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NPEAUCIAOBHE

B xoze HayuHOro 000CHOBaHHS ¥ anpobauuy MeTOAHYECKHX MOAXO-
0B (DOHOBOTO 3KOJOTMYECKOrO MOHHTOPHHTA 3KOCHCTEM CYIIH CTaHO-
BHTCS BCce BoJiee SCHBIMH €ro CTPYKTYPa U OCHOBHBIE METOLOJOTHYeCKHe
0c0o6eHHOCTH OCYIIECTBJIeHHs. DTO B NepBYI0 Ouepelb OTHOCHTCA K TeM
aHTPOHOTeHHBIM (AKTOPaM, BJHSHHE KOTOPHIX Ha NPUPO/JHblE IKOCH-
cTeMbl He06X0AHMO oueHuBaTh. s rviofanbHoro (M B 3HAYHUTEbHOMH
cTeneHH AJs PETHOHANbHOI'0) MOHHTODHHra TaKHMH (PakTopaMmH fBJS-
JoTCsl 3aTpsA3HEeHHe aTMoc(epsl H aHTPONOTEeHHbIe H3MEHeHHs KJMMaTa.
B Hacroslllee BpeMs TaK:Ke CYHIECTBYET ONpeie/ieHHAsd TOYKa 3PEeHHs
Ha OCHOBHBIE OuosorHuecKHe 3¢ (PeKTH, NPHOPHUTETHLIE AJisl MOHHUTO-
puHra. 10 BIUsAHHE YNOMSAHYTHX (aKTOPOB BO3AeHCTEHst Ha Haubosee
YyBCTBUTEJbHBIE KOMIOHEHTHl 3KOCHCTEM, 1a NPOUECCH CO3MaHHS Nep-
BHYHOH NPOAYKUHHK H Pa3pyuleHHs MOPTMAcCChi, HA TMPOLECCH MOrJolle-
HHA M BBIJEJEHHS 3arpA3HAIOIINX BeuecTs GHOTOH.

TpyaoeMKoCTb ¥ 3HauuTe/bHAsl CTOMMOCTb IporpaMm OGHOJIOTHYe-
cKHxX Habumiogenuit 06ycioBinBaeT HeoOXOAHMOCTh MaKCHMAJbHO MOJ-
HOrO HCIIOJb30BAHUS YiKe HAKOIJIEHHOH B NPHKITaZHOH IKOJOTHH HH-
dopmauur. Tak, UMeIOUHeCs B CIelNHa/bHOH JHTepaType pesybTaTH
3KCOEPHMEHTOB 10 OLEHKE BJAHSHHA ONpeleJeHHbIX A03 3arpA3HAIILUX
BeIleCTB Ha POCT pacTeHHil Lefiecoo6pa3HO OPraHH30BaTh B CNELUMAJH-
s3upoBaHHEH 6aHK AaHHBIX. Co3laHue COOTBETCTBYIOIIMX MareMaTHye-
CKHX MeTOROB OGpaGOTKH NaHHBIX IO3BOJIMT Ha OCHOBe 3Toro GaHKa
CTPOMTH KOMHYECTBEHHBEIE 3aBHCHMOCTH mo3za—isbdekr. To xe oruo-
CHTCSI K BeCbMa BaXKHOMY KJacCy NaHHBIX O NPHPOCTe Jieca — K JeHN:
pPOXpoHOoJIOrrYeckyM wwKanaMm., O6paboTKa 2THX, BeCbMa MHOTOYHCJEH-
HbIX, JAHHBLIX MO3BOJIUT BHIABHTb KaK eCTeCTBeHHBLIH XOoI pocTa Aepe-
BbEB, TaK M BJAUAHHE HA LIer0 KJIHMATHYECKUX (aKTOPOB.

Oco6eHHO BaXHO MOAYEPKHYTb HEOOXOAHMOCTbE COBMECTHOTO H3yye-
HHs1 BJHSHHUA (PaKTOPOB 3arpsisHeHHUs W KJHMaTHUecKHX (aKTOpOB Ha
GuoJsornueckue OOGDBEKTHl, MOCKOJbKY BO3HHKawoulHe 34ech 3(deKTH
HeaJAHTHBHLI.

CoBpemenHas KOHUENUHs (POHOBOTO 3KOJOTHYECKOTO MOHUTOPHHTA
[pelnosaraer OCyUIeCTBJEGHHE MHHHMAJbHBIX Hporpamm HabuaoxeHnf
JHUIb 110 NPUOPUTETHBIM OHOJOIMYECKHM IIOKAa3aTeNsiM M MaKCHMaJb-
HO€ HCIIOJIb30BaHHe HH(OPMAU KK H3 CTeUHAJU3UPOBAHHBIX 643 HaHHHIX
LIS IOCTPOEHHUS] CPEACTBAMH MaTeMATHYECKOTO MOIEJHPOBAHHMS all-
PHODHEIX OUEHOK BJAMAHUA (PAKTOPOB cpeabl Ha cocTosadue Guorsl. Pas-
BHTHIO 3TOro HanpasJjeHHs Obl1 nocBsmeH B 1987—1988 rr. cemunap
«MoHuTOpHHr cocTOANHA GrOCEPH M MATEMATHUECKHE METOALI B KO-
JIOrHH». PaGoTel B 3TOM HanpaBJeHHH NPOACJKHKINCE B JlaGopaTopHH
MOHHTOpPMHIa DNPHPOAHOH CpeABl M- KJauMata [ockoMruapomera
# AH CCCP (JIAM). Ilo marepHaiaMm paGOThl NOATOTOBJIEHA HACTOS-

Wast 'Kuyra, KotTopast ABJsSETCS NPOAOAKEHHEM OJHOHMEHHbIX NyOJHKa-
uni 1978—1988 rr.



HAYYHOE OBOCHOBAHHE H OINbIT
"3KOJIOTHYECKOTIO MOHHUTOPHHTA

SATPSA3HEHHUE ATMOC®EPBI PETMOHAJIbBHOTO
H I'JTIOBAJIBHOIO MACIITABOB:
OLLEHKA NOCJIEACTBUHA BO3JEWCTBUMA
HA PACTUTEJIbBHOCTb CYUIH
U NPOBJIEMA 3KOJIOTHYECKOro HOPMHPOBAHMUSE

0. A. H3pasas, C. M. Cemencs, H. M. Kynuna

Jlabopatopus monuropunea npupodnoti cpedel 1 KAUMATA
l'ockomeudpomera uw AH CCCP

Tlpu aHanu3e 3arpsisHeHNst armocdepnl yao0Ha onpefeseHHas Kjiac-
cu(pMKanHsa ero xapakrepa B HPOCTPaHCTBEHHOM M BPEeMEHHOM ac-
NeKTax.

Tlpu onmucaHMH NpPOCTPAaHCTBEHHOH CTPYKTYPhl PasjinyaloT 3arpsia-
Henus Jokanabhoro Macurra6a 0—100 kM (dopmupyercss BCJEACTBHE
NeHCTBUA KOHKDETHOrO MCTOUHHKA 3arpsi3HeHud B €ro OKPecTHOCTSX),
peruonaisHoro macmraba 100—1000 xm (dopmupyercst B Xoie HaJib-
HEero IepeHoca 3arpA3HSIONIMX BellecTB OT pacnpelefeHNod B IPo-
CTPANCTBE CHCTEMBl M3BECTHBIX KOHKPETHBIX HCTOYHHKOB) W IJ06ajb-
gHoro Macmraba Gosee 1000 xm (dopmupyercsa B XoJe mpolecca rJo-
GanbHOro nepeMelUHBaHug B arMmocdepe, NpHBA3KA K KOHKPETHBIM
HCTOUHHKAaM yTpaiHBaercs). ‘

[Tpy omucaHuu BpeMeHHOH CTPYKTYyphl Pas3MyaiOT MHKOBBE Ha-
Tpy3KH 3arpsi3HeHHs (XapaKkTepHoe BpeMsl JEHCTBHS — Yachl), XPOHK-
yecKue Harpysku (XapakTepHoe BpeMs JefCTBHS — TOAHW) H HEKOTO-
pble IPOMEXYTOYHbIE TUIEI HAPY30K (HampuMep, C XapaKTePHEIM Bpe-
MeHeM AEHCTBUA — CYTKH).

JIlanee 06CYXHalOTCsl XPOHHUECKOE 3arpA3HEHHEe HHIKHEH aTMO-
cepsl pPeruoHasBHOro M riobafbHOTO MacwiTaboB M €ro NOC/AeCTBHSA
COOTBETCTBYIOLIEr0 IPOCTPAHCTBEHHO-BPeMeHHOro  Maciuitaba st
pacreHud cymd. BaxkHeAmumH (QUTOTOKCHYHBIMM areHTaMH, OKa3H-
BaIOlMMY TPSMOE JAeHACTBHe Ha pacTeHHs uepes (OTOCHHTE3MpYIOLIMe
OpraHbl, JJia PACCMATPUBACMON CHTYaUHH fBJSIOTCS ©O30H, AHOKCHA
cephl W JIHOKCHI a30Ta. :

3arpasHeHde HMXKHeHd aTMocdepbi
030HOM, JHOKCHAOM CEPbl H IHOKCHJOM a30Ta

Vcroynnkamu anrponorennoi amuccun SOy SBASAIOTCA METAJIYpPrH-
yecKMe TPEUNpHsTHs, TEIVIOSTEKTPOCTAHIHY, LPYrue MNPeinpHATHS,
HCIOJB3YIOLHE cepocofiepaxanlee TOIIUBO.
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Hcrourukamu NO; ABASIOTCS TENJN0IEKTPOCTAHINH, NPeAlpUATHS
no npousBoAcTBy ynobpenuit. Ilpu srom NO, BriGpaceiBaeMbiil B aTMO-
cjepy, B TOM yHC/e NPeANPHATHSIMH TEIJIOSHEPTeTHKH, B pe3yJbTare
xumudeckoil tpancopmaunn B armocepe npespamiaercda B NOg—
ropasjo 6ogee HUTOTOKCHUHYIO IPUMECH.

AHTDOTIOT@HHEIH O30H B HHXHeHl aTMocdepe ABJAETCS THIHYHHIM
BTOPUYHBIM 3aTPA3HALINM BeulecTBoM. Ero 0cHOBHOM HCTOUHHK — ¢o-
TOXMMHYCCKHE peaKlHH, npoTeKamwliue B arMochepe ¢ yuacTHeM
IHOKCHAA a30Ta W yrierogoponos. [IpuyeM sTH peakuuu MOryT Haud-
HaTbCcsl MPH BO3HHKHOBEHHH COOTBETCTBYIONIEr0 YPOBHA COJNHEYHOH pa-
JHaUMy H Ha AOCTAaTOYHOM yAaJieHHH OT HCTOYHHKOB BhIGpOCA yHOMSA-
HyTHIX XHMHUYECKHX NpCALISCTBEHHHKOB O30HA, Kyla NocjeJHHe — A0-
CTaTO4HO YCTOHUHBBIE — MOTYT GHITH TPaHCIOPTHPOBAHH B Ipolecce
JaJbHEro nepeHoca.

[To nauueiM paborer [11], cymMmapHas exerofHas aHTPOIOTeHHAs
smuccuss B CesepHofi Amepuke u 3anansofi EBpone cocrasnser
5.107 1 SOz u 3-107 1 NO,. D14 BHODPOCH NpHBeaH K 3aMETHOMY XpoO-
HHYECKOMY YBeJHYEHHIO KOHUEHTpauuil obCcykIaeMblX 3arps3HAIOUINX
BemectB (taba. 1).

Tabauya 1

CoBpeMennan cpeaHerogoBasi kouueHrpauust (Mapa—!') SO, NO, u O; B npusemHoit
armocdepe (B CkoOKax — MEZHAHHI)

3anauuas Espona,
Bemectso Ouenxka rjosanasHoro doua Heyp6aRH3HPOBAKHHBIC Hetoyunk
MECTHOCTH [15]
SO; 0,04—1,6 (1,0) 2--12 {71
NO, 0,01—1 (0,5) 2,5 -15 [8, c. 86]
0, 32 25—40 [8, c. 82, c. 85]

B ta6a. | npuseseHa cpeiHss KOHLEUTPALMS O030HA, NMOCKOJBKY
BpeMelHble BapHaluuy KomueHTpauui Oz NPOUCXOAAT B AOBOJNBLHO LIH-
poxoM auanasoHe. K coxaJgenuio, 110Ka He BHIMOJHEHB aHAJJH3 Xapak-
Tepa pacnpeneseHus KOHUEHTPAaLMHl M COOTBETCTBYIOLIHE CTATHCTHYE-
CKHe OLEHKH JOBEPHUTENbHBIX UHTEPBAJIOB.

Heo6xonuMo mOAYepKHYTb, uTO 3arpssHeHHC aTMOC(epHl pPerHo-
HaJjlbHOTO Macmraba He CBOAMTCA K NPOCTOH cyMMe 30H BJIMSAHHEN
JIOKa/IbHBIX HCTOYHHKOB 3arpsi3HeHHs. Poub jannHero neperoca B dop-
MHPOBaHHM PETMOHAJbLHOTO 3arpA3HEHHUs Oyellh BeJWKa, a MHOTAA HB-
JICTCA onpefenstomest. Jlaf nmoaTBep:KieHHst 3TOTO TOJOKEHHA MBI
HUpeAcTaBuAM B Tabsa. 2 BLIIaJeHusi coeJWHeHH#l Cephl Ha TEPPUTOPHH
PAia eBponefickux cTpaH, IpHYEM AJsl KAxKAOM CTPAHBL JAHBL OTAE/IbHO
BHIMaTeHHsA «OTEUCCTBEHHOTO NPOU3BOACTRAY (SHAOTEHHBIE BhIIaieHHs])
H «<UMIOpTHEIe» (3K30renusle Boinafenus). Ma taba. 2 Buaio, 4to Ans
Hekotoppix crpaH (Besbrus, Hunmepananawl) sksoreudoe sarpsisHeHue
B HeCK0/1bKO pas npepbllllaeT 3HAOTEHHOE.
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Tabauya 2

9nnorennvie (Song) B 9K3oreHHble (S,xs) BoinageHus (Thic. T)
cepbl B HeKOTOPBIX crpanax Esponsi sa XIT 1984—VI 1985 rr. [15}

Craana ssmL Ssxa Saxs/ SaHn
Beabrus 31 95 3,1
HCCP 398 398 1,0
rap 774 317 0,4
OPT 335 470 1,4
Hupepnauan 28 162 5,8
[THP 856 566 0,7
Bennko6putanua 765 . 173 0,2

Bansnue 3arps3HeHHs aTMocdepbl HA PACTHTENBHOCTh

[To 3KOHOMHUYECKHM KpHTepHAM 3arpssHsiolle arMocpepy Be-
HECTBA OKA3HIBAIOT HEraTHBHOE BAHsIHHE HA PACTHTENBHOCTh. DTO OHIJIO
oTMeueHo, B yacTHocTH, B 70-x rofnax B CUIA, npuueM ananus yuep6a,
CBSI3AHHOTO TOJIBKO C OCTPHIMH 3¢¢exraMu (OUeBHAHbIE CHMNTOMH
OCTPOro nOpaskKeHHsi H3BeCTHH ¢uronatosoraM [5]), B ceJbCKOXO3sM-
cTBeHHHiX pakionax Kanudopuun nokasas, 4ro yiiep6 ypoxaio KyKy-
pyssl—5 %, aumona — 42 %, rpeindpyra— 12—61 %, ameabcuna —
54 9%, tabaka — 30 % [12]. Ilo ouenkam Xarrecraza u Bennera, npu-
BejienHEIM B paGote [1], motepu ceabckoro xossificrea CHIA ot 3a-
rpasHenus coctaBuid B 1981 r. 1,7 mapa. poanapos. Pasymeercs, na-
pansielbHO NPHUMHSAETCS yilep6 APEBOCTOAM KaK HCTOYHHMKY TOBapHOH
JPEBECHHEL

OnHaKo Je0 He OTPAHHYMBAETCH YHCTO 3SKOHOMHUYECKMMH NOTe-
pamu. Hanpumep, JiecHEle 5KOCHCTEMBI He TOJIBKO SIBASIIOTCS HCTOYHH-
KOM TOBapHOH IpPEBECHHBl, HO H MMeEIOT HHBIE aCleKThl NOJIE3HOCTH:
PeKpealnoHHbIA, cpenoo6pasyiomuli, arMochepo3aulHTHbIA, BOLO3a-
WMUTHHI, NOYBO3AILMTHHIH M HekoTophle apyrue. Iloka He cymecTByer
o6IIeNPH3HAHHBIX METOJ0B KOMIIJIEKCHOH SKOHOMHUYECKOH OlEeHKH BCeX
YHNOMSAHYTHX BHAOB ymiep6a, HEOOXOLHMMO OPHEHTHPOBATBLCH HA UHCTO
SKOJIOTHYECKHH KDHTepHil 6JIaronosyudss 3>KOCHCTeM — Ha HX YCTOH-
YHBOCTD.

Ciienyer OTMETHTB, YTO B TNOCJELHEE NECATHIETHE COCTOAHHE JIECOB
B 3anaznoii u Llentpasnbuoit EBpone mo stomy XpurepHio HebJaromno-
JiyuHo. Mjer jgerpajaumus JecOB BO MHOTHMX crpaHax EBponH, HampH-
mep B ®PT u YCCP. [Jos0xKeHHe CIOXKHUIOCH HACTOJBKO TPEBOXKHOE,
yro 8 EDK OOH 6nsa co3paHa cneyuajbHass NporpamMma MOHHTO-
puHra — «MexIyHapo#Hasi COBMECTHas NPOTrpamMma OUEHKH M HabJlo-
IeHHs BO3AeHCTBUA BPeIHLIX BelllecTB, 3arpsi3HAIOIIMX BO3IYX, Ha Jec-
Hble SKOCHCTEMBI»,— B X0 KOTOPO# NMPOBOAATCA eXeroanse obcieno-
BaHHs €BPONEHCKHX JecOB H MNyOJHKYIOTCS OLEHKH HX TEKyuero
coctosinusg. OCHOBHOlN MeTOAMYECKHH TIpHeM — CyOBbeKTHBHAS BH3Yallb-
Has olleHKa HabmwopareneM creneHd Aedosuanuy jaepeBa o Cpas-
HeHHI0 ¢ sTajoHoM. B Ta6a. 3 Mbl IPUBOAHM HEKOTOPHIE PE3YJbTATH
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Tabauya 8

Jannnle o nopaxenuu Apesoctoee (%) B HEKOTOPHX eBPONEACKHX CTPaHAX
B 1986 r. no peayabTaTamM ROJHOMACINTAGHLIX HAUKOHAJNLHBIX 0GCJAELOBAHHI,

Mz [10, ¢. 37]
CTene::cggxepGa Crpara Bes nedounnanuu C HanuuneM AedonHaunx

Canabag [Isenus 82,3 17,7
JliokceMOypr 79,8 20,2

QuuaAHANS 72,5 27,5

Cpennsia Ascrpus 63,5 36,5
Bnicokas YexocnoBaxus 48,0 49,2
. MBefinapus 48,0 52,0

OPT 47,2 52,7

Hugepaanam 40,8 59,2

Jluxtenmreiin 40,0 60,0

pa6GoTHl YNOMAHYTOH NpPOrpaMMmbl, Jaiolllue MNpPeACTaBJEHHA O CO-
CTOSIHUH JIECOB B €BPONEHCKOM PErHoHe.

B nociaepnee Bpemsi B JIaGopaTOpHH MOHHTODHHra IPHPOLHOMN
cpenn u kaumara I'ockomruapomera CCCP u AH CCCP npexnpHHATH
YCHJIMA KaK B HANpaBJeHHH YCOBEPLIEHCTBOBAHUS 9TOH MeTOAHKH (HC-
NoJib30BaHHe KOJNHYECTBEHHBIX HHCTPYMEHTAJBHO ONpejessieMEX IOKa-
3aTeJieil OXBOEHHA), TaK M B HaNpaBJeHHH MOJE/JbHOH OLEHKH BJIHA-
Hug SOp;, NO; m O; Ha BaxHeNWn#i noKasaTenb 3KOHOMHYECKOH
NOJE€3HOCTH M 3KOJOTHYECKOH CTabGHALHOCTH (PHTOLEHO30B — HAa HX
TIPOAYKTHBHOCTbD.

OueHKa 9K0JOTHYECKHX MOCHEACTBHH 3arpsisHeHHsi atmocdepnl
H npo6JieMa 3KOJOTHYECKOT0 HOPMHPOBAaHHUS

Hns KoJugecTBEHHON OLEHKH H OGBbEKTHBHOTO CPaBHHTEJbHOTO aHa-
JM3a NOCHeACTBMH BO3JAEHCTBHS PAa3JIMUHBIX YPOBHeH XPOHHYECKOTO
sarpsassenus armochepr O;, SO; 1 NO,; Ha OPOAYKTHBHOCTb PACTEHHH
HaMy GBI OpOBeleH CJeNYIOMHA KOMIJIEKC HCCaeN0BaHUH.

— CucremaTuzupoBaHa HHOGOPMALHS O PesyabTaTaX AJHTEIbHBIX
(B TeucHMe BereTallHOHHOTO Ce30HA U GoJiee) SKCIEPHMEHTOB IO BhIpa-
UIMBAHHMIO pacTeHH# (M3 ceMsH, MPOPOCTKOB HJIH CPe3aHHHX N06eros)
B CNeuHaJbHHX KaMepax B KOHTPOJHPYEMBIX YCIOBHSAX C H3BECTHBIM
NOCTOSHHEIM WJM NI€PEMEHHEBIM YPOBHEM 3arpsidHeHHs (OOLIYHO MeHee
0,1 mnn—1), uro COOTBETCTBYeT perdoHaNbHOH H riobaibHOH (OHOBOH
curyauun [4].

— Paspaboran u peanusoBan Ha DBM aaroputm, mosBOJSAIOLHAHA
M0 3THM MaccHBaM HHGOpMalHu nojaydaTth 3P QpeKTHBHEE OLUEHKH Napa-
MeTpoB b B MOAENH 3aBUCHMOCTH A03a—3(deKT BHAA:

P = P exp (—bsoy ADsor — bvoy ADoyy — bony ADoy), (1)
13



rie $Po u P —uUCXoAl0oe M H3MEHeHHOe 3HAYeHHS NPOAYKTHBHOCTH,
a AD()— u3meHeHHe 103 pPacCMaTPHBAaeMbIX areHTOB; MOAEJb HpeAHa-
3HayeHa IJisl OLeHKH 3¢¢EeKTOB XPOHUYECKHX BO3JeHCTBUL.

B pa6ore [3], rze npemjoxeHa JLaHHas MOJedb 33aBUCHMOCTH
I03a~—3(]deKT, N10Ka3aHO, YTO COBPEMEHHHE 3KCHepHUMeHTa JbHbe AaH-
Hble B CpPEIHEM MO0 TPynlaM APEBeCHBIX PacTeHHH M CesbCKOoXOo3sil-
CTBEHHBIX KyJbTYD He I03BOJSAIOT HOCTOBEPHO OGHAPYXKHTH OTJIHYHE
s¢pdekra coBMmecrHoro AefictBHA SOj, NOp, O; (451 KOHLeHTpaUU¥
B guanaszode 0—0,1 mMau~!) Ha mokasarear in $/P, oT 2aJTUTHBHOTO.

B ta6s. 4 cyMMHPOBAHb pe3yJbTaTH OIEHOK MapaMeTpoB MpenJo-
¥KEHHOH 3aBHCHMOCTH Ao03a—3(PpdexT.

‘Tabauya 4

OueHKH cpelHUX NapaMeTPoOB b AJS PasAMuHBLIX TPYNN PACTEHHil M
nokasateseii apdexra, 10-3 ppm—1.y-1

Ouenka olHGKH b,
G5

Hueao crencHel

3BarpasuALUiee BEIECTEO OG0 Lht

Querka b, b

CEJIbCKOXO3AMCTBEHHBIE KYJAbTYPhI
O6was 6uomacca

NO, 1,2 0,3 64
50, 1,6 0,2 198
O3 15,5 1,1 17
Ypomai .
O; I 11,8 | 1,3 | 55
bBromacca xopHeit
SO ' 2,1 I 0,4 I . 69
JEPEBDLS (o6was GuoMacca)
NO, 0,2 0,2 23
SO, 0,7 0,2 42
O3 5,8 1,1 . 36

Ananu3 nosiyyeHHBIX JaHHBIX TIOKa3bLIBAET, YTO B CpPelHeM MO pac-
cMmarpuBaeMbiM rpynmam pacreruit BadgHne Os;, SO, w NO; uepes
thoToCHHTe3HpYIOLLe OpraHk Ha NPOJAYKTHBHOCTh JIOCTOBEPHO (3jech
u panee— P >>0,9) wneraTtusHo; Hck/ioueHHe cocTasisieT NOjy: ero
BJIHSIHHe Ha JpeBecHble pacreHus HelrpaasHo. Ilpu stom ApeBecHble
pacreHus GoJjiee TOJIEPAHTHE! O CPABHEHHUIO C CEIbCKOX0351HCTBEHHBIMH '
KyJabrypamu. Ha ypoxafl cenbCKOX03HCTBEHHBIX KYJAbTYD O30H BJIHSET
- B MEHbIIEH CTeNeHH, ueM Ha HX obuylo GHomaccy, a BausHue ke SO,
cKasnBaercs Ha o6mel GHomacce cnabee, ueM Ha 6Guomacce KopHel
(B arom cayuae P=0,85). Os0oH umeeT sSBHBIH NpHOpHTET Kak ¢uro-
TOKCHUHBIH areHrT.

C noMomipio ymoMsinyTo# BbII€ MOJAENH 3aBHCHMOCTH 103a—3(-
({eKT u oLeHOK ee mapamerpoB (cM. Tabs. 4) MOXHO HENOCPEACTBEHHO
BHIIOJIHATL PacyeTHble (B TOM YucCJae INPOTHO3HbIE) OIEHKH Yyiiep6a
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NPOAYKTHBHOCTY JAPEBOCTOEB H AarpoleHO30B DPErHOHAJBHOIO H TIJO-
6a/IbHOTO MaciuTaboB OcpelHEHHs H, ecaH noTpefyercs, NPUBOAUTH
9TH OHEHKH K SKOHOMHUYECKHM eiuHHuaMm. Mcrnoabsys MaTpHOH THIA
MaTPHIUH BHNafeHu¥ coeiHHEHUl cephl «cTpaHa Ha cTpany» [15], Bo3-
MOXKHO NEPEXOLHTh K TAKOro e THIa MaTPHIlaM B3aHMHHX yIepOoB.
OnHAKO NMOKa 3TO CAEPKHBAGTCS TPYAHOCTAMHM peasuszauuud Ha SBM
PErHMOHANBHBIX MOJeNel AJs AMHAMHKM KoHueHtpauu#i NO, u Os, xu-
MH3M KOTOPHX B arMocdepe HeuaMepuMo cyaoxHee, ueM Aas SOq.
IMonyueHHBIe PE3YALTATH MOXKHO TaKxke IONBITATHCS HCNOJB30BATh
JJIsl OLIeHKH COCTOSIHHMA 3arpA3HEHHS IO YHCTO HKOJIOTHMYECKOMY KPHTe-

[0 mnpd™

s 14

~/\tl/\A
|
? 50 783 (50 Jauapi™

Puc. 1. Hdonyctumast (I} u xputuueckas ([/I) 3o8m nnd
ApeBblIeHNH LOMHAYCTPHANLIOTG (BOHA CPEHUX 33 BereTa-
nuonunfi nepuon ypoBHelt Oz v SO,

1] —30na HeONpemeNeHHOCTH; COBPEMEHHOE COCTOAHHEe B CENBCKHX
MecTnoeTax B sanmagHofi EBpone naHO KDYKKOM.

pHIO— no Kpurepuio crabunbHoctH. Ilo 9KCHEPTHHIM  OLEHKaM
@. H. CemeBckoro, yrpoza crabuJbHOCTH IS JIECHEIX 3KOCHCTEM BO3-
HUKaeT B CJy4ae CHHXKEHHS TOJO0BOH TPOAYKTHBHOCTH APEBOCTOEB Ha
10 9% no OTHOWEHHIO K ee CPeZHEMY 3HAUEHHI0 B JNOMHAYCTPHAJBHYIO
SHOXY.

B pasBHTHe HamINX NOAXOAOB K 3KOJOTHUECKOMY HOPMHUPOBAHHIO,
usjioKeHHBX B paborax [3, 9, 13], nasA XaxAOro us 3arpA3HAIONINX
BelIECTB MOXHO TaK ONPENeNuTh NIPeleIbHO JHONYCTHMOE ¢* H KpHTH-
qyecKoe ¢ ** mnpeBHIIeHHS ACHHAyCTpHaJbHOro (oHa Cp, YTOOH JAJdA
Ji060/1 KOHLEHTPALMH ¢ BHIIOJHSJIOCH CJAeAyIolIee:

~— NPH C=<{Cp+c* yNIOMSHYTHI BHINE HeTraTHBHHH 3 dexT orcyr-
CTByeT ¢ 3aJlaHHEIM YPOBHEM [OCTOBEPHOCTU P;

— IpH CZ=2Cp-+Cc** 2T0T 3 DeKT ¢ TOH XKe LOCTOBEPHOCTbIO HMEET
MecTo.

IToap3ysch cAenaHHBIMH BbIle MOJEJBHBIMHM OLEHKaMH H GopMy-
J0# (1), MOXHO BHYHCJAHTb ¢* U ¢**;

SN 7Y SR ) S

(¢ F205) ¢ ° T (E—205) ¢

rie b W o5 B3STH M3 Taba. 4, a { — IPONOJKUTEJbHOCTL BereTallHoH-
HOTO TepHoia B ¥acaX (NPUHATHIE 3IeChb ypPOBEHb JAOCTOBEPHOCTH —
0,975).

Ha puc. 1 mpuBefeHH pe3yabTaThl TAKHX PAacyeTOB AJs BJIMABAR
SO, n O; Ha ApeeecHue pacTeHHnd. IIpH 5TOM HCHONB30BaJOCh 3HAaUe-
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HHe JJIHHBI BEreTauHoHHOro nepuoia f=5 mec-30 cyt-12 u=1800 u.
B nonycrumoit 30He / n KpHTHYecKOH 30He /I/ COOTBETCTBEHHO OTCYT-
CTBHEe M HaJHYHE HeXeJaTeldbHoro ad¢exra uMeror focrosepuocrs 0,95;
II — 30Ha Heonpe/leNIeHHOCTH, BOHHKIIAs BCIEACTBHE OT'PaHHYEHHOCTH
NepBUYHOH KOJOTHYECKOH HH(DOPMAaLNKN — HeonpeeJeHHOCTEH B OUEeH-
Kax nmapamerpos b. ' .

Ha puc. 1 u3obpaxeHa Takke coBpeMeHHas CHTyalHs C XpOHHMYE-
ckum 3arpsisHeHHeM SO; u O; B HeypGaHH3MPOBAHHBIX MECTHOCTSX
3anaauoi Esponbl. [IpH 3TOM HCHOMBb30OBaHBl MAKCHMAJbHBIE 3HAUYCHHSA
COBpPeMEeHHBIX KOHUEHTPaUHil B CeJBbCKHX MECTHOCTSAX ITOTO PEruoHa,
a B KaveCTBe OIIGHOK JOHHAycTpuajbHOro ¢ona SO; — MHHHMAJBHOE
3HauyeHHe COBpeMeHHOH Trn06ajbHOH (OHOBOH KOHUEHTpAUHH (CM.
taba. 1). Ha puc. 1 Buano, uro xpoHuveckoe sarpsizHenne SOy u O
B 3anagHoéi EBpone jaxe B HEKOTOPHIX HEeypOGaHH3HPOBANHHLIX MeECT-
HOCTAX BBHILIJIO 33 FPAaHHIK JONYCTHMOCTH.

3akJjoueHHe

TlpuBesennnie pacyerbl B OGJNACTH 3KOJOTHUECKOT0 HOPDMHPOBaHHA
He ABJAIOTCA OKOHYaTeJbHBIMH. JlaHHbIe OUEHKH 3KOJOTHYeCKHX HOp-
MaTHBOB SBJSIIOTCS MaXOPHUPYIOUIUMH, FOCKOJbKY OCHOBAHHEl JHUIb
Ha npsimblx s¢d¢dekrax — sosaelictBur SO; u O3 uepes oTOCHHTE3H-
pyiomsie opradel. He yuuThiBaauch KOCBeHHBIE 3((DEKTH 3THX H APY-
THX (AKTOPOB, CPEAH KOTOPHIX BaXKHEHIUHMH SABJAIOTCA:

— BHINaJeHHE KHCJIOTHRIX OCAAKOB BCJEACTBHE NOBBLIIEHHHX YPOB-
Heft SO, u NO., BoIMbIBAHME UMH H3 KOpHeoOuTaeMmo#l 30Hbl NOUYBH
3JIeMEHTOB MUHEPAJIbHOTO MHTAHHSE pacTeHHil; BbHICBOOOKIeHHE H3-3a
noHuxenuss pH mouBbl (QHTOTOKCHUHBLIX MeTaIOB B MOUBEHHBIH
pacrsop;

— BBINafieHHe TAXKeJblX METaJJIoB H3 arMochepbl ¢ OcalKaMH
M NOBLILICHHe KOHUEHTPALHH HX pacTBOPHMEIX ()OPM B NouBe.

IlocnefcTBHS 3TUX HAPYIIEHHH COCTOSIHHS KOpHeoOHTaeMOH 30HLI
MOYBH AJS pacTeHW# NOKa He H3ydyeHbl AOCTAaTOYHO CHCTEMATHYECKH,
O/lHaKO OHM GEe3yCJIOBHO HeraTHBHBEIE H WX HEOOXOAMMO YYHTHIBATL NPH
NpoBedeHHH 3KOJOTHYECKOTO HOPMHPOBAHHUsL.’ :
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REGIONAL- AND GLOBAL-SCALE
ATMOSPHERE POLLUTION:
ASSESSMENT OF THE EFFECTS OF IMPACT

) ON TERRESTRIAL PLANTS
AND ECOLOGICAL STANDARDIZATION

Yu. A. Izrael, S. 1. Semenov, I. M. Kuninu

Natural Environment and Climate Monitoring Laboratory,
USSR Staie Committee for Hydrometeorology/USSR Academy of Sciences

Mechanisms of formation of the local, regional and global atmo-
sphere pollution by SO;, NO, and Qs are considered, along with the
actual state of the atmosphere pollution by these pollutants in the
European Region and its economic -and ecological implications. An
approach to ecological standard setting on chronic levels of the
pollutant concentrations are stated, and preliminary estimates of
maximum permissible critical levels for SO, and O; are presented.
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HUKJAUYECKHUE KOJIEBAHHUA
THAPOMETEOPOJIOTHYECKHUX XAPAKTEPUCTHK
U BUOMOHUTOPHUHT AHTPONMOrEHHBIX UBMEHEHHUMH -

B. A. A6axymos, I0. B. Kypunosa

Jaboparopus monuropunza npupoluoli cpelul u Kaumara
Tockomeudpomera u AHH CCCP

B. A. Cemun

Tocydapcraernbill Komurer CCCP no Hapodnomy obpasosanuio

MHorue u3 UMK/IHYECKUX TeJHOTeO(H3HYECKHX HBJEHHH BO3AEH~
CTBYIOT Ha G¥OJIOTHYECKHE CHCTEMBI Pa3JIHYHLIX CTPYKTYPHBIX yPOBHel
opranusauuu {1, 2]. dpxo BHpaxeHa 3KOJOTHYeCKasd 3HAUAMOCTH Me-
30PHTMOB, BKJIOUasi JyHHble NPHJMBbL, H TaKHX MakKpODHTMOB, Kak
JOJNTONCPHOAHYECKHEe KOMIOUEHTH! JIYHHOTO IIPHAHBA M LUK COJNHEeY-
HOH aKTHBHOCTH.

O6rapyxenb 3)GbeKTH MHOMMX NepHOLHYECKHX COCTABJAIOUINX
COJHeyHOH aktuBHocTH., Hampumep, cBsdp Mexny 1l-JeTHUM UHKJIOM
aktuBHOCTH CoOJIHIIA, H3MEHEHHSIMH KJaMMara ¥ H3MeHEHHAMH cOCTOod-
HHS O3epHHIX 3KOcHCTeM, 00yCAOBHBIINMU H3MEHEHHe THIOB HaKolle-
HHUS O3ePHRIX OTAOXeHHH [25]. YcraHOBJeHa CJOXKHASA, HO JOCTATOUHO
BLIpaXKeHHAasi 3aBUCHMOCTb YJIOBOB PHIGH OT COJNHeUHOH «moroani». Mo
IpaKTHYECKOH NUKBHAALHK MaJspHH B HauleH cTpaHe 3a60JCBaeMOCTb
JIIOCH ONpEACTEHHO COOTBETCTBOBaJa JHllaMHKe uucea Boabda co
chBurom ¢as Ha TpH roja. dro AsjeHHe GHIJIO JeTePMHHHPOBAHO KOJIe-
6aHusIMH 0cajKkoB, 00YCAOBAUBAIOIWINMH pacllHPEeHHe WK COKpalleHHe
NJI0ILAAH BLIJIOAA KOMapoB pojia Anophels B XKapKHe Ce30HH H yCKO-
pAOLWIMMU CO3PDEBaHHE MAJNADUHHEIX NJa3MOAMEB B HX OpraHusMe.
TMocienHee onpenenssio H3AMEHEHHs apeana MajsgpHH B CBA3H C NEPHUO~
JLaM¥ TOTENJIEeHHs H MOXOJIOAaHHUS.

Hlupoxo ussectHn pabornl H. C. Ilep6uHOBCKOro 1m0 NPOrHO3HPO-
BAHHIO HALIECTBUHH capaHUM, CBA3AHHBIX C 22-I6THUM LHKJOM COJiHeY-
HOH aKTHBHOCTH. AHann3y noxo0HBIX fABJEHHH INOCBSIIEHH MHOTHE
HayyHple ny6nukanuu [16, 19, 24, 28, 29]. .

HspecTbim HTamsauckuM xuMukoMm Jxk. Tlukkapam ycrauosjena
AOCTOBepllasd CBA3b MEeXAY peaxuueﬁ XUMHYECKHX TECTOB H ,VLHHaMHKOI';l
yucen Boabga. O6HapyxeHa 3aBHCHMOCTb PEaKUHMH OT COJHEUHHIX
BCITBIINEK, 4 TAaKXKe CBH3b ¢ 3eMIIBIM MarHeTH3MOM M ¢ MOHOCHEPHLIMH
BO3SMYUICHHUAMH, I'Iosmiee 3TH BBIBOJBI Oblau MOATBEPKIACHB HUCCICHO-
BaHHAMH, NPOBOAHBIIKMHCS B HannoHaiabHOM meutpe aTMochepHHX
uccnenosanuii CIIA [26]. YcraHoBleHHBle (aKThl NPUAANH HOBBIA
CMBICJI 11¢ SCHBHIM paHee 3aBHCHMOCTSAM psija GHOJOTMYECKHX SBJIECHUH
or reauoreodusuyeckux ¢GakTopoB. B HayuHo# sJutepaTtype paccMar-
PHBAIOTCS /IBE CXE€MBl BAUSAHHSA TesHoreodH3uyeckux HakTopoB Ha 6Ho-
aoruveckve sipaenus [13, 14]. Corviacuoe nepBoH, opraHusMhbl Guoreo-
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11eH03a HENOCPELCTBEHHO pearupyloT Ha caydaiiHo pacnpenesieHHEIe BO
BpeMeHH Bo3MylleHusi. CoryiacHO BTOPO#, IIPOHCXOAHT NPUHYAUTENbHAS
CHHXDOHH3aUHUs PUTMOB GHOreOLeH03a UHKINYECKHMH U3MEHEHHSIMH Te-
Jnoreodusnueckux axTopos.

Cpeau peaxuwii OHOJOTHUECKHX CHCTEM HA 3TH BHEUIHHe BO3jef-
CTBHUS Ba)KHOE MeCTO SAHUMAIOT KOMIICHCATOPHLIC MeXaHH3MbL. OXHAKO
HMUTEHCUBHBIE H Pe3KHe aHTPONOreHHLIe BO3IeHCTBUS HA OHOJOrHYeCcKUe
CcyYcreMbl NMOBPEXK/AOT TH KOMIEHCATOPHBe Mexanuamul. Beaencreue
3TOre GHOJIOTHYECKHE CHCTEMBI, HCILITHIBAIOUINE Ype3MepHbie aHTpolo-
reHHble BO3JEHCTBUS, CTAHOBATCS 6oJiee UYBCTBHTEJAbHBIMH K pasJ/Hu-
HBIM, [axe MaJblM, H3MEHEeHHSAM reJHoreodu3nieckix HaxTopos.

IIpu 3TOM chaefAyeT OTMETHTh TakiKe, YTO B HEYCTOHUHBHIX YCJO-
BUAX C GOJBIIOH eCTeCTBEHHOH H3MEHUHBOCThIO Cpejibl ofuTaHHA al-
TPONOrelHble BO3AERCTBHS MOTYT CKOpee NPHUBECTH K HapyLIeuHsiM pe-
IYJAATOPHEX MEeXalu3MOB GHOJOTHYECKHX CHCTEM.

