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NPEAUCJJOBHE

HeoTsnoxXHHE 3a4a4H 3KOJIOTHYECKOH IPAKTHKH — 3KOJIOTHYECKOe
HOpMUPOBAHHE, MOHHTOPHHI 3KOJIOTHYECKUX IOCJEACTBUHA AHTPOIOTEH-
HOro BO3JeHCTBHS Ha Ouocdepy, ynpasjieHHe NPHUPOAHHIMH KOMILJIEK-
CaMH H psl APYruXx — OoO0HApYXKUJIH HeOOXOAUMOCTbL AaJibHeHdllero pas-
BUTHSA 3KOJIOTMYECKOH TeopHu. Tak, HeCMOTpPsI HA CYLIeCTBEHHOe paa-
BUTHe HJAeH TOJH(PAKTOPHAJBHOCTH, IpaKTHYeCKas JesTeJbHOCTh
B Chepe 5KOJOTHYECKOrO0 HODMHUPOBaHHs OHlJia HanpaBJieHa H pPa3BH-
BaJlaCb N0 MOHO(MAKTOpHAJbHOH CXeMe— C031aBaJjiach H NPOIOJKAEET
co3gaBaTthcsl (Kak B Haillled CTpaHe, TaK H 3a pybexoMm) cucrema Io-
KOMIIOHEHTHBIX He CBfA3aHHBIX Apyr ¢ Apyrom skoJgoruueckux [IJK
(npeaenbHO AONYCTHMHX KOHIEHTpalLHUHd 3arpAsHaonux seilects). [Ipu
3TOM, XOT# HAes1 MHorocpenoBoro (multimedia) amanusa gaBHO 06-
CYXKJaeTCHd U SABJAAETCS NPU3HAHHOH B KPYry 2HBaHPOHMEHTAJIUCTOB, Ha
IIpakKTHKe BCe He CTOJIb rapMoHMuyHo. Hamnpumep, ecaun npamoe TOKCH-
YCCKOe BO3JAEHCTBHE 3arpa3HAOLIMX aTMocdepy BelLleCTB HA BHCLIHE
paCTEeHHA Yepe3 JHUCTBY/XBOIO B 3HAYHTEJbHOH Mepe M3yuyeHO, TO H3Y-
yeHHWe JPYroro IyTH HX BO3NEHUCTBUSA «aTMOChepa—- oCaxKIeHHe Ha
[IOYBY — H3MEeHEHHe XHMHYECKOro cocTaBa KOpHeoOUTaeMOro CJosi noy-
BHl — H3MEHEHHe KOPHEBOr'o NUTAHUS pacTeHUH» 3HAUHTENbHO OTCTAaerT.
Jlajee, B 3KOTOKCUKOJIOIHYECKUX HCCJAENOBAHUSAX NPOUYHE YCJOBHS Cpe-
Jbl IPUHATO paCCMAaTPUBATb KaK HeKHUH 06006uieHHBId GoH. AHaNU3 He-
onpeneseHHOCTEH B OLleHKax 3PdeKToB, 00YyCJHOBJEHHHX 3THM (OHOM,
oKa3aJ, 4yTo B OOJIbUIOM UHCJEe CUTYALHUH OHU CJAUILIKOM BeJHKHU, YTOOH
YIIOMSAHYTHE OUEeHKH OblH 3QPEKTHBHE HA NpaKTHUKE. ¥y MEHbUIHTL He-
ONpeneJIeHHOCTh MOXKHO JHIIb C NOMOIUbLID SIBHOT'O ydeTa HeOAHOpO.-
HOCTH Cpelbl B IPOCTPAHCTBE M BO BPEMEHH, B NEPBYKH ouepenb NpH-
BjaeKkass OOTaHHMKO-reorpauyeckue U ONOKJHUMATOJNOTHUYECKUC 3aKOHO-
MEpPHOCTH HJISI OObSICHEHUS] ONpellesIeHHOH JIOJH M3MEeHUYUBOCTH 3(PdheK-
TOB 3arps3HeHus. ONTUMaabHOH AJiA NPUKAAAHBEIX 33734 H KOMILJEKC-
HOH cHUCTeMBbl OOTAaHHKO-Teorpa(puyecKoro U KJUMATOJNOTHUECKOro pau-
OHHDPOBAHUA I1I0KA He CO3AaHO.

Caeayer 0co60 MOAYEPKHYTh AKTYAJBHOCTH U CAMOLEHHOCTL OUO-
KJAHUMATOJIOTHYECKHX HCCJef0oBaHHH. DHOKJIMMAaTOJOrHA KakK Hayka,
u3yvamplias KIUMaTH4eCKH 00ycJioBJieHHBle OHOJIOTHUYEeCKHEe H3MEHEHHA
B IIPUPOAHBIX U HCKYCCTBEHHBIX SKOCUCTEMAX, NOJKHA CHIpaTh 3HAYH-
TeJbHYI0 DPOJIb NPH NOCTPOCHMH pEAJUCTHUYCCKHUX OLEHOK 3KOJoruye-
CKHX MNOCJeACTBUH r00aJbHOTO AHTPOIOrEeHHOrOo HU3MEHCHHS KJauMaTta
BCJeACTBUE MTapHUKOBOro addekra.

B Hacrosnien KHUre NpeACTaBJieHB! pa3pabOTKH YIOMAHYTHX BHILIE
(a Takxe psiga CMEXHBIX) HAllpaBJCHUH, BKJAIOUAST COOTBETCTBYIOLIHE
acneKThl MOHHTOPHMHIAa W MaTeMaTHYECKOro MOJAC/IHMPOBAHUSA. DTH IPO-
6aeMbl obcyxnanuch B 1990—1991 rr. Ha ceMuHape «MOHHUTOpPUHT
coCTOsAHUA Ouochepsl U MareMaTHYeCKHe METOAB! B 3KOJIOFHH», KOTO-
PHHA NpOLoJIKHJ cBOl pabory B HHctuTyTe ranobanbHOro Kaumara o
skosorun Tocruppomera CCCP u AH CCCP. [lanHoe usnaumue,
IOATOTOBJEHHOE NO MaTepHajJaM CeMHHapa, SBJAETCS MPOAOJKEHHEM
ORHOUMEHHHX nybaukauun 1978—1990 rr.



HAYYHOE OBOCHOBAHHME U OIIbIT
SKOJIOTr'HYECKOIO MOHHTOPHUHTA

BUOKJIMMATOJIOIUS U AKTYAJIBHDIE NNPOBJIEMbI
OLLEHKHA IIOCJIEACTBHUH
[JTIOBAJIBHOIO USMEHEHHS KJIIHMATA
NJIs1 9KOCHUCTEM CYILH

10. A, H3pasas, C. M. Cemenos, M. A. Xauarypoe

Hucruryr eaobasbro2o Kaumara u 3xoaozuu
I'ockomeudpomera CCCP u AH CCCP

Co BpeMmeH CrokroapMmckonn koH(pepenuun OOH no npobaemam
OKpyxkamwuied cpeanl 1972 r. sHBaiipOHMEHTAJHCTH B OCHOBHOM KOH-
HEeHTPHpOBAJAHCh Ha npolbJjeMax 3arpsasHeHUs OKpYKallled CpelHl,
yAeJiiss OCHOBHOE€ BHHMaHHe BHOpocaM B aTMOC(pepy TOKCHYHHBIX KOM-
NMOHEHTOB, TaKHX KaK SO, uau NOx, TOraa Kax aHTpPONMOreHHHE 3MHC-
cul CO;—rasa HETOKCHYHOrO H Jaxe CTHMYJHpPYIOLIEro (POTOCHH-
Te3 — BHI3KWBAaJIM MEHBIIHH HHTepeEC.

OnHaKo O Mepe yBeJHUEHHs COJAepKaHHSI B aTMochepe AHOKCHAA
yrjepona, 3apUKCHPOBAHHOIO NAaHHHIMH MHOrux HabuawoaeHui [24, 26,
29 u MH. zp.], ycuauBasoch 6eCnOKOHCTBO MO MOBOAY BO3MOXKHBIX MO-
CAeACTBHH 3aTOro npouecca. Hakoneu, B 1985 r. na MexayHapoaHoi
kKoHpepeHuun IOHEII/BMO/MCHC B ®Punnaxe (Ascrpus) 310 Gec-
MIOKOHMCTBO 0Opesio GOpPMH TPEBOXHOI'O HAYUYHOro NpOrHo3a: pocCT Co-
Aep:xaHusg CO; H HEKOTOPHIX MAaJhIX ra3oBHIX COCTABJSKIIHX — 3a-
Kucu asora (N.O), merana (CH,), rasoreHnpon3BoAHKX YIJIeBOAOPO-
NoB H TpomocdepHOro o3oHa (TakK Ha3bIBaeMBIX NapHHKOBHIX T'a3o0B)
MoxeT yKe B XXI B. NpUBeCTH K H3MeHEHHIO I'IOOANbHOrO KJAuMara H
Cepbe3HeHIIHM 3KOJOTHYECKHM MOCJAEACTBHSAM.

Hast geranbHOd mpopaboTKu mpobJeMbl NapHHKOBOro addexkra
MOATOTOBKH HOOKNaga aas [eHepanbHo#r Accambien OOH 6Gmina co-
3faHa cneunuasbHass MexAyHapoiHas rpynina 3KCIepTOB II0 H3MeHe-
Huio kaumara (MI'DHK). IloaroroBieHHH# 3TO# Tpynmoi AOKJaf,
IIOCBAILIEHHHH KaK COOCTBEHHO H3MeHeHHI0 r00ajibHOro KjiuMara, Tak
H BO3MOXHHM 3KOJIOTHYECKHM H COILHAJbHO->KOHOMHYECKHM IIOCJeA-
CTBHAM, OHJ mnpeacraBseH B 1990 r. ma paccmorpenne BcemupHo#
KNIHMaTHIecKoH KoHdepeHUun B JKeHeBe. J[OKJah COZEpPXKHT OTBETH
Ha MHOTHE H3 IOCTaBJIEHHHIX BOIPOCOB, OAHAKO YPOBEHb HeOolpeaeseH-
HOCTH BCe ellle AOCTAaTOYHO BEICOK — JAJif COBPEMEHHOro YpPOBHS 3Ha-
HHH KOMILIeKC npo6JieM, CBS3aHHHEIX C BO3MOXKHHM aHTPOIOTeH-
HBIM IIOTEIJIEHHEM, oOKa3aJcs BecbMa cJoxeH. Ilo-suaumomy, B
OiMXKalillee necATHIETHEe Hen30exXeH HOBHIA HCCJeN0BATEJIbCKHHA 3Tall,
KOTOPHIH JOJXKEH INPHUBECTH K BHPaOGoTKe COBEPIIEHHO HOBBIX TEXHOJIO-

8



THH KJIUMAaTHYeCKOro MPOrHO3HPOBAHHS, a TaKXe OLEHKH 3KOJIorHYe-
CKHUX H COLMAJbHO-IKOHOMHUUECKHUX MNOCJAEACTBHH H3MEeHEHHs KJHMAaTa
¥ BupabOTKU MPOEKTOB B 006JaCTH NPHUHATHS pelIeHHH. DTH NMOAXOAH
JOJIXKHBI, BO-TIEPBBHIX, YYUTHIBATb B3aUMOCBSA3b PA3JHYHBIX KOMIIOHEH-
TOB €LUHOH NJIaHeTADHOH CHUCTEMBEI, BO-BTOPHIX, HCXOOHTb H3 KOHLEIM-
LMK YCTOHYUBOCTU OGHOCPepH H, B-TPeTbUX, OBITb HAaNpaBJEHHBIMH Ha
obeciieyeHue CTaOHJBHOTO COLHANIBHO-2KOHOMUYECKOrO0 pa3BHUTHS.

H3MeHenHe KauMata M NMOTEHHHAJbHBIE 3KOJOTHYECKHEe 3((deKThI

AHanu3 pasBHTHS KJIHMATHYECKHX COOBHITHH B 3MOXY COBPEMEHHOIo
MeXJIeIHHKOBbs] IO3BOJISIET FOBODUTh O TOM, YTO IPHUPOAHBIA KJHMA-
THYECKHH TPeHJ B HACTOALIEe BpeMsl HANpPABJIEH B CTOPOHY NOXO0J0j1a-
HUSA ¥ IpeAnoJiaraer B OJHXKAaHIIEM reoJIoruyecKoM OyaylleM IOHHUIKe-
HHe TeMIepaTypH BO34yXa JIeTOM H COKpallleHHe KOJHYeCTBa OCaj-
KoB [8].

OnHakKo ecTb H TNPOTHBOIOJNOXKHASA TeHAeHHHsA. CTpeMHTeJbHOE
pa3sButue TeXHOChEepH, CBHAETEJIEM KOTOPOrQ UeJIOBEYeCTBO CTaJjio
B XX B., OTPAa3UJOCh HA XOJe €CTECTBEHHOI'0 KJHMAaTHYECKOro npolec-
ca. Ecau paHblule AHTPONOreHHBIe H3MEHEHUSA KJuMaTta OBJIH JIHLIb
CYMMOH JIOKAJIbHBIX H3MeHeHH# (Hampumep, NMOBHILEHHE CpefHEHd TeM-
Nepatypbl BO3AyXa B ropojpax), To ceHyac OHM IpHOOGpeTarOT BhHIpa-
JKeHHHH rJjo0aJbHHE Xapaktep. KoMmnuekc npo6saem, CB3aHHHH
C OXHAAaeMBIM NMAapHHUKOBHIM 3¢ eKTOM, B mOC/eHee BpeMs BHI3BIBAET
0Cc00yI0 006eCIIOKOCHHOCTh MUPOBOH OOLIECTBEHHOCTH.

CaMo siBjleHHe IMapHHUKOBOro 3¢¢ekTa MOXKHO ONMHCATh CJEAYIOileH
IMIPHHIUIIHAJBHONX CXEMOH:

CXKHraHHe OpPraHH4eCKOro TOIJIMBA — H3MEHEHHe ra30BOT0 COCTAaBa

arMochepn (yBesindeHde KoHueHTpanuun CQO, U ApYyrux napHHKO-

BEIX I'a30B) — U3MEHEHHe B IOIJIOHIEHHH aTMoc(epod MJIHHHOBOJI-

HOBOH paAualMH, H3Jy4yaeMOH NOBEPXHOCTbIO 3€MJIH —- IIOBHIIIEHUE

cpeaHed riio6aNbHOHA TeMIEpATYPHI.

CorjacHO NPOrHO3aM CHEUHAJIUCTOB, NOTEIJIEHHEe KJuUMaTa MOXeT
IIPOU3OUTH B JEeCATKH pa3 OhICTpee AHAJOTHYHHIX COOHITHH B HCTOpPH-
YecKOM IMpomJioM MNaaHeTH. CnpOBOUHPOBAHHOE IMAapHUKOBHM 3¢ ¢ek-
TOM CJOXKHOe H3MeHeHUe rJ00aJbHOH aTMOC(HepHOH UHPKYJIALHH MO-
JKeT BHI3BATh HeNnpeJacKa3yeMble IIOCJACACTBUS MAJs PaCTHTEJIbHOCTH
3eMJH, H, XOTd TOH NPOTrHO30B Ha 3TOT cueT KojebJeTcs OT CIOKOii-
HOro A0 3JI0Belllero, nmpeAyragaTth peanbHBIH XO4 Pa3BHTHUS COOBITUH
IOBOJbHO CJ0OXHO. He HCKIOueHo, yto MacuiTabsl npouecca O6yayT
NPEBOCXOAHUTb CIOCOOHOCTL MHOIMX BHUJIOB aJallTHPOBATbCA K H3MeHe-
HHAM CpelAH, YTO Hen30eXXHO IpHBeJeT K CHHUXKeHUIO riobanbHoro 6Ho-
JIOTUYeCKOro pa3HooOpasus, yrpare 3HAeMUUHBLIX JIOKaJU30BaHHHIX BH-
OB pacTeHHH W XHUBOTHHIX [49, 52, 53]. Cepbe3HOMY PHUCKY NOJBEpr-
HYTCS1 COOOLIECTBA, Y KOTOPHIX OrpaHHYeHa BO3MOXHOCTb ajaNTallHH:
anbnuiickue [28], octpoBHuHe U npubpexuule [50, 51]. Ilocnennui Tun
COOOILIECTB OKA3BIBAETCA B THANKEJOU CHUTYAalLlUH B CBA3H C BO3MOXKHBIM
TasgHHEeM JbJOB H TOBHIIIEHHEM ypoBHs Mops. CornacHo CUeHapHIo
Ilapka [55], nmosuinenne ypoBHst Mops Ha 0,9 M K 2100 r. auws B Co-
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epudedubix llltarax npuseser K norepe 22 Y% npubOpexXHBHX 3eMeJb,
aHalbM—459%.

Ymep6 MOryT IperepneTb U MHOTHe HIHPOKOPAaCIpOCTpaHEHHHEe
BHAB 33 CUYeT NOTEPH LEeHHBIX 3KOTHIOB H IeHeTHUYECKOro MartepHana
[49, 54, 65].

[IHupoxomacuiTabHbie 2KOJOrH4YeCKHe MOCJAEeLCTBHA HU3MEHEHHS TIJO-
6aJbHOrO KJAHMAaTa MOryT OHIThH TaKXKe CBfI3aHH CO CABHIOM COBpEMEH-
HEIX FpaHHUL pacTHTeJbHHIX 30H [34, 56]. DTH CABHIH HeH306€XKHO BH-
30BYT Pa3pHB CYLIECTBYIOIIHX 3KOCHCTEM B «I0JIOCE H3MEHEHHUH», IO-
CKOJIbKY HX KOMHOOHEHTH HMEIOT PAa3JIHYHYI0 MHIPALHOHHYIO CIoco6-
HOCTb. DBcJaeacTBHe 3TOro MOXXET INPOH3OHTH YTPaTa YHHKAJbHBIX
coobliecTB, OCOOEHHO B BRICOKHX ILIHPOTAaX, I'le 3HAYUTEJbHOMY COKpa-
LIIeHHI0 TOABEPrHYTCSA 30HBI CEBEPHHX NYCTHIHb, TYHAPH H OopeaJib-
HEIX JiecoB. Tak, B cayyae ABYKPATHOrO YBeJHUEHHs KOHLUEHTpalMH
CO. Bo3MoOxHa norepss 70 MaH. ra 6opeanbHBIX JecoB ToJbko B Ce-
BepHod Kanage [27].

HanpoTuB, 30HH CaBaHH H HYCTHHb MOTYT CYUIeCTBEHHO pacuUIH-
PHTBCS 33 CUeT CYOTPONHYECKHUX M TPONMHYECKHX JIeCOB COOTBETCTBEHHO.
Boobule pns 3THX padOHOB, OTJHYAIOUIHXCSH MAaJBIM HJH HENOCTOSH-
HEIM KOJHYECTBOM OCAaJKOB, YCKOPDEHHHIM TEUYCHHEM IpOLleCCOB BETPO-
BOX M BOJAHOH 3pPO3HH, a TaKXKe YacTO CTUXHUHMHEIM XapaKTepoM cCeJb-
CKOrO XO03sIHCTBa, COLHAJbHO-3KOHOMHYECKHE IMOCJAeJCTBHS aHTpPOIMNO-
reHHOro IOTEINJIEHHSI MOTYT OKasatbcsl OeacTBeHHBIMH. [IpaBpa, 6oJgee
ONTHMHCTHYECKHEe CIEHApHH IpeanojiaraloT HEKOTOpoe 3aMelJeHHe
ONYCTHIHUBAHHSA 3a CYeT CTPOroro KOHTpoJA Bhinaca [46, 47] u cos3xa-
HUsl HaJeXHHX HPPUrallHOHHBIX CHCTeM [57].

Bonpoc 0 BO3MOXHOM H3MEHEHHWH NPOAYKTHBHOCTH (PHTOLEHO3OB
noja Bo3AelcTBHEM MoBHIIeHHOH KoHueHTpauuun CO: B atmocdepe n0-
BOJILHO TPYA€H: BO3HHKAIOUIHE 37eCh 3¢ (¢eKTH OLEHHUBAIOTCA clielHna-
JIUCTaMH HEOJHO3HA4YHO. DOJBIIMHCTBO HCCJeAoBaTesied NMPOTrHO3UpYyeT
BO3pacTaHHe YHUCTOH NepBHYHOM npoayKuuu 6Hocdepnl [7, 58, 66], ycko-
peHue npoiecca ¢orocuHTe3a [67] u yBennueHue obllero 3anaca (QHTO-
maccH (B 1,5 pasa npu norenysesnud Ha 1,5—2°C) [8]. ‘

OpHakKo Jpgae e€eCcJH IPOAYKTHBHOCTD HEKOTPHIX 3KOCHCTEM H
BO3pacTeT, MNPOUCXOAHMTb 3TO OyAeT B paMKax KauyeCTBEHHO HHHX
6HOreoleHOTHYCCKHX CTPYKTYP H IIPH BePOSATHOM CHHXKEHHM pasHO-
oOpasus.

[IoMmuMo npsMOro BJHSHHS BO3pacramlled KOHUEHTpalUHH IapHH-
KOBHX ra3oB Ha 3KOCHCTEeMH 3eMJH, CYILUIeCTByeT II0 KpadHeH Mepe
IBa MEXaHH3Ma «00paTHOH CBA3H»:

— H3MEeHeHHs B 3KOCHUCTeMaX MOryT IIpUBeCTH K H3MEHCHHIO dJib-

6en0 3eMHO# MOBEpXHOCTH H T'HAPOJIOTHYECKHX XapaKTEPHCTHK
pPEer1oHOB;

— H3MEeHeHHHle 3KOCHCTEeMH MOryT HMeTb HHOH Xapakrtep rasoob-
MeHa ¢ aTMmocdepoil, UTO TeOpeTHYEeCKH MOXXeT 0Ka3aTb BO3jeH-
CTBHE Ha INEPBOIPHYHHY MapHUKOBOro 3¢d¢ekra — CoaepxaHue
NapHHKOBHX ra3oB B arMocdepe.
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Oanako npoGJsieMaTvka «OOpaTHOH CBSA3H» HOCHT NPEHMYILECTBEH-
HO reo(U3MYECKHH XapakTep W JAaJjiee B 3ToH paboTe pacCMaTPHBATLCA
He Oyner. :

DHOKJIHMATOJNOrHYECKHE MUCCAECHOBAHMS

BBuay BHICOKOH B3aHMOCBA3aHHOCTH Pa3JHYHBIX NPOOGJeM OLEHKH
rj106aJbHBIX U3MEHEHH!, BHI3hIBAeMHX KJIHMAaTHYECKHMH (paKTOpaMH, U
CNeUUPUYHOCTH YUCTO HAYYHO-HCCJIEAOBATEJNbCKHX INOAXOJAOB, leJeco-
06pa3HO O4YEPTHTb OIlpeAejeHHyI0 00J1aCTh 3HAHUSI — OHOKJIHUMATOJO-
I'HI0, B paMKax KOTOpOH OYAYyT pa3BHBAaTbCs COOTBETCTBYIOLIHE HANpPaB-
JIeHHsA QYHAAaMEeHTaJbHOH H NPHKJAAHOH HayKH.

OCHOBHHEIM OO6GDBEeKTOM OHOKJIHMMATOJIOTHH SIBJSIOTCS B3aHMOCBS3H
KJIUMAaTHYeCKOH CHUCTEeMBl U OHOTHYECKOro KOMIOHEHTa 3€MJIH.

B komnereHuUI0 OGUOKIHUMATOJOTHH BXOASAT CJeAYIOHIHE OCHOBHHIE
BOIIPOCHI:

— H3y4YeHHe peaKUud GHOJIOrHYeCKHX CHCTeM (pas3/IHYHOrO YPOBHA

OpraHgM3alliH) Ha HU3MeHeHHe KJIHMATa;

— OLeHKa KJUMAaTHYeCKH OOYCJOBJICHHHIX H3MeHeHHH OuoJoruye-
CKHX CHCTEM B ofiieM HabJI04aeMOM H3MEHEHHH COCTOSIHHSA IO-
CJIeAHUX;

— HCCJIeIoBaHue OHOJIOTHYECKHUX IOCJAEACTBHH KOMIIJIEKCHOIO BO3-
AEHCTBUS KJAHUMATHYECKUX (AaKTOPOB H APYrUX (PaKTOPOB CpeAH
(BKJIOUYas 3arpsi3HeHHe) ;

— NPOrHo3 OMOJIOTHYECKHX MOCJAEACTBHH KJIUMAaTHUECKHUX H3MeHe-
HUH (Ha KOHKPETHOM 3KOJIOTHYECKOM ¢oHe);

— Hay4yHOoe O0OCHOBaHHMEe H MeToAuuecKoe olecleueHue Iporpamm
HaOJ/oaeHud 3a OHOJIOTHYECKHMMH IOCJHEACTBHAMHU KJHMaTHUe-
CKHUX H3MEHeHUH, T. €. nporpaMm OHOKJIHUMATHYECKOTrO MOHHTO-
DHUHrA.

OueHka NMOCJHEACTBHH KJIHMATHYECKUX H3MEHEHUH AJs1 OHOTH TEO-

pPeTHYECKH MOXKeT OCYIeCTBJATHCS HECKOJIbKHMH CIOCO0aMHu.

JKCNepUMEHTAJbHBIH NOAXO0]

DKCHepUMEHTAJIbHEIH MEeTOXd, T. €. NpsAMOe (u3HUeCKOoe BOCIPOH3-
BelleHHe 3aAaHHOr0 KJIHMAaTHYECKOro BO3AeHCTBHs (HampuUMep, Xpo-
HHUYECKOr0 H3MEHEHHs TeMIlepaTyphl) Ha OuoJiornyecKue OODBEKTH
Pa3HHX yYpPOBHEH opraHusaiMy M HalJIOJeHUEe OTKJIHKOB, HHTEPIPETH-
pPYEMBIX 3aTeM KaK CJeACTBHE YIOMSIHyTOro BoO3AeHcTBHA. (OCHOBHOE
IPEeUMYILECTBO 3TOTO INOAX0AA COCTOUT B KOHTPOJIHPYEMOCTH IIPOYHX
YCJAOBHH OINBITA, 0COOEHHO NPH Ja0OpaTOPHOM 3KCIEPUMEHTHPOBAHMH.
HMMeHHO 3KCHepUMEHTaJbHHH METOJ I03BOoJsAeT O0OpecTH onpenelicH-
HYIO YBEDEHHOCTb B TOM, 4YTO 3aUKCHDOBAHHEIH B ONKITE OTKJIHUK 00b-
€KTa NeHCTBHUTEJNBbHO eCTh 3P eKT H3yuaeMoro BO3AeUCTBHSI.

HenocraTkOM e [QaHHOTO MeTOAa sgBASETCHd 3aTPyAHEHHe B IIO-
CAeAyIOLlel SKCTPANOJALUK pe3yJbTaTOB: OTKJIHK OHOJOrHY9ecKoro
00beKTa B IMPUPOAHHIX YCJAOBHUAX MOXKET CYIIECTBEHHO OTJINYaTbCA OT
TAKOBOro B Jabopatopuu. MoaenupoBaHue e eCTEeCTBEHHBIX YCJAOBUHU
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B ?KCNIEpHUMEHTe B NMOJIHOM 00beMe HEBO3MOXKHO KakK MO MpHYHHE Npo-
CTPAHCTBEHHBIX MacwitaboB, TakK H B CHJY 4YHCTO TEXHHYECKHX
CJOKHOCTEH; HCCJeJ0oBaTeJb HEH30€XKHO CTaJKHBAETCA H C APYTHMH
npo6JjieMaMH, 3KCTPaMNoOJIALMH pe3yJbTAaTOB, B YaCTHOCTH C penpe3eH-
TATUBHOCTHIO BHIOPAHHHX TECT-00BEKTOB.

TemM He MeHee, 3KCNIepHUMEHTaJIbHOEe H3y4YeHHE BJIHSIHHA pacCMaTpH-
BaeMHX NpolLeccoB HAa OHOJIOTHYECKHe CHCTeMH UIHPOKO NpHUMeHsIeTcCs,
B YaCTHOCTH, NPH HCCJAEAOBAHHH MNPAMOro BJHAHHA MOBHIIEHHHX
KoHUueHTpauuih CO: Ha ypoKaWHOCTb CEJIbCKOXO3SHCTBEHHHX KYJbTYP
[32, 41, 42, 68].

EcJaH roBOpHTb B LEJIOM, Pe3yJbTaTH Jab0opaTOPHHX HCCJAENOBaHHNA
YKa3bBalOT Ha BO3pacTaHHe CKOPOCTH (pOTOCHHTE3a M yBeJHUYeHHEe Ha-
3eMHOH ¢uTOoMaccH Kak aas Cz-pacTeHHH, K KOTODHM OTHOCHTCSI OC-
HOBHAasl Macca CeJbCKOXO3SIHCTBEHHHX KYJbTyp, TakK H aas C,-pacre-
HUlN (HauboJee pacnpOCTPpaHEHHHIM BHIAOM SIBJSIETCA KYKypy3a); OI-
HakKo AJisi MNOCJAeJHUX MacliTabel 3THX MpOLEeCCOB He CTOJIb 3HAYH-
TeJbHH.

HMHTepecHBle pe3yJsbTaTH AajH 3KCIHEePUMEHTH, B KOTOPHX Ha ¢oHe
noBulIeHHOH KOHUeHTpauuH CO, oueHHBaNOCh BO3AeHCTBHE APYFHX
¢akTopoB cpeanl — Baaroob6ecneueHHocTH [40], ocsemenHocTH |39,
63], TemnepaTtypul [25, 62], MuHepanbHoro nuraHus [43, 68].

HatypHbie HCCIEAOBARKS

MeToa HAaTYpPHHX HCCJEAOBAHHH COCTOUT B HAOJIOAEHHH 32 XOAOM
KNHMATHUYECKHX H OHOJIOTHUECKHX TNMepeMeHHBIX B €CTeCTBEHHHX YCJO-
BUsAX (06e3 BMellaTesbCTBa 3KCIEPHMEHTATOpa), pe3yJbTaTH KOTOPHX
HHTePNPETHPYIOTCA MO CXeMe BO3JeHCTBHE — OTKJIHK.

JNTaHHHA NOAXON SIBJAAETCA THNHUYHHIM [AJI1 €CTECTBO3HAHHSA M lIH-
POKO NpHMeHdeTCcd B 3KOJIOTHH, reorpadui, reodHsuke, OKeaHOJOTHH
H T. . OH uMeer onpeaeneHHble NpeHUMyUleCTBA, B YACTHOCTH MO3BO-
JIeT WHPOKO HCIOJb30BAaTh pPe3yJbTaThl TPAaAHWIHOHHBIX UCCJIEeI0BAHUH
H NporpaMM MOHHUTOPHHra, He CBSAA3AHHHX NPSAMO C NMPOOJCMOI KJAHMa-
THYeCKUX H3MEHEHHH U HX 3KOJIOTHYECKHUX MOCNEeACTBHH.

DuokanMaTHueckHe HCCNefOBAHMA B 3TOM IIJlaHe UMEIOT CBOH
BLHITOZHEIE OCOOEHHOCTH, MNOCKOJbKY JI0JIOCPOYHHe HaOJI0JeHHs H
aHaJU3 HCTOPHYECKUX MaHHBIX AJA HUX BecbMa THNHYHbL. [IpuBeneM
HEKOTOpbIe IPUMEpHL.

B Haulei#i cTpaHe u 3a py6eXOM NCJYUHJAH LIHPOKOC pa3BHTHE JeH-
APOKJHMATOXPOHOJIOTHYECKHe HCCJe/JOBAHUA, HCTOYHHKOM HH(PpOpMa-
UK AJA KOTOPHIX SIBJASIIOTCSA IOJMYHBIE KOJblUA JlepeBbeB, C OLHOI CTO-
POHH, H pa3jHuHbie KJHMATHUYECKHe JaHHHe (TeMneparypa, 0CalikKH,
NOKa3aTeJy COJHeYHOH aKTHBHOCTH H T. I.) — C JAPYroOi.

NHpopMauusi Takoro poga MoxeTr GHTb HCHOAb30BaHA (M HCMOJb-
3yeTcsl) B CJeAYIOLLHX HApaBJeHHUAX:

— MNOCTpPOEHHUE AeHAPOUIKAJ, T. €. 3KCTpanoJadauusa JaHHBIX O palH-

aJIbHOM NpUpOCTEe AepeBbeB B NPOLLIOe, YTO Nno3BoJsier, OJiaro-
Japsi HCNOJb30BaHHIO «HCTOPHYECKOH» JApeBeCHHbl H METOAHKR
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«TEPEeKPEeCTHOTO AAaTHPOBAHHA», NOJyYyaTh HelnpephiBHbIE LIKaJibi
aauHon po 1000 set [4, 5, 10, 13, 14, 22, 35, 37];

— aHaJAH3 TOAHWYHOro MPHPOCTA KAK OTKJHKA Ha KJHMAaTHUYECKHe
cobmTHs [12, 15, 16, 18, 19];

— DPEKOHCTPYKUHA X0Ja KJAMMATHYECKHX COOBITHH B HPOILJIOM,
NpOrHO3 HX pa3BHUTHA B OyaylleM, oNHpalouUiHecs] Ha HCCJelo-
BaHHsa NPUBeJeHHbIX BhIlie ABYX HamnpasJieHHH [2, 3, 6, 23, 36].

Paan paauaJbHOro npuHpocra SIBJASIOTCS MAacCOBOH H BecbMa J0-
CTYNNHOH OHOKJMMATOJIOTHYECKOH HH(OpMallMeH; OAHAKO H 3TOT INOA-
XOJ TaKike He JIMUIeH onpenefieHHhX H3bsAHOB. B yacTtHocTH, 646abl1asn
YaCTb HMEIONIHXCA B CHELHAJbHOH JHTEpaTtype AEeHAPOPANOB INpHBeE-
JleHa B OTHOCHTEJbHHX 3HayeHHAX — MHAEKCaxX WHPHUHB TOLHYHOTIO
KOJIbila, PaCCYHTAHHBIX MO CaMbiM pPAa3HHIM, YaCTO HECPABHHMEIM Me-
toauKkaMm. [lpu 3toM BHOOD GOpPMBl HHAEKCALHH NPUPOCTA B KaXKIOM
cJyuyae JHKTOBAJICA KOHKPETHOH HCCJelOoBaTe/JbCKOH 3agauen H, K CO-
J)KaJIeHHI0, He Nnojgpa3yMeBaJ] BO3MOXHOCTH CpaBHEHHS ACHIAPOPALOB
pa3JHYHHIX aBTOpoOB. [IpaBaa, B nmocaenHee BpeMsl OCO3HaHHe ClelHa-
JIHCTAMH HEOOXOJHMOCTH TaKOH CPaBHHMOCTH NPHBOAUT K HEKOTOPOH
YHHPHKALHH JeHAPOXPOHOJIOTHYECKHX [JaHHHIX; HaJa)KeH BhINYCK
c60pHHKOB «[leHapoxpoHoaorndeckux mkaa CCCP» [10], B KoTOpHX
JaHHHe NMPHBOAATCA B (H3HUECKHX €AHUHHLAX AJHHHI.

Jlpyroi BaxKHeHIIHH THN OHOKJHUMATOJNIOTHYECKOH HHPOpMaAUHH
NpeaoCTaBJsACT HCCJEAOBAaTeJIIM MeToj naJjeoreorpadHueCKHX pPeKOH-
CTPYKLHH, NO3BOJIAIOUIHA, B TOM 4YHCJIE€ ONHPAasACh HA H3YyuYeHHe CYylle-
CTBOBABIIHUX B MNpPOIIJOM KJHMATHYECKHX AHAJOrOB COBPEMEHHBIX CO-
ORITHH, AeJlaTb NPOrHo3 Ha 6yayuee. C yyetoMm 0OXHAaeMOro rjaobans-
HOro noTenJeHus, CHOCOOHOrO 3HAYHUTEJNbHO MNEpPeaBHHYTb TpaHHUILH
CYLUECTBYIOLIHX PACTHTEJbHBHIX 30H, NaJIeOPEKOHCTPYKIIHOHHOE HANpas-
JIeHHEe CTAHOBHTCH 0CO00 aKTYaJbHBIM.

IIpuMepoMm Takoro uccielOBaHHs SIBJASETCHA MAJ€0PEKOHCTPYKLUIIOH-
HHA NpOorHo3, craesaHHuld rpynno#d A. A. Beauuko [11] u onupaio-
IIHHCA Ha aHaJIu3 MHKYJHHCKOTO MexXKJeJAHUKOBbs W roJsioueHa. Ilpo-
HO3 ONHUCHIBAeT pAa3BUTHE COOBITHI COOTBETCTBEHHO /J1J5 TOBHIICHUSA
CpeAHeroaoBoi ryao6anbHoil Temnepatypn Ha 2 u | °C. B nepsom cJy-
yae rpaHulla 30HKI, NPUTOOHOHU AJid TaeXXHBIX accolHalud B a3HaTCKOH
yactu CCCP moxer cMectuthes Ha 500—600 kM K ceBepy (4—95° 1wii-
DOTH) H, TAKUM 006pa3oM, Talra oKaxkercss CIOCOOHOH NMOTECHHUTb VHI-
KaJbHble TYHAPOBHIe cOOOLIeCTBA. 3HAYHTEIbHbIE H3MEHEHHS1 B 0Cal-
KOOOpa30BaHUHM NO3BOJAT APEBCCHBIM NOPOLAM NPOABHHYTLCA H 1aJ€KD
Ha IOT; TakK, TpaHHUA JecoCTenHod 30Hb eBponeidckoH yactu CCCP
nepeMecTuTcss K lory Ha 500—600 kM, a B 3anaaHod Cubupu — Ha
200 kM. FMiIMeHHO no TakoMy cueHapHio pa3BHBAJHCb COOBITHS B 310XV
MHKYJHHCKOro MexJaeaHHKoBbs (125000 seTt T. H.), KOrjga CpeadHeio-
noBas rjobajbHas TeMlepatypa MpeBbilllajia COBPEMEHHYIO HMEHHO HA
2°C [9]. Onnako nomo6GHOe pa3BuTHe COOBITHH TpebveT BecbMma 3Ha-
YHTEJbHOrO NMPOMEXKYTKAa BpPEeMEeHH, TOrja KakK INOrojnyHas CKOpPOCThb
nepeaBHXEHHUSA FPAHHUIl PACTHTEJBbHLIX 30H He MpeBbIlIaeT HECKOJbKHX
KHJIOMETPOB B I'OJ H3-3a OrpaHHYEHHOCTH CKOPOCTH pacnpoCTpaHCHHA
CeMsH nepeBbeB. YHTo Kacaercs 3anmaca (GpuToMacChl Ha TEPPHTOPHH
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CCCP, 10 B cayuae norenjenus Ha 2°C oH moxeT Bo3pacTH B 1,5 pasa
IO CPABHEHHIO C COBPEMEHHKIM.

AHanu3 coOvITHH roJoueHoBoro ontumyMma (5000—6000 set T. H.
NMOBHILIEHHE CPEeAHEeronoBoi rJao6ajbHOH TeMiuepatyph Ha 1°C) naer
B 1eJOM aHaJOrH4Hblid MNPOrHO3, OTJHUYAKUIHHCA OT NpeAbAyllero
MeHbIIMMH MacuitTabaMu H3MeHeHHH.

[Tony4urb IIpeACTaBJICHHE O BO3MOXKHOM IlepCMelleHHH TpaHHIL
DACTHTEJbHBIX 30H BCJEACTBHE IJI00AJbHOIO NMOTENJCHUSA MOXKHO TaKXKe
B pab6ortax [30, 31, 38, 56].

OnHako OOJNBHIMHCTBO TAKHX PAacyeToB BHIOJHEHO B paMKax pasB-
HOBECHHIX MojeJiell, YTO HeCKOJIbKO 3aTpyAdHseT HCIO0Jb30BaHHe aJeo-
60TaHHYECKHX PEKOHCTPYKLHH KaK NpAMBX aHAJoros rpsaaylliei KJH-
MATHYECKOH CHUTYALUH M ABJASETCHd OAHHM H3 OCHOBHBIX HEIOCTATKOB
meroaa. B HacTosluee BpeMA BeleTCs aKTHBHas pa3paboTKa HepaBHO-
BECHBIX MoJeJeH, MO3BOJAIOIINX TOYHEEe OLUEHHTb Ipexjae BCero Bpe-
MeHHble MAaclITaOH BepOATHHIX H3MEHEHHH B PaCTUTENbHOM IIOKpOBe
3emau [8]. Paspaborka Takoro THma mojeJseid, HECOMHEHHO, elle 6o-
Jiee YB@JIMUHUT AKTYaJbHOCTb I1aJIeOPEKOHCTPYKUHOHHBIX HCCJeAOBAHHH
KaK OCHOBH AJ11 CO3JaHHUA CLUEeHAapHeB PA3BHTUSA KJIHMATHYECKHX COOHI-
THH B 6JuxailuieM OyayuiemM.

Bpiie MH onucaJsiy ABa NPOABHHYTHIX HanpaspJieHdUst OHOKJIMUMATO-
JIOTUY — ACHADOKJHUMATOXPOHOJIOTHYECKOe H MaJjeodkoaorunyeckoe. Ot-
Meyass uX MJOAOTBOPHOCTb, B TOM YHCJEe AJS aHAJH3a 3KOJIOTHYCCKUX
[IOCJCICTBUH AHTPOMOrCHHOTO H3MeHeHHUs KJaumara, HeobXO0L!MO OTMe-
THTb M TNpPHHUUNHAJbHbBIe OrpaHHYeHHS <«HATYPHOro» HalpasJeHH:A
B LEJIOM.

Haburonas HCKOTOpOe siBJIeHHe, Npouclieallee NPH U3BECTHON KOM-
OHHALMH MapaMeTpoB Cpelabl, Mbl HHKOrJa He MOXeM C onpejelieH-
HOCTbI0 TOBOPHTbL O MPHYUHHO-CJAEACTBEHHOM CBSI3H. Bcerma npucyr-
CTBYET BEPOATHOCTbL TOr0, YTO OTMEUEHHOe siBJcHHe OblJI0 06YCJIOBJCHO
KaKHM-TO WHHIM, He BXOAAIUHM B H3yYaeMylo rpynny, ¢akTopoM; HJH
BOOOIIe HMeeT CcJay4YaHHoe NpoHcxoxaeHue. Hanpumep, 3adukcupo-
BAHHOe HCCJIeJ0oBaTeseM YBeJHUYeHHe paauaJbHOTO NPUPOCTA AepeBa
B ONpedeJeHHbIH NepHOL XXH3HH MOXeT ObIThb BOBCE He CBA3aHO Cyayd-
IueHHeM THAPOTePMHUYECKHX VYCJAOBHH (HJIH H3MEHCHHEeM COJIHCYHOH
aKTHBHOCTH), a BbI3BaHO cyry6o OHOLEHOTHYECKHMH MNPHYHHAMH —
OCBeT/eHHeM MNAaHHOro yyacTkKa Jeca B pe3yJabTaTte pyOoOK H.JIH BCTPO-
BaJa, I, K&K CJeACTBHe, CHH/KCHHMEM KOHKYpeHUHH 3a cisceT. Mau Ha-
O00OpOT — U3Y4YaIOTCH MNOMYJSAUHOHHbIe aCleKTH AHHAMHKH pocTra JAe-
peBbeB B WIHPHHY, a H3MEHeHHE MpHpPOCTAa CBSA3aHO, CKakeM, € naje-
HHEeM YpOBHA TIPVHTOBHIX BOJ B pe3yJbTaTe HeNpOAYMAaHHOro 3¢mJe-
MOMb30BaHHS.

boJsiee Toro, naxe ecau BhlAeJeHHAasi HAMHU rpynna GakTopoB Cpeaul
IOJTHOCTBIO «OTBeuaeT» 33 H3yyaemMoe 3IKOJOrHYeCKOe sB.JeHHe, OCTa-
eTCsl HCOMpeaeJeHHOCTb, CBA3aHHAd € AWHAMHKOH Mpolecca — Belb
OCHOBHBIE OITAaCEHHsd IO NOBOAV rJac0ajJbHOroO NMOTENJeHHUS CBA3aHbl HeE
CTOJIBKO C IOTeHnJieHHeM KaK TaKOBBIM, CKOJbKO C ero HeoOBIUaHHO
BbICOKOH CKODOCTbIO, BbLI3BAHHOH AHTPONOreHHOH 3MHCCHEH B aTMO-
chpepy mapHHKOBHIX ra3oB. [Iogo6HBIX npeueAeHTOB B HCTOPHYECKOM
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NPOLIJIOM NJaHETH, €CTeCTBEHHO, He HalJ105aJ0Ch, YTO NPAKTHYECKH
HCKJIIOUAaeT HaxoxkJIeHHe abCOJIOTHO ajJeKBAaTHOrQ na.teoaHaJjora. Ha-
HOOJlee pealJbHHH BHXO[, KaK yXe TOBOPHJOCHb,— pa3BHTHE HepaBHO-
BECHOTO PEKOHCTPYKIHOHHOIO MOJEJHPOBaHHS, KOTOpoe 00Jibllle OTHO-
CHTCH K CJeAylolieMy pasaedy.

MaremaTnueckoe MoaeJMpPOBaAHHE

Metox MaTeMaTHYeCKOro MOJAEJHUPOBAHHUSI COCTOHT B MOCTPOEHHH
MaTeMaTHYeCKHX «CJIEMKOB», T. €. (PpOpMaJibHHX aHaJoroB peaJbHHIX
NPpUPOAHBIX CHCTEM — KJIETOK, TKaHeH, OpraHH3MoB, MNMONYJAUHH, 3IKO-
cucTeM H O6HOChepnl B LEJOM — B COYETAHHH C MATEMATHYECKHM XKe
ONHCAaHHEeM BHYTPEHHHX M BHEWIHUX CBs3eH, a TaKxXe peakKuuH KOMIO-
HEeHTOB CHCTEMBl Ha BHEUIHHEe BO31eHCTBHA.

IJTOT METOJ MOXKHO CUYHTaTh Haunbo/iee YHHUBEpPCAJbHHM H BeChbMa
NepCIeKTHBHbIM B MJiaHe CO3JaHHAg HOBBIX HAYYHBIX «TeXHOJOTHHY.
ILeACTBUTENbHO, NPH INOCTPOEHHUH MAaTEeMAaTHYECKHUX MOJAeJed MOKHO
HCINOJb30BaTh BCI0O HH@OpPMALHIO, MOJydYaeMyl0o B XOAe peaJiu3allii
KaK 3KCINEePHMEHTAJIbHHIX MNporpaMM™m, TaK H HAaTYpPHBIX HaOJI0I1eHMHI,
yTO0 of6ecneydBaeT MAKCHMAJIbHYIO YTHJH3aUHIO HAKOMJEHHOHN HHOOD-
MailHH.

BO3MOXHOCTH KOMIBLIOTEPHOH peaJu3aluH MoJeJH 00eCledlBaioT
NPOUrpHiBaHHEe CaMblX pAa3HBIX ClleHapHeB, HCCJeAOBaHHE MOJCTHpYe-
MOH CHCTEMBl HAa YCTOHYHBOCTL M, HAKOHell, pa3paboTKy ONTHMaAJbHOI]
CTpaTEeruu peryJupoBaHus Bo3jAedCTBUH. Bca BHOBL moctynawuiag HH-
¢bopmauysg MOXKeT HeMelJeHHO HCNOJb30BaTbCA AJA YTOYHCHHS Napa-
METPOB MOJeJIH, KOTOpas, B HAeaJbHOM BapHaHTe, JOJJKHA OLITh MO-
CTOSIHHO AeHCTBYIOLUEel CHCTeMOHW, noajep:xkuBaemMoil Ha IBM, cuab-
)KEHHOH OHaJIOTOBLIM amnmnaparoM H OJOKOM OINTHMH3aUUHN CTpaTertHi,
OMHUpAIOIIENHC Ha MNOCTOAHHO nonoaHseMmyio 6a3y aaHHbiX. Ocolbie
MepCneKTHBLH B 3TOH CBf3H HMCIOT, Ha Haul B3rasag, reorpaduuyecku
Ae3arperupopaHHble (pacnpegejicHHble) MOJeJH.

K HacTOsilieMy MOMEHTY TaKOH «TeXHOJIOTHYEeCKHH IpOpbIB», CBS-
3aHHBIA Npexje BCero ¢ pa3paboTKOH ageKBaTHHIX 0a3 JaHHBIX, ellle
He cCOBeplleH, OAHAKO HMeeTcd MLeJbhld pAl NPHMepoB yAayHOro lc-
NOJb30BAHHUA MAaTEMAaTHUECKHX Mojelied B OHOKJIHMATOJIOTHH.

Tak, peasiu30BaH UeJHH psAa MoJeJed OLEHKH AHHAMHUKH 1J100aJb-
HRIX 3KOJIOTHYECKHX H3MeHeHHH, 0a3upyIlOIIHHCA Ha HU3BEeCTHOM KJjac-
cudpukauuuy Xoaapuaxa [44, 45], xoropas no3BossieT NPeACKa3HBaTh
H3MEHEeHHsA THNA PACTHTEJbHOCTH B MEHAIOIIMXCA YCJOBHAX TCMIepa-
TYPH H YBJa*KHeHHUS H, TAKUM 00pa30M, OLEHHTh BO3MOXHYIO peaKkuHio
pacTHTEJbHOCTH 3eMHOTO lllapa Ha aHTPONOreHHHe XKoJseOaHHA TJo-
6aJbHOrO KJHMarTa.

Onana H3 Takux MojeJei, BHIIOJHEHHass JOMMaHYy3J1eM C CoOaBTOpaMi
[33] ¥ yuHTHBawlIass BO3AeHCTBHE JHIIb H3MEHEHHUH TeMAepaTyphl,
HCXOAHT H3 CLeHapHs IBYKPAaTHOro nopuiuleHHss KoHueHTpauun CO-
B atMocepe. Moaenb DMMaHyasg npeacKa3blBaeT cjeaylollee pasHO-
BECHOe COCTOsIHHe pAacCTHTEJbHOro TMOKpOBA, OTBevalollee HOBOMY
KJIHMATY:
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— COKpalleHHe o6mie#i JecOmOKpHTOH maomaan Ha 6 %, B Tom
gHcJe B OopeanbHOor 30He HAa 37 % H B cybrponudecKoi —

Ha 22 %;
— pacuidpeHHe 30HH MNYCTHHb Ha 7 % (cyOTpOnHYecKHX IIy-
CTHHb — Ha 26 %, KoJwuero pexakoJsecbss Ha 37 %), Jayros —

Ha 25 %.
Kpome TOro, pacuer ykasnBaeT Ha BO3MOXHYIO 3aMeHy B YMepEeHHHX
LIKMPOTAX BJIAXKHBIX JIECOB Ha CyXHe U B LIeJOM — Ha 3aME€HY BO MHO-
rHX paHoHax COBpPeMEHHBIX OOpeaJyibHHIX JIeCOB JleCaMH JAPYIrHX THIIOB.

[logxon CoaomoHa [64], YYHTHBAKILHA H3MEHEHHS KaK TeMIlepa-
TYPHl BO3yXa, TaK H KOJIHYECTBA 0CaAKOB B LIeJIOM, IDUBOAHT K BHBO-
JaM, COrJacyloHiuMCs ¢ BBRIBOJAMH JMMAaHya3Jisl, H A00aBjsieT K HHUM
NpOTrHO3 O COKpaiueHHH obuied O6HomaccH JecoB CeBepHOH AMEpHKH,
npeaynpexjaaer o0 YrpoxamwlleM IO0JIOXEeHHH TpPOIMHYECKHX JeCOoB
IlenTpaabnofi Appuku u Bpasunuu [64].

[locaenyromue cueHapun (cMm., Hanpumep [48]), ucxoasiniHe H3
ABYKpaTHOro yBesiu4eHHs] KOHUeHTpauuu COs; U HHAYUHPOBAHHEIX KJIH-
MATHYEeCKUX H3MEHEHHUH, AAIOT TAaKxKe MAaJOONTHMHCTHYHBIA IIPOrHO3:

~— 3HaYUTeJbHHE MOTEPHU OXKHAAIOT 30HH CEeBEPHOH MYCTHIHH, TYH/-
pHl ¥ 60peasibHHX JiecoB (7 MJH. KM2, unu 20 % coBpeMeHHOH TeppH-
TOPHH), U HANPOTHB, pacCliHpeHHe — 30HBl CABAHH H NYCTBIHb (3a cueT
noTepu CyOTPONMHYECKHX H TPONHUYECKHUX JIECOB COOTBETCTBEHHO),

— 30 Y% coBpeMeHHHX JIeCOB ¢ COMKHYTHIM MOJIOrOM PacIoOJIOXKEHB
Ha <«KJUMaTHYECKH YrpOXKaeMHX» TEPPHTODHAX, T. €. HA TaKHX Tep-
PUTOpHSAX, KOTOpble B cJayudae rao0ajbHOro nOTeNJeHHUs CTaHyT A
HUX He NMPHTOAHBIMH.

Hano ckasath, 4To NpakKTHYeCKH BCe MOJAEJbHBEIE CUEHAPHH YKAa3Hl-
BAIOT HA TO, YTO B CBSA3H C HCH30eXKHHIM B CJiyyae MNOTellJeHHS Iepe-
pacnpeaejieHHeM OCaAKOB B 0CO00 TsXKeJIOH CHTyalUH OKa3HBAaIOTCA
TpONUYECKHe CcoolIlecTBa, MOCKOJbBKY BHIAH, HX cJjaaramwoliuke, B 00Jb-
IHHCTBE CTeHOOUOHTHHI.

[Ilyrapt [59—61] pa3paboran H CHCTEMATH3HPOBAJ 3HAYHUTEJbHOE
YHCJIO MAaTeMaTHYeCKHX MoJeJieH JEeCHOH AHHAMHKH pa3HbIX THIOB,
KOTOpBIE II03BOJSIIOT C NO3HUHH HMHUTAUHOHHOIO MOAEJNHUPOBAHHUA OIH-
CaTh BO3MOXHYIO pPEaKIUHIO JIECHHX CHUCTEM Ha OXHAaeMoe U3MEeHEHHeE
rjn06anbHOrO KJnUMara.

Cepbe3Hoit 6a30i1 A5t MOAENUPOBAHHUS BO3MOXKHOIO H3MCHEHUS IH-
HaAMHIKH YrJIepOJAHOTO ILIHKJA MOJ BO3J1eHCTBHEM NMapHHKOBOro agdekra
ABJIAIOTCA MOAEJU rJobajsbHOro LHUKJAA yrjaepoaa U ero cBa3ed ¢ KJH-
MaTH4YecKkumMu cdakrtopamu [1, 17, 20, 21]. Takue moaenu, HCNOABL3YIO-
IIIHe B KauecTBe BXOJAHBIX KJHMATHYECKHMX IIOKa3aTtejied ualle BCero
CpelHEeroJ0sble KOJIHYECTBO OCAAKOB H TeMmnepaTypy, [O3BOJAIOT
peaJbHO OLEHHTb MAaCLITA0H CIOPOBOLHPOBAHHOIO NMAPHUKOBHIM 3(-
(GEeKTOM mnepepacnpeieNeHHs 3THX IOKa3zaTesJed M CBSI3aHHOIO C HHUM
H3MeHeHHs I100aJabHOH AMUHAMHUKH COJep:KaHHA yriepoja.

HenoctaTkH npuMeHeHHs MeTOaa MaTeMaTHYECKOro MOJeJIHpOBa-
HUS B OHOKJIHMATOJOTHH H 3KOJIOTHH CBSI3aHbHl B OCHOBHOM C OrpaHH-
YeHHOCTbI0O 0a3bl 3HAHUU NPH HHTEpHpeTauHH pe3yJbTaTOB MOIEJHPO-
BaHus. Hallle BCero HeBO3MOXHO OTJHYHTDL OWIHOKH NPOLEeAyp HU3Mepe-
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HUA, OCPEAHEHHUS U T. A. OT OWIHOOK, CBA3AHHHX C OTJHYHEM HCTHHHHX
3aKOHOMEPHOCTEeH OT MOAEJbHHX.

3akJueHue

B LeJsioM, aHAJH3HPYSA NMPOTrHO3H IIOCJEACTBHH AHTPONOreHHOro Io-
TellJIeHUsl, BHI3BAHHOI0 NOBHIIeHHEeM KOHIeHTPAllHH NapHUKOBHIX ra3oB
B arMocgepe, MOXKHO 3aMETHTb, YTO MCCJEOBATENH, HCNOJb3YIOLLUE
B CBOHX IPOrHO3ax CaMhble pa3Hhe METOAHKH H MOAXOAH (JabopaTop-
Hble SKCIEepPHMEHThl, HAaTYpHHEe HAaOJIOAEeHHA HJIH MaTeMaTHuYeCcKoe MO-
JeJIHpOBaHHE), NPUXOAAT K KauyeCTBEHHO CXOAHHM BHIBOJAM O <«Ha-
NpaBJIeHHH» peaKUud Ha3eMHOH OMOTH Ha IMOTeIlJIeHHE; pPe3YJbTaTH
pasJH4aIOTCA IJMaBHEM 00pa3oM CKOPOCTBIO H MacuitabaMu npoliecca.

[Ipu sToM cieayer 0co60 NOAYEpPKHYTb HeOOXOAHMOCTb Pa3BHTHSA
H 000CHOBAHHSI HepPaBHOBECHBIX MoJeJeHd, T. €. MoJesJed, MOTYLIHX He
TOJIBKO IpEeACKa3kBATb HOBOE COCTOsIHHE PAaBHOBECHS, HO H OIIHCHBATH
COOCTBEHHO IIepeXOJHHH Ipouecc K 3TOMY HOBOMY pPaBHOBECHIO. ITO
B 3HAUHUTEJBHOH CTENEHH O00JIerddT Iepexol] OT YHCTO CUEeHAapHBIX NMPO-
paboTOK K OCYHIECTBJEHHIO MOJHOUEHHOr0 NpPorHo3a.

CoBeplIeHHO OYEBHAHO, UTO CJAEAYIOLIHM Il1aroM, NpearnoJiaraiolliiM
HOBBIH 3Tan B rjo6aJjbHOH OHOKJIHUMATOJOTHH, HOJIXKHO CTaTh 00benu-
HeHHe OMMUCAHHBIX BHILE MOAXOAOB C LeJblI0 BHPAOOTKH LEJBHOH CTpa-
TEerHd MOHHTOPHUHra U KOHTPOJIA COCTOSIHHSI KJHMAaTHYECKHX H OHOJIO-
ri4eCcKuX KOMIOHEHTOB eAMHOH NJaHeTAPHOH CHCTEMHI.
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BIOCLIMATOLOGY AND URGENT PROBLEMS
OF ASSESSING THE CONSEQUENCES
OF GLOBAL CLIMATE CHANGE
FOR TERRESTRIAL ECOSYSTEMS

Yu. A. Izrael, S. M. Semenov, M. A. Khachaturov

Institute of Global Climate and Ecology, USSR State Committee
for Hydrometeorology/USSR Academy of Sciences

The paper describes the current state of the problem of the eco-
logical consequences of the greenhouse effect. Consideration is given
to potential ecological effects of global warming, as well as to res-
pective trends in bioclimatological research: experimental, field and
model studies. The authors substantiate the need to develop methods
for integrated assessment of ecosystem state to provide early diag-
nostics of climate-induced ecological changes.
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BJIUAHHUE CIIOCOBA BHECEHHUA TEPBULHUAA
reynibl 24-1 HA NONYJAAUHOHHYIO L HHAMHKY
NOYBOOBHUTAIOIIUX KOJJIEMBOIJI

H. II. barabuna

Kypckuldl 2ocydapcraennsii opdena «3nax ITouera» nedazoeuueckuil uMCTUTYT

B HacTosilllee BpeMsa B CEJbCKOM XO3SHCTBE NPOJOJI2KAETCs LIHPO-
KO€ HCNOJb30BaHHe pa3HHX TrepOHLHAOB KaK CpeACTBa XHMHUYECKOH
nponoaku. llomagas B KOHEYHOM HTOre B NOYBY H AKKYMYJHPYSCh
B HeH, repOHLHAB MOI'YT Cepbe3HO NOAAaBJATb AeATEJbHOCTb IIOYBEH-
HBIX COOOLIECTB, OTBETCTBEHHHIX 32 MEXAaHH3MH IOAJdepKAHHA TOUYBEH-
HOro IJIOAOPOAHS. B CBA3H ¢ 3THM HeOOXOAHMO H3yYeHHE CTOHKOCTH
3THX BELIECTB B NPHUPOAHOH cpelde, NyTed, MEXaHH3MOB IOCTYIJIEHUS H
pacnpefieleHH B >KHBHX OpraHu3Max M BO3MOXKHOCTH INPOLECCOB Je-
TOKCHKalHH, 4TO0 Tpebyer TLlaTeJJbHOH OLEHKH H BHOOpa MOJeJbHHX
rpynn. Takod yao6HOH rpynnon ABJASIOTCS MHKpPOAPTPONOABI, HMEIO-
e HHAMKATOPHYIO UEHHOCTh B JHAarHOCTHKe psAAa TNOYBEHHHX
CBOHCTB, KaK NIOKa3aHO MHOTOYHCJAEHHBRIMH HCCJAeaoBaHUuAMHU [1, 9].

N3 psna paboT u3BECTHO, UTO JeHCTBHE PA3JIMYHHX repOHLIH10B HA
MHKpPOApTPONMOA NPHBOAUT K YMEHbIUEHHIO HX YHCJIEHHOCTH H BHIO-
BOro pasHoo06pasus, OJHAKO B JeTaJifAX 3TO BJHUAHHE HU3YUeHO Cj1ab0 H
KOHKpPETHRIE pe3yJbTaThl 4acTO HeOoAHO3HayHH. [IpoTrHBOpeuuBHl CBe-
AeHHss 00 3(pdeKTax NpHMEHEeHHs rajJouaPeHOKCUKHUCAOT, BKJAKYAIOUIHX
IUHPOKO pacnpoCcTpaHeHHHe B CeNbCKOM XO3SIMCTBE Npenapathl rpyninl
2,4-J1, ucnoab3dyemble AJs1 MOAABJEHHS Ha MOJISAX ABYAOJbHBIX COpPHS-
KOB H XUMHUYECKOH NPONOJKH JeCOB.

[IpeAnipUHATHl €JHHHYHBIE IONBITKH H3YYeHHs NPAMOro AeilCTBHUA
npenaparos 2,4-I1 Ha nouBooOGuTalOWIUX KoJssemOoa. B paborax [12,
13] omnpenensanace TokcuuHoctb 2,4,5-T ans Onychiurus guadriocel-
latus nyrem BBemeHus repbuuuga Ha cyberpar. [loHomapea [9]
CpaBHHBaJla MeXaHH3MH BJHAHUA Pa3HHEIX MO XHUMHUYECKOMY COCTaBy N
cnocob6aM BHeCeHHUs repOHUUAOB HA MONYJASALUHOHHYIO JHHAMHKY TpeX.
BHAOB KoJaaeMbon Onychiurus stachanus, Proisotoma minuta, Cera-
tophysella denticullata, ucnuiTHiBass TpHaJJaaT, 3nTaM, 6a3arpas, JOH-
TpeJ, 2,4-I1 aMHHHYIO cOJib. Bce repObuULUAN B pa3Hofi CTENEHH HHIH-
OHpOBAJIH pPOCT MNONYJISAUUHM 3a CYET HAPYLUCHUS AKHU3HEHHBIX LIK.OB
HOrOXBOCTOK. M3 mnepeuuc/qeHHBIX IpenapaTtoB HaHMeHblLlee BJHAHHE
Ha BBIXKMBAaeMOCTb H pasMHOXeHHe KoJjaemboa okasana 2,4-I aMuH-
Hasi COJib, YTO JOJIXKHO OUEHHBaTbCs NpH Buibope Oonee Oe30NacHLIX
NJIs1 KH3HH INOYBH repObUUHAOB. [lo3TOMYy B OCHOBY HacToOsillell pa-
OOTHI IOJIOKEHO /1eTaJibHoe H3y4YeHHe XxapakTtepa JdeHcTBusa 2,4-J1 aMus-
HOH COJMIM HA MONYJSUHOHHYIO JHHAMHUKY NOYBOOOUTAIOUMIHX KO.11eMO0JT
IIPpU pasHHX crocob6ax BHeCEHHA.

Martepuaian U MeTOAH

B xauectBe o6bekTa uccaenoBaHusa BHIGpaH BUA Folsomia candida,
KOTOpHIH fABJsieTCA YAOOHOH MOJeJsblo NpH NpoBedeHHH JabopaTOpHHX
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3KCNEepHMEHTOB. Y 3TOro BHA2 AOCTATOYHO NMOAPOOHO H3Yue€H KH3HEH-
Hulii uuka [16]. Daaronaps napreHorenesy [17] F. candida xopouo
pa3MHOKaeTcsd B Jab0paTOPHBIX YCJHOBHAX H MMEeT BHICOKYIO CKOPOCThb
o6opoTa nonyJslHH. B npupoae BCTpedaeTcss B II0YBAX IOra eBpolei-
ckoil yactuy CCCP, B ceBepHhiX paHOHAaX, pa3sBUBacTCA B TelJHllax,
IIBETOYHBIX FOPUIKAX H T. T.

Konanem00a cozepxkaJu IO CTAHOAPTHHIM METOAHMKAM TpPYNIOBOTO
KyJAbTiBHPOBaHUs1 [15] B CTCKAAAHHBIX OroKcax auaMmerpoM 50 MM Ha
THICOBO-YroJabHOM cy6cTpare 9:1 npuH KOMHATHOH TeMmnepatype H
100 % -HO#1T BJIAXXHOCTH BO3/yXd, KOPMHJIH NEeKApCKHMH JPOKKAMH,
CMEHa KOTOPHX B KOHTDOJIbHHX CepHUsX IPOBOAHJACH OAUH pa3 B 3—
5 nHell. KaMepn HaxXOIMJHCh B 3aTeHEHUH, NPOBETPUBAHHE NMPOBOAH/IHU
B NMEPHOIH KOPMJICHHUS.

HMcenuthBany CTaHAapTHHE W AeCATHKpaTHHeEe A03H 2,4-I1 aMHHHOII
conu. [lpuroroBienue paboyux pacTBOPOB MPOBOAHUJH C YYETOM KOH-
LIEHTPAUHH JAEHCTBYIOLIEro BeLIeCTBA H3 pacueTa MPOH3BOACTBEHHHX
Hopm 1,56—3,0 kr/ra. KonnyecTBO BHOCHMOro Ipenapara onpenessjoch
C ydyeTroM MJowmaauw cyb6ctpara. Buifop NOBHIIIEHHBIX KOHLUEHTPALHH
rep6buuHaa A7 ONBITOB OOBACHAETCHA, C ONHOH CTOPOHBI, BO3MOXHBLIMH
HapyLIEHUSIMH TEXHOJOTHH ero MNpPUMEeHeHUS B CeJIbCKOM XO351HCTBe,
C ApYroi — BO3MOXKHOCTHI 60Jiee SAPKOro BHISIBJAeHHUs OOLleill TeHIeH-
LUl OeACTBHA Inpernapata Ha KoJaaeM0oJs. B opraHu3dm HOroxBOCTOK
repOHIHA MOXeT IMOCTYyNnaTth TpeMs OCHOBHBIMH IyTAMH: yepe3 No-
KpOBH »KHBOTHHIX B MOMEHT IIpAMOro fonajaHUs Npenapara Ha Tel0
HJAW B [IEpHOJ KOHTAKTA € 3arpsidHeHHBIM cybcTtpaTtoM, aubo ¢ orpaB-
JICHHBIM KOPMOM, T. €. N0 NHIIEBHIM UensMm. [lostomy B onbiTax noJay-
YyeHHBIe pacTsophbl 2,4-/1 BHOCHJU TpeMd cnocoBGaMu: HAa B3DOCJRIX OCO-
6eH, Ha cyOCTpaT, Ha NHUULY HOroxXBOCTOK. OTpPaBJIEHHYIO MNMHILY T'OTO-
BHJIII CJeAYIOIHM 06pa3oM: NMeKapCKue APOXKIKH DACTBOPSAJH B COOT-
BETCTBYIOLIEH KOHUEHTpaluuu repbuuuga, 3ateM OTQUIbTPOBBLIBAJH H
BuICYIHBaaH. KosnemM60a B YHCTHIX KYJbTypaxX KOPMHJIH OTpaBJCHHOH
nigiel OAUH pal3 B HayaJie 3KCIEepHMEHTAa; APOXKKH pacKjJalbiBaJH
MeJKHMH TOPUHSMH B LEHTDEe KaMephl Ha NMOKPOBHBIE CTeKJa, UYTOOHI
uibexaTb NonajgaHus npenapara Ha cy6CcTpar U Ha TeJla >KHBOTHHIX.
B nocrneaywiueM cMeHa KopMa NPOHU3BOAUNACH KAaK B KOHTPOJBHOH
cepiiii. B BapuaHTe ¢ BHeceHMeM Tpenaparta Ha cybcTpar Kos1aeMOo.
nojicakiiBaju B KaMepnl nocJe ero o6pabotku rep6unnaoM. B TperbeM
ONbITC B3POCABIX KO.11eM0041 MoMellaay Ha HECKOJbKO CEeKYHT B Kamjio
repbuiiyga, a 3aTeM IlepeHOCHJH B 4YHCThle Kamephl. [lis XapaxkrepH-
CTHKH NONYJSUHOHHOTO POCTA YYHTHIBAJHW AHUCNPOAYKUHIO, BpeMs MO-
AIBJIEHUA NMEepBBIX KJaN0K, HX pa3Mephl, BBIXKHBaeMOCTb full. Kaxnad
CepHs OMBITOB HMeJia TPEXKPAaTHYI0 NOBTOPHOCTb. HayaabHasa 4YHCJIEH-
HocTh nonyasuui F. candida— 10 oaHoBo3pacTHBIX ocobeil. Habuamo-
HeHHA TPOBOIHJH B TEYCHHE 3 MeCsdleB C €XCIAHEBHBIM MPOCMOTPOM

KaMep 3 nepBble 1,5 mecsiua u ¢ HHTepBaJoM 3—O AHeH B JaJjbHeH-
meM.
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PesyabraTel paboTh

[Ipu copepxaHuH KoOJANEeMOOJ B KOHTPOJIbHHX CepHAX Xapaktep
pa3MHOXEHHSA B KyJbTypax COOTBETCTBOBAJl ONIHCAHHOMY B JIHTepaTtype
[21]. ¥ F. candida 3aperucTpHpOBaHH I'pPynnoBhe KAaaKu siull oT 16
10 55 IUTYK Kaxpasi, nepBoie AHNEKJAAKH OhIJIH HECKOJbKO MeHbile:
NOCJAeAYIONHX, MAaKCHMaJIbHOe YHCJIO SHI OTMEYEeHO dYepe3 25 IHeH

00

Yuecno ocobel
il
L Wi |
)
R

200+

Puc. 1. JIuHaMuka 4HCJEHHOCTH IO-
nyasuun Folsomia candida npu pas-
HHX crnocofax BHECEHHA NPOHU3BOL-

CTBEHHHX 103 2,4-J1 aMHHHOH COJIH. 10
1 ; - ] 4 |
! — KoHTpOAb;, 2-—00paboTKa B3pPOCARIX 1, 30 50 0,
ocofefl; 3 — obpaloTka cyOcTparta;, 4 — .
obpaboTka MHILH. . qucno 5”'9”__

mocje Hauajsa KyJabrhBupoBanus (34,3+3,4 aiina Ha 1 camky). llpo-
AOJIXKHTEJbHOCTh 3MOPHOHAJBHOrO IepHOJAa COOTBETCTBOBAJa Xapak-
TepHHM AJs BHAA CpokaM. BHXoj I0OBeHHJbHBIX oco0ed BCeX reHepa-
UHH GHJ MpaKTHUeCKH CHHXDOHHHIM, HO, IOCKOJIbKY HHTEpBAJ MEXAY
mepBOii M BTOPOH KJaAKaMH fHIl He NpeBHINaJ O JAHeH, HapacCTaHue
UNCJICHHOCTH HMeJO cTyneHuaTH# xapakrep. Ha puc. 1, oTpaxaiouem
DOCT MONYJSIHH, TIepeJOMB KPHBOH COOTBETCTBYIOT NMOSBJIEHHIO ocobeH
HOBHIX NOKOJIeHHMH. B panabHefilieM pOCT YHCJEHHOCTH HECKOJIbKO 3a-
MeAJISANCA H3-3a BHICOKOH MJIOTHOCTH NMONYJIALHH.

