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no CpaBHeHHH) C YHCJIOM O ~ Y ~ J I E I K O B ~ H H ~ I X  pa- 
~ O T ,  IIOCBRueHHbIX H3YYeHHH) AHHaMHKH YHCJIeHHO- 

CTH H a Y a n b H b I X  r e ~ e p a q ~ f i  A e p e B b e B  B JIeCHbIX 3KO- 

C H C T e M U  H TPaAHqHOHHO RBJIFImuHXCR OAHHMH H 3  

~ a ~ 6 0 n e e  MHOrOYHCJIeHHbIX B J I ~ c H o ~ ~  3KOJIOrHH H 

n e c o s e A e H m i ,  H e n p o n o p q H o H a n b H o  M ~ J I O  H c c n e A o -  

~ a ~ a f i ,  B KOTOP~IX ~ H ~ J I H ~ H P ~ ~ T C R  ~ o p @ o r e ~ e 3  H 
3aKOHOMePHOCTH H3MeHeHHR X H 3 H e H H O r O  COCTOR- 

HEZR A e p e B b e B  B eCTeCTBeHHbIX M ~ C T O O ~ N T ~ H E Z R X .  

M e m y  T e M  perynxqm Y H c n e H H o c T H  qesononynn- 
q H f i  H OTAenbHbIX ~ I o K o J I ~ H H ~ ~  A e p e B b e B  O C y u e C T B -  

JIReTCR I I y T e M  H3MeHeHHR @ ~ H O T E I ~ P  H XH3HeHHOCTH 

oco6efi, CMeHbI H a l I p a ~ J I e ~ H f i  H T e M n O B  HX Pa3BHTEZR 

nOA BJIHRHHeM CJIOXHOrO KOMnJIeKCa ~ ~ E I O T I I Y ~ C K E I X  

O C O ~ ~ H H ~ I ~ ~  HeAOCTaTOK O u y m a e T C R  B HH@OPMI- 
UHH 0 3aKOHOMePHOCTRX ~ K o J I o ~ H Y ~ c K O ~ ~  O~YCJIOB- 

n e H H o c T H  ~ o p a o r e ~ e s a  n o ~ 3 e ~ ~ b 1 x  n o r n o u a w u H x  

O p r a H O B  A e p e B b e B ,  T.e. B OTHOIUeHHH MeXaHH3MOB 

a A a n T a q H H  P ~ C T ~ H H ~ ~  K ~ A ~ @ H Y ~ c K H M  YCJIOBHRM pas- 
JIHYHbIX ~EIOTOIIOB H M H K P o M ~ C T O O ~ H T ~ H ~ .  C J I O X -  

HOCTb nonyseam I I O ~ O ~ H ~ I X  AaHHbIX O ~ Y C J I O B J I ~ H ~  

6onee TPJ'AOeMKHMH MeTOAHYeCKIlMH I IpHeMaMH HC- 

c n e n o s a H m  n o ~ 3 e ~ ~ b 1 x  o p r a H o B  p a m e ~ ~ i i .  ~ O M H -  

MO 3 T O r 0 ,  ~ P H H q H ~ H a J I b H b I M  RBJIReTCR T O  0 6 ~ ~ 0 ~ -  
TeJIbCTBO, YTO A p e B e C H b I e  PaCTeHHR MIIKOTPO@H~I. 
B c T ~ ~ J I ~ H E I ~  B C H M ~ H O T H Y ~ C K ~ H )  CBR3b C MHKOPH3- 

HbIMH r p ~ 6 a ~ ~  - 0 6 ~ 3 a T e J I b ~ 0 e  YCJIOBHe CYueCTBO- 

BBHHR X B O ~ ~ H ~ I X  B eCTeCTBeHHbIX C O O ~ ~ ~ C T B ~ X .  Me- 

* Pa6o~a BbInonHeHa rrpu noRqepmKe @- p a s a m  cucre- 
MbI BenYUIHX HaYgHbIX IIIKOn ( p H - 1 1 2 / 0 0 1 / 2 4 9 )  li P @ @ H  
(04-04-96 104,04-04-96106,04-04-96107). 

H e e  0 6 n H r a T ~ b 1 f i  X a p a K T e p  MHKOPH3HbIe B3aHMO- 

A ~ ~ ~ C T B H R  HOCRT AJIR JIHCTBeHHbIX B U O B  A e p e B b e B .  

@ H ~ u o J I o ~ E I Y ~ c K H ~  MeXaHH3MbI lIOYBeHHOr0 I IHTI-  

HHR, ~ @ @ ~ K T E I B H O C T ~  l l O r J I O q e H H R  ~ H O ~ ~ H H ~ I X  3JIe- 
MeHTOB, CTPYKTYpa nOTOKOB nJIaCTHYeCKHX B e u e C T B  

H 3 H e P r H H  M e m y  p a 3 H b I M H  O p r a H a M H  P ~ C T ~ H H ~ ,  
n p o q e c c b 1  ~ o p a o r e ~ e s a  no rnouamqx  H, BO~MOX-  

HO, CKeJIeTHbIX K O P H ~ ~ ~  - BCe AaHHbIe  RBneHEZR H np0- 
qeCCbI  C y u e C T B e H H O  OTnHYaIoTCR y MHKOPH3HbIX H 

B b I p a u e H H b I X  B CTePElJIbHbIX YCJIOBI.IIIX ApeBeCHbIX 

p a c ~ e ~ ~ f i .  no H a m e M y  MHeHHm,  B H a c T o x q e e  B p e m  

H M e e T c n  H ~ O ~ X O A H M O C T L  q e n e H a n p a B n e H H o r o  nom- 
K a  O ~ ~ H X  ~ ~ K O H O M ~ P H O C T ~ ~ ~  ~ ~ H C ~ O C O ~ J I ~ H E Z R  nOA- 

3eMHbIX I I O r J I O ~ a I o u H X  O p r a H O B  A e p e B b e B  K H3Me- 

H e m  YCJIOBMG rrp0~3pacram c 0 6 ~ 3 a ~ e n b ~ b 1 ~  p e -  
TOM EM C E I M ~ H O ~ ~ C K O ~ ~ ,  ~ ~ 0 f i C T B e H H 0 f i  llp&ipOAbI. 

~ o C T ~ T O ~ ~ O  " Y ~ O ~ H ~ I M "  AJIR peIUeHH9 HeKOTOpbIX 

BOrrpOCOB B p a M K U  3 T O r 0  H a I I p a B J I e m  M O X e T  6b1Tb 

~ s p e m e  ~op@ore~esa  n o ~ 3 e m 1 x  o p r a H o B  n om- 
6e~~ocrefi  c m 6 ~ c ~ r w e c ~ w r  ~3amo~efimMG pacre- 
d C MElKOpH3HbIMEI p ~ 6 ~  B C H T y a m  H 3 M e H e m  

YCJIOB& C y q e m B o B a m ,  ~ ~ O H C X O ~  non ~o3~ef i -  
CTBHeM BHeIIIHEZX " H ~ ~ E I P O ~ H ~ I X "  @~KTOPOB. n p E I M e -  

POM I I O A O ~ H ~ I X  @~KTOPOB M O X e T  6b1~b TOKCIlYeCKOe 

s a rp~s~eme  ecremembrx coo6uern, rrpmomee 
K 1 1 3 ~ e ~ e m m  n o m e m b I x  n a p a M e T p o B  H ~ p y r m ~  ~ K O -  

c H n e m I M  s + @ e ~ ~ a M .  P e a J I ~ s v  T a K o r o  nomona 
M O X e T  II03BOJIliTb BbIIIBHTb HeKOTOPbIe 6a30~b1e, AO- 

c T a T o w o  ~ecneq@mecme pea-, n p o m m q e -  
CR nOA B O ~ A ~ ~ ~ C T B E I ~ M  LZMPOKOrO KPJTa 3KOJIOl3FIeCIUIX 

(PBKTOPOB ~ a 3 J I W l H 0 f i  IIp&ipOAbI. 

UeJ ' Ibm pa6o~b1, p e 3 y J I b T a T b I  K O T O P O ~ ~  IIpeACTaB- 

n e H b I  B ~ a c r o ~ u e f i  mane,  6b1n0 p e m e H E i e  o ~ ~ o i i  ~3 
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YacTHbIx  s a ~ a ~  B p a M K a x  B ~ I U I ~ H ~ J I O X ~ H H O ~ ~  "npo- 
~ P ~ M M ~ I - M ~ K C E I M Y M " :  H3YYHTb 3aKOHOMePHOCTEi H3- 

MeHeHEiR M O P ~ O J I O ~ E I H  KOPHeBbIX CHCTeM H O C O ~ ~ H -  

HOCTH M H K O P E I ~ O O ~ ~ ~ ~ O B ~ H H I I  Y IOBeHEiJIbHbIX OCO- 

6efi IIHXTbI C H ~ E I P C K O ~ ~  H eJIH C E I ~ H P C K O ~ ~  B YCJIOBHRX 

TOKCHYeCKOrO TeXHOreHHOrO 3arPR3HeHEiH IIPHPOA- 

HbIX 3KOCHCTeM. 

EIccJI~JJoB~HHR I IpOBeAeHbI  B T ~ M H O X B O ~ ~ H ~ I X  JIe- 
cax m m o T a e x H o r o  n e c o p a c T H T e n b H o r o  o K p y r a  

Cpe~~eypanbc~of i  H H ~ K O ~ O P H O ~ ~  ~ P O B H H ~ E I H .  IIp06- 
H b I e  n n o q a A H  p a c n o n o x e H b 1  B 3 a n a g ~ o ~  H a n p a s n e -  

HHH OT C p e ~ ~ e y p a n b c ~ o r o  M e A e n n a s H n b H o r o  3 a ~ o -  
Aa (r. Pe~na), B b 1 6 p a ~ b 1 B a I O 1 q e r 0  B a ~ ~ o c + e p y  6 0 J I b -  

m E i e  06 '6eMb1 ra3006pa3~b1x (B OCHOBHOM SO2) H 
TBepAbIX (Cd, CU, Zn, Pb, AS) IIpOMbIIIIJIeHHbIX OTXO- 

AOB. C6op M a T e p E i a n a  B b I n o n H e H  H a  n n o q a A H x  B 30- 

HaX +OHOBO~O, HeHaPYLUeHHOrO (30 KM OT HCTOYHH- 

K a  ~ ~ ~ P I I ~ H ~ H E I H ) ,  6y@ep~oro H n H  n e p e x o A H o r o  (4.5 
H 7 KM) II H M n a K T H O r O  - H a H 6 o n e e  HapyLUeHHOrO CO- 

CTORHHR n e c o B  (1 H 2 KM). 

H C C J I ~ A O B ~ H H ~ I ~  eJIOB0-IIEiXTOBbIe C O O ~ I ~ ~ C T B ~  

p a c n o n o x e a b 1  B BepxHEix  H cpeAHEix Y a c T x x  n o n o r E i x  

CKJIOHOB H a  AePHOBO-IIOA30JIEiCTbIX nOYBaX EI X a p a K -  

TePH3YIOT IIOCJIeAOBaTeJIbHbIe CTaAEiH T ~ X H O T ~ H H O ~ ~  

T ~ ~ H C @ O P M ~ ~ E I H  n e c o B .  l l p e ~ n o n o x ~ ~ e n b ~ o  go H a -  

Y a n a  pa60~b1 s a ~ o ~ a  (1940 r.) H a  B c e x  nnoqanax 6b1- 

JIH IIpeACTaBJIeHbI eJIbHEiKH-IIHXTapHEiKEi JIHIIHRKO- 

s b I e ,  o s e M  MOXHO C Y A H T ~  no H a n E i w n o  n H n b I  cepn- 
q e s ~ n ~ o f i  (Tilia cordata Mill.) B n o A n e c K e  l i n H  B BHAe 

B ~ ~ ~ T ~ T H B H O ~ ~  IIOPOCJIH. ~ ~ K O H O M ~ P H O C T H  TeXHO- 

r e H H 0 f i  T ~ ~ H c @ o ~ M ~ ~ E I E I  OCHOBHbIX KOMnOHeHTOB 

JIeCHblX 3 K O C H n e M  p a f i 0 H a  H c U I ~ J J O B ~ ,  OlTHCrlHHbIe 

B 3HaYEITeJIbHOM YHUIe  rIY6JIEiKaI@Ifi [ 2 4 ,  7-1 1, 151, 
KPaTKO MOXHO O X a p a K T e p H 3 0 B a T b  CJIeAyIOWHM 06- 
pa3OM.  C POCTOM YPOBHII 3aTPH3HeHHR CHKKaeTCR 

BbICOTa, 3 a n a C  EI XH3HeHHOCTb ~ P e B O C T O e B ;  CHEiXa- 

eTCH BEiAOBOe ~ O ~ ~ T C T B O  Ei H3MeHReTCR C T p y K T y p a  

~ H O M ~ C C ~ I  TpaBRHO-KYCTaPHHYKOBOrO HPYCa; MOW- 

H o e  p a 3 s ~ i ~ ~ e  n o n y Y a e T  ~ o x o ~ o f i  n o K p o B ,  B KOTO- 

POM ~ ~ c o J I I O T H O  AOMHHHpYeT Pohlia nutans (Nedw.); 
H3MeHReTCR MOP@OJIO~HR IIOYBeHHOrO IIPo@HJIH, 

npewe B c e r o  o p r a H o r e H H o r o  H r y M y c o B o r o  r o p H -  

30HTOB; 3aMeAJIHeTCII CKOPOCTb AeCTPYKqHH PaCTH- 

TeJIbHOrO OIIaJJa, YTO B b I p a X a e T C H  B HaKOIIJIeHHH 

M o q H o r o  CJIOH IIOACTEIJIKH, H o T n a A a ;  KOPHH Aepe- 
B b e B  H e  OCBaHBaIOT JIeCHyIO IIOJJCTHJIKY. 

B nep~ofi nonosme H m n H  EI B c e ~ ~ ~ 6 p e  1997 r. 
H a  15 n n o W a A H x  (4 - B + O H O B O ~ ~  3o~e ,  8 - B 6y@ep- 
H0f i  H 3 B U M ~ ~ K T H O ~ ~ ) ,  OIIHCaHHe KOTOPbIX ony6n~-  
KOBaHO P a H e e  [4], I IpOH3BeAeH c6op OAHOJIeTHHX 

oco6el n H x T b I  C H ~ H P C K O ~ ~  (Abies sibirica Ledeb.). B 
c e ~ ~ ~ 6 p e  1998 r. H a  T e x  x e  n n o q a n H x  ~ 0 6 p a H b 1  

JJByXJteTHHe 0~0611 IIHXTbI. P a H e e ,  B C ~ H T H ~ P ~  1994 r., 
H a  T p e x  n n o q a A H x  B ~ a w o f i  3 o ~ e  ~ a r p y 3 ~ ~  co6pa- 
HbI 0 ~ 0 6 ~  n O A p O c T a  n H x T b I  ~i e n H  (Picea obovata 
Ledeb.) sb~co~ofi  M e H e e  0.5 M. B HaCTOHWeM ~006-  

WeHHEI aHaJIH3HPyeTCR CTpOeHHe TOJIbKO T e X  OCO- 

Gefi, KOTOPbIe  llPOH3paCTaJIEi B JIeCHbIX co061qe- 
CTBaX H a  nOBePXHOCTH nOYBbI,  H H b I e  CJlyYaH OrOBa-  

p E i s a m T c x  c n e q H a n b H o .  

Y I-, 2 - n e ~ ~ 1 . i ~  c e a H q e B  c ~ P H ~ J I H X ~ H H ~ M  no 1 MM 

o n p e A e n H n H  Anmy ~ a ~ s e ~ ~ o f i  s a c T E i  ~i e m e r o A H b I e  

lTPHPOCTbI CTBOJIHKa, AJIHHY r J I a B H O r 0  KOPHH H CYM- 

MaPHYIO AJIHHy ~ O K O B ~ I X  K O P H ~ ~ .  n0fl ~HHOKYJIIIP- 

HOG JIyIIofi  IIOACYHTbIBaJIH YIlCJIO HeMHKOPH30BaH- 

HbIX EI MHKOPH30BaHHbIX I I O r J I O ~ a I O W H X  K O P H ~ ~ ~  

(MHKOPH~)  Y O A H O ~ ~  O C O ~ H .  O T A ~ J I ~ H O  IIOnCYHTbIBaJIEi 

YHCJIO npOCTbIX ( H ~ ~ ~ ~ B ~ T B J I ~ H H ~ I X )  EI CJIOXHbIX 

( B K J I I O Y ~ I O ~ H X  2 H 6onee OTAeJIbHbIX MHKOPH3HbIX 

O K O H Y ~ H H ~ ~ )  MEiKOPH3. HHT~HCHBHOCT~ MHKOPH3a- 

q H H  ( O T H O I I I ~ H H ~  YHCJIa MHKOPH3 K CyMMe MHKOPH3 H 

HeMHKOPH30BaHHbIX I I O r J I O W a I O q H X  K O P H ~ ~ ~ )  H 

IIJIOTHOCTb I I O r J I O ~ a I O W H X  K o p H e f i ,  MHKOPH3 H MEI- 

KOPEi3HbIX O K O H Y ~ H H ~ ~  (YHCJIO COOTBeTCTBYIOWIIX 

CTPYKTYP H a  100 MM AJIHHbI IIPOBOAHWHX K o p H e f i )  

o n p e A e n R n H  no M.A. C e n u s a ~ o ~ y  [23]. Y oco6et 
n o A p o c T a  o n p e A e n R n H  B O ~ P ~ C T  no YHCJIY exeron- 
HbIX IIPHPOCTOB CTBOJIHKa, nPEiPOCTbI CTBOJIHKa H a  

IIpOTRXeHEiH IIOCJIeAHHX T p e X  J IeT,  IIJIOTHOCTb no- 
m O ~ a I O W H X  K o p H e f i ,  MHKOPH3 H MIIKOPH3HbIX 

O K O H Y ~ H H ~ ~ ,  COOTHOLUeHEie IIPOCTbIX H CJIOXHbIX 

MHKOPH3. B KBXAOM B a p H a H T e  ( 0 ~ 0 6 ~  OAHOrO B 0 3 -  

P a C T a  Ei3 K ~ X A O ~ ~  3OHbI  T ~ X H O ~ ~ H H O ~ ~  H ~ T P Y ~ K I I )  
n p o a ~ a n ~ 3 ~ p o s a ~ o  no 30-100 p a c ~ e ~ ~ f i .  