Bes yuera sTuX 3aKoHOMepHOCTeH HEBO3MOXKHA pauMOHasbHasi Op-
TaHH3aIHs1 OGHOJIOTHYECKOTO0 MOHHUTOPHHIA, KaK HeBO3MOXKHaA K mpa-
BHJIbHAS HHTEpIPETAlUs MaTepHaJoBs, NOJyuaeMulX B pe3ysbrare He-
u3bexHo (parMeHTHHX HaOMIONEHHH 3a COCTOAHHEM OHOJOCMYECKHX
cucTteM. IToCKOAbKY CoJIHeYyHas aKTHBHOCTh H fABJACHMS, NOPOXKIAeMLIe
3TOH aKTHBHOCTBIO Ha 3emse (BO3MylLieHHS B HOHOCepe, MarHHTHBE
6ypH, 3JEKTPOMATHUTHBIC BOJHLI O4eHb OOJBLION AJHHDBI, H3MElLeHHS
THIPOMETEOPOJIOTHYUECKHX XaPaKTePHCTHK), OKa3LIBAIOT BO3/IEHCTBUE
Ha GHOJIOTHUECKHE CHCTEMBI PA3JMYHBIX CTPYKTYPHHIX YPOBHe# opra-
HUSAIHH, TO HY:KHO 3HATh peaKIUH BCCX 3THX CHCTEM.

B muccienQBanuax acrpodusukos u kammarogoros [9, 10, 12, 17,
27] 6bL10 NMOKa3aHO BAUSHHE COJHEYHOH aKTHBHIOCTH 114 NUKJIHYECKYIO
H3MEHYHBOCTb MHOTHX KJIHMaTHYeCKHX Xxapakrepuctuk. Ha stoMm ocHo-
BAHUH MOKHO [HOJIAraTb, YTO Hapsly C NPSIMBIM BJIHSHHCM TIeJgHOreo-
¢usnueckux HaxKTopoB GOJBWIYIO POJNB UTPAIOT TAKMKE MEXAHM3MbI BO3-
JeHCTBHA HX HUKJIHYECKHX KOJeGaHUH Ha 5KOCHCTEMBLI OlIOCPEAOBAHHO
yepes H3MEHYHBOCTH KJHMATHUECKHX YCJ/OBH, CO3AaIOMIHX Cpely
OOUTaHHS JKHUBBIX OPTraHH3MOB. 34eCb B HaleM IepBoM €000-
UeHHH Ha 3Ty TEMY Mbl OCTAHOBHMCS JHIIL Ha H3YUCHHH LUKJIHYECKHX
H3MEHEHHl HEKOTOPHIX TI'HAPOMETEOPOJIOTHYECKHX. XapaKTepPHCTHK,
HMEKIHX BaXkHOe 3HaueHHe AJs PallHOHAJbHOH OpPraHu3auun OHOJO-
THYeCKOr0 MOHUTOPHHIa NpPEecHOBOAHBIX SKOCHCTEM, KOTOpPBIE He MOFYT
He VUUTHIBATHCA NIPH HHTEpIpeTallHH MaTepHasoB, MOJyiaeMbix B pe-
3yJAbrate HAOMIONeHHA 32 H3MEHeHHeM COCTOAHHS TPECHOBOJHBIX KO-
CHCTeM N[O BO3AeHCTBHEM AHTPONOreilHbX (haKTOPOB.

Ha cocrosiHue NMpecHOBOAHBIX SKOCHCTEM CHJbHOE BJHAHHE OKa3bl-
BarT 3arnachkl BOAH B BogoeMax. OOLUHO OHM XaPaKTepH3YIOTCA IJO-
majbio 3epKaja HIH YPOBHEM. DTH TOKAa3aTeNH SBJIAITCA MHTErpajb-
HBIMH H HM3MEHSIOTCH OT roja K rofy B OTBeT Ha KJUMaTHHecKHe W3-
MeHeHuss oGmelt yBJaxKHeHHOCTH Teppurophii. Oco6enHo BBICOKOH
H3MEHUHBOCTHIO OTJHYAIOTCSH YpoBHH Geccroubix oscp Ceseproro Ka-
3axctaHa u wora 3anagrofi Cubupu [30, 31]. HyBCTBUTEABHOCTL 3THX
03ep K KJUMAaTHUCCKHM KOJeGaHusM M M3MEHEeHUAM CHfA3aHa C 0COOBIM
HOJIOKEeHHEeM YKa3aHHBIX TeppUTOpH#l BOIH3U TPAHHMI KJAHMATHYECKHX
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30H, I/ile OTMEYaeTcs BhICOKas HM3MEHYHBOCTb BCeX [HAPOMETeopoJIOory-
YecKUX BeaHuuH. «HanpsikeHHOCTb» NOrPaHHYHON 30HBI 3TOTO pafioHa
CBsi3aHa C ABOMHBIM KOHTPAacTOM THAPOMETEOPOJOTHYECKHX BEJHYHH:
MEPHIHOHANbHLIM — 32 cueT COJMXKeHHS .UIHPOTHHX 30H— H MIHPOT-
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Puc. 1. Mexroaopnie koJefanusi yposueil ozep CesepHoro

Kasaxcrana u jora 3anaaxoii CaGupu. Ilo A, B. laurun-
koBy [30, 31].

j — Aaakoab, 2— Banxam, §-— KyMaeikyas, 4 — KyayHiaHuckoe,

5 — Uanwl, 6 — Boabuwoe Yebaune, 7 — Akcyar, 8§ — Kykait, 9 — Ap-
ranT; I — akTHBHbie UMKABI, /] — MaccHBHbE HKAbI,

HBIM — 3a cuer ocJabJ/ieHlsi OKeaHHYeCKOro BAMSHHA IO Mepe JBHKe-
HHs B Miy6b KouTHHenTa. IlocienHee ycuJHBaeTcs YpasibCKUM XpeG-
Tom [20].

B uenoit cepuu pabor A. B. llInuruuxosa [30, 31] 6110 nposeaeHo
0606iu1ieHre 6ONBLUIOrO 5KCIEPHMEHTANbHOTO MaTepHana HaGJoneHu#H
3a YPOBHSIMM 3THX 03€p B TEKylleM CTOJeTHH. 32 UpeAbiAyilee BpeMs
KoseGaHus ypoBHeH ogep ObiiH BoccraHOBJeHH IIHUTHHKOBBHIM 1O
ONHCATeNbHBIM JAaHHBIM. DTH HCCHELOBaHHA BLIIBUJIH CYL1eCTBOBAHHE
B KosebaHHsX YpOBHell o03ep UepelYIOIIHXCS HEPHOJZOB DPErpeccHH
(ycwiXanus) u TpaHcrpeccuy (MoBbILeHHs ypoBH#) (puc. 1).
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A. B. WuutHukoB Beiesna B XX B. aKTHBHb€ HHKJB (MHHHMYyM
1903 r.— makcumym 1914 r., munumym 1930 r.— makcumym 1947 r.)
M BTOPHYHBIE, TACCHBHHIE, MeHee YeTKO BHIpAKeHHble UKLl (MHHHEMYM.
1920 r.— makcumyMm 1926 r. u muanmym 1955 r.— makcumym 1960 r.).
AKTHBHBIE IHKJIH KoJe6aHHHA ypoBHe#l 03ep oTiIHuapTCcAd GOJblieli am-
MJINTYLOH, AJAHTEJbHOCTEIO H OXBAaTHIBAIOT 00/blliMe DO CPaBHEHHIO CO:
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ypoBHeH KpynHeHmIHX OGeCCTOYHBIX 500
o3ep H BHyTpehHuHx Mopei. Ilo
T. II. Kaaununy u P, K. Kaure [18]..

I — MeprtBOe Mope, 2 — Boabilioe coaeroe 300 o/
o3epo, 3 -~ Kacnuiickoe Mope, ¢ — ApaJb- Al
f(xoe Mo7pe, f{ — osep]o Basixa, 6 — Hcchik- 100
yab, 7 — YaHb; [ — aKTHBHBIE LHKJLI, -
II — paccuBHBIE LIMKALL 1870 1890 1910 1930 195G 1970

BTOPHYHBIMH TeppHTOpHH. [1o LIIHUTHUKOBY, NOJHBIA UK KoJebaunil,
CO/ePXKAIUKA AKTHBHYIO H HNacCHBHYIO BOJIHBI, COCTABJSET TNOJHHIL
OGpHKHEpOBCKHA LHKJA Kosebauuii ¢ nmepuogom okonao 30 Jjer.
OGobiienne MeXrofoBrx KoneGaHuH ¥ M3MEHeHHH YpoBHe#l Kpyn-
" HBIX 03ep M BHyTPeHHHX Mopell 6bwio npoaenano B pabore I'. I1. Kaau-
HuHa u P. K. Kaure [18] (puc. 2). 3nece 3a Goaee uem CToJeTHHI
HepHoj u3yueHa H3MeHUHBOCTH YpOBHel Taknx o3dep, kKak Yauwu, Basxa,
Boneuoe Coaesoe, Heck-Kyab, a Takxe BHYTpeHHHX Mopeil: Apasb-
ckoro, Kacnufickoro, MepTBOro, pacnosiokeHHBX B Pa3HEX pPerHoHax
3emHoro wapa. Ha xpynubix o3epax Boabitoe Cosenoe, Basxa, Tak xe
KakK Ha o3epe YaHH, YeTKO NPOSBJSETCA TaKas K€ LUKIAHYHOCTD C XO-
poulo BripaxkeHHbIMH TpaHcrpeccusmu 1914 u 1947 rr. [Tpuuem Bropuy-
Hble, raccuBHble, HUKJIB ¢ TpaHcrpeccusimu 1926 u 1960 rr. ma stux
KPYIHbIX 03epax MeHee BhIpaxkeHwl. [las ray6okosoaHoro osepa He-
ChIK-KyJb, Tak e Kak W AJsi BHYTPeHHero ApajbcKoro Mopsi, MeXro-
J0oBast H3MEHUYHBOCTh HeBeJHKa (cM. puc. 2), 6e3 pe3KHX 3KCTPEMYMOB.
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Bonee BhipameHn Ha HHUX BTOpPUYHBlE, ciabwle, TpaHcrpeccud 1926
u 1960 rr.

MeKrofosasi H3MEHYHBOCTh YPOBHs OOGWHPHBIX BHyTpeHHux Kac-
TMUACKOrO M MepTBoro Mopeil HOCHT HHOI Xapakrep. Ilpu 3TOM
TPAHCTPECCHH H PerpeccHH, ycraHoBJjeHHbte IIIHHTHHKOBEIM, oGHapY-
XKeHbl He ObwiH. Hns stux Mopedt, ocobenno uns Kacnuiicroro, 10
30-x rogoB HM3MEHYHBOCTb YPOBHE! OT Toja K FoAy OYeHb MaJja. 3aro
B nepuos 30-x—40-x rogoB UX ypoBeHb pe3Ko Najaer — GoJee 200 cm
A Kacnus u Gosee 300 cm nasi MeptBoro Mmopst (cM. pHc. 2).
Takum o6pasom, U3 aHanH3a MEXKTOLOBOH H3MEHUHBOCTH YDOBHE! 03ep
Pa3HLIX Pa3MepoB H PA3HLIX PErHOHOB JEJNaeTcs BLHIBOJ, YTO MeXIroLo-
BBIE H3MEHEHHS! HEOAMHAKOBH KaK B CHJY pPa3JHUHOH WHEePLHOHHOCTH
03ep ¢ PasHOH IJIOIIAAbIO, TAK H, BO3MOXHO, B CHJY BJIWSHUS CONpS-
JKEHHOCTH aCHMHXPOHHBIX CEKTOPOB pa3HHX reorpaduyeckHx pafioHOB.
Orcrona jgesaercst BHIBOL O TOM, 4TO JJS OPraHU3alHH CHCTeMBl GHO-
MOHHTOPDHHTA H HCC/IEJOBAHHSA BIUSHHA KJIAMATHYECKOH M3MEHYHBOCTH
Ha COCTOfHHE BOJHBIX 3KOCHCTEM I[1€06XOLHMO YUMTHIBATH Pa3jHUHe
‘pH3HKO-TeorpapuIecKUXx XapaKTePHCTHK Pa3JIMYHBIX GECCTOUHBIX 03Ep
H BHYTDEHHHX MOpeH.

Hamenenuss ypoBHe#l 03ep onpenensitoTcs H3IMEHCHHEM LeJOro Ha-
‘60opa BJHSIOIHX THAPOMETEOPOJNIOTHYECKHX BEJHYHH: OCAAKH TENJIOro
H XOJIOAHOTO NOJYTO/ Ui, TeMIepaTypa BO34yXa, HHIEKCH aTMochepHoit
HHPKYJIALHH,

Meronom ¢axropHoro asasusa B pabore E. U. Bpecnapa [8] Guinu
BHIe/IeHbl OCHOBHBIC THAPOMETEOPOJIOTHUECKUE BeTHYHHE, (QOpMHPYIO-
Lye yporenb 03ep. [IpHuem B KauecTBe ONpeje/AOMAX OBbLIY HA3BaHEL
HHIEKCH oflel HHPKYASUNHH aTMochepH, ABASIOIHeCT KOMIICKCHBIMU
nokasateasamu. [1o3Tomy lHeKOTOpble yueHble AJST BHIABJGHUS NPHUHH,
-00yCIOBANBAOINHX KoseGaHuA YPOBHCH 03€p, CPaBHHBAJHM MEXKTOO-
Bhle KOJeGaHHs NOCAeIHHX C IIOBTOpAEMOCThI0 (opMm arMocdepHoit
IUPKYJSAUHE: 3aNagHOH, BOCTOYHOH H MepuAHOHAJbHOH. MHEIME ciao-
BaMH, M3YYaJHChb CBSI3H YCTAHOBJEHHHIX LUKJOB KoJeGaHHH ypoBHeH
. «03ep € MEXTOA0BOfl HAMEHUHWBOCTBIO LHPKYJAUMH aTMocdeph.

Brui6opounsie comnocraBienusi, caenanisie A. B. IIIHHTHHKOBHIM,
TIDHBEJIH €ro K BHIBOLY O TOM, YTO TpaHCrpeccHs osep lora 3amajgHoi
Cubupn u CepepHoro Kaszaxcrana HacrynaeT NpH MepPHAHOHAJBHOK
LUPKYJIALHH, IPH KOTOPOH peanusyercsl BHHOC TEIJIOTO BJIAXHOTO BO3-
AyXa Wro-sanagsbiMu nukiaonamu. [osanee E. M. Bpecnas ¢ nomomisio
«paKTOPHOTO amaji3a MOKAa3aJ, UTO 3Ta CBSA3b He OJHO3HAYHA M OTMe-
yaercs TaKke BJAHSHHME Ha TPAHCT'PECCHIO He TOJILKO MEpPHIHOHANbHOH,
HO H 30HAJBHOH GOpMBEL UUPKYJIAINH. -

I0. B. KypusoBa [21] comnocraBusna H3MeHEeHHs IOBTOPSIEMOCTH
rpex ¢opm wupkyaauuu no Baurenreiimy—Tupcy: W, E u C ¢ uame-
HeHueM yposHs o3ep 3a mepuox 1891—1980 rr. (puc. 3). Ona npume-
HHJIa MeTOJ IIOCTPOEHHS HHTEerpadbHO-DA3HOCTHBIX KPHBHIX, XODPOILIO
BLIAENSIOUINX 3MOXH Pa3JHYHHX TPEHAOB B M3MEHEHHH 3THX MOBTOpse-
Mmocrefi. B  KauecTBe [JONMOJHHTEJBHOTO (haKTopa, NOMOrampuero
BCKDPHITh NPUYUHLI MEXTOAOBHIX IHKIHUECKHX KoJjebaHHA KaK obmie#
IUPKYJISAUHE aTMochephl, TaK ¥ ypoBHel o3ep, 06pabaThiBalHCh TaKKe
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MOKAa3aTeNIH COJNHEYHOH AKTHBHOCTH 3a 3TOT K€ TepHOJ — UHCIa
Boabda. B sTom HccaenoBannu o6HAPYKEHO, UTO AKTHBHHM M mac-
CHBHHIM T€PHOAAM PasJMUHBIX TpaHerpeccufi U perpeccHi COOTBET-
CTBYIOT Da3JiHUHLIE COOTHOUIEHHS! ITOBTOPSEMOCTH Tpex (OpM LHPKY-
JISILMH.
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Puc. 3. BHyTpuBekoBele KojefaHMs IIOBTOPSAEMOCTH THIIOB

atMoceprofi mupKyasAun no Baurerrefimy—Iupey (W, E, C)

M NOKasaTeNl COJHEUHOM AKTHBHOCTH (uucia Boubpa B),

NpeACTaBJeHHRE B BHAE HHTErpajbHO-PA3HOCTHRIX KPHBHIX

(cyMM aHoMasHiH) B COMOCTABJEHAH C NEpHOLamMu perpeccun ()
H TpaHcrpeccHH (2) oszep.

O6muit BEIBOA, BHITEKAIOUIMA H3 CONOCTABJEHHS HHTEPAJbHO-Pa3-
HOCTHHIX KPHBBIX (JODPM LHUPKYJSOHM H ypOBHeH O3ep B TeUeHHE BCErOr
90-n1eTHero uceaesyeMoro nepuoja, cCBOAUTCS K TOMY, uTo perpeccuu 30,
50, 60 u 70-x ronoB peanusyioTcs Ha (OHE YMEHBUICHHS TIOBTOPSIEMO-
CTH 3anaJHOro THHA UHPKYJALUHH H HapacTaHHus NOBTOPSAEMOCTH BO-
CTOYHOTO THNa (NIOBBIUEHHe HHTErpanbHOH kpumoh). Ilpu stoM GoJb-
el rayGuHe perpeccHH cOOTBETCTBYET GoJiee BRIPAaKEHIIOe YBEIHUCHHE

- IIOBTOpPSEMOCTH uucia JHed ¢ dopmol uupkyasuuu E (Ha puc. 3 oHa
BHpaXKeHa yBeJHueHUeM HAaKJIOHA HHTErpajbHO-PasHOCTHON KpuBOH)..
B To xe BpeMs akTHBHHE TpaHcrpeccHu o3ep 1914 u 1947 rr. npuxo-
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AATCA Ha UEPUOJL 3aMeJJICHHS B POCTe IOBTOPSEMOCTH POPMBI LHHPKY-
Jsauun E. Toraa xak npu Gosee cnabeix TpaHcrpeccusix 1960 r. nosTo-
psiemoctb (opMbl UHPKyaAaUHK E ocraercs nocrosiHHo# (He HapacTaer
Boobwe) (cm. puc. 3). Bece ckasaHHOe MOATBEpIKAaeT MCCYLIAOULYIO
poJb BOCTOYHOH UHPKYJauHH. IIBe ocHOBHBEIX TpaHcrpeccuu XX B
(1914 u 1947 rr.) uMenu MeCTO B OAHHAKOBBIX YCJOBHsIX NOBTOPSEMO-
CTH (popMbl HupKyasauun E. OaHako no NOBTOPSAEMOCTH YBJAAXKHSAIOUIHX
¢dopm wupkynanud W 1 C OHH HaXOAATCS B NPOTHBONOJOXKHLIX, B3aH-
MOHCKIOuamux yeaosuax. Tax, Tpaucrpeccuss 1914 r., xoropas sB-
JsieTcst abCOMIOTHLIM MaKCHMYMOM BeKa, IpOTeKala IIPH YBeJNHYeHUH
HOBTOPAEMOCTH (POPMBI LHPKYJASIUH W, 1a (OHE yMeHbIIEHHS MOBTO-
psieMocTH (popMbl C, T. €. 34€Ch POJIb YBJIAKHAIOUIHX TIPOUECCOB BHITO/-
Hsier Qpopma uupkyasnun W. Heckosbko Gojee ciaGas TpaHcrpeccus
1947 r. uporexaJa, HanpoOTHB, B YCIOBUAX yMeEIIbIIEHHs TOBTOPAEMOCTH
¢dopmer W, Ho mpu pocre noBTopsiemoctd Gopmel C, T. €. yBaAaKHsOLEH
B JlaHHOW curyauuu 6bsa ¢opma uupkyaanuu C. Pasznas npupojna
STHX ABYX MHOTOBOJAHBIX IHKJOB, BO3MOXHO H O0BSACISNIONIAs Pas3JIHyUs
B aMIJIMTY[e yPOBHeH 03ep, cKOpee BCero, CBsi3aHa C CE30HHBLIMH pas- -
JINYHSAMY MOBTOPSAEMOCTH THNOB UHDPKYJSHHH H, KAK CJAEACTBHE ITOTO,
¢ pasHbiM (A30BLIM COCTOSIHHEM OCALKOB. )

Kax BuaHo u3 paborer A. A. JluceeBa [22], paccuuTaruiero Bmep-
Bble WHTErpajbHO-PA3HOCTHLIE KPHBLIE MOBTOPAEMOCTH (GOPM LHUPKYJIA-
Uun no Banrenrefimy—I'upcy no KaxnoMy mecsny OTAEJIbHO AJS BEKO-
BOTO Neprojga HHCTPYMEHTAJIbHBIX HaOJIOAeHHH, B NepHO/ TPaHCrpec-
cHi 10-Xx TOZOB YCHJeHHe NOBTOPAEMOCTH YBJaKHAwued (GopMul
armochepHoll HUPKyasAuud W HOPHXOAHTCS KaK Ha XoJoIHbe (des-
‘paiib, HoAOpb, HeKaOpb) TaK M Ha Temjble Mecslusl (anpenb, maf,
HIOHD, ceHTs6pb, OKTAOpPL). DT0 obecmeurBaer OJWHAKOBO BHICOKHE
.3HaYeHHs KaK JIETHHX, TaK M 3HMHHX OcajKoB. B TpaHcrpeccun xe
40-x roJ0B OCHOBHBIM OCaLKOOOPa3yIOIWHM NpoueccoM Gbliia LHPKYJIS-
mua C, xoropast npeobnajzana TOJNbKO B JETHHH H TepeXoAHBli ce-
30HB — anpeJsb, Mail, HIOHb, CeHTAGPb, OKTAOPL,— obecneynBas 3Ha4H-
TeJIbHOe NMPEeBOCXOACTBO XHUAKHX OCAJKOB Haj TBEDAHIMH.

Onupasicb Ha KOHCTPYKTHBHYW runoredy LlauTHHKOBa O TOM, 4TO
NOBLILIEHHOE KOJHYECTBO JETHHX MKHAKHX OCaAKOB obecleyHBaer
‘YBJaXKHeHHe TNOYBOTPYHTOB M NOBBILIEHHE YPOBHS TPYHTOBHIX BOI,
a yBeJuYeHHe 3MMHHX OCaAKOB (OpH YCJAOBHH NpeAlIeCTBOBABIIErO
OPOMAYHBAHHSA MOYBH JETHHMH JKHAKHMH OcaikaMH) HpPHBOJXHT
K pocTy YpoBHe#l o3ep (e3 NONOJHEHHA TPYHTOBHIX BOJ, a TaKke Ha
‘YKa3aHHOe Ce30HHOe pachpejeneHne noBropsiemMocTefi GOpM HHPKyJI-
uun W, E u C, MOxHO OGbACHHTb OOJBIIHA MAKCUMYM TPaHCTPECCHH
1914 r. 3TuM XKe MeXaHHU3MOM MOXKHO OOBACHHTH U YCTOHYHBOE yMeHb-
THeHHe aMONMTYyAW TpaHcrpeccuit or 10 k 40, 60 m 70-m roaam, no-
-CKOJIbKY Hauunasi ¢ 40-x roJioB CyMMbl OCAaJKOB B JIETHHH CE30H yCTO#H-
YHBO NMpeobaanaoT Haa suMHEMHE (prc. 4). OTMETHM TaKKe, 4TO HauH-
‘Hasg ¢ tex ke 40-x. royos uHTerpaJbHasd KpHBasg NOBTOPSEMOCTH
bopmbt C .pe3ko M yCTOHUMBO HMAET BBepX. ITO, BIPOYEM, JIOTHUECKH
BIOJIHE OODBACHAETCS, MOCKOMLKY (opma mupkyasuud C, cAsaHHasA
C BBIHOCOM [OT0-3aMafHLIX IHKJIOHOB,— IpoUecc JETHHA. ITO mpexro-
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JOXeHHe o npeolbJaajaHHH IIOBTOPAEMOCTH JIETOM YBJIaXKHSAIOWEH
(poprI mupKyasanuuy C no cpaBHEHHIO ¢ TakKXe yBaaxusiowe# dop-
Moit W NOATBEPK/AAeTC POPMOH MECAYHBIX HHTErDAJbHO-PABHOCTHBIX
KpUBBIX NOBTOpseMoctell Tpex ¢dopM arMochepHOll UWPKyJAMHH, pac-
cuuraHHbx A. A. JluceeBsiM (pHe. B) [22].

JononnutensHbiM pakToM, uMeomuM Gosblloe 3HAUEHHE HJIS H3Y-
YeHHd MeXaHH3MOB (POPMHPOBAHHS LHUKJIHYHOCTH YBJIAXKHEHUS U (dak-
TOPOB MX ONpeAeNSIOUX, ABNgGeTCS 06HapyXeHHe YeTKOrO COBNaNeHUs
MeXTOJ0OBOTO X0Jd HHTErpasbHO-Pa3HOCTHHIX KPHUBEIX NOBTOPSEMOCTH

X
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Puc. 4. BHyTpHBeKOBbie KoJebaHHs yposHell o3ep H COOTHOMIEHHe

CyMM MHAKAX 3 X u TRepanix 3 Xrp OCAAKOB B CONOCTABICHHH

¢ nepronamu perpeccun (f) wu TpaHcrpeccun (2) osep. Ilo
A. B. Ulunrnukosy [30].

thopMbl ¢ aHaJoruuHoO# KpuBoil uncen Bosabda, xapakrepusyiomeil coj-
HeuHylo akTHBHOCTb. IloBTopsemocts dopmer C 3a Bech HccaeayeMEIR
80-neTHHH nepHol H3MEHAETCH CTPOTO.B (pase ¢ KpuBoil uncea Bosabda
(cM. puc. 3). HTEHCHBHOE NOHHKEHUE NTOBTOPAEMOCTH <1>0pr1 W npu-
XOAUTCH HA BOCXOAALLYI0 BeTBb 80-eTHEr0 IUKJA CONHEUHOH aKTHBHO-
cTd. B 3akmoueHde MOXKHO CKasaTh, YTO NPOBEAEHHHI COBMECTHHIN
aHaJn3 auoMaJui MeXroJAOBLIX H3MEHEHHH YpPOBHEH 03ep ¢ MeXTrono-
BbIMM H3MEHEHHSIMH TpPeX THIOB LHPKYJASLHH [I03BOJsIeT NOXOHTH K BHI-
AIBJIEHHIO = TEeHETHYECKUX MEXaHH3MOB (ODMUDOBAHHA  perpeccHi
H TpaHcrpeccui. '

CneayolHM WIaroM Ha OCHOBE 3TOrO NOHHUMAHHS MOXKET OHITb
IIPOTHO3 3KOJOTHYECKH HeGJAaronpusTHHX YCAOBUH Ha OCHOBe, HaTpPH-
Mep, THAPOJUHAMHUYECKOTO LOJTOCPOUHOTO MPOTHO33 WHPKYJISIHOHHEIX
YCJIOBHH, DT0 Ba’KHO, MOCKOJbKY yMeHbIeHHe 3aNacoB BOJbLL B BOLOEME
" MOXET HMMeTb CBOMM CJEeACTBHEM YBeJHYeHHe KOHLEHTpalMH 3arpss-
HSIIOUIMX BEl(eCTB aHTPOIOTEHHOrO NPOUCXOXKAEHHS, COKpallieHue nJjo-
manen HePeCTUIIHIL pbi6, a TaxkxkKe OKasbBaTh BJMsIHME Ha obecreueH-
HOCTh WX NHINEH.

JpyruM BaXHEIM THADOJOTHUECKHM (pamopom BJHSIOMUM Ha CO-
CTOsSIHHE BOAHBIX 3KOCHCTEM, ABJAIOTCS CTOK peK W IMPHTOKH BOLH B BO-
LOXpaHuIuIA, Mex«:roaosaﬂ H3MEHYHBOCTb 3THX XapaKTEDHCTHK Ha
Martepuasnax cubupckux pek wusysanacs M. II. JIpyXKuHHUHHM H

10. U. By6auxkosoi [9, 10, 17]. O6e TH XapaKTepHCTHKH, TaK Xe Kak
* H YDOBHH 03ep, PaCCMOTPeHHLIe BHILE, SBASIOTCSA NOKa3aTesaMH, onpe-
JAeNA0WUMY CTelleHb OGBOZHEHHOCTH TEPPUTOPHUH, a CJIe40BaTeNbHO
H ee BOAOEMOB.
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MexronoBasg M3MEHYHBOCTb 3THX TOKa3arejel onpelensiace Me-
TOJAOM NOCTPOEHHA HHTCTPAJBbHO-DA3HOCTHHIX KPHBEIX (CYMME aHOMa-
auii), Ha KOTOpHIX HauboJee UYETKO BHILENAETCH LMKJIMYHOCTL 3THX
KoJlebaHuli U u3MeHeHHnil, [[aa BHISBJIEHUS NPHUKH KoNeGaHHA THAPOJIO-
rHueckHx xapakrepucruk 0. Y. By6aukoBa conocraBuna uHTErpajJbHO-
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Puc. 6. BuyTpuBekosrie KojefaHHA MOAYALHOrO KosthQHIHeNTa CToKa K; NTPHTOKOE

O6n (I) n pex 3aypampa (II), a Taxxe uncen Boapda B (c o6osnayennem HoMepos

11-7eTHHX DHKJOB COJHEYHOH AKTHBHOCTH), NpENCTaBJENHBIX B BHAE HHTErpaJbHO-
pasuoctnnx xpuBHX. Ilo KO. WM. ByGaukosoit [9, 10].

v

Pa3HOCTHHIe KPHBBIE CTOKa peK 3aypaJsbs H nputokoB O6u ¢ aHalxo-
THYHEIMH KPHBLIMH HHAEKCOB COJIHEUHOH aKTHBHOCTH (uucea Boabda)
. ¥ TOBTOPSIEMOCTBIO THIIOB LHPKYJISLHH, SBJASIOIIHXCS HENOCPEACTBEH-
HBIMH (QaKTOpaMH, GOPMHPYIOIIUMH T€ HJIH HHBE YCJIOBHS YBJAXKHEH-
HOCTH TEppPHTOPHH, a c/eJOBaTeNbHO, H YyPOBHe# BOJOEMOB.

B KkauecTBe XapakKTEpPHCTHK CTOKa peK HCIOJb30BAJHCh HIHPOKO
NpUMEHsieMble B THAPOJOTHH MOAYJbHBEEe KoadduuuenTs croka K; [9,
10]. Ha unrerpanbHo-pasHOCTHEIX KpHBHIX K, nocrpoensrnix F0. H. By6-
JIMKOBOH OTAEJBHO AJ1s peK 3aypaJdbes u nputokoB O6u (puc. 6), BUAHB
BHyTpHBeKOBbie (11-eTHHE), BeKOBEIe H GoJiee AJHTENbHbIE HMUKIHYE-
ckue KosaeGanus. Makcumymel IMKJIOB K; pek 3aypanbs IpeHMyllie-
. CTBEHHO COBIAAAlOT C COOTBETCTBYIOLIMMH H3MEHEHHSAMH CTOKA NPHTO-
Ko O6u. Ouu JuHIb HECKOJHKO CABHHYTH IO BPeMEHH, T.€. OTCTAIOT
0T MaKcuMyMoB ruaporpatoB croka. Kpome Toro, amnaurysa xosaeGa-
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'HUH MOAyJbHOTO K03 dHIHenTa cTOKa peK 3aypaiba 6ojee ueM BABOE
TIPEBOCXOAUT aMIUIUTYAYy KoseGaHuii nputokoB OG6u. Ilpu conocrasJe-
HHH MEXroJOoBOH H3MEHYHBOCTH YKa3aHHBIX XapaKTePHCTHK CTOKa
¢ aHAJOTHYHBIMM HHTErpPasbHO-PAa3HOCTHHIMH KPHBBIMH uYuces Bosbda
6610 06HApyKEHO UX H3MeHEeHHE NOYTH TOYHO B (hase, T.e. HOBHILIEHHEe
MOAYJbHOrO KO3(@dHilHEeHTa CTOKA COBNAAaeT C IOBHIUEHHEM KPHBOW
4Hcen Boabda. DTa cCHHXPOHHOCTD OGBACHACTCH NPAKTHYECKH MIHOBEH-
HOJ peakiuHel CTOKa Ha H3MeHeHHe BJHSIIOIUHX (akTopos. Torma Kak
3KCTPEMYMbI HHTErpasibHOH XapaKTePUCTHKH — YPOBHEH 03ep — B CHJIY
‘€ MHEPUUOHHOCTH, KaK ObLIO NoKasalo Bhille, HAYT B NpoTuBOda3se
€ u3MeHeHUAMH 4yucesa Boabda. ‘ '

OTtmeTHM, YTO NepeuHC/IEHHBIE BEIE 3JEMEHTH HECTAGHMJIBLHOCTH:
B0JIbIIas aMIVIMTYJa, YBeJNMueHHe. NepHoAa LHKJHYeCKOro KoJeba-
HHs, He0oJbllloe 3amasibLIBAHHE OTHOCUTENbHO 3KCTPEMYyMOB UHCEJ
Bouaba — npuxoasTest KMEHHO Ha pafioH pek 3aypasbsi, KOTOPBIH, KaK
OblI0 MOKA3aHO HA OCHOBE H3YUEHHS! CTATHCTHYECKOH POCTpaHCTBEHHO-
BpPeMEHHOH H3MEeHYHBOCTH 3Je€MEHTOB BOAHOrO 6anaHca, siBJSeTCs Hau-
‘6osiee HeycroHuuBbiM Ha Teppuropun CCCP. HeycrofiuuBocTb 30HB
3aypanbs 06BACHACTCS COCPEIOTOUEHHEM 3[€Ch HAHBOJBIIHX KOHTpAC-
‘TOB KaK MWHPOTHLIX, TaK H goaroTHex [20]. Ilocnennue, BO3MOKHO,
‘ycunensl BAMSHHeM YpaJsbsckoro xpe6ra. Bo spemenn sTa nauonpuias
HeCTa0UJIBHOCTh B U3MEHYHBOCTH CTOKA peK 3aypanbsi NPUXOAHTCS Ha
BOCXOASALLYI0 BeTBb UHTETPaJbHO-Pa3HOCTHON KpHuBO# 80-/1eTHEro LUKIA
‘COJIHeuHO#l aKTHBHOCTHU. K3 puc. 6 Takxke BHAHO, uTo HauGojee BHpa-
2KeHBl no aMmmiauryde ll-jeTHue WHMKJB CONHEUHOH aKTHBHOCTH. B 3a-
KJIHOYeHHe MOXHO CKasaTh, YTO aHaJNH3 BHYTPUBEKOBHIX H BEKOBBIX
UHKJOB CTOK2 COBMECTHO C AAHHBIMH O COJIHEYHOH aKTHBHOCTH MO3BO-
JIMJ BELAENUTH BaMsawUHe GaKTopsl 6osee 4eTKo, 4eM TPU HCIIOJAb30-
BaHHM MHTErpajibHOM XapaKTePUCTHKH, KaKOBOH SIBJAIOTCH YDOBHH
osep. Ilpuyem B 3TOM pa3ziese MOATBEPIKACHO BJAHMSHHE HA CTOK (KakK
‘Ha XapaKTEPHCTHKY OGBONHEHHOCTH) (aKTopa COJIHEYHOH aKTHBHOCTH,
6oslee paHHero B reHeTHueckodl mocienoBaTtesibHOCTH. Clie/l0BaTeNbHO,
peyr MOKET MATH O 3a6/aroBpeMeHHOM NPOTHOSHPOBAHHHU €CTECTBEH-
HBIX M3MeHEeHHI COCTOSHHS HPeCHOBOJAHBIX 3KocucrteM. Kpowme Toro,
3KCTepHMeHTaJdbHble JaHHbBe 06 H3MEHYHBOCTH COJIHEUHOH aKTHBHOCTH,
B yacTHOCTH uucesn Boabda, uMelorcs 3a Gosee AJHTENbHBLIH MEepHOA
(cM. puc. 6), uem nauuble 00 armocdepHOl LHPKYJNSAUHH, TOITOMY Ha
‘OCHOBE 3THX JaHHBIX BO3MOXHO HM3yYeHHE H BEKOBHX HHKJIHUYECKHX
M3MEHEHHH COCTOSTHUH BOAHHIX 3KocucTeM. JleficTBHTENIBHO, KAaK BHIHO
U3 puc. 6, ans yucen Boabda wMerorca naHnbie ¢ 1830 r., T.e. mouTH
Aast Tpex BekoBHx 80-nmernnx nuknos. [Ipw 3TOM HMeloTCs Xapakrep-
Hble PAa3JIHYHsl 3THX HUKJOB MO abCOIOTHOH BelHYMHE 3KCTPEMYMOB,
N0 MHTEHCHBHOCTH IIePenajoB CYMMEI aHOMaJHuli Ha BoCXoAdluel U HH-
CXOAsILIeH BETBAX M MO BhIpaxeHHOCTH ll-neTHHX HuKI0B. Bee stH
(haKTHl MOTYT CJYKUTDH €llle OJIHHM KOCBeHHBIM J0Ka3aTe/lIbCTBOM BJIHSA-
H¥sl COJHEYHOH AaKTHBHOCTH Ha MHOTOBONHOCTb DPeK, a TaKXKe OCHOBOH
JJIs1 CBEPXJIONITOCPOYHBIX IKOJNOTHYECKHX IIPOTHO30B.

YCTaHOBJEHHBIE 3aKOHOMEPHOCTH HMEIOT TakKxke BaXKHoe 3HaueHue
TIpH H3y4YeHHH OcOBeHHOCTed BpPeMEeHHOH OpraHu3alHH OHOTeOLEeHO30B
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[7]. Tocnennsisi nposiBasercs HauGosee sAPKO B MaciuTaGe CE30HHBIX
cyKieccuit {23].

ODJleMeHTapHOH eMHHIEH BPeMeHHOH CTPYKTYypbl GHOreoueHosa sB-
Jasierca ¢ananra [3, 5]. Pasnnunbie dhananry, cMeHsomue Jpyr Apyra
UMKIHIECKH B TEUeHHE FOAA, BBICPKHBAIT PA3/HUYHEIE AHTPONOreH-
HHle Harpyskd, o6/afiaioT PasjHYHOM TOJEPAHTHOCTBIO K AHTPONOreH-
HbIM (aKTOpaM M ONpefe/sIOT JHANa30H Pa3pellaloHIHX BO3MOXKHOCTER
6HOJIOTUYECKHX METOLOB KOHTPOJIsi COCTOsiHHSI 3KocucTeM [4]. «3Tta
crpykrypa,— numiyr [, E. Muxaiinosckuit w1 C. H. Jloparur [23,
¢. 56] ,— sABAseTCS OQHUM U3 HaubOJlee UyBCTBHTENBHBIX H YHHBEPCAJb-
HBIX HHJAHKATOPOB COCTOSIHUS coobLiecTBa, I0ABEPrajollerocs aHTPOIo-
TEeHHBIM BO3IeHCTBHAM, 4TO OOYyCJOBJIHBAaeT ee HEHHOCTb B aclleKkTe
paspaboTku cHcTeMBbl 9KOJOTHUeCKOro MOHUTOpUHras. [losTomy H3yue-
HYe OTAEJBHBIX (ajlaHr W ILHUKJIOB MX YepeJOBAHHA B TeueHHe ToAa
npeacrasJser cof60l OAHH H3 BaKHeHIIWX 3/MeMEHTOB pa3paboTku Ha-
YYHHIX OCHOB OHOMOHHTOPHHIa IPECHOBOAHHBIX 3KOocHcTeM [6, 15].

TonoBrie HUKIB! haJaHT U OPOJONKHTENbHOCTb KaKA0H OTNENbHOH
<¢aJaHry 3aBHCAT KaK OT aHTPONOrEHHLIX BO3JeHCTBHH, TaK H OT ecTe-
CTBEHHBIX CHHONTHYECKHX ce30HOB. Oco6eHHO GoJbluoe BJHAHHE Ha
HHX OKa3blBaeT JIeZOBHIH PEXXHM peK H BojoeMoB. Kak nokasaJu cra-
THCTHYECKHE HCCJAEJOBAHMS [aT 3aMep3aHHd W BCKPHITHH 03€p,
B pa3Hble TOABl ©CTeCTBEHHble CHHONTHYECKHE CEe30HH HaYHHAIOTCH
H "3aKaHYHBAIOTCA B pasHble CPOKH. AHOMaJibHbI€ HapYIUeHHs JIeJOBOTO
PeXHMa MOTYT BhISBIBATH PacCOTJIaCOBAHHOCTb B Pa3BHUTHH JIOXOCOB
¢ananry. B aHOMaNbHBHIX YCJHOBHAX IO CPaBHEHMIO C HOPMaJIbHLIMH
PEe3HCTeHTHOCTh (ajlaHT Pe3KO yMeHbLIaeTCs H SKOJOTHUECKHH perpecc
HACTynaeT IIPH MEHbLUHX AHTPONOTEHHHX Harpy3Kax.

C y4eToM NpHBEJEHHBIX JAHHBIX HCCAEIOBAHHIA MOMKHO 3aKJIIOYHTD,
YTO B JajibHeHlleM Ha OCHOBE XOPOIIO H3YUEHHHIX 3aKOHOMepHocTel
BJIUSIHHSA KJAMMATHYECKHX AHOMAJHH Ha IPECHOBOAHEIE 3KOCHCTEMBI
CTaHeT BO3MOMKHBIM MPOrHO3 3KOJIOTHYECKOH 0GCTaHOBKH Ha 6ase cy-
mecrBylomux B [ockomruapomere CCCP pyTHHHEIX OmepaTHBHBIX
THAPOMETEOPOJOTHYECKHX NPOrHO30B.

»
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CYCLIC VARIATIONS
OF HYDROMETEOROLOGICAL CHARACTERISTICS
AND BIOMONITORING OF MAN-INDUCED CHANGES

V. A. Abakumov, Yu. V. Karilova

Natural Environment and Climate Monitoring Laboratory,
USSR State Commitiee for Hydrometeorology/USSR Academy of Sciences

V. A. Semin
- USSR State Committee for Education

Literature data on the effects of impact of cyclic variations of
various heliogeophysical factors (solar and geomagnetic activity,
climate circulation and hydrological characteristics) on biological
systems of various structural levels of the biosphere organization are
summarized in the paper.

Various mechanisms of external cyclic factors impact on
biological systems are discussed. Indirect impact of helio-geophysical
factors, effecting variability of climatic conditions and hydrometeo-
-rological characteristics, are discussed in detail.

"Data on cyclic intrasecular oscillations of such biologically im-
portant hydrometeorological characteristics as lake levels, runoff,
types of atmospheric circulation are summarized. Intrasecular
oscillations of the solar activity are shown to correlate with the
" recurrence of the Vangengein—Girs atmospheric circulation effecting
the variability of precipitation, runoff, lake levels.

Consideration of the history of cyclic oscillations of biotic and
abiotic processes can be used, as inferred, as a basis for a rational
organization of biomonitoring and correct interpretation of fragmen-
tary biological observations.
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OCOBEHHOCTH ®OPMHPOBAHHS HAIL3EMHOM
PUTOMACCBI COCHOBBIX MOJIOAHAKOB
B YCJHOBHAX 3ATPASHEHHUS NPUPOILHOWN CPEIDI

A. A. Ayeycrairuc

Jlaboparopus moruropunza seca
npu JIuTo8cKod ceabCKOXO3ALUCTBEHHON aKademuil

Pocr jpeBecHBIX pacTeHHil, €0 HHTEHCHBHOCTb-H NPOAOJIKHTEb-
HOCTb SIBJIAIOTCS OCHOBHBIMH [MOKa3aTeJAMH NPOAYKTHBHOCTH ADPEBO-
cToeB. B ¢BA3H ¢ MOBBlILEHHEM YPOBHS 3arpsisHeHHs NPHPOAHOH
cpelrl 0co0yi0 aKTyaJbHOCTb NpHOOpeTaeT u3yueHHe 3aKOHOMepHocTeH
H3MeHeHHHl Hal3eMHOH ¢HTOMAacchl JepeBbeB u LeJoro apeeocros. HMc-
clleaoBanne ocobeHHOCTeH Ce30HHOro JIMHERHOro pacTa NnoferoB H XBOH,
pajabHOrO NPHPOCTA CTBOJIA U BeTBeH, HHTEHCHBHOCTH onajga M Apy-
rUx IMoKasaTesieil MO3BOJIMT BHIABHTb HaHboJiee yA3BHMble NEPHOAH
dopmupoBaHus ApeBocroes. [losnaHHe 3aKOHOMepHOCTEH (POpPMHPOBA-
HHs Haj3eMHo# duTOMAcCHl IPH 3arPsA3HEeHHH OKpyKaloliell cpeabl Oy-
Jer umeTh 00JbllIoe 3HaYeHuWe NpH pa3paboTke METOLOB BLISIBJEHHA
H OLIEHKM aHTPOMOTEHHOTO BO3AEHCTBHS Ha JeCHBIC 3KOCHCTEMBL

B kauectBe OGBEKTOB HCCAENOBAHHH IS H3YUeHH CEe30HHOMH
. JMHAMHWKH Hal3eMHO# GHTOMAacCH JApeBOCTOeB OblIH  OTOGpaHH
10—15-eTHHe UHCTHIE COCHSIKH-OPYCHHYHHUKH HCKYCCTBEHHOTO MpoMC-
XOXKJeHHs, Npou3pacTalonike Ha PasjIHYHOM PacCTOAHHH OT HCTOUHMKA
3arpsisHeHHst — VIOHaBCKOro NMpPOMBILIJIEHHOTO o6beAuHeHust «Asoracy.
INpo6une naomaaku (I1I1-1, [1I1-2, TIT1-3) pacnojoxeHH B NOJBETPEH-
HOM CeBepO-BOCTOUHOM HanpasJjennd, npudeM T1I1-2 naxoaurcs va pac-
crogHuu Bcero 200 M OT nepBO#, OAHAKO IepeRbsl NOBPEKAEHbl Ha Hel
ropasno caaGee, TaK KakK 3TOT COCHOBbIH MOJIOAHSK HAXOAHTCS TOA
NMPHKPHITHEM COCHAKAa YerBepToro KJjacca Bospacta. KoHTpoJbHas
ITI1-6 3a/ioxeHa B NIPOTHBOMOMOXHOR OT NPYrHX OOBEKTOB HCCJELOBA-
HHst CTOpPOHe Ha paccrosguHH 15 kKM oT 3aBoja. HabJsioneHHusa NMPOBOLH-
JHch B TeuyeHHe 1986—1987 rr. B nepBom ropy OBbIM 3aJ0XeHH JBE
npo6usie nuowanku — II1-1 u TII1-6, a Ha caenyoIHA roi eme
yerblpe. KpaTkas xapaKrepHCTHKA MECTOHAXOXASHHA NMPOOHBIX IJola-
LIOK npeacraBjeHa B Taba. 1.

Ha xaxpoi npoGHoBi miomaike HaGJIOJEHHA BEJHCH 32 TPEM#
cpefHuMH HepeBbsiMu depe3 Kaxawmie 10 cyr. Habmionenus Bemucr 3a
CE30HHBIM POCTOM CTBOJIA B BHICOTY H B ABYX €ro 4acT#AX 3a paiHalib-
HHM OpPHMPOCTOM, B TPEX YacTsiX KPOHH 3a JHHAMHKOH JIHHEHHOTO
pocTa BeTBelf M Ha HccieiyeMHX noGerax 3a pocroM xeoH. C Hauana
BereTallHOHHOro nepHoja U 10 AeKabpsa MecAla BeJcS yYeT XBOH
TPEThEro, BTOPOTO H B KOHIE Ce30HAa — TEeKyIIero roia Ha pasHbIX
YPOBHSAX KPOHBL :

Ilenp paboTh — Ha (OHE eCTECTBEHHEIX SKOJOTHUECKHX (aKTopoB
YCTAHOBHUTh BJAHSHHE DPAa3JHUHOrO YPOBHsI 3arpsi3HEHHsS Ha Ce30HHYIO
IHHAMHKY OTAGIbHBIX 5JeMeNTOB HaJ3eMHOH (HTOMAcCH: NPHPOCT
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Tabauya 1
OcHOBHbIC XAPAKTEPHCTHKH NpoGHBIX nuouiajei

PaccTogHKe OT HCTOM- Hanpanaeune
Maomanka HHKA sa;gﬂsﬂeﬂﬂﬂ, (asnuyT)
1-1 2 107°30/
-2 . 2,2 106 00
I1-3 7 93 20
II1-4 5 50 00
-5 10 48 40
[1-6 15 243 00

CTBOJIA, BeTBeH, XBOM H ONaj XBOH Pa3sHOTO BO3pacTa — H ONPeleNHTh
Hau0boJiee YyBCTBHTENbHLIE IT0OKA3aTeNH COCTOSHUS ¥ POCTa OTAEJNBHHX
AepeBbeB H 1esoro ApeBoctos. C moMoUbIO MONYYEHHBIX NaHHBIX Jerko
pa3paboraTh HHCTDYMEHTAJbHO ONpelNeJeHHLIH MeToX OUEHKH KH3He-
CTOCOGHOCTH APEBOCTOEB -JJI1 JaHHOTO 0G'beKTa.

Cesonnnlft poct noGeros

Hauasno pocra jpepeBbeB KOHKPETHOTO TOAa B OCHOBHOM 3aBHCHT
OF CpelHeCYTOYHOM TeMmneparypn Boszzyxa [3, 13, 14] u or cymm
N0JIOKHTENbHBIX HIH 3¢ deKTUBHHX TeMnepatyp Bo3ayxa [7, 8, 10, 11,
20]. Kak u3BecTHO, aKTHBHHIH DOCT AepeBbeB HAUHHAETCS ¢ YAJHHE-
HHeM LeHTpaJpHOro (BepxymeuHoro) mno6era. B 3anaigHeIX uacTsx
CCCP cymma nonoxureabHbix Temmneparyp (suniute 0°C) x aTomy Mo-
MeHTy o6ruHO mocrHraer 170—180°C [20], a cpeanecyTouHasi remme-
‘parypa Bosayxa nosmmuaercs 1o 5—6°C [15]. C yxyauueHueM ychio-
BHil NpOM3pacTaHHsA JHHEAHHH pocT noberoB HayuHaeTcd HEMHOro
103Ke, KOrja CpeJHecyTOYHasi TeMIepaTypa BO3AyXa NOBHIIAETCS A0
7—8°C [8]. Haun na6awonenus nokasaJu, uro sra ¢eHodasa B Mo-
JOIHAKAX Pa3JHYHON CTeNeHH NOBPEX/EHHOCTH He COBMajfaeT BO Bpe-
Menn. [Ipu nocTHXEeHHH cpeHeCYTOYHOH TeMuepaTyprl Bogayxa 5—6°C
HawhHaeTcss POCT NOGeroB JHIIb Ha KOHTPOJBHOM, YCJIOBUO HeNoBpe-
KJEHHOH NJIoHIaAH, KOTOpAsk HAXOAUTCH Ha PacCTOAHUH 15 KM c HaBeT-
DEHHOH CTOPOHH 3aBojfa. C yBeJHUEHHeM YpDOBHf 3arpsisHeHHs, Kak
H ¢ yXyZLleHHeM YCJOBHH NPOH3pacTaHH#, Hadajo pocta noberos
Ona3iblBaeT H B HauboJiee 3arpsi3HEHHBIX COCHOBHIX MOJIOJHSIKaX HauH-
Haetrcs Ha 8—12 cyT no3xke, KOTLa cpelHECYyTOYHAs TeMIepaTypa BO3-
adyxa pocruraer 10—12°C, a cymma NOJOXKHTEAbHBIX TeMNeparyp
(Buime 0°C) cocrasaser 280—300°C. Takue ycaoBus ABasoTca 0064-
3aTeJbHBHIMH JJIA Hayala MHTEHCHBHOTO pocTa No6eroB 310poBHX [7,
12] u ycnoBHO HENOBPEXAEHHBIX COCHOBHIX MOJIOZHSKOB, UTO OTUETIHBO
BHAHO Ha pHc. 1. Bugumo, ajs Hauasna AeJeHHS KJIETOK MepHCTeMB
B 3arpsi3HEHHLIX YCJOBHSX HYXHBI Gojiee GJaronpHATHbHIE aTMochep-
Hble YCJIOBHS M B NEepBYK Ouepelb GoJee BLICOKas TeMileparypa
BO3AYyXa.

B cyrounom mnpHpocTe mnoGeroB SIPKO BHLAENASIIOTCA II€PHOAH,
Korja poct no6eros ocofeHHo uutedcusHBIE (cM. puc. 1). Kak yxe
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OTMEUaJIOCh, BCMBIIUKH aKTHBHOTO POCTA HMEIOT HEKOTOPYIO CBA3L C NO-
BHILWUEHHEM TeMIlepaTypel BO3LyXa H YBEeJHUEHHEM KOJHYECTBA aTMO-
chepHbIX 0caiKoB [3, 13]. Ananusupya xapakTep CyTOYNOrO TPHPOCTa
moGero 3a 1987 r., oTMeTHM, YTO B NEPBLIH WHTEHCUBHLIH NCPHOX
pocTa noGeros NPUPOCT LUEHTPATLHOTO nobera gocTuraer 8—i0 mm/eyT
Ha BCeX MPOGHBIX MJouiajkax. Bo BTOpoit mepuon uHTencHBHOTO pocTa
NPHPOCT BO3pacTaer o 16,5 MM/CyT Ha KOHTPOJBHON ILIOULAAKe,
a ¢ yBEJMYCHHEM YDOBHA 3arpsidHeHusi ciuxkaerca no 10—12 mu/cyr.
B xpyrux yactsx KpoHBl B 3TOT IMepHOL CyTOUHBIH NPHPOCT B YCJAOBHO
HCMOBPCKACGHHBIX U €200 MOBPCKACHHBIX MOJIOJIHAKAX PE3KO NMpPeBHI-
lIaeT CYTOUHBIH NPHPOCT NOGEIrOB B NEPBHIH NEPHOJN HHTEHCHBHOIO
pocTa, B CHJIBHO NOBPEXKAEHHBIX MOJIOAHAKAX OUH JIHGO PaBHH, JHGG
NePBLIH NPEBLILACT BTOPOH.

Pasnuuaerca u pocr no6eros B 3akMOuHTENbHON (peHObase
pocta — okoHuanun. Ha TIII-6 (xouTposp) mocie akTHBHOTO BTOPOTO
nepuoJa pocra CyTOYHBIH NPHPOCT NOGEroB BO BCEX YaCTAX KPOHHL NO-
CTenelHo cHUxKaercs # K 20 HIONsl NMOJHOCTHIO NIpeKpallaercs Ha Bcex
YPOBHSX KpOHHL. B 30He csa6oro moBpeKAeHHs HHTEHCHUBHOCTb POCTa
noGerop cHuxaerca 10 1—2 MM/CYT W COXpaHsercsa Ha TaKOM YpOBHe
okoso 10 cyt. B 301ie CHJIBHOTO MOBPEXACHUS CYTOUHBIH TPHPOCT MO-
feros aepxwurcsi Ha TNOAOGHOM YpPOBHE € HEKOTOPHIM YBeJHUEHHEM
QKOJI0 Mecsla, pocT npekpamaercs Ha 20—24 cyt nosxke, 4em Ha
[IT1-6 (cm. puc. 1). Kak ormeueHo B pa6ore [15] u Kak nokasann
Hauly HccnefoBaHus [3], 3aBHCHMOCTb HHTEHCHBHOCTH pocTa NMOGeros
OT TeMNepaTyprl BO3AyXa U Baaru caabas, a NpH 3arps3HeHUH BO3AyXa
v BOBce otcyrcTsyer. HeKoropoe BausiHEE Ha NPOLOJKHTEJLHOCTH
pPOoCTa OKa3bIBALT, BUAMMO, TOT GaKT, UTO 3aTrpPs3HHTENEM SBJSETCS
3430/ a30THHIX yIoOpeHuit, B BEIOPOCAX KOTOPOro 3HAUHTENLHYIO 10O

cocraBasioT coeinsenus asora (NOx, NHi). Hecmorps ma Gosbiuyio
IPOOMKHTENBHOCTD POCTA NOGETOB NMOBPEXKASHHBIX COCHSAKOB B OKOH-
uaTesNbHOH (eHo(ase, roaHMUHbIE OPHPOCT B BBICOTY C YBEeNHYEHHEM
ypOBUS 3arpsisHeHus ymenpiiaercs (rabua. 2).

[TponomxuTeNbHOCTE POCTA APEBECHHIX NOPOA B TeYeHHE BereTa-
UMOHHOI'O TepHOZA 3aBHCHT OT TeorpadUuYecKHX H 3KOHOMHYECKHX
YC/IOBHH HX TNPOH3PACTAHHS, OT NOTOANLIX YCJOBHH OTHENBHEX JeT,
a TakK¥Ke OT reHeTHYecKux cBolictB pacrenus [26]. Ilpomomxwureins-
HOCTh pocTa nOGeroB Ha TEPPHTOPHH DesopyccHu COCTaBJsieT oOT
72 pHe#l B COCHsKe NMPHPYUEHHO-TPABSHOM 10 65 nHel B cOCHAKe Be-.
peckoro-numafuukosom [20]. T1pu 6osiee CHABHOM YXYALIEHHH MeCTO-
TIpOH3pacTaHHs NPOLONKHTEIBHOCT POCTA NMOGEroB ellle COKpallaercs
¥ B GoJoTHbIX Jecax jpocruraer 41 gma [8]. TlporonxuteasHocTh
pocra noGeroB pas3iuuyaeTcss U B 3aBHCHMOCTH OT HX MECTOHaXOXKiae-

Puc. 1. CyTounbtii npupoct no6erop u pagHLIx 4acTsX KPOHH NPH PASIHYHOM YPOBHE
3arpasHCcHHS.

! — uentpaneHbll NOGET, 2 — BEPXHSAS YACTh KDOHHI, 3 — CDENHAA HacTh, 4 — HHKHAA YacTb.



Ta6Gauya 2

Fopuynpifi npupocT (B 4HCAHTENe B MM, B 3HaMeHaTede B U OT KoHTpoJasi) moGeros
B Pa3HblX YaCTHX KPOHH RPH Pa3jHYHOM YpoBHe ATMOC(EPHOro sarpasHeHus
sa 1986—1987 rr.

YacTh KPOHH
pobuas Paccrosine -
naomAanKa Ao 3aBORd, | yenrpasbHBIH :
KM noéer ~ Bepxuan cpesHan HHXHAL
19086 r.

IrI-1 2 246 159 147 128

40,9 45,9 78,2 92,1

II1-6 15 602 346 188 139

(xoHTpOVIB) 100 100 100 100

1987 r.

ImI-1 2 359 288 168 179
51,8 88,6 115,1 203,4

TIr1-2 2,2 370 262 230 126
53,4 80,6 157,5 143,2

Iiri-3 7 522 257 142 —

75,3 79,1 97,3 -

TI11-4 5 512 342 216 157
73,9 105,2 147,9 178,4
Ii1-5 10 561 291 229 92
80,9 89,5 156,8 04,5

Ir1-6 15 693 325 146 88

(xonTposs) 100 100 100 100

HHA B KpoHe [24]. Hamu wmccaenoBaHusi NMoKasaJH, YTO H YPOBEHb
3arpsi3HeHHsI MMeeT CYylleCTBeHHOe BJIHSAHYE HA 3TOT BaXKHbIA NOXasa-
TeJb IPOLYKTHBHOCTH HacaxjeHu#l. JlaHHBHE MPOAOTKHTEILHOCTH
pocra no6eroB mpeacras/eHH B Taba. 3.

Cesonubiii poct xpom

Hccnenosanusa AWHAMHKH JIHHEHHOTO POCTa XBOM HMEIOT BaxkHOe
IPaKTHYECKOe W TeOpeTHuecKoe 3HaueHHe. ITO CBA3AHO C €€ CHHTETH-
YecKoil 1esTeAbHOCTbIO B nepuod pocta [1] M BHICOKOH UYBCTBHTENb-
HOCTbIO K W3MEHEHHSAM (aKTOpOB OKpyxaiouleft cpean [3, 18].

OG6buHO HayaJo pocra XBOM COCHBI OGHIKHOBEHHOH HabJrogaercs

. OpH JOCTHXKEHHH CpEeJHECYTOUHOH TeMmmeparypnl Bosfyxa 10—12°C
B cepepubix yactax CCCP [14] u 13—15°C B 3anagHBIX U 1OT0-3aNaf-
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Tabauya 3

TIpoAOAKHTEABHOCTL POCTA (B uHCJAHTENE B CYT, B 3HameHaTene B % OT KOHTpOAN)
noGeroE & pasHbIX YacTsAX KPOHHl NMPH Pa3JIHYHOM YPOBHe aTMOC(EpHOro
sarpasnenns 3a 1986—1987 rr.

YacTh KPOHH
[MpoGuas Paccroanue
nJacuanka A0 38BONA, | eRrpanbLHEIA
KM ﬂOGel‘ Bepxmm CpeAHﬁR HHXHAK
1986 .
-1 2 82 72 64 54
108 109 110 112
Tf-6 15 .76 66 58 48
(xoHTpOIIB) 100 100 100 100
1987 r.
IIfI-1 ) 92 82 70 60
109 117 120 195
- Iil-2 2,2 98 88 76 62
117 126 127 129
I1-3 7 86 74 66 —_
102 106 110 =
II1-4 .5 88 76 64 58
105 108 107 121
-5 10 86 76 64 60
102 108 107 125
I11-6 15 84 70 60 48
{ronTpos) 100 100 100 100

Hox [3, 20]. Bausnne ApyrHX 3KOJOrHUeCKHX (paKTOPOB Ha Havaso
pocra xBoM npocaexubaercs cjabo. Toabko TaKoH nmoKasaTeib, Kak
AJiuHa nobera, NpH KOTOPOH HauMHAETCA POCT XBOH, 3aBHCHT OT YCJIO-
Buii Mecronpouspacranus. Tak, B Benopycckoit CCP B cocHsike npu-
Pyyeiiuo-TpaBAlIIOM BHAHMBI DOCT XBOH y OCHOBAHHA LEHTPaJbHOTO
nobGera ormeyen mpu AocTHxeHuu HM 20 % roamyHoro mpupocra.
C yxyauwendeM yclaoBuil IpouspacTaHusl OTHOCHTEbHAA AJMHA mobera,
NpH KOTOpOH HAaYHHAETCA POCT XBOH, YBENHUHBAETCS H B COCHSIKe Be-
peckoBo-nHmIafiHuKoBOM 3Ta (eHodasa Habaonaerca npu 48 % roauu-
HOro npupocra LeHTpaJbHOro nmobera [20].

Hauano pocra xBou Ha HcciieLyeMbix 00beKTaX OTMEUEHO B Bepx-
HeH yacTH KpPOHBI IPH CPeIHEeCYTOUHOH TeMmnepartype Bosayxa 13,5°C
7 mast 1986 r. m mpu CpPefHECYyTOuHOH TeMmmepaType Bosayxa 12°C
20 mas 1987 r. HE3aBHCHMO OT YPOBHS TOPaX<eHUsl COCHOBLIX
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MOJIOAHSKOB. [lniuna noGeros B fauHoi (enodase cocrapasnna 30 % o6-
HeH JJHHE UeATpaJibioro nobera, 45 % amaueb 1oGera BepXHe# 4acTH
kpoubl, 80—85 % cpenneit yactu u 90 Y mo6era HHKHeH YacTH KPOHBIL.

B cunbHo moBpexaenHoM MOJIOAHSKE 3a cuer GoJblieli H3peKeHHO-
CTH H OCBELIEHHOCTH AJIHHA NOGEroB CPEAHHX H HHXKHHX YacTeHl KPOHEH
K 3TOMy MOMEHTY COCTaBHJa cOOTBeTCTBeHHO 50 W 75 % uX KoHeuHOH
JAJHHBL

Buano, 4To B yc/IOBHO HENMOBPEXIEHHOM H cab0 MOBPeKACHHOM
COCHAKAX WHTEHCHUBHOCTb POCTA XBOH YBEJIHUHBAETCS IOCTENEHHO, J0-
CTHTaeT cBoero makcumyma (1,2—1,4 mM/cyT) B Bepxuel 4acTH KPOHH
u 0,9 mm/cyr B HUXHell M HaYMHAeT CHHXKATbCs [0 IOJHOTO NpeKpa-
HieHHs: pocta (puc. 2). B cuIbHO U cpefHENOBpEX AEHHBIX MOJIOAHAKAX
HHTEHCHBHOCTb POCTa XBOH HOCHT XapaKTep BCHBIIKH, HEPeAKo ¢ He-
CKOJBKHMH MaKCHMyMaMH. B Takue nepHonbl IPHPOCT XBOH JOCTHraeT
B BepxHe#l vyactu 1,5—1,6 mM/cyr, B HuxkHe# yactu 1,2-—1,4 mm/cyT.
OpHako, Kak u poCT NOGEroB, TaKok GOJBLIOH CyTOYHBIH IPHPOCT
ABJsieTcl KpaTkoBpeMeHHHIM. IIpociexuBaercs Hekoropas CBA3b
H MEXIY NepHOLaMH MaKCHMaJbHOTO CYTOYHOTO NMPHPOCTA U TeMIepa-
TYpPO#i BO3/yXa, 4 TaKKe KOJHUECTBOM OCAJKOB B CHJIBHO H CPEAHEINO-
BpeXJAEHHBIX cOCHAKAaxX. BuusgHue MeTeopo/IOrdueckux yCAOBHH Ha HH-
TEHCHBHOCTB CYTOYHOIO IIPHPOCTA XBOM B YCJAOBHO HEMOBPEKIAECHHOM
COCHsIKe He NpocJiekHBaercs: (CM. puc. 2),

B cBs3u c TeM yTO HayasJO0 H OKOHUaHHE POCTA XBOH Y OCHOBaHHS
4 BEPIUHHLI Nobera He CcOBHAajgaeT BO BpPeMeHH, NEPHOL POCTA XBOU
pacrsanyt [20]. ITo sTofi npHunHe BHIABJIEHHE OKOHYALUS H DPOLOJINKH-
TEJBHOCTH POCTAa XBOHM 3aTpyiHeHo. B roabl HabaiofeHHsi Ha Beex
NpOGHBIX IJIOMaAKaX POCTOBBIE NpOLECCH XBOM 3aKAHUHBAJIUCh NpH-
MEpHO B OJIHO M TO e BpeMA — 20 aBrycra,— XOTS METEOPOJOrHYECKHE
ycioBus O6nin OaaronpuaTtHble. He 3ameueHa oryeryiuBasi pasHuia
H MeXAYy OKOHYaHHEM DOCTa XBOH BepxXHell H HHKHell YacTH KpOHBL,
OxoHuaTesJpHasi NJIHHA XBOM MOCJAEAHEro roja M XBOW APYTHX BO3-
PacToB B CHJBHO MOBPEXJEHHOM H YCJOBHO HENMOBpEXAEHHOM COCHO-
BOM MOJIOAHSIKe MpeAcTaBJeHsl B TabJ. 4.

N3 T1abs. 4 BHAOHO, YTO NIpH BLICOKOM YPOBHE 3arpsidHelus napa-
MeTDHl XBOH YBCJHYHBAIOTCS, YTO B HEKOTOPOH cTeNeHHM KOMIEHCHPYeT
TIOTEPH XBOM NPOLLJIOTO M No3ampouwioro roja. Hamo ormerHts, 4TO
YMeHpllleHHe AJKHHB XBOHHOK H H3MEHeHHe HX THIOHUHOH GOpMEl A
BCEX XBOHHBIX NPOMCXOAHUT NMPH 3arpA3HEHHH NPUPOAHOH CPeAH BHOPO-
CaMH, B COCTaBe KOTOPLIX JOMHHUPYIOT COEIMHEHMS! CepBl H JAPYTHX
TOXCHUHBIX BeulecTB [4, 19]. B 30He BiHsiHHS 3arps3HSIOUIHX BEIIECTR,

B COCTaB KOTODHIX BXOAAT H coefnHenus aszora (NHs, NO,), moxer
yBequuHBaTbCst JJMHAZ H Macca XBOMHOK. B oOTAeabHbIX caydyasx
itabaiopaercs jaxe CMTAHTH3M, KOTAa HJIHHA XBOMHOK gocturaetr 16 cm
{4]. Onnako paxe B HOPMAJBHBIX YCJIOBHSIX STOT NOKa3aTelNb 3HAYH-

Puc. 2. Cyrounmi IIPHPOCT XBou B BepxHell (/) u HuxknNedt (2) vacTH KPOHB npH pas-
JIMYHOM YPOBHe 3arps3HeHHS.
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Tabauya 4

Dauna XBoH (MM) wWeTHPEX BO3PACTOB B PasHMX 4ACTAX KDOHB NDH PasJHYHOM
YpOBHe aTMoc(hepHOTro 3arpsisHeHHs

YacTs Kpous BO:::;; ;‘22"’ M1} MIT-6 | YacTe KpoHsl BC;E!HDCGJ:";' jf:?n’ nr-1 | MI-6
Uenrpaas- 1 82 77 Cpenusas 1 67 54
Hule noGern 2 71 65 2 60 52

3 65 65 3 59 57

4 58 54 4 54 44

Bepxuas 1 71 67 Huxusas 1 438 42
. 2 64 55 2 50 43

3 60 57 3 55 55

4 55 49 4 — —

TEJAbHO BapbHPYeT B CBA3U C MeHEeTHYECKHMH OCOOEHHOCTIMH JepeBbes,
HX PaHTOM H TIOJIOXKEHHEeM B JPEBOCTOe, BO3PACTOM, NMOPSAAKOM H IOJO-
JKeHHeM BeTBeH B KPOHE, CONYTCTBYIOLINMH 5KCTPEMYMaMH KJIHMaTHye-
CKux ¢aktopos u ap. [16].

Ce30HHBIH papHaJbHBIA APOPOCT CTEOJOB

PagnanbHBI# DPUPOCT SIBJISAETCS OAHHM H3 OCHOBHHIX 3KOJIOTHUECKHX
HHINKATOPDOB H3MeHeHHH, NPOUCXOIAINHX B OKpyxawoueh cpeze [9].
[TosToMy HccnenoBaHHE Ce30HHOH AMHAMHKH PaAuMaJIbHOrO NPHPOCTA
CTBOJIOB ¥ FOAMYHOTO NMPUPOCTa HPHOOPETAIOT BAXKHYIO POJb IPH KOJIH-
4eCTBEHHOH OlL€HKe AaHTPOIOreHHBIX H3MEHeHHWH COCTOSHHA H pocrd
JepeBbeB H LPEBOCTOEB.

Pocr cTBosa no AMaMeTpy HauyuHaeTcs MO3XKe pPOCTa NOGEroB H B OC-
HOBHOM COBIajaeT ¢ HayaJOM aKTHBHOIO YIJIHHEHHS UEHTPaJbHOrO
nobera [20]. B sarpssHeHHBIX YCJIOBMAX OH HAUUHAETCS €IIE II03XKE
H COBNajaeT ¢ HayaJoM pocta xBoH. C yayumieHueM ycJaoBuil MeCTO-
npouspacTaHug pOCT CTBOJA 1O AMaMeTPy HayHHaercs panbuie [21].
B 1987 r. nHauyano ce30HHOro pajHalbHOTO NPHPOCTA CTBOJOB B KOH-
TPOJIBHOM COCHOBOM MOJIOJHAKe 3aperucrpupoBano 18—20 wMmas.
C yBesMueHHeM YpPOBHS 3arpsA3HeHHs HAYaJO0 pOCTa ONasjbiBaer
H B CHJIbHO MOBPEXKAEHHRHIX MOJOAHSIKaX HauuHaercsa Ha 7—10 cyt
no3gHee. AHAJH3 CE30HHOH AMHAMHKH CYTOYHOIO PAJMHAJIbHOTO MNpH-
pocta cTBOJIOB (pHC. 3) MO3BOJfAET BBHIAENHTH NEPHOAB], KOrAa pPOCT
CTBOJIOB TI0 AHAMETpPy IpoHcxofuT HaunboJsee HHTeHCHBHO. Hekotopoe
BJIHsIHHE Ha KoJebalua NPHPOCTA OKA3HIBAET H3MEHEHHE METeOPOJIOTH-
yeckKHx ycaopni. CyTOUHHIH palMasbHBIA NPHPOCT B NEPHOAH aKTHB-
HOTO pPOCTa CTBOJIOB B [IPEBOCTOSIX Pa3HYHOH CTelleHH NOBPeXIeHHO-
CTH APKO pasJiHuaercs. Tax, B BepxHe#l 4acTH CTBOJA MaKCHMAaJbHbE
paavanbHbI NPUPOCT AOCTHraeT B YCJOBHO HENOBPEKAEHHBHIX MOJOI-
Hakax 0,06 MM/cyr Bo Bce Tpu mepHoxa aKTHBHOIO DOCTa, B TO Ke
BpeMsl B CHJIbHO NMOBPEXJEHHBIX MOJOIHAKAX OH Koaebjercs B mpeje-
jgax 0,03 MM/cyT u JINIIB B KOHIE BereTailMOHHOTO MEpPHOLA NOCTHTAEeT
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0,05—0,06 mm/cyr. B HuxHell yacTu CTBO/A B MEPHOL, NepBOro aKTHB-
HOTO POCTa CTBOJIOB Ha KOHTPOJIbHON ILIOI{ajKe NPHPOCT AOCTHraeT
cBoero MakcuMyma — 0,08 mm/cyT, a B cleAyomue NepHOXH HOCTe-
NeHHO yMmeHbinaercs Ao 0,05 mm/cyr. B moBpexAeHHBIX MOJIOZHSAKAX
MEPHOAB AKTHBHOIO POCTA HE CTOJb OYEBHAHO PA3JIHUAIOTCH, a MpH-
pocr KosteGrercs B npeaenax 0,03—0,04 mm/cyt (cm. puc. 3).
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Puc. 3. CyTtounslit payuazbHbiil MPUPOCT B BepxHell (@) K HuwxHeil (6) wactn
CTBOJIA NPH Pa3JHYHOM PACCTOSIHHH OT HCTOUNHKOB 3arpPA3HEHHS.

1y MII-1, 2,0 km; 2) TIM1-2, 2,2 &m; 3) TIT1-3, 7.0 xM; 4) TII1-4, 5.0 kM 5) II1-5, 10,0 xM;
. 6) II1-6, 15,0 kM

OkoHyaHHe pocTa CTBOJIOB B COCHOBHIX MOJIOAHAKAX PasJHUHON
CTENeHH MOBPEXACHHQCTH HacTynaer He B ONHO H TO e BpeMs.
B cuibHO 3arps3HEeHHHX MOJNOAHAKAX PaJAHAJbHBIH IPHPOCT CTBOJIOB
npoaseBaercss Ha 5—7 CyT, OAHAKO H3-32 3amO3JaHUSA Hayaja pocra
IPOJOMKUTENBHOCTD PAAHAJBHOIO IPUPOCTA CTBOJIOB OBLIA NPHUMEPHO
ONHHAKOBOH Ha Bcex NPOGHBIX mjomajakax u cocraBunaa 110—115 cyr.
Tomnunsill paguasbHBIE NPHPOCT CTBOJZ B ABYX 4acCTAX CTBOJA NPex-
craBiaed B rabJ. 5.

Kak yxe H3BeCTHO, ¢ YBeJIMUEHHEM YPOBHSI TOpa)KeHHs JepeBbeB
PanuanbHblil MPHPOCT CTBOJMOB yMeHbmaercs. Hamu nabmaiogesus mno-
Kasanu, yro moTepu pajHaJBLHOTO NPHPOCTAa HaHOOJbLIHe B BepXHeH
4actu crBosa M gocturanT 45 9%, a B HHxHUX 4YacTax — 25—30 % ro-
" AHYHOTO PaAMaJbHOrO NPHPOCTA CTBOJA. :
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Tabruya 5

Topuunbl paauanLHLIE NPHPOCT CTBOJA HA Pa3/MYHOM PaCCTOSIHHH
OT HCTOYHWKA 3arpsisHennsa 3a 1987 r.

Bepxusas wacTe C¢TBOAA HuxHsA yacThL CTBOMA
TIpo6ras PaccrosHue
naocuwagka X0 saBojka, .
™ MM % MM o
II-1 2 2,5 55,5 3,5 68.6
Ir-2 2,2 2,5 55,5 3,9 76,5
-3 7 4,3 95,5 2.8 54,9
I1-4 3 5 111,1 4’6 90,1
TIf1-6 15 4,5 100 5,1 100

Ce3oHHbIi onajn XBOH pa3JiHYHOro BO3pacra

VIHTeHCHBHOCTb OMaja XBOM SIBJAETCS OJHHM H3 OCHOBHBHIX [0Ka-
3arelefl KH3HECIOCOGHOCTH OTLEJLHOTO AepeBa. [laxe HCIONB30OBaHHE
TaKOro HIMPOKO PACHPOCTPAHEHHOTO NOKa3aTessi COCTOSIHHS JAePeBbeB,
KaK BO3PacT XBoH, 6e3 JONOJTHUTEBHOTO HCCIeJOBAHHSA WHTEHCHBHOCTH
onafa XBOH PA3JIMUHOrO BO3pacra He NPHHOCHT OXHA2eMHIX pe3yJib-
TaToB. M3yueHnI0O 3aKOHOMepHOCTEH OMajfa XBOH H NPOJOJKHTENbHOCTH
ee XHU3HH NOCBsilieHo MHoro pabot [18, 28]. Oxnako 3TOT CAOKHHIEA
6noJoruyeckuil mpouece HeaoCcTaTOuHO u3ydeH. Ocobyi0 aKTyaslbHOCTD
HecsiefoBaHHe 3aKOHOMEPHOCTEH oNaja XBOH Npuobperaer npH usyue-
HMH MCKYCCTBEHHBIX NMOCAJOK COCHOBHIX ApeBocroeB. Hamu nposonu-
JHUCh HAGJMIOJeHNs 3a AWHAMHKOH omajna XBOH PasHOro Bo3pacra MNpH
Pas/MuYHOM YPOBHE NOBPEXAEHHS COCHOBBIX MOJOAHSKOB. Mcenenopa-
HHSl OMaja XBOH INPOBOMMJAHCH ¢ HayaJa BereTaulUoOHHOTO NepHoia 10
HOAGps—aeKabps, KOrjia Omaj XBOH BCEX BO3pPAcTOB INPAKTHYECKH
npexpamaercs. Hab6mwogeHns BedHCh 33 JAWHAMUKOH UYMCJEHHOCTH
XBOMHOK TPEThEro M BTOPOTO rofa, a B KOHIE Ce30Ha H 3a AMHAMUKOH
UHCJIEHHOCTH XBOMHOK TeKyulero roza. MccaenoBanus BeJHCh Ha YETH-
pex YpOBHSAX KDOHH!: B 30HE pOCTa LeHTpajbHOro mobera, B BepxHeH
30He Ha BTOPOH—TpeThell MyTOBKe, B CpejiHell — Ha ueTBepTOH-—Iuec-
TOH, B HHXKHEH — 1a celbMOH—aeBATOR. JIHHaMuKa ollaja XBOH H Ce
HHTEHCHBHOCTL NPEACTaBJeHa B OTHOCUTeNbHHX BelnunHax. 3a 100 %
TIPHHAMAJIOCH TIOJHOE YHCIO XBOMHOK Ha HCCEA0BaHHOM nobere.

Bo Bpems HaGJ0AeHHHA BO3pAcT XBOM COCTABJSJ TPH I'ofa Ha Bcex
NPOGHBIX TJIOLIAASX, XOTS YHCJIO XBOMHOK Ha noferax 3HAaUMTEJbHO
pasinuasock (puc. 4). YBesjuyeHue Onaia XBOM TPeTbero roia Habuo-
1a7I0ch y3Ke ¢ HauaJa BETeTAlMOHHOTO IepHONa, 0cobeHHO B Haubosee
HOBpeXIEeHHEIX COCHAKAX. 31eCh HHTEHCHBHOCTb ONaja XBOM TPEThEro
roga pocruraia 0,30 %/cyr, 1 ¢ yMeHblIeHHEM CTEIEHH NMOBPeXAEHHA
OHa MOCTENEeHHO cHMKajach. Ha KOHTPOJBHOH IVIOUIAXKe HWHTEHCHE-
HOCTb ONajza XBOMHOK Jepxanach cra6umpHo Ha yposHe 0,10—
0,15 %/cyt (raba. 6, 7). B To xe camoe Bpems YBEJHUHJCH U onan
XBOM BTOPOr0 TOJA, OLHAKO HHTEHCHBHOCTh ONaja COCTaBJAIA
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0,15—0,20 %/cytr B moBpexJAEHHHIX COCHOBHIX MOJOLHAKAX H OKOJIO
0,05 %/cyr B ycioBHO HenmoBpexgeHHbIX. OCHOBHOH Omaj XBOH BCEX
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Puc. 4. Onay XBoM 1ipu pasjHYHOM YPOBHE 3arpsA3nCHHS B Ha-
npasiesun 90—110° or Flonasckoro ITO <«Asortacs 3a 1987 r.

1) TII-1, 2,0 km; 2) IOIT-2, 2,2 wkM; 3) THI-3, 7,0 kum; 4) TIII-6, 15,0 kM.

BO3PAacTOB MMeJN MeCTO B KOHIIe aBrycTa H B ceutabpe (cM. puc. 4).
B 3T0T nepHox 1OYTH OJAHOBPEMEHHO 3aKaHYMBAETCS ONAL XBOH
. TPETbero rofa BO BCEX COCHOBBIX MOJIOAHSAKAX He3aBUCHMO OT YPOBHI
nopaxkennsi. K 9TOMy MOMEHTY Omaj XBOM BTODOIO roja B BepxHef
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YacTH KPOHH B HaHOOJee TOBPEXKJEHHBIX COCHAKAX MNpPEBHIIAN Onaf
XBOH Ha KOHTPOJABHOH miomajake B 1986 r. Ha 10 % u B 1987 r. Ha 35—
40 %. Ilpu yMeHbIIEHHH CTENEHH IMOBPEXKAEHHS COCHSKOB MeHAeics H
HHTEHCHBHOCTb OIlajla B BEPXHHX YacTsX KPOHH. MIHTeHcUBHOCTL Gafa
XBOH BTOPOro roja B NOBPeXAEHHHX cOCHAKax jpocruria 1,7 % /cyT u
NOCTENEHHO yMeHblIaach 10 KOHIIA ceHTa6psA. B 9TO :Ke Bpems 1a KOH-
TPOJILHOM NUIOMIAJKe HHTEHCHBHOCTb ONaja XBOH BTOPOTO rojia He fpe-
Bumana 1,3 %/cyr (cm. ta6a. 7). Hanbosbuii onan XBOH B 3arpss-
HEHHHIX YCJOBHAX OTMEYaJsC B 30HEe POCTa ULEHTPAaNbHOro mobera H
B BepxXHeH YacTH KPOHHI, Tie cocTarasa okogao 80 %. Ha xouTpoabHOM
IJIOIA/iKe HAa 3TOM YPOBHE KPOHHl ONajJ XBOM BTOPOTO rOAa COCTaBJSI
25—309% w JaumBb" B HHXKHEH UacTM KPOHH OH YBEJHYHJICH JO
60—70 %, npeBrnuas Ha 30 % onax XBOW MOBPEXAEHHLIX MOJOLHSKOB,
10 cBA3aHO ¢ GOMBLINM 3aTEHEHHEM XBOM HAa KOHTPOJbHOH MJIOLLAJKe
B HUXXHEH YacCTH KPOHHI, YTO OTPHLATEJBHO BJHSET Ha MOpQOJOoTHYe-
CKyl0 CTPYKTYPY XBOMHHOK M BH3bIBAe€T TNOCTeNeHHHIH wux omaj [25].

Tabauya 6

HutencusHocts (%/CyT) onaza XBOM PASHOTO RO3PACTA HA PA3JHUHOM PACCTOSHHM
OT HCTOYHMKA 3arpssHeHust B 1986 r.

. ]
L
TR _
g5 |5 |38 s |5 |5 |S|E|5|x|5]|x]z=
g8 |z | 28 |2 le|slelZ|=2ls|=2|zg]=
mi-1{ 2 | 3 |0,28]0,19]0,00|0,24]0,14|0,24|0,43{0,31 —
2 016]0.17]0%17|0.07 0,11 |0.17 |0.27]0.57|0,13] 0,02
VS S S S S foloo] 0,05 0010
mie| 15 | 3 |0,21]0,16]0,16|0,24]0,48]0,92|1,14]0,30| — | —
2 |0.05|0.04]0%06|0.02]|0.0810.37|0.40{0.56|0,43| 0,03
1| S = T S 0000002 ] 0,00

Hauano onaga xBou TeKylllero roga 3aperucTpupOBaHO B CepPeAUHE
ceHTA0pA, Xorja NOJIHOCTbIO omaJja XBos Tperbero roga. C ysenanue-
HHEM CTeNeHH [IOBPEeXKJEHWs COCHAKOB OINlaj XBOH TEKYLIEro rofa yBe-
auyuics # B 1986 r. Kk KoHLy ce30Ha AOCTHr B 0C0B60 3arpsisHEHHBIX
yeaoBuax 10 % u 1987 r. okomo 20 %. B yciioBHO HemoBpeXAeHHOM
MOJIOAHAKe ONaj, XBOH TeKyllero To4a 3aperHCTPUPOBAH JUIIb B BEpX-
Hell YacTH XPOHH M K KOHIy ce30Ha cocTaBua 2—5 9.

Kak yxe He pa3 oTMeuasoch, He06X0AUMO O6paTHTH BHHMaHHe Ha
COCHOBHIH MoJoaHsAK Ha III1-2, kotophit mpoHspacraeT noj MPHKPH-
THeM 060Jiee CTaporo M BHICOKOTO APEBOCTOA. B cBA3H CO CHMXKEHMEM
NpsAMOro Bo3jeficTBHS BHIGPOCOB Ha COCHOBHH MOJAOAHSK YyDPOBEHb
onaja XBOM BCeX BO3PACTOB JIHMIIb HA HECKOJbKO NPOUEHTOB NDEBLICHI
onaj XBOM Ha KOHTPOJIbHOH mJjomaznke (cM. puc. 4).

MHorue aBTOpH OTMEUYaIOT CBSI3b MeXJY yBeJHUYEHHEM Of1aJa XBOH
H METeopOoJIorHYecKuMH ycnoBusaMu [28]. Mccaenobanus nokasan, 4ro
cyxas W XKapKas TOrojia yBeJHYHMBAeT OMajJ XBOW BCeX BO3pacToB He
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Tabauya 7

UnrencusrHocts (% /cyT) onmaza XBOH pasHOr0 BO3PACTa Ha PA3NUYHOM PACCTOSHHE
OT MCTOYHHKA 3arps3HeHus B 1987 r.

s | 8
8% |8 | 2¢ s| 515 5| « | = 5
= 8 I = > o] - 0 = >
eElSz| &5 | 2 s ls|s|l s | S| a2 5] =
1|2 | 3 lo,31]0,97]0,16]0,27{ 0,37 |0, 78| — | — | — | —
2 |0.13]0.02]/0.03]0.06| 003 | 0,18 | 1,66 | 0,81 | 0,05 | 0,01
1 | =222 2 1 oloo]oo3|o.84f002! 001
rm-2]2,2 3 lo,17]0,13(0,16[0,13] 0,23 | 1,38 | 1,61 | 0,17 | — | —
2 10.07]0.05/0.01|0.00] 0,04 | 0,45 | 0.88 | 0.15 | 0,01 | 0,01
1 T 2 0000 | 0018 | 0001 | 0l00
m-3|7 | 3 lo,22|0,15(0,05(0,20| 0,19 | 0,01 | — | —
2 10.18/0.2110.09|0708] 0.06 | 0:35 | 1,52 | 1,12 | 0,33 | 0,01
1 ST S [ oloo | 0lo1 | ol25 | 0.0t | 0l00
mi-4ls | 3 |0,38]0,28]0,03|0,06{ 0,14 0,70 |0,78 | 0,19 — | —
2 |0.07[0.09|0.06{0/06| 0l08 | 0,08 | 0,99 | 1,48 | 0,00 | 0,03
1= S S S ST 000 ol | 000 |
m-5{0 | 3 {o,22]0,53]0,10]0,17} 0,06 | 0,16 {0,011 | — | — | —
2 |0.05|0.08|0.04|0.05|0.05|0.16 | 0,28 | 1,28 | 0,26 | 0,01
1 | = =2 2 22 [ oloofol1s 001|000
mi6li5 | 3 |o0,11]0,18{0,06{0,12] 0,13 | 1,04} 1,36 |0,18] — | —
2 |0.05]0.07|0.04|0.03] 0,02 | 0’12 | 1.26 | 0.47 | 0,12 | 0,01
1 |22 =2 S oloo] 002|001 | 000

TOJbKO B NEPHOJ OCHOBHOTO ONaja, HO ¥ BO BpPeMs aKTHBHHIX POCTO-
BLIX NPOHECCOB.

YCTaHOBJIEHO, YTO TaKOM INHPOKO NPUMEHsIeMbIHl IIOKa3aTelb CaHH-
TaPHOTO COCTOSHHS APEBOCTOS,*KaK BO3PaCT XBOH, He BIOJHE HaJEeXKHO
YKa3HBaeT cTeNeHb NOBPEXJEHHSI COCHOBHIX APEBOCTOEB BHIGPOCAMH.
Ilpu ero npuMeHeHHH HEOOGXOAMMO YYHTHIBATH MHTEHCHBHOCTH ONaja
PasHbIX BO3pacTOB, TaK KaK CPOK NMOJHOIO ONafa XBOH Gojiee paHHHMX
JeT TP Pa3JUuHON cTeNeHHu MOBPEeXKAEHHs NepeBbeB NMOYTH HE PA3JH-
yaercs. Mcxoas u3 aroro ypoBeHp AedoJHAUMH JepPeBbeB ABJACTCH
OCHOBHHIM H HIMPOKO HCHOJB3YEeMEIM NOKa3aTesleM COCTOSHHS JepeBbeB
B CHCTeMeé MOHHUTODHHTA JieCHRIX sKocucTeM. OQHaKo riasoMepHble Me-
- TOAH OLENKHU cTeneHH JedosHanmuy NPUMEHHMBl JHIIL B YCJAOBHAX
AOCTaTOYHO OCTPOTO NMOPaxKeHHs mepeBbeB. IIpH HCMoOJb30BaHUU Gosee
TOYHBIX METOJOB y4eTa Olaja XBOM paspeliaionias CNocOGHOCTL 3TOrO
TOKasaTessi MOXKeT GHITh 3HAUHTENbHO yBeJHUYEHA.

Hoxa3aTesn COCTOSHHMS JePEBLEB
B YCJIOBHSIX 3arpsidHeHHON NPHPOAHOH cCpenbi

Jl1st GHEHKH COCTOSHHS J€PEBLEB HCIOJB3YIOTCA DPa3IHYHEIE METOAH
- W Tmokasatenu. Ilo CBOJHABIM JaHHBIM EBponeﬁcxoro SKOHOMHYECKOro
CoBeTa B ABCTPHPI AN OLeHKU COCTOSHHSI LPEBOCTOS HCHOJAb3YIOTCS
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TaKue NOKa3aTeNH, KAK YHC/JI0 XBOHMHOK Ha mobere, macca 100 xBOHHOK,
LJHIIa H LBeT XBOH, B KJaccoB ¥ 6 Tumon nedponﬂaumx, AJIMHA TJIaB-
Horo nofera, Macca XBoH W Ap.; B KaHale— cTeneHb morepd XBOH
H Knaccmpnxaum JIPEBOCTOEB 0 COCTOAHHIO: B JlaHHH — Ha BHIGpaH-
HBIX Y4acTKax BeJeTcd HeTalbHOe H3yueHue TNOTEPH XBOU;, B PHH-
JSUAHH — BO3PACT XBOH, NPOTSXKEHHOCTb JKHBOM  KPOHBI, UBET
XBOM H T. [I.

Takum o6pa3oM, BO MHOrMX CTPaHax OCHOBHOe BHMManHe o6pa-
Hiaercs Ha KpoHy AepeBa, ee pa3ButHe M xBow. Ulupoko pacmpocrpa-
HEHBl TakKhe XapaKTEPHCTHKH, KaK KJIacChl MOBPEXKAEHuUs, Ompelelsie-
Mbie 10 yPOBHIO TOTEPH, {BETY, BO3PACTy XBOK W T.1. Bo Bpema uccae-
AOBaHuH, nposenedsbix B 1986 u 1987 rr., 6biiu npoBepensl, Ha Hall
B3ryisd, HauboJice MOAXOASIIME TOKA3aTeNd IJIA ONEHKH COCTOSHHA
JAPEBOCTOEB .B YCJIOBHAX 3arPsA3HEHHON NPUPOAHON CPejibl.

Yamie Bcero COCTOSIHWE HNEPEBbEB OUEHHUBAETCA N0 NATHOAJJILHOMN
LIKaJie, KOTOPas COCTABJAEHA Ha OCHOBE BH3YaJIbHO ONpeEIesieMbiX MPH-
3HakoB. Takag olleHka orT/iinyaercs GOJBIION MPOCTOTOH, YAOGCTBOM,
HO HOCHT CyOGBeKTHBHBIE xapakrep. /s OLEHKH COCTOSHHSA [EePEBbLEB,
HapaAly ¢ 35KCIEPTHBIMH olUeHkamMu no OajiaM, HeoGXoauMbl GoJee
O0OBCKTUBHLIE MMOKA3aTesu.

DoubuIof UyBCTBHTENLHOCTBIO K 3arpsi3HEHHI0 NPUPOHON cpenbl
OTJINYaeTCA NPHPOCT CTBOJIOB B BHICOTY, T.€. AJIHHA LEHTPAJbHOrO MO-
Gera. Kak nokasanu uccieAoBalius, B YCJAOBHAX 3arpsA3HEHHsT NPHUPOCT
B BHICOTY cocrasJjser Juile 40—50 % roawyroro npupocra MosoaHA-
KOB, [IPOH3PACTAMOUIHX B YCAOBHO HEMOBPEeXAeHHHK yeaoBuax. Oguaro
YCTaHOBJEHHe 5TOrO NOKa3aTeNs HHCTPYMEHTANbHBIM METOAOM 3aTpyA-
HeHOo, 0oco0eHNIO B CPefHEBO3PACTHHIX U Gosiee CTapblX [pPeBOCTOSIX;
CJeJ0BaTeNbHO, OH He MOXKer OBITh MCIOJNb30OBAH JHLIbL NP BU3YalL-
HO# OUeHKe COCTOSIHHS KPOHH OTHAENBHOrO Jiepena.

Buomerpuueckde MOKa3aTeNlH XBOH B HEKOTODBIX CJAyYasxX TaKike
Moryr ObiTh HCNOJBL30BaHBLl NPH OLEHKE KH3HECHOCOGHOCTH AepeBa.
Jnuna XBOM U ee Macca OTPaxaloT CTeNeHs GJaronNpUATHOCTY YCIOBHE
MeCcTOTPOM3pACTaHUsl COCHOBHIX Hacax/jJeHui [16], omHako, Kak ymxe
OTMEYaJoch, Jaxe B He3arpsi3HEHHHX YCJIOBUAX MapaMeTphl XBOU 3Ha-
UHTEAbHO BAPBLHPYIOT H 33BHCAT OT TeHEeTHUECKHX OcobeHHOCTed Ae-
PEBBEB, WX TOJIOXKEHHA B JpeBOCTOe U Bo3pacra [4].

HoBOJMBPHO YeTKO ypOBEHb 3arpsA3HEHHs INOKa3blBAeT pajHaJbHBIH
OPUPOCT ¢TBOJOB. HanGoapmine noTepy NpupoOCTa NPOUCXOUAT B BepX-
Hell YacTH CTBOJIa, OJHAKO 43-3a HeymobOcTBa B3situs npob OGypom
MOXHO TIPHPOCT CTBOJIOB H3MEPATh U Ha TPaJMIMOHHOH BhIcore. Kak
yXKe OTMeYasnoch, B CHJBHO 3arpsi3HeHHBIX COCHOBHIX MOJOJZHAKAX
B HUXKHE 4acTH CTBOJIA MOTepH mpupocra cocrasasior 26—30 Y. Ipu
yCTaHOBJIEHHH BO3pacra jepeBa LelecoobpasHO HapAAy € IIPHPOCTOM
3a 5 uau 10 jer onpepenuts M MPUPOCT TeKyluero roaa. Kax ormeuaer
T'. Berk [9], noTepu npupocTa MOMKHO OIpelesIuTh B pPaoHax, noisep-
JKEHHBIX aTMOC(EpHOMY 3arpsi3HEHHIO, HO IpPU 3TOM HeJb3st ONpeje-
JuTH NpPHYHHY npoucxoisfuiero. CoBpeMeHHble METONLHl €lile He MO3BO-
JISIOT BBLAENUTH AHTPOIOTEeHHLIE COCTABJAAIOIIME H3MEHEHH TMPHUPOCTa
CTBOJIOB.
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Onnaxo Hccie0BaHHe NPHPOCTA CTBOJOB B LENSX ONpeleicHHS
JKU3HECNOCO6HOCTH AepeBa Leaecoo6pasHo.

Onun ¥3 OCHOBHBEIX M JIETKO yCTAHABJIMBAEMBIX MPU3HAKOB COCTOA-
HHSI COCHOBHIX JPEBOCTOEB sBJsieTCs Bo3pacT xBou [2]. OmHaKo u 5TOT
NOKa3ateJb TOJbKO NPHOAH3HTENBHO JHArHOCTHPYET CTelNeHb OCJaal-
JeHHocTH Jepesa [17]. Kak yxe orMmeuasnoch, NOJHEIN onag XBOoH
cTapulero Bospacra MPOUCXOAHT NPUMEPHO OAHOBPEMEHHO B COCHSKax
HE3aBHCHMO OT YPOBHs MOPaXKEHHOCTH. B NOJIEBHIX yC/IOBHAX MPH yera-
HOBJIEHHH KJ1acCa COCTOSIHMS AepeBa 4acTo HCIHOJB3Yercs [N0KasaTelb,
CBA3AHHBIH ¢ onazom xsoM. HaMu ycTaHOBJIEHO, YTO B 3arpsA3HEHHBIX
YCJIOBHSIX OlajJ XBOM MHTEHCHBHee NPOHCXONUT B BepXHel YacTH KPOHHL.
B HesarpsisHeHHHIX YCJIOBHAX HaHGOMbIIN ONaj IPOUCXOANT B HHKHEH
yacTH KpoHH. Tarylo sakoHOMepHOCTh oTMeuaeT H A. A. MapTHHIOK
[17]. Hekoropnie aBropst [1, 27] m3yuanu oxsoenue moGeros BTOPOTO,
TPEThEero M CJAeAyomuX NopsaakoB. ITo uXx maHHBIM M IO NaHHHEIM Ha-
IHX HalmiofeHull, Npy Pa3jHYHOM YDPOBHe 3aTPSISHEHHS IPOAOJIKH-
TEJNBHOCTb KH3HH XBOH MOXET COCTaBJAATbL 2—3 Toja, HO CTENeHb
OXBOEHHA noGeros BTOPOro rojga 6yJeT CHABHO pasanuatses. Ojmaxo,
KaK yKe OTMeuajoCh, BU3YyaJbHBIE METOJbl OHEHKH CTemeHH pedosama-
HHH OTJIMYANOTCA OOMbINOH CYGHEKTHBHOCTBIO H NPHMEHMME JIHIIb
B YCJIOBHSX JOCTATOYHO OCTPOTO HOPakeHHs Aepesbes. [1osToMy Iere-
c006pa3Ho MCMOJL30BaTh GOJiee TOUHHIE METOABl yYeTa Onaja XBOH,
U4TO IOMOXKET IMOBBICHTh paspemaomylo CHOCOGHOCTL 3TOTO NOKas3a-
Tend. Hano oTMeTHTD, YTO TaKue 3HaueHHs TeX HoKasaTesell, KOTOphie
CBA33HH C ONaJiOM XBOH, 3aBHCST OT BPEMEHH roja, METeOPOAOTHUE-
CKHX YCJOBHM, BO3pacTa AepeBa U CTPYKTYDHI HeHomonyasuuu [24].
Mu nonmmTanuce paspaboraTh IOKasaTelb, HAWUMEHEe 3aBHCHMBIN
OT 3THX (AKTOPOB, HO B TO Ke BpPeMs H JOBOJbHO YYBCTBHTEJNbHHIH
K DPa3IHYHOMY YDOBHIO 3arps3HeHust NMPHPOAHOH cpeiabl. OGBLEKTOM
HCCJEAOBAHNs cTadu No0ern TeKyIIero roja, KOorxa Onaj XBOH elle
He HauuHaJCH. -

CornacHo HalllUM JaHHBIM, HAHGOJbLIHE PA3NHUHS MEXKAY MapaMer-
paMu no6eroB M XBOM IIPH PAa3/IMYHOM YPOBHE 3arpsA3HEHUS BHISBJISA-
10Tes B BepXHel 4acTH KpoHHL [TosToMy nist yCTAHOBAEH U NOKA3aTe s,
OnpeNensioero cTeneHb NOBPeXJeHHS, 06pasubl CJaeayeT OTGHPATH
B BepxHeHl u4acTH KPoHH. Ha OCHOBaHUM BHISBJEHHHX 32KOHOMED-
1ocrel HOPMHUPOBAHUA ACCUMHJALKMOHHOTO alllapaTa JepeBa CUHUTaeM,
YTO OAHHMM H3 Haubojee NOAXOAALIHX NOKazaTeNell COCTOSIHHSI ApERO-
CTOA sABJAAETCS CTENEHb OXBoenus No6GeroB TeKyliero roia, KOTOPHIHA
yCTaHaBAMBaeTCs . KaK Macca XBOM Ha €AMHHIY IJHHH noGera. Ilpnm
YCTAHOBJICHHH 3TOr0 NMOKa3aTeJs OblJM HCHOOJNb30BaHBl MaTephaanl 1984
u 1986 rr. B 1984 r. nccnenosanust NPOBOAMJIHCE B CPEHEBO3PACTHBIX
cocnoBhix apesocroax (I1M-1, -2, -3, -4), a B 1986 r. B Tpex COCHOBHIX
Mogonusakax (III1-1, -6 n OII-1) ma pasauunoM paccrosnuu ot [10
«Asorac» [5]. B 1987 r. stor mokasartesb GEUI IPOBEpEH elie pas Ha
natH NpoOHHX NJaomaikax. JlaHHEE HCCIefOBAHMS ITTOKA3aJH, UTO
C yBeJHYeHHEeM 3arpsA3HeHH:A NOGErH CTAaHOBATCS KOpoue, a Macca XBOM
Ha no6erax TeKyLIero rofa yBeMHUHBaeTCA. B CBA3H ¢ 3THM CTeNeHL
" OXBOeHHH N06eroB TEKYIIEro rofa TaKXKe YBeJHUHBAETCAH.
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[t OmeHKH COCTOSIHHSI JPEBOCTOS OXBOEHHOCTh MOGErOB CJEAyeT
onpeje/isiTh B MOJOAHAKAX Ha BTOPOH-TpeTbeH MYTOBKE, B JPYFHX BO3-
pacTHHX KaTeropHax Ha TpeTheH-NaTOH, 9TO COCTABJAET CepelHHY
BepxHell yacTH KpoHH (raba. 8). HMccrenoBaHHs NPOBOAMAMCH B IMO-
clenHell Jekale aBrycTa U B HauaJje CeHTAGPS, KOrAa XBOS TEKYILEro
roja NoJiHOCThIO CGOPMHPOBAHA, a omnaj eille He HaunHaercs. [loGern
clesyer or0uparb c gepeBbeB 1—3 Riaacca pocTa HPONOPIHOHAJIBHO
UX pacopeseienHio B apeBocroe. Ilesecoo6pa3no ycTaHOBHTh H OXBO-
eHHoCTb OoJee cTapex NOGeros.

Tabauya 8
CBopuble NAHHBIE 1O H3YUYCHHIO CTEeMeH# OXBOCHNSA nodéeros
. . Heobxoinmoe

Sprepmenrany | Puconme | omemwerts | Kogtmmen | ot
na-1 2,5 0,66 23,25 42
-2 4,0 0,54 19,07 29
I10-3 7,0 0,49 17,36 24
I11-4 15,0 0,40 13,25 14
‘M-t 2,0 0,94 19,16 28
OI1-1 7,0 0,64 15,61 19
-6 15,0 0,55 9,85 8

Npumeuvanne HeobxonumMoe 4HCAO NOGErOB NMOACYMTAHO NPH [NAHKPYeMOH
own6Ke *£5 % u yposue pocrosepHoctH 0,85; I1JL — npoGuoe nepeso, OIl — onbit-
Haa naowapka, THT— npobras nuomanka.

~

Hi3aMeHYHBOCTb CTeNeHH OXBOEHHS NOGEroB YBeJHYMBAETCH C YBe
JIMYEHHEM YDOBHS 3arpasHeHus. s JOCTHIKEHHS MIaHHUPYyeMOH TOU-
Hocry (p==*5 %, P=0,95) HeoGxoznMoe 4HCJIO H3yuaeMBIX MoGeros
B ApeBOCTOe NpelcTaBjeHo B Tabi. 8. BuaHo, YyTO B YCJOBHAX HeIO-
BPeXAEHHLIX JPEeBOCTOEB YHCJAO H3ydaeMblx noGeros cocrapisier 8—15,
20—30 B cpexHenoBpexjeHHBIX M 30—40 B CUIBHO MOBPEKAEHHBIX
IpPEBOCTOSX,

Kak yxe oTMeuajoch, B 1987 r. ycraHOBNEHHEBI# HOKa3aTesib —
O0XBOEHHOCTh NOGEroB TEKYLIEro roja — GBUI ellle pa3 NpPOBepeH B MATH
COCHOBLIX MOJIOLHSIKaX, PacloJIOKEHHBIX N0 HampasJjeHnioo 90—110°
OT 3aBoza (noaBeTpeHHOe HanpabseHue). CTeneHb 0XBOeHHS NOGEroB
ONpefensyiock Ha BTOPO#l Myroske. IlosyueHHble HaHHBIE HPEACTAB-
Jiedsl B Tabua. 9.

M3 taba. 9 BuAHO, YTO KaK B YCJHOBHO HEMOBPEXAEHHOM, TaK H
B CHJIBHO 3arpsA3HEHHOM COCHOBOM MOJIOJHSKE OXBOSHHOCTH MOBEroR H3
FOAa B IoJ MaJo H3MeEHsIeTCss M KoJelJeTcsd COOTEeTCTBEHHO B Ipeje-
aax 0,62—0,65 u 1,02—1,04 r/cm. Heo6xomuMo TakkKe OTMETHTb 3a-
MUTHBIE 3¢ QeKT HaTypaJbHEIX 3aCJIOHOB AJiA HeOGOJBIUHX APEBOCTOEB
OT npsMoro BoszefictBusi BeIOpocoB. Takum o6pasom Ha [II1-2, xoro-
pas HaxXOAMTCA HA PACCTOSHHH JIHIIb 2,2 KM OT 3aBOJ4, HO NOA NpH-
KpuiTHeM 40-JeTHEro COCH#AKA, XXH3HEeCNOCOOHOCTh LePEeBheB Bhillle, ueM
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Tabauya 9

Crenenb oxBoenus (T/cM) noGeroB Ha BTOPOH MYTOBKE NPH DASAHYHOM YPOBHe
nopaxeHus cocHskoB sa 1986—1987 rr.

DKCNe PUMEHTAJIBHAS Paccrosnue R
nAowaaKa 210 33BOAA, KM 1986 r. 1987 r.

-1 P) 1,04 1,03
I1-2 2,2 - 0,65
OIl-1 7 0,74 =

-3 7 - 0,71
If-2 14 — 0,69
TI1-6 15 0,63 0,85

[Ipumevanne III1—mnpobuass niomazka, OIl — onbiTHas naowwanka.

y psila COCHOBHIX JPEBOCTOEB, MPOH3PACTAIIIHX HA ropasfo GoJbieM
paccrosHuM ot 3aBoja. Ha sTo mpepnaraeM o6partuth BHHUMAaHHE NPU
paspaboTKe JIeCOTEXHHYECKHX MEpONPUATHA AJA TNOBHIUEHHS IPOLYK-
THBHOCTH d XH3HECIIOCOGHOCTH COCHAKOB, IIPOH3PACTAIMIMX B 30HAX
BO3JeHCTBUS NMPOMBIIIEHHEX OGDBEKTOB.

Ha ocHOBaHMHM MOJyYeHHBIX NAHHEIX CUHTAEM, YTO IPH ONpeaeseHHH
KaTeropHy CaHHTApHOTO COCTOSIHHS [€PEBbeB H LEJBIX JAPEBOCTOEB Ile-
J1eco06pasHo HCNOJAb30BaTh HAPALY C BH3yaJibHO ONpeNeasieMbIMH I0-
KazatensaMu (ypoBeHb AedosHalul, 1eXpPOMAUMH, IPUPOCT MO BHICOTE)
H CDABHHTEJIbHO JIErKO HHCTPYMEHTAJbHO ONpelenseMBIMH NOKa3ate-
JaMu (paguajpHBI# NPHPOCT CTBOJIA, OMAjJ XBOH CTapIIHX BO3PaCTOB)
APEAJTOXKeHHBH HAMH [OKa3aTe/lb CAHUTADHOrO COCTOSIHHA JApeBO-
CTOeB, OXBOEHHOCTb NI06EroB TEKYINero roja.
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PECULIARITIES OF FORMATION
OF THE ABOVE-GROUND PHYTOMASS
OF BASIC UNDERGROWTHS EXPOSED
N TO ENVIRONMENTAL POLLUTION

A. A. Angustaitis

Forest Monitoring Laboratory,
Lithuanian Agricultural Academy

The effect of pollution of various levels on the seasonal dynamics
of the above-ground phytomass of pine undergrowth is analyzed.
‘Peculiarities of daily increment of needles, trunk and offsprings in
various parts of the crown, exposed to various levels of environmen-
tal pollution by emissions from the aitrogen fertilizer plant, have
been defined. The fall of uneven-aged needles has been studied in

_ detail. Most sensitive indices of the tree health state have been iden-
tified and validated. A method for assessing forest viability, which
can easily be checked instrumentally, has been developed.



NMPOAYKTUBHOCTD JIYIOB
B CYBBOPEAJIbHOW CTENMHOH 30HE

H H. Basuaesuu

Hucruryr eeczpagpuu AH CCCP

“Jlyra, kak MaTepHKOBHE, TaK U NOAMeHHHE, B CTENHON 30HE 3aHH-
MaloT [OBOJBHO 3HayHTeJbHbIE IJomany. MarepukoBbie ayra Gopmu-
PYIOTCA TO JIeCHBIM MOJSIHAM H ONyIIKaM (JIecoCTenb), Ha CKJIOHAX
CTENHHIX JIOTOB, B NpeA6aNQUHBIX MOHHKEHHUAX, B 03€PHBIX KOTJOBHHAX.

H3 o630pubix paloT MO NPOAYKTHBHOCTH JIYIOB B CTENHON 30He
CCCP caenyer nazsatb moHorpaduio H. M. Basunesuy, O. C. I'pebesn-
mukoBa, A. A. TumxkoBa [3], B KoTopo#l yacTHyHO 0006ImeBH RaHHHE
N0 Me30pHTHBIM H COJICHLEBATHIM JyraM. B najpHeHIleM H3JIOXKEHUR
MH OyneM HCTOJb30BATh KAK 3TH MaTepHalHl, TaK M 3HAUYHTEJbHBIH
MAacCHB JlaHHBIX MO Jyram, (OpMHpPYIOIHMCH HAa pa3AdyHBIX 3aCOJICH-
HuX mouBax. ITOCKOJIbKY He Bce JIHTepAaTyPHEIE HCTOYHHUKH copepiKaTt
Heo6XOJMMbIe CBEJIeHHS O mapamerpax NpPOAYKTHBHOCTH, aBTOp 0630pa
BHIHY2KZeH NPUGETHYTh K HeKOTOPHIM akcrpanosnsauusMm. OcHOBOH AJA
HHX TOCAYXHUJAH 3SKCIEePHMEHTAJbHHE 1aHHHe Gosnee (yHIaMeHTaNb-
HBIX HCCJeAOBaHHH ayroB [4, 20, 21 u ap.]. . )

Tlpakrnuecku B GosbIIMHCTBE paboT MOXKHO HaATH A4HHHE IO 3a-
nacaM Hai3eMHOM ¢HTOMAcCH (OZHOKpaTHHE ydYeTH B IepHOJ] Haubo-
Jlee MHTEHCHBHOM Bereranun). UTo Kacaercst 3amacOB MacCH MOA3EM-
HBIX OpPraHoB, TO B OOJBIIMHCTBE CJyiaeB OHH He Da3jeNsJHCh Ha
JKHBHe W MepTBHe ¢paxuun. CoriacHO LaHHHIM JETaJIbHHX HCCAEN0-
BaHUH, AOJA MAcCH JXHUBHIX HOJ3EMHHIX OpraHoB or obliero 3amnaca
JKHBHIX M MEPTBHIX cocTaBaser okoao 40—b50 % B syrax crenHoi 30HH
Pycckoit pasuunsi; 256—35 Y B ayrax cpeau creneflt 3anaanofi Cubupu
u nagaer no 25 % B crenubix ayrax Cpennelt Cubupu. Ilpupocr nan-
3eMHoi1 MacceH B 1,5—2,0 pasa Goabile ee 3anmaca. [Ipoayxuus noxseM-
HBIX OPraHOB COCTAaBJIsieT He MeHce, a B psle cayuyaeB H Goxee 100 %
HX 3anaca.

MartepunkoBble Jiyra 30HH JYroBhx creneft Cpednepyccroil 8038bt-
WEeHHOCTY XapaKTEPH3YIOTCH BRICOKHMH IOKa3aTeNsMH IPOAYKTHBHO-
cru [4, 9, 16, 23]. Tax, 3anack ¢HTOMacCH B HHX JOCTHraiT Gojee
17,0 7/ra (taba. 1) u mpeBwInalOT 3amacsl (DHTOMAcCH B COCEIHMX
JYTOBHIX crenax. Te W Apyrue coobIecTBa DPA3JNHUAIOTCS TaKke IO
CTPYKType ¢uroMacch. B Jiyrax 3HauuresbHO GOJBUIYIO POJb HIPaIOT
Hax3eMHble opraHm (6,0 T/ra), a HoJs NMOA3EMHHX OPraHOB COCTaB-
asier 63 %. ITpomykuus npesmmaer 3anach ¢uromacch Ha 35 %.

Jisi yroB xapaktepHs GoJjiee BBICOKHE 3aNachl MOPTMAccH IO
CPaBHEHHIO ¢ (PHTOMACCOH, ONHAKO CKOPOCTh PAa3JIOXKEHHs DaCTHTENb-
HBIX OCTATKOB B JIyrax W B JIYTOBHX cTensix ofunakosa. OTnomenue
MOpTMacchl K NpoayKuuu cocrasiser 0,8.

Das sonw ayroeoit crenu 3Sanaduofi Cubupu HMEIOTCS CBeienHs
KaK nJa nofimennnx [13], Tak u mas matepukoBmix [1, 24] mesodur-
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HBX JyroB. IIpoAykTuBHOCTH NOfMeHHHX JayroB pekun O6y HeBesHKzZ
H 3HAYHTEJIBHO HHKe NPOAYKTHBHOCTH 30HAJBHEIX JYFOBHX CTremed.
310 00CTOATENLCTBO CBSI3aHO, NO-BHAHMOMY, C 3aTSKHLIM NaBOAKOM
¥ Pe3KO YKODaUHBaeT BereTallHOHHBIH NepHOI.

CtpykTypa ¢uTOMaccH THUHYHA AJS JIYIOB — HOJAS INOA3EMHBIX
opraHos cocrasJaser 65 %, T.e. 3HauHTeJIbPHO MeHbIIe TaKoBOH B Jyro-
BHX crensax. IIpoaykuus JyroB npeBHIIAaeT 3anachi (GHTOMAacCH

Ha 15 9.
' 3anacel QHTOMACCH MATEPHKOBHIX JYIOB B CpeAHeM OGJH3KH K 3a-
nacam ¢uroMacchl JYTOBHIX cTeneil U cocrasasior 16,0 t/ra. OxHako
3HAYHMOCTDb 3eJIeHOH YacTH Ha Jyrax MOYTH B 2 pa3a Bhlle, UEM B CTe-
nsX, a KOJA NOA3EMHBIX OPraHOB 3HAUHUTENbHO HHKe — 64 %.

3anacel MOPTMAacCH INpPEBHINAKT 3anachl ¢uroMmaccH. CKOpoCTh
PasyIOXKeHHs PAaCTHTENbHBIX OCTATKOB HECKOJbKO MeEHbIle TaKOBOH
B ayrax ETC (xos¢pduuuenr paeen 0,9).

Has Cpeduedi Cubupu B 30HE JYrOBHX CTeNeH MMEIOTCA LAHHBE
KaK IJis HacTOSIIMX, TaK W JAJsA noliMeHubix sayroe [18, 19]. 3amacu
¢uroMaccel Ayros jpocrartodno Bedauku (12—15 t/ra), B TOM uHCae
3ejieHON uacTH coctasasor 3,0—6,0 T/ra. 3TH 3amacH, Kak H J0J4
3eJleHOH yacTH, BHIUE, YeM B 30HAJBHHIX JIYTOBHIX CTENAX. 3HAYHMOCTH
noA3eMHBIX OpraHoB B Jyrax Cpemneli Cu6upH 3aMeTHO NOBHIIAETCH
no cpaBHeHHIO ¢ Jyramu 3anazuo#t CubGupu (70—80 %). Iponyxkuus
npesbimiaer 3anach ¢uroMaccw Ha 20—50 %.

B ayrax Cpenpneir CubGupu HaKaNJIHBalOTCH 3HAUHTENbHHE 3anachi
MOpPTMAcCH, NpeBHINAIOIIHe Kak 3amach (HTOMAcCCH, TaK H NPOAYK-
nuo. OTHouwleHHe MOPTMacch K NpoaykiHu cocrasaser 1,0. Takum
o6pa3oM, passioXeHHE PACTHTENbHBIX OCTATKOB B Ayrax Cpenneii Cu-
6upn nporekaer MeideHHee, 4eM B ayrax ETC u 3ananuo#i Cubupu.

B marepukosmix Jgyrax Bocrounod Cubupu naKamIuBaloTCs TakKxe
3HayuTeNbHHeE 3amach duromacc, B cpeaHem o 21,6 t/ra [18].
OJHaKO J0JIsl 3eJICHOH YacTH B HHX MeHbIIE, UeM B 3aNajHee JeXKAlHX
pervoHax, a AoJsi Macchl TOA3eMHBIX OPraHoOB Bo3pactaeT xo 85 %.

IMpoaykuua npepnmaer 3anachH puroMaccn Ha 7 %. B mesom mpo-
AYKTHBHOCT MATEPHUKOBHIX JIYTOB BHIIE NPOAYKTHBHOCTH 30HAJBHBIX
JYTOBHIX CTeNefl 5TOr0 perxoHa.

Haxonsenue MoprMacch onepexaer HakolJeHwe ¢Quromaccn H
NPOAYKIHMIO, HYTO CBHAETEJbCTBYET O 3aMENJIEHHOCTH pPa3JIoXKeHHUs
pacTHTeNBHHX 0CTaTkoB. OTHOIIEHHE MOPTMAcChl K NPOAYKIHH COCTaB-~
aser 1,4, B psage peruoHos, Kak Hampumep, B 3anadnoii Cubupu,
B 30HE JYroBo#l cTenu KpoMe Me30(HTHHX (He3aCoJeHHHX) JIYrOB Ha
JIYTOBO-UYEPHO3EMHEIX ¥ U€PHO3EMHO-JYTOBHX COJIOHIEBATO-COJOHYAKO-
BHX NOYBaX, 4 TaKXKe JYrosHX CPeLiHHX U TJayOOKHX COJIOHIIAX, WIHPOKO
PasBHUTH COJIOHIEBATO-cOJOHUaKoBaThie Jyra [1, 2]. Hecmorpsa Ha TO
YTQ COJIOHLEBATO-COJNIOHUYAKOBAThHIE Jyra N0 CPABHEHHUIO ¢ Me30GHUTHHMH
XapakTepH3yIoTcs GoJjiee BHICOKHMH 3amacaMi ¢uroMacchl ¥ NPOAYK-
uueit (17,3 t/ra), Aons 3eJeHOH 4HacTH B HHX 3HAYMTENbHO HHXKE
(2,5 t/fra nporur 5,8 t1/ra). AGCoNIOTHHE Xe 3HayeHHsd W LOJS NOA-
3eMHBIX OpraHOB BCJEICTBHE HHTHOHPYIOUIErO BAHSHHSA COJIOHIEBATO-
CTH pe3ko Bo3pacTaer, cocTaBass 14,8 t/ra, nan 86 %.
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Hakomnsienne MOpPTMacchl HECKOJNBKO OTCTAaeT OT HaKOWIeHHs (UTO-
maccol. CKOPOCTh PA3JIOKEHHs PACTHTENbHBIX OCTATKOB B COJIOHIIEBATO-
COJIOHYAKOBBIX JIYFax Aaxe HecKOJBKO NMPeBHIIAeT TaKOBYIO LJAS Me30-
¢urueix. OTHOLIEHHE MOPTMAacCH K MPOAYKUHM cocrasJiser 0,8

Oco6yio rpynny B JYroBbiX CTENSIX HA HeAPEHHPOBAHHHIX PABHHHAX
Okcko-JloHckol Hu3MeHHOCTH H 3anadnoil Cubupu TpeacTaBisioT CO-
Goit coJloHIOBHIE Jyra Ha KOPKOBBIX JIYTOBHIX - COJIOHUAX. ITpoayKTHB-
HOCTb MX OOGBIYHO 3aMeTHO HHXKE€ NPOAYKTHBHOCTH ME30(QHTHHIX JYroB
[2, 15, 22]. BumecTe ¢ TeM pe3KOo yBeJAMYUBAETCHA AOJA Kopmehr (81—
89 %). Tlponyknus mnpesbilllaeT 3amachl duromacce Ha 10—20 9%.

Hakonsnenue MoprMacchl B COJIOHLOBHIX Jyrax JOBOJBHO UIHPOKO
Bapbupyer. CKOpPOCTH DAa3JOXKEHHs DACTUTENbHHIX OCTATKOB GJH3Ka
K CKOPOCTH B APYTHX JIyTax 30HHBI JYIOBOH CTEMH.

KpoMe coJloHIOBBIX JyroB AJsis Jayrosoit crenu 3anmaauofi Cubupu
H Ha HH3MEHHHIX paBHHHAX No nepudepuy ozep u G0JOT XapaKTepHHI
COJIOHYAKOBHIE JIyra Ha JAYyroBeIx cogoHdarax [22]. TIpoaykTHBHOCTB
¥X BbicoKa Osarozaps BEICOKOMY CTOSIHHIO YDOBHS TDYHTOBHIX BOJ
U JOCTaTOYHO XOPOHIMM BOAHO-(PU3HYECKHM CBOHCTBAM IIOYB — 3aHacH
¢dburomaccer oxoso 17,0 t/ra, npoayxkuus 28 t/ra B rog. Tem He menee
JOJIS TOA3eMHBIX OPTAaHOB B 3THX JIyrax JAOCTATOYHO Bejuka — 83 %.

Haxkonnerne MoOpTMacCH' B OCHOBHOM 3a CUET KOPHEBBIX OCTATKOB
JOCTaTOYHO BEJHKO M B CpelAHeM OJIM3KO K NMpoAyKuMH. OTHOMIeHHe
MOPTMACCH K NIPOAYKIHH PABHO eHHHIIE.

Cpeln COMIOHYAKOBHIX H COJIOHUOBHIX JyroB 3anadnoi Cubupu He-
PEAKO MOMKHO BCTPeTUTb HeGOJblIHe KYPTHHBI, 3aHSTHE COUHBIMH Ia-
Joduramu. [TpoayKTHBHOCTE MX KpaiiHe HeBesMKa: 3amackl PHTOMACCH
B cpenHem — 2,6 1/ra, mpoaykuus 3,3 1/(ra-rox) [2, 22]. Baaronaps
Pa3BUTHIO OZHOJNETHHX BHAOB DACTEeHHH B CTPYKType (HTOMACCH 3a-
pocsefi ragoduros npeobnasaloT Haj3eMHbie YaCTH, H Ha JOJI0 KOp-
Heit nmpuxoaurca mexnee 50 Y.

Haxonserne MOPTMACCH HECKOJBKO IIpEeBHIIAET 3amach ¢uro-
maccel, CKOpOCTh JKe Pa3JIoXeHMs PaCTHTENbHLIX OCTATKOB JOCTaTOYHO
Besuka. OTHOLIEHHE MOPTMACCH K NMPORYKUMH GJU3KO K eMHHHILE.

[Tepexons K xapaKTepHCTHKE JIYTOB 30HB! HACTOSLIMX YMEPEHHO-3a-
CYLUJIHBHIX CTenel, cJelyeT OTMETHThb, YTO 3JeCh BCTPEHAlOTCA Te XKe
TUIB! JIYTOB, 4YTO H B 30HE JIYTOBOH cTemu.

MpoaykrueHocts Me3odurHeix jayros B ETC nocrarouso. BhICOKas.
Tax, na Auenpo-Lonckom mexncdypedsve OHA 3aMETHO BhILUE, YeM B 30-
HaJbHBIX CTENsiX, H cocramjsier mo 3anacaMm ¢duromacch 21,7 t/ra [6].
3enenas macca B JIyrax TakiKe BEHILIe, YeM B CTeNsX, XOTHA JOJA MOA-
3eMHBIX Oprasos ocraerca 83 %, u Boime, yeM B Me30(DHTHLIX Jyrax
30HbBI JYTOBOM cTenH

B sesobepencrotl wactu 6accelina Cpednell Boaeu obmasi Mponyk-
UM Me30(HTHBHIX JYroB, XOTA M HHXE, YeM B 30HAJNBHBIX CTensX,
HO0JIs 3eJIeHOM yacTu B HuX TaKke Goapme [11].

B 3anannoit Cubupu OTMeuaeTcsi HecKOJbKO WHas Kaprtuua. [Tpo-
AYKTHBHOCTH ME€30(QHTHBHIX JYroB 3/ech MeHbIle NMPOAYKTHBHOCTH 30-
HaJbHbIX CTeleld, 4To, NO-BHAUMOMY, OOYCJOBJIEHO CTPaBJEHHOCTHIO

ayroe [l1].
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B Bocrouno#i Cubupy 3anacel GpuTOMAacCEH Me30(QHTHHIX JYroB J0-
CTaTOYHO BEJHKH U cOCTaBJAlT 16,4 T/ra, 4yTO 3HAYUTENBLHO NPEBHILALT
3allackl (PUTOMACCH B 30HAJbHBIX cTensx. Jlond 3e/eHOH 4WacTH B HUX
B€MKa, a J0Js NOA3eMHBIX OPraHOB cHHXaeTcsa 10 88 %, xoTs u ocra-
€Tcsl OYeHb BHLICOKOH, 4TO BOOOUIEe THOHUYHO AJs 30HH HACTOSAMHX yMe-
peHHO-3acymANBHIX creneit [17].

HaxonJyenue moprmacchl B Jgyrax 3afafikajibsi BeCbMa 3HAUHTEJbHO
¥ HaMHOro npepHilaer 3anacel ¢uromaccH. OTHOIeHHE MODPTMAacChi
K NPOLYKILHY, cocTaB/siomee 1,4, CBHIETEABCTBYET O HU3KOH CKOPOCTH
Pa3JlOXEeHHs] PACTHTEIbHBIX OCTATKOB.

[TpoAYKTHBHOCTE CONOHYAKOBATO-COJNIOHIEBATHIX JIYTOB B 30He Ha-
CTOSIINX YMepeHHO-3aCYLJINBHIX cTenell Ha Teppuropun ETC xapakre-
pH3yeTCsl JOBOJIbHO BBICOKHMM IIOKa3aTeNsIMH — 3anacaMu (HTOMAaCCH
19,5 r/ra u npoayxuue#t 20,0 1/(ra-roa), 4To 3HAUHTEJBLHO BHILE NIPO-
LYKTHBHOCTH Me30(UTHEIX JYrOB 3TOTO pPErHoHa M CBH3aHO C JOMNOJ-
HHTEJIbHBIM YBJaXHEHHEM I[OYB COJIOHUAKOBATO-COJIOHIEBATHIX JIYTOB.
3a CyYeT KanwJIspHHX pAacTBOPOB, HOCTYHAIOMHUX OT ¢Jjabo MuHepai-
30BAHHBIX BHICOKOCTOAINUX I'PYHTOBHIX BOZ.

Taxxke BBICOKH NOKa3aTesNy NPOLYKTHBHOCTH COJOHYAKOBATO-COJIOH~
uepatoix Jayro Kasaxcrana. CojoHYaKoBaToO-COJOHUEBATHE Jyra
TOTO H APYroro perHoHa, HECMOTPA Ha 3aMETHYIO POJib 3eJIeHOH YacTH
B cTpykType dputomaccs (81—90 %).

bnusku K aTHM JyraM N0 CTPyKType ¢uTtomaccs (nons Kopheit
83%), XoTss W MeHee NPOAYKTHBHH, COJIOHYaKOBATO-COJOHIEBATHE
ayra- 3anagHo#i Cu6GupH. 3amackl MOPTMAacCH B 3THX Jyrax MeHble
3anacos ¢uroMacce. OTHOUIEHHE XKe > MOPTMAcCH K nponyxunn COCTAaB-
nasier 0,9.

Co.nouuoable ayra ETC 30HBE yMepeHHO 3acyHIJIMBHIX cTenell Ha
JYrOBHIX KODKOBBIX COJIOHIIAaX XapaKTepHSYIOTCS 3HauHTeNbHO GoJee
HH3KHMH 3amacaMi ()HTOMACCHl, YeM aHAJOTHYHEE Jiyra 30HH! JIYTOBOft
crenn [11]. HdoJss ke MoA3eMHBIX OPraHOB B HHX Bo3pacraer jo 87 %.
IMpoaykuua npepwmiaer samack ¢puToMacck Ha 7 9.

B 3anapnoit CubupM NpPOAYKTHBHOCTH COJIOHHOBEIX JYroB eLie
HUXe []l, Hamu HZaHHBE], a 4OJs KOpDHEH B HHX HEeCKOJNbKO MEHbIle.
PasjioeHde pacTHTENBHBIX OCTATKOB IPOHCXOLHT HHTeHCHBHO. OTHO-
HIeHHe MOpTMacchl K npoaykuuu cocrasisier 0,8. 3HauurensHo Goraue
COJIOHIIOBHIX COJIOHYAKOBEIE JIyTa Ha JYTOBHIX COJOHYaKax. 3anack
B Hux 11,8 t/ra. Ilpopykuus mnpeshllIaeT 3anacs q)wromaccm
na 15 9.

Pa3jioxeHHe pAaCTHTEJNBHEIX OCTATKOB B CONOHYAKOBHX Jyrax Tnpo-
TeKkaeT Gojiee MEIJIEHHO, YeM B COJOHLOBBLIX. OTHOIHeHHe Momeaccm
K MpoAyKuuu cocrasiser 1,1.-

M3 Beero pacemorperHoro pana .nerB 30HBI HACTOSAIINX ymepeHHo-
3aCyUIMBLIX CTenedl HauGonee HH3Kasd MPOAYKTHBHOCTh XapaKTepHa
AJs 3apociefl cOYHBIX rajodpuroB. 3amace (uUTOMAcCH H NPOLYKIHA
3pecs -coctapisor 3,1 n 3,8 1/(ra-roi) cooTBETCTBEHHO [2]. B cTpyk-
Type duiOMacch NOMH - HAASEMHBIX H [OJ3€MHBIX ' OPTaHOB MOUTH
paBHBl. PasnoxeHne pacTUTENbHBIX OCTATKOB Ha COJIOHYAKOBBIX JIyrax
NpoTeKaer HOCTAaTOYHO MHTEHCHBHO (Koadoduuuenr 0,7).
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‘B 30He nacroflIMX 3acylIJIHBBIX CTENeH TakKe BCTPEYalOTCH Npak-
THUECKH Te e BHIHI JIyTOB, YTO H B (oJee CeBepHHX 30HAX cremnefi.
[Iponykrushocts MesopuTHHX ayroB ETC (B JaHHOM Ciyuae MoOiMeH-
HBIX), OlleHUBaeMas 3anacaMu (HTOMACCH H npoxaykuued 15,0 t/ra [5],
3aMeTHO HMXKe NPOAYKTHUBHOCTH 30HAJbHBIX crened. CTpykrypa HX
Takxe oriuyaercs. ons kopHe#t, xors y BhicoKas (85 %), Bce xe
HHJKE, YeM B 30HAJbHHIX CTEHAX.

Haxonnenue Moptmacch B Jyrax 3acyulIMBHIX crenefl 3aMeTHO
OTCTaeT OT 3anacoB (PUTOMACCH,, NMOCKOJBKY CKOPOCTb PAa3JIOXKEHHS
pacTHTeNbHBIX OCTATKOB BhicoKaa (KoapduuueHt papen 0,6).

MesodurHble ayra Kasaxcrana Takxke HAKaIJHBAIOT 3HAUHTEJbHBIE
3anacu ¢puromaccel — 23,0 1/ra [10]. Dru 3anacu Kak 3ejeHOH YacTH,
TaK M MOJ3EMHBIX OPraHOB 3HAYMTEJbHO MPEBHILAIOT 3amnach (HHTO-
MacChl 30HaAbHBIX 34CYWJHBHIX CTelell, XOTH MNOJS KOpHeil B HHX
ouenb Beauka (91 %), xak u B 30HAJNBHEIX CTENAX.

Hakonnenne moprmaccn B otauuke ot Jgyros ETC secnma 3ua-
YHTENBHO ¥ NpeBhlllaeT 3anace ¢uroMacch. PasjoxkeHHe pacTHTeJNb-
HBIX OCTATKOB B Jyrax KazaxcraHa mporeKaeT 3HAYHTENbHO MeJJIeH-
Hee, uem B ayrax ETC. OtHomeHne MOpT™MAaccH K MPOAYKIHM 31ech 1,2,

IMpoaykrusHOCTs Me30(pHTHEIX JyroB 3anaaHoit CuGHpH HuXKe, UTO
0o0bsicHACTCA HX CTPaBJEHHOCTbIO. 3anach ¢puromaces — 8,2 t/ra, npo-
aykuus — 9,3 t1/(ra-roa) [2], xora cTpykrypa ¢urOMacchl THIHYHA
LJas ayroB. Jloas moa3eMHBIX OpraHoB oxosao 60 9,

ITponyKTHBHOCTb CONIOHIEBATO-COJIOHYAKOBATHIX JIYTOB 30HBI 3aCylll-
JuBHIX cTenell (3amagsas CHOHpb) He yCTymaer NMPOAYKTHBHOCTH Me30-
¢utrHbx JyroB. 3amackl ¢duroMaccs 3aech — 9,0 T/ra, NPOAyKIHUS —
9,8 1/(ra-roa) [2]. OxgHako HOJS TOA3EMHEIX OpPraHoB B (putomacce
Gonee Bricokas (83 %).

Taxke HU3KHe IOKa3aTelnW NPOLYKTHBHOCTH XapaKTePHH H IJs
COJIOHYaKOBHX JyroB B nofime p. Jona [5]. B crpykrype ux ¢uro-
Macchl npeoGianaior moz3emusie opransl (80 %).

Haxkonsienne MopTMacchl B 3THX JIyrax He3HAUUTEJNBHOE, PassoxKe-
HHe pACTHTEJbHBIX OCTATKOB INPOTEeKaeT HHTEeHCHBHO (K03(h¢uIHeHT
paBeH 0,6).

Kak u B Ipyrux 30Hax cTellH, lapaMeTphbi NPOAYKTHBHOCTH 3apoc-
nJeit counbix ranoguror (3amasHas Cubupp) HaHMeHbIIHe: 3amachl
¢uTomMaccu B HMX €/lBa NpeBhimialoT 4,5 T/ra, npoaykuus GoJbile 3a-
nacos ¢uromaccH Ha 16 %. B orauune ot 3apociell cOUHBIX rajodu-
TOB 30H crenel, pacrnoJOXeHHHX AaJjiee Ha CeBep, B CTPyKType duro-
Maccel 3jech Mpeo6aajgaloT NMON3eMHEIe OPraHbl, XOTsl LOJSI HX HeBe-
auka (62 %).

PasnoxeHue pacTHTENBHBIX OCTATKOB B 3apOC/SAX COUHBIX rajodu-
TOB NPOTEKaeT NOBOJbHO HHTeHcHBHO. OTHOIIEHHe MOPTMAacCH K Ipo-
aykuuu — 0,8,

B 3oHe cyxux cremeff Me30(pHTHHIe MaTepPHKOBHE Jyra, KaK npa-
BUJIO, IPHYPOUEHH K 3amaauHHbM (opmam penseda. Tak, B ETC 3a-
nacel (UTOMAccH ME30(HTHBHIX JYroB HEBEJHKH H OLEHHBAIOTCSH
B cpenHeMm B 5,8 T/ra [14]. OnHako no cpaBHEHHIO C 30HAJNbHLIMH CY-
XUMH CTENsMH Ha KalUTAHOBHIX NMOYBAX 3TH NOKa3aTeNH Bhie. Kpome
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TOrO, JIyra OTJIHYAITCA MO CTPYKType (HUTOMACCH OT CyXHMX cTenef.
B uux HajsemHas uyacTh IpeoGiafaer Haj NOA3EMHOH, YTO COBep-
WEeHHO He XapakrepHo AJjs crened. [IpoayKuus Jyros npepninaer Hx
3anachl 6osaee yem B 1,5 pasa.

Hakonsenue MOpTMaccel B 3alafHHHEBIX Jyrax BECbMa 3HAUHTENbHO,
UTO CBSI3aHO HE TOJIBKO C MOCTYIJIEHHEM MECTHOTO Onaja, HO H C NpH-
BHOCOM pAacTHTENBHEIX OCTATKOB NOBEPXHOCTHHIM CTOKOM € COCEJHHX
TepPUTOpHH. PasiioxxeHne pACTHTEJNbHBIX OCTATKOB IPOHUCXOAHT OYEHb
menyenHo. OTHOMEHHe MOPTMACCH K NPOAYKUHH cocTaBjiser 2.2.

B Gosee r1y6Gokux Jyywe o6BoxHseMblx 3amanunax (Kasaxcran)
3anacel ¢uTomMaccsl MOryT cocTaBiaAth B cpegHem 17,0 t/ra [12].
B srux syrax 641arogaps peskoMy HepecHXaHHIO 3aMajHH A0Js KOpHe
B CTPYKType (DUTOMACCH MOXeT MoaHuMathes A0 88 9.

B Bocrounofi Cubupu Me30uTHbIE JIyra B 30HE CYXOH CTeMH MOTYT
¢dopmupoBaTbhcst NO HOHHXKEHHBIM (popMam pesbeda. 3amace ¢uro-
Macchl B HHX KpaliHe HeBeJHKH, HeMHorHM Goaee 3,5 t/ra (8], moas
HOA3eMHBIX OpraHoB gocTHTaer 84 Y. ' ,

3anachl MOpTMAacchl OPEBHIIAIOT 3anackl Guromacch. OTHOLIEHHe
MOpTMaccH K NPOAYKHUU cocTaBasier 1,7, UTO yKasniBaeT Ha 3aMel-
JICHHOCTb MPOLECCOR PAa3JIOXKeHHsI PACTUTE]bHBIX OCTATKOB.

JIyra cosoHIeBaTO-CONOHYAKOBATHE 30HH CYXOH crenu 3anagHof
Cubnpy, N0 HAWIUM LAHHBIM, XaPaKTEPH3YIOTCS CPABHUTEIbHO HEBHICO-
KaMy 3amnacamu (uromaccel ¥ npoaykuun (7,7 t/ra u 8,6 1/(ra-rox)
COOTBeTCTBeHHO). Jlosis mNoA3eMHBIX OpraHoB He mpeBblnaer 78 %.

3anacel QUTOMACCH H IPOAYKIHH COJOHYAKOBHIX JYTOB 30HBI CYXOH
CTellH TOTO JKe DerHoHa CHHIKAITCA N0 CPAaBHEHHIO ¢ COJOHUEBATO-
COJIOYAKOBATHIMHU JyraMu o 4,7 T/ra [2], HoNs MOA3EMHEIX OPraHoB
He npesbimaer 72 %.

3anacel MOPTMACCH HECKOJABKO INPEBLIHIAIOT 3amackl (QUTOMACCHI
H npoayKnui., Takum o6pa3oM, OTHOLIEHHE MOPTMAcCChl K NPONYKUMH
HEeCKOJbKO GoJsipllie efMHHIE, UYTO CBHIETENLCTBYET O 3aMelJIeHHOM
Pa30oXKeHHH PACTHTEJBHEIX OCTaTKOB.

Euie menbliefi NPOLYKTHBHOCTBIO XapaKTePH3YIOTCH 3apOCJH COY-
Hpix rajgoduros 3anaanoi Cubupu (Hamu ganusie). 3amace ¢HTO-
Maccel 3lech He npeswimaior 3,0 T/ra, a npoaykuus 3,5 t/(ra-ron).
B cTpykType (uTOoMaccH, Kak 4 BOOOIIe B 3apOCasiX ralopUTOB JPYTHX
30H cTened, zoJa Kopueid He npessunaer 50 Y.

[lo MmelomuMcss NaHHBIM, B [OYBe MEePTBHIX KOpHEH CTOJBKO e,
CKOJIbKO H KHUBBIX. '

PaccmarpuBasi OCHOBHBiE 3aKOHOMEDPHOCTH MPOAYKTHBHOCTH JIYTOB
CTENHON 30HbI, HEOGXOAHMO MOAUEPKHYTH chenyiomiee. 3anmachl (GHTO-
Macchl Me30(HTHBIX JIYTOB BO BCeX 30HAaX CTENH NPEBHIUAIT TaKOBble
30HANBHHX cTemHbx coobmiectB. OTMedaeTcs pe3koe yMeHblUeHHe 3a-
nacos (QUTOMACCH U OPOAVKIHH Me30(QHTHHX JYFOB OT 30HHI JYTOBHX
cTenefl K HaCTONIIAM CTelsiM H Jafee K CyXuM crensiM. g cTpPYKTYpH
dbuTOMAaccH JIYTOB XapakTepHa 3HAUUTENBHO GOMbIIAs A0JS NOA3eMHOI
4aCTH ¥ MeHbIIas Hal3eMHas dJacTH. BMecTe ¢ temM mpociexuBaercs
yBeJHYeHHe MOJH NMOA3eMHHIX OPraHOB OT 3aMajHBIX PErHOHOB K BOC-
TOYHBIM. Beaenacraue 3TOro Kak 3amacel GHTOMACCH, TaK ¥ NPOAYKIHS
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Me30(HUTHHIX JIyroB (rJaaBHBIM 06pasoM 3a cueT NOA3EMHBIX OPraHOB)
BO3pacTaioT B TOM Xe HanpapjeHuH. OTHOCHTeNbHAS NPOAYKIHS Me30-
¢uTHEIX JYros BHlle B 3anaiubix peruonax CCCP (zo 135—150 %)
v Hixe (110—120 %) B asuarckoit uacru Corosa.

CKOpOCTb Pa3/OKEHHs PACTHTEILHHIX OCTATKOB (OTHOLIEHHE 3ama-
COB MOpPTMAcCCH K NPOAYKUHH) Me30(GHTHHX JYrOB YMEHbIaeTcsi OT
sanaguelx pernoHos CCCP x BoctoussM. OCO6eHHO CHIBHO CKOPOCTh
pasioxeHus 3amennaeHa B JyraXx Bocrouno#i Cubupn. Cxopocts pas-
JIOKEHHsI DACTHTEJbHBIX OCTATKOB YBEJHYHBAETCS OT 30HB JYTOBBIX
creneit K 3oHe cyxux crenefi. McKJo0UeH e npeAcTaBasioT Me30QUTHEE
Jiyra B 30He CYXMX cTenmel 1O 3amajHHaM, XapaKTepu3yloLHMcs 3Ha-
YHTEJbHBIM HAKOIJVICHHEM MOPTMAcCCH! BCJIE/CTBHE NMPHHOCA ee NOBepX-
HOCTHEIM CTOKOM C COCEIHHX TeppPHTOPHA. s

B pane perumonos CCCP, kax, manpumep, B 3anannoii Cubupu u
Kasaxcrane, oruactu 8 ETC, napsay ¢ Me30dHTHHMH IIMPOKO pas-
BUTH pasjHyYHble BADHAHTH JYTOB Ha 34COJEHHHIX N0OYBAX.

IIpOAYKTHBHOCTL COJOHLEBATO-COJNOHYAKOBATHIX JYTOB YacTo Hpe-
BHIIA€T NPOAYKTUBHOCTb KaK Me30(QHTHBHIX JYroB, TaK U 30HAJbHBEIX
CTeNTHKIX COOGLIECTB BCJEACTBHE AOMOJHHTENLHOTO TPYHTOBOTO H TO-
BEDPXHOCTHOro yamjaxHenus. OZHaKo B CTPYKType QuTOMACCH 6aaro-
Zapsi  COJIOHIEBATOCTH . T0YB IpeobiajfaloT = NOA3EMHLIE  OPraHbl
(mo 86 %). o

CxopocTb pasioxenus pacTHTENbHBIX OCTATKOB B COJIOHLEBATO-CO-
JIOHYAKOBHIX JIyraX HECKOJIBKO BEIE, YeM B Me30(HTHHIX BCJIEACTBHE
HaKOIVIEHMA B PACTEHHAX 3THX JYroB GOJBIIETO KOJHUECTBA TAKHX
[IONBHKHEIX 3JIEMEHTOB, KaK KaJui, HATPHA H XJOD.

B npOoTHBONONOKHOCTE COMOHIEBATO-CONOHYAKOBATHM JyraM MOKd-
3aresiM HNPOAYKTHBHOCTH COJIOHIOBHIX JIYTOB (Ha KOPKOBBIX JIYIOBHIX
COJIOHIaX) pesKo cHuxKalorcda. Ions xe kopHe#t B- cTpyKType duTO-
MacCcH 3THX JIYTOB MOXeTr Bospacrarb 10 89 %, oTHOocHTeNbHAs Tpo-
Aykius cocrabiasger 110—120 9. CxopocTs passoKeHHs PACTHTENTbHEIX
OCTaTKOB 6JM3Ka K TaKOBOH ADYrHX THIOB JIYTOB M JOBOJIbHO 3HAUM-
TesbHa. '

B COM0HUAKOBHIX Jyrax Ha JYTrOBHX COJOHYAKAX, 3aHHMAIOMIHX
Gonee HU3KWeE, UeM -COJIOHIOBHIE JIyra, NO3ULUHH peibeda, IOKA3aTeslH
NPOAYKTHBHOCTH MOTYT AOCTHraTh (OCOGEHHO B 30HE JIyrOBOf . CTENH)
TAKHX Xe BBICOKHX 3HAUEHHH, KaK H B COJIOHLIEBATO-COJMOHYAKOBATHIX
Jyrax 6jarofaps y4acTHIO B HX BOJHOM NHTaHHH IpYHTOBHX Box. Ou-
HaKo /I HMX XapakTepHa 6ojiee BHICOKas HOJS NON3EMHBIX OPraHoB
(Gomee 83 %), HecMOTPH HA CPABHUTENBHO XOPOWIHe BOXHO-(pH3NYe-
CKHe CBOICTBa JIYTOBHIX COJIOHYAKOB.

- CKOpOCTb DAa3J/IOKeHHs] PACTHTENBHEIX OCTAaTKOB B COJIOHUAKOBLIX
Ayrax NPOUCXOHHUT AOCTATOYHO MHTEHCHBHO.

- M3 Bcero muOroo6pasHoro psiza JyroB Ha 3aCOJEHHBIX I[OYBAX
HaHMeHee NPOAYKTHBHH 3apPOC/IH couHbix ragogpuros. Tlo crpykrype
(pHTOMAacCH OHH PE3KO OTJIHYAIOTCS OT APYTHX THIOB JIYTOB GOJIBIIHM
COOTHOLIIEHHEM 3aNacOB HAASEMHBIX H NMOJ3E€MHHIX ODPTaHOB.

CKOpPOCTD pa3/IoXKeHHS PACTHTENBHEIX OCTATKOB B 3apOCadX rajo-

(hUTOB BEJIHKA. '
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PRODUCTIVITY OF MEADOWS
IN SUB-BOREAL STEPPES

N. I. Bazilevich

The Institule of Geography,
USSR Academy of Sciences

The major parameters of the primary productivity of meadow
ecosystems in sub-boreal steppes (from the meadow steppe zone to
the dry steppe zone) are considered. The stocks of the above- and
underground phytomass and its production for mesophytic (main-
land and. floodplain), saline-alkali, solonetz, and saline meadows,
as well as for halophyte overgrowth, are analyzed.
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HCTOPHYECKUH ACHEKT PETHOHAJBHOTO
MOHUTOPHMHTA TSOKEJIbIX METAJIJIOB B ATMOC®EPE,
OCYWECTBJIIEMbBIA METOAOM '
BUOTEOXUMHUUYMECKOH JJUXEHOUHIAUKAL WU
(1a npumepe Ykpauuckoit CCP)

O. B. Baon, 10. I. Trorronnux
Lenrpanoneii pecnybaurancruii 6oranuseckud cad AH YCCP

OnHOH M3 aKTyaJsbHBIX 3aau 5KOJOTHUECKOTO MOHHMTOPHHIA SIBJIS-
eTcd OMNpelesieHHe BPEeMEHHEIX TPeHZOB aTMochepHOro 3arpsisHeHUs
OKpyxarouleli cpennl TaxeNbIME MetaniaMu (TM) nyrem cpaBHHTENDb-
HOTO H3yYeHHS XHMHYECKOTO C€OCTaBa pAa3J/IH4YHbIX OHOJOTHYECKHX
00DbeKTOB (pacTeHH#, XMHBOTHBIX), OTOGPAHHBIX B pasHHE FOAH B OX-
HUX U TeX XKe NyHKrax. MiMeroumufica ONBIT HCTOPHYECKOH GHOreOXHMHU-
YeCKO# HMHAMKALUMH aTMOC(epHOTrO 3arpsidHeHHs OKpyXKaomeH cpeis
TSIKEABIMH MeTaJIaMH ¢ HOMOIIBI0 MXOB, JHUHIAHHUKOB CBHIETeJNb-
CTBYET O NEePCINeKTHBHOCTH HCIOJb30BAHUS 5THX CIHOPOBHIX pacTeHHH
B NMOAOOHBIX HCCaeRoBaHuax [2, 12, 13, 16, 17].

ITpoBoauBLIMecs paHee GHOreOXHMHYECKHe OPHO- H JHXEHOMHAHKA-
HHUOIIHble PeTPOCHeKTHBHEIE MCC/AeJ0BAaHHA aTMOC(EpPHOTO 3arpsisHeHus
aanauadror TM orpaHMYHBANHCh OTHOCHTENBHO HEGOJNBIINMH TeppH-
TOPUAMH CO CPABHHTENBHO OZHOPOJHBIMH (PH3UKO-reorpaduyeckKuMH
yenosusMu. B Hacrosmei#l pabore NpeANPHHATA NONBITKA H3YYEHHA
BpeMEHHEIX TPeHJO0B aTMoc(epHOro 3arpssHeHHs OKpy:xKamolled cpeis
TAXKEABMA MeTajlJlaMH B CYLIECTBEHHO OTJHUYAMOLINXCH HPHPOIHBIX
YCJIOBHSIX, B Per#oHax ¢ PAa3JHYHHIMH TeXHOJOTHUECKHMH IIPeANOCHLI-
KaMyd (OpPMHDPOBaHHS HOJIEH 3arpsi3HeHds aTMochepPbl U XHMHYECKHMH
napamerpaMu 3THX NOJeH.

Marepran H METOAMKA MCCJIEA0BAHHM

Hccnenoranuss NPOBOAHINCE METOAOM OGHOTEOXHMHYECKOH JIMXEHO-
unnukanun (BIXJI-unaukanuu) ¢ HCHOMB30BaHHEM 06pAasIOB SMUPHT-
HbIX W 3OUIHTHBIX JHIIARHUKOB, COOPAHHBIX B Pa3JHYHbE IPOMEXKYTKH
BpeMeHun 3a mnocieanue 150 jer B mpenenax TeppUTOPUH YKpauH-
ckoit CCP. «HMcropuueckue» o6pasun 3a nepuos 1838—1979 rr. Guunn
oTo0paHbl W3 MAaTEepHAJIOB, XPAHSIIHXCS B JIMXEHOJOrHYECKOM repbapun
Hncruryra 6oranuku um. H. I'. Xoaoxsoro AH YCCP. «Corpemesn-
Hble» o0pasusl OpI HamMu oroOpansl B nepHod 1983—1987 rr. B Tex
Ke I[IYHKTAX, YTO U <HCTOpHYeCKHe» o6pasnnl. Beero 6mlio oTobpaHo
85 «HCTOpHUECKHX» H <COBpPeMeHHBIX» O00pasuoB JHINAAHUKOB U3
28 reorpaduyeckux NYHKTOB B Pa3/JHYHHIX NPHPOLHBIX 30HAX YKDaHHbI
(raba. 1). Hcenenyemile 06pasibl OTHOCHIMCh K CJIEAYIOUIUM BHIAM
aumaiunkos: Evernia prunastri (L.) Ach., Hypogymnia physodes
(L.) Nyl., Parmelia acetabulum (Neck.) Duby, P. caperata (L.)
Ach., P. sulcata Tayl, P. tiliacea (Hoffm.) Ach., Pseudevernia
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furfuraceae (L.) Zopi., Ramalina farinacea (L.) Ach., R. fraxina (L.)
Ach,, R. pollinaria (Westr.) Ach., R. polymorpha (Ach.) Ach.
Xanthoria parietina (L.) Th. Fr., Xanthoparmelia taractica (Krem-
pelh.) Hale. Xumuueckue ananuabl Ha COHEpKaHHe B HHX KeJe3a,
MapraHua, [HHKa, MeiW, THTaHa, CBHHLA, MOJTHGAeHa NPOBOLUJIH Me-
TONOM 3HEepProAUCepCHOTO PeHTreH-OJIYyOpPEecUHeHTHOTO aHaJdH3a B aHa-
JUTHUECKOH J1a60paTOPHH ONBITHOTO Npeanpusths MHCTHUTYTa Teoso-
ruueckux Hayk AH YCCP.

B XauectBe craHaapTHHIX 00pasmoOB HCIOJL30BAJHCh NepeTeprThe
B OPOLIOK W cMEIIaHHBle B PABHBIX KOJNKHUECTBAX Juiuafinuky Parmelia
sulcata, P. acetabulum, Hypogymnia physodes, Evernia prunastri
u Xanthoria parietina, oro6paHHbe B MecTax ¢ (GOHOBHM YPOBHEM 3a-
rpsastenus atmocdepst TM. B omHorpaMMoBHle mopuuy Zanuoii BO3-
LYWIHO-CYXOH Macchl BBOAMJIOCH B BUJE PACTBOPOB ONpedesneHHOe
KOJIHUECTBO METaJIJIOB. 3aTeM MyJblla MENJIEHHO BLICYIIHBANACh W Tia-
TeJMbHO IlepeMelInBaNach; NOJyUeHHble MOPUHH W CAYXHJIH CTaHAapT-
HbLIMH ofpasuaMu cpaBHenud. MaTpuua cragflapTHEIX 06pasnoB o6ay-
yalach OTHedbHO. [Ipy nmocTpoeHHHn KaluGpoBOULLIX KPHBHX MJACHIAAL
(ayopecuelNniH MaTpullbl BBHYHTAJAACh W3 IJIOLWIAAM (JIyOpPECUEHLIMH
cranaapros. Cojepxalue MeTaJJiOB B JIHIIAMNHHKAX BBIPakajioch
B MKF/T BO3AYIUIHO-cyX0#i Macch pacTeHusda. OTHocuTeJbHAs NOrpem-
HOCTb W3MepeHH#i +20 9, '

Ilonyuennble pe3yabTaThl H HX 00CYKAEHHE

O6o6uiennble KOHHEGHTPALHM METalN0B NpuBefeHs B taba. 2. pu
u3yueHun coiepxauus TM B atMmocdepe MeTosoM OHOTEOXHMHYECKOH
JIMXeHOHH/HKaIlHK HCNOJb30BaHHe KOHLEHTPAIUH MeTaJs0B B JHMIa#H-
HUKaX DAasJHYHBIX BHAOB MaJOHHGOPMATHBHO BBHWAY HX pPAa3JHuHON
aKKyMyJATHBHOH crnoco6HoctH. Ilostomy ropasgo 6oJee nesiecoob-
pPasHO ONepHPOBATH COOTHOWIEHUAMH cojepxanua TM, BHIUUCACHHBIMH
KaK 4YacTHHe OT JeJIeHHs COJep:KaHHs MeTasia B JHIIaHHHKax B CO-
BpeMeHHBIX Ipo6ax Ha cojepaHue dJIEMEHTA B HCTOPHUECKHX 06pas-
1ax 3THX e BHA0B. Onepyupys 5THMH COOTHOLIEHHSIMH, MBl HCXOINJIH
H3 TIPeANOJIOKEHHS, YTO IPONOPIUOHAJMBHOCTE COAEPKAaHUA METalJoB
B CJIOEBHINAX JHIIARHHKOB HX COJLEPKAaHHIO B arMmocdepe ocraeTcs
HEH3MEHHOH ¢ TeueHHeM BPEMEHH He3aBHCHMO OT BHJOBBIX aKKyMyJis-
THBHHIX cliocof6HOCTell pacreHuil. JlaHHOE NPEANOIOXKeHHEe MOxKeT GhITh
CHpaBejJIHBLIM JIHIUb OpM TOCTOAHCTBe (u3mKo-reorpadHyecKux
(B mepeyIo 0Uepelh KAHMATHYECKHX) H a3POXUMHUECKHX oCcOBeHHOCTeR
B MmecrooburaHuax JauinafinukoB. Eciaw 1ad paccmarpHBaeMoro ne-
pHOAA (¢ CepeAMHBI MPOLILJIOTro BeKa) U3MEeHeHHAMH (H3HKO-reorpadH-
YeCKHX YCHIOBUE MOXKHO NpeHeOpeyb B CHAY MX HE3HAUHTEJbHOCTH, TO
TEXHOTEHHO OO6YyCJOBJEHHOe H3MEHEHHE aPOXHMHYECKOH O6CTaHOBKH,
HECOMHEHHO, OKa3LIBaeT SHAUHTE/bHOE BJIHSHHE Ha akkymyasuuio TM
JHIIAHHUKAMH.

Ws paHumBIX, NpeiCcTaBJAeHHEIX B Taba. 2—5, MOXHO 3aKJIOUHTH
crenyiolee.
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Tabauya 2

BuoreoxuMnryeckHe 0COOEHHOCTH HAKOIJIEHHN JHMILAHHUKAMHM THXKeJbX MeTaJnoB

. Jlannble GHOreOXHMMHUECKON JIHXCHOHH AH-
T'eoxHMHUECKHE XAPAKTEPHCTHKH METAJIOB Kayuu COZlep)KaaHHﬂ Tcsll)mejlux METaNNoB
B armocdepe
K Pernonaanuas armocdepnas CpenHee cojiepxa- Uneno cayuaen npe-
JiaDK B pac- MHrpauHs 2, T/ron HUE, MKT/T BBIIEHHA COXEPXA-
:g;&”b:&?ﬂ nua TM B HCTOpH-
cyxoﬁ’ duro- coBpe- HCTODH- qccnxgué‘_&pg.:jiimgax
Maceh ! C ocajikamd B BMJIE NBIJIH MeHHbIe yecKue K COBPEMEHHEIM
o6pasithbl oGpasthl
Fe Fe Fe Fe Fe Mn
1000—100 (0,6—:—6) <107 (12 6) <108 2086 942 26
Mn Mn Mn Mn Mn Pb
240 n-10¢ n-10° 321 347 22
Zn Cu Ti Zn Zn Cu
50 n-108 60-10° 116 94 21
Ti Zn Zn Cu Cu Mo
32,5 (0,n+n)10% | (4+10)-10° 93 89 19
Cu Ti Cu Ti Ti Ti
10 0,n-108 (4-+-6)-108 78 69 17
Pb Pb Pb Pb Pb Zn
2,5 (0,6+5)-106 (2+10)-106 26 23 15
Mo Mo Mo Mo Mo Fe
0,6 3,4-10¢ (5 20)-105 17 17 3

! Tlo naunbiM [5].
2 Tlo paunbM [4].

1. ¥senuuenne copepxkanus TM B croeBuwax Jullaf#iHuKOB, 00y-
CIOBJIEHHOE NPOrPecCHUPYIOMIHM ¢ TeueHHEM BDEeMeHH 3arpA3HEHHEM
armochepH, HabawjaeTcss He Bceria. B pdaje ciayuaes OTMeuaercst
cHuxenue copepxanus TM B obpaspax, coO6paHHBEIX B THOCHenHee
BpeMs, N0 cpaBHeHHIO ¢ Gosee panHUMH c6opamu. OcobeHHOCTH yBe-
JuveHus coiepxanust TM B suwlafiHuKax, ¢ OZHOH CTOPOHH, H UHCJIO
cayuaeB yMeHblIeHHs KonueHtpanuii TM B JuIlaHHMKAX ¥ HHTEHCHB-
HOCTb 3TOrO YMEHbIIEHUA, ¢ APYTOH, OnpenensioTcs:

a) AMHaAMHKO# cojep:Kauud B arMocdepe TSXKENLIX MeTallJIoB, H3-
MeHeHHeM TEeOXMMHYECKHX YCJoBHH aTMmocdepHOH Murpaluy ¥ Hakom-
JIeHHs KaXAOTo M3 H3YYaBIIHXCS METaJslIOB; :

6) BUOBOH HPUHAIJEKHOCTbIO IHIIAHHHKA,

B) MectoM oT6Opa MpobH (B KaKHX NPHUPOJAHLIX YCJAOBHAX pacnojo-
JKEHO MecToOGHTAHMe JHINafHUKa; HACKOJbKO OHO OJM3KO K HCTOYHH-
KaM BBIODPOCOB);

I) BpEMEHHEIM HHTEpPBAJIOM MEXAY NPEeABAYINHM H NOCIe1yIOmHM
orHopamu npob.
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Ta6auya 5

OTHoweHNe COHEPKAHMA TAXKENBX MeTasioB B coBpeMeHHmx (1983—1987 rr.)
o6pasuax AMUIAHHWKOB K MX COAEPKAHHIO B MCTOpHYECKuX oOpasnax

Yucao

Tozu oT6opa 06pasLoB o6pasuos | Fe Mn Zn Cu Ti Pb Mo
1838, 1853 6 2,41 1,2 1,6} 1,1 L1 11,24 1,3
1870, 1888, 1912 6 29| L2 L,2 L, 1,11 1,4 1,8
1919, 1923, 1925, 1926, 19 220 L1114, L0 1,2} 1,1 {1,
1927, 1929 ’
1930, 1931, 1932, 1934, 24 201,712 (1,113 1,2]1,4

lgiﬁ, 1938, 1939, 1940,
1941 - N
lggg, 1948, 1949, 1950, 23 2,0 | 1,1 1,1 1,0 | 1,1 1,0 | 1,0
1

1975, 1979 7 1,1}1,0(09]09}08]) 081! 08§

HUroro sa Bce roant 85 2,1 1,2 1,2 1,0 1,1 11 1,2

Taxum 06pa3om, npu NPOBEJEHHH HCTOPHUECKOTO MOHHTODUHIa 3a-
rpsi3HeHUsi aTMOoc(epbl TSAKeJNBMH MeTajllaMH Ha OGMIHPHOH TepPPHTO-
PHU C PA3VIHYHBIMYA NPHPOMHBIMH H TEXHOTEHHO-F€OXHMHUECKHMH YCJIO-
BHAMH B HCXOHHYIO TOCBUIKY — NPEANIOJIOKEHHE O POCTe COAepIKaHud
TM B OHonorHYecKHX 00BEKTax ¢ TeYeHHeM BDeMeHH-— clelyeT BHO-
CHTh KODPEKTHBB, YUYHTHIBalOHmiue Bce (HaKTOpH, OT KOTOPHIX MONKET
34BHCeTb YCTAHOBJIEHHE TOH HJIM HHOH KOHHEHTpalWH MeTajja B pa-
CTUTEJIBHOM OpTaHH3Me.

2. HaxonseHHe TSKeNBIX METAJJIOB JHLUIAHHHKAMH 3aBHCHT OT art-
mocepHO-reOXUMHUUECKHX YcaoBHE. Ilorsomenne MerannoB JaHIak-
HUKAMH — [IpOIecc MACCHBHBIH, OCHOBaHHBIH Ha (H3HKO-XHMHYECKHX
cBoficTRax MeMOpaH W He 3aTparuBaloIiHi MeTaboJHUECKYe POLECCH;
Ipy MACCHBHOM NYTH MOCTYNJEHHS METAJJIOB B CJIOEBHIIE OHM OCTa-
I0TCH CBS3AHHBIMH B X€JIaTHhE KOMIIEKCH K B GOJIbLUIHHCTBE CJIyYaeB
(3a HCKIIOYEHHEM HX 3KCTPEMAJbHO BHICOKHX aTMOC(EpHHIX KOHIIEH-
Tpauuii) He mnpoHHKalT B KJIeTKy [6]. B c¢BssH ¢ aTHM ypOBeHb
JHHAMHUYECKOTO PABHOBECHS MeTaJsa Npu abcOPOLHH H AecOPOLUH ero
CJI0eBHIIEM JHIIadHHKA OyIeT 3aBHCETh OT LIEJOYHO-KHCJIOTHBIX YCJ/IO0-
BUlt B Bo3AyXxe. [10Ka3aHo, 4TO CABUr AAHHOTO PaBHOBECHS IIPH YMEHb-
mwexuy pH ocagkoB MoxeT NPOHCXOAHTb KaK B CTOPOHY YCHJIEGHHUSA
HOIVIOLIEHMS MeTaJJoB JumadHukaMu [15], Tak u B CTOPOHY e€ro
cHHUxeHHs [14]. Dro MOKHO OOBACHHTH TE€M, YTO NPOLECCH IOrJOIie-
HHA MCTAJJOB JHINAHHHKAMH 3aBHCAT HE TOJbKO OT IIEJOYHO-KHCJIOT-
HBIX, HO U OT OKHCJIHTEJbHO-BOCCTAHOBUTENbHBIX XaPaKTEPHCTHK aTMO-
cepHBIX OCajKOB H THAPOMETEODOB. '

Bausuue pH armocdepHBIX 0CaAKOB H CKOHJGHCHDOBAHHOM Ha
C/I0eBHILe KaleJdbHO-KHAKOH BJaard Ha cojepxanue TM B sHIIaiHUKaX
MOMKeT CKa3BBaThCA Yepe3 yMeHbIIeHHe PACTBOPHMOCTH I'MIPOOKCHIOB
METajlJIOB C yBeJWYEHHeM KHCJIOTHOCTH cpeibl. [MAPOOKCHABI MeTas-
Jos npu ymeHbuienud pH pacTBOpa HayMHAIOT OCaxKAaThCA H3 HETO
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B Takoi nocaenosatenbHocTH [10], B Kako#i yOGHBaeT UHCJIO CJyyaeB
npeBniieHUs cofepxkanugd TM B «HCTOpHUECKHXS JHIIAHHHKAX 1O OT-
HOINEHHIO K «COBpeMeHHhM» (cM. Tabh. 2). BecbMa BeposITHO, UTO NPH
yMeHbUICHHH PacTBOPHMOCTH THAPOOKHCJIOB METaJJiOB B aTMocdepHBIX
OCajKaxXx M KalleJbHO-XXHAKOH BJjlare HX MNOIJICIIEHME JHIaBHHKaMH
OyJeT NMPOHCXOLMTh MeHee HHTEHCHBHO.

B T0 ke BpeMs ¢ yBeJHueHHEM KHCJIOTHOCTH aTMOC{epHHX 0canKoB
H KOJIYecTBa CKOHAEHCHDPOBAHHOH Ha C/OEBHILE BJAark opraHuvyeckue
H HeOpraHudeckue COeAHHEHus MeTaJJloB Moryr 6oJiee HHTEHCHBHO
BLIMBIBaThCs M3 JHHIa#HUKOB. IToKazaHo, 4TO NpH HU3KHX 3HAauYeHHsIX
pH yBeanmuuBaercss pacTBOPHMOCTb CyJab(haToB U KapGOHATOB MelH,
LHHKa, CBYHHNA; CHHU}KAETCs YCTOHUHMBOCTH KOMIJIEKCOB 3THX METAJJIOB
¢ OpranMuecKuMH Kucjioramu [3].

ITpy u3MeHEeHHH OKMC/HTENbHO-BOCCTAHOBHTEJAbHHX M INEJIOYHO-
KHCJOTHRIX YCJIOBHH cpeAb JNMHaMHKa a6copOIHOHHO-AecopOiIHOBHOTO
paBHOBeCHS B CJOEBHINAX JHIIaHHMKOB MJs Ka)kKJOTO Merajia cle-
uuduuna. JKenezo, nampuMep, B OKHCIHTeNbHOH cpele 6oJjee no-
JABMIKHO; 3T0 0bJjleryaeT NPOHHKHOBEHME MeTajlja B CJOeBHIa Jnmaii-
HHKOB; B BOCCTAHOBHTeJNbHOH ofcraHoBKe HOHH Fe?* jerko obfpasyior
KOMIJIEKCHBIE COeAHHeHHsl. B03aMOXKHO, 3THM H o6bscHAeTcs Hanbosee
cTabuJbHEHA pocT colepXaHusa Fe B JHIafHuKax ¢ TeueHHEM BPeMEHH
MO CPaBHEHHUI0 C APYTHMH TSIKEJABIMH MeTtannamu (cM. taba. 2—5).

HsmeHenne cogepxaHusi Mn B JHWAHHHKAX MeHee OLHO3HAYHO.
Sta 0coGeHHOCTh HAKOIIEHHS NaHHOTO Merajjia 3aMeyeHa H APYTHMH
aBropamu. Tag, Pacmyccen [16], uzyuas BpeMeHHble TPEHAH COAEpPKA-
nust TM Bo Mxax (ceBepHoe mofepexkbe JlaHuH), OOHAPYKHJ CHHXKe-
HYe KoHHeHTpauud Mn B pacrenusix ¢ 1951 no 1973 r. B ¢Ba3u ¢ stuM
OTMETHM, YTO THIPOOKHCIAB MapraHia HauMHAIOT BHIIAZaTh B OCaJOK
u3 pasbaBJeHHHIX PacTBOPOB coJjell (MpH NPOH3BELEHHUH PAaCTBOPHMO-
cru 4,1-10-1%) yxe npu pH=9 [10], T.e. 0obaanaior Manoi pacTBOpH-
MOCTBIO C YyBeJHYEHHeM KHCJIOTHOCTH cpeill. B To ke Bpems, npH
cHmKeHny pH cpeawl pesKo BO3pacTaer NOABHIKHOCTb HEFHAPATHPO-
BaHHBIX COe/MHEHHH MapraHua (MerajJ Hoctynaer B aTMocdepy riaas-
HEM 00pa3oM B BHAe OKCHAOB H KapGonatos). Oco6eHHOCTBIO COenHu-
HeHHl MapraHia fBJseTcS TO, UTO OHH CIOCOGCTBYIOT NpPEBPAMIEHHUI0
CepHHUCTOrO rasa, Bei6pacriBaeMoro B atMmocdepy, B CEPHYIO KHCJOTY
[8]. B ycnoeusax cuuxenns: pH arMocdepubix ocaakos, HabaloaBuie-
roca B XX B.,, JaHHHH MeXaHH3M IMOJIOKHTEJBHOH OOpaTHOR CBA3H
(pOCT KHCJIOTHOCTH CPefbl — yCHJIeHHEe NOJBHKHOCTH Maprasua —- yBe-
JIHUeHHe KHCJAOTHOCTH), NO-BHAMMOMY, BHICTYIIAeT pealbHEIM GakTopoM
CHHXKEHHS colepKaHHs Mn B «cOBpeMeHHBIX» 06paslax 1Mo CpaBHEHHIO
C «HCTOPHYECKHMH>.

Jas cBupna mMmelorcs AaHHBe [11], cBHAerenbcTBYIOLIHE O paspy-
IIEHHH KOJJIOMAHBLIX M YBEJHUYEHHH HCTHHHO-DACTBOPHMBIX GopM Me-
Tajyla npu cHuxkenuu pH cpenk; 370, 0UeBHAHO, crocobeTByer Gogee
HHTEHCHBHOMY BHIMBIBaHHI0O Pb H3 pacreHuit B KuCJIOH cpene. IToka-
3aHO, uTO MM NOYB NpeobiagaHHe HCTHHHO-DACTBODHMOH GOpMH
CBHHIA B IpoLeccax MHUTPalHH CBA32HO ¢ MX TEXHOTEHHLIM 3arpsaHe-
Huem [l1].
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Takum o6pasom, H3MEHeHHE TEXHOTEeHHO-TeOXHMHYECKHX YCJaoBHi
aTMOC(hepHOl MHTPAlHH TSKENBIX METAJUIOB M HX aKKYMYJISLHH JIH-
IalfHUKaMH MOXeT NPHBOAMTbL K CMEIIEHHIO DPaBHOBECHS B CHCTEME
«ancopbuua—zpecopbuusa» TM auitafiHUKOM HACTONBKO, YTO COLEpPKa-
HHe MeTaJJIOB B «COBPEeMEHHHX» ofpasuax JHIIAHHHKOB MOMKET OKa-
3aTbCA HHXKe, 4YeM B <HCTOpHYECKHX» 06pa3max, oTOGpaHHRIX paHee
B HHOH arpoxuMmuyeckoit obcraHoBKe, Jlis KaxA0TO Merasana 4acroTa
¥ MHTEHCHBHOCTH MNOZOOHHIX HHBEPCHH AaKKyMYJAUUH CcHenu(HUIHEL

3. PasHple Bujbl JANHIAHHUKOB AKKYMYJHDYIOT TSAMKeEJNbie MeTaJsJbl
¢ pasNuYHOH HHTEHCHBHOCTBIO. B CHJy pasiHuHBIX MOP(}ONOro-aHaTo-
MHYECKHX W SKOJOro-QH3HOJOTHYECKHX OCOGEHHOCTEeH JIHIMaHHUKOB
BbIMBIBAHHKe NOIVIOIEHHHIX TM H3 UX CJIOeBHIN OPOHMCXOAHUT HEOAHHA-
KoBo. Kak moxaspipaer Tabu. 3, snuiauTHBE U SNHOUTHBIe JHHIAHHUKH
NPHMEPHO C OAHHAKOBOH CTAaOHJBHOCTBIO DEarupyioT Ha JAHHAMHKY
conepxanug TM B arMmochepe. ¥ aucToBaTHX SNHQGUTHHX JHIIARHH-
KOB BpeMeHHHe TpeHabl.HakomieHnss TM Gomee crabuibHH, 4eM Y Ky-
cructbix, Kak cpenu 3mudHTOB, TAK W CPefH SIUJIHTOB HanboJbIIeH
BpeMeHHOH cTabuabHOCTBIO aKKymyJasnuu TM obnanaoT mapMeauH.
Heo6x0AHMO OTMETHTH, YTO TOJMBKO Y JHIIAHHUKOB 3TOr0 poaa HaGJio-
12JI0Ch TOCTOSTHHOE YBeJNHYeHHe COAePIKaHHs MAapraHla B «COBPEMeEH-
HBIX» 06pAa3lax MO OTHOIIEHHIO K «HCTOPHUECKHM>. '

JLas HecaenoBaHHBIX HaMU JHITaRHAKOB MOXKHO COCTABHTh Cliefyio-
mul psij HETEHCHBHOCTH HAaKOMJIeHHA MeTaios: Fe>Mn>Zn> Cu>
> Ti>Pb> Mo. JIums B ognom cayuae (X. parietina, cobpanHas Ha
pakyieynnke Ha TeHIpPOBCKOH Koce) MeAb M IHMHK B AAHHOM DALY
MEHSIOTCA MEeCTaMHu.

4. TIpocTpaHCTBeHHBle DA3iMudsi HHTEHCHBHOCTH Hakomjenus TM
NAUIIafHAKAMM OGYC/OBJEHBl IPOCTPAHCTBEHHOH CTPYKTYPOH OpeoJsoB
paccesiHus MeTaJlJIOB B aTmocdepe, rpaiHeHTOM KJIUMAaTHYECKHX ycC-
JIOBHH.

Knumaruueckue (GakTopbl 06yCHOBJAHBAIOT HHTEHCHBHOCTH (H3HO-
JIOTHUECKHUX TPOLECCOB KH3HeNeATeNbHOCTH JHIIAAHHKOB, CYLIeCTBEHHO
BAHSs HA Tordolienve uMu TM u3 atmocdeps. OT NPHPOAHHIX YCJIO-
BUH 34BHCHT B TO, B Kakux (opMax NPOUCXOAHT BO3AYIIHAS MHrpa-
nuass TM. Hanpumep, Mmerajuel, MHTpHpyloOmHe B arMmoctepe pocra-
TOUHO BJIAXKHEIX PErHOHOB, CBASAHBI C KamesJbHO-XKHAKOW BJArof Ty-
maHoB. B Takolt ¢opme TM Jerko mNOrJOMAOTC JHMAHHHKAMH.
CBsi3aHHple ¢ MEJKOAHWCIEDCHEIMH TBEPABLIMH YacTHUYKAM{ METaJlJHl,
murpupyomue B atmochepe Godee cyxux obmactefi, OyiyT MeHee
JAOCTYHHBIMY /15 TOTJIOLIEHHS JTHINaAHAKAMH. '

‘Pemaloniee BAHSHHE Ha Hakomaenne TM JuIaiHHKAM¥ OKa3bBaeT
MEeCTOMOIOKEeHHe NyHKTa 0oT6opa mpobnl MO OTHOIWIEHHIO K HCTOYHH-
Kam ux BHGpocoB B atmocdepy. Jlaxe B pafoHax, yAaleHHBIX OT Npo-
MBIUIJIEHHBIX LeHTPOB, HCTBITHBAIOMMX BJUSHHE CPABHHTENbHO TOMO-
TeHHbIX 0 XMMHYECKOMY COCTaBy BOSLYLIHBIX Macc (TeOTeXHHYEeCKHH
(oH), WHTEHCHBHOCTb M BpEMEHHAs cTabuabHOCTh HakomjeHua TM
JMIIaHHUKAME ONpeJeserca CJOXKHOM HHTepepeHuuedl MPHPOAHBIX
M PETHOHAJBHBIX TEXHOJOTHYECKHX (PAaKTOPOB (rabxa. 4). Tak, auma-
HHKH, POU3PACTAIOLINE B JIECOCTENHOH 30HE, B CHJY € 6omnee GJaaro-
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NPHATHBIX KJIHMATHUYECKHX YCNOBUH, OUeBHAHO, O6YAYyT Hakamaneath TM
Gonee MHTEHCHBHO, 4eM Te Ke JHIIAHHUKY, NPOM3PACTAIOIIHE B CTeM-
HO/l 30He NpPH aHAJOTHYHOH aspoxumuueckoii obcraHoBke. OnHaKO
B cTenHOH 30oHe B mpenenax YCCP cocpenoroueHo Gosbiie KpymHBIX
HHAYCTPHAAbHBIX UEHTPOB, B YACTHOCTH BLICOKOABIMHBIX IHpPOMETaJ-
Jayprudeckoro uwkaa (Hou6acc, npomuiusenHoe TIpuanenposbe).
Moxilo nosiaraTh, Yr0 HMEHHO 3TOT (aKTop OGYCJOBMJ B CTENHOM
30He 0oJjiee yCTOHUHBHI 110 CPaBHEHHUIO C JIECOCTENHOH TPEHA HaKoIJe-
Hug TM juimafiHMKaMH H3 OYHKTOB C TeOTeXHHYECKHM (OHOM aTMO-
cdepHoro sarpssHeHus. B cBOIo ouepenb ecau cpaBHHBATh JeCOCTel-
HYI0O 30HY H 30HY CMEIIaHHBIX JIECOB, TO B TepBOM, B cusy.6osabluel
HHAYCTPHAJNPHOH OCBOEGHHOCTH, TPeHJ HakonneHus TM numalfHWHKaMH
M3 MeCTOOOHTaHHH ¢ TeoTeXHHYeCKUM (oHOM aTMmochepHOro sarpssHe-
HHs GoJiee yCcTOHUMB, HECMOTpPSI HA TO, UTO KJIMMATHYECKHE YCJOBHS
B 30He CMeIlaHHBbIX JecoB Oosiee OMarONPHATHE [Jis POCTa M HaKomJe-
Hus TM nvmaiiHukamu. _

[Tpn nanGoabuiem cpeiiHeM BpeMeHHOM uHTepBane or6opoB o6pas-
HOB Tpelj HAKONJNeHHS MerasJioB JHIIaHHUKaMH B HauMeHee NOJBEp-
JKEHHOH aTMocepHOMY 3arps3HEHHIO 30He CYXHX CPelH3eMHOMOPCKHX
cy6tponukoB (HOxubili Geper KpriMa) BHIpameH AOBOJBHO csia6o.
B npomexyrke ke ¢ 1958 no 1983 r. (Kapagar) nabmiogaercs MOHH-
JKeHHe COJIepXKaHHsg THTaHa, CBMHIA, MOJHOAEHA B «COBDEMEHHEIX»
006paslax No OTHOLIEHHUIO K «HCTOPHUYECKUM>», B TO BpeMs KakK coiepxa-
HHe MapraHia B HHX OBbLIO CTA0HJIBHBEIM.

B Jnmafinukax, oroGpaHHBIX B HENOCPENCTBEHHOH GJH30CTH -HIH
B mpejesax KPYNHBIX 1IPOMBIIITEHHBIX NEHTPOB, Y3J0B, TPEHAH HaKOI-
JIeHHs] MeTaJlJIOB BEHIpaeH:l HaunboJsiee oTueTauBo. OHH ONpeRensoTCs
r1aBHEIM 00pa3oM BpeMeHHEIM HHTepBajoM OTGOpPOB Npo6, COCTaBOM
H HMHTEHCHBHOCTBIO aTMocdepHbx BrOpocoB. O6painaer Ha ce6s BHH-
MaHHe, YTO COAEp:KAHHE OTAEJbHBIX METAaJIOB B JIMINAHHHKAX W3 He-
KOTOPBIX pafoHoB 3anopoxbs, benoit Llepksu (cm. Tabu. 4), a Takxe
Kuera, corsacHo Hamum Gosee paHHUM RaHHBM [2], cHExkaercs. Jta
TeHAEeHIUA FABHO BHIpa)KeHa AJg- MoamubjeHa u mapradHna. [lanuoe sB-
JeHUe MOXHO OOBSACHHTD He TOJNBKO yAajJeHHeM H3 3THX pailoHoB
HCTOYHHKOB BbIGPOCOB 3arpsa3HAIOMINX BelllecTB, HO H CJOXHHIMH TeX-
HOreHHLIMH aTMOC(hepHO-TeOXIMHUYECKHMH YCJAOBHSIMH, KOHTDOJHPYIO-
I¥MY PaBHOBECHEe B cHcreMme «abcopbuus—muaecopbuusi» MeTaaaa JH-
maiinukoM, [Tocnenuuit pakrop, onpenensaeMblli cnenuduKol Brbpoca
¥ BJWSIOLINA Ha cO/epKaHHe KaXKAOTO MEeTral/a B JHIIaHHHKAaX, MOXKET
NPHBOAUTL K CHHXKEHMIO TeX HJAH HHEX TM B cjoeBHmAax B CHJY yKa-
3aHHHX BHIIe (cM. I, 2) npuuHH. K aHaJOrHuHOMY 3aKJI0YEHHIO
npuiian Jlope#t u Xoda {13], usyuaa cofepiaHue CBHHIA B «HCTODH-
YeCKHX» U <«COBpPEeMeHHBIX» ob6pa3liax JHINAHHWKOB Ha TEPPHUTOPHH
HalyoHanpHoro napka Illenannoa (CIIA, mrar Bupaxuuus). B csere
06CyK1aeMOro SIBNI€HHS NpPEACTaBJAIOT HHTEDEC TakkKe H RaHHHE
0 TOM, 4TO, KaK YCTAaHOBJIEHO NPSAMEIMH a3DOXHMHYECKHMH HabJone-
HUSIMH BOJIM3Y NPOMEILIJIEHHBIX EHTPOB, BpeMeHHEIE TPeHIH colepkKa-
Husl Mapraina B TNpH3eMHO# aTMmocdepe MOTYT HMETh TeHAEHUHIO HE
TOJBKO K YBEJNHUYEHHIO, HO ¥ K CHHJKCHHIO; MPH 3TOM HeT yKasaHui
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Ha TO, YTO 3TO COMPOBOXKAAETCS CYIIECTBEHHBIMH H3MEHEHHSMH B TeX-
HOJIOPHH NPOH3BOACTBA H CTPYKType MPOMEBILIJIEHHOCTH [8].

5. YBennuenue cogepxanus TM B JuIIafHHKAX «COBPEMEHHHIXY
c6OpOB 10 OTHOLIEHHIO K «HCTOPHUECKHM» 3aBHCHT OT BPEMEHHOTO HH-
TepBajla Mexay oT6opaMHu B 3THX ABYX rpynnax o6pasuos. YcroHyu-
BOCTh TPEHAOB HAKOIJIEHHS METAJJ0B JHLIAHHHKAMH, KaK 9TO CJEAYeT
u3 Tabu. 5, B LeIOM CHHXKAaercss ¢ YMeHblUIEHHEM BPEMEHHOTO HHTEp-
Basla mexay or6opamu npob. HauGospias pasuuua MexAy Comepxa-
HHUEM METAaJIJIOB B «COBPEMEHHEIX® W «HCTOPHUECKHX» 06pasuax Juiai-
HMKOB HabJiofaercs A/ HHTEPBAJOB C CEPEAMHBl # BTOPOH TOJNOBHHE!
npomsoro Beka H ¢ 30-x—40-x rogos XX B. mo 1983—1987 rr. B nep-
BOM BPEMEHHOM HHTEPBaJsie yBGJHUEHHEe COAEPKAHHSA MCTalAJIOB B JH-
walnkax obbaAcHsercd O6IWEKM TIia06GaNbHBIM DPOCTOM 3arpsA3HeHHs
atMocdepn ¢ Hayaja NPOMBIIUJNEHHON PEBOJIOHHH B NPOLIJIOM BEKe
1 mo Hacrosiuiee Bpemsi (o6pasunr 1838, 1853, 1870, 1888 rr. oTobpanusr
B IIYHKTAX, VAAJeHHEIX H B HACTOsiIee BPeMsi OT HCTOUHHKOB TNPOMBEIIH-
JeHHHBIX BHIOpOCOB; cM. Tabsa. 1). Bo BropoM BpemMeHHOM HHTepBaJe
NOJNIOBHHE 00pasloB JAHWAHHHKOB Oblia oToOpaHa B OKPECTHOCTAX
ropojoBs, B pafiOHax WHTEHCHBHOTO NPOMBIILJIEHHOIO Pa3BUTHS B TO/H
LOBOeHHBIX HsitHaerox (IlonbGacc, npombimnennoe IIpuaHenpoBbe).
CrenoBaresibHo, POCT COJlePKAaHUs METaJJIOB B PACTEHHAX MOXKET OHTH
00bACHeH WHTEHCHBHHIM 3arpsA3HeHHeM aTMocdepsl B NEpPHOA HHAY-
crpuanuzaunuu. O nporpeccupyolieM 3arpa3HeHHH arMocdeps Measlo,
mapranueMm, cBuHnoM B 30-e—40-¢ roant B Jlon6acce CBUAETENBCTBYIOT
HEeKOTOpbIe JUTEepaTypHbic AaHube [7].

Heo6xoaumo Takxe uMerh B BHAY, YTO Ha H3MEHEHHe COAepPIKaHH]
XHMHUYECKHX 3JIeMEHTOB B O0ODBEKTaX, HCNOJb3yeMBIX AJAS HCTOpHYe-
CKOTO MOHHTOPHHTA, MOTYT BJAHATH M Apyrue daxropu [9]. B wacrso-
CTH, TIPH XpaHeHHU repOapHBIX 00pa3LOB BO3MOKIO yBeJHYEHHE B HUX
colepKaHus XHMHUECKHX 3JEMEHTOB B pe3ynabTate 3arpsAsHeHns. Oco-
6yI0 0NAaCcHOCTh B 3TOM OTHOLUEHHH NPEICTaBJACT HCNOJb30BaHHe IAJd
XpaHeuns JUIAHHUKOB NAaKeroB H3 TaseT, XKYPHAJIOB, CyJAbQUTHOK
Gymaru 4 T.1. 3jech HenslOexkHO 3arps3HeHHe oO0pasLoOB CBHHIIOM
H cepoil. )

3akawueHue

B macrosmeii pabore cilenana nepsasi noNLITKAa HCTOPHYECKOTO MO-
HHTOPDHHTA TSIKEJbIX METAJJIOB METOAOM OHOTeOXHMMHYECKOH JIHXEHO-
MHAWKALME HA OGIIHMPHBIX TePPHUTOPHAX, XaPaKTEPU3YIOUIHXCSl Pa3aIny-
HBIMU NPUPOAHBIMH H T€XHOFeHHHIMH ycaoBuAMH. TloJyueHHbie pesysib-
TaThl CBU/JETEIbCTBYIOT O TOM, UTO BPEeMEHHEE TPeHAH codepikanus TM
B HcelenyeMux 06beKTax OTpa)kaloT He TOJBKO AUHAMHKY 3arpssHe-
HHUA aTMOC(hEpPH, HO ¥ BCIO CYMMY CJIOMKHBIX T€OXHMHUECKHX IPOLECCOB,
OPOHCXOAAIIUX B OKpyXalomeid cpene. IIpu MHTepOpeTauuH IaHHBIX
MCTOPHYECKOTO GHOMOHMTOPHMHIA HEOOXOAMM KOMIJIEKCHBIH aHaJH3
BCeX NPHPOAHBIX ¥ aHTPONOreHHHX (aKTOPOB, BAHAIOWMUX Ha coAep-
KaHWe XHMHUECKHX 3JICMeHTOB B HCCIeAyeMbx obbvexrax. Heobxoanmo
MCIIOJb30BATh MAKCHMAJIbHO BO3MOXKHOE IS HCCHAGLYEMOH TePPHTOPHH
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KOJMM4eCTBO IOJI€BOTO H rep6apHOro Marepuana, CKPyNyJe3HO YUHTHI-

BaThb yCJOBHSA ero cbopa, XpaHEHHR W XHMHKO-aHAJHTHUECKOH o6pa-
OOTKH.
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HISTORICAL ASPECT OF THE REGIONAL
MONITORING OF HEAVY METALS
IN THE ATMOSPHERE USING BIOGEOCHEMICAL
LICHEN-INDICATION TECHNIQUES
(taking Ukrain as an example)

O. B. Blium, Yu. G. Tiutiunnik

The Ceniral Ukrainian Botanical Garden,
Ukrainian SSR Academy of Sciences

The content of heavy metals (Fe, Mn, Zn, Cu, Ti, Pb, Mo) in
herbarium lichen spesimens (collections of the mid and late last
century, and 1930—40s of this century) and in recent lichen collec-
tions (1983—1987) has been studied. The lichens studied represent
28 sites located in various natural zones of Ukrain, an areas of
varying technogenic background responsible for the atmosphere-
geochemical situation. The origin of temporal trends in metal accu-
mulation by lichens, a complex multifactor process, is shown to
depend both on the man-induced changes in air chemistry in the
areas under study, and on climatic conditions in landscape zones.
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CONEP)KAHHUE METAJIJIOB B PbIBAX BAWKAJIA

B. A. Berpos

JlaGopatopus moruropunza npupodrol cpedel u Kaumara
Tockomeudposmera u AH CCCP

3. D, Kopnarkosa

Jumnonozuseckui uncruryr CO AH CCCP

A. H. Kysneyosa
Hucruryr ceoxumuu um. A. I1. Bunoepadosa CO AH CCCP

J. I'. Kopoéeiinurxosa

Hucruryr axcnepumenrarvroil mereopoaoceuy Fockomeudpomera CCCP

Beepenue

-~

Hsydenue comepxaHHsi XUMHYECKHX 3JEeMEHTOB B NPECHOBOAHBIX
THAPOGHOHTAX SIBJASETCS aKTyaJbHOH 3ajmadelfl B HCCAEAOBAHUAX aHTPO-
NOTeHHOro BJMAHUA Ha ruapochepy. B acnekre MOHMTOpHHra BOJLHBIX
9KOCHCTEM, INOHUMAeMOr0 KaK BCECTOPOHHHH KOHTPOJb COCTOSHHMS
abuOTHYECKUX W OHOTHYECKHX KOMIIOHEHTOB CHCTEMBI, COJepiKaHHe
pasIM4HbBIX METAJJIOB B TKAaHAX FHAPOGHOHTOB MOXKeT OKasaTbes Gosee
YYBCTBHUTEJNBHEIM K @HTPONOIE€HHBIM BO3LeHCTBHSIM NapaMeTpoM He-
Kesu Ipyrue (GyHKIHOHANbHEIE H CTPYKTYpHBIE IapaMeTpHl BOXHOM
sKocucTeMbl (GHomacca, BHIOBOe pa3HooOpasue, YHCJAGHHOCTh U T.1IL).
310 coofpaxkenue OCOOEHHO BAXKHO [O OTHOIIEHHIO K MOHHTOPHHTY
THAPOXUMHYECKOrO0 COCTOsiMHA Dailikasaa, NOCKOJMBKY, KaK I0Ka3aHo
B paborax [2, 3, B], comepxaHHe MeTaJJIOB B BOJe o3epa A0 HAcTOs-
HIero BpeMeHH O0CTaercss Ha (OHOBOM, AOHHIYCTDHAJBHOM YpPOBHE.
KpoMe 3azau GHOMOHHTODUHra, HAHHBIE O MHKDO3JEMEHTHOM COCTaBe
TKaHell ¥ OpPragoB THAPOGHOHTOB pa3HBIX TPO(HUECKHX ypOBHEH Npea-
CTaBJIAOT 00JbINOHA HHTepec B GHOTEOXHMHUYECKHX HCCJEN0BAHMAX LHK-
JIOB MHTpalHu JEeMEeHTOB B MacmTabe 6HOreoneHo3a WJIM pervoHa.

[lepBrie naHHBIE O paclpelefieHHH XHMHYECKHX JEMEHTOB B TKa-
HSX M opraHax 6afiKaJbCKUX THAPOOGHOHTOB ObliH OoNyOJHKOBAHE B pa-
Gorax [4, 5, 8]. OnHH H3 BHBOJAOB 3THX HCC/AEAOBAHHH COCTOSAN B He-
06X01UMOCTY IIOBHIIIEHHS] JOCTOBEPHOCTH NOJYYEHHBIX pPE3YyJbTaToB
IyTeM YBeNHUYEHHMA Yucha Npo6 W YTOUHEHHS aHaJHTHUECKHX Xapakre-
PUCTHK Da3JIHYHLIX METONOB aHajau3a (cucreMaTHYecKHe OMHUOKH, Mpa-
BHJIBHOCTb, BOCIIPOH3BOAHMOCTh). IIpH 3TOM Xe€JaTeNbHBIM YCIOBHEM
MOBLIIIEHHS HAAEXHOCTH pe3y/bTaToOB NOJAOOHBIX GHOr€OXHMHYECKHX
HCCIe0BAHUA ABJAsSETCS MapallieJbHoe ONpelle/ieHne 3JIeMeHTOR ¢ TOo-
MOIbIO PasiiblX MeTO4OB aHauauza [8].

B Bacrosume#i craThe NpEeACTaBJAEHBl Pe3yJapTaThl Gojiee MIHPOKOTO
¥ JeTaJbHOr0 H3yYeHHs COJEDXKAHUA METANJI0B B TKAaHSIX M OpraHax
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OCHOBHHIX TNPOMHCJIOBHIX M MacCOBBIX BHJ0B pHO o3epa bafikan,
HOpOAOJIKAIOILEro ONKCcaHHHE B paborax [4, 5, 8] uccnenosanus. -Kak
H Npexiae, OCHOBHAs UelJb palboTHl COCTOANA B NOJNydYeHHH 00606IieH-
HeIXx OHOTeOXHMHYECKHX XapaKTEePHCTHK 3JeMEeHTHOTO COCTaBa 3KUBOTO-
BellleCTBa B JAHHOM BOJOEMe, a HMEeHHO Ko>(QdHUHeHTOB GHOJOrHYe-
CKOro HakoIJIeHust H oforarieHus.

OtGop npoG ¥ NMOAroTOBKA MPENapaTos

Marepuan nas ananusa 6ul1 co6pan gerom 1982—1983 rr. O6pek-
TAMH aHaau3a OBLIH NOJOBO3pEeNEle 0COOH JIOCOCEBHIHBIX PHO (OMYJb,.
cur, xapuyc), oburareneil Juropanu (NJI0TBa, OKYHb, ILyKa) H 3HAOE-
MHYHBIX 6afiKaJbCKHX BHIOB TOJOMSHKO-GHUKOBOTO KOMIJIEKca (roJio-
MSHKH, OBIYOK-KeJNTOKPHIJIKA, GBYOK-NecyaHas IxpokKoJobka). Huxe
NpHBeleHo KpaTKoe ONMUCaHHe YCJIOBHI O0T60Opa KaXI0ro BrAA.

Owmyap (Coregonus autumnalis migratorius). Orto6pano 20 3Ks.
omyns B Hione—abrycre 1982 r. B Cpeanem u lOxHom DBaiikaue,
10—15 sx3.— B miome—asrycte 1983 r. B Oxuom Bafikane B pafione
r. DBaifiranscka. Ocob6u 060ux [OJOB, TOJOBO3pEJbie, BO3pacT
5—6 Jiet, macca kaxzaoro sxsemmispa 200—300 r.

Xapuyc (Thymallus arcticus baikal). Oto6pano 30 3K3. Jerom
1980—1983 rr. B IOxunom Baiikane u 5 sk3. B utose 1983 r. B Masaom
mope. QOcobu oboux nojoB, Bo3pact 4—6 Jjer, Macca KaXAOro K-
seMmspa 200—470 r.

Cur (Coregonus lavaretus). OtobpaHo 6 3K3. B HIOJe—aBrycre
1981—1982 rr. B Yusnlpkyiickom 3anuBe (CesepHuii Baiikan). Ocobu
oboux -moaos, Bo3pact 7—I10 Jer, Macca KaxAoOro 3K3eMmisgpa
900—1100 r.

IMnorBa (Rutilus rutilus L.).0Oto6pano okrono 30 3K3. B Hiojle—
aprycre 1982 r. B Masom mope (Cpennuit Baiikan), CeneHrHHCKOM
MenkoBozbe, I0xHoM DBafikane. Oco6u 06oHx MOJNOB, Macca KaxIOro
sk3emnaspa 100—250 r.

Oxynp (Perca fluviatilis L.). Or6op 30—40 3k3. B IOxHOM 1
Cpennem bBaiikane B wmione—asrycre 1981-—1983 rr. Ocobu o6oux.
[0JIOB, Macca KaxkAoro aksemmaspa 130—325 r.

Ilyka (Esox lucius L.). Oto6pann 4 3K3. (caMuUBl M CaMKH)
B 1981—1982 rr. B Manom mope n CeNeHTHHCKOM MEJKOBOAbLE, 1 5K3.
(camxa)— B nione 1983 r. B Majiom Mope; Macca KaxAOTo 3K3eMIspa
1000—1540 r.

Tonomsinka Gousbinas (Comephorus baikal) u manas (C. dybow-
skii). OTo6paHO IO HECKOJNbKO AECATKOB 9K3eMIJAPOB KaXXKAOTO BHJIA.
B aBrycre 1982 r. B IOxunom Bafixane. Cpexnsas Macca ofHOH Goabmoil
ronomsauku 12—15 r, Mmanoii — 6—7 r.

Buiuok-xkentokpuika (Cottocomepforus grewingki) m necuanas
wHpokosobka (Paracottus Kessleri). Oto6paHo HeCKONLKO JeCATKOB
9K3eMMJISIPOB Kaxkpaoro Buaa B asrycre 1981—1983 rr. B IOxkHoM
n Cpennem Bafikane. Cpennsis Macca GbUKa-XKeJATOKPHUIKH 14—15 1,
6riuka-mecyaHkH — oxkoyio 10 T
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Tociie oroBa pHIGH 3aMOpaKHBAJNKCh, JOCTABJSJIHCH B J1a60paro-
pHio, rie npenapupoBajJHCh HHCTPYMeHTaMH H3 oprcreknaa. H3 me-
CKOJMbKHX 0CcoBell (5—20 sx3. Ge3 passnuud mosaa) cocTaBisIuCh cGOp-
Hble MPOGH MHIIEYHOH TKaHu, Kabep, NeuYeHH, KOXKH ¥ roHaj (HKpa
H MOJIOKA OTAeNbHO). I'ONIOMSHKH M GHYKH H3-32 MaJOCTH PasMepoB
HCCIEOBAJIHCh LENHKOM. :

Cripble npo6sl B3BEIUBANKUCh, BHCYWIHBaNHCh npu ¢=105°C, romo-
TEeHH3UPOBAJNHCh H NPH HeOOXOAMMOCTH IIOABEpPrajiHCb MOKDOMY H Cy-
XoMy osoneHuio. B raba. 1 npuBeseHn Koa(p(GHUHEHTH Nepexoja OT
CBHIPOfi Maccel MBI H OPraHoB PHO me K BO3AYLIIHO-CYXOH m; H
X 30JIbHOMY OCTATKy fy. DTH KO3(QPUIHEHTH HMeIoT 60JbIIOe NPAKTH-
HeCKOe 3HaueHHe INPH OLEeHKe CTeNeHH KOHUEHTPHPOBAHHN METAJJIOB

Tabauya 1

Koadduuuentor nepexona or cupoff MaccH XK BO3AYIIHO-CYXOHf H 30JbHOMY OCTATKY
{my — cHipan Macca; m; — BO3AYUIHO-CYXafl Macca, M, — Macca 30JIbHOrO OCTaTKa)

Bug Opran Yucsno npob po|=——:: Por= ::
Omy b M s 221 5,4+0,8 8447
JKabpa 42 5.3%0.5 37738,5
[TeueHn 0* 4,84-0,4 78+3
MouiokH 30—40 4,1+0,2 —_
Hkpa 20—30 2,74+0,2 —
Koxa 20% - 3,4+0,3 49+9
Xapuyc Ml 4* - 5,0+0,4 85+4,5
Kabpsl 2% 4,3 34
[Teuenn 3* 5,6+0,4 88
Koxa 2% 3,1 75
Uxkpa 2*¥ . 3,3 —
Cur : Meluus 7 4,840,6 8316
HKabpu 9 7,041,2 46+-6
TaoTtsa : Muns 8% 6,0+0,8 97411
JKabpu 8* 6,1+41,1 30+3
Koxa 7* 2,740,35 9,6+1,9
Hkpa 4% 3,340,6 9143
Ckener 3* 3,140,3 9--2
OkyHb Mutns 6* © 6,410,7 1044-9,5
JKabpu 6* 4,7+0,4 21+1,5
Myka Maimms 3 4,940,1 78+4-
Kabpu 3 4,44-0,! 20.+-0,6
TFonomsrka Gosb- | Llenmkom 3 3,2+0,2 56+40,6
mas :
Toaomsanka Manas | Llennkom 15 6,0--0,5 46+1,2
Brraok-xentoxpaia- | [lennkom 10% 6,3+1 4318
Ka _
BH40K-necanKka Henukom 8% 5,1+0,2 3040,5

- * Kaxnas npo6a — IOMOTEHHSHPOB2HHAR H YCpeAHEHHas GHOMacca OpraHoB
0T HeckoabkHX (5—10) ocobeit.
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B TKaHfAX PHO, NPH BHCYLUIHBAHHH M O30JE€HHH AJA PA3NHUHBIX aHaJIH-
THYECKHX METOJHK, 8 TaKXKe AJA Nepecyera KOHUEHTPAUUH NPH PaSHBIX
¢opmax npencrasiieHHs pe3yJbTaTOB HCCeNOBaHHH < Ha MacCy CH-
pOTO HJIM CYXOro BellecTBa.

Anaxns npoG

s onmpejesieHust COAEPIKAHHS METANJIOB B FOMOFE€HH3HPOBAHHHIX
CyXux npobax HCNOJb3OBAJHCh CIEKTPaJbHBIE METOAbl aTOMHO-3MHC-
cuoHHOro (A3) u atomHo-aGcopOuuonnoro (AA) aHanusa ¥ pasiHy-
HBle BapUaHTHl HEHTPOHHO-aKTHBAIHOHHOrO anaausa (HA),

Metox AD ananu3a HCNOJB30BAJICS AJsI ONpPEAE]eHHs COLepXKa-
ausa Al, Cr, Mn, Fe, Ni, Cu, Zn, Ba u Pb B 30apHBIX OcTatkax npo6
MBILIEYHOR TKaHH, xkKabep, KOXKH U cKejera. IIpo6H 030a90HCH B MY-
GbenbHONl Neyw mHyTeM CTyneHuaroro HarpeBanusi ot 250 gno 450°C
B TeueHHe 4—6 u. IJoxpoGHoe omyucaHHe METOAHKH AD aHaau3a co-
nepxurcs B [4] (ananuruk A. Y. KysHenora).

Meton AA aHanH3a NPHMEHAVICH KaK JJs1 CYXHX, TaK ¥ JJIS CHIPHIX
npo6 MBIIEUHOH TKaKH H OPraHoB pul, B TOM UYHC/IE MeYeHH H TOHaz.
Ilpo6ui. pasnaraiyuch cMecbi0 KOHLIEHTPUPOBAHHO!N CepHOMH, a30THOM
U XJOPHOA KHCJOT, nocje duero Ha AA cmekrpodoromerpax «Hi-
tachi-308» 1 «MAS-50» B KHCJTOTHOM pacTBOpe H3MEpPSJIOCh COAEpPKa-
Hue Cr, Mn, Fe, Ni, Cu, Zn, Cd, Hg u Pb (anmanuruk JI. I'. Kopo-
GefiHNKOBA).

Meron HA aHanusaa npHMeHsNCS B ABYX BapHaHTax — HHCTPYMEH-
TaJbHOM. H ¢ IpeJBapHTeNbHHM KOHHeHTpupoBanueM. C mOMOLIbIO
uHcrpyMeHTasbHoro HA amanusa (MHA, ananutuxku B. A. BoGpos
u B. 1. Pe3aunkor) B BO3AYIIHO-CYXHX Npo6ax NEeYeHU OMYJS U B 30b-
HBIX OCTaTKaX OBIYKOB OBHLIM ONpelesieHH XpOM, KeJjeso, KoGanabT,
LUMHK, CeJeH, cypbMa, uesudi, OGapuit [5]. Bapuanr HA aua-

JIM3a ¢ MOKPHIM 030JieHHeM Npo6 MHILIL KOHUEHTPHPOBaHHOH a30THOM:

KHCJIOTOH H IMOCJeAYIOIIMM KOHIEHTDHPOBAHHEM METaJJIOB Ha CYJib-
buge BHCMyTa HCNOJb30BAJCSH IJisl ONPEIEJNEHHs COolepiKaHHs XpoMa,
Xejesa, - KobasabTa, IHHKa, ceJleHa, CYpPbMB H pPTyTH (aHaJUTHK
U. B. Kasauesckuit) [5, 6]. :

" JIng NpoBepKH NpPAaBHJIBHOCTH M HANEXKHOCTH NPHMEHSEMHBIX METO-
UK HECKOJIbKO HeCATKOB NMpo6 pasyHYHBIX TKaHell aHAJIH3HPOBAJIHCH.
HapaJJeNbHO PasHEIMM MeroAaMu. B pesyibTare BHINOJHEHHS 3TOH
NpoTpaMMbl MHTEpKaauGpanup GBI YCTAHOBJEH CIHCOK 3JEMEHTOB,.
HaJIeXXHO OIpeJessieMblX KaxAhM H3 NepeuHCJeHHHX BHIIe MEeTOI0B
agamiza: A3 — Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ba, Pb; AA — Mn,
Fe, Cu; Zn, Cd, Hg; UHA — Cr, Fe, Co, Se, Sb, Cs; HA ¢ KonuenTpu-
poBaHMeM Ha cyab¢uae Bucmyra — Cr, Fe, Co, Zn, Se, Sb, Hg [5].
OCHOBHEIM . KDHTE€PHEM NpPH OLEHKe HaJeXHOCTH CJIYXKHJO COBIajeHMe
(B mpenenax omWMGKH BOCIPOH3BOAMMOCTH, o6muHO +20—30 %) pe-
3yJIbTATOB CEPHH MapaJIeJNbHEIX ONpeeNeHull Pa3HBIMH METOJaMH NPH

YCJIOBUMN JOCTATOUHOMH YYBCTBHTEJBHOCTH KaxXKJIO0ro M€ToAa, T.€. Koria .

npefen o6HapyKeHHs] NPUMEPHO Ha MOPSAOK HHXKe ONMpefeNsseMod KOH-
HeHTpalHH.
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Pesyabrathl 1 oGcyxaeHue

B rta6n. 2—4 npexacraBseHbl pe3yJbTaThl ONPEAeNeHHS COLEpKa-
HHS MeTaJJIOB B MBbILIAX M OpraHax pHI6 B Ilepecyere Ha CYXYIO
Mmaccy (cm. taba, 1). HauGoaswee unciao npo6 (20—40) npuxomuaoch
Ha MBbIINE # xabpel (Tabu. 2, 3), &JA. KOTOPHX PacCUUTHIBAJIHCDH
CTAHAAPTHElE OTKJOHEHHS OT CPeJHHX KOHIEHTpauuil, XapaKrepH3yio-
ke pasbpoc 3HaYeHUH. B GOMbLIMHCTBE CaydYaeB CTaHLapTHOE OTKJO-
HeHHe BLHIOODKH HMeeT TOT e INODPSIAOK BEeJHYHHE, 4TO U CpejlHee
.3HayeHHe, YTO CBUIETENBCTBYeT O 6OJbUIIOM pa3fpoce AAHHBIX H 00
aCUMMEeTPHH YacTOTHOTO pacnpese/ieHusi KOHUEHTPAaHHi, KaK 3TO UMeeT
MECTO ¥ JJsf pacopefeleHHA KOHUEGHTpPAUHH MeTaJJioB B BOZe
-03. Ba#ixan [3, 5]. OnpeneneHue cogepxaHHUs MeTaJJIOB B JPYTHX
opraHax pHO NPOBOAMJOCH HO HefoablioMy uucay npo6 (2—10), no-
3TOMY B TabJ. 4 IPUBOANTCA TOJNBKO cpeanue 3Hauenus, [lo pasbpocy
pesynbTaTtoB (B Taba. 4 He MPHBENEH) MOXKHO IIPEANMOJOXKHTb, UTO H3-
MEHUYHBOCTb KOHIEHTpanufi B opraHax pul NpHMepHO TaKas e, Kak
¥ B MHmuax u xkabpax. HabmiogaeMbli pas6poc XOHLEHTpauni
‘B MBILUNAX H OPraHax BHIXOAMT 3a IpeJesibl BePOATHEIX aHAJTHTHUECKHX
‘OIIHGOK H OTpa)<aeT, NO-BHAUMOMY, NDHPOAHYIO H3MEHUMBOCTH KOH-
uenrpanuii. CpelHHe KOHIEHTPALUHM META/NJIOB B MEHIIIAX H xabpax
‘PLI6 MPUMEPHO COOTBETCTBYIOT JHOO B HECKOJBKO Pas3 HHUKe HX COLep-
XXaHUg B NPECHOBOIHBIX pbi6ax, OOGHTAIOMIHX B OTHOCHTENBHO UHCTHIX
BogoeMax (no mauueiM [1, 10]). (DroT BHBOL He OTHOCHTCH K OBIUKaM,
JJI KOTODHIX OTMEYaeTCAd De3KO MOBLHUEHHOe N0 CPAaBHEHHIO C MbILI-
uaMu JApyrux pe6 cogepxkanue OOJNBIIHHCTBA 3JIEMEHTOB B IEJIOH
Tyimike.) B wactHoct, B HoHOBOMH 3KocHCcTeMe p. KeHHeGek (miTar Mas,
CHIA), xouuenrpauust Cr, Cu, Zn, Hg u Pb B Mummax okyHs cocTas-
Jiger coorsercrsenuno 0,1—1,7; 1,5—7; 5—75; 0,25—4; 0,04—1,3 mr/kr
cyxofi Maccol [10]. DTH ypoBHH SBJASIOTCA THUNUYHBIMU JJs (GOHOBBHIX
‘BOIHBIX 3KOCHCTEM, M CYIIECTBEHHOE [NpPEeBHIIeHHe BepXHHX TIpaHul
YKa3aHHBIX AMANA30HOB CBHAETENbCTBYET O 3aMETHOM TEXHOTEHHOM
3arps3HeHny Ju00 reoxuUMHYecKol aHoMmanauu. llo-BnauMoMmy, npuse-
JeHHble B Ta6J. 2 KOHUEHTPALHH METa/JJIOB B MEINeyHOH TKaHH Gaii-
KalbCKUX JIOCOCEBUAHHIX pHI6 W o6uTarenefi MeJakOBoAu#l (OKyHb,
TIJIOTBA, IyKa) MOXHO CYUHTATh NPHPOAHEIM GoOHOM nas pHO caabo-
‘MHHEPAJHU30BAHHEIX OJHIOTPOMHBIX BOLOEMOB.

Uro kacaercsl COREpXKAHHS METAJJIOB B x)abpax u APyrux opraHax
‘pHIG, TO H3 CpaBHEHHS MexAy coboft naHHbIX Taba. 2—4 BHAHO, 4TO
‘B LeJIOM B OpraHax pbi6, ocoOeHHO B Xa0Opax H IeYeHH, KOHUEHTpalus
MHOTHMX METaJJIOB 3aMeTHO BHIIIE, YeM B MBIUILAX, UTO BIOJHE OObscC-
HsieTcst (DUBHOJIOTHUECKHMH (YHKIHAMHM OPraHoB H OHOXHMHYECKHMHU
CBOHCTBAMH KaXKAOTO METaJlja.

Crenenp HaKONJEHHS B OPraHHYECKOM BellecTBe THAPOGHOHTOB MBI
OUEHHBAEM ¢ TOMOINLI0 Ko3(dunuedTra HaKOMJEHHS, PacCUYHTAHHOTO
Ha CyXOe BellecTBO HHOMACCHI: :

(9
a

Cyi —_— Ciime 1
Cei - Cei ()
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Tabauya 2

Conepxanue Meraaqnop (Mr/Kr cyxoif Maccw) B MBWmLAx pu6 o03. Bafikaa
(1 — cpepHee 3HaueHHe; 2 — CTaHIAPTHOE OTKJOHeHHE BHIGODKH *)

,.é OMyas Xapuyc Cur Tlnotea Okyts
Mertaan : =

ON

é% 1 t 2 1 2 I 2 1 2
AnoMutuit AD |31 26 16 14 21 16 21 2 17 8
Xpom A | 0,86| 0,39/0,4| 0,2 | 0,77 0,53; 0,3 | 0,13} 0,64 | 0,26
Mapranen A3 | 0,4 0,056 — — 10,07)0,06{ 1,2 | 0,910,64 | 0,06
Kenezo AD 149 30 19 6 29 14 |25 14 41 1
KoGanasT HA | 0,01} 0,01{0,02] 0,0t — | — | — — — —
Huxens A2 | 0,32} 0,16/ 0,16 0,071 0,14} 0,05{ 0,1 | 0,05| 0,26 | 0,13
Menb A 1,31051(1,56,0,511,370,3]1,3 |10,41,0 }{0,06
R{7114 AD |28 6 23 7 33 16 |29 16 |24 6
Cenent HA | 0,8 0,5 — 0,6 0,8
Kapmuit AA | 0,14 — — — | — 10,02 0,15
Cypsma HA | 0,02 0,02 -1 — 0,03 0,004
Bapuii A3 1,0 |05 — | — |1 1 1
Pryts AA | 0,07 0,22 -~ f—10,5 0,85

HA | 0,2 0,27 — | — 0,85 0,85
Cauney A | 0,36} 0,241 0,24/ 0,10} 0,36] 0,32 0,24} 0,17] 0,3 | 0,19

. Llyxa FonoMauka | Tonomsinka BriuoK- ke - Boruox-ne-

% Goabias Manasn TOKPBLIKA cyanka

Meraan =

O

5 1 2 1 2 1 2 1 2 1 2

Z 8
Amomunu# Ad 17 54 |18 12 121 10 35 30 68 61
Xpom A {1,6§1,0 0,25 0,16} 0,96/ 0,24| 4,2 | 3,8 0,6 0,4
Mapranen, | AD |0,37/0,015/ 7,4 | 1,2 /17 | 0,6 14 2,5 |34 10
JKeneso A 121 31 10 {70 |20 220 150 99 71
Ko6anbt HA | 0,02 — -l -1 —=10,6 — —
Huxens A3 | 0,2 90,07 |0,28 0,18/ 0,6 | 0,18/ 0,76 0,60} 0,82] 0,25
Mens A3 | 1,30,3 [0,7]0,83}|1,8]/0,6]13 10 4,5 2,5
Hunx A3 |19 1,5 |24 2,0 |45 5,0 {130 60 69 4.3
Cenex HA | 0,5 —_— -] -} =1 — — — —_
Kanmuit AA|— | — ]| -] =] =] -] — — — —
CypbMa HA | 0,02 - =1 - - = = | =
Bapait Ad | 1,5 1,911,216,0 44| 4 4,6 | 3,1
P AA | 0,5 —_ | = | - — — —
TYTh Ha | 04 i el Bl — - — -
Cauiett AD 11,0 0,5]0,051,0{0,5]| 0,3} 0,1} 0,4 | 0,15

* 3nech # B Tabn 3 He ONPeAENsaOCh, eClU HHCAO Npo6 6blio MeHbiie 4.
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Tabauya &

Conepxanne MerannoB (Mr/kr cyxoii maccel) B kabpax pni6 o3, Bafixaxa
(1 — cpepnee; 2 — crangapTHoe OTKJOHEHHe BHOOPKH ¥)

Omynp Xapuyce Cur
MerTon
Merana ananu3a
1 2 1 o2 1 2
AmoMuuuit A3 84 32 31 30 290 53
Xpow A3 0,9 0,4 0,4 | 0,2 1,0 0,2
HA 0,45 0.4 - "
Maprasern A3 6,9 3,0 5,7 0,6 6,6 3,0
Keanezo A3 350 170 135 56 500 150
HA 130 60 —_ —
Koéamﬂ" HA 0,15 0,1 — —
Hirenp A2 0,53 0,50 0,3 0,2 0,7 0,5
Mens A3 2.4 0.85 3.7 2.6 5.4 1.7
Innk - Ad 100 15 76 15 320 - 84
HA 90 17 _— —
Cenen HA 2,2 0,9 — —_
CypbMma - HA 0,06 0,03 —_ —
Bapuii A3 3.0 9,5 4,0 20 10
PryTh HA 1,6 0,4 —
Cpunen AD 0,74 0,58 0,47 0,42 0,42 0,02
InoTea OKyHb Wyxa
MeTon
MeTaaa anaaEaa
1 2 1 2 1 2
Amomurni AD 140 40 110 29 8,4 1,8
Xpou A3 0,5 0,1 0,5 0,1 0,6 0,2
: HA 0.7 ' 0,2 6,0
Mapranen, . AD 93 - 6,0 .| 10 3,5 9,7 0,4
Keneso A3 | 190 30 | 230 | 23 130 . | 22
: HA 170 40 260 :
Kob6aast HA 0,1 0,1 0,13
Hukenn AD 0,7 0,4 0,4 0,2 0,2 . _
Megp AD 3,8 1,2 2,7 0,4 2,8 0,4
Linnk A 350 110 100 10 260 50"
HA 360 30 33
Cenen HA . 0,9 1,5 1,5
Cypbmad HA 0,1 0,02 0,06
Bapmit AD 37 6,0 8,9 3,8 4,0
Pryts . HA 3,3 0,2 0,7
Csunen, .. A3 - 0,6. 0,4 0,52 0,33 0,4
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Tabauya 4

Conepxande Meraanop (Mr/kr cyxoil maccel) B oprawax pni6. o3. Bafixan
(11 — neuens, K — koxa, W — ukpa, I' —ronaas (Monoku), C — ckeder)

MeTtann Oprau :g:;g;‘a Omyab Xapnyc ITnoTea OKyHb Ilyka
Anmomunuit K A3 5,4 12 —_ —_ —
Xpowm I1 HA 0,2 0,7 — 0,2 -
K Ad 0,75 0,56 <0,5 — —
u HA — — 0,7 0,2 —
r HA 0,8 0,5 — — —
C AE). — — <0,6 — -
Mapraneq, K | A3; AA 3,7 3,7 24; 25 —
r AA — — 10 — —
C |A3; AA — — 63; 17 —_
Kemeso I1 HA 260 160 80 — 26
K A 78 29 30 — —_
U {HA; AA — — " 33; 52 12 (HA) | 30 (HA)
r HA 110 10 — — —
C — —_ 39 (A3); — 570 (HA)
60 (AA)
Ko6Ganst I HA 0,1 0,2 — 0,2 0,04
Huxess K A3 0,44 0,93 0,84 — —_
Mensb I AA — — — — 22
K A3 5,8 2,5 2,1; —
i 2,6 (AA)
r AA — — 8 — —_
C — — 1,0 (A3); — _
. 2,4 (AA)
Hunx I HA 160 140 10 — 55
K A3 83 85 230; — —_
120 (AA)
n HA — — 220 180 400
I [ UA; AA[130 (HA) — 140 (AA) —_— —
C — 250 (AD) — 160 (HA)
110 (AA)
Cenen I HA 3,9 3,0 — 3,0 3,6
U HA — — 1,3 3,3 3,4
r HA 1,1 2,0 — — —
CypbMa I HA 0,04 0,02 - 0,01 0,04
U HA — 0,07 0,01 0,065
r HA 0,04 0,065 — —_— —
Bapu#t K Ad 6,5 6,5 14 — —_
C *AD — —_ 20 — —_—
PryTs n HA 3,2 0,5 0,4 0,4 0,1
U HA — — 4 0,2 2.2
r HA 4,6 — — — —
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rae C); — KOHIEHTpalusi i-r0 3JEMeHTa B CyXoii 6Guomacce, MI/KT;
Cci— To ¥Xe B CyXOoM MHHEPAJbHOM OCTaTKe MPHPOAHEIX BOA (cpexa
o6uranua); Cz;— TO Xe B BOAE, MKI/JI; Mg — Macca CyXOro OCTaTKa
BOIBI, T/ ~

I oueHKH H3MEHEHHS SJIE€MEHTHOTO COCTABAa JKHBOTO BellecTBa
OTHOCHTEJIBHO 3J€MEeHTHOr0 COCTaBa CpeAbl OOHTaHHS HaMM NpPeAJIo-
XKeH TakxKe KoadpuuueHt oboraienus [4]:

Kéi)= gli /gsi , (2)

IR BR

rie Cig # Cyr— KOHIUEHTPALHH HEKOTOPOTO OMOPHOTO 3JIEMEHTa COOT-
BETCTBEHHO B cyxo#f 6uomacce (Mr/kr) H Bome (Mkr/a). B KauecrBe
ONOPHOTr0 2JI€MEeHTa HaMH BHIGpaH XpoM, OTHOCAmuiCH K rpymme aje-
MEHTOB O ¢J1ab6eiM GHOJOTHYECKHM IIOIJIOLIEHHeM, KOTOphe XapakTe-
PH3YIOTCS MHHHMMaJIbHBIM 3HayeHHeM OTHOLIEHHs ,KJapK B JKHBOM Be-
mecTBe"/,, Knapk B seMuol xope* [7].

B ta6n. b npuBefeHH paccYHTAHHEE NO AAHHBIM TabMa. 2—4 K03d-
¢unventst K, 1 K. A1 MBI A OPraHOB TPeX BHAOBHIX Ipynn Gai-
KaJabckux pHO. I1pu pacuere K, (dopmyana (1)) npuruaManace cpeiHss
Macca cyxoro ocratka m.=0,06 r/n. BasoBrie (cpenuue) 3HaueHHS
KOHIeHTpanufi MerannoB B OafikanbcKo#t Boje Opanuce H3 pabor
[2, 3].

B suTeparype 4acTo OLEHHBAIOT HAKOMJEHHE B XKHBOM BelecTBe
THAPOGHOHTOR yepe3 OTHOLIEHHE KOHHEHTPaIMH B Chpoii Guomacce Co;
(Mr/kr) x koHueHTpauuu B BoAe Cy; (MKr/a). CBsb MeXAy STHM
KOs dunnentom Harkomnenuss Kgo H npexnum Kg; BeIpaXKaercs yepes
COOTHOLIEHHE

Coi __ 1000
Cui Kal PotMe *

Kap= (3)
3xech por — OTHOILEHHUE CHIPOIl Macchl NPOGH My K BO3LYUIHO-CYXO0H m;
(cM. Taba. 1); manpumep, AJAst MBILIL, Po; =5, me=0,06, Kqo=~3300 Kq;.

Kak BuaHO u3 AaHHBIX Tabu. 5, juwp B peakux ciydasx Kai Ouau-
30K K elMHHIe, Yallle BCeTO B Cyxoil 6uoMacce cojepikaHHEe METaNJoB
B 10—100 pa3s HuKe, ueM B CYXOM ocTaTke GafiKaabcKol Boabl. B To
e BpeMs OLEHKH HAKOIJIEHHS B CHIpoi Guomacce, MPOBeJEHIILIe TO
dopmysne (3), naoT BEHICOKHE 3HAauYeHHs KO3(P¢HIHEHTA HAKONJIEHHA
K.,o— no 10%. Takuv o6pasoM, TKaH# ¥ OpraHbl GaHKaJbCKHX pbIG,
SIBJASACh CHJABHBIMHM KOHIIEHTPATOPaMH MHKDPO3JEMEHTOB, MOryT pac-
CMaTpUBaThCs KaK IE€PCHeKTHBHBE OODBeKTh MOHMTOPMHIAa MHKpO3Je-
MEHTHOTO COCTaBa BOJ, 03epa.

BecbMa TO/Ie3HEIM H HHOODMATHBHBIM SIBJSIETCS aHAMM3 KO3pPu-
uxenTos o6oramenna K. CyulecrBenHoe npeBblnenye K. Haj e1uHH-
mell CBHAETEJNbCTBYET O NpPEHMYLIECTBEHHOM (OTHOCHTENbHO ONOPHOro
3JICMEHTA, T.e. XpOMa) HAKOIUIEHHH MeTajJia B XHBOH TKauu. Jdekrt
oforallleHHs KHBOH TKAHH KaKUM-TH00 MHMKPO3JEMEHTOM sBJseTCH,
I0-BHANMOMY, OTDaK€HHEM KaK BHELIHHX (aKTOPOB (NHIIEBOH pa-
LIHOH), TaK X BHYTPEHHHX MeTaboaudecKnx mpoueccos. K uncay Takux
«6H0DUMBHBIX» (1O OTHOIWIEHHIO K Gafikanbekodt HxTHO(ayHne) Meral-
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JIOB, 10 AaHHBM Tabl. 5 (K> 1), OTHOCHTCS GONBUIMHCTBO H3YUEeHHBIX
MeTaJioB, 32 uckaouendeM Al, Cr (mo onpepenenuw), Ni, Sb, Ba,

Pb. B naunGoabmeit crenenn (K> 10) orMeuaercs makomjeHune Mn
B Xabpax, Fe B xabpax u neuenu, Co B xabpax u neuens, Cu B me-

YeHH, Zn BO Bcex opraHax, Se, Cs B meuenu, Hg B neuenu u romanax.

3akjawueHue

Hcnonp3oBaHne KOMIIEKCA METOAOB CHEKTPAJbHOrO M HEHTPOHHO-
AKTUBAIlMOHHOTO aHAJH3a NO3BOJHIQ onpelenuth coxepxanue Al, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Se, Cd, Sb, Cs, Ba, Hg u Pb B mpmnax
H OpraHax OCHOBHBLIX BHJOB OafixasbcKofi mHTHOOayHe. Ha ocHose
JAAHHBIX O CpPEeIHHX KOHHEHTDALHMSAX 3THX MeTaJJoB B GalKaJbcKOMH
Boje, MOJYYEHHBIX TeMH Ke MeTOAaMH, pacCuMTaHb Ko3a(QQUIHEHTH
HaKOMJIEHHS M OTHOCHTENIbHOro o6OrauieHHs MeTaJJoB B MEINHAX
# opraHax puO. ITosyueHHEle pe3y/JbTaThl MOTYT GHITH HCIOJB30BAaHLL
npy OGHOreOXHMMHUYECKHX HCC/IeI0BAHHSAX KJIapKOB JKHBOTO BELIECTBA,
a Takxe MPH MOHUTOpUHTe (OHOBOIO 3arpssHEHHs MeTalJaMH 5KOCH-
crembl bafikana u Apyrux nNpecHOBOAHBIX PKOCHCTEM.
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METALS IN THE LAKE BAIKAL FISH

V. A, Vetrov

Natural Environment and Climate Monitoring Laboratory,
. USSR State Committee for Hydrometeorology/USSR Academy of Sciences

E. F, Kornakova

The Institute of Limnology, Siberian Branch
of the USSR Academy of Sciences

A. I. Kusnetsova

The Institute of Geochemisitry, Siberian Branch
of the USSR Academy of Sciences

L. G. Korobeinikova

The Institute of Experimental Meteorology,
USSR State Committee for Hydrometeorology

The content of Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Cd, Sb, Cs,
Ba, Hg, and Pb in the muscular tissue and organs (gills, liver, skin,
gonads) of the major representatives of the Baikal ichthyofauna
(endemics, perch, pike, bullhead, etc.) has been studied using
spectrum-emission, atom-absorption and neutron-activation analysis
techniques. Fish samples were taken in the summer of 1982 and 1983
in background areas of the lake.

The rates of metal accumulation and enrichment in fish muscles
and organs with respect to the habitat have been estimated on the
basis of the data on mean metal concentrations in the lake water.
The possibility of applying data on accumulation and enrichment to
biogeochemical studies and monitoring of technogenous pollution of
the lake aquatic ecosystem by metals is discussed.
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M3YYEHUE 3ABUCHMOCTH
CKOPOCTH POCTA OO HOKJIETOUHBIX BOIOPOCJIEN
OT TEMINEPATYPbI, KHCJOTHOCTH CPEJBI
N KOHUEHTPAIUHN TSHOKEJDBIX METAJIJIOB

T. B. 3amapaesa, A. A. Pydxosa

Jlaboparopus moruropuhea npupodnoil cpedel 1 Kaumara
Tockomeudpomera u AH CCCP

B OCHOBY NPHHIMNOB 3KOJIOTMYECKOTO HOPMHPOBAHHA, pa3pabarh-
BaeMbix B JIabopaTOpHH MOHHTOPHHra NPHPOXHOH CpeiHl H KJIHMAra
(/IAM), BRJIOUEHB MOJOKEHUS O TOM, YTO PACTEHHS, CyLIeCTBYOLIHE
B €CTCCTBEHHOH Cpeje, ajalTHPOBaHb K Helt 6e3 «3amaca NPOYHOCTH».
Cor/acHO 3THM NOJIONKEHHSIM, B KpaiiHe He6JaroNnpHATHHX YCJAOBUAX
(B méccumyme) AOCTATOYHO HE3HAUMTENHHOTO H3MEHEHHS KAKOro-THGO
CTpeccoBoro ¢akropa, 4rto6nl BEI3BaTh THbesasb (GJope. K crpeccoBrM
(akropam oTHOCATCH CO3AAKOLIKE NECCHMYM 3aKUCJAEHHE NOUB, 3arpsa-
HeHVe aHTPONOTeHHBIMH BHIOpOcaMu, pe3KHe KoseGaHUs TeMIepPaTyphl
B COYETaHHM C 3aCyLIHBOCTBIO /KM M3JHIIHeH OGBOJHEHHOCTBIO, Pe3-
Kde H3MEHEHHS COOTHOHICHHH NMHTATeNbHBIX BEHIECTB B TOYBE H T. A.

CoBpeMeHHasi X03s1HCTBEHHAs AEATENBHOCTh CONPOBOXKIAETCS BHI-
6pocamu B atMoctepy GOJNBIIOTO KOJHYECTBA OKCHIAOB Cephbl H a30Ta,
OKa3bIBAIOIIUX HEelOCPEACTBEHHOE CHILHOE (PHTOTOKCHUECKOE JedCTBHE.
Kpome roro, pacrBopsisice B arMochepHBIX OcCafKaxX, OHH BO MHOTHX
Cly4asix yMeHbINAIOT KHCJIOTHOCTb HLOXKAelH U CocOGCTBYIOT 3aKHCIe-
HHIO TIOYBHl M NPECHOBOAHBIX BOLOEMOB. DTO B CBOIO Ouepelb BHI3H-
BaeT OCBOGOXKJEHHE TAXKeJNbIX METa/JIOB M3 CBA3AHHOTO COCTOSIHHSA
H TOSABJCHHE HX B NMOuYBEHHOM pactBope [5]. Kpome Toro, M3BecTHO,
YTO 3HAYHTEJbHOE KOJHYECTBO TSXKEJABIX METAJJIOB NOCTYHNAeT B OKPY-
KAy Cpeay U NepeHOcHTCA Ha GOoJblLIHe DACCTOSHHA OT TaKHX
HCTOYHHMKOB BHIGpOCa, KaK MeTalJypraueckHe 3aBOJbl, TPAHCIOPT, Tel-
JIOBhIe 3JIEKTPOCTAHLUMH H T. [I. .

H3ayuennio (pHTOTOKCHUECKOTO HEHCTBHs, KaK NPABHJO, BHICOKM
KOHIEUTpauu#l TAXKeJHX MeTaJIoB NOocBsimieHo MHoro pa6or [3, 12,
19, 21, 25]. HefictBue KaxmOro Aaxe 3HAYUTEJbHO BHIPAXKEHHOTO
CTpeccoBoro pakTopa B OTAENBHOCTH YAacTO He NMPHBOAMT K CYLIECTBEH-
HOMY H3MEHEHHIO COCTOSIHHS HJIHM HPOAYKTHBHOCTH pacTeHuil: OnHako
COBMECTHOE BJIHSIHHE HECKOJbKHX CTPEcCOBHIX (DAKTOPOB MOXKET MHO-
BJiedp 3a cO0OH cCHHKeHHe pPOCTa, HapyHlellHe PasBHTHS H faxe rubesn
pacTeHus. :

Tak kak B HanHHOH paboTe MOAEJBI0 pPACTEHHS C ABTOTPOQHBIM
Cnoco6OM TTHTAHHS CHAYKHJIA OLHOKJIETOUHAs 3ejeHas BOZOPOCIb XJO-
peasia, Mb NPOBeJH aHaAu3 palboT, NOCBAICHHBIX H3YYEHHIO pPOCTa
4 (PH3MOJOTHYECKHX XaPaKTEPHCTHK BOAOPOCJEH NDH OMIOBPCMEHHOM
BO3AECHCTBHH TSXKEJABIX METAJJI0B H APYrdX CTPECCOBHIX ¢aKTOpPOB.
Crenyer oTMETHTb, 4TO B JIHTEPAType TaKHX paboT Malo.

3HauuTEABHOE YHCAO HCCJASHOBAHHH NMOCBAWIGHO BJHSHHIO KHCJOT-
HOCTH CPeABRl Ha HOIJIOUIeHHe, HAKOMJeHHe KJeTKaMH BOJiopoc/eit
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TAXKEeJNBIX METaJJIOB, TOPMOXKeHHe pocTa BogopocJedi [11, 14]. TToxkasano,
YTO PTYTh 6OJle€ TOKCHUHA B KHCJBIX YCJIOBHAX, UM B LIEJOYHHX [25].
Hexoropbie aBTOpH Ha6aioganu Godbliee TOPMOKEHHE POCTA BOLOPOC-
Je#l B IPHCYTCTBUM KaAMHS B KHCJBX YCJAOBHAX IO CPAaBHEHHIO CO Iie-
qounbiMu [13, 15]. Onnako B psize pa6oT HMEIOTCS AaHHBIE O 6OJbIIEM
TOKCHYECKOM MeHCTBHH KaiMmusi npu yseanueHuu pH cpenm. Tunmc
u Kosnep [9] nokasanu peskoe yMmenbwienne pocra Chlorella pyre-
noidosa B NPHCYTCTBHH KaiMHs N0 Mepe 3alleJaudBaHWUsi CPeibl 10
pH 8,3. IloxaszaHo, uro afxcop6uusi W TPAHCHOPT KAJAMHA MOUTH IMOJ-
Hoctblo orcytcTByer npu pH 4. Tlo Mepe yeenuuenuss pH Bospacraer
KORHYeCTBO KajAMHsA, aicoplHPOBAHHOTO KJETKaMH Bojopocied, B
SHePro3aBHCHMHIH TpaHCIOPT ero B kaeTku [6, 9, 22]. Tlorsomenne
docdopa u asora B NPHCYTCTBHH KaAMUA Takke Hapyuaercd B 6oJib-
el cTemeHHd NMpu 3aulenauuBanuu cpean [17, 18].

[IporuBopeunBOCTD HMEIOMUXCS B JUTEPATYPE JTAHHEX B psije CIy-
yaes o6bacHAETCS pas3HooGpasweM BHIOB BOJAOPOCHei, 06iafaloliux
PasIMYHOH YYBCTBUTE/BHOCTBIO K METaJJaM, H YCJIOBHH IIPOBELEHUA
sKcnepuMeHToB. M3BecTHO, UTO TOKCHUECKOe JefCTBHE MeTasJoB Ha
(GHTOMIAHKTOH 3aBHUCUT OT KOHLEHTPANMH CBOGOIHEIX HOHOB METAJIIOB
[24]. OnHako KOHHEHTpAalUHs HOHOB METaJJIOB 3aBHCHT OT COCTaBa
CPeIH M KOHHEHTDAUHH COeAHHeHHH, 06pa3yiolIHX KOMILIEKCH HJIH
HepPaCTBOPUMEIE COEJMHEHHS, OT KHCJOTHOCTH H TEMNEPaTypH CpPeabl
1.0 [10]. _

Hmetores Gosbluve pacXOXIEHHss B Pe3yJbTaTax HCCIeIOBaHH
ToKcHuHOCTH pTyTH. Tak, B [16] nmoxkasaHo, YTO NPH KOHIEHTPaUUK
Hg (I1) 7—15 mkr/n B Teuenue 16 nHeil cHHXKXaercd pPOCT TPeX BHIOB
Bonopociaeii: Chlamydomonas, Chlorella, Phaeodactylum wa 50 9%,
a II0JIHOE TOPMOMKEHHE POCTA NPOMCXOLUT TPH KOHUEHTPAUHH DTYTH
22 wmxr/a. B gpyro#t e paGore [12] mnonHoe TOpMOMKeHHe pocTa
Scenedesmus acutus poeruranaochk aoGaeaenneM aump 900 mxr Hg/m.

Onuako aBropul [12] mozuepkuBaiOT, YTO B NPOIECCE ONbITA KOH-
LeHTpauusa cBOGOAHOR PTYTH B pacTBOpPE YMEHbINAETCH H3-3a2 BOCCTA-
nosnenus Hg (II) B Hg (I) u Hg (0) u yneryunsanus nocienefl.
Kpome toro, mpoucxoaut «GHosornueckoe paszbamnennes Hg us-3a
PA3MHOXKEHHS KJETOK, DTUMU TPOHECCAMH aBTOPH OOBSCHAIOT BOCCTA-
HOBJIEHHE POCTa KYyJbTYPH BOAOpOCTEH €O CKXOpOCThbIO, GJH3KOM
K KOHTPOJIO Tocne HabawopaeMoro jar-nepuoja. Has moasepxanus
TIOCTOSIHHOY KOHHEHTPAaLMH Merasjyia B Cpefe &BTOPH HCNOAB3YIOT
Mmerann-6ycdepuyo cucremy (N-MeTHI-UMHHOAMYKCYCHYIO KHCJOTY),
Ge3 KOTOPO# KOHIUEHTpalus CBOGOAHOH PTYTH CTAHOBHTCSI PABHOM
HYM0 K 5-My IHIO HHKyGaluy.

CBfi3b TOKCHUHOCTH TAXKENHIX METAaJJIOB HJs1 BOZOPOCJAEH M TeMme-
paTypH HcCJIefyeTcs B MeEHbIIeff CTeleHH, XOTA TepMaJbHbE HHAY-
CTPHAJIbHblE CIYCKH B IPECHOBOJHEIE BOJOEMH CaMu 1o cebe H B coge-
TaHUM ¢ 3arpssHeHHeM TSKEJBIMH METa/JJIaAMH MOTYT CYLIeCTBEHHO
BJMATbL Ha SKOJOTHUECKYI0 06CTaHOBKY.

B [12] uccaenoBanu s¢dekT. pryTH NPH PA3NHIHEIX TeMMeparypax
or 15 1o 30°C na poer u Qorocunres Scenedesmus acutus. Bro no-
Ka3aHo, YyTO ¢ TOBHIIEHHEM TEMIEPATypH MajalT H CKOPOCTh POCTa,
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u dorocunres. [Ipu 20°C nonmoe TopmoxkeHHe pocta BoOpoCed J0-
CTHraercs npu Konuesrpauuu prytd 0,9 mr/a, npr 25°C — npu KoH-
uenrpaunn 0,5 mr/m, a mpu 30°C pocT mMOMHOCTBIO NpeKpaiiascs
B npucyrerud 0,1 mr/a. B aro#t xe nabopatopuu [8] Gbuty mosyueHbt
AaHHBIE 006 yBeNMYEeHHH TOKcuueckoro s¢pdexra Cd ¢ moBHImeHHEM
TEMNEepaTyphl. :

Taxum o6pasom, sror HeGoabLIOH 0630p 3KCHEPUMEHTANLHHX JaH-
HBIX NOKasaJ, 4TO BOMPOCH 3aBUCHMOCTH TOKCHUHOCTH TAXKEIBIX Me-
TaJ/UIOB AJIs BOLOPOC/EH OT APYrHX (PH3HYECKHX H XMMHYECKHX (aKTo-
POB POCTa KYJBTYPHI H3YUEHBl MAJIO ¥ HMEIOLIHECS Pe3yJbTaThl YacTo
IPOTHBOPEUHBEL, .

B nacrosmie#t pa6oTe uccsienoBanach 3aBHCHMOCTb POCTa OJHOKJE- |
TOYHOH 3eJIeHOH BOAOPOCIH XJIOPE/JIa B IPHUCYTCTBHH TSIXKeJbIX MeTal-
aos Hg, Cd u Pb u mx cmecefi or M3MeHEHHS KHCJOTHOCTH CpELH
H Ttemneparypsl. Hawe#t mesbio 6bIO ONPENETHTh TaKHe YCJIOBHS
POCTa KyJbTYypHl, NPY KOTOPHIX Habuiofastcs 68 HauGOJBIIHE TOKCHUe-
CKHH 3(@eKT HCIONb30BAHHEIX KOHIEHTPAUMH TAMKEIBX METaJJoB.
Konuenrtpaunn meranioB Gbiid BHIGPAaHE KaK HaHMeHbIIHe H3 YHc/a
HCHOJIb3YeMEIX B 3KCIIePHMeHTadbHLX paboTax.

MeToapt

Kyabrypa oznHOKIeTouHO# 3eneHoit sogopocau Chlorella C-9 6una
noJyuyeHa W3 KoJJeKHHH Bojopocielt MHcrutyra ¢u3HOIOrHH pacre-
uufi AH CCCP. Hcxoanyro 6akTepHaNbHO HHCTYHO KYJBTYPY KJI€TOK
HNOLAEpKHBANH B Jorapudmudeckor (ase pocra exeHeLeJbHLHIM mepe-
CEBOM B CTEPHJIBHEIX YCJOBHAX Ha cBexyio b Y% -Hylo cpeny Tamusa [4].
Onwitet npoBoguiu B 50 M 5 %-nolt cpenst Tamusi, He comepiKaniei
KOMIJIEKCOOOPa3yIOUWHX COeLHHEHHH, CTepHIH30BaHHOK (HABTPOBA-
HueM uepe3 MeMGpanuble ¢punprpel CoHnop (0,3 mxm); pH cpean fo-
poauau 0,1 ¥ HC! uaum 0,1 5 NaOH. HauaJjbHasa IJIOTHOCTH 3aceBa
KJIETOK cocTapdsaa okoso 2-10% ka/miu. Muky6auns npo6 npoBoguiach
B HHKyGauuonHoit kaganke RC—TK npu mocTosiniiom oOCBeWleHHH
550030 Jk, nepeMeluBaHNH cO cKopocThio 100 o6/MHH H 3aaaHHOM
Temneparype. JlaurenpHocTh HHKyGauuu 4—6 aHeit.

DKCIEPUMEHTH TPOBOAUINCh NO ClAeAyiouiell cxeMe: GBIIO IOCTAB-
JIEHO NATH ONBITOB MpH teMmeparypax 20, 30, 35, 36, 37°C. B kaxnoM
OTMBITE HCHOJb30BAJHCH IIECTh HAYaJbHBHIX KHCJIOTHOCTEH cpeinl — 3,5,
4,5, 5,5, 6,5, 7,5 u 8,5 (kpome omnnra npu T=20°C, B Koropom OT-
cyTcTBoBaJia npoba ¢ pH 4,5). Bo Bcex Bapuanusax TeMIepaTyp H KHc-
JIOTHOCTE! cpelbl KIETKH BOLOPOC/ed PacTHIH B OTCYTCTBHH METAJJIOB
(xouTposb) M B mpuCyTCTBHH TAKeabx merajnos Hg(NO;). (xoneu-
Has xoHueHrpauns B mpo6ax 10 w 20 mxr Hg/a), Pb(NOs). (20 u
40 mkr Pb/n), CdCl, (10 u 20 mrr Cd/a), cMecH HM3KHMX KOHIEHTpa-
HHil ¥ CMeCH BBICOKMX KOHLEHTPALMH 3THX MeETaJllIoB.

ITo okoHuaHHMH MHKyGalup YHCJIO KJIETOK B KaxAoH mpoGe ompeje-
JISJI0Ch B ABYX QJHKBOTaX C MOMOIIBIO 3JEKTPOHHOTO CHUETYHKA KJIETOK
Coulter Counter.
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Cropocts pocTa KyJabTYPH BOAOpOCJEH OLCHHBAMH, HCITONIb3Y s
¢dopmy.y:

InN {tz3) —InN ({)
to — 1 ’

u,=

rae N —uHCHO KNETOK, f; M f;— HAYaJbHLIH M KOHEUHBHI MOMEHT
BpEMEHH.

PesynbraTel u 06cyxaenue

3aBHCHMOCTb CKOPOCTH pocTa KyJbrypht Chlorella C-9 B KOHTPODb-
HBIX yc/a0BHAX OT pH cpeast npu pasauuHbx TemmnepaTypax npeicras-
JeHa Ha puc. 1 a. MakcHMaJibiasi ¥ NPU6JIH3UTENbHO OJHHAKOBAS CKO-
POCThL pocta Bojopocaer Habmioxanach npu Temneparypax 30 u 35°C.
Ilpu 36°C ckopocTh pocTa SHAUMTEJbHO MajaeT NPH BCeX 3HAYe-
Husax pH, a mpu 37°C pocr KyJeTypH Bojopocau orcyTerByer. s
Bcex TeMIeparyp COXpaHAeTcsa OAMHAKOBas 3aBHCHMOCTb POCTa KYJb-
Type ot pH cpens: nauGombmuii poer npu pH 5,5, ne6oabuoe yMeHs-
LIeHHE CKOPOCTH POCTA NPH 3alEeNaYHBAHUN U 3HAYHTEJbHOE CHHAKCHHE
npu pH 3,5. Caenyer noayepkHyTh, YTO MH HaAGMIONAJIH OUeHb pPe3Koe
CHHXEHHe POCTa OT MaKCHMAaJbHOIO MO HYJS NpPH MOBHIIIEHHH TeMIe-
parypn Bcero Ha 2°C (¢ 35 no 37°C).

HaunGonee cunbHoe BO3AeHCTBHE HA POCT BOAOPOCAel HabII0aN0Ch
npu no6aBjieHUH K HHKYGalMOHHOH cpefie Kaamusa (puc. 16). Taxk kak
BJIMsiHHE BoJjlee BLICOKHX KOHIEHTpauuil BHPAaXeHO B GoJblllel cTenenH,
Mbl MPHBOAHM TFpadHKH pocTa BOAOpPOC]eHd AJs GOJBIIHX KOHIEHTpa-
IMd KajMHa H APYruX MeranjoB. B taba. 1 mpencTaBiieHH CKOPOCTH
pocra Bojopociell B KOHTPOJbHHIX YCJAOBHAX M B NPUCYTCTBHH MeTaJ-
J0B. Moxno Buaerh (cM. puc. 16 u rtaba. 1), uro npu remneparype
uHkyOanun 20°C kaamuit B Konuentpauux 10 u 20 MKr/i BH3HBaeT
CHIXKEHHe CKOPOCTH pocTa cooTBeTcTBeHHO Ha 40—50 u 53—66 % npu
pH cpenn Goabuie 5,5.

Ilpn 30°C xanmuii B KoHueHTpauuu 20 MKI/J CHHXKaeT pOCT Ha
32—37 % npu pH 6,5—8,5. 3HauuTe/bHbHIE U3MEHEHHS CKOPOCTH POCTA
npy Bcex sHaueHHsAX pH ormeuarorca npu 35°C. Hekoropoe ymensie-
HHe pocTa Habmoaaercs u npu 36 °C. B mesom npu cpaBHeHuu rpadu-
KOB POCTA KyJAbTYPbl B KOHTPOJBHBIX YCJHOBHSX M NIPH KOHIEHTPalWH
Cd 20 mxkr/n oTMeuaercss CHHIXEHHe pOCTa BOAOpOCHel mNpH J106OH
TemMnepatype B meaouyHo#l obaactd, T.e. npu pH 6,5—8,6. Onnaxo
B GoJbLiell cTeNeHH 3TO TOPMOXKEHHe pocTa BhipaxeHo npH 20 u 35°C,
_ Takum o6pasoM, B YCJIOBHAX HEONTHMAJBHBIX IJS POCTa BOJOPOC-

Jefi (IIeJOYHBlEe YCJIOBHA W TeMIepaTypHBIE H3MEHEHHS OTJHUHbIE OT
ONTHMAaJbHbIX) HaYHHAeT NMPOABJATbCH TOKCHYECKOe AelicTBHE HeGOoJb-
INMX KOHIIEHTPAUHK KaaMHA.

Hob6apaenne K KyabType Bogopocsell cojeit cBuHIa (20 u 40 MKr/a)
H prytd (10 u 20 MKr/m) BRIBHBaJO HEKOTOPOE CHHIKEHME pocTa NpH
pH 3,5 1 10BOJIBHO 3HAYHTENBHYIO CTHMYJALHIO pocta npu 36 °C npu
pH=5,5 (cm. puc. le u &).
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Tabauya 1

Ckopocrb pocta (%oOT px) BOZOpOC/eli B OTCYTCTBMH MeTadioB (Uix)
H B OPUCYTCTBHH METaJN0B

Hg Mxr/a Pb Mkr/a Cd mMxr/n Cmech
T °C pH By

10 20 20 40 10 20 b4 11
20 . 0,46 62,31 73,9| 81,0 79,1| 86,1| 91,5 73,2 86,7

1,24 95,0 78,7| 96,4|101,4| 64,2 47,2| 64,9| 50,0
1,20 99,7| 95,8} 96,3} 98,7| 54,9} 42,7] 51,3| 40,7
1,15 90,71 94,2 95,4(102,6| 51,1| 33,7| 34,4} 31,9
1,00 |108,1{ 96,1]160,3( 94,1| 59,4| 42,0{ 46,3| 46,0

30 i 0,67 | 82,5( 72,7| 73,9| 72,3| 97,5| 99,6 78,6| 43;0
. 1,81 |100.5{101,2|100.8|100,9{108.4|101,9|104.5( 102.4
. 1,88 | 97.6| 97.8(100.6|100.2|103,3| 93.8]102.2| 100,7
. 1,60 |[103.5(102.7]100.0| 99.9|106.9]| 62.9|106.2| 94,2
. 1,62 | 995! 98.3| 99.1] 99.9| 96,6| 68,6] 99.3| 68,1
. 1,57 | 99.3] 97.2| 95.2| 96.1| 90,2| 66.7]1001| 70.5
35 0,68 | 73,2| 62,8| 80,6| 86,4| 46,5| 45,5| 54,1| 41,7
, 1,81 | 95.9| 97.4|100,2|102,5| 89,5| 78,6| 93.5| 81.9
, 1,86 | 95.5| 94.8[103.5| 99.3| 87.6| 61,1| 91.8| 60,9
. 1,68 |104.6(106,3]106,0|100,9| 98,9| 84,9|105.9| 94,6
. 1,55 |101.5(104,7|104,9|104.9| 94,5| 68.8] 92.5| 68,4
X 1,55 |100,1[101,9[103,4|105.3| 71,7| 57,2| 79.,2| 56,6
36 , 0,34 | 74,21 85,9| 88,9| 92,8| 86,5| 74,8} 55,9] 56,2

0,32 |107,4{101,2(312,1|120,4| 87,3 72,4(288,5| 138,4
0,563 158,6(154,41186,0)103,0( 61,7 65,0|181,8| 70,3
0,48 |197,3)198,7(215,1{119,3{ 65,5| 94,11193,9| 154,9
0,40 |181,7(219,3}|227,4(111,6(108,9|111,9|218,0} 163,3
0,48 |119,4(197,7208,4| 84,6 73,5)|104,2|187,3| -64,5

- -

CONDURL ONNCILRW NGB W oW
goraiaict Uttt gttt Aagtagrovan

KpoMme uccte10BaHHs BIHSHUS OTJENbHBIX MeTaJ/JIOB Ha POCT BOJO-
pociefi, B aHaJOTHYHBIX YCJAOBHUAX OBUIH HOCTaBJEHB SKCIEepPHMEHTH!
CO CMEeCbIO PTYTH, KaAMHS U CBMHIA B JBYX KOHUEHTPAHHAX, COOTBET-
cTBytoiux HU3KHM (2, I) u Boicokum (2 II) KOHUeHTpauUusiM OTHENb-
HbIX MeraaaoB. PesyibTaThl NOKasajH, YTO CMECH MeETaJJIOB AAiOT
CHHJXEHHe CKOPOCTH pocTa OYeHb GJIH3KOe K TODMOXKEHHMIO pOCTa, Bbl-
3bIBAEMOro KajaMmueMm. Xapakrtep 3aBHCHMOCTH CKOpocTH pocra ot pH
cpeabl M TeMOepaTypbl IpH Bo3aeficTBHH cMecH MeranoB () II)
nokasaH Ha puc. | 0. ITo-BuaumoMy, AelicTBHe cMecH METAJJIOB Ha POCT
BOLOpOC/ell ONpelenseTcsi TOAbKO BIAHAHHEM KaAMHS.

[IpenBapurenbHas craTuctuyeckasi 06paboTKa NOAYUYEHHBIX Pe3yJib-
TAaTOB BKJAKWYaJa B cefsa onpefesieHne JHHEHHBIX 3aBUCHMOCTEH CKODPO-
cTH pocta BOROpociel (i) OT KOHLEHTPaUHH TAXKEeNblX MeTaJlJIoB

w=a - bc,

rie C— KOHUEHTPALHs MeTalJaoB, MK/, @ H b — Ko3pPHIHEHTH
Kos¢hduuueHTsl perpeccud CKOPOCTH pocra AJA PTYTH, CBHHIA, Kal-
MHS M MX CMeCH cooTBeTcTBeHHo pasusi 0,002, 0,000, —0,011 1 —0,011.
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Puc. 1. Tpexmepuniit rpadi 3aBHCHMOCTH CKOPOCTH
pocTa W KyMbTYPH BO/JOPOCTIeR OT teMmnepatypu T

u pH cpeas,
@ — npy OTCYTCTBHH MeTaaaoB; O — nps KoHueutpauun Cd
20 MKr{i; 6 — npu KoHueHrpauHuu Pb 40 MKr/1; ¢ — upu KoH-

uentpannn Hg 20 Mxr/a1; O — OPH Haaw4ud CMCCH MeTATJIOB
BbICOKOH KOHLEHTDALMH.

CpaBHeHHe 3THX KOI(G()HUHEHTOB elle pas MOATBEPXKIAET BHBOA 006
onpelensiolieM BKJaaje KaiMHs B H3MeHeHHe CKOPOCTH pOCTa KyJlb-
TYpbl BOJOpOCHAeH IOA AeHCTBHEM CMECH H3y4aeMbIX MeTaJlJIOB.
Hanee MBI NOMBITAJHCh TIPOAHATH3HPOBATH BO3MOXKHOCTB H3MEHe-
Hug Humy XaryuHcoHa ! [1] mox peficTBHEM 3arpsi3HEHHs CPelbl TAKe-
JBIMH MeTasinaMmH. Buuty Beluscaennl rpasuusl Humu no T u pH, ee
nmomany npu p=0 ¥ MakcuMaJbHble M CPeAHHe cKopocTH pocta. Hus
3TOr0 OBLIO HCIOMB30BAHO pa3joXKeHHe 3HadYeHHH p (IOJyYeHHBIX

' Tloa wmimed, XaTydicoHa TOHHMAaeTCs COBOKYIIIOCTh MapaMeTpoOB YCJOBHI
CYIIeCTBOBAHHA HAHHOTO BHAA BOJAOPOCTEH.
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B KOHTDOJbHHX YCJOBHAX M NpPH 3arps3HEHHH) B CTeNeHHOH psi 10
YJIeHOB BTOPOTO IOPSI/IKa:

w=a - bT 4+ cpH + eT? + d (pH)’ + f pHT,

rae T — teMneparypa, pH — xucaornocrs cpeabl. s pacueToB Guli
HCNOJIL30BAH IIaKeT CTATHCTHYeCKHX nporpamm Systat.

Hannee 0 MaKCHMaJAbHOH M CpeaHeil CKOPOCTAX POCTA KYJbTYPH
BOJOpOCTeH M momanu Huwn (taba. 2) NOATBEPKAANIOT, YTO TOJBKO
no6asnenne B cpeny 10 u 20 mMxr Cd/n npHBOAMT K HX H3MEHeHHIO
II0 CPaBHEHHIO C KOHTPOJIEM,

7% ,
40 R

961 e Ny Cd.20
oL S
. 28l
PATEANN

20+

—— e ——

L

16 '. L ! ] 1
0 7 2 g 4 § & 7 8 g 0N 72 pH
Puc. 2. Huma Xartuwncona nmpn u=0 a4 KOHTPOJbHBIX YyCa0BHE pocTa

KyJdbTypbl H B NPHCYTCTBMH KaAMHS B KOHHIeHTpaumu 20 MKr/z n cumecn (X))
MeTaJJIOB BHICOKOH KoncRTpaunu (K).

CMeulenne 1 n3MeHneHHe GOpMBI HHIM XaTUHHCOHA /ISt KOHTDPOJIb-
HBIX ycq0BRi ¥ B npucyrcTBHH 20 Mkr Cd/a ¥ cMecH BBICOKHX KOHIEH-
Tpauuii MeTa/JJIOB NOKa3aHO Ha pHuc. 2.

Tabauya 2

Cpenute (Ucp) M MakeumaubHele (Umaxc) CKOPOCTH POCTa KyJAbTypw Bopopocielt
n maomanu (S) numm XaTunHcoHa npu p=0

KoHueHTpauusa n " S
MeTanna, MKr/a cp MaKe % OT KOHTpAOsA

KouTpoan 0 1,032 2,060 100
Hg 10 1,224 2,436 111,8
20 1,070 2,138 99,8
Pb 20 0,979 . 1,959 90,5
40 1,195 2,395 112,9
Cd 10 0,822 1,645 70,7
20 0,680 1,358 82,2
b — 1,871 2,140 88,8
21l —_ 1,038 2,079 99,4
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O6cyxnenne

B Hamux onbiTax BauGOJBIIHA TOKCHYECKHH 3¢ dekT Ha poct Chlo-
rella C-9 mu Habmionanu B ciaydae ZOGaBJeHHA K WHKyOaln#OHHOR
cpefe kapmus. IIpu sTOM TOpMOXKEHHEe pPOCTa KaAMHEM BapbHPOBAJQ
¢ usMeHeHMeM pH cpelin u TeMIepaTyphl HHKyGauuu (cM. puc. la u6).
Hab6nionaemoe HaMu paHee [2] M B JaHHOM 3KCIEpHMEHTe yCHJEHHE:
TOKCHYECKOTO AEHCTBMSA KajiMug B lleJouHoil cpeze (pH. 6,5—8,5)
H IIpH NOBHIIEHHH TeMIepaTyphHl COBNALAET € IKCHEPHMEHTAJbHBIMU
JaHHBIMH pafa pabor [6—9, 17, 18].

CruxeHHe POCTa BOJOPOC/EH B NPHCYTCTBHH PTYTH B KOHLEHTPA-
upn 10 u 20 Mir/n Mel otMewaan jumb npu pH 3,5—4,56. Hanusie

‘0 TOM, 4YTO PTYTb 6ojiee TOKCHYHA B KHCJABIX YCAOBHAX, aHAJOTHUIHLI

pesyanTaraM, noJydeHHHM B pabore [25]. OpHako cTeneHb CHHKEHHS
CKOPOCTH POCTa BOJAOPOC/EH B HAllUX ONBITAX HE 3aBHCENA OT TEeMIe-
parypsl. Jlanabe o O0JbIIOM TOPMOXKEHHH POCTa BOAOPOC]EH B NpH-
CYTCTBHM DPTYTH C IOBHIHNEHHeM Ttemneparyph ot 15 po 30°C Mbl Ha-
UIJIH TOJMRKOC B OXHOH paGore [12], HO aBTOPH HCHOJB3QBAJH 3HAUH-
TeJbHO 60Jee BHICOKHE KOHIEHTPALHH PTYTH.

[To-BuauMoMy, oTcyTcTBHE 3¢ (deKTa B HalleM SKCIEpHMEHTe 06bsic-
HSieTCS He CTOJIBKO HH3KOH HCXONHOM KOHIEHTpalHeld PTYTH, CKOJBKO
noTepssMH e€e BO BpeMs MHKyOaluy, O BO3MOXKHOCTH 4Yero coofuia-
erca B [12]. UcnonpzoBaune Mmerann-GydepHoit cucrembl, obecneun-
BAOIIEH NMOCTOSHHYIO KOHIEHTPAIlHIO MeTalljla B PacTBOpe, H KOHTPOJIh
TeKyllefi KOHIEHTPalWM PTYTH B MHKYyOAUMOHHOH cpele NOMOTIH OHl
PEIIUTh 3TOT BOIPOC OAHO3HAYHO. : |

Ha6monaemyio npu 36 °C crumyasuuio pocra Boaopocaell ConaMu
PTYTH M CBHMHIA IO CPABHEHHIO C KOHTPOJIEM MB!I B HacToslliee BpeMs
He MOXKeM OODbSCHUTS.

Kax nmpaBujio, B PS4y TOKCHYHOCTH TSIXKEJNHIX METAJJIOB CBHHeN
sanuMaer nocaegnee Mecto: Hg>>Cu> Cd > Zn>>Pb. Oxnako, no-su-
LYMMOMY, KaK W B CJyuyae H3y4YeHHsS TOKCHUHOCTH PTYTH M KaAMus,
3HAUUTEJNBHYI0 POJIb HI'pPaeT YyBCTBHTEJNBHOCTb K HEMY BOLOpPOCJeH
H YCJOBHs INpoBeleHHs onuToB. OueHb BLICOKYIO UYBCTBHTEJBHOCTh
K CBHHIy INpOsSIBUIIa MOpCKas [JHaTOMOBasl BoAopocab Sceletonema
costatum, y xoropo#i 10 mMxr Pb/n BH3HBalO pe3Koe CHHXKEHHE: POCTa
u conepxkauue xjopodunia [20]; KoHIeHTpallks CBMHLA, BHI3BIBAIO-
mas 50 %-Hoe TOpMOXKeHHe DOCTa NpPEeCHOBOZHON Bogopocau Sele-
nastrum capricornutum, cocraBaser 140 mxr Pb/a, [7}, Chlorella
vulgaris — 6onee 100 wmr/a [21], a mopckoit Chlorella  stigmato-
phora — 720 mxr/n. B pa6ore [23] 300 u 600 mrr Pb/a Topmosunu
(OTOCHHTETHUECKYI0 aKTHBHOCTH Ha 45 Y, HO Teé Xe KOHIEHTpaIUH
CTHMYAHpoOBan poct Scenedesmus quadricauda ¥ H3MeHANH MOpQO-
JOTHIO 1 Oprammsamuio kjierok. Mamenenne pH cpens or 5,0 mo 7,0
He BJHSJIO Ha JelcTBHe CBHHLA Ha pPocT Bojopocje [25].

B suTepaType OTHOCHTENBHO MAaJO AaHHBIX O COBMECTHOM [LEHCTBHH
TAXKENHX METAJJIOB Ha BOAHbe opranuamu [19, 23, 26, 27]. Peakuna
BOJIOPOCJ/IEl Ha OTAEJbHO B3ATHIE METaJJIH MOXKET 3HAUMTEeNbHO OTJH-
YaThCsl OT PeaKkuuH Ha cMech MerasynoB. COBMECTHOe [eHCTBHE IBYX

»
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4 GoJjice MeTal10B MOXeT OBITh ANJHTHBHEIM, HO TaKXKe MOXET HMEThb
&HTOTOHUCTHYECKHHW WJIH cHHeprHYecKuil xapakrep. IToapo6Hbit aHaMu3
BO3JCHCTBUA CMECH MenH, CBHHIA M LHHKA IpoBefeH B paGore [23].
B namux onnirax kaptuaa pocra Chlorella ‘C-9 B npHUCYTCTBUH CMECH
MeTaJ/JIOB He OTJMYaJ/jach OT TAKOBOH B NPHCYTCTBUH OJHOIO KaiMHA
(cM. pre. 16 u 9) mpu Bcex ucmonb3oBanubx pH cpeant u Temmepa-
Typax. 3T0 H cpaBHeHHe KO3(h(HIHEHTOB PErpeccHH CKOPOCTH DOCTa
BOJOpOCeil MO3BOJHIJIO CAEJNATb BHIBOJ O TOM, UTO TOPMOMKEHHE pocTa
B IPHCYTCTBHM CMECH MeTaJJOB OBbIO BEI3BAHO TOJBKO HaJHYHEM
KaiMHsl.

3axkJoueHue

Taxum 06pa3oM, SKCHEPHMEHTAJBHO OKA3aHO, YTO OZHH M Te Ke
KOHIEHTPAUHH TAXKENbIX METaJJIOB B PA3JIHYHBIX YCJAOBHAX (B JaHHOM
clywae M3MeHEHHEe KHCJOTHOCTH Cpelbl H TEeMNIEPATyphl) MOryT BBI3HI-
BATh pa3Hbe MO CTENeHU BHIPaKEeHHOCTH MOCAEACTBHS AJs PUTONNAHK-
TOH3; H B BONPOCAaX HOPMHPOBAHHWA 3arps3HAIOUIHX BelIeCTB Heo6Xo-
AHMO YYHTHIBATb BO3MOMKHHIE BO3ZEHCTBHA APYTHX CTPECCOBHIX (paKTo-
poB. Ham xaxercs mepcneKTHBHBLIM TaKoe HanpaBJeHHe MCCAeN0BaHuH
addekToB 3arpsizueHus Ha pacrenns. OxHaKo Hacrosimas pabora sB-
JsleTcA TOBKO HAYaJjJoM HOBOTO HampaBJieHHsi. Kak niaH 3KclepHMeH-
TOB, TAK H 06paGOTKY NOJNYYEHHHIX pe3yJbTaTOB HEOGXOJMMO COBep-
LIEHCTBOBATb.

ABTOpH BHpaxaloT IiyGokyio GaarogapHocth A-py OHOJ. HayK
®. H. CemenckoMy 3a o6cyxieHHe paGOTH H MaTeMaTHYecKylo o6pa-
60TKy pe3yJibTaTOB. '
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INVESTIGATION OF THE DEPENDENCE
OF UNICELLULAR ALGAE GROWTH
ON THE TEMPERATURE AND ACIDITY
OF THE MEDIUM AND HEAVY METAL CONCENTRATION

T. V. Zamarayeva, A. A. Rudkova

: Natural Environment and Climate Monitoring Laboratory,
USSR Slate Committee for Hydrometeorology/USSR Academy of Sciences

The same concentrations of heavy metals under different condi-
tions (in this case, change in the medium acidity and temperature)
can produce, as seen from the experiments, ditferent in terms of
explicitness effects on algaes. Deviation from optimum for the culture
‘growth conditions results in a more explicit response to heavy metal
input, which should be taken into account when dealing with
standardization.



CPABHHUTEJIbHBIE OHEHKH YYBCTBUTEJbHOCTH
3MUPHUTHLIX JIMINANHHUKOB PA3JIHYHBIX BUIOB
K BAFPSISHEHHIQ BO3JYXA ’

H. 1. Hucaposa

Mockoackuil zocydapcraennsili ynusepcurer um. M. B. Jlomoxocosa

I. 3. Hucapos

Jlaboparopun monuTopuUHea NPUPOOROL cpedsl i KAUMATE
Tockomeudpomera w AH CCCP

Bée,n,enue

-Ipombiusiennas peroaouust XIX B. conpomoxianacs peskum 1mo-
BLIIEHHEM 3dTps3HeHHst NPHPOJHOH cpeibl, B YACTHOCTH aTMOc(heph.
o HenasHero BpeMeHH POCT BHIIYCKAa NPOMBILIIEHHOH TPOAYKUHH CO-
IIPOBOXKAAJCA YBeJIHYEHHEM CYMMapHBIX BHIGPOCOB 3arpssHAOIIHX Be-
miecTs B arMochepy [24], HecMOTpPS Ha NpPENNPUHATHIE B MOCJEIHHE
TOAbl YCH/IHS 1O OrPaHUYEHHIO H COKDAIIeHHIO BHIGPOCOB psia 3arpss-
HsoWHX Bemects [14]. HuTepec K SMHOHTHEIM JHWAKHHKAM Kak
K OpraiusMaM, 4YYBCTBHTE€JbHBIM K 3aTrpA3HEHHIO BO3AyXa, BO3HUK
cpasy B HauaJe NPOMbIUNIEHHOH pesomouuu ([40], uur. mo [27])
U JIO CHX IOP NMPOROJIKAET BO3PACTaTh.

Tpapuuuonno nuxeHosmornyeckue paboTH, CBA3aHHBE C 3arpssHe-
HHMEM aTMOC(epH, BHIMOJHSJHCH B HMIAKTHHX 30HAX 3arpASHeHHS,
BOJIU3H HCTOYHHKOB, H HOCHJIM JIHXEHOHHAMKAIMOHHLIA XxapaKTep. B co-
OTBeTCTBHM C ONpelejeHHeM, NaHHBM B pabore [25, ¢. 16]: «auxewo-
HHAMKAUMSA. .. METO/L ONpeleleHNs CTelleHH 3arpsi3HEHHOCTH BO3AyXa».
3HaYHTEJbHYIO H BeCbMd XaPAaKTEPHYIO TPYNNy PaboT JHXEHOMiHKA-
HHOHHOrO IJIaHA COCTABJSIIOT HCC/IEJOBAHHA, CBA3aHHBIE ¢ 30HHPOBA-
HHeM npuJerarmolell K HCTOUHHKY 3arpsi3HeHHsd TEPPHTOPHH B COOTBET-
CTBHH C HAJHYHEM 3MHOHTHHIX JUIIAHHUKOB Pa3jIHYHLIX BHAOB M 3Ha-
YeHHeM HX NPOEKTHBHOro HOKpHTHA [54, 67 u ap.]. DddexTuBHOCTH
JHXCHOHHAMKAUMOHHHX paboT CBs3aHa C TeM, YTO OHH NPOBOAATCH
BOJIM3H MCTOYHHKA 3arpsA3HEHHs, TAe BO3AEHCTBHE MHTEPECYIOIero Hc-
cneoBaresis (akTopa — 3arps3HeHHs — HACTOJNBKO CHJBHO, YTO MO-
XKeT ObiTh BHIAEJIEHO, HECMOTPSl Ha HPOCTPAHCTBEHHYIO M BPEMEHHYIO
H3MEHYHBOCTb CPE/BL.

B nocneaHue roabl B CBH3H C YBeJHYEHHEM 3arpA3HEHHS aTMO-
ceprl H BCIeACTBHE JAJbHEr0 (HA COTHH M THICAYY KHJIOMETPOB) Ie-
peHoca TaKHX 3arpsASHSIOIIMX BELIECTB, Kak COeJAMHEHHs Cephl, a30oTa
H IDYTHX, CTANO aKTYaJbHEIM H3y4YeHHe KOMIJeKca BONPOCOB, CBS3aH-
HBIX ¢ YMepeHHHIM 3arpssHeHHeM aTMocepH Ha OIPOMHBIX TEPPHUTO-
pusX, yAaJeHHBIX OT HCTOYHHKOB 3arpssHeHHs [13]. ITocraBnena u
pellaercs 3ajaua HaOGMIONEHHs, OLUEHKH H IIPOTHO33a COCTOSIHHS 3KO-
CHCTEM W HX 3JIeMeHTOB, HaXONALINUXCH B YCJIOBHAX (OHOBOTO (peruo-
HalbHOro M TrJa00aNbHOIQ) 3arpsA3HeHHs aTMocdepbi — 3anada (QoHo-
BOTO 3KOJOrHYeCKOro MOHHTOpHHra GHoTh cymu [6, 30]. dnudurhsle
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JHIIAAHAKY ABAAIOTCH NPHOPHTETHHIM O6BEKTOM (OHOBOTO 3KOJOTH-
dyeckoro MoHuTopuHra [21]. OaHako mpsiMoe HCHOJb30BAHHE METOLOB
H3YYCHHS JINIIAaHHKHKOB, HaXOJAAHKXCA B YCJIOBHAX HMIIAKTHOTO 3arpss-
HeHHs atMocdephnl, IJd Neneil (JOHOBOrO SKOJOTHMUECKOr0 MOHHTO-
PHHT'A 3aTPYAHHTEJbHO B OCHOBHOM H3-32 HEOOXOAHMOCTH NpH H3yue-
HHH JIHIIaHHUKOB Ha (QOHOBOM ypOBHE YUHTHIBATb HapPSAAY C 3arpssHe-
HHEM H ADYT'HE, €CTECTBEHHHe, (aKTOpPH, BJAUAIOIIHE HA COCTOSHHE
JHIIAHHHKOB. DTO 06CTOATENBCTBO NOTPEGOBas0 Pa3pabOTKH CIelH-
aJbHHX METOL0B HalJ/IOAEHHS, OLleHKH H NMPOrHO3a COCTOSIHHS 3NHOHUT-
HBEIX JHIIafHHKOB.

B nacrosmee BpeMs npejJioxkeHa M ONPo6OBaHa CHeHHaNbHAS Me-
TOAHKA ydYyeTa 3MHOHTHHIX JHIIANHHKOB, ODHEHTHPOBAHHAS HA 3TH
Hyxkau [7, 9], npoBeneHo o6cnenoBanue psga samnoseguukos CCCP
(ux mepeuenp npuseneH Ha c. 173 pa6orn [10]). B pesyanrare obcie-
Z0BaHUSA KaXKJIOro 3alOBEIHHMKA MOSBJSETCS KOJHUECTBeHHas HHQOP-
MalHsg O COCTOSHHH 3NHGHTHHIX JHINANHHKOB Pa3HHIX BHAOB, NPOH3-
PacTalolluX B PasJIMYHEIX YCJOBHSX cPelbl: Ha PA3JHUHHIX IepeBbaX-
¢opodurax, NpH Pas3nHOA OCBELIEHHOCTH, Ha pa3HOH BHICOTE Haf
YPOBHEM MOPSA H T. R

Baxuofi 3anaueii HOHOBOr0 MOHHTOPHHIA 3NMH(QUTHHIX JHUIARHHKOB
ABJISIETC OOHapyXeHHe BPEeMEHHHIX TPEHAOB HMX cocrosimus. B pa-
6ote [21] npensnoxen NOAXOZA, NO3BOJNAOMMIA NOBHCHTL 3(DEKTHB-
HOCTb COOTBETCTBYIOUIHX METOHOB. ITOT NOAXOJA OCHOBAH Ha NOCTpOE-
HHE MHTErpadbHOFO NOKAa3aTelsi COCTOSHHS anuduTHON JuxeHodJopH
IaHHOro 3anoBelHHKa. Takok nmokasarens npeacrapaser coboi Junel-
Hy10 KOMOHHAUHKIO 3HAYEHHH NMPOEKTHBHHX NMOKPHITHI JIMIAHHHKOB OT-
AEJNbHHX BHAOB, BCTPEYEHHEIX B MeCTOOOHTaHHAX, XapAKTEPHIYIOUWHXC S
TEMH UM MHHMH 3HaYeHHAMH (akropoB cpeibt. KoadduuHeHTH NH-
HeHHOH KOMOHHaUHH ONpefeasoTcs TaKHM o0pasoM, 4ToOnl paspe-
HIaloWasa cnocofHOCTL BHABJEHHMS TPeHAA STOr0 nokasarens Onaa
MaKCHUMaJbHA.

Yeranosaeno [21], yro Hajauyue anpuopHON HHbOpMAUUM O CPaB-
HHTENbHOH YYBCTBHTEJIbHOCTH BHJOB JIHIIAHHHKOB, NPOEKTHBHHE MHO-
KDHITHS KOTOPHIX BXOJST B HHTerpajbHLIH IOKAa3aTe/b, 103BOJISET
pesKo noBeIcHTh 3P PeKTHBHOCTD MeToaa. Flcxona H3 5TOro MH npoaHa-
JIH3HPOBAJH HMeEIOLHEeCs B JHTEPAType AaHHbE OTHOCHTENbHO YYBCTBH-
TEJbHOCTH SMHPHUTHHIX JUUMIAAHHKOB K Pa3HbIM 3arpA3HAIONIHM Bele-
CTBaM B Pa3JIHUHBIX YCIOBUAX CPEJbI

XapakTepHCTHKA BAHHBIX H NPHHUHMAOB OTGOpa HHGbOpMALHH

Huelomuecs HCTOYHHKH KaK IO xapakrepy uH(OpMalHH, TaK H IO
yucay paboT MOXKHO pa3fieJIHTh Ha TPH I'PYNINLL

1) paborw, conepxkalllHe NaHHBIE O BAMSHHH 3aTPA3HEHHS BO3JdyXxa
Ha POCT JHINARHHKOB;

2) paGotHl, copepxalmiue pPe3y/bTaThl SKCIEPHMEHTOB IO BJIHAHHIO
3arpAIBAIOIIKEX BEIIECTB Ha MeTabojinuecKHe H (H3HOJOTHUECKHE NPO-
neccHl B JIHIIANHHKAX;

3) pa6oTh IHXEHOMHAMKAUHOHHOTO HaNpaBJIeHHs.
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llinpoxo M3BecTHO, 4TO JHIIAHHUKY, Kak rpynna B ueqaom, obsa-
A2I0T BBICOKOH 4YYBCTBHTEJBHOCTBIO K 3arpssHeHui0 armocdepsl. Of-
HaK0 Ha uX YyBCTBHTENbHOCTb BJIHSAET WUEJHA PAf (HakToOpoB cpemH,
O KOTOpLXx Oyaer cKasaHo HHxke. KpoMe TOro, uUyBCTBHTENBHOCTD
(ToKcH(OGHOCTD) JMINAHHHKOB YacTO SIBJISETCS OAHOH M3 Xapaxre-
PHCTHK BHA2, T.€, PasHBe BHAB CHJBHO PasJHYAIOTCS O HX PEaKIMH
Ha 3arpasHeHue. B Hacrosillee BpeMs HaKOIUIEH NOBOJMBHO GOJbBLIOH
SKCNepHMeHTaJ/IbHbIA MaTepHall, IOJMyueHHbI KaK B J1a60paTOPHMIX, TAK
H B NOJEBbIX YCJAOBHAX, O YyBCTBHTEJbHOCTH OTAEJNbHBIX (PH3HOJOMH-
ueckux ((orocuHTes, IHXAHHE H T.A.) H METaBONHICCKHX (CHHTe3 Gel-
KOB, JIMITHI0B H T.[.) MPOLECCOB, a TaKXKe OPraHH3Ma B LeNOM K pac-
NPOCTPaHEHHEIM 3arpsA3HAINUM BellecTBaM (B ocHOBHOM SO, Oj,
TAXeNbiM MmerasiaM, HF). B sHaunrtenvnolt cremenn stor marepuan
CYMMHpOBaH B KHure [31], a Takke B OTEUECTBEHHBIX H 3apy6emHBIX
o63zopax {2, 3, 11, 12, 39, 41, 56].

Hns pemenns crosmux nepei HaMM 3a7ay HEOGXOAMMO HMETh [0-
CTaTOYHO GOJBIIOH MAacCHB KOJHUECTBEHHBIX JAHHBIX O BJHMSHMH HU3-
KHX 103 3arpAsHAIONINX BEUIeCTB HAa PasHble BUAH JHINAHHHKOB. ITpu
3TOM KeJIaTeNbHO OO Gl MOMyYeHHe TAKHX JAHHLIX B KOHTPOJHpYe-
MBIX YCJIOBHSX. K coxasleHHIO, MeAJEeHHEIH POCT JHUIIARHUKOB He IO-
3BOJIACT MPOBECTH B 5KOCTATAX MACCOBBIE HCCAGAOBAHMS M3IMEHEHH:
CKOPOCTH POCTa JIMINAHHHKOB NOJ BO3AEHCTBHEM HU3KHX KOHUEHTpaIHi
3arpASHAIOIHX BENIECTB, NOCKOJLKY 3TH 3KCHEPUMEHTH 3aTHHYJHCh
OBl Ha DecATHIeTHS U NOTPeGoBaMH Ghl KOJOCCANBHBIX 3aTPAT BPEMEHH
H Cul. B IOJIeBEIX yC/OBHSX NPOBENEHHE TAKHX PabOT TOXe BechbMa
TPYLOEMKO H JJIHTEJBHO, TIOITOMY TAKOrO poda HCCHAeTOBAHUS HE MO-
IyT OHITh MACCOBHIMH H BCTPEUAIOTCS JIHINb SMH30IMYECKH (CM., Ha-
npuMep, [65]).

B aTo#t cHTyaluu npeacTaB/IseTCs JIOTHUHBIM BOCNOJB30BATbCH pe-
3yJbTATAMH 3HAYMTEJNBHOIO KOJHUYECTBA JKCIEPUMEHTOB 1O BJAMAHHIO
3arpsASHAIMINX BEINEeCTB Ha H3MEHEHHe CKOPOCTH (DHM3MOJIOTHYECKHX
uwiu merabosHyeckux mpoueccoB. Takyux paGoT AOBOJIBHO MHOTO, TpPH-
4yeM 60JbluAs YACTb HX NMOCBSINEHA H3YUEHHIO BJIAUAHHUSA AHOKCHIA CEpH
Ha CKOpocTb (POTOCHHTE3a Pa3JMUHBIX BHIOB JHIIakHuKoB. [Togo6HOTO
poxa wuHQOpMAaUHMA, NOJAyYeHHAsT B KOHTPOJHPYEMEIX JabopaTopHLIX
YCJIOBHSIX, HO MaKCHMAaJbHO IPHOJMKEHHBIX K NPHUPOAHHM, Obiia G
Ans Hac HeHHOH. OfHAKO, KaK NPABHJO, OHA He COOTBETCTBYET HalluUM
TpeGOBaHHUSIM, .

1. Yame Bcero u3yuaiorcsi He JJIHTENbHbIE BO3AEHCTBHS A0OCTATOUHO
HU3KHX KOHIEHTDAIHi 3arpdasHsdloliero BeuiecTBa (Kak 310 0GBIYHO
6niBaer B MPHPOJE), a KPATKOBPEMEHHbe (NOPSAOKA HECKOJIbKHX YaCOB)
BO3JEHCTBUS 4Ype3BLHIYANHO BBHICOKHX KoHNeHTpamuit SO, (1500—
4000 mxr/m3) [11], uT0 B MPHUPOAE COOTBETCTBYET JHMIUL MHKAM BHGPO-
COB BOJIH3Y HCTOYHHMKA 3aT'pA3HEHMS,

2. CoBceM Mallo HCCHAEAYeTCS BJMSHHE HA JHIMANHHKK JHOKCHAA
Cephbl B KOHLEHTPaLUAX, He mpeBbaomux 30 MKr/m3, Tak Kak B 3TOM
cayyae 3QpdekT MOXKET NPOABUThCS uepe3 GOJMBINOH NPOMEXYTOK Bpe-
MeHH (OT HeCKOJBKHX Hefedb N0 HeCKOJbKHX Mecsnes [33, 68]). Tem
He MeHee B IPHpOJe MJIHTEJNbHOE BO3JAEHCTBHE 3TOr0 BEILECTBA B TaKHX
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