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[IpoGnema 3arpsi3HEHUS OKPYKAIOLIEH Cpelbl CTOUT B PSly BAKHEHUIIMX 3KOJIOIMYECKUX MPoOIeM, CBsI3aH-
HBIX C aHTPOIOTCHHBIM BO3/AEHCTBHEM Ha Omocdepy. VHTerpanbHBIM MOKa3aresieM, OTPaKaloUIuM MPHPOA-

HOC€ M aHTPOIIOTCHHOC BO3IICI71CTBPI$[ Ha JICCHBIC DKOCHCTEMBI, SABIACTCA UX OuoIoruYecKas IIPOAYKTUBHOCTD,
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orpezesisieMas MeToJlaMi «BECOBOID) JIeCHOW Takcaiuu. E€ oleHka BBIXOAWT B HACTOSIIEE BPEMs Ha III0OAIb-
HBI YPOBEHB, IIOCKOJIbKY OHA SBJISIETCS OMHUM M3 OCHOBHBIX (DaKTOPOB CTaOMIM3AIlNK KIIMMATa, OTHAKO HAllle
MOHMMAaHKUE U3MEHEHUH HA3eMHON (PUTOMACCHI OCTAETCs JOCTATOUHO HEONpeneNEHHBIM. JTa HEONPeaeIeHHOCTh
BO BCE€ BO3pAcCTAIONIEH CTENEHN YCYTYOIIeTCsl aHTPOIIOTeHHBIM (PaKTOPOM, B YACTHOCTH BIIMSTHHEM MPOMBIIIIIICH-
HBIX 3arps3HEHH Ha JIeCHbIe 3KocucTeMbl. Ha Ypane oqauM u3 HanbOolnee TOKCHYHBIX MPEATPHATHI SBISETCS
Kapa6amickuii meneruiaBumibhbii komOuHat (KMK). Llens HacTosimero nuccienoBanus — CpaBHUTEIBHBIA aHATN3
MIPOYKTUBHOCTH aCCHMIJIAIIMOHHOTO arapara COCHbI OOBIKHOBEHHOM M Oepe3bl MOBHCION B 3aBUCHMOCTH OT
WHJ/IEKCa TOKCUYHOCTH. J{71st 3TOro Ha pasHoM pacctossHuU oT KMK B 4HCTBIX COCHOBBIX M Oepe30BBIX JPEBO-
CTOSIX 3aJI0KEHBI COOTBETCTBEHHO 12 ¥ 34 MpOOHBIX ILIOMIAIH, HA KOTOPBIX MO CTYNEHSM TOJIIUHBEI B3STO TIO
CeMb MOJIENTBHEIX JIepeBheB. OmpeneneHa IpoIyKTHBHOCTE aCCUMIIIIITMOHHOTO ammmapara (IIAA) kak oTHOIIEHHE
TIEPBUYHON MPOMYKIIUU K MacCe€ XBOU (JICTBBI) B 3aBHCUMOCTH OT WH/IEKCa TOKCHYHOCTH — OTHOCHUTEIHLHOTO T10-
kazarens cogepskanus Cu, Pb u Fe B monctuiike. YcTaHOBIEHBI paBHBIE TeMITbl CHUOKEHUS [TAA cocHBI 1 O6epe3sl
10 Mepe YBEIMYeHHs TOKCHYHOCTH Ha YpoBHE 13 %, HO abcomrorHas BennunHa [IAA B Oepe3Hskax Mo4TH BTpoe
BEIIIIE, YeM B COCHsKax. [loydeHHbIe BEIBOIBI MOTYT OBITh TIOJIE3HBI P HOPMHUPOBAHHUH JIOMTYCTHUMBIX KOHIICH-

TpaLuii MOJUIFOTAHTOB.

ON THE PRODUCTIVITY OF THE ASSIMILATION APPARATUS OF FORESTS
IN THE POLLUTION GRADIENT FROM THE KARABASH COPPER SMELTER:
COMPARATIVE ANALYSIS OF PINE AND BIRCH

V. A. USOLTSEV - doctor of agricultural sciences, professor
Ural State Forest Engineering University,
Botanical Garden of Ural Branch of RAS
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Ural State Forest Engineering University.
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Keywords: foliage efficiency, stands of Scots pine and weeping birch, copper smelter, air pollution, model
trees, sample plots, toxicity index, regression analysis.

