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BBEJIEHUE

B HacTosiiiee Bpemsi 3KOJIOTHs NIPEACTaBIIsA€T cO00M CIOKHBIA MHTETPUPO-
BAHHBIM KOMIUIEKC HayK. CHenuanucTbl-XMMUKH JIOJKHBI UMETh JIOCTaTOYHO
SICHOE TIOHMMaHUE BOIIPOCOB B3aUMOOTHOILIEHHUS! COBPEMEHHOI'O TEXHU3UPOBAH-
HOT'O OOIIECTBA U OKpY:Kalolllel cpenibl, PYHKIIMOHUPOBaHUS Onocdephl B ycIo-
BHSIX BCE YCHJIMBAIOLIETOCS aHTPOIOTEHHOTO JABJIEHUS, METOJOB AHAJIN3A IIPU-
POJIHBIX OOBEKTOB, KOHTPOJISL KAU€CTBA OKPYKAIOIIEH Cpellbl 1 MECTa XUMHH B
HKOJIOTMYECKOMN HayKe.

Dkosorudeckue mpodaemMpl Bcera HeoObYaitHO TPYAHBI TEM, YTO OHU MHO-
TOCBSI3HBIE, OXBATHIBAIOT LIEIYK0 CUCTEMY OTHOLIEHHWW XMBBIX OpPraHU3MOB H
HEXWBOU INpupoAsl. I COBPEMEHHOM HKOJOTHHM XapaKTEpPHO KAaK H3Y4YCHHE
CYLIECTBYIOIIHUX MPOLECCOB PABHOBECHS, TAK U MOMCK HOBBIX YCIOBUH. DKOJO-
r'Usl Kak HayKa, OXBaTBIBAIOIIAsl KPYT SIBJICHUN B Onocdepe, TECHO CBSA3aHA C BO-
npocaMy OMOJIOTMH, XUMUH, XUMUYECKON TEXHOJIOTMH, CEJIbCKOT0 XO034iCTBa U
zp.

Tak Kak B OCHOBE JKM3HU, KaK 1 B OCHOBE M3MEHEHUS XHUMHYECKOTO COCTABA
ouocdepsl, IexKaT XUMUIECKHE MPOLIECCHI, U OMUCAHUS U yIPABICHUS IHHA-
MHUYECKHM paBHOBecHEM B Omocepe HeoOXOIMMO 3HAHHE XUMHUYECKHX MeXa-
HU3MOB B3aUMOJICUCTBHSI MEXKIY OTIEIbHBIMHM IMOACHCTEMaMH. JTa 00J1acThb
JKOJIOTUM O(QOpPMHUIIACH B OTACJIBHYIO HAYYHYIO AMCLMIUIMHY - XHUMHUYECKYIO
DKOJIOTHIO, IOJ KOTOPOW ITOHMMAETCSI HAyKa O XMMHUYECKHX B3aUMOACHCTBHSIIX
MEXIy JKMBBIMU OPTraHW3MaMH M HEKMBOM NPUPOJOH. B 3amaum xumuyeckou
DKOJIOTHM BXOIAT BOIIPOCHI O CTEIIEHM BIIMSHUSA OTIEIBHBIX BUIOB aHTPOIIOI€H-
HBIX BO3JCHCTBUM HA XUBYIO IIPUPONY, IPEACKA3aHUS BO3MOXKHBIX 3KOJIOTMYe-
CKMX MOCJIEICTBUM XUMHYECKUX 3arpsA3HEHUU. [JOMUHHpYIOIIAM acneKToOM
3JIECH SIBISIETCSA OMOJIOTUIECKHIA.

CymecTByeT u Ipyrod acneKkT B3aMMOOTHOULICHUS XMMHUHU U DKOJOTHH, KO-
TOPBIM M3y4YaeT Ka4eCTBEHHBIM M KOJIWYECTBEHHBI COCTAB AHTPONOTCHHBIX 3a-
rps3HeHH Ouocdepsl B pe3ynbTaTe MPOU3BOJACTBEHHON U CENbCKOXO3SIMCTBEH-
HOM JEATEIBbHOCTH YEJIOBEKA U MEXAHU3MbI XUMUYECKUX NPEBPAILCHUI BEILIECTB
B OKpyXxarolei cpene. B pemieHnn 3tux npoOieM JTOMUHUPYIOIIMM SBIISETCS
XUMHUYECKUN aCTEKT, KOTOPbIN OO0JIbIIIE BXOAUT B KOMIETCHIIMIO CTICUATHCTOB
B 005aCTH XMMHUH, 4eM Ouosiornu. DTa 00JacTh 3HAHUW MOJydnsIa Ha3BaHUE
HKOJIOTMYECKON XMMHH, O] KOTOPOW MOHHMMAETCS Hayka 00 aHTPONOIE€HHBIX
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XUMUYECKUX 3arpsi3HCHUSIX U O MEXaHU3MaX WX MpeBpaiieHuil B ouocdepe. 3a-
Java dKOJIOTMYECKOW XUMHUHU - MAaKCHUMaJIbHOE YMCHBIIICHHE YPOBHS HArpy3Ku
aHTPOIIOTCHHBIX BO3ICHCTBUI 3a cUeT Pa3pabOTKH HOBBIX WM MOAM(PUKAINH
CYIIECTBYIOIIUX TEXHOJOTHMUECKUX MPOIECCOB, pa3paboTku crnoco0oB 3ddek-
TUBHOM OYMCTKU OTXOJOB IPOU3BOJICTB, pa3pabOTKU CIOCOOOB MPOTHO3UPOBA-
HUS ¥ PETYJISAIUU YPOBHS XUMHUYECKOTO 3arpsI3HCHUS B O0BEKTAX OKPY KAFOIICH
cpensl. Crofia k€ OTHOCAT: PEKOMEHJANNU M0 pa3padoTKe HOBBIX MpENaparos,
yHOTPEOJISIEMBIX B CEITbCKOM XO3SMCTBE M OBITOBOM XMMUH; PEKOMEHIAITUHU 10
npo(HIIaKTHKE APYTUX MPOIECCOB, MPUBOASIIINX K 3arPSI3HCHUIO OKPY KAFOIICH
Cpenpl; peIieHre BOMPOCOB, CBA3aHHBIX C MOpPYEH MHINEBBIX MPOIYKTOB, JIECT-
PYKIIMeH KOHCTPYKITMOHHBIX MaTEPHAIIOB U JIP.

Jlist pemieHust mpoOsieM OXpaHbl OKPYKAKOIIEH Cpellbl He0OXOAUMBI HCCIe-
JIOBaHUS TOTO, KaK BEAYyT ceOs B HEH, K KAKUM TTOCIICJICTBUSM MTPUBOASIT HOBBIE
BUJIbI XUMUYCCKUX COCTUHEHUH, MOMAIAIoONUX B KPYrOBOPOT BEIIECTB B OWO-
cdepe B pe3yibTaTe YeJIOBEUECKON JEesATeNbHOCTH, TO €CTh TpeOyeTcsl KadecT-
BEHHO HOBBIM ITOJIXO/ K OLIEHKE B3aUMOJICMCTBHUS YEIIOBEKA C OKPYKAIOLIEU cpe-
JIOW ¥ €TO BIUSHUIO HA CKOPOCTh W HAIIPaBJICHUE aHTPOITOTCHHBIX U TIPHPOTHBIX
daktopoB. Hapsimy ¢ koHCcTaTaruel IpouCXoIsIuX B MPUPOJIC YaCTO HETATHUB-
HBIX U3MCHCHHUU HY>KHO MEPEXO0JIUTh K MPOTHO3UPOBAHMIO U YIIPABICHUIO Kade-
CTBOM CpeJIbl OOUTaHMUS.

1. XUMMUYECKHUE OCHOBBI KOOI MYECKHUX
B3AUMO/JIEVICTBUI

1.1. Okonoruveckue GaxkToOpsl cCpeabl

Oxpy>karomiasi OpraHu3M cpelia - 3TO IPUPOJHBIE TeJa U SIBICHUS, C KOTO-
pPBIMH OHA HaXOJUTCS B IPSIMBIX UM KOCBEHHBIX OTHOLICHUSX. Y CJIOBUS CPEBbI,
CIOCOOHBIE OKa3bIBATh MPSIMOE WJIM KOCBEHHOE BJIMSIHUE HA JKUBbIE OPIaHU3MBI,
Ha3bIBAIOTCS IKOJIOrMYeCKUMU (hakTopaMu. CylIeCcTBYeT HECKOJIBKO KiacCU(u-
Kalui sKonornueckux (aktopoB cpeabl. Hanbonee mpoctoil u cTaBmiel kiac-
CHUYECKOH SABIISETCS KJIACCHU(pUKAIUS, IO KOTOPOU IKOJIOrHIecKre (PakTophl cpe-
Ibl JIEJSTCS Ha JABE KaTeropuu: abuotmueckue (PpaxTopbl (PaxTopsl HEKHUBON
npupoibl) U bnoTHueckue HPakTopsl (PaKTOpPhI KUBOI MPUPOIHI).

K aOuornyeckum ¢gakTropaM OTHOCATCS KIMMATUYECKHUE - CBET, TEMIIEPA-
Typa, BJIara, JBUKEHUE BO3/1yXa, JaBJICHUE; dAapOreHHble (IOUBEHHbBIE) - MEXa-
HUYECKUU COCTaB, BIArO€MKOCTb, BO3QyXONPOHULAEMOCTh, IUIOTHOCTBH; OpO-
rpaduyeckue - penabed, BEICOTa HaJ YPOBHEM MOPSI, SKCIIO3HUIINUS CKJIOHA; XUMHU-
YECKHE - ra30BbIii COCTAB BO3/yXa, COJEBOM COCTaB Cpeibl, KOHUEHTpALHs, KU-
CJIOTHOCTb M COCTaB IMOYBEHHBIX PACTBOPOB.
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K omornyecknm pakropam OTHOCITCS (PUTOTE€HHBbIE (PACTUTENIbHBIE Opra-
HU3MBI), 300T€HHbIC (KUBOTHBIC), MUKPOOHOTE€HHBIE (BHPYCHI, IPOCTEHIIHE,
OaKTepHUH, PUKKETCUHN) U aHTPOIIOTE€HHBIE (IEATEIBHOCTh YEIOBEKA).

OpUrHHaNBbHYIO KJIACCU(DPHUKALUIO SKOJOTUYECKUX (PAKTOPOB MPEIIOKUIT
A.C. Monuaackuit (1962), ucxoas U3 Toro, 4To NpUCIOCOOUTENbHBIE PEAKIIUU
OpraHu3MOB K TEM WJIM UHBIM (paKTOpaM Cpejbl ONPEACISAIOTCS CTENEHbIO MO-
CTOSTHCTBA 3TUX (PaKTOpOB. ITO:

- IEPBUYHbBIEC TIEPUOJUYECKUE (PAKTOPHI (TEMIIEpaTypa, CBET), 3aBUCSILHUE OT
NEPUOJUYHOCTH BpallleHus1 3eMJIM U CMEHbI BPEMEH roia;

- BTOPUYHbIE MTEpUOInYecKue (PaKTOpbl (BIaKHOCTh, OCAJIKH, TMHAMHUKA pac-
TUTENBHOU MHUILHU, COJAEPKAHHE PACTBOPEHHBIX Ta30B B BOJIE, BHYTPUBHIOBbHIE
B3aMMOJICUCTBHSI) KaK CJIE€ICTBHE MEPBUYHBIX EPUOIUYECKHX;

- Hemepuoauuyeckue @axkropsl (3naduueckue QakTopbl, B3aUMOJECHCTBUE
MEXIy pa3HbIMU BHJIaMU, aHTPOIIOT€HHBIE BO3ACHCTBUS, TOUBEHHO-IPYHTOBBIE
(bakTophl), HE UMEIOLIUE MPABUIBHON MEPUOIUYHOCTH.

Bo3zneiicTBre XMMUYECKOr0 KOMIIOHEHTa a0MOTHYecKOro (hakropa Ha *Ku-
BbI€ OPraHU3Mbl BBIPAXKAETCS B CYLIECTBOBAHUU HEKOTOPBIX BEPXHUX M HUKHUX
IPaHUL] aMIUTUTY/bl AOMYCTUMBIX KOJIEOAHUN OTIENbHBIX (PAKTOPOB (TeMIiiepa-
Typa, COJI€HOCTb, pH, ra3oBblii COCTaB U Jp.), TO €CTb ONPEAEIEHHBIN PEKUM
cyliecTBoBaHMs. UeM 1mupe npeaensl Kakoro-iubo (pakropa, TeM BbILLE YCTOM-
YUBOCTb, WJIM, KaK €€ Ha3bIBAlOT, TOJEPAHTHOCTh, JAHHOTO OPraHU3Ma.

Jlumutupyromum GakTopoM pa3BUTHs PACTEHUN SBIIAETCS DJIEMEHT, KOH-
LHEHTpALHsI KOTOPOIo JISKUT B MUHUMYyME. DTO ONpPENeNsieTcss 3aKOHOM, Ha3bl-
BaeMbIM 3aKkoHOM MuHuUMyMa [O.JIubuxa (1840). JInbux, XMMUK-OPraHUK, OJUH
U3 OCHOBOIOJIO)KHUKOB arpOXUMUH, BbIIBUHYJI TEOPUIO MUHEPAIBHOTO MUTAHUS
pacTeHui. Ypoxkail KyJbTyp 4acTO JUMUTUPYETCS 3JE€MEHTaMU MUTAHUS, MPU-
CYTCTBYIOIIMMH HE B U30bITKE, Takumu kak CO, u H,O, a Temu, koTopbie Tpe-
OyrOoTCsl B HUUTOXKHBIX KonuuecTtBax. Hampumep: 00p - HEOOXOAUMBIN 3JIEMEHT
NUTaHUsl PACTEHUH, HO €ro Majlo coaepxuTcs B nouse. Korna ero 3amackl uc-
YEepIbIBAIOTCS B PE3yJIbTaTe BO3JIEIbIBAHUS OJHOU KYJIBTYpPbl, TO POCT paCTEHUI
IpeKpallaeTcs, €ciid Jlaxe IpPyrue 3JEMEHThl HaXOIATCS B M300MIMH. 3aKOH
JInbuxa cTpOro NpUMEHUM TOJIBKO B YCIOBHUSX CTallMOHAPHOro cocTosHus. He-
00X0/IMMO YUYUTHIBaTh U B3auMojeicTBue Gakrtopos. Tak, BbICOKasi KOHLIEHTpa-
1Sl UK JOCTYIHOCTh OJHOT'O BELIECTBA WM ACHCTBUE ApYyroro (He MUHUMAJb-
HOro) (hakTopa MOMXET HU3MEHATh CKOPOCTh MOTPEOJEHUs DJIEMEHTa MHUTAHMS,
coJiepKallerocsi B MUHUMaIbHOM KoJimdyecTBe. MHOrga opranusm crnocoOeH 3a-
MEHSTh (4aCTUYHO) ACPUUUTHBIN SJEMEHT IpyruM, Oosee JOCTYIHBIM U XUMHU-
Yyecku OMM3KUM eMy. Tak, HeKOTOpPBhIM PacTeHHUsIM HY>KHO MEHbIIIE LIMHKA, €CIIU
OHM PacTyT Ha CBETY, a MOJUIOCKHM, OOWTAaIOIIME B MECTaX, € €CThb MHOIO
CTPOHLKSA, 3aMEHSIOT UM YaCTUYHO KaJbLUH IPU MOCTPOCHUH PAKOBUHBI.



JKoornyeckue (pakTopbl Cpebl MOTYT OKA3bIBaTh HA )KMBbIE OPraHU3MBbl
BO3/JICUCTBUA PAa3HOTO pOJA:

1) pazmpaxuTenu, BbI3bIBAIOIINE MPHUCIOCOOUTENbHBIE W3MEHEHUs (pu3mo-
JIOTUYECKUX U OMOXMMHYECKUX (YHKLUMN (HampuMmep, MOBBIILICHUE TeMIEepaTy-
pBl BO3JyXa BEIET K YBEIMYECHHUIO MOTOOTACIICHUS Y MIIEKONUTAIOIMIMUX U K OX-
JaXJICHHIO TEa);

2) orpaHu4yuTeNd, O0YCIOBIMBAIOIIME HEBO3MOXHOCTH CYIICCTBOBAHHS B
JAHHBIX YCIOBUSX (HalpUMeEp, HEJOCTATOK BJIard B 3aCyLUIMBBIX pailoHax Ipe-
ISTCTBYET IPOHUKHOBEHUIO Ty/1a MHOT'MX OPTraHU3MOB);

3) Moau(UKATOPHI, BHI3BIBAIOIINE aHATOMUYECKUE U MOP(OJIOTHYECKUE U3-
MEHEHHUsI OPraHU3MOB (HAIPUMED, 3aMbUICHHOCTh OKPY’KAOIIEH Cpebl B HHIY-
CTPHAJIBHBIX PaillOHax HEKOTOPBIX CTpaH MpuBeja K 00pa30BAHMIO YEPHBIX Oa-
0oyek Oepe30BBIX MSAJEHUL, COXPAHUBIINX CBOIO CBETIIYIO OKPACKy B CEJIbCKUX
MECTHOCTSIX);

4) curHanbl, CBUJETENbCTBYIOIINE 00 U3MEHEHUH IPYTUX (PAaKTOPOB CPEIbI.

B xapaktepe BO3AeHCTBUS KOJIOTHUECKUX (PAaKTOPOB HAa OPraHU3M BBISIBICH
psa o0UIMX 3aKOHOMEPHOCTEH.

3aKoH onTHMYMAa - MOJIOKUTEIBLHOE WM OTPULIATEIIbHOE BIUsHUE (PakTopa
Ha OpPraHu3Mbl - 3aBUCUT OT CHJIbI €ro Bo3aeicTBud. HenoctaTounoe ninu n30bl-
TOYHOE JeUCTBUE (PaKTOpa OJAMHAKOBO OTPHUIIATENILHO CKAa3bIBAETCA HA >KU3HE-
NeATeNIbHOCTU 0co0eil. bnarompusiTHas cujia BO3JACHCTBUSI DKOJIOTHYECKOTO
(dakTopa Ha3bIBaeTcst 30HOM onTuMyMa. OJIHUA BUbI BBIHOCIT KOJIEOAHMS B IIH-
pOKHUX mpenenax, Apyrue - B y3kux. llupokas miacTMUHOCTh K KaKOMY-ITHOO
dakTopy ob6o3HavyaeTcsi NpruOaBICHUEM YAaCTULBI «3BPH», y3Kas - «CTEHO» (IB-
pUTEPMHBIE, CTEHOTEPMHBIE - [0 OTHOLUEHUIO K TeMIIepaType, IBPUOTOIHbIE U
CTEHOTOITHBIE - 10 OTHOIICHUIO K MECTaM OOUTaHMUS ).

Heoano3HayHoCTh aeiicTBUA (pakTOopa Ha pasHble PpyHkumu. Kaxnpii
(akTop HEOJHO3HAYHO BIMSET Ha pa3Hble PyHKIUU opraHuzMa. ONTuMyM JUist
OJIHUX TMPOILIECCOB MOKET OBbITh HEeOJaronpuaTHbIM Ui Apyrux. Hampumep,
Temneparypa Bozayxa 6omnee 40°C y X0IOAHOKPOBHBIX KHUBOTHBIX YBEIHMUUBACT
MHTEHCUBHOCTh OOMEHHBIX IPOLIECCOB B OPraHM3ME, HO TOPMO3UT JIBUTaTElb-
HYI0 aKTUBHOCTb, YTO IPUBOJAMT K TEINIOBOMY OLICIIEHEHUIO.

B3aumoneicreue ¢gakropoB. OnTuManbHas 30Ha U MPEIEIbl BBIHOCIUBO-
CTH OPTaHMW3MOB MO OTHOUICHHIO K KaKkoMy-1u0o U3 (DakTOpOB cpeabl MOTYT
CMEIIAThCA B 3aBUCUMOCTH OT TOTO, C KAKOW CHJIOW U B KAKOM COYETAHHUU JICH-
CTBYIOT OJHOBPEMEHHO Jpyrue (aktopsl. Tak, jkapy Jierde mepeHOCHTb B CY-
XOM, a HE BO BJIAJKHOM BO3JyXe. YTpo3a 3aMep3aHusl BbILIE [IPU MOPO3€E C CUJIb-
HBIM BETPOM, HEXENIU B O€3BETpeHHYIO moroay. Bmecte ¢ Tem B3auMHask KOM-
neHcauus AeCTBUS (PaKTOPOB CPEAbl UMEET ONPENEIECHHBIE MPEAEIIbI U MOJIHO-
CTBIO 3aMEHHUTh OJMH U3 HUX APYTUM Henb3s. Jlepuiur Termia B mOIspHBIX 00-
JACTSIX HEJb3sl BOCHOJIHUTh HU OOWMJIMEM BJIArM, HU KPYIJIOCYTOYHOM OCBELIEH-
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HOCTBIO B JieTHee BpeMs. [ kaxaoro Buja >KMBOTHBIX HEOOXOAUM CBOM HabOP
AKOJOTUYECKUX (PAKTOPOB.

Bo3jaeiicTBHe XHMH4Y€CKOr0 KOMIIOHEHTAa a0MOTHYeCKOro ¢axkropa Ha
JKMBbIe OpPraHM3Mbl. AOUOTHYECKHE (PAKTOPbI CO3/JaI0T YCJIOBHS OOMTaHUS
PACTUTENBHBIX U KUBOTHBIX OPraHU3MOB M OKa3bIBAIOT MPSIMOE MJIM KOCBEHHOE
BIIUSIHUE HA JKU3HEACITENbHOCTh nocieanux. K abuornyeckum gakropam oTHO-
CSIT DJIEMEHTBI HEOPTaHMYECKOW MPUPOJIbI: MaTEpPUHCKAsi TTOPOJA MOYBBI, XUMU-
YECKUH COCTAaB M BJIKHOCTb IMOCJIEIHEN, COIHEUHBIN CBET, TEIJIOTA, BOJA U €€
XUMHYECKUN COCTaB, BO3[yX, €r0 COCTAaB M BIAXKHOCTh, 0APOMETPUYECKOE U
BOJHOE JIaBJIEHWE, €CTECTBEHHBIN paJuallMOHHBIN (GOH U Ap. XUMHYECKUMHU
KOMITOHEHTaMU a0MOTHYECKUX (DAKTOPOB SIBISAIOTCS MUTATEIbHBIC BEIIECTBA,
CJIellbl DJIEMEHTOB, KOHIIEHTpAIUsl YIJIEKUCIIOrO ra3a M KUCJIOpOJa, SOBUTHIC
BelIeCcTBa, KuciaoTHocTh (pH) cpenpl.

Bausinue pH Ha BRIKMBAeMOCTh OPraHM3MOB-THAPOOHOHTOB. bobiinH-
CTBO OPraHU3MOB HE BBIHOCST KoseOanuii Bennunubl pH. OOMeH BelecTB y HUX
(GYHKUHOHUPYET JIMIb B CPEJIE CO CTPOTO OINPEACIICHHBIM PEXUMOM KHCIOTHO-
CTHU-11IeNTOYHOCTH. KOHIIeHTpalusi BOJIOPOJHBIX HOHOB BO MHOTOM 3aBUCHUT OT
KapOOHATHOM CHCTEMbI, KOTOpas SIBJISETCS BaKHOW I BCeW TUIpPOCPEphl U
OMKCHIBACTCS CIOKHOM CHCTEMOU paBHOBECHH, YCTaHABIMBAIOIIMUXCS MPHU pac-
TBOPEHUH B IPUPOAHBIX MPECHBIX Bojiax cBOOOHOTO CO,, MO peakuuu:

C02 =+ Hzo f— H2C03 R H+ + HC O; .

HNmenHo ata peakums sBISIETCS NMPUYUHOW TOro, yTo pH mpecHbIX mpupon-
HBIX BOJI PEAKO OBIBAET TEOPETUUECKU HEUTpaIbHOW, TO €cTh paBHOM 7. Yamie
Bcero pH umcToit Boawl kosiebnercs ot 6,9 no 5,6. B mpupone mpuBeneHHoe
BBIIIIE PABHOBECHE B YUCTOM BHUJIE HE CYIIECTBYET, TAK KaK Ha MPUPOJAHBIE BOJIbI
OKa3bIBAET JIEWCTBHE MHOTOYMCIEHHbIE (haKTOpBI: TEMIEPATypa, AaBJICHUE, CO-
Jep’)KaHue B aTMocdepe KUCIOopoAa, aMMHUaKa, TUOKCUIA U TPUOKCHUIA CEPBI,
a30Ta, COCTaB MOPOJ M0 KOTOPHIM MPOTEKAET PeKa UM PacloiokeHo o3epo. pH
CPABHUTENBHO JIETKO U3MEPUTh, MOATOMY €r0 M3YUWJIM BO MHOTMX BOJHBIX Me-
croobutanusix. Ecniu pH He nmpubnuxkaercss Kk KpaiiHeMy 3HadyeHHio (0T 6,5 1o
8,5), To coobuiecTBa CIOCOOHBI KOMIIEHCUPOBATh U3MEHEHHUS 3TOro (pakTopa u
TOJIEPAHTHOCTh cooOlecTBa K AuanazoHy pH, BcTpewaromemycsi B NMpPUPOJIE,
BeCbMa 3HauMTenbHa. Tak kak u3MeHeHue pH mponopuroHaIbHO U3MEHEHHUIO
konnuectBa CO,, pH MOXET Cy>KUTh HHAUKATOPOM CKOPOCTH 0011ero metado-
au3Ma cooduectBa (porocunTesa u apixanus). B Boae ¢ Huzkum pH coaepxuT-
Csl MaJio OMOTE€HHBIX 3JIEMEHTOB, B CBA3M C UEM MPOJYKTUBHOCTD 3/1ech Majia. pH
CKa3bIBA€TCS U HAa paclpeeleHUH BOJHBIX OpraHu3MoB. Pactenus pactyT B Bo-
ne ¢ pH auxe 7,5 (Isoetes u Sparganium), ot 7,7 g0 8,8 (Potamogeton u Elodea
canadensis), ot 8,4 10 9,0 (Typha angustifolia). PazButue carHoBbIX MXOB CTH-
MYJIUPYIOT KHUCJbIE BOABI TOP(SIHUKOB, B KOTOPBIX OYEHb PEIKHU MOJLIIOCKH,



BBHJIy OTCYTCTBHSI M3BECTH, 3aTO YaCTO BCTPEYAIOTCSA JIMYMHKHU JABYKPBUIBIX W3
poaa Chaoborus. PriOb1 BeiHOCAT pH B mpenenax ot 5,0 10 9,0, HO HEKOTOpbIE
BU/JIbI CLIOCOOHBI npucnocadbauBarbes K 3Hauenuto pH no 3,7. ITpu pH > 10 Boga
rubenpHa 1 BceX ppl0. MakcumalnpHasi TPOAYKTUBHOCTh BOJ MPUXOAUTCS Ha
pH Mexny 6,5 u 8,5. B tabnune 1.1 yka3anbl ocHOBHbIE BeanuuHbl pH 118t nipe-
CHOBOJHBIX pbIO EBpOTIIBI.

A3poOHBbIe U aHA3POOHBIE OPraHu3Mbl. ASpOOHBIMU OpraHW3MaMH Ha3bl-
BAIOTCS TAKWE OPTaHU3MBbI, KOTOPBIE CIIOCOOHBI KUTh M PA3BUBATHCS TOIBKO MPHU
HaJIMYUU B Cpelie CBOOOJHOIO KHUCIOPOJA, HCIOJNb3yEMOr0 UMHU B KadyeCTBE
okucautend. K aspoOHbIM opranu3zMaM MpUHAAJIEKAT BCE PACTEHUS, OOJbIINH-
CTBO MPOCTEHIINX W MHOTOKIJIETOYHBIX JKUBOTHBIX, TOUTH BCE TPUOBI, TO €CTh
MOJIABJISIIOIIEEe OOJBIIMHCTBO M3BECTHBIX BUAOB KHUBBIX CYIIECTB. Y JKUBOTHBIX
XU3Hb B OTCYTCTBUE KHUCJIOpOJAa (aHa3poOMO3) BCTpEUaeTcs Kak BTOPUYHOE
npucnoco6yienre. A3poOHbBIE OPraHU3Mbl OCYIIECTBIISIIOT OMOJOTHUYECKOE OKHC-
JIeHUE TJIaBHBIM 00pa3oM MOCPEACTBOM KJIETOYHOro Jbixanus. B cBs3u ¢ oOpa-
30BaHUEM TPU OKUCICHUHU TOKCHUYHBIX MPOJYKTOB HETMOJIHOTO BOCCTAaHOBIICHUS
KHCJIOPO/Ia, a3pOOHBIE OpraHu3Mbl 001aat0T psjaoM GepMeHTOB (KaTanasa, Cy-
MEePOKCUJITUCMYTa3a), OOECIEUUBAIOIIUX HMX Pa3JIOKEHUE U OTCYTCTBYIOIIMX
Win ci1ab0 (YyHKIMOHUPYIOIIMX Y OOJIUTaTHBIX aHA’pOOOB, ISl KOTOPBIX KH-
CJIOPOJT OKa3bIBAETCS BCIIEJCTBUE ATOro TOKcHYHbIM. Haunbonee paznoobOpaszHa
JpIXaTenbHas 1enb y Oakrepuid, o0JagaronIMX HE TOJBKO HUTOXPOMOKCHIA30M,
HO U JPYTUMU TE€PMHUHAIBHBIMU OKcujazamMu. Ocoboe MecTo cpeau a’poOHBIX
OpraHU3MOB 3aHUMAIOT OPraHU3MbI, CIIOCOOHBIE K (POTOCHUHTE3Y, - IMAHOOAKTE-
pHUH, BOJOPOCIIH, COCYAUCTHIE pacTeHUs. Brimensemplii aTuMu opraHu3MaMu KH-
CJI0pOoJI 00ECIeYNBAET Pa3BUTHE BCEX OCTAIBHBIX a3pOOHBIX opraHu3MoB. Opra-
HU3MBI, CIIOCOOHBIE Pa3BUBATHCS MPU HU3KOW KOHIEHTpaIluu Kuciopoga (< 1
MT/J1), Ha3bIBAIOTCSI MUKPOAIPOhUIIaMU.

AHa’poOHbIE OpraHu3Mbl CIOCOOHBI )KUTh U PAa3BUBATHCS MPU OTCYTCTBUU B
cpeae cBOOOAHOro Kucioponaa. TepmMuH «aHa’pooOw» BBen Jlyu Ilactep, ot-
KpbIBIIMI B 1861 rogy OakTepuu MacissHOKUCIOro OpoxeHus. PacripocTpaHeHsl
OHM TJIaBHBIM 00pa3oM cpeau mpokapuoT. Merabosau3m ux oOycClOBJIEH HEOO-
XOJUMOCTBIO HCTOIh30BaTh MHBIC OKUCIUTENH, YeM KHUCIOpoA. MHorme aHa-
3pOOHBIE OpPraHU3Mbl, UCIOJIb3YIOUIME OPraHUYECKHE BellecTBa (BCe dyKapuo-
Thl, TIOJIy4AIOIIME YHEPTUI0 B PE3yJIbTAaTe IIIMKOJIM3a), OCYLIECTBISIOT pa3jiny-
HbIC THUMBI OPOKEHUs, PU KOTOPBIX 0OpPa3yIOTCs BOCCTAHOBJICHHBIE COEIUHE-
HUS - CIIUPTHI, JKUPHBIE KUCIOTHL. pyrue aHa’ poOHbIE OpraHu3MEbI - JEHUTPH-
¢bunupyromue (4acTh U3 HUX BOCCTAHABIMBAET OKUCHOE XKEeJe30), CyJIb(paTBOCC-
CTaHaBJIMBAIOILIME, METaHOOOpa3ylolue OaKTepUu - MCIOJIb3YIOT HEOpraHuye-
CKHE€ OKHCIUTEIN: HUTpaT, coeauHeHus cepbl, CO,. AHa’poOHbIe OakTepHUH
pa3nensioTcs Ha TPYNIbl MACISHOKHUCIBIX U T.J. B COOTBETCTBUU C OCHOBHBIM
npoayktoMm oOMena. OcoOyro rpynmy aHa’poOOB COCTaBIsAIOT (HOTOTpodHBIE
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oaktepun. [lo otHomenuto k O, aHa’poOHble OaKTepUU AENATCS HAa OOJIUraT-
HBIX, KOTOpPbIE HECHOCOOHBI MCIIOJIb30BaTh €ro B 0OMeHe, U (haKyJbTaTUBHBIX
(HanpuMep, JEHUTPUPUUHUPYIOIIKE), KOTOPhIE MOTYT MEPEXOJUTh OT AHA3PO-
ouo3a k pocty B cpene ¢ O,. Ha enunuiy Guomaccel aHa3pOOHbIE OpPraHU3Mbl
00pa3yloT MHOI'O BOCCTAHOBJIEHHBIX COEJAMHEHHI, OCHOBHBIMHU IPOIYLIEHTAMU
KOTOpBIX B Ouocdepe onu u sBisitorces. [locnegoBarenbHOCTh 00pa3oBaHus BOC-
craHoBieHHBIX poaykToB (N,, Fe?’, H,S, CH,), HaGmrofaeMas IpH mepexoze K
aHa’poOrO03y, HApUMEpP B JOHHBIX OTJIOXKEHUSX, ONpPENENseTCs dHepreTuye-
CKMM BBIXOJIOM COOTBETCTBYIOIIMX peakuuid. AHa3pOOHbIE OPraHU3Mbl pa3BU-
BaIOTCS B YCIOBUSX, Korjga O, MOJMHOCTBIO MCHOJIB3YETCS adpOOHBIMU OpPTraHU3-
MaMH, HallpuMep B CTOYHBIX BOJIaX, UIIaXx.

Tabnuya 1.1
3nauenust pH 1y npecHoBoaHbIX pbi0 EBponsl (o P./laxo, 1975)
pH XapakTep BO3ACHUCTBUS HA MPECHOBOAHBIX PHIO
3,0-3,5 ['nGenbHO 11 pBIO; BBDKUBAIOT HEKOTOPbIE pacTeHus: U Oecro-
3BOHOYHbIE
3,5-4,0 ['nOenpHO U151 TOCOCEBBIX PhIO; MJIOTBA, OKYHb, IIIyKa MOTYT BbI-
KUTh TOCJIE€ AKKJIIMMAaTU3alUH
4,0-4,5 ['nGenbHO ISt MHOTHX PBIO, pa3MHOXKAETCs TOJIBKO LIyKa
4,5-5,0 OmnacHo 7151 HKPBI JIOCOCEBBIX PhIO
5,0-9,0 OO6nacTh, npurogHas Jyist >KU3HU
9,0-9,5 OmnacHO /U1t OKYHS ¥ JIOCOCEBBIX PBIO B CiIydae JJIUTEIHLHOTO BO3-
JEUCTBUS
9,5-10,0 BpenHo yist pa3BUTHS HEKOTOPBIX BUIOB, THOCIIBHO JIJIS JIOCOCE-
BBIX IPU OOJIBIION IPOJOJIKUTEIBHOCTH BO3ACHCTBUS
10,0 - 10,5 IlepeHocuTcs MIOTBOM B TEUEHUE OYEHb KOPOTKOTO BPEMEHH
10,5-11,5 CMepTenbHO IS BCeX b0

Biausinue KoJMYecTBa PACTBOPEHHOI0 KHCJIOPOAA HA BU/IOBOH COCTAaB M
YHUCJIEHHOCTh ruAPOOMOHTOB. CTeneHb HACBHIIIEHHOCTH BOABI KUCIOPOAOM 00-
paTHO mpornopLUHroHanbHa ee Temneparype. Konuenrpanus pacrsopessoro O; B
MOBEPXHOCTHBIX BOAax u3Mensercst oT 0 10 14 mr/in u nojaBep)keHa 3HAUYUTEIb-
HBIM CE30HHBIM M CYTOYHBIM KOJI€OaHUSIM, KOTOPbIE B OCHOBHOM 3aBHUCST OT CO-
OTHOLIEHUSI HUHTEHCUBHOCTH IPOIIECCOB €r0 MPOAYLUPOBAHUS U MOTPEOICHUS.
B ciydae BbICOKOI MHTEHCHBHOCTH (DOTOCHHTE3a BOAA MOXKET OBITh 3HAUNTEIb-
HO niepechitieHa O, (20 mr/in u Beimie). B BogHOM cpeae KUCIOpO SBIISIETCS OT-
pannumBatonuM ¢akropom. O, coctarmsier B atmochepe 21% (mo o0bemy) u
oko0ii0 35% OT Bcex ra3oB, PaCTBOPEHHBIX B BoJe. PacTBOpUMOCTh €ro B Mop-
ckoil Bogie cocrasisieT 80% OT pacTBOPUMOCTH B pecHOM Boze. Pacnpenenenue
KHUCIIOpOJia B BOJAOEME 3aBUCUT OT TEMIIEPATyphl, IIEPEMEILECHUS CIOEB BOJbI, &



TaK)K€ OT XapaKTepa M KOJIMYECTBA JKMBYUIMX B HEM OpPraHuM3MoB. BeiHOCIu-
BOCTb BOJIHBIX >KMBOTHBIX K HU3KOMY COJIEPKAHHUIO KHACIOPOAA y PA3HBIX BUIOB
HeonuHakoBa. Cpeau ppl0 YCTAHOBJIEHO YEThIPE TPYMIbI MO MX OTHOIICHHIO K
KOJIMYECTBY PACTBOPEHHOI'O KHCIOPOAA:

1) 7 - 11 mr/ n - dopensb, roiabsiH, MOJKAMEHIIHK;

2) 5 -7 mr / 1 - xapuyc, eckapb, roJiaBjib, HAJIUM;

3) 4 Mr/ 11 - mI0TBA, epII;

4) 0,5 mr / 11 - Kapr, JUHb.

Hekoropble BUbl OpraHu3MOB IPUCIOCOOMIIUCH K CE30HHBIM PUTMaM B I10-
Tpebsenun O,, CBSI3aHHBIMU C YCIOBUAMU Ku3HU. Tak, y pauka Gammarus Lin-
naeus BbISBWIN, YTO HHTEHCUBHOCTD JIbIXaTEIbHBIX MPOLECCOB BO3PACTAET BME-
CTE C TeMIIepaTypoi U U3MEHSIETCS B T€UEHHUE rojia. Y >KMBOTHBIX, KUBYLIUX B
MecTax, O€JHBIX KHCIOPOAOM (MPUOPEKHBIA W, JTOHHBIA WJ1), OOHApYKEHBI
JIbIXaTeIbHbIE MUTMEHTHI, CIYKaIlMe PE3EPBOM KUCIOPOAA. DTH BUAbI CIIOCOO-
HbI BBIXKUBATh, IEPEXO/Is K 3aMEJICHHOM JKU3HU, K aHA poOuno3y win Ojaroaaps
TOMY, 4TO Y HUX uMeeTrcs d-remMoraoOuH, o0aaiaromui 60JbIIUM CPOACTBOM K
Kucinopoay (IadHUM, OJUTOXEThI, MOJMXEThl, HEKOTOphIE IIACTMHYATOXAa0ep-
HbI€ MOJUTIOCKH). J{pyrue Bo/iHbIE OECIIO3BOHOYHBIE TOAHUMAIOTCS 32 BO31YXOM
Ha MOBEPXHOCTh. JTO MMAaro *YyKOB-TUIaBYHLIOB ¥ BOJ0JIFOOOB, IJIabIIIH, BOJS-
HbI€ CKOPIIMOHBI U BOJISIHBIE KJIOIbI, IPYJIOBUKU U KaTylika (OprOXOHOTHE MOJI-
atocku). HekoTopeie )KyKH OKpY>KatoT ceOsi BO3AYIIHBIM My3bIPbKOM, yAECpPHKU-
BAa€MbIM BOJIOCKOM, @ HACEKOMbIE MOT'YT MCIOJIb30BaTh BO3JyX U3 BO31yXOHOC-
HBIX MA3yX BOJSIHBIX PACTEHUH.

3aBUCHMOCTh KMBBIX OPraHU3MOB OT KOHIEHTPALMH MHMHEPAJbHbIX
coJjieil B cpefe. B ecTecTBeHHBIX BOJAX KOHILIEHTpAlMs MUHEpPAJIbHBIX COJIEH
BEChbMa pasiuyHa. B mpecHoil Boje MakCHUMajIbHOE COJEPKAaHUE PACTBOPEHHBIX
BeniecTB paBHO 0,5 /1. B Mopckoii Bojie cpefHee coaepKaHUe pacTBOPEHHBIX
coneil 35 r/n. B conoHOBaThIX BO/AAX 3TOT MOKa3aTeiab O4eHb n3MeHuuB. Coile-
HOCTb OOBIYHO BbIpaykaeTcsi B poMuinie (%o) U SBISIETCS OJHOW U3 OCHOBHBIX
XapaKTEPUCTUK BOIHBIX MAaCC, paclpeieseHUusi MOPCKUX OpraHU3MOB, HJIEMEH-
TOB MOPCKHUX T€4eHUU U T.1. OcoOyr0 pojib OHA Urpaer B (hOpMUpPOBaHUM OHO-
JIOTMYECKON MPOAYKTUBHOCTH MOPEW M OKEaHOB, TaK KaK MHOTHME OPIraHU3Mbl
OUYEHb BOCIIPUUMYMBBI K HE3HAYUTEIIbHBIM €€ U3MEHEHUsIM. MHOI1e BUJIbI KU-
BOTHBIX SIBJISIFOTCS] LIEJIMKOM MOPCKUMU (MHOTHE BUJIbI pbIO, OECIIO3BOHOYHBIX U
MJIEKOIIUTAIOLIHX ).

B cononoBatbix Bosax OOMTArOT BU[bI, CIOCOOHBIE NIEPEHOCUTH IOBBIIICH-
HYIO COJICHOCTh. B acTpyapusix, rie coneHocts Hke 3 %o, MOpckas (ayHa 6en-
Hee. B banuiickom Mope, coieHOCTh KOTOpOro coctasisieT 4 %o, BCTpEeUaroTCs
OAJIIHYCBI, KOJIBYEIbI, @ TAKKE KOJIOBPATKHA U THAPOUIBIL.
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Boanbie opranu3Mel oApa3essitoTCsl Ha IPECHOBOIHBIE U MOPCKUE IO CTe-
MIEHU COJICHOCTH BOJIbI, B KOTOPOH OHU 00uTar0T. CpaBHUTEIHLHO HEMHOTHE pac-
TEHUS W )KUBOTHBIC MOTYT BBIICPKMBATh OOJIbIIINE KOJIeOAaHUSI CONCHOCTH. Ta-
KH€ BUBI OOBIYHO OOMTAIOT B ACTPYapHsIX PEK MIIM B COJCHBIX MapIiax U HOCST
Ha3BaHUS IBPUTATMHHBIX. K HUM OTHOCSTCS MHOTHE OOMTATENId JTUTOpaIH (COo-
JIEHOCTB OKOJIO 35 %o), 3cTpyapHeB peK, COIOHOBATOBOJHBIX (5 - 35 %o) U yibT-
pacoiieHbIx (50 - 250 %o), a Takxke TPOXOAHbIE PHIOBI, HEPECTALIUECS B MPECHON
Bozie (< 5 %o0). Hanbonee ynuBuTenbHBINA MpuUMeEp - padok Artemia salina, cro-
coOHBIN cyiecTBoBaTh Npu cojieHocTu OT 20 10 250 %o M Jake MEepEeHOCUTH
HOJIHOE BpeMeHHOe ornpecHeHne. CrocoOHOCTh CYIECTBOBATh B BOJAAX C pas-
JMYHON COJIEHOCTHhIO 00ECIEYMBAETCS MEXAHU3MaMU OCMOPETYJISLUU, KOTOPYIO
MOJIJICP)KUBAIOT OTHOCUTEIBHO TMOCTOSIHHBIC KOHIIEHTPAIIMd OCMOTHYECKH aK-
THUBHBIX BEIIECTB B )KUJIKOCTSX BHYTPEHHEH CpPEIbI.

[To oTHOIIEHUIO K COJICHOCTU CPE/IbI )KUBOTHBIE JIEIATCS HAa CTEHOTAIMHHBIX
U IBpUTraTuHHBIX. CTCHOTAIMHHBIE )KHBOTHBIC - KUBOTHBIC, HE BBIJCPIKHUBAIO-
M€ 3HAYUTENIbHBIE U3MEHEHUS COJICHOCTU Cpeibl. JTO MOJABIISIONIEE YHUCIIO
obuTareseii MOPCKUX W TMPECHBIX BOJOEMOB. DBPHUTaIMHHBIC JKHBOTHBIC CITO-
COOHBI JKHTh TPHU NIMPOKOM JaHarna3zoHe KoiiebaHui coyeHocTu. Hampumep,
ynmutka Hydrobia ulvae cnocoOHa BbDKMBATH IPU U3MEHEHMHM KOHUEHTpalUuu
NaCl ot 50 g0 1600 mmoas/mi1. K HUM oTHOCSTCS Takke Meay3a Aurelia aurita,
chenobnas muaus Mutilus edulis, kpa® Carcinus maenas, anmneHIUKYJISApUS
Oikopleura dioica.

VY CTOMYMUBOCTD MO OTHOILIEHUIO K U3MEHEHUIO COJIEHOCTU MEHSIETCS C TeMIIe-
parypoii. Hanmpumep, ruapoun Cordylophora caspia mydiie nepeHOCUT HU3KYIO
COJIGHOCTh TIPU HEBBICOKOHW TeMIlepaType; NEeCATUHOTHE PaKd MEePeXoJsiT B Ma-
JIOCOJIEHbIE BOJIbI, KOTJa TeMIIepaTypa CTAaHOBHUTCS CIUIIKOM BBICOKOW. Bupl,
o0UTaOIINE B COJIOHOBATHIX BOJIaX, OTIMYAIOTCA OT MOPCKUX (OopM pazMepamu.
Tak, kpa0d Carcinus maenas B banTuiickom Mope UMeeT MaJIeHbKHE pa3MephI, a B
ACTpyapHsiX U JIaryHax - KpymHbie. To e MOKHO CKa3aTh M O CheA0OHON MUIUH
Mutilus edulis, umeromeit B bantuiickom Mope cpeanuii pazmep 4 cMm, B benom
Mope - 10 - 12 cm, a B SAnoHckoMm - 14 - 16 cM B COOTBETCTBUM C yBEIUYEHUEM
cosieHocTH. KpoMme Toro, oT COJIEGHOCTH Cpeibl 3aBUCUT U CTPOEHUE 3BPUTaIUH-
HbIX BUJOB. Pauok apremus nipu coneHoctu 122 %o umeer pazmep 10 mm, npu
20 %o nocturaet 24 - 32 mm. OgHOBpeMEHHO M3MeHseTcs hopma Tena, mpuaaT-
KOB U OKpacka.

1.2. XumMu4ecKkue 3K0peryJiTopbl

Kusbie OpraHu3Mbl, MPHUHAAJICKANIUC K PACTHTCILHOMY HIIM KHUBOTHOMY
HapCTBYy, BJIHUAKOT Ha CBOC OKPYKCHHUC IIYTCM B3dMMHO IICPCKPCIIMBAIOIICTO

HeﬁCTBHH Ppa3IMIHbIX MOJICKYIJI. OTHn BBaHMOHeﬁCTBHH MOT'YT IMPOUCXOJUTH MC-
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XKy JKUBOTHBIMH, PACTCHUSIMHU, MEX]Y *KUBOTHBIMU U pacTeHusiMu. Kpome To-
ro, HEXKMBas MPUPOJA TAKKE BO3ACHCTBYET HA )KMBOTHBIX M pacTeHusd. M3yye-
HUEM TaKUX B3aUMOJCHCTBUM M XMMHUYECKUX BEUIECTB, CIYXKAIIUX MOCPEAHU-
KaMH IIPU 3TOM, 3aHUMAETCSI XUMUYECKasl SKOJIOT U

VYenexu XUMHUYECKON SKOJIOTHH BO MHOT'OM OOSI3aHbI MOSIBIICHUIO HOBBIX (hu-
3UKO-XMMUYECKUX METOJIOB HCCIIEIOBAHUS, MO3BOJSIOININX YCTAHOBUTH CTPYK-
Typy BELIECTBA B CYyOMHIITUTPAaMMOBOM KosidecTBe. OCHOBBI XMMUYECKOU KO-
gorun u3noxkeHsl DnopkuHbIM (1966), pa3paboTaBIIUM TEPMHUHOJIOTHIO U
c(hOpMyTUPOBABIIINM OCHOBHEIE HJICH U HAIIPaBJICHUS HOBOW HAYKH.

XHUMHUYECKHE B3aUMOJCHCTBUS OCYLIECTBIIAIOTCA MPU MEperade 3aK0aupo-
BaHHBIX COOOIICHUI MPU MOMOIIU CIICH(PUICCKUX MOJIEKYH, a TAKXKE HCIOIb-
3YIOTCS JUISl 3allATHI WM HAIaJEHUs Ha BCEX YPOBHSX ABOJIIOIMOHHOTO Pa3BU-
TUSL.

CI10KHOCTh B3aMMOOTHOILIEHUI MEXIYy OpraHW3MaMH BBIPAXKaETCsA B Xapak-
Tepe EUCTBUA JAHHOTO OpraHuW3Ma Ha cpelny (MEXKBHUIOBOE WM BHYTPUBHUIIO-
BOE) - SIBJISIFOTCS JIU OHU OJIArOMPUSITHBIMU WJIM BPEIHBIMU JIJII OKA3bIBAIOIIETO
ux Bujpa. Huwxke npuBeneHa knaccudukanusi pa3iuyHbIX TUIOB XUMHUYECKHUX
BO3/ICCTBUI OpraHu3Ma Ha Cpeny.

Knaccudukanus TUIOB XUMUUYECKUX BO3JEUCTBUIN OpraHu3Ma Ha cpeny (mo
M. BapOnre, 1978)

I. BemecrBa, y4acTBywIIHe B MEKBHIAOBBIX (AJJICTOXUMUYECKUX)
B3aMMOJACHCTBUAX

A. Annomonsi (MPUHOCAT MOJIB3Y OPTraHU3MY-IPOAYIICHTY):

1. OTnyruBaromue BEeCcTBa.

2. BemiectBa, npukpbIBaoIiKe 0ercTBO (UepHUIbHAS KUAKOCTh Y TOJIOBOHO-
TUX MOJUTIOCKOB).

3. Cynpeccopbl (RHTUOMOTHKH).

4. Snel.

5. MuayxTops! (BBI3BIBAIOT 00pa30BaHKE rajlTyCoOB, Y3€JIKOB U T.II.).

6. [IpotuBosaus.

7. [lpumanku (IpUBJIEKAIOT TOOBIYY K OPTaHU3MY-XUIITHUKY ).

b. Kauipomonsi (IpUHOCAT MOJB3Y OPTraHU3MY-PELUNHUECHTY ):

1. BemecTBa, npuBIIEKaOIINE K TUIIE.

2. NHpykTOphl, CTUMYJUpYIOLIME ajanTanuio (Hampumep, (akTop, BbI3bI-
BalOIIUH 00pa30BaHUE IIUIOB Y KOJOBPATOK).

3. CurHassl, npeynpexaatone peuuniueHTa 00 OnacHOCTH UM TOKCUYHO-
CTH.

4. Ctumynaropsl (pakTopsl pocTa).

B. Jlenpeccopwi: oTOpOCH! U MOJJOOHBIE UM MPOAYKTHI, OTPABIISIONINE PELIU-
MMEHTA, HE YBEIUYMBAs MPUCIOCOOIIEMOCTH MPOU3BOSIIEIO UX OpraHu3Ma K
OKPYJKarolIEn CpeLe.
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I1. BemecTBa, ydacTBYHOIIIHE BO BHYyTPHUBUI0BBIX B3aUMO/AeliCTBUSIX

A. Aymomoxcunsl (OTOPOCHI, TOKCUUHBIE JJI1 OPraHU3Ma-IIPOYIIEHTa U HE
MPUHOCAIIKE TTOJIb3BI IPYTUM BUJIAM).

b. Aymouneubumopor agantanuu: cAep>KMBAIOT YUCICHHOCTh MOMYJISLIUU B
TaKHX Ipeenax, 4ToObl OHA HaXOAUJIACh B PABHOBECUU C OKPYXKAIOIIEH Cpe1o.

B. @epomonur:

1. [TonoBbie (hepOMOHBI.

2. O6mecTBeHHbIE (hEPOMOHBI.

3. ®epOoMOHBI TPEBOTH U OOOPOHBHI.

4. ®epOMOHBI-METYHUKH (OTMEUAIOT TEPPUTOPHUIO0 OOUTAHUS U T.I1.).

QDIIOPKUH MPEUIOKUIT TEPMUH «KO-aKTOH» JIJISl BCEX OMOJIOTMYECKH aKTHB-
HBIX BEILIECTB, CIIOCOOHBIX K JIIOOOMY M3 XMMUYECKHUX B3auMoaecTeuil. Kaxmas
MOJIEKYJIa COOTBETCTBYET OIPEACIICHHOMY CUTHAIly, MOTEHIIMAIbHBIM HOCHUTE-
JeM KoToporo oHa siBisercd. Ilepenaua wHboOpManuu Mpu MOMOIIM MOJIEKYJIT
OTHOCHUTCS K OHOMY U3 aCIIEKTOB KHOEPHETUKU. ABTOMATU3M MOBEJICHUS Hace-
KOMBIX CBSI3aH C BOCIIPUSITUEM TaKMX CUTHaoOB. PacmmdpoBka Takux xumuue-
CKHMX COOOIIEHUI MO3BOJUT JIyUllle MOHATh XapaKTep B3aUMOCBS3€H B HKOJIOTHU-
YECKUX CUCTEMax M, BO3MOXKHO, YIPABISTh UMH, TTO3BOJISISI COXPAHUTH MIPUPO/I-
HbIE paBHOBeCHS B 00pbOE € 3arpsi3HEHUEM CPEJIbl.

XYUMHUYECKHE B3aUMOJCHCTBUS MEXKIY PACTEHUSIMU C TOUKH 3pEHUsS] OHMOXU-
MUYECKON 3BOJIOLMH YPE3BbIUAMHO CIIOKHBI. KOHEUHBIH MPOIYKT METadO0IM3-
Ma, BBIOPACHIBAEMbIN UMH B OKPYXAIOIIYIO CPEy, MOXKET OKa3bIBaTh I'yOUTEIb-
HOE JICMCTBUE HA OJHU BUJBI PACTEHUM, TOT/Ia KaK JIPyTrue K HEMY OKa3bIBAIOTCS
HEYYBCTBUTEJIbHBIMUA. MIHOT/Ia 3TOT MPOIYKT BPEACH ISl Camoro, MpOU3BOIs-
HIero ero pacTeHus, UHorjaa HeT. Hampumep, sBKaJUINTHI, aKKIMMaTU3UPOBAH-
Heie B CIIIA, moiaBisioT pocT mojasiecka B MECTax CBOETO MPOU3PACTaHMs, a aB-
CTpAJIMHACKHE IBKAJIUIITHI TAKUM JIEUCTBUEM HE 00JaAat0T. Y HEKOTOPBIX TPOIU-
YECKUX JEPEBhEB HAOJIO/IaeTCs SIBJICHUE CAMOOTPABIICHUS: UX CEMEHAa MOTYT
popacTaTh TOJIBKO Ha MIOYBAX, TJI€ PACTYT APYrUe BUAbI PACTCHHIA.

B3aumopeiicTBue Mexay pacTEHUSIMU U >KUBOTHBIMHU OCYILIECTBIISIETCS ca-
MBIMH pa3Iu4HbIMU criocoOamu. CpencTBa, MpU MOMOIIM KOTOPBIX PAacTEHHE
3alIMIIACTCS OT >KMBOTHBIX, MHOIOOOpPA3HBI: IIHWIIbI, aJKaJOHbI, KapIUOTOK-
CUYHBIE CTEPOMIHBIC TIIMKO3UJIbI, HEMPUATHBIA BKYC, ropeub. Hekoropsie pac-
TEHUS B LIEJSAX 3aIUTHl MOTYT OMOCUHTE3UPOBATH TOPMOHBI HACEKOMBIX - KU~
30HBI, CITIOCOOHBIE I'YOUTEIBHO JACHCTBOBATH HA TyceHull 0abouek. Yacto BeTpe-
YyaeTcsl Takoe SIBJICHHE, KOrja crelupuyecKoe BEIIeCTBO MPUBJIEKAET K pacTe-
HUIO JKUBOTHBIX OJTHOTO BUJIA U OTTAJIKUBAET KUBOTHBIX APYrUX BUAOB. Takas
aJlanTaius MOMOraeT HACeKOMBIM M30€XKaTh SIIOBUTHIX XUMUYECKUX JIOBYIIIEK.
OpHu U Te Ke BellecTBa MOMOTaloT JINYMHKAM PACIO3HATh MUILY, PUBJIEYh Ca-
MOK, COOMPAIOLIUXCS OTIIOXKUTD SIHIIA.
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[IpuBrieueHre HACEKOMBIX AYIIUCTHIMH BEIIECTBAMHU I[BETOB, CIIOCOOCT-
BYIOIIIEE OMBLICHUIO, SIBJISETCS KJIACCUYECKUM IIPUMEPOM MEKBUIOBBIX (ajlieso-
XUMUYECKHUX) B3aUMOJICUCTBUH.

SBneHHe XMMUYECKOTO B3aUMOJICUCTBUS MEXKY KUBBIMH OpPraHU3MaMH Ha-
YuHaeTcs Ha YpoBHE Ouocdepnl. ExkeroHo B BO3AyIIHOE MPOCTPAHCTBO IIaHe-
ThI TIOCTYMHAaeT OKOJO | MIpI. T JETy4uX opraHuyeckux BemiecTB. KonuuecTBo
OPraHUYeCKOTO BEIIECTBAa, BHIHOCUMOIO pEKaMU B OKEaH U BBIMYCKAeMOro B
OKE€aH €ro oOUTaTeIsIMH - B IEPBYIO OUepe/lb MIAHKTOHOM, TOKE BeChMa 3HAUYU-
TenpHO. Oprannyeckas MaTepusi UTPaeT PoJib MUTATEIBHONU CPEebl U YYaCTBYET
B CJIOKHBIX OMoxuMuueckux mukiax. [Ipu mocpeacTBe BemecTB (XMMUYECKUX
TeJIEeMEeIMaTOPOB) TOICPKUBACTCSI OMOJIOTHYECKOE PaBHOBECHE MEXy OOUTa-
TeJIIMHU OKeaHa.

BzaumopencTBus Mexay HEOPraHMYECKONM MaTepued W >KUBOTHBIMHU WU
PaCTeHHMSIMU UTPAIOT BAKHYIO POJIb B MPUPOJIE U OCYIIECTBISIOTCS B OCHOBHOM
pacteHusiMu. PacTeHus MOTJOMIalOT M HAKAIUTMBAIOT B CBOMX TKaHSIX OOJIBIIIOE
YHUCJIO AJIEMEHTOB U3 OKPYKaroled UX MUHEPAJIbHOU Cpejibl, IPUYEM HE BCErJa
SBJISIIOLIMXCS JUIsl HUX HeoOxonuMmbiMu. K pacnipocTpaHeHHBIM Cpefu pacTeHUI
anementam otHocstes: C, H, O, N, P, S, Ca, Mg, K, Fe, Mn, Cu, Cl, B, Mo, Co,
Si, Se, F, Br, 1. Hekotopsie pactenus (Hampumep, Astragalus) moriomarTt u3
MOYBBI M HAKAIUIUBAIOT CEJICH, KOTOPBIN SBJISIETCS TOKCUYHBIM 7151 cKOTa. ['1aB-
HBIM METa00JIUTOM, B (POpPME KOTOPOTO MPOUCXOIUT YCBOCHUE CEIICHA, SIBISETCS
Se-meTuniiceneHOUCTENH. DTU paCTEHUsl CIIOCOOHBI BBIJIEATH JETy4ne MPOAYK-
ThI, COJIEpKallle TUMETHICceeHn 1. HanpoTuB, HaKOIIEHUE KPEMHUS Yy pacTe-
HUN yalle BCero cBsizaHO ¢ (popMupoBaHueM (U3UYECKUX CPEJCTB 3allUThI:
OCTpbI€, PEXKYIIHUE TOBEPXHOCTU U IIUIIHI.

ITo comepkaHUI0 HEOPraHUYECKUX BEIIECTB B PACTEHUSIX MOXKHO OOHapy-
KUTh 3aJIeKU pya. Tak, 3aeKu apCeHONMUpPUTa ObLIU ONpPE/EICHBI M0 CoJepKa-
HUIO JKejie3a B TpaBaX. DTUM METOJOM TMOJIb3YIOTCS JJIS OTBICKAHUS 3aJIeKen
0opa, HuKes, KobaJibTa, MEIM, XpOMa U MOJIMOIeHA.

XUMHUYECKOE OpYyKHE, MPUMEHIEMOE >KUBBIMU OpPraHu3MaMu B OopbOe 3a
COXpaHEHHUE BUJAa BECbMa MHOT00O0pa3HO: OT TOKCMHOB U $JI0B J0 CPEACTB Mac-
KUpOoBKU. OHO MCHOJIB3YETCS KaK CPEICTBO HAIaJEHHUSI, €CIIH KUBOTHOE UMEET
CIIEIMAIU3UPOBAHHBIE OPTaHbI C AJ10M. TOKCHYHBIE BEIIECTBA MOT'YT HAXOAUTh-
Cs B CaMOM OpraHU3Me-IIPOAYLICHTE, B 3TOM Cllydyae OOOPOHUTEIIbHBIN XapaKTep
TAKOTO OPYXKHUs MPOSIBISAETCS TOJIBKO MPHU HAMaJESHUU HA OPTaHU3M-TIPOIYIICHT.
Bce s10BUThIE )KMBOTHBIE MOTYT OBITh pa3/iejieHbl HAa TPU KaTErOpuu. AKTUBHBIC
SJIOBUTHIC KUBOTHBIE UMEIOT SITOBUTHIE JKEJIe3bl MU OpPTraHbl, KOTOPHIE UCIIONb-
3YIOT Juisl HamajaeHus. [laccCuBHbIE SITOBUTHIC KUBOTHBIE UCTIONB3YIOT ST TOJIBKO
B 1IeJIIX 000poHBbI. OTpaBlieHHbIE SIIOBUTHIC JKMBOTHBIE COJIEpPXAT sJl B Opra-
HU3ME, U TOKCUYHOCTh MX MPOSBIISICTCS MPU CTOJKHOBEHUU C HUMHU WUJIU YIIOT-
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pebieHuun ux B nuily. B npupoje cymecTByeT MHOKECTBO SIIOBUTHIX BEIIECTB
1 OOJIBIIIOE YUCJIO CIIOCOOOB UX MCIOJIH30BAHMUS.

MUKOTOKCHHBI OMACHBI JIJIsl ’KUBOTHBIX U yejoBeka. K HUM oTHocHUTCS crio-
PBIHBS PXKHU, COAEpIKaIllascs B MyKe, KOTOpasl BbI3bIBaJla TAHIPEHO3HBIA 3Pro-
THU3M (QaHTOHOB OT'OHbB), U B JJaBHHE BPEMEHA MPUBOUBILAS K SMUACMUSIM. S1om
B JJAHHOM CJIy4ae SIBJISIFOTCS MPOU3BOJAHBIC JTU3EPTUHOBON KHUCJIOTHI: IPrOTaMUH
U Jpyrye MOJUICNTUAHBIC 3proaykaionabl. OTpaBlieHHE MPOIYKTOB MUTAHUS
TOKCMHAMU HU3IIUX TPUOOB - SIBIIGHUE, PACIPOCTPAHEHHOE B TMOBCEIHEBHOM
*13HU. CIOCOOHOCTh TPUOOB K CUHTE3Y OIPOMHOT0 YHMCiia pa3HOOOPa3HbIX TOK-
CHYECKHX BEIIECTB BBISICHWUJIACH B pe3yjbTaTe paboT MO MPOU3BOJICTBY AHTH-
OMOTUKOB. A(JIATOKCUHBI COJIEPKATCA B apaxuce, pa3IMuHbIX BUIAX 3€PHOBBIX
1 0000BBIX, B KOMOUKOpMAaX JJis CKOTa, 00€3BOYKEHHBIX MHUILEBBIX KOHIIEHTpPA-
Tax W, Kak MPaBUJIO, HAKAIIMBAIOTCS B mpolecce XxpaHeHust. CeroaHsi N3BECTHO
OKOJIO JBAJIATH pa3HbIX adIaTOKCUHOB, MpUHAIeKaIKX K rpynnaM B; u Gy u
BBI3BIBAIOIIUX OTpaBiieHUE. OXpaTOKCUH A BBI3BIBAET HEKPO3bl MEUCHU Y KU-
BOTHBIX, TUTAIOIIMXCS 3aPAXKEHHBIMU 3TUMU IPUOKAMU KOpMaMU. DK3eMYy KOXKHU
JIUIa CTIOCOOHBI BBI3BATh CanpodUTHI, )KUBYIIME HA Pa3jiaralolluxcs 371aKOBbIX
pPacCTEeHMSIX U BBIJCISIOMINX SMUMIOJIUTHAAUKETONUIEPAa3uHbl. [ pyImnoii omacHbIx
JUISl TIEUEHU BEIIECTB (TeMaTOTOKCUHOB) SIBJISIETCSl TPyMa MOJUSIECPHBIX OKCH-
XUHOHOB, MPOAYLUPYEMBIX PA3IUYHBIMU BHJIAMHU HU3IIMX TPUOOB, PACTYIIUMHU
MPEUMYIIECTBEHHO Ha puce. [lukinueckue nentuibl 0JIeTHONW MOTaHKU MPUBO-
JST K CMEPTEIIbHOMY MCXOJy TIPpH IMOMNajaHuu TpuOoB B nuiy. JIjist moraHok xa-
paKTEpHBI JBE TPYMIbI STOBUTHIX BEIIECTB: (PAJNIOTOKCHHBI, MPEICTABUTEIEM
KOTOPBIX sIBJIIETCS (aUIOUIMH U aMAaTOKCUHBI, HAIPUMEDP o-aMaHUTHH, CMEp-
TeJbHas J103a KOTOPOro Jijis yenoBeka cocrapisieT 0,1 Mr/kr.

K ¢utorokcruHam OTHOCSTCS SIIOBUTHIE BEUIECTBA, BhIpadaThiBaeMble (HUTO-
naToreHHbIMU Tpubamu win Oaktepusimu. Kak mpaBuiio, pUTOTOKCHUHBI BbIjie-
JSIOT U3 KYJIbTYpaJbHOUM cpelibl Tpuba-npoAyleHTa U Topas3io pexke U3 caMmoro
3apaKEHHOTO UMM pacTeHUs. DUTOTOKCUHBI BBI3BIBAIOT MOXKEJITCHUE U XJIOPO3
JIUCTHEB pacTeHUl (Hampumep, BpeauTenb Tabaka Pseudomonas tabaci u Bbipa-
OaThIBa€MbI UMU TOKCHUH - TUMENTU] TPEOHHUHA U OKCUIMAMUHOBOM KHUCIIOTHI).

duTonaToreHHoe AecTBUE OaKTEpUi MOKET UMETh (PU3UKO-XUMUUYECKYIO
npupoy. 3BecTHO, YTO HAKOIJICHUE MOJUCAXapUI0B 3aTPYIHIECT HOPMAIIbHYIO
HUPKYJSLHUIO COKOB B PACTEHUU W MPUBOJUT K BBICBIXaHUIO JUCThEB. buonoru-
Yyeckasi akTUBHOCTh MUKO- U (PMTOTOKCUHOB BeChbMa pa3HOOOpa3Ha M, Kak Ipa-
BIWJIO, MaJIo u3y4yeHa. CBoe BpeHOE JICMCTBUE OHU OKAa3bIBAIOT B OUEHb HU3KHUX
KOHIICHTPAIIUSAX, YTO YPE3BbIYAHO OMACHO JIJIsl BCEro 4esioBeuecTBa. 3a UCKIIIO-
YEHHUEM HEKOTOPBIX BBICHIUX T'PUOOB, ISl KOTOPHIX UX SIAOBUTOCThH CIY>KUT 3a-
IIUTON OT YeJIOBEKa, OCTAJIbHBbIC TPUOBI U MUKPOOPTaHU3Mbl Mbl JOJKHBI pac-
CMaTpUBaTh COIJIACHO BBINIEMIPUBEICHHON KiIacCU(pUKAIMU KaK OTOPOCHI, OT-
PaBIISIONIUE PEIUTIUCHTA.
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B otBeT Ha 3apaxkeHue rpubaMH-IaTOreHaMH HEKOTOPbIE pacTEHUs CIOCO0-
HbI BbIpaOaThiBaTh (DYHTUIMAHBIE BELIECTBA. TaKuUM k€ CBOMCTBOM 001alar0T
HEKOTOpPbIE MUKPOOPIaHU3MbI, CIIOCOOHBIE BbIpAOAThIBATh BELIECTBA, KOTOPHIE
Mbl Ha3bIBa€M aHTHUOMOTUKAMHU, 00JaAAIOIINE SPKO BBIPAKEHHBIM aJIJIETIOXUMU-
yeckuMm JneiictBueM. PabGotel Brovimepa (1889), Ilactepa u XKyGepa (1887),
®nemunra (1929) noAroToBUIM MOYBY JJISl BBIACICHUS B MHAUBUIYaILHOM CO-
CTOSTHUU TIEPBBIX aHTHOMOTUKOB - NMEeHUIIWIUIMHOB (1943-1945), BeIpabaTsiBae-
MbIX TuieceHbto Penicillium notatum. Ilenunmmubabl 3QGEKTUBHO yrHETaIOT
pPOCT CTAPUILUIOKOKOB U MHOTHX JAPYTHX OakTepuil. AHTUOMOTUKU OTHOCATCS K
CaMbIM pa3JIMYHBIM KJIacCaM OPraHUYECKHX COEJAMHEHMI: TepreHOoubl (popu-
JIMH, CTPENTOMUIIUH), TIOJUIENTH B! (TPAMULIMANH), JETICUNIENTU bl (SHHUATHH
A), Makpoauabl (colaepkaliue MaKpOLMKINYECKOE JAKTOHHOE KOJbIO), HYK-
aeo3ubl (TypOMULIMH), BHYTPUKOMIUIEKCHBIE COEMHEHUS, COAEPKAIINE HOHbI
TSKENBIX METAJJIOB - JKeJie3a U Meau ((peppuMUHIIMH), KOHIEHCUPOBAHHBIE IO~
JUSIEPHBIE CUCTEMBbI (TeTpanukiuHbl). OOnagaHue CBOMCTBaMHM K BbIpaOOTKE
TaKMX BEILIECTB, KaK AHTHOWOTUKH, JAET MHUKPOOPTraHU3MY-NPOAYLEHTY Oye-
BUJTHOE MPEUMYIIECTBO B MPUCIIOCOOIAEMOCTH K CpeJie.

B otnuune ot pacteHuid 3alIMTHAS] peaKUs )KUBOTHBIX JI0OJKHA 00ECIIEYUTh
COXpaHEeHue LEeT0CTHOCTU opranusma. Cpeau 3 PeKTUBHBIX BUJIOB XUMUYECKO-
o OpYXHsl XKUBOTHBIX HACUMTHIBAETCS MHOXECTBO TOKCHYECKHX MPOIYKTOB,
IpUpoja BO3ACUCTBUS KOTOPBIX HA MPOTHUBHUKA A0 KOHIA €Il€ BO MHOTHX CIIy-
yasx He ACHA.

CornacHo Ki1accuPUKalUy 3TH BEUIECTBA Mbl JIOJDKHBI OTHECTH K alJIOMO-
HaM.

HepeucTokcun - TpeTUUHbIA aMUH C LHUKIMYECKOW JUCYJIb(PUAHON TpyNIu-
POBKOM, 00Iaaronuii HHCEKTEIUIHBIMIA CBOWCTBAMHU, OOHApPYX EH Yy MpeJcTa-
BUTEJIEH MOPCKUX OECIO3BOHOYHBIX YE€pBEW HEPEUCOB. DTHU KUBOTHBIE CIIOCOO-
HbI BOPBICKUBATh CBOM 5] B TEJIO >KEPTBBI JIMOO MPH YKyce, TUOO0 MpHU yKOJIE 1ie-
TUHKOU. M3 runoOpaHXHalibHbIX JKEJI€3 MOPCKUX OPIOXOHOTMX MOJUTFOCKOB OblI-
JIM BbIJIEJICHBI PA3JIMYHbIE TPOU3BOIHBIE XOJMHA: MYPEKCHH, CEHELUOIMIXOJIUH,
AKPWJIMIIXOJIMH, CIOCOOHBIE BBI3BIBATh MYCKYJIbHBIM Mapajiid U OCTAHOBKY [IbI-
XaHUS y MbIIIEH. bl yIUTOK-KOHYCOB MPEACTABISIIOT 000K cMech OMONOTru-
YECKU aKTUBHBIX aMUHOB, IENTUAOB U OEJIKOB, 00JIaJA0IIYI0 Kypapernogo0OHbIM
NEHUCTBUEM, CMEPTENbHBIM JJis YeJOBeKa. SIbl M3 HEMATOLMCT CTPEKAIOIIUX
KHUILIEYHOIMOJIOCTHBIX - MOPCKUX aHEMOHOB M MEAY3 - B OCHOBHOM HMMEIOT Oel-
KOBYIO IIpUpoAy. TOKCMYHOCTH MOPCKUX O€CIIO3BOHOYHBIX IMOCBSILIEH psAJl 00-
30pOB.

DBOJIIOLIMOHHOE PAa3BUTUE YJIEHUCTOHOTUX IPHUBENO K MOSBICHUIO Y HUX
HIMPOKOI'0 apceHalla CPeJCTB XMMHUYECKON 3alIUThl (2 HEPEIKO M HaIaJeHus).
Kansuime nepenoHYaToOKpbUIble, K KOTOPBIM OTHOCSATCS IMYENbl, OChI, HIEPILIHH,
00Jaal0T CEKPETUPYIOUIMMH S]] KEJle3aMUd U BeChbMa COBEPILECHHBIM arapa-
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TOM, TTO3BOJISIFOLIMM UM BIIPBICKMBATH 3TOT $]1 B TEJIO MPOTUBHUKA. MHOTHUE 10-
3BOHOYHbBIE, B TOM UYHCJIE€ U YEJOBEK, YYBCTBUTENIbHBI K ]Iy YJIECHUCTOHOrUX. B
COCTaB fiJ1a HaCEKOMBIX BXonsaT ¢ocdonunazsl A u B, cepoTOHUH, T'HCTaMUH,
alleTWIIXOJIUH, THATyPOHUJIa3a U JIp.

VYKyChl HACEKOMBIX BBI3BIBAIOT CHJIbHBIE O0JIHM, BO3JIEUCTBYIOT Ha LIEHTPaJIb-
HYI0 HEPBHYIO CUCTEMY, BbI3bIBAsI CYJOPOTH, & UHOTIA U JIETAJbHBIN UCXO/.

Hekoropble MO3BOHOYHBIE dKUBOTHBIE TAKKE CIIOCOOHBI BbIPaOAThIBATh S]1bI,
IpUpoa KOTOPbIX BeCbMa pa3HOoOOpa3Ha. baTpaxoTOKCHH, KOTOPHIM MOJIb3YIOT-
Csl H0KHOAMEPUKAHCKME MHJEULBI MPU H3TOTOBJIEHHM OTPABIEHHBIX CTpEd,
IpeCTaBIIsAeT COOOM CTEPOUIHBIN aNKalOu] U BIEPBbIE ObUT BbIIEIEH U3 XKelle3
nsarymku Phyllobates aurotatntia. IlepedeHb sIIOBUTBIX MO3BOHOYHBIX >KHBOT-
HBIX OCTaTOYHO BeNHK. CleyeT OTMETUTh, YTO MO3BOHOYHbBIE, Y KOTOPBIX €CTh
CHEeMAM3UPOBAHHbBIE JKeJIe3bl C CHJIbHOACHCTBYIOIIMM SIIOM M MpHUCHOcoOIe-
HUS JJI BBEJICHUS €r0 B TEJO JAPYrod 0coOU, SBIISIOTCS aKTUBHBIMH, TOT/Ia Kak
T€ AJI0BUTHIE KUBOTHBIE, Y KOTOPHIX TAKOTI'O MPHUCIOCOOJIEHUSI HET, BEIyT Mac-
CUBHBIM M CKpBITHIA 00pa3 *ku3Hu. Yucno padoT, MOCBAIIEHHBIX H3YyUYEHHUIO
s0B, pocturaeT 10 10000 B rog.

B xuMuueckux B3aUMOJICUCTBUSX MEXIY >KMBBIMH OpraHM3MaMU Ba)KHOE
MECTO 3aHMMAaeT MHUMMKpPHS, BBIPAXKAIOLIASACA BHEIIHUM CXOACTBOM HE3allu-
IIEHHBIX JKUBOTHBIX C MPEIMETaMHU OKpYXkKaroUel cpebl U pacTEHUsIMU (MUMe-
3Msl) WIM 3aIMIIEHHBIMU KUBOTHBIMHU (MUMETU3M). C TOUKU 3pEHUS SBOJIOLMU
o0JlalaHe XUMMUYECKUM OpYKHEeM eCTh (hakTop, oOJerdaronui npucnocoose-
Hue K cpene. [Ipeaynpexnaronias CUrHaau3alus SBIsSeTCS OJHUM U3 BapUAHTOB
3alUThl. B OKpacke HaCEKOMBIX y4aCTBYIOT MUTMEHThI, OTHOCSAILIUECS K CaMbIM
Pa3HBIM THUIIAM COIPSKEHHBIX CHCTEM: MEJIaHUHbI, OMMOXPOMBI, NTEPUHBI, Ka-
POTUHOU/IBI, PITABOHBI, MUTMEHTHI KEITYU U T.J.

MumMeTusMm - CpelicTBO 3aUIUThl TOJBKO OT BHICOKOOPTaHU30BAHHBIX KUBOT-
HBIX (MMPEUMYIIECTBEHHO O3BOHOYHBIX) - 3()()EKTUBEH JIMIIb B TOM CiIy4ae, ec-
JM UMHUTATOP OOMTAET B TOW € MECTHOCTH, YTO M MOJI€Nb, U 3HAUYUTEIBHO YC-
TynaeT el B 4MCIeHHOCTH. Pa3nuuaroTr nBe (Hopmbl - OEHTCOBCKUI MUMETHU3M
(I'".beitrc), npu KoTOpoM 0a0OYKU-OETSHKU CXOJHBI C HECHEIOOHBIMU SPKO-
OKpalieHHbIMU 0a00YKaMH CeMENCTBA IeTMKOHM I, 00IaJal0IUMK HENIPUATHBIM
3amaxoM U BKycoM. [Ipu mromiepoBckoM mumetusme (O.Mrosep) HECKOIBKO
BUJIOB 3aIMIIEHHBIX KUBOTHBIX UMEIOT CXOJHYIO BHEIIHOCTD U, OApaXKas Apyr
Jpyry MO OKpacke u popme, 00pa3yroT «KOJIbL0» MUMUKpHK. Hamnpumep, MHO-
M€ BUABl OC CXOJHBI IO OYEPTAHUAM Teja U OKpacKe, SJOBUThIE HACEKOMBIE
(cemuToueuHast OOXKbsI KOPOBKA, KJIOM-COJIJIATHUK, )KYK-HAPBIBHUK) UMEIOT Kpac-
HYIO0 OKpacKy € YepHBIMM MATHAMH (OTIyTMBarollas okpacka). Bparu naceko-
MBIX, BbIpa0OTaB peduieKC OTBpAIllCHHs] HA OAWH BHJI, HE TPOTAalOT HACEKOMBIX
JPYTUX BUJIOB, BXOJSIIUX B «KOJIbLIO». MUMETHU3MBI OTHOCSITCS K YUCTY OYEHb
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CJIOHBIX SBJICHUM, MOHUMAHUIO KOTOPBIX IMOKa €lle MPEensTCTBYET (pparmeH-
TapHBIM XapaKTep HAIIUX 3HAHUU.

®epoMOHBI - OMOJIOTMYECKH aKTUBHBIE BEIIECTBA, BbIAEIAEMbIE KUBOTHBIMU
B OKPY’KAIOIIYIO Cpeay M crenudruuecKu BIMSIONINE Ha MOBEACHUE Wi (HU3M0-
JIOTUYECKOE COCTOSIHUE JIPYTrUX ocoOel Toro xe Bujaa. OJHUM U3 MEePBbIX B YUC-
TOM BU/JI€ BBIJICJIEH MOJOBOW (PEPOMOH CaMKU TYTOBOTrO HIEJKOIpsaa - OoMOu-
koi: HO-CH,(CH,)s-CH=CH-CH=CH - (CH,),-CH;. OGb1uH0 epOMOHBI CEK-
PETUPYIOTCS CHELMAIbHBIMU KEJIE€3aMH, a UX BOCHPHUATUE OCYLIECTBIISIETCS MO-
CpencTBOM xemopeuentopoB. [lo xumuyeckomy CTpoeHHIO (EpOMOHBI BecbMa
pa3zHoOOpa3Hbl U HE 00Pa3yIOT OJTHOPOJHOU TPYMIBI XUMHUYECKUX COCIUHEHUMN
(TeprieHOUAbI, CTEPOU/Ibl, HACHIIICHHbIE WJIA NPEEIbHbIE KUCIOTbI, aJbIET U IbI,
CupThl U Jp.). DepoOMOHBI HA3EeMHBIX KUBOTHBIX JOJIKHBI 00J1a/1aTh HEKOTOPOM
MUHUMAJIBHOMN JIETYy4YeCThIO, YTO OIPAaHUYMBAET UX MOJIEKYJSIPHYIO Maccy (He
6osee 300). AKTUBHOCTH (DEPOMOHOB MPOSIBIISETCS B UPE3BbIYAHHO HU3KUX KOH-
HeHTpaluusax. Beigensiemple ;KUBOTHBIMU (DEPOMOHBI IIPEICTABIISAIOT COOOM CMeCh
HECKOJIBKUX KOMIIOHEHTOB, KaXIbli U3 KOTOPBIX MOXET oO0jajaTb aKTHUB-
HOCTbIO. OOBIYHO (hepoMOHBI BUAOCIIEUU(PHUYHBI, OJTHAKO MOTYT OKa3bIBaTh 3a-
METHO€ JIEMCTBUE Ha NpPEICTAaBUTENEH IPYruX pOACTBEHHBIX BHAOB. CylecTt-
BYIOT pa3iuyHble Kiaccudukanuu (hepomMoHoB. B 3aBucHMOCTH OT Xapakrtepa
BbI3bIBAEMOT0 3 (peKTa pa3inyaror:

- MOJIOBbIE (PEPOMOHBI (IIOJIOBBIE ATTPAKTAHTHI, appOoAU3HAKH), OOecrneyn-
BaIOILIME BCTPEUy U y3HABaHHWE 0COOEH pa3HOro mojia U CTUMYJIMPYIOIIME MOJIO-
BOE TIOBE/ICHHUE;

- pepOMOHBI TPEBOTH;

- cnefoBble (HEPOMOHBI;

- arperalioHHbIe (PepOMOHBI (BBI3BIBAIOT CKOIJIEHUE OOJBIIOIO YUCIA OCO-
oeit);

- (hpepoMOHBI [UIsI MEUEHUS TEPPUTOPHIL;

- ULLIEBbIE aTTPAKTAHTBHI.

Hawnbonee uzydennl ¢pepoMoHbl HACEKOMBIX. Y PbIO U 36MHOBOJHBIX OOHa-
PYKEHbI MOJ0BbIE (EPOMOHBI U PepOMOHBI TpeBoru. [laxyune BbleneHus miie-
KOIUTAIOLIMX MOTYT BJIUSTH Ha MOJOBbIE, MAaTEPUHCKHUE, TEPPUTOPHUAIIbHBIE, ar-
peccuBHBIE U Apyrue (HOpMbI MOBEACHUS, a TAKXKE HA (PU3HOJIOTHUYECKOE U IMO-
[IMOHAJILHOE COCTOSIHUE APYTux ocoOeil. DepoMOHBI SBJISIIOTCS MOTEHIIMATBHO
3¢ (PEeKTUBHBIMU CpEACTBAMHU YIPABJICHHS MOBEACHUEM KUBOTHBIX. [losoBbIE
aTTPaKTaHTbl W arperauvoHHblE (PEPOMOHBI MPUMEHSIOTCS B OMOJIOIMYECKUX
MeTo/1ax O0pbObI C HACEKOMBIMU-BPEAUTEISIMU, 3aMEHSS B PSJI€ CIIy4aeB MECTH-
uuabl. J[Mama3zoH OEHCTBUSA TUX BEIECTB COCTABIIAET OT HECKOJIbKUX MUILIU-
METPOB /10 HECKOJBbKUX KHUJIOMETpOB. Hampumep, 1moiaoBoi aTTpakTaHT CaMKH
TYTOBOTO LIEIKONPSAA JUCTIAPIIIOP
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O
/\
(CH;),-CH - (CH)4-HC-CH - (CH);-CHj3

NpUBJIEKACT camua npu KoHueHtparuu 3-10™° r BemiectBa B 1 cM® Bo3myxa.
[IpencraBuresieM arperallMOHHOTO aTTPAKTAHTa MOXKET CIYKUTh TPAaHMIYp -
cMech (Z)-2-(3-muMeTriinukiIorekcusiaeH) stanona, (E)-uzomepon 2-(3,3-aume-
TUJIUKJIOTEKCUANEH) areTanbaeruaa u (+)-(Z)-2-u3onponeHus- 1 -MeTUIIUKIO-
OyTaHATaHOJIa, MIPU MTOMOIIH KOTOPOTO CAMIIbI XJIOMKOBOIO JOJTOHOCHKA IpPH-
BJICKAIOT 0co0Oel CBOEro BUJa. ATTPAKTaHT, MPUBJICKAIOUIUN K MECTY OTKJIAJIKH
SIML, MOYKET MCIyCKaTh PacTeHUE-XO03auH. Hampumep, y KOpHEBOM KamyCTHOM
MOJIM OTKJIAAKy CTUMYJIUPYET aJUIMJIN30THOLIMAHAT, UCITYCKAEMbIN PAaCTEHUSIMHU
CEMEHCTBa KPECTOLBETHBIX; Y MOCKHUTOB - 0.-AMUHOKHUCIJIOTHI (0-BaJlMH, o-JIEH-
IIUH, o-JIM3UH, o-TIPOJIMH, Da-ananuH, raunuH). GepoMoHBbI ciieia BXOIAT B CO-
CTaB Maxy4dnx CMeECEeH, KOTOPbIMU HACEKOMBIE METAT MUILY WIM JOPOTH, BEIy-
[IMe K UCTOYHUKY 3TOM nuid. OepoMOHbI TPEBOTH XapaKTEpPHBI JUIsl 00IEeCT-
BEHHBIX HACEKOMBIX, a TaKXe ISl HACEKOMBIX, BPEMEHHO O0pa3yromux Ooib-
e coobiecTna. M3BeCTHO, UTO y MypaBbeB UMEIOTCS JBE Kelie3bl, BbIpadaThI-
Barolue GepOMOHBI TPEBOTH, B COCTAB KOTOPBIX BXOJAT YTIAEBOIOPOAbI, METHII-
KETOHBI, TEPIIEHOUbI (HOPUUTPOHEIUIANb, LUTPOHEIUION, LUTPOHEIIalb, He-
paisb U repanuains). [loTpeBokeHHBIN MypaBell BBIITyCKAET U3 Kelle3 HeOOIbIIoe
KOJIM4YECTBO (PEpOMOHOB TPEBOTH, KOTOPbIE HEMEIJIEHHO BBI3bIBAIOT OECIIOKOM-
CTBO Yy COIJIEMEHHHKOB. CHUrHall TPEBOTH C OBICTPOTOM IEMHOM peakiuu pac-
IIPOCTPaHSETCS 10 BCEMY MYpaBEHWHUKY, KOTOPBIA MPUXOIUT B OOEBYIO TOTOB-
HOCTh. TOYHBIA CMBICT TOJOOHBIX CHUTHAJIOB TOKA €€ HEU3BECTEH, MOXKHO
TOJIBKO JIMIIb MPEANOI0KUTh, YTO OH MOXKET MEHSATHCS B 3aBUCHUMOCTHU OT WH-
TEHCUBHOCTHU BbIPAOOTKH TOTO WJIM HHOI'O KOMIIOHEHTA CUTHAJIBHON CMECH.

HacymiHo# moTpeOHOCThIO BCEX HKUBBIX CYIIECTB SIBISIETCS] B3aUMOJICCTBHE
JIPYT C IPYyTOM U C OKPYXKAIOIIEH CPeloy, PU ATOM MPOUCXOAUT Iepeiadya uH-
dbopmanmu. s 3TOTO KCMONB3YIOTCS BCE BO3MOXKHBIE CPEJICTBA: 3BYK, CBET,
¢dbopma, MOJIEKyIIbI (KaK TOPO3HB, TAK M B COUYETAHHUH JIPYT C Ipyrom). B mepena-
ye MH(pOpMaAIUU TPOSBIAIOTCS OCHOBHBIE (PYHKIIMM XEMOMEIUATOPOB: 3aIUT-
Hasl, aTTPAKTUBHAS, UHAUKALIMOHHAS, OPUECHTALIMOHHAS, CUTHAJIbHAS U aJallTHB-
Has. PaznuyHble BUIbl B3aMMOOTHOILIECHUN MEXIY OpraHM3MaMy HMEIOT OAHY
00IIIyI0 YepTy: UX Leib - o0ecneunTh coxpaHeHue Buja. CamocoxpaHEHUE U
YCHEIIHOE Pa3BUTUE JKUBBIX O0COOEH SIBIISETCA CKPBITOM ABMXKYIIEH MPUUYUHOM
B3aMMOJCHUCTBUS UX CO CPeloi oOMTaHMs. Y CTaHOBJICHHE CTPOSHUS OHOIOTrHye-
CKM aKTHBHBIX MOJIEKYJ, OOECHEYHMBAIOIIUX 3TU B3aUMOJICUCTBUS, SIBISICTCS
BAKHOU 3a7a4€¥ XUMHUHU IPUPOIHBIX COCTUHEHUM.

2. XUMHUYECKUM 3TAI BOJIIOIIMA BUOCPEPHI
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Bce npoueccel, nmpoucxosiive Ha Hallel MjiaHere, Kak IpUpPOAHbIE, TaK U
AHTPOIOTEHHbBIE - M0 CYTH CBOEH MPEJCTABISAIOT JBUKEHUE XMMHUYECKUX 3Jie-
MEHTOB, MPEBpaLIEHUE, MPEOOPa30BaHUE UX COCAUHEHUIA.

Bo3HuKHOBEHHE XM3HU U3 HEXKUBOrO (KOCHOTO) BEIECTBA OBLIO XUMHYE-
CKHMM IPOLIECCOM, KOTOPBIM OCYLIECTBISETCS B CTPOr0O ONpPENEIEHHOM Mocieno-
BaTEJIbHOCTU U 3aKOoHOMepHOCTH. Boz3penuss O. ['ekkens (1834-1919) cranum
OCHOBOW MCTOKOB XMMHUYECKON TMIIOTE3bI 3BOJIOLMHU, COTVIACHO KOTOPBIM CHa-
yajia MOSIBUJIMCh COEIMHEHME YTJIEBOJA IMOJ JCUCTBUEM UYHMCTO XMMHUYECKHX U
($u3HUeCKUX MPUYUH. DTU BEILIECTBA MPECTABIUIM CO00Il HE PacTBOpPHI, a B3Be-
CH MAaJICHbKHUX «KOMOYKOBY», CHOCOOHBIX K POCTY U HAKOIUICHHIO BEUIECTBA.
PocT npoucxoaun 10 ONpeAeseHHOro mpenesna, 3a KOTOPhIM CIE0BalIo Jiefe-
Hue. B pesynbrate nudPepeHHUpOBKH «KOMOYKOBY» B HUX BO3ZHHMKAIO SAPO.
[TosiBunack siaepHas KieTka - uCxo/iHas (opma AJis AKUBBIX CYLIECTB Ha 3eMJI€.

Konnenuua A.M. OnapunHa u ero nociaegoBaTelell OCHOBaHA Ha MPECTaB-
JICHUSAX O BOCCTAaHOBUTEILHOM (METaH, aMMHUaK), OKUCIUTEIbHOM ((hoToXnuMuye-
ckoe pacmemwienne H,O u CO,) u nedtpansHoit (CO, u N;) COCTaBISIOIIMX
NEPBUYHON JpeBHEN aTMOC(epbl 3eMIIu.

B BonHON cpene, HANMOJHEHHON «IEPBOPOJHBIMIY XUMUYECKUMHU BELECT-
BaMU - aMMOHUUHBIMH U (QOCPOPHBIMHU COJSIMHU, - B JIOCTATKE CBETAa U TeIlia
OCYLIECTBJISUICSI a0MOTE€HHBIM CHHTE3 BCEBO3MOXKHBIX HECJIOXXHBIX OpraHuye-
ckux coenuHenuil. Kak cineactBue CIOXHBIX (DU3UKO-XMMHYECKUX IMPOIECCOB
BO3HMKJIA TIEPBUYHAS )KMBAsi CUCTEMA - KOJUIOUIHAS CIIU3b, MPOSBIsABILASA (PYHK-
LMY aCCUMUJISIUU U POCTA.

Konnouanast ciau3b, uiau yCTOWYUBBIE MOJYKUIAKUE CTYILIEHUs, - KoalepBa-
Thl (OT JIaT. KOALIEPBATYC) MOIJIA Pa3pyllaThCs, CO3/AaBaThCsl BHOBb, a MPHU J10C-
THKEHUU ONPENEIICHHOT0 pa3Mepa pacnagarhbCs Ha JouepHrue o0pa3oBaHus, T.€.
nenutbes. OTIaenbHbIE «KaIIM» MOTJM 00pa3oBbIBaTh Tpynnbl (KonoHuu). B
UTOre MPOU30ILIET KaYECTBEHHbIN CKaYOK: COXPAHWIKCH JIUIIb T€ «KaIUIH», KO-
TOpbIE 3aKJII0YaIN B ce0€ MAaTEPUHCKUE MPU3HAKU U MPUOOPENTH CIIOCOOHOCTh K
BOCIIPOU3BOJCTBY. DTH «KAaIJIM» CMOIJIM M30MpATEIbHO IMOIJIONIaTh BEIIECTBA
U3 OKPY’KaIOILIEr0 pacTBOpa M M30aBISTHCS OT HEHYKHBIX COCIMHEHHUU. DTO
CTaJI0 HayaJoM OOMEHa BEILECTB U B JalbHEMIIeM NpUBENO K (yHKIIMOHATBHOM
crienuain3alry OTAENbHBIX YacTed koauepBaToB. CUMTAETCS, YTO C BOSHUKHO-
BEHHEM CAMOBOCIIPOM3BOJCTBA KOallepBaTHAas KaIulsl MPEeBpAaTUIIaCh B MPOCTEH-
1iee )KuBoe 00pa3oBaHKE, T.€. B OJTHOKJIETOUHBII OPraHU3M.

Hogeitmmas konnenuust K. Bésze (cm. tabdn. 2.1) npu MoaenupoBaHUM UCXO-
HOW CaMOBOCITPOU3BOJSAILIEUCA CUCTEMbI HANEIISIET €€ CBOMCTBAMH, OTPaXKaro-
IIMMH BCE TOCIEIHUE TOCTUKEHUS MOJIEKYJIIPHON OMOIOruU U OMOXUMUM.

Tabnuya 2.1
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X¥MHYeCKHe runoTe3bl BOSHUKHOBEHHS KHU3HHU

Oranel | ['exkkens |  Herenun Onapun | Kamnan Dliren Bese
(1866) (1884) (1924 - (1963 - (1971) (1985)
1972) 1972)
I Heopranuuyeckue coeqMHeHH s
J | U R U
II HecJ10:xHBbIE OpraHuvyecKue coeuHEeHUus
U U b |0 U U
I1I Ilmazma | benkoseie Opranuueckue nojaumMepsl IIpe-PHK c »k30-
MOJIEKYJIbI HaMH U UHTPOHA-
MU, TICTITU/IBI
! a U b 13
IV | Monepsl | Muuemnsl | Koanep- | ABropenymunupy- | Conaiicunr PHK u
[IpoOuonThI| BaThI IOILIAE CETH KOJIOBBIE OTHOILIE-
(mnepmxmnsﬂ Hust PHK-nientuast
v v Il U !
\% IIpocTeie kKneTKn IIpoOuoHTHI OO6parHas TpaHc-
KpUIITa3a - CUHTE3
N B SN B il
VI . . 1 i)ofSI/IOHTLI¢ 1
VII | Knerku, conepxaine IMpoxkapuorsl [Ipore- DyKapHuOThI
STIPO HOTBI DyObakTepun
, , , | , , Apxebaktepuu
VIII ¢ ¢ | ¢ ByKapninl ¢ | ;
IX MHOroKk/1eT0OYHbIe OPraHU3MBbI

YcnosHble 0603HaueHms: U - caMo3aposkieHne Wil XUMHYECKas SBOIIONHS;

[} - npenbnonornueckas sBomIOLMS; |, - GHOTOTHYECKas IBOMIOLHL.

NurepecHa kocmuueckas (xumuyeckas) runoresa [.B.BolitkeBuya, cornac-
HO KOTOpOH oOpa3oBaHHE OPraHMYEeCKOro BEIEeCTBAa MPOUCXOIUT B KOCMHYE-
CKOM IIPOCTPAHCTBE, KOTOPOE 3aHOCUTCS HA 3€MJIK0 KOCMHUYECKOM NbuIbo. Yac-
TULBI KOCMUYECKOM MBIJIM COCTOSAT U3 SIIpa CUIIMKATHOTO COCTAaBA, OKPYKEHHOTO
00010uKkOM M3 opraHuveckux BemiecTB. CHayana BOKpYr snpa QopMmupyercs
snepHas obosouka. [log neiicTBueM yiabTpadHONIETOBOrO M3IyYEHUS! PacTBO-
pEHHbIE B BOJE aMMHaK U METaH MPEBPAIIAlOTCs B PEAKIIMOHHOCIIOCOOHBIE pa-
JIMKaJbl, KOTOPbIE, B3AUMOJIEHCTBYSI IPYT C IPYTOM B Pa3IUYHbIX KOMOMHALIMSIX,
00pa3yloT MHOTOYMCIICHHbIE OpraHuueckue coeauHenus. I[lpu paspyuieHun
3TUX TBUIMHOK XUMHUYECKHE COEIMHEHHUS 00pa3yloT MOJIEKYJsipHbIE 00Jaka,

21



paccesiHHbIE B KOCMHYECKOM IMPOCTPAHCTBE. MHOTOYHUCIEHHBIE OPraHUYECKUE
BEILIECTBA HAWJICHBI B MeTeOpUTax (yIJIeBOIOPO/IbI, YIJICBOIbI, a30THBIE OCHOBA-
HUS, aMUHOKHUCIIOTHI M JTaxe XJopoduiut u T.4.). He HCKIIF0YeHo, 9TO B KOCMHU-
YECKHUX MPOCTOPAxX MOTJIU 00pa3oBaThCs HYKICOTHIbI, U Aake Mojekyisl JJHK.
OpHako XMMHYECKast dBOJIONMS HA OoypmuHCTBE I1aHeT COJTHEYHOM CHCTEMBI
KaK ObI 3aMOPO’KEHA, U JIUIITL Ha 3eMJIe OKa3aIuCh YCIOBUS I €€ peaau3aiuu.
Ha nepBuunoii 3emie Obu1 BeCh HAOOP OPraHUYECKUX COCAMHEHUN, CUHTE3UPO-
BaHHBIX B KOCMOCE.

PazorpeB mmaHeTsl ObUI, BEPOSATHO, HE HACTOJIBKO WHTEHCHUBHBIM, YTOOBI
pa3pymiuiach BCS OpraHMKa KOCMHUYECKOro MpoucxoxaeHus. E€ obmas macca,
0 TIOJICYeTaM JIaHHOTO aBTOpa, ObUTAa Ha J[Ba TIOPSIKA BEIIIE, YeM OO0Iee KOJu-
YECTBO COCIMHEHUM yrjepojaa B Hamle BpeMs. B 3TuUX yClIOBUSIX M MOSIBUIOCH
KHUBOE BEILIECTBO, KOTOPOE «KOHIIECHTPUPOBAIOCH» BOKPYI BO3HHUKIIMX a0uO-
reHHo mosekys JIHK. buoxumuueckasi sBosirouus B JalbHEHIIEM IpUBENa K
TIOSIBJICHUIO U 000COOJIEHUIO OTACIBHBIX OPTaHU3MOB.

Hogeiiline naHHbple 10 XUMUYECKOMY COCTaBy IiaHeT, CoyiHIA, pa3InYHbIX
3BE3/l, BEIIECTBA MEX3BE3AHOTO MPOCTPAHCTBA JIaHbI B Tabmuiax 2.2 u 2.3.

Tabnuya 2.2

XuMH4ecKHi COCTaB MexK3Be31HOro npocrpancrea (Raymand, Talbot, 1980)

DJIEMEHTBl OTHOCUTEJIHLHO BOJIOPOJIa

H 1,0 C 3,7x10™ Si 3,5x107
He 0,1 N 1,2x10™ S 1,6x107
0 6,8x10™ Fe 2,5x107

Mg 3,6x107

B snemMeHTHOM cocTaBe KOCMHYECKOTO BEIIeCTBa MpeodanaroT Ouopuib-
Hele anemenThl: H, O, C, N; B 3aMEeTHBIX KOIMYECTBax coaepkarbcs Si, S, Fe,
Mg, Al, P, Ca, K. Bo3M0XHO, UMEHHO 3TH OMO(HUIBLHBIE 2JIEMEHTBI U COCIMHE-
HHUSI CIIOCOOCTBOBAJIM BO3SHUKHOBEHHIO KHUBOro BemecTBa Ha 3emuie. OcoOeHHO
BOXHO OTKPBITHE ITOCTOSHHOTO MPHUCYTCTBHS B MEXK3BE3HOM IPOCTPAHCTBE
pPa3IMYHBIX MOJIEKYJ THma (opMabaeruaa, ameTaibJerujaa u Ap., KOTOpPHIS
MOTJIM TIOCJTY>KUTh OCHOBOM ISl CHHTE3a OPTaHUYCCKHUX TMOJUMEPOB, HYKJICHHO-
BBIX KHCIIOT, IOJINCAXapUI0B U JaTh Hauyaso xu3Hu (Kosaa, 1985).

Tabnuya 2.3

Oo0napy:xeHHBbIC Mexk3Be3AHbIe MOJIeKYJbI (Raymand, Talbot, 1980)

H, | HLO | NH; HCN | CH;0H | CH;C,H |HCOOCH; | (CH;),0

OH | H,S | H,CO |[HCOON| CH;CN | CH;CHO CH;CH,0
H

SiO | SO, | HNCO | CH,NH |NH,CHO| NH,CH; CH;CH,CN
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SiS | HCN | H,CS | H,CCO CH,CHCN HC,N
NS | HNC | C3;N | NH,CN HC;N

CH' | OCS

CH |HCO"

CN | HCO

CO | CCH

CS | N,H"

OCHOBOIIOJIO)KHUK COBPEMEHHOI0 y4€HHUs O Ouocdepe, BbIIAIOLIMICS pyc-
ckuil reoxumuk B.W. BepHanckuii, npeanosuarai, YTO BOSHUKHOBEHUE KU3HU U
ouocdeps! Ha 3emiie ABIIAETCS HEM30€KHbBIM CIEJICTBUEM IBOJIIOLIMU KOCMOCa, U
B 0COOEHHOCTH IPHUCYTCTBHSI MPOCTEHIINX OPraHWYECKUX BELIECTB BO Bcenen-
Holt (Bepuanckuii, 1967). HensBecTHO, ABISIOTCS JIM 3TU MOJICKYJIbI TIPOTYKTa-
MU a0HMOTHYECKOTO CHMHTE3a MM OCTaTKaMH MorumOmux O6mocdep apyrux mia-
HET, HO IPUCYTCTBUE OPraHUYECKUX COCIUHEHUN BO BCeleHHOM, 10 MHEHHIO
B.U. Bepuanckoro, siBIsieTCsl yCTOWYHBOW M 0043aTENbHON 0COOCHHOCTBIO KOC-
Moca.

B ucropun 3emiin MaJIOM3BECTHBIA CTEPUIIBHBIN mepuoa (2 - 2,5 Mapa. JieT)
CONPOBOXKIAJICS HEOJHOKPATHBIM PAJIMOAKTUBHBIM PA30TPEBOM U CaMOILIaBIIe-
HUEM IUTaHETHOM Macchl U OPOPMIICHHEM COBPEMEHHBIX CTPYKTYpP 3eMJIH: spa,
IPEICTaBICHHOTO TSDKEIBIMU METaJlJlaMHM, KAMEHHON CHJIMKATHOM 000JI0YKH -
MaHTHUH, BOJTHOM U ra30BOil 00004ueK. ba3anbThl U epeKphIBAIOIIUE UX I'PAHU-
Thl Pa3HbIX IE€HEpalui SABJISAIOTCS Kak Obl (yHIaMEHTOM 3€MHOM KOpBbI, 3aKphbl-
TOM TOJIIAMHU MOCIEAYIOIMIUX OCAJOYHBIX NOPOoA. PaanoakTuBHBIN pa3orpes
MaHTUH, TEKTOHHYECKHE Pa3pbIBbl, BYJKAHU3M HEOJHOKPATHO BEIU K M3MEHE-
HUSIM 0a3aJIbTOBBIX JIaB, NEPEIUIABICHUIO OCAJ0YHBIX MOPOJ, BBIXOJIY Ha IO-
BEPXHOCTH IIAPOB U Macc BOABI, ra30B, pacCTBOPOB. B cocTtase razos nonroe Bpe-
Ms TIpeo0nagan aMMHaK, yriIeKUCIoTa, CepoBOI0poa, MeTaH. OOIIMpHBIE Tia-
HETapHbIC IPOCTPAHCTBA OKA3aJIUCh 3aHATBIMM BOAAMHM IIEPBUYHOIO OKEaHA.
OcTpIBaHuE N1aB, ABI)KEHUE BOJHBIX M Ta30BBIX Macc, (PU3UKO-XMMHUYECKOE BbI-
BETPUBAHNE U PACTBOPEHUE MArMaTHUYECKHUX IOPOJA IOJ BO3JAEUCTBUEM YIJICKU-
CIIOTHI, (pOpMHpPOBAHUE OCAIOUYHBIX MOPOJI, COCTOSAIINX M3 U3BECTHIKOB, KBap-
IIUTOB, KPEMHEBBIX OTJIOKEHUH, CIAaHLEB, ObIO NEPBOHAYAJIBHBIM aOHOTHYeE-
CKHM IE€puoJIoM 3BOJIIOIIMU. B nHTEpecHOM 0030pe pa3zButus xu3Hu (Kopxa,
1974) ynoMuHaroTCsl HAXOAKU OCTAaTKOB OakTepui, kupmux 2,7 - 3,1 mapa. et
Ha3aa. Ho pasButne u oOuibHBIE (OPMBI KU3HU U MAacChl )KHBOTO BEIECTBA
CIIOKWINCh 3Ha4UMTeNbHO nosxe: 1,0 - 1,5 mupa. ner Hazan, B oCHOBHOM B Mu-
POBOM OKEaHE.

[TosiBnenune pa3BUTOM XU3HU OBUIO HaYajIoM (OpMHUpPOBaHUs OUOChEPHI.

O06001masi BBIIIEH3I0KEHHOE, MOKHO OTMETHUTh, YTO MEPBBIN ATal BO3HHK-
HOBEHUS )KU3HU PACCMATPUBACTCSI COBPEMEHHON HAYKOM KaK 3Tall XMMUYECKOM
DBOIIOLMU. B yCIIOBHSX BBICOKHMX TEMIEPATYpP, MOBBIIIEHHON BYJIKAHUYECKOU
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JeSITeIbHOCTH, COTHEYHOTO M3IY4YeHHs] U3 METaHa, aMMHaKa U BOAOpoJa oopa-
30BAJIUCh TPOCThIE OPraHUYECKHUE COEIMHEHUS. B NEpBUYHOM OKEaHUYECKOM
«OynbOHE» B pe3yibTaTe B3aUMOJICHCTBUS LIMAHOBOJAOPOJAA U aibACTHUAOB B
NPUCYTCTBUM aMMHaKa ObUIM CHHTE3UPOBAHbI aMUHOKHUCIIOTHI, OJIHOBPEMEHHO
IPOUCXOAMII0O 00pa3oBaHME MPOCTHIX caxapoB (puOO3bI, AE30KCHPHO03bI). B
BOJHOW cpefe 00pa3oBallCh OCHOBHBIE KOMIIOHEHTHI HYKJIEHHOBBIX KHCIIOT,
IPEINONOKUTENBHO ABE U3 OCHOBHBIX YETHIPEX HYKJIECHHOBBIX KHCIIOT: aJICHUH
U T'yaHuH. DMIUpPUYECKYyI0 ¢popMyity mMoliekyisl ageHuHa CsHsNs moxxHO mpen-
CTaBUTH B BUJIE MISITH 00BbEIMHEHHBIX MOJIEKYJ InanoBogopoaa HCN.

Pubo3a u ne3okcupudo3a B COUETAHUH C OCHOBAHHMSIMHU HYKJIEHMHOBBIX KH-
CJIOT (aleHUH, TYaHWH, HUTO3WH, TAMUH) 00pa30BaJIl HYKJIEO3Ubl, KOTOPHIE, B
CBOIO OdYepellb, B coyeTaHuM c¢ ¢ocaTaMu - HYKJICOTHU[BI - MPOCTEHIINE CO-
CTaBJIAIOIINE HYKJICUHOBBIX KUCIOT.

Crnenyroomuii 3Tamn - NoauMepu3aust «Majiblx» MOJEKyd B 0ojiee KpyIHBIE,
T.e. 00pa3oBaHHe COOCTBEHHO HYKJICHMHOBBIX aMHUHOKHCIOT U O€JIKOB, COTIPOBO-
YK JaroIieecs BbIICJICHUEM BOJBI - IETUAPATALIUCH.

Bce aTu nponeccel, 0AHaKO, NPEIIIECTBYIOT OMOJIOTHYECKON IBOJIIOIUHU, KO-
TOpas Hayanach ¢ 00pa30BaHUs KJIETOK M OJJHOKJIETOYHBIX OPTaHU3MOB.

3. CTPYKTYPA BUOC®EPHBI. IOHATHUE DKOCUCTEMbI

[TonsiTue 6uocdeprl Kak cpepl OOUTAaHUS KUBBIX OPraHU3MOB WM C(epsl,
3aHATOMN KU3HBIO, OBLIO TIpeAIoKeHO B 1878 T. aBCTpUiiCKMM ydeHBIM J. 3r0C-
com. [Tozgnee B.M. Bepnaackuit nogomwmen k Ouocepe Kak 1miaHeTHOH cpene, B
KOTOPOM pacnpoCTpaHEHO KUBOE BellecTBO. JKMBOE BEIIECTBO PacCMAaTpPUBAET-
Cs KaKk 0co00€ MPOSIBIICHHE TEPMOJUHAMUUYECKUX, (PU3MUECKUX U XUMUUYECKHUX
YCIIOBUM TUTAHETHI, CIIOCOOHOE OpPraHW30BHIBATH MX TaKUM OOpa3oM, 4YTOOBI
MMETh MaKCUMAJIbHYI0 YCTOMYMBOCTh BO BPEMEHHU U MpocTpaHCcTBe. buocdepa -
9TO HE TOJBKO HapyKHasg 000J0uKa 3eMJId, OXBAaYCHHAs )KH3HBIO, HO U CTPYK-
TYpHO €10 opranu3oBaHHas. JKMBOe BEIIECTBO 3a BPEMsI CBOETO CYIIIECTBOBAHMS
IyOOKO M3MEHWIO MEePBOHAYAIBHYIO MPUPOAY IUiaHeThl. JKU3Hb Kak Obl cama
npucnocadirBaga cpely U ONTUMU3UpOBaia yciaoBus. B cTparocdepe BO3HUK
030HOBBIN 3KpaH, 3alIMIIAOIINN )KUBBIC CYIIECTBA OT THOCIHHOTO BO3JICHCTBUS
yIbTPapUONETOBBIX JyUYeH U IPYTUX KOCMUYECKUX U3ITYUCHUM.

OrpaHu4eHHOCTh PECYpPCOB a30THO-YIJIEPOJHOTO, BOJHOTO, BO3AYLIHOTO U
MUHEPAJIbHOTO MUTaHUS KUBOE BEIIECTBO MPEOAOJIEI0 MyTEM CO3JaHUS MOY-
BEHHOT'O MTOKPOBA, CUHTE3a BBICOKOJAMCIEPCHBIX MUHEPAJIOB (00ECTICUMBAIOIINX
copOIMio coemMHeHn a30Ta, docdopa, Kanblus, Kamus u ap.), oonee rddex-
TUBHOW aKKyMYJISIIUM T'YMYCHO-OpraHW4YecKux coeauHeHuid makpo- (C, N, P,
Ca, S, K) u mukpoanementos (J, Zn, Cu, Co, Se u ap.). [lo cBoemy dnoxumude-
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CKOMY 3HAUEHHUIO B MOJAEP>KAHUHU KU3HU Ha IJIAHETE MOYBEHHBII MOKPOB CpaB-
HUM C 030HOBBIM 9KpaHOM B cTpaTocdepe.

DOTOCUHTE3 SIBUJICS MEXAHU3MOM HAKOIUJICHUS aKTUBHOM OMOXUMHYECKOU
HEPruu B MACCAX OPTraHMYECKOTO BEILECTBA, B IOYBEHHOM I'yMyce B BUJIE HUC-
KOITa€MbIX TOPIOYMX.

Bo3HuK 1 moka3an CBOIO MCKIIOYUTENbHYIO POJIb MEXAHU3M «COTPYJIHUYE-
cTBa» (cUMOMO3a) MEXYy PACTEHUSMH, KUBOTHBIMU, HACEKOMBIMU, HU3IIUMHU
0€CIO3BOHOYHBIMH, MHUKPOOpPraHM3MaMHu € OOpa30BaHHEM TaK Ha3bIBA€MBbIX
numeBbix 1enei. IlumieBble 1enu oO0ecrneyrnBarOT JJIUTEIBHOE YJEep)KAHUE
BHYTPH 3KOCHCTEM SHEPTHUH, CBSI3aHHON (POTOCHHTE30M, U pe3epBa OMODUIbHBIX
anementoB (C, N, K, S, Ca, Mg u ap.), HEOOXOAUMBIX JIJI1 HOBBIX MOKOJICHUI
KUBOTO BellecTBa. Ha 3Toil OCHOBE ciararoTcs IJiaBHbI€ 3BEHbsI OMOre0XUMHUYe-
CKOI'0 KpyrOBOPOTa BEILIECTB.

CoryiacHO COBpPEMEHHBIM MPEJCTaBICHUSIM O CTPYKType Ouocepsl, OCHO-
BaHHBIM Ha ujaesx B.W. Bepnaackoro, 6uocdepa kak MecTo 0OMTaHUS OpraHu3-
MOB BMECTE C CAMUMH OpraHM3MaMHu MOXKET ObITh pa3/iesnieHa Ha TpU NoJchepsl:
aspoouochepy, ruapoduocdepy u reoouocdepy.

Aspoduocdepa HaceneHa opraHu3MaMu, CyOCTPaTOM >KU3HU KOTOPBIX CIIY-
KUT BJlara Bosayxa. JlumutupyromumMu Gpakropamu *Ku3HU B adpodbuochepe siB-
JSI0TCA HAJIMYUE Karellb BOJAbI U TBEPJbIX a3p030Jiel, MOJHUMAIOLIUXCS C MO0-
BEPXHOCTH 3eMJIM, a TaKXXe MOJIOKHUTEIbHbIE TeMIeparyphl. A3pobuocdepa B
CBOIO Ouepe/b pacnajgaercs Ha JBe cyomnonacdepsl: Tponodmocepy U ajbTo-
ouocdepy.

I'uapoduocdepa - 310 Bech rio0aIbHBIi MUpP BOJAbI, HACEIEHHBIA THAPO-
ouontamu. B cBoro ouepenb ruppoduocepa BkiIrOYaeT akBadbuocdepy - Mup
KOHTMHEHTAJIbHBIX, B OCHOBHOM IPECHBIX, BOJA U MapuHoOuocdepy (Mup Mo-
pel U OKEaHoB).

I'eoomocgepa - o6uTeNb TeOOMOHTOB, CPENOM KU3HU JIJISI KOTOPBIX CIIYKHUT
3eMHasi TBepAb. ['eodnocdepa neauTcs Ha NATh CyONOACUCTEM, B YUCIO KOTO-
PBIX BXOJUT JIUTOOMOCHUCTEMA.

buonornueckuii cnexktp Ouocepsl UMEET CTyNEHYAThINA XapakTep: cooOle-
CTBO, MOMYJISILIUS, OPTaHU3M, OpIaH, KJIeTKa, IeH.

T'CHBI KIICTKHN OpraHbI OpTraHU3MBbI IomnyJisinuu COO6HICCTB&
™ ™ ™ ™ ™ ™
BCHIIE€CTBO | OHCpPpru«d |
™ ™ ™ ™ ™ ™
ICHCTUYCCKHUEC KJICTOYHBIC CHCTCMbI CHUCTCMbI MMOITYJIALIMOHHBIC
CHUCTEMBbI CHUCTCMBbI OpraHoB OpTraHn3MOB CHUCTEMBI

Puc. 3.1. [IpenmeT uzydeHust B 3KOJIOTHUU
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Crnengyer OTMETUTh, YTO B CIEKTPE HEJb3sl HAUTH pe3KuXx rpaHul] (B QpyHk-
MOHAJIIBHOM CMBICJIE), IOCKOJIBbKY KaXKJblii YPOBEHb HHTEIPUPOBAH, B3aUMOCBSI-
3aH C JPYTUMHU.

Kak u opranusm, M30JUMpOBAHHBIA OT MOMYJIALMA, HE B COCTOSHHMH >KHUTb
JI0JITO, COOOIIECTBO HE MOKET CYILIECTBOBATh, €CJIM B HEM HE MPOUCXOAUT KPY-
rOBOpOTA BEIIECTB U B HETO HE MOCTYNAET SHEPIUsl.

JIrobas enuHuua (Ouocucrema), BKIOYAIOLIAs BCE COBMECTHO (PYHKIMOHU-
pyIolllie€ Ha JAaHHOM YYacTKEe OpraHu3Mbl (OMOTHYECKOE COOOIIECTBO) U B3au-
MozeHicTByIOMmas ¢ Gu3nueckoil cpeaoil Takum oOpa3oM, YTO MOTOK DHEPTUU
CO3/aeT YETKO OIpe/esIeHHbIe OMOTHYECKUE CTPYKTYPhl U KPYrOBOPOT BEIIECTB
MEXIy KUBOM M HEKMBOW YaCTSIMH, MPEACTABIISIET COOOM IKOJIOTUYECKYIO CHUC-
TEMY.

KoHuenuuio 3x0cucTeMbl MOKHO OCO3HATh Ha MPOCTOM MOJENH, MPeACTaB-
JeHHOW Ha pucyHke 3.2, rae E - aswxymas cuia, P - cBolictBa, F - motoku, Y -
B3aUMOJICHCTBHE.

F,
E —»| P, F;
\ F. Fe -
\ 4 F> Y " P g
nle
4

Puc. 3.2. JIuneiinas MoieIb SKOCUCTEMEI

P, u P, ob6o3Hayaror /Ba CBOMCTBA, KOTOphIE NPH B3aUMOACHCTBUM C Y -
JIAI0T TPEThE CBOMCTBO P3, KOrja cuctemMa nojy4aeT SJHEpruio oT ucrouHuka E.
F, - F, - HanipaBieHne MOTOKOB BEIIECTBA U SHEPTrUM, U3 KOTOphIX F| - Ha BXxoJeE,
u F; - Ha BBIXO1e. DTa OJIOK-CXEMa MOXKET CIYKUTh MOJIEIIBI0 00pa30BaHUS CMO-
ra B BO3JIyXe HaJl KaKUM-JTHOO0 TOPOJIOM.

P, u P, - yrneBoopo/ibl ¥ OKCUBI a30Ta (J[Ba THUIMA XUMUYECKUX KOMITOHEH-
TOB BBIXJIONTHBIX Ta30B aBTOMoOWiei). P; - cMor, oOpasyromuiics 3 JaHHBIX
KOMIIOHEHTOB IMOJI BO3JICCTBUEM COJHEUHOW JHEPrUH, BCIEACTBUE YErO0 BO3-
nericreue P; (cmora) 6oJiee omacHoO JUIs 3/I0POBBS, YeM oTaelbHO P u P,.

brnok-cxema Ha puc. 3.2 xapakTepusyeT JMHEWHYIO 3kocuctemy. Ho mpu-
POJIHBIE HDKOCHUCTEMBI dYallle BCEr0 HMMEIOT KOJBIEBYIO WU TETICO0pa3HYIO

CTpYKTYypY (puc. 3.3).

A 4
v

— A B C

»
»
A 4

neTyst 00paTHOM CBSI3U
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Puc. 3.3. YacTuuHO 3aMKHYTasi CUCTEMA

TaxoBoii, HampuMep, SBISAETCS YKOCUCTEMA TOPOJia, B KOTOPOM pecypchl. A
MIPEBPAIIAIOTCS B TIOJIE3HBIE TOBAphl. B, a oOpa3ytontuecs: orxonpl. C moce me-
pepaboTKKM CHOBA 3aIyCKAaIOTCS B MPOW3BOJCTBO, YTO YMEHBIIAET KOJIUYECTBO
0TXO0/0B (BBIOPOCOB).

B mr000ii 3xocucTEeMe, C y4eTOM O0OpaTHOM CBSI3M, HATMYECTBYIOT YETHIPE OC-
HOBHBIX KOMITOHEHTA: IOTOK JHEPTUH, KPYTOBOPOT BEIIECTB, COOOIIECTBO M
YIPaBISIONIas METas oOpaTHOW cBs3U. [IOTOK COJHEYHOH SHEPrHuM, MPOHU3BI-
BAIOIINI YKOCHCTEMY, YaCTUYHO TpeolOpa3yercsi COOOIECTBOM M MEPEXOAUT Ha
Ka4eCTBEHHO 00Jiee BBICOKYIO CTYIIEHb, TPAC(HOPMHUPYSCh B SHEPTHIO XUMHUECKON
CBSI3M B OPTaHMYECKOM BEIIECTBE. bObIas 4acTh COMHEYHOW DHEPTHU JEeTPai-
pyeT (MOKUAAeT CHCTEMY B BHJIC TEIUIA - TEIUIOBOM CTOK). DHEPrHUsl MOXKET HaKall-
JIMBATHCS, TPAHCPOPMHUPOBATHCS, HO €€ HENb3s MCIOJIb30BaTh BTOpHYHO. OIHAKO
DIIEMEHTHI TUTaHusI (OMOTEHHBIE JIEMEHTHI) M BOJIA UCTIOIB3YIOTCSI MHOTOKPATHO!

Crnenyer OTMETHTh KHOCPHETHUYECKYIO TPHPOAY IKOCUCTEMBI, T.€. TIOMHMO
MIOTOKOB DHEPI'HH, KPYroBOPOTa BEUIECTB OHU XapaKTEPU3YIOTCS WH(POpMAIIU-
OHHBIMH CeTSAMU ((PU3MYECKNe W XMMHYECKHUE CUTHAJIBI, KOTOPHIC CBSI3BIBAIOT
BCE YaCTU CHCTEMbI U YIPABIISIOT €0 KaK OJHUM IIEJIBIM).

[TpunHIMT 00paTHOM CBSI3U BO MHOTOM OIPEACIAT CTA0MIBHOCTh DKOCUCTEM.
Paznmu4aroT pe3ucTopHyIO M YIPYTYIO CTAaOMILHOCTH.

PesuctopHas - crmocoOHOCTh KOCHCTEMBI COTMPOTHUBISTHCS HAPYIICHHSIM,
NOJIZICPKUBAsi HEU3MEHHBIM CBOIO CTPYKTYPY U (DYHKIIHIO.

VYmpyras - cnocoOHOCTh BOCCTaHABIMBATHCS TIOCTIE TOTO, KaK €€ CTPYKTypa
1 QYHKIIUY OBUIM HApYIIEHBI.

Knaccuguxkayua sxkocucmem

B obmieM Buje 9KOoCHCTEMBI TOIPA3ICISIIOTCS HA €CTECTBEHHbIE (YT, TYH/I-
pa, MyCTbIHS, JIEC, 03€PO, MOPE, OKE€aH) U UCKYCCTBEHHbIE (FOPOJI, arpO3KOCHU-
CTeMa, aKBapuyM, KOCMHYECKHI KOpalIIb).

IIo CTPYKTYpPHBIM NPU3HAKAM:

1. Hazemnwvie: Tynapa, 2. Ilpecnosoonvie: 03e- 3. Mopckue: OTKPBITBIN
CTellb, CaBaHa, XBOWHBIE  pa, MPYJAbl, pEKA, py4Ybd, OKeaH, IPUOPEIKHbIC
jeca, TPOIHUKHU 0oJoTa BOJIbI, POJIUBHI U TIP.

ITo ucTOYHUKAM IHEPIUH - YETHIPE TUMA PYHKITMOHATHHBIX CUCTEM:

1. IIpuponnbie, ABUKUMBIEC COJHIIEM, HECYOCUIUPYEMbIe (OTKPBIThIE OKEa-
HBI ¥ BBICOKOTOPHBIE Teca: E=1000-10000 kxai/m’).

2. Ilpuponnpie, ABUKUMBIE COJHIEM U CyOCHIUPyEMbIC TPYTUMHU €CTECT-
BEHHBIMU HUCTOYHUKAMU (BOJIbI KOHTUHEHTAJIBHOTO 1IeNb(a, HEKOTOPHIE 0K/ Ie-
BbIe eca: E=10000-40000 kxan/m?).
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3. JIB>KyMBbIE COJIHLIEM U CyOCHIIMpPYEMbIE€ UYEJIOBEKOM (arpo3KOCUCTEMBI,
axBapuyMmsr: E=10000-40000 kxan/m>).

4. T'opona, mpUroOpoAbl, MHIYCTPUAIBHBIE 30HBI, IBUKHUMbIE TOIUIMBOM (HC-
KOIIAaeMbIM, SIACPHBIM U T.J.). [ 7100aJIbHBIN HCTOYHUK HE COJIHLIE, @ TOIUIMBO, XO-
TSI 9TH SKOCUCTEMBI 3aBUCST OT MEPBBIX TPEX.

B cBoem pa3BuTHH yenoBedeckoe 0OIIECTBO MPOILIO Yepe3 BCe OTMEUEHHbBIE
yeThlpe Thna 3kocucteM. Ho celiuac - pe3kasi nmoisipu3anus pa3BUTHS: BBICOKO-
pa3BUTBIC CTPaHBI MOTPEOISAIOT B KPYMHBIX MaciTabax HedTh, yroib, ras. «Tpe-
TUW MHUP» 3aBUCUT OT OMOMAcCCHhI (IPEBECHHBI) KAK OCHOBHOT'O UCTOYHHKA SHEP-
v (T.€. IBMKMMA COJIHLIEM).

[Tomo6HO TOMY, KaKk MPUPOTHBIC CHIIBI CMEHHIIA 3pa TOPIOYNX HCKOMAEMBIX,
Ha CMEHY UM IMPUAET 3pa aTOMHOM HEPIUH.

4. XUMHNYECKUE 2JIEMEHTbBI B BUOCDEPE

B ocHoBe kM3HU HaxOoAUTCS OOMEH BEIIECTBOM MEX]y OpPraHU3MOM M OK-
pyxaromen ero cpenoil. Iloaxon kK Mo3HaHUIO YKOCHCTEM COCTOUT B UCCIIEN0BA-
HUU OMOT€OXMMHUYECKUX IUKIOB (KpPYrOBOPOTOB), pa3auyHbie (a3bl KOTOPHIX
NPOTEKAIOT BHYTPH pasHbIX 3kocucteMm. Jlrobas skocucreMa Kak COCTaBHas
yacTb Ouocdepsl SBISETCS UCTOUHUKOM TPEOYEeMBbIX OTAEIbHOMY OPraHu3My
MaTepUaTbHBIX PECypCOB, MPEACTABIAECT COOON XMMHUECKYIO Cpeay OOUTaHUsI.
OT COOTBETCTBUS XMMHYECKOT0O cocTaBa ouocdepbl TpeOOBaHUSAM >KUBBIX Opra-
HU3MOB 33aBHCHUT XU3HEJEATEIbHOCTh JaHHBIX Opranu3smMoB. Ha ypoBHe skocu-
cTeMbl U Ouocdepsl B 1I€JIOM MPOUCXOAT HENPEPBhIBHBIE (DU3UKO-XUMUYECKHE
MIPOIIECCHI, MPECTABISAIONE COO0H OMOTCOXUMHUYECKHUM UK.

JlesiTenbHOCTh YEeI0BEUECKOro OOIIecTBa B HACTOSINEE BpeMs paguKaibHO
TpaHchopMHUpPYET XUMHIO Onochepbl. AHTPOTIOTEHHOE BIMSHUE Ha OMOTEOXU-
MHYECKHUE LHUKIIBI POSBUIIOCH HE TOJBKO HA JIOKAJIBHOM 3KOCUCTEMHOM, HO U Ha
ouocdepHoM, a TaKKe TIIAHETAPHOM M OKOJIO3EMHOM KOCMUYECKOM YPOBHE.

Chopmynupyem mnoHsiTHE OMOreoXHMMHYECKOro Iukia. Bce BemecTBa Ha
HAaIleH IU1aHeTe HaXOATCS B Mpoliecce OMOre0XMMUYECKOro KpyroBopoTa.

BbiaBuraior gBa OCHOBHBIX KpPYroBOpOTa: OOJIBIION (Fr€0JIOrMYECKHil) U Ma-
Jb1i (OMoTuuyeckuii). boabIol KpyroBopoT NPOUCXOAUT B TEUEHUE COTEH ThICAY
VI MUAJUTMOHOB JIeT. OH 3aKJII04aeTcs B TOM, YTO TOPHBIE OPOABI MOIBEPTarOT-
Cs pa3pyILICHUIO, BBIBETPUBAHUIO, & MPOIYKThl BBIBETPUBAHUS, B TOM YUCIE U
PacTBOpPEHHBIE B BOJIE BEILIECTBA, CHOCITCS MOTOKaMH BOJIbI B MUPOBOM OKEaH.
3neck oHM 00pa3yloT OCaJKH, MOPCKHE HaruiacToBaHus. KpymnHbie mMeasieHHbIe
r€OTEKTOHUYECKUE W3MEHEHHMs], OIyCKaHHE MAaT€pUKOB U MOJHITHE MOPCKOTO
JIHA, TIEPEMENIEHNE MOPEN U OKEAaHOB B TEUEHUE JIUTEIBHOIO BPEMEHU IIPUBO-
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JST K TOMY, YTO HAKOIUICHHbIE HAa JIHE MOPEH M OKEaHOB BEIIECTBAa CHOBA BO3-
BpaniaroTcs Ha cyiry (autocdepy).

Masbiii KpyroBOpoOT, SIBJISSICh YaCThiO OOJIBILIOTO, COCTOMT B TOM, YTO MUTAa-
TeJIbHBIE BEUIECTBA MMOYBBI, BOJA, YIJIEPO aKKyMYJUPYIOTCS B BELIECTBE pacTe-
HUM, pacXOAyOTCS Ha IOCTPOCHUE TKAHEH PACTEHUH, BXOAAT B COCTaB OpraHU-
YECKUX BEILECTB, 00ECIEUNBAIOT KU3HEIEATEIbHOCTh CAMUX PACTEHHI, a TaKkKe
OpraHu3MOB-KOHCYMEHTOB. [IpoaykThl pacnaga BeuecTBa nociie rudeian pacre-
HUU MOMNAaal0T B pacrnopsiKeHUe MOYBEHHOU MUKPOGIopbl U Me3odayHbl (Oak-
Tepuii, TpuOOB, YepBeil, MOJUIFOCKOB, MPOCTEUIIUX U JIp.), T.€. BHOBb BOBJIEKA-
I0TCSI B TIOTOK BEIIECTBA (M DHEPTUN).

Kpyzo6opom xumuueckux 3nemenmos (unu geuwyecme) u3 Heop2aHuiecKou
cpeovl uepe3 pacmumenbvHvle U HCUGOMHBIE OP2AHUIMBL 00PAMHO 8 Heop2a-
HUYECKyI0 cpedy ¢ UCNOIb308aAHUEM COTHEYHOU IHEPZUU UIU IHEPIUU XUMU-
YeCKUX peaKyuil HOCUMm HA38aHue OUO2EOXUMUUECKO20 YUKIA.

K rnaBHbIM HMKIaM OTHOCSAT OMOr€OXMMHUYECKHE LMKIbl Yriepoja, BOJbI,
azorta, hocopa, cepbl, OMOTCHHBIX KATHOHOB.

4.1. Kpyrosopor yriepoaa

bonbiioi (reosiorudeckuil) KpyroBopoT yriiepojia MOKHO NpPEJICTAaBUTHh B
BUJIe cxeMbl (puc. 4.1).

buotnyeckuii KpyroBopoT yrjiepoja sIBISIETCSl COCTABHOM YacThi0 OOJIBIIOTO
KPYrOBOpPOTa B CBSI3U C XKU3HEACATEIBHOCTHIO OPraHU3MOB. YTJIEKHUCIOTA, WIH
CO,, Haxomsimasicst B armocdepe (23,5-10'" T) mim B pacTBOPEHHOM COCTOSHHH
B BOJIE, CITYXKHUT ChIpbeM it (POTOCMHTE3a pacTeHUH U MepepaboTKU yriiepoa B
OpraHUYecKOe BEIeCTBO >KMBBIX CYIIECTB, T.€. B mpolecce GOTOoCUHTE3a Ipe-
BpallaeTcs B caxapa, 3aTeM IpeoOpa3yeTcsi B MPOTEUHBI, JUIOUALL U T.J1. DTH
BEILIECTBA CIIYXkAaT YIJI€BOJHBIM NMUTAHUEM JKUBOTHBIM M Ha3€MHBIM PaCTEHUSM,
T.€. IOCTYNAIOT B PACIOPSHKEHUE KOHCYMEHTOB Pa3HbIX YPOBHEM, a aaiee - pe-
JTYLEHTOB.

[Ipu apixanum opranuzmoB CO, Bo3Bpamiaercs B atMochepy. OnpeneneH-
Has 4acTh yIJIepoJia HAaKaruIMBaeTCsl B BHUJIE MEPTBOM OpraHUKHU U MEPEXOJIUT B
uckornaeMmoe cocrosinue. Korga Hacrynaer cmeptbh, TO canpodaru u Ouopeny-
LEHTHI JBYX TUIOB pa3jiaraloT ¥ MUHEPAIU3YIOT TPYIIbI, 00pa3ys ey MUTaHus,
B KOHIIE KOTOPBIX yTJIEPOJ HEPEIKO MOCTYMNaeT B KPYroBOPOT B (popMe yTieKu-
CJIOTHI (KIIOYBEHHOE JIBIXaHHE ).

JXKuBoTHble-canpodaru u carnpoPaTuueckue MUKPOOPTaHU3Mbl, OOUTAIOIINE
B TIOYBE, NMPEBPAIAIOT HAKOMUBIIKUECS B HEM OCTAaTKU B HOBOE 00Opa3oBaHUE Op-
raHUYeCKOW Marepuu, Oojee UM MEHEee MOIIHBINA CIIOH KOPUYHEBOUW WU uep-
HOW MaccChl - TYMYC.
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WNHorna u3-3a HeJoCTaTKa BO3/lyXa WM BICOKOM KMCIOTHOCTH II€Nb ObIBAeT
HEMOJIHOM WJIM KOPOTKOM, T.€. OPraHMYECKUE OCTATKU HAKAIUIMBAIOTCS B BUJE
Topda, obpazys Topdsiabie 60510Ta. B HEKOTOPHIX O0JI0TaX ciiok Topda JT0CTH-
raeT MomHocty 20 M 1 Oosiee. 37€Ch U NPUOCTAHABIMBAETCA IPUPOAHBIN (OHO-
JIOTUYECKUI) KPYTOBOPOT. 3al€KU KaMEHHOTO YIJid WM Topda - TPOIYKT Hpo-
1eccoB (POTOCHUHTE3a PACTEHUI MPOLLIBIX T'€0JIOTMYECKUX JI0X.

OpnHako COTHEYHYIO SHEPTHUI0, aKKYMYJHMPOBAHHYIO B UCKOIIAEMOM TOILIUBE,
YeJIOBEK MHTEHCHUBHO BBICBOOOXKJIAE€T MPH CKUTAHUU TOIMBA, pu 3toM CO,
nocTynaeT B atMochepy.

OcHoBHas Macca yriiepoaa 6uochepbl akKyMyJIupoBaHa B KAPOOHATHBIX OT-
JIOXKEHHUAX JIHA OKeaHa (M3BECTHSKM M kopamisl): 1,3-10'° T, kpucTammuecknx
nopozax - 1,0:10'° . B kamensoM yrie u Hept - 3,4-10" 1. ViIMenHo 3TOT yr-
JepoJ MPUHUMAET y4acTue B MEAJICHHOM Ie0JIOrM4ecKOM KpyroBopote. JKu3Hb
Ha 3emiie U ra3oBbli OaniaHc atMocdepbl NOAAEPKUBAECTCS KOJIMYECTBOM yTJie-
poza, comeprkarerocst B pactutenbabix (5-10'" T) 1 xuBotHBIX (5-10° T) TKAHSX.
OpHako B HACTOsAIIEE BPEMs YEJTOBEK MHTEHCHUBHO 3aMbIKAET Ha ce0sl KPYroBo-
POT BEILIECTB, B TOM YHCJIE U YIepoja.

Tak, Hanmpumep, MOACYUTAHO, YTO CyMMapHas OMomMacca BCeX JOMalIHUX
KUBOTHBIX YK€ MPEBBIIIAET OMOMACCy BCEX MKUX HA3eMHbIX KUBOTHBIX. [L10-
a1 KyJbTYPHBIX PAacTEHUN MPUOIMKAIOTCS K IUIOLIAAM €CTECTBEHHBIX OHO-
reOLIEHO30B, U MHOTME KYJbTYPHbIE PACTEHUS YKOCUCTEMBI MO CBOEU MPOIYK-
TUBHOCTHU 3HAYUTEIBHO MPEBOCXOAT IPUPOIHBIE.

C npyroii cTopoHbl, MOCTYIUIEHWE JAUOKCHIA yriepoaa B atMocdepy B pe-
3yJbTaTe COKMIAHUS YHEPrOHOCUTENEH BeNeT K Tri00ajbHbIM HapyLIEHUSIM B
ouocdepe - HapyIIEHUIO TEIJIOBOTO OajlaHca. 3a MOCJIEeIHEe CTOJIETHE COAepKa-
Hue CO, yBenuuwiioch Ha 10%, mpuyeM OCHOBHOM MPUPOCT MPOU30LIET B IO-
CJIeIHUE JECATUIICTHS.

B armocdepe 3amepkuBaercs OKOJIO MOJIOBUHBI BCETO «AHTPOIOTEHHOTO»
CO,, ocranpHOe noriomaercs MUpoBbIM OKk€aHOM. CUMTAETCs, YTO 3KOCUCTE-
MbI (Ha3eMHbI€) acCUMUINPYIOT 0Koi0 12% CO,, oliiee BpeMst ero nepeHoca -
8 ner.

B noco6un H.M. Ky3smenko, E.A. CtpensuioBa u A.U. KymaueBa «2koso-
rus Ha ypoKax XUMHW» OTMeEYaeTcs, 4To eme B 1962 rony KIMmaTosor U me-
teopoJior M.M. bybiko npenocreperai, 4To CKUTaHUE OrPOMHOIO KOJIMYECTBA
TOIUIMBA HEM30EKHO MPUBEIET K Bo3pacTanuto B armochepe CO,. Tak, B 1956 r.
coaepxxkanne CO, 6wu10 0,028%, B 1985 1. - 0,034%, a B 1989 r. cocraBuio
0,035%. CnenoBatenbHo, 3a 33 roga coxepxanne CO, Bo3pocno Ha 25% ot
NEepPBOHAYAIBLHON BEIUYUHBI.

ITo nporuo3zam, k cepeaune XXI Beka coaepxxkanne CO, B atMmocepe ynBo-
UTCSL.
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Hakomnenue CO, B aTMocdepe Bo BCEM MUPE CBA3BIBAECTCS CeUac ¢ TaK Ha-
3bIBAEMBIM «ITAPHUKOBBIM 3PHEKTOM» (3TOMY CIIOCOOCTBYET TAKKE HAKOIUICHHE
CH,, CFCl,, N;O). uokcua yriepoja HE IMOIJIONMAeT BUAUMYIO U OJMKHIOIO
Y®-06s1acT COJIHEUHOM pajualuu, a ¢ apyroi croponsl, UK-uznyyenue 3emiaun
norsoniaercs CO, B atmocdepe, He MPOMyCcKaeTcsi B KOCMOC.

3anep:KUBaHuE Teruia BOJIM3U MOBEPXHOCTH 3€MJIH - MPOLIECC OYEHb BAXKHBIM
JUISl TOJepKaHus KU3HU Ha 3emMJiie, MHaue CpeAHss Temneparypa Obuia Obl Ha
33°C nwmxe cymectByromieir. Ho mepcnektuBsl 6picTporo mosbimenus t°C 3em-
JIM OYEHb OIACHBI, TaK KaK MPUBEIYT K MOBBILIEHUIO YPOBHS MUPOBOr0o OKeaHa.
MHorue KaMMaToJIOTUH pacCMaTPUBAIOT JUIUTENbHYIO xKapy 1988 r. B CeBepHOoM
MOJTYIIAPUU TTOCIEACTBUAMH KITAPHUKOBOTO 3P heKTay.

4.2. Kpyrosopot a3ora

Hecmotps Ha BenMyailiilyto CIOKHOCTb, 3TOT KPYTOBOPOT OCYILIECTBIISIETCS
ObIcTpO U OecnipensiTcTBEHHO. Bo3ayx, conepxkamuii 78% a3zoTta, OJHOBPEMEHHO
CIY’KUT U OFPOMHBIM BMECTWJIMIIEM U MPEAOXPAHUTEIbHBIM KJIANlaHOM CHUCTE-
MbI. OH GecrpepbIBHO U B pa3HBIX (hOpMax MUTAET KPYrOBOPOT a30Ta.

[ukn azoTta cocTouT B cienyromeM. Ero riaBHasi posib 3aKIII0YAETCS B TOM,
YTO OH BXOJUT B COCTAaB KM3HEHHO Ba)KHBIX CTPYKTYp OpraHu3Ma - aMUHOKHC-
J0T OenKa, a TakKe HYKJIEHHOBBIX KUCJIOT. B JKMBBIX OpraHu3Max COJIEPKHUTCS
npumepHo 3% Bcero akTUBHOTO QoH/Ia a30Ta. PacTenns nmoTpebistoT mpuMepHO
1% a3ora; Bpems ero kpyroopora cocrasisieT 100 ner.

OT pacTeHuil-IpOoyLEHTOB a30TOCOJEpIKAIIUE COCAUHEHUSI MEPEXOIAT K
KOHCYMEHTaM, OT KOTOPBIX IOCJE OTIICIUICHUS] aMUHOB OT OPraHUYECKHX CO-
€AMHEHUN a30T BBIJEISAETCA B BUAE aMMHAaKa WJIM MOYEBUHBI, 8 MOYEBHUHA 3aTEM
TaK>Ke MpeBpallaeTcss B aMMHUak (BCJIEICTBUE THAPOIN3A).

[Ipombinennoe |,
HCII0JIb30BaHUE
['openne )
Jpixanue )
A 4 - TO
CO, B BOJIE »  CBOOOIHEBIN D > 3eneHbIe f(b’
»  yroiab
OKEaHOB CO; B BO31YXE OTOCHHTCS pacTeHus Y ’
He(Th
JIbIXaHUE,
THUCHHE
JIBIXaHUe, JKusbie
THUCHHUE | OpTraHU3MBI 31




Puc. 4.1. Tpaunchopmanus u ucnonb3oBanue CO, B mpupo/ie

B nanpHeiiiiem B mporeccax OKHCICHHS a30Ta aMMUaka (HUTpUDUKAIUN)
o0pa3yloTcsi HUTPAThI, CHOCOOHBIE ACCUMHIMPOBATHCS KOPHSMU PACTEHUM.
YacTb HUTPUTOB U HUTPATOB B Ipoliecce ACHUTPUPHUKAIIMK BOCCTAaHABIMBACTCS
JI0 MOJIEKYJISIPHOTO a30Ta, IocTynaromiero B armocdepy. Bee 3t xummndeckue
IIPEeBPAILIEHUS BO3MOXHBI B PE3YJIbTATE KU3HEIACATEIHLHOCTH MOYBCHHBIX MHK-
POOPraHu3MOB. DTH yJIUBUTENIbHbIE OaKTepUU - (PUKCATOPHI a30Ta - CIIOCOOHBI
HCIIOJI30BaTh YHEPTUIO CBOETO JBIXaHUS JJI MPSIMOT0 YCBOEHUSI aTMOC(HEPHOTO
a30Ta U CUHTE3UPOBAHUS MPOTEUA0B. TakuM MyTeM B MOYBY €XKETOAHO BHOCHUT-
cs1 0KoJI0 25 KT a3ota Ha | ra.

Ho camebie a¢ddexTrBHBIC OaKTEPUHU )XKUBYT B CUMOHO03€ ¢ 00OOBBIMH pacTe-
HUSIMUA B KIIyOCHBbKax, pPa3BUBAIOIIMXCS HA KOPHAX pacTeHuil. B mpucyrcrBum
MOJIUOJIEHA, KOTOPBIM CITY)KUT KaTalu3aTOpoM, U 0co00i (popMbl reMoriioonHa
(YHMKaJIbHBIN clydail y pactenuii) 3T 6aktepuu (Rhizobium) accumuupyror
rpomMajHbie KojimdyecTBa azora. OOpasyromuiics (CBsI3aHHBIN) a30T MOCTOSHHO
muddyaaupyer B puzocdepe (4acTh MOUYBBI), KOT/Ia KIYOCHBKH pacrajaroTcs.
Ho eme a3oT nmoctynaer B Ha3eMHYI0 4acTh pacteHuid. binarogaps stomy 6000-
BbIE MCKIIIOUUTEIBLHO OOraThl MPOTEMHAMHU M OYE€Hb MUTATENbHBI IJIsI TPABOS/I-
HbIX. ['0710BOI 3amac, TakuM 00pa3oM HaKaIUIMBa€MbIH B KyJbTypax KieBepa U
motiepHbl, coctasisieT 150-140 kr/ra.

I[ToMumo G0OOBBIX Takue OAKTEPUM KUBYT HA JIUCThSIX PACTCHUH (B TPOIH-
Kax) u3 cemerictBa Rublaceae, a Tak:ke aKTHHOMMIIETHI - HA KOPHSIX OJbXH, (PUK-
cupyoiue a3ot. B BogHOM cpejie - 3T0 CUHKME BOJOPOCIIH.

Wrak, a30T u3 pa3HOOOpPA3HBIX MCTOYHUKOB MOCTYMAeT K KOPHSM B BHUJE
HUTPATOB, a0COPOUPYETCS KOPHIMH U TpaHC(HOPMUPYETCS B JIUCTHS ISl CHHTE-
3a mpoTerHoB. [IpoTenHsbl cily)KaT OCHOBOW a30THOTO MUTAHUS >KUBOTHBIX, a
TaKXKEe MUIIEH HEKOTOphIX OakTepwii (mapasuToB). OpraHu3Mbl, pasiararoine
OpraHUYecKOe BEUIECTBO IOCIE CMEPTH, NEPEBOAAT a30T U3 OPraHUYECKHUX CO-
eIMHCHHUI B MUHEpaabHbIe. Kaxkaas rpymnmna OnopeayIieHTOB CIEIUaTN3uPyeTCs
Ha KakoM-JIM00 OJHOM 3BEHE ATOro mpoiiecca. Llens 3akaHunBaeTcs AesITeNbHO-
CTBI0O aMHUHOOOPA3YIOMIMX OPraHu3MOB, oOpazyrommx ammuak (NHj;), KoTopsrii
nanee BXOIUT B LUK HUTpUuKanuu: Nitrosomonas OKUCISET €ro 10 HUTPH-
TOB, a Nitrobarter OKUCIISIET HUTPUTHI B HUTPATHI.

C npyroil cTopoHbl, OaKTEpUHU-ICHUTPUDUKATOPHI pas3jiaraloT HUTPAThI, OC-
BOOOXKIat0T N,, KOTOPBIA yieTyuuBaercs B armochepy. Ho aTor mporecc He
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OYEHb OIACEH, TaK Kak pasnaraeT npumepHo 20% oOiero a3ora, ¥ TO JUIIL HA
MOYBaxX, OUYEHb YA0OPEHHBIX HaBO30M (TipuMepHo 50-60 kr azota 1 ra).

Kpyrosopot a3zora B HacTosiliee BpeMs MOJIBEPraeTcsi CUILHOMY BO3JICHUCT-
BHUIO CO CTOPOHBI uenoBeka. C 0JJHOM CTOPOHBI, MACCOBOE ITPOU3BOJICTBO a30T-
HBIX YJIOOpEHUHN W UX WCIOJIh30BaHUE MPUBOJIUT K U3OBITOYHOMY HAKOIJICHUIO
HUTPATOB. A30T, IOCTYNAIOIIMNA HA TOJS B BUJE yIOOPEHUI, TepseTCs h3-3a OT-
YYKJICHUS ypOXKasi, BbILETaYMBaAHUS U TCHUTPUPUKAIUH.

C npyroii CTOpPOHBI, IPU CHUKEHUH CKOPOCTHU MPEBpAILCHHUS aMMHUaKa B
HUTPAThl aMMOHUITHBIE YA00pEHUs HaKaIJIMBAIOTCS B MOoYBe. BO3MOXKHO Mo/1aB-
JIEHUE NIESITENIbHOCTH MUKPOOPraHU3MOB B PE3YJIbTATE 3arpsi3HEHUS MOYBBI OT-
X0JIaMH TIPOMBINIIEHHOCTU. OTHAKO ATU MPOIIECCHI HOCAT JOKAIbHBIN XapaKkTep.
['opa3no Gombliee 3HaYeHUE WMEET MOCTYIUICHHE OKCHJIOB a30Ta B arMochepy
npu cxkuranuu toruBa Ha TOILI, Tpancmoprte, 3aBomax («ivcuii XBocT»). B
MPOMBIIIJICHHBIX pailoHaX HMX KOHUEHTpalus B BO3JYyXE CTAHOBUTCS OYECHb
onacHoU. [1og Bo3necTBHEM U3TyYeHUS IPOUCXOIIT PEAKIIUU OPraHuKH (yrie-
BOJIOPOJIOB) C OKCHJIaMU a30Ta ¢ 00pa30BaHMEM BBICOKOTOKCHYHBIX M KaHIIEPO-
T€HHBIX COCIUHEHUM.

4.3. Kpyrosopot ¢ocdopa

dochop coBepiaeT KPyroBOpoT B HA3€MHBIX SKOCUCTEMAX B Kaue€CTBE BaXK-
HOM ¥ HE0OXOIMMOM COCTAaBHOM YacTH IIUTOILIA3Mbl: OMOpPEyLIEHThl MUHEPAJIU-
3YIOT opraHudeckue coeauHeHus pochopa u3z orMepnx opranu3mMoB B docda-
Thl, KOTOPbIE BHOBb MOTPEOJIAIOT KOPHU pacTeHuid. ['pomannbie 3anacel docdo-
pa, HAKOMMBILKECS 3a MPOILIbIe T€OJOTUYECKHE IMOXH, COAEpPKAT TOPHbIE IO-
POJIBI; B MpOIIECcCe pa3pyIICHUs 3TH MOPOABl OTAAIOT (GocdaThl HA3EMHBIM KO-
CUCTEMaM; OJHAKO 3HAUYMTEIbHbIE KOJIHUYECTBa (hOCHATOB OKA3bIBAIOTCS BOBIIE-
YEHHBIMHU B KPYTOBOPOT BOJIbI, KOT/Ia TIPOUCXOANT MX BBIIICTAYMBAHUE BOJION U
BBIHOC B MOPS M OK€aHbl. 371€Ch OHU 0OOralllaloT COJIEHbIE BOJIbI, TUTAIOT (PUTO-
TUTAHKTOHBI ¥ CBSI3aHHBIC C HUM IHUIIEBBIC LIEMU. 3aTeM BMECTE C OTMEPIIUMU
octatkamu (ochaThl MOTPYKAIOTCS B OKEAHUYECKUE TIIyOHHBI, YaCTh TEPAETCS B
TITyOMHHBIX OTJIOXEHUSX, YaCTh BO3BPAIACTCSA HAa 3eMJIIO C TIOMOIIBIO MOPCKHUX
OTHIl. 37ech UIMEETCS B BUJly TyaHO, OTPOMHBIE 3aJI€3KU KOTOPOTo Ha MoOepexbe
[lepy yka3bIBalOT Ha TO, 9YTO HEKOTJ]a MOPCKHE MTHUIIBI UTPAJIA OOJBIIYIO POJIb B
€ro HakoIUIeHWH, YyeM Tenepb. Bo3Bpat dochopa BozMoxkeH erie u Oiarogaps
pbiO0OBCTBY. PHIOY BO BCceM MHUpE MCHOJB3YIOT B KauecTBe yao00peHus (poiO-
Hasi MyKa), B TOM 4YHCJie TOJ1 oceBbl puca. CUUTAIOT, YTO KaXAbIH T'OJ] TAKUM
o0pa3om Bo3Bpaimaercs B KpyroBopoT 60 Teic. TOHH ¢dochopa, YTO JAIEKO HE
KOMIIEHCHUPYET pacxoj] TeX 2 MJIH. TOHH QocdaToB, KOTOPHIE €KETOMAHO T0ObI-
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BAIOTCS M3 3aJICKeH M OBICTPO BBIMICITAYUBAIOTCS MPU UCIIOJIB30BAHUU B KAa4eCT-
BE yI00pEHHUIA.

PaHo win 1O3/IHO, 3TO CTAHOBUTCS TPEBOKHBIM M onacHbM. Pochop - 310
c1aboe 3BCHO B )KM3HECHHOM IIEITH, 00ECIICYMBAIOIICH CYIIIECTBOBAHUE YEIIOBEKA.

A 4

Opranudeckuii a30T )KUBOTHBIX, pacTeHul (NH,)

AMMoHUUKAIUS
A\ 4 i
MoueBnna _|, L | HMoH amMmoHHusA
Ammunax (NH
[CO(NH,),] | (NH) (NH,)
Hutpudukauus
i - Oxkcup azora
Hutputer (NO;) — (N,0)
A

A 4
Hutpudukanus | | deaurpudukanus | CoOOgHBIN

azoT (Ny)
[Tponykius s
| waccummsAnms Y dukcanust a30Ta
pacTeHuAMA Hurpater (NO;) ¢ KJTyOeHbKOBBIMH
Y )KUBOTHBIMU OaKTeDUSIMHU

Puc. 4.2. Kpyrosoport azora
4.4. Kpyrosopor 0MOreHHbIX 3JIEMECHTOB

Hawm u3BecTHO, 9TO yTiiepo, a3ot, BOAOPOI, Kuciopo, ¢ocdop, cepa dop-
MUPYIOT )UBbIE Opranu3mMbl. OHAKO 3T OPraHU3MbI HE CMOTYT XUTh 0€3 J10c-
TaTOYHOTO KOJMYECTBA MHOTUX JAPYTUX IJIEMEHTOB - KATHOHOB METAJLJIOB.

Cpenu HUX Kallui, KaJbIMi, MarHUi (MHOTJa HATPUI) OTHOCATCS K TPYIIIe
MaKpOd3JIEMEHTOB, TaK KaK OHM HEOOXOJIHMMBbI B OOJIBIIMX KOJHWYECTBaX (BbIpa-
KAIOLIUXCSI B COTHIX JIOJSIX CyXOro BEIIECTBA); OJHAKO TaKWe AJIEMEHTHI, Kak
xKenne3o, 0op, IMMHK, Melb, MapTraHell, MOJHO/IeH, KOOAIbT, aHUOH XJIOpa, OTHO-
CATCS K MHUKPODJIEMEHTAM U HYKHBI JIMIIb B MaJbIX KOJMYECTBAX (BbIpaXkaro-
HIUXCS B MIWIJTMOHHBIX JIOJISIX CYXOT'O BEIIIECTBA).

Ha cymie rimaBHbIM UCTOUHUKOM OMOTEHHBIX 3JIEMEHTOB (KATUOHOB) CITYKHUT
MOYBa, KOTOpas MoJIydaeT uX B IMpoIliecce pa3pylIeHus MaTepuHCKUX nopoj. Ka-
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THOHBI a0COPOMPYIOTCS KOPHSAMH, PACIPEACTSIOTCS Pa3IMYHBIMU OpraHaMu
pacTeHMi, HAKAIUIMBAKOTCS B JIUCTBE, T.€. BXOASAT B KOPM PaCTUTEJIbHOSAHBIX
NOTpeOUTENEH MOCHEAYIOINX MOPSAIKOB B LIETIH MUTAHUS.

Munepanuzaiusi MoruoIux OpraHu3MOB BO3BpPAIAET OMOTE€HHBIE KATHOHBI
B IIOYBY, CO3J]a€TCs BIIEUATIEHUE, YTO LMK CIIOCOOEH MPOAOIKAThCS Oecrpe-
pbiBHO. OJTHAKO MOYBA BBIIEIAYUBAETCS JOKISIMHU, JOKIEBbIE BOJABI IEPEHOCT
KAaTHOHBI B CUCTEMY IOJ36MHOI'O CTOKA, & TAKXXE U B MOBEPXHOCTHBIM CTOK: B
PEKH, MOpsl, UHOTJA B 3HAUUTEIbHBIX KOJIMUECTBAX.

BrilienaunBanue - aBTOKaTAIUTUYECKHI MpoIecc: yeM OO0JblIe OHO Mpo-
rpeccupyer, TeM OoJjblle AerpagupyloT MOYBEHHbIE KoJulounbl. llomoxkenue
CTAHOBUTCSI OCOOEHHO TSKEJIBIM B TPOIMMYECKUX MECTHOCTSIX: JIMBHEBBIE JOKIH,
HU3Kasi abCopOUPyeMOCTh MOYBEHHOTO KOMILJIEKca (Majioe KOJIMYECTBO TyMyca),
UCTOLICHHE TMOYB MOHOKYJIbTYpaMU CaxapHOTO TPOCTHHKA, Koe, Kakao, KyKy-
py3bl, apaxuca.

Koraa BepyOaroTcs WM BBDKUIAIOTCS Jieca IMOJ CEIbCKOE XO35MCTBO, TO
MUHEpAJIM30BaHHBIM TaKUM IyTEM 3arac OMOTe€HHBIX BEIIECTB OBICTPO BhIIIENA-
YMBAETCS JOXKIAMHM M NOYBa yTpauuBaeT cBoe Iioxopoaue. Ecnu Ha Hell Bpe-
MEHHO MPEKPATUTh MTOCEBBI, TO OHA BHOBb MOXKET JaTh KU3Hb JIECY, HO yKE BTO-
pUYHOMY, C MEHee IIeHOH OMoMaccoil, yeM y MepBOHAYaIbHOI'O COOOIIECTBA.
[Tociie moBTOpEeHUs MOAOOHBIX OMepalnii mouBa OyAeT MOKPHIBAaThCS Bce Oosee
u 0oJiee CKyJTHOM pPacTUTEIIbHOCTHIO C YMEHBIIAOMICHCS TPOayKIneld Onomac-
cel. CHavasia oOpa3yercsi caBaHHA, 3aT€M CTelb, HAKOHEN, MyCThIHA. 3HAYMT,
KPYyTOBOPOT MHUHEpAIbHBIX KATHOHOB COMPOBOXAAET LIMKJIbI YIJIEPOJa U a30Ta.
B yMepeHHBIX MIHMpOTax MOCIEACTBHS BBIIIECIAYMBAHUS HE TAK PE3KH, HO BCe-
TaKl B PE3YyJIbTaTe€ BBIPYOOK (CIUIOIIHBIX IOJ KOPEHB), IPU KOPYEBKE MHEU U
CHATHS JIEpHA pa3pyllaeTcs I'yMyC - PECcypc NMUTATeNbHbIX BemecTB. CieaoBa-
TEIbHO, HAPYLIAETCSI KPYTOBOPOT, €0 MOJIHOTA: MNEPEX0/ K MyCTOUIN WU JIYTY,
CO CKYJIHOM paCTUTEIbHOCTHIO U MEHBIIUM 3a11acOM OHMOMACCHI.

PactBopenHnsie Accnmunsanus Pacrenus (HykiaenHOBbIE
e —>
dhocdar-noHb1 CUHTE3 KHUCJIOTBI, MEMOpPAaHBbI,
3-

(PO4s™) MPOTOILIA3MBI CHUCTEMBI IEPEHOCA DHEPTU
Oprannueckuil |, ‘
docdop pactu- pactan ACCUMUISLINA

bakrepuanpHoe TEJLHOTO JAETPUTA l
npeoOpa3zoBaHue |
XKuoTHbIe (KOCTH, 3yObI
((1)00(1)32 PCAYLHPYIOIINC bakrepuanbHbie ( - 3Y )’
HYKJIEMHOBBIE KHCIIOTHI
aKTepHH) npeoOpa3oBaHus y
I @ocharbl |«
AKCKpeLus
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Puc. 4.3. Yopomiennas cxema kpyroopora (ocdopa

Hcromenrue mo4yBbl BO3MOXHO HE TOJIBKO BCJIEJCTBUE CHSITHS PACTHUTEIHHO-
ro TIOKPOBA, HO U Y€pe3 CEeIbCKOXO3SUCTBEHHBIE KYIbTYphl. ECTh Takue KyabTy-
pbl, KaK CBeKJa, KapTodeab, MACIMYHbIC KYJIbTYpPbl, YHOCSIINE €XKETOJHO OT
300 mo 700 kr MUHEpAJILHBIX BEIIECTB Ha 1 ra.

Tabnuya 4.1
Exxeroanbiii BbIHOC U3 NMOYBbI BelIeCTB (KI/ra) Npu CPeIHNX yPOoKasix
KynbTypa DJIeMEHT
N P K Ca
IImrenuita 70 30 50 ~ 30
Kaprodenn 90 40 160 76
JIronepna - - - 242

Tabnuya 4.2

Boinoc BemecTB (Kr/ra) npu Beipyoke JiecoB 100-1eTHero Bo3pacra

PacturenbHOCTD DNeMEHT
Ca K P
CoCHOBBII JIeC 424 168 38
XBOWHBIM JIeC 8980 466 74
JIMCTBEHHBIN J1eC 1930 483 106
KynbeTypsl: oBec, TpaBbl, kKapTodenb, pena 2420 7400 1060

Ecan BBIpy6Ka M BBIBO3 U3 JICCa OCYHICCTBIIACTCA OUMIICHHLBIX JACPEBLCB, TO

06€I[HGHI/I€ HC CTOJIb CHUJIBHOC, a C KOpOfI BBIHOCHUTCA MHOI'O KaJIbIIUA.

NHrepecna auarpamma pacrnpeneneHus 3jeMeHToB B jecax 100-meTHero
Bo3pacta (B kr/ra). Ha pucyHke BUIIHO, UTO KajbLiUsl COJEPKUTCA B 4 pasa
00JIbI1IE B INCTBEHHOM JIECY, YEM B COCHOBOM.
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XBOMWHBIN JIEC
Ca: 676
K: 375
P: 70

COCHOBBIH JIEC
Ca: 328
K: 138
P: 30




JIncTBEeHHBIN EC
Ca: 1283
K: 320
P: 70

4.5. AHTPOINIOTeHHBII KPYroBOpoOT BeulecTBa. PecypcHbIil HUKIT

YenmoBek MHTEHCUBHO TpPaHCHOPMHUPYET IMPOIECCHl KPYroBOpOTa BCEX XU-
MUYECKUX 3JIEMEHTOB HE TOJIBKO Ha JIOKAITHHOM, HO B 6nocepHom yposHe. YUe-
JIOBEYECTBO - ATO YacTh Onocdepsl (C ero mpou3BOJICTBOM).

[IpuHIMNIUATBHBIX Pa3IUYMi B YTUIW3AIUH MPUPOIHBIX PECYPCOB MEXKITY
YEJIOBEKOM M JPYTUMHU OpTraHU3MaMH HET C TOYKH 3PCHHS SKOJOTHH: Pa3THIMS
3aKJTI0YAIOTCS JIMIIb B MacmTabax. ToT ¢akt, 94To 4eloBEeK HAy4YWICS YTHIH3U-
pOBaTh MPUPOIHBIC PECYPCHI, CO3/AaBast sl TOTO CIEIUATbHBIC CPEJCTBA, CYTH
nena He MeHsieT. CkoJib Obl HM OBLITM MACIITa0OHBIMH MTPOIIECCH AHTPOTIOTEHHOM
TpaHc(opMaliK BEIIECTBA, OHU OCYIIECTBISIOTCS B paMKax rio0alibHbIX OHO-
T€OXUMUYECKUX ITUKIIOB. YEJIOBEK HE B CHJIAX PaJUKAIbHO W3MEHHUTH 3TH IIHK-
ael. Camoe OoJblliee, 4TO OH MOXET, - 3TO W3MEHUTH OajaHC BellecTBa Ha
OTIPENICTICHHBIX ~ JTamax TJIOOATBbHBIX IMKJIOB WM HAa  OMNPEACIICHHBIX
Teppleromesk HaXoUT U J00BIBaeT MPUPOJIHBIE PECYPCHI, MIEPEBO3UT MX K MeC-
TaM TnepepaboTKU, MPOU3BOJUT W3 HUX DHEPIrHI0, KAKYHO-THOO0 MPOIYKIUIO U
IPEIMETHI, KOTOPBIE B UTOTE MTOCTYIAIOT B IMOJIb30BAHUE B BUJIC CPEACTB MPOM3-
BOJICTBA WJI M3JIEJINI, COOPY>KEHUM U T.1., T.€. YEJIOBEK BOBJICKACT MPUPOIHBIC
pecypchl (BEIIeCTBa) B PECYPCHBIM UK.

[Tox pecypCHBIM ITUKIIOM MOHUMAIOT COBOKYITHOCTH MPEBPAIICHUIN U Tepe-
MEIICHUI OIPECIICHHOTO BEIIESCTBAa WJIM TPYII BEIIECTB HAa BCEX JTamax HC-
MOJIb30BAHUSI €T0 YEJIOBEKOM (BBISBJICHUE, U3BJICUYCHHE U3 MPUPOJHON CPEIbI,
nepepaboTKy, UCMOIb30BaHKE, BO3BpallleHNe B Mpupoay). Ho eciau mpupoanbie
IIUKJIBI BEIIECTB 3aMKHYTBIE, TO PECYPCHBIN MK KaK KPyTOBOPOT MPAKTHUYECKH
HE 3aMKHYT, T.€. HCIIOJIb30BaHHBIC BEIIECTBA HE BO3BPAIIAIOTCS B MECTa UX U3b-
ATHA.

Ha kaxpaom srtame pecypcHoro nukia HeuszOexHbl notepu. [lpu moObiue
YacTh CHIPbS OCTAETCA B MECTax 3aJieraHusi, a B OTBaJbl MJET TaK Ha3bIBaeMas
«IycTasi MopoJa», Ha W3BJICUYCHHE KOTOPOW TPATUTCSA SHEPTHs. 3HAUMTEIbHAS
70Ji1 TOOBITOTO HMCKOMAeMOro TepsAeTCS IMPU TPAHCIOPTHUPOBKE K 3aBOJaM U
dbabpukam npu neperpyske, nepepadorke. Ecnu pecypce ucnosb3yercs Kak TOII-
JIMBO, TO TPHU €r0 CTOPAaHMH O0Opa3yrOTCs NUIAKW, HAYIIME B OTBAJbl, OKCHJIBI,
jeTsume B armocdepy, 1 T.1.

Ecnu xe vedTh, yrons mepepabaThiBarOTCS TPOMBIIUIEHHOCTBIO, TO HEH3-
O0eXHO 00pa3oBaHWE MOOOYHBIX TBEPIBIX, KUIKHX, Ta3000pa3HBIX MPOIYKTOB,
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KaK TEXHOJOTMYECKUX OTXOJO0B, (POPMHUPYIOIIMX TaK Ha3bIBAEMbIE XBOCTOBBIE
BBIOPOCHI, KOTOPbIE HAHOCAT BPEl SKOCHCTEMaM, HapylIalOT KaueCTBO CPEIbI,
OTPULIATEIBHO BIHUSAIOT Ha 3J0POBBE JIOACH.

Takum 00pa3zom, mosydyaeTcsi mapajgoKcaibHasi CUTYyalus: 3arpsi3HEHUE Cpe-
Jbl TAIOT NMpUpoHbIe pecypebl! Ha ux 100bI1y, EpeBO3KY 3aTpayuBarOTCs Or-
POMHBIE€ CpPEJICTBA, SHEPIHsi, BpEMs, HO OHU K€ B KOHEUHOM CUETE YyXYIIIArOT
Ka4yecTBO OKpY>Karolieil cpeasl. B cBs3u ¢ nanHoO cutyarueil BO3HUK adopusm:
3arpsi3HEHHE CPEJIbl - 3TO MPUPOAHBIE PECYPChI, OKa3aBIIMECs HE HA CBOEM Mec-
TE.

Ho npu 106b14e moJie3HbIX UCKOMAEMBIX U MEepepadOTKe ChIpbsi 00pa3yeTcs
00JIbIIOE KOJIMYECTBO OTXOA0B. AKaJleMUK [IpSHHUIIHUKOB MUILIET, YTO KOJUYe-
CTBO OTXOJIOB PACTET, KaK M J00bIYa CBIPhS, IO SKCIIOHEHIIMAILHOMY 3aKOHY U
YEJIIOBEUECTBO BCe OOmbIie M Oonbiie paboTaeT Ha OTXOABL. Tak, Ha KaXIyro
TOHHY MPOU3BOAMMOTO KAIUMHOTO yJI0OpeHHst 00pa3yercs OT TPEX /10 YeThIpex
TOHH TaJIUTOBBIX OTXOJIOB, B OCHOBHOM COJEpKalux xjopuja Hatpus. KpymnHo-
TOHHa)KHBIM OTXOJIOM NMPOU3BOACTBa (HochOpHBIX yaoOpeHuit sBisetcs Gpocdo-
THUIIC, KOTOPOTO MpH mepepadoTKe amaTUTOBOTO KOHIIEHTpaTa moiy4aercs 4,25
TOHH, a Npu nepepadoTke PocdoputoB Kaparay - 5,6 TOHHBI Ha KXKIYIO TOHHY
IKCTPAKIMOHHOHN (hochopHON KUCIAOTHI. bosbIoe KOJIMYECTBO OTX0A0B 00pa3y-
eTCsl ¥ TIpu oboramieHuu GochaTHOTO CHIPHSI.

[Ipu oOorameHnn METHBIX Py B OTXOABI HACT (PIOTAIMOHHBIA CEPHBINA
komuenaH. OH UCTIOIB3YEeTCs I IPOU3BOACTBA CEPHOM KUCIOTHI. OHAKO TIpH
00KHre CepHOro Koadeaana oopasyercsi KoueqanHbii orapok (= 0,73-0,75 T Ha
1 T nuputa). ExxerogHo ero ckaruimBaetcst 6osiee 5 MitH. TOHH. Orapok KCIOJb-
3yeTcsl JAJIEKO HE IMOJIHOCTBIO, XOTSI COJAEPKUT B OCHOBHOM JKEJI€30, a TAKXKe
[[BETHBIE U JIparoleHHble MeTauibl. [IpocaunBasch yepes3 OTBajbl, TOBEPXHOCT-
HBbIC BOJBI B PE3YyJbTATE BBINIEIAUYNBAHUS CYIb(UIOB YBEIUYHBAIOT CBOIO KH-
CJIOTHOCTH M 00OTaIIaOTCs JKEJIE30M, MEJIbI0, HUKEJIEM, KaJbIlueM, Cylib(paTamu
U JPYTMMU BELIECTBAMHU. DTH BOJBI 3arpsi3HAIOT PEKH, BOAOEMBI U MOA3EMHBIE
BOJIBI.

Bricokass KOHLEHTpauusl TSDKEJbIX METaNIOB MOYKET OKa3aTbCs TOKCUYHOM
JUTsl paCTEHUM, TOJIABIISAA UX POCT.

TenoBble 3J€KPOCTAHIIMU AAIOT JECATKM MUJUIMOHOB TOHH MbUIEBUIHON
30J1bI U KYCKOBBIX IITAKOB B Tofl. OTBaJIbl KPYITHON TEIJIOBOM 3JIEKTPOCTAHIINH
3aHUMAIOT COTHU T'€KTapOB LEHHBIX 3€MeJb, HO 3TH OTXOJbI MIPEACTABIIAIOT ChI-
pbe JUIsl MPOU3BOJICTBA CTPOUTENIHBIX MATEPUANIOB. 3071a MOXKET OBITh CHIPHEM
JUISL M3BJICUEHHUS Psiia METAJUIOB: )Kelle3a, allOMUHUA. 301y MOYKHO HCIIOJIb30-
BaTh B MPOU3BOJICTBE HANOJHUTENCH OE€TOHA, CHIIMKATHOTO KUPIHYa, MIJJaKoMe-
TaJJIOB U AP.

Mp1 ybenunuch paHee, Kakue CIOKHbIE 3aKOHOMEPHOCTH COIPOBOXKIAIOT
AHTPOIIOT€HHBI KPYTOBOPOT BEILECTBA MPU HCIIOJIB30BAHUU PECYPCOB I'e00HO-
IUHO30B (T.€. SKOJIOTUYECKUX CUCTEM).
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Tak, ecnu BeIpyOaeTcsi APEBOCTOM, TO BCS DKOCUCTEMA MOXKET MPEKPATUTh
CBOE CYLIECTBOBAHUE MPOCTO MOTOMY, UTO M3BIMAETCS U OTUYKAAETCS OCHOBHAS
Macca 3allaceHHOW SHEPIHMM M BELIECTBA, KOTOPas JOJHKHA ObLIa MepenaBaThbCs
Ha cienytoue Tpoduyeckue ypoBHH. Ha MecTte yHMUTOXEHHOW SKOCHUCTEMBI
MOJKET BO3HUKHYTH HOBasi, HO 3HAYUTEIILHO MEHEE MPOAYKTHUBHAs. Takum obOpa-
30M, pACCEMBAHME BEILECTBA U SHEPTUU PE3KO OMEPEIKAET €€ BOCCTAHOBIICHUE, U
€CTECTBEHHBIM KPYyTOBOPOT Mpekpamaercs. UToOsl HE MOMYCTUTHh 3TOTO, YeJO-
BEK BBIHYKJIEH OpaTh Ha ce0sl BOCCTAHOBJICHUE SKOCUCTEMBI: BHICEBAHUE CEMSIH,
BHECEHUE OpPraHO-MUHEPANIbHBIX yAOOpeHU, oOecrieyeHrne pacTeHuil BOJAOU U
T.IL

5. TOKCUKAHTBI OKPYKAIOIIEA CPE/bI

XUMHUYECKOE 3arpsi3HEHHE SIBJISICTCSl HapacTarollel yrpo3oit cpeae obura-
HUSL.

Oxpana npupobl OT HABUCIIEN HAJ HE XMMHYECKON ONACHOCTH CTajia IJo-
OanpHOM mpobemoii. OHa CBs3aHa C TPOU3BOAUTEILHBIMU CHUJIaMH OOIIECTBA: C
Pa3BUTHUEM MIPOMBIILICHHOTO U CEJIbCKOXO035UCTBEHHOTO MPOU3BOJICTBA, YHEPTE-
TUKH, TPAHCTIOPTA, TOOBIYEH TMOJIE3HBIX UCKOMAaeMbIX. Bce 3TO BeneT K mocTyI-
JICHUIO B BO3AYX, BOJY, MIOYBY COTEH THICAY TOKCHUYHBIX COCAUHEHUM, MPOHUK-
HOBEHHMIO HMX B OpPraHU3M pACTEHUH, KUBOTHBIX M 4elioBeka. [loBcemecTHOe
NPUMEHEHHUE Pa3IMYHBIX XMMHUYECKUX BEIECTB B OBITY, B cepe HayyHBIX
MCCJIeIOBAaHUI TAK)Ke CIIOCOOCTBYET HApaCTAaHUIO XMMHUKO-IKOJIOTHYECKOM Omac-
HocTu. B mponaxe ceituac okosio 40000 paznuyHbIX XMMHUKATOB U €KETOJIHO K
HUM J00aBISETCS COTHS IPYTHUX.

MacitaObl TEXHOT€HHOTO XUMHYECKOTO 3arpsi3HEHUsI MPUPOHON Cpe/ibl He
MOJAIAI0TCA TOYHOW OLIEHKE, OJJHAKO MPUBOAUMBIE B JINTEPATYPE JaHHbIE CBUIE-
TEIBCTBYIOT O JOPOTOM IIeHe, KOTOPYIO MPUXOJUTCS MIATUTH YEJIOBEKY 3a ycIe-
XU, JOCTUTHYTHIE B XOJI€ HAYYHO-TEXHUUECKOTO nporpecca. Tak, 3a oIUH roj Ha
3emiie CKUTaeTcsl 7 MIUJUIMAPJ0B TOHH YCIOBHOI'O TOIUIMBA U BBIIUIABIISIETCS 00-
nee 800 MUJIITMOHOB TOHH PAa3IUYHBIX METAJUIOB, YTO COMPOBOKIAETCS BbIIEIE-
HUEM B OKPYXKAIOIIYI Cpely COTEH MUJUIMOHOB TOHH BPEAHBIX BemiecTB. [1o
nanaeiM B.A. KoBnpl, B 6uocdepy yxke ¢ cepelMHbl CEMUIECCATHIX TOJI0OB €XKe-
roaHo nocrynaigo 600 MUJUIMOHOB TOHH TOKCHYHBIX ra3000pa3HbIX BEIIECTB, B
ToM yucie okcuaa yraepoaa (II) - 200 MUILITHOHOB TOHH, CEpHUCTOrO ra3a - 150
MUWJJTMOHOB TOHH, HECKOJIbKO MWJUIMAPAOB TOHH Pa3JIMYHBIX a’posotieir, 5500
MUJUTHAPIOB KyOUUECKHX METPOB CTOYHBIX BOJI.

B nacmoawee epema nod moxcukanmamu OKpyxycarouieil cpeovl noHU-
Maiom maxue 6peoHbvle Geulecmed, KOmopvle pacnpocmpaHsiomces 6 OKpy-
JHcarouwieil Hac cpeoe 0aneKo 3a npeodesvbl c60e20 NEPEOHAUATIbLHO20 MECHOHA-

39



XO0MHCOCHUA U OKA3bl6AI0OM CKPbIMOe 6PEeOHOe 6030eliCmeue HA HCUGOMHBIX,
pacmeHnusn u 6nocaeoCmeuu Ha 4eno6eKxa.

[ToanMHHBIE TOKCUKAHTBI - 3TO T€ SAOBUTHIE BELIECTBA, KOTOPBIE CAM YEJO-
BEK HEOCMOTPUTEIBHO BKJIFOYAET B KPYTOBOPOT NpUPObl. OCHOBHOE PO TOK-
CHUKAaHTOB OKpPYXAalOIIeH CpeIbl COCTaBISIOT MECTULUIBL: 3TO COOMpATEIBbHOE
Ha3BaHUE OXBAThIBAET BCE CPEICTBA OOPHOBI C BPEAHBIMU OPTaHU3MAMH.

[ToHsiTHE «OMOIMA) YACTO PacCHpPOCTPAHSAETCA HA T€ OMOJIOTMYECKH aKTHB-
HbI€ BEIIECTBA, KOTOPbIE MOMAJAIOT U3 IIPOMBIIIJIEHHBIX CTOYHBIX BOJ B OHOJIO-
rudecknii Kpyrosopot Bemects. Hanpumep, HCN - cuHMiibHAs KuCIIOTa ABIISIET-
Csl MHCEKTULIUAOM, a IOTOMY TakXe U OMOLIMJIO0M, HO OHa OBICTPO yJIETy4HBaeT-
Csl U HE MOXET OBITh BKJIFOUEHA B Pa3ps]l TOKCUKAHTOB OKPY>KaIOIIEH Cpe/Ibl.

5.1. Heoprann4eckue TOKCUKAHTHI

[Ipobiiema nerpagaiuu OKpy>KaroIieil cpe/ibl B 3HAUUTEIHHOM Mepe CBs3aHa
C OTpHULIATENIbHBIM BO3JEHCTBHEM HEOPTaHUYECKUX BEIIECTB, CPEAH KOTOPBIX
HauOOJIBIIYIO YKOJOTUYECKYI0 OMAaCHOCTh CO3Jal0T METAJUIbI U UX COEIUHEHUSI,
a Tak)Ke JUOKCHU]I Cepbl U OKCUBI a30Ta. BiusHue mocieaHuX MoKa3aHo B pas-
nene «KOoJoTuuecKas XuMusi aTMochephiy.

[ToraB B %UBYIO KIIETKY, COEUHECHHE METaJlJla MEPBOHAYAIBHO OCYIIECTB-
JISI€T HEKOTOPYIO MPOCTEHIIYI0 XUMUUYECKYI0 PEaKIuio, 3a KOTOPOH 3aTeM clie-
JTyeT KaCKaJIHBIM OTKIIMK BCE 0OJIee CIIOKHBIX B3aUMOJICHCTBUI OMOJIOTHUECCKUX
MOJIEKYJI U aHcamOJien.

Llenp1ii psim METAJUIOB BKIIIOYEH B Pa3jIMYHbIE MPOIECCHl MeTaboan3Ma. DTH
METaJUIbl SBJISIFOTCS KU3HEHHO BaXKHBIMU JJIsI )KUBBIX OpraHu3MoB. Tak, Hampu-
Mep, JKEJIe30 U Meb - NEPEHOCUUKU KUCIOpPOAa B OpraHu3Me, HaTpUM U KaJluid
PEeryJIMpPYIOT KJIETOYHOE OCMOTHUYECKOE JIaBJICHUE, MarHUN W KaJIbIIUH (M HEKO-
TOpBIE JIPYTHE METAILIbI) aKTUBU3UPYIOT SH3UMBI - OMOJIOTUYECKHUE KaTaau3aTo-
pBI.

MHorue mMeTajibl B BUJI€ KOHKPETHBIX COCIMHEHUN HAIUId MPUMEHEHHE B
MEJIMIIMHE B KAYECTBE JICKAPCTBEHHBIX U IMATHOCTUYECKUX CpeACTB. [Ipyrue xe
OKa3aJIMCh KpaitHe HEeXKeNIaTeIbHBIMU ISl )KUBBIX OPTaHU3MOB U HEOOJIBIIINE U3-
OBITOYHBIC 103bI UX OKA3bIBAIOT (haTaIbHOE BO3JICUCTBUE.

AKTHBHOCTh METAJUIOB KaK Si7I0OB B 3HAUUTEIHLHON Mepe 3aBUCHUT OT (POPMHI,
B KOTOPOW OHHU MOMAJa0T B OpraHu3M. Tak, U3BECTHBIN BCEM MBIIIbSIK SJJOBUT B
TPEXBAJEHTHOM COCTOSIHUM W TPAKTUYECKU HEAIOBUT B MATHBAJIECHTHOM CO-
crostHun. A coemuHenne Mbimbsaka (CHz);As CH,COO BooOIIe HESTOBUTO U
COJIEPKUTCS B TKAHSIX HEKOTOPBIX MOPCKUX PakooOpasHBIX U PbIO, OTKyJa OH
MOCTYNAaeT B OPraHU3M YeJIOBEKa.

JlaeBHas moTpeOHOCTH IUHKA cocTaBisgeT 10 - 15 mr, HO OOMbIIKME T03BI YKE
OTPULATEIBHO CKa3bIBAIOTCS HA opraHmsMme. OIHAKO MOH Zn’  XOpowIo KoM-
wiekcyercst pocharHpIMU TpyNIamMu, OTIICTIIEMBIMU OT HYKJIEMHOBBIX KHCIOT
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2
W TUMUA0B. B pesynbraTe HOoH Zn” mepexomuT B MalOsAI0BUTYIO (GOPMY M JIer-
KO BBIBOJUTCS U3 OpraHU3Ma:

%P/O———Zn———O\ /O—CHz—CHz—O\ /O—CHz—CHz—O\ /O
P, P
_o" No-ct-cr o N0 07 No-——zn-——o o-
bapuii - HexxenaTeNnbHBIA METANT JJIS JKMBOW KJIIETKH, HO CyibdaT Oapus
IPAKTUYECKU HEPACTBOPUM B BOJIE U BHIBOJUTCS U3 OpraHu3mMa 06e3 Kakoro-indo
BO3JCHCTBHUSA, YTO MO3BOJMUIIO MPUMEHSATh €r0 MPU PEHTICHOBCKUX HCCIIE/IOBa-
HUSX KETYT0YHO-KUIIIEYHOTO TPaKTa.

PTyTh HE OKa3bIBa€T OTPUIATEIIBHOTO JCUCTBUS HA OPraHU3M B BHUJE OJIHO-
BaJICHTHBIX coenuHenuil. Tak, kamomens (Hg,Cl,) moutu HesimoBuTa, HO JIBYX-
BAJICHTHBIN HUOH Hg2+, KakK ¥ mapsl pTYTH, OKa3bIBAIOT TOKCUYECKOE JICHCTBUE.

buonorunyeckas akTHUBHOCTh METAJIJIOB CBSI3aHA C UX CIIOCOOHOCTBIO MOBpE-
KIaTh KJIETOYHbIE MeMOpaHbI, MOBBIINIATH ITPOHHUIIAEMOCTH OaphepOB, CBS3bI-
BaThCs C OenKaMu, OJIOKUPOBATH MHOTHE (PEPMEHTHBIE CUCTEMBI, UTO MPUBOJAUT
K MIOBPEXKJICHUSM OpraHu3Ma.

Bce meTamibl 1o cTeneHu TOKCUYHOCTH MOKHO Pa3/IeNIuTh HA TPU TPYIIIIBI:

1) BBICOKOTOKCUYHBIE METAJUIbl - PTYTh, YpaH, UHAWMN, KaIMHUM, ME/b, Tall-
JIUM, MBIIIBSK, 30JI0TO, BaHAIUM, TUIaTUHA, Oepuiuinii, cepedpo, IMHK, HUKED,
BUCMYT;

2) YMEPEHHO TOKCHUYHBIC METaJUIbI - MapraHel], XpoM, NajulaJiuii, CBUHEII,
ocMuM, 6apuii, UpUIUN, 0JIOBO, KOOAIBT, TAJUIMM, MOJIUOACH, CKaHIUN, CypbMa,
pYTEHMH, POIMiA, JJaHTAH, TAHTAHOU/IbI;

3) MaJlOTOKCUYHBIE METaUlbl - AJTIOMHHHH, JKeJie30, TepMaHui, KaJbIUH,
MarHui, CTpOHITUHI, 11e3UH, pyOu Ui, TUTUN, TUTAH, HATPHUH.

MeTtasibl pacrooKeHbl B KKJIOM Py MO Mepe YObIBAHUSI MX TOKCHYHO-
ctr. Eciti TokcrmaHOCTh MO0HOB Na' NPHHATE 3a €IMHMILY, TO TOKCHYHOCTh HOHA
pTyTHu O0ynet noutu B 2300 pa3 BhIIe.

Pmymsb kax ouoyuo. OnacHble COSAMHEHUS PTYTH OOHAPYKUBAIOTCS BO
BCEX TPEX Cpeaax 0OMTaHUs KUBBIX OpraHu3MoB. CaMmu KMBbIE OPTaHU3MBbI CITO-
coOCTBYIOT 3(DPEKTUBHOMY TPAHCHOPTY ITOTO SAOBUTOTO AJIEMEHTA U3 OJHOM
cpensl B apyryro. Ha npumepe TpaHcnopTa pTyTH MOKHO MPOUIIIIOCTPUPOBATH
MIPOIIECC HAKOTUICHUS SIJIOB B MUIIEBBIX IeMsX (puc. 5.1). YcTaHoBaeHO, 4TO KO-
dbepment metunkobananuH (CoCgHoiNj,O14P) B )MBBIX OopraHu3mMax MeTHIIH-
pyer pryts, gasas (CH;)Hg": (CH;)[Co]” + Hg”" — (CH;)Hg " + [Co]™".
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CH, + C,H, «——CBeT (CH),Hg cpet H'
Bosnyx i
Pr1661 1 pakooOpa3Hbie (CH;)Hg' — Hg™

A
Bona CeHs—Hg' T
(CH3),Hg
Hgo OakTepuu MeHg+ < 0aKTepuu T I
v
Hg§+ Hg2+ «— HgO
[TouBa ¥ TOHHBIC OTIIOKCHHUSI /
e R
HgS<+— HgS;"
777777 777777 7

Kpucrannuueckue nopoasl

Puc. 5.1. YnpouienHast cxema KpyroBopoTa pTyTH B OKpY>Karolle cpee

B mpoueccel Murpanuyd METWIPTYTH BMEIIMBACTCA W IMPOWU3BOJICTBEHHAS

ACATCIIBHOCTD YCJIOBCKA.

Kakum Obl myTeM pTyTh HU MOMana B BOAY, MUKPOOPTAHU3MbI METUIIUPYIOT
ee M Ipu 3ToM Beceraa obpasyercs MerunpryTs CHsHg' umu (CHs),Hg - mume-
TWIPTYTh. BbISICHUIIOCH, 4TO ee omacHOCTh uynoBuiHa! (CH;),Hg - xupopac-
TBOPUMOE BEIIIECTBO, CIIOCOOHOE MOMAaaTh B OPraHU3M YeJIOBEKa HE TOJIBKO Ue-
pe3 MUIIEBOM TPAKT, HO U YEPE3 JbIXaTeNIbHbIE IyTH U MPOCTO Yepe3 KOKY, IPO-
HUKasl 4epe3 CTEHKU KJIETOK. BpeMs )KM3HU 3TOr0 COCIMHEHUS B )KUBOM KJIETKE
cocTaBisieT 0koio 70 IHEW B CBSI3U C YEM MPOUCXOAUT JJIUTEIBLHOE TOKCHYE-

CKO€ BO3JICHICTBHE.

Tabnuya 5.1
IIpumepsI coeqMHeHUT pTYTH
CoenuHenue Wcnons3oBanue
CH;HgX, EtHgX* OYHTULINTBI
RHgX (X=Ac, Py") KaranuszaTopsl B mpoOM3BOACTBE MOJIMYpE-
TaHa, MOJIMBHUHUJIAIIETATa

PhHgX OyHTUIUABI, OAKTEPULIHIBI
CH;0CH,CH,HgX OYHTUIIUTBI

Tuomepman (mpomssoanoe EtHg ") AHTHCENTHK

Mepranun (MeTOKCHANKUIbHOE TIpon3- | JluypeTuk
BOJHOE PTYTH)

* OpranyecKuil WM HEOPraHMYECKUN aHHOH.
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Eue oJHUM HMCTOYHHMKOM OPraHUYECKUX MPOU3BOAHBIX PTYTH SIBISIOTCS
IIPOU3BOJICTBA JIPYTUX METAITIOOPTAaHUYECKUX COEIMHEHHM, U3 KOTOPBIX B pe-
3yJbTaTe PeaKLMi NepearIKuaIupOBaHMs MOTYy4aeTCs METUIIPTYTh:

(CH3)4SI’1 + ng+ - CH3Hg+ + (CH3)3SI’I+ ;
(CH;)4Si + Hg*" — CH;Hg" + (CH;):Si" .

TeTpameTunbHble U APyrHe OPraHMYECKUe MPOU3BOJHBIE 0JIOBA U KPEMHHUS
HIMPOKO MPOU3BOIATCS MPOMBILIIEHHOCTBIO U UMEIOT CBOM O0JIaCTH MpUMEHE-
Hus. Tak, KpeMHUHOpraHUYEeCKUe COEAMHEHHS MCIOJB3YIOTCS KaK CMa304HbIE
MaTepHalibl, KaKk Kaydyykd B MeauuuHe U T.1. OJOBOOpraHUYEeCKUe - Kak XUMHU-
YECKUE CPeICTBA 3alIUThl pacTeHUH ((PyHruuuabl, repOuLUIbl, UHCEKTULUADI ).

Ilocneocmeusn 6o30eiicmeus memuapmymu. 1ITeHUBI Tycell, OTpaBIECHHbBIX
METHJIPTYTHIO, POXKAAIUCH CIENBIMH, HEKOTOPbIE YYAaCTKH KOXKM OBLIM HE IO-
KPBITBHI OniepeHreM. Y pbi0, OTPaBIIEHHBIX METHIPTYThIO, HAPYIIAETCS KOOPIu-
HaIUs IBM)KEHMSI, OHM OTCTAIOT OT KOCSIKa U CTaHOBATCS A0Obruer nrutl. Cpeau
JUKHUX KUBOTHBIX HAaUOOJIbIIEE COJIEP)KaHUE PTYTH OTMEUEHO B NIEYEHH KaOaHOB
u 3aiinieB. B neyenu troneneit CeBepHOro Mopst 0OOHAPYKEHO COJAEPKaHUE PTYTH
HamHoro ooibiie ITJIK.

B lIseuuu B 50-x rogax mpoBoJMiIach MaccoBasi 00paboTKa 3epHa METUJI-
PTYThAULIMAHAMUIOM. Pe3ynbTar - rudens 3epHOSAHbIX NTUIL (royou, dhazaHsl,
Kypbl, KypOIaTKH, OBCAHKH). BTopas nensb - rubenb XUIIHBIX NTHI; COBBI, MyC-
TeNbIu, sicTpeda, cokoa-cancana, GpuinHa. ITo sKojoruyeckas karacrpoda! B
CIIIA B cBsi3u ¢ 3TUM OXOTHHKHU OOJIbIIE HE YHOTPEOSIIOT TOOBITYI0O MU TIEp-
HATYIO INYb.

Bcemupnas opranusanus 31paBooxpaHenus cuuraet, yto [I/IK pis prytu B
pbiOe MoxeT coctaBiATh 1 Mr/kr. HecMoTpst Ha 310, B OUHISIHANM PEKOMEHY -
eTcsl eCTh phlOy TOJIbKO 1 — 2 pasa B HeleIIo.

B bpa3winy MHOTOYMCIEHHBI OTpPABJICHUS PTYThIO, TaK KaK HacEJIEHUE
OYCHB JIIOOUT yHOTPEOISATh B MUIIY PHIOY MUPAHBIO.

VY yenoBeka pTyTh HakaluiMBaeTcs B Bojiocax. DTo uHiaukartop! Ecmu co-
nepxanue prytd B okyHe 0,8 Mr/kr maccel, To y uryku yxe 1,6 mr/kr. Tlocne
yHoTpeOJIeHHUs] TAKOW LIyKW B MUILY YEJIOBEKOM, B BOJIOCAX COJEPKAHUE PTYTH
MokeT coctaBiaTh S0 mr/kr. Ecnu ke copepkanue pryTtd B Bosocax a0 300
MI/KI Macchl, 3TO ABJISIETCSI CMEPTENBbHO omnacHbIM. Bo3zaeiicTBue pTyTu Ha op-
raHU3M YEJIOBEKA BBI3bIBAET IOPAKEHHE I'OJOBHOI'O MO3ra, OrpaHUYEHUE IO
3peHus BIUIOTh /10 MOJIHOM CHENOTHhI. Y CTAHOBJIEHO TAKXKE BIUSHUE HA Haclle[-
CTBEHHOCTb: METUJIPTYTh BbI3BIBAET aHOMaJbHble MUTO3bI (K-MHUTO3BI), IOJIOM-
k1 xpomocoMm B 1000 pa3 cunpHee, 4eM IIpU ACHUCTBUM TAKOTO $A71a, KAK KOJXU-
uuH. [locnencrBuem pryTHbIX oTpasiieHuM B llIBenuu u fAnoHun cramu BpoX-
JICHHBIE YPOICTBA y IETEH.

Ceuney kak moxcuxanm okpyscarouieni cpeovt. CBUHEL OTHOCUTCS K Hau-
Oosnee u3BecTHbIM AnaM. Bo Bpemena pacusera [[peBHero Puma umcnosb3oBa-

43



JIMCh CBHUHIIOBBIE TPYOBI JJII BOJONPOBOJOB M METAUIMUECKHUE CIUIABHI, COMEP-
JKalue CBUHEL, U3 KOTOPBIX M3TOTaBIMBAIUCh KyXOHHAs MOCYJla U COCYbI JUIs
UuThsl. MOKHO C YBEPEHHOCTBIO MOJIATaTh, YTO B ATOT MEPHUOJ Yy MPEICTABUTE-
Jieil BBICIIKUX CJIOEB PUMCKOIO OOIIEeCTBa B OpraHM3M€ HAaKaIUIMBAJIUCH TOBBI-
IICHHBIE KOHIEHTPALIMM CBUHIA. B CkeneTax U3 3aXOpOHEHHU BpeMeH Pumckoit
uMIiepun (pUKCUpyercs BBICOKOE cojiep:kanue cBUHLA. Ha »Tux nanHbix 6as3u-
PYIOTCS TEOpUHU, OOBICHSAIONIME YyHaJOK PUMCKOTO MOTYHIECTBA XPOHUYECKUM
CBHHIIOBBIM OTPAaBJICHUEM TOTJAIIHEH MHTEJIMIEHUMU. B moareBepkaeHue 3to-
My TPEANOJ0KEHUIO ObLI MPOBEACH SKCIIEPUMEHT: B COCY/Ibl, TOKPHIThIE CBUH-
[IOBOM TJ1a3ypblo, MOMEIAN BUHO UK coK. OUH TUTP (PPYKTOBOrO COKa WM
BHHA, XPAHUBIIETOCS B TAKOM COCYJI€ B TCUCHUE JHS, COAEPKal CTOJBKO CBHH-
11a, KOTOPOT'O XBATUJIO, YTOOBI BHI3BATh CMEPTEIIHLHOE OTPABJICHHE Y MAJIEHBKOTO
peOeHka.

[To manaeiM MHCTHTYTA OXpaHbl BO3MYIIHON cpeanl B Jtoccenbaopde, Ha-
KOIUICHUE CBUHIIA B OPraHW3ME BbI3BIBACT YXYJUIEHUE YMCTBEHHBIX CIIOCOOHO-
cTel y HaceneHus. MeToJoM aTOMHO-a/IcCOPOLIMOHHON CHEKTPOCKONHMH HCCIie-
JIOBAJIOCh COJAEpP’KaHUE CBHUHIIA B MOJIOYHBIX pe3llax y Jereid. OJHOBPEMEHHO
OTCJIE)KMBAJIOCh UX YMCTBEHHOE Pa3BUTHE C IOMOIIBIO TeCTOB. Bo Becex cimydasx
JIETU C BBICOKMM COJIEPKAHHUEM CBHUHIIA B 3y0ax Xy»Ke CHPaBJISUIUChH C 3aJIaHUs-
mu. Takum oOpa3om, Aake Malible J03bl CBUHIIA B OpPraHU3ME OTPULIATEIHHO
BJIMSIIOT HA BHUMAHUE U IEHTPHI, PETYJIUPYIOIINE SI3bIKOBBIC U PEUEBBIC HABBIKHU.
Kpome Toro, no 3yb6am geteil BbISIBUIIN, KaK JOJTO KU PeOCHOK BOJIM3U MPOU3-
BOJICTB C MCITOJIb30BAaHUEM CBHHIIA M OBLT JIK €T0 OTEIl 3aHAT Ha 3TOM MPOU3BO/I-
CTBE.

[TogoOHO npyruM TSKEIBIM METajulaM, CBUHEI] BKIIIOYAETCS B Pa3IUYHbIC
KJIETOYHBbIE (DEPMEHTHI, KOTOPBIE 3aTEM TEPSIOT CBOU (PYHKIMU B OpraHusMe.
CuHel (Kak pTyTh U KaJIMHi1) OTPULIATENILHO BIUSET HA PEAKIIMIO MAJIOYEK CET-
YaTKHA, YTO BBI3BIBAECT YXYAIICHUE CyMEPEYHOrO 3PEHHS U OYEHb OMACHO MJIA
BoauTeNel apToTpancnopra. CyOKIMHUYECKOE OTPABIICHUE CBUHIIA MPOSBIISIET-
csl HecTleM(PUUECKUMU CUMIITOMaMU: BHAYaJle MOBBIIICHHAs! aKTUBHOCTh U Oec-
COHHHMIIA, 3aTEM - YTOMIISIEMOCTb, ACIPECCUU U 3anopbl. boiiee mo3qHUMU CUM-
NTOMaMH SIBJISIIOTCS. pAcCTPOMCTBA (DYHKIIMM HEPBHOM CUCTEMBI U MOPaKEHHE
TOJIOBHOTO MO3Ta. HeKkoTophie yueHbIe CKIIOHHBI OOBSICHUTH CBUHIIOBBIM OTPaB-
JIEHUEM arpeCcCUBHOCTb U MPECTYMHOCTh, CTOJb XAPAaKTEPHBIE JJIs1 COBPEMEHHO-
ro Mupa.

B Bbanrtuiickoe mope exeronno nocrynaet 5400 ToHH cBuHLA, pudeM 75%
ATOr0 KOJMYECTBA - U3 Bo3ayxa. Jlaxe BO npgax ['peHiianauyM OTMEYEHO MOBBI-
HIEHHOE COAEp)KaHUE CBUHLA. TOKCMKAHTOM OKPYXKAIOLIEH Cpeabl IPU STOM SB-
JISIOTCS aJTKAJIBHBIC COSAMHEHUST CBUHIIA, T00AaBIsIEMbIe K aBTOOCH3MHY B Kaue-
CTBE aHTHUAECTOHATOpPA. DTUIMPOBAHHBIM OCH3MH CTajd M3BECTEH KakK OWOIu,
NONaJarolui B MUIIEBYIO 1emb, mocie Toro kak B CIIIA moru0io HECKOJIbKO
TEJSAT BCJEICTBUE CBUHIIOBOTO OTPABJICHMS, BBI3BAHHOI'O YNOTPEOJIIEHUEM MO-
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JIOKa KOpPOB, MUTABIINXCS TPaBOM, CKOLICHHOW MO obounHaMm aBTOCTpan. CHHU-
3UTh 3arpsA3HEHHUE BO3[yXa M MOYBBI MOKHO TOJBKO JIMIIb MPHU MOJHOM OTKa3e
OT UCHOJb30BaHUS 3TUIMPOBAaHHOTO OeH3uHa. JIroaw, >kuBylIre BOJIH3U aBTO-
MarucTpaieil ¢ UHTEHCUBHBIM JIBM)KEHUEM, 32 HECKOJIBKO JIET HAKAaIUIMBAIOT B
OpraHu3Me TaKOe KOJIMYECTBO CBUHIIA, KOTOpoe npeBbimaet [IJIK Bo MHOTO pas.
B Hacrosimee Bpems coJiepKaHUE CBUHIIA B OPraHU3ME aMEpPUKAHIEB TPUMEPHO
B 400 pa3 BbIlLIE «ECTECTBEHHOI0» (JOMHAYCTPUAIBHOIO) YPOBHSI.

B okpectHocTsix ropona Hopaenxama (I'epmanust) 6e3 KoHIA IO KOPOBBI
Ha nactOuie. B pe3ynbpTare ncciaenoBaHusi TPynoB BbISICHHIOCH, YTO PUYHHOMN
ObUIO CBUHIIOBOE OTpaBiieHHE. [Ipu peHTreHOBCKOM 00CIiIeIOBAaHUU HIKOJIbHH-
KOB OBLITM BBISBIICHBI TEMHBIE TOJIOCHI HAa TPYyOUYaThIX KOCTSIX, OOYCIIOBIICHHEIC
NPUCYTCTBUEM CBHHIIA. VICTOUHHMKOM CBUHIA SIBUINCH TPYObl MeTayulypruye-
CKOro 3aBoja. B 3oomapke, Haxodmemcsa B 7 KM OT 3TOro ropoaa, B 1973 rony
B TPOIIMYECKOM BOJIbEpE OblLja MOCeIeHa KOJIOHMS JeTy4yuX coOak (KajJoOHrOB).
[ToTOMCTBO 3THX KUBOTHBIX OecripecTaHHO norudano (u3 24 AeTeHsblle ymep-
70 20). CmepTh OOJIBIIMHCTBA U3 HUX OblJIa BbI3BaHA CBUHIIOBBIM OTPaBJICHUEM
(B MeYEHM KUBOTHBIX 00Hapy>keHo oT 1,6 10 9,4 MI/Kr CBUHIIA), TPUYEM CBUHEII
MOCTYyTNaJ HE C MUILEH, a C MbUIbI0, IPUHOCUMOM BETPOM B PailoH 300MapKa.

Oxono 2/3 Bcero MOTJOLIEHHOTO CBHMHIIA YENIOBEK IMOJIydaeT, MOTpeOasis
pacTuTeNbHbIE MPOAYKTHI: JIUCTOBBIE U CcTeOeBbIe MPOAYKThI. CBHUHEII, MOTJI0-
[IA€MbIi JIMCTOBBIMH OBOLAMU, HA 95% aKkKyMyJIUpyeT €ro U3 BO31yXa, U JUIIb
Ha 5% - u3 nouBbl. [10o3TOMY € TOYKHM 3peHuUss 0€30MacCHOCTH yOOpKa OmaBLIUX
JMCTHEB NOJIE3HA, XOTS U BBIBOJUT a30T U3 KPyTOBOPOTA BELLECTB.

CBuHEI] MOXKET MONAAaTh B OPraHU3M YeJIOBEKa U MPH yIOTPEOJICHUH B MH-
Iy MsCa MPOMBICIOBBIX OECIO3BOHOYHBIX, PHIOBI M MIICKOTHMTAIOIINX YKHUBOT-
HbeIX. Hanpumep, ycTpuiisl ocymiecTBisitoT 0osee yem 500-kpaTHOE KOHIIEHTPH-
poBaHue CBHHUA. MsICO CBHHEHN, OTKapMIIMBAEMBIX MYKOW M3 KUTOBOI'O Msca
(Hampumep, B ABCTpaJiuM), COACP>KUT CBUHIIA BO MHOTO pa3 OOJIbIIE, YEM B PhI-
0e, MPU3HAHHOW HETOJTHOM K yMOTPEOICHHUIO.

[To pa3nuyHBIM OLEHKaM, B PE3yJbTaTE€ OTPABICHUS CBUHIIOM B AHIJIUU
exxerogno ruoHeT ot 2700 no 3500 nebeneit. Bogomnaparoniye NTUITHI 3ar1aThI-
BAaIOT CBUHEI[ BMECTE C MUIIIEH, J0ObIBAEMOI UMM Ha JHE PEK U 03€p, a MOMNaaeT
OH TyJla B BHJIC€ CBUHIIOBBIX I'PY3HJI, HCTIOJIB3YEMBIX PHIOOJIOBAMU, U CBUHIIOBOM
npobu. B 1982 romy aHrIMificKuil COBET MO OXpaHE MPHUPOJbI PEKOMEHIOBA
pbI0OSIOBaM 100POBOJIBHO OTKA3aThCsl OT MCIOJB30BAaHUSI CBUHIOBBIX TPY3HUIL
Ho 3ameny cBHUHIIOBBIM Tpy3wiam noka He Hanum. B CIIA paspemieHo npu
0XOT€ UCIO0JIb30BaTh TOJIBKO CTAJIBHYIO IPOOK.

Kaomuii kak mokcukanm okpyscawouieni cpeowl. THKENbIA METAIUT KaAMUAN
BOOOIIIE MpeAcTaBisieT co00M OJUH U3 CaMbIX OMACHBIX TOKCUKAHTOB (TOKCHY-
Hee CBHMHIIA). B mpupoaHo#l cpene KaaMui BCTpEUACTCS JIMIIL B OYEHb MaJIbIX
KOJIMYECTBAX, [IO3TOMY €r0 OTPABJISIFOLIEE JACHCTBUE BBISBIEHO JIMIIb HEJABHO.
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OH comepkHUTCs B Ma3yTe U AU3EIbHOM TOIUIMBE, B CIUIaBaX (B KayeCTBE IpPH-
CaJIku), B TAJIbBAHUYECKUX MOKPBHITUSIX, B KaJMHEBBIX MUTMEHTAaX (MCMOJIb3ye-
MBIX B IPOM3BOJICTBE JIAKOB, IMAJIEH, KEPAMHUKHU), B IUIacTMaccax (Kak craOuiu-
3aTop), dAEKTpUuueckux Oarapeiikax W T.J. B pe3yinbraTe CKUraHusi OTXOJOB
IJIACTMACC U ITPOMBILIIEHHBIX TPOU3BOJICTB KaJIMUM ITOMAAaeT B BO3AyX. B bai-
TUiickoe Mope (1Mo AaHHbIM XasHeHa, 1993) exeroaHo mocrymnaer okojo 200
TOHH KaJMHUsA. A BO BCEM MUPE B OKPY’KAIOILYIO CPEAY €KEroJIHO BbIOpachIBaeT-
cs1 0k0s10 5000 TOHH 3TOrO MeTalIa.

Kaamuit onacen B 060t gpopme. Jloza B 30 - 40 mr cmeptenbHa. Jlaxe nu-
Th€ JIMMOHA/a M3 COCYJOB, COAEpKalIUX KaJMU{ B 3Malld, YPEeBaTO OIACHO-
cThto. BeIBOUTCS M3 opraHu3Ma odeHb mioxo, auib 0,1% B cyTku. Pannumn
CUMIITOMaMH OTpaBJIEHUS KaIMHUEM SBJISIOTCA MOPAKEHHWE MOYEK U HEPBHOM
CUCTEMBI, OEJIOK B MOU€, HapyllIeHHe (PYHKIUHU MOJIOBBIX OPraHoB (BO3/IEHCTBHE
Ha CEMEHHUKH), OCTpPbIE KOCTHbIE O0yM B crivuHe W Horax. Kpome Toro, kaamuii
BBbI3bIBAET HapylleHue (QYHKIMH JIETKUX U 00JIaJlaeT KaHLIEPOT€HHbIM JCHCTBU-
eM, HakaruiBaeTcs B noykax (cogepskanue 0,2 mr Cd Ha 1 T Macchl mo4ex BbI-
3bIBACT TSHKEJIOE OTPaBJICHUE).

[IpuunHO nmonagaHus KaJAMUs B MULIEBbIE LIENU SBISIOTCS IPOMBIILIEHHBIE
razooOpa3Hble BIOpOCHl. YenoBek MojydyaeT KaJMUidi B OCHOBHOM C PaCTUTENb-
HOM MuIIeH, TaKk KaK OH JIETKO YCBAaMBAaeTCs pacTeHUsIMU U3 1mouBbl (10 70%).
OdeHb OOJBUIYIO OMNACHOCTh B 3TOM OTHOLUEHUH MPEACTABISIOT rpudbl. Jlyro-
BbI€ IIAMIIMHBOHBI MOTYT HakamiuBarh 10 170 MuyumMrpamMm Ha KWJIOTPaMM
rpu0oB. PenepanbHble BIacTH ['epMaHny peKOMEHIYIOT MEHbIIE YHOTPEOIsITh
B MUULY JUKOPACTYIIME I'PpUOBI, a TAK)KE CBUHBIE U TOBSXKbU MOYKHU.

Henocrarok >xene3a B OopraHm3mMe yCWIMBAeT akKymyJssiuuro kaamus. [lo-
ATOMY >KEHILUHBI 0OJIbIIIE MMOJBEPKEHBI OTPABICHUIO KaIMHUEM, TaK KakK BO Bpe-
MSI MEHCTPYaJIbHBIX ITUKJIOB TEPSIIOT BMECTE C KPOBBIO MHOTO Kene3a, OcoOeHHO
OMAaCHO ATO OEPEMEHHBIM KEHIIIMHAM, TIOTOMY YTO MHOIO eJje3a 3a0upaer me-
4yeHb pebeHka. B aTux ciydasx HeoOxoamma Mpo@HIaKTHKAa BOCCTAHOBICHUS
COJIEpKaHMS JKEJIe3a U 3aIINUTA OT aKKyMYJISIUUN KaJIMUSL.

HenonyctuMo ncnonb30BaTh W JOHHBIX OTJIOKEHUH MPU OYUCTKE pycia
peK B KadyecTBe yJOOpEeHUH, TaK KaK caxapHasi CBeKja, KapTodenb, celbaepein
KOHILICHTPUPYIOT KaJIMHM.

HcTouHuKY 3arpsi3HEHUS KaAMUEM:

- CKUTaHUe KaMeHHOTO yris (1 ToHHA yIiisl COOEpKUT 2 T KaJMHs);

- pocdaTtHbie ynoOpeHus;

- OTXO/IbI IPOU3BOJICTBA IJIACTMACC;

- MOYKH KUBOTHBIX. ConepkaHue KaJMHs B TIOYKaX KMBOTHBIX HaKaIlIMBa-
ercs ¢ Bo3pacToM. C MOBBIIIEHUEM /036l YAOOPEHU TOBBIIIAETCS COACPIKAHUE
Ka/IMHS B [1I0YBE, a 3aTEM U B PACTEHUAX, KOTOPHIMHU MUTAIOTCS )KUBOTHBIE.
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5.2. IMOKCHHBI U POJACTBEHHbIE UM COCAMHEHMS

KceHoOnoTHku - 4yKepoJiHble )KMBOMY OpPraHu3My BellecTBa. J{MOKCHUHBI -
IOJINXJIOPUPOBAHHBIE COCAUHEHHUsI, COEPKALME APOMATUUECKUE Apa, - SABIIS-
IOTCS CyNIEPIKOTOKCUKAHTAMH.

B nacrosiiee BpeMs B pe3yJsibTaTe X0351MCTBEHHON JIESTEIbHOCTH YEIOBEKA B
ouochepe MUPKYIUPYET OOJIBIIOE KOJUYECTBO PA3IUYHBIX UYKEPOIHBIX JIS
YesloBeKa COECIUHEHUH, WM KCEHOOMOTHKOB, MHOTHE M3 KOTOPBIX HUMEIOT HC-
KIIFOUUTENIBHO BBICOKYIO TOKCUYHOCTb.

N3 opranmyeckux COCIUHEHUW - 3arpsi3HUTENICU BBIIACIEHBI «IIPUOPUTET-
HBIE», KOTOPbIE MPEACTABIISIIOT HAUOOJIBIIYIO OMACHOCTD JIJIsl YeJIOBEKa ceivac u
B OyaymieM. DTO Mpexae BCEro MOJIMXJIOPUPOBAHHBIE TUOKCHHBI, TUOEH30(y-
PaHbI U IPYTHUE POJICTBEHHBIE XJIOPCOAEPKAIUIUE OPraHUYECKUE COCMHEHHS. 3a
BBICOKYIO TOKCUYHOCTb X OTHOCSIT K 0COOOMY KJIacCy 3arpsi3HSIOIINUX BEILIECTB
- DKOTOKCUKAHTaM WJIH CyNEpPIKOTOKCHKAaHTaM. JIMOKCHHBI IPUCYTCTBYIOT B
IIPUPOJHON CPENIE YK€ HECKOJIBKO JCCATUIIETUN, CO BPEMEHU HA4aJla IPOU3BO-
CTBa XJIOPOPraHUYECKUX coequHeHud. OHu 00JaJatoT HWIMPOKUM CIEKTPOM
OMOJIOrMYECKOTO JACUCTBUS Ha YEJIOBEKa U KUBOTHBIX.

B manbIx 033X JUOKCHHBI BBI3bIBAIOT MYyTareHHbIH 3(QQeKT, oTInYarTcs
KyMYJISITUBHOM CIIOCOOHOCTBIO, MHTMOUPYIOLIUM U UHIYLHUPYIOIIUM JIEHCTBUEM
110 OTHOLIEHUIO K HEKOTOPBIM (hepMEHTaM >KMBOI'O OpraHU3Ma, BhI3BIBAIOT Y Ye-
JIOBEKA IOBBILICHUE AJUIEPrUYECKON YYBCTBUTEIBHOCTH K PAa3JIUYHBIM KCEHO-
onoTukam. VMIX onacHOCTh OUYEHb BEJIHMKA JJaXKE B CPABHEHUHU C ThICAYaAMU JPYTUX
TOKCUYHBIX npuMecer. KOMIUIEKCHBINM XapaKTep AEUCTBUS 3TON IPYIIIbI COEAU-
HEHUW MPUBOJUT K MOAABIECHUIO UIMMYHHUTETA, IOPAXKEHUIO OPraHOB U UCTOLIE-
HUIO OpraHusMa. B mpupoaHON cpene 3TH CyNEepIKOTOKCUKAHTBI JTIOCTAaTOYHO
YCTOWYMBBI U MOTYT JJIUTENBHOE BPEMSI HAXOJIUThCA B HEW 0e3 u3MeHeHui. s
HUX, IO CYIIECTBY, OTCYTCTBYET IIpeAe]l TOKCUYHOCTHU (SBJICHHE TaK Ha3blBae-
MO cBEepXKyMyJIsiiun), a nousitue 11K tepsier cmbica.

Opranusm 4esnoBeKa MOABEPIKEH JIEUCTBHIO JUOKCUHOB YEpE3 BO3yX (a3po-
30JI1), BOJly, @ TAK)K€ MUILEBbIE MPOAYKTbl. OHH MOT'YT HAKAILUIMBATHCS B JKHUPaX
(B X0/1€ UX TEXHOJOTHYECKOU MepepabOTKN) U HE pa3pylIalOTCs IpU KyJIHHApP-
HO (Ter10Boit) 00paboTKe, COXpaHsisi CBOM TOKCUYECKHE CBOWCTBA.

IKonocuueckue nymu Ouokcunos 6 ouocghepe. Yxe B 30-x rogax aajua-
TOTO CTOJIETUS MOSBWIMCH NEPBBIE CBEACHUS O 3a00JIEBAHMSX JIIOJIEH, BbI3BaH-
HBIX BO3JIEUCTBHEM CHJIBHBIX aHTHUCENTHKOB - XJopdeHosoB. Toraa ommboyHO
1oJiarajiu, 4To 00JIe3Hb MPOUCXOJIUT U3-32 KOHTAKTAa C ’TUM OCHOBHBIM IPOIYK-
TOM, HO HE OBLJIO JAHHBIX O BO3JICUCTBUU JHOKCHHOB. BO BpeMs BOWHBI BO
Bretname (1962 - 1971) amepukaHckue BOMCKa HMIMPOKO UCIOIb30BAIH Aedo-
JUaHThl B 00ph0e ¢ naptuzaHamiu. JledonaraHT BbI3bIBAET YCKOPEHHOE ONaJaHue
JIUCTHEB JIEPEBBEB: «agent orange» - OPaHKEBbIM PEAKTUB. Bcero Hax MKyHIJs-
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MU OBUIO pacmblieHO 57 THICSY TOHH ATOTO Ipenapara, B KOTOPOM B BUJIE TIPU-
Mecu cosiepxkanoch 10 170 kr quokcuna. Ceituac 3TOT 1edOIuaHT U3BECTEH MO/
Ha3BaHueM 2,4-D(2,4—nuxnopdeHoykcycHas kucmnora) (1):

0 - CH, -COOH

Cl )

Cl

Uepe3 Heckonbko JieT B . CeBe3o (Mranus) Ha XMMHUYECKOM 3aBOJIE MPO-
u3onuia karactpoda, B pe3ysbTare KOTOPOM COTHU TOHH mectunmaa 2,4,5 —
TpuxiiopdeHoykcycHoit kuciots (2,4,5 — T) (2) Obutn pacublIeHBI B OKPECTHO-
cTax mpeanpuatus. [lorn6i1o MHOTO JrOAEH M CENTbCKOXO3WCTBEHHBIX KUBOT-
HBIX. B BEIOpOCE 0Ka3amoch 0KOJIO 3—5 KI' IMOKCHHOB, O Ye€M TOT/1a He ObLIO U3-
BECTHO.

O - CH, -COOH

)
Cl Cl

Cl

[Tocne 3Tux cOOBITHI TTOKPOB TaWHBI C TUOKCHHOB ObLI CHSAT. llosiBUIHCH
COOOIIEHHSI O COJEP)KaHUM JTMOKCMHOB B PAa3IMYHBIX IIperapaTrax, 0 HaKOILIe-
HUM UX B dKOocUcTeMaX. JIMOKCUHBI CTalu HaXOJUTh B BBIXJIOIHBIX T'a3aX aBTO-
MOOMJIBHOTO TPAHCIOPTa, MPOAYKTaX CKHTaHHS Mycopa, B TPYJHOM MOJIOKE
x)eHmH (1984 r.), B BBIOpOCAaxX IEUTIOI03HO-OYMaKHOM IMPOMBIIIUICHHOCTH
(1985 r. - CIIA, IlIBeuws). MoXHO CKa3aTh, YTO JUOKCHHBI U POJICTBEHHBIE UM
M0 CTPYKTYpE COEIMHEHUS HENPEPHIBHO TEHEPUPYIOTCS YEIOBEUECKOM ITUBUIIH-
3aruel 1 MocTynarT B ornocdepy.

YMECTHO OTMETUTh, YTO HM B TKaHAX ICKUMOCOB, 3amep3mux 400 yneT Ha-
3aJl, HU B TKAHSAX MyMUW WHAECHEB, HAUJCHHBIX HA TEPPUTOPUUA COBPEMEHHOTO
Uunm, He yaaioch 0OHAPYKUTh TUOKCHHBI TaKE B CICAOBBIX KomuecTBax. OHU
MOPOXKJICHUE COBPEMEHHOW IIMBWIM3ALIMU, PE3YJIbTAT XO3SIUCTBEHHOU JEATEIb-
HOCTH Y€JIOBEKA B MIPOMBIIIJIEHHO PAa3BUTHIX CTpaHaX.

Du3uko-xumuueckue ceolcmea OUOKcUHo6. JInOeH30-n -ITHOKCUHBI OTHO-
CATCS K T€TEPOIUMKINYECKUM MOJUXJIOPUPOBAHHBIM COCIUHEHUSIM, B CTPYKTYpE
KOTOPBIX MPHUCYTCTBYIOT JBA ApOMATHYECKUX KOJIbIIA, CBSI3aHHBIX MEXKIY COOOM
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JIBYMSI KUCIIOPOJIHBIMU MOCTHKaMH (3). AHaJIOrM4HbIe UM JUOEH30(ypaHbl Co-
Jep>kaT OJIMH aToM Kuciaopoja (4).

0
7\
cr; o7 cl, . o7 cl,

B poacTBeHHBIX MOMMXJIOPUPOBAHHBIX Ou(eHUIaX JABa apoOMaTUYECKUX
KOJIbI[A CBA3aHBI OOBIYHON XUMUYECKOU CBA3BIO:

DA
CI Cl,

Coenunenus (3) u (4) npeacTaBisOT coO0M OECIBETHBIC KPUCTAINIMUECKUE
BEILIECTBA, TEMIIEpaTypa IJIaBJIECHUS KOTOPHIX 3aBUCUT OT YUCJIa aTOMOB XJIOpa B
ux cTpykTrype. OHH XOpOIIO PAacTBOPUMBI B OPTaHUYECKUX PACTBOPUTEIAX U
MPaKTUUYECKH HEPACTBOPUMBI B BOJIE, NMPUYEM C YBEJIWYEHHUEM aTOMOB XJIOpa
pactBopuMocTh nagaet. Bee coenunenus (3) - (5) xapakTepusyrTCs BBICOKOU
XUMUYECKON yCTOMYMBOCTBIO. Hapsigy ¢ BbICOKON JHMMO(DUIBHOCTBIO, TO €CTh
CITOCOOHOCTBIO PACTBOPATHCS B OPTAaHUYECKUX PACTBOPUTENSX U YACPKUBATHCA
KUPOBBIMU U KUPOMOJIOOHBIMU TKAHSIMU, TUOKCUHBI 00J1aat0T BHICOKOW ajire-
3MeHl K YacTHUIlaM MOYBBI, 30J1bl, JOHHBIM OTJIOXKEHUSAM. JIMOKCHHBI KaK Obl KOH-
HEHTPUPYIOTCS Ha ITUX YaCTHUIlAX, EPEXOs U3 BOAHOM Cpe/ibl BO B3BECH, 3aTEM
B MUKPOOPTraHU3Mbl. DTOMY CIIOCOOCTBYET U 3()PEKT BbICATUBAHUSA, €CIU B BOJI-
HOM cpeJie MPUCYTCTBYIOT HEOpraHUYecKue cou. Tak, KoaphuimreHTsl pacmpe-
nenenus 2,3,7,8 — rerpan3omepa JMOKCHHA B CUCTEME OYBa - BoJIa U bromacca
- Bojia paBHbI cooTBeTcTBeHHO: 23000 1 11000, uTtO yka3piBaeT Ha npeobdiaaa-
HHE JUOKCHUHOB B IIOYBE U OMOMAcCe.

Tokcuueckoe neiictBue coeauHeHui (3) u (4) 3aBUCUT OT 4YHClIa aTOMOB
XJIOpa U UX TMOJOXKEHUS B CTPYKTYpPE MOJIEKYJIbl. MakcUMaibHON TOKCUYHOCTBIO
obmamaer  2,3,7,8—terpaxiopaubenzoauokcun  (2,3,7,8-TX]J[), 3arem
1,2,3,7,8—neHTaxaopau0eH30/IMOKCUH. b3k K HUM TIPOU3BOJIHBIE (PypaHOBO-
ro psaa, B yactHoctu 2,3,7,8—TXI®D, u ero Cls—uzomep. DT coeauHeHUs
UMEIOT TOKCUYHOCTh Ha MHOTO TOPSAKOB BBHIIIE, Ye€M, HAIIPUMEP, ITUPOKO U3-
BectHbin JJIT:
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CH —CCl;

Cl

Korpa xonnentpanusa /1T B monoke kopmsamux marepent CIIIA npessicuiia
I[TIK B 4 pa3za, BO3 (BcemupHas opranuzanus 3JApaBOOXpPaHEHHUs) 3ampeTuia
JAT. IlocnenoBarensHocth 3anpeta: Hosas 3enanausi, CCCP, Benrpus, IlBe-
s, Janusa, Ouanaanua u ap. XoTs ObLUIM OTCTYIUIGHHUS OT 3TOTO 3ampeTa: B
CCCP eme nonro onwutsinu taiiry AT B 60opbbe ¢ sHUE(DATUTHBIM KIIELIOM.
JAT no cux mop UCHosb3yeTcs B HEKOTOPBIX IITarax ABcrpanuu, Kurtas pis
OIbUICHUA MI0A0BBIX JepeBbeB. [Ipoussonut AT, kak u npexnae, Uagusa - no
4200 tonn exeroano (1980).

JIAT moXeT BbI3bIBaTh MHBEPCUIO MOJa. B 01HOM K3 konoHui yaek B Kanu-
dbopaun nocie oopadborku rue3n JJIT mosBmiIochk B yeThIpe paza OObIIE JKEH-
cKkux oco0eit, uem mykckux. Korna B sitiia yaek BapsickuBanu JJIT, nomoBuna
MY>KCKHUX 3apOJIbIIIEH NPEBPATUIIACH B )KEHCKHUE.

VY uenoBeka JJIT akkymynaupyercs MpexIae BCEro B MO3TY, CIOCOOHOCTH
MO3ra HOpMajiabHO (yHKIMOHUpOBaTh Tepsercs. JJIT nelicTByer Ha MO3r Kak
HEPBHO-NIAPATUTUYECKUN 1.

Bonopocne kmamodopa 3a Tpu IHS u3BiIeKaeT U3 BoAbl ctoiibko T, uto
ero KoHueHtpanus Bo3pacraer B 3000 pa3. Acuuauu xonueHtpupytor 1T B
MWJIJIAOH pa3s.

HexoTopble U3 TUOKCHMHOB OJIM3KHU K OTPABJISIFOLIMM BEIIECTBAM THUIIA 3apH-
Ha, 3aMaHa ¥ TabyHa. OJIHaKO MX OMACHOCTb COCTOUT HE B SIJOBUTOCTH KaK Ta-
KOBOM, a B CITOCOOHOCTH BbI3bIBATh AHOMAJIMK B pabOTe r€HETUYECKOTO anmnapa-
Ta opranuszma. [Ipu 3ToM paznuyaroT nepBUYHbIC U BTOpUUHBIC dPDEKTHI BIHS-
HUSI HA OPTaHU3M.

[lepBuuHBIif 5P HEKT CBA3BIBAIOT C BHICOKUM CPOJICTBOM U CHIELU(PUUHOCTHIO
M0 OTHOUIIEHUIO K ITUTO307bHOMY Ah-pernentopy, KOHTPOJIUPYIOIIEMY aKTHUBa-
uuto reHoB Al u A2 Ha 15-if XpoMocoMe 4eioBeKa, HaKOIUIEHUIO HecTelu(pu-
yeckux (pepMeHTOB (MOHOOKCHAa3), u3BecTHhIX kak P—4501A1 u P-4501A2.
Kommnekce 2,3,7,8—TX]JIJI ¢ peuenTopoM MOXET NPUHUMATh Y4acTUE B IOJIaB-
JIeHWU reHa Ha 16-i XpoMocoMe YesioBeKa, MPOAYLUPYIONIETro ApYyroi (pepMeHT:
MOHOJIMOHOKCUPEYKTa3y. JIMOKCUHBI MPOSBISAIOT CPOJICTBO K THPOKCUHOBOMY
peuenTopy B SApE KIETKH, YTO MPUBOAUT K €r0 HAKOIUIEHUIO B snpe. To ecThb
JelCTBUE JTUOKCHHOB HAIPAaBJIICHO HAa OTOOpPAaHHBIC B XOJI€ DBOJIOIUU PETYIIs-
TOPHBIE MEXAHU3MbI JKUBOM KJIETKH, 3aITyCKA€MbI€ PELIENTOPHBIMU OEIKaMH C
OJHOTHUITHBIM aKTUBHBIM LIEHTPOM.
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[lonagast B opranusm, AMOKCHHBI BBICTYNAIOT KaK MHJIYKTOPbHI JUITMUTEIbHbBIX
JIO’KHBIX OMOOTBETOB, CIIOCOOCTBYS HAKOIUICHUIO psia OMOKAaTaln3aTOpPOB - Ire-
MOMPOTEUIOB B KOJIMYECTBAX, ONMACHBIX i1 (YHKIMOHUPOBAHUS KJIETKU U BCe-
ro opranusma. B urore 3aTparuBaroTcsi peryisiTOpHbIE MEXaHU3MBI aJlallTallii K
BHemHeW cpene. [loaTomy naxke cinaboe mopa)keHWe TUOKCUHAMU, MPOSBIISIO-
nieecsi B MOCTOSTHHOM AMCKOM(OPTHOCTU OpPraHu3Ma, BBICOKON yTOMIISIEMOCTH,
NOHM)KEHHOU (PU3MYECKOM U YMCTBEHHOM pabOTOCIOCOOHOCTH, B MOBBIIICHUH
YYBCTBUTEIBHOCTU K OMOJOTMYECKUM MH(EKIUSAM, MOXKET MPUBECTU K Jipama-
TUYECKUM TOCIEICTBUSIM.

Bropuunbie 3 hekThl TUOKCUHOB CBSI3aHBI C TEM, YTO OMOKATaIU3aTOPHI -
reMONpOTENIbl B KOMILIEKCE C JUOKCMHAMHU BKJIOYAIOT MEXAHHM3M Pacxo]10Ba-
HWSI HEPTEeTHYECKHX PecypcoB KIeTkH Ha mpespamenne O,, O, , H,0, OH,
YTO MPUBOJUT K OHOJErpajallid rOPMOHOB, BUTAMHHOB, JIMIIUJOB, pa3pylle-
HUIO OnoMmemOpaH. OCOOCHHO YyBCTBUTENbHBI K MOJO0HBIM BO3JICUCTBUSIM HM-
MYyHHbIE KJIETKU. BTopuuHbie 3QdeKThl yCcyryOstoT nepBUYHbIEC, YTO PUBOAUT
K MOHW)XEHUI0O UMMYHUTETAa U B KOHEUHOM HMTOTE€ BBI3bIBAET TAK HAa3bIBA€MbIE
9KOJIOTHYECKHE 3a00JIeBaHUS YEJIOBEKA U JKUBOTHBIX.

OpueHTHpOBOYHAS 032 I0IMYCTUMOTrO MOCTYIUIEHUS] JMOKCUHOB B OpPraHU3M
qenoBeka B Hameil crpane cocrasmsier 10 ur/kr (10°° r/kr). B OCHOBHOM IHOK-
CUHBI IMOCTYMAIOT B OPraHHU3M YEJOBEKa C MUIUEBBIMU MPOAYKTaMH, MPEXKIE
BCErO0 C MSICOM M MOJIOKOM M TJIABHBIM HMCTOYHHMKOM - >KMBOTHBIMHU >KHPaMHU.
[ToncunTano, 4TO B CpeHEM KUTEIb ['epMaHuM €XKEeHEBHO MOromaer 79 nr
nuokcnnoB, CIIA - 119 nr, Kanagst - 92 nr (1 muxorpamm paser 107 1). Ilo
Poccuun Takux oOIIMX JAHHBIX HET, HO, Hampumep, xxurenu Y dol u Crepauta-
Maka noJry4arot 6osiee 100 nr TMOKCUHOB B CYTKH.

K cTpyKTypHO pOJACTBEHHBIM AMOKCHHAM COEIMHEHHUSIM, SIBIISIFOUIMMCS TOK-
CHUKAaHTaMM OKpY Karouledl cpeibl, OTHOCATCS XJIOPOPraHUYECKUE MEeCTULIUbI, B
CTPYKTYp€ KOTOPBIX NPUCYTCTBYIOT apoMarndeckue sapa: /T, rekcaxmopuuk-
jorekcad u ap. OHM TaKkKe 00J1a/1al0T BBICOKOM YCTOMYMBOCTBIO B OKpPY KarOIIei
cpene. Tak, nepuon nonypacnana /T pasen ot 15 no 20 ner.

JUisi MIIEKOMMTAIOMIMX, KaK M JJs [THUL, XJOPOPraHUYECKUE MECTULIUIbI
OMAacHBI TEM, YTO BIUSAIOT HA PENPOAYKTUBHYIO (PYHKIHMIO (0OCOOEHHO Ha CTaJAuU
pa3BuTHs 3MOpUOHOB). [Ipu BBICOKON YCTOMYMBOCTH B OKpY’Kalolleld cpene u
HIMPOKOM PaCHpOCTPAHEHUH JEHCTBUS 3TOTO THUIIA MECTUIIMI0B BO MHOTOM aHa-
JIOTUYHO BIIUSHUIO JTUOKCUHOB M JuOeH30(ypaHoB. KOHTaKT ¢ 3TUMU NEeCTUIU-
JTAMU MOXKET BbI3BaTh TMOEJb dKUBOTHBIX WJIM MATOJOTUI0 BHYTPEHHUX OPTaHOB.
Co3zziaHbl 10BOJBHO JKECTKHE HOPMATUBBI MO COJAEPKAHUIO NECTULUIOB B IPU-
POJIHBIX 00BEKTaX, 0COOEHHO B MPECHBIX BOJIOEMAX, MO0 HAKOIUJIEHUE MMECTULIU-
JIOB B PbIOE SIBJISIETCSI HICTOYHUKOM HX MPOHUKHOBEHHUS B OPraHHU3M YeJIOBEKa.
HNmenHo ppiOy mnpeasiaraloT CUMTaTh MHAMKATOPOM, CBOEro poaa Ouojoruye-
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CKOW MHILEHBIO I OLIEHKHU CTENEHU 3arpsi3HEHUS BOJAHBIX YKOCUCTEM. AHAIN3
conepxanus JJIT B Gantuiickoil canake nmokaszai, 4YTO XJOPUPOBAHHBIE yTIIEBO-
JOPOJIbI IPOYHO BOLUIM B COCTaB BCEX 3BEHBEB IKOCUCTEMBI banTuiickoro mops.

Hcemounuku ouokcunos (NOTUXIOPUPOBAHHBIX OPTAHUYECKUX COSTMHEHUN ).

1. MakcuManibHbIA BKJIAJ BHOCSAT MPEANIPUATHS MMPOMBIIUIEHHOTO XJIOPOp-
raHUYECKOT0 CHHTE3a T€X OPraHWYECKUX COCTUHEHUH, KOTOphIE cojuepkaT OeH-
30JIbHBIE S]Ipa.

2. [uponutuyeckas nepepadoTKa U C)KUTAHUE OTXOJOB ATUX MPOU3BOJICTB,
C)KUT'aHHE aBTOMOOWJIbHBIX IIUH, TOKPBIIIEK.

3. Ilpu snekTpoiiv3e pacTBOPOB HEOPTAHUUYECKHUX XJIOPUIOB Ha rpauTOBBIX
AIIEKTPOaX BO3MOKHO 00pa30BaHKUe HEKOTOPOI'0 KOJUYECTBA JUOKCHHOB.

4. 3aMeTHBIN BKJAJ B JUOKCHUHOBBIA (DOH BHOCHUT IIEJUTIOIO3HO-OyMa)KHOE
IPOU3BOJICTBO. B X0/1€ rcnonap30Banms XJiopa B rpoiiecce oTOeaMBanus Oymaru
BO3MOXHO 00pa3oBaHHe XJIOPUPOBAHHBIX (PEHOJIOB - MPEIIIECTBEHHUKOB JHUOK-
cuHOB. bymara, ynakoBka u uzjenusi u3 Hee (candeTku, IeTCKUe MeeHKH, HO-
COBBIC IJIATKU) SIBJISIOTCS €I1le OJHUM MCTOYHUKOM JUOKCHUHOB B OBITY, XOTS U
HA YPE3BBIYANHO HU3KOM ypOBHE X comepxanus (~10 ' r/kr). Ceifuac mosBH-
JIMCh HOBBIE TEXHOJIOTUM M3TOTOBJICHHS Oymaru 0e3 Mcrnojb30BaHus xjopa. Ha
U3JIETUSAX U3 Takol Oymaru jenaercs COOTBETCTBYIOIAs nometka: «chlorine
freex.

5. CTOYHHUKOM JUOKCHHOB MOTYT OBITh U TOpSIIas CBaJIKa ObITOBBIX OTXO-
JIOB, COJEpKAIIUX W3ACNIHS U3 MOJUBUHWIXJIOPUAA, & TAKKE JIECHBIE TOXKApHI,
€CJIM OHU BO3HUKIIU MOCJIe 00pabOTKH Jieca MEeCTULIUIAMHU.

Ilpobaemor monumopunea ouoxcunoe. C 1987 roga MOHUTOPUHT AUOKCH-
HoB ocymiectBisierca B CIIA, Kanane, lnonuu, B GOJIBIIMHCTBE CTpaH 3amaj-
Ho¥l EBpombl. B Poccun Takxke mpoBoasTCs 9TH pabOThI, UMEETCS MATh aKKpe-
JUTOBaHHBIX JIa0OPATOPHIl MOHUTOPUHTA JTUOKCUHOB. OmnpeneneHue OCHOBAHO
Ha MCMOJIb30BAaHUM Ta30KUAKOCTHOM Xpomarorpaduu M Macc—CIEKTpOMETpa
BBICOKOTO paspeueHusi. CTOMMOCTb KaKJI0TO ONpENeNIeHUs] JOCTUraeT 1-3 TeIc.
noiapoB CIIIA. Jlerko BUAETh, UTO MPU TAKUX BBICOKHX 3aTpaTax MAacCCOBBII
MOHUTOPUHT HEBO3MOXKEH, a 0oJiee JelieBble MeTo1bl Hed((HEKTUBHBI.

6. CTAHJIAPTHI KAYECTBA OKPYKAIOIIEW CPEJbI

CranaapTbl KadyecTBa OKPYXKAIOIIEH Cpelbl - 3TO COBOKYIHOCTb €IMHBIX
TpeOOBAHUI K COCTOSIHUIO MPUPOJHBIX U MPOMBIIUICHHBIX 00BEKTOB. B HuUX
NpPEAYyCMOTPEHBl MEPHI, MO3BOJSIONIME OOECHEYUTh ONTHUMAIBHOE COCTOSIHUE
OKpY>Kalolllel Cpe/ipl, €€ KaueCTBO, KOTOPbIE COCTOST M3 TEXHUYECKHUX, SKOHO-
MUYECKUX, OPTaHU3AIMOHHBIX HOPM, OMPEACNISIONINX KaueCTBEHHbIE MapameT-
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pBl OKpy»Karolieil cpenpbl. [lepeueHbh OCHOBHBIX HOPMATUBHO-TEXHUYECKUX JI0-
KYMEHTOB, HCIOJIb3YEMbIX B MPUPOJOOXPAHHON U MPUPOJOBOCCTAHOBUTEIHHOM
NEeATeNIbHOCTHU, IPUBEICH B DKoyiorudeckoM cioBape (1993).

B kaudecTtBe KpUTEPHUEB OLIEHKU COCTOSIHUSI OKPYKAIOIIEH Cpelbl CIIyKat Io-
Ka3aTeau €CTECTBEHHOTO HEHAPYIIEHHOIO0 COCTOSHUS MPUPOJHBIX KOMILJIEKCOB
w1 (OHOBBIE TapaMeTphl cpeabl. HopMaTHBHBIE MOKa3aTeNH, XapaKTepU3yro-
M€ MEPY BO3MOXKHOT'O BO3JCHCTBHS Ha MPUPOAY, YCTAHABIMBAIOT HAa OCHOBE
CIIEHMAJIBHBIX UCCJIEAOBAHUN WJIM B PE3YJIbTaTE AKCHEPTHBIX OLIEHOK. McKiito-
YUTh NOTNAJaHue BPEIHBIX BEIIECTB B OKPYKAIOIIYIO CPEly B CHIIy YKOHOMUYE-
CKMX U TEXHOJOTMYECKUX IMPUYMH HEBO3MOXXHO, MO3TOMY IPHUXOJUTHCS BBO-
JUTh HOPMBI TIpeesibHO aonycTuMbix KoHreHTpaiui (I1/1K) Bpeanbix BeiiecTs.
Bce cymectBytonme HopMmbl TTJIK mpenctaBisioT co0oil KOMIPOMUCC MEXTY
JOMYCTUMBIM U PEAIbHO CYIIECTBYIOIIMM YPOBHEM 3arps3HeHUsi aTMocdepsl,
ruapocdepsl u mutochepsl. HopMaTuBHBIE MMOKa3aTeNN, UCTIONB3YIOMUECS IS
MOHUTOPHUHTA, JACJISITCS HA IBE OCHOBHBIE I'PYIINbI; CAHUTAPHO-TUTUCHUYECKUE U
DKOJIOTUYECKHE.

CaHuTapHO-TUTMEHUYECKUE TTOKA3aTeIu yCTaHABIMBAIOTCI MCXOJs U3 Tpe-
OOBaHMI SKOJIOTUYECKON OE30MaCHOCTH HACENIEHUS, HO OHU HE YYUTHIBAIOT pe-
aKIMM JIPyTUX OpraHu3MOB Ha 3arpsizHeHue. [1oaToMy N1 OLIEHKH COCTOSTHUS
MPUPOIHON CPENIbl UCTIONB3YIOT TAKKE SKOJIOTMUYECKUE KPUTEPUHU, KOTOPBIE pac-
CMaTpUBAIOTCAd KaK Mepa aHTPONOTeHHOrO0 BO3JCHCTBUS HAa DKOCUCTEMBI U
nanamadTel. K HIM OTHOCATCS MHAMKATOPHI COCTOSIHHS BO31lyXa, BOJI, TIOYB U
OMOreOIEHOTUYECKOTO MOKPOBa B II€JIOM, a TaKX€ BaXXHOE MECTO 3aHUMAlOT
ouonnaukaropel. CoderaHue pa3HOOOPA3HBIX KPHUTEPUEB JAE€T BO3MOKHOCTH
MOJIYYUTh KOMIUIEKCHYIO OIIEHKY JKOJIOTM4YecKoM cutyanuu. CylecTByeT MHO-
ro NOAXOJO0B K PEUICHUIO JaHHOMW 3aJ]a4M, HO B LIEJIOM MMOMCK KOMIUIEKCHBIX IO-
Ka3zaTeJiel COCTOSHUS OKPYKAKOIIEH CPeIbl OCTAETCS CIOKHOW M 10 KOHIA HE
PEILIEHHOM 3a0ayen.

6.1. HopmupoBanue atMoc(epHBIX 3arpsi3HeHU I

Cornacao 'OCTy 17.2.1.04-77, 3arps3HeHuEM aTMOC(EpPbl Ha3bIBACTCS W3-
MEHEHHE COCTaBa aTMOC(epbl B pe3yibTaTe HAIWYMUS B HEM mpumecei. 3arpss-
HEHUe, 00YCJIOBJIEHHOE JIEATEITbHOCTHIO YEJIOBEKa, Ha3bIBACTCS AHTPOIIOT€HHBIM
3arpsizHeHueM. [lox npumecbto ToT ke ['OCT moHuMaeT paccestHHOE B aTMo-
cdepe BeecTBo, HE CoJIeprKalleecs B €€ MOCTOSHHOM cocTaBe. Takum o0pasom,
K IPUMECSAM MOTYT OTHOCUTBHCS HE TOJBKO TOKCHYHBIE, HO U HETOKCUYHBIC Be-
11ECTBa.

JUIs KaXkKJ10ro BELIECTBA, 3arps3HSIONIEro aTMOC(hEpHbI BO3AYyX, YCTaHOB-
JIEHBI 1BA HOPMaTHUBA:
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1) makcumanbHasi pazoBasi MpeACTbHO JAOMyCTUMas KOHIEHTparus 3a 20
MHUHYT u3Mepenus (ocpennenus) - IIIK,, ., MI/M;

2) cpeiHeCYTOYHAas MPEIETbHO JOMYCTUMAasi KOHIEHTpAlKs, OCPEHEHHAS 32
JUINTENTbHBIH IPOMEKYTOK BpeMEHH (BIUIOTh 10 roza) - IIJIK, ., Mr/m’.

[1JIK BpenHoro BeiiecTBa B aTMOC(eEpPE - 3TO MAKCUMaJIbHAsI KOHIEHTPALIMS,
OTHECEHHasl K ompejeieHHoMy nepuoay ocpeaHenus (20-30 munyt, 24 yaca,
MecHll, TOJ1), KOTOpasi HE OKa3bIBAET HU MPSAMOTr0, HU BPEITHOIO KOCBEHHOTO BO3-
JNEHUCTBUS HA YEJIOBEKA U CAHUTAPHO-TUTUEHUYECKHUE YCIIOBHS KU3HH.

[Ipu neiicTBUM HA OpraHU3M OJHOBPEMEHHO HECKOJBKUX BPEIHBIX BEIIECTB,
00JIaIal0INX CyMMapHbIM JIEUCTBUEM, CyMMa OTHOIICHUN (DAKTUYECKUX KOH-
neHtpanuid kaxjaoro BemiectBa (Ci, C,,... C,) B BO3lyXe U €ro npeiesbHo J0-
nyctuMoit koHueHtpanuu (IIJIK;, [TJK,,... IIJIK,) He moipKkHA NpeBHIIATh €au-
HUILY: C,/ IJIK, + C, / K, +... + C, / K, < 1.

['uruennyeckoe HOPMHUPOBAHUE CTAIKUBAETCS C CYIIECTBEHHBIMHU 3aTpyj-
HEHUSIMU OPTaHU3AIIMOHHOTO, TEXHUYECKOTO M (PU3MOJIOTHYECKOTO XapaKTepa.
DKOJIOTMYECKAs] HUILIA YEJIOBEKA HEU3MEHHA, I0ATOMY YCJIOBHUE - KOHUEHTpALU
3arps3HSAIONIETO BEIIeCTBA JOJDKHA ObITh MeHbIne win paBHa [TJIK - momxHO
coOMI0IaThCS B JIIOOBIX MeCTax NMpeObIBaHUS YEIOBEKa. JTO O3HAYACT, YTO JIS
KQ)XJIOTO BPEJHOTO BEIIECTBA YCTAHABIMBAETCS HECKOJIBKO MAaKCUMAaJIbHBIX pa-
30BBIX MPEAEIBbHO JOMYCTUMBIX KOHIIEHTpAIMil B BO3YIIHOMN cpejie, Kiaccudu-
Kalusl KOTOPBIX MpUBeAcHA Ha puc.6.1.
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Cpennecyrounas
(ITAK. )

MakcuManpHas pa3oBast
JUIsl KpYIIHBIX TOPOJIOB

u kypopros(I11IK,, ;)

Puc. 6.1. Knaccuduxanus npeaeiabHO AOMYCTUMbBIX KOHIIEHTPALIUMA
3arpsi3HAIONIMX BEIIECTB B aTMOC(HEPHOM BO3IyXe

Hapsany ¢ npenenbHO IOMYCTUMBIMH KOHILIEHTPALUSIMH CYLIECTBYIOT Bpe-
MeHHO AomyctuMble konuentpauu (BJIK), nnaue Ha3piBaeMble OpUEHTHPOBOY-
HO Oe3omacHbiMU ypoBHsiMU BozzaeiicTBus (OBYB). IlpenensHo pomycTumbie
KOHLICHTPAIIMM YCTAHABIMBAIOTCS HA OCHOBE DKCIEPUMEHTOB C MOIONBITHBIMU
KUBOTHBIMH, YTO TPeOyeT JHOCTATOYHO AJTUTEIBHOTO BpeMenu. Ha nmepBom sta-
ne ycranoBieHus [IJIK onpenensroTcs OCHOBHbIE TOKCUKOMETPUYECKUE XaApaK-
TEPUCTUKHU UCCIETYEMbIX BEIIECTB, U (DAKTUUECKH YCTAHOBJICHHBIE B PE3YJIbTaTE
HKCIEPUMEHTOB HOPMATUBBI CUMTAIOTCS BPEMEHHO JIOIYCTUMBIMU KOHIIEHTpa-
uuamMu. Ha BTOpoM 3Tame 3TH HCCienoBaHUsl MPOJOKAIOTCS UM HOCST IPOBeE-
POUYHBII XapaKTep, @ Ha TPETbEM - OCYIIECTBIISIOTCS KIMHUKO-CTATUCTUYECKUE
UCCIIeIOBaHUs pabOTAIONIMX B TEUEHUE TPEX JIET AJIA MPOBEPKU MPABUIBLHOCTH
MOJIYYEHHBIX B SKCIIEPUMEHTAX HA )KUBOTHBIX 3HAUEHUMU. TOJIBKO MOCIIE BTOPOTO
JTarna nojy4yeHHble HOPMATUBBI MOTYT ObITh YTBep>KJeHbI B kKauecTBe [1J[K.

JIns peryjivpoBaHMsl KauecTBa OKPY’KArOIIEH cpelbl BBEAEH U CTPOrO KOH-
TpoJIUpyeTCs TpeAesibHO gonycTumblii BIOpoc (I1JIB), koTopsiil sBisieTcss Ha-
YYHO OOOCHOBAHHOW TEXHUYECKOH HOPMOI BbIOpOCa BPEIHBIX BEILIECTB U3 MPO-
MBIIIJIEHHBIX UCTOYHUKOB B aTrMocdepy, ONpeaesseMoi Ha OCHOBE PAa3IMYHbIX
apamMeTpoB MCTOYHUKOB, CBOMCTB BHIOPAChIBAEMBIX BEIIECTB U aTMOC(EPHBIX
YCIIOBUU.

6.2. HopmupoBaHue 3arpsi3HSIIOIIMX BelIeCTB B BOJHbIX 00bEKTAaX

B nameit ctpane 3a OCHOBY NPHHSTHI «ECTECCTBEHHBIC» HOPMATHBBI KAUECTBA
BOJIbI (T.€. Oa3upyronmecs Ha OMOJIOTHYSCKON OIEHKE CTETICHU BPEAOHOCHOCTH
HOPMHPYEMOT'0 BEIIeCTBA KakK IpH pa3paboTKe CaHUTAPHO-TUTHECHUYSCKHUX
HOPM, TaK M PHIOOXO3IMCTBEHHBIX HOPMATHBOB). DTO SBIISACTCS OOJBIINM IIa-
T'OM II0 CPAaBHECHHIO C «TEXHUYECKHUMMI» HOPMAaTUBAMH, TaK Ha3bIBAGMBIMH «Stan-
dards», npunasaTeIMU 3a ocHOBY B CIIIA. B mocnemnue rojasl TaM MOSBUINCH H
OMOJIOTHYECKHEe HOPMATHUBBI «Criteriay, HO OHU HE SBJISIOTCA 00s13aTeIbHBIMH.
TexHu4yeckre HOPMATHUBBI ONPEACIISIOTCS BO3MOKHOCTSIMHU CYIIECTBYIOIIUX Me-
TOJOB OILICHKHA CTOYHBIX BOJ, M OHU OoJiee MPaKTHYHBI. brojorndeckue Hopma-
THBBI, B CBOIO O4YepPE/ib, JAIOT BO3MOXKHOCTH OILICHMBATh PEAIbHOE COCTOSHHUE
BOJIHBIX 9KOCHUCTEM U MPUMEHSATH Oosiee d3()(PEKTUBHBIE METO b JIMKBUAAIIUH 3a-
IPSA3HEHUM.
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3arpsi3HEHHEM BOJOEMOB Ha3bIBA€TCs JI000€ OTpULIATENbHOE JIecTBUE (Ha-
pYILIEHHE WIH YXYALIEHUE YCIOBUH BOJOMNOJB30BAHMS), BEI3BAHHOE MOCTYILIE-
HUEM WJIH TOSBICHUEM B BOJIOEME BEIIECTB, CBSI3aHHBIX MPSIMO MU KOCBEHHO C
NEeSATENbHOCTBIO YeNloBeKa. Pa3nnuaror Tpu Bua 3arpsi3HEHUNI:

1) nepBUYHOE 3arpsi3HEHHE - BBI3BAHHOE MOCTYIUICHUEM 3arps3HSIOIUX Be-
IIECTB M MPOLECCAaMU HENMOCPEICTBEHHOIO UX MpeBpalleHus. B nukie nepuy-
HOTO 3arpsi3HEHUsI MOTYT TMOSBISATHCS BTOPUYHBIE W MOCIEAYIONINE 3arps3HsIIO-
1K€ BEIlECTBA;

2) BTOPUYHOE 3arpsi3HEHHE - Pa3BUBAETCS KaK CIIEJCTBUE MEPBUYHOIO 3a-
TPSA3HEHMS] U TIPEJICTaBIsIET COO0I HOBBIN IIMKII 3arpsI3HEHUS;

3) NOBTOPHOE 3arpsi3HEHHE - BHI3BAHHOE MOBTOPHBIM BBIHOCOM 3arps3HsIO-
IIMX BEUIECTB BCJIEJICTBUE NMEPBUYHOrO 3arpsizHeHus. Hampumep, BbIHOC OCEB-
IIMX Ha JHO WM BMEP3IIUX B JeJ He(TEenpOoayKTOB BO BpeMsl MAaBOAKA WU Tasi-
HUS JIBJIA.

HcTouHuky 3arpsi3HEHUS BOJHBIX 00BEKTOB MOTYT OBITH OpraHU30BaHHBIMU,
C JIOKQJIM30BaHHBIM MECTOM IMOCTYIUIEHUSI U YCTpoicTBamMu Jiisi cOpoca (X03s1i-
CTBEHHO-OBITOBBIE CTOKH, MPOMBIIUICHHBIE CTOYHBIC BOJBI); HEOPTraHW30BaH-
HBIMH, HE UMEIOUIMMU JOKAJIM30BAaHHOTO MecTa cOpoca U yCTPOMCTB UM MPH-
crnocoOneHuit ans copoca (JiecocruiaBbl, CMbIBbI YIOOpEHUN € TOJIEH, 3aHOCHI
MECTUIIMIOB MPU aBUA0OpabOTKax); MOJTYyOpPraHM30BAHHBIE, UMEIOIIUE OJHO W3
JIBYX MEPEUYUCIICHHBIX yCIOBUI (OypOBBIEC BBHIIIKH, CMBIBBI C TEPPUTOPHUI CKIIa-
JIOB, PEINPUATUI TpaHCTIOPTA U JIp.).

[To BpeMeHu AeicTBHs 3arps3HEHHE BOAOEMOB MOXKET OBITh MOCTOSHHBIM
(mocTymnaroluM B TEYEHHE BCEM BEreTallMOHHOM 4acTu roja), NepuoJu4ecKuM
(BoloEM HE yCIIEBAe€T BOCCTAHABIIMBATh CBOM CBOKCTBA B MPOMEXKYTKAX MEXKIY
HOCTYIUIEHUEM 3arpsi3HAOLIMX BEIIECTB) U Pa30BbIM (BOJOEM yCIEBAE€T BOCCTA-
HaBJIMBATHCH).

WMHTEHCUBHOCTD NPSIMOTIO JEHCTBUS 3arpsA3HAIOIIMX BEIIECTB OLIEHWBAETCS
CJIEIyIOIIMMU NTapaMeTPaMH:

- OCTpPOJIETAJIbHBIMU KOHLIEHTPALMAMHU, BbI3BIBAIOLIUMHU T'MOENb KUBBIX Op-
raHU3MOB B TE€YEHUE HECKOJIBKUX 4acoB 70 10 cyTok;

- XPOHMYECKUMH JIETAIbHBIMU KOHIIEHTPALUSIMH, BBI3BIBAIOIIUMU T'MOEIb
KUBBIX OPTaHU3MOB B 00Jiee ITUTENbHBIE CPOKH;

- CcyOJIeTaJIbHBIMM KOHILIEHTpAlUsIMH (YTHETAIOLMMU), HapyIIAlOIUMH OC-
HOBHBIE )KM3HEHHBIE (PYHKITHH - POCT, pa3MHOKEHNE, OOMEH BEIECTB;

- CTUMYJIUPYIOLIMMH KOHIIEHTPALUSIMU;

- HEZICUCTBYIOIUMH KOHIICHTPAIHSIMH.

XapakTep BIMSAHUS 3arps3HSIOLUIMX BEIIECTB Ha BOJAOEMBbI U BOJHBIE Opra-
HU3MBI TOAPA3JCISIOTCS Ha TPU OCHOBHBIE T'PYIIIBI, KOTOPBIE MPUHATO Ha3bI-
BaTh JINMUTUPYIOLUMU NoKa3zarensimMu BpeaHoctu (JIIIB).
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1. O6mecanutapusnii JIIIB. Bximtouaer B cebs n3meHeHue TPOPUU BOJO-
€MOB, CHU)KEHUE KOHLEHTPALMM PACTBOPEHHOIO0 KHUCIOpPOAA, U3MEHEHHE COJIe-
HOCTH M TEMIIEpaTypbl CPeabl, MEXaHUYECKOE 3arpsA3HECHHUE TBEPABIMH W KUI-
KHMU BEILIECTBAMU.

2. Toxcukonornueckni JIIIB. Otpakaer mpsAmMoe TOKCHYECKOE IEUCTBUE
BEILIECTB HA BOJAHBIE OPraHU3MBI.

3. XossiictBennslii (prrooxossiictBennsiit) JIIIB. IlokassiBaeT mopuy To-
BAPHOI'0 KAYECTBA MPOMBICIOBBIX BOJIHBIX OPTraHU3MOB.

CymecTByeT ABe rpynIlbl HOPMaTUBOB JUIS 3arPSI3HSIOINX BELIECTB, MOCTY-
NAIINX B BOJAHYIO CpENy.

1. HopmaTuBbI NOCTYILIEHUSI 3arpA3HAIOIIMX BEIIECTB, IIPU KOTOPBIX COXpa-
HSAIOTCSL OXPaHsSEMbIE TaHHBIM HOPMAaTHBOM CBOMCTBa BOJOEMOB M HUX Hacee-
HUS, - IpefenbHo qomyctuMbii copoc (ITIJ1C).

2. HopMatuBel coziepaaHus, PU KOTOPBIX OXpaHsE€MbIE CBOWCTBA BOJOEMA
HE HapylaroTcs, - npeaenbHo qonycruMas konneHTpauus (I11K).

I[TJIK ycTaHaBiauBaeTCs MO HAWUMEHBILIEH MOPOroBOM KOHIEHTPAIUU C yue-
TOM CJEIYIOIIMX CTOPOH JACWCTBUA: CTAOMIBLHOCTH BPEIHBIX BEIIECTB B BOJE,
BJIUSIHUSA MX HA CAaHUTAPHBIA PEXHUM (CIOCOOHOCTh K CAMOOYMILEHHIO) BOJIO-
€MOB, BIIMSHUS HAa OPraHOJIENTUYECKHE CBOWCTBA BOJBI, BIMSIHUE HA 310POBbE
HACEJICHHUs, UCTOJbB3YOUIEro BOAY. YKa3zaHHbIEe noka3aTenu oTHocaTcs K [1/IKg
Y CUMTAIOTCA CaHUTapHO-rurueHnuyeckumu. CymectByer eme oauH Buna I1/IK,
OTpaXaroluii He TOJIbKO CAaHUTAPHO-TUTMEHUYECKUE TPEeOOBaHUS K KAYECTBY
BOBI, HO 1 dKoJorudeckue - [1JIKp g, (pI00X03SIIICTBEHHBIX BOJIOEMOB).

Pri6oxozsiictennas I1/IK - 310 Takas MakcuMalbHas KOHIIEHTpaIus 3a-
IPS3HSIONIET0 BEIIECTBA, NIPU MOCTOSHHOM HAIMYUMU KOTOPOW B BOJOEME, HE
HaOJI0JaeTCsl OTPULIATEIBHBIX MOCIEACTBUM AJ1 phI00X03iCTBEHHOTO UCIIOJIb-
30BaHMs BojoeMa. CllelyeT YUUThIBaTh, YTO 3arpsA3HSIOLIME BEIIECTBA B BOJIO-
€Max He BCErAa MPUCYTCTBYIOT IIOCTOSHHO. B 3TOM cilydae UCIOJIB3yIOT 3Ha4e-
HUA TpEeAeNbHO JOMYyCTUMBIX pa3oBbix KoHUeHTpauuid (ITPK). Oto Takas mak-
CUMAJIbHAs MEPBOHAYAIBHO CO3/JaHHAs B BOJOEME KOHIICHTPALUSA OJHOKPATHO
IIONAJAIOIIEr0 Ty[a BEIIECTBA, IIPU KOTOPOU ITO BEILIECTBO U BPEAHBIE TPOAYK-
ThI €70 pacraja He BhI3bIBAIOT OTPULATEIBHBIX OCIEACTBUN JIsl phIOOXO3SICT-
BEHHOT'0 UCIIOJIb30BAHUA BOJOEMA.

Pr160Xx03511iCTBEHHOE HOPMUPOBAHUE BKIIIOUAET B CEOsI CIEAYIOLIUE aCTIEKThI
- OLICHKHM BJIMSIHMS BEILECTBA HA TMAPOXUMHUYECKHN PEXHUM BOAOeMa (KOHIICH-
TpaIysi paCTBOPEHHOTO B BOJI€ KHCIOpoja, okucisseMocTs o Ky6enro, BIIKs u
BIIK,, n3MeHenue conepxkanusi Tpex GpopMm azoTa - HOHOB AMMOHMSI, HUTPUTOB
¥ HUTPATOB), HA KOPMOBYIO 6a3y prIO (BOJIOPOCTH, 300IJIAHKTOH B OEHTOC), Ha
MHUKpPOOpPraHU3Mbl, HA POCT U pa3BUTUE PbIOBI (MKPY, MOJIOJIb U B3POCIBIX OCO-
Oeil), ee TOBapHbIE KayecTBa, a TAK)KE OLIEHKY CKOPOCTH pa3pyLIeHMs 3arps3-
HSIOIIETO BEILIECTBA.
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[To crenenun omacHocTu 3arps3Hstomux Bemects Jist [IIKp g, moapaznens-
FOTCSL:

1) ocoboonacubie (IIJK c comepxkanHueMm 3arps3HSIONIMX BEIIECTB MEHEE
0,0001 mr/m), mpemycmaTpuBaroiie OTCYTCTBHUE BPEAHOTO BEIIECTBA B BOJIE;

2) onacHble (TOKCUYHbBIC, HO CTA0UIbHBIE), TuMUTHpYIomecs o [T/1K;

3) Tokcu4HbIC (CTAOWIbHBIC M HE HAKATUTMBAIOIITUECS );

4) sKonoruyeckue, TMMUTHpYIoLuecs 1o oduiecanutapuomy JIIIB.

BTopsiM HOpMUpPYEMBIM MOKAa3aTEIEM, UCIIOJIb3YEMBIM ISl OXPAaHbl BOJHOM
Cpenbl OT 3arpsA3HeHui, aBisietrcs npeaenbHo nonycrumsiid copoc (I1C). B co-
orBerctBuu ¢ 'OCTom, o1 npeenbHO T0MYCTUMBIM COPOCOM BEILECTB B BO/I-
HBI 0OBEKT MOHMMAETCS Macca BEIIECTBa B CTOYHBIX BOJAX, MAaKCUMAJIbHO J10-
IyCTUMAsl K OTBEJICHUIO C YCTAHOBJIEHHBIM PEKUMOM B JAHHOM IIYHKTE BOJHOIO
00BbEKTa B €QUHUILY BPEMEHU C LIEJbI0 O0ECHeYeHUs] HOPM KadecTBa BObI B
KOHTPOJIBHOM ITYHKTE.

I[IJIC ycranaBnuBaercs ¢ yueroM II/IK BemiecTtB B mMectax BOIOIIOJIB30BA-
HUS, aCCUMHJIMPYIOIIEH COCOOHOCTH BOJHOTO OOBEKTa M ONTHUMAJIBHOTO pac-
npeneseHuss Macchl cOpachlBaéMbIX BELIECTB MEXY BOJOIOJIb30BATEISIMH,
cOpachIBaOIIUMHU CTOYHBIE BOABI. [Ipu cOpoce BemectB ¢ oauHakoBbiMu [1/IK
[TAC ycranaBnuBaeTcst Tak, YTOObI C YU4E€TOM MpPUMECEH, MOCTYIUBLUINX BOJOEM
WM BOJOCTOK OT BBIIIEPACIION0KEHHBIX BBITYCKOB, CyMMa OTHOIIEHU KOH-
HEHTpalUi KakJ0ro BEIIECTBA B BOJHOM 00BEKTe K cooTBercTBYytomuM [1/IK
HE MPEBbIIIANa CAUHUIBI.

[Tpoextrl I1JIC pa3zpabaTbiBatOTCs U YTBEPKAAIOTCS JUIsl IPEANPUATUNA U Op-
raHU3alui, UMEIOIIUX WU MPOEKTUPYIOLIUX CAMOCTOSITEIbHBIE BBIITYCKH CTOY-
HBIX BOJI B BOJHBIE OOBEKTHI, MMPEK/IE BCETO B 30HAX MOBBIIICHHOTO 3arps3HEHUS
B 1ensix coomoaenust [1/IK B KOHTpOIBHBIX CTBOpax BOJOIOIB30BaHUs. Y TBEP-
xkaarotea npoektsl [IJJC opranamMu nmpupoaonosib30BaHus, KOMUTETOM OXPaHbl
npupoabl. Benmnunnsl [1JIC neldcTBUTENBHBI TOJBKO HA YCTAHOBJIEHHBIN ITEPUO,
IIOCJIE YEero MOMJIEKAT IEPECMOTPY.

6.3. HopmupoBaHnue cogep:xaHusi BpeHbIX BelIeCTB B M04YBe

KonTposib 3a caHUTapHBIM COCTOSIHUEM MOYBBI BKJIIOYAET MPOBEACHUE CAHU-
TapHO-(PU3UKO-XUMUYECKUX, CaHUTAPHO-IHTOMOJIOTUYECKUX, CaHUTapHO-
I'eJIbMUHTOJIOTHYECKUX, CAHUTAPHO-OAKTEPUOIIOTHYECKUX U BHUPYCOJIOTHUECKHUX
HUCCIIETOBAHUM.

OO01ue NPUHIKMIBEI HOPMUPOBAHUS XUMHUECKUX 3aTrPS3HSIONIMX BEIIECTB B
00BEKTax OKPY>Karolel Cpeibl 3JI0KEHB B METOIMUECKUX PEKOMEHIAIMX 110
rurueHndeckoMy obocHoBanuio [IJIK xumudeckux BeliecTB B TOYBE, yTBEp-
»)aeHHbIX Munzapasom CCCP B 1982 rony.
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CaHuTapHO-TUTHEHUYECKOE HOPMHUPOBAHUE YUUTHIBACT YETHIPE MTOKA3aTENS:

- TPaHCJIOKAIMOHHBIN (MEPEXO0/ 3arpsSI3HAIONIUX BEIIECTB U3 MOYBHI B pacTe-
HUS Yepe3 KOPHEBYIO CHUCTEMY );

- MUTPALMOHHBINA BOJAHBIN;

- MUT'PALlMOHHBIN BO3AYIIHBIM;

- oOlecaHUTapHBIA (BIUSHUE 3arps3HSIONICTO BEIIECTBA HA CAMOOYMIIIAIO-
IIYI0 CIOCOOHOCTH MOYBBI U €€ OMOJIOTUYECKYI0 aKTUBHOCTB ).

3arps3HEHHOCTh MTOYBbI OPTAaHUYECKUMH BEIIECTBAMHU, B YACTHOCTH OTXO/]1a-
MU TMPOU3BOJCTB XUMHUYECKUX MPOAYKTOB W3 YIJIEBOJAOPOJOB HedTH M rasa,
OLICHUBAIOT MO KOMIUIEKCHOMY MOKa3aTell0 «CAHUTAPHOE YHUCIO», MPEACTaB-
JSI0EMY co0O0i OTHOILIEHHE KOJIMYECTB MOYBEHHOTO OEIKOBOTO M OpraHuye-
CKOTr'0 a30Ta:

XapakTepucTHKA MOYBbI CannTapHoe 4ncJio
YUucras - 0,98-1,00
Cnabo 3arpsi3HeHHas - 0,85-0,98
3arpsi3HEHHAst - 0,70-0,80
CuIibHO 3arpsi3HEHHas - Mesnee 0,70

HopmupoBanue conepaHusi BpEHBIX BELIECTB B MOYBE IMPEIIONAraeT yc-
TaHOBJIEHHE TAaKUX KOHUEHTPAUWW, IMPU KOTOPBIX COAECPKAHWE BPEIHBIX BE-
HIECTB B KOHTAKTUPYIOWUX cpenax He npesblimaeT [IJIK g BogoeMa u Bo3ay-
Xa, a B BBIPALIMBAEMBIX KYJIbTYpax - JOIYCTUMBIX OCTATOYHBIX KOJIMYECTB. B
COOTBETCTBHM C METOJMYECKMMH PEKOMEHIALMSAMUA HOPMHPOBAHUE BKIFOYAET
TPY OCHOBHBIX HalpaBJICHUs HccienoBanuil. [lepBoe HanpaBneHue - onpenene-
HUE MAaKCUMAaJbHO JIOIyCTUMOW KOHIIEHTPALIMU BELIECTBA B IIOUBE C TOUKH 3pe-
HUSI TOKCUKOJIOTHYECKOrO JIEMCTBUSL HA YEJOBEKA. JTa KOHUEHTpALUS JOJLKHA
rapaHTUPOBaTh HAKOIUJICHWE BEILECTBA B BBIPALIMBAEMBIX KYJIbTypaxX HE BBIILIE
JIOITYCTUMOTO OCTaTOYHOT'O KOJWYECTBA, a MOMAJaHue €ro B BO3AYIIHYIO Cpely
U rpyHTOBBIE BOABI - HE Bbilie [IJ[K. Bropoe HampaBiieHHE - YCTAHOBJICHUE Op-
TaHOJICITUHYECKUX CBOMCTB PACTCHUH, BBIPAIIMBAEMBIX HA JAHHOW ITOYBE, a TAK-
e BOJbl U aTMOchepHOro Bo3ayxa. TpeTbe HampaBlieHue - U3yYeHHE XapaKkTepa
Y WHTCHCUBHOCTU JEWCTBUS BELIECTBA HA MPOLIECCHl CAMOOYMUILIEHUS, IPOTE-
KAIOLIME B IIOYBE.

W3 HalileHHBIX MMOPOTOBBIX KOHIEHTPALUi BBHIOMPAIOT HAUMEHBIIYI0, KOTO-
PYIO U NPUHUMAKOT KaK MNpeNesibHO JonmycTuMyro. McciienoBanuss mpoBOAST B
J7a00paTOPHBIX YCIOBUSIX C MOJEIbHBIMU MMOYBAMHU U PACTCHUSIMU, a MOJYyYECH-
HbIE PE3yJIbTaThl YTOUHSAIOT B IOJEBOM JKCIIEPUMEHTE WIM B HATypAJIbHBIX yC-
JIOBHUSIX.

[To creneHn onacHOCTH BEUIECTBA, 3arPSI3HSIOIINE MOYBY, MOAPA3IEISAIOT Ha
TpH Kjacca:

1) BBICOKOOTIACHBIE;
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2) yMEpPEHHO ONACHBIE;

3) MasoomnacHsIe.

Kitacc onacHOCTH onpesesstoT HE MEHEe YeM 10 TPEM MOKa3aTeNsIM B COOT-
BercTBUU ¢ 'OCTomMm 17.4.1.02-83 «Oxpana npupoasl. [TouBsl. Knaccudukarms
XUMUYECKUX BEUIECTB JIJIs KOHTPOJIS 3arpsI3SHEHUSD.

7. IKOJOI'MYECKAA XUMUA ATMOCO®EPHI

ATtMmocdepa - razoBas obonouka 3emiu. Ee Macca cocTtaBisieT 0Koj10
5,9-1015 TOHH. BO MHOrux OTHOIIEHMSI OHA HAIOMUHAET CJIOM >KUIAKOM BOJBI,
ITOKPBIBAIOIIEH B BUJIE MOPEN U OKEAHOB TPH YETBEPTHU 36MHOU MOBEpXHOCTH. 1
KaK YCJIOBUSI KU3HU B ITyOMHAX OKEaHa Pa3UTENIbHO OTIWYAIOTCS OT YCIOBUM
oOuTaHus BOJIM3M TOBEPXHOCTH BOJIBI, TAK U YCJIOBHSI HA IHE BO3AYIITHOTO OKea-
Ha, B KOTOPBIX KUBET YEJIOBEUECTBO, OTJIUYAIOTCS OT T€X, UYTO UMEIOTCS B BEpPX-
HUX CJOSX 3eMHOU atMocdepsl. 3HaHus o0 atMocdepe HEOOXOIMMO paccMmar-
pUBaTh BOEJUHO C MO3ULIMK U reorpaduu, U PU3UKHU, U XUMUHU.

Kak nomuepkuBan akagemuk B.A. Jleracos, 1isi MOHUMaHUS poJIM aTMOcde-
PBI IS KU3HU Ha 3eMJieé HEOOXOIUMO MPOCIEIUTh KHHETUUECKYI0 MOJIETb at-
Mochephl, 6a3UPYIONIYIOCS Ha KHHETUYECKOW TEOpHUH Ta3000pa3HOTO COCTOSHUS
BEIIECTBA, C YYETOM MaccollepeHoca, TEIJIoNnepeHoca B aTMochepe U posid Xu-
MUYECKUX MPEBPAIICHUIN B 3TUX SIBJIICHUSIX.

ATMocdepa UMeeT CIIOMCTOE CTPOEHHUE M COCTOUT M3 HECKOJIbKUX cdep, Me-
KTy KOTOPBIMHU PAcIojararoTcsl TEPEeXOIHbIE CIION - «may3b». B chepax m3me-
HSIETCSl KOJIMYECTBO BO3/yXa U ero temmneparypa. O6iactu MUHUMyMa U MaKCH-
MyMa TeMIepaTyp - «may3bD», a IPOMEKYTOUHbIe obsactu - cdepnl. Tak, Tpo-
nornay3sa OTIeNsieT Tponocdepy oT crpaTocdepsl; cTparonaysa - crparochepy oT
Me30cdephl U T.J.

Hawnbonee nioTHBIN cliol BO3AyXa, MPUJICTAIONIUNA K 36MHOM MMOBEPXHOCTH,
HOCHT Ha3BaHue Tporochepsl. [IpoTsKEHHOCTH €€ M0 BHICOTE B CPETHUX IIHPO-
Tax cocranisietr 10 - 12 km Hax ypoBHEM Mops, Ha nostocax 7 - 10 kM, Haj HKBa-
TopoMm 16 - 18 kM. B Heil cocpenoToueHo 4eThipe MATHIX Beel Macchl aTMoche-
pel. Temneparypa B Tpornocdepe 1no BeicotTe yMeHbinaercss Ha 0,6°C Ha Kaxbie
100 m u xonebnercs ot +40°C no —50°C.

Jlanee temneparypa oT rpaHuubl 30 KM HaYMHAET MOBBIIIATHCSA U HA BBICOTE
50 km pocturaet +10°C (ctpaTomay3a). B me3ochepe cHOBa IPOUCXOAUT MOHU-
xenue temrepatypsl 10 180 K. Beiie mezocdeps! (001acTh TOHMKEHHBIX TEM-
nepaTtyp) pacmnojioxkeHa tepMmocdepa (vwim moHocdepa). 31ech CHOBa MPOUCXO-
JIUT MoTerieHue - Ha BbicoTe 150 kM Ttemnepatypa aocturaer 200 - 240°C, Ha
ypoHe 200 kM - 500°C, a na Beicote 500 - 600 kM npesbimaer 1500°C.
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PaccMmoTpeHHbli TeMnepaTypHblii cpe3 arMochepbl BO MHOTOM ONpeiesseT-
Csl XapaKTepOM XUMUYECKUX MPEBPALICHUM B 3TUX 00JIaCTIX.

B otnuume ot Temneparypsl, arMocepHoe JaBiIeHUE HEYKIOHHO YMEHbIIa-
ercs ¢ BbicoTOM. OCOOEHHO pe3Ko OHO MaJaeT B HUKHHUX BbICOTax. Takas oco-
OCHHOCTb OOBSICHSETCS CKUMAEMOCTBIO aTMOC(hEphI B OTIIMUUE OT THAPOCHEPHI:
Ha YpOBHE MOps JaBjieHHue cocTaBisieT 760 MM pTyTHOro croyiba, Ha BBICOTE
100 km P = 2,3-1073 MM pT. CT., a Ha BbicoTe 200 kM P = 1,0-1076 MM PT. CT.

7.1. CocTaB aTmocdepsl

ATtMocdepa npeacTaBiiseT co00i Ype3BbIYAMHO CIOXKHYIO0 cucTemy. Ee mpo-
HU3bIBaeT u3nydeHue ColHIa U UCIIyCKAaeMbI€ UM YaCTHIIBI BEICOKOM 3HEPruy, a
TaK)kKe KOCMHUYECKOE U3IIydeHHE. DTOT MOTOK IHEPTUU OKA3bIBAET 3aMETHOE XU-
MHUYECKOe Bo3jeicTBre Ha atMocdepy. Kpome Toro, mom Bo3aeiicTBHEM 3eMHO-
ro NPUTSDKEHUsT 00Jiee TSKENbIe aTOMbl U MOJIEKYJIBI OMYCKAIOTCS B HUKHIOKO
JacTb aTMOC(QEphI, a B BEpXHEH ee 4acTu ocTaloTcs Ooinee jerkue. B pesynbrare
cocTaB aTMOoc(epbl OKa3bIBAETCSl HEMOCTOSHHBIM.

CoctaB arMocdepbl B IPU3EMHOM CJI0€, HAPUMEP, COCTaB CYyXOro BO3IyXa
BOJIM3M YpPOBHS MOpsI 00JafaeT CIEIYIOUIMMHU XapaKTEPUCTUKAMU: MPUMEPHO
99% Bcero cocraBa NPUXOAUTCS HA JIOJIIO ABYXaTOMHBIX Ia30B a30Ta U KHUCIIO-
poza, a BCe OCTalbHOE, 32 MCKIIIOUEHHUEM YTJIEKUCIIOrO ras3a, - Ha JIOJI0 OJHO-
aTOMHBIX T'a30B (Tadm. 7.1).

Tabnuya 7.1
CocraB B0o31yXa B IPU3€MHOM cJI0€
Komnonent CopepxaHue B MOJIBHBIX % MomnsipHas Macca
A30T N, 78,04 28,013
Kucnopon O, 20,948 31,998
Apron Ar 0,934 29,948
Huokcun yrnepona CO, 0,033 44,009
Heon Ne 0,001818 20,183
I'enuit He 0,000524 4,003
Metan CHy 0,0002 16,043
Kpunron Kr 0,000114 83,800
Bonopon H, 0,00005 2,0159
Oxkcun azota (1) N,O 0,00005 44,013
Kcenon Xe 0,0000087 131,300

Ilpumeuanue. O30u O3, nuokcup cepol SO,, okcua azora NO,, ammuak NHj, ok-
cup yriepoaa CO npuCyTCTBYIOT B Kaue€CTBE IPUMECEH, U UX COAECPIKaHUE MOXKET Me-
HATHCS.
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XO0Ts Ha BEpXHUE 30HbI aTMOC(hEPhl MPUXOAUTCS JIMILb HEOObILIAs YacTh €€
Macchl, 3TU BEPXHUE CJIOM B 3HAYUTEIIBHOW MEPE OINPEIEISAIOT KU3Hb Ha IIO-
BepXHOCTH 3emiu. OHM 3alMINAIOT Hally IJIAHETY OT IMOTOKa JIydyed WU rpaja
YaCTHUIL] BBICOKUX dHEpPrui. B pe3ynprare Takoro BO3ACHCTBUSA MOJIEKYJIBI U aTO-
MBI TIOABEPraroTcs XuMudeckum mpespanienusm. Juddysnoe paznenenue (0o-
jiee TsKeNble BHU3Y, OoJiee JIeTKre HaBepXy) 3a AJIUTENbHBIA Mepruoj MPHUBENIO K
ToMy, uto Ha BbicoTe 500 - 1000 KM 3JIEMEHT Telinil CTAaHOBUTCS OCHOBHBIM
KOMITIOHEHTOM atMocgepsl. ['enueBas KopoHa 3eMild IPOCTUPAETCS MPUMEPHO
10 1600 kM, a Beime 2000 -3000 kM peobiiaaeT BOIOPO/I.

7.2. ®OTOAUCCOLHAIASA

CouiHLIe UCIYCKaeT 3HEPruI0 ¢ pa3HOW UIMHOM BOiHBI. KopoTkoBOIHOBOE
U3JIy4YeHHUE B yJIbTPadroIeTOBOW 00JACTH CIIEKTpa O0JIaJaeT BBICOKOM dHEpru-
eil, BbI3pIBarollell XxuMuueckue peakuuu. [Ipu srom sueprus ¢ortona (E = hv)
JOJIKHA OBITh I0CTAaTOYHA JJIs Pa3pblBa XMMUYECKOM CBSI3U B MOJIEKYJIE U UHU-
HUMUpoBaHus mpoiecca. Kpome TOro, Mojekysibl JOJKHBI MOriomars (poToH,
SHEPrus KOTOPOTO JIOJKHA MpeBpalaThCcs B Kakyro-1nbo unyto popmy. Ileppas
peakuus - (poroaucconnanus KUCIopoaa:

0,(r) +hv—>20 (). (1)

MakcumanbHast SHEpTHsi, KOTopas Heo0XoauMa IS TaKOTo MPEBPAICHHS,
paBHa 495 xJ[>x/Mosb. MOXHO BBIIIOJTHUTH HETPYAHBIN pacdeT (CM. HIDKE 3a/a-
4y) U OINpPEACNIUTh, KAKOBHI JOJKHBI OBITH V U A ITOr0 M3JIy4YeHHUA. A paBHA
242 uM. 3HauuT, JIFOO00M (HOTOH ¢ JJIMHOW BOJIHBI MeHee 242 HM MMEET J0CTa-
TOYHYIO SHEPTHIO JJI 3TOM peakiuu (4eM Kopoye A, TEM BBIIIE IHEPTHs).

3apaua. Kakas nnuna BoJHBI ()OTOHA COOTBETCTBYET MOJISIPHOW SHEPIUU
nucconuanuu cBs3u 495 kJIx/Moab?

Pewenue. CHavana BbIYUCIUM DHEPrUI0, HEOOXOIMMYIO JJIS pa3pbiBa CBSI3U
B OJJHOI MOJIEKYJIE.

B = E(moisipHast) _ 495000 dx - MOJIb — 229107 Jx

N MoJIb - 6,022 - 10 Moneky ’ MOJIEKyTIa
E
h

Haiinem wactoty xonebanus, 3Hasi, 4to sHeprus ¢orona E = hv; v =

8,22-107" JIx

= — =1,24-10" ¢,
6,625-107* I -
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BcnoMHMM, 94TO MPOU3BEICHUE YaCTOTHI U JUTMHBI BOJTHBI 3JICKTPOMArHUTHO-
C

r0 H3IydeHHs PaBHO CKOPOCTH cBera: vA = ¢ = 3,00-10° m/c; A = — =
L

~3,00-10°M/c-10° Hm
1,24-10¢™" - 1m

K namemy cuactpio, Monekyabsl O, MOraomaT OOJBUIYI0 YacTh KOPOTKO-
BOJIHOBOI'O M3JIYYEHHS C BBICOKON 3HEPIUeil, MPeXIe YEM OHO JIOCTUTHET HUXK-
Hell yactu atmocdepsl. [Ipu aToM 06pazyetcst aTomapHbiid kuciopos. Ha Beico-
tax okosio 400 kM nuccouuupoBaHo 99% MoJeKya KUCIOpo/a, Ha 0TI MoJe-
kyn O, npuxoautcs auuib 1%. Ha Beicote 130 km copepxkanue O, u O oguna-
K0BO. Ha MeHbIINX BBICOTaX COAEpKaHHE MOJEKYJSIPHOIO KUCIOpoAa Ooblie
TaKOBOI'O aTOMapHOTO.

DHeprus JUCCOLMALMKU MOJIEKYJIbI N, OUEHb BEJIMKa, 3HAYUT, pa3opBaTh MO-
JIEKyJy MOTYT TOJIBKO (POTOHBI C UPE3BBIYAMHO BBHICOKOW DHEPrUel U OUeHb Ma-
joit A. Takux OTOHOB HEMHOTO, Ja U MOJIEKYyJa a30Ta IJIOXO TMorjomaer $ho-
TOHBI, JaXKE €CJIM MX DHEPrusl OKaXeTCsl NOCTaTo4HOW. Bcenencreue 3toro aro-
MapHOro a30Ta 04Y€Hb MaJIO.

Domoouccouyuauyusn 600vt. KoHIIEGHTpaIIUsI TAPOB BOJIbI 3HAYUTEIbLHA BOJIH-
3W TIOBEPXHOCTH 3eMJId, HO OBICTPO yMeHbIaeTcs ¢ BeicoToi. Ha BoicoTe 30 kM
(ctpaTocdepa) cocTaBisieT TPU MOJIEKYJIBI HA MUJUTMOH MOJIEKyJ cmecu. OnHa-
KO, OKa3aBILKCh B BEPXHUX CJIOSIX, BOJIAa OJBEpraeTcs: (pOTOAUCCOIMALINN:

H,O (r) + hv —» H () + OH (1); (2)
OH (r) + hv - H (1) + O (7). 3)

=242 uMm.

®dotonucconnarus (ypaBHeHus 1-3) oCcylecTBISIETCS Yepe3 MPoLecC NOHU-
samuu. B 1924 romy ObUIO YCTaHOBJIEHO, YTO B BEPXHHUX CJIOSX aTMocdepbl
UMEIOTCSI CBOOOIHBIE AJIEKTPOHBI, a TI0 3aKOHY OanaHca 3apsiioB JOJIKHBI ObITh
U TIOJIOKUTENIBHO 3apshKeHHbIe HOHbI. OTKyza ke OepyTcs 3T MoHbI? B MeHb-
el Mepe OT BO3ACMCTBHUS 3JEKTPOHOB, mpuieTarouux oT CoJiHLa BMECTE C
COJIHEYHBIM BETPOM, a B OoJblIel Mepe - BeheAcTBue doTtonuccormanuu. [pu
BO3JICHCTBUM (POTOHA MOJIEKyJia MOXKET TOTJIOTUTh €ro, HE pacuIeIUIsisich Ha
atoMbl. [Ipu 3ToM (HOTOH BHIOMBAET W3 MOJIEKYJIBI JJIEKTPOH CaMOTO BEPXHETO
YPOBHS, U o0Opa3zyercss MOJICKYJISIpHBIM MOH. Takum ke 00pa3oM MOXKET MOJ-
BEPrHYTHCS HOHU3ALMU U HEUTPAIbHBIA aTOM.

DOTOHBI, BHI3bIBAIOIINE HOHU3AINIO, OTHOCSITCS K BBICOKOYACTOTHOM KOPOT-
KOBOJIHOBOM 00JIacTH B Tipeneniax yiabTpaduoiera. ITo U3IydeHUE HE TOXOIUT
JI0 IOBEPXHOCTH 3€MJIU, €r0 MOTJIOMIA0T BepXHUE ciou atMocdeps! (Tadm. 7.2).

Tabnuya 7.2

Peaxkuumn, npoucxoasinyue B BEPXHUX CJI0AX aTMOC(pepbl
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YpaBHEHHE peaKuu — AH nonm3anuu kJI>x/M0JIb Amax, HM
N, +hv >N, +e 1495 80,1
O,+hv—>0, +e 1205 99,3

O+hv—>0"+e 1313 91,2

NO+hv—>NO +e¢ 890 134,5

Heobxoaumo o0patuth BHUMaHUE HA TO, YTO BCE JAHHBIE PEAKIMHU 3K30-
TEPMUYECKHE.

7.3. Peakuun armoc(epHbIX HOHOB

OO6pazyronuecs: MOJEKYJISIPHbIE MOHBI 00J1a/Ial0T O4YeHb OOJIBIION peaKily-
OHHOM CIIOCOOHOCTBIO, OBICTPO PEarupyroT ¢ JHOOBIMU JPYTHUMH YACTHIIAMU TIPU
CTOJIKHOBEHHH, 3TH PEAKIUU TaKKE HOCAT HK30TepMUUYEeCcCKUid xapakTtep. Ho Tak
KaK MpU BBICOKOM Pa3psHKEHUM OTJa4a U30BITOYHOM HEPTUN MaJOBEpPOSITHA, TO
0osiee BeposiTHA peKOMOUHAIIMS HOHA C AJIEKTPOHOM, COMPOBOKIAIOMIASCS JMC-
COLMALIAEH:

N,+e 5N@+N(®T);
0, +e>0(M+0();
NO'+& 5 N(@+O().

Takue peakiMy Ha3bIBAIOTCS PEAKUUSIMH JUCCOLMATUBHOM PEKOMOMHAIIMH.
ATOMapHBI a30T B BEPXHHUX CIOAX aTMocepsl 00pa3yeTcs UCKIIOUUTENBHO B
pe3yibTaTe TaKOW peaKiivH.

Ilepenoc 3apaoa. Korna MONEKyJISIpHBIA MOH CTAJIKHUBAETCS C Kakou-I1nbo
HEUTPAIBHON YaCTULIEH, MEXIY HUMU MOXET MPOU30MTHU MEPEHOC AIEKTPOHA!
N," (r) + O, (1) > N, (1) + O, (). D10 Bo3moxkHO, eciu E (0,) < E,(N,), To
€CThb JHEpPrusi MOHM3AIMH MOJIEKYJNbI, TEepPSAIOMIEH SJIEKTPOH, JOKHA OBITH
MEHBIIIE PHEPTHUH MOJIEKYJIbl, MPUOOpETAIONIeH AJIEKTPOH (peakius I0JDKHA
OBITh PK30TEPMUYECKAs).

4 ;
O'(r)+0x(r) > O (r) + Oy (1);

4% s
0, (1) +NO (r) » O, (r) + NO" (1);

€
A-s— +
N2 (F) + NO (F) - N2 (I‘) + NO (F) .

PeaKHI/II/I IEpEHOCa 3apdaiaa uUrparorT 6OJII>H.Iy1-O pOJIb BO MHOTI'HX 001acTax
XUMUU, 0COOEHHO B OMOXUMHUH. PeaKHI/II/I IMEpEHOCa 3apsaaa HE COIIPOBOKIAAIOTCA
Pa3spbIBOM XUMHYCCKHUX CB}IBGP'I, OCYIICCTBIIACTCA TOJIBKO IIEPECHOC 3JICKTPOHA OT
OI[HOI71 JaCTHUuIlhbl K J:[pyroﬁ. Ho CYHICCTBYECT KJ1aCC peaKHI/Iﬁ B aTMOC(bepG, B XO0J€
KOTOPBbIX YaCTHUIbI 0OMEHHMBAIOTCSI aTOMaMHM:
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0" () +N, (1) » N (1) +NO" (r);
N, (M) +0 (@) ->N(@+NO (1).

OTU peaklH ABISAIOTCS IK30TEPMUUYECKUMU U TIPOTEKAIOT OYEHb JIETKO, IIPU
3ToM o6pasyercs MoeKyasapHblii HoH NO' (T). TTockonbKy SHEpPrHs HOHU3AIUN
NO camas HU3Kas U3 BCEX YACTHIL], HAXOAIINXCS B BEPXHUX CIIOSX aTMOCHEPHI,
1o NO' (T) He MOXKET HUYEM HEWTPAIM30BaThCA M OTOT MOH SBISETCS Mpeodia-
JAIIMKUM B JaHHOM oOmactu. Takum oOpazom, monekyibl Np, O, u NO ot-
(GUIBTPOBHIBAIOT OOJBIIYI0 YAaCTh OMACHOIO (KECTKOIo) YyJbTpaduoIeTOBOIO
U3JIy4eHus Ha BeIcOTE 0KOJI0 100 kM.

Ha Bricote Oonee 30 kM doToauccoruanus KUCIOpoja ocTaeTcs (peak-
uus 1). B mezocepe u ctparocdepe KOHIIEHTpaALMS MOJIEKYISIPHOTO KUCIOpOoaa
IPEBBIIAET KOHUEHTPAIMI0 aTOMapHOI0 KHCIOPOJa, MO3TOMY 00pa3yroluecs
aTOMBI YacTO CTaJKMBAIOTCS ¢ MoJieKyJaamMu O,, 4TO NPUBOJIUT K 0Opa30BaHUIO
030Ha:

O (r) + Oy(1) & 05 + 105 xJIx/MOIb.

Ota peakuys obpatnma u eciy dacTuia O; He OTIAeT M3OBITOYHYIO SHEp-
TUI0 TIpu cToiKkHOBeHUU ¢ apyroit (N, u O,), To Mojiekysa pacnajaercs. Yem Hu-
xe K 3emuie, TeM OoJiblie KOHIEeHTpauus razoB N, u O,, TeM yalie CTOJIKHOBE-
HUE W cTrabminzanus o30Ha. Ho omdaTh ke, 4eM HUXKe, TEM MEHbIIE TUCCOIra-
st O, Ha aTOMBI, TaK KaK OTQUIBTPOBAHO U3IIYYEHHUE C IJTMHOM BOJIHBI 242 HM.
MaxkcumainbHas CKOpOCTh 00pa3oBaHUs 030HA Ha BbicoTe 50 KM, Tak Kak Majo
aTOMOB KHMCJIOPOJIa U, CJIEJOBATENIbHO, MAJIO 030HA.

MouiekyJibl 030Ha caMl MOTYT HOTJIOIIATh U3JIyYEHHUE, U CUIIbHEE BCEro 030-
HOM TmoryionaroTcst GoToHbl ¢ JIHOM BOHBI 200 - 310 HM, YTO OYEHb BAXKHO
JUIsL HAac. DTO U3JIyYeHHe APYTMMH YacTHIIAMH HE MOTJIOIIAETCS B TOM Mepe, Kak
030HOM. [Ipu TakOoM H3IIydeHUH BCE KUBOE HE MOXKET CYyIIECTBOBaTh. «(O30HO-
BBII IIUT» UTPAET BAXKHYIO POJIb B COXPAHEHUU KU3HU Ha 3eMIIe.

O060011IeHHBIN MPOoLIeCC MUKINYECKOr0 00pa30BaHus U Pa3JIOKEHUS 030HA:

O,(r)+hv—>0(()+0(r);

0, (r) +O (r) + M () - O; (r) + M’ (T) + BblAe/ICHHE TeILIA ;

O;(r)+hv—>0,(r) +O(r);

O()+0(r)+M(r) > 0, (r) + M (r) + BblaeeHNe Tema .
M’ - mo0ast 4acTHIA B CTOIKHOBCHHIL.

PesynbraTom gaHHOTO Mpolecca sSBIsSETCs MpeBpanieHue yiabTpadruoieToBo-
ro usnydenusi CoJiHIIa B TEIJIOBYIO 3Hepruto. O30HOBBIM LMK OOecreurnBaeT
MOBBIIIEHUE TeMIIepaTyphl B cTpaTocdepe (puc. 7.1). B aToT 1uKiI BOBIEKaIOTCS
MHOTHE XUMHUUYECKHE PEAKIIUU; OOIIMM PE3yJIbTaTOM SBIISETCS PA3IOKEHUE 030-
Ha, HapUMep:

O3(I‘) + NO(F) - NOg(F) + Oz(F)
NO,(r) + O(r) = NO(T) + Oy(T)
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O3(r) + O(r) > 2 Oy(r)

NO sBngercss karanuzatopom Impouecca. Korma B 3TOT UK BTOPraroTCA
JOTIOJTHUTENbHBIE MOPLMH OKCHAA a30Ta, 3HAYUTEIbHO YMEHBLIAETCS KOHIEH-
Tpaius 030Ha. Tak, IpH MOJEeTe CBEPX3BYKOBBIX CAMOJIETOB B JABUTATENSAX J10C-
TUTAETCsl Takas BBICOKAas TEMIEpaTypa, YTO CTAHOBUTCS BO3MOYKHOM peaKIus:
N, (1) +O; (r) —» 2 NO (1), B pe3yabTare KOTOPOM OKCHJI a30Ta BEIOpAaChIBAETCS
B cTparocepy, CyIIECTBEHHO CHHMKasi KOHLIEHTPALIUIO 030Ha.

Pa3pymienue o30Ha 00yCIOBIEHO TaK)Ke BIMSIHUEM (PTOPXJIOPMETAHOB:

CF,Cly_4 (r)*+ hv —» CF,Cl; « (r)+ CI(r), A = 190 — 225 =M.

3a atum craeayer paznoxkenue CF,Cl; x u T.1. Pacuerbl mokas3bpIBaloT, 4TO

CKOpPOCTh 00pa30BaHUsI aTOMApHOTO XJIOpa MakcUMaiibHa Ha BbicoTe 30 KMm.
CI(r) + O3 (r)> CIO(1) + O, (T) (pa3pyuieHue 030Ha)

Oxkcup xiopa, pearupysi ¢ aTOMapHbIM KHCIOPOJOM, BHOBb Ja€T aTOMAapHBIH
xjop: CIO (1) + O (r) — Cl (r)+ O4(1); caosa CI(r) + O; (r)— CIO(1) + O, (1)...
OOpBIB LIETIH MOKET MPOUCXOIUTH MPHU B3aUMOACHCTBUU XJIOpa C MOJEKYJIaMH
BOJOPO/Aa, METaHa, BOJAbI, IEPOKCHAA BOJIOpoJa. B muTore mmeeM cymMMapHyIo
peakiuto: O (1) + O3 (1) - 2 O,(1).

®peoHbl 0OYEHb XOPOULIO COXPAHSIIOTCSA B aTMocdepe, MI0X0 PacTBOPUMEBI B
BOJI€, HE TOPSAT, UMEIOT HU3KUE TEMIIEpaTyphbl KUIIEHHSI, TO3TOMY XOPOILIO UCHa-
pstoTcst Ha Bo3ayxe. M3 Tponocdepsl yacTh GpeoHOB MOKET YXOJUTh C BOAOH U,
HE THJIPOJIU3YSICh, CKAIUIMBATHCS B OKEaHE, KOTOPBI CTAHOBUTCSA CBOEOOPA3HBIM
pe3epByapoM (PpeoHOB.

[TOoCTOSSHHO BO3HMKAIONIMN M Pa3pyLIAIOIIMICS CIOKW 030HA BBI3BIBACT SIBJIC-
HUE, Ha3BaHHOE «O30HHBIM J0XAeM». KoHIeHTpalus 030Ha J10JKHA ObITh MaK-
cuMaibHOM Ha BbicoTe 25 — 30 kM. B atMocdepe ¢ yBennmueHneM BbICOTbI KOH-
LEHTpAalLMs 030Ha yObIBAET M3-3a KOHIIEHTPALUU TPETHUX YACTHI] U KUCIOPOJA.
Pa3pymienure o30Ha B OCHOBHOM OOYyCJIOBIMBAET a30THBIN LIUKII, aHTPOIIOTE€HHOE
3arpsi3HeHHe aTMOC(hephI:

e Snepusie B3phIBBL. Pazorpes no 6000 K u OvicTpoe oxnaxkaeHue (3amopa-
xuBanne NO). 1 Mt nipu B3peiBe aaet ot 1000 no 12000 TOHH OKCHIOB a30Ta
(2,5-10°* momexyu).

e CBepx3BykoBble camoneTsl (18 r NO Ha 1 kr TormBa). 1 MJIH TOHH OKCH-
JIOB a30Ta B T'OJ1 BBIOPACKHIBAIOT IBUTaTeNId CBEPX3BYKOBBIX CAMOJIETOB.

e licnonb30BaHne MUHEPANTBbHBIX a30THBIX YA0OpPEHUH.

e CxuraHue TOIUIMBA JaeT JI0 3 MJIH TOHH OKCHJIOB a30Ta B I'OJI.

B xumun n poroxumun atMochepsl y4acTBYIOT ISITh OCHOBHBIX a30TCOJIEP-
xanux razoB: Ny, NH;, NO, NO,, N,0O. B konaesacupoBanHoit ¢aze a3or npu-
cyTcTByeT B (hopMe moHa ammonus (NH,') m mutpatHOro mona (NO;'). Bos-
MOYKHBIE€ B3AUMOJEHUCTBUSI MOKHO ONUCATH CIEAYIOIIEH CXEMOM:
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2NO+02—)2N02,

NO; +hv—>NO+0O;
0+0,+M->50O;+M;
O3+NO—)N02+02;
O+N02—)NO+02;
O+N02+M—>NO3+M;
NO3+NO—)2N02,
N02+O3—)NO3+02;
O+NO+M - NO,+M;
NO3+N02+M—)N205+M,

riae M - TpeThbe BEIeCTBO, MPUHUMAROIIee N30BITOK dHepruun. L{ukm B3anmoeii-
CTBUI Ha OCHOBE COSMHEHUI a30Ta B Tpormocdepe JAOMOITHICTCS 00pa3oBaHUEM
azotHoul kucnotel: 4 NO, + 2 H,O + O, -» 4 HNO; wim no peakuuu AUCIPO-
nopuuronupoBanus 3 NO, + H,O < 2 HNO; + NO.

ATOMapHBIA KUCIOPO U 030H CITOCOOHBI BCTYIIATh B PEAKIIUU C PA3TUIHbI-
MU OpPraHUYECKUMH BEIICCTBAMH, B PE3YyJIbTaTE YEro IMOJIYYArOTCS CBOOOIHBIC
pagukansl. Tak, 11 01epUHOB BO3MOXKHA CIICTYIOIIAs PEeaKITUs:

0; + R-CH=CH-R - RCHO + RO" + HCO",

rae RO" u HCO" - cBo6omHbIE pagukanbl. OOpa3yromuiicss anbaeru RCH9
MOeT noaseprarbes Goroauccounanuu no peakuuu: RCHO + hv - R+ HCO .
Kpome anpnerufioB OTOXMMHUYECKH AKTUBHBI TAaK)Ke KETOHBI, TMEPOKCHUIBI H
AIMUTHATPATHI, KOTOPBIC IO BO3JACHCTBHEM COJTHEYHOM pagvaliiy Takxke oopa-
3YIOT CBOOOIHBIE paguKkaiibl. [locnemayronias 1enb B3auMoIeUCTBUN MOXKET OBIThH
MPEJICTABIIEHA CXEMOW, I'1IE ROO" - MEPOKCUIHBIA paaUKaI:

ROO" +NO - NO, +RO’;

ROO" + 0, »0;+RO";

RCO", + NO - NO, + RCO";

RCO™ + 0, » RCO';;

RCO’; + 0, - CO, + RO5 ;

RCO 3+ NOZ - RC03N02 )

RO™+NO — RONO ;

RH+RO"—>ROH +R’;

RH +0O—-OH +R .

Ota 1enb NpeBpalleHuid C y4acTUeM CBOOOJHBIX PAJMKAJIOB SIBJSETCS OCHO-
BOU /11 00pa30BaHMsI CMOTa, COACPIKAIIECTO aCCOIUAIMHA MOJICKYJT aJibJIECTHIOB,
KETOHOB, OKCUIAHTOB U COEAMHEHUH THMa nepokcuanetuaautparos (ITAH).

[IepoxcuaneTunHuTpar: O

|
CH; — C—- 0O — O — NO; - 370 ra3, cCuibHO pa3jpa-
KAIOLUN CIU3UCTYI0 00O0JIOUKY TJIa3 M OTPULIATEIBHO JACHCTBYIOIIMI Ha accu-
MUJISIIMOHHBIN armapaT pacTeHUH.
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JIlpyrum BeIecTBOM, TaKKe CHIIHHOICHCTBYIONIUM Ha CIU3UCTYIO 00O0JIOUKY
rja3, MOPUCYTCTBYIOIIMUM B cMmore, sBisercs mnepokcudenzonnurpar (I1IbH),
MMEIONIUH CIeAYIONIYI0 CTPYKTYypy: O

|
CeHs —C—-0 -0 —-NO:..

AHTpOIIOTeHHAas JIEATeIbHOCTh U BYJIKAHUYECKUE W3BEPKEHUS MPUBOIAT K
HakorieHuto B atmocdepe SO,. doroauccoruanus JMOKCHaIa Cepbl HEBO3MOXK-
Ha, TaK KaK JIJIMHA BOJIH, KOTOPBIE JOCTUTAIOT HIXKHUX CJIOEB aTMOC(ephl, Te
npoucXoauT HakormieHue SO,, CIMIIKOM BEJIHMKa, KECTKOE KOPOTKOBOJIHOBOE
u3nydeHue yxe orduibtpoBano. Ognako poroaucconuanus NO, u kuciopoaa
JaeT Ha JaHHOM BBICOTE JIOCTATOYHOE KOJUYECTBO aTOMAPHOrO KHUCIOpPOAa U
030Ha (CM. BBIIIE) U TOrAa Bo3MoxkeH mnporecc: SO, + O + M — SO; + M. D¢-
(EeKTUBHOCTb ATOM peaklMy BO3pacTaeT MO MEpPE YBEJIUUYEHUSI OTHOIIECHUS KOH-
nentpauun SO, k koHueHTpauu NO,. Okucnenuto SO, 10 SO3; MoryT crnoco6-
CTBOBATh CJI€JIbl METAJVIOB, MPOSBISIONINX KaTaIUTUYECKOE JCHCTBUE Ha JaH-
HYIO peakiuio (HampuMmep, Mapranen). Coenussisicb ¢ Bojoi, okcus cepol (VI)
00pasyeT CepHyI0 KHCIOTY, KOTopas ¢ MeTannamu niu ammonreM (NH,') maer
CyJb(aThl.

NwmeeTcst MHEHUE, YTO AUOKCHU]] CEPBI CYIIECTBYET B aTMOCc(hepe OT HECKOJIb-
KHX 4acCOB J0 HECKOJIbKUX JAHEH B 3aBUCUMOCTHU OT BJIAXKHOCTH U JPYTUX YCIIO-
Buil. OIHAKO YCTAaHOBJIEHO, YTO CEPHUCTHIN ra3, MOCTyMaIuil B aTMochepy C
U3BEPKEHUEM BYJIKAHOB, JTAET CEPHYIO KUCIOTY, IUPKYJIUPYIOIIYIO BOKPYT 3eM-
JM B cTparocepe cpokoM 10 roja u dozee. Tak, BclieCTBUE U3BEPKEHUS BYJI-
kaHa Onb-YndoH Ha tore Mekcuku 28 mapra 1982 roma, 3eMHOM 1map omnosican
«SI3BIK» CTPATOC(PEPHOro a’pO30JILHOTO 00JIaKa, CoAep KAIINi KaneJIbKu CEPHOM
KUCHOTHI pazmMepoM oT 0,04 mxm 10 1,4 MKM, TOTOBBIX BBINIACTh B BUJAE CEPHO-
KHUCJIOTO JOXJs. Yepe3 mMecsll mociie u3BepKeHust B cTpaTocdepe myTelecTBO-
BaJIO Mo4TH 20 MJIH. TOHH a3p030Jisi CEpHOM KHUCIOTHI. Jlaxe depe3 roj mocie
u3BepKeHus B anpene 1983 romga okoiao 8 MIIH. TOHH CEpHOM KHCIIOTHI €IIe Ha-
XOJIMJIOCh Ha OKOJIO3€MHOM opOuTe.

[lepenocy nuokcuia cepsl Ha JaJIbHUE PACCTOSIHUSA CIOCOOCTBYET CTpPOM-
TEIHCTBO BBHICOKUX JABIMOBBIX TPYO. ITO BO3MOXKHO M CHIIKAET CTEIEHb JIOKAJh-
HOTO 3arpsi3HEHUs, HO YBEJIMYMBAET BpeMs npeObiBanus SO, B BO3AYIIHON cpe-
JIe ¥ CTETICHb €T0 MPEBPAIEHUS B CEPHYIO KUCTOTY U cyibdarel. Takum obpa-
30M, CEpHUCTHIN ra3 B COUETAHWHU C MapaMH BOABI (TyMaH) SIBJISETCS TJIaBHBIM
KOMIIOHEHTOM TaK Ha3bIBAEMOI'0 CEPHUCTOr0 CMOTa (CMOT JIOHJOHCKOTO THUIIA).

Kucnomnuwvie 0oxncou. B pe3ynbTaTe aHTPONOTEHHOTO 3arpsi3HEHUS aTMO-
chepsl CEPHUCTHIM Ta30M U OKCHJIAMH a30Ta MPOUCXOIUT, KaK MOKAa3aHO BHIIIIE,
o0pa3oBaHME CEpPHOM M a30THOM KHCIOT, BHINAJAIONIMX Ha 3E€MIII0 BMECTE C
ocankamu. KHCIOTHOCTh OOBIYHOM MTOKIEBOW BOJBI 3a CUYET YACTUYHOTO pac-
TBOPEHHUSI BO BJare yriekucioro rasa pasHa 5,6: pH = 5,6. Ho usBectHsl cirydan
BBITNIQJICHUS] KUCIBIX Aoxiaenr ¢ pH = 2,3 (kucioTHOCTh TUMOHHOTO coka!). Ta-
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KM€ OCaJKh HAHOCAT CYIICCTBEHHBIN ymepO KadyecTBY BOABI B IPUPOIHBIX BO-
J0eMax, Ka4eCTBY IOYBBI, IPUBOAAT K Pa3pyIICHUIO U3ACIUN U3 METAJLIOB, ap-
XUTEKTYPHBIX COOPYKEHUH, MpaMopa 1 OeToHa.

ExxeroaHo ¢ ocajikaMy BBINAIal0T MUJUIMOHBI TOHH KHCIIOT, YTO BEJIET K pa-
JTUKATLHOMY M3MEHEHHUIO XMUMHUH TPUPOAHON cpebl. YacTuipl cynbhaToB pas-
mepom 0,1 - 1 MKM, IPUCYTCTBYIONIUE B aTMOC(EpPE, paCCEUBAIOT CBET, YXY/IIIas
BUJIMMOCTh, YTO OTPHIIATEIILHO BO3JICHCTBYET HAa OpPraHW3M 4YelloBeka. B ycio-
BUSIX TTOBBIIIICHHOW BJIQKHOCTH M TUTPOCKOIMMYHOCTH HEKOTOPBIX CYJIb(aToB:
(NH4),SO,4, NH;HSO, — paccenBanue cBeTa BO3pacTaer.

7.4. UCTOYHUKHM 3arpsA3HEHUs] aTMOC(ephI

CyuiecTtByeTt /1Ba Bua 3arpsi3HEHUN aTMOC(ephl: €CTECTBEHHOE M HCKYCCT-
BEHHOE, KaXXIbli OOYCIIOBJIEH COOTBETCTBYIOUIMMH HCTOYHHKamu (puc. 7.1).
HcTouyHMKHM 3arps3HeHHs] aTMOC(epbl pa3invaroTcsl TakKe MO0 MOIIHOCTH BbI-
Opoca (MOIIHbBIE, KPYIIHBIE, MEIIKHE), BRICOTE BhIOpOCa (HU3KHUE, CPETHEHN BHICO-
Thl U BBICOKHE), TEMIIEPATYPE BBIXOASIINX Ta30B (HArpeThIe U XOJOIHbIE).

JUIsl TOATOTOBKM MCXOJHBIX JAHHBIX JUIS pacyeTa MpeaesbHO JOIYCTUMBIX
BbIOpocoB (I1/IB) mpeanpusitus ans KaXXA0ro MCTOYHUKA MO KaKIOMY IMOKa3a-
TeNno TpedyeTcs kinaccuuKanus He TOJIbKO UCTOUYHUKOB 3arpsi3HEHHM, HO Tak-
XKe Kiaccu(uKanus U XapakTepUCTUKa BBIOPOCOB, CTENIEHb U3YYEHHOCTH U YUYET
B pacuerax. [Ipy 3TOM y4UTBIBalOT OpraHW30BaHHbIE, HEOPraHW30BAHHBIE U pac-
npezeieHHbIe BEIOPOCHI (puc. 7.2).

EcrectBenHoe < 3arpsi3HEHHE BO3/lyXa »  HckyccTtBeHHOE
[
Bnezemnoe (kocmuue- ' !
CKasl IbLIb) [Ipoune PannoaktuBHOE
3emMHOE
aToMHble || | SKCIUTyaTanus
! ! B3PBIBBI peakTopa
KOHTHUHEHTAJIbHOE MOPCKO€E
aBapuu [ | ypaHOBas a
/| BbIBETpHUBaHNE p yp Py
L, ADC
HEOPraHUYECKOE N
BYJIKQHU3M
y moOpya [
acTeHUs
L) 1 P nepepaboTka [*|
OpraHHyYecKoe
\ JKUBOTHBIE
TPaHCIIOPTH- ||
) JbIM pOBKa
,| pacuiernieHHbII
NPOMBILIJIEHHOCTh [* [ |  JKHAJIHILA matepual 4o
PR N ,| HEpacCILIEeIIICHHbII
C)KMraHue “— " TpaHCHOpT g
Martepual

_’| OBITOBOE | _’| IbLUTE



Puc. 7.1. UcTtounuku 3arps3HeHUsT aTMOC(hEphI
(no I'. B. Crangnunkomy u A. U. Pogronosy, 1988)

OpranuzoBaHHbIE BBHIOPOCHI OOBIUHO MPOU3BOASATCS U3 CTAIIMOHAPHBIX HC-
TOoYHUKOB. VX XapakTepusyer Oosbiias Beicota TpyO (50—100 M), a Takke 3Ha-
YUTEJIbHBIE KOHIIEHTpAluu U 00bembl. HeopranusoBanHbie BHIOPOCHI MPOSIBIIS-
I0TCS B BUJE MOCTYIUICHHA TOKCUKAHTOB B aTMoc(epy W3 MPOM3BOJCTBEHHBIX
nomenieHu npeanpustuid. KoHueHTpauuss u o0beM 3arps3HSIONIMX BEIECTB
MEHbIIIE, BbICOTa BhIOpOca HeOombinas. PacnpeneneHHbie BHIOPOCH! CBSI3aHbI B
OCHOBHOM C TPAHCIIOPTOM, a TaKke ¢ 00pabOTKON CEeNbCKOXO03IMCTBEHHBIX TEP-
PUTOPUI ITOXUMHUKATAMM.

Haubonee pacnpoctpaHeHHble BBIOPOCHI MPOMBIIIJIEHHOCTH - 30J1a, TMbLIb,
OKCH/JI ITUHKA, CEPHUCTBINA aHTUAPHUJI, CEPOBOJIOPO/I, MEPKAIITAH, albIAETUIBI, YT-
JIEBOJOPOJbI, CMOJBL, OKCUJl U JUOKCH]I a30Ta, AMMHUAK, 030H, OKCUJ U THOKCHUJ]
yriepojia, GTOPUCTHIM BOJOPO, XJIOPUCTHIM BOJOPOA, KpEeMHE(PTOPUCTHIA Ha-
TpUM, paMoaKTUBHBIC a3l U a3po3oiu (o I'.B. HoBukosoit u A. 4. Jlynape-
BoH, 1978).
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a’panoHHbIC (POHAPHU, TOYCUHBIC
HMCTOYHUKH, PACIIOTIOKEHHbIC Ha
paccrossaun MeHee 200 MeTpoB.

ABapUHHBIC TIPOJIMBEI.

XAPAKTEPUCTUKA BbBIBPOCOB

v
Husknue:

B 30HE a3POJMHAMUYECKON TEHU.
Bbicokue:
(bUKCUPOBaHBI KOOPIUHATHI,
W3BECTHBI Pa3MEpPBI;
ONPEAECIECHHBIA, OTHOCUTEIBHO
ITOCTOSTHHBIN 00BEM U COCTaB.

v

HazemHble, IJIOCKOCTHBIE;
M3BECTHBI KOOPAUHATHI

YETKUX TPAHUIL; ONPEICIICHHBIM,
HO HETIOCTOSHHBINA
00BEM U COCTAB.

CTENEHDb UBYYEHHOCTHU U YUYET B PACYUETAX

v

N3y4eHbl MOMHO; YYUTHIBAET
BKJIJI K&KJ0TO UCTOYHHKA JIJIsI
_,| 11000} TOYKHM IPOCTPAHCTBA;

HMMEIOTCSl YTBEPKICHHBIE
nporpamMmel pacdyera Ha DBM;

v

N3y4densl HEIOCTATOYHO;
YUHUTBIBAIOTCS PUOIU3UTENBHO;
HET YTBEPKACHHBIX IPOTPaMM;
pacyeTsl HEIOCTaTOYHO HAJIE)KHBI.

¥ pa3Mepsbl IPU OTCYTCTBUH [ |

pacuCThl JOCTATOYHO HAACIKHBI.

Puc. 7.2. Knaccudukaius uCTOYHUKOB, BBIOPOCOB M CTEIICHU
M3YYEHHOCTHU 3arps3HSAIONINX BEUIECTB
Macca 3arps3HsI0IMKUX BEIIECTB B TOJI, OCTYIAIIINX B aTMOc(epy U3 ecTe-
CTBEHHBIX U UCKYCCTBEHHBIX HCTOYHUKOB, MPEJICTaBICHA B TabmuIe 7. 3.

Tabnuya 7.3

Macca 3arpsi3HSIIOIIUX BellleCTB, BLIOpachbiBaeMbIX B aTMocdepy
(tronn/roa, no nanusiMm FOHECKO, 1996)

BemectBo EcrecTtBennsbie AHTpOIIOT€HHbIE
MOCTYTUICHUS BEIOPOCHI
Oxcun yraepoga (II) - CO — 3,5-10°
Oxcuz cepsl (IV) - SO, 1,4:10° 1,45-10°
Oxcuapl azota (II) -NO 1,4:10° (1,50-2,00)-10’

Anpo3omb (TBep/Ible BEIIeCTBA) (7,70-22,00)-10" | (9,60-26,00)-10"

DpeoHbl, NOJIUXJIOPBUHUIOBBIE BELIECTBA — 2,00-10°
O30t - O; 2,00-10’ -

YII1eBOIOPOIBI 1,00-10° 1,00-10°
Caunen - Pb - 2,00-10°
PryTs - Hg - 5,00-10°

Kak cBumeTenbCcTBYIOT JaHHBIE TaOnHIbl 7.3, aHTPONOTeHHOE (MCKYCCTBEH-
HO€) 3arpsi3HeHHe aTMoc(epbl NpeodiajaeT Hall €eCTECTBEHHBIM, TpU 3TOM 37%
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3arpsA3HEHUNA JAeT aBTOTpaHCHopT, 32% - MpOMBILUIEHHOCTh U 31% - mpoune
UCTOYHHKH.

CpaBHUTENBHO HEAABHO MOSIBUIMCH JaHHBIE MO 3arpsA3HEHUIO0 aTMOc(hepsl
Haja TeppuTopueil Poccun B cpaBHEHHMH ¢ TTI00aTbHBIMU BBIOPOCAMU M OTAEIB-
HBIMM 3anajHoeBponeiickumu ctpanamu (Janunos-lanunesn B.W. u ap., 1994).
Tak, B 1990 rony B Mmupe B armocepy BbiOpackiBanock 0osiee 400 MIIH. TOHH
YeThIpEX IJ1aBHBIX 3arps3HuTenei (Tadi. 7.4).

Tabnuya 7.4

Bei0pocsl B atmocepy riaBHbix 3arpsisuurtesieit B mupe (1990 r.)
u B Poccum (1991 r.)

BemecTBa, MiIH TOHH Huokcun | Okcuael | Oxeuasl | TBepapie | Bceero
Cepbl a3oTa |yriaepoja| 4acTHIb
['moGanbHBIN BRIOPOC 99 68 177 57 401
Poccust (TonbpKko cTanioHapHbIe
HMCTOYHUKH ) 9,2 3 7,6 6,4 26,2
Poccus (¢ yyeTom Bcex UCTOU-
HUKOB), % 12 5,8 5,6 12,2 13,2

Kax BunHo u3 tabmuiel, Poccus He sIBIsIeTCS] OCHOBHBIM MOCTaBIIUKOM 3THX
BelecTB B arMocdepy. [1o cpaBHEeHUIO ¢ ApyruMu CTpaHaMM €€ BKJIaJl COCTaB-
asieT: mo nuokcuny cepol - 12% (CILIA - 21%), okcuaam azora - okoyio 6%
(CLIA - 20%) u T. 1.

B Poccuu coctaBieH paHXUpOBAaHHBIA MepedeHb ropojoB (Ha 1991 r.) mo
KOJIMYECTBY BBIOPOCOB 3arpsA3HSAIOIINX BEIIECTB B aTMOC(EPY OT CTAMOHAPHBIX
UCTOYHUKOB. CIUCOK BO3ruaBisgeT Hopuiibek, rie e€KeroHO MPOMBIIIJIEHHBIE
MPEANPUATHS BHIOPACHIBAIOT B aTMOC(EpPy OKOJIO 2,5 MJIH. TOHH BPEIHBIX Be-
HIECTB, YTO cocTaBisieT 8% Bcex BbIOpocoB B Poccuu. Jlasee 3akoHOMEpPHO clie-
IOyIOT Haubojiee KpYINHbIEe MpOoMbIIUIeHHbIE HeHTpbl (Maruutoropck, Yepemno-
Bell, Huxuuii Tarun u 1.1.). OquHHaaaToe MECTo Mo BhIOpocaM 3aHuMaeT Mo-
ckBa (0koi0 800 Thic. TOHH). OgHAKO B MOCIEIHHUE TOJIBl BO MHOTMX TOpoAax
Poccun HECKONBKO yIyUYIIMIIMCHh 3KOJIOTMUECKHE IMOKAa3aTesid, B OCHOBHOM 3a
CYeT craja IIPOU3BOACTBA U MPOCTOEB NMpeanpusaThHil. KOHTpoib 3a 3arps3HeHu-
emM atMocdepsl BeaeTcs B 334 ropojiax M 0XBaThIBAET BCE TOPO/A C HACEICHUEM
6osee 100 ThIC. YETOBEK U C KPYIHBIMU MTPOMBIIIUICHHBIMU TIPEATNPUATUSIMH.

8. IKOJIOI'MYECKAA XUMUA T HAPOCDEPHI

T'uopocgeponi nazviearom npepwvieucmyio 600HyI0 000104Ky 3emau, pac-
NONONCEHHYIO MeXHCOy amMochepoii u 3eMHOU KOPOUl u npeocmasiaiouyro
C000ii COB0OKYNHOCHb OKEaH08, Mopell U 600HbIX 00beKmoe cyuwiu (peku, o3e-
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pa, 6000xXpanuaua, 6010ma, OO3EMHbIE 8600bl), BKII0UASA CKONJIEHUA 800bl 6
meepooil ¢haze (cuedxcuvlii nokpos, neonuxu). Oxean 3anumaer 71% noBepx-
HOCTH 3eMJIH, €ro cpeamsis ryouna 4 kM, Macca Bogsl 1,5-10'® 1. 3amacer Bombl
B ruapocdepe cocTaisoT mouty 1,5 muaps. kM ° (tab. 8.1).

Tabnuya 8.1
3anacel Boabl B rugpocdepe 3emiin
Yacte ruapochepsl OGBeM BOJIBL, THIC. KM® | OGBeM Bozbl B % 06mIero
oO0BbeMa
Oxkean 1370323 94,201
ITonzemHEbIe BOOBI 60 000 4,42
B ToMm uncne 30HbI ak-
THBHOT'O BOJOOOMEHA 4 000 0,27
Jleqnuku 24 000 1,65
Ozepa 230 0,016
ITouBennas Bnara 75 0,005
[Tapst aTmochepsl 14 0,001
Peunrnie BobI 1,2 0,0001

W3 npuBeIeHHBIX TaHHBIX BUJIHO, YTO 3amachl COJIEHOW BOJIbI KOJIOCCAIBHEI, a
NPECHOM BOABI OYEHb Majbl M COCTABIISIOT JIMIIL OKOJIO 3% o0uiero oobema Boj
cyum. Kpome Toro, 3HaunTeNnbHas 4acTh MPECHON BOABI MPAKTHUECKU HE UCTIONb-
3yeTCs M3-3a CBOEUM HEJOCTYMHOCTH - BOJIbI JICIHUKOB M OCHOBHOM YaCTH MO/A3EM-
HBIX BOJA. B Hacrosimiee Bpemsi 00beM TPUTOTHBIX JJIsI UCMIOIB30BAHUS TIPECHBIX
Boj coctasisier 0,3% ofiero 3amnaca ruapocdeps! (IPEMEPHO 4 MITH. KM).

Bona B atmMocdepe - 3To riaaBHEIM 00pa3oM BOASHOW Map M €ro KOHACHCAT
(KarenbKu BOJBI U JICJISIHBIE KPUCTAILIBI).

buonozuueckan 60da - 3mo 600a, cooepicamianca 6 HeUugvblx OpeaAHUIMAX U
pacmenusnx, 6 KOmopwix 6 cpeoHem ee naxooumcs 80%. O01Iast Mmacca )XUBOTO
BemecTBa 6nocdepnl okojo 1400 MiIp. TOHH, COOTBETCTBEHHO Macca OMOJIOTH-
qeckoit Bogbl coctapisier 1120 mups. TouH, wm 1120 k.

Bona - 3T0 egMHCTBEHHOE BELIECTBO HA 3eMJle, CYIIECTBYIOIIEE B IPUPOJIE
BO BCEX TPEX arperaTHbhIX COCTOSHUSX: KHUIKOM, TBEPJIOM U razooOpaznoM. [lox
JIEHCTBUEM COJTHEUHOTO TeIljla BOJAA MCHApSAETCS U3 €CTECTBEHHBIX BOJIOEMOB U
BOJIOTOKOB - OK€aHOB, MOPEH, PeK, a Tak)Ke MmouBbl. BoasHo# nap, Oyaydu jierde
BO3]lyXa, MOJJHUMAETCS B BEPXHUE CIION aTMOC(EPhl U KOHIACHCUPYETCS B METIb-
yaifinmue kanenbku, oOpaszys obnaka. 13 o0rmakoB Boja BO3BpaliaeTcs Ha 3eM-
HYIO MOBEPXHOCTh B BUJE aTMOC(HEpHBIX OCAJKOB - JOXJeH W cHera. Brima-
Jaromiasi Bojia MOCTyIMaeT HEMOCPECTBEHHO B BOJIHBIE OOBEKTHI, a TaKKe COOu-
paeTcsi B BEPXHUX CIIOSX TOYBBI, 00pa3ysi MOBEPXHOCTHBIE U TPYHTOBBIE BOJBI,
KOTOpBIE, COTIPUKACASICh C MUHEPATLHBIMU U OPTaHMYECKHUMH BEIECTBAMU, Yac-
TUYHO PACTBOPSIOT UX, HOPMUPYS XUMUYECKUN COCTAB MPUPOIHBIX BO/I.
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«ITapHuKOBBIA 3PPeKT», TPUBOAIIINNA K HAPYLIEHUIO TEIUIOBOTO OaaHca
3emuid, crIOCOOEH MOBBICUTH TEMIEPATYPY 3€MHOUM moBepxHOocTH. Jlrobas yerno-
BeUuecKasi JAesTeIbHOCTh, KOTOpasi CIOCOOCTBYET MAPHUKOBOMY 3(P(DEKTY U Mpo-
UCXOJSUIUM HM3MEHEHUsIM KIuMaTa, MO-BUAMMOMY, BJIMSET M Ha TII00aIbHBIM
KpyroBopoT Bojsl. [Ipeanonaraemoe noBbIILIEHUE YPOBHS MOPSL HE TOJBKO CO3-
JaeT npoOJeMy 3alUThl MPUOPEKHBIX PaliOHOB OT 3aTOIJIEHUS, HO MOXET IMpH-
BECTHU K 3arpsi3HEHUIO BOJHBIX PECYpPCOB (IIPU 3aTOMIEHUH XUMHUYECKUX MPOU3-
BOJICTB, CKJIaJIOB SIZIOBUTHIX BEILECTB, CBAJIOK TOKCUYECKHX OTXOJOB U T.1.),
TAKXKE€ YBEJIMYEHHUIO JIOJIU COJIEHOW BOJBI IO OTHOUIEHHIO K MPECHOM Bojie. B pe-
3yJbTaTe MOTEIUVIEHUS KJIMMaTa M YBEIWYEHHUS MCHapeHHil OCaJKuh MOTYT BO3-
pactu Ha 15%. IIpu moBbImeHnU Temneparypsl Ha 2-4°C B r00aibHOM Mac-
mrade BO3MOXKHO TasHHE JibJla U MOBBIIEHUE YPOBHS MHUPOBOro okeaHa Ipu-
MepHO Ha 20 M ¢ MOCHEAYIOIIUMHU HEMPEACKA3YEMbIMU 3KOJOTUYECKUMU TIO-
CJIEICTBUSIMHU.

OrpoMHy10 poib UrpaeT BoAa B KUBBIX opranu3zMax. OOMeH BemiecTB 0e3
HEE HEBO3MOJKEH; IMOYTH BCE XMMHYECKHUE, (PU3MOJOTMYECKHE U KOJUIOWIHBIE
IIPOLIECCHI B OpraHu3Me (aCCUMUIISILUS, TUCCUMMIITALUS, AU dy3ust, pecopOoLus,
OCMOC U JIp.) MPOTEKAIOT B BOJAHBIX PACTBOPAX WUJIU MPHU 00A3aTEITbHOM YYaCTHH
BOJBI.

UcknrountenpHple CBOMCTBA BOABI B O0IIEN OMOJIOTMYECKOM CUCTEME 3EMIIU
CBsI3aHbI C ee (PU3MUeCKUMU U XMMHYecKuMH cBoricTBamu. Boaa (H,O) - mpo-
CTellee YCTOMYMBOE XHUMHUYECKOE COEIMHEHUE BOIOPOJa ¢ KucioponoM. [Ipu
OOBIYHBIX YCIIOBHSX 3TO KHUAKOCTH O€3 3amaxa, Bkyca u usera. [lo mkane [ens-
cHsl TeMIIepaTypa IUIaBiaeHus Boasl mpuHaTa 3a 0°C, a TeMmeparypa KUIEHUS -
3a 100°C. Temneparypa KHIIEHHs BOZIBI ABJISIETCS aHOMAJIBHOM M B TO JKE BPEMS
HanOoJiee BaXKHOM, TaK KaK UMEHHO MO3TOMY CTaj0 BO3MOXKHBIM CYLIECTBOBA-
HUe Ha 3emJie BOJbI B xKUAKOHN (aze. C Apyroil CTOPOHBI, CYIIECTBOBAHUE BO/IbI
B YMCTOM BHJIE OOYCJIOBJIICHO U BBICOKOM TeMmIepaTypoi 3amep3aHusi, 4To oOec-
NeYMBAET BhIMEp3aHUE MpuMeceld. BhIcokas TEmI0eMKOCTh BOAbI CIIOCOOCTBO-
Baja TOMy, 4T0 MHUpOBOIl OKeaH CTall peryJaTopoM Kiumarta, nepepacrnpeacsss
TEIUIO 10 MOBepXHOCTH 3emin. HanbGounblnyro mioTHOCT Boga uMeeT mpu 4°C
(1F/CM3), npu 0°C mnotHOCTh Ibaa 916,8 KI/M’, @ IUIOTHOCTh BOIBI -
999,968 kr/m°. Takas 3aBHCUMOCTb [UIOTHOCTH BOJIBI OT TEMIIEPATypPhl O3BOJIS-
€T COXPAHUTHCS B XOJOJHBIC MEPHUOJIbI Bceil BogHOM Ouocdepe. [Ipu temmnepa-
Typax 10 4°C IUTOTHOCTB JIbJida CTAHOBUTCS MEHBINE TUIOTHOCTH BOIBI M JIE
BeIUIbiBaeT. [Ipu manpHelmeM OXJNaKJIEHWU MPOUCXOJUT NepeMelinBaHue 0o-
jee TJIOTHOM XOJIOAHOW BOJIbI MU MEHEE MIOTHOM TEeIUIoN 0 TeX MOop IMOKa BCsS
Boga He gocturder 4°C. IToBEpXHOCTHBINM CIO0M CTAHOBUTCS JIET4e IIyOHHHBIX
CJIOEB, U MEpPEMEIIMBAHUE BOJABI MIPEKPAILAETCS, YTO MPUBOAUT K 0OOPA30BaHUIO
Ha MOBEPXHOCTU BOJBI JIbJIa, CIYKALIEro TEIJIOBBIM 0ApbepoM, 3alIUILAIOIINM
ruapocepy OT NepeoxIaxKICHUS.
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Bopna obnanaer cnocoOHOCThIO PacTBOPSITH OUEHb MHOTHE BEIIECTBA, UMEET
BBICOKYIO JIMAJIEKTPUUECKYIO IOCTOSIHHYIO, CIOCOOHAa K CaMOINpPOU3BOIbHOM
3IeKTPONUTHYECKON JUCCONMAINHT ¢ 00pa3zoBaHneM noHos: H,O < H' + OH".

OTU CBOWCTBA BOJBI MO3BOJSIOT U3 JHO0OM MPUPOIHON CUCTEMBI OJYUYHUTh
BOJHBIA pacTBOP 3MEKTPOJUTA, B KOTOPOM BO3MOKHO MPOTEKAHUE MHOTHX MPO-
LIECCOB, HEBO3MOXKHBIX B 0€3BOAHON cpene. MHOrHe BelllecTBa BCTYIAKOT C BO-
JIOM B peakuui0 OOMEHHOTO pa3yIoKEeHHs, Ha3blBaEMYI0 TUApoian3oM. M3mene-
HUE (U3HYECKUX CBOMCTB BOJHBIX PACTBOPOB MOYTH JIMHEHHO 3aBUCUT OT KOH-
LEHTPALMN PaCTBOPEHHBIX B HEW COJIEH.

C pocTrom HaceneHHsI 3€MIIM M YBEJIMYEHUEM BBIITYCKa NPOMBILIJIEHHON U
CEeJIbCKOXO3SIICTBEHHOM MPOAYKLMH MOTpeOiaeHrue Boabsl Bo3pacTaeT. [lo onen-
KaM VMIHCTHTYTa MHpPOBBIX pecypcoB, okoio 9000 KM’ IpecHOil BOIBI JOCTYITHO
JUTSL 4eJTIOBEYECKOM AEeSATENbHOCTU. DTOT 3amac BOAbI TOCTAaTOYEH, YTOOBI obec-
neunth 20 mipa. yenoBek B roi. Ilo oneHkam crnenuanucToB, 0€3BO3BpaTHOE
BoJIoNIOTpeOIeHue cocrapisier 150 KM B TOI (oxosio 1% ycTOMYMBOrO CTOKa
npecHbIX BoJ). B cpeanem roponackoe BoponoTpeOieHue oreHuBaercs B 450
J/cyTKH Ha onHoro yenoBeka. M3 Hux 50% wuper Ha XO3sIMICTBEHHO-NIUTHEBHIE,
20% Ha KOMMYHaJbHO-ObITOBBIE U 30% Ha MPOU3BOJICTBEHHBIE HYK/IbI.

['maBHBIM MTOTpEOUTENEM BOJBI SBISETCS CEIbCKOE XO3SMCTBO, HA JOMIO KO-
Toporo npuxoautcsi okosio 70% Bcex 3amacoB MpecHOM BoAbl. Bennka nmotpeo-
HOCTb B BOJIE€ M IPOMBIIUIEHHOCTH, [JI€ OHA UCIIOJIb3YETCS ISl IPUTOTOBIICHHUS
U OYHUCTKH PACTBOPOB, OXJAXKJECHUS M HArpEeBaHUs, TPAHCHIOPTUPOBKU ChIPbS,
TEIUIOHEPTeTUYECKUX LENIeH, YalleHUsI OTXOJ0B, MBITbS 000OpPYA0BaHuUs, Taphl,
nomerieHuit u T.1. CpeTHui XUMUYECKU KOMOMHAT €KeCyTOYHO pacxoayer 1 -
2 MIIH. M° BOJIbI, TEIIO3IEKTPOCTaHIHS - 300 KM B TOI.

Kauecmeo 600b1 - 3mo couemanue Xumuueckozo u 0u0102u4ecKo20 cocma-
6a u uzuueckux ceoiicme 600bvl, onpeodenawuiee ee NPU2OOHOCHb 011 KOH-
KPEmHbIX 61008 6000N01b306AHUA, 6 3A6UCUMOCHIU OM HAZHAYEHUA 600bl U
0cobeHHOoCmell mexHon02u4eckozo npoyecca. TpeboBaHUS K KaueCTBY BCEX
BUJIOB BOJI, KDOME CTOYHBIX, YCTAHABJIMBAIOTCA OTEUYECTBEHHBIMU TOCYNAPCT-
BeHHbIMU cTanAaptamu (I'OCTamu). Tepmunsl u onpenenenus nansl B [OCTe
27065-86.

Cyl1iecTByeT HECKOJIbKO pa3iMuHbIX Kiaccudukanuii Bog. B 3aBucumoctu
OT BOJIOIOJIb30BAaHUS BOJBI MOTYT OBITh NMUTHEBBIC, PEUHBIE, O3EPHBIE, apTE3U-
aHCKHE€, MOPCKHE, CTOYHbIE, CMEIIaHHble U Wibl. [InTheBas Boga - 3TO BOJa, B
KOTOPOH OaKTepUOJIOrMYECKUE, OPTraHOJIENTUYECKUE TOKA3aTeIn U MOKa3aTeNn
TOKCUYHBIX XMMUYECKUX BEUIECTB HAXOJATCS B MPEIEIax HOPM MUTHEBOTO BO-
nocHaOxeHus (OTCYTCTBME 3amaxa, BKyca, LIBeTa, MHUHepajau3alus He Oojee
1 r/71, )KECTKOCTh HE JIOJDbKHA TpeBbimath 7,0 Mmons/1, pH B peaemax 6,5-9,5,
KOHLIEHTpAalUsl HUTpaT-uoHa He Oonee 45-50 Mmr/n, Konu-uHAeKe He Ooiee 3, Ko-
mu-tutp He MeHee 300). CocTaB peyHbIX M O3EPHBIX BOJ 3aBUCUT OT psiia OCO-
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OCHHOCTEHN, K KOTOPHIM OTHOCSITCSI CKOPOCTh TE€UYEHUSI, F€0JIOTHYECKHE OCOOCH-
HOCTU MECTHOCTH, KJIIMMATUYECKHUE U TOTOJIHbIE YCIOBUS, HHTEHCUBHOCThH BO3-
JEUCTBUSI HA MOHHBIN U Ta30BbIA COCTaB OMOJOTHMYECKUX MPOIECCOB U XO3SIICT-
BEHHOW NEATENbHOCTH 4esioBeka. CocTaB apTe3WaHCKUX BOJ 3aBUCUT OT 30-
HAJTBHOCTH - OT MPECHBIX THAPOKAPOOHATHHIX B BEPXHEH YaCTH 10 BBICOKOMHU-
HEpaJIM30BaHHBIX XJIOPUIAHBIX B TIIyOOKHX YacTsx OacceriHa. [log cMemaHHBIMU
BOJIaMU MOJIPAa3yMEBAIOTCS JTOKAEeBas, KOJIOJE3Has, KUIsTUYeHas BOJa U BOJa U3
yCThEB pek (cosioHoBaTas). pyras kiaccudukainus noapaseisieT Bce BOAbl Ha
MOPCKHE, IOBEPXHOCTHHIE, TOI3EMHbBIC U OCAJIKH.

Krnaccudukanum npupoaHbIx BOJ M0 XUMUYECKOMY COCTaBY OCHOBBIBAIOTCS
HA CaMbIX Pa3IUYHBIX MPU3HAKAX: MHHEPATU3AINH, KOHIEHTpAIMu Mpeoda-
JAOIIET0 KOMIIOHEHTA WJIM TPYNI WX, COOTHOIIEHUU MEXK]Yy KOHIIEHTPalUsIMU
pa3HbIX MOHOB, HAJIMYUU TOBBIIMIEHHBIX KOHIEHTPAIMN KaKux-1u0o crenudu-
4ecKuX KoMIoHeHTOB razoBoro (CO,, H,S, CHy u ap.) win munepansHoro (F,
Ra u np.) cocraBa. M3BeCTHBI MOMBITKN KIACCU(PUITUPOBATH MTPUPOTHBIE BOIBI B
COOTBETCTBHUH C OOLUIUMHU YCIOBUSIMH, B KOTOPHIX (POPMUPYETCS UX XUMUYECKUMA
COCTaB, a TAKXKE MO THAPOXUMUYECKOMY PEKUMY BOJHBIX OOHEKTOB.

K mnaumbomee wu3BECTHBIM KiIacCH(HUKAMAM OTHOCATCSA KiIacCU(pUKAIIAN
C.A.lllykapeBa, H.1.Tonctuxuna, B.A.Cynuna, O.A.Anekuna. {1 MUHEpaib-
HBIX BOJ| paHee MpUMEHSUIN Kiaccudukanuio B.A.AnexcanapoBa, B HaCTOSIIIEE
Bpems - B.B.MBanosa u I'.A.HeBpaeBa; nist paccoyioB HCTIONB3YyETCs KiacCu(pu-
karuss M.I".Bansmko. J[71s mOBEpXHOCTHBIX BOJI HAaMOOJIEe YacTO MPUMEHSETCS
knaccupukamus O.A.ANeKrHA, cOYeTaromas MPUHITUI JEICHUS] XUMHYECKOTO
COCTaBa BOJIbI MO MPEOOIAAONIMM HOHAM C JICJIEHUEM IO KOJIWYECTBEHHOMY
COOTHOILIEHHIO MEXKYy HUMHU.

[To npeobnagaronieMy aHUOHY IPUPOIHBIE BOJIBI ISSATCS HA TPU KIlacca:

1) rugpokapOboHaTHble W KapOOHAaTHBIC (OOJBITUHCTBO MAaJIOMUHEPATH30-
BaHHBIX BOJI PEK, 03€p, BOJOXPAHWIHII U HEKOTOPHIE MOI3€MHBIC BOJIbI);

2) cynbdaTHbie BOJBI (ITPOMEKYTOUHBIE MEXIY TUIPOKAPOOHATHBIMH H
XJIOPUJHBIMU BOAAMU, T€HETHUYECKU CBS3aHbI C PA3TUYHBIMU OCAJOYHBIMH I1O-
poaamu);

3) xyopuiHbIE BOJIbI (BHICOKOMUHEPAIM30BaHHBIE BOJIBI OKE€aHa, MOpEH, CO-
JIEHBIX 03€p, MOA3EMHBIE BOJbI 3aKPBITHIX CTPYKTYP H T.1I.).

Kaxnpiii kmacc mo mpeobnagaronieMy KaTHOHY MOJpa3eisieTcsl Ha TpH
TPYIIbL: KalblMEBYIO, MArHUEBYIO U HaTpueBylo. Kaxkias rpynmna B CBOKO oye-
peap moApa3AeIisieTcsl Ha YEThIPEe THUIa BO/JI, ONPEETIAEMbIX COOTHOIIEHUEM Me-
Ky COJIEp’KaHHEM HMOHOB B MPOILIEHTaX B MEpecueTe Ha KOJIMYECTBO BEIECTBA
HKBUBAJICHTA:

. HCO; > Ca®" + Mg™".

II. HCO5 < Ca*" + Mg®" < HCO5 + SO*,.

III. HCO; + SO*, < Ca*" + Mg> mmu CI'> Na'.
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IV. HCO; = 0.

Boapl | Tunma oOpa3yroTcss B mpoliecce XMMUYECKOTO BbIIIEIAYUBAHUS W3-
BEPIKEHHBIX MOPOJ] UM P OOMEHHBIX MPOLIECCaX MOHOB KaJblUs U MarHus Ha
VIOHBI HAaTpUs U SBIIOTCS MaJOMUHepainu3oBaHHbIMU. Bonbl 1l Tuma cmeman-
HbI€, K HUIM OTHOCSITCSI BOJIbI OOJIBIIMHCTBA 03€p, PEK U MOJ3EMHBIE BOJBI C Ma-
Joi U ymepeHHO muHepanuzanueil. Boast Il Tuma meramopdusupoBaHHbIe,
BKJIFOYAIOT YaCTh CHJIBHOMMHEPAIM3OBAHHBIX NPUPOAHBIX BOJA WM BOJ, IMOA-
BEPIIIMXCS KATHOHHOMY OOMEHY MOHOB HaTpHsl HAa MOHBI KanblUs U Maraus. K
ATOMY THILYy OTHOCSITCS BOJBI MOPEN, OKEAHOB, MOPCKHX JIMMAHOB, PEJIMKTOBBIX
BogoeMoB. K IV tumy oTHOCSTCS KUCTbIe BOJbI - OOJIOTHBIE, IIAXTHBIE, BYJIKa-
HUYECKHUE WM BOJABI CUJIBHO 3arpsA3HEHHBIE TPOMBIILUICHHBIMA CTOKAMHU.

BbIaensitoT HeCKoJIbKO KiacCUPUKaUuMid TPUPOAHBIX BOJ MO MHUHEpaIH3a-
unn. OKpyriisgst pas3jindHble INpenensl 3HadeHud, O.A.AJIEKMH HameTun cie-
OyIOLIEee NEIEHUE TPUPOIHBIX BOJ IO MUHEPATU3ALINN:

1) paccounsl (conenocts > 50%o);

2) mopckue (comeHocThb 25 - 30%o);

3) comoHoBaThIe (COIEHOCTH 1 - 25%0);

4) npecHsie (conaeHOCTh A0 1%o).

3arpsizHeHne ruapocdepbl TPOUCXOIUT C HapacTarolleil ckopoctero. [lpu
MIPOXOXKIEHUN Yepe3 TUAPOIOTUUECKNN UKII BOAA 3arpsA3HACTCS B3BEIICHHBIMU
Y PaCTBOPECHHBIMU BEILIECTBAMM - KaK IPUPOAHBIMH KOMIIOHEHTAMM, TaK U OT-
XOJIaMH Y€JIOBEYECKOU ACATEIbHOCTU. MICTOUHMKY 3arpsA3HEHUs BOJ AEIATCA Ha
YeThIpe OOJIBIINE TPYIIIIHI.

1. ITpon3BOACTBEHHBIE WIIM NIPOMBILIJIEHHBIE CTOYHBIE BOJABI, UCIOJb30BAH-
HBIE B TEXHOJIOTMYECKOM MPOLECCE NMMPOU3BOJACTBA WIH IOJyYArOIIUECs IIPU J10-
ObIU€ MOJIE3HBIX UCKOMAEMBbIX.

2. l'opoackue cTOYHBIE BOJBI, BKIIOYAIOIINE MPEUMYIIECTBEHHO OBITOBBIC
CTOKH.

3. AtmocepHble BOABI - JOXKAEBBIE U OT TasHUsS CHEra, HECYIME MAacChl
BBIMBIBAEMBIX M3 BO3JyXa IOJUIIOTAHTOB (3arps3HUTENICH) IMPOMBIIIIEHHOTO
IIPOUCXOKIACHUS.

4. CTouHbIE BOJBI CEIBCKOXO35MCTBEHHBIX MPEANPUATUN, BKIFOYAIOIINAE Ka-
HaJIM3allMOHHBIE BOJBI M CMBIBBI € TIOJIEH YJOOPEHUI U IECTULIUIOB.

KonnuecTBo 3arpsA3HEHHBIX CTOYHBIX BOJ, C6£)aCBIBaeMI>IX B 03€pa, PEKU U
MOpsi, BO BceM Mupe pocturaet 250 - 300 mupa. M™ B TOx.

Yerkas knaccupuKalys TPOMBIIUICHHBIX CTOKOB 3aTpyJHEHa M3-3a Pa3Ho-
oOpa3us 3arpsA3HeHMI B HUX. Pa3nuyaroT 1Be OCHOBHBIE I'PYNIbl CTOYHBIX BOJ!
1) comepkaimiyue OpraHMYECKHE BEIIECTBA; 2) COAEpIKAIUNE HEOPraHUYECKUE
IIPUMECH.

K nepBoii rpynmne OTHOCATCS CTOYHBIE BOJABI HedTenepepadaThIBAIOIIUX U
HEPTEXUMUYECKUX 3aBOJIOB, NMPEANPUATUI OPraHUYECKOTO0 CUHTE3a U CUHTETH-
YECKOT0 Kayudyka, KOKCOXMMHMYECKHMX, ra3ociaHUeBbIX M Ap. OHU coxpepxar
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HEeDTh U HEPTETPOLYKThI, HAPTEHOBBIE KUCIOTHI, YIIIEBOJOPOIbI, CIIUPTHI, allb-
JIETU/Ibl, KETOHBI, TOBEPXHOCTHO-aKTUBHBIE BEIIECTBA, (PEHOJIbI, CMOJIbI, aMMHU-
aK, MEpKaITaHbl, CEpOBOIOPOA U JP.

Ko BTOpO# rpynme OTHOCATCS CTOYHBIE BOJBI COJOBBIX, CEPHOKHUCIOTHBIX,
a30THOTYKOBBIX 3aBOJIOB, 000raTUTENbHBIX (PaOpUK CBUHIIOBBIX, IMHKOBBIX, HU-
KEJIEBbIX PYJ, IIAaXT, PyJIHHUKOB, KaTaIU3aTOPHBIX (haOpHK, METALTypru4yecKux
OPEeIIPUITUNA, TaIbBAHUYECKUX HPOU3BOACTB M Ap. OHU copepiKaT KUCIIOTHI,
IIEJI0YH, COJIM, CEPHUCTBIE COEAMHEHMS, HOHBI TSDKEJIBIX METAJUIOB, B3BEILIEHHBIC
MUHEpaJIbHbIE BEIECTBA U JP.

[IpoMbILIUIEHHBIE CTOYHBIE BOJBI KIACCUPULIUPYIOT TaKkKe MO JAUCIEPCHUOH-
HOMY COCTaBYy 3arpsi3HSIIOLIETO BellecTBa. B coorBecTcTBUU € 3TON Kilaccudu-
KallMeW BBIAEISIIOT YETHIPE IPYMIBI CTOYHBIX BOJ:

- COJIeprKalllie€ HEPAaCTBOPUMBIE B BOJIE PUMECH C BEJIMYMHOM YacThIl Oosee
10° - 107 wm;

- IPEICTABJIAIONINE COO0M KOJIJIOUHBIE PACTBOPBI;

- COJEpJKallMe PaCTBOPEHHBIE T'a3bl U MOJEKYJISIPHO-PACTBOPUMBIE BELIECT-
BQ;

- coZieprKallie BEIIeCTBa, TUCCOLMUPYIOIINE HAa HOHBI.

Taxas knaccudukaiys No3BOJAET NPEIOKUTH IS KaXA0H IpyHIbl onpe-
JICJICHHBIE METO/Ibl OYUCTKH CTOYHBIX BOJI.

[TocTynaromue B peku, 03epa, BOAOXPAHWINILA U MOPS 3arpsi3HAIONINE Be-
II€CTBAa BHOCAT 3HAYUTEJIbHbIE U3MEHEHUSI B YCTAHOBUBLIMIICS PEXKUM U Hapy-
[IAIOT PABHOBECHOE COCTOSIHUE BOJHBIX IKOJIOTMYECKUX CHCTEM, XOTS BOJIOEMBI
¥ CIIOCOOHBI K CAMOOYHIIICHUIO MyTeM OMOXMMHYECKOT0 pacrajia OpraHHueCcKux
BELIECTB MOJ JECWCTBHEM MHUKPOOPraHm3mMoB. CamMoouMILaomas CIocOOHOCTb
3aBHCHUT OT 3aIlaca pacTBOPEHHOI'O KHUCIIOPOAA, TUAPOJNHAMUYECKUX U OHOXH-
MUYECKUX MPOLECCOB, COJHEYHOW paJualiy, KU3HEAEITEIbHOCTH PACTUTENb-
HBIX U XKUBOTHBIX OPraHU3MOB U Jp. DTH MPOILECCHl MHTEHCU(DULIUPYIOTCS Jie-
TOM, 3aMEJIAIOTCS 3MMOM U 3aBUCST OT KPATHOCTH pa30aBlIeHUs CTOYHBIX BOJI.

JU1s HOpMaJIbHOTO IPOTEKAHUS MIPOLIecca CAaMOOYMILEHUS MTPEXK]IE BCErO HE-
00X0MMO HaJIMYME B BOJOEME 3araca pacTBOPEHHOro kuciopona. Hacelmen-
HOCTh UM BOJABI TpeOyeTcs il OKUCIUTEIBHOTO Pa3ioXKeHHs OONbIINHCTBA
npumeceil. XUMHUECKOoe WM OaKTepHalbHOE OKHCICHHE OpPraHWYEeCKUX Be-
IIECTB MPUBOAUT K CHUKEHUIO KOHILIEHTPALlMU PAaCTBOPEHHOTO B BOJIE KUCIIOPO-
na (B 1 nuTpe BOABI COAEPKUTCS BCero 8-9 Mi pacTBOPEHHOTO KUCIOpoaa, B 1
auTpe Bo3ayxa - 210 mu kucnopona). BiusiHue ne30KCUreHu3Hpyromux (CHU-
KAIOLIUX COAEpKAaHUE KUCIOPOAa) areHTOB BBIPAXKAETCA B 3aMEHE HOPMAJIbHOMN
¢Gnopsl ¥ (payHbl BOAOEMOB NMPUMUTHUBHOM, MPUCIIOCOOJIIEHHON K CYyIECTBOBA-
HUIO B aHa’pOOHBIX yCNOBUsAX. OpraHndyeckue BELECTBa, B3aHUMOJICHCTBYS C
PacCTBOPEHHBIM KHUCJIOPOJIOM, OKHUCISIOTCA 10 YIJIEKHCIIOrO rasa ¥ BOAbIL, IO-
TpeOJsid pazIMyHOE KOJWYECTBO Kuciopoxaa. [losTomy BBeaeH 00OOIEHHBIN
[0Ka3aTellb, MO3BOJSIOUUN OLEHUTh CyMMapHOE KOJIMYECTBO 3arpsi3HEHUM B
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BOJIC TIO TIOTJIONICHUIO KHUCIOPOJa. TakuM ToKaszaTeseM SBISICTCS] OMOoXuMUYe-
ckoe notpebnenue kuciopoaa (BIIK), paBHoe koiuuecTBY KHCIOpPOAA, MOTIIO-
IIAEMOT0 IPU OKUCIEHHH KOHKPETHOI'O BEIIECTBA B OMNPEACIICHHBIM OTPE30K
Bpemenu. BIIK Beipakaercs B MuWuIMrpaMmax MTOTPEOHOTO KHUCIOpOJa Ha
1 rpamm okmcnssemoro BemectBa (Mr O, / T), a B pacTBOpax - B MUJUITUTPaMMax
noTpedbHoro kuciopoaa Ha 1 nutp pactBopa (mMr O, / r). Hapsay ¢ BIIK ycra-
HOBJICH TOKa3aTeslb XUMHUYECKOro (OMXpOMAaTHOro) MOTpPeOJIeHUs KHUCIopoia
(XTIK) - xonruecTBO KUCIOPO/a, TOTPEOISIEMOT0 TP XUMUYECKOM OKUCIICHUH
COJICpKaIlUXCS B BOJIC OPraHUYECKUX U MUHEPAIbHBIX BELIECTB MO/ ICUCTBUEM
OKHUCIIUTENEH; BBIPAXKAETCS B MI/J1 aTOMapHOTO KUCIOPO/Ia.

B 3aBucuMocTu oT BpemeHH, 3a koTopoe ompenensercs BIIK, paznuyator
BIIK;s (marucyrounoe), BIIK,, (aBamnarucyrounoe), BIIK, ., (moaHOE, Korma
okucienne 3akanuuBaetcs). [lo nopmam BIIK,,,, HE TOTKHO MpEBHIIATH B BO-
noemax pbiooxossiictBeHHOro 3HaueHus (I kateropun) 3 mr O, / 1, OCTalbHBIX
kareropuii - 6 Mr O, / 1. BIIK npombIlsIeHHBIX CTOKOB B 3aBUCUMOCTH OT MPO-
n3BoJIcTBa M coctaBa cTokoB cocTaBiisieT 200 - 3000 mr O, / 1. DTO 3HAYMT, UTO
npu cOpoce TaKuX CTOKOB COJEpKaHHE KHUCIOPOJia B BOJIOEME 3HAYUTEIHHO
YMEHBIIIAETCSI, JUOO OH YMNOTPeOdsieTCs MOJHOCThIO. DTO BBI3BIBAET THOEIb
IUTAaHKTOHA, O€HTOCA, PHIOBI U IPYTUX OPTaHU3MOB, JKUBYIIUX B BOJIOEME U HY-
XKAAOIIMXCS B Kuciaopoae. OMHOBPEMEHHO YCUIICHHO Pa3BUBAIOTCS aHAIPOOHBIE
MUKPOOPTaHU3MBI, OMOJIOTHYECKOE PAaBHOBECHE HAPYIIACTCS, BOSHUKAET 3arHU-
BaHMe BojoemMa. CrenoBaTesibHO, HE0OX0JMMa OUKCTKA CTOKOB JI0 TAKOW CTere-
HU, 4TOOBI IpU cOpOCe UX B BOJIOEMBI U cMelleHuH ¢ Bojoil Bojgoema BIIK co-
OTBETCTBOBAJIO HOPME, YCTAHOBJIEHHON CaHUTapHBIMH IpaBwiamu. [1o Mexmy-
HApOJTHOMY COTJIAIIICHUIO JIJISI COXpaHEHUsI BOJHOM (ayHbl TpeOyeTcsl coaeprka-
HUE PACTBOPEHHOI'O KUCIOpOJia He HUKe S MT O,/11.

OnHuM U3 BaXKHEMIIUX MOKa3zaresiel CrocCOOHOCTH BOJOEMa K CaMOOYHIIe-
HUIO SIBJISIETCSl COOTHOIIEHHE GopM azora. PesepByapom azora B Guocdepe siB-
asiercs atMocdepa. B pesynbraTe psna mpeBpalleHuil OH MepexoauT B (Gopmy,
Y4acTBYIOIIYIO B 00pa30BaHUU aMUHOKHCJIOT U POoTerHOB. PaccMoTpum auHa-
MUKY (popMm azoTa B Bojoeme. B mpupoaHBIX BOJax COAEp:KaHUE€ MOHOB aMMO-
Hus He nipeBbimaet 0,1 mr/n, HuTpuT MoHOB - 0,001-0,01 Mr/m 1 HUTpAT MOHOB -
0,01-0,5 mr/n. DTO COOTHOIIEHHWE MEHSETCS MO Ce30HaM roja: JIETOM HHUTpaT
MOHBI COCTABJISIIOT COTBHIE JOJIU MI/JI, OCEHBIO M 3UMOU - HECKOJIbKO AECSATHIX
MT/J1, YTO OOBSACHSIETCS 3HAYUTEIbHBIM YIOTPEOIICHUEM HUTPATOB PACTEHUSMH.

B pesynbTarte 3arps3HeHUsT BOJOEMOB XO3SHCTBEHHO-OBITOBBIMH CTOKAMH
KOJIMYECTBO a30Ta B BOJE MO CPABHEHUIO C MPUPOJHBIM €Tr0 COACPKaHHEM MO-
JKET BO3pacTaTh B COTHM W ThICSIYM pa3. Hampumep, 1o manHbiM mpodeccopa
H.C. CrporanoBa, Jjisi BOJJOEMOB, B KOTOpbIE MOCTYyNald OBITOBBIE CTOKH, CO-
Jiep’)KaHue a30Ta aMMOHUMHBIX COJiel cocTaBiisuio mpumepHo 84 mr/n. [Ipespa-
IICHUE Pa3HBIX (POPM a30Ta OCYMIECTBISETCS B BOJAOEME Pa3IMIYHBIMH MUKPOOP-
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raHM3MaMu. YKa3aHHbIE MPOLECChl YETKO MPOCIEKUBAIOTCA HA CXEME, Mpel-
CTaBJIEHHOU Ha puc. 8.1.

NH;
NO;
JlesamMmuHUpOBaHNE l
THUJIOCTHBIMH N, < ) a’pOOHBIE YCIIOBHS
OaxTepUAMHU ? nenutpuduKaus  °  aHadPOOHbBIE yCIOBHS
(aBTONH3, TPOTEOIIHU3)
\ BHYTPHUKIIETOYHOE
BOCCTaHOBJICHHE (0aKTe-

RNH, PUM ¥ BOJOPOCIIH)

Puc. 8.1. IlpeBparmienue ¢popm azora B BojgoeMe
(mo M.M. Tenutuenko u K.A. Kokuny)

AMMMAK HaKaIjIMBaeTCs B BOJIE B MPOLECCE AE3aMUHUPOBAHUS B PE3YJIbTATE
IpOTEOaN3a OENKOB PACTUTEIBHOTO U JKUBOTHOTO MPOHMCXOKICHUS, OCYIIECTB-
JSIEMOT0 TeTepOTPOPHBIMU (AMMOHU(DUIMPYIOIUMHU) OaKTEPUSIMU B a3pOOHBIX
¥ aHa’pOOHBIX YCIOBUSAX U BCJIEACTBUE aBTOJM3a KJIETOK. 3aTEM aMMHaK OKHC-
JSI€TC MUKPOOPTraHU3MaMH J0 HUTPATOB - OCHOBBI MUTAHUSA PACTCHHI. DTOT
mporiecc Ha3bIBaeTcsl HUTpudukanuen. MUKpoOpraHu3Mbl HUTPUPUKATOPHI ObI-
7M1 OTKpbITEl BuHorpaackum B 1880 roxy.

[Iponiecc HuTpudUKauu nNpoTekaeT B ABe (a3l B adPOOHBIX YCIOBUSAX H
OCYLIECTBJISIETCS ABYMS TpyHamMu OAKTEpHIA.

[TepBas (p.Nitrosomonas) xapakTepHu3yeTcsi CIOCOOHOCTHIO OKHUCIIATh aMMHU-
aK 10 HUTPUTOB:

NH; + O, + CO, - HNO, + [CH,0] - opranndeckoe BeIiecTBo.

Bropas (p.Nitrobacter):

HNO, + O, + CO, - HNO; + [CH,O] - oprannyeckoe BelIECTBO 10 HUTpa-
TOB. DHEPrus, BbIJCICHHAS NPU OKUCICHUN aMMHUAKa U HUTPUTOB, UCIIOJIb3YET-
csl HUTpU(UKATOPAMU I ACCUMIUISIAY YTIECKUCIOTO Ta3a M APYTUX MPOIec-
COB JKHU3HEJIEATEIBHOCTH. TakuM 00pa3oM THUIIOCTHBIE OaKTEPHH U HUTPHUPHUKa-
TOPBI OCYLIECTBIISIIOT MTPOLIECC CAMOOYHUILEHHUS BOJOEMA.

Bce MukpoopraHusMbl, HaKaIIMBaIOIIUE a30T, CIOCOOCTBYIOT €BTpO(UKa-
UM BOJOE€Ma, YTO OBIBAET HEXENATeNIbHO NJIsl BOJOIONIb30Bareneil. EBtpodu-
Kallus - 3TO TOBBIIIEHHE OMONMPOAYKTUBHOCTH BOJIOEMA B pe3yjIbTaTe HaKOILIe-
HUS B BOJIc OMOTEHHBIX BEIIECTB ITOJ] BO3JCHCTBHEM MPHUPOIHBIX U, TIABHBIM
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00pa3oM, aHTPOMOTEeHHbIX (aKkTOpoB. B pe3ynbrare yCHMIEHHOrO pa3BUTHS B
BOJHOM OOBEKTE PACTEHUI 1 MUKPOOPIaHU3MOB U 3aT€M MX FMOeNn yXyIIIatoT-
csl (PU3UKO-XMMHUYECKUE CBOMCTBA BOJBI: YMEHBILIAETCS €€ MPO3pPayHOCTh, BOAA
IpUOOpETAET 3€JEHBIA UM KENTO-OYPBI LBET, MOSBISIETCSI HENPUITHBIA BKYC
U 3arax, NOBbIIIAIOTCA 3HaueHusl pH, B ocafiok BhINagaeT KapOOHAT KaJIbLMS U
TUAPOKCH]T MarHus, HaOIogaeTcsl 1e(hUIUT KUCIOPOAa U BOZHUKAIOT 3aMOPHBIE
SIBIICHUSL.

BoccranoBieHrne HUTPATOB B aHA3POOHBIX YCIOBHIX OCYLIECTBIISIET B BOJIO-
eMe BeChMa HEOJHOPOJHasl B (PU3MOJOTMYECKOM OTHOUIEHUU Tpynra MHUKPOOp-
raHU3MOB JeHUTpU(DHUKaTOpOoB. OTHAKO OOUIUM ISl HUX SBIISIETCSI CHOCOOHOCTD
UCIIOJIb30BAaHUSI B aHA’pOOHBIX YCJIOBHUSX HHUTPAT-MOHA B KAYECTBE KOHEYHOTO
aKLENTopa 3JEKTPOHOB MPH OKHUCIEHWM Pa3HBIX OPraHUYECKUX CyOCTpaToB H
MOJIEKYJIIPHOT'O BOJOPOJA:

[CHzo] =+ NOg- —> Nz + C02 ) [CHzo] =+ NOg- —> NH3 + C02

B mpomecce nenutpudukanmm HATPATHl BOCCTAHABIMBAIOTCS 0 aMMHUaKa
WA MOJIEKYJIIPHOTO a30Ta. B Bomoemax, MpemaHa3HaueHHBIX TSI BOAOIOIB30-
BaHUs, 9TO HE CTPAIIHO, B PHIOOXO3SUCTBEHHBIX - HEXKENIATeNbHO, TaK KakK 3TO
o0eIHSIEeT MX CBSA3aHHBIM a30TOM, JOCTYITHBIM JJIsi PACTEHUN U MHUKPOOpPTaHH3-
moB. [Iporeccy neHuTpudUKAIMKU MPEMSITCTBYET HATUYHE PACTBOPCHHOTO KH-
cnopoza. [lo Hanmuumo B BojjoeMe a30Ta B TOM WM WHOU OopME MOKHO CYJTUTh
O CTETICHH OPTaHMYECKOTO 3arps3HECHUs BOJ U 00 WHTEHCHBHOCTH MX CAMOOYH-
mienus. [IpucyrcTBre B BOJIe HOHOB aMMOHUS U HUTPUTOB YaCTO SIBISIETCS TPH-
3HaKOM HEJaBHETO 3arps3HEHUs, a HUTPAT MOHOB - MPU3HAKOM 0oJiee paHHEro
3arpsi3HEHUS BOJIBI.

B ornmume ot azoTa KpyroBopot ¢ochopa SBIsieTcss 0 JHOCTOPOHHEH CHCTe-
MO ¢ IBWKEHHEM W3 JUTOC(ephl B Tuapocdepy, a B Hell - B ocagku. Ho mpu
yBenmuueHUn copoca ¢ochopcoaepxkamux OTXOA0B BOJBI CTAHOBSITCS HACHI-
IICHHBIMH TI0 ocaTraM U MOCIEICTBUS STOTO SBICHUS A0 CUX MOP HESCHBI U3-
3a CIIO)KHOCTH OTPEACNICHUS] CKOPOCTH THAPOIN3a KOHIICHCUPOBAHHBIX ITOJIH-
docdaros.

CyIiecTBeHHYIO pOJIb B Pa3BUTHH €BTPO(HKAIIMM BOJOEMOB WTPAET CEIlb-
CKoe X035UCcTBO. CMBIBa€MbIC C TIOYBBI U TIOCTYMAIOIINE B BOJOEMBI U MO3EM-
HBbIC BOJIbI MUHEPAJbHBIC YIOOPSHHS] W OTXObl JKHBOTHOBOJCTBA HApyIIArOT
IPUPOJTHOE PABHOBECHE CYIIESCTBYIOIINX YKOCUCTEM, MMPUBOIAT K OYpHOMY poOC-
Ty BOJIOPOCJICH, YTO BBI3BIBAET 3apacTaHHE KaHAJIOB, PEK, 03€p, BOAOXPAHMIIHIIL,
0COOCHHO CIIa0OMPOTOYHBIX, MPUBOANT K THOETH BOJAOEMOB, MpeBpamias UX B
00J10TO.

Bonpioit Bpen mpuHOCAT CMBIBAEMbIE C MOJICH, OPOIIaeMbIX MaCCHBOB, JI€C-
HBIX TIOYB MECTUIUIBI, KOTOPBIC HE MOAJAI0TCS OMOJIOTHIECKOMY pacriangy U co-
XpaHSAITCA Ha MPOTSHKEHUHM MHOTHX JIET B MPECHONW M MOPCKOM Boje. OHU BBI-
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3BIBAIOT THOETh OOMTaTENIel BOJIOEMOB HAa PAHHUX CTaUSAX PA3BUTHS, Pa3JIdy-
HbIC MYTAIlUM M BRIpOKJICHHE 0co0ei. OCOOEHHO OIMAacHBI XJIOPOOPTAaHUUYECKHE
MEeCTULIN/IbI, 00JIaIatoIIe HauOoJIbIlIeH ClIOCOOHOCTHIO HAKAIIMBATLCA B Opra-
HU3ME THIPOOUOHTOB, YTO MOKET IPUBOJIUTH K JICTAILHOMY MCXOAy. bombmmH-
cTBO (pochopoopraHruecKrX NECTUITUIOB HAKATUIMBAIOTCS B BOJIC M PHIOE B He-
3HAYNTEIBHBIX KOIMYECTBaX. PaszmokeHue MeCTUIMIOB MO JSHCTBUEM MHUKPO-
OpPTaHU3MOB B JIOHHBIX OTJIOKCHHUSIX MPOUCXOIUT Hambojee OBICTPO B TEX CIIy-
yasx, Korja o0pa3yroTcs ruipoduiIbHble META0OIHTHI.

CtouHbIe BOJBI METAJUTYPTHUECKHUX, XUMHUUECKIX, MAITHHOCTPOUTEIIBHBIX H
JIPYTUX TPEANPUITHN 3arps3HIIOT BOJOEMBI COISIMU TSKEIBIX METaJIOB, Tpa-
BUJLHBIMH PAacTBOpPaMHU, JKEJIE30M, ITMHKOM W JAPYTHMH HEOPTaHHMYCCKUMH Be-
IIECTBAMH, MHOTHE U3 KOTOPBIX SIBJISIFOTCS CUJIBHEUIIUMHU siiamMu. TspKenbie mMe-
tamutel (Pb, Hg, Zn, Cu, Cd, Ni, Co, Sn, Cr) u apyrue TOKCHYHBIE BEIIECTBA
MIPOTPECCUBHO HAKAIIJIMBAIOTCS B MUIIEBHIX LIEMSIX, KOHEUHBIM 3BEHOM KOTOPBIX
SIBJISICTCSI YEJIOBEK. BBICOKOTOKCHYHBI - KaJMHH W IHWHK, COJCpIKaliuecs B
COPOCHBIX BOJIaX MPEANPUITHH, 3aHUMAIOIIUXCS TajJbBaHU3AIMEH, a TaKXke 3a-
BOJIOB T10 BBHITJIABKE IBETHBIX METAJUIOB, T€ OTH METAJUIBI COPACHIBAIOTCS BME-
CT€ CO CBHUHIIOM M Me/bl0. BHYIIAIOT omaceHus Takue 3JEMEHTHI, KaK CeJeH,
MBIIIBSIK, CYpbMa, PTyTh U BUCMYT. MeTallTn4ecKasi pTyTh MAJIOTOKCUYHA, B TO
BpeMsl KaK METHJIOBasi PTYTh - CUJIBHEHUIIUNA s1/1. BceMUpHO medaibHYy0 U3BECT-
HOCTh MPUOOPETIO OTPABJICHHE SITIOHIICB, MUTABIINUXCS PHIOON M3 3anmBa MuHa-
Mara, B KOTOPBIM XUMHUUYECKUH KOMOWHAT JOJITME TOJIbI cOpachiBall OTXObI, CO-
JIEp>KaBIlIe METWJIOBYIO PTYTh. Pa3BuBIIasics y HuUX 00Je3Hb, Ha3BaHHAS «MHU-
Hamaray, IpuBesa K 3adoseBanuio okosio 300 yeaoBek, U3 KOTOPBIX 59 ymepIio.

B opranu3m BOIHBIX KUBOTHBIX METAJLIBI MTOTIAAIOT B OCHOBHOM C TTHUIIICH.
JInst BOIHBIX pacTeHUU - yepe3 MOBEPXHOCTh, IyTEM HEMOCPEICTBEHHOTO IMpO-
HUKHOBEHHS B TKaHU. TOKCHYHOCTh METAJIOB 3aBHCHUT OT KOHIICHTPAIIUH, TIPO-
JOJDKUTEIIBHOCTH JIEUCTBUS, TeMIIEpaTyphbl, HACBIIIIEHHOCTH BOJIbI KHUCIOPOJIOM
u npyrux (paxtopoB. OCOOEHHOCTH TOKCUYECKOTO JCUCTBUS METAJIJIOB 3aKITIO-
YalOTCSI B WX YHUBEPCAIHPHOM BIMSHUM Ha JKHUBBIE OpPraHM3Mbl Kak
00IernIa3MaTiIecKuX SIIOB M CIIOCOOHOCTH K OOpa3oBaHUI0 KOMILIEKCOB C
KOMITOHEHTaMH KJIETOK, O€JIKOB, aMMHOKHUCIIOT U JIPYTUX paaukanoB. JleiicTBue
TSDKEIBIX METAJUIOB OOYCIIOBIICGHO JeHATypupyronmMm 3()QexkToMm Ha TKaHH,
KJICTKH, O€NKH, 3aKIIOYaoNIMMCA B HAPYIICHUU CTPYKTYPhl KOJUIOMIHBIX
CHUCTEM, OCaXJCHHH OEIKOB, B CBS3BIBAHUM W OJOKMPOBAHWUU AKTHUBHBIX
HeHTpoB (epmeHTOB. B pesynbrare OTpaBieHUS THKEIBIMH —METalIaMH
HApYIIAETCsl TMPOHMIIAEMOCTh OO0OJIOYEK KIIETOK KPOBH. OJTO JIOKa3aHO Ha
npuMepe JeUCTBUS CBUHIIA, TIPH OTPABICHUU KOTOPBIM SPUTPOITUTHI CTAHOBSATCS
poHUIIaeMbl I Kanus. OOpa3yroniuecs: Mpy MONaJaHuy B OPTaHU3M TPYIHO
pacTBOpUMBIC TUIPOKCUIBI, (hochaThl, aTbOYMUHATHI WM CTOMKHE KOMILIEKCHI
C TSKEIBIMH METAUIAMU TUIOXO BCACBIBAIOTCS W3 IKEIYIOYHO-KHUIIIEYHOTO
TpakTa M CHOCOOHBI OTKJIAIbIBATHCS B OpraHax W TKaHAX, H30UpaTEIbHO
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OpraHax M TKaHSX, U30MpaTelbHO HaKaIulMBasch B HMX. Hampumep, B moukax
OTMEYEHO BBICOKOE COJEpKAaHUE PTYTH, B JPUTPOLUTAX - CBUHLA, XpOMa,
MBIIIBSIKA U CEJIEHAa. B HOHM3UPOBAaHHOM COCTOSIHUM METAJUIbI IPEUMYIIECTBEH-
HO JCTOHUPYIOTCA B KOCTHOM TKaHM (KaaMUM BBI3BIBAET HCKPUBJICHUE U Jie-
dbopManmio KOCTeH, COMMPOBOKIAIONINECS CUILHBIME OOJISIMH ).

bonpuryto OmacHOCTh MPEICTaBISIIOT 3arps3HEHUsT BOJA PaAUOAKTUBHBIMU
BeliecTBaMu. B pesynbpraTe cOpachlBaHUS paJuOAKTUBHBIX OTXOJOB ITOBBICH-
Jach paliOaKTUBHOCTh MpIaHACKOro MOps M MPUIIETAIOIIETO paiioHa ATIaHTH-
4yeckoro okeaHa, Tuxookeanckoro nooepexbs CIIA u qpyrux pailoHOB OkeaHa.

OcoObIM BUAOM 3arpsi3HEHUS BOJOEMOB SIBIISIETCS] «TEIUIOBOE» 3arpsi3HEHHE,
BBI3bIBAEMOE COPOCOM B HUX IOAOIPETOM BOJIbI, UCIOJIB3YEMOU ISl OXJIaXK/e-
Husg Typoun TOIl u npyrux nenei. Hemanopaxuyro npobGiemy cosnaino cOpa-
CBIBAHME B BOJIOEMbI HArpETHIX MPOU3BOJICTBEHHBIX BOJ C TeMIleparypou 35-37°
C. BcenencrBue 3Toro Temmeparypa y MecT cOpoca Ha OOJbIION TUIOMaAu Mo-
BBIIIAETCS HA HECKOJIBKO I'PAayCOB, YTO NMPUBOJUT K TMOEIM PACTUTEIBHOIO U
YKUBOTHOTO MUpA.

Cepbesnyro yrpo3y ansi ruapocdepsl TauT B cede Bce BO3pacTarollee 3a-
rpsi3HeHne MupoBoro okeana HedTbio. [1o MMerommMces JaHHBIM, B MUpoBOI
OKeaH nomnajaeTr okoio 1% tpancnoprupyemoid HepTu. Hedth 1 HEpTEenmpoyK-
ThI MIOTNAJIAI0T B MOPS M OKEaHbI ¢ OAJNTACTHBIMHU M TIPOMBIBHBIMHU BOAAMH CY/JIOB,
BO BpeMs KaTtacTpod ¢ TaHKEpaMmH, IPU aBapUSAX HAa MOPCKHUX HEPTAHBIX MpO-
MbIciiax. MicTouHuky 3arpsi3HeHuss HEPTbIO MUPOBBIX BOJOEMOB MPEICTABICHBI
B Ta0I. 8.2.

Tabnuya 8.2

HUcTounnkm 3arpsizHeHusi He)TbI0 MUPOBBIX BOJ0€EMOB
HA HAYAJI0 BOCLMHUIECATHIX roaos. O01iee KOJINYECTBO 2 - 5 MJIH. TOHH B IO
(mo nanubiM Peesis H., Pesesis Y., 1995)

W cTOYHUK 3arps3HEHUS] B % ot oOuiero xonuyecTna

Peunoii cTok 41

[lepeBo3ka MopeM (aBapuu U HOpMaJbHBIE paboune

oTepaIim) 20
EcTtecTBeHHBIC M3MUSHUA HEPTHU CO IHA OKEaHa 15

CTOYHBIC BOJBI 12

Jlo6b1ya HeTH Ha MOpe 5

Brinagenue ¢ atMocepHbIMU OCaIKaMHu 4

CTOK U3 TOPOJCKUX PallOHOB 3
Hedreneperonnsie n3nusiHusg He(TH CO JHA OKeaHa <1

Kaxnass TonHa He(TH MOKPHIBAET TOHKOW TUICHKOW mpuMepHO 12 kBaapar-
HbIX KHUJIOMETPOB BOJHOI MOBEPXHOCTH M 3arpsi3HSET JO MWUIMOHA TOHH MOp-
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ckoil Bojbl. HedTsiHast TieHKa BhI3bIBAE€T THOEb OIJIOAOTBOPEHHOM MKpPHI, Ha-
pylaer mpouecchl (pOTOCMHTE3a M BBIACIECHHS KUCIOPOJa (PUTOMIAHKTOHOM,
YTO HapylIaeT razooOMeH Mexay atMmochepor u ruapochepoit. 3arpsizHEHUE
He(THIO BBI3BIBAET MACCOBYIO TMO€Jb NTHUI] U MOPCKUX MJIEKOMUTAOMNX (Kaja-
HOB, MOPCKUX KOTHUKOB U JIp.). BiusiHue Ha 3KOCHCTEMBI BbIPAXKAETCSI B U3MEHE-
HUU BHUJOBOI0 COCTaBa COOOIIECTBA, CHUYKEHWU YHMCIEHHOCTH BOJIHBIX Opra-
HU3MOB, THOEIU pacTUTENBHOCTH. JTMTENbHOCTD 3arpsi3HeHust He(pTbio Oepero-
BOM 30HBI 3aBUCHUT OT I'€0JIOTHUECKUX OCOOCHHOCTEHN CTpOoeHHUs Oepera U MOXKeT
coxpansTeca 6oinee 10 ner.

Kpome HepTH 1 BpeAHBIX BEIIECTB, IPUHOCUMBIX B MUpPOBOI OKeaH 3arpss-
HEHHBIMH peKamu, OOJbIIOE KOJIMYECTBO HUX MOCTymaer u3 armocepsl. Exe-
roaHo BbImaaaeT A0 200 ThICAY TOHH CBUHIA, | MUJJIMOHOB TOHH YTJIEBOAOPO-
JOB, 5 THICSY TOHH PTYTH. OKOJIO MOJIOBUHBI ITECTULIMAOB IIONAIAET B OKEAH U3
aTMoc(ephl.

CuiibHO 3arpsi3HeHbl Cpeu3eMHOE MOpE, 3AJIMBBI U MOps SITOHNMHA, MHOTHE
PEKHM BO BCEX CTpaHax MHpa. B Hamiel cTpaHe 10 OIMACHOrO YPOBHSI CHU3HWIIOCH
KayecTBO BOJIbI B HU30BbsAX Bomru, [lewopsr, O0u u psaa apyrux pex. Bo MHo-
TUX PEKax KOHIIEHTpauus BPEAHBIX BEIIECTB-3arPA3HUTEIEH OOCTUTAeT IIpe-
JEIbHO JOMYCTUMBIX BEIWYMH, @ B KaXIOU CEIbMOM PEKE MX KOHLEHTPALMS
npesbimaeT [1JIK B 10 pa3 u 6onee. B nepuos 00paboTku MeCTUIIUIAMU PUCO-
BbIX TOJIEW B pAJIE FOKHBIX CTPAH KOHLEHTPALMS 3TUX SJOXUMHKATOB IPEBbI-
maet [1JIK B coTHH pa3. YIIOBBI OCETPOBBIX, CENIBJIEBBIX U JPYTUX PbIO B KOTa-
TO CaMOM MPOJYKTUBHOM MOpe MHUpa - A30BCKOM - ynanu B 25 pa3. PeiOy u3
o3epa banxam m HEKOTOPBIX KPYNHBIX BOJOXPAHWIMI] CTAHOBUTCS OIACHBIM
yHoTpeOIsiTh B MUILY M3-32 BBICOKOTO YPOBHS 3arpsi3HeHUs BoJbl. B 1ienom mo
CTpaHe OJIHA TPETh BUJOB PENTUINI U aM(pUONIl HAXOAUTCS HA TPAaHU UCUYE3HO-
BEHMUS.

Ha Oeperax bantuiickoro Mopsi pacnoJiosKeHbl IEBSITh TOCYAAPCTB, KOTOPBIE
BCJICJICTBUE PA3BUTON MPOMBILIIJIEHHOCTH OKA3bIBAIOT HEIOCPEACTBEHHOE BIIMS-
HHUE HAa DKOCUCTEMBbI BalTMICKOro peruoHa. YpPOBEHb 3arpsA3HEHHOCTH OTKpBI-
ThIX pailoHOB Mops Hedrenpoaykramu noBeicwiica a0 2 [IJIK. B tomnme Boxabl
HIDKE CKadka TJIOTHOCTH (Ha riayoune 80 M) mpucytctByeT cepooaopoid. Co
ctoponbl Poccun, JIuteel, JlatBun u Octonun B 1989 romy B GacceliH mops
copackiBanoch 3,616 MIITMOHOB KyOMYECKUX METPOB 3arpsi3HEHHBIX CTOYHBIX
BOJI, C KOTOPBIMHU MOCTYyNano 58,3 ThICAY TOHH a30Ta, 353 THICSIYM TOHH OpTraHU-
YECKUX BEIECTB, 375 TOHH LIMHKA, 42 TOHHBLI CBUHIIA, 167 TOHH COEIUHEHUI
M€ U T.J.

Cpenn HamOoJiee aKTUBHBIX 3arpA3HUTENECH MOpsA - OOBEKTHI >KHIMILIHO-
KOMMYHQJIBHOTO XO03siicTBa. B mpoMebInuieHHON cdepe 0coboe BHUMaHUE Tpe-
OyeT IpHUpOAOOXpaHHAS NEATEIbHOCTh MPEANPUITHI LEIUTI0I03HO-0yMaxHOM
IIPOMBIIIJIEHHOCTH. BCEro Takux NpeanpusThii B perHMOHE HacuuThiBaeTcs 14.
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Wx ynenpHbIA Bec B 0OIIEH HarpysKe 3arpsi3HEHUN, HallpuMep Mo OpraHuye-
CKHM COE€JIMHEHUSIM, cocTaBiisgeT 6onee 20%.

K naubonee «HebIaronosyyHbIM» paiioHaM MO0 XMMHYECKUM MOKa3aTeNsiM 1
HaIpPsHKEHHOMY KHUCJIOPOIHOMY pPEXUMY OTHOcATcs HeBckas ryba (mapraseri,
Mefb, XxJaopoopranndeckue nectuuasl - XOII), akBatopun noptoB (XOII, ¢e-
HOJIBI, TSDKEJIbIE METAJIbI, Te(PUIIUT KUCTIOPO/ia), YCThEeBbIE pailoHbl pek Jluemy-
nie u [Iperonu (penonsl, nedurut kucinopona) u Kypuickuit 3anus (penosnr). B
Bucnuackom u KypiickoM 3aiuBax CpeHETOJ0BbIE KOHIEHTPAIIMU HEePTIHBIX
yrieBoaopoaoB coctapisuin 1-2 TIJIK, a penonos - 3-7 I[TJIK. Jlo 220-250 TbI-
CSY TOHH B TOJl COKpaTWJINCh yioBbl B bantuiickom mope. B cripaBke 00 3K0110-
rudyeckor oocraHoBke B ropojae Kamununrpane (mo ganueiMm EKAT, 1996) ot-
MeUaeTcs YXYAIIEHUE SKOJIOTMYECKOM CUTYyaIlMu BOJIHBIX 00bEKTOB ropojaa. Oc-
HOBHOMW BOJHBIN 00BEKT ropojia pexka IIperons siBiseTcs riaaBHbIM UCTOYHUKOM
MUTHEBOM BOJIbI. BBICOKHI ypOBEHb MOBEPXHOCTHOIO 3arps3HEHUS] PEKH MTPOUC-
XOJIUT 32 CUET JIETKOOKUCIIEMON OpPraHUKH XO3SIMCTBEHHO-OBITOBBIX U (heKasb-
HBIX CTOKOB. J[HO peKH MOKPHITO MHOTOMETPOBBIM CJIOEM MEPTBBIX OTIOKECHUH.
ConeprkaHue OpraHUYeCKUX 3arpsi3HEHH, 0COOEHHO B JIETHUM MEPUO/I, MPEBHI-
maet [IJIK. Conepskanue pacTBOPEHHOTO KUCIOPOJia B YepTe ropojia 4acTo Ha-
XOJIUTCS B KPUTHYECKUX Mpenaenax. B peky monajgaroT COM TSXKETbIX METaIoB
C NPOMBIIUIEHHBIX Npeanpustuii. COCTOSHUE MEJIKUX BOJIOEMOB (03epa, peuKH,
py4bH) B TOpOJie KpaiiHe HEYJOBJICTBOPUTEIIBHO, OHU MPAKTUYECKU MPEBPATHU-
JUCh B CTOYHBIE KaHaBbl, uepe3 KoTopwie B peky I[Iperonto cOpackiBaroTcs He-
o0e33apakeHHbIe CTOYHBIE BOJIbI. Bo/ia B BogoemMax MyTHasi, TEMHOIO I[BETa, CO
crienu(puYecKUM 3amaxoM. B mepuojsl MpoU3BOAUMBIX 3alaHbIM BETPOM Ha-
TOHHBIX SIBJICHUN Kaue€CTBO BOJbI, MOCTyMaromen u3 Ilperonu ais BogonpoBo/I-
HOU OYMCTKHU, HE oTBeuaeT TpeboBanusim ['OCTa.

3arps3HEHUE BOJHBIX CHUCTEM MPEACTaBIsCT OOJBIIYI0 OMacCHOCTh, YeM 3a-
rpsi3HEHUE aTMOoc(epbl, Tak KaK MPOILIECChl CAMOOYMIIEHUSI B BOJHOM cpeje
MPOTEKAIOT MeJJieHee, yeM B Bo3ayxe. Kpome Toro, MCTOYHUKH 3arps3HEHUs
BOJIHOM cpejibl 0osiee pa3HOOOpa3HbI U MPOIECCHI, MPOTEKAIoIIUe B HEl, Ooliee
YyBCTBUTEJIbHBI, YEM T€, KOTOPBIC MPOTEKAIOT B aTMOCdeEpeE.

JI1s1 yMeHbIIIeHUsI CTENEHU 3arpsiI3HeHUS TPUPOIHBIX BOJI CTOYHBIMHU BOJAaMU
B co0TBeTCTBUU C «IIpaBuiiamMu oxpaHbl MOBEPXHOCTHBIX BOJ OT 3arpsi3HCHUI
KaueCcTBO BOJbI BOJIOEMA TOCJIe cOpOca B HETO CTOYHBIX BOJ IOJKHO COOTBETCT-
BOBaTh OMNpeAeieHHbIM TpeOoBaHusM. KonuecTBO pacTBOPEHHOIO B BOJE KH-
ciopona - He Menee 4 mr/n. BIIK ;. npu 20°C - He BbIe 3 mr/a. Coaeprkanue
B3BCILICHHBIX BEIIECTB HE JIOJKHO yBeIWYUBaThCs Oojiee uem Ha 0,25 u Ha 0,75
MI/J JUIsi BOJIOEMOB PBIOOXO3SIUCTBEHHOTO M XO3SMCTBEHHO-OBITOBOTO BOJIO-
MOJIb30BaHUSI COOTBETCTBEHHO. MUHEpaibHbIN ocanok - He 6onee 1000 mr/m, B
TOM uucie xjgopunabl - 350 mr/a, cynbgatel - 500 mr/n. 3anaxu U NPUBKYCHI
JIOJDKHBI OTCYTCTBOBaTh. KucinotHocts Boawl (pH) - B Auanaszone ot 6,5 1o 8,5.
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Ha noBepXxHOCTH BOJbI HE AOJKHO OBITh IJIABAOLIMX IPUMECEH, TNICHOK, MSTEH
Maceln, HeTenpoayKToB. B Bojie HE JOMKHBI COAEPKATHCS SAOBUTHIE BEIIECTBA
B KOHLEHTpALUAX, OKA3bIBAIOIIMX BPEAHOE BO3JCHCTBUE HA JIIOJEU U KUBOT-
HeIX. Karteropuuecku 3zampeniaercsi cOpacbiBaTb B BOJOEMbl PaJHMOAKTHUBHBIE
CTOYHBIE BOJBI. BhINoMHEHNE 3TUX TpeOOBaHUI 00SA3aTENBHO ISl MPOEKTUPOB-
IIMKOB, CTPOMTENEN M DKCIUTyaTalMOHHUKOB. [IpaBuiia OpUEHTUPYIOT Ha Ipe-
UMYIIIECTBEHHOE COKpalleHue 00bEMOB CTOYHBIX BOJ C BPEAHBIMU NMPUMECAMHU
yTEM BHEAPEHUS MPOTPECCUBHBIX TEXHOJIOTHI U BOJOOOOPOTHBIX LIUKIIOB.

9. 9KOJIOI'MYECKAA XUMUA JIUTOCDEPDHI

JIutocepa - BepxHss TBepaas 00o0j0uka 3eMIIM, TOCTENEHHO C TIyOMHOM
nepexoAsias B cepbl C MEHbIIEH IJIOMIAAbI0 BElIeCTBA. BKiIIOYaeT 3eMHYIO
KOPY M BEpXHIOI0 MaHTHIO 3emui. MomHocTh Jutocdepsl 50 - 200 kM, B TOM
YyuCye 3eMHOM KOpHI - 10 50 -75 KM Ha KOHTUHEHTaX U 5 - 10 kM Ha THE OKeaHa.
Bepxuue cinou nurochepst (10 2 - 3 KM, 10 HEKOTOPHIM JaHHBIM, - 10 8,5 KM)
Ha3bIBAIOTCSI JINTOOHMOC(HEPOH.

XHUMHUYECKHUM COCTaB 36MHOM KOPHBI MpejcTaBieH B Ta0m. 9.1.

Tabnuya 9.1

XuMHYEeCKHH COCTaB 3¢MHOM KOpbI HA riayounax 10 - 20 km

DneMeHT MaccoBas nois, %
Kucnopon 49,13
Marnuit 2,35
Kenes3o 4,20
VYrnepon 0,35
Kammit 2,35
AnroMuHHAH 26,00
Turtan 0,61
Harpuit 2,40
Kpemunit 26,00
Bonopon 1,00
Kaneimit 3,25
Xnop 0,20

[IpupoHbie XUMUYECKHUE COCTUHEHUSI SJIEMEHTOB 3€MHOM KOpbI Ha3bIBAIOT-
csi MuHepaiamMu. M3 HUX COCTOSAT MHOTOYMCIIEHHBIE THIBI TOPHBIX Mopoj. Oc-
HOBHBIMH TPYyNINaMu TOPHBIX MOPOJ SBISIOTCS MarMaTUyecKue, OCaJOyHbIe U
MeTaMoppHUUECcKue.

86



YenoBek MpakTUUECKH HE BO3JIEUCTBYET Ha JUTOCPEPY, XOTS BEpXHUE TOPU-
30HTHI 3€MHOM KOpBI TOJIBEPraloTCs CUJIBHOW TpaHChOpMaIMi B pe3yjbTaTe
AKCILTyaTallui MECTOPOKIECHUN MOJIE3HBIX NCKOTAEMBbIX.

[Ipupoanbie pecypchl - 3TO Tella U CHIIbI IPUPOJbI, KOTOPBIE UCIIOIB3YIOTCS
YEJIOBEKOM I MOJJIEPKAHUSI CBOETO cyllecTBOBaHMSA. K HUM oTHOCSTCS COn-
HEYHBII CBET, BOJA, BO31yX, I0YBA, PACTCHUS, KUBOTHBIE, MTOJIE3HBIE HCKOMae-
MbI€ ¥ BCE OCTaJbHOE, YTO HE CO3/IaHO YEJIOBEKOM, HO 0€3 4ero OH HE MOXKET
CYIIECTBOBATh HU KaK JKMBOE CYIIIECTBO, HU KaK MPOU3BOAUTEND.

[Ipupoausie pecypchl KIacCUGUIUPYIOT B COOTBETCTBUU CO CIEAYIOIIUMHU
MPU3HAKAMH:

- TI0 UX UCIOJIb30BAHUIO - HA IPOU3BOJICTBEHHBIE (CEIBCKOXO035MCTBEHHBIE U
MPOMBIIIJIEHHBIE), 3APaBOOXPAHUTEIbHbIE (PEKPEAlMOHHBIE), ACTETUYECKHUE,
Hay4HbIC U JIp.;

- MO0 MPUHAJIEKHOCTH K TEM WJIM MHBIM KOMIIOHEHTAM MPUPOAIBI - Ha 3€-
MEJIbHBIE, BOJHBIE, MUHEPAJIbHBIE, )KUBOTHOT'O MJIM PACTUTEIBHOTO MUpPA U IP.;

- TI0 3aMEHUMOCTH - Ha 3aMEHUMbIe (HampuUMep, TOTUIMBHO-MHUHEpAIbHBIC
AHEPreTUYECKUE PECYPChl MOKHO 3aMEHUTh BETPOBOM, COJTHEUHOW SHEPrUcii) u
He3aMEHUMbIe (KUCIIOPOJ BO3AyXa JJI JbIXaHUS WM MPECHYIO BOIY IJIsi MUThHS
3aMEHUTh HEUEM);

- 110 UCUEPIIAEMOCTH - Ha CUeplaeMble U HercuepraeMble.

[IpuBeneHHBIC BBINIEC MPU3HAKKU MO3BOJISIOT MPEICTABUTh HECKOJBKO KJlac-
cuduKanuii TPUPOIHBIX PECYPCOB, KaXK1as U3 KOTOPHIX UMEET CBOU JOCTOMHCT-
Ba U HEJOCTAaTKU. BonbIioi uHTEepec /Uisl HAyKU U MPAKTUKHU MPEACTABISET Je-
JICHWE MIPUPOIHBIX PECYPCOB IO MPU3HAKY HCUEPITAEMOCTH.

Heucuepriaembie (HEUCTOUTUMBIE) PECYPCHI - KOJUYECTBEHHO HEHCCSIKaemast
4acTh MPUPOJIHBIX PECYPCOB (COJIHEUHAsI SHEPTHUsl, MOPCKUE MPUIUBBI, TEKYIIIas
BOJIa, aTMocdepa, XOTs MPU 3HAYUTEIBHBIX 3arpsS3HEHUSIX OHAa MOXET Mepexo-
JIUTh B KATETOPUIO UCUEPIIAEMBIX ).

Hcuepniaembie - pecypchbl, KOJIMYECTBO KOTOPHIX HEYKJIOHHO YMEHBIIIAETCS
0 Mepe UX JOOBIUM WIM U3bIATHUS U3 MPUPOIHOUN cpeabl. OHU B CBOIO OYEPEIb
JeNsTCd Ha BO30OHOBUMBIE (PAaCTUTENBHOCTh, KUBOTHBIM MHp, BOAA, BO3AYX,
MoYBa) U HEBO300HOBUMBIC (MUHEpalbHbIe). OHU MOTYT OBITh MCTOLIEHBI KakK
MOTOMY, YTO HE BOCHOJIHSIIOTCSI B PE3yjbTaTe MPUPOJHBIX MPOIECCOB (MEb,
YKEJIe30, ATIOMUHUN U Jp.), TaK U TOTOMY, YTO MX 3amachl BOCIIOJHSIOTCS MeE/I-
JIEHHEEe, YeM MPOUCXOAUT UX MOTpedsieHne (HedTh, yroyib, TOPIOYME CIIAHIIBI).
[TorTomMy B OyaylieM 4eloBEYECTBY MOTpeOyeTCs MOUCK CPEICTB U METO/OB
6osnee 3pheKTUBHOTO UCIOIb30BaHUsI HEBO30OHOBUMBIX PECYPCOB, B TOM YHCJIC
METOJIOB TIepepabOTKH BTOPUYHOTO ChIpbsi. B HacTosIee BpeMsi UCHOJIb3yHOTCS
IIOYTH BCE AJIEMEHTHI Iepuoanueckoit cucremMsl J.1M1.Menneneesa.

CreneHb NpUMEHEHUS U MEPEepabOTKU MHOTOUYUCIECHHBIX BHJIOB MUHEPAJb-
HOTO CBIpbsSl OMpeNeNsieT Mmporpecc U Onarococtosinue oomecTBa. OCHOBHBIMU
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CBIPEBBIMU PECYpPCaMU CIIyXaT METaJlIbl, BOAA, MUHEPAIbHOE U OPraHUYECKOe
celpbe. Temmbl FKCILTyaTallii 3€MHBIX HEAP YCKOPSIOTCS M3 ToJa B roj. 3a mo-
cieanue 100 mer exxerogHoe notpeleHUe Yyris, jKejie3a, MapraHiia U HUKEIs
yBennuuiiochk B 50-60 pa3, Bonbdppama, antoMuHusa, MoiaudaeHa u kamus B 200 -
1000 pas.

B nocnennue rogsl Bo3pociia 100bIYa 3HEPIETHUECKUX PECYPCOB - HEPTH,
npupoaHoro raza. Tak, B 1991 roay B mupe 06110 10061TO 3340 MITH. TOHH HEd-
TH, u3 HUX noutu 40% npuxoaurcsa Ha CIIIA, Caynosckyro Apasuro u Poccuro.
IpupoHoro rasa 1066iTo 2115 Mupa. M°, u3 Hux Ha Poccmio npuxoautes 38%,
Ha CIIA - okono 24%. Bo3pocia B Mupe 100b14a 30J10Ta U aJIMa30B.

CoBpeMeHHas 31oxa XapaKTepU3yeTcsi BCE BO3PACTAIOMIMM MOTPEOICHUEM
MHUHEpaJIbHO-CHIPbEBBIX pecypcoB. [losTomy Bo3HHMKaeT mpobiema Oonee pa-
MOHAJIBHOTO HKCIOJIb30BaHUS MHUHEPAIbHBIX PECYPCOB, KOTOPYIO MOXHO pe-
HIUTh CIAEAYIOIMMHI METOJAMMU:

- CO3[IJaHUE€ HOBBIX BBICOKO3(D(PEKTUBHBIX CIIOCOOOB r€0JIOrMYECKON pa3Bei-
KU TOJIE3HBIX NCKOIMAEMBbIX, PECYpCOCOEpEraroux METOI0B J00OBIUN;

- KOMIUIEKCHOE MCIOJIb30BAHNE MUHEPAIBHOTO ChIPbS;

- COKpallleHHE IMOTEPh ChIPbsi HA BCEX 3TAlaxX OCBOCHMS U HCIIOJIb30BaHUS
3a1acoB HeJp, 0COOCHHO Ha CTaIusIX 00OralleHus U nepepaboTKU ChIPbs;

- CO3/ITaHME HOBBIX BELECTB, OPraHUYECKUN CUHTE3 MUHEPATBHOTO ChIPBSI.

Kpome Toro, BaxkHasi pojb B PallMOHAJIBLHOM HCIOJIb30BAHUU TMPUPOJIHBIX
pECYpPCOB IPHHAMIEKUT PECYPCOCOEPEraroUM TEXHOJIOTUSAM, MO3BOJISIFOLIUM
o0ecreyuTh MPEeXKIE BCEro dHEPreTHUecKyro 3(PEeKTUBHOCTH - COOTHOIICHHE
MEXIy 3aTpauyMBacMOil 3HEpruedl M MOJE3HBIM MPOIYKTOM, MOJYyYaeMbIM IpPH
aTux 3aTtparax. Kak ormeuaer T. Munep (1993), ucnonbs3oBaTh BHICOKOKAYECT-
BEHHYIO SHEPIHIO, U3BJIEKAEMYIO U3 SJAEPHOIO TOIUIMBA, B HU3KOKAYE€CTBEHHYIO
JUTst 000TpeBa KUK - «3TO BCE PABHO, YTO pe3aTh MACIO LHUPKYJISIPHOU MUIION
WIKM OUTh MyX Ky3HEYHBIM MOJOTOM». I103TOMYy OCHOBHBIM NPHHLIMIIOM HC-
M0JIb30BAHUSI SHEPTUH JOHKHO OBITh COOTBETCTBUE KaueCTBAa DHEPIUU MOCTaB-
JeHHbIM 3amadaM. Jyig oborpeBa >KWIMIL MOKHO HCHOJb30BaTh COJHEUHYIO
HHEPTHUI0, IHEPTUI0 TEPMAIIBHBIX MCTOYHHKOB, BETpPA, YTO YK€ NMPUMEHSETCS B
HeKoTOophIX cTpaHax. Ha puc. 9.1 (cMm. Ha c¢. 90) mokazaHbl MOJIETTU ABYX THUIIOB
oO1ecTBa: 0OLIECTBO OAHOPA30BOI0 MOTPEOJICHMSI, CO3AI0IEe OTXO/IbI, U MPH-
ponocOeperaroiiee 00IIeCTBO.

Bropoit Tun oluiecTBa - 3T0 00111€CTBO OyAYILIEro, B OCHOBE KOTOPOIo Jie-
KUT Pa3yMHOE UCIOJb30BAHUE SHEPTUU U PEUUPKYIISILIMU BELIECTBA, BTOPHUYHOE
HCIIOJIb30BAaHUE HEBO30OHOBUMBIX PECYpPCOB, a TaKXKe (UTO OCOOEHHO Ba)KHO) HE
JOJKHO MPOUCXOJUTH MPEBBILIEHNUE MTOPOra 3KOJOTHYECKOW YCTOWYMBOCTH OK-
pyxaromient cpenbl. Harmpumep, 3Ha4uTENBHO MPOIIE U JICHIEBIIE MPEA0TBPATUTH
NOMaIaHUE 3arpsI3HAIOIIMX BEIIECTB B NMPUPOJHYIO CPELy, YEM MBITATHCA OYH-
CTUTh €€ OT 3TOro 3arpsi3HeHus. OTXOJbl MPOU3BOACTBA, ObITa, TPAHCIIOPTA U
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T.Jl. MOTYT PEaJbHO M MOTEHIIMAJIBLHO UCIIOIb30BAThCS KaK MPOAYKTHI B APYTUX
OTpacysiX HAPOJAHOIO XO341UCTBA UK B XOJI€ pereHepaluu.

Bpennble 0TXO1bI JOJKHBI MOJIBEPraThCsl HEUTpANU3alMy, a HEUCTIOIb3Ye-
MbI€ CUHMTAIOTCSI 0TOpocamu. OCHOBHBIE BHJIBI OTXOJIOB JICNSTCS Ha Oblmossle,
OMX00bl RPOU3BOOCHBA 1 NPOU3BOOCHIBEHHO20 NOMPED/ICHUAA.

1. boiTOBBIE (KOMMYHaJbHBIE) TBEPbIEC (B TOM YHCIE TBEpAAsk COCTaBIISIIO-
asi CTOYHBIX BOJ - MX OCaJ0K) OTOPOCHI, HE YTUIU3UPOBAHHbIE B OBITY, 00pa-
3YIOIIMECS B PE3YJIbTAaTe aMOPTHU3ALUK ITPEAMETOB ObITA U CaMOU KU3HU JIIO/IEH
(Bkiroyasi 6aHM, IpavyeyHble, CTOJOBbIC, OOJBHULIBI U TIp.). s YHUUYTOXKEHUS
OBITOBBIX OTXOJOB COOPYKAIOT MOIIIHBIE MYCOPOCKHUTaTeNIbHbIE YCTAHOBKHU HIIH
3aBOJIbI, KOTOPBIE JAIOT 3JEKTPOIHEPIUI0 WU IMap, UAYIIMe Ha 00OTpeB mpe-
IPUATAN U KHAIIBSL.

2. OTX01BI TPOU3BOACTBA (IIPOMBIILIEHHBIE) - OCTATKU ChIPhS, MATEPUAIOB,
nory(haOpuKaToB, 0Opa30BaBIIHMECS MPU MPOU3BOJCTBE MPOAYKIMU. OHU MOTYT
ObITh 0€3BO3BpaTHHIMU (yJIETYYHUBaHUE, Yrap, yCylIKka) U BO3BPATHBIMU, MO/IjIe-
x)amumu nepepadotke. [1o maHHBIM 3apyOeKHBIX HCTOYHUKOB, B cTpaHax EDC
60% OBITOBBIX OTXOJIOB IOJBepraercs 3axopoHeHuto, 33% cxwuraercs u 7%
KoMIocTupyeTrcs, UTo ke KacaeTcsi IPOMBIIIJIEHHBIX U CEIbCKOX035UCTBEHHBIX
0TX0/0B, TO cBbllie 60 U 95% COOTBETCTBEHHO MOJIBEPralOTCs MHTEHCHUBHOM
nepepadoTKe.

Bxon Cucrema Brixon

OHeprus
BBICOKOTO
KayecTBa

O61ecTBo, DOHeprus

>
co3aaroniee HU3KOKAQ4E€CTBEHHOI'O
g OTXOJIbI TeIuia

A\ 4
BemectBo OTXO/BI BEIIECTBA,
HOCTYAKOLINE B
OKPYXKAIOLIYIO CPELY

A
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Puc. 9.1. Mozenu o01iecTBa 0 JHOPa30BOTO MOTPEOJICHHUS, CO3AAFOIIETO OTXOBI (A),
u ipupoiocoeperaroriero odmiectna (b)

3. OTX0apl MPOU3BOACTBEHHOTO TMOTPEOJICHUS] - HEMPUTOJHBIC IS Jallb-
HEWIIEro UCIOJIb30BAHUSI MAIIMHBI, MEXAaHU3MbI, HHCTPYMEHTBI U Ap. OHU MO-
I'yT OBITh CETbCKOXO3SHWCTBEHHBIMHU, CTPOUTEIbHBIMHU, MPOU3BOIACTBEHHBIMH,
panuoakTuBHbIMU. [lociieHUE BecbMa OMacHbl U HYKAAI0TCS B TIIATEIBHOM 3a-
XOPOHEHHH WIH J1€3aKTUBALIUH.

B nocnennue roapl yBEIUYUIOCh KOJIUYECTBO OMACHBIX (TOKCUYHBIX) OTXO-
JIOB, CHIOCOOHBIX BBI3BIBATH OTPABJICHUS WUJIM UHBIE TOPAKEHUS KUBBIX CYIIECTB.
DTO MPEkK/e BCEro HE UCIOJIb30BAHHBIE PA3IUYHBIE SITOXUMHUKATHI B CEIBCKOM
X034MCTBE, OTXObl MPOMBIIUICHHBIX MPOU3BOJICTB, COJAEPKAIINE KAHIIEPOIeH-
HblE€ U MyTareHHble BellecTBa. B Poccuum k onacHeiM orxogam oTHoOcAT 10% oT
Macchl TBEPABIX OBITOBBIX 0TX0/10B, B CIIIA - 41%, B Benukoopurtanuu - 3%, B
Snmonum - 0,3%.

Ha Tepputopun MHOTMX CTpaH MMEIOTCSA TaK Ha3bIBAEMBIE (JIOBYLIKH), TO
€CTh JIaBHO 3a0BIThIC 3aXOPOHEHUS OMACHBIX OTXOJ0B, Ha KOTOPBIX CO BpEMEHEM
MOCTPOWJIH JKUJIBIE IOMa U JpYyrue 0OBEKTHI, JArOIIie O ce0e 3HATh MOSBICHUEM
CTpaHHBIX 3a00JIeBaHUN MeCTHOTO HaceneHus. K TakuMm «JIoByIIKam» MOXKHO
OTHECTH M MECTa MPOBEACHUS SAEPHBIX UCIBITAHUNA B MUPHBIX Lenax. Cyniect-
BYIOIIIME TTPOEKTHI (0TUACTH PeAIU30BAaHHBIC) 3aXOPOHEHHUS, & TAK)KE MOI3EMHBIE
AJICPHBIE WCIMBITAHUS MOTYT WHUMLIHUPOBATH TaK HA3bIBAEMbBIE «HABEICHHBIEY
3EMJICTPSACEHUS.

HauGonbimel Tpanchopmaiuu mojasepraercs caMblii BEpXHUHM, TOBEPXHOCT-
HBIM TOpU30HT JuTochepsl B mpeaenax cymu. Cyma 3anumaer 29,2% mnoBepx-
HOCTH 3€MHOTO IIapa M BKJIOYAET 3€MJIM Pa3JIMYHOM KATErOpUH, U3 KOTOPBIX
BaJKHEIIIee 3HAUYEHNE UMEET II0OJJOPOIHAs T0YBA.

[TouBa - 3TO MOBEPXHOCTHBIN CIIONW 36MHOM KOPBI, KOTOPBIM 0Opa3yeTcs u
pa3BUBAETCSl B pe3yJIbTaTe B3aUMOJACHCTBUSI PACTUTENBHOCTH, )KUBOTHBIX, MHUK-
POOPTraHU3MOB, TOPHBIX MOPOJ U SBJISETCS CaMOCTOSITEIbHBIM MPUPOIHBIM 00-
pazoBaHueM. BaxHEeHIIMM CBOWCTBOM IOYBHI SIBJSIETCS IJIOJOPOJIUE - CIIOCO0-
HOCTh 00€ecCIieuynuBaTh POCT U pa3BUTHE pacTeHuil. [louBa sIBIsSETCS TUTAaHTCKOM
AKOJIOTMYECKOM CHUCTEMOM, OKa3bIBAKOIIEH, HApsAay ¢ MHUPOBBIM OKEaHOM, pe-
nIaroriee BiIUsSHUE Ha BClO Onocdepy. OHa aKTUBHO Y4acTBYET B KpPyroBOPOTE
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BELIECTB M SHEPIrUU B MPUPOJE, MOIIEPKUBAET Ta30BbIM cOCTaB aTMochepsl
3emun. [TocpeacTBOM MOYBHI - BaKHEHUIIETO0 KOMIIOHEHTAa OMOLIEHO30B - OCYIIe-
CTBJISIFOTCA DKOJIOTMUECKHE CBS3M KUBBIX OPTaHU3MOB C JUTOCHEPO, TUAPO-
chepoit u atMmochepori.

OcHoBaTeneM Hay4YHOIro TOYBOBEJIECHHUS SBJSETCS BBIJAIOIIMNCA PYCCKHM
yuensii B.B. JlokyuaeB (1846 - 1903), KOoTOpbIii pacKpbli CYIIHOCTh MOYBOOO-
pazoBarenpHOro mnpouecca. K ¢akropam mouyBooOpa3oBaHHs OTHOCSTCS Mate-
pUHCKHE (IMOYBOOOpa3yoUIUe) MOPOAbl, PACTUTEIbHbBIE U JKMUBOTHBIE OpraHU3-
MBI, KJIUMAT, penbed, BpeMsi, BoJa (IOUYBEHHAs] U TPYHTOBAsI) U XO35HCTBEHHAS
NEeSATENbHOCTh YeJIOBEKa. Pa3BUTHE MMOYBBI HEPAZPHIBHO CBSA3AHO C MATEPUHCKOMN
nopoAoH (TpaHUT, U3BECTHSK, MECOK, JIECCOBUJIHbIE CYTJMHKHU U 1p.). OOpa3zo-
BaHUE PHIXJION MOYBEHHOW MAcChl CBSI3aHO KaK € MPOILIECCAaMU XUMUYECKOTO BbI-
BETPUBAHUA, TaK U C OMOJIOTMUECKUMH - 00pa30BaHUEM CHEU(PUUYECKUX Opra-
HUYECKUX BEIIECTB (TyMyca UM EPETHOS ) MO BO3ICHCTBUEM PACTEHUH.

B coctaB nouBBI BXOJAT YETHIPE BAXKHBIX CTPYKTYPHBIX KOMIIOHEHTA: MUHE-
panbHas ocHoBa (00braHO 50 - 60% o00IIero cocraBa IMOYBBI), OPraHUYECKOE
BenecTBO (0 10%), Bo3ayx (15 - 25%) u Bona (25 - 35%). CTpykTypa MOYBBI
ONPENENSIETCS] OTHOCUTEIBHBIM COJCPKAHUEM B HEH IecKa, WIa U TJIMHBL. Xu-
MH3M IIOYB YaCTUYHO OINPEIEISIETCSI MUHEPAIBHBIM CKEJIETOM, YaCTUYHO - Opra-
HUYECKUM BEIECTBOM. boubllias yacTh MUHEPAIBHBIX KOMIIOHEHTOB IPECTaB-
JeHa B IOYBE KPHUCTAUIMYECKUMHU CTpyKTypamu. [IpeoOnanaroimumu moyBeH-
HBIMU MUHEPAJIAMU SIBJISTFOTCS] CUJIMKATBHI.

bonpuiyro posib B yAE€p:KaHWHA BOJABI M NUTATENbHBIX BEIIECTB UIPAET OCO-
OEHHO MHOTOUYHMCJICHHAs U BaKHAsl TPYIIA IIIMHUCTHIX MUHEPAJIOB, OOJIBIINHCT-
BO M3 KOTOPBIX 00pa3ylOT B BOJI€ KOJUIOUJTHYIO CyCIeH3ut0. Kakaplii KpucTami
TJIMHUCTOTO MHUHEpaia COJCPKUT CJIOM CUIIMKaTa, OObeIUHEHHBIE CO CIIOSIMU
TUJIPOKCHJIA ATIOMUHUS, OOJaJAIOUMMH MOCTOSHHBIM OTpPULIATEIbHBIM 3apsi-
JIOM, KOTOPBI HEUTpan3yeTcsi KaTHOHAMU, aICOPOMPOBAHHBIMU U3 MTOYBEHHO-
ro pactBopa. biarogaps ’ToMy KaTHOHBI HE BBILIEIAYUBAKOTCS U3 IIOYBBI U MO-
I'yT OOMEHHMBAThCSI HAa JPyrHe KaTHOHBI U3 NMOYBEHHOTO PacTBOpPa U PacCTUTENb-
HBIX TKaHEeW. DTa KaTHOHOOOMEHHasi CIIOCOOHOCTh CIIYKHT OJIHUM M3 BayKHBIX
WHIUKAaTOPOB IIJIOJOPOIUS ITOYBBI.

Oprannyeckoe BEIIECTBO MOYBbI 00pa3yeTcs MpU pas3iioKEHUH MEPTBBIX Op-
raHU3MOB, UX YacTeW, IKCKpEeTOB U (ekanuil. KoHeuHbIM NpoayKToOM pasioxe-
HUS SBISIETCS TYMYC, HaXOSIINICS B KOJUIOMTHOM COCTOSIHMM, ITOJ00HO TJIHMHE,
1 o0nanaromuil 00JIbIION OBEPXHOCTHIO YAaCTHUL] C BBICOKON KaTHOHOOOMEHHOI
coco0HOCThI0. OTHOBPEMEHHO C OOpa30BaHHWEM TIyMycCa *XU3HEHHO Ba)KHbIC
3JIEMEHTBI TEPEXOJAT U3 OPraHMUYECKHUX COEIMHEHUN B HEOpPraHUYECKUE, Ha-
npuMep a3oT B HOHBI aMMOHUS, pochop B opTodocdaT-uoHsl, cepa B cyabdar-
MOHBI. DTOT MPOLECC HA3bIBAECTCA MUHEpAIU3aLUeil. YTiaeposa BEICBOO0XKIAETCs
B BUJie CO, B mpolriecce JIbIXaHHusl.

91



[TouBeHHBII BO3YX, TaK € KaK MOYBEHHAsI BOJIa, HAXOJUTCA B MOPaX MEX-
ny yactuiamu noussl. [lopo3HocTh (00beM MOpP) BO3pACTaET B PSALY OT TUNIMH K
CYIJIMHKaM M meckaMm. Mexy Mmo4YBOiM U aTMoc(epoil MporcXoauT cBOOOIHBIN
ra3oo0MeH, U B pe3yibTaTe 3TOr0 BO3AYyX OOEHX Cpell UMEET CXOJHBIN COCTaB,
HO B BO3/lyX€ MOYBHI M3-3a JIbIXaHUS HACEISIONIMX €€ OPraHu3MOB HECKOJBKO
MEHBIIE KUCIOpOoa U 0oJIblle AMOKCUAA YIIIepoa.

[TouBeHHBIC YACTHIIBI YACPKUBAIOT BOKPYT CE0s1 HEKOTOPOE KOJIUYECTBO BO-
IIbl, KOTOpas MOJApa3IeseTcs Ha TPU THUMA:

- TPaBUTAI[MOHHAS BOJIa, CIOCOOHAs CBOOOJHO MPOCAYMBATLCA BHU3 CKBO3b
MIOYBY, YTO BEJIET K BBIIIEIAYNBAHUIO, TO €CTh BRIMBIBAHUIO U3 MOYBHI pa3iny-
HBbIX MUHEPAJIbHBIX BEIIECTB;

- TUTPOCKOIIUYECKAas BOJA, aICOPOUPYIOIIASCS BOKPYT OTAETBHBIX KOJIJIOH/I-
HBIX YaCTHUII 3@ CUET BOJOPOJHBIX CBSA3EH U SBIAIOLIASCA HANMEHEE JOCTYITHOM
JUTsl KOpHel pacteHuil. Hanbonbiee cogepkanne ee B TIIMHUCTHIX MM0YBaX;

- KanWwUISIpHAs BOJA, yJAEpKWBaeMas BOKPYTI MOYBEHHBIX YacTHUIL[ CHUJIAMHU
MOBEPXHOCTHOTO HATSXKEHUS U CIIOCOOHASI TOJTHUMATHCS 10 Y3KUM MOpaM U Ka-
HaJbllaM OT YPOBHS TPYHTOBBIX BOJI U SIBJIAIOIIASICS OCHOBHBIM UCTOYHUKOM BO-
Jbl 111 PACTEHUM (B OTIMYUE OT TUTPOCKOMUYECKON OHA JIETKO UCMIAPSETCS).

[TouBbl MO BHEUIHMM NPU3HAKAM PE3KO OTIUYAIOTCS OT TOPHBIX MOPOI,
BCJICJICTBUE MPOTEKAIOIMINX B HUX (PU3UKO-XUMHUYECKUX TMporieccoB. OHU BKITIO-
YaloT TaKhe TOoKa3aTelu, Kak I[BeT (YepHO3eMbl, OypO3eMbl, Cepbie JIECHbIC,
KaIllITAHOBBIE M Jp.), CTPYKTypa (3epHHUCTasi, KOMKOBarTas, crojbuaras u mp.),
HOBOOOpa30BaHus (B CTEISIX - KApOOHATHI KaJbIUs, B MOTYMYCTHIHIX - CKOILIE-
HUe rurica). TonlrHa TOYBEHHOTO CJI0Sl B YMEPEHHBIX pallOHAaX HA PaBHUHAX HE
npesbimaeT 1,5 - 2,0 M, B TOPHBIX - MEHEE METpa.

B nousennom mpoduiie, rae npeobiagaroT IBMKEHHS MTOYBEHHBIX PACTBO-
POB CBEPXY BHHU3, YaIll€ BCETO BBIAECISAIOT TPU IJ1aBHBIX TOPU30HTA:

- IEPErHOMHO-aKKYMYJISITUBHBIHN (TyMYCOBBIN) TOPU30HT;

- DJIOBUAJbHBIN, WM TOPU30HT BBIMBIBAHUS, XapaKTEPU3YIOLIUNCS Ipe-
MMYIIECTBEHHO BBIHOCOM BEIIECTB;

- WUIIOBUAJIbHBIA TOPU30HT, Ky/1a U3 BBILIEIEKAIIUX TOPU3OHTOB BHIMBIBA-
I0TCS BeIeCTBa (JIETKOPACTBOPUMBIE COJIM, KapOOHATHI, KOJUIOUIBI, THIIC U JIP.).

Hwxe pacnonaraercs matepunckas (mouBooOpasyromiasi) mopoja. THumsl
MOYB XaPAKTEPU3YIOTCS OMPEICICHHBIM CTPOSHUEM MMOYBEHHOTO MPOQUIIs, O1-
HOTHITHBIM HaIlpaBJeHUEM TMOYBOOOpPA30BaHMs, WHTEHCHBHOCTHIO TMpoIlecca
MOYBOOOpA30BaHMs, CBOMCTB M IPaHYJIOMETPUUIECKOTO cocTaBa. Ha Teppuropun
Poccun Boieneno okono 100 tumoB mouB. Cpear HUX MOXKHO BBIJICJIUTH HE-
CKOJIBKO OCHOBHBIX THIIOB:

- apKkmu4ecKue U myHoposble no46bl, MOITHOCTh TOKPOBA KOTOPBIX COCTaB-
nsieT He 6omnee 40 cM. DTH TOUBBI XapaKTEPU3YIOTCS TIEPEYBIAXXHEHUEM U Pa3-
BUTHEM aHA’POOHBIX MHUKPOOHOJOTUYECKUX IMPOIIECCOB, PACIPOCTPAHEHBI Ha
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ceBepHbIX OkpanHax EBpasun n CeBepHoit Amepuku, octpoBax CesepHoro Jle-
JIOBUTOT'O OKEaHa;

- noosoaucmoele nousvl, B (HOPMUPOBAHUU HX Mpeodsafaroliee 3HaAYCHUE
UMEET TMOA30J1000pa30BaTeNIbHbIN MPOIECC B YCIOBUSAX YMEPEHHOTO BIAXHOTO
KJINMAaTa MoJi XBOMHBIMHU JiecaMu EBpasnn u CeBepHON AMEPHUKU;

- YepHO3eMbl PACIIPOCTPAHEHBI B MPEJENax JECOCTENHON U CTenHOM 30H EB-
pa3zuu, GOpMHUPYIOTCA B YCIOBHUSIX 3aCYLUIMBOTO KJIMMAaTa U HapacTarolleil KOH-
TUHEHTAJIbHOCTH, XapaKTepU3yIOTCs OO0NbIINM KoJudecTBOM rymyca (> 10%) u
SBIIAIOTCS HanOoJIee MIOAOPOIHBIM TUIIOM MOYB;

- Kauimauogvle No46bl XaAPaKTEPU3YIOTCA HE3HAUUTEIbHBIM COACpPKAHUEM
rymyca (< 4%), popMUpYIOTCS B 3aCYILUIMBBIX U SKCTPAKOHTUHEHTAIbHBIX yC-
JIOBUSIX CYXMX CTEIeH, IMHUPOKO MCHOIB3YIOTCS B 3€MIIEIETINH, TaK Kak 00Jaja-
0T TJI0JIOPOJUEM U COJEPKAT JOCTATOYHOE KOJUYECTBO SJIEMEHTOB MUTAHUS;

- cepo-Oypbvie nousbl U cepo3emvl TUIIHYHBI Il PAaBHUHHBIX BHYTPUKOHTHU-
HEHTAJbHBIX MYCThIHb YMEPEHHOr'0 Mosica, CyOTPONMYECKUX MYCThIHb YMEpEH-
HOT'O mosica, cyOTponuueckux mycTbiHb A3un U CeBepHON AMepUKH, pa3BUBa-
I0TCA B YCJIOBHSIX CYyXOr0 KOHTMHEHTAJIBHOTO KJIMMAaTa U OTIUYAOTCS BBICOKOM
3aCOJIGHHOCTBIO U MaJIbIM cojepkanueM rymyca (1o 1,0 - 1,5%), Hu3kuM 1mwio-
JOPOAMEM U MPUTOJIHBI K 3eMJICJIEINIO TOJIBKO B YCIOBUSX OPOIICHUS;

- KpacHozemvl U Jceimosemvl POPMUPYIOTCS B YCIOBUSAX CYOTPONUYECKOTO
KJIMMaTa MO/ BJIAKHBIMU CyOTPONMMYECKUMU Jecamu, pacrpocTtpanensl B FOro-
Bocrounoii Asuu, Ha nobepexbse UepHoro u Kacnuiickoro mopei, 3TOT THM
MOYBBI MIPU CEJIbCKOXO3WCTBEHHOM HCIIOJIb30BaHUU TpeOyeT BHECEHUS MUHE-
palbHBIX YIOOPEHUI U 3aIIUTHI IOYBHI OT 3PO3UH;

- euopomopghuvie nousvt HOPMUPYIOTCS TOJA BO3JECUCTBUEM aTMOCGHEpHOI
BJIar'M MMOBEPXHOCTHBIX U TPYHTOBBIX BOJ, PACIPOCTPAHEHbI B JECHOW, CTEITHOM
U IIyCTBIHHOM 30HaX. K HUM OTHOCSTCSI O0JOTUCTHIE U 3aCOJICHHBIE TIOYBBI.

OCHOBHBIMM XUMHUYECKUMHU U (PU3NYECKUMH CBOMCTBAMH, XAPAKTEPU3YIO-
HIMMH TJIOAOPOINE MTOYB SBISIOTCA:

- COZIEp’KaHUE U COCTaB ryMyca, €ro 3anachl, MOIIIHOCTb TYMYCOBOTO CJIOS;

- COIepKaHuE JOCTYIHBIX AJIEMEHTOB IMUTAHMUS;

- TIOKa3areau (PU3NYECKUX CBOMCTB MOYBHI - MIIOTHOCTh, arPETUPOBAHHOCTb,
M10JIEBASI BIArOEMKOCTh, BOJOIPOHHUIIAEMOCTb, a3pallys;

- MOp(}OJIOrHYeCcKOe CTPOEHUE MPOQPUIIS TOYUB - MOIIHOCTh TAXOTHOT'O FOPHU-
30HTa U B 1I€JIOM TYMYCOBOT'0 PODUIIS;

- (PUBUKO-XMMUYECKHUE CBOMCTBA MOYB - PEAKIUS MOYBbI, EMKOCTh MOTJIOIIIE-
HUS, COCTaB OOMEHHBIX KaTUOHOB, CTENEHb HACBHIIIEHHOCTH OCHOBAHUSMHU, YpO-
BEHb TOKCUYECKHUX BEILECTB - MOABMKHBIX (POPM aIFOMUHUS U Maprasiia, moka-
3aTeu COJIEBOrO pekMMa. XHUMHUYECKOE 3arpsA3HEHUE MOYB MPHUBOAUT K Jerpa-
JAIUU TTOYBEHHO-PACTUTENIBHOTO MOKPOBA U CHUKEHUIO NMOYBEHHOTO IJI00PO-
TSl
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Ilousennwviti pacmeop - 3TO PaCTBOP XUMMUYECKUX BEIIECTB B BOJE, HAXOMS-
HIMIICS B paBHOBECUHU C TBEPAOW M ra3000pa3HOi (pazaMu MOYBBI U 3aIOJIHSIO-
Ml ee MOpPOBOE MPOCTPAHCTBO. Ero MOKHO paccMaTpuBaTh Kak TOMOTI€HHYIO
KUAKYIO (pa3y, UMEroIIyl0 nepeMeHHbli cocTaB. CocTaB MOYBEHHOTO pacTBOpa
3aBUCHUT OT €r0 B3aMMOJEHCTBUA C TBEpAbIMU (ha3amMu B pe3yjIbTaTe MPOIECCOB
OCaXJICHUS-PACTBOPEHHUS, COPOIMU-AECOPOLIMKY, HOHHOTO OOMEHa, KOMILIEKCO-
00pa3oBaHHUsl, pACTBOPEHMSI Ia30B MOYBEHHOI'O BO3/1yXa, Pa3I0KEHHSI )KUBOTHBIX
U PACTUTEIBHBIX OCTATKOB.

KonnvecTBeHHBIMH XapaKTEPUCTUKAMH COCTAaBA U CBOMCTB MOYBEHHOI'O pac-
TBOpa CIy>KaT HOHHAs CWJIA, MHUHEPAIU30BAHHOCTb, 3JIEKTPONPOBOJHOCTD,
OKHUCJIUTENIbHO-BOCCTAHOBUTENIbHBIA MOTEHIMAN, TUTPyeMasi KUCIOTHOCTh (Iue-
JIOYHOCTh), aKTUBHOCTH M KOHIIEHTpauuu MoHOB, pH. Xumuueckue 351€eMeHTbI
MOTYT HAaXOJMTHCSI B COCTaB€ MOYBEHHOI'O pacTBopa B (popme CBOOOAHBIX HO-
HOB, aKBaKOMILIEKCOB, THJAPOKCOKOMILIIEKCOB, KOMIUIEKCOB C OPTaHMYECKUMH U
HEOPraHWYECKMMU JIMTaH/IaMM, B BUJE MOHHBIX Nap U APyrux acconuaros. [lou-
BEHHBIE PACTBOPHI PA3HBIX THUIIOB IMOYB MMEIOT KapOOHATHBIN, THIpoKapOOHaT-
HBIN, CyJb(aTHBIA WM XJIOPUIHBIA AaHUOHHBIN COCTaB C Mpeo0IaaHueM Cpeau
katuoHoB Ca, Mg, K, Na. B 3aBUCUMOCTH OT CT€NEHW MHHEPATU30BAHHOCTH,
KOTOPYIO HaxoJAT KaK CyMMY CyXHX COJIEH MOCJI€ BbIIapUBaHUS MOYBEHHOTO

pactBopa (B MI/1), MOUBBI KJIACCU(PUITUPYIOT HA IPECHBIE, COJIOHOBATHIC U COJIE-
HbIe (Tabi. 9.2).

Tabnuya 9.2

Knaccupukauusi npupoaHbiX BojJ (IIOYBEHHBIX PACTBOPOB)
B 3aBMCHUMOCTH OT MX MUHEPAJTU30BAHHOCTH

ITo O.A.Anekuny ITo 'OCT CTC3B 5184-85 «KauecTBo
BOJ. TepMUHBI U ONIPEACIICHUS

MuHepanu3oBaHHOCTb, % | Kiacc Box | MunepanuszoBaHHOCTh, % | Kiacc Box
1 [IpecnHnie 1 IIpecHsie

1-25 ConoHoBaTtsbie 1-10 ConoHoBatsie
25-50 Conenbie 10 - 25 Conensie

BaxxHOU XapaKTepHCTUKON ITOYBEHHOI'O PAaCTBOpA SBISAETCS AKTyallbHas KH-
CJIOTHOCTb, KOTOPAsl XapaKTEPU3yeTCs ABYMS MOKA3aTENsIMHU: aKTUBHOCTBIO HO-
HoB H' (CTeneHb KHCIOTHOCTH) U COflEpKaHUEM KHCIOTHBIX KOMIIOHEHTOB (KO-
JMYECTBO KHclIoTHOCTH). Ha Bennunny pH moyBeHHOTO pacTBopa BIHUSIOT CBO-
OOJHBIE OpraHUYECKUE KHUCIIOTHI: BUHHAsl, MypaBbHHAas, MacisHasi, KOpUYHas,
yKcycHasi, (yIbBOKUCIOTHI U Apyrue. M3 MuHepasbHbIX KUCIOT OOJBIIOE 3HA-
YEHUE UMEET YroJibHas KUCJIOTa, Ha KOJIMYECTBO KOTOPOU BIMSIET pACTBOPEHHE B
noyBeHHOM pactBope COs,.
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Tonbko 3a cuetr CO, pH pacTBopa MmoxeT cHrxxatbes 10 4 - 5,6. [1o ypoBHIO
aKTyaJbHOM KUCJIOTHOCTHU MOYBHI KJIACCU(PUIIUPYIOTCS Ha!

CHJILHOKHCJIBIE pH=3-4; cJ1a0oIIeJIOUHEIC pH=7-8;
KHUCJIbIC pH=4-5; HIEJIOYHbBIC pH=8-9;
cnaboKucIbIe pH=5-6; CUJIBHOLLIEJIOYHBIE pH=9-11.
HEUTpaJIbHbIE pH=7;

N30bITOYHASA KUCIOTHOCTh TOKCUYHA JJIsi MHOTUX PAacTeHUI. YMEHbIIECHUE
pH mo4BeHHOro pacTBOpa BBI3BIBAET YBEIWYEHUE MOABUKHOCTA MOHOB AJIFOMU-
HUS, Maprasiia, >keues3a, MeId U IUHKA, YTO OOYCIIOBIMBAECT CHIKEHUE aKTUB-
HOCTH (PEPMEHTOB M YXYJIIIEHUE CBONCTB MPOTOIUIa3Mbl PACTEHUM U BEAET K
MTOBPEXKICHUIO KOPHEBOM CHUCTEMBI PACTCHUM.

NonooOMeHHbIE CBOMCTBA TOYBBI CBSI3aHBI C MPOLECCOM SKBUBAJIECHTHOTO
OOMEHa HaxOJALIMXCS B MOYBEHHOM IMOIJIOIIAIOIIEM KOMILIEKCE KATHOHOB H
AHMOHOB B3aMMOJICMCTBYIOIIETO C TBEPAbIMU (PazaMu MouBbl pacTBopa. OCHOB-
Hasl 4acTb OOMEHHBIX AHHMOHOB HAXOJUTCSA B MOYBaX HAa IOBEPXHOCTHU TUAPO-
KCHUJIOB K€Je3a U aTlOMUHUS, KOTOPBIE B YCIOBUSX KUCIOW PEAKIUHA UMEIOT I10-
JOXUTENbHBIN 3apsin. B oOMeHHON ¢opme B MOYBE MOTYT MHPUCYTCTBOBATH
arnonsl Cl, NOy, SeO4, MoO,”, HMoO,. O6MeHHbIE docdar-, apcenar- u
Cynb(haT-uOHBI MOTYT COJEPXKAThCsl B MOYBAX B HEOOJBIIUX KOJIHMUYECTBAX, TaK
KAaK 3TH aHUOHBI IPOYHO MOIJIOMIAOTCS HEKOTOPBIMA KOMIIOHEHTAMH TBEPJbIX
(a3 MoYBBI ¥ HE BBITECHAIOTCS B PAcCTBOP IMpPH BO3ACHCTBHM APYTUX aHHUOHOB.
[Tornoimienne aHMOHOB MOYBAMHU B HEOJIATOMPUSITHBIX YCIOBUSAX MOXET MPUBO-
JUTh K HAKOIUICHHUIO PsiJia TOKCUYHBIX BellecTB. OOMEHHbIE KATHOHBI HAXOAATCS
Ha OOMEHHBIX MO3UIUSAX TJIMHUCTBIX MUHEPAJIOB U OPTaHUYECKOTO BEIECTBA, UX
COCTaB 3aBUCUT OT THIA MOYB. B TYHIPOBBIX, MOA30JUCTHIX, OYpBIX JIECHBIX
MOYBaX, KPACHO3EMaX M KEJITO3eMaxX CPeI ATUX KaTHUOHOB MPeo0Iagat0T HOHBI
Al’", AI(OH)*, AI(OH)," u H'. B uepHO3eMax, KaIITAHOBBIX IOYBAX U CEPO3e-
Max OGMEHHBIE IPOLECCHI IPEACTABICHBI MPEUMyIecTBeHHO HoHamu Ca’  u
Mg”', a B 3acOJeHBIX T0YBAX - TaKxke HoHaMK Na'. Bo Bcex mousax cpeiu 00-
MEHHBIX KaTHOHOB BCErJa ecTh HeGosbIIoe KonuuectBo noHos K . HekoTopsie
Tspxenbie Metamsl (Zn®', Pb®*, Cd®" u ap.) MOryT HpHCyTCTBOBAaTh B IOYBAX B
KauecTBe OOMEHHBIX KaTHOHOB.

JUis yaydmieHusi MoYBbl B LENSAX CEJIBCKOXO3SMCTBEHHOIO NPOW3BOJCTBA
MIPOBOJSAT CUCTEMY MEPONPUATUI, Ha3bIBaeMylo Menuopauuend. K mennopanun
OTHOCATCA: OCYLIEHWE, OPOLIEHUE, OKYJIbTYpPUBAHHE IyCTOUIEH, 3a0pOIIEHHBIX
3eMelib U 00JI0T. B pe3ynbrare mpoBelieHrs METHOpaluu MOTEPSTHO 0COOEHHO
MHOTO BOJIHO-OOJIOTHBIX YTOJIMH, YTO CHOCOOCTBOBAJO IMPOLIECCY BBIMUPAHUS
BU10B. [IpoBeneHre MEPONIPUIATUI IO KOPEHHOM MEIMOpPAIMU YacTO MPUBOJUT
K CTOJIKHOBEHHIO MHTEPECOB CEJIbCKOr0 XO3sMCTBAa U OXpaHbl NpHpoAabl. Peme-
HUE O MPOBEICHUH MEIUOPALMH JOJDKHO MPUHUMATHCS JIMIIb MTOCJIE COCTaBJe-
HUS KOMIUIEKCHOTO 3KOJOTHYECKOT0 OOOCHOBAaHHUS M CpPaBHEHHsI KPaTKOCPOU-
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HBIX BBITOJ] C JIOJITOCPOYHBIMHU HApOJAHOXO3SIMICTBEHHBIMH 3aTpaTaMH U 3KOJO-
rMYecKuM yuiepOom. Menuopanuu CONyTCTBYET TaK Ha3bIBa€MOE BTOPUYHOE
3aCOJIEHUE TI0YB, MPOUCXOAAIIEE BCIEACTBUE UCKYCCTBEHHOTO U3MEHEHHS BO/I-
HO-COJIEBOTO PEKHUMA, Yallle BCEro MpH HENMPABWJIHLHOM OPOLIEHUU, PEXKE - TPU
HEYMEPEHHOM BbITIace Ha JIyrax, NPy HEMPaBUILHOM PEryJIHpPOBAaHUH MaBOJIKOB,
HEMPaBUJIBHOM OCYIIEHUU TEPPUTOPUM U T.A. 3aCOJEHUE - ATO HAKOIUJICHUE B
MOYBaX JIETKOPACTBOPUMBIX coJiel. B eCTeCTBEHHBIX YCIOBHUSIX OHO MPOUCXOTUT
3a CYET BBINAJCHUS COJIEH U3 3aCOJIEHHBIX IPYHTOBBIX BOJ WJIM B CBSI3U C 30JIO-
BBIM MPUBHOCOM COJIEH U3 MOpEH, OKEaHOB U C TEPPUTOPHIL, I/ie UIUPOKO pac-
IPOCTpaHEHbl coJieHble o3epa. Ha opolnaeMbIx MaccuBax CYILIECTBEHHBIM HC-
TOYHUKOM COJIE MOTYT OBITh OPOCHTENbHBIE BOJABI M BBIMAJCHHUE COJIEH B MOY-
BEHHOM TOJIIIE U3 MUHEPATU30BAHHBIX IPYHTOBBIX BOJI, YPOBEHb KOTOPBIX IPH
OpOIIIEHUH YacTo noaHumMaercs. [Ipu HepoCTaTOYHOM JIpeHa)ke BTOPUYHOE 3a-
COJICHHE MOKET MMETh KaTacTpopUUECKUE IMOCIEACTBHUS, TaK KaK OOIIHUPHBIC
MacCCHBBI 3€MeJIb CTAHOBSTCS HEMPUTOJHBIMU I 3eMJICACTHUS U3-3a2 OOJBIIOTO
HAKOIUICHUS COJIeH B MOYBaX, COMPOBOXKIAIOUIETOCS 3arpsi3HEHUEM MOYB TsKe-
JBIMH METaJJIaMH, TMEeCTULUAAMH, TepOUIUAaMH, HUTpPATaMU, COECIUHEHUSIMHU
oopa.

[lecTununaMu ABISAIOTCA XUMUYECKHE BEIIECTBA, MPUMEHSIEMbIE JJI1 YHUY-
TOXKEHMSI T€X WJIM UHBIX BPEIHBIX OPraHU3MOB. B 3aBHCHUMOCTH OT HampaBiIeHUS
UCTIOJIB30BaHUS OHU MOJIPA3ACIIAIOTCA HAa HECKOJIBKO TPYIIIL.

1. 'epOunuasl (AMypoH, CUMAa3uH, aTpa3vH, MOHYPOH M Jp.), UCHOJIb3YIO-
muecs uis 00ppObI C COPHBIMU PACTEHUSIMHU.

2. Anprunusl (cynbdaT MEAU M €ro KOMILIEKCHI ¢ alKaHOaMUHaMU, aKkpo-
JIEVH U €T0 TMPOU3BOAHBIE) - 7151 OOPHOBI C BOAOPOCISIMHU U APYTOi BOJAHOM pac-
TUTEIBHOCTHIO.

3. Apbopunmsl (kasihenon, kycarapa, hanepon, TXAH, Tpuc6en, noHTpen
U JIp.) - AJIs1 YHUUTOXKEHUS HeXKenaTelIbHON JPEeBECHOM U KyCTApHUKOBOW pacTu-
TEJIBHOCTH.

4. Oyarumuasl (MuHEO, KanTaH, (TajaH, JOAWH, XJOPTAJIOHWI, OCHOMMII,
KapOOKCHH) - /U1t 60pbOBI ¢ TPHOKOBBIMU OOJIE3HIMU PACTEHUIA.

5. bakTepunuipl (CoMM MeIU, CTPENITOMUIIMH, OPOHOIION, 2-TPUXJIOPMETHII-
6-XJIOPIIUPHUANH U Ap.) - Ui O60pbObI ¢ OakTepusiMu U OaKTepHabHBIMU 00JIe3-
HSIMU.

6. Uucektumuapl (JJIT, nuanan, auibpuH, anpapuH, xiopodoc, maudoc,
kapOodoc u ap.) - st 60psOBI C BpeAHBIMU HACEKOMBIMH.

7. Axapunmasl (6pomnponuiaat, nukodon, aunodyron, JJHOK, terpanu-
¢doH) - 17151 60pHOBI C KIICIIIAMH.

8. 3o0o1uabl (POASHTHUIMIbI, PATULIUbI, ABUIU/IbI, UXTUOIU/IBI) - Ui OOPh-
Obl C BpPEIHBIMU MO3BOHOYHBIMHU - TPhI3yHAMH (MBIIIM U KPBICHI), NTHIIAMH U
COpPHOM PBIOOIA.
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9. Jlumanmpl (MeTanbaAETH I, METHOKAPO, TprudeHMopd, HUKITOCAMU) - IS
O0pBOBI C MOJITTFOCKAMH.

10. Hematomuaer (JI/1, /b, Tpanekc, kapbatnoH, THA30H) - AJi1 OOPHOBI ¢
KPYTJIBIMHU YEPBAMH.

11. Abummnst - qyst 60pHOBI C TIISIMH.

K nmectunmaam OTHOCSTCS TakKe XUMUYECKUE CPEJICTBA CTUMYJIMPOBAHUS U
TOPMOXEHUSI POCTa PACTEHUH, Mpenaparsl s yIajdeHus JTUCTheB (medomuan-
ThI) ¥ TIOJICYIITUBAHUS PACTEHUM (IECUKAHTHI).

CoOcTBEeHHO TECTUIUABI (ACHCTBYIOIINE Hadajia) - MPUPOHBIC WM Yalle
BCEr0 CUHTETUYECKHE BEIIECTBA, IPUMEHSIOIINECS HE B YHUCTOM BHUJE, & B BUJIC
pa3nuyYHbIX KOMOUHaIMi ¢ pazdaButensimMu U [TAB. N3BecTHO HECKOJIBKO ThHICSY
JNENCTBYIOUIUX BEIIECTB, MOCTOSTHHO HCTOb3yeTcst 0Kosio 500. ACCOPTUMEHT X
MIOCTOSTHHO OOHOBJISIETCS, YTO CBS3aHO C HEOOXOJIUMOCTBIO co3faHus Oosee dd-
(GeKTUBHBIX M 0€30MaCHBIX IS JIOJCH U OKpY>Karolleld Cpelibl MEeCTULUIOB, a
TaK)XK€ pa3BUTHEM y HACEKOMBIX, KJIEHIeh, rpuO0oB 1 OaKTEepuil Pe3UCTEHTHOCTH
U IJTUTENHHOM MPUMEHEHUN OJTHUX U TEX YK€ MECTUIUIOB.

OCHOBHBIMHM XapaKTEPUCTUKAMU MECTUIIUAOB SIBJISIOTCS aKTUBHOCTH MO OT-
HOIIICHUIO K IEJIEBBIM OpTraHU3MaM, U30UpaTeIbHOCTh JIEUCTBUS, OE30MaCHOCTh
JUISL JTIOJIe M OKpY»Karoleld cpelibl. AKTUBHOCTh MECTUIIUJIOB 3aBUCUT OT UX
CITIOCOOHOCTH MPOHUKATh B OPraHU3M, MEPEIBUTATHCS B HEM K MECTY JCUCTBUS
U TIOJIABJISATh KU3HEHHO BaKHbIE Tpoiiecchl. M30upaTenbHOCTh 3aBUCUT OT pas-
JuYuil B OMOXMMHMUYECKHUX Tporieccax, epMEHTOB U CyOCTpaTOB Yy OpPraHU3MOB
pa3HBIX BHUJIOB, a TaKXKe OT MPUMEHSIEMBIX J103. DKOJIOrHYecKas 0e30MacHOCTh
MECTUIIMIOB CBSI3aHAa C UX H30MPATEIBHOCTHIO U CIOCOOHOCTBIO COXPAHSTHCA
KaKoe-TO BpeMsl B cpeJie, He Tepsisi CBOeH OMOJIOTHYECKONW aKTUBHOCTU. MHoTrHe
MECTULINIbl TOKCUYHBI VIS JTIFOJIEH 1 TETJIOKPOBHBIX )KUBOTHBIX.

XUMHUYECKUE COCTUHEHUSI, MPUMEHSIEMbIE B Kaue€CTBE MECTUIINIO0B, OTHOCST-
Csi K CIEIyIomUM KiaccaMm: (pochopoopraHudecKkue COCAMHEHUS, XIJIOPHPOU3-
BOJIHBIE YTJIEBOJOPObI, KapOaMaThl, XJIOP(HEHOIbHBIE KUCIIOTHI, MPOU3BOAHBIC
MOYEBUHBI, aMU/JIbI KAPOOHOBBIX KUCJIOT, HUTPO- U TrajJoreH(eHObl, JUHUTPOA-
HWINHBIL, HUTpOAU(pEeHUI0oBbIe 3(uphl, ranoreHanudaTudyeckue u anudaruye-
CKHE KHCIIOThI, apUIOKCUAIKAHKApPOOHOBBIE KHUCJIOTHI, apOMAaTHUUYECKUE U TeTe-
POILMKINYECKUE KUCIOThI, MPOU3BOJHBIE AMUHOKHUCIIOT, KETOHBI, MSITH- U IIeC-
TUYJICHHBIE TETEPOLUKINYECKUE COSTUHEHUS, TPUA3UHBI U JIP.

[IpuMeHeHHEe MECTUIUMIOB B CEIHCKOM XO3SICTBE CHOCOOCTBYET MOBBIIIIE-
HUIO €r0 MPOAYKTUBHOCTH U CHUKEHUIO TTOTEPh, OJHAKO COMPSIKEHO C BO3MOXK-
HOCTBIO OCTATOYHOTO IMOMAaaHUsI IECTUIIMAOB B TPOYKTHI MTUTAHUS U SKOJIOTHU-
YeCKOM omacHOCThI0. Hampumep, HakoIIeHHe MEeCTUIIMAOB B MTOYBE, MOMaaHUE
WX B TPYHTOBBIE U MOBEPXHOCTHBIC BOJIbI, HAPYIIEHUE €CTECTBEHHBIX OMOIEHO-
30B, BPEIHOE BJIMSIHUE HA 3I0POBbE JIOJICH U PayHy.
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HaunOosnpiryto onacHOCTh MPEACTaBISIOT CTOMKUE MECTULUBI U UX MeTabo-
JUTBI, CIOCOOHBIE HAKAIUIMBATBCS M COXPAHSATHCS B MPUPOJHOM cpele A0 He-
CKOJIBKUX J€CATKOB JieT. [Ipu onpeneneHHbIX YCI0BUsAX U3 META00IUTOB MECTH-
IUJ0B 00pa3yoTcs METa0OJIUThI BTOPOTO MOPSIAKA, pOJib, 3HAUCHHE U BIIUSHHE
KOTOPBIX Ha OKPY’KAIOIIYI0 Cpely BO MHOTHX CIydasX OCTalOTCS HEU3BECTHBI-
Mmu. [locnencTBus HeyMEepeHHOr0 MPUMEHEHHS MECTUIIMI0B MOT'YT OBITh CaMbl-
MU HEOKUJAHHBIMH, a TJIaBHOE, OMOJIOTMYECKU HempeackasyeMmbiMu. [loaTromy
32 aCCOPTUMEHTOM U TEXHUKOW MPUMEHEHUS MECTULIMIOB YCTAHOBJIEH KECTKHIA
KOHTPOJIb.

[lectuupapl moOpakarOT pa3idUYHbIE KOMIIOHEHTBHI IPUPOJHBIX CHCTEM:
YMEHBIIAIOT OMOJOTUYECKYIO MPOIYKTUBHOCTh (PUTOILIEHO30B, BUJOBOE Pa3HO-
o0Opa3ue >KMBOTHOIO MHpPA, CHW)KAIOT YHUCIEHHOCTH ITOJIE3HBIX HACEKOMBIX H
NTHUL, @ B KOHEYUHOM UTOT€ MPEACTABISAIOT ONACHOCTh U IS yenoBeka. [loacuu-
TaHo, 4YT0 98% HHCEKTUIMAOB U GyHTUIUIO0B, 60 - 95% repOULKUIOB HE TOCTH-
ratoT 0ObEKTOB MOJABJICHUS, a MOMNAAa0T B BO3AYX U BOAY. 300U bl CO3/IAI0T B
nouBe 0€3)KU3HEHHYIO CPENy.

[Tectumuael, conepxkamue xiaop (AT, rekcaximopan, AMOKCUH, AUOCH3]Y-
paH " Jp.), OTIIMYAIOTCS HE TOJBKO BBICOKOW TOKCHYHOCTBIO, HO M Ype3BbIYali-
HOM OMOJIOTUYECKON aKTMBHOCTHIO M CIIOCOOHOCTBHIO HAKAIUIMBATHCSA B pas3iivy-
HBIX 3BEHBSIX MUILEeBOM 1enu (Tadn. 9.3). Jlaxke B HUUTOKHBIX KOJIMUECTBaX MeC-
TULUIBI TOAABISIOT UMMYHHYIO CUCTEMY OpraHu3Ma, MOBbIIIAs, TaKUM oOpa-
30M, €ro 4yBCTBUTEIBHOCTh K MH(PEKIHOHHBIM 3a0osneBaHusiM. B Oosiee BbICO-
KMX KOHIICHTPAIUAX 3TH BEIIECTBA OKAa3bIBAIOT MYTAar€HHOE M KaHUEPOT€HHOE
NEHCTBUE Ha OpraHu3M uesoBeka. [loaToMy B mociienHee BpeMmsi HauOoJbLIiee
NPUMEHEHUE HAXOIAT MECTUIMAbl ¢ HU3KUMHU HOpMamH pacxoda (5-50 r/ra),
pacmpocTpaHeHHE MOJIy4aloT Oe30MacHble CUHTETHYECKHE (DEPOMOHBI U APYyTHE
OMOJIOTUYECKHE METObI 3AIUTHI.

Tabnuya 9.3
Bbuoaornueckoe ycnsaenue /AT (mo II. PeBennn, Y. PeBesin, 1995)
3BEHO MUIIEBOU 1IN Conepxxanue T, MIIH |
[Turtaromiasics peIOOW NMTHUIIA 3-76
Kpynnas pei6a 1-2
Menxkast peiba 02-1,2
IInankTon 0,04
Bona 0,00005

MupoBoe TpPOU3BOACTBO IMECTUIIMAOB OKOJIO 5 MIH. TOHH. Bospacranue
00BEMOB MTPUMEHEHHUS TIECTUIIUIOB OOBSCHSIETCS TEM, UYTO IKOJIOTUIECKU OoJiee
Oe3omacHbIe aNbTePHATHBHBIC METOBI 3aIIMTHI PACTCHHUI HETOCTAaTOYHO paspa-
0oTaHbl, 0COOCHHO B 001acTu OOpLOBI ¢ copHskaMu. Bce 310 00ycrnoBiauBaer
0CO0YI0 aKTyaTbHOCTh JIETAIHHOTO U BCECTOPOHHETO M3YUYCHHS M MPOTHO3UPO-
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BaHUSl BCEBO3MOKHBIX M3MEHEHMH, BO3HUKAIOIIUX B Onocdepe moJ BIUSHUEM
7TuX BemiecTB. HeoOxonuma pa3padoTka 3(pPEeKTUBHBIX MEPONPUATUIN TI0 Tpe-
OYTPEXJICHUIO HEXEIaTeNbHBIX MOCIEICTBUN MHTEHCUBHON XUMU3alUH, JTUOO
10 yHpaBieHUI0 GYHKIIMOHUPOBAHUEM SKOCUCTEM B YCIIOBUSX 3arpsi3HEHUSI.

JI1s TIOBBILIEHUSI YPOKAUHOCTU KYJIbTYPHBIX PACTEHHH B IIOYBY BHOCST HE-
OpraHMYECKUE U OpraHMYECKHE BEIIECTBa, Ha3blBaeMble ynoO0peHusmu. B npu-
POJTHOM OMOIIEHO3€ T'OCIOJICTBYET €CTECTBEHHBIM KPYroBOpPOT BEIIECTB: MHHE-
paJIbHbIE BEIECTBA, 3a0MpaeMble pAaCTCHUSIMHU U3 IIOYBBI, 1I0CJIE OTMUPAHUS pac-
TEHUII CHOBA BO3BpaLIalOTCs B Hee. Eciu ke B pe3ybpTaTe OTUYXKACHHS ypoxKas
JUI COOCTBEHHOI'O MOTPEOICHNS WK Ha MPOJIaXKy CHUCTEMa HapyllaeTcs, CTaHO-
BUTCSA HEOOXOAMMBIM MPUMEHEHUE YA0OPEHUH.

VY noOpenust noapas3AensaioT Ha MUHEpalIbHbIE, TOOBITbIE U3 HENP, WIH MPO-
MBIIIJIEHHO TOJYYEHHbIE XUMHUYECKHE COEIUHEHUs, COJEepiKalllue OCHOBHBIC
37eMeHThl TuTaHus (a3oT, pocdop, Kanuii) U BaxKHbIE IS KUZHEIECATETbHOCTH
MHUKPORJIEMEHTHI (Meab, OOp, MapraHen u 1p.), a TaKkKe OpraHu4ecKue COCTaB-
Jstorue (meperHom, HaBo3, Topd, NTUYUN TOMET, KOMIIOCTBI U JIp.), CIIOCOOCT-
BYIOILLME PA3BUTHUIO MOJE3HON MUKPOQIIOPHI MOYBBI U MOBBILIAIOLIUE €€ 1010~
ponue.

Opnako yacto yaoOpeHus BHOCAT B KOJIMYECTBAX, HE cOATaHCUPOBAHHBIX C
NOTPEOICHUEM CEJIbCKOXO3IUCTBEHHBIMU PACTEHUSIMU, TIO3TOMY OHU CTaHOBSIT-
Cs MOLIHBIMM MCTOYHHMKAMH 3arpsA3HEHUs] MOYB, CEIbCKOXO3AWCTBEHHOW MpO-
JNYKIWHU, TTIOYBEHHBIX T'PYHTOBBIX BOJ, @ TaKXE €CTECTBEHHBIX BOJOEMOB, DEK,
atmocdepbl. IlpruMeHeHHe W30BITOUYHBIX MHUHEPAIbHBIX YIOOPEHUH MOXKET
UMETBH CJIEIYIOIME HEraTUBHBIE MMOCIEICTBHS:

- U3MEHEHUE CBOICTB MOYB MPU JJIUTETLHOM BHECEHUU yI00PEHHIA;

- BHECEHHE OONBIIMX KOJWYECTB a30THBIX YAOOPEHUIN MPUBOIUT K 3arpsi3-
HEHUIO TI0YB, CEJIbCKOXO3IUCTBEHHOW MPOAYKIMU U TIPECHBIX BOJ HUTPATAMH, a
atMocdepsl - okcugaMu azota. Bee ckazannoe kacaercsa U pochopHbIX y100pe-
1304078

- MUHEpaJIbHbIE YJOOpEHUsl CIIyKaT MUCTOYHMKOM 3arpsi3HEHHs MOYB TSHKE-
JeiMU MeTauiamu. Haubonee 3arpsi3HEHBI TsOKENbIMH MeTauiaMu (ochopHbie
ynoopenus. Kpome Toro, ¢pochopHbie ynoOpeHHs SBISIOTCS UCTOYHUKOM 3a-
IPSI3HEHUS IPYTUMHU TOKCHUYHBIMHU 3J€MEHTaMH - (DTOPOM, MBIIIBSIKOM, €CTECT-
BEHHBIMHU paJuOHyKJIenaMu (ypaHom, TopueM, pagueM). CylmecTBEHHOE KOJu-
YECTBO TSKEJBIX METAJUIOB MOMAIAaET B MOYBBI U C OPraHUYECKUMU YAOOpEHUS-
MU (TOpdoM, HABO30M), 3a CUET BBICOKHUX /103 (10 CPABHEHUIO C MUHEPAIHHBIMHU )
BHECEHHS.

[lepeynoOpeHre NpuBOAUT K BBICOKHM COACPKAHUSAM HUTPATOB B MUTHEBOU
BOJIE U HEKOTOPBIX KyJIbTypax (KOpHEIUIOJaxX M JIMCTOBBIX oBomax). Camu 1o
ce0e HUTpAThl OTHOCUTEIHLHO HETOKCHMYHBI. OpHaKo OakTepuu, oOUTArOUIUE B
OpraHu3Me YeJlOBeKa, MOTYT MpeBpallaTh UX B ropa3fo 0ojiee TOKCUYHbIE HUT-
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puthl. [locnegnue cnocoOHBI pearupoBaTh B KEIYyJKE C aMUHAMU (HaIIpuUMep U3
chIpa), o0pa3ysl BechbMa KaHIIEPOr€HHbIE HUTPO30aMUHbI. BTopas omacHOCTh 1o-
BBIIICHHBIX J03 HUTPUTOB CBSI3aHA C Pa3BUTUEM LIMAHO3a (TPyIHUYKOBAS MET-
reMOrJ00MHEMHUS WM CUHIOIIHOCTh) y TPYAHBIX U MaJIeHbKuX Aetell. [Ipenens-
HO nonyctumblie konnuectBa (I1/IK) HutpaToB aJig yenoBeka, Mo peKOMEHAALNH
BAO, we noiknasl npespimats 500 mr N - NO;™ B cyTku. BecemupHas opranunsa-
s 3npaBooxpaHeHus: (BO3) nomyckaeT coiep)kaHve HUTPATOB B MPOIYKTaX
10 300 mr Ha 1 Kr cbIporo BemecTna.

Takum oOpa3oM, U30BITOYHOE BOBJICUCHHE COEJUHEHMM a30Ta B Ouochepy
BeCbMa OMacHO. YToObl CHU3UTh HEraTHUBHBIE MOCIIECTBUS, LIEIECO00pa3HO UC-
M0JIb30BaTh COBMECTHOE BHECEHHE OPTraHMYECKUX U MUHEPAIbHBIX yIOOpEHMIA
(Mpu yMEHBIIEHUH HOPMBI MUHEPATBHBIX U YBETUYCHUU JOJIU OPTaHUYECKUX
ynoopenuii). Heooxoaumo 3anpeniate BHECEHHUE yIOOPEHHI 10 CHETYy, C CaMo-
JeToB, cOpachiBaTh OTXOJbI )KUBOTHOBOJCTBA B OKpY>Karollyto cpeny. Lleneco-
00pa3Ho pa3pabdaTbiBaTh POPMBI A30THHIX YIO0OPEHHUI ¢ HEOOJIBIION CKOPOCTHIO
PacTBOpPEHHS.

JUist mpeaoTBpalleHusl 3arpsi3HeHHsI I0YB U JIaHAAPTOB pa3IMYHbIMU 3Jie-
MEHTaMH, B PE3yJIbTaTe BHECEHMs YJIOOpPEHUH, ClelyeT MPUMEHATh KOMILUIEKC
arpOTEXHUYECKHUX, arpojieCOMENNOPATUBHBIX U THIPOTEXHUYECKUX MPHUEMOB B
COUYETaHWM C MHTEHCHU(UKAIMEW MPUPOIHBIX MEXaHW3MOB OuHMCTKH. K Takum
npruemMaM MOXHO OTHECTH MOJIE3AIIUTHYIO arpoTeXHUKY, MUHUMAaJIbHYIO 00pa-
OOTKY MOYB, COBEPILIEHCTBOBAHUE ACCOPTUMEHTA CPEJCTB XUMH3ALUU, MAJIO - U
MUKpPOOOBEMHOE BHECEHHE YJIOOPEHUI BMECTE C CEMEHAMM, ONITUMH3ALUIO CPO-
KOB U 7103 BHeceHus. Kpome Toro, 3ToMy OyaeT cnocoOCTBOBaTh CO3/JaHUE ar-
POJIECOMENNOPATUBHBIX CUCTEM U OPTraHU3aLMs CUCTEMbl XMMHUYECKOTO KOHTPO-
JIs1 32 COCTAaBOM MUHEPAIbHBIX YAOOPEHUH, COIEPKAHUEM TKEIbIX METAIIOB U
TOKCUYECKHX COCIUHCHUM.

10. 9KOJOTMYECKHUI MOHUTOPUHT

MoHuTOpUHT (OT JATHHCKOTO monitor - Mpeaynpexaatonui, npeaocrepe-
rarolIuil) - KOMIJIEKCHAsI CUCTeMa HaOII0IEHUH, OLIEHKU U MPOrHO3a U3MEHEHUS
COCTOSIHUSI OKPY’KaoIled cpeibl MOJ BIMSHUEM AHTPONOTE€HHBIX (HaKTOPOB.
DTOT TepMHH MNOABWICS mepen mpoBeaeHreM CTOKIOJbMCKOW KOH(EPEHINH
OOH mo okpyxkarotieit cpene (MoHb, 1972) B 10MONMHEHNE K TMOHSATHIO «KOH-
TpoJiby. bosbiioi Bkiaa B pa3paboTky Teopuu MoHuTopuHra BHeciau W.II. Ie-
pacumos, I0.A. NU3zpasns, B.Jl. ®enopos u ap.

JIJist pa3yMHOTO yNpaBlieHUs MPUPOJONOIb30BAHUEM HEOOXOIUMO TMPEXKIe
BCEr0 pacrojaratb JaHHBIMH O TOM, Kakas cpella SIBJISIETCS ONTUMAIIbHOW IS
HOPMAJIbHBIX YCJIOBUM >KU3HU 4enoBeka. MICXOMHBIM MOHATHEM B 3TOW paboTe
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CIIy’KUT KaueCTBO CpPEJIbl, TO €CTh TaKasi COBOKYITHOCTb €€ MapaMeTpoB, KOTOPas
BCELIETIO YJIOBJIETBOPAET KaK KOJIOTMYECKOW HHIIE YeJOBEKa, TaK M HAy4HO-
TEXHUYECKOMY Mporpeccy oodmiectsa. s momyyeHus: cBOEBpeMEHHOM HH(OP-
Maluu 00 U3MEHEHHSIX B IKOJIOIMYECKOM cucTeMe HeoOX0IMMa TaK Ha3blBaeMas
«TOYKa OTCYETA», TO €CTh KAKOE-TO OMNPENIEJICHHOE 3HAUEHUE MapameTpa Kade-
ctBa cpenpl, kotopoe FO.A. U3pasns HaswbiBaeT (hoHOBBIM. [lapameTpbl Takoro
(OHOBOTO COCTOSIHUS HE SIBJISIFOTCS MMOCTOSIHHBIMU, & MEHSAIOTCS TI0J1 BIUSHUEM
NeSATENbHOCTH YeJIOBEKa B Mpeesiax HEKOTOPOro KPUTHYECKOTO YPOBHS CPEbI,
3a mpenesbl KOTOPOro MOCTOPOHHHUE BO3JECUCTBUS HE JOJKHBI BBHIBOAWTH JaH-
HYIO0 CUCTEMY BO M30€KaHHE HEOOpaTUMbIX MU3MEHEHUH. TakOBBIMH CUMTAIOTCS
npeAesbHO JomycTuMas 3konoruyeckas Harpyska (IIJIOH) uau npenenbHO 110-
NyCTUMbIE KOHILIEHTPALMU YYXKIbIX JAHHON CHUCTEME BEIIECTB-KCEHOOHMOTHUKOB
(ITAK).

Cexperapuar OOH no okpy’karoiieu cpeie Onpeesni SKOJIOrHYEeCKU MO-
HUTOPUHT KaK CUCTEMY MOBTOPHBIX HAOIIOACHUI 3a 3JI€MEHTaMH OKPY KaroIleu
Cpenbl B IPOCTPAHCTBE U BO BPEMEHM C OMPEAEIECHHBIMU IEJISIMU B COOTBETCT-
BUM C 3apaHee MOJArOTOBIEHHBIMH Mporpammamu. OObEKTaMHM MOHUTOPUHIA
MOTYT OBITh MPUPOJIHBIE, AHTPONOTE€HHBIE WM MPUPOIHO-AaHTPOIIOTEHHbIE KO-
cuctemsl. Lleabr MOHUTOPHUHTA - HE TOJBKO MACCUBHAs KOHCTaTauus (hakToB, HO
Y TIPOBEJICHHE IKCIIEPUMEHTOB, MOJIETMPOBAHUE MPOLECCOB.

[Ipu opranuzanMu MOHUTOPUHIA BO3HMKAET HEOOXOJIMMOCTbH PELICHUS He-
CKOJIbKUX 3a/1au pa3Horo ypoBHs, modtomy W.I1. I'epacumon (1975) npenmoxun
paszinyath TpU CTyNeHU MOHUTOpuUHra (tadsm. 10.1).

Tabnuya 10.1

CucreMa Ha3eMHOT0O MOHMTOPHHIA OKPY:KaIOIIEl cpeabl
(mo ULIIL. I'epacumoBny, 1975)

Crynenu OOBbEeKThl MOHUTOPUHTA XapakTepupyeMble MoKa3are-
MOHHUTOPHUHTA JI1 MOHUTOPUHTa
buoskonornueckuit | [Ipr3eMHblil cioil BO31yxa [TJIK TOKCMYHBIX BEIECTB
(canutapHo- [ToBepxHOCTHBIC U TpyHTOBBIE | DU3NMUECcKUEe U OUOIOTHYECKHE
TUTUEHUYECKUI) | BOJIbI, MPOMBIILICHHbBIE pazapaxurenu (IIyMbl,
1 OBITOBBIEC CTOKU aJJIepreHsl U JIp.)

Y pa3IudHbIe BEIOPOCHI

PannoakTrBHBIEC U3Ty4YeHUS [IpenenbHas creneHb

pauoOU3IyYeHUs
I'eocucremMHubI Wcue3aromnye BUIbI [TonmysimonHoe
(mpupogHo- YKUBOTHBIX M PACTCHUI COCTOSIHHE BHOB
x03sicTBeHHbIN) | [IpupoiHbIe SKOCHCTEMBI WX cTpykTypa u HapyuieHus
ATpPO3KOCUCTEMBI YPOoKaltHOCTB CENBCKOXO35M-

CTBEHHBIX KYJIbTYP
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JlecHbIE AKOCHUCTEMBI [IpolyKTUBHOCTH HaCOXKACHUN

buocdepnsiii (rno- | Atmocdepa Pannanumonnsiii 6anaxc,
OaJIbHBIN) TeIJIOBOM MEperpeB, COCTaB
U 3albUICHHE
['unpocdepa 3arpsi3HeHHE PEK U BOJIOEMOB:

BOJIHBIE 0AaCCEWHBI, KPYTOBO-
pPOT BOJIbI HA KOHTHHEHTAaX

PacTuTtenbHblii ['moGanpHBIE XapaKTEePUCTUKU

Y TIOYBEHHBIN ITOKPOBBI, COCTOSIHMS ITI0YB, PACTUTEIb-

JKUBOTHOE HACEJICHUE HOTI'O ITIOKPOBA U )KUBOTHBIX.
['moGanbHbIe KPYTrOBOPOTHI
COQ, 02 u Jp.

[Tpu 6MO’KOIOTHYECKOM (CHHOHUM - JIOKQJIbHBIN) MOHUTOPUHTE MPEAroa-
raeTcs KOHTPOJIb 32 COJEp>KaHUEM TOKCHUYHBIX [IJISl YeJIOBEKAa XMMHYECKUX Be-
IecTB B atMoc(epe, MPUPOIHBIX BOJAX, PACTUTEILHOCTH, MOYBE, MOJIBEPKEH-
HBIX BO3JICUCTBUIO KOHKPETHBIX HCTOYHUKOB 3arps3HEHUs! (MPOMBIILICHHBIC
NpEANpPUSATUS, CTPOWKH, PYAHUKH, MEIUOPATUBHBIE CHUCTEMBI, MPEAIPUATUSL
OHEPTeTUKH U T.1.). [Ipr 3TOM BBISBISIOT UCTOYHMK 3arps3HEHUSI U CTENEHb 3a-
TpsI3HEHUST TPUPOJHBIX cpel. COCTOsSIHHE OKpYKaroleld Cpelbl OLEHUBAIOT C
TOYKHU 3PEHHUSI 3I0POBbsSI YEIOBEKA, UTO CIY)KUT CAMbIM Ba)KHbIM, EMKHUM U KOM-
IJIEKCHBIM IMOKa3areneM. [IpoBOAsT JIOKaJIbHBI MOHUTOPUHT THIPOMETEOPOIIO-
THYECKHE, BOJIOXO3SIICTBEHHBIE U CAHUTAPHO-3ITHUIEMUOJIOTHIECKUE CITYKOBI.

['eocrcTeMHbIN (CHHOHUMBI - T€03KOJIOTUUECKHM, PETUOHAIBHBIN, MPUPOJIO-
XO34MCTBEHHbINI) MOHUTOPHUHT JIOJKEH J1aBaTh OLIEHKY aHTPONOTE€HHOrO BIIMS-
HUS Ha MPUPOJIHYIO CPEAY B XOJ€ OOBIYHON XO3SHUCTBEHHOW JESATEIHHOCTU Ue-
JIOBEKa, KOTOpasi 00s3aTeNIbHO TMPEAnoaraeT TOT WM MHOW BUJ B3aUMOJICHCT-
BUS C MpPUPOAOU (rpagoCTPOUTENBCTBO, CEJIBCKOE XO35AWCTBO, MPOMBIIIIECH-
HOCTb, DHEPIeTHKa, JIECHOE XO35SUCTBO, PHIOOIOBCTBO, KOMMYHAIHHO-OBITOBAS
NESTENBHOCTD U T.J.). DTOT BUJ MOHUTOPHHIA MPE/IOJIaracT OIEHKY B3auMO-
JEUCTBUS YEJIOBEKA W MPUPOBI BO BCEX HAIPABICHUSIX U JA€T XapaKTEPUCTUKY
IIPMBHOCA W BBIHOCA U3 IIPUPOJHOM CPElIbl BEIIECTBA U DHEPIUU. PernoHanbHbIN
MOHHUTOPUHT TIPOBOJISIT arpociy»k0a, TUIAPOKINMATHIECKasi, CEHCMOIOTUYeCKast
U IPYTHUE CITY>KOBI.

buocdepnsbrit (cuHOHUMBI - (DOHOBBIN, TIOOATBHBIN) MOHUTOPHHT TIPEIO-
JaraeT KOHTPOJb 3a OOIIeIUIaHeTapHBIMM W3MEHECHHUSIMU B Onocdepe, KOTophie
CBSI3aHBI C AEATEIBHOCTHIO YesoBeka. OHOBBIT MOHUTOPUHI IPOBOJAT B COOT-
BETCTBUHU C [7100aIbHOM CHCTEMOW MOHHMTOPHHIA OKpY’Karomiehd cpeabl, Mex-
nyHapoaHoi mporpammor «HaOmromenuwst 3a minaneroit», [Iporpammoit
FOHECKO «Yenosek u 6uocdepan, [Iporpammoiit OOH 1o okpyxaroieit cpee
FOHEIL
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OcHoBHBIE 3a1aun OMOC(EPHOrO0 MOHUTOPUHTA ONpPENETEHbl B OJAHOM U3
paznenoB MexayHapoaHoil mporpaMmbl «YenoBek u Ouocdepa» M COCTOSAT B
CJIEIYIOLIEM:

- YCTaHOBJICHHE B3aUMOCBSI3M MEXIY 3arpsi3HEHHEM, CTPYKTYpoul U (yHK-
IUOHUPOBAHUEM SKOCHUCTEM, X 3BEHBEB, MOIMYJISILIUI WU OTACIbHBIX OPraHU3-
MOB;

- OIpEJENICHHE MEePEeyHsl TeX MOKa3aTeled U U3MEPEHUN, KOTOpbhle HEOO0XO0-
JUMBI ISl HAOJIFOJICHHSI U OLEHKH CYIIECTBYIOIIETO COCTOSIHUSI DKOCUCTEMBI U
IIPOTrHO3a U3MEHEHUS €ro B Oy IyIlIEM;

- aHaJIM3 MyTeH M CKOpPOCTEH MpeoOpa3zoBaHUs 3arps3HSIONIMX BELIESCTB B
JKOCHCTEME;

- OMPENICIICHUE KPUTUUECKUX YPOBHEW MOKA3aTEIIEH OKPYKAIOIIEH CPEIbI.

[Iporpammy paboT BBINOJHAIOT HA CTaHUUAX (POHOBOro MOHUTOpHHra. Ha
Tepputopur Poccuu 3TH CTaHUMU AEUCTBYIOT B 3amoBelHHUKaX: bepe3smHckoM,
[Ipnokcko-TeppacHoMm, LlenTpansHom necHoMm, KaBkazckom, AcTpaxaHCKOM,
baprysunckom, Cuxora-AnnHckoM, Capel-HenekckoMm, YaTtkanbckom, Pernerek-
ckoM, Kpononkom, bopoBoe, nennuke AOpamoBa. B myHkrax - ChIKTBIBKap,
Hogo-IIaturopck, Typyxanck, Kypran, UpkyTck.

[Iporpamma craHuuii (pOHOBOrO MOHUTOPHMHIA MPEANOIATAeT PEryJIIPHBIMA
0oTOOp MpOoO U ONpeIeTCHUE CIETYIOUINX MOKA3aTENICH:

- B aTMoc(epe - B3BEIIEHHbIE YAaCTHUIbl, MyTHOCTb, 030H, AUOKCHJ YIJIEpOa,
JMOKCHJI CePbI, OKCUJIBI a30Ta, YTIAEBOA0POIbI, cyibdaTsl, 3,4-0en3nupen, 1/ T;

- B aTMOC(EPHBIX OCaJKAX - CBUHEIL, PTYTh, KaAMUMN, MBILIbSIK, 3,4-0€H3IH-
peH, pH;

- B NOBEPXHOCTHBIX, MOJ3EMHBIX BOJIaX, JOHHBIX OTJIOKEHUAX - CBHUHEII,
PTyTh, METWI PTYTh, KaaMui, MbIbsk, JJ/T, 3,4-0eH3nupeH, OMOTEHHBIE dJie-
MEHTBHI;

- B MOYBAax - CBUHEI, pTYTh, KagMuid, Mbllibsk, 1T, 3,4-0en3nupen, Ouo-
TE€HHBIE 3JIEMEHTBHI.

AHanu3 npo0 YHUPUIIMPOBAHHBIMA METOJAMH BBIMIOJIHAIOT B JIBYX aHaju-
Tuyeckux ueHTpax - B Cankrt-lletrepOypre u Tamkente. Koopaunupyer u
00001aer padoThl MO KOMIUIEKCHOMY ()OHOBOMY MOHUTOpUHrY JlaGopaTopus
MOHUTOPHUHTIAa IPUPOJHOM cpeasbl U knumata ['ockomruapomera PO.

Hapsiny ¢ MeTomamMu OLIEHKM CTETEHH 3arpsi3HEHHs C MOMOILIBIO TPUOOPOB
UCIIOJIb3YIOTCSl METO/IbI TaK HA3bIBAEMOU OMOJIOTMYECKONW MHAMKALMU, OCHOBAH-
HbIE Ha YUYeTe KUBBIX OPraHU3MOB (T€CT OOBEKTOB), 0COOEHHO YYBCTBUTEIBHBIX
K KOHKPETHBIM XUMHUYECKUM MpuMecsiM. TakuMu OHOMHIUKATOPAMH MOTYT
CIIYKUTh MXU, JTUIIAHUKN, YyBCTBUTEIbHBIE K 3arPSI3HEHUIO BO3yXa; NaQHUH,
MH(Y30pUH, YETKO pearupyroue Ha 3arpsa3HEeHUE MOBEPXHOCTHBIX BOJ; MOY-
BeHHad (payHa (Hanmpumep, JOKIEBbIE YEPBH) MTPH 3arPSI3HEHUU MTOYB.
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B Hacrosimiee BpeMs Bce OoJblliee pa3BUTHE MOJIyYaeT CUCTEMA a3pOKOCMHU-
YECKOI0 MOHUTOPHUHIA, KOTOPBIM UCIOJIb3YETCS B PETMOHAIBHOM U TT100aJIbHOM
macmtabe. Kaptunsl 3eMiau M3 KOCMOCa - 3TO MPEXAE BCEr0 MHTErpajbHbIC
U300paKEHUS TPUPOAHBIX U XO3SIICTBEHHBIX cucTeM. MccnenoBarens onepupy-
€T M300paKEHUSIMU UM LU(PPOBBIMU JTaHHBIMU O 3€MHOM MOBEPXHOCTHU KakK B
HIMPOKOM 30HE BUAMMOIO CIIEKTPA, TaK U B YIbTPAPHOIETOBOM, HHPPAKPACHOM
Y PagvoJIOKAllMOHHOM Juana3zoHax. K 10CcTOMHCTBaM KOCMHUYECKOTO MOHUTO-
pUHTa OTHOCSITCS BOBMOYKHOCTb CJIEKEHUS 3a II100albHBIMH U PErMOHAIbHBIMU
O0COOEHHOCTSIMU MPUPOJBI 3eMJIM, KOMIUIEKCHBIM XapakTep HWH(opmanuu, co-
JeprKalleicss Ha CHUMKAaX M3 KOCMOCA, YTO ITO3BOJIAET MX HMCIOJIB30BAHUE IS
U3YYEHUS CIOKHBIX KOMIIOHEHTOB NMPHUPOJIbI U OOHAPYKEHHSI CIIEIOB aHTPOIIO-
T€HHOT'0 BO3JEHUCTBHUS.

CoBpeMeHHbIE TeMIbl U MacIITa0bl AHTPONIOT€HHBIX U3MEHEHUN B IPHUPOJE
MOTYT MPUBECTU K HEOOPATUMBIM HETaTUBHBIM IOCIEJICTBUSIM, PEIOTBPATUTD
KOTOPBIE MOXKHO JIMIIb IPY YCIOBUH 3HAHUSA BCEX IMPOLECCOB, MPOUCXOMAIINX
Ha YPOBHE KOJIOTUYECKUX CUCTEM U Orocdepsnl B ieaoM. Kpome skonornyecko-
r0 MOHUTOPHHIA JUIA PELICHUs] 3TOW 3aa4d B DKOJIOTMH HCMOJB3YKOT MOJEIH-
POBaHHE U 3KOJIOTHYECKYIO KCIIEPTHU3Y.

[Tox MogenupoBaHUEM B DKOJIOTMH ITIOHUMAETCS UCCIEIOBAHUE IIPOLIECCOB U
SBJICHUM, MOCTAHOBKA PAa3JIMYHBIX SKCIEPUMEHTOB HE B JKMBOM NMPHUPOJE, a Ha
CHEUUATbHO CO3/IaHHBIX HCKYCCTBEHHBIX OOBEKTAX, MPOCTEHIIMM M3 KOTOPBIX
SBIIETCA aKBApUyM (TeppapuyM), WiM TpadUuecKuX JTOTUYECKUX WM MaTeMa-
TUYECKHX CXEeMax, 0oJiee WM MEHEe OTPAXKAIOUINX CBOICTBA €CTECTBEHHBIX CHC-
TeM. B oriauume oT OOBIYHOTO HKCIEPUMEHTa IMPU MOJAEIUPOBAHUU Oojee
pa3BUT TEOpPETHYECKHI MOMEHT. OH KacaeTcs TEOPETHYECKOro OOOCHOBAHMS
aHAJIOTUH MEXIY MOJENBIO U PEATbHBIM SIBIEHUEM M BO3MOKHOCTH Ha 3TOU OC-
HOBE IEPEHOCUTh HA SIBJIEHUE PEe3yJIbTaThl, MOJy4YEeHHbIE Ha Mojaenu. OIHO U3
IJIaBHBIX TPEOOBAHMM, PENBABIAEMbIX K JIO00M MOJAENH, - 3TO ee mogodue c
MoJienupyeMoi cuctemoil. Hanbosnee mpocThl M TpaIuIIMOHHBI (PU3HUECKHUE MO-
JIENIA T€X WM UHBIX YCTPOUCTB, MPEACTABIIAIONIMX COO0N yMEHBIIIEHHbIE KOITUU
OTUX YCTPOMCTB B LIEJIOM WJIA UX ITOJACUCTEM.

KoHuenrtyanbHble MOJEIN TPEICTABISAIOT COO0N OJIOKOBBIE CXEMbI BO3/CH-
CTBUS MIOJICUCTEM U IPOIIECCOB B Mpefenax oonee mupokux cuctem. [Ipumepom
MOTYT CIY>KUTh CXEMbl KPYTrOBOPOTa BEIIECTB U Jp. DTU MOJEIH MOTYT OBITh
YCJI0KHEHBI YHCIICHHON MHTEPIPETALIUCH.

['padprueckue Mozenu - 3TO 3aBUCUMOCTH MEXKIY Pa3IUYHbIMU MPOIIECCaMHU,
IPEACTABISAEMBIE B CHCTEME NPSIMOYTOJBHBIX KoopauHar. Kak mpaBuiio, 3TH
MOJENH XapaKTEPHU3yIOT U3MEHEHHE OJIHOrO IMAapaMeTpa MO MEpe U3MEHEHUS
apyroro. B psnge cnydaeB rpaduueckue MOJENU MOTYT OBITh MPEJCTABICHBI B
dbopme TabIMYHBIX MOJICNICH, U HA00OPOT.
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Matematuyeckoe MOACIMPOBAHNE 3aKIIIOYAETCs B (pOpMaANM3AINHA U HUCCIIe-
JIOBAaHUU TIOBEJCHMS CHCTEM M MX KOMIIOHEHTOB IIPHM IOMOIIM MAaTEMATHKHU.
CymiecTByIOT J1Ba MOAXOAA K HCIOJB30BAHUIO MAaTEMAaTUYECKOIO ammapara B
ONMHCaHUU OMoJIOrHYecKux npoueccoB. [lepBrlii - 3T0 popMann3anus 3aBeIOMO
U3BECTHBIX MPOIECCOB, O0IIas crenudpuKa 1 3aKOHOMEPHOCTH KOTOPBIX ycCTa-
HaBJIMBAIOTCS MPAKTUYECKUM IyTeM (HaOI0ACHUS WM 3KcrnepuMeHTsl). [lomy-
YaeMble Pe3yJIbTaThl MPEACTABISIIOTCS B BUJIE TpadUKOB, MpeoOpa3yeMbIX 1ajee
B ypaBHeHUs. TakoBbl, HApUMEp, YPAaBHEHMsI, CBSI3bIBAIOIINE B JIorapudmuye-
ckoit popme I1JIK BpeanbIx BelecTB B BoJie M aTMOchepe ¢ UX (HU3NKO-XHUMHYe-
CKMMU CBOMCTBaMHU (MOJIEKYJIIPHONH MacCOM, pacTBOPUMOCTBIO U T.1.). Jpyroi
IOAXOJ K MOJEIMPOBAHUIO 3aKII0YAETCA B TOM, UYTO BBICKA3bIBAECTCSI HEKOE T'-
HOTETUYECKOE CYXKJIEHUE O TOM WM MHOM 3aKOHOMEPHOCTH, HallpuMep o OHo-
LIEHOTUYECKUX IPOLECCaxX, U 3Ta THIOTETHYECKasl 3aKOHOMEPHOCTh «HAKJIAJIbI-
BaeTCs» HA TOT MJIM MHOM M3BECTHBIN 3aKOH NOBEACHMS NIEPEMEHHBIX B MaTEMa-
TUYECKOM YPaBHEHHH.

JlaHHBIE MOJENH SIBIISIFOTCS MICANbHBIMHA, UMEIOIIMMH METOJUYECKOE 3Ha-
YEHHEe, HO HE OTPAXKAIOUIMMU peanbHble cuTyauuu. [losTomy mpu teopernye-
CKOM MOJEJIMPOBAHUN HCCIIEJIOBATEIN ONEPUPYIOT 00Jiee CIOKHBIMU MOJAEIS-
mu. PeanibHble OMOIOTHYECKUE MPOLIECCHl Ha YPOBHE MOIMYJISIIUA 1 OMOTe0IeHO-
30B HAaCTOJIBKO CJIOHBI, YTO, B CUJIy OIPaHUYEHHOCTH JAOCTYIHON MH(pOpMaLuu
U TPYAHOCTEH ee (opMaIbHONW MHTEPIIPETALINHU, YIOBIECTBOPUTEIHLHOMY aHATU3Y
Ha OCHOBE MaT€MaTUYECKUX MOJIEIICH OHM II0KA HE MTOANAI0TCS.

bonee sdpdexTrBHO MOAenupoBaHue (HU3HMUECKUX MPOILECCOB 3arpsS3HEHUs
OKpY>KaroIllel CpeJibl, pacCenBaHus IpUMeEcel B BOJIE U aTMoc(epe, IpUBEIEH-
HbIE B pazzaenax 7 u 8.

IIpu mMaremMaTn4ecKoM MOJEIMPOBAHUU B OTIMYME OT APYrux GopM Moje-
JIMPOBAHUS UCCIEAYEMOE SIBIICHHE 3aMEHSACTCA €ro MaTEMaTHYECKUM OINHMCAHU-
€M, BOCIIPOU3BOIMMBIM BBIYMCIUTENBHBIMU cpeacTBamMu OBM. Takum obpazom,
HKCIIEPUMEHTHI MPOBOJSTCS HE C pealbHbIMU 00BbeKTamMH, a ¢ OBM, B koTOpoOi
peanu3oBaHa MaTeMaTH4ecKas MOJEIb SBJICHUA. Takue MOJAENIN Ha3bIBAKOTCS
KUOEPHETUYECKUMH, TaK KakK IMPOILECChl, MPOUCXOASIINE B KUBBIX CHUCTEMaXx,
MOKHO paccMaTpHUBaTh Kak IPOLIECCHI YNpPaBIEHUsS C OOpAaTHOM CBA3bIO. DTH
MOJIEIM MOTYT OBITh peaM30BaHbl KaK B BUJIC YPaBHEHUN (DyHKIIMOHAIBHOM 3a-
BUCHMOCTH, TaK U B BUJE IporpamMm st OBM.

B Cankr-IleTepOyprckoM TeXHUYECKOM MHCTUTYTE HEIUTIOI03HO-0yMaxHOU
IPOMBILUIEHHOCTH pa3paboTaH METOJ 3JIEKTPOHHO-KOHBEKTUBHO-IU(Py3HOH-
Holt aHanmoruu (OKJIA). CyuiHocTh ero 3akiro4yaeTcs B UCIOIb30BaHUU MaTeMa-
TUYECKOro n3oMoppusma IByX (PU3MUECKUX CHCTEM (TpaHC(HOpMaLUHU BEILECTB
B IPHUPOAHBIX CPEax M 3JIEKTpUYECKOH). Meroa sBIE€TCA CPEICTBOM MMUTA-
IUOHHOT'O MOJeInpoBaHus npu odbocHoBanuu HopMm IIJIK BpemHsIx BeliecTs,
cOpachIBa€MbIX CO CTOYHBIMHU BOJaMH B BOJAOEMBI, U BBIOPOCOB B aTMOC()EPHBIi
BO31yX. [Ipy 3TOM MOTyT OBITH YUTE€HBI BCE OCHOBHBIE ONPEACIAIOIINE YCIOBUS
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nepeHoca 1 TpaHchopMaIuy 3arpsA3HSIONINX BEUIECTB, MPUPOIHBIE (HAKTOPHI U
TUAPOMETEOPOIOTUUECKHUE PEIKUMBI.

DKOJIOTMYECKAasl IKCIEPTU3A SBIISETCS OCOOBIM BHUJOM 3KOJOTMYECKOTO HC-
CJEAOBaHUsA, HAIPABICHHOIO HA IOJIYYEHHUE OIIEHKH BO3ICHCTBHS HAa OKpY-
KAIOLYI0 Cpeay, IPUPOJHBIE PECYPCHI U 30POBBE JIOAECH KOMILJIEKCA MPOMBIII-
JICHHO-XO035UCTBEHHBIX U APYTUX 0OBEKTOB. ITO OpraHM30BaHHAA JIEATEIbHOCTD
HKOJIOTOB-3KCIEPTOB, BKJIOYAIOIIAsl AHAJIN3 KOHKPETHBIX MPOOJIEM MPUPOJIO-
MOJIb30BAHUS C IIMPOKUM NPUMEHEHUEM METOHOJIOTMM CHCTEMHOTO MOAXO0Aa,
MIOCTAHOBKY TOYHOTO JMAarHO3a U BbIPaOOTKY 3KOJOTHYECKH 0OOCHOBAHHOTO 3a-
KIJIFOUECHUSL.

[IpoMBIIUIEHHO pa3BUTBIE CTpaHbl, PaHbIIE€ CTOJIKHYBLIUECS C MPOOIEeMOi
YXYALIEHUs] COCTOSIHUSI MPUPOAHON Cpefbl, ObUIM BBIHYXJEHBI HAayaTh pa3pa-
OOTKY METOJUKH U CUCTEMBbI dKcriepTu3. OHU HaYaJld NpoBOAUTHCS ¢ 1965 rona
B Snonun, ¢ 1970 roga B CIIIA, ¢ 1973 rona B Kanane u T.1. B Hameit crpane
JKCIepTHhIE Komuccuu npu ['ockomnpupoae Obl co3aanbl Tuiib B 1988 roay.

B Hacrosiniee Bpemsi sl OLICHKM BO3JEHCTBUS Ha OKPY’KAIOIIYIO CPEAy aH-
TPOIMOT€HHBIX (PAKTOPOB MCMOJIB3YETCS MIECTh CIEUUATBHBIX METO/I0B: IPYIIIO-
BOM AKCIEPTU3bI, «KOHTPOJIBHOIO CHUCKa», KApTOrpaduyecKoro HaJIOKEHHS,
OJIOK-CXeMbl, MaTPUUHbI MeTOJ W MozenupoBaHue. Ilocneanue nBa mMerona
HIMPOKO MCHOJB3YIOTCS MPU IKOJOTHUYECKON SKCHEePTU3E B 3apyOeKHBIX CTpa-
Hax. Tak, Mpu MaTPUYHOM METOJI€ B MATPHUILy BKIIOYAIOT CIEAYIOIIYI0 UH(OP-
MalMIO: M0 KOMIIOHEHTaM cpefibl (KIMMaTUYECKUE MapaMeTphl - TEMIEeparypa,
BJIQ)KHOCTb, BETEP; 3€MEJIbHbIE PECYPCHI; BOJHbIE OOBEKTHI U T.A.), IO BUAAM XO-
3SIUCTBEHHOM JEATEeNbHOCTU (I1aXThl, 00OTaTUTENbHBIE (PAaOpUKHK) C yKa3zaHUEM
WHJIMKATOPOB TEXHOT€HHOro BosjaeicTBusa. Hampumep, B CIIIA mpu nposene-
HUU DKCIEPTU3bl PA3IUYHBIX MPOEKTOB XO3SIMCTBEHHBIX COOPYKEHHUM HCHOJb-
3YIOTCSl MaTPHIlbl, B KOTOpbIe BBOJATCS Oosice 80 KOMIIOHEHTOB OKPYKAIOIIEH
Cpelibl C yYETOM THUIIOB BO3JIEUCTBUI (1IyM, BUOpaLKs, OTBaJbI, JIecOpazpabOTKu
u ap.).

DKOJIOTUYECKYIO SKCIEPTU3Y MOAPA3ACIAIOT HA TPU OCHOBHBIE TPYIIIIBI:

- pETPOCNEKTUBHAs 3KCIEPTHU3A - U3YUYEHHE MOCIEIACTBUN pean30BaHHBIX
paHee MPOEKTOB, MOABEACHUS WUTOIOB HE3AIJIAHUPOBAHHBIX MPOMBIIIICHHBIX
AKCIIEPUMEHTOB IO BO3ACHCTBUIO Ha OKPYIKAIOIIYIO CPEAY;

- ONepaTUBHAs 3KCIEPTHU3A - PACCIEIOBAHUE IKOJOTUYECKUX MPOOIIeM, CBS-
3aHHBIX C ABAPUIHBIMHU CUTYalUSIMU U HEOOXOAMMOCTBIO MOJYYEHHS] KOHKpET-
HBIX JAHHBIX MO 3KOJOTMYECKONW 0OCTAHOBKE B PA3JIMYHBIX IYHKTAX U PETHOHAX;

- TEPCIEKTUBHAA KCIEPTH3a - PACCMOTPEHHE IIMPOKOro Kpyra mnpodiem
IPUPOAOIIOIB30BAHUS JIOKAJIBHOT0, PETHOHAIBHOTO U TJI00AJIBHOTO YPOBHEM.

Pa3nuuHple TUIIBI KCNEPTU3 UMEIOT CBOM OCHOBHBIE OCOOEHHOCTH, HaIpH-
Mep, SKCHepTH3a TEXHOJOTUU MpeyCMaTpUBAET MaJIOOTXOAHOCTH Ipoliecca B
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CpPaBHEHUU C BbIpAOOTAaHHBIMH HOPMAaTHUBaMU, a TEXHUKH - ONPEJECICHHUE CTere-
HU €€ PECYPCOEMKOCTH ¥ IKOCOBMECTUMOCTH.

B takux crpanax, kak Anonwus, CIIA, @pannus, Kanaga, npu npoBeieHun
AKCIEPTU3 TOYHOCTHh MPOTHO30B OKa3ajach JOBOJBHO BBICOKOM, JIUIIb 7% Ipo-
THO30B MOJIHOCTBIO HE OMpaBIalioCh. B Haleil ctpaHe paccMOTpeHo okoJio 60
IIPOEKTOB Komuccusimu npu ['ockomnpupone Poccun. Ito skcneptussl no Ty-
pyxanckoii '9C u BooxXpaHuiuiLy, Mo pa3Butuio ropoja CeBepobaiikaibeka U
Ap.

DKOJIOTHYECKasl SKCIEePTU3a CTOUT OYeHb 10poro (B cpeaHeM 1% ot obmieit
CTOMMOCTHU MPEJUIaraéMoro MpoeKTa), HO 3TU 3aTpaTbl 3HAYUTEIHLHO MEHBIIE,
YeM Te, KOTOPbIE MOTYT MOHAAOOUTHCA NIl IUKBUAALMU MOCIEACTBUI OCyIle-
CTBJIEHUS! OLUMOOYHBIX PEIICHU, HE TOBOPSI O BO3MOXKHOM YyIlepOe, HaHECEeH-
HOM 3JI0POBBIO JIFOAEH JIM YCTOMYMBOCTH MPUPOJHBIX CHCTEM.

3AKJIIOYEHUE

DKoJIorHsl, U3ydaroias 00ibIION KpyT pa3HOOOPa3HbIX SIBICHHM, TECHO CBSI-
3aHa CO MHOTMMH HayKaMH, B TOM YHCJIE U C XUMHEW. DKOJIOTMYECKUI OXO0 K
npoOiemMam, CTOSIIIMM Nepes JIF00ON U3 HayK, OOBSCHAETCS YCUIIEHUEM UHTEpe-
ca K BOIPOCaM OXPaHbl OKPYXKAIOIIEW Cpelbl, COXPAHEHMs Ha 3€MJIE BCETO XKU-
BOT'O B CBSA3U C YBEJIMYEHUEM BO3JECHCTBHS YEIIOBEKA HA IPUPOY.

DKOJIOTHYECKAs] XUMUS BKIKOYAET XMMUYECKUE aCIIEKThI ONMCAHUS U yIPaB-
JIEHUS MHAMUYECKHM PABHOBECHEM B JKOCHCTEME, KACAKOUIUMECS B OCHOBHOM
ydeTa KaueCTBEHHOI'O0 M KOJWYECTBEHHOI'O COCTAaBA XMMHUYECKHX AHTPOIIOICH-
HBIX 3arpsI3HEHUI IPUPOJIHON CPElbl IO BIUSHUEM IIPOU3BOJICTBEHHOMN U CENb-
CKOXO3MCTBEHHOU IEATEIIbHOCTH YEJIOBEKA U M3YYEHMs] XUMHUYECKUX IIPEBpa-
LICHUI 3arpA3HAIONINX BEUIECTB B OKPYKAIOIIEH Cpenie.

N3 Bcero kpyra BOIPOCOB, PacCMAaTPUBAEMBIX HKOJOIMYECKON XHUMHEH,
MOHO BBIICJIUTH YETHIPE TJIABHBIC 3aa4H:

1. M3ydyeHre BO3MOXKHOCTEW CHMXKEHMS YPOBHSI XMMHYECKOTO 3arpsi3HEHHUS
00BEKTOB OKpY’Kalolllel cpelibl HauboJiee OMACHBIMU JJIsi SKOCHUCTEMBI 3arpss-
HSIOIIMMU BEIIECTBAMU.

2. CoBepLIEHCTBOBAHUE TEXHOJIOTUYECKUX TPOILECCOB MEPEPAOOTKU ChIPbS
Y OYMCTKH OTXOJIOB.

3. IIporHo3upoBaHue MOBEICHNUS XUMUYECKOTO 3arpA3HEHHUS 110 BIUSHUEM
Pa3IMYHbIX TPUPOIHBIX (PAKTOPOB U AaHTPOIOTE€HHBIX BO3/1EUCTBUH.

4. Pa3zpaboTka cnocoO0B yIpaBIEHHS COCTOSTHUEM PUPOIHONU CPEBI.

Pemenue nepBoit 3a1aun CBsA3aHO ¢ pa3pabOTKON HOBBIX TEXHOJIOTUH C yue-
TOM TpeOOBAaHMI OXpaHbl OKpYXaroUeh cpeabl U Moau(pUKanuend CyniecTByo-
IIUX C LEJIBbI0 IMOBBIIIