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I[aH aHaJin3 HpOCTpaHCTBeHHOﬁ U3MCHYMBOCTHU XUMHNYECKOI0 COCTaBa MOAKPOHOBBIX, IMOYBCHHBIX U PEYHBIX BOJ
TOPHOI'O JIECHOT'O OacceliHa. HOKaSaHO, YTO YK€ Ha BXOHEC C aTMOC(i)epHBIMI/I oCaKaMHU MPOCIICIKUBACTCA BIMAHUC
OHMOTHYECKHX KOMIIOHCHTOB OacceiiHa Ha SJIEMCHTHBIN COCTaB BOJI. BX0O/THBIE TOTOKHU KHUCJIBIC, Cy.]'[B(l)aTHBIC — C BBICO-
KO J1ojei ydacTus HOHOB BOAOpOAA, KaJivsd, paCTBOPHUMBIX OPraHUYCCKHUX BCUICCTB. Pa3H006pa3He OKOTOIINMYCCKHUX
YCJIOBI/II\/'I OIIpeacIiacT )lanLHeﬁmy}o TpaHC(l)OpMaIII/I}O OJICMCHTHOTI'O COCTaBa MpUPOAHBIX BO. Ponb JAPEBECHBIX KPOH
B npeo6pasoBaHH1/1 XUMHUYECKOIr0 CoCTaBa BOJ YCHJIMBACTCS MPOIMOPHUOHAJIBHO MX COMKHYTOCTU U BO3PACTHOMY
Pa3BUTHIO APEBOCTOCB. Ilo crenenu TpaHC(l)OpMaHI/II/I MaKpO3JIEMCHTOB U HCﬁTpaHH3aHHH KHUCIIOTHOCTH JOXKJIEH
JICCHBIC COO6HICCTB8. pacronararoTcst B psiai: CMELIaHHBIC > XBOMHBIE > MOJIOJIbIE JTUCTBEHHBIE. OCHOBHBIMH Ma-
KPOKOMITIOHEHTaM#1 B IIOAKPOHOBOM IMPOCTPAHCTBE CTAHOBATCA Opl"aHI/I'-IeCKI/II\/'I yriaepona, KaJui ¥ KaJIbIIUH. CpeL[I/I
MUHCPAJIbHBIX aHUOHOB JOMHUHHPYIOT CyJ'IL(i)aTBI, MOOYJb NOCTYIIJICHUS KOTOPBIX MO/ HpeBeCHLII\/‘I IIOJIOT COCTaBJIACT
9-11 xr/ra 3a MEeproa BereTanuu. Ha srane MHUI'palv B TIOYBCHHOM r[poqn/me MOCTCIICHHO OTPaHNUYHBACTCS IICPEHOC
OHMOTCHHBIX JJICMCHTOB. Cyﬂb(i)aTHO—KaJ'II/IeBLII\/‘I COCTaB KPOHOBBIX BOJ MHUXTOBO-CJIOBBIX WU BTOPHUYHBIX COO6HI€CTB
TpaHC(i)OpMpreTCﬂ B CyJ'[B(1)aTHO-HanPIeBO—KaHLHHeBLIfI. B nouBeHHBIX BOAAX MO/ JieCaMu INHUPOKOJIMCTBEHHO-KE/T-
POBBIX TUIIOB COXPAHACTCA JOMHUHHUPOBAHNE FPII[pOKap6OHaTOB, a MOAYJIb BbIHOCA K* camkaercst Ha TOPsAA0K. T'eoxu-
MUYECKUU TUIT PEYHBIX BOA COXPAHACT 0COOCHHOCTH 3JICMEHTHOI'O COCTaBa APCHUPYCEMBIX YUaCTKOM PCKU I1OYB. I[Jlf[
BEPXHETO TCUCHHA PCK YCTAHOBJICH HE3HAYUTEJIbHBIN BEIHOC 13 SKOCUCTEMbI CYJIB(l)aTOB u rn):[poxap60HaTa KaJlblus.
Ha ckiionax ¢ NpEMMYIIECTBEHHO KEAPOBO-IIUPOKOJIMCTBEHHBIMU TUITAMH JIECA BBIHOC HCO3 u Ca? KOMIICHCUPYCT-
Cs BHAYUTCIIbHBIM IMOCTYIUNICHUEM 3TUX 3JIEMEHTOB C KPOHOBBIMH BOJAAMHU.
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BBEJIEHUE Kacumog, 1999; Apxanosa, ExnarseBckuii, 2005).

ITocne B3aumosericTBHsI ¢ HAA3EMHOHN (puTomMaccoi

N3BecTHO, 4TO BBICOKAs 3(PpPEeKTUBHOCTD (DYHK-
[IMOHUPOBAHUSA JICCOB JIOCTUTACTCsl Onaromapst WH-
TEHCUBHOMY W IOCTOSSHHOMY OOMEHY BEIIECTBOM
W pHepruer B cucreMe atmocdepa — JIECHOH To-
jor — mouBa. CBSI3YIOIIMM 3BEHOM B ATOW MHOTO-
KOMITOHCHTHOW CHCTEME SIBIIICTCS BOJA, XapakKTep
n GopmMa MHUTpamMd KOTOPOH HIPAIOT BEIYIILYIO
poJib B (POPMUPOBAHHUH TIOYB M IMHUTATEIHHOTO Pe-
kuMa siecoB (JIykuna, Hukonos, 1998; [lepenbman,

JPEBOCTOEB MIPOUCXOINT 3HAUYNTEIIbHAS TpaHCHOp-
MaIs XMMHYECKOTO COCTaBa aTMOC(HEPHON BOJBI
(CoxonoB, 1972; Likens, Bormann, 1995; Huxko-
HoB, Jlykuna, 2000; IlpucroBa, 2005). Ocanxu
BKJIIOYAIOTCSI B COCTaB OMOreoreH03a U aKTHBHO
BO3/ICHCTBYIOT Ha OWOJOTMYECKHN KpPYTOBOPOT.
JlanbHeiias Murpaiys BOJIHBIX TTOTOKOB OKa3bIBa-
€T CYIIIECTBEHHOE BIMSIHUE Ha DJIEMEHTHBIN COCTAaB
MOBEPXHOCTHBIX BOJ (AnekceeHko, 1989; JIsiMoB,
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2013) u ompenenseT MOTEHIIMAT BOAHBIX PECYPCOB
JUIs JKU3HEOOe CTICUeHHSI M TTIOIIeP KaHusl BO30OHOB-
JISIOTICHCS OMOTOTHYECKOH MPOAYKITHH.

IIpoueccer  Tpanchopmanuu — arMoc(epHbIX
OCaJIKOB JIECHOW pAcCTUTENBHOCTBIO W XapakTep
MOCTYIUIEHUS TOJA UX TOJOI MUKPO- MU MakKposJie-
MEHTOB AaKTHBHO M3Yy4alOTCS B TaE€XKHbBIX 30HAX
eBporneickod gactu Poccnn, B KOTOPBIX K HACTO-
SIIIEMYy BpEMEHHU COOpaH OOUIMPHBIA MaTepuai 1o
BIIMSIHUIO aTMOC(EpPHBIX BBINAJCHUIA Ha SJIEMEHT-
HBI COCTaB U KMCIOTHOCTb ITOYB €CTECTBEHHBIX U
TeXHOTEeHHBIX 3kocucTeM (CokonoB, 1972; Jlykuna,
Huxonos, 1998; Konuuk u ap., 2007; Apuerona,
Kyszuemnona, 2011; Estioruna, Acmunr, 2013; Po-
Oakunze u ap., 2013). Ha Jlanenem BocTtoke Takue
HCCIIEJOBAHUS €IMHUYHBI, XOTS U3MEHEHMSI CTPYK-
Typbl JecHoro nokposa (KoxesHukosa, /[rokapes,
2011), xapakTepa BbIlaieHUsI aTMOC(HEPHBIX OCal-
KOB M UX 3JIEMEHTHOTO coctaBa (Myxa u nip., 2012;
Konaparses u ap., 2013) BeayT k nepecTpoiike cio-
KUBIIMXCSI OMOTEOXMMHUYECKUX IUKIOB OCHOBHBIX
AJIEMEHTOB MHUTaHUA. VIHTEeHCUBHBIE MCCIIET0BAaHUS
KpyroBopoTa BelecTB B Jiecax CHUXOT3-AJTHMHCKON
ropaoi obmactu mpoBommHch B 1980-1990 rr. B
TIOCJIEJIOBATEILHO CMEHSIOIIMXCS BBICOTHBIX TIOSI-
cax pacTUTEIILHOCTH OTPE/IEICHBI 3armachl HJIeMeH-
TOB MUTaHMs, 000CHOBAaHbI 3aKOHOMEPHOCTH OHO-
KpPYrOBOPOTa, U3MEHEHUS! CBOWCTB TOPHBIX MOYB U
MIPOIIECCOB MUTPAITUHU BEIIECTBA B MPHPOTHBIX U
anTponorennbix nanamadtax (Kocrenkona, 1976;
EnnareeBckmii, 1993; CanoxxuukoB u ap., 1993;
ApxanoBa, EnnareeBckuii, 2005; Jlynenko u np.,
2006). Hapsimy ¢ mOCTH)KEHUSIMU B 00J1acTH TIOHU-
MaHHsI BHYTPUCUCTEMHBIX MPOIIECCOB B Cpelie Jiec-
HOro OaccelfHa OCTAIOTCS HEAOCTATOYHO H3Y4YEH-
HbIMH MEXaHU3MBbI 3TUX B3auMojeicTBuil. O4eHb
Majo0 HaTypHbBIX JaHHBIX O KAaue€CTBEHHOW CBA3M
XUMHUYECKMX CBOMCTB aTMOC(EPHBIX OCAJIKOB, TIOY-
BEHHBIX U PEYHBIX BOJ| ONPECICHHOTO0 JaH madra.
Her xonmm4ecTBEeHHBIX OLIEHOK MPOCTPAHCTBEHHOMN
1 BPEMEHHON M3MEHYMBOCTHU IMOCTYIUIEHHUS M JKC-
MopTa PacTBOPEHHBIX BEIIECTB C JIECHBIX Oaccei-
HOB peruoHa.

Lenb nanHO#M pabOTH — OLIEHUTH CTENEHb BIUS-
HUS THIIA JIECA U BO3PACTHOM CTPYKTYpPHBI APEBOCTO-
€B Ha MPOCTPAHCTBEHHYIO M3MEHYMBOCTH MTPHPO/I-
HBIX BOJI TopHOTO Oacceiina. s Gonee rmy6okoro
MOHUMAaHHUSI BOAHOM MUIPALMU SJIEMEHTOB MEXIY
JECHBIMH COOOILIECTBAMU M MAaJbIMH PEYHBIMH
OacceifHaMi TIPOAHAIM3UPOBAH COCTAB BXOIHBIX
MIOTOKOB BEIIECTBA C aTMOC(EpPHBIMH OCaIKaMH,
00Cy»XAeHbI (PaKTOPhI, BIUAIOIIKE HAa MOCTYIJICHUE
MUTATEIbHBIX BELIECTB IO/ IOJIOI OCHOBHBIX JIEC-
HBIX COOOIIECTB.

CUBUPCKUI JIECHOU YKYPHAJL Ne 3. 2017

MATEPHUAJIBI I METO/JbI

UccnenoBanust TpOBOAMIM HA  3alaJHOM
MakpockiioHe FOxuoro Cuxory-Anuns (43.6—
44.3° c¢. m.; 133.5-134.5° B. n.) B Bepxueyccy-
puiickom ctanuonape (BYC) buonoro-nousenno-
ro uactutyta JIBO PAH. baccelin 3akpbIT rop-
HBIMU XpeOTamMu U yaajieH oT Mops Ha ~ 400 kwm.
MyCCOHHBII XapakTep IHUPKYISAIUN aTMOCQeps
00yCTIOBTMBACT TEIUTBIA W BIIAKHBIA JIETHE-OCEH-
Huil nepuoa. C ampens 1Mo OKTAOph BBIANAET OT
400 mo 1100 MM ocazakoB, okoio 70 % u3 HUX —
B HMIOHE—CEHTs0pe. B (yHKIIMOHMpOBaHUM JTaHI-
madTa aKTUBHYIO pPOJb HMIPAET JIECHOW MOKPOB,
3aHMMarommii okomo 98 % Bcell TeppuTOopuUU.
CBoeoOpa3Hblii MOSC KOHTAaKTa HIMPOKOJIMCTBEH-
HO-KEJPOBBIX M HEMOPAJIbHBIX HUXTOBO-EJIOBBIX
TUNOB Jeca (opMUpyeT YCTOWYMBBIE CMeEIIaH-
HBbIE COOOIIECTBA C MOCTOSHHBIM Y4acTHEM Kelpa
Pinus koraiensis, enu Picea ajanensis, muxtol Abies
nephrolepis 1 MHOTOYMCIIEHHBIX JINCTBEHHBIX I1O-
pon (Betula costata, B. mandshurica, Acer mono
Maxim., Tilia taquetii, Fraxinus mandshurica,
Ulmus laciniata n np.).

[TouBbI CKJIOHOB M BEpPLIMH BOJOPA3/CIOB B
patione BYC pa3BuThl IpenMyIieCTBEHHO Ha DIT0-
BUAJIbHBIX, AIIOBHAJIBHO-IEIIOBUAIBHBIX U TPaBU-
TallMOHHO-/IETIOBUATBHBIX OTIIOKECHHUSAX, PEICTAB-
JICHHBIX (B 3aBHCUMOCTH OT JIUTOJIOTMH KOPEHHBIX
nopoa U penbeda) OT KPyIMHOMIBIONCTOTO MaTepH-
ajyia OChITIe B MecTax pacnpocTpaneHus 3¢ dy3uB-
HBIX TOPHBIX MOPOJ 10 MIEOHUCTO-CYTITHHUCTOTO 1
MECYaHO-CYTJIMHUCTOTO COCTaBa Ha MECTE 3ajera-
HUS 0Ca/IouHBIX TOpHBIX nopo/ (I'aBpenkos, 1977).
[lIupoxo pacnpoctpanennsie Ha BYC rophHo-
JecHble Oypble W TOpHBIE OypOTae)KHBIE TOYBHI B
YCIIOBUSIX OBICTPOTO BOAOOOMEHA MMEIOT psif 00-
IIMX 4epT, HO HauboJiee CYLIECTBEHHBIMHU pa3iiu-
YUSIMU MEKIY HUMU SIBISIFOTCSI COZIEp’)KaHue opra-
HUYECKOI'O BEILECTBA U €r0 KaYeCTBEHHBIN COCTAB
(CanoxxnukoB, ['aBpenkoB, 1979; CamnoxxHUKOB
u 1p., 1993). B necHbIx mouBax OCHOBHOH 3amac
MUTATEIbHBIX BELIECTB COCPEIOTOYEH B JIECHOM
MOJCTHIIKE U TYMYCOBOM T'OPU30HTE, I7I€ MPOUCXO-
JUT TIOYTH 3aMKHYTBIH KPYTOBOPOT MUTATEIBHBIX
BEIIECTB B CHCTEME I0YBa — JIECHOE COOOIIECTBO
(KocrenkoBa, 1976; CenuBanoBa, 1983). buoreo-
neHo3sl BYC pa3nnyarorcst 10 MHTEHCUBHOCTH Ha-
KOIJICHHSI W OOIIUM 3armacaM OpraHUYecKoTo Be-
IIECTBA, UMEIOT PaBHBIE MACCHI OIaja, HO 3aMETHO
OTJIMYAIOTCS TI0 UHTEHCUBHOCTHU PA3IOKEHUS MO~
CTHJIOK, IO3TOMY OTHOCSTCS K Pa3HbIM TUIIAM Kpy-
roBopota BemecTB (CanoXHUKOB | 1p., 1993).
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Puc. 1. Kapra-cxema Bepxueyccypuiickoro craimonapa u 00beKTOB H3y4eHHs B Oacceii-
He py4. EnoBeiii. YcnoBHble 0003HaueHHs1: [ — IpaHUIBI AKCIEPHUMEHTAIBHOTO OacceiHa;
2 — MECTOIIOJIOKEHNE METEOCTAHIINH; 3 — MECTOIOJIOKEHNE THAPOMETPHUECKHIX U THIPO-
XUMHYECKUX CTBOPOB; 4 — MECTa pa3oBOro 0TOOpa pPyCcloBhIX BOI; 5 — MECTOIOJIOKCHUE

TOYEK 0TOOpa IMPUPOIHBIX BOJI; 6 — BEICOTHBIE OTMETKH penbeda, M BC.

Pyu. EnoBblil sBnseTcs JEBBIM MPUTOKOM
p. IlpaBas CokonoBka (puc. 1), oTHOcAIEHCS K
cucreme Bepxueir Yccypu. OOmas mnpoTspKeH-
HOCTb Py4bsl COCTaBJSIET 3.5 KM, ILIOAAb BOJO-
coopa 4.2 km?, tuamna3oH BeIcOT — OT 500 10 950 M
Ha/a yp. M. CTOK IO py4b0 YCTONYMBBIH, U IOJIHOTO
TIEPECHIXaHUS €r0 He HAOII0MANoch JaKe B CaMble
3acynuuBeie Tonsl (OKunbnos, 2008). B BepxHem
TedeHuu pyubs B 1965-1966 rr. mpoBeneHa sKc-
NepuMeHTalbHas BBIpyOKa jeca M Ha IUIOIAAU
82 ra (mamee SKCIIepUMEHTAIBHBIA OacceifH) mpo-
BOJIMJIMCH KOMITJIEKCHBIE H3BICKAHUS.

DkcrnepuMeHTanbHbIl Oacceitn (Ob) npeacras-
JIeH BOJIOTOKOM 1-T0 mopsijka, rpaHuLed KOTOPOro
B HI)KHEH €r0 4acCTH CIYXKUT OCTOHHBIH BOIOCIHB
¢ mupokuM noporom. Kopensnsle seca ¢ npeobma-
JAHMEM THXTHI, €11 ¥ KeApa OTHOCATCS B OCHOB-
HoM K [II-IV knaccam GonuTeTa u 3aHMMaroT 38 %
oOmiei riomany B BepxHel u cpenHeit yactu Ob.
Ha ocransHoit miomanun 3b npoucxoaut npouece
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dbopMupoBaHUS U Pa3BUTHS BTOPUYHBIX JIECOB C
npeodsalaHueM JIMCTBEHHBIX MOPOI.

Pyu. PesepBHbIl, Bragaommil B pyd. EnoBbIid
Ha paccTosHUM OKojo 50 M OT BOAOCIMBA, SIBIIS-
eTcsl ATaJOHHBIM BogocOopoM. Ha ero ckimonax
COXPaHWINCh KOPEHHbIE KEIPOBHUKH, BO3pPACT
TOCTIOACTBYIOIIUX TOPOJ KOTOphIx 120-280 ner
(CKunpros, 2008). Ilnomaas mocie BHAACHUS
pyu. Pe3epBHBIN U 10 YCThsl OIHOKPATHO Mpoiijae-
Ha YCJIOBHO-CIUIOIIHON pyOKkoit B 1950—1960-x rr.
Hebonpime y4acTku ¢ KOPSHHBIMH JIECAMH CO-
XpaHWINCh Ha KPYTHIX CKJIOHAX M B JOJHHE PYUbsl.
Jlns GacceliHa B 1LI€JIOM COOTHOIIEHHUE ILIOMIAICH,
3aHATHIX PA3TUYHBIMU JECHBIMU (hOpMaLIUsIMU, U3-
MEHSIETCS B CTOPOHY YBEIWYCHHS JIOJU IIHPOKO-
JMCTBEHHO-KEIPOBBIX JIeCOB. ENbHUKM pa3mmaHbIX
TUTOB 3aHUMaIOT 24 %, KeIpoBO-€JOBbIE Jieca —
18 % oOmeit mmomanu. Jlecucrtocts Oacceiina
MOCJIE €CTECTBEHHOTO BOCCTAHOBJICHHS BBIPYOOK
npubmwkena k 100 %.

CUBUPCKUM JIECHOM XYPHAJL Ne 3. 2017
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Harypubie HaOmronenust nposoauiau B 2011—
2014 rr. ¢ mast o okTsI0ph. C MOMOIIBIO aBTOMA-
TU3MPOBAHHBIX CUCTEM HEINPEPBIBHOM pPETUCTpa-
UM JAHHBIX BEJIaCh 3alUCh KOJIWYECTBA OCAJIKOB,
TEeMIEPaTypbl U BIAKHOCTH BO3/1yXa, YPOBHS BOABI.
MeteoHabMIOneHNsT BHIIONHSAIN Ha PACUUIIEHHBIX
OT Jieca TuIolaakax pazmepom He Menee 30 x 30 m
¢ ucnoib3zoBanueM ocaakomepoB HD2013 Delta
OHM wu wmereocrannun thna WS—-GP1 Delta-T.
I'mapomerpudeckue mocTel 000pyHOBaHBI UG-
poBbiMu peructparopamu tuna LTC Lever-logger
Junior Solinst umu Dipper-3TEC SEBA, Beinon-
HSBIIMMH 3allMCh YPOBHA M TEMIEPATypbl BOABI.
Pacxompt BoABI M3MEPSUTH C TTIOMOIIBIO U3MEPUTEIS
ckopoctu FlowSens SEBA Hydrometrie. [[ns na-
OmoneHuit 3a ctokoM B Db mcrnonp3oBanu coxpa-
HUBIIHUICS OSTOHHBIN BOJOCINB C IMUPOKUM TIOPO-
TOM, TOCPEICTBOM KOTOPOTO B MEXKECHHBIN MEePUO
pacxoi BOJIbI U3MEPSIN 0OBEMHBIM METOIOM.

XUMUYECKUN COCTaB MPUPOIHBIX BOJ MU3ydau
10 BCEU MPOTSHKEHHOCTU pyd. ENOBBIN U Ha CKIIO-
Hax Bcex AKcno3uiuid. [IpoObl BoJ HA XMMUYECKUN
aHaJIU3 OTOMPAIM CUCTEMAaTHYECKU B TEYEHHUE CE30-
Ha C OXBaTOM PAa3JIMYHBIX TEPUOIOB YBIAKHEHUS.
Bcero 3a 2011-2014 rr. oTo6pano U mpoaHanu3u-
poBano 362 peunbix, 228 MOUBEHHBIX U 98 moke-
BBIX TTPOO.

ATmocdepHble O0CAAKH JUIsI XUMHUYECKOIO
aHanmm3a coOMpany B yCTOWYMBEIE K KUCIOH cpeze
MOJTMATHIICHOBEIE KOHYCOOOpa3HbIe TPpoO0ooTOOop-
Huku. [IpremMHas moBEepXHOCTh MX pacrojarajiach
Ha BbIcOTE 1.5 M OT OBEPXHOCTH MOUBHI. Pa3mep
KOHYCOB MO3BOJIIeT 0TOHMparh okosno 0.5 51 BOIBI
npu BbInazeHnu 3 MM ocazkoB. Ha nomnsae npo6o-
OTOOPHUKH MO/IBEIINBAIN HA PACCTOSIHUU HE MEHEe
3 M oT iepeBbeB U mocTpoek. J{ist cOopa KpOHOBBIX
(MITM TOIKPOHOBBIX ) BOIT 000PYI0BAIH 4 TUTOIIAIKH
C KOHTPACTHBIMU /7151 6acceiiHa OuoromnaMu, pasiu-
YAIOIIUMUCS MO CTENEHU HIU(PUKATOPHOTO BO3IEH-
CTBUSI JIOMHHHUPYIOIINX BHIOB JIepEeBhEB (Ta0M. 1).

[Tpo60OTOOPHUKN NOABEUIMBATIN TaKUM 00-
pa3oM, 4T0Obl B HUX MOCTYIAJIN BOJABI C COMKHYB-
IIMXCS KPOH JIECOOOPa3yroIuX IMOpPOoJ Ha IMPOTS-
KEHHU OT CTBOJA K Tepudepuu MPOEKINH KpPOH.
B nuxroBo-enoBeix (I1E), BTopuuHBIX Oepe30BBIX
(Bb), Bropuunbix xBoiHO-nucTBeHHBIX (BXJI) 1
keapoBo-mmporonucTBeHHBIX (KII) coobmecTBax
OTOMpAIH 1O JBE MPOOBI, KOTOPBIE CMEIIUBAIH IS
JanbHeWero ananu3a. B necHeIX coolliecTBax
onpenensuin comknyTocTh KpoH (CK). Jlecorakca-
IIMOHHBIE OTMMCAaHUA B Ta0On. | pUBEIEHBI IS T10-
CTOSTHHBIX TIPOOHBIX mromianeid (JKumbiion, 2008),
B Tpeziesiax KOTOPBIX BBIOPAaHBI PACTUTEIBHBIE CO-
o0rmecTBa.

Taoaumna 1. TakcanmoHHbIe ONMMCAHUS HACAXKICHUI B MecTax 0TOopa JIaHAIAPTHBIX BOJ

Bacceiin, Twumn neca*, AOCoIIOTHAs BEICOTA, CK Bun nzydaembix
II0Ia/ b, KM? COCTaB U BO3PACT JIPEBOCTOCB 9KCIIO3ULIUSL M KPYTH3HA CKIIOHA TIPUPOIHBIX BOJ
K4, 830 m,3—-27° 0.8 Kponossie (I1E),
SK3bx1Ealllo (80—120 set) JTU3UMETPUUECKHE
K4, 810 M, monmHA pydss — JImsumerpuueckne
3K3bx1Ealll62JInm en. Kn
CruronrHas BeIpyOKa 1965 1. 740 M, B — 15° 0.6 Kponossie (BB),
Enosbiid, Sbx1Ealbo 1T1JIn1K (4070 nert) JIM3UMETPUYECKHE
95, KE-5, 710 m, C3 — 14° 0.9 Kponogsre (KIII)
0.77 3Ea3JInt2b:x 1 K116 (80—140 set)
Crutonnast BeIpyOka 1965/66 T 680 M, C—16° 0.7 | Kponossie (BXJI),
4bx3T1JIm1Oc1TI6 + K (40-70 neT) MOICTUIIOYHBIE,
JIM3UMETPHYECKIE
Crutonnas BeIpyOka 1965/66 T 695 M, 10 —20° - JInzumerpuueckue
32T 1K I1Kn1JIm2Bwum (40-70 neT)
KE-5, 780 M, CC3 - 16° - »
3K4EallTlbx1JIm (100-260 set)
PesepsHbii, KE-6, 735 M, C3 — 14° 1.0 | Kponossie (KIII),
1.05 3K3Eall12bx1JIm (120-280 1er) JTU3UMETPUUYECKHE
K4 735 m, OB — 25° - Jluzumerpuueckue
3K3Ea2bx11161JIn (80-160 ser)
EnoBorii, K6, 570 m, 3 —18° - »
ycTbe, 3.47 2K2EallI3JIn2/1 (70-180 net)

Ipumeuanue. * K4 — pa3HOKYCTapHHKOBBIH KSJIPOBHUK C KeNTOH Oepe3oit; K6 — KiIeHOBO-ICIIMHHBIN KEIPOBHHUK C JIUIOI 1 TyOOM;
KE-5 — MImcTO-nanopoTHUKOBBIIM KeAPOBO-ENOBLIi Jiec ¢ Iumoii u Oepesoii sxentoil; KE-6 — MimncTo-iemmuHHbli KepoBO-e0BbIii Jiec

C JTUTIOH 1 Oepe30i JKEeNTOH.
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JIluzumerpudeckne (mouBeHHbie) Boabl (JIB)
0oTOMpany METOJOM BaKyyMHOW (uIbTpaluu u3
MOYB HEHAPYIIEHHOTO CJIOKeHUs. TeH3nonn3umer-
pet Tama DIK 8392, Daiki Rike Kogyo Co ¢ kepa-
MUYECKUMH HAKOHEYHWKAaMHU 3aKIJIaJbIBajll Bep-
TUKaJbHO Ha m1yOuHy oT 35 mo 60 cM B Mecrax
KOHILIEHTpallMM T'paBUTAMOHHOM Biaru. Ha ckio-
HaX pa3HbIX 3KCIMO3ULUHN U MO pa3IMYHbIMU THUIIA-
MU Jieca YCTaHOBWIH 9 Iu3uMeTpoB (cM. Tadim. 1).
[Ipu pacuere BIHOCA AJIEMEHTOB U3 MOYBBI YUUTHI-
BaJIM UX Cpe/IHEE COACpKAHUE B IM3UMETpax, ycTa-
HOBJICHHBIX B IIpeJieNiax BOIOCOOPOB HCCIIEoYEMBIX
pyubeB. Bonbl mous Ob uzyuanu no nsitu, pyd. Pe-
3epBHBIN — 10 TpeM Ju3uMerpam. CKIIOHBI HUKHEN
yacTu pyd. EnoBblit (ycThbe) cyxue, Mo3TOMy ycTa-
HOBHUTH TEH3MOJIM3UMETP YIAJOCh JHIIb B OIHOM
TOUKE. YCThE pyd. EJIOBBIA XapaKTEPU3YET BBIHOC
3JIEMEHTOB CO BCEH IIIoImaau OacceiiHa, mo3Tromy
BEJIMUMHY IMOYBEHHOTO CTOKAa PACCUMTHIBAIM KaK
CpeJlHee U3 BCEX YCTAHOBJIEHHBIX B OacceiiHe au3u-
MeTpoB. B 2014 . Bo BTOpUUHOM XBOWHO-JIUCTBEH-
HOM JIECy MTOCTaBWIJIM TPAaBUTAIIMOHHBIC JTU3UMETPHI
I10]1 [TOJICTUIIOYHBIA U TYMYCOBBIM TOPU30HTHI.

I[Ipo6b1 Boabl u3 pyuseB (PB) orOupanu na
TpeX T'MAPOXMMHYECKHX CTBOpaxX B IUIACTUKOBYIO
MOCYIly OITHOBPEMEHHO C U3MEPEHHUEM B pycClie pac-
Xo/la BOJbl. B MexeHHble Mepuoabl JAaHHBIA BH]L
paboT MPOU3BOAMIN €XKETHEBHO, B MAaBOJIKOBBIE —
2-3 paza B CyTKH.

Xumuyeckuii aHanau3. B HeduiasTpoBaHHOM
npoOe B JieHb oTOOpa m3Mmepsui pH, anekTporpo-
BOJHOCTb M TOTEHLHOMETPUYECKUM TUTPOBAHU-
eM 1o craHgaptHoi wmeronuke (PykoBoxctso...,
1977) ompenensi copepkaHue THUAPOKapOOHAT-
noHa. Boapl mponyckanu yepe3 ¢uisTp Durapore
Millipore ¢ nuamerpom mop 0.45 mxm. [{nst mpo-
BEJICHUS aHAJIM30B MPOObI MOJKUCISUIA a30THOM
kucnoroir. Coneprkanue miaBHBIX aHuoHoB (Cl,
SO,*, NO,") onpeznensii Ha XKUIKOCTHOM XpoMa-
torpade Shimadzu LC 10Avp, T1aBHBIX KaTHOHOB
(Ca?*, Mg**, K*, Na*) — Ha aToMHO0-a0COpOIIMOHHOM
crektpomerpe Shimadzu AA-6800, kpemHHS —

CHEKTPO(HOTOMETPUUECKUM METOIOM, a pPacTBO-
peHHoro oprannyeckoro ymiepoxa (C,,) B Boxe —
¢ nomomeio TOC-anamm3aropa (Shimadzu TOC—
VCPN).

AHnaan3 1aHHbIX. [Ipu 06paboTke TaHHBIX UC-
MOJIb30BAJIM METO/Bl CTAaTUCTHYECKOTO U KOoppe-
JSIMMOHHOTO aHanu3o0B. llpuBenenHsle B pabote
cpeaHue 3HaYeHUs U KOd(PUIIUEHTHI TapHOW KOp-
pensaunu (R) 3Haunmsbl Ha ypoBHe p < 0.05.

Ocaaxy 1oJ 1oJIoroM Jieca OIpeaesIsiiia pacyeT-
HbIM yTeM: X = a x X, rie X, u X — ocajiku 1oy mno-
JIOTOM JIeca U Ha IMOJISIHE COOTBETCTBEHHO, MM. J[71s1
MUXTOBO-EJIOBBIX, KEIPOBO-IIUPOKOIUCTBEHHBIX H
BTOPUYHBIX COOOIIECTB KO3()(UIMEHTHI COOTBET-
cTBeHHO paBHbL: a — 0.34, 0.512 1 0.437; b — 1.186,
1.075 u 1.136. Ocaaku nox mojaoroM paccyUThIBa-
JIM TIOMECSIYHO U OTJIENBHO JUISl KaXKA0I0 TUIIA JIeca.
Monynu npuxoaa/BbIHOCA XUMHUECKHX JIEMEHTOB
paccuuThIBa M Kak MpPOU3BEICHHUE CPEAHEH 3a ce-
30H KOHIIEHTPAIMM MAaKpPOKOMIIOHEHTa (Mr/i) Ha
KOJIMYECTBO OCA/IKOB (IIPUXOM, MM) HJIH CJIOH CTOKa
(BBIHOC, MM) 3a aHAJOTHYHBIM mepuoa. JlambHei-
IIM{ aHaJ M3 BBIHOCA DJIEMEHTOB M3 MOYBBI H PEKH
NPOM3BOAMIM OTJCIBHO JUIA KaXJ0ro OaccelHa.
Croii cTOKa B OACTHJIOYHOM FOPU30HTE IPUHSAT B
pacuete 60—75 %, wnmoBuaabHoM — 20-35 % oT
CYMMapHOT0 KoJIn4ecTBa ocankoB (ApkaHoBa, En-
nareeBckuii, 2005). Peqnoil cTok paccuuTas ¢ npu-
MeHeHHeM KpuBbIX O = f (H) Ha OCHOBaHUH U3Me-
peHHbIX pacxonoB (Q) u ypoBHei (H) BOJbI.

PE3VJIBTATHBI U UX OBCYXJIEHHUE

Ananu3 TtemneparypHoro ¢ouna (7, °C) u
YBIIQ)KHEHHOCTH HCCIIEAyeMOro OacceifHa MmoKasbl-
BACT, YTO BEreTalMoOHHBIM ce30H B 2011-2014 rr.
OBLIT )KapKUM U YMEPEHHO-BIaKHBIM (Ta01. 2).

Temneparypa Bo3ayxa Obu1a Ha 11-16 % Bblme
CpEeTHEMHOTOJICTHUX 3HadeHuH. Oca Ky BhITIaaIn
HEPAaBHOMEPHO M YepEeAOBaJHNCh C JIUTEIbHBIMHU
CYXUMH nepuoaamu (puc. 2).

Exerogno mpoxoauno 5—7 UHUKIOHOB MPOAOJI-
JKUTEIBHOCTBIO OT 4 110 14 nHEel u cyMMapHbBIM KO-

Taoauna 2. KinuMartnueckne XapakTepucTHKH OacceliHa B HIOHE—CEHTS0pe

I T oc Ocalky Ha TOJSTHE, MM Ocaiku TI0JT TIOJIOTOM Jieca, MM
o ’ Bcero <10 >10 KOPEHHOTO BTOPUYHOTO
2011 - 394 133 261 302 325
2012 15.8% 490 97 393 394 423
2013 16.1 438 123 315 349 375
2014 16.1 517 111 406 409 439
CpemHeMHOTOIETHEE 14.6 450 329 335

Ipumeuanue. * CpenHee 3a aBTyCT—CEHTAOPB; CpeJHEMHOTOJIETHEE 3a 3TH Mecslbl cocTapisteT 13.8 °C.
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Puc. 2. Pactipenenerne 0caaKkoB MO MecCsIaM 3a HIOHb—
ceHtsopp 2011-2014 rr.

nrmdectBoM ocajakoB 35—-130 mMm. Bonbiias gacth
Bnaru B konudectse oT 0.2 mo 10 MM moctymana
B BHUJIE MAaJIOMHTCHCHBHBIX HEMPOJIOJIKUTEIHHBIX
JOXIeH. DTO OKa3aJlo CYIIECTBEHHOE BIUSHUE Ha
MOCTYIUICHUE XUMUYECKUX AJIEMEHTOB O] TOJIO0T
neca. KpoHaMu COMKHYTBIX KOPEHHBIX JPEBOCTOCB
obu10 3aaepxkano 14-32 %, a MOJOABIX JIMCTBEH-
HBIX — 8—27 % ocagKkoB.

JloxxneBble OCaJKu YJIbTpanpecHble (MuHepa-
mmzamus 1-31 mr/m), kucinele, cyinbdaTHble (WU
XJIOPUTHO-CYIIb(DAaTHBIC) KaJIMEBO-KAIIBIIUEBBIC C
BBICOKOW JI0JIel ydacTus HOHOB Bogoponaa. Coot-
HOIIIEHNE OCHOBHBIX MOHOB (%-2KB.) UMEET CIeIy-
FOLIUH BUI:

SO;’44 NO, 23CI'19HCO; 14
"% H'44Ca’ 28| K'15Na8Mg™ 6 |

xpH 3.8-5.7.

IloBpIIEHHAs KOHLEHTpPAIUS HOHOB W BBICO-
Kasi MUHEpaJIU3aIsl HaOIIOaINCh B JIOK/IX, BbI-
Najarlux MOCJe JIMTEIBHOIO CYXOro Mnepuona.
D10 MOTIH OBITh KaK BHYTPUMACCOBBIE OCAJIKH, TaK

2.0 - Kanuii
1.5 L 2
\E 10- 'S ’/0
= 'S 3
051 ¢ P R?=0.616
A & =0.
KR I
= B hd | | T T |
0 2 4 6 8 10 12

npOE[OJ'l)KPITeIILHO CTh, IHU

U JIOKAW HavaIbHOU (pa3bl MPOIOIHKUTEIBHBIX U~
KJIOHOB. AHaIM3 JAOKIEH, BBIIABIIUX MOCIE CyXOro
Nepuosia JJIUTENBHOCTRIO OT 4 10 15 nHel, nokasadn,
YTO MHUHEpanu3anus ux Bospacraer 10 10-30 mr/m.
B mpoGax moxas CyIIECTBEHHO YBEIMYUBACTCS
KoHIIeHTpanusi MmarHus (Mg?) ¥ OpraHMYecKoro
yrepona, kanus (K*) u xjaopua-uonos (puc. 3).

DOKBUBAJICHTHOE CONIEp)KaHWE WOHOB KaJHs
cocrasisieT 40—60 % oT cymMmbl KaTHOHOB. B 10-
caenyromux 1okaax 10 30—75 %-5kB. Bo3pacTaer
monst kanpius (Ca??), a KT camkaercst 1o 12—1 %.

OO6oramenue JOXKIEBBIX BOJ B 3aJIE€CEHHBIX
Oacceitnax kanveM u C, - CBA3BIBAIOT C MOCTYILIE-
HUEM UX B MPU3EMHBIA CIOW B COCTaBe TPaHCIIU-
parmmonHoii Biaru (Likens et al., 1994; ApxaHoBa,
EnmareeBckuii, 2005).

CpenHue KOHIIEHTpAIMM XJOPUA-MOHA M Ha-
tpust (CI" m Na) B ocankax 3HAYMTEIBHO HHKE
BEJIMYUH, XapakTepHbIX s pernoHa (Yynmaesa u
Ip., 2008), XOTs B OTIACIBHBIX JOKIAX CONEPKaHUE
STHX MOHOB BBIIIE€ CPETHUX M HAXOTUTCS B Ipeje-
nax 0.58—4.3 u 0.30—0.96 mMr/m COOTBETCTBEHHO.
Konnenrpanus nonos Bomopoaa (H) 3a uccneny-
emblii iepuof cocraBuia 15—86 %-3kB. OT CyMMBI
KaTHOHOB, a cyibdar-uona (SO,) — 16—78 %-3ks.
OT CyMMBbI aHMOHOB. biiu3kue pe3ynbTarhl 10 MUHe-
pann3anuy 1 0COOEHHOCTSIM XMMHUYECKOTO COCTaBa
arMoc(epHBIX 0CaJKOB TONydeHbl I JampHero
Bocrtoka (Uynaesa u jqip., 2008) 1 1pyrux peruoHOB
Poccun (Heuseraesa u ap., 2012; EBrioruna, Ac-
muHT, 2013; Pobakumze u ap., 2013).

KucnorHocts atMocdepHbIX BOI B TIpeaenax
paBHOBecHOro 3HaueHus pH 5.6 3adukcupoBana
B €MHUYHBIX MpoOax. Bricokas yacToTa BbImaje-
Hus goxaet ¢ pH < 5.6 npu cpaBHUTEIBHO HU3-
KOM YPOBHE HMOHHBIX KOHLEHTpPAlUi BBHISBICHA B
Mpeesax Majioro JecHoro 6acceiina Ha rore Kuras
(Huang et al., 2012). ABTOpBI OTMEYAIOT, YTO TOMb-
Ko ~ 5 % BbmmaBmux ocankoB umenu pH > 5.5, a
ocaaku ¢ pH <4.5 cocraBuin okoino 55 %. Anaino-
TUYHOE pacrpe/ienienne Bearnunusl pH mo rpynmam

2.0 - Xnopuabl
1.5 2
E 1.0 /
= |
g L
.« * - ¢
057 2 R*=0.7559
A 9’3 * @ ’
o T T | T |
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Puc. 3. 3aBucumocts KOHHCHTpaL{I/Iﬁ KaJIuA U XJIOPUA-UOHOB B NOXKJACBBIX OCaJKaX OT MMPOAOJDKUTCIBHOCTH CyXO-

0 mepuoja.
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Ta6mumua 3. Conepxanue (MKMOJIb JT') B TEIUIBIH IIepHO]] rofa ocHOBHBIX KarioHOB (OK), runpokapoonaros (HCO,)
n aHnoHoB cIbHBIX KucioT (ACK) B ocaakax Ha momnstHe (AQO) 1 1o KpOHAMH JIECHBIX COOOIIECTB.
Kucnornocts Box (pH) 1 psizipl yOBIBaHUST MAKPORIIEMEHTOB

Mecto oH HCO, ACK oK Psiner yObIBaHMs, %-9KB.
orGopa AQHHOHOB KaTHOHOB
Becna (n=4)
AO 46+0.54 | 2.05+2.00 | 44.7+234 244+10.9 |SO,>NO,>HCO,>Cl |[H>Ca>K>Mg>Na
Bb* 4.42+0.21 <0.1 146 £ 133 179+147 |SO,>NO,>Cl>HCO, [H>Ca=K>Mg>Na
BXIJI 4.55+0.12 <0.1 188 =148 266+219 |SO,>NO,>Cl>HCO, |[Ca>K>H>Mg>Na
KIII 5.66+0.02 | 78.0+20.0 196 £ 116 491+ 161 |SO,>HCO,>CI>NO, |Ca>K>Mg>Na>H
IE 481+£0.06 | 17.9+£14.0 | 60.2+20.2 174 +51.7 |SO,>Cl>NO,>HCO, |Ca>K>Mg>H>Na
Jlemo (n=12)
AO 484+0.58 | 1.60£1.10 | 544+159 21.0+34 |SO,>NO,>Cl>HCO, [H>Ca>K>Na>Mg
Bb* 4.66 +0.20 <0.1 53.4+21.3 83.4+19.1 |SO,>Cl>NO,>HCO, |[K>H>Ca>Mg>Na
BXIJI 5.11+0.14 <0.1 46.7+18.6 141+22.0 |SO,>Cl>NO;>HCO, |[K>Ca>Mg>H>Na
KIII 5.80+0.14 | 151+38.1 | 77.1+£19.3 426 £ 554 |HCO,>Cl>S0O,>NO; |[K>Ca>Mg>Na>H
IE 4.91+0.12 <0.1 100 +39.1 215+44.2 |SO,>Cl>NO,>HCO, |[K>Ca>Mg>H>Na
Ocenv (n=4)
AO 4.88+0.29 | 2.70£2.70 | 76.1+20.4 73.9+19.7 |SO,>Cl>NO,>HCO, |Ca>H>K>Na>Mg
Bb* 540+0.19 | 48.7+£258 103 +£34.1 425+175 |SO,>Cl>HCO,>NO, |[K>Ca>Mg>Na>H
BXIJI 538+£0.16 | 37.4+24.7 113 £39.6 400+200 |SO,>Cl>HCO,>NO, |[K>Ca>Mg>Na>H
KIII 6.19+£0.20 | 129+40.0 | 247=+51.1 683+169 |Cl>HCO,>8S0,>NO, |[K>Ca>Mg>Na>H
IE 524+£040 | 12.0£12.0 128 £26.4 267+63.1 |Cl>SO,>HCO;>NO,; |[K>Ca>Mg>Na>H

Ipumeuanue. TlpuBeneHo cpenHee apudMeTHIECKOe + CTAHAAPTHOE OTKIOHEHHE; 1 — Yuciio mpod. * — Bb u BXJI — BropudHbie
6epesoBbie 1 XBoiHO-nucTBeHHbIE seca; K1 u I1E — kopeHHble KepOBO-IIMPOKOIHCTBEHHbIE M TIMXTOBO-EJIOBHIE JIECA.

KHCJIIOTHOCTH XapaKTEPHO JJISl UCCIIEYEMbIX HAMH
JOXKJIEBBIX BOI.

B 1OAKpOHOBBIX MPOCTPAHCTBAX IPEBOCTOEB
aTMoc(epHbIe BBINAZCHUS MPUOOPETAIOT BHIpa-
JKCHHBI OMOTeHHBIN Xapakrep. Tum neca, Komiu-
YEeCTBO OCAJIKOB M MX KHUCJIOTHOCTb, COMKHYTOCTb
JPEBECHBIX KPOH, WHAEKC JMCTOBOH MOBEPXHOCTH
BBICTYMAIOT B KAYECTBE OCHOBHBIX (PaKTOPOB, KOH-
TPOJHMPYIOIIUX CE30HHYI0 W TPOCTPAHCTBEHHYIO
HU3MEHYMBOCTh XHMHYECKOTO COCTaBa KPOHOBBIX
Box (De Schrijver et al., 2007; Berger et al., 2008;
Markova et al., 2009). KontieHTpanus XuMA4eCKAX
KOMIIOHCHTOB B MCCJICyEMbIX HAMU KPOHOBBIX BO-
Jlax, KaK MpaBUJIO, HAXOMUTCS B OOpaTHOHN 3aBU-
CUMOCTH OT KOJIMYECTBA OCA/IKOB U TNPSIMOH — OT
COMKHyTOCTH KpoH. KoadduimenTs napHoit kop-
pemsiuuu (n = 55) paBHbl cooTBeTcTBeHHO —0.34 1
0.53. HecMoTpss Ha HEKOTOpBIE KOJIMYECTBEHHbIE
pa3nuyMs MOCTYMAIOMIUX C OCaJAKaMU HOHOB, 3(¢-
(ekT mpeoOpa3oBaHUs WX TOJIOTOM JPEBOCTOEB H
JMHAMUKa TOCTYIJICHUSI NMUTATEIbHBIX BEIIESCTB B
TEUeHHUe Ce30Ha B pa3HbIX OacceitHax cxonHsl (JIy-
kuHa, Hukonos, 1998; Ilpucrosa, 2005; Zhang et
al., 2007; De Schrijver et al., 2007; Berger et al.,
2008; Apuerosa, Kysnemnona, 2011; Pobakumze u
ap., 2013). KonueHnTpamuu nocTynarmmux ¢ KpoHO-

66

BbIMH Bogamu (KB) kaTHOHOB B TedeHHE TEIUIOTO
Ce30Ha yOBIBaIOT B OJJMHAKOBOI MOCIIEI0BATEIbHO-
ctu: K> Ca > Mg. Munepanusanus KB Bo3pacra-
eT B 3-9 pa3, ¥ YaCTUYHO HEUTPATUIYETCS KHCIIOT-
HOCTh aTMOC(EepHBIX 0CcaaKoB (Tabd. 3).
KonmuecTBeHHBIE pacXOXIACHUS YacTO CBs3a-
HBI C BJIMSHHEM COCTaBa Jieca Ha CyMMapHOE Io-
CTYIUICHHE TIO/ TOJOT JAPEBOCTOEB MHUTATEIBHBIX
BemiecTB. Tak, B pabote (Berger et al., 2008) co-
Jep’KaHUEe OCHOBHBIX KATHOHOB B BOJHBIX PACTBO-
pax pacronaraeTrcsi B sy JIMCTBEHHbIE < CMe-
mIaHHble < XBOWHBIE ApeBocTou, a De Schrijver ¢
koseramu (2007), npoananusupoBaB KB B 38 nap-
HBIX KOMOMHAIMSIX XBOWHBIE/IMCTBEHHBIC TIOPOJIBI,
NPUIUIM K BBIBOAY, YTO MOCTYIUIEHHE OCHOBHBIX
KaTHOHOB MO/ JIMCTBEHHBIMU JAPEBOCTOSIMHU BBIILIE.
B pesynbrare Hammx MccIe0BaHUN yCTaHOBIECHO,
470 00JIee BHICOKOM KOHIICHTpAIEeH OPraHnYeCKUX
1 OONBIIMHCTBA MHUHEPAJIBHBIX KOMIIOHEHTOB Xa-
PaKTepU3YIOTCSI KPOHOBBIE BOJbI BBICOKOIIPOAYK-
THUBHBIX CO00MIECTB (M. Tabm. 3, puc. 4).
KonmdecTBo BBIMBIBAEMBIX KAaTHOHOB U3 KPOH
KIII coobmiectB B 2—6 u B 1.5-3 paza Oomnblie, yem
U3 KpoH BropuuHbIX U [1E cooTBEeTCTBEHHO.
ConepxaHne XUMHYECKUX DJIEMEHTOB B KpO-
HOBBIX BOJaX KOPPEIUPYET C 30JIbHBIM COCTaBOM
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Puc. 4. Cpennee 3a Mecsi1 coiep>KaHUE OPraHMYECKOro
yIiieposia B BojiaxX Mojl KPOHaMHU BTOPUUHBIX (/) M KOPEH-
HBIX (2) coobmecTB BYC.

OCHOBHBIX JiecooOpasyromux mnopoa. B nucTesax
Oepesbl xenToit Betula costata v manel Take Tilia
taquetii, npucytcTByronmx B cocrase KII necos,
COJZIepKaHKME 30JIbHBIX JJIEMEHTOB BBINIE, YEM B
XBOMHBIX MOPOJAAX: Kb, KPEMHUS U MarHus —
B 1.5-3, xamus — B 5-8 pa3 (CanoxHUKOB H Jp.,
1993).

Moronpie U CpeaHEeBO3paCcTHBIE (DPUTOIIEHO3HI,
BEPOSITHO, PACXOIYIOT CYIIECTBEHHYIO YacTh 3Jie-
MEHTOB Ha (OPMHUPOBAHHE OPraHUYECKOH MacChl
JPEBOCTOS M OKa3bIBAIOT OOJIBIIIEE CONPOTUBIICHUE
UX BBIIIEIAYUBAHNAI0 W3 ACCUMWIHPYIOIIUX Op-
ra”oB. Pa3nuuust HOHHBIX 0GaNaHCOB MO CTApO- U
CPEIHEBO3PACTHBIMU IPEBOCTOSIMHU COKPAILIAIOTCS K
ocenu. bapbepHble (hYHKIIMU KPOHBI B OTHOILICHHH
KHCIIOTHBIX OCaXJIEHUH B OOJNBIINEH CTETEeHU IMpo-
SIBJISIFOTCST B KOPEHHBIX co001IecTBax (cM. Tadi. 3).

OCHOBHBIM MaKpOKOMITIOHEHTOM KPOHOBBIX BOJI
CTaHoBHUTCsl oprannyeckuii yriepon (C, ), comep-
JKaHHe KOTOPOTO TOJIBEP>KEHO MPOCTPAHCTBEHHOM,
CE30HHOH (CM. puC. 4) U MEKIOA0BON Bapuadeb-
HOCTH.

B KB kopennbix coobuiects konuenrpanus C,
MaKCHUMaJIbHa JIETOM, BTOPHYHBIX — OCEHbIO. J{nHa-
MUKa MOCTYIUIEHHUS. M COJIEP’KaHUsI OPTaHUYECKOTrO
yriepoaa B KPOHOBBIX BOJAX HCCIETYEeMBIX COO00-
LIECTB COOTBETCTBYET JaHHBIM, MOJIYYEHHBIM JUIS
CTapOBO3PACTHBIX €JIHLHUKOB M BTOPUYHBIX JIECOB
cpenneit taiiru (I[Ipucrosa, 2005; PoGakuaze u ap.,
2013). BasoBoe mocTyIjieHUE 3a BEreTaluOHHBIN
nepuos, C,,, BO BTOPUYHBIX XBOWHO-THCTBEHHBIX
necax (tadm. 4) Oosiee yem B 2 pasa BBINIE MOKa-

3areneit, npuseneHHsx T. A. IlpuctoBoii (2010).
3T0, BOBMOYKHO, CBA3aHO ¢ OOJIBIINM KOJUYECTBOM
BbImajaronmx B IIpuMopckoM Kpae OXKAEBBIX
0CaJIKOB.

Heopranuueckuii yrinepoj, CoIep auiuics B
COCTaBe r'uApoKapOOHATOB, OTCYTCTBYET B BECEHHE-
JETHUHA NEPHUOJ B BOJAX, MPOHUKAIOLIUX MO KPO-
Hbl IIE n Bropnussix coobmects. B KB cmeman-
HBIX KOPEHHBIX COOOIIECTB CyMMapHOE 3HauCHUE
TUIpOKapOOHAT-NOHA 3a TETJIbIA Ce30H COCTABISET
6onee 30 %-3KB. OT CyMMBI BceX MOHOB. B 3aBu-
CUMOCTH OT YBJIQ)KHEHHOCTH I'Od U KHCIOTHOCTH
0CaJIKOB C KPOHOBBIMH BOJiaMu BTOpUYHBIX, [IE u
KII mpesocroes moctymaet 0.3—-15; 1.5-1.7; 25—
42 xr HCO, Ha 1 ra coOoTBETCTBEHHO (CM. TalI. 4).

Jlnsg mecTooOuTaHU#, 3aHUMAaEMBIX KOPEHHBIMH
XBOWHBIMH JIPEBOCTOSIMU B BEPXOBBAX pPEK, Xapak-
TEpHbI CUJILHOKHUCIIAsl PeaKus Cpeibl 1 HU3KOE CO-
Jiep’KaHue B IOYBE a30Ta, Kajabus U Kanus (Camnox-
HUKOB U 1p., 1993). [Tocnennee BauseT Ha 30JIbHBII
cOCTaB XBOM U Oosiee Hu3Koe 1o cpaBHeHuto ¢ KIII
conepskanre Ca?" u K™ B Bomax nox I1E apeBocto-
amu. KonuuecTBo MOCTYNUBLIMX IOJ MOJIOT Jeca
Ca?*, Mg* u K' Bappupyer B mHTepBasie 2.5-13,
0.7-3.6 u 1747 xr/ra. bauzkue pe3yabrarsl MOIy-
YyeHbl 1715 TopHbIX JecoB Kuras u Uexun (Zhang et
al., 2007; Markova et al., 2009). DxBuBajseHTHOE
cozepkanue pactBopenHoro Ca** B oOiiem OaaH-
ce MOHOB KoJebsercs B npenenax 13—16 % u maino
U3MEHSETCS KaK IO Ce30HaM, Tak U MO IUIOIAI’
Oacceitna. Poct koHmentpanuu Ca’" B KpOHOBBIX
BOJIaX PETYISIPHO (PUKCHUPYETCsI BECHOM, UTO CBsI3a-
HO CO CMBIBOM HAKOIMBIIEHCS HAa XBOE U JIUCTHAX
TeppureHHoii meuti. Jletom Ca?* HHTEHCHBHO TIO-
TpeOIseTCsT APEBOCTOSMU W €r0 KOHLIEHTPAIHS
cHmxkaetcs B 2—-3 paza. Jlois kanus B KaTHOHHOM
cocraBe KB npumepHO onMHAKOBa U COCTABIISIET
44-47 % Bo Bb u IIE coobmecTBax, 51-53 % — B
cMelIaHHbeIX. BecoMblii Bkiag kaimusg B KB mHorne
WCCIIEZIOBATENI OOBSACHSIIOT €r0 MOOWMILHOCTBIO,
npuuem Oosbinast vacth K 1 Mg?*, mo naHHbIM, Ha-
npumep, padotsl (Miller et al., 1987), BbimenaunBa-
eTcst U3 TUCTBBI, a Ca*" — MocTymnaer ¢ JI0KACBhIMH
Boamu. OcHoBHas yacTh K" HaxoguTcst B TKaHsX B
MOHHOH (opMe B KJIETOYHOM COKE U HE CBs3aHaA C

Tadmuua 4. BanoBoe mocryrieHue (Kr/ra) MUTATEIbHBIX BEIIECTB MO MOJIOT Jeca

Jlecurie 1y cl SO NO Ca Mg K Na Si C
coo0rmrecTBa 3 4 3 opr
BB 934 | 3.02 | 644 | 428 | 337 | 116 | 150 | 069 | 043 | 746
BXJI 205 | 336 | 964 | 338 | 527 | 131 | 198 | 075 | 066 | 952
KIIT 332 | 840 | 111 | 180 | 103 | 326 | 396 | 143 | 149 | 149
ME 159 | 559 | 107 | 223 | 608 | 121 | 188 | 121 | 081 168
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Tab6auna 5. Bognas MUTpanys NIaBHbIX HOHOB, KPEMHUSA U OPIraHUYCCKOTO yIJiepoJa BO BTOPUYHBIX

XBOWHO-JIMCTBEHHBIX JiecaxX B MioHe—ceHTs0pe 2014 1.

HCO, | ¢ | so, | No, | ca | Mg | K | Na | si | c,
Tun Box
Kr/ra
JoxneBble 0.45 2.26 7.78 4.90 1.82 0.26 1.71 1.00 0.06 10.9
Kponosbie 3.55 4.82 11.53 432 6.93 1.75 27.23 1.17 0.70 99.0
TToncTrnounsie 15.8 1.78 3.07 154 12.6 2.89 13.7 0.13 1.39 90.7
Jlusumerpuueckue 4.03 1.04 10.84 5.58 431 0.78 2.29 2.24 10.73 4.05

OpPraHUYECKHUM BEIECTBOM. DJIEMEHT JIETKO BBIIIE-
JaYMBAETCs U3 KPOH JPEBOCTOEB U HAPSILY C a30TOM
B 3HAYUTEIBHBIX KOJIMUYECTBAX PETPAHCIOLUPYETCS
BHyTpu zaepeBa (Tumnsnosa, 2014). CymecTtBen-
HbIE pa3INyus NOCTYIUIEHUS KaJus MOJ MOJIOT BTO-
PUYHBIX ¥ KOPEHHBIX COOOIIECTB HAOMIOMAIOTCS B
NepuoJ, aKTUBHOW BEreTalMu. YK€ K aBr'yCTY BBbI-
MbIBaHue K M3 KpOH BBIpAaBHUBAETCS U JIOCTHUTIa-
€T M0/ BTOPUYHBIMH U KOPEHHBIMHU JIPEBOCTOSIMU
4-12 u 5-18 xr/ra 3a ce30H COOTBETCTBEeHHO. KOH-
LEHTpAaLKsl MarHus, HATPUsI U KPEMHUS B 0CaJKax
MOJl KPOHAMM MEHSIETCSI B MEHBLIEH CTENEeHU U CO-
CTaBIsAET OKOJIO 6 U 2 %-3KB. OT 001Iero Oamanca
MaKpO3JIEMEHTOB COOTBETCTBEHHO.

[To oTHOIIEHMIO K aTMOC(EPHBIM OCaIKaM KOH-
LIEHTpAallMs aHUOHOB B OOJbIIEH Mepe MOBBIIIAET-
Csl TIOJ] BIUSIHMEM XBOMHBIX KOPEHHBIX COOOIIECTB
(cM. Tabm. 3). 3HaunTenpHas copOHpyroUIas IMo-
BEPXHOCTh M CIIOCOOHOCTH COCHOBBIX JIPEBOCTO-
€B TMOIJIoIaTh cepy u3 Bozayxa (Anekceer, 1990)
YBEIUUUBAIOT COJACpXKaHUE CyIb(paTroB IOJ MOJIO-
rom KIII necoB Ha 24-33 % BecHoii u Ha 3546 %
ocenbto. M3 nonora I1E u BTOpu4HBIX JIECOB CYJlb-
(atoB BbIMBbIBaeTCS Ha 3—7 % MeHblIe, YeM U3
kpon KIII npeBocroeB. Hutpar-moHsl B BOJAx,
MPOUIEIIINX Y€pe3 KPOHbI B JETHUN NEPUOJ, He-
PEIKO OTCYTCTBYIOT, HJIM OOHAPYKHBAOTCS TOIHKO
UX «CIeNbl», YTO CBUICTEIBCTBYET 00 aKTHBHOM
MOMIOLIEHUH a30Ta JIPEBECHOW PacCTUTEIbHOCTBHIO
B IIEPHOJ Bererauuu. JlmHamuka XjaopuaoB B Kpo-
HOBBIX BOJaX OJMHAKOBA IJII BCEX JPEBECHBIX
coo01IecTB: HaOMIOAAaeTCss MOCTENEHHOE YBEU-
YeHHE KOHIIEHTPAlMU OT BECHBI K OCEHHU IPOIOp-
LUOHAJIBHO IMPOAOJIKUTEIBHOCTH CYyXOro Iepuoja
(R = 0.47). bonpme Bcero ClI akkymynupyercs
Ha KpOHaX BBICOKOIIOJHOTHBIX COOOLIECTB (CM.
tabn. 4). B KB ocensto comepxanne Cl Obu10 B
3—10 pa3 GombIiie, 4eM B JOXKIEBBIX BOJaX HA MOJIS-
He. CBA3aHO 3TO, BEPOSITHO, C €r0 HAKOIJIEHUEM Ha
KPOHaXx B MIEPUO/Ibl MPOXOXKIECHHS BO3AYILIIHBIX Macc
C MOPCKOTO ITOOEPEKbS.

[TouBeHHBIE BOABI XapaKTEPHU3YIOTCS 3HAYU-
TENbHON BHYTPUNIPODUIBLHOW HM3MEHYHUBOCTBIO.
[Ipolins ckBO3b ApPEBECHBIN MOJIOT, aTMOC(hEpHbIE
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OCQJIKM TIOCTYIAIOT Ha TMEPBBIA (QUIBTPYIOUTUI
CIIOM — TOBEPXHOCTHh JIECHOW MOJCTHIIKH. Bosbl
U3-TIOJ] TIOJICTHJIOK M3y4Yald TOJBKO BO BTOPHUY-
HOM XBOWHO-TUCTBEHHOM Jiecy B 2014 r. Mou-
HOCTb IOJCTUIIOK cOoCTaBmiIa 4—6 cM, 3amac — OKOJIO
3 1/ra. [loncTrmoyHsie BOIBI O0IEe MUHEPATU30Ba-
HBbI, cinabokucibie ¢ pH 5.6-6.3, UMEIOT YETKO BBI-
pPaXEHHBIA THJIPOKapOOHATHO-HUTPATHBIM COCTaB
(Tabdm. 5).

Conepxanne Ca?, Mg?" u Si B Boax mojacTui-
ki B 1.5-3 pa3a, a KOHIIEHTpaIusl HUTpaT-uOHA B
4-8 pa3 BblIIlIe, UEM B KPOHOBBIX BO/IaX BTOPUYHOIO
XBOWHO-IMCTBEHHOTO Jieca. bamane C 3a ce3oH
2014 r. ObIT MEHBIIIE, HO OCTaBaJICs OJM3KUM K 3HA-
YEHUSM, TIOTY4YESHHBIM ISl KPOHOBBIX BoA. Harpwuii,
cynbhar- U XJIOPHI-HOHBI 3aKPEIUIIOTCS B TMOJ-
CTHJIKE, OCTAJIbHbIE MUTPUPYIOT B HUKHHE [TOYBEH-
HBIE TOPU30HTHI.

B xauectBe mnpuxomHoW wyactu OanaHca Be-
IIECTBA PAcCCMATPHUBAIOTCS aTMOC(EpPHbIE BOJBI,
TaK KaK XMMHYECKasl Harpy3ka KpOHOBBIX BOJ| CO-
npspkeHa € KPYrOBOPOTOM BEIIECTB B CHCTEME
MOYBa—pacTUTENbHOCTh. MHUIbTpamus arMoc-
(epHBIX 0CAZKOB B MOYBEHHOM TOPU3OHTE COMPO-
BOXK/IA€TCSI CHWKEHHUEM OWOTCHHBIX JJIEMEHTOB H
yBesnuueHueM B 1.5-2.5 paza cogepkaHus KpEMHUS
n HaTpus (Tad. 6).

