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B Hacrosmee Bpems Bce 0oJibliiee KOJINYECTBO CTOPOHHUKOB TMOSIBIISICTCS Y 0000IIeHHOM
OLICHKH OJIarornoJyiydyusi 3KOCHCTEM ITyTEeM HWHTETPHUPOBAHMSA OTBETAa Ha BOIPOC O 3/10pPOBBE €€
KOMIIOHEHTOB, NPEICTAaBICHHBIX Pa3HbIMU BHUJAMH JKUBBIX cyliecTB. CyllecTByeT MHOXKECTBO
pa3IMYHBIX METOA0B OMOMHINKAIIMU COCTOSIHUS IPUPOAHBIX cpen [14, 24,25, 26]. B cBoe Bpems
C.C.IlIBapr mpeanokuia MeTOJbl MpUMEHEHHUS MophopHU3UOTIOrHYecKux uHAuKaTopoB [30],
KOTOPBII € YCIIEXOM HCHOJb30BANCA KaK IPUMEHUTEIBHO K TIO3BOHOYHBIM, TaK U K
0€CII03BOHOYHBIM KUBOTHEIM [23].

B nmanbHelieM 5To HampaBlieHHE MOJTYYMIIO Pa3BUTHE B paboOTax psjia 3apyOeXHBIX U
OTCYECTBEHHBIX YUEHBIX. B 4acTHOCTH, B MeToauKax, Ha3BaHHBIX aBTropamu BUOTECT [4-13].
OCOOEHHOCTBIO 3TOrO HAaIpaBJIEHUS SBJSIETCS TO, YTO MCCIENYIOTCS OpraHU3Mbl Ppa3HBIX
TAKCOHOMUYECKHUX TPYII, a HMHTErpaJibHbIM IIOKa3aTeleM HX OJaromnosyyusi Npeasiaraercs
cuuTath 3(Y(PEKTUBHOCT (PU3MOIOTMYECKUX MPOLECCOB, OOECIEUMBAIOIMX HOPMAJIBHOE
pa3BUTHE OpraHu3Ma. B HOpMasibHBIX YCIIOBUSX OPraHU3M pearupyeT Ha BO3/AEHCTBHUE CPEIbI
ocpeAcTBOM  OydepHbIX  roMeocTaTHYecKUX  MexaHusmoB.  Ilox  BozxelcTBUEM
HEOJaronpusTHbIX BHEIIHUX BO3ACUCTBMM 3TH MEXaHU3Mbl MOTYT ObITh HapylleHbl. Takue
HapylIeHUuss TOMEOCTa3a MOryT HaOJIOAaTbCsAd [0 TMOSABICHUA H3MEHEHMH, (QUKCHpyeMbIX
CTaHJapTHbBIMM  MerozaMu. IloaTomy gaHHass METONOJIOTMS  HOCUT  YHIPEKIAIOIINM,
npodunaktuaeckuii  xapakrep. B meromonormm BUOTECTa 00buHO uHCHONB3YyIOTCA S
OCHOBHBIX IIOJXOAOB K U3YyUYEHUIO OpPraHU3MOB: MOP(OJIOrHYECKUH, T'€HETHYECKUH,
¢busnonornyeckuii, OUOXUMHUYECKUN, HUMMYHOIOruyeckui. Jlis TMOdydyeHUus HaJeKHOU
UHTErpaJibHOW oneHKu coctosHus cpenasl B neasom BUOTECT mpensaraer monHo o0beMHYIO
TEXHOJIOTUIO IPUMEHEHN S, BKIIIOYAIOIIYIO YEThIPE YPOBHS HHTEIPUPOBAHUS PE3YJIbTATOB!

- 110 BCEM METO0JIaM B IpeJienax Ka)/10ro u3 5 Noaxo10B;

- 110 BCEM MOAXO0/1aM AJIs KaXA0r0 BUJIA;

- 10 Ka)KJI0M I'pyIMIie BUI0B ONBITHBIX OPraHU3MOB;

- I10 DKOCHCTEME B II€JIOM.
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BUOTECT moeTr OBbITh HCIIOIB30BaH KaK B OTHOIICHWU J>KMBBIX OPraHU3MOB, TaK U
MyTeM aHaJlM3a MY3eHHBIX KOJUIeKIui. [ mocnenHed 1menu mpuroaHbl MOPQOreHeTHYeCcKHue
MIOJIXO/IbI, TIO3BOJISIOLIME MTOTYYaTh HH(MOPMALIMIO O COCTOSIHUM CPEJIbI B MPOLLIIOM.