The problem of environmental pollution is one of the most important environmental problems associated with
anthropogenic impact on the biosphere. An integral indicator that reflects the natural and anthropogenic impact
on forest ecosystems is their biological productivity, determined by the methods of «weight» forest taxation.
Its assessment is currently reaching the global level, as it is one of the main factors for climate stabilization, but
our understanding of changes in terrestrial plant biomass remains rather uncertain. This uncertainty is increasingly
exacerbated by anthropogenic factors, in particular, the impact of industrial pollution on forest ecosystems. In the
Urals, one of the most toxic enterprises is the Karabash copper smelter. The purpose of this study is a comparative
analysis of the productivity of the assimilation apparatus of common pine and white birch, depending on the
toxicity index. For this purpose, at different distances from the polluter, 12 and 34 sample plots were established
in pure pine and birch stands, respectively, with seven model trees taken in their diameter range. The productivity
of the assimilation apparatus (PAA) was deter-mined as the ratio of primary production to the dry mass of needles
(foliage), depending on the toxicity index, i.e. the relative index of the content of Cu, Pb and Fe in the litter. Equal
rates of pine and birch PAA decrease are revealed as the toxicity increases, but the absolute value of PAA in birch
trees is almost three times higher than in pine trees. The obtained results can be useful in normalizing acceptable
concentrations of polluters.
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Beenenne

KomnuectBo Omomaccel Ha Ha-
el TUTlaHeTe KaracTpo(uYecKu
CHIDKAETCS, IO Pa3HbIM OIIEHKaM,
or 7 mo 43 % K ypoBHIO Hayaia
XX B. [1], n ogHA W3 MPHYUH SB-
JIeHUs1 — 3arps3HeHue Onocgeps
4enoBekoM. [IpomblluleHHOE 3a-
IPSA3HEHNUE CTAHOBUTCS BCE BO3pac-
TaIOMIUM, JIAMUTHPYIOIIAM U JaXe
JeTaIBHBIM (DaKTOPOM OKpY’Kalo-
el cpenbl JUIs KHU3HENEeSITebHO-
CTH pACTUTENBHBIX OPraHW3MOB.
Ocobasi OMacHOCTb €ro COCTOMT
B TOM, YTO OHOJIOTHYECKUE CHUCTE-
MBI WJIM HEJOCTaTOYHO aJarTHpPO-
BaHbl K HEMY, WIH MPOTEKaHHE UX
JKM3HEHHBIX TIPOIIECCOB HECOBME-
CTHMO C HaJM4YMeM TOKCUYHBIX 3a-
rps3HATENEH [2].

Exeronno BBIOpaCHIBACTCS
B BO3/IyX OKOJIO 4 MIIP[ T 3arpsi3Hsi-
IOLIMX BemiecTB. YacTh MX BOBJIEKa-
eTcsl B OMOJIOTUYECKUI KPyrOBOPOT
U OIIpeIeTIeHHBIM 00pa3oM BIUSET
Ha 6uocdepy [3]. Boznukaer HeoO-
XOJIMMOCTh BO3MEIICHUSI HAHECEH-
HOTO JKOCHCTeMaM yiiep0a u Io-
HCKa MeToJa OOBEKTHBHON OLIEHKH
SKOHOMHYECKHUX mnoTepb. 1lo cpas-
HEHHIO C XBOWHBIMH JIFICTOIIA/THBIC
BUJIBI OOJiee YCTOMYMBBI K 3arpsi3-
HerusM [4]. Benencteue storo mo
Mepe TPHUOIMKEHHUsT K HEKOTOPBIM
HCTOYHUKAM TPOMBIIIICHHBIX BbI-
OpOCOB TTPOUCXOANT TTOCTETICHHBIN
Iepexosi OT XBOMHBIX 3KOCHCTEM
K JIUCTBEHHBIM, 3aTeM K KYCTapHH-
KOBBIM H, HAKOHEI], K TPaBTHHCTHIM
coobmmecTBam [2].

OT BO3mEHCTBUS 3arpsi3HEHUI
B TIEPBYIO OYEpellb CTPA/IACT acCH-
MWIALMOHHBIN armapar JepeBbeB,
COCTOSIHUE KOTOPOT'O OMpenenser
MIPOYKTUBHOCTH JIECHOTO COO0IIIE-
CTBa, BBIPAKCHHYIO, B YaCTHOCTH,

TEKyIMM TOAWYHBIM MPUPOCTOM
npeBecwHbl. HawmOombiee Komu-
YEeCTBO HCCJICIOBAHUI TIOCBAIICHO
BIMSHUIO 3arps3HEHUH Ha TOAWY-
HBIM mpupoct cTBoOda [2, 5, 6, 7],
a TakKe Ha XUMHU3M, (pusnonoru-
geckue M MopdomMeTpuIecKue xa-
PaKTEPUCTUKU ACCHUMUIISITUOHHOTO
anmapara [2, 8, 9, 10, 11, 12] u Ha
OroMaccy JepeBbEB U JAPEBOCTOCB
[13, 14, 15, 16].

3a mepuox ¢ 1929 mo 1953 rr.
B IBeiimapun ObIIH MOTY9IEHBI 00-
IUPHBIE JAaHHBIE O TPOAYKTHBHO-
CTH aCCUMWISIIMOHHOTO arapara
necooOpasyrommx  mopox  Empo-
bl KaK OTHOIIEHHS PaJHaIbHOTO
MpUpoCTa CTBOJIA K Macce accu-
MUJISIHOHHOTO ammapara [17, 18].
ITonoOHBIE HccHEnOBaHUS ObBLIA
MPOJIOJDKEHBI B Pa3HBIX CTpaHax,
1 WX aHAJMTHYECKHHA 0030p Tpea-
CTaBJieH B OIHOW W3 HAIUX ITy-
Oonukanuii [19]. OmgHako Kommye-
CTBEHHOM OIICHKE MPOIYKTHBHOCTH
ACCHMUIINPYIOIIEH MacChl JIECOB B
3aBHCUMOCTH OT CTCIIEHH a’po3a-
TPS3HEHUH TTOCBSIIEHBI JIHUIIH €U~
HUYHBIE ccaenoBanus [13, 20, 21].

Ha IOxnoMm VYpane Hauboiee
TOKCHYHBIM UCTOYHHKOM TIPOMBIIII-
JICHHBIX BBIOpOCOB siBisieTcst Kapa-
OallICKUil MeNEIUIaBUILHBIA KOM-
ounar (KMK). Llenp Hactostero
WCCIIEIOBAaHUSI — CPaBHUTEIIBHBIN
aHaJIN3 TPOJYKTHUBHOCTU aCCUMM-
nmsonHoro anmapara (ITAA) co-
CHBI OOBIKHOBEHHOW M Oepesbl 1o-
BUCJION B 3aBUCUMOCTH OT UHJIEKCA

TokcnuHocTy BOM3u KMK.

OO0BLEKTHI 1 METOABI
HucceI0BaHuI

Kapabarmckuit MeIEIUIaBUIIb-

HBIH KOMOWHAT (QYHKIHOHUPYET

¢ 1910 . OcHOBHBIC UHTPEIUEHTHI
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BBEIOPOCOB — CEPHHUCTHIN aHTHAPHU]T
(91 % mo macce cpenu razoodpas-
HBIX TIOJUTIOTAHTOB) W TIBUICBHIC
YacTUIBI C aJCcOpOMPOBAaHHBIMH
TOKCHYHBIMHU 1eMeHTamu (Cu, Pb,
Fe, Zn, Cd, Ni u ap.). O6beM BbI-
OpOoCoB 3a Bech Iepuoa ero (QyHK-
IIMOHUPOBAHUSI COCTaBWI Oonee
15 muu T [21].
Hccnenosanus BBITIOJIHEHBI
B YHCTBHIX 0EPE30BBIX U COCHOBBIX
HACaKJACHUSX B JIByX HAarpasJic-
Husx or KMK: ceBepo-BocTouHOM
u 1okHOM (puc. 1). 3amoxensr 12
1 34 mpoOHBIX TUIOMIAIU COOTBET-
CTBEHHO B COCHOBBIX U O€pe30BBIX
JIPEBOCTOSX HA PACCTOSHUH OT 4 J10
32 kM ot KMK. Ilo ctymensm Toi-
IOUHEI B3AT0 42 1 56 MOIEIBbHBIX
JIEPEBHEB COOTBETCTBEHHO COCHBI
u Oepes3bl, Y KOTOPBIX OIpe/esic-
HbI Macca XBOH M JIUCTBBI, & TAKXKe
TOUYHAS TIPOAYKIMS HAJA3EeMHOM
Oouomaccel. Metojuka paboOThl Ha
MPOOHBIX IDIOMANIX W (pakTude-
CKHE JIaHHBIE OTpENeNeHu Ono-
MacCchl W COJACPKaHHS METaJIOB
B TIOACTHIIKE U3JIOKEHBI panee [21].
CpasHutenbnblil anamus [TAA co-
CHOBBIX U OEpE30BBIX HACAKICHUN
B 3aBHCHMOCTH OT WH/IEKCa TOKCHY-
HOCTH TIOJUTFOTAHTOB BBHITTOJTHEH Ha
OCHOBE PErpPEeCCHOHHOIO aHau3a
C TpUMEHEHWEeM OWHApHOW mepe-
MEHHOH [22].
M3BecTHO, 4YTO B TIpaJUEHTE
sarpsisHenusi or KMK no mepe
yAaJeHnsl OT HeTO U3MEHSETCS CO-
JICPIKAHUE TAKEIIBIX METAILIOB B T'y-
MycoBOM citoe o4uBHI [23]. [ToaTo-
My B Ka4eCTBE MOKAa3aTels «JI03bD»
HaMHU [IPUHAT UHACKC TOKCHYHOCTH
(ind), paccuMTaHHBIA MO KOHIICH-
Tpaluu TOABIDKHBIX (OPM  Tpex
Han0OJIee «TEXHOICHHBIX» METa-

soB (Cu, Pb u Fe), nenonupyemsix




ONeKTPOoHHbIN apxuB YITITY

B JIECHOW NOJACTHJIKE, ¥ KOTOPBIX
Ha TpeX CaMbIX «TPS3HBIX» y4acT-
Kax

YCTAHOBJICHBI ~ MaKCHUMaJIb-

HBIC IPEBLINICHUA MO OTHOIICHHIO

K MHHHMQJIBHOMY YPOBHIO, a Ha
Tpex ydacTkax, Hanbonee ynaneH-
HBIX OT HCTOYHHKA BEIOPOCOB, €CTh
HauMeHbIINE TpeBbIeHns. B or-

Puc. 1. Mecra 3akna/iky IpoOHBIX IUIOINIA/EH B CEBEPO-BOCTOYHOM
U F0KHOM HamnpasieHusax or KMK
Fig. 1. Places where sample plots are established in the North-East
and South directions from the Karabash copper smelter

JIMYUC OT CE€Pbl METAJUIbl MTPOYHEE

JIENOHUPYIOLIUMH
cpemamu, U UX MpoIe U3MEPSTh Ha

copOupyroTcs

[TOJIMTOHE OOJIBIION IrIoImaau [24].
B namewm ciyuae ind onpenenén
Juist ioaBxHBIX opm Cu, Pb u Fe

o clneayroriei hopmye:
. 1 X,
d = _ 7
in Z z — (1

imin

rme k — KOIHMYECTBO JIEMEHTOB
(B HameM ciydae TpH); X; — KOH-
HEHTpaIs
J-M y4actke; X; ni, — MUHUMaJIbHAast

i-r0  DJIEMEHTa Ha
KOHIICHTpALUsg [-T0 DJJIEMEHTa II0
BCEM ydJacTKam [24].

PesynbTarel u o0cy:kaenune

Hmsa pacuera IIAA npeBoctoeB
UCTIONIb30BAHBl  ATJIOMETPUYECKHUE
YpaBHEHHsI, pACCUMTAHHBIE IS
KaXI0i mnpobHo# twromanu. Jla-
Jiee IpUMEHEeHa CTaHIapTHAs Mpo-
Heypa PErpecCHOHHOTO aHalIu3a.
HccenenoBana 3aBHCHMOCTbD, HMEIO-

1ast OOIMHA BUT
ZalPf=f(4,D,, H,, 1, X), (2)

e Za — Haa3eMHas ToguYHas 9u-
cTasi IePBUYHAS MTPOIYKIIHS IPEBO-
cTos1, T/ra; Pf— Macca acCUMUIIALH-
OHHOTO ammapara JpeBOCTOsl, T/Ta;
A — Bospact apeBoctos, Jet; D, —
CpelHUd JMaMeTp CTBOJIOB Ha
BBICOTE IPyaH, cM; H,, — cpennss
BBICOTa JIPEBOCTOSI, M; | — MHIEKC
TokcuuHocTu (ind); X — OuHapHas
nepeMeHHasi, paBHas 1 IJsi COCHBI
u 0 15t 6epesbl.

[Ipu pacuere ypaBHeHus (2) oxa-
3aJI0Ch, YTO TaKCaIHOHHBIE Xapakx-

tepuctuku A, D,,, H,, npeBocToes

ps
B KaQ4ECTBE HE3aBUCUMBIX IICPEMEH-
HBIX CTaTHCTHYCCKH HE3HAYMMBL.
3nauenus kpurepusi CrbrogeHTa
COCTaBHJIM JIJISl HUX COOTBETCTBEH-

Ho 0,76; 0,24 u 0,57, uro MeHbIIIE
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KpUTHYECKOTO 3HaueHus 1,96, Tor-
Jla KaK Jyist nepeMeHHbIX [ u X — co-
OTBETCTBEHHO 5,2 u 29,1, uto Cy-
IIIECTBEHHO BHIIIIE #)s, paBHOTO 1,96.

OKoOHYATEIbHOE ypaBHEHHE

HMeEET B/

Zal Pf=
=1,92-0,00171(7) — 1,143(X);
R*=0,958; SE=0,11, (3)

rme SE — cTaHmapTHas OIMHOKa
ypaBHEHHUSL.

B mammx mpensigynmx myOnm-
kammsx [20, 21] wuccrnenoBaiuch
3aBucumoctd I[IAA  mpeBocTOEB
B TOM € TPAJUCHTE 3arps3HCHUAN
or KMK, 4ro mokazan Ha puc. 1.
OTnuyne CcOCTOsJI0O B TOM, 4TO,
BO-TIEPBBIX, B KadectBe [IAA wuc-
MOJIb30BAJIOCH  OTHOILIECHUE IPH-
pocTa IUIOIIAAM CEYCHUS CTBOJA
K Macce XBOHM (JIMCTBBI) U, BO-BTO-
PBIX, B KAU€CTBE OJHOIO U3 perpec-
COpPOB B ypaBHEHHE OBLIO BKIIIO-
YEHO paCCTOSTHHE OT WMCTOYHHKA
3arpsi3HEHMs, a HE HHJIEKC TOK-
cuyHocTH. [lomy4yeHHBId mpexne
BEIBOJ] HE MPOTUBOPEYNUT BHOBH
MOJyYEHHOMY: B TPaJIMEHTE 3arps3-
Hennit or KMK wumeercs 3Ha4m-
TEIbHOE BIUSHUC 3arps3HCHUN Ha
ITAA npeBocToEB.

Ha puc. 2 pana rpaduueckas
uHTEprpeTanys ypaBHeHus (3),

comracHo Kotopoit ITAA npeso-
CTOEB COCHBI U Oepe3bl CHIDKAeTCs
110 JTMHEHHOM TPAEKTOPUH IO MEPE
MTOBBITIIEHHS HHAEKCA TOKCHIHOCTH

B HanpasieHuu kK KMK. Temmsl

2,6
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camwkenus [IAA onuHakoBH y 00e-
WX TIOpOX (JIMHWUU PEerpeccud ma-
payuienbhbl), HO [TAA Oepe3oBbix
JPEBOCTOEB B 2,6 pasa MpEeBbIIIAeT
ITAA cocHsl.

0

70 140
ind

— — — Kbepésa

CocHa

Puc. 2. Jluneiinpie TpeHasl cHUKeHUS] [IAA COCHOBBIX U OEpE30BBIX IPEBOCTOCB
B rpaguenre 3arpsasHeHnid or KMK. IIyHKTUpHBIMM NHHUSAMM IOKa3aH JUAaNa3oH
CTaHAAPTHOM OMINOKU YpaBHEHUS
Fig. 2. Linear trends of decreasing the productivity of the assimilation apparatus of pine
and birch stands in the pollution gradient near the Karabash copper smelter. Dotted
lines show the range of the standard error of the equation
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3amaua JIECHOTO KOMIUIEKCAa — COXpAaHEHHE M NPEyMHOXEHHE JIeCHBIX OorarcTB. Ha Bo30OHOBIEHHE ieca
OOJIBIIIOE BIMSIHUE OKa3bIBAIOT CIIOCOOBI 3arOTOBKU APEBECHHEL. Llenb naHHON paboThl — H3yUeHHUE COXPAHHO-
CTH MOAPOCTa MOcie pa3padOTKH JIECOCEK MHOTOONEPAallMOHHON TeXHUKOH. J[s mpoBeneHus HcciieoBaHus
ObLIH HO,ZIO6paHI)I YCThIPC y4aCTKa B AnarmaeBckom JIECHUYECTBE, Ba U3 KOTOPBIX 3UMHEH 3aroTOBKH U JABa
JIeTHEeW 3aroTOBKH JIPEBECHHBI. YUET COXPAHHOCTH IMOAPOCTA MPOBOAMIICSA MO CIEIYIOIIEH Imporpamme: pac-
npeAescHue KOMMYECTBA YUYTEHHOTO MOJAPOCTa MO MOPOIHOMY COCTaBY, BHICOTHOM CTPYKTYpe, KU3HECHHOMY
COCTOSIHUIO B 3aBUCHMOCTH OT YJAJCHHOCTH OT BOJIOKA B INIyOb ITAacEeKU. YUeT MOAPOCTA MIPOBOIMIICS HA yUeT-
HBIX IUIOIIAIKAX pa3MepoM 2 x 2 M B KOJIMYECTBE 25 MIT. HA paBHOM PAaCCTOSHUHM JIPYT OT JIpyra. Pacnonoxenne
YUETHBIX TUIOIIAIOK OBUIO clieyroliee: BAOIb BOJIOKA (IO ero HEeHTpy), Ha paccTossHuH 1,0 M OT Kpast BOJIOKa
1 B 1yOb maceku Ha 4,0 M 1 6,0 M. Takum 00pa3zoM Ha KaKJOM ydacTke Obu1o 3amoxeHo 1mo 100 y4eTHBIX 110-
maiok. [logpoct menwuics Ha CleayroNye TPkl BBICOT: pacTeHHs BBICOTOM 10 0,5 M mpencTaBisior coboit
KaTeropuio Menkoro noxpocra, 0,6—1,5 M — cpenuuii moapoct u Bhimie 1,5 M — kpynHbIid noapoct. [Ipu 3um-
Hell 3ar0TOBKE Ha BOJIOKaX MPHCYTCTBYET HMOAPOCT BCEX MOPOI-Iecoo0pa3oBaresel, a Mpy JETHEH 3aroToBKe —
TOJIBKO COCHOBBIN TOApOCT. bonee 2/3 Bcero mompocra y4TeHHOTO Ha BOJIOKAX, OTHOCUTCS K JKH3HECTIOCOOHOMY.
Ha paccrostnun 2,0 M 0T BoJIOKa KOTMYECTBO BCXOJOB MPY 3UMHEH 3aroTOBKE HEBEJIMKO — He Ooiee 1,8 ThIc. mT./ra,