[IpuMeHeHHe NPOH3BOACTBEHHHX 103 2,4-I1 He BH3BaJIO HEMOCpeA-
CTBeHHOH ru6esid HOMOXBOCTOK, HO H3MEHHJIO OCHOBHBI€ NTapaMeTpH no-
NyJALHOHHOA NHHAMHKH H OTPAa3HjOCh HA TeMNax poCcTa YHCJIEHHOCTH
(cM. puc. 1). Ilpn o6paGorke 2,4-I[ B3pOCHHX HOroXBOCTOK OTMeueHa
3aZiepXKKa Hauyaja pa3sMHOXKeHHs Ha 6 QHeH 1Mo CPpaBHEHHIO C KOHTPO-
JeM H yBeJIHYeHHe 3MOPHOHAJbHOrO NneprHoAa Ao 11,7+1,8 nua (B KoH-
Tposte — 7,7+0,3 nHA). Pa3MepH NepBHX KJAaJ0K 3HAUHTEJbHO MEHb-
lle, 4eM B 3TAJOHHHX cepuax (rabna. 1). HapymeHHsa AHUENPOAYKUHH
u BEKMBaeMocTH sHL, (80 % OT KOHTPOJsI) CHH3HJIH OOLLYI0 YHCJEH-
HOCTh KOJ1JIeM60JI, HO He3HAYHTEeJbHO OTPa3HJHCb Ha CKOPOCTH Hapa-
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CTaHHS NONYJISLUU H0 NOSIBJIEHHS I0OBEHUJIbHHX (OPM BTOPOH reHepa-
nuH. Pe3koe 3amendieHHe TeMnoB pocrta cnyctd 60 aHell c¢BS3aHO C IM-
6esibl0 4acTH HOBEHHJbHBIX ocobei, 4TO Ha6Ji104aJoch mocJe NepBOM
H BTOpOH JHHek, Cueayloiiasi BOJHA YBEJUYEHHS YHCJEHHOCTH onpe-
aelsjach nosiBjleHHeM ocobed TpeTbed redHepalud. Ho K KOHILY 3KCne-
pHMeHTa JAaHHasa nonyJaduus F. candida cocraBisgia auwb 62 % oOT
KOHTPOJIbHOH.

Bo BTOpOM BapHaHTe ONHTa MNOCTYIJEHHe repOuLKaa yepe3 IO-
KpOBBl NPH KOHTAKTE C OTpaBJIeHHHM CyOCTpAaTOM TaKke H3MEeHHJO
NJOJOBHTOCTb KoJJaeM6oJi. HO, B OTJHYHe OT IepBOro BapHaHTa, Ha-
yaJo SHLEKJad0K Hab6J104a/och 3HAYUTENBbHO No3xe, yepe3 41,34-0,8
AHsA. Hucao sivll B Kinaakax OBJIO MeHblie, OTMeYeHO HapyuieHHe Chno-
coba KJaaakH — gHiua pa3bpocaHn Mo cyOcTpaty HeOOJIbIIHMH IpyIi-
naMH. IIpoHn3olino panbHeilluee yBeJiHY4eHHE CPOKOB 3MOPHOHAJIBLHOIG
pa3BHTHS, HO BHXXHUBAeMOCTb fHI[ OblJIa HECKOJIbKO BHIle, 4eM B Ipe-
anlaymeM BapuaHTte. llosiBieHHe 0BeHHJbHHIX (GOpM BTOPOH reHepa-
IIHH OTMeYeHO ToJabKO cnycTtss 80 aHeH ¢ HayaJia 3KCMNepHMeHTa, 4YTo
MPUBEJO K CKaykKoOOpa3HOMY HAapaCTaHHIO UYHKCJEHHOCTH C JaJibHel-
lled 3aepPKKOH TEeMIIOB pOCTA KYJbTYPHI.

MHuas KapTHHa OoTMeuaJjiach B ONBITe C KOpMJIEHHEeM KoJaeM60J OT-
paBJleHHOH MNHUIIEH: OTCYTCTBHE pOCTA MNONYJAUHH B TeYEHHE INOYTH
1,0 Mecsia CMEHHJIOCh pe3KHUM yBeJiueHHeM yuciaa ocobel, MOUTH J0-
CTUTLLIHM YPOBHAI KOHTPOJIbHOH CepHH cnycTs ellle 20 aHeH. [lanbHel-
iee HapacTaHHe YHCJEHHOCTH NPOHCXOAUJO MeAJeHHO H3-3a BHCOKOH
naoTHocTH nonynasuuu. Ilocae ynorpebaeHus o6paboraHHOro repOuLiu-
JIOM KOpMAa, KakK YHUCJO OTJOXEHHHX SHL, TaK H HX BBIXHBAeMOCTb
y F. candida uamenuyauch Mano (cM. taba. 1).

Takum ob6pa3oMm, ofHOKpaTHhe 03B Npenapara HapylamoT JHHA-
MHKY YHCJIEHHOCTH nonyJasuuu F. candida B 3aBHCHMOCTH OT cnocoda
BHeceHHs1 repOHuMAa. B Haubonabuieid cTeneHd POCT KYJAbTYP HHTHOH-
pyercsi mpu nocrynaeHHu 2,4-I1 yepe3 NMOKpOBH BO BpeMs KOHTAKTA
’KHBOTHBIX C OTPaBJIieHHHM CYOCTPAaTOM HJIM NPH NPSIMOM TNONAaJ1aHHU
BellleCTBA Ha TeJia KOJJaeMO0oJl.

[IpuMeHeHnHe necssTHKpaTHHIX 103 2,4-]1 TOpMO3HJO pa3BHTHE NONY-
JSUHH TIpU JIOOKIX crnocobax BHeceHus repbuuuga CHJIbHee, 4YeM IIpU
06pabGoTKe CTaHAAPTHHIMH KOHLEHTPAUHSIMH Tpenapata. B ONBITHHIX
CepHAX OTMEYaJHChb CXOAHHE 3aKOHOMEDHOCTH HapacTaHHSA YHC.eH-
HOCTH: CKaYKoOOpa3HbIH pOCT MNONYJASUUH C NOCTCIEHHBLIM 3aMejJe-
HHeM nocJic NMOosgBNeHHs ocoOed HOBBIX NMOKOoJeHHH (puc. 2). Ho npu-
McHeHHe repOvLHAa B MNOBHIIEHHBIX 403aX BbI3BaJO0 YACTHYHYIO TH-
0C.1b B3pOCABIX KOJJeMOO0J H CKa3aJjoCh Ha MOBeJEeHHH HOTrOXBOCTOK
B ONBITHHIX KyJabTypax. I[Ilpu nonagaHuu BellecTBa Ha NMOKPOBH f. can-
dida yepes 4—5 MHH HacTymala BpeMeHHas HeNOABHIKHOCTb ocobet,
npoponxawinasaca 60 MuH. Ilo HcTCyeHHu 3TOro Cpoka Habaoaaau
TOBLIIIIEHHYI0O AKTHBHOCTb HOTOXBOCTOK. IIpoHCXOAHJO mepeMellieHlie
KonnemMbous ¢ cybcTpara Ha CTCHKH KaMep. B onbiTe ¢ oTpaBJieHHOH
MHIlleH pasHMLLl B INOBE/IeHUH HOTOXBOCTOK MO CPABHEHHIO C KOHTPO-
€M H 0o06palboOTKOH CTAaHAAPTHBIMH J103aMH He OBLJIO, XKHBOTHbIE YINO-
TpeOGunu Becb KopM. [Ipu BHeceHHH BBICOKMX 103 2,4-I1 mo cpaBHEHHIO
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C NPOH3BOACTBEHHHIMH CPOKH NOSIBJIEHHS] NMEpPBHIX KJAA0K YBEeJHYHJAHCh
Ha 3—7 pHed, a B BapHaHTe ¢ 0o6paboOTKO# npenapaToM caMHX KOJ-
JemGoJ, Hao6opoT, Ha 1—2 gHsa paHbuie (cM. Ta6a. 1). Ho B stom
caygae HanboO/€ee pe3Ko yBeJNHYHJICA NepHOA SMOPHOHANBHOrO Pa3BHTHS
siill. YMeHblIeHHe pa3MepoB AALEKAaN0K HabJI04aJ0Ch TOJMbKO B ABYX
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i Puc. 2. JluHaMHKa YHCJEHHOCTH Mnony-
. L v g i Aaune Folsomia candida npu pasHHX
| . ctocof6ax BHECEHHS NECATHKpATHHIX 103

e ) 1 |

0 35 60 [, 2,4-]1 aMHHHOR COJIH.
YUCAS JHEC Yea. ofGo3HaveHHst cM. pHe., 1.

BapHaHTax — npH 06paboTKe XXHBOTHHIX H NHULIH. IIpu 3TOM B mepBHX
KJaaKax fdua OHJAH pa3bpocaHH IO KaMmepe IO OJHOMY HJH HECKOJIb-
Ky IUTYK, B BapHaHTe C 3arps3HeHHBIM CyOCTpaTOM HOIOXBOCTKH OT-
KJaauBaJju aina OOJIbIIMMH I'PYNNaMH B OZHOM MeCTe Ha CTEeHKax Ka-
MepH. OIHaKo AHLEKJAAAKH ocobedl BTOpOH reHepaluH OBIJIH yXKe Xa-
paKTepHHIMU AJs BHAA. Bo Bcex cepHsiX ONKHTA MAKCHMAaJbHOE YHCJO
SAIML 3apEerduCTPHPOBAHO COycTs 2—2,5 MecC, T. €. Y BTOpPOH reHepallHH.

Takum o6pa3oMm, B pe3dyabTarte NPUMEHEHHS AECATHKPATHHX A03
2,4-J1 npousouinu 6oJiee cylieCTBeHHHIE H3MEHEHHSI OCHOBHHX IOKa-
3aresied pasMmHoxeHus1 F. candida, 4to pe3KO CHH3HJO TeMIIH Hapa-
CTaHHUA YHCJEHHOCTH BCeX OMBITHHX MOJEJbHEIX NMONYJSALHUHA,

O0cyxpneHne pe3yabTaToB

B pa6orax oreuecTBeHHHX K 3apy0OexHBIX HCCJeloBaTesieH faeTcs
AHAJNH3 BJHSHUA TNPOH3BOACTBEHHHX 103 2,4-J1 Ha Ha3deMHHIe 4acTH
pacTeHu#, Ha MHUKPO(QJOpPY NOYBH, HAa HHTEHCHBHOCTb B HeH OHOXHMH-
yeCKHX H MHKPOOGHOJIOTHYECKHX mpoueccoB. MMeloTcss HEKOTOpHE CBe-
A€HHs O NEeHCTBHH NpenaparTroB 3TOH TPYNNH HAa HOTOXBOCTOK H KJe-
uef. Kappu [11] u lay6apac [2] oTMeualoT OTpHIIaTeNbHOE BJIHSAHHE
repOulHaa Ha MuKpoaptpomnoa, a Pokc [14] u Maiep-boae [3] nmpu-
IIJH K BHBOAY, YTO BJIMSIHHEe NPOM3BOACTBEHHHX 103 2,4-I] Ha MHKpO-
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¢bayHy He3HAYHTEJIbHOE, NpHYEeM B HX ONHTax 3(deKT NoCJHEeIAeHCTBHUS
HJIH OTCYTCTBOBAJI, HJHU OHIJI O4eHb MaJ. IJTOT XKe pe3yJbTaT NOJyyeH
B pabore [19]. IIpacce, Maxyana, 'enbmeKke [6], npoBoass MHOreJer-
HHUH IMOJIEBOH 3KCIEPHMEHT C rpymnmnod npenapaton: 2,4-I1, CHMa3HHOM,
MCPA — ycTaHOBHJIH CYylLIeCTBEHHHE H3MEHEHHS! CTPYKTYpPH coobiile-
CTBa MHKPOApTpONoA, KOTOpHeE OBbIJIH OAHHAKOBH NPH CTAHAAPTHHX K
YABOEGHHHX J03ax BeulecTtBa. [lonyueHHHe HaMu JAaHHHe JabopaTop-
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Puc. 3. 3meHenHe aucaeHHOCTH monyJasauun Folsomia candida npu ne#i-
CTBHH NPOH3BOACTBEHHHX H JAeCSATHKpAaTHHX #03 2,4-I aMHHHOA COJH.

I — xourpons, Il — oGpaBoTka B3pocanix ocobelt, [I] — o6pabGotka cyb6crpara,
IV — o6paGoTka nuuy, [ -— KOHTPOJb, 2 — NPOHU3BOACTBEHHLIE JA03H, J-— JAECHTH-
KpaTHble HO3H.

HHX HCCNEeNOBAHUH CBHAETEJbLCTBYIOT O TOM, UTO NpPHMEHEeHHe CTaH-
JapTHHX W MNOBHIUIIEHHBIX KOHLEHTpAlLlHH Inpenapara umeeT OOILYIO
TeHAEHUHIO CAEpXKHBAHUSI POCTA UHCJAEHHOCTH KOJJeMOOJ He3aBHCHMO
or crnocoba BHeceHHs repbunuaa (puc. 3). JHecaTHKpATHHE A03H
2,4-]1 B OoJbuiell CcTelNeHH, YeM CTAHAApPTHHE, HHTHOHUPYIOT pa3BHTHE
NONYJASILIHH, HO 3aMelJIeHHe TEMIIOB POCTa HeNpONOpPLUHOHAJbHO COJAE)P-
XKaHUIO AeHcTBylollero Bemectsa. OCHOBHHE H3MeHEeHHS BCeX NMONy.Js-
UHOHHKIX IOKas3aTeJiel AOCTHralTCsi NMPH OLHOKPATHHIX A03aX repOu-
nyna, AajbHerllee yBeJHUeHHe KOHUeHTpauuu 2,4-I auimb 4acTHYHO
ycyrybasier pedicTBHe mnpenaparta. HenocpeinctBeHHast rubesb 4acTH
B3pOCJAHX ocobelt oTMeueHa B BapuaHTtax ¢ obpaborko# cybctpara H
IMHIIH, OAHAKO TOBeNeHHe OCTaJbHHIX KoJaJeM00J TaKike CBHIAeTeJb-
CTBYeT O €ro TOKCHUHOCTH Aaasa F. candida. HabawpgaeMoe sBJjeHHE
«BpEMEHHOH CMepTH» H NOBHIIEHHAs MUTPALHOHHASA aKTHBHOCTbL B CJY-
yae C OTpPaBJEHHBIM CY6CTPAaTOM, BO3MOXKHO, SIBJISIIOTCA Pe3YyJbTaTOM
Heiiporponunoro aedctBusa 2,4-I [7]. [lono6nas peakuus oTMmeyasnach
B onblTax ¢ OMOJIOrHYeCKH AaKTHBHBIMH BelleCTBAMU NPU NOMAagaHUH
HX Ha IOKpoBH KoJsJjemb6oa [8]. Hapyumenus moBeleHHS] OTMeUeHH
TOJMLKO TPH HENOCPEeNCTBEHHOM KOHTAKTe HOTOXBOCTOK C repOHLIHIAOM.
HoaroepeMeHHHH KOHTaKT KOJAJeMOOJ C OTpPaBJIEHHHIM CYOCTpaTOM
3HAYUTEJbHO YBeJHYHBAET CPOK A0 MOSIBJEHHS MepBLHIX Kaanok. IlpH
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06paboTtke 2,4-I] caMHX KHBOTHHX MH OTMeyaeMm OoJibuiOH pasbpoc
aToro nokasartess (cMm. taba. 1), BO3MOXHO, 4YTO B HEKOTOPHIX CJY-
yasx npenapar, objanas ropMoHaJbHOH akTHBHOCTbIO [10], cTHMYyaH-
poBasa siHuenpoaykuuio F. candida. Meneuuc [4] oTmeuaer, 4YTO CTH-
MYJIHPOBaHHE PA3MHOMKEHHS Yy HEKOTOPhIX BHAOB NOJ BJHSIHHEM 3a-
rpA3HEeHHH CONpPSKEHO ¢ BHICOKOH rubesbl0 XHBOTHBIX. B HauieMm
onbiTe NMOCTYyMJeHHe repOHIHAa Yepe3 MOKPOBH OTPA3HJIOCh TaKKe Ha
XKHU3HECNMOCOOHOCTH H IOCJeAYIOLIHX NOKOJIeHHH KoJa/aemM00.1, 0COOEHHO
IOBEHHJIbHBIX (POpM, MaKCUMaJbHAs rubesb KOTOPHIX OTMeueHa IOCJIe
nepsod U BTOPOH JHHeK. [Ipyrue uccjenoBaTcegH TaKXe OTMEYaloT, UTO
B NpEreHepaTUBHHH MEePHOJA pa3BHTHUA KoJjeMOoJbl HauboJiece MmojaBep-
JKeHbl JeHCTBHIO pa3Horo poaa 3arpssHeHHd [5]. [loBuimeHnass uys-
CTBHTEJBbHOCTb IOBEHHJIBHEIX dopM K aAedcTBui0 2,4-J]1 aMHHHOHU COJIH
MOKeT OOBACHATbCA OCOOEHHOCTAMH XHMHUECKHX INpeBpalleHUH, MNPo-
HCXOASILIMX T0J BJAUSSHUEM repOHLiUAA B XKHUBOM opraHusme. HKaHUKOB
[10] nokasaJ, uyro npenapatel rpynnsl 2,4-J1 HHrHOUpYIOT nNpolLecCH
OKHCJIUTEJBHOTO U (POTOCHHTETHYECKOro (oCPOpPHIHUDOBAHUSA, OKA3HI-
BalOT pe3KOo OTpHIlaTeJbHOe BO3JACHCTBHE HA CHHTE3 M NpeBpauledus
pOCTOBHIX BelleCTB B pactreHusx. [loctynnenne repbuuuga yepes Io-
KPOBBI HOTOXBOCTOK NPHUBOAUT K CHUIKHUK BBIXKHBAEMOCTH 0CcO0OCH BTO-
po# U Tperbed reHepauui. BoamoxkHo, 4yTOo npenapar, ob6sanasa Myrta-
reHHbIMH cBoHcTBamu [20], HapyliaeTr penpoOAYKTHBHEIE CNOCOOHOCTH
KOJ1J1eMOOJI HJIH BHI3BIBAET APYTrHe H3MEHEHHs] T€HETHUYeCKOW TIPHPOAHI.
Bo Bcex BapHaHTax ONKTOB OTKJAOHEHHS AHHAMHKH YHCJEHHOCTH OT
KOHTDPOJIbHBIX Nonyasiuuid F. candida cBsA3aHBl C U3MEHEHHUSIMH OCHOB-
HBIX MOKasaTeJed pa3MHOXeHHd KOJMJeMOOJ: BpeMeHH 10 TNOsABJEHHS
NepBHX KJIaJA0K, HX pa3MepOB, CPOKOB PAa3BUTHS H BHIXKHBAEMOCTH SHII.

B noneBHX YyCJI0BHAX HAETOKCHKAIHs 1npenapatoB rpynnu 2,4-]1
IPOUCXOAHUT B TeyeHHe 1,0 Mec. B nabGopaTopHHX YCJOBHAX 3TOT ne-
pPHOA MOXET YBEJHUYHBATbCA H3-3a PaA3JHUYUA (PU3HYECKHX PEXHUMOB.
IDTHM MOXHO OObSICHHTh Pe3KYyIl0 3aJepXKKY MacCOBHX SAHIEKJIaA0K HO-
TOXBOCTOK IO CpaBHEHHIO C KOHTPOJIEM.

TeMne u xapakTep HapacCTaHHUsI YHCJAEHHOCTH B OoJbllied CTENEHH
onpenesisilOTCst cnocob6aMy BHECEHHWs BellleCTBa, a He NMOBHIIEHHEM 103
rep6unuaa. OAHOpa3oBoe KOpMJIEHHE HOrOXBOCTOK OTPAaBJIEHHOH ITH-
e TOPMO3HJO pa3BHTHe NONyJAAUHH B TedeHHe 1,5 Mec. PeneseHrtHoe
NEHCTBHE 3apaxKE€HHOTro KOopMa, OTMedYeHHOe AJ9 MHOTHX BHAOB KOJ-
JeM060s TpH HUCNOJIb30BaHUH pa3HbiX rep6unuaos [5, 13], He nabal0-
naJioch, YTO, BO3MOKHO, CBfI3aHO C BHAOCHCUHPUYHOCTHIO BJHSHHA
npenapatoB [12]. Ilpu pa3BuTHH nonyJasfilluH BO3MOXKHA NOCTeIeHHAaf
JeTOKCHKal g HOrOXBOCTOK, CBSI3aHHAsl CO cheuupUuUeCKOH IKCKpe-
IIHEeH, TNpPH KOTOPOH TOKCHUYHBIE BeElIeCTBa YIaAdIOTCA C 3MHTEJHEM
KHIIKH NIPH MHOTOUHCJIEHHBIX JIHHbKAX. Hally onbIiTH CBHAETEJABCTBYIOT
O TOM, YTO MAaKCHUMaJbHOe OTpPaBJieHHe KOJNJACMOO0J MPOUCXOAHT IPH NO-
CTYNNAeHUH repOHLKHAA uYepe3 HaPyXHHE IMOKPOBHI, NPHYEM: TOKCHU-
HOCTb Npenaparta IposiBJsercs B psAy NocaeAyoLux NoKojaeHHH. Cre-
NeHb BO3AEHCTBHS B 3TOM CJydae Oyner onpefesiiTbCsl BpEMEHeM IMpsi-
MOro KOHTAakKTa KoJaJeM0oa ¢ repOMUHAOM H CKOPOCTBIO DPa3JioXXeHH
npenapara. OdeBHAHO, HeAOydeT 3THX OOCTOATENbCTB OOYCJOBHJ He-
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OJHO3HAYHOCTb pe3yJbTaTOB OOJBIIHHCTBA HCCJAeIOBAaHHH IO JAeH-
cTBHIO 2,4-]1 Ha MHUKpPOapTpoOnoA. YCTAaHOBJIEHHHE CylLleCTBeHHHE Ha-
PYIIEHHUA CTPYKTYpPHl cCoOOHIeCTBA MHKpPOApTpPONOA IMPOHUCXOAAT, IO
MHeHHIO psga aBTopoB [18], npeHMylleCTBeHHO KOCBeHHO, 4epe3 KOp-
mMOBYI0 6a3y. OaHako, momagasi B NMOYBY HeNOCPEeACTBEHHO HJH C OT-
MUDAIOUHMH YaCTAMH pacTeHU#, repbUUUAB O0OYCJOBJIUBAIOT AJHTENb-
HBIH NMPSAMOH KOHTAKT KHMBOTHHIX C OTpaBJieHHHIM cybctpatoM. Hapy-
INEeHHSA XU3HEHHHX LHKJOB M IPOUECCOB PA3MHOXEHHS Y HOrOXBOCTOK
IIPUBOAUT K PE3KOMY H3MEHEHHIO MNONYyJALHOHHON NHHAMHKH, 9TO H

onpejenisieT HHAUKATOPHYIO LEHHOCTb KOJjeMOOJ B OLEeHKe repOMIIHA-
HOT'O 3arps3HeHHs NOYB.

BoiBOAM

1. Cnoco6ul nmonanaHus repOHLHAA B OPraHW3M HOTFOXBOCTOK BJIH-
SI0T Ha TEMNBl H XapakKTep NMONYJSIMHOHHOrO pa3BUTHSA. I epOHUMI, IPO-
HUKas Yepe3 HapyKHble NMOKPOBH KOJAJAeM0OOJ, IpH KOHTAKTe C OTpaB-
JJEHHBIM CYOCTpaTOM HJIM NpH NPSMOM NONAaAaHUM NpenapaTta Ha TeJo,
UHrHOUpyeT pa3BuTHe nonyasuuu F. candida B 60nbllied CTENEHH, YeM
IPpU MOCTYNJIEHHH B OPraHu3M HOTOXBOCTOK C 3apaKeHHOH THILEH.

2. [lox neiictBueM 2,4-J1 aMHHHOH COJIH TIPOHCXOASIT CYLUECTBEHHHIE
H3MEHEeHHs PenpoAYKTHBHHX BO3MOXKHoCTeH F. candida. B no6HX 10-
3ax npenapar CHHXaeT IJIOJOBHTOCTb KOJAJeMO0O0J, BEIXHUBAEMOCTh SHILL,
a TaKXe yBeJHYHBaeT CPOK N0 MOABJIEHHS INMEPBHIX KJAAA0K H MEPHOA
3MOPHOHAJNBHOIO PAa3BUTHA.

3. Ilpenapar tokcuuen anasa F. candida xak B npou3BOJACTBEHHHX,
TaK H B JEeCATHKpPaATHHIX 103aX. [loBnienue KoHueHTpauun 2,4-I1
JIHIIb 9aCTHYHO YCYryOJsieT HapyllieHHs1 B pa3BHTHH nonyasauHi. Ilpo-
HCXOAUT THOeJib NONOJHHUTEJNbHOH YAaCTH B3pPOCJbIX KoJiem060J, Hapy-
IHAIOTCS MOBedeHHe H CcnocoOH KJAaaKu sHL. [[edcTBHe npenapara
B JIOOBIX [103aX BH3HBAaeT CHHXEHHE XKH3HECNOCOOHOCTH IOBEHHJbHHX
ocobeH Jo4YepHEro M BHYYaTOro INOKOJIEHHH, YMEHblllass BOCCTaHOBH-
TeJIbHHEe BO3MOXHOCTH NMONYJIsSHHH.

HanHas pa6oTra BHNOOJHEHa INOA pPYKOBOACTBOM mnpodeccopa
H. M. YeproBoit (MOCKOBCKHI roCyRapCTBENHBIH NeJaroruuyecKuil YHH-
BepcHTer UM. B. M. Jlennna), u aBrop 6sarogapeH 3a KOHCYJAbTAIHH.
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THE INFLUENCE OF A 24-D HERBICIDE
APPLICATION PROCEDURE ON THE POPULATION
DYNAMICS OF SOIL-DWELLING COLLEMBOLA

I. P, Balabina
Kursk State Pedagogical Institute

The influence of 2,4-D amine salt on the population growth of
a model Collembola species (Folsomia candida) was studied in labo-
ratory. Commercial and tenfold concentrations of the herbicide were
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applied on a substrate followed by collembola introduction. Alterna-
tively, the herbicide was applied on products which were once used
as food or it was applied on the cuticles of adult individuals which
were then kept on a clean substrate an fed on noncontaminated yeast.
All the experimental versions were compared with reference series.
Population dynamics indices taken into account included time of the
first ovipositions, embryonal period duration, egg survival, changes
in population numbers at certain time intervals (I, 1.5, 2 and
3 months). The results obtained indicate that the application of stan-
dard and increased concentrations has a common trend of inhibiting
the population growth of F. candida. All the experimental versions
demonstrated a delayed oviposition, distorted oviposition method,
increased egg development periods, reduced egg survival. The popu-
lation numbers growth rate depends on the way of 2,4-D application:
the number of individuals in the experimental model populations did
not change a month later while that in the reference population in-
creased 16-fold. When Collembola contacted the herbicide-treated
substrate, the population started growing only 50—55 days later
which is 33—38 days later than for the reference population. Inhi-
bited numbers growth was observed after second generation hatching
when 2,4-D was applied via cuticles. When Collembola were fed on
poisoned food, an intensive population growth was observed only
2 months later. After a 3-month period, none oif the experimental
populations reached the level of the reference one, the least numbers
being observed in the population which received the herbicide via
cuticles. So, it is clear from the experiment that population numbers
growth depends on how the herbicide penetrates into Collembola
organisms. The deviations of the numbers dynamics from that of the
model reference populations are due to disturbed egg production and
juvenile development, and reduced egg survival.

TEHOEHUHH USMEHEHUHN NMAPAMETPOB KJIMMATA
H NPOAYKTHBHOCTH PACTHTEJIbHOCTH
HA TEPPUTOPHH CCCP 3A NMOCJHEAHHUE 40 JIET

IT. A. Konrocos, A. A. Munun

Hucruryr 2106aabr020 Kaumara U 3Koa02uu
T'ockomeudpomera CCCP u AH CCCP

Beeaenne. l3BecTHO, uTO NnepBUYHAA TOAHYHAA NPOAYKIHA B 3Ha-
YHTEJbHOH CTENEHH 3aBHCHT OT COBOKYIHOCTH METEOPOJIOrHYECKHX
YCJOBHH KOHKPETHHIX JIeT — PeXHMOB TeMIlepaTyphl BO34yXa H IIOYBHI,
YBJIa}KHEHHOCTH, pajiuMalHu H T. A. [2, 5, 6, 8, 11]. UMenHo no 3To#
NpHuyKHe OOJIbIIOH HHTEpeC B HACTOsILllee BpeMsl NPeACTaBJsieT Ipo-
OsieMa BHISIBJE€HHS TeHAeHUWH BO3MOXKHHX H3MEHEHHH KOJIHYecTBa
NpoAyilHpyeMOro Ha3eMHHMH 9KOCHCTEMaMH OpPraHu4ecKoro BelleCTBa,
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JAOMHHHDPYIOIYIO 4aCTb KOTOPOro NpPOH3BOAST PACTEHHSA, B CBS3H C Be-
POATHBIMH H3MEHEHHSAMH KJHMaTa.

Lesablo naHHO# pabOTH sABJASETCS ONpeaesieHHe XapaKrepa CBf3H
NepBHYHON HaA3eMHOH roauyHod npoaAykKuuH (I[lz) H rogoBHX CyMM
HCnapeHHs C BOJZHOH MOBepPXHOCTH (ZaJjiee NPOCTO HcmapeHus) E, #
BHISIBJIeHHEe TEHIEHUHH H3MeHeHHHA 3HaueHHH# 3THX IapaMeTpoB 3a IO-
caenune 40 Jer, OCHOBaHHOe Ha AAHHHX HHCTPYMEHTAJbHHIX HabJII0-

neHu 3a k.
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Puc. 1. Cesa3sp nepBuunofi Haa3leMHon rognusofi npoaykuur (IIz) c Hc-
napeHHeM ¢ BOJAHOH NOBepXHOCTH (Ej)

Martepnan U Meroauka. OCHOBHHIMH HCTOYHUKAMH HH(POPMAILHH II0
NPOAYKTHBHOCTH CTaJaH paboTh [2, 11]. OgHako mo HEKOTOPHM IMpH-
YHHAM MH IpHUBJEKJIH AN aHaJdH3a MPaKTHYECKH BCIO JIHTEpaTypy,
yKa3aHHyl0 B 6ubauorpadpuu K pabore [2]. Ilo 3THM gaHHHM C yue-
TOM Kapthl pactureabHocty CCCP [4] 6maa nocrpoena pabouas
Kapra lly aasa paBHuHHO#K TeppuTopun CCCP B npenenax ymepeHHHX
INHPOT, I'le NpPeACTABJeHH JieCHHE, CTelIHHe W NYCTHHHHe JaHamad-
Thl. 'ogoBHEe CyMMH Eg B3TH H3 [9)], B KOTOpHX NyOJIHKYIOTCA pe-
3yJbTaTh NPOBOAHMHIX MO €AHHOH MeTOAHKe HabJIOAeHHH Ha MNOYTH
000 cranuusx BogHoucnapureabHoit cetn CCCP [7] ¢ 1949—1951 r.

HcnapeHue ¢ BOJHOH IOBEPXHOCTH OIpelelieTCss KOMIJIEKCOM
aTMOCepHHX YCN0BHH. OCHOBHEIMH CpeAH KJIHMMATHYECKHX BEJHUMH,
¢dopmupylomux £y, ABJASIOTCS pagHallHOHHHHA 6ajiaHc, Ae(HLHUT BJaXK-
HOCTH BO3JyXa H CKOPOCTb Berpa. TakuMm obpa3om, Eg MOXKeET CAYXHTb
B KaueCTBe KOMILJIEKCHOrO IOKa3aTtelsi XapaKTepH3yIouliero crnocoob-
HOCTb aTtMocdepnl NPHHHMATL BJary. B 3ToM CMHCJe OH 6JH30K K MO-
HATHIO HCNapeHUs C INepeyBJaXKHEHHOH CYIUH, HUCIOJb3OBaHHE 3Haue-
HUH KOTOpPOro 3aTPYAHEHO H3-3a OTCYTCTBUSA AJHUTEJNbHHX CONOCTaBH-
MHX PAAOB JAaHHHX, OOYCJIOBJIEHHOro MEeTOAHYECKHMH CJOXHOCTAMH
HelmoCpeACTBEHHOI0 H3MepeHHUsl 3TOro napamMerpa.

PesyabtaTh M 00cyxkpaeHHe. Ha puc. 1 npuseaeH rpadHk cBA3H
cpeaHHX roaoBHx 3HaueHHd Ey m Ilg. Kaxknas touka Ha rpaduxe co-
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OTBETCTBYET CpelHeMy 3HauyeHHI0 napamerpa B 2-rpaiyCHOHN siueliKe
COOTBCTCTBYIOIIHX KapT. YHuciao Ttouek okKoJao 300, npoayKTHBHOCTb
jaHa AJs MacChl CyXOro BeliecTBaA.

Ha pHCyHKe BHAEJAIOTCA YYaCTKH C OTHOCHTEJbHO SICHO Bblpa/heﬂ-
HBIM XapaKTepOM CBA3H: NPH 3HauyeHHsAX £y MeHee 40 cMm/roag u 6ogee
70 cm/roa. BHsBJAeHHHE YYaCTKH COOTBETCTBYIOT IOXKHHM (NYyCThIHA,
NONYNYCTHIHS U CYXHe CTellH) M CeBepHBIM (J1eCOTYHApa, ceBepHas
tafira) JaHawadrTaM. B npeaenax 3HaueHud £y, paBHHXx 40—
70 cM/ron, 3naucHus II; kKosaeGawrcs or 50 no 120 u/(ra-rox). Ira
o6JacTb Ha rpa¢uke YCJOBHO BHJe/J€Ha HAMH KaK «30HA KJjHMarTiiye-
ckoro ontuMyma». QueBHAHO, UTO B COOTBETCTBYIOLIHX 3TOH 30He NpH-
pPOAHHX JaHAmadTax KJAHMATHYECKHe YCJOBHS HaHOoJiee OJiaronpH-
ATHH AJd (POPMHPOBAHHUA (PHUTOMACCHL H He ABJAAIOTCA JHUMHTHPYIO-
ILUMH, TeppHTOpHAJBHO 3TO PAHOHBI JIYTOBOH CTeNH, LUHPOKOJUCTBEH-
HBIX JieCOB H 10XKHOH TaWrd — HauboJiee NPOAYKTHBHBIE H Haubo.l1ee
OCBOEHHBIE JaHAIIAPTH YMEepeHHHX IIHPOT.

Xapaxrep cBa3u Ily ¢ Eg MoXeT ObITb OOBSACHEH OCOOEHHOCTSIMHU
npouccca accuMuasuun CO; pacTeHHSIMH M CONPOBOXKAAMOLIEro €ero
npouecca Tpancnupaurd. O6a 3TH npouecca 3aBHCAT OT TeMNEpPaTypH
BO3yXa H padHalHOHHOro 6ajaHca, XoTsl HanpasJieHHs noToxoB CO;
n HoO npu sTom nporuBonosioxkHbel. B To BpeMsi Kak £y MOHOTOHHO
BO3pAaCTaeT C POCTOM TeMnepaTtypbl BO31yXa H paauvauuoHHoro Oa-
1aHca, accuMuaauua CO; v GPOTOCHHTE3 HMEKT MAKCHMyM, CBSI3aH-
HBIII C HEKOTOpPOH ONTHUMAJbHOH IJisi 3THX MNpPOLECCOB TeMmliepaTypoH.
JedCTBHTeNbHO, H3BECTHO, 4YTO CKOpPOCTb (OTOCHHTE3a MPONOPLUHO-
HaJabHa cBeTy U noToKy CO,. OxpHoBpemeHHO ¢ nmOoTOKOM COjy B OTKpHI-
Thle YCTbHUA Hcnapsiercsl Boaa. Ha HeKOTOpOM yvyacTKe CYyLUICCTBYeT
JHHeliHas CBSA3b MeXJAY CKOpOCTbI0O (QortocHHTe3a H notokom COs,,
a, cJe10BaTeJbHO, U MEXKAY CKOPOCTbIO (DOTOCHHTE32 U MOTOKOM TpaHC-
nupupyemon BoAH. Ilpu cuabHOH cyxocTH Bo3ayxa (6oJiblioM aedu-
[UTe BJAAXHOCTH) YyCTbHLA 3akphiBaioTrcsd, CO, nepecract nocrynarb
H QoTociHHTe3 npeKpauaercad. AHAJOrHYHBIA npouecc HabuaaaeTcss H
IpH 3aTeMHeHHH. ECTeCTBEHHO, 4TO CBfI3b B 3THX YCJOBHAX U NPH NpHU-
OauKeHUH K HHM YyiKe HeJIHHelHas. Ecau temnepatypa Bo3ayxa npe-
BHILIAET HEKOTOpOe 3HAYeHHe YCTbHUA TakKx>Ke 3aKpbIBAIOTCA H HabJio-
paeTcsi aHaAOrvuHHH 3¢Q¢exkr. Boaa nocrynaer B pacreHHs 3a cCUeT
OCMOTHYECKOro JaBJeHHS H BCacbiBalouleH CHJbl KOpHe# IJsd BOCIHO.I-
HeHUs BJIard, HCTpPAYeHHOH Ha TpaHcnupauuw. CjheaoBaTelibHo, £y He
MOKeT OblTb NpuuuHOH I, a ABagercs aHWb YAOOHHEIM HHJIHKATOPOM
IPOAYKTHBHOCTH.

OueBHAHO, 4YTO, eCJAH aTMoc(epHhe YCJAOBHS, HHAYLHpyeMbie E,,
H3MEHAIOTCA B TeueHHe MIJHTEJbHOrO nepHoaa, T. €. Habawaaercs
TpeHa Eo, OTBeTHAs peaKLUus NPOAYKTHBHOCTH PACTHTEJbHOCTH Oyaer
Pa3JHUYHOH BHE H BHYTDH «ONTHMAJIbHOH 30HH». Tak, HanpuMmep, najae-
Hue Ey B aHanasoHe Ey < 40 cm/roa npuseso 6H K peajiu3allHH B CO-
OTBETCTBYIOLHX NPUPOAHBIX 30HAX YCJOBHH HCIIAPEHHS, CBOHCTBEHHHX
APYrdM 30HaM C MeEHblIed NpOAYKTHBHOCTHIO. B TO Xe BpeMsd aHaJso-
FHYHOe najgeHHe 3HaueHuil £, B aAnanasoHe Eq > 70 cM/roa BH3BaJ0o Ob
NIPOTHBOMOJIOKKHE MNOCJHEACTBHA, CBA3aHHHE, BO3MOXHO, C YyBeJHYC-
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HHeM TPOAYKTHBHOCTH. OAHAaKO BHYTPH «ONTHMAaJIbHOH 30HH» H3MEHe-
HUsl £y He BH30BYT KaKHX-JHOO CYLIEeCTBEHHBIX H3MeHeHuH [,

OnpenejieHHe TeHAEHUHH H3MEHeHHH TOAOBHIX CyMM Egy B pasiHu-
HHXx pernoHax CCCP npoBoAMAHCH NYTeM pacyeTa HOPMHPOBAHHHX
aHoOMaJHni A; HCNapeHHs, 3HaYeHHA KOTOPHIX 3a TeMJbli MepHOa Olpe-
neAsiJuch 1o popmy.ie

A = vkt (1)

U »

rie (—roa, £FEo—cpejiHee MHOroJieTHee 3HauyeHHe, O — Cpe/iHee
KBaJpaTHUecKoe OTKJOHeHHe psaaoB Ey.

Kapte 3HauyeHH A aHAJH3UPOBAJNHCb HJA TpeX HdEeCATHNETHH:
1951—1960, 1961—1970, 1971—1980 rr. Ilpu aHanKH3e yYHTHBAJICSH
TOJIbKO 3HaK aHOMaJaHH, T. €. A << 0 uan A > 0. Takum nyTem MB H3-
Gerasu BJHSHHS OLIHOGOK uaMmepeHud Ey Ha ucnapureasx I'T' K1 — 3000.
AHaJH3 NPOBOAHUJICA MO KBaApaTaM peryJspHoi reorpadHIeCKoH CeTKH
4% 6°. B Tex caywadax Koria Ha IJIOLlAaAH OAHOro KBajapara BCTpeua-
JIMCb KaK MNOJIOXKHTEeJbHHEE, TaK H OTpHllaTeJbHHE aHOMAaJIHH, OH KJlac-
CH(PHLHPOBAJCH KaK OTHOCSALIHHCA K TrpaHHuue MexAay o6JacCTAMH IMO-
JIOXKHTEJbHHX M OTPHIATEJbHHIX 3HaueHHH A. Hucao ger ¢ A0 wu
A > 0 6HJIO PacCYHTAHO I/ KaxKAOro KBajpaTa 3a Kaxjaoe H3 Tpex
necsituneTHi. B pesyjbrate Ha OTPOMHOH TEPPUTOPHUH (pHC. 2) OTMe-
YeHO HallpaBJIeHHOe CHHXEeHHe 4YaCTOTH IOJIOXHTEJbHHX AHOMAJIHH 32
nepuox 1951—1980 rr. u CcTOMb XKe HanpaBJeHHOe BO3pacTaHHEe yYa-
CTOTH OTpHIlaTeJibHHX aHOMaJHu#. TOT (pakKT, HECOMHEHHO, YKa3hBaeT
Ha peaJibHOe YMeHblUIeHHe HCNapeHHd B 3THX objsactax 3a 30 Jer.
B He3amiTpuxOBaHHHX 06s1aCTAX Ha pHUC. 2 OTMEYEH INPOTHBOMOJOXK-
HHI npouecc: JHO0 pOCT YaCTOTH INOJIOXKHTEJbHBIX aHomanaui Ej,
Ju60, KaK MUHUMYM, «HEYMEHbIIEeHHEe» 3TOH YaCTOTHI.

B 1uensx BHABJEGHHSA [AONOJHHTEJNbHBIX CBHAETENLCTB HAJHYHSA
TpeHaA0B HcnapeHHd Ha TeppHTopHH CCCP 6ninu npoaHanu3HPOBAHH
MHOroJIeTHHE H3MEHEHHSI TFOAOBHIX MAKCHMYMOB £y mo AaHHHM cdop-
MHPOBAaHHOrO apXHBAa HCIIapEeHHS HAa MAarHUTHBIX HocHTeNAX. [lonyuen-
HHe rpapuku (pHc. 3) CTOJNb HarJdsiiHO CBHAETEJbCTBYIOT O CYILIeCT-
BEHHOM H IIpaKTHYECKH moBceMecTHOM Ha eBponedckod uyactu CCCP
(EYUC) nanenvu 3HaueHuit Eg 32 19561—1987 rr., utro He Tpebylor cne-
IIHAJbHEIX NOSACHEHHH.

PeallbHOCTb OTMEUEHHOTr0 yMeHblIeHHS HCNapeHHs 3a MOoCJeAHHe
JeCSTHJETHS KOCBEHHO TNOATBEpPKAAeTCH H HCCJeJOBaHHUSIMU pAla as-
TOpPOB, NOKAa3aBIIMX Ha/iMu¥e TPEHA0B NaJeHHs TOTOKa NPSAMOH CO.1-
HEeYHOIl paavalHd M CHHXXEHHS CpeJHeH rol0OBOH TCMMNEpaTypH BO3-
ayxa B ceBepHoMm mnoaymapuu [l, 3, 10, 12], a Takxe BO3pacTaHu4
3aMYTHEHHOCTH aTMocdepH, 3aAepXXHBaIOUIeH NOCTYIJIeHHe Ha To-
BEPXHOCTb 3eMJH NPSIMOH KOPOTKOBOJIHOBOH paauaunu (B OCHOBHOM
onpeaensioued Npouecc HCIapeHHs ¢ BOLHOH NMOBEepPXHOCTH) (pHC. 4).

CoBMecTHoe paccmoTpenHe rpacuka cBsa3u [l,=fE, (cm. puc. 1)
M PHUC. 2 MO3BOJHJO TIOCTPOHTL KapTy OLEHOK HamnpaBJIEeHHOCTH H3Me-
HeHu#i npoayktuBHocTH (Il;) 3a nepuox Habawaenuit 1951 —1987 rr.
(puc. 5). Pasymeercs, npeanoJsiaraeMble U3MEHEeHHs] MPOAYKTHBHOCTH
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Puc. 3. MuoroseTHHA XOA MAaKCHMAaJbHHX B roxéy MECAYHHX SHayYemmi# HH-
TEHCHBHOCTH HCNapeHHs ¢ BOAHOA noBepxHOCTH (Egp) N0 HeKOTOPHM HYHKTaM
Ha 'reppn'mpau CCCP.



g BHISIBJEHHHIX Ha PHC. O O6JaCTAX MOTYT B JAEHCTBHTEJbHOCTH OKa-
3aTbCsl HeGOJbUIHMH H BO BCAKOM cJiydae TpeOYyIOT NPsIMOro NoATBep-
KJEeHHs, HO o01as HanpaBAEHHOCTb NPOLECCOB B TOH Mepe, B KOTOpo#h
NPOAYKTHBHOCTb CBSi3aHa ¢ Eo, OYeBHAHO, He BHI3WBaeT COMHEHHH, 10O-
CKOJIbKY OMHpaeTcsi Ha peaJibHHE JaHHbHEe 00 H3IMEHEHHSIX HCNapeHH
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Puc. 4. luraMHKa OCpeJREHHHX MO CEBEPHOMY MNOJYIUAPHIO KJAHMa-
THYECKHX BEJHYHH.

Q — CPeAHHEe TI'OAOBhLIe XAPAKTEDHCTHKH 3aMYTHEHHOCTH (IPO3pPadHOCTH) &TMO-

chepm no [10); 6 — saMyTHeHHocTh aTMochepn no [12]; 8 — anoMannu npsiMof

coNeqHoRl paavanue no [3); 2 — aHOMAJHH TeMNepaTtyps Bo3ayxa no [3); .0 —

NATHAETHHE CKOJIb3flHe CpeAnHe AHOMAAHH -reuuepa'rygu Bo3nyxa (I — Tell-
Jioe TOAYroAHe, 2 — xojqoaHoe) no [3).

C BOAHOH NOBEPXHOCTH 3a JA0OCTATOYHO AJIHTEJbHHH TNMEepHOX BpPEMEHH.

[IpoBeneHHOe HCCJiegoBaHHe CTaBHT psAAx BompocoB. Ilodemy 06-
JacTH MNafeHHs HcnapeHHs pacnojsoxeHm Ha teppaTopuu CCCP
HMeHHO Takum o6pa3om? CBfi3aHO JIH TaKOe PAacCHOJIOXKEHHe C NYTSAMH
TPaHCIIOPTHPOBKH a3p030JbHHX aargﬂsnennﬁ B aTMocepe?

H3meHnsiercsas nu npH nageHud E, peasbHOoe HCNapeHHe C MOBepX-
HocTH cymid (E)? A oHO MOXeT H He H3MeHATbCS, OYAYYH CBA3aHHHIM
C Eq no ¢popmyae Onabaekona

E ——— Eo * th "'""""""_"""_x Eko). (2)

TAe x— Mecs4yHas CyMMa OCaagKOB, Aw — H3MeHeHHe 33 Mecsl 3ana-
COB TI0uBeHHOH Bsaru, th — runep6osnuecKHi TaHreHC.

37



YoI'WW 00 > %7 > You/wu (0F Xewdwddn € 07 XEUHOHAWEH xmooir ndu 11 yHHOINONEH XMIBW GLOBKQO = ¢ ({07} =
— W1 nredd gglos keawvdn) o7 wordod 2 M onmomauowd --p ((°y)/ — " wesad qalow Beawndn) °F WOHHIMAHOWL O "1 1od — g
(OF) =] nerEd 99108 seaedn) 7 waunamanaws o Y[[ onnowanonk — g (°y)) = "1 nesed> quaies Keaar) ° wordod o ¥)p 1dvod — g
11 J961—166] HuHOVourgen Yondon ee (07) uidonxdagon poHwod d KnHad

-RHOH OJOSOT0d HWHBHHOHIWEN O HEBED A (M

1) HidoHgHiMATOodu HHHIHOWEH MHLDOHHIIrdedUeH MOHAINO eide)] ‘G 'OH(

ﬂ N- fl._- . J
i 1 +E3 <HR (72 B ) ¢
.“- / o e ._.....-._._.lruWII el ey,
L) - — el u“
f — —
i . . .
? » pn—y I-\v ’ x XY, “““
» . WY
RN RIS 1
.f F AN
e N %20 %e% -~
* . N £ il X X 350 ..
. iiﬂf’ v u Ln o 005" “ﬂ
o 0NN 20207020862 %0 %% -&'
e SRS RIAR LK X R IXRRHHH LRI R TR R; &
CETILIRIHKI A 000200000 0000 %000 26 %020 % 00 %% %% %% Y
QA AR RICRICIEHXIRITHICHIIIIIHHIIAK o
2202070%%% % 00t 0000000 2020 26002072656 %6%6%4 %% %% %% %+
OIS 000000000600 0020 000670000026 2426267026762 2% % 26 %
» ) P, 0.0.0.0.0.0.0066.¢.0,0.600.2000600049400
KX 900095000700 007000 7000 %- 5-92%0% il g 20 00 000 20 %
OOOIEY 000050070 00000 0% % /4 OO
CHOORKS 02000002 0062000 0 2 %% A%
005000 7203070202626 %6%% % %% V 1%%%°
107002020707 % %% %
111
OO ““
-
, a0l ARRRR T
oladetele’, 0galeledete?
Sote 0%’ 0SGRKY \\LLI TS an
2 >OC O ROOC Ll EE
000000 A .
oo seleleY. 53 LS 1
Wt 0. €000 09 n
. 0.9.0.0. 0.4 4 re
£ 0RAIRKKS
CSXIXNCS 74 -
» 9@ *% .
(R HX XS A
070 % 0 %% :
96%%* B
e vebe e
OSSR -
000l
040,808,7 /4 -
) 390500 4 24 —
ool b 78 AR a
o PN g : 20000000 20000020 a
S P e 0. ¢ 200000006 000 % ;
o’e . ' Ol 00070% %% %% -
0,0,9.%, ¢ i B OOR
0.9 g O PP 000 :
ee% e 80,00 1
O . 7/ 5. 4
K _ e e,
o \\z £




Bce 3tH BOmpocH TpeOyiOT AaJbHEHLIHX YIrJayO6JeHHBX HCCJaenoBa-
HUH. OAHAKO yXe Ha AaHHOH CTAaAHH OYEBHAHO, YTO B 00JaCTHAX MHO-
roJeTHer0 YCTOHYHBOrO yMeHbLIEHHS HCIAapeHHs [OJixkKeH 3aTyXaTh M
TellJIO-BNAaroo6MeH, TakK Kak H3BeCTHO, 4T0 Eg &~ R/L, rae R — paaua-
UHOHHBA O6aJiaHC NOACTHJAlouled mnoBepxHocTH (3], L — yaeibHas
TelJoTa NapooOpa3oBaHHs, H YyMeHblIeHHe £y CBHAETEJbCTBYET O Naje-
HHH R, 4TO B CBOIO oYepeAb BJieyeT 3a cOOOH NOHHXKEHHe YPOBHS 00-
ME€Ha MaCCOH H 3HeprHeH MeXJAy NOBepPpXHOCTBbIO CYIIH H aTMocdepoH,
ONHCHBaeMoro 0anaHCOBHM ypaBHeHHeM: R = LE+ P+ B, rupe LE —
3aTpaTH TelJa Ha HcnapeHHe, P — typOyJieHTHHA OOMeH ABHHIM Tel-
JIoOM, B — Temjioo6MeH ¢ noyBo#. B 3TOM cJyiydae mposiBJsieTcss KJUMa-
TooOpasywouas poJb HCHapeHHss ¢ BOJAHOH NOBEPXHOCTH (TOYHee ee

HHAHKAUHOHHASl pOJib), YTO MNOAYEPKHUBAET BAXKHOCTb H3Y4YEeHHS 3TOH
KJHMaTHYECKOH BeJIMUHHHI.
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TRENDS IN CLIMATE AND PRODUCTIVITY PARAMETER
CHANGES OVER THE LAST 40 YEARS IN THE USSR

P. A Kolosov, A. A. Minin

Institute of Global Climate and Ecology, USSR State Committee
for Hydrometeorology/lUSSR Academy of Sciences

The paper discusses the problem of plant cover productivity
changes related to climate fluctuations. A relationship is obtained
between the primary epigeic annual production and surface water
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evaporation from data of the USSR Water Evaporation Network and
from literature data on the productivity. Based on reliable evapoura-
tion trend observations conducted in 1951—1987, regions with a sup-
posed decrease, growth and stability of multiyear regimes of the
annual plant productlon are identified, and respectlve maps oi the
productivity trends are constructed.

UCCAENOBAHHUE NMNOYBEHROIO PACTBOPA
B LEJAX 3KOJOI'HYECKOIO MOHHUTOPHUHTA

M. C. Marununa, I'. B. Mory3osa

Mockoackuii ecocydapcrgennsiit yHugepcurer usm. M. B. Jlomonococsa

B opraHusauuu ¥ npoBeleHHUH 3KOJOTMYECKOrOo MOHHTOPHHTra, He-
COMHEHHO, BaxXHOe MCCTO AOJIKeH 3aHHMAaTL KOHTPOJIb XHMHYECKOro
COCTOSIHUS NMOYBEHHKX PAaCTBOPOB KakK HauboJce AHHAMHYHOIO TNOYBEH-
Horo KoMnoHeHTta. CocTaB MOYBCHHOrO pacTsopa B NoJHOII Mepe OTpa-
>)KaeT BJHMAHHE U BHEWIHUX ¢aKTopoB (Ocanku, peJsbed, Bbicuiasi pac-
THUTEJbHOCTb), W BHYTPHINOYBEHHBIE YCJOBHS (BOAHC-BO3AYUIHBIH pe-
>KHM, BellleCTBEHHHIH COCTaB NMOYB, NOYBeHHAas 6HOTA). AHTPONOrCHHOE
BO3JeHCTBHE Ha 3KOCHCTEMY HeH30eXXHO CKa3hBaeTCs HAa CBOICTBAX
IOYBEHHOr0 pacTBopa.