Opnuum u3 MetonoB Mopdonorudeckoro nogaxoga BUOTECTa sBnseTcst onjeHKa ypoBHS
baykryupyromei acummeTpun (DA) OunatepaibHBIX MOP(OIOrHYECKUX MPU3HAKOB PACTCHHM
1 )kUBOTHBIX [4, 11]. CTaOMIBHOCTH Pa3BUTHUSA, T.€. CHOCOOHOCTh OpPraHu3Ma (yHKIIMOHUPOBATH
0e3 OTKJIOHEHHUH OT HOPMBI, €CTh CaMblii YyBCTBUTENBHBIN MMOKA3aTEeNb COCTOSHUS MPUPOTHBIX
nonyasiuuidi. B cBoro ouepenp omenka DA mpexacraBiseT co0oi  mpocTedmmi  crnocod
dbopManmuzanuy CTENEHW JTHX OTKJIOHEHW. B kadectBe 00BEKTOB wuccienoBanus DA
UCIOJB3YIOTCSl JIPEBECHBIE PACTEHUS, HACEKOMbIE M MEJKHE MIIEKOMuTaronme (Ha3eMHBbIe
9KOCUCTEMBI), pbIOBI M amMpubuu (BoxHBIE KOCHCTEMBI). [IpuMepoM Takoro moaxojaa MOXKET
ObITh pabota, BeIMONHEHHas B nenbre Bonrm [31]. Ilpum BbIOOpe KOHKpPETHOro IMoKas3aTens,
xapakTepusymouiero @A He cylecTByeT HUKaKMX OFPaHUYEHUH — MOT'yT OBITh MCIIOJIb30BaHbI
KaK KaueCTBEHHbIE, TAK M KOJIMYECTBEHHbIE IIOKA3aTeNH, BKIOYAs MEPUCTHUYECKHE (YMCIIO TeX
WIM UHBIX TPU3HAKOB, HANpUMep ISATHBIINIEK cCJleBa W cIOpaBa y O0Xbe KOpPOBKH) H
IUIaCTUYEeCKHEe (JTMHEHHBIE pa3Mephl IPU3HAKOB, HAIIPUMED JUIMHA IIPOKUIIOK Y JIUCTHEB CleBa U
crnpasa). [lpu ananuse xommuiekca MOp(OJIOrHYECKUX MPU3HAKOB IPEIaraeTcsl UCHoIb30BaTh
UHTETPAJIbHBIA MHIEKC CTAaOMJIBHOCTH Pa3BUTHA. |11 HECKOJBKMX MEPUCTUYECKHUX MPU3HAKOB
OH PAaCCUUTBIBAETCSA KAK CpefHee apu(pMETHUYECKOe KOJIMYECTB aCHMMETPUYHBIX MPU3HAKOB Y
KaXJI0H o0coOu, JeNeHHBIX Ha o0llee KOJMYECTBO HCCIEAOBAaHHBIX MpuU3HakoB. Eciu
U3MEPSIIOTCSL  IUIACTUYECKUE  NPU3HAKHM,  MHTErpajbHbI  MHAEGKC  PaBEH  CpPEIHEMY
apu(METHIECKOMY CyMM OTHOCHUTENIbHBIX 3HAUCHUH aCUMMETPUU IO BCEM IPU3HAKAM Y Kax 101
ocobu. OTHOCHUTEIIPHOE 3HAYCHHWE AaCHMMETPHHM B JaHHOM Cllydae BbIYMCIseTcss Kak |L-
RJ/(L+R), e L u R — pa3Meps! npu3HaKka COOTBETCTBEHHO C JIEBOM U MPaBOil CTOPOHBI.

[IpuMeHuTENbHO K TO3BOHOYHBIM JKMBOTHBIM U YEJIOBEKY YJOOHBIM I10Ka3aTeiaemM
YXYIIIEHUsT ~ KadecTBa  JKOCHCTEM  MOXET  CIHYXHTb  3a00JIeBa€MOCTb  OpPraHU3MOB
OIIpEICICHHBIMM HEAYraMH, KOTOpble MHAYLMPYIOTCS (akTopaMu OKpyxkaromei cpeabl. Taxk,
T.M.Mouceenko [15] Ha npumepe o03. VmaHapa TpeacTaBieH TMOAXOA K ONPEACICHUIO
9KOJIOTUYECKHU JIOMYCTUMBIX aHTPOIIOT€HHBIX Harpy30K Ha BOJOEMbI, TO3BOJISIOLINI yUHUTHIBATh
7103y KOMIIJIEKCHOTO BO3/CUCTBUSA M MPUPOJHYIO YSI3BUMOCTh CEBEPHBIX DKOCHCTEM Ha OCHOBE
KIMHUYECKOH KapTUHBI 3aboneBaeMocTH pbi0. YacTo COCTOSHUE TOPOACKUX 3KOCHCTEM,
ypOaHU3UPOBAHHBIX TEPPUTOPUI OLIEHUBACTCS IO YPOBHSAM 3a00JEBAEMOCTH M CMEPTHOCTH
HaceJIOIIMX MX YEJIOBEUECKUX Monyiasauuid. EcrecTBeHHO, B pacueT NOJKHBI NPUHUMATHCA
3a00J1eBaHus, CBA3aHHbIE C YIOTpPEOJIEHUEM 3arPA3HEHHOM BOJIbI MJIM MUILHU, C HEOOXOAUMOCTBIO
IBIATh 3arPsI3HEHHBIM BO3AYXOM. XOTs 0oJiee IIMPOKO MOXHO I'OBOPUTH O CBSA3H 3/10POBbs
COLIMYMa C I[eJIbIM KOMIUIEKCOM IPUPOJIHBIX, TEXHOICHHBIX U COLIMOTeHHBbIX (akTopoB [1, 2, 21,
22].

Quxcanusi pecnupaTOpHbIX 3a00JIEBaHUW U 3aMepbl YpPOBHEH (PU3UKO-XUMUYECKHX
¢akropoB B rr. Jlonnone, Awmcreppame, Potrepmame, Ilapuwxe u Munane nokaszanu
JIOCTOBEPHYIO 3aBHCHUMOCTh KOJMYECTBA COOTBETCTBYIOLIMX OOpalleHHH OT KOHLIEHTpaLHH
030Ha B aTMoc(epe. YCTaHOBJIEHO TaK)Ke BIUSHHE 1IEJI0ro psaa (pakTopoB OKPYKAIOLIEH Cpelibl
Ha TaKWe I0Ka3aTelM KaK (YHKIMOHMPOBAHUE CEPACYHOCOCYAUCTON CHUCTEMBI, HapylleHHE
IEKTPUUECKON IEATEIbHOCTU CEPALA, BOSHUKHOBEHUE TMIIEPTOHUYECKUX KPHU30B U NPUCTYIIOB
CTEHOKap/uu, YPOBHU PENpPONYKTUBHBIX morepb. Hambosee ke n0oCTOBEpHON MpeAcTaBiisieTcs
OLIEHKAa COCTOSIHUSI AHTPOIOIE€HHBIX JKOCHCTEM, Oa3upyroUIasicsi Ha COBOKYIIHOM aHallu3e
HECKOJIbKMX IOKa3aTesel: cpelHeld U OTHOCHTEIbHOW MPOJOJDKUTENBbHOCTU KHU3HHU, CPEIHEro
BO3pacTa, YPOBHS JKHM3HH, a TaKKe PEHPONYKTMBHOM (yHKIMH, 3a001€BaeMOCTH, MEIUKO-
reorpau4eckoro cratyca, (PM3HYECKOro pa3BUTHUS.

B Hacrosiiiee BpeMsi BO MHOTHUX CTpaHaX MUpPA MCIOJb3YETCs IKOJIOTMUECKUH CTaHAapT
ISO 14001, pa3pabGotannbiii MexayHaponHoil opranuzanueil mo cranaapruzanuu (ISO) u
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yTBepkAeHHbIH B 1996 1. OH mnpemyaraetr mpocCTOi, TapMOHMYHBIA TOAXOA K YIpaBICHUIO
OXpaHOM OKpYKarollel Cpeibl, MPUMEHUMBIA Il BCEX OPraHW3alMil B Pa3IMYHBIX CTpaHax
mupa. Cranaaptr ISO 14001 comepxut B ceOe BCe AJIEMEHTHI THUIIOBOM CHCTEMbI YIpaBJICHHUS,
TaKMe Kak CTpaTerus, LeNd U 3a/Jadyd, NMporpaMMa MEHEI)KMEHTa, OllepaTHBHBIA KOHTPOJIb,
MOHHUTOPUHT U OIICHKa, OOyueHWe, BHYTPEHHHUE ayJUThl U aHajdu3 MEHEKMeHTa. [laHHBIN
CTaH/IApPT COJEPXKUT TPEOOBAHUS K MPUMEHSIOLUIMM €ro OpraHu3alusM ONpeNesuTh BcCe
MIPOLIECCH], BJMSIONIME HA OKPYXKAIOIIYI0 Cpely; NpOoaHaIU3UpoBaTh COOTBETCTBYIOIINE
MOJIXOBl K €€ OXpaHe U OLEHUTh KaKhe W3 HUX SBJIAIOTCS BakHeHIMMuU. Tekyunwil aHamus
MEHEUKMEHTa CHUCTEMBl YIPABJICHHS OKPYXKAKOIIEH Cpeloll M €€ OTICNIbHBIX JJIEMEHTOB
00eCreunBaeT TIOCTOSIHHOE COOTBETCTBHUE, KOMIIETEHTHOCTh U 3(PQEKTUBHOCTh  BCeH
9KOJIOTUYECKON MporpamMmsl IpeanpusTus. BooO1ie, cucreMa sK0JI0rMuecKoro HOpMHUpoBaHuUs B
3amaJHbBIX CTpaHaxX NpU3BaHa OCYIIECTBIATH TPU OCHOBHBIE (yHkuuu. [lepBas u3 HuUX —
UCKJIIOYEHHE 3aBEJOMO HENPUEMIIEMOrO SKOJIOIMUYEcKoro yuepba. VYmep0, Kak MpaBuio,
NEPECUNUTHIBAIOT B SKOHOMUYECKUN HKBUBAJIEHT. HeBbINIONHEHNE yCTaHOBJIEHHBIX HOPMAaTUBOB
BJI€YET NMPUMEHEHHE SKOHOMHYECKUX CaHKUUU. BTopas (yHKIHS COCTOMT B peryiMpoBaHUU
AQHTPOIOT€HHOI HATrpy3KH U 3aTpaT Ha OXpaHy MPUPOJbl TAKUM 00pa3oM, YTOOBI COXPaHSIUCH
YCIIOBHS JUIsI CAMOBOCCTAHOBJIEHUSI HAPYLIEHHBIX 3KOCHCTEM, HO B TO K€ BPEMS MEphI M0 UX
3alUTe HE MPENSITCTBOBAIM IKOHOMUYECKOMY pocTy. TpeTbs (QyHKIUS — CTUMYJIMPOBAHUE
IIOCTOSIHHOT'O CHMKEHUSI aHTPOIIOI €HHOM HArpy3KH Ha OKPYKAIOLIYIO Cpeny.