PE3YJIbTATbI EI OECYXAEHEIE 
O ~ H O - n o n y ~ o p a ~ e c ~ s ~ b i e  oco6~ ,  o ~ o 6 p a ~ ~ b i e  B 

HIOJIe 1997 r., IIpeJJCTaBJIHIOT co608 npOpOCTKH, 

TOJIbKO IIPHCTyIIaIOWHe K ~BTOTPO+HOMY CYWeCTBO- 

BaHHIO. C e R H q b 1 ,  C O ~ P ~ H H ~ I ~  B C ~ H T I I ~ P ~  1997 Ei 

1998 rr., X a p a K T e p H 3 y I O T  COCTOHHEIe P ~ C T ~ H H ~ ~  B 

Kame n e p B o r o  ("cemqb~ I") H B T o p o r o  ("ce-I II") 
B e r e T a q H O H H b I X  IIepEiOJJOB. T ~ K H M  06pa30~, HMeeT-  

CH B03MOXHOCTb llPOaHaJIEi3ElpOBaTb AHHaMHKY MOP- 

@ o n o r ~ ~ e c ~ ~ x  ~ P H ~ H ~ K O B  p a c ~ e ~ ~ l f i  EI n a p a M e T p o B  

M H K O P H ~ O O ~ ~ ~ ~ O B ~ H H H  B 3aBEiCHMOCTH OT EI3MeHe- 

HHfi YcJIoBH~~ nPOI13PaCTaHHH, O ~ Y C J I O B J I ~ H H ~ I X  BJIHR- 

HHeM BHeII IHerO @ ~ K T O P ~  - TeXHOreHHOrO B 0 3 ~ e f i -  

CTBEIFI, H OAHOBPeMeHHO B B03PaCTHOM aCIIeKTe.  

B HapyLUeHHbIX B ~ I ~ ~ O C ~ M M  K O M ~ H H ~ T ~  JIeCaX 

HeCKOJlbKO CHHXaeTCH 061.14~ BbICOTa IIpOpOCTKOB H 

C e R H q e B  IIHXTbI ( T ~ ~ J I .  I), OAHaKO IIPHPOCTbI CTBOJIH- 

K a  H a  IIPOTXXeHEIM ABYX IIepBbIX JIeT XH3HEI IIPIlMePHO 

OAHHaKOBbI BO BCeX 30HaX HarPY3KH. ~ K o J I o ~ T F ~ ~ c K H  

O ~ ~ U I O B J I ~ H H ~ I ~  p a s n m  B crpoem n o ~ 3 e ~ ~ b 1 x  op- 
r a H O B  B b I p a X e H b I  6onee RBHO. B HaPYLUeHHbIX JIeCaX 

~ a 6 n m g a e ~ c ~  y r H e T e H E i e  ~ ~ ~ B H T H R  rnamoro KOPHR: 

er0 AJIkiHa B 3THX YCJIOBHHX COCTaBJIHeT 59% OT +o- 
HOBOrO 3 H a 9 e H H H  Y IIPOPOCTKOB Ei 71% - B K O H q e  

B T O p O r O  r O A a  mZ13HH ( T ~ ~ J I .  2). ~ P H  3TOM y CeRHqeB 

C 3aTpR3HeHHbIX T ~ P P H T O P H ~ ~  0 6 p a 3 y e ~ c H  H a  nopa- 
AOK 60JIbwe ~ O K O B ~ I X  IIPOBOAHWEiX K O P H ~ ~ ~ ,  YTO 

IIPOHCXOAHT B p e 3 y J I b T a T e  K a K  CyWeCTBeHHOrO B03-  

p a c r a m  A o n H  oco6efi c ~ O K O B ~ I ~  KOPHHMH (PHC. 1, 



~ a 6 n .  3), T a K  EI C O ~ C T B ~ H H O  J'BeJIIlYeHEiR AnEIHbI KOP- 

Hefi .   TO H e  T O n b K O  KOMIIeHCEipyeT CHHXeHEIe AJIEI- 

HbI  rJ ' IaBHOr0 KOPHR, HO EI IIPNBOAHT K TOMY, YTO 06- 
q a R  AJ'IHHa BCeX IIPOBOARqHX K o p H e f i  B yCJ'IOBH5IX 3a- 
rPR3HeHH5I AOCTEIraeT B K O H q e  I I e p B O r O  EI BTOpOrO 

r O A a  XH3HII  154 EI 167% OT COOTBeTCTBYIOIIJIIX @0- 

HOBbIX 3HaYeHEifi. OT IIPOPOCTKOB K ~ - ~ ~ T H E I M  CeRH- 

q a M ,  c monrr n e p B o r o  no c ~ H T R ~ ~ R  B T o p o r o  rona 
XH3HEI, CYMMaPHaSI AJ'IHHa I I P O B O A m  K 0 p H e f i  YBeJ'IH- 

B o ~ ~ ~ c T H ~ I ~  
3TaIIbI 

PHC. 1. A o n R  C e R H U e B  IlIIXTbI C H ~ I I P C K O ~ ~  C OTCYTCTBIIeM 
~ O K O B ~ I X  IIPOBORRWIIX K O P H ~ ~ ~  ( I ) ,  C ~ O K O B ~ I M I I  KOPHR- 
MII, RJIIIHa KOTOPbIX M e H b l u e  (2) WIII d o n b l u e  (3) RnIIHbI 
rnamoro KOPHR B + O H O B O ~ ~  (@), 6yaep~ofi  (6) 11 IIM- 
n a K ~ H 0 f i  (u) 3OHaX T ~ X H O ~ ~ H H O ~ ~  H a v Y 3 K I I :  U - CeRHUbI 
n e p s o r o ,  6 - B T o p o r o  roga X I I ~ H I I .  

B HapyJUeHHbIX M ~ C T O O ~ E I T ~ H E ~ % X  YEICJIO IIOrJ'IO- 

qaIoIIJEIX O p r a H O B  - ~ O p H e f i ,  MEiKOPEi3 EI MIIKOPEI3- 

H ~ I X  O K O H Y ~ H H ~ ~  - n p e B b I m a e T  @ O H O B ~ I ~  ~ H ~ Y ~ H H ~ I  B 

6.0-8.5 pa3 y n p o p o c T K o B ,  B 1.5-1.7 pasa y c e r r H q e B  

n e p B o r o  rona EI B 2.2.-2.5 pasa y c e a H q e B  B T o p o r o  

r O n a  XH3HEI (PEIC. 2, ~ a 6 n .  3). B H a E i ~ e H b l I I e f i  CTeIIe-  

HEI EI3MeHHeTCR B PaCCMaTPEIBaeMOM PRAY yGJI0BEIfi 

wcno  nornowam- ~ o p ~ e f i ,  a B HaEI60JIbJUefi - YEIC- 

JIO MHKOPEI3HbIX 0~0HqaHH6. ~ P ~ ~ B ~ I Y & O  60nbme 
pa3nmm no vtlmy nornowammpx o p r a a o B ,  ~ a 6 n m -  
A a e M b I e  y IIpOpOCTKOB, CBR3aHbI C TeM, T O  @OPMHPO- 

same ~ o p ~ e f i  EI MHKOPEI~ B  TOM ~ospam-e TOJI~KO Ha- 

m a e T c x  EI, BO~MOXHO, y q e T  H e  CHHX~OHHO B p a 3 ~ b 1 ~  
YCJIOBEirnr. Pa3J'IFIEW Xe aMTIJIEiTyAbI B a P b T O B a H H X  

llPE13HaKOB M e w  1- EI ~ - J I ~ T H M M M  0 m 6 m  M O X e T  

CByqeTeJIbCTBOBaTb 0 TOM, T O  3aKOHOMePHOCTb H a p a -  

m a =  ~ ~ C O J I I ~ T H O ~ O  vtlcna nornowam- opra- 
HOB B ~ G J I O B ~  s a r p a s ~ e ~ m  c ~ o s p a c r o ~  np~o6pe~a-  
€3 6onee B b ~ p a X e ~ ~ b ~ f i  X a p a K T e p .  B HeHapyLUeHHbIX 

M ~ C T O O ~ E I T ~ H ~ X  YEIGJIO IIOrJ'IOII@K)II@iX KopHef i ,  Mu- 
KOPEI3 EI MIIKOPEi3HbIX O K O I N ~ H H ~  Y O C O ~ E I  I I P a K W e -  

cm H e  y B e n m m a e T c x  H a  n p o T m c e m n i  B T o p o r o  rona 
XH3HEI, B IIpOTIiBOnOJIOXHOCTb IIMnaKTHbIM, B KOTO- 

P ~ I X  H a p a m a m e  vtlcna ~ o p ~ e i i  EI ME~KOPEI~ B  TOT 

nepHOA lTpOHCXOJJEIT AOCTaTOrMO aKTMBH0. 