DJeMEeHTbl MUTAaHUSI BOBJIEKAIOTCS B MPOLECCHI
OHMOJIOrMYECKOro MOMIOLIEHUSI KOPHAMU PAaCTEHUI
Y YaCTUYHO 3aKPEIUISIOTCS B MUHEPAJIBHOM 4acTH
MOYBEHHOTO Topu30oHTa (ApskaHoBa, Enmarnes-
ckuit, 2005). [ocTossHHOE 0Opa3oBaHUE TUAPOKAP-
OOHATOB, HUTPATOB M CyNb(]aroB oOecriednBacTCs
3a CYET MUHEpAIN3aL1 OPraHNYeCKOro BEIIECTBA.
Hutparel akTHBHEE HWMMOOMIM3YIOTCS >KUBBIMH
opranu3mamu, 4em cynbdarsl (Jlykuna, Hukonos,
1998), uTo mpUBOAUT K OOJIEE CYIIECTBEHHOMY CHU-
aKeHHIo KoHueHTpauuu NO, B Bofax MUHEPAJIbHOTO
TOPHU30HTA.

['eoxumuyeckuii THM MOYBEHHBIX BOJ MEHSETCA
Ha Cynb(haTHBI WM TUAPOKapOOHATHO-CYIb(dAT-
HBI HaTpHUEBO-KaJbLMEBbIM. bonbiuas wacts ar-
mocdeproro NO, u C,,. dukcupyercs B npeznenax
KOpHEeoOuTaeMoro cios (cMm. Tadbim. 5 u 6), ycBau-
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Tab6auua 6. [Toctynnenue ¢ atMmocepHbBIMU OCaIKAMU OPraHUYECKUX U MUHEPAJIbHBIX BELIECTB (KI/Ta)
Ha [IOBEPXHOCTh JIECHOTO BOAOCOOpa U BEIHOC UX IIOYBEHHBIMU U PEYHBIMU BOaMU B Teruibli nepuoxa 2011-2014 rr.

Turm Box HCO, Cl” SO, NO, Ca** Mg? K* Na* Si Copr
Joxnessie 1.80 2.40 8.70 6.40 1.60 0.20 2.40 0.60 0.10 10.30
Dxenepumenmanvhulil 6accetin
[TouBenHnsle 10.00 1.23 9.57 1.75 4.37 0.76 1.36 2.11 7.42 5.00
Peunsie 2.95 0.90 10.10 2.75 3.37 0.59 1.50 1.75 7.51 3.61
Pe3zepanuiii
ITouBeHHBIC 9.44 1.37 16.10 9.72 5.63 1.07 2.90 4.00 12.3 12.00
Peunnie 16.90 1.02 9.20 4.66 6.81 0.83 1.23 3.27 9.08 5.86
Enosuuii, ycmoe
[TouBeHHsbIE 10.80 0.99 7.58 1.79 4.41 0.61 0.97 2.23 6.88 4.00
Peunsle 10.20 0.75 6.87 1.78 3.93 0.50 0.99 2.35 7.69 3.21
BaeTcs JAPEBOCTOSMHU U aKTMBHO Y4acTByeT B OHO- 6.0 40
reHHbIX npoueccax. Konuenrpanust C - cokpamia- 5s 30
ercs B 3—7 pa3, ¥ IMPOUCXOAUT MOJIIETaYuBaHNC = ' 20 &
mouBeHHBIX BoA 10 pH 5.95-6.66. 5.0 \ 10 >
B Oypoii ropHo-1€cHOI Mo4yBe MO IIHUPOKO- N
JIMCTBEHHO-EJIOBO-KEIPOBBIM JIECOM COJEpKaHUe 43 VioHs Viors | Asryer  CentsGpn 0

a30Ta B MUHEpAJIbHOM TOPU30HTE OOJbIIE, YEM B
npyrux nouBax BYC (CanoxuukoB u nip., 1993).
s Bon momoOHBIX TOYB Ha BomocOope pyd. Pe-
3epBHBIN 3a(MKCHUPOBAHBI Camble BBICOKHE KOH-
uentpauuu C,, n HuTparoB. Boapl uX KuCIbIE,
HUTpPATHBIE MarHueBo-KajbleBble. ConepikaHue
C,pr cocTaBisier 1.5-4 MMONB/JI, 4TO Ha MOPSAJOK
BbIILIE, YeM Jisi OOJBIIMHCTBA OTOOpPAaHHBIX MOY-
BEHHBIX BOJ. KHCIIOTHOCTh HUTPATHBIX TUIIOB BOA
paBHa 4.64-5.67 1 uMeeT 0OpaTHYIO 3aBHCHMOCTh
OT CONEp)KaHUSI HUTPAT-HOHOB M OPTraHUYECKOTO
yrepona (puc. 5).

Koaddumment xoppensiuu (n = 30) cocTaBui
—0.67 1 —0.86 cOOTBETCTBEHHO.

Hwmxe kopHeoOuTaeMoro ciiost XBOWHBIX Jpe-
BOCTOEB BbIHOCHTCSL okoio 2 kr/ra C, 1 06o-
nee 3 kr/ra HUTpaToB. B Bomax pyd. PesepBHbIi
CpeIHss KOHLEHTpalus HUTPaT-HOHA COCTaBHIIA
3.7 mr/n, yto Ha 3046 % BbIIE, UeM B BEpXHEH U
yCcTheBOH yacTH pyd. EnoBblil. Beinagenue goxuae-

e A Cor  Foq4Nos

Puc. 5. KucI0THOCTh MOUYBEHHBIX BOJI IIOJ] €JI0BO-KEAPO-
BEIM JICCOM, COJICPIKAHUC B HUX OPTaHHYCCKOTO YIJIEPO-
na (C,,) u uurparos (NO,) B J€THE-OCCHHUN TEPHOJ
2014 1.

BBIX OCAaJIKOB COINPOBOXKJIACTCS TOTOJIHUTEIBHBIM
BBIHOCOM OPIraHWYECKUX BEIIECTB M3 MOYBEHHBIX
TOPU30HTOB M JAJIbHEHIINM MOBBIIIEHUEM KOHIICH-
tpauuii C,,, u NO, B pekax (puc. 6).

YceroitunBoe CHIKEHHUE CONEpIKaHUS KaJlbITHs,
KpeMHHUS, CyJIb()aTOB U YBETMUEHUE PACTBOPEHHOTO
OpPTraHUYECKOTO BEIIECTBA U HUTPATOB YCTAHOBJICHO
B XOJZI€ aHAJIN3a HOHHOTO COCTaBa BOJ pyd. EnoBbIi
B 2011-2012 rr. (bonaeckyn u np., 2014). Haubo-
Jiee BEpOSTHBIM HCTOUHUKOM MOCTYIUIEHUS Cylbda-
TOB B PEKH aBTOPbHI CUMTAIOT ITyOOKHE TTOYBEHHO-
TPYHTOBBIC BOJIBI, HUITPATOB — BEPXHUE TIOYBCHHBIE
ropu3oHThl. [IpocTpancTBeHHass BapHaOEIbHOCTH

28,6 5.7

12.7 19.7 26.7 2.8
Jara

9.8
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Puc. 6. I3MeHeHUE KOHIIEHTPAIUH (MI/J1) OPraHMYECKOTo yriiepona (a) U HUTPaT-uoHOB (6) B MEPHUOT IPOXOKIC-
HUS LMKJIOHOB B utone u aBrycre 2014 r. 1 — ocanku, mm; 2 — OB; 3 — pyu. PesepBublii; 4 — pyd. EnoBblii, ycTbe.
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koHLeHTpauuu SO, B IOYBEHHBIX BOAAX UCCIIELye-
MOro 0acceifHa MOKeT OBbITh CIEICTBUEM JIOKAIBHO
BBICOKOTO COJIEpXKaHUs CylTb()aTHBIX MUHEPAIOB B
0CaJIOUHBIX TIOPOJAX WM AeCOpPOINU CEephI, paHee
HAKOTUICHHON B WJUTIOBHAJIBHOM TOPU30HTE MOYBBI
3a cyeT arMOoC(EpHBIX M KPOHOBBIX BbIMAJECHUN
(ApxanoBa, EnnarseBckuii, 2005). OcHOBHBIMU
TOTJIOTUTEISIMHA aTMOC(EPHBIX CYITb(ATOB SIBIISIOT-
Csl OpraHOT€HHBIE TOPU30HTHI IOYBHL. B mopcTuike
BXJI akxkymynupyetcst ~ 70 % cynbdaron, nmocty-
NUBIIUX C KPOHOBBIMHU BOAAMH (CM. TabI. 5).
[louBeHHBIE M pEYHBIE BOABI, JAPEHUPYIOLIUE
CKJIOHBI C TIOYBaMU TOJ] KEIPOBO-EIIOBBIMU TUIIAMH
jeca, 1Mo COAEPKAHUIO CYIb(PATOB COMOCTABUMBI C
JAHHBIMU, TPHUBEIECHHBIMU JJISI CEBEPO-TACHKHBIX
(OHOBBIX €NOBBIX M COCHOBBIX JiecoB (Jlykuna,
Huxonor, 1998) u enbHUKOB HauyajdbHOW CTaJIUU
TexHoreHHoro paspyuenus (EBTioruna, AcCMUHT,
2013). Jns Ob u Bomocbopa pyu. Pe3epBHblil BbI-
SIBJICH HE3HAYUTENIbHBIA BBIHOC CyNIb(aToB 3a Ipe-
nensl 6acceitna (cM. Tabmn. 6). ['mapokapOoHATHBIHM
cocTaB BOJ, C(HOPMUPOBAHHBIM KPOHAMHU JIECHBIX
coo011ecTB (cM. Tadi. 3), coxpaHsieTCs Ha BCEM MHU-
IPAallMOHHOM IyTH B BOJOCOOpax, MOKPBITHIX Ipe-
MMYIIECTBEHHO  IMHUPOKOJUCTBEHHO-KEIPOBBIMHU
gecaMu. XUMHUYECKUH COCTaB PEK CTAOMIU3UPY-
eTCsl 0 Mepe yBEJIMYEeHUs JPEHUPYIOLIEeH mioma-
M ¥ CTaHOBHTCS Cylb(aTHO-TUAPOKAPOOHATHBIM
HaTPUEBO-KAJBIIMEBBIM. BBIHOC W3 JKOCHCTEMBI
py4. EnoBblit ruapokapOOHATOB M KaJblMsl KOMIICH-
CUpyeTcs X MPUX0I0M ¢ KpoHOBbIMU Bosamu KIII
coobmectB. barmanc K™ u Cl™ B 6acceiinax moioxu-
TeIbHBIN, X0Ts, coracHo padore (Ilepensman, Ka-
cuMoB, 1999), xyop ABISIETCS aKTUBHBIM BOJIHBIM
MurpanToM. Hatpuii B oTiMuue oT TECHO CBSI3aHHO-
TO C HUM XJIOpa BBIHOCHUTCS 3a TIpeelbl OacceiHa.
KucinoTHOCTh peuHbIX BOJ HECTAOWIIbHA, M SIBHOU
3aBUCUMOCTH pH OT Makpos’neMEeHTHOro cocTaBa
He oOHapyxeHo. B Ob 3nauenus pH 5.6-6.3 3aduk-
cupoBansl B 72 % orobpanHbIX npo0. Bemnunna pH
B YCThEBOW YacTU pydbsl U ero nputoke (pyd. Pe-
3€pBHBII) OTHOCUTEIHHO MOCTOSIHHA U COCTaBISET
6.18-7.15 en. MuHuMaJIbHBIE 3HAYEHNUS KUCIOTHO-
CTH 4acTo (PUKCUPYIOTCS B MEPUOJ, HHTEHCUBHOTO
OTTaWBaHUS CE30HHOW MEP3JIOTHI U B TIABOJKOBBIC
MEPHO/IbI, BbI3BAaHHBIE ITMKIOHOM C KOJUYECTBOM
cynb(haToB B JOXKJIEBBIX BOJax Ooyee 5 Mr/i.