Ucxons w3 HemoctratkoB Konuenuuu [1/IK, Bo3HHKaeT mnoTpeOHOCTH B MeToJax
HOPMHUPOBaHUs, JIMIIEHHBIX YKa3aHHbIX HE10CTaTKOB. OUEeBUIHO, YTO TAKOMY YCJIOBHIO JIOJKHA
yIIOBJIETBOPSATh METOIUKA, MO3BOJSAIONIASI COMOCTABIATh HEKOTOPbIe OMOTHYECKUE MOKa3aTelH
9KOCUCTEMbl CO 3HAYEHUSAMH  (PU3HKO-XMMHUYECKMX  XapaKTepUCTHUK 3a  JIOCTaTOYHO
MIPOAOKUTENbHBIN MIEPUOJT BPEMEHH.

Hanmpumep, s BbISBIEHHS CBSA3M MEXKIY 3arpsA3HSIOIIMMHU  BEIIECTBAMU U
OMOTHYECKMMHU OTKJIMKAMH 4YacTO WCIONb3YIOT pa3lUYHbIE MOJENU, TI/Ie aHAIN3UPYyeTcs
3aBUCHUMOCTD «103a — 3(dexT». [lonmydeHHbIe TOTOKUTENBHBIE KOPPEISALUHA Aaf0T HE BIIOIHE
TOYHBII OTBET Ha BONPOC, /i€ HA MOJIYYEHHBIX C IMOMOIIbI0 TAKUX MOJENEH KPUBBIX MPOBECTH
IpaHuIly MEeXJy OsaromnosydueM M HebJaromoiydyreM OWOTHI M MOJYYUTh COOTBETCTBYIOLIYIO
eil MpeeIbHYI0 HOPMY 3arpsi3HUTEIS.

E.JI.BopoGeiiunk [3] paccmaTpuBaeT TpU OCHOBHBIX TMOAXoAa K OoJjiee TOYHOMY
9KOJIOTHYECKOMY HOpMHpOBaHUIO. [lepBblii M3 HUX MHpencTaBiseT coOOW IMOMCK IMpeneabHON
Harpy3KH Kak 0COOON KPUTHYECKON TOYKU Ha KPUBOU 71032 — 3P QEKT, CBSI3bIBAIONICH BXOIHBIC
(abuoTHyeckue Harpy3Ku) U BBIXOJHBIE (OTKJIMKH 3KOCHCTEMBI) mapaMerpsl. ['1aBHOE ycioBue
JUI OTpeNeNeHnus ATOM TOUYKH — IOCTPOEHHE B TOJHOM OOBbeMe J030BOM 3aBHCHMOCTH IO
9KCIIEpPUMEHTAJIbHBIM IAaHHBIM Ha BCEM I'PAIUEHTE HAarpy3KHU.

Bropoii moaxon BBIMIAOUT KakK CYIIECTBEHHAs pEIyKLHs IepBOro: Ha OCHOBE
9KCIEPTHBIX OLIEHOK ONpeessieTCs] €AMHCTBEHHOE 3HaYCHHE BBIXOAHOIO NapamMeTpa (BHE CBA3U
C BeJMYMHAMHM Harpy3ok). Harpyska, cOOTBETCTByIOLIas BBIXOAHOMY IapaMeTpy B 3TOH
€IMHCTBEHHOM TOYKE, IPUHUMAETCS 3a IpeaenbHyro. CorinacHo JaHHOMY ITOAXOAY, NPeaeIbHOU
Harpy3kol sIBJI€TCA MakCUMajlbHas HeACHCTByrOLas, MpU KOTOPOM HHIAMKALMOHHbBIE
rapameTpbl JTOCTOBEPHO HE OTJIMYAIOTCS OT pa3 W HABCErJa YCTaHOBJIEHHOTO KOHTPOJILHOIO
3HaueHus. VIMEHHO Ha TakMX MPUHLMUNAX CTPOUTCS THUTMEHUYECKOE HOPMHPOBAHHE IIpU
yctanoBJienuu [1JIK.

[Ipu Tpetbem moaxone TpeOyercs HpuBiedeHUE «BHEIIHeW» nHpopmanuu. Hanpumep,
SKOHOMHUYECKasi  IeJIecCO00pa3HOCTh  BBHIPALMBAHUS  CEIbCKOXO3SHCTBEHHOW  KYJIBTYpHI
OnpeneseT MONYCTUMbIM MUHUMaJbHBIA ypoxkail. IIpenenbHas Harpyska, Kak U BO BTOPOM
MOAX0/1€, HAXOAUTCS YEpe3 COMOCTABIEHUE C ITOM BEIMUYUHOM.

B cucreme skomoruueckoro KoHTpons, npennaraemoii E.J.BopoOeitunkom [3], mpu
HOPMHPOBAaHUU HEOOXOJUMO ONHUPATHCA HAa METOJbl OMpEICNICHUs MpelebHON Harpy3ku Kak
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KPUTHUUECKOM TOYKH Jioructuieckoil gyHkiuu. IIpuunHa Takoro BbIOOpa COCTOMT B TOM, YTO
OOJILIIMHCTBO JO30BBIX 3aBHUCHUMOCTEH A4 SKOCUCTCMHBIX IIapaMCTPOB IIPU TEXHOI' CHHOM
3arpsi3HEHMM HMMEeT BHJ S-00pa3HOMl KpUBOM M, CIIEIOBAaTEIbHO, MOXKET XOpOILIO
anIpOKCUMUPOBATHCS JIOTUCTUUECKUM ypaBHeHHEM. [Ipu 3ToM MecTo neperunda JorucTiyeckon
KPUBOH KaK pa3 M NPEACTaBiIseT COOOH KPUTHUYECKYIO TOYKY HIJIM IpeleNbHOE 3HAYEHHE,
XapaKTepu3ylee Mepexo] CHCTEMbl M3 OJHOIO COCTOSHUS B JApyroe B pe3yjbTaTe
NPECBLIMICHUA AOIIYCTUMOI'O 3HAYCHUA abOMOTHYECKOI0 KOMITOHEHTA. I[JISI pacucra npCaACIbHbBIX
HArpy30K B Ka4€CTBE AlIIPOKCUMHUPYIOIIETO YPaBHEHUS UCIIOIL30BAIN JIOTUCTUIECKYIO KPUBYIO
BHJA!

A —a,
¥ = +a
T+ exp( o+ Bx) . rae
Yy — OlLleHKa TnapameTpa, X — OIIeHKa Harpy3kd, a, b — KodddumuenTsl, ap—

MUHUMAJBHBIN ypOBEHB Y, A — MaKCUMaJbHbBIN YypoBeHb y. C MOMOIIBIO TTOCTPOSHHBIX KPHBBIX
ObUIM TOJIy4€HBl JMANa3oHbl MpeNesbHO JOMYyCTHUMBIX 3HAUEHUH COAEp)KAaHUS TAKENbIX
merauioB (Cu, Pb, Cd, Zn) B mouBe B 3aBHCHMOCTH OT KOMIIOHEHTa JIECHOH OHOTBHI, IO
KOTOPOMY TPOBOJIWJIM OLEHHWBAHHE (JAPEBECHBIH SpyC, TPaBSHO-KyCTapHUYKOBEHIN spyc,
MOJICTUJIKA, TOYBEHHBI MHUKPOOMOILIEHO3, TOYBEHHass Me30(]ayHa, IMOYBEHHbIE (DEPMEHTHI,
SMU(UTHBIE JTAIAWHUKH ).

JlanHass MeTOaWKa TO3BOJISIET OIEHUTH JOMYCTUMBIE 3HAYCHHUS MHOTHX (PaKTOPOB,
BO3ACHUCTBYIONIMX HA pPAa3IWYHbIE COCTABIAIONIME TMPUPOAHBIX OHOIIEHO30B B YCIOBHUAX
peasibHOM, a HE HCKYCCTBEHHOW S3KOcHUCTeMbl. TeM He MeHee, OCTAloTCS HEeMpPOsCHEHHBIMU
HEKOTOpPBIE BOIIPOCHI.

OcHoBOI1 3a/1a4ueil OMOMHANKALIMY SBJSIETCA pa3paboTKa METOI0B U KPUTEPUEB, KOTOPHIE
MOTJIU OBI aJIEKBATHO OTpPa)kaTh YPOBEHb AaHTPOMOT €HHBIX BO3JAEHCTBHI C YyU€TOM KOMIUIEKCHOTO
XapaKTepa 3arpsS3HEeHUs U JUarHOCTHPOBATh PaHHUE HAPYIICHUS B HanboJiee YyBCTBUTEIBHBIX
KOMIIOHEHTaX OuoTHdyeckux coobmecTtB. CyuTaercs, 4UYTO HCIOIB30BAHHE METOJ 0B
OMOWHIMKAITIY TTO3BOJISIET PEIIaTh 3aJa4H YKOJIOTHYECKOT0 MOHUTOPUHTA B TE€X CIIydasx, KOraa
COBOKYIHOCTh (DaKTOpPOB AHTPOIMOTEHHOT'O0 MaBJCHUS Ha OWOIEHO3Bl TPYAHO, CIOKHO HWIIH
HEBO3MOXKHO U3MEPHUTH HEMOCPEICTBEHHO.

[Tox OuoTecTHpoBaHWEM OOBIYHO TOHMMAIOT MPOLENYPY YCTAHOBJICHHS TOKCHYHOCTHU
cpeAbl C TOMOUIbIO TECT-00BEKTOB, CHUTHAJM3UPYIOUIMX 00 OMAacCHOCTH HE3aBUCHUMO OT TOrO,
KaKHe BEIeCTBA U B KAKOM COYETAaHUH BBI3BIBAIOT M3MEHEHUS KU3HEHHO BAXKHBIX (QyHKIMiA. B
ponmu  OMOWHIWUKATOPOB MOTYT OBITh HWCIONB30BAaHBI TBUIBIA PACTCHUH, XBOS COCHBI
OOBIKHOBEHHOM, JIUCThSI IEPEBHEB U JIP.

[IpeumymiecTBOM MeETOAOB OMOMHAMKAUMM U OUOTECTHpOBaHUA Tiepen (PU3MKO-
XMMHUYECKUMHU METOAAMH SIBJIAETCS MHTETPalbHBIA XapaKTep OTBETHBIX peakUUi OpraHu3MOB,
KOTOpBbIE:

- CYMMHDYIOT Bce 0€3 MCKJIIYEHHUs OMOJOTMYeCKH Ba)KHbIE NaHHBIE 00 OKpYyKarouien
Cpezie U OTPakaloT €€ COCTOSHUE B LIEJIOM;

- BBIBJISIFOT HAJIMYKE B OKPYKAIOIIEH MPUPOTHON Cpeie KOMIIIEKCa 3arpsi3HUTEIICH

- B YCIOBHUSX XPOHHYECKOHW AaHTPONOTE€HHON HArpy3ku OHOWHIUKATOPHI MOTYT
pearupoBaTh Ha OYCHb cllaOble BO3ACHCTBUS B CHUITY aKKYMYIISLIUU A03bI;

- (pUKCHPYIOT CKOPOCTH MPOUCXOSAIINX B OKPYKAIOIIEH Cpelie U3MEHEHHI,

- YKa3bIBAIOT YT U MECTa CKOIUICHUH Pa3IMYHOr0 poja 3arpsS3HEHUN B SKOIOTUYECKUX
CHCTEMaX W BO3MOKHBIE TTyTH MONAJaHus TUX BEIIECTB B OPraHU3M YEIOBEKA.

CymiecTBeHHBIE METOJOJIOTHUECKHE TPYAHOCTH OWOWHIMKAIIMM BO3HUKAIOT W TPHU
OLIEHKE COCTOSHUSI OHOIleHO3a IO COOTHOILIEHHI0 BHUAOB B KOHKPETHOM SKOCHCTEME
BBIOOPOYHBIM  METOAOM. TakuMm oOpa3oMm, OHOMHJMKAIIMIO MOXXHO OIPEACIHTh Kak
COBOKYITHOCTh METOJIOB M KPHUTEpPHEB, NPEAHA3HAYCHHBIX [UIsI TOWCKa HH(POPMATHBHBIX
KOMITOHEHTOB 9KOCHCTEM, KOTOPBIE MOTJIN OBl
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- aJIeKBaTHO OTpa)kaThb YPOBEHb BO3/EUCTBUS CpE/bl, BKIKOYasi KOMIUIEKCHBIM XapakTep
3arpsi3HEHUsS. C YUE€TOM SIBJIEHUIN CHHEpru3Mma JeHCTBYIOINX (PaKTOpPOB;

- JIMarHOCTUPOBaTh paHHUE HapylLIeHHs B Haubojee YyBCTBUTEIbHBIX KOMIIOHEHTaX
OMOTHUYECKUX COOOIIECTB U OL[EHUBATh UX 3HAYUMOCTb JJII BCE SKOCHCTEMBI B OJMKaiiieM U
OTJAJICHHOM OyayIIeMm.

[TomyepkuBas BCIO BaXKHOCTh OMOMHIMKAIIMOHHBIX METO OB MCCIIEAOBaHUs, HEOOXOIUMO
OTMETUTb, YTO OWOMHJIMKAIMs TMpPEeIyCMaTPUBAET BBISIBICHUE YK€ COCTOSBIIETOCS WU
MIPOMCXOSINEro 3arpsi3HEHUsl OKpyXKarolied cpenbl Mo (YHKIMOHAJIbHBIM XapaKTepUCTUKAM
0c00€ei 1 YKOJIOTHYECKUM XapaKTepUCTUKaM COOOIIECTB OPraHU3MOB.

B mnpenenax TEXHONeHHO NEPErpyKEHHBIX TEPPUTOPUM IPU OMPENEIECHHUH SKOJIOro-
Ie0JIOTMUECKUX CHUCTEM 3a OCHOBY O€peTcsi aHTPONOLEHTPUUYECKUN MoaXxoA. JlaHHbIe 3K0J0ro-
re0JIOTUYECKHUE CUCTEMBI TTPEICTABIISIIOT YACTHBINA CIIydail, IpU UX U3Y4EHUHU B LIEHTP BHUMAaHUS
BBIBOAMUTCS 4EJIOBEK. B 3TON CBSA3M IO 3KOJIOrO-T€0JIOTMYECKUMU CUCTEMAaMU IIPEIIOIaraeTcs
IPUHUMATh KOMIIJIEKCHBIE CUCTEMBI, BKIIOYAIOIME B KAUECTBE B3aMMO/IEHCTBYIOIINX 3JIEMEHTOB
re0JIOTMYECKYI0 cpeny, TexHocdepy U uyenoBeka. s peannsalnuy JaHHOTO MOJX0Ja BBOASTCS
nBa 0a30BBIX OMNpEAeNeHHs: JKOJOTHYeCKue (YHKUIMHU TeoJIOTMYECKOW cpelbl — ecThb
BBIDAJKEHHAsI HAIIPABJICHHOCTb JICUCTBUM, ONPENCISIOIMMUX YCIOBUS KU3HEICATEIbHOCTH
YelnoBeKa. JTO MOBEAECHYECKUH MPHU3HAK CUCTEMbI. DKOJOIMYECKUE CBOMCTBA TI'E€OJIOrMYECKOM
cpeabl — KOMIUJIEKC IapaMeTpOB, OMHMCBIBAIOIIUX €€ 3KOJOrudeckue (QyHKIUH. DTO MPHU3HAK,
XapakTepu3ymomuil cneuuduueckue CBOWCTBa CHUCTEMbl. B mpupome Bce Tena HMEIOT
CUMMETpUYHYl0 (opMmy, HuaeanbHOM sBisiercs ¢opma mapa. Jliobas acummeTpuss — 3TO
MOCIIEICTBUE JCUCTBUS TEXHOTEHHBIX M €CTECTBEHHBIX ()aKTOPOB, HETATUBHO BIUSIONIMX HA
6uory. CaMbIM T€pBBIM JETrpaupyeT HUBIIMN KJIacC 5SKOJIOTHYECKOW MUpaMHIbl —
pacTuTenbHOCTh. VIMEHHO OHa oOmpeaessieT 3KOJOro-OMOTHUYECKOE COCTOSHUE MECTHOCTH.
HccnenoBanuss MocnegHUX J€T INOKAa3ad, YTO PACTEHHMS MOXKHO MCIIOJIB30BaTh KaK TeCT-
OOBEKTBl JUISI MOHHTOPHHTOBBIX UccieqoBanuii. [lo HMX pa3aMYHBIM  XapaKTEpUCTHKAM
OLICHUBAIOT COCTOSIHUE OKPYXKAIOLIEH Cpeibl U OTCICKHMBAIOT U3MEHEHHS B TEUCHHE Psiia JIET.
JIJis. OLIEHKW COCTOSIHHUSI CPEIbl MOAXOAAT (PU3UOIOTUYECKUE, OMOXUMHUYECKIE, TeHEeTHYECKHe,
LUTOJIOTHYECKHE (Ha YPOBHE KJIETKH), a Takke MOp(hOIoruyecKue XapakTepucTuku. Mcmnonb3ys
Jake OAHY W3 HHUX, MOXHO JaTh MHTErpajbHyl0 (OOIIYI0) OIIEHKY COCTOSIHHSI CpEIbl.
MOHHMTOpPUHIOBBIE HCCIIEOBAaHUS IIO3BOJIAIOT, C OJHOH CTOPOHBI, OLEHUTHb COCTOSIHUE
TEOJIOTUYECKON Cpelbl 3a ONpPEACICHHBIM IPOMEXYTOK BPEMEHHM, C JPYrol CTOPOHBI,
MPOCHEAUTh KaK BCSI COBOKYINHOCTb BHEIIHUX (DAKTOPOB: T€O0JOIMYECKHUX, IPUPOJHO-
KIIMMAaTUYECKUX (TeMIlepaTypa, BJIAKHOCTh) U aHTPOMOr€HHBIX (paJuallMOHHOE U XUMUYECKOE
3arpsi3HEHUE) BIUSET Ha JKUBble OpraHu3Mbl. [[03TOMy BaKHO HCCIIEIOBAaHHUE COCTOSIHUS
reoJOTMYeCcKOil cpenbl Kak Cpeabl OOMTaHUS YeJIoBeKa. B eCTeCTBEHHBIX YCIOBHSIX MOTYT
CylIecTBOBaTh (DaKTOPHI, OKa3bIBAIOIIME HEONArompusTHOE BO3JeHCTBHE Ha cucrtemy. B
HEOJaronpUsTHBIX €CTECTBEHHBIX M TEXHOINEHHBIX YCJIOBUSAX, TJ€ MPHUCYTCTBYET CHIIbHOE
BO3JICHCTBHE, Y paCTEHUH HU3MeEHseTCs (hOpMa JIMCTOBOM IUIACTUHKH: TMOSBIISIETCS aCUMMETpPUSL.
Ha sTOoM cBoOiicTBE pacTHTENbHBIX OOBEKTOB OCHOBAH METOJ| OLIEHKM COCTOSIHMSI Cpeabl IO
baykryupyromei acummerpuu (DA) nmucra.

[loBbllIeHHE CTEEHW BO3AEHCTBUA  3arpsA3HUTENS] MPUBOAUT K  BO3PACTAHUIO
W3MEHYMBOCTM  TOKazaTelell W  CHWKEHHI0O  cTabuiabHOCTH. bbUIO  3ameueHo, dTO
MOp(}OJIOTHYECKHE U LIUTOr€HETUYECKHE TOKa3aTeN COTJIaCOBAHHO U3MEHSIOTCS MO/ BIMSHUEM
BHENIHUX  (akTopoB. PactutenbHble cooOIIEeCTBa, MOJABEpPKEHHbIE 0OOJee  CUIBHOMY
AHTPOIOI€HHOMY  BO3JIEHCTBUIO, XapaKTepHU30BaIUCh Oojiee BHICOKUM YPOBHEM  Kak
MOp(}OIIOTHYECKUX, TAaK U IUTOTCHETUYECKUX HAPYIIEHUH. DTO MPOSBISIIOCH B yXYyIICHUH
pocTa, MOBPEXIEHUH HAJI3€MHOI 4acTH PacTeHHs, OCOOCHHO JIMCTHEB, Ja)ke OTMUPAHU U IEJIOT0
nmobera. Y BBICHIMX PAacTEHUN BO3MOKHBI HACJIEICTBEHHBIE W HEHACIICIACTBEHHBIC aHOMAJIHH
pa3BUTHUSL KOpHEH, JUCThEB, MOOETOB, MOYEK, LIBETKOB, IUIOAOB, ceMsH. Yamie Habmomaercs