A n ~ l ~ a  no6eroa 
npomnoro rona, MM 

4 

A n ~ l ~ a  no6e ro~  
~ e ~ y q e r o  r o ~ a ,  MM 

6 4 

AnIlHa Ha~3eMHOfi YaCTIl, MM 

u 4 6 u 6 u 
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Ta6nuqa 4. n n o ~ ~ o c ~ b  nornouamuux opraHoB y nuxTbI pasaoro ~ o s p a c ~ a  u noapocra enu B pa3~b1x s o ~ a x  TexHoreH-  
~ o i i  ~ a r p y 3 ~ n  (IIIT. H a  100 MM KOPHII) 

Bo3paCTHb1e 
3TaIIbI 

~ ~ O ~ O C T K ~  

C e a ~ q b 1 1  
C e r r ~ q b ~ I I  

W X  K o p ~ e f i  kI MkIKOPkI3 Y ~ - J ~ ~ T H I I X  C e R H q e B  BO3paC- 

T a e T  B Gonbmefi c T e n e a k I ,  s e M  06waa n p o T x x e H -  

HOCTb K O P H ~ B O ~ ~  CkICTeMbI.  TO C B l 3 a H O  C TeM,  9 T O  

H a  HMnaKTHbIX TePPIITOPWIX yBeJ lkI9I lBaeTCl  nJlOT- 

H O C T ~  p a c n o n o m e H m  n o r n o w a m w H x  ~ o p ~ e f i  H a  

lTpOBOAlwkIX (~a6n.  4). B AaHHbIX YCJlOBkIlX H a  eAH- 

H q e  AJIkIHbI I I P O B O A l w e r O  K O P H l  Y ~ - J ~ ~ T H H x  C e l H -  

q e B  nkIXTbI H a C 9 I l T b I B a e T C l  H a  50% 60nbme 6 0 ~ 0 -  
B ~ I X  n o r n o w a m w k I x  ~ o p ~ e j i ,  9 e M  B @OHOBLIX neca. ml lTOApOcTa nkIXTbI kI e n k I  C O O T B e T C T B Y I O m e  pas- 
HOCTkI AOCTkIraIOT 36 kI 55%. 6 y f l y 9 k I  O T H O C H T ~ ~ ~ H O ~ ~  

x a p a ~ ~ e p ~ c r ~ ~ o f i  s a c T o m 1  s a ~ n a ~ m  nornowam- 
IQHX K o p ~ e f i ,  HX n n 0 T H O C T b  CO B T O p O r O  r O A a  m 3 H H  

H e  ~ ~ B H C E I T  OT ~ospacra  o c o 6 k 1  ( p k ~ c .  3), S TO nosaona- 

e T  PaCCMaTpHBaTb 3aKOHOMePHOCTb kI3MeHeHkIl  3TO- 

ro n p k 1 3 ~ a ~ a  B r p a A k I e H T e  BHemHkIx  y c n o ~ k ~ f i  K a K  60- 
nee H a A e m y m  no c p a B H e m m  c ~ K O J I O ~ ~ I ~ ~ C K ~ I M ~ I  

3aKOHOMePHOCTlMkI kI3MeHeHWI ~ ~ C O J I I O T H O ~ O  9kICJla 

n o r n o w a m w k I x  o p r a H o B  y 0c06k1. 

M H K O ~ H ~ ~ I  HnkI MkIKOpkI30BaHHbIe KOPHkI o6pasy- 
I o T C l  HelTOCpeACTBeHHO k13 l T O m O w a I O w k I X  K 0 p ~ e f i  B 

pe3ynb~a~e sacene~m k ~ x  r p k 1 6 a ~ k 1 .  IIO~TOMY npem- 
Ae s e M  n e p e f i ~ ~  K a ~ a n m y  n a p a M e T p a  " n n o ~ ~ o c ~ b  
MHKOPH~", OTMeTkIM, 9 T O  HHTeHCkIBHOCTb MkIKOPkI3a- 

UHkI B 3aBkICHMOCTkI OT CTeneHkI HaPYIlIeHHOCTkI Me-  

C T O O ~ H T ~ H H ~ I  kI3MeHIIeTCl T O n b K O  Y lTPOPOCTKOB 

nkIXTbI, C O C T a B J I l l 1 9 %  B @OHOBO~~,  16 - B 6y@ep~ofi 
kI 35% - B H M ~ ~ ~ K T H O ~ ~  3OHaX HarPY3KH.  Y OAHOneT- 

~ H C ~ O  nornoua~ou~x  K O P H ~ ~ ~ ,  
IIIT. H a  0 ~ 0 6 b  

4 
0.6 

12.7 

13.3 

~ u C J I O  MUKOpH3, IIIT. H a  0 ~ 0 6 b  

6 

0.7 

14.0 

15.4 

4 
0.2 

11.4 

11.0 

~ u C J I O  MUKOPU3HbIX O K O H ~ ~ H U ~ ~ ,  
IIIT. H a  0 ~ 0 6 b  

u 

3.5*** 

19.6** 

29.6*** 

4 
0.2 

12.2 

12.2 

6 

0.1 

12.7 

12.7 

u 

1.7*** 

17.1* 

24.6*** 

6 

0.1 

14.9 

14.1 

u 

1.7*** 

20.5** 

30.8*** 



HHX CeRHqeB IIIlXTbI He3aBHCHMO O T  YPOBHR 3 a r p R 3 -  

HeHHR B MHKOPH3bI I I p e B p a u a e T C R  8691% IIOrJIO- 

W a I Q u H X  K O P H ~ ~ ,  y JJByXJIeTHHX C e R H q e B  - 78-8 1 %, 
y IIOJJpOCTa IIHXTbI - 85-97% H y IIOApOCTa eJIH - 89- 
97% K O P H ~ ~ .  H ~ ~ J J H B H T ~ J I ~ H o  IIO3TOMY, YTO IIJIOT- 

H O C T ~  p a c n o n o x e H m  M U K O P H ~  H a  ~ P O B O J J R ~ H X  KOP- 

HRX B r p a J J H e H T e  3 a r P R 3 H e H W I  H3MeHReTCR T e M  Xe 
o6pa30~, YTO H IIJIOTHOCTb I I O r J I O q a I Q ~ H X  K O P H ~ ~ .  

no M e p e  I I ~ H ~ J I H X ~ H H R  K n p e R n p H R T I i m  n n o T H o c T b  

MHKOPH3 B O 3 p a C T a e T  BO BCeX r p y I I I I a X  P ~ C T ~ H H ~ ~  H a  

1539% IIO CpaBHeHHKl  C @ O H O B ~ I M H  IIOKa3aTeJIRMH. 

A ~ a n H 3  JJaHHbIX ~ a 6 n .  2-4 I IOKa3bIBaeT,  YTO B H a -  

PYIIIeHHbIX YCJIOBHRX, IIO CpaBHeHHKl  C @OHOB~IMH 

pa3HOCTb M e W y  3HaqeHHRMH IIPH3HaKOB "YHcJIo 

(IIJIoTHocT~) MHKOPH3HbIX O K O H Y ~ H H ~ ~ "  H "YHCJIO 

(IIJIoTHocT~) MHKOPH~" OKa3bIBaeTCR CYueCTBeHHO 

6onbmeii.  TO 0 3 H a Y a e T ,  YTO IIOMHMO aKTHBH3aqHH 

s a n o x e ~ m  ~ O K O B ~ I X  I I P O B O A R ~ H X  H n o r n o u a m W H x  

K O P H ~ ~ ~ ,  C y u e C T B y e T  ewe OAHH MeXaHH3M, IIPHBOJJR- 

w ~ i i  K Y B e n H Y e H H m  wcna n o r n o q a m u H x  O p r a H o B  y 
P ~ C T ~ H H ~ ,  I I p O H 3 p a C T a I Q u H X  H a  3 a r P R 3 H e H H b I X  IIJIO- 

WaJJRX, K O T O P ~ I ~ ~  CBR3aH C BeTBJIeHHeM MHKOPH3 H 

@ O ~ M H ~ O B ~ H ~ ~ ~ M  MHKOPH3HbIX O K O H Y ~ ~ H H ~ ~  - TePMH- 

HaJIbHbIX MHKOPH30BaHHbIX O T B ~ T B J I ~ H H ~ ~  K O P H ~ B O ~ ~  

CHCTeMbI A e p e B b e B .  Y P ~ C T ~ H H ~ ~  H a  IIJIOWaflXX HM- 

I I ~ K T H o ~ ~  3 0 H b I  o6pa3ye~cx 6onbme CJIOXHbIX MHKO- 

P H 3 ,  B K J I K ) Y a I Q q X  ABa H 6onee MHKOPH3HbIX OKOH- 

Y a ~ H t i .  B CpeJJHeM JJOJIR CJIOXHbIX MHKOPH3 OT HX 06- 
W e r O  KOJIHYeCTBZl COOTBeTCTBeHHO B @OHOBO~,  

6yaep~ofi H H M I I ~ K T H O ~ ~  3 0 H a X  COCTaBJIReT Y 1-JIeT- 

HHX C e R H q e B  IIHXTbI 5 ,  12 H 15% OT BCerO YHCJIa MH- 

KOPH3, Y ~ - J I ~ T H H x  CeRHqeB - 7,8  H 18%, y IIOJJpOCTa 

IIHXTbI - 3,5 H 7%, Y IIOJJpOCTa eJIH - 9,8 H 13%. no 
M e p e  POCTa YPOBHR 3 a r P R 3 H e H W I  BO BCeX B ~ I ~ O P K ~ X  

CHHXaeTCR BCTpeYaeMOCTb P ~ C T ~ H H ~ ,  H e  H M e I Q u H X  

CJIOXHbIX MHKOPH3 (PHC. 4). He H M e I o T  CJIOXHbIX 

MHKOPU3 3049% oco6eii IIHXTbI H 3  HeHaPYLUeHHbIX 

C O O ~ ~ ~ C T B  H H e  6onee 24% - H 3  HapyIIIeHHbIX, I IpH 

3TOM IIPOCMaTPHBaeTCR TeHJJeHqHR YMeHbLUeHKH 

BCTpeYaeMOCTH TaKHX oco6eii C YBeJIHYeHHeM B 0 3 -  

p a c ~ a  p a c ~ e ~ ~ f i  - OT c e R H q e B  n e p B o r o  rona K noapo- 
CTY. Q O ~ R  oco6efi, y KOTOP~IX B CJIOXH~IX MHKOPH- 

3 a X  COCpeAOTOYeHO 6onee Y e T B e p T H  BCeX MHKOPH3- 

HbIX O K O H Y ~ H H ~ ~ ,  B (POHOB~IX YCJIOBHRX H e  

n p e s b I m a e T  y n H x T b I  10 H y e n H  18%, ~ o s p a c ~ a x  n p H  

3 a r P R 3 H e H H H  JJO 18-29 H 53% COOTBeTCTBeHHO. 