3AK/IIOYEHUE

ConpskeHHbI T€OXMMUYECKUH MOHUTOPUHT
MIPUPOJIHBIX BOJ B TOPHOM JIECHOM OacceiiHe Jaetr
npeacTaBieHue 0 (HOPMHUPOBAHUM XHUMUYECKOTO
COCTaBa PEUHBIX BOJ HA y4yacTKax C Pa3IUYHOU
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CTPYKTYpPHOU OpraHu3anuell JIECHBIX COOOIIECTB.
BnusiHue necHoil pacTUTENbHOCTH HA XUMUYECKHUN
COCTaB JIaHAMA(THBIX BOJ HAYMHACT MPOSIBISATHCS
B OacceiiHe y)ke Ha BXozle ¢ aTMOc(hepHBIMU OcaI-
KaMHU.

B Teuenue neprosa BereTaluu ¢ BXOAHBIMU I10-
TOKaMM BJIar IOCTyNaeT oT 5 10 14 T MuHepaabHbIX
u oT 2 1o 6 T opranudeckux BemiecTB. [locTyma-
fole atMocepHbIe 0CaIKU KUCIbIE, CYyabhaTHO-
kajbiueBble. Conepxxanne H'-1ona koppenupyer ¢
cynb(ar- 1 HUTPAT-MOHAMU M B CPEIHEM 3a CE30H
cocrasisieT 35 % OT CyMMBbI KATHOHOB.

Monymu nocrymiennss K u Ca?* Onusku 1o
3HAYEHMI0, HO MX JaJibHEHIIas Murpauus B OHO-
reoreHo3e pasnuuna. OcHoBHOe KoiuuecTBo Ca?*
(dbopmupyeTcs B TOYBEHHOM IIpoduie. DIEMEHT aK-
TUBHO YYacTBYeT B OMOJIOTHYECKOM KPYTOBOPOTE U
B Mpoliecce BOJHOM Murpamuu ¢ 1 ra ruiomiaau dac-
celiHa C pEYHbIMHU BOJAaMH BBIHOCUTCS OT 3 10 7 KT
KaJbIMs 3a ce30H. Kammii akTHBHO BBIMBIBACTCS
U3 KpOH JPEBOCTOEB M MOACTWIKH. Ero murpanu-
OHHAas aKTUBHOCTh OcjabeBaeT Ha IIyOMHE MOYBbI
20-40 cMm, u peunsiMu Bogiamu K* BIHOCHUTCS B He-
OOJBIINX KOJTMIECTBAX.

XuMuyeckasi Harpy3ka KpPOHOBBIX BOJ COIIpS-
JKEHa ¢ KpyroBOPOTOM BEILIECTB B CHCTEME MOYBA—
PaCTUTEIBHOCTD U HE pacCMaTpPUBACTCS B KAUECTBE
MPUXOIHON JacTh OajaHca BemecTBa. bHOreHHbII
XapakTep KPOHOBBIX BOJ BBIPAXKaeTCsl B MPEBbIIIIE-
HUU OpPraHUYECKUX BEILECTB HaJl MUHEpPaIbHBIMHU.
Jnanaszon xonuentpauuu C,, B HUX BapbHpYyeET 3a
ce30H B npezaenax 16-260 mr/in. MunepanbHas Ha-
Trpy3Ka CO3JIa€TCA PACTBOPEHUEM OCAXJACHHBIX Ha
KpPOHax Cynb(aTroB U XJIOPUIOB, BbIIIETAYNBAHUEM
U3 XBOU U JIMCTBBI KaJIHsl, KAJIbLUSA U MarHust. A3or,
MOCTYNUBIINIA B BUEC HUTPAT-WUOHA, MPAKTUICCKH
MOJIHOCTHIO TIOTIIONIACTCS HaJI3eMHOM (hUTOMaCcCOM
JIPEBOCTOEB.

Crenenp oOoramieHusi KPOHOBBIX BOJA Makpo-
3JIeMEHTaMH 3aBUCHUT OT BHJIOBOTO COCTaBa Jieca U
BO3pacTa apeBoctoeB. Hanbonee akTuBHO drieMeH-
Thl BBIILEIAYMBAIOTCS U3 KPOH CTapOBO3PACTHBIX
JIpeBocToeB. ['€OXMMHUYECKUI TUIT BOJ CMEILIAHHBIX
KOPEHHBIX COOOIIECTB MOXKHO OIPEIETUTh KaK T'H-
JpOoKapOOHATHBIN, OCTAIBHBIX — CYJIb(aTHBIN Kallb-
LIMEBO-KAJIUEBBII.

[TouBa siBiIETCS OCHOBHBIM HCTOYHMKOM Kallb-
151, MarHusi, paCTBOPUMBIX (POpPM KpEeMHHS, CyIb-
daroB. BumoBas m BO3pacTHas CTPyKTypa Jieca
OKa3bIBaeT BIMSHHE HA (POPMUPOBAHHE T€OXUMUYE-
CKOTO THIA BHYTPUIIOYBEHHBIX BOA. Cynb(aTHbIi
WIM HUTPATHBIM HATPHEBO-KAJbLMEBBIA THUI BOL
dbopmupyercs Ha BomocOoOpax ¢ JOMHUHUPOBAHH-
€M COMKHYTBIX XBOWHBIX JpeBocToeB. B mmpoko-
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JMCTBEHHO-KEJIPOBbIX OHOreoleHo3ax ¢ Xopo-
IO Pa3BUTBIM TPABSIHBIM SIPYCOM M IOIJIECKOM B
MMOYBEHHBIX BOJAX JOMUHUPYET THIPOKapOOHAT
KaJIbLIUs.

Peunbie BOgbI OTpa)kaloT OCOOCHHOCTH XUMHU-
YECKOr0 COCTaBa MOYBEHHO-IPYHTOBBIX BOJA U CO-
XPaHSIOT CTaOMIBHOCTh KATHOHHOTO COCTaBa. XH-
MHYECKHH THII BOJl TOPHOTO OacceifHa COMpSKEeH
C TUIIOM JIECHOW PACTUTEIBHOCTH U OT HCTOKA K
YCThIO MOXKET Pa3Inyarbcs Mo IMpeodiagaroieMy
aHMOHY Ha ypoBHE Kiacca. VIHTEHCHBHOCTH OMO-
JIOTMYECKOTO KPyroBOpOTa B HAaHOOJIbINEH CTENEeHH
OTpa)KeHa B JHMHAMHKE COCTaBa BOJ PEK 3JIEMEH-
TapHBIX BOIOCOOPOB. 31€Ch BBILIE KOHIIEHTPAIUSI
OMOTEHHBIX AJIEMEHTOB, a THUI BOJ OIpEIeIseT-
Csl BBIHOCOM M3 MUHEPAJIbHOTO TOPU3OHTA IMOYBBI
cynb(aroB w/mau HATPATOB. J[Is1 37€MEHTapHBIX
BOJIOCOOPOB C MHUXTOBO-EJIOBHIMH U BTOPHUYHBIMH
XBOWHO-JIMCTBEHHBIMHU JIECAMH XapPaKTEPEH CYIlb-
(datHbBIN KTacc BoA. Ha turomiaam Bcero ucciemye-
Moro OacceifHa JOMMHUPYIOT KEAPOBO-IIHPOKOIIH-
CTBEHHBIE JIeCa, KPOHOBBIE BOJIbI M TIOYBA KOTOPBIX
Oorarbl THIPOKapOOHATOM KaJlbLIKs. DTO ONpeaes-
€T XUMUYECKHUI TUT PEYHBIX BOJ, KOTOPBIN 110 Mepe
yBEJTUUEHHs TUI0INAaM O6acceitHa cTaHoBUTCS Ooree
CTaOUIIBHBIM  CyIb(PaTHO-THAPOKAPOOHATHBIM Ha-
TPHUEBO-KaJIbIIUEBBIM.

Paboma evinonnena npu noooepoicke PODU
(epanmor Ne 14-05-00150, 16-05-00541) u yenesoii
npoepammul «/anonuti Bocmoky (epanm Ne 15-1-6-
080).
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WATER MIGRATION OF MACROELEMENENTS IN CONIFEROUS
BROAD-LEAVED FORESTS OF SIKHOTE-ALIN
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! Federal Scientific Center of the East Asia Terrestrial Biodiversity,
Russian Academy of Sciences, Far Eastern Branch
Prospekt Stoletiya Viadivostoka, 159, Viadivostok, 690022 Russian Federation

2 Pacific Institute of Geography, Russian Academy of Sciences, Far Eastern Branch
Radio str., 7, Vladivostok, 690041 Russian Federation

E-mail: nkozhevnikova@ibss.dvo.ru, luts@tig.dvo.ru, boldeskul@tig.dvo.ru, rbir@mail.ru,
vlshamov(@yandex.ru

In the paper, the natural water chemical composition spatial variability studies results in the mountain forest
catchment are presented. It’s shown that the catchment biotic components’ impact upon water chemical composition
is detected even at input as atmospheric precipitation. The input fluxes are acid, sulfate ones with high ratio of
hydrogen, potassium and dissolved organic matter. Diversity of ecotopic conditions determines the further
transformation of natural water chemical composition. The role of tree crowns in the transformation increases while the
crown closure and stands’ age increase. According to macrocomponents transformation and rain acidity neutralization,
forest associations form the sequence: mixed > coniferous > young deciduous ones. Dissolved organic carbon
(DOC), potassium and calcium become the main components of water chemical composition, while sulfates dominate
among anions. For vegetation period, 9—11 kg/ha of sulfates come below tree crown. Biogenic elements transport is
gradually limited in soil profile at the migration stage. Sulfate-potassium composition throughfall in spruce-fir and
secondary forests community transforms into sulfate-sodium-calcium. Hydrocarbonates predominate in soil water in
broad-leaved-pine type of forest, and potassium output decreases 10 times. Geochemical type of river water keeps
features of chemical composition of soil drained by river section. Negligible output of sulfates, hydrocarbonates
and calcium from ecosystem is established for the headwaters. Negative balance of hydrocarbonates and calcium
is compensated by significant input of these components with throughfall at catchments with predominantly pine-
broad-leaved forest types.

Keywords: mountain-forest basin, forest communities, throughfall, chemical composition of natural waters, water
migration, soil water, geochemical water type.
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