b C T B a  H e r a T M B H a R  - MM- 

~ o p ~ 3 0 0 6 p a 3 0 ~ a ~ ~ e  M n M  o c n a 6 n ~ e ~ c ~ ,  M n M  

CMJIbHO nOAaBJIReTCR [3-81. B HaIIIMX MCCJIeAO- 

BaHMRX B YCJIOBMRX 3 a r P R 3 H e H M R  eCTeCTBeHHbIX 

3ICOCMCTeM T R X e J I b I M M  MeTaJ I J I aMM B ICOMIIJIeK- 

C e  C SO2 3KTOMMKOPM3bI T ~ M H O X B O ~ ~ H ~ I X  I l p O A e -  

MOHCTPMPOBaJIM BbICOKYIO TeXHOTOJ lepaHTHOCTb 

M n P M 3 H a K M  JIYZIIIIerO p a 3 B M T M R  H a  HaPYI I I eH-  

HbIX T e P P M T O P M R X  no M O ~ @ O J I O I ' M ~ ~ C K M M  M a H a -  

T o M M s e c m M  n a p a M e T p a M  [9-111. M ~ I  npenno- 
JIOXMJIM, 4 T O  n p O T M B O p e 4 M e  M e X A y  HeKOTO- 

PbIMM H ~ ~ J I I O A ~ ~ M ~ I M M  @ ~ I C T ~ M M  M O X e T  0 6 % ~ ~ -  

HRTbCR C ~ ~ ~ M @ M ' I ~ C I C M M  X a p a K T e p O M  P & ~ K ~ M M  

3ICTOMMICOPM3HbIX a ~ ~ 0 q M a ~ M f i  H a  T e X H O r e H H O e  

a a r p ~ s ~ e ~ ~ e  p a 3 n ~ s ~ b r x  T M ~ O B .  AJIR n p o B e p K M  

I IpaBOMepHOCTM 3 ~ 0 2  r M n O T e 3 b I  6b1nn I l p e A n p M -  

H R T ~ I  c n e q M a n b H b I e  M c c n e A o s a H m ,  sacm pe- 
3 Y J I b T a T O B  KOTOPbIX M 3 J I a r a e T C R  B H ~ C T O H W ~ ~ ~  

C T a T b e .  

U e J I b  pa6o~b1 - C p a B H e H M e  P e a K q M M  3KTO- 

MMKOPM3 COCHbI O ~ ~ I K H O B ~ H H O ~ ~  ( P ~ ~ u s  sylvestl'is 
L.) H a  T e x H o r e H H o e  3 a r p ~ a ~ e ~ ~ e  ABYX pa3~1~9-  
HbIX TMnOB: 1) 3MMCCMM T R X e J I b I X  MeTaJIJIOB B 

K O M ~ J I ~ K C ~  C CePHMCTbIM aHrMAPMAOM M 2) 3MMC- 

CMM ra3006pa3~brx IIOJIJIIOTaHTOB 6e3 T R X e J I b I X  

MeTaJIJIOB.  

Pa6o~b1 n p O B e A e H b 1  B MCKyCCTBeHHbIX A p e -  

BOCTORX COCHbI O ~ ~ I I C H O B ~ H H O ~ ~  B CXOXMX KJIM- 



*no AaHHbIM K O M M T ~ T ~  no nPMPOAHbIM P e C y p C a M ,  BKOJIOI 

2000 rr. 

YpaJIa B 3 O H a X  BJIMRHMR B ~ I ~ P O C O B  a B Y X  K p Y n -  

HbIX IIPOMbILUJIeHHbIX n p e a n p M R ~ M f i :  C p e a H e -  

y p a n b c K o r o  M e a e n n a B n n b H o r o  a a~ona  (CYM3) 
r. P e B a a  M ~ O J I ~ B C K O ~ O  KPMOJIMTOBOrO 3 a B O a a  

(HK3), r. ~ o J I ~ B c K o ~ ~ .  B sb16pocax nK3 B OTJIM- 

w e  OT CYM3a OTCYTCTBYIOT B ~ I C O K O T O K C M ~ -  

H b I e  M e T a n n b I ,  a ~ O J I R  CO M O K C M ~ O B  a 3 o ~ a  B 

o6wefi C T p y K T y p e  C y w e C T B e H H O  BbIXIIe (~a6n .  1). 
CYM3 O K a 3 b I B a e T  6onee M a c I l I ~ a 6 ~ 0 e  BJIMRHMe 

H a  n p M n e r a I Q w M e  3KOCMCTeMb1, T a K  K a K  06w~fi 
o6.be~ ero B ~ I ~ P O C O B  H a  n o p s a o ~  n p e B b I m a e T  

o6.be~ B ~ I ~ P O C O B  nK3. 
M ~ M ~ H ~ H M R  n O g B ,  PaCTMTeJIbHOCTM M aPY- 

I'MX KOMnOHeHTOB 3KOCMCTeM B ABYX M C C J I e a y e -  

MbIX TeXHOWHHbIX r p a a M e H T a X  OnMCaHbI B 60nb- 
XIIOM wcne n y 6 ~ 1 ~ ~ a q ~ f i  (CYM3 - [12-151, nK3 
- [16-181). Hmxe IIpMBOaMTCR K p a T K a R  X a p a K -  

TepMCTMKa npo6~b1x l T J I 0 w a ~ e f i  M OCHOBHbIX T e X -  

HOWHHbIX HapyXI IeHMf i  3KOCMCTeM H a  OCHOBaHMM 

J I M T e p a T y p H b I X  M C O ~ C T B ~ H H ~ I X  AaHHbIX.  

B p a f f 0 H e  BJIMRHMR B ~ I ~ P O C O B  CYM3a 3aJ IO-  

X e H O  XIIeCTb npo6~b1x nnowanefi B C e B e p H O M  M 

a a n a a ~ o ~  H a n p a B n e H m x  OT 3a~oaa  B MMnaKT-  

~ o f i  (4 KM), 6yaep~ofi  (8-12 KM) M  POH HOBO^^ 
(18-20 KM) 3 0 H a X  B O ~ ~ ~ ~ ~ C T B M R .  M C C J I ~ ~ O B ~ H H ~ I ~  
H a c a x , q e H m  OTHOCRTCR K ~ ~ J I ~ H O M O X I I H O ~ ~  rpyn- 
ne TMnOB J I e C a ,  MX B 0 3 p a C T  - 25-35 J I e T ,  no- 
s B b I  - aePHOBO- l lOn30J IMCTbIe  C P ~ ~ J I M ' I H o ~ ~  CTe-  

n e H b I O  O ~ O ~ ~ O J I M B ~ H M R .  B ~ J I M ~ M  n p e a I I p M R T M R  

C O n e p X a H M e  KMCJIOTOPaCTBOPMMbIX (POPM CU B 

n 0 a C T M J I K e  BbILUe (POHOBO~O B 26 pa3, Pb - B 

11 pa3, Cd - B 3 pa3a. P ~ ~ M C T P M P Y I O T C R  T e X -  

H O r e H H O e  nOnKMCJIeHMe n 0 g B  M R P K O  B b I p a X e H -  

H o e  3 a M e n J I e H M e  A e C T P Y K q M M  P a C T M T e J I b H O r O  

onana. 0 6 w ~ f i  3anac a p e B o c T o e B  c a M x a e T c a  c 
226-300 M 3 / r a  H a  (POHOB~IX T e P P M T O P M R X  A 0  