T ~ K H M  o6pa30~, I IpH IIpOH3paCTaHHH IQBeHHJIb- 

HbIX eJIH H IIHXTbI B JIeCaX, CHJIbHO HapyLUeHHbIX B 

p e 3 y n b ~ a ~ e  B ~ I ~ P O C O B  M e A e n n a B H n b H o r o  K O M ~ H H ~ -  

T a ,  y HHX @UKCHPYH)TCR MHOrOYHCJIeHHbIe H3MeHe-  

HHR, 3 a T P 3 r H B a K ) u H e  IIpH3HaKH o614et apXHTeKT0-  

HHKH K O P H ~ B O ~ ~  CHCTeMbI H YHCJIa I I O r J I O q a I Q u H X  

O p r a H O B .  COBOKYIIHOCT~ H ~ ~ J I I Q J J ~ ~ M ~ I x  @ ~ K T O B  

YCJIOBHO MOXHO O X a p a K T e p H 3 0 B a T b ,  rOBOPR 0 IIOBbI- 

LUeHHH CTeIIeHH pa3BeTBJIeHHOCTH IIOJJ3eMHbIX O p r a -  

HOB B YCJIOBHRX TeXHOreHHOrO B O ~ J J ~ ~ ~ C T B H R  H 3 y Y a e -  

M O r O  THIIa,  YTO IIPHBOJJHT B H T O r e  K @OPMIIPOB~HHH) 

6onee IIpOTXXeHHbIX KOPHeBbIX CHCTeM C ~ O J I ~ U I H M  

YHCJIOM @ U ~ H O J I O ~ H Y ~ C K H  aKTHBHbIX I I O r J I O q a I Q u H X  

O p r a H O B .  B~IRBJIRIQTCR T P H  ")'POBHII'', H a  KOTOPbIX 

H H T ~ H C E I @ H ~ H P Y ~ T C R  BeTBJIeHHe: H a  YPOBHe 3 a J I O X e -  

H m  ~ O K O B ~ I X  IIPOBOJJRWHX K O P H ~ ~  ( B ~ T B J I ~ H H ~  IIpO- 

B O J J R ~ H X  ~ o p ~ e i i ) ,  H a  y p o B H e  ~ ~ J I O X ~ H H R  nornoqa- 
K ) q H X  K O P H ~ ~ ~  H H a  YpOBHe 3aJIOXeHEUI MHKOPH3HbIX 

O K O H Y ~ H H ~ I  ( B ~ T B J I ~ H H ~  MHKOPH~).  

PAC. 4. aonx 0co6eii C OTCYTCTBAeM CnOXHbIX MHKOpH3 ( I )  Ii CO ClIOXHbIMH MRKOpH3aMA, C O n e p X a w I i M I i  M e H e e  25 ( 2 )  H 6onee 
25% (3) BCeX MHKOpIi3HbIX O K O H ~ ~ H H ~ ~  B +OHOBO~? (qb), 6y+ep~oii (6) Ii I ~ M I I ~ K T H o ~ ~  (u) 3OHaX T ~ X H O ~ ~ H H O ~ ~  HarpY3KIi;  a - Ce- 

R H q b I  IIRXTbl I I e p B O r O  r O n a ,  6 - CeXHqbI IIHXTbI BTOPOrO 8 - IIOnpOCT IIHXTbI, 2 - IIOnpOCT e n H .  
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O I I H C ~ H H ~ I ~  H3MeHeHHII B CTPOeHHH IIOA3eMHbIX 

O p r a H O B  B r p a A H e H T e  T ~ X H O ~ ~ H H O ~ ~  HaTPY3KH H e  IIB- 

JIRIoTCR ~ ~ C O J I I O T H O  HeOXHAaHHbIMH - I I 0 ~ 0 6 ~ b 1 e  

HJIH 6~1k13~1le P e a K q H H  OIIHCaHbI K a K  B 3KCIIepHMeH- 

T a x  C MOAeJIHPOBaHHeM TeXHOreHHbIX ~ 0 3 ~ e f i ~ ~ B H f i  

[13, 14,21, 24,29,32], T a K  H B H c c n e n o s a H m x  B H e -  

HapJTIeHHbIX YCJIOBIlrrx IIPH YXyAIIIeHWi ~ A ~ @ I I Y ~ C K O ~ ~  

cmyaqm [16, 18, 30, 311. 6 ~ 1 ~ 3 K E l j i  c n e K T p  p e a m ,  
HeKOTOpbIe H3 KOTOPbIX CBYqeTeJIbCTBYIOT 0 J I m e M  

p a s ~ m ,  a H e K o T o p b I e  - o nospexqem H c m e m  
@ H ~ H o J I o ~ I I Y ~ c K o ~ ~  SIKTEIBHOCTH 3KTOMEIKOPH3 IIO M e p e  

POCTa J'POBHH T ~ X H O ~ ~ H H O ~ ~  H a v Y 3 K H ,  BbIIIBJIeH IIPH 

~ 3 y ~ e m  HX a H a T o M m e c K o r o  C I p o e H m  [6]. 

M ~ I  HCXOAHM H 3  IIPeAIIOJIOXeHkIII, 9 T O  YCTaHOB- 

J IeHHbIe  P e a K q H H  IIPRMO HJIH KOCBeHHO CBII3aHbI C 

O ~ ~ C J I O B J I ~ H H ~ I M  ~ M H c c H ~ ~ ~  II0JIJIH)TaHTOB H3MeHe-  

HHeM Y C J I O B H ~ ~  CYqeCTBOBaHHII p a c ~ e ~ H f i .  ~ P R M O ~  

BJIkIIIHHe H a  CTpOeHHe IIOn3eMHbIX O p r a H O B ,  H e n o -  

CpeACTBeHHO B ~ ~ H M O ~ ~ ~ ~ C T B Y I O ~ E I X  C I I o ~ B o ~ ~ ,  OKa-  

3 b I B a e T  H 3 M e H e H H e  ~ A ~ @ H ~ ~ c K H x  YcJIoBH~~. ~ O ~ T O -  

MY MOXHO IIPeAIIOJIOXHTb, 9 T O  H a 6 J I l O ~ a e ~ b 1 e  H3Me- 

HeHHII CEIII3aHbI C B 0 3 P a C T a H ) q H M  IIO M e p e  

I I P H ~ J I H x ~ H H I I  K HCTO9HHKY B ~ I ~ P O C O B  YPOBHeM 3a- 
rPII3HeHkIII I I 0 9 B b I  IIPOMbIIIIJIeHHbIMH B e q e C T B a M H  - 
T m e n b I M H  M e T a n n a M H  - H 0 6 y c n o ~ n e ~ b 1  s @ @ e ~ ~ a -  
MH HX TOKCH9eCKOrO A ~ ~ ~ C T B E I S I  H a  O P r a H H 3 M b I  P a C T e -  

~ H f i ,  HX OTAeJIbHbIe O p r a H b I  H 9aCTH.  OAH~KO B HOP- 

M e  B e n y m y H )  P O J I b  B P e r y J I I I q H H  9HCJIeHHOCTH, TeM- 

IIOB POCTa H O C O ~ ~ H H O C T ~ ~ ~  M O P @ O J I O ~ H ~ ~ C K O ~ O  

CTPOeHHR C e R H q e B  H IIOApOCTa X B O ~ H ~ I X  H r P a H ) T  B3a-  

H M O ~ ~ ~ ~ C T B H R  C B3POCJIbIMH AepeBbIIMH H PaCTeHHII- 

MH HaIIO9BeHHOrO IIOKpOBa [ I ,  16,19,22,25 H Ap.1. B 
C B I I ~ H  c BTHM BO~MOXHO H Apyroe n p e A n o n o x e H H e  o 
n p m m a x  ~ a 6 n m ~ a e ~ b 1 x  H ~ M ~ H ~ H H ~ I ,  6a3~pymqee-  
CR H a  n p H A a H m  pemammero ~ H ~ ~ ~ H H I I  ~IPOHCXOAII- 

q e M y  IIOA BJIHIIHHeM TeXHOreHHOrO B O ~ A ~ ~ ~ C T B E I S I  H3- 

MeHeHHH) @ H T O ~ ~ H O T E ~ ~ ~ C K O ~ O  P e X H M a  JIeCHbIX CO- 

O ~ ~ ~ C T B .  