[louBeHHBle pacTBOPHLI HauaJH BbAEAATH H3 MOYB elle B KOHLe
npoujioro Beka (lllsaesunr, 1886 r.). OgHako 10 CHX NOp Yy HCC.Ie10-
BaTeJled He CJOXKHJOCbL €JUHOro MHCHIA 10 BONPOCY, UYTO Ke Npel1-
cTaBJ/sisieT COO0H MOYBEeHHBLIH pactBop. CYyLUCCTBYCT MHOrO ero ofnpejle-
Jenuii. Haubonee crtporoe onpepencHue npuHagiaexur I[lupcony,
COrJIaCHO KOTOPOMY HNOYBEHHHIH pacTBOP — 3TO «KBa3HPABHOBECHBI
pacTBOp 3JEKTPOJIHTOB, KOTOPHIA CYIUECTBYeT B IOYBe MpPH YCJA0BIAX
HENMOJIHOro HacHIlUeHHs BJjaro#i». [lo muenuio J1. C. OpJaoBa, 310 onpe-
JesleHHe He SIBJSeTCS CTPOrHMM, MMOCKOJIbKY He Ha3BaHbl J10NYCTHMBIE
npejaebl BJAaroHacCHIEeHHs H KOJHYECTBEHHO He OIpeleJieHH YCJI03HS
KBa3upaBHOBecusi. CaM aBTOp jnaeT AOCTATOYHO IUHPOKOE TOJKOBaHHeE
NOoYBeHHOro pactBopa. Ilo ero omnpenesieHH10, «MOYBEHHBIH PaCTBOP —
3TO XHAKasA ¢a3a NMOUBH B NPHUPOAHHX ycjaoBusax» [1]. Bausko K 3to-
My onpeaenedne Cno3uto [2]: «J/labunbHas BoaBas ¢a3a NOYBH —
MOYBEHHBIH PacTBOp — 3TO 0cobasi AMHAMHUYH2sd OTKpPHTAas NpHpPOAHAad
BOAHAasA CHCTeMa, COCTaB KOTOPOH YYTKO OTpaxKaeT MHOXKECTBO peak-
IIHH, KOTOpPHeEe MOIYT INPOHCXOAHTb OJHOBPEMEHHO MeXAY BOAHEBIM
pacTBOpPOM H CMeCbI0 MHHEpaJbHBIX H OpraHHYeCKHUX TBEpPAHX UYaCTHII,
CMechblo, KOTOpas caMa no cebe MeHAeTCA KaK BO BpPeMeHH, TaK H
B NnpocTpaHcTtBe». TakuM 06pa3oM, corjacHo onpegenenuaMm Ilupcona
H Cno3uTO, NOUBEHHHH PacTBOP He ABJASIETCHA CTPOro PaBHOBECHOH CH-
ctemMOH. IJouBeHHHEe pacTBOPHl NPEACTABJEHH PAa3JHYHHMH (HOpMaMHu
NOYBEHHOH BJIaTH ¢ PACTBOPEHHBIMH B HHX JIEKTPOJHTAMH — IpaBHUTa-
IIHOHHOH, KaNHJJNAPHOHA, MNJEeHOYHO-KANHAJAPHOH, agcopOHPOBAHHOM
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H T. 1. YCc/a0BUsL 00pa30oBaHUsA HX H, CJAeJ0BaTe/NbHO, XHMHYECKHH CO-
ctras OyAyT pas3JHM4yHH. ' paBUTALHOHHYIO BJIary XapaKTepPH3YIOT JIH-
3UMeTpHYeCKHe BOJH, COCTAB KOTOPBIX CBHAETEJbCTBYET O CIIOCOOHOCTH
XUMHUYECKHX BeLIeCTB MUIPHpPOBaTh B npoduJe NOYB H B JaHIuwagdTe.
boJsee cBs3aHHble ¢OpMbl BOAHW (KanuauasipHas, aacopO6HpoBaHHas),
10 HalleMy NpeACTaBJIeHUI0, B 60JblleH Mepe COOTBETCTBYIOT NOHSATHIO
«[IOYBEHHOT0 pacTBOpa» KakK KOMMNOHEHTAa HCCJeAyeMOro THAa IIOYBHI.

B nureparype AaHHHX O COCTaBe NOYBEHHHX pacTBOPOB CPAaBHH-
TCJIbHO MaJI0. DTO CBA33aHO CO 3HAYUTEJbHHIMH TPYAHOCTSIMH BHaeJe-
HUSA NOYBEHHBIX pacTBOpOB. B GONBUIHHCTBE CBOEM METOAK TPYJAOEMKH,
JUIHTEJbHBI W TPeOylT CHCLHAJbHOH H JOCTATOYHO TIPOMO3AKOH M
CJOHOI annapatypel. K TakuM MeTonaM OTHOCATCS OTXKHMaHHe (OT-
IpecCOBbHIBAHHE) pACTBOPOB TIIpH BHCOKOM JAaBjeHHH. ClOXHOCTb
YCTpPOiIiCTBA IIPECCOB, C NOMOILbIO KOTODPHIX NPOBOAHTCH OTXKHMAaHHE,
YBeJHUHBACTCA MO Mepe BO3pAaCTaHWs 3aJaHHOro aamJeHus. KHcnoab-
3yIOTCA AaBacHusA, cocrasaswomie 1000—20 000 kr/cm?. MeTtoa ULeHT-
pudpyruposanusa (600 o6/MHH) gaeT BO3MOXKHOCTb BHAEJSATh MNOYBEH-
Hble PACTBOPH TOJLKO H3 NMOUYB C BJIAXKHOCTbIO, OJIH3KOH K IMOJIHOH BJa-
roeMKOCTH. IlpHMeHeHHe BHITECHAOWEH XHAKOCTH (OOMYHO 37O OHI-
BaeT 3THJOBBI{ CIHPT) XapakKTepHU3yeTCss TeM, YTO CNHPTOM BHTECHS-
eTCs1 CBOOOJHAs 4YacTb MOUBCHHOTO pacTBopa M3 KanuaasponB. OaHako
M 3TOT METOA He CBOOOAEH OT HeJOCTAaTKOB. Bo-nepBHX, BHITECHEHHE
MPOBOAUTCSA, KAK NPaBUJO, B j1aDOPATOPHHIX YCJOBHAX, MO3TOMY IIOYBA
JOJI;KHa OHTbH JOCTaBJjieHa OT MeCT HCCJAeAOoBaHHs B J1abopaTOpHIO.
Uem 6oabuiui 06beM pactBopa Tpebyercs AJisi aHaJgu3a, TeM 00Jblive
KOJHYECTBA IMOYBH NPHACTCH AOCTaBJAATb. BO-BTOPHIX, H3 TAXKEJNHX
MMIMHUCTHIX IOYB ¢ HU3KOH BOAONPOHHILA€MOCTHIO BHITECHHTb PacTBOP
XXHAKOCTbI0O OueHb TpyaHo. [loaTomy yacto HccJenoBaTeNlH UAYT MO
NyTH NPHUMEHEHHS SMIHUpHUYECKH MNMOAOOpAHHBIX 3KCTPAreHTOB, HMHTH-
PYIOIUHX AeHCTBHe HA TBepAble (Ppa3nl MOYBEHHOTro pacTBopa, (hoOpMHU-
pyloliero CBOH COCTAaB MNPeANOJIOXKHTEJbHO NYyTeM BHTECHeHHs OOMeH-
HbiX KaTHOHOB. [lOCKONBKY KaabUHH OOBLIYHO SIBJASETCA AOMHHHPYIO-
IIIHM KAaTHOHOM B MOYBEHHOM pacTBOpe He3acoJieHHHX mnouB Cxroduna
H Teitnop [6] npeAsOXKHAH NPHMEHATb €ro B KayeCcTBE 3TAaJIOHHOIO
BHITECHAIOLUEro HOHA U H3MePATb KOHUEHTPAUHIO APYTrHX HOHOB B II0Y-
BeHHOH CycneH3ud, npurotoBaeHHod B 0,01 moan/n pacrBopa CaCl..
IlonyyeHHBle pe3yJbTaTH JIHIUL YCJOBHO XapaKTepH3YIOT INOYBECHHHIH
pacTBop.

B nocneaHee Bpems A4 H3ydeHHs] COCTaBa MNOYBEHHOTO pacTBOpPa
IpH HCCAEeAOBAHHH NUHTAHUS PACTEHHH HJH COJAepXKaHHA 3arps3HsIo-
L{HX BelleCTB NPHMEHSIOT OTOOp NOYBEHHHX pacTBOPOB C INMOMOLLBIO
BAKYYMHOH 3KCTPAaKUHH B MNOPHCTHIE BOJAOCOODHHKH, NOMEIUEHHHC
B MOYBY HJH OTHAeJbHble NMOYBeHHHE TFOpH30HTH. IIpH 3TOM co3paercs
BakyyM jao 0,8 6ap (8 M BoasiHoro cronb6a). B KauecTBe NMOPHCTHX
MaTepHaJoB IJIsi H3FOTOBJIEHHA BaKyYM-(UJABTPOB LIHPE BCEro HCMOJb-
3YIOTCSl KepaMHYyeCKHe MNOpPHUCTHle MaTepuaJih, a TaKXe (HAbTPHI, H3-
rOTOBJIEHHEIe H3 HEHUJIOHA, HeJIONIO3b, TedJoHa, NOJHITHICHA H T. A.
(taba. 1). Pasmep nop ¢uabtpoB cocrasaser 0,4—0,8 umM. Puabtpu
1JI BAKVYMHOH 3KCTPAKUHH NOYBEHHBIX PACTBOPOB, B OTJIHYHE OT IOU-
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BEHHHX JH3UMETPOB, HMelOT He(oJbllHe pa3sMepH ¥ BHOCAT MAJO Ha-
- PYLI€HHHA B THApPABJHYECKHHA pexXuM I1o04B. OTKauHBaHHE PACTBOPOB
NPOU3BOAUTCA NPH OTHOCHTENbHO CTAHAAPTHBHIX YCJOBHAX, YTO NO3BO-
JisleT CpaBHUBATh NOJIyYeHHBIe pe3yJbTAThl MO XHMHYECKOMY COCTaBY
NOYBE€HHHX pactBopoB. IlosaraeM, 4YTO INpH CO3LAaHHH paspeXeHHUs
IPOUCXOAHT OTAEJeHHe U KaMUIJAPHOH U PHXJOCBA3AHHOH BJIATH #
PACTBOPEHHHX B HeH 3JIEKTPOJHTOB, HAaXOASIIHUXCS! B COCTOSAHHH KBa-
3upaBHoBecHd. IlocienHee CBsI3aHO C NPOYHOCTHIO YIAEPXKHUBAHUS MOY-
BOH BJIaru, KOTopasi 3aBHCHT OT pa3Mepa Kanuaasapos u nop. [lpexn-
nonaraercs [4], uro npu paspexeHuu 0,75 6ap (7,5 M BoasiHOroO
ctronfa) oTKayuBaeTcs pacTBOp U3 nop pa3mepom 4—60 M. Pannyc
Bofocbopa cocraBasier 20—30 cM. IIpunaraeMbit BaKyyM 3HAUHTEJIbHO
yCTynaer BcacHBamolled CHJe pacTeHHH, KoTopasl y JAepeBbeB, HalPH-
Mep, cocraBJseT npuMepHo 15 6ap.

Tabauya 1

CpaBHeHMe Pa3NNYHLIX MATEPHAJOB, HCMOJL3YEMHX B WNPOH3BOACTBE (PHIALTPOB
AJA BAKYYMHOH SKCTPAKUMH MOYBEHHHIX PACTBOPOB

Martepnan Crneunaabunie cBoficTBa HepoctaTku

KepaMmuka JlemleBH, UWIHPOKO HCNONB3YIOTCH | 3azepxuBaoT P, Moryr soiBer-
PHBATbCH, BHIIEJAaYUBasg HOHH,
OrrocutenbHo xpynku. O6Ja-
J2I0T BHICOKOA HKOHOOOMEHHOH
CNOCOOHOCTRIO

Tedaon XHMHYeCKH  HHepTHH, Jerko| [doporocrosmue. Moryr BHCBO-
BCTABASAIOTCHA, NPOYHH., MOXHO| 60XAaTh KaJbUHH
peryJHpOBaTh pasMep Nop B 3a-

BHCHMOCTH OT THNA TOYB

Crexsno (cneuu- | JeureBn XpynKn, He MOTyT HCNOJb30BaTh-

aJibHHE BHJH) CA B Cyxux ycaosHax. HMeior
HOHOOOMEHHYIO . ClIOCOOHOCTH

He#inoH Huskas nHonoo6MenHas cnoco6-| OTHocHTeabHO XpyikKH. MoryT

HOCTh BLICBOOOXK AaThb a30TCOAepIKallHe

KOMIIOHeHTH. J[lopors. ue MOryT
HCNOJAB30BATECA B CYXHX yCJO-
BHSIX

[TnacTek Her apcop6buunn/gecopbuun Hexortopas 3anepxkka Al. He Mo-
rYyT HCHOJb30BAThC B CYXHX
ycAoBHAX. HexoTopHe BHAH MNO-
e1aI0TCH XHBOTHHIMH

MeTon oTcachHBaHHSI NOYBEHHBIX pPAaCTBOPOB C NOMOUIbLIO BaKyyM-
HHX (PHABTPOB HMeeT PAL HeIOCTaTKOB. BO3MOXHO H3MEHEHHe ecTeCT-
BEHHOI'O XHMHHYECKOro COCTaBa IIOYBEHHOI'0 pacTBopa 3a cueT 3ajep-
JKMBAHHsl €ro KPYIHHX MOJIEKYJ IOPHCTHM MarepuHaJioM (pHJIbTpa, NO-
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3TOMY PeKOMeHAyeMHHd pa3Mep mop 4vaule Bcero cocrtasJsier 0,5 HM.
Jas HccaenoBaHHsi JAHHAMHKH INOYBEHHOr0 pPacTtBopa NpPo6OOTOOPHHKH
c/eA0BaJio OH OCTaBJATh B MOYBE Ha LeaHn# roa uau 6ogee. Ilpu aToMm
BO3MOXKHO paspywieHue ((¢pH3HYeCKOe HJIH XUMHYecKoe) (DHAbTPOB H,
KaK CJIeJCTBHE, IIepexoJ B PpacTBOp IMPOAYKTOB HX BbIBETPHBaHHSA
(B ocHoBHoM Ca, Al). [leficTByss Kak HOHOOOMEHHHK, HEKOTODbIE Ke-
paMHyecKHe (PHJIbTPBI MOTYT 3arpda3HdaTh Npoby pacTBopa BHITECHEH-
HBIMH H3 HX COCTaBa KaTHOHAMH, aacopOHpPyss HAa CTEHKax NpH 3TOM
KATHOHHl MTOYBEHHOr0 pacTBOpa.

HJsi moJiyyeHHs1 NOYBEHHOro pacTBopa HeoOXOAHM OYeHb XOPOLIHM
KOHTAKT NpoOOOTOGOPDHHKA M NOYBEHHOIO Matepuana. B KaMeHHCTHIX H
MmecyaHblX MOYBAX TAaKOH KOHTAKT, KakK NpaBuJO, HeBo3MoXeH. Ilpwu
paboTe C CyneCYaHBMH HJIM CYIJIMHUCTHIMU ITI0YBAMH He06X0AUMO obec-
Ie4HThb 3amoJIHEHHe TIPOCTpPAaHCTBAa, OKpyXaloulero KepaMHYeCKHH
QUIbTP, YBJIAaXHEHHOM MOYBOH. B NNOTHOM NOYBEHHOM MartepHalie
NpeABapHTEJbHO MOXKHO Ipojesatb OoTBepcrue, 4ytobul H36exxaTh pas-
pylleHuss npobootbopHuka. MHoraa BO3HMKAIOT NpobJieMBl, KOrjga Ha
KOHIle MOpHCTOro puabTpa oOpasyercd Ny3nlpeK BO3AYXa H BO3AYX Ha-
YHHAET 3acachiBAaTbCs BHYTPb (UAbTPpa. ITOro MOXKHO u3bexatbh, 3a-
KPbIB NMOpHI Ha KOHYHKe (HUIbTPA KJeeM HJIH KPacKOH C HapyXHOH
CTOPOHBI (PHJABTPA.

Co31aTh BaKyymM MOXKHO ¢ noMouibio Jioboro Hacoca. Huas 3To#
UeJH MBl HCHOJb30BaJU HOXKHOH aBTOMOOHJBHHBIH HACOC, IlepeMeHlB
C MOMOULLbIO NEepecTaHOBKH KJjalaHa HanpasJieHUe JABUXKEeHHs BO3AyXa
B cucteme. K Ka>XIOoMy HAcoCy ¢ NMOMOUIBIO NMepeXoJAHUKa MOXKHO MpH-
COeAHHATb O—6 H OoJice BaKYyMHHX (PuabTpoB. IIng OvicTporo orca-
ChIBAHUA HAKONUBIIErocsd B (HAbTPE NOYBEHHOrO0 pPacTBOpPa MH OINycC-
KaJii Ha IHO QUAbTpa UrJjay wnpuua 6oasiioro pasmepa. K urie 6nia
MOoACOeAHHEeHA MOJHBUHHJXJIOPUAHAA TPYOOUKa HEOOJbUIOTO AUAMETPA,
COeJHHEHHAasli ¢ NPUEMHHKOM MOYBEHHOro pacrtBopa. B craunuoHapHBIX
YCJAOBHAX OTOOp TMOYBEHHBIX pPaCTBOPOB 3HAUYUTEJbHO YIpOLiaeTcH.
B 3stoM cayuae MOXKHO WHCIOJb30BAaTb aBTOMATH3HPOBAHHHIN 0TOOP
poo.

BakyyMHble NpOGOOTOOPHUKH C NOPUCTHIMU (HJIbBTPAMH COOMpaAlOT
3HAUYUTEJbHO MEHbIIHA 00beM pacTBOopa, 4eM IOYBEHHBIE JIH3HUMETPHI.
CocraB pacTBOopoB Takxe passbid [5]. Uro kacaercs ob6beMa pac-
TBOpA, OTCACHIBA€MOro ¢ NMOMOLIbI0 KepaMHYECKHX (PUIBTPOB, TO HEKO-
TOpbIE€ HCCJEZOBATEJH HCMOJb3YIOT He (HUJIbTpPHLI-CBEYH, a KepaMHue-
CKHe TNOPHCTHIE 4YallKH ¢ OOJblIoH miaomaabio Bojgocbopa. OaHako
pa3MelleHHe B MOYBe KepaMHUYECKHX 4allleK CHJbHEe HapyllaeT ecre-
CTBEHHOE CJIOXKEHHe TMOYB H HX THAPAaBJHYECKHH pexXum [5H].

[Ipy monyyeHuH NOYBEHHHIX pacTBOpOoB B KaHAaJakKILUCKOM rocy-
napcTBeHHOM 3anoBeAHuKe B 1989—1990 rr. MH HCIOAB30OBAJMH Kepa-
MUYeCKHe (HUABTPHI-cBeuHd. JlaHHBIE MO 3JIEMEHTHOMY, B TOM YHCJE U
MHKDO3JEeMEHTHOMY, COCTaBY IIOYBEHHLIX pACTBOPOB IPHBEIECHH
B Taba. 2 u 3. DeMeHTHBIH aHaJH3 BOJ M NMOUBEHHHBIX PACTBOPOB MPO-
BOAUJICS METOAOM HHAYKIHOHHO CBSI3AHHOH IJIa3MBl, ONpEAEJEHHE
MapraHua H I HHKA — aTOMHO-abCOPOLUHOHHBIM METOAOM Ha CHMEeKTPO-
¢poromerpe Z —8000 dbupmuel XUTayu B IJaMeHH aUETHJECH — BO3AYX.
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