161



U3MEHEHUe pa3Mepa M KOHQUrypaluu opraHoB. lluToreHernuyeckue u OHOXMMHUYECKHE
HapylLleHUuss — 3TO YXYJUIEHUE JeJIeHUs KJETOK, IOBPEXKJEHUsS T'€HETHYECKOro arrapara
(MyTauuM), CHM)KEHHME MHTEHCHUBHOCTH MeTa0OJMYEecKUuX IpoueccoB. Takum obOpa3oM, B
TEXHOT€HHBIX YCJIOBHUSX OTMEUYaeTCs TEepPaTOreHHOE BO3JEHCTBUE HA IKUBbIE OPraHU3MBI,
KOTOpOE€ MOXKHO OLIEHUTh C MOMOIIBI0 MopdomeTpuueckoro Mmerona. OnpeneneHue CoCTOSHUS
mutocdepsl O MOP(HOJIOTHYECKUM TOKa3aTelsiM  SIBJIIETCSI  3KCIPECC-METOAOM, KOTOPBIN
JOCTaTOYHO MPOCT, HE TpeOyeT OONBIIMX BPEMEHHBIX U MaTepHalIbHBIX 3aTpaT. MccienoBaHus
no ¢aykTyupyromeil acummeTpuu (mpoMepoB Jucra) ObIM HpoBeneHbl Ha Oepese B.M.
3axapoBeiM ¢ cotpyaHukamu [9, 10]. BrusHue TOKETbIX METAUIOB Ha 3€JIEHBIE PacTEHUS
BEJIMKO, MIOCKOJIbKY OHU OCEIal0T Ha MOBEPXHOCTH MOYBBI U UMEIOT TEH/ICHLIMIO HaKalljIuBaThCs
B €€ BEPXHUX CJIOSIX. SBIASCH yCTOMUMBBIMY K BBIIIEIAUYNBAHUIO U paclajy, TSXKENbIE METaliIbl
BCAChIBAIOTCSl Y€pe3 KOPHEBYIO CHCTEMY pPACTEHUN U CIOCOOHBI B HUX AaKKyMYJIMPOBATHCS.
BeIxJtonHbIE ra3bl aBTOTPAHCIIOPTA, COAEPkKAIUE CBUHEL, OCENAI0T HA JIUCThAX pacreHui. Ilpu
BBINAJIEHUU aTMOC(EPHBIX OCaJKOB YacTh 3arpsA3HAIOIIMX BEIIECTB C JIUCTHEB CMBIBAETCS B
II0YBY, @ YaCTb yCBAaHUBAETCS PACTCHHUEM, @ 3aTEM C PACTUTEJIBbHBIM OIAJO0M IOCTYHAET B IIOYBY.
B wurore, 3TH BemecTBa MOCTYNAOT Yepe3 KOPHEBYIO CHCTEMY B pacTeHHs. Takoe neiicTBue
MOT'YT UMeTh TspKenble MeTaiutbl, SOz, NOy, u apyrue 3arps3HuTeNn.

E>xeronnple MOHUTOPUHIOBBIE UCCJIEIOBAHUS — IPOMEPHI JIUCTA Yy JE€PEBHEB MO3BOJISIOT
YBUAETh H3MEHEHHs OSTUX [IOKa3aTeaedl 3a KaXIbld TIoJl, OLEHUTh @0 H3MEHEHHUIO
MOP(OIOTHYECKUX XapaKTEPUCTUK COCTOSIHME JUTOC(Eepbl M MpOCIHeIuTh TUHAMUKY 3a
HeckobKo JeT. dayktyupyromas acummerpus (PA) nucra sBISETCS OAHUM M3 IOKa3aTelel,
JIEMOHCTPUPYIOLIMX TEXHOI' €HHOE BIMSIHAE HAa OHOTY.

HccnenoBanus mnoka3ajy HAAEKHOCTh JAHHOIO METOAA IPU OLEHKE COCTOSHUS
muTocepsl B 3KOJOrMYecKH Oe30IacCHOM pailoHE M B YCJIOBUSAX TEXHOTEHHOTO 3arps3HEHUS.
Takum oOpasoM, mpeajaraeMblii MeTOA OKa3zaJicsi JOCTaTOYHO HAaJEKHBIM, IPOCTHIM B
UCIIOJHEHUH, TO3BOJIIET MOJy4yaTb JOCTOBEPHbIE pe3yJibTaTbl W aJ€KBAaTHO OLICHUBATH
COCTOSIHHE JTUTOC(EPhl KAK KOMITOHEHTA T'€0JIOTMYECKON CpeIbl.

JlaHHbIe MeTOAbl OBUTM MCIIONB30BaHBI M B ACTpaxaHCKOW 0O0JacTH B YCIOBHUSX
3arpsiIsHEHUsI TTPUPOIHBIX CPE/l pas3iuuHoi crerneHu [31] u mokasanam xopoinue pe3yabTathl [28,
29].

[IpoBeneHHblii 0030p CYyIIECTBYIOUIMX Ha JAHHBII MOMEHT MOAXOJ0B K OLICGHKE
COCTOSIHUS KOCHCTEM U TOMCKY MPUYHUH, MOPOKAAIONMX UX HEOIArornoiaydne, He MpeTeHayeT
Ha abCOJIIOTHYIO MIOJTHOTY OXBaTa JaHHOW Hay4YHOM MPOOJIEMBI.
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