B O p r a H O r e H H b I X  TOPH30HTaX 6 n m a f i u ~ x  K HC- 

T O ~ H H K Y  B ~ I ~ P O C O B  I I P O ~ H ~ I X  nnoma~efi MaKcH- 

MaJIbHbIe  K O H q e H T P a q H H  KHCJIOTOPaCTBOPHMbIX 

@OPM CU A0CTHraH)T 3 ~ a 9 e ~ H f i  6510-7970 M K r  r-', 
Pb - 1655-1 740, Cd - 16-21 M K r  r - l ,  UTO B 50-70,15- 
18 H 3 4  pa3a 6 0 J I b I I I e  COOTBeTCTByIoqHX KOHqeH-  

~ p a q H f i  B IIOACTHJIKaX HeHaPYIIIeHHbIX JIeCOB. O a ~ a -  
KO H a  IIJIOqaARX C H ~ H ~ o J I ~ I I I H M  YPOBHeM 3 a r p I I 3 H e -  

HHII eCTeCTBeHHOe B O ~ O ~ H O B J I ~ H H ~  T ~ M H O X B O ~ ~ H ~ I X  

IIOJIHOCTbH) OTCYTCTBYeT, a B 3KCIIepHMeHTaJIbHbIX 

n o c e B a x  ~ a 6 n m ~ a e ~ c s  n o n H o e  o T M H p a H H e  c e m q e B  

K K O H ~ Y  n e p B o r o  B e r e T a q n o H H o r o  n e p H o A a  [7]. OT- 
60p M a T e p n a n a ,  a ~ a n ~ 3 ~ p y e ~ o r o  B ~ac~orrqef i  c T a -  

T b e ,  OCJ'qeCTBJIeH H a  M e H e e  3arPI I3HeHHbIX IIJIOma- 

AIIX, rne c o A e p x a H H e  Cu B n o A c T H n K e  H e  npesbma- 
JIO 4500 M K r  I--], a Pb - 1400 MKT T". ~ O M M M O  

yBeJIH9eHHII K O H ~ ~ H T P ~ I J H ~ ~  MeTaJIJIOB, CTeI IeHb 6110- 
J I o r H 9 e c K o f i  AOCTYIIHOCTH HX HOHOB B ~ J I H ~ H  IIpeA-  

IIPHIITHII IIOBbIIUaeTCII BCJIeACTBHe I IPOHCXOARqerO 

IIOflKHCJIeHHII IIO9BeHHOrO p a C T B O p a  [8]. 
~ O B ~ ~ > K A ~ H H ~  K o p ~ e f i ,  HX aIIHKaJIbHbIX M e p H -  

CTeM H HaPYII IeHHe POCTa KJIeTOK P a C T I I X e H H e M  IIB- 

n s e T c x  OAHHM 113 H a m e H e e  cneq11@119ec~~x TOKCH- 

9eCKHX ~ @ @ ~ K T O B  HOHOB TIIXeJIbIX MeTaJIJIOB H a  

PaCTeHkIII [13-14, 211. ~ O ~ T O M Y ,  H a I I p H M e p ,  TOPMO- 

xeme p o c T a  rnamoro KOPHH n p o p o c T K o B  H cem- 
q e B  B C O O ~ ~ ~ C T B ~ X  H M I I ~ K T H O ~ ~  3 0 H b I  MOXHO y B e -  

p e H H 0  O ~ % S I C H H T ~  IIPRMbIM BJIIISIHHeM TOKCEiKaHTOB. 

T O K C H ~ ~ C K O ~  IIOBpe>KAeHHe K 0 p ~ e f i  A e p e B b e B  B pafi- 
O H e  HaIIIHX H c c n e ~ o s a ~ H f i  AHarHOCTHPJ'eTCR H IIO pH- 

Ay APYrHX IIpH3HaKOB: IIO HC9e3HOBeHHH) TOHKIlX 

K o p ~ e f i  eJIH H IIHXTbI H 3  O p r a H O r e H H b I X  rOPH30HTOB 

H CHHXeHHH) cpefl~efi AJIHHbI I I O r J I O q a K I q H X  KOP- 

~ e f i  [3, 51. T ~ K  K a K  3 a J I O X e H H e  IIpHMOpJJHeB POCTO- 

B ~ I X  H nornoqamqtix G O K O B ~ I X  ~ o p ~ e f i  perympy- 
eTCH ~ O C T O B O ~ ~  H ~ O P M O H ~ J I ~ H O ~ ~  aKTHBHOCTbk0 SIIIH- 

K a J I b ~ o f i  MePHCTeMbI  MaTePHHCKOrO KOPHII, MOXHO 

I I p e n I I O J I a r a T b ,  9 T O  H H T ~ H C E I @ H K ~ ~ H I I  B03HHKHOBe- 

HkIII ~ O K O B ~ I X  K 0 p ~ e f i  B ~ J I H ~ H  IIpeAIIPHIITHR IIPOHC- 

XOAHT BCJIeACTBHe TOKCH4eCKOrO I I O B p e m e H k I I I  TO- 

s e K  p o c T a  r n a B H o r o  H ~ O K O B ~ I X  ~ P O B O A R ~ H X  KOP- 

~e f i .  H ~ B ~ C T H O ,  9 T O  IIOBbIIIIeHHbIe K O H q e H T p a q H H  

MeTaJIJIOB, B 9aCTHOCTH - CU, MOrYT BbI3bIBaTb B03-  

pamame s a c T o T b r  s a n o x e ~ ~ x  n o r n o q a m q H x  ~ o p -  
~ e f i ,  IIPHBOAII K 0 6 p a 3 0 B a ~ H H )  CTPYKTYP, HaIIOMHHa- 

H)QHX " J I ~ M I I o B ~ I ~  ~ ~ T K E I "  [14]. 
Ha YpOBHe o c o 6 ~  IIOBbIIIIeHHbIe K O H q e H T p a q H H  

TIIXeJIbIX MeTaJIJIOB B I I O 9 B e  MOrYT IIPHBOAHTb K a K  K 

YrHeTeHHH) [32], T a K  H K YCHJIeHHH) pa3BHTkIII IIOA- 

3eMHbIX O p r a H O B  [24,29]. H a n p H ~ e p ,  CeIIHqbI COCHbI 

O ~ ~ I K H O B ~ H H O ~ ~ ,  H a  IIPOTIIXeHHH 10 MeC POCIIIHe H a  

3arp113~e~~ofi  Cd, Pb, Zn, Sb H Cu nosse, m e n u  
MeHbIIIYH) MaCCy H AJIHHY IIpOBOAIImHX K o p ~ e f i  H IIO- 

HHXeHHYH) HHTeHCHBHOCTb MHKOPH3aqHH IIO CpaB-  

HeHEIH) C KOHTPOJIbHbIMH [32]. B A p y r O M ,  CXOXeM 

3KCIIepHMeHTe [24] CeIIHqbI COCHbI H a  IIPOTIDKeHHH 

3 MeC BbIpaIQHBaJIHCb H a  I I O s B e ,  ~ E ~ ~ P I I ~ H ~ H H o ~ ~  CU H 

Ni: C POCTOM H a r P Y 3 K H  C H m a J I a C b  AJIHHa r J I a B H O r 0  

KOPHII H AO onpeaeneaaoro npenena ~ o s p a c ~ a n a  
Anma G O K O B ~ I X  ~ o p ~ e i i ,  n p H   TOM n o p o r o B b I e  KOH- 

q e H T p a q m  M e T a n n o B ,  n p H  KOTOP~IX ~a6nmganocb 
y c H n e H H o e  @ o p ~ ~ p o ~ a ~ ~ i e  G O K O B ~ I X  ~ o p ~ e f i ,  coma- 
A a I o T  C HaIIIHMH OqeHKaMH.  B IIepBOM C n y 9 a e  IIOPO- 

r O B b I e  K O H q e H T P a q H H  CU H Ni ( ~ K C T P ~ T ~ H T  HC1) CO- 

CTaBJIRJIH 500-600 M K r  KrP1 IIO9BbI (IIpH 60JIbI I IHx 

~ a r p y s ~ a x  omesanacb p e A y K q H x  K O P H ~ B O ~ ~  c H c T e -  

M ~ I ) ;  .B ~amef i  pa6o~e  n o p o r o s b I e  K o H q e H T p a q m  

C U ,  Pb H Cd ( 3 K C T p a r e ~ ~  - HN03) -COCTaBJIRH)T 5 10- 
570 M K r  KI" I I 0 9 B b I .  no AaHHbIM H.H. C T ~ B ~ O B O ~ ~  
[24], BbIXEiBaeMOCTb p a c ~ e ~ ~ f i  H e  CHHXaJIaCb A 0  
CYMMaPHbIX K O H ~ ~ H T P ~ ~ H ~ ~  MeTaJIJIOB IIOpIIRKa 

1700 M K r  Kr-l. no HaIIIHM O q e H K a M  ( I I o J I e ~ o f i  3KCIIe- 

PHM~HT) ,  JIY9IIIaII BbIXHBaeMOCTb CeRHqeB eJIH H 

COCHbI H ~ ~ J I I O A ~ ~ T C I I  B a H a I I a 3 0 H e  CYMMaPHbIX KOH- 

I J e H ~ p a q H f i  CU, Pb H Cd 420-570 MKT KI-', a I IpH 

60JIbI I IHx H a r p y 3 K a X  BbIXHBaeMOCTb p e 3 K O  CHHXa-  

eTCR [7]. BO~MOXHO, TaKEIM 06pa30~, 9 T O  COXpaHe- 
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H H e  c n o c o 6 ~ o c ~ ~  K I IORAepXaHHKl  POCTa K O P H ~ B O ~ ~  

CHCTeMbI H K @OPM~IPOB~HHIO AOCTaTOYHOrO YHCJIa 

~ O K O B ~ I X  K O P H ~ ~ ~  B 3 a M e H  I I O B p e m e H H O r O  m a B H O r 0 ,  

XBJIXeTCR OAHHM H 3  Y C J I O B H ~ ~  BbIXHBaHIISI CeXHueB B 

eCTeCTBeHHbIX coo6qec~~ax ,  I IOABepXeHHbIX 3a- 
rPR3HeHHIO TIUKeJIbIMH MeTaJIJIaMH. 

B T ~ M H o X B O ~ ~ H ~ I X  JIeCaX T K O  B b I p m e H a  3nH@lIKa- 

T O ~ H ~ R ~ O I I ~ ~ ~ ~ B O C T O X H B C ~ O C O ~ ~ H H O ~ ~ H O ~ O ~  
p a c r e d  - RPYCOB, H m ~ o p @ o n o r n e c ~ ~ l e  

I I ~ H ~ H ~ K U  B TOM w C n e  3 a ~ ~ c m  OT B ~ ~ H M O O T H O L U ~ ~  

C B3POCnbIMH AepeBbHMH. Bosfleficr~~e WeBOCToR H a  

O C O ~ H  M ~ ~ A I I I E ~ X  r e ~ e p a m  pea.11~3ye.r~~ ~ ~ ~ J I I I Z I H ~ I M H  
rryT5MH, rJIaBHbIe H 3  KOTOPbIX - H3MeHeHEle CBeTOBOrO 

p e m a  H K o H K y p e H q m  B n 0 ~ 3 e ~ ~ o f i  cepe, n p H   TOM 
~ 3 a m o ~ e l m m  "npe~ocrofi - n o ~ p o c r "  MOT ono- 
CpeAOBaTbCX. Y e p e 3  B3aHMOOTHOLUeHEIII C AepeBb>zMEI 

T p a B I w l C T b I X  p a c r e d  [16,25]. 

B H a m e M  CJIyYae  OCO~~HHOCTIIMEI  @ H T O ~ ~ H O T H -  

Y e c K o r o  p e m M a  @OHOB~IX H e H a p y m e H H b I x  n e c o B  

M O X e T  O~%FICHIIT~CR B qeJ IOM cna6oe H 3aMeAJIeHHOe 

p a 3 B H T H e  K O P H ~ B O ~ ~  CHCTeMbI Y C e X H q e B  IIUXTbI, OCO- 

~ ~ H H O  o Y e s H A H o e  n p H  c o n o c T a s n e H m  n a p a M e T p o B  

Pa3BHTMII K o p ~ e f i  1 - H ~ - J I ~ T H H x  oco6efi B 3THX YCJIO- 

B m X .  B ~ J I ~ ~ o I I ~ H x T H ~ I x  YCJIOBWIX TeMIIbI  p O C T a  

K 0 p ~ e f i  IIHXTbI B HeCKOJIbKO pa3 BbIIIIe  [12,16]. K T a -  

KOMY B ~ I B O ~ Y  I I O ~ B O J I X ~ T  n p ~ f i ~ ~  H a ~ a n ~ 3  H a m H x  

C O ~ C T B ~ H H ~ I X  AaHHbIX. B C ~ H T X ~ P ~  1997 r. H a p X A y  C 

OAHOJIeTHHMH CeXHqaMH IIpOH3pacTaBIIIHMH B H e H a -  

PYrUeHHbIX JIeCaX, ~ ~ I J I H  ~ 0 6 p a ~ b 1  CeRHqbI  T o r 0  Xe 
B O 3 p a c T a  H 3  OTKPbITOrO M ~ C T O O ~ H T ~ H E I I I ,  rAe OTCYT- 

CTBOBaJIH B3pOCJIbIe A e p e B b X  H C O M K H Y T ~ I ~ ~  TPaBRHH- 

~ ~ b 1 f i  IIOKPOB. M O P @ O M ~ T P ~ I Y ~ C K ~ I ~  XapaKTepHCTH- 

KH 3THX P ~ C T ~ H H ~ ~  C J I e A y I o w H e  (B C K O ~ K ~ X  I I p H B e n e -  

H a  3HaYHMOCTb pa3JIHYHfi  C CeRHqaMH IIOA IIOJIOrOM 

APeBOCTOR no KPHTePHH) K p a c K e n a - Y o J I J I H c ~ ) :  BbI- 

c o T a  43.5 f 1.4 MM (p < 0.05); no6er 12.2 f 1.1 MM 
(p < 0.001); r J I a ~ ~ b 1 f i  K O P e H b  66.5 f 4.4 MM (p < 0.01); 
6oeoaa1e KOPHH 101.7 f 9.3 MM (p < 0.001); wcno 
nornowamwax ~ o p ~ e f i  46.6 f 3.1 m ~ .  (p < 0.001); 
YHCJIO MHKOPH3 42.3 f 3.0 LUT. (p < 0.001); YHCJIO MH- 

KOPH3HbIX O K O H Y ~ H H ~ ~  - 50.3 f 3.6 U T .  (p < 0.001); 
AOJIR CJIOXHbIX MHKOPH3 - 15.5 f 2.2% (p < 0.01). Ta- 
KUM 06pa30~, B OTCYTCTBHe @ E I T O ~ ~ H O T H Y ~ C K O ~ O  

IIpeCCZl no6er I-JI~THHX C e R H q e B  p a 3 B H T  B 2.5 pa3a 
nysme, c H c r e M a  ~ P O B O A X ~ H X  ~ o p ~ e f i  - 6onee Y e M  B 

3 pasa, wcno n o r n o w a m w H x  o p r a H o B  B 3 .54  pasa 
BbILUe. B a m o  OTMeTHTb, YTO YaCTOTa 3 a J I O X e H m  

n O r J I O w a I o ~ H X  K o p ~ e f i  H HHTeHCHBHOCTb HX MHKO- 

P H 3 a q H H  B CpaBHHBaeMblX M ~ C T O O ~ H T ~ H W I X  H e  pas- 
JIHYaJIHCb, COOTBeTCTBeHHO H e  Pa3JIHYaJIHCb H BeJIH- 

YHHbI IIJIOTHOCTH MHKOPH3 H MHKOPH3HbIX OKOHYa- 

HI&, HeCMOTPX H a  ~ O J I ~ I I I Y I O  IIPeACTaBJIeHHOCTb 

pa3BeTBJIeHHbIX MHKOPH3 Y CeXHqeB H 3  OTKPbITbIX 

M ~ C T O O ~ N T ~ H H ~ ~ .  

M ~ I  H e  CTaBHJIH 3 a A a Y y  BbIRBHTb KOHKpeTHbIe  

@ H T o ~ ~ H o T H Y ~ c K H ~  @ ~ K T O P ~ I ,  BJIWIIOwHe H a  CTpOe- 

H H e  H3y.IaeMbIX O ~ % ~ K T O B .  O A H ~ K O  MOXHO IIpeAIIO- 

JIOXHTb, YTO IIOAaBJIeHHOe COCTOXHHe IIOA3eMHbIX 

O p r a H O B  CeRHqeB B @OHOB~IX C O O ~ ~ ~ C T B ~ X  CBX3aHO 

B nePBYH) O Y e p e A b  C HanpIUKeHHbIM CBeTOBbIM pe- 
XHMOM.  TO IIPHBOAHT K YMeHbLUeHHIO IIPOAYKTHB- 

HOCTH @ O T O C H H T ~ ~ ~  H, K a K  CJIeACTBHe, K HeAOCTaTKy 

PeCypCOB AJIR nOCTpOeHHH nOA3eMHbIX O p r a H O B ,  YTO 

B b I p m a e T C X  B CHHXeHHH YaCTOTbI B03HHKHOBeHWI 

H CKOPOCTH POCTa IIPOBOAXwHX K 0 p ~ e f i  [34], YMeHb- 

rUeHHH AOJIH K O P H ~ B O ~ ~  CHCTeMbI B ~ H O M ~ C C € !  CeRH- 

q e B  [33, 371, C H u x e H m  wcna  O ~ ~ ~ ~ Y I O I ~ H X C R  no- 
m O w a I o T H X  K 0 p ~ e f i  H MHKOPH3 [28]. B XOAe TeXHO- 

r e ~ ~ o f i  Aerpanaqm HCXOAHO n p e A n o n o x H T e n b H o  

OAHOTHIIHbIX JIeCHbIX C O O ~ ~ ~ C T B  pafi0~a HaIUHX HC- 

c n e ~ o ~ a ~ ~ f i n p o ~ c x o ~ ~ ~ p a c n a ~ ~ p e ~ o c r o e ~ ~ ~ ~ e ~ a  
T P ~ B I L H H C T O ~ ~  aCCO4TaqHH C H ~ M O ~ ~ J I ~ H O - K U C J I H Y H O ~ ~  

(C B ~ I C O K O ~ ~  IIpeACTaBJIeHHOCTbIO B W O B  IIIHPOKOTpa- 

B ~ X )  H a  MOXOBO-XBOIIJeBYIO [9, lo]. B HaPyLUeHHbIX 

necax M O ~ O  o m a m  ~ 0 3 p a c r a ~ m  ~ O B M  o c B e -  

WeHHOCTH IIOA IIOJIOrOM ApeBOCTOeB H HeIIOCpeA- 

CTBeHHO H a  IIOBePXHOCTH IIOYBbI. ~ O M H M O  3 T O r 0  

c H m c e H H e  r y m o ~ b ~  A p e B o c r o e B  H c p e A H e r o  A H a M e T p a  

A e p e B b e B  COIIpOBO>yqaeTCX, IIO ~cefi  BepOXTHOCTH, 

YMeHbIIIeHHeM HaIIpIUKeHHOCTH B~~HMoJ&?~~CTBMII Ae- 
P e B b e B  B I I O ~ ~ ~ M H O ~ ~  c@epe. A ~ H H ~ I ~  06cromenbcr~a 
M O r y T  C I I O C O ~ C T B O B ~ T ~  YCklTIeHHKl @ H K C H P Y ~ M ~ I X  

p a 3 n ~ s d  B C T p o e m H  ~ O B O ~ X ~ I I X  ~ o p ~ e f i  H K o n m e -  

CTBeHHbIX I I a p a M e T p O B  M H K o ~ H ~ o o ~ ~ ~ ~ o B ~ H H ~ I  y 
IOBeHHJIbHbIX X B O ~ ~ H ~ I X  B 3 0 H a X  C pa3~0fi HHTeHCHB- 

HOCTbIo HarPY3KH,  ~ Y A P H  OTBeTCTBeHHbIMH H e  

CTOJIbKO 38 " J I ~ I I I H f i "  POCT K o p ~ e f i  B H M I I ~ K T H O ~ ~  30- 

H e ,  CKOJIbKO 38 HX Y r H e T e H H O e  COCTOXHHe B @OHO- 

~0fi.  AJIX HeKOTOPbIX npH3HaKOB,  TaKUX K a K  AJIHHa 

r n a B H o r o  K O P ~  H n n o T H o c T b  p a c n o n o x e H m  norno- 
waIoI IJHX K o p ~ e f i  H MHKOPH3, HeB03MOXHO yCTaH0-  

BHTb COIIPIDKeHHOCTb HX AHHaMHKU C H3MeHeHHeM 

@ H T O ~ ~ H O T H ~ ~ C K O ~ O  P e X H M a .  

H e o 6 x o ~ ~ ~ o  OTMeTHTb, YTO CIIeKTp p e a w H f i  

P a 3 H b I X  KOMnOHeHTOB ~ H O ~ O ~ H Y ~ C K H X  C O O ~ ~ ~ C T B  H 

3KOCHCTeM H a  TeXHOreHHyIO HarPY3KY, IIOTeHqHaJIb-  

HO C ~ O C O ~ H ~ I X  O K a 3 a T b  ~ 0 3 f l e f i ~ ~ ~ H e  H a  CTpOeHHe 

IIOA3eMHbIX O p r a H O B  A e p e B b e B ,  I I IHpe ,  Y e M  TOJIbKO 

BO3paCTaHHe TOKCHYHOCTH H H3MeHeHHe @ H T o ~ ~ H o -  

THYeCKHX YCJIOBH~~.  B YaCTHOCTH, B YCJIOBWIX 3 a r p X 3 -  

H e H w I  C w e C T B e H H O  T ~ ~ H C @ O ~ M H P Y I O T C ~ I  MOP@OJIO- 

rHYeCKHe H @ H ~ H K o - x H M H Y ~ c K H ~  XaPaKTePHCTHKU 

now. Ha~6onee x p ~ o   TO o T p a x a e T c x  B ysenme- 
HHH M O w H O C M  J I ~ c H o ~ ~  IIOACTHJIKH (1.0-1.5 CM B @o- 
~ o ~ o f i  S O H ~ ,  1.8-6.0 CM - B 6y@ep~ofi H 5.6-6.4 CM - 
B H M ~ ~ K T H O ~ ~ ) ,  YTO CBX3aHO C 3aMeAJIeHHeM CKOPO- 

CTH AeCTPYwIIEI  PaCTHTeJIbHOrO OIIaAa [8,9,15]. no- 
MHMO 3 T O r 0 ,  TeXHOreHHaR T P ~ H C @ O P M ~ ~ H R  nOYB 

IIpOXBnXeTCR B pa3PYLUeHHH IIOYBeHHbIX a r p e r a T O B ,  

O ~ Y C ~ O B J I ~ H H O M ,  BePORTHO, H3MeHeHHeM COCTaBa 

n o s s e H H o r o  nornowaIowero K o M n n e K c a ,  H B ~ 3 ~ e -  
H e H m  x a p a K T e p a  n o T e Y H o c r H  r y M y c a ,  c s H n e T e n b -  

CTBYIOweM 0 Pa3BHTHH IIpOqeCCOB OrJIeeHWI [15]. 
COBOK~IIHOCT~ AaHHbIX peaKqE& IIO3BOJIXeT AeJIaTb 

BbIBOA 0 TeXHOreHHOM CHHXeHHH IIOYBeHHOrO IIJIO- 

AOPOAHX [15], YTO H e  M O X e T  H e  OTPa3HTbCX H a  CO- 

CTOXHHH nOA3eMHbIX O p r a H O B  p a C T e ~ H f i :  06wan 3a- 
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KOHOMePHOCTb aKTHBH3aqHH pa3BHTHR ~ 0 p ~ e f i  Ae- 
P e B b e B  I IpH YXyAIIIeHHH ~ R ~ @ H ~ ~ c K H x  y c J I 0 ~ H f i  

H3BeCTHa AaBHO [26] H HeOAHOKPaTHO I I O A T B e P W e -  

H a  [18-20, 271. B OTHOIIIeHHH 3KTOMHKOPH3 3 T a  38- 

KOHOMePHOCTb I I O A T B e P m a e T C R  oma6neme~ MEIKO- 

p~3006pa30~am n p H  06oraqem c y 6 c ~ p a ~ o ~  6 ~ 0 -  
r e m b I M H  ~ J I ~ M ~ H T ~ M H ,  n p e H w e m e H H o ,  ~ ~ O T O M  

[17, 30, 3:[]; CJIeAyeT, OAHaKO, OTMeTEITb, YTO C m e -  

CTByeT AOCTaTOsHOe WCJIO AaHHbIX, CBmeTeJIbCTBYIO- 

IIplx 06 OTCJ'TCTsIlEI O ~ H O ~ H ~ W O ~ ~  H ~ ~ ~ T H B H o ~ ~  K O p p e -  

JrrnplkI M e m y  W O B H e M  C H ~ ~ X ~ H W I  MMHep&IIbHbIMEI Be- 

WeCTBaMEI H M H K O P H ~ O O ~ ~ ~ ~ O B ~ H E I ~ M  [35,36,38]. 

 tam^ o6pa30~,  H c c J I e f l y e ~ b ~ f i  ~ K o J I o ~ H ~ ~ c K H ~ ~  

V a A H e H T  RBJIReTCR KOMIIJIeKCHbIM - B H e M  OAHOBpe- 

MeHHO H3MeHRIoTCR 3HaYeHHR MHOrHX 3KOJIOrHYe- 

CKHX @~KTOPOB, C I I O C O ~ H ~ I X  BJIEIIITb H a  M O P @ O ~ ~ H ~ ~  

IIOA3eMHbIX O p r a H O B  A e p e B b e B .   TO IIPHBOAHT K H e -  

B03MOXHOCTH C T P O r O r O  H OAH03HaYHOrO p a 3 A e J I e -  

HHX ~ @ @ ~ K T O B  IIPRMbIX TOKCHYeCKHX ~ 0 3 n e f i ~ T ~ H f i  H 

OIIOCpeAOBaHHbIX ~ 0 3 n e f i ~ T ~ H f i  Y e p e 3  H3MeHeHHe 

ApJTHX KOMIIOHeHTOB 3KOCHCTeM H a  MOP@OJIO~HY~?- 

CKHe I I a p a M e T p b I  KOPHeBbIX CHCTeM H ~ ~ 1 ~ 0 ~ ~ 1 3 0 0 6 -  

p a 3 0 B a H H e  IoBeHHJIbHbIX p a ~ ~ e ~ ~ f i .  

3a~ep111a~ 0 6 c y x q e ~ ~ e  B O ~ M O X H ~ I X  ~ e x a ~ ~ 3 -  
MOB, p e r y n H p y I o q H x  ~ o p @ o r e ~ e s  H p a 3 ~ ~ ~ ~ e  nos- 
3eMHbIX O p r a H O B  y C e R H q e B  H IIOflpOCTa, OTMeTHM, 

YTO B J I I O ~ O M  c n y Y a e  ~ a 6 n 1 o ~ a e ~ b 1 e  p e a K q H H  MOX- 

HO HHTePIIPeTHPOBaTb K a K  aflaIITHBHbIe,  HaI IpaBJIeH-  

H b I e  H a  IIOBbIIIIeHHe ~@@~KTEIBHOCTH p a 6 0 T b 1  KOp- 

~ e ~ 0 f i  CHCTeMbI. ~ P E I H H M ~ R ,  YTO BeAYWHM BHeIIIHHM 

@~KTOPOM RBJIReTCR IIOBbIIIIeHHe TOKCHYHOCTH IIOY- 

BbI, H a p a q H B a H E i e  HJIHHbI IIPOBOflRqHX K O P H ~ ~ ~  H 

y s e n H Y e H H e  q H c n a  n o r n o q a I o q H x  CTPYKTYP MOXHO 

TPaKTOBaTb KaK: 1) ". . .CTpeMJIeHHe 0 6 e 3 ~ p e n H T b  H3- 

~ ~ I T O Y H O ~  KOJIHYeCTBO TRXeJIbIX MeTaJIJIOB, TOK- 

CElYHOe flnR HHX ( p a ~ ~ e ~ ~ f i  - A.B. B ~ c ~ J I K H H ) ,  y B e n H -  

qHBaR 06-be~ K O P H ~ B O ~ ~  CHCTeMbI, B K O T O P O ~ ~  3 T H  

3JIeMeHTbI I I p e H M y q e C T B e H H O  H ~ K ~ I I J I H B ~ I ~ T c R "  [24, 
c. 1281, 2) peaKqHEi ,  H a n p a s n e H H b r e  H a  K o M n e H c a -  
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Morphology of Root Systems and Mycorrhiza Formation 
in Fir and Spruce Seedlings under the Influence of Emissions 

from a Coopper-Smelting Plant 
D. V. Veselkin 

The morphology of root systems and formation of mycorhiza in fir (Abies sibirica Ledeb.) and spruce (Picea 
obovata Ledeb.) seedlings were studied in conditions of technogenic heavy metal (Cd, Cu, Zn, and Pb) and SO2 
pollution of southern taiga natural ecosystems (the Middle Urals). In the polluted environment, the develop- 
ment of the main root in seedlings was oppressed, but the growth of lateral conductiong roots was activated. At 
the same time, the absolute (the number of plant structures) and relative (the number of structures per 100 mm 
of conducting roots) number of absorbing organs (roots, mycorrhizas, and mycorrhiza tips) increased. The rea- 
sons for the branching of underground organs (roots and mycorrhiza) were related to both direct technogenic 
effects (elevated toxicity of soils )and indirect (changes in the phytocenotic regime of forest communities) ones. 
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