31-139 M 3 / r a  H a  H a p y I I I e H H b I X ,  n p M  3TOM KJIaCC 

6 0 H M ~ e T a  M3MeHReTCR C 1-11 a0 111-IV. B YCJIO- 

BMRX 3 a r p R 3 H e H M R  KOPHM COCHbI OTCYTCTBYIOT B 

necaofi n o n c T M n K e ,  a 3asac~y10 M B aepxaefi 
YaCTM M M H e p a J I b H b I X  rOPM30HTOB IIOZIBbI. E o ~ ~ T -  
CTBO BMAOB TpaBRHO-KYCTaPHM9KOBOrO R p y C a  

c H M x a e T c s  c 22-27 no 4-17 B M ~ O B  H a  ~ J I O -  

www 
B pafio~e BJIMRHMR B ~ I ~ P O C O B  nK3 3a~1oxe- 

HO 12 npo6~b1x nnowanefi B B O C T O ~ H O M  M 101-0- 

BOCTO~HOM H a n p a s n e H m x  OT 3a~oaa  B MMnaKT-  

H O ~  (1,7-2,7 KM), 6y(Pep~0fi (3,5-6 KM) M (POHO- 
B 0 f i  (20-30 KM) 3 0 H a X  B O ~ ~ ~ ~ ~ C T B M R .  Tnn J I e C a  - 
COCHRK R ~ O ~ H M K O B ~ I ~ ~ ,  B 0 3 P a C T  - 29-45 J I e T ,  

I I O s B b I  - nepHOB0- I IOn30J IMCTbIe .  B ~ J I M ~ M  ripen- 

B e H b  H a  2-3 n O p R a K a ,  IIOAKMCJIeHMR n O s B b I  H e  

~ a 6 n m a a e ~ c ~ .  0 6 4 ~ 2  3 a I I a C  A p e B O C T O e B  CHM- 



PM~OHT) .  06pa3~b1 @ M K c M ~ o B ~ J I M  B 4%-M @0p- 
M a n m e .  I I o n e p e Y ~ b ~ e  cpeab~ MMKOPMBH~IX OKOH- 

YaHMfi (OKOJIO 1800 c p e 3 0 B )  ToJILL&MHo~~ 10 MKM 

np0CMaTpMBaJIM M M3MepIIJIM B I ' J IMqepMHe 6e3 
OUpaLLIMBaHMII. Y KaXJJOI'O OKOHYaHMR @MKCMPO- 

sanx p a c c s M T b I s a m  c n e n y m q M e  n a p a M e T -  

PbI :  HaJIMW4e I'PM~HOI'O YeXJIa ;  er0 n 0 A T M n  (no 
[lg]) ;  0 6 q ~ f i  PaAMyC! OKOHYaHMR; TOJIqMHY Sex- 
JIa; PaAMyC KOPHR PaCTeHMR B MMKOPMBHOM OKOH- 

YaHMM; AOJIIO Y e X J I a  B 0 6 q e ~  0 6 % e ~ e  MMKO- 

PM3HOrO OKOHYaHMR. @MKCMPOB~JIM B C T p e Y a e -  

MOCTb MJIM OTCYTCTBMe B H a P Y X H b I X  CJIOIIX 3K- 

3 0 A e P M b I  TaHHMHOBbIX KJIeTOK - y I I J I O ~ e H H b I X  

KJIeTOK C TeMHOOKParUeHHbIM COJJePXMMbIM. 

Y c I I ~ U I H O C T ~  M M K O P M ~ O O ~ ~ ~ ~ O B ~ H M I I  B 0 6 0 ~ ~  
P a C C M a T p M B a e M b I X  I'paJJMeHTaX H e  3aBMCMT OT 

YPOBHR T ~ X H O ~ ~ H H O ~ ~  HarPY3KM.  3 H a Y e H M I I  MH- 

TeHCMBHOCTM MMKOPM3aqMM l lOMO~aH)LL&MX KOP- 

c o c T a s n R I o T  B r p a n M e H T e  CYM3a B H e H a -  

PYrUeHHbIX YCJIOBMIIX 83-92 70, I IpM Y M e p e H -  

HOM B O ~ J J ~ ~ ~ C T B M M  - 82-91 %, I IpM CMJIbHOM - 
90 %; B OKPeCTHOCTRX I I K 3  - COOTBeTCTBeHHO 

91-97, 89-93 M 84-94 %. 
B OTCYTCTBMe T e X H O r e H H b I X  ~ 0 3 , I J e f i ~ ~ ~ M f i  

MMKOPM3bI MMeIOT TMnMYHYIO AJIR P O A a  Pinus 
MOP@OJIOI'MH) C n p e 0 6 J I a A a H M e ~  AMXOTOMMYeC- 

KM B e T B R q M X C R  @OPM (BMJIOYKM, KOPaJIJIOBMA- 

H b ~ e ) ,  K O T O P a R  n O A  BJIMIIHMeM I ' a 3 0 0 6 p a 3 ~ b I x  

n o n n I o T a H T o B  (IIK3) H e  n p e T e p n e s a e T  3 a ~ e ~ -  
H O N  M3MeHeHHR. I I p M  CMJIbHOM 3arPI I3HeHMM TII- 

XeJ Ib IMM MeTaJIJIaMM A B a X A b I  M 6onee pa3 AM- 

XOTOMMYeCKM B e T B I I q M e C I I  MMKOPM3bI nOJIHOC- 

TbH) MCYe3aH)T, a 6onbma11  MX Y a C T b  OKa3bIBa-  

e T C R  n p e A C T a B J I e H a  nP0CTbIMM ~ Y J I ~ B O B M A H ~ I -  

MM OKOHYaHMRMM. 

B H Y T P ~ H H ~ ~  CTpOeHMe 3KTOMMKOPM3 OCTa- 

e T C R  BO BCeX CJIYYaRX TMnMYHbIM WII 3YMM- 

q e T H b I X  x ~ J I ~ M o @ ~ N B ~ I x  3KTOMMKOPM3, HO pa3- 
M e p H b I e  M KaYeCTBeHHbIe  IIPM3HaKM MMKOPM3- 

HbIX O K O H Y ~ H M ~ ~  3HaYMTeJIbHO BaPbMPYIOT B 3a- 
BMCMMOCTM OT Y C J I O B M ~ ~  IIpOM3paCTaH.MII. 

Paa~oo6paaue rpu6~brx  gexnoB B p a c c M a T -  

PMBaeMbIX PRJJaX Y C J I O B M ~ ~  M3MeHReTCII ( T ~ ~ J I .  2). 
B p a f i 0 H e  ~ M M C C M ~ ~  T I I X e J I b I X  MeTaJIJIOB 3 a M e T -  

HO (B 1,7-2,3 pa3a) CHMXaeTCII  ~ O ~ ~ T C T B O  H a -  

6 0 ~ 0 ~  I ' P M ~ H ~ I X  IIOATMnOB M MX p a 3 ~ 0 0 6 p a 3 M e  

- B 1,2-1,4 pa3a, C y a n  no 3HaYeHMRM MHAeKCa 

pa3~006pa3~11 ~ ~ H H O H ~ .  n0,lJ BJIMIIHMeM ra30- 
0 6 p a 3 H b 1 ~  lIOJIJIH3TaHTOB O T M e Y a e T C R  TOJIbKO 

He3HaYMTeJIbHOe CHMXeHMe 3 H a Y e H ~ f i  MHAeKCa 

~ ~ H H O H ~  H a  H a M 6 0 J I e e  ~ J I M ~ K M X  K IIPeJJIIPMII- 

TMH) nnoqawx. 
C Y M M ~ ~ H ~ I I  AOJIII YeXJlOB CO C J I O X H O ~ ~  CTpyK-  

~ypofi ,  n c e B A o n a p e H x M M a T M Y e c K M x  M J J B O ~ ~ H ~ I X ,  

B I ' paAMeHTe  3 a r P R 3 H e H M R  CYM3a CHMXaeTCII  

IIO M e p e  P O C T a  YPOBHR 3 a r P R 3 H e H M R  B 3,l- 
5,4 pa3a, a o6um~e ~ ~ C C T P Y K T Y P H ~ I X  YeXJIOB, 

H e  ~ M @ @ ~ ~ ~ H ~ M ~ o B ~ H H ~ I x  H a  pa3JIMYMMbIe We- 
TOYHbIe  3 J I e M e H T b I ,  B O 3 p a C T a e T  6onee Y e M  B 

~ O ~ ~ T C T B O  IIOATMIIOB, IUT. 

~a nnoqanb 6-8 5-7 4 5-9 5-8 5-8 
M H A ~ K C  ~ O ~ ~ T C T B ~  Mapra-  
. neQa 1,09-1,52 0,87-1,30 0 ,65  0,88-1,75 0,88-1,56 0,91-1,55 

M H ~ ~ K C  pa3~006pa3MR meH- 
H O H a  1,19-1,41 1,13-1,37 ' 0,99 1,45-1,97 1,39-1,59 1,15-1,35 

AOJIR IIJIeKTeHXMMaTMSeCKMX 

SexJIoB, % 46,O-63,8 51,2-55,9 49,4 27 ,2-36 , l  15, l-46,7 40,2-63,O 
Aonn nceBnonapeHxnMaTn- 

~ ~ C K M X '  q e x n o ~ ,  % 36,2-54,O 30,5-41,5 10,6 44,6-51,6 35,6-54,8 19,5-23,2 
AOJIfI ~ ~ C C T P Y K T Y P H ~ I X  Sex- 

J I o B ,  % 0-7 , l  7,3-13,6 40,O 12,4-28.3 17,8-30.1 16,3-40,3 



4 pa3a. B pafio~e BJIMHHMII B ~ I ~ P O C O B  KPMOJIM- 

TOBOrO 3 a B O A a  0 6 ~ a p y ~ ~ ~ ~ a e ~ c f i  nOXOXCaII TeH-  

AeHIJMII, HO Pa3JIM'IMH I I O ~ a 3 a ~ e J I e f i  MeXCAy 

(POHOB~IMM M HaPYUIeHHbIMM I I J IOqaAIIMM H e  

CTOJIb BeJIMKM. ~ H ~ ~ M M O C T ~  IICeBAOnapeHXMMa- 

TM9eCKMX 'IeXJIOB B ~ J I M ~ M  npeAnpMIITMII  CHMXCa- 

eTCH B 1,9-2,7 pa3a. 0 6 ~ n ~ e  ~ ~ C C T P Y K T Y P H ~ I X  

9eXJIOB B OKPeCTHOCTIIX nK3 COIIOCTaBMMO C 

MX O ~ Y I J I M ~ M  B H e H a p y U I e H H b I X  coo6rqec~~ax, a 
AOJIR MMKOPM3 C IIJIeKTeHXMMaTM'IeCKMMM 9 e X -  

JIaMM B YCJIOBMIIX 3arPI I3HeHMII  ~ O J I ~ L L I ~ ,  9 e M  B 

(POHOB~IX YCJIOBMIIX. 

IIpn a ~ a n m e  n a p a M e T p o B  p a 3 ~ 0 0 6 p a 3 ~ ~  
~ P M ~ H ~ I X  9eXJIOB OCHOBHbIM ~ ~ ( P ~ K T o M ,  KOTO- 

pb~fi MOXCHO IIpMnMCaTb BJIMIIHMH) TeXHOreHHbIX 

B O ~ A ~ ~ ~ C T B M ~ ~ ,  IIBJIIIeTCII 6onee MJIM M e H e e  BbI- 

PaXCeHHOe CHMXCeHMe pa3~006pa3~11 H ~ ~ O ~ O B  

~ P M ~ H ~ I X  3KTOMMKOPM3HbIX 9eXJIOB M YMeHbUIe-  

HMe 06umw11 nCeBAOnapeHXMMaTM9eCKMX 9 e X n O B  

n p M  B03paCTaHMM BCTpe'IaeMOCTM ~ ~ C C T ~ Y K T ~ P -  

HbIX MJIM nJIeKTeHXMMaTM9eCKMX. ~ T M  PeaKUMM 

R p 9 e  BbIpaXCeHbI B p a f i 0 H e  CO9eTaHHbIX 3MMC- 

~ M f i  TIIXCeJIbIX MeTaJIJIOB M SOZ, "0 CpaBHeHMH) 

C p a f i 0 ~ 0 ~  BJIMIIHMII TOJIbKO ra3006pa3~b1~ np0- 
MbImJIeHHbIX B ~ I ~ P O C O B .  

P a s m e p ~ ~ e  n a p a m e T p b I  ~ K T O M H K O P H ~ H ~ I X  

O K O H ¶ ~ H R ~  M3MeHIIH)TCII B ABYX PaCCMaTpMBa-  

eMbIX TeXHOPeHHbIX r p a A M e H T a X  IIpOTMBOIIOJIOXC- 

HbIM o6pa30~ ( T ~ ~ J I .  3). B pafi0~e B O ~ A ~ ~ ~ C T B M H  

B ~ I ~ P O C O B  MeAenJIaBMJIbHOrO 3 a B O A a  06qnfi pa- 

AMYC MMKOPM3HbIX O K O H ~ ~ H M ~ ~  B O 3 p a C T a e T  M AO- 

CTMraeT n p M  H ~ M ~ o J I ~ U I ~ M  3arpI I3HeHMM 112 % 
OT (POHOBO~O nOKa3aTeJ IR .  3 ~ 0  O ~ Y C J I O B J I ~ H O  B 

OCHOBHOM y s e n n s e H M e M  p a 3 ~ e p o ~  ~ o p ~ e f i ,  BXO- 

A I I q M X  B COCTaB 3KTOMMKOPM3. B pafi0~e BJIMII- 

HMII B ~ I ~ P O C O B  KPMOJIMTOBOrO 3 a B O A a  o 6 q ~ e  
I I O n e p e 9 H b I e  p a 3 M e p b I  3KTOMMKOPM3 M c p e ~ ~ ~ f i  
PaAMyC KOPHII B MX COCTaBe, H ~ O ~ O P O T ,  YMeHb- 

UIaWTCR, COCTaBJIIIII COOTBeTCTBeHHO 87 M 89 % 
OT (POHOB~IX BeJIM9MH. CP~AHIIII TOJIqMHa ~ c e f i  
COBOKYnHOCTM ~ P M ~ H ~ I X  9eXJIOB B YCJIOBMRX 3ar- 
PII3HeHMII TIIXCeJIbIMM MeTaJIJIaMM H e  M3MeHII- 

eTCH, a nOA BJIMRHMeM ra3006pa3~b1~ IIOJIJIW- 

TaHTOB YMeHbUIaeTCII ,  n p M 9 e M  AaXCe B 60nb- 
mefi c T e n e H M ,  s e M  p a A M y c  KOPHII ( H a  22 % no 
CpaBHeHMH) C (POHOM), n p M  3TOM CHMXCaeTCII M 

CpeAHIIII  AOJIII r p ~ 6 ~ o r o  C M M ~ Y I O H T ~  B 0 6 q e ~  
o 6 a e ~ e  MMKOPM3HbIX O K O H ~ ~ H M ~ ~ .  

Bb~me O X a p a K T e p M 3 0 B a H a  AMHaMMKa C p e A -  

HMX 3 H a 9 e H M f i  nPM3HaKOB,  O n p e A e J l e H H b I X  H a  

~ c e f i  COBOKYnHOCTM MMKOPM3. Y ~ M T ~ I B ~ I I ,  9 T O  

MHOrKe nPM3HaKM CTPOeHMII 3KTOMMKOPM3HbIX 

OKOH'I~HM~~ (B 9aCTHOCTM TOJIqMHa 9 e x J I a )  3aBM- 

CIIT OT T M n a  er0 aHaTOMM9eCKOrO CJIOXCeHMII [20], 
MbI npOaHaJlM3MPOBaJIM AMHaMMKY HeKOTOPbIX 

npM3HaKOB OTAeJIbHO AJIII rpynn MMKOPM3 C 9 e X -  

JIaMM IIJIeKTeH- M, nCeBAOnapeHXMMaTM'IeCK0- 

r0 ( 0 6 ' b e ~ M H f f R  C O ~ C T B ~ H H O  nCeBAOnapeHXMMa-  

TM9eCKMe M A B O ~ ~ H ~ I ~  ~ ~ x J I ~ I ) ,  a TaKXCe 6ec- 
CTPYKTYPHOI'O CJIOXCeHMII ( T ~ ~ J I .  4). Ha~6onee 

PaiLon enunnun e a i 6 p o c o e  CYM3a 

O6xqnl paxnyc, MKM 170,6 * 2,6 166,7 * 3,2 
Paxsyc KOPHR, MKM 153,6 * 2,5 150,5 * 3, l  
Tonxqw~a sexna, MKM 18,l  * 0,5 17,5 * 0,6 
H o n ~  o 6 n e ~ a  sexna, % 20,l * 0,6 19,8 * 0,7 
B c T ~ ~ ~ ~ ~ M o c T ~  TaHHMHOBbIX KJIeTOK, % 55,18 70,78' 
~ H C J I O  CJIOeB TaHHMHOBbIX KJIeTOK, UIT. 0,76 * 0,06 0,95 * 0,07 

Paiion enunnun e a i 6 p o c o e  ITK3 

06xqnW paxnyc, MKM 189,9 * 2,3 188,2 * 2,4 
Paxnyc KOPHR. MKM 167,3 * 2,7 166,9 * 2,l  
Tonxqnna sexna, MKM 24,O * 0,7 23,5 * 0,6 
A o n ~  o 6 n e ~ a  sexna, 70 22,9 -C 0,5 22,9 * 0,5 
B c T ~ ~ ~ ~ ~ M o c T ~  TaHHHHOBbIX KJIeTOK, 0/0 94,61 97,87 
~ H C ~ O  CJIOeB TaHHMHOBbIX KJIeTOK, UIT. 1,37 * 0,05 1,54 * 0,06 



~ P ~ A ~ P M -  T M ~  C ~ O X ~ H M R  sexna M 3 0 ~ a  H ~ ~ P Y ~ K M  

RTMe 

Paduyc X O P H R ,  M X N  

Tonyuna uexna, M X M  

AOM 0 6 s e ~ a  uexna, 'jh 

CYM3 16,6 17 , l  20,3' 25,O 24,3 29,6' 16,2 17,6 16,5 
IIK3 20,6 21,4 20,7 27,9 26,4 27,O 15,2 17,5' 15 , l  

Bcmpeuaemocmb mannunoebrx xnemox, % 

Cpednee uucno cnoee mannunoebrx xnemox, u m .  

C Y M 3  1,14 1,24 0,77*' 0,20 0,59"' 0,17 0,72 0,53 1,22 
IIK3 1,39 1,62 1,35 1,02 1,12 1,09 1,91 1,84 1,84 

II  p M M 'l a H M I I .  ~ H ~ ~ M M O C T ~  pa3JIM9Mfi C ( P O H O B ~ I M W  IIOKa3aTeJlRMM: ' P<o ,o~ ;  "P<O,OI; "'P<O,OOI. '30Hb1 
T ~ X H O ~ ~ H H O ~ ~  HarPY3KM: (P - ( P O H O B ~ R ,  6 - 6~(PepHaR, M - MMnaKTHaR. 2 1 1 ~ e ~ ~ ~ n a p e ~ ~ ~ ~ a ~ ~ ~ e ~ ~ ~ e  M ~B0fiHble 

MHTepeCHO IIpOCJIeAMTb, K a K  MeHReTCR B 3aBM-  

CMMOCTM OT CTeIIeHM HaPYUIeHHOCTM MCXOAHbIX 

y c J I 0 ~ M f i  T O J I q M H a  ~ P M ~ H ~ I X  9eXJIOB.  

O~a3anocb, ZIT0 B 3 0 H e  BJIMRHMR B ~ I ~ P O C O B  

CYM3a T O J I q M H a  9eXJIOB BCeX TMIIOB CJ IOXe-  

HMR ~ o a p a c ~ a e ~ :  n n e I c T e H x M M a T m e c w x  - H a  

T P e T b  IIO CpaBHeHMH)  C @OHOM ( ~ a  34 %), IICeB- 

AOnapeHXMMaTMYeCKMX - H a  24 %, 6 e c c ~ p y ~ -  
TYPHbIX - H a  22 %. BO BCeM M3YSeHHOM n M a I I a -  

3 0 H e  ycJ I0BMfi  HaMMeHbLUYIo TOJIqMHY AeMOH- 

CTPMPYIoT ~ ~ C C T P Y K T Y P H ~ I ~  YeXJIbI ,  I IJ IeKTeH- 

XMMaTMYeCKMe 3aHMMalOT IIPOMeXCYTO9HOe IIO- 

nomeaxe, a n c e B A o n a p e H x M M a T M Y e c w e  R s n s i -  

H)TCR CaMbIMM pa3BMTbIMM. YeXJIOB T a K X e  BJIMReT M 3 M e H e H M e  COOTHOLUe- 

O ~ ~ B M A H O ,  S T 0  HeM3MeHHOCTb c p e ~ ~ e f i  T o n -  HMR YeXJIOB p a 3 H O r 0  CJIOXeHMR B IIOJIb3Y ripe- 

q M H b I  B c e f i  COBOKYIIHOCTM ZIeXJIOB B TOKCM9eC- 

KOM r p a n M e H T e  0 6 y c n o ~ n e ~ a  ABYMR P ~ ~ J I M ~ H ~ I -  

MM, O n H O B p e M e H H O  M n Y q M M M  IIpOqeCCaMr?:  BO- 

I I e p B b I X ,  M3MeHeHMeM O T H O C M T ~ J I ~ H O ~ ~  9aCTOTbI  

BCTpe9aeMOCTM X'pynlT MMKOPM3 C 9eXJIaMM pa3- 
HOrO C J I O X e H M R  M, BO-BTOPbIX,  M 3 M e H e H M e M  

T O J I ~ M H ~ I  9 e x x o B  B npenenax ~amnofi  r p y n n b I .  

0 6 ~ n ~ e  ~ a ~ 6 o n e e  M O ~ H ~ I X  n c e B A o n a p e H x M M a -  

TM9eCKMX 9eXJIOB B ~ J I M ~ M  I I p e n I I p M R T M R  YMeHb-  

0 6 n a ~ a ~ n l i  H a  H a p y I I I e H H b I X  TePPMTOPMHX MM- 

KOpM3 C H a M M e H e e  pa3BMTbIMM IIJIeKTeHXMMa- 

TM9eCKMMM M ~ ~ C C T P Y K T Y P H ~ I M M  lTOATMIIaMM. 

B C T ~ ~ Y ~ ~ M O C T ~  MMLOPM3 C OTMePLLIMMM T a H -  

HMHOBbIMM KJIeTKaMM B pafio~e KPMOJIMTOBO~O 

a a ~ o ~ a  B b I r u e ,  9 e M  H a  n n o q a n R x ,  nonaepmea- 
HbIX B O ~ ~ ~ ~ ~ C T B M H )  B ~ I ~ P O C O B  MeAeIIJIaBMJIbHOrO 

K O M ~ M H ~ T ~ ,  HO B 0 6 0 ~ ~  TOKCM9eCKMX r p a n M e H -  

T a x  ~ a ~ ~ b 1 f i  lTpM3HaK 3aKOHOMePHO H e  M3MeHH- 



e T C R  B 3aBMCMMOCTM OT C T e n e H M  HaPYII leHHOCTM 

T ~ P P M T O P M ~ ~ .  H ~ O ~ X O A M M O  OTMeTMTb,  ZITO C p e A -  

H e e  ZIMCJIO CJIOeB TaHHMHOBbIX KJIeTOK H a  lTJIO- 

U a A R X ,  MClTbITbIBaIOUMX BJIMRHMe ra3006pa3- 
HbIX nOJIJIlOTaHTOB, HeCKOJIbKO B O 3 p a C T a e T  no 
CpaBHeHMlO C @OHOB~IMM BeJIMZIMHaMM, S T 0  0 6 ~ ~ -  
JIOBJIeHO B n e p B Y l O  O Z I e p e A b  M3MeHeHMeM COOT- 

H o m e H M R  OCHOBH~IX rpynn sexnoe B r p a A M e H T e  

3a rPR3HeHMR.  

B 0 6 0 ~ ~  MCCJIeAOBaHHbIX CJ IYSaRX 3KTOMMKO- 

PM3bI  COCHbI OKa3aJIMCb Y C T O ~ ~ Z I M B ~ I M I I  K XMMM- 

ZIeCKOMy 3 a r P R 3 H e H M l 0 ,  lTOCKOJIbKY MX YCneLU- 

H o e  @ o p ~ ~ p o ~ a ~ ~ e  3 a p e r ~ c ~ p ~ p o ~ a ~ o  npx 
H ~ M ~ o J I ~ L U M X  M3YZIeHHbIX YPOBHRX 3 a r P R 3 H e H M R  

3KOCMCTeM. T ~ K M M  o6pa30~, HaLUM MCCJIeAOBa- 

HMR H e  lTOATBePXCAalOT BbICOKYlO ZIYBCTBMTeJIb- 

HOCTb 3KTOMMKOPM3HbIX a ~ ~ 0 q M a q M f i  K TeXHO- 

r e H H b I M  B O ~ A ~ ~ ~ C T B M I I M .  O C O ~ ~ H H O C T M  CTPOeHMR 

MMKOPM3 H a  HaPYLUeHHbIX TePPMTOPMRX K a C a -  

IOTCR B OCHOBHOM "TOHKMX" aHaTOMMZIeCKMX n p M -  

3HaKOB. T ~ M  H e  M e H e e  TOT @KT, ZITO aJ I rOpMT-  

MbI n p e 0 6 p a 3 0 ~ a ~ M R  CTPOeHMR 3KTOMMKOPM3 lTOA 

B O ~ ~ ~ ~ ~ C T B M ~ M  IIPOMbIl l IJIeHHbIX B ~ I ~ P O C O B  pa3- 
~ 0 f i  X M M M Z I ~ C K O ~ ~  lTPMPOAbI MMeK)T K a K  CXOXCMe, 

T a K  M lTPOTMBOIIOJIOXCHbIe S e P T b I ,  n p e A C T a B J I R -  

e T ,  no H a L U e M y  MHeHMK), 60nb~~0f i  MHTepeC.  

061q11e Ans p a 3 ~ ~ x  T s n o B  T e x H o r e H H o r o  

B O ~ A ~ # C T B I R  P e a K Q U I I .  B o6onx T e X H O r e H H b I X  

r p a n M e H T a x  n p M M e p H o  no o,q~ofi c x e M e  ~ 3 ~ e -  
HReTCR COOTHOLUeHMe MMKOPM3 C ZIeXJIaMM pas- 
HbIX TMnOB CJIOXCeHMR. H~LLIM H ~ ~ J I K ) , I ( ~ H M I I  CO- 

r J I aCyIoTCR C C Y ~ e C T B Y K ) U ( M M M  J I M T e p a T Y P H b I -  

MM AaHHbIMM lTO 3TOMY B O n p O C y  [6], M MOXCHO 

npe,I (nOJIaraTb,  ZITO YMeHbLUeHMe OTHOCMTeJIb- 

HOrO O ~ M A M I I  XOPOIIlO CTPYKTYPMPOBaHHbIX lTCeB- 

AOnapeHXMMaTMZIeCKMX M A B O ~ ~ H ~ I X  9eXJIOB n p M  

C O O T B e T C T B y I O ~ e M  B 0 3 p a C T a H M M  AOJIM M M K O P M  

C ~ ~ C C T P Y K T Y P H ~ I M M  M rIJIeKTeHXMMaTHSeCKM- 

MM Z I e X n a m  B YCJIOBMRX npoMbILZLneHHoro npecca 
RBJIReTCR 6onee MJIM M e H e e  o6qefi 3 a K O H O M e p -  

HOCTbK). 

E ; ~ c c T ~ ~ K T ~ ~ H ~ I ~  ZIeXJIbI, C K O p e e  BCerO,  M e -  

H e e  aKTMBHbI no CpaBHeHMK)  APYrMMM, T a K  K a K  

CZIMTaIOTCR X a p a K T e p H b I M M  &JM @ M H ~ J I ~ H ~ I x  3 T a -  

n 0 B  O H T O r e H e 3 a  MMKOPM3 [20, 211. ~ O ~ T O M Y  B 0 3 -  

P a C T a H M e  B YCJIOBMRX TeXHOreHHbIX H a r P Y 3 0 K  

OTHOCMTeJIbHOrO o ~ M J I M R  MMKOPM3 C ~ ~ C C T P Y K -  

TYPHbIMM S e X J I a M M  nPe,I(nOJIOXCMTeJIbHO MOXC- 

HO O q e H M B a T b  K a K  HeraTMBHYlO P e a K q M l O ,  CO- 

npRXCeHHylO CO CHMXCeHMeM 06qero YPOBHR no- 
m ~ K ( a l O K ( e f i  aKTMBHOCTM MMKOPM3. M ~ M ~ H ~ H M ~  
IIpeACTaBJIeHHOCTM SeXJIOB p a 3 H O r O  CTPOeHMR B 

PaCCMOTPeHHbIX r p a A M e H T a X  C K a 3 b I B a e T C R  M H a  

T ~ X H O ~ ~ H H O ~ ~  AMHaMMKe P a 3 M e P H b I X  M KaZIe- 

CTBeHHbIX nPM3HaKOB 3KTOMMKOPM3HbIX OKOHZIa- 

H M ~ ,  n p m e M  B n e p B o M  cnyqae cnnbsee, BO 

BTOPOM - cna6ee. 3 ~ o  n a e T  o c H o s a H m  pac- 
C M a T P M B a T b  M3MeHeHMe n a p a M e T p O B  pa3~oo6- 
p a 3 M R  3KTOMMKOPM3 B KaZIeCTBe pea~qllfi, MMe- 

W U M X  @ Y H K ~ M O H ~ J I ~ H O ~  3HaZIeHMe. 

C n e q ~ + ~ s e c ~ ~ e  ~ n s  P ~ ~ H ~ I X  TIIIIOB T e x H o -  

r e H H O r 0  B O ~ A ~ # C T B H I I  P e a K q I I I I  CBR3aHbI  B nep- 
BYH) OZIePeAb  C A M H B M M K O ~ ~  P a 3 M e P H b I X  naps- 
MeTPOB. ECJIM B YCJIOBMRX 3 a r p R 3 H e H M R  lTbIJIbI0 

TRXCeJIbIX MeTaJIJIOB M So2 y COCHbI nPOMCXOAMT 

H a p a U M B a H M e  o 6 n e ~ a  MMKOPM3HbIX O K O H Z I ~ H M ~ ~ ,  

TO lTOA B O ~ J ' ( ~ ? ~ ~ C T B M ~ M  KOMnJIeKCa  TOJIbKO ra30- 
06pa3~b1x B e U e C T B  (SOZ, CO, NO,) YCTaHOB- 

a e H o  C H M x e H M e  MX nonepewmx p a 3 ~ e p o ~ .  
H a 6 n m ~ a e ~ o e  n p M  3MMCCMRX TRXCeJIbIX Me-  

TaJIJIOB Y T O J I U e H M e  ~ P M ~ H ~ I X  ZIeXJIOB B n p e A e -  

J I a X  rpynn MMKOpM3 C OAMHaKOBbIM TMnOM CJIO- 

XCeHMR S e X J I a ,  lTO H a L U e M y  MHeHMH), O~YCJIOB- 

JIeHO B 60~1bmefi MJIM ~ e ~ b L U e f i  C T e n e H M  @M3M0- 

JIOrMZIeCKMMM MeXaHM3MaMM M CBR3aHO C M3Me- 

HeHMeM B ~ ~ M M O O T H O L L I ~ H M ~ ~  CMM~MOHTOB MJIM C 

M3MeHeHMeM 0 6 n e ~ 0 ~  IIOTOKOB B e Y e C T B  Me=- 

,I(y HMMM. ~ O ~ T O M Y ,  HeCMOTPR H a  HeM3MeHHOCTb 

cpen~efi TOJIUMHbI BCeX ZIeXJIOB, n p a B O M e p H 0  

CZIMTaTb, ZITO lTOA BJIHRHMeM TRXCeJIbIX MeTaJ I -  

n o B  npoMcxo.4w-r H a p a w m a m e  o 6 n e ~ a  r p ~ 6 -  
HOrO KOMnOHeHTa  3KTOMMKOPM3. C X O A H ~ I ~  pe- 
aKqMM YTOJIUeHMR SeXJIOB H a  YPOBHRX rPYlT l l  

MMKOPPl3 C ' IeXJIaMM OaMHaKOBOrO CJIOXCeHMR M 

~ c e f i  COBOKYnHOCTM MMKOPM3 YCTaHOBJIeHbI  pa- 
H e e  B AaHHOM TOKCM'IeCKOM r p a A M e H T e  y €!JIM 

(Picea obovata Ldb.) M n M x T b I  (Abies sibirica 
Ldb.), a y nocJIe,Z(~efi - B p a 3 H b I X  B 0 3 P a C T H b I X  

COCTORHMRX M B P a 3 H b I X  reHeTMZIeCKMX KIPM3OH- 

T a x  nOZIBbI [lo]. T ~ K M M  06pa30~,  TeXHOreHHO 

O ~ ~ C J I O B J I ~ H H O ~  YBeJIMZIeHMe MOUHOCTM r p ~ 6 -  
HbIX ZIeXJIOB lTOA BJIMRHMeM ~ M M C C M ~ ~  TRXCeJIbIX 

MeTaJIJIOB (no ~ e ~ b L U e f i  M e p e  B MCCJIeayeMOM 

T o K c m e c K o M  r p a n ~ e ~ ~ e )  - o 6 ~ q a ~  p e a K q m  ,qnx 
3KTOMMKOPM3 BCeX M 3 P e H H b I X  p a c ~ e ~ ~ f i .  

&K y COCHbI, T a K  M Y T ~ M H O X B O ~ ~ H ~ I X  H a p R -  

A Y  C YTOJIUeHMeM ZIeXJIOB H a  3 a r P R 3 H e H H b I X  no- 
J I M M ~ T ~ J I J I H Z I ~ C K O ~ ~  nbIJIbK) TePPMTOPMRX @MK- 

C M p y e T C R  B O 3 p a C T a H M e  p a 3 M e p O B  ~ o p ~ e f i ,  BXO- 



A R Y M X  B COCTaB MMKOPM3.  TO CBMAeTeJIbCTBY- 

e T  06 O ~ W H O C T K  p e a ~ q ~ f i  Hapa I l (MBaHMR o6ae- 
M a ,  O C y q e C T B J I R e M b I X  PaCTMTeJ IbHbIM M r p ~ 6 -  
HbIM CMM~KOHTOM B YCJIOBMRX 3 a r p R 3 H e H m  AaH- 

HOrO T M n a .  HO p a 3 M e p b I  Y e X J I a  YBeJIMYMBaloTCR 

B 60~1bmek C T e n e H M ,  Y e M  p a 3 M e p b I  KOPHR,  B 

p e 3 y n b ~ a ~ e  Y e r o  H a  ~ a ~ 6 o n e e  ~ ~ ~ P J I ~ H ~ H H ~ I X  

nnoqanxx B K n a a  r p ~ 6 a  B @ o p ~ ~ p o ~ a ~ ~ e  06- 
q e r o  o 6 a e ~ a  n o r n o q a l o q M x  I I O A ~ ~ M H ~ I X  opra- 
HOB YBeJIMYMBaeTCH. Y COCHbI 3 T a  P e a K q M R  OT- 

Y e T n M B o  n p o c n e x f C Z I B a e T c R  T O J I ~ K O  B npeae- 
nax rpynn MMKOPMB c Y e x n a M M  O A H O ~ O  T M n a  

c n o x e H m .  Anx n n e K T e H -  K n c e B a o n a p e H x M -  

MaTMYeCKMX, a TaKXCe  ~ ~ C C T P Y K T Y P H ~ I X  ' I e X -  

JIOB O T H O C M T ~ J I ~ H ~ I ~ ~  0 6 a e ~  r p ~ 6 a  B MMKOPM3- 

HOM OKOHYaHMM YBeJ IMYMBaeTCR B YCJIOBMRX 

3 a r P R 3 H e H M R  COOTBeTCTBeHHO H a  34, 24 M 22 
% 'o0 C p a B H e H M H )  C @ O H O B ~ I M M  BeJIMYMHaMM. Y 
T ~ M H O X B O ~ ~ H ~ I X  B 0 3 p a C T a H M e  B C p e A H e M  COCTaB- 

n R e T  11-23 %. 
Y B ~ J I M Y ~ H M ~  o 6 a e ~ a  3KTOMMKOPM3HbIX OKOH- 

Y ~ H M ~  H a  3 a r P R 3 H e H H b I X  MeTaJ I J I aMM T e P P M T O -  

PMRX MOXCeT M M e T b  a A a n T M B H O e  3 H a Y e H M e  no- 

~ 0 6 ~ 0  TOMY, K a K  3 T 0  YCTaHOBJIeHO BO MHOrMX 

CPaBHMTeJ IbHbIX MCCJIeAOBZlHMRX KOPHeBbIX CMC- 

T e M  A p e B e C H b I X  B OIITKMaJIbHbIX M ~ e 6 n a r o n p ~ -  
RTHbIX YCJIOBMRX [22-251. ~ ~ M ~ T M M ,  YTO lTeCCM- 

M M 3 a q M R  ~ A ~ @ K ' I ~ C K M X  Y C J I O B K ~ ~  B pafio~e BJIM- 

RHMR B ~ I ~ P O C O B  MeAenJ IaBMJIbHOrO 3 a B O A a  BbI- 

P a X C a e T C R  H e  TOJIbKO B BO3paCTaHMM TOKCMYHO- 

CTM IIOYBbI, HO M B BbILqeJIaYMBaHMM M3 H e e  

O ~ M ~ H H ~ I X  O C H O B ~ H M ~ ~ ,  3 a M e A J I e H M M  CKOPOCTM 

A e C T P Y K q M M  P a C T M T e J I b H O r O  O n a A a ,  B KOHeY- 

HOM C Y e T e  - B CHMXCeHMM n O Y B e H H O r 0  nJIOA0-  

P O a M R  [14]. ~ K ~ O T ~ T M Y ~ C K M ~ ~  M e X a H M 3 M  IIpRMO- 

r0 M H e n p R M O r O  BJIMRHMR H a  3KTOMMKOPM3HbIe 

~ ~ ~ 6 L l 0 3 b 1  MOHOB TRXCeJIbIX MeTaJIJIOB,  H a K a l l -  

n M s a m q M x c x  B nowe, n p e A c T a B n e H  H a  c x e M e  

(CM. PMCYHOK). 

Y Y K T ~ I B ~ R ,  YTO Y T O J I q e H M e  - OAMH M 3  M3- 

BeCTHbIX CMMlTTOMOB TOKCMYeCKOrO ~ ~ ~ ~ C T B M R  

MOHOB MeAM H a  KOPHM p a ~ ~ e ~ ~ f i  [26], B O 3 p a C -  

T a m e  n o n e p e s H b I x  p a 3 ~ e p o ~  KOPHR B C o c T a B e  

MMKOPM3 MOXCeT M H e  M M e T b  ZlaalTTMBHOI'O 3 H a -  

Y e H M R ,  R B J I R R C b  p e 3 y J I b T a T O M  TOKCMYeCKOrO 

I IOBpeXCaeHMR PaCTMTeJ IbHbIX ~ ~ a ~ e f i .  ~ O ~ T O M ~  

K O M ~ ~ H C ~ T O ~ H ~ I ~  peaKqMM HapaWMBaHMR 

K O P H ~ B O ~ ~  CMCTeMbI. ~ P ~ M M Y ~ ~ C T B ~ H H O ~  

pa3BMTMe r p ~ 6 ~ 0 r 0  KOMnOHeHTa 

3KTOMMKOPM3HbIX a c ~ 0 q M a q M f i  

~ H I I o T ~ T M Z I ~ C K M ~  MeXaHM3MbI npRMOI'0 M HeIIpRMOrO BJIMRHMR nPOMbILUJIeHHb1X lTOJIJIlOTaHTOB H a  3KTOMMKO- 

pH3HbIe  C M M ~ H O ~ ~ I .  



onepexcamqee y B e n M s e H M e  o 6 5 e ~ a  r p ~ 6 a  n p M  

B03PaCTaHMM YPOBHH TeXHOreHHOrO 3 a r P H 3 H e H M H  

CJIeAyeTMHTepnpeTMpOBaTb KaK CBMAeTeJIbCTBO 

6onee B ~ I C O K O ~ ~  YCTO~~YMBOCTM M H e n p o n o p q M -  

OHaJIbHO 6onbmefi @ Y H K ~ M O H ~ J I ~ H O ~ ~  HarPY3KM,  

J I o X a q e f i c H  H a  r p ~ 6 ~ 0 f i  KOMnOHeHT B I l p O q e C -  

C e  n p ~ c n o c o 6 n e ~ ~ ~  CMCTeMbI " r p ~ 6 - P ~ C T ~ H M ~ "  
K CYLL(eCTB0BaHMIO B HOBbIX TeXHOreHHO T p a H C -  

@ O P M M P O B ~ H H ~ I X  6 ~ 0 ~ 0 n a x .   TO YTBePXCAeHMe 

B n o n H e  c o r n a c y e T c H  c B ~ I C O K O ~ ~  ~ C T O ~ ~ ' I M B O C T ~ K I  

CMM~MOTPO@H~IX MaKPOMMqeTOB K ~ 0 3 j J e f i ~ ~ ~ M K l  

MOHOB T R X e J I b I X  MeTaJIJIOB [27, 281 M COOTBeT- 

CTBYeT n p e a C T a B J I e H M I O  06 3KTOMMKOPM3aX K a K  

06 OAHOM M3 KOMIIOHeHTOB KOpHeBOI'O 6apbepa 
H a  n y T M  IIOCTyIIJIeHMH TOKCMKaHTOB M3 IIO'IBbI B 

H a A 3 e M H b I e  'IaCTM p a c ~ e ~ ~ f i  [28, 291. 
n 0 A  BJIMHHMeM ra3006pa3~b1x nOJIJIIoTaHTOB 

p a 3 B M T M e  r p ~ 6 a  B MMKOPM3aX COCHbI I IOaaBJIH- 

eTCH. H ~ M M  YCTaHOBJIeHO He3HaYMTeJIbHOe CHM- 

X e H M e  MOqHOCTM 'IeXJIOB M MX OTHOCMTeJIbHO- 

ro 06'be~a H a  6 ~ 1 ~ x c a f i m ~ x  K n p e a n p M H T M l o  nno- 
q a n H x ,  0 6 y c n o ~ n ~ ~ a e ~ o e  B OCHOBHOM H e  @M- 

3MOJIOrMZIeCKMMM n e p e c ~ p o f i ~ a ~ ~ ,  a M3MeHeHMeM 

IIpeACTaBJIeHHOCTM r p y I I I I  MMKOPM3 C 'IeXJIaMM 

p a a ~ o r o  c n o x c e H m  B T e x H o r e H H o M  r p a A M e H T e .  

Bonee B b I p a X C e H H O e  Y M e H b U I e H M e  T O J I q M H b I  

MMKOPM3HbIX 'IeXJIOB OnMCaHO Y COCHbI M 6epe- 
3 b I  IIOA BJIMHHMeM CXOaHbIX II0 C T P Y K T Y p e  BbI- 

~ ~ O C O B  3 a B O A a  IIO I I P O M 3 B O a C T B Y  M O I O q M X  

CpeACTB [6], ' I T 0  CBMaeTeJ IbCTBYeT 06 a A e K B a T -  

HOCTM YCTaHOBJIeHHbIX HaMM p e a K q M f i .  ~ O B P ~ X -  

AeHMe MMKOPM3 B YCJIOBMHX BJIMHHMH ra3006- 
p a 3 H b I X  IIOJIJIIOTaHTOB, @ M K c M ~ ~ ~ M o ~  IIO A p y -  

~ M M  n a p a M e T p a M ,  xopomo M B B ~ C T H O  [3-5, 71. 
OXTOH~HOM C COaBTOPaMM [7] AJIH 06nnc~e-  

HMH ~ @ @ ~ K T O B  I IOBpeXAeHMH MMKOPM3 I IOa  BJIM- 

HHMeM ra3006pa3~b1x IIPOMbILLlJIeHHbIX B e q e C T B  

n p e A n o x c e H  cnenymqnfi M ~ X ~ H M ~ M .  NO,, SO2, 
03, I I O B p e X A a H  H a a 3 e M H b I e  @OTOCMHT~~MPYIO- 

q M e  O p r a H b I  p a c ~ e ~ ~ f i ,  BbI3bIBaIOT YMeHbUIe-  

HMe @ O T O C M H T ~ ~ ~ .   TO BJIe ' IeT CHMXCeHMe 065e- 
M a  YI'JIeBOAOB, T p a H C J I O q M p y e M b I X  B n O A 3 e M -  

H b I e  O p r a H b I ,  M IIOAaBJIeHMe Pa3BMTMH K o p ~ e f i  

M MMKOPM3. ~ O C K O J I ~ K Y  ~aPl60JIbLIla~ B O C T P ~ ~ O -  

BaHHOCTb MMKOTPO@HO~O cnoc06a IIMTaHMR X a -  

P a K T e p H a  AJIH C ~ ~ O I I T M M ~ J I ~ H ~ I X  ~ ~ ~ @ M ' I ~ c K M x  

y c J I 0 ~ M f i  [30], ~ o I I o J I H M T ~ J I ~ H o ~ ~  I IPM' IMHo~~ OC- 

J I ~ ~ J I ~ H M H  CMM~ZIOTM' I~CKMX c ~ H 3 e f i  B OKpeCTHO- 

CTRX M O X e T  6b1~b T e X H O r e H H a H  ~ B T P O @ M -  

K a q M H  3KOCMCTeM [25]. H a J I M ' I x e  B ~b16pocax 
KPMOJIMTOBO~O 3 a B O A a  3Ha'IMTeJIbHbIX KOJIM'IeCTB 

OKCMAOB a 3 o ~ a  A e n a e T  P e a n b H b I M  npennonoxce- 
HMe 06 MX B03MOXCHOM y ~ 0 6 p H I O q e ~  3 @ @ e K ~ e .  

0 6  3TOM M O X e T  CBMAeTeJIbCTBOBaTb, H a n p M M e p ,  

B O 3 p a C T a H M e  061m~a HeMOpaJIbHbIX BMAOB T p a -  

BHHMCT~IX p a c ~ e ~ ~ f i  npx B ~ I C O K O ~ ~  ~ a r p y a ~ e  [17]. 
E ~ ~ ~ C J I O B H O ,  n p e w a r a e M a H  M H T e p n p e T a q m  

IIPMYMH H ~ ~ J I I O A ~ ~ M ~ I X  ~ 3 ~ e ~ e ~ M f i  CTPOeHMR 3K- 

TOMMKOPM3 B YCJIOBWIX TeXHOEHHbIX B O ~ A ~ ~ ~ C T B &  

H e  HBJIHeTCH B C ~ O ~ % ~ M J I I O ~ ~ ~ ~ .  T ~ K ,  B OKpeCTHO- 

CTHX MeAeIIJIaBMJIbHOrO K O M ~ X H ~ T ~  ra3006pa3~b1e 
B e q e C T B a  (SO2) T a l u K e  HBJIHIOTCH CYqeCTBeHHbIM 

@~KTOPOM,  B O ~ A ~ ~ ~ C T B Y I O ~ M M  M H a  HaA3eMHbIe  

( ~ ~ H M o ) ,  M H a  IIOA3eMHbIe ( O ~ O C ~ ~ ~ O B ~ H H O )  O p r a -  

HbI p a c ~ e ~ M f i .  C J I ~ ~ O B ~ T ~ J I ~ H O ,  OIIMCbIBaH B03MOX- 

H b I e  MeXaHM3MbI BJIMHHMR IIPOMbIUIJIeHHbIX Be-  

q e C T B ,  COJJepXaqMXCH B B ~ I ~ P O C ~ X  IIpeAIIpMH- 

THC, H a  3KTOMMKOPM3b1, MbI a K q e H T M p y e M  BHM- 

MaHMe H a  c I I ~ ~ M @ M Z I ~ C K M X  O C O ~ ~ H H O C T H X  M 3 F e H -  

HbIX TMIIOB TeXHOEHHOrO B O ~ A ~ ~ ~ C T B M H .  

P a ~ e e  HaMM 6b1~10 ~ I O K ~ ~ ~ H O ,  'ITO B YCJIO- 

BMHX 3 a r P H 3 H e H M H  B ~ I ~ P O C ~ M M  MeaenJIaBMJIbHO- 

r0 K O M ~ X H ~ T ~  BO BCeM A M a I I a 3 0 H e  T ~ X H O ~ ~ H H O ~ ~  

H a r P Y 3 K M  COXPaHHeTCH I I o J I o ~ K M T ~ J I ~ H ~ I ~ ~  X a p a K -  

T e p  B3aMMOCBH3M M e X A y  KOJIM'IeCTBeHHbIMM 

I I a p a M e T p a M M  pa3BMTMH 3KTOMMKOPM3 ('IMCJIOM 

M M K O P M ~ )  M no6era JJByJIeTHMX IIMXT [Ill. spy- 
rMMM CJIOBaMM, He3aBMCMMO OT CTeIIeHM H a P Y -  

UIeHHOCTM 3KOCMCTeM B3aMMOOTHOUIeHMH M e X -  

ay PaCTeHMHMM M MX ~ P M ~ H ~ I M M  n a p T H e p a M M  

HBJIRIOTCH MYTYaJIMCTMrIeCKMMM. A J I H  n p e A M e T -  

HOrO O ~ C Y X A ~ H M H  B 0 3 M O X H b I X  3KOJIOrMrIeCKMX 

~ O C J I ~ A C T B H ~ ~  T ~ X H O ~ ~ H H O ~ ~  T P ~ H C @ O P M ~ L ( M M  a H a -  

TOMM'IeCKMX I I a p a M e T p O B  CTPOeHMH 3KTOMMKO- 

P M 3  B H a C T O H q e e  B p e M H  y H a C  H e T  AOCTaTO'I- 

HbIX O C H O B ~ H M ~ ~ .  T ~ M  H e  M e H e e  I IpMBeAeHHbIe  

p e 3 y J I b T a T b I  COOTBeTCTBYIOT @ Y H & ? ~ M ~ H T ~ J I ~ H ~ I M  

I I p e A c T a B n e H M H M  0 ~ a M 6 0 J I b U I e f i  B O C T ~ ~ ~ O B ~ H -  

HOCTM MMKOTPO@HO~O cnoc06a IIMTaHMH B OT- 

KJIOHHIOTMXCH OT OnTMMaJIbHbIX ~ A ~ @ M S ~ C K M X  

YCJIOBMHX M 0 CHMXeHMM er0 nOJIe3HOCTM IIpM 

YJIy ' I I l leHKK O ~ ~ C I I ~ ' I ~ H H O C T M  P ~ C T ~ H M ~ ~  3JIeMeH- 

TaMM MMHepaJIbHOI'O IIMTaHMH. 

B b I p a X a I O  6 n a r o ~ a p ~ o c ~ b  A - p y  6x0~1. H a y K  

C. A. ~ ~ B H M H Y  M K a H a .  C.-X. H a y K  B. B. QOMMHY 

(YpaJIbCKMfi  ~ O C ~ A ~ ~ C T B ~ H H ~ I ~ ~  J I ~ c o T ~ x H M ' I ~ c K M ~ ~  

YHMBePCMTeT, r. E ~ a ~ e p ~ ~ 6 y p r )  3a I I p e a C T a B -  

JIeHHyIO B03MOXHOCTb pa6o~b1 H a  MX npo6~b1x 
nnoqanxx B r p a n M e H T e  ~ ~ ~ P H ~ H ~ H M I I  CYM3a. 

P a 6 o ~ a  BbInonnena npn noaAepxKe PoccnRc~o- 
r0 @ O H A ~  @ ~ H ~ ~ M ~ H T ~ J I ~ H H X  xccneao~annR ( ~ P O ~ K T  
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Reaction of Ectomycorhizae of Pinus sylvestris to Man-Made 
Contamination of Various Types 

D. V. VESELKIN 

General and specific peculiarities of reactions of mycorhizae of pine tree determined by the chemical 
composition of industrial emissions to man-made contaminations were established. The diversity of fungal 
caps in the vicinities of enterprises with various type of influence on the environment varies according to a 
single scheme. Transversal sizes of mycorhizal endings (fungal caps and plant roots) under the conditions of 
contamination by polymetallic dust increase, and under the influence of gaseous substances (SO,, CO, 
NO,) they decrease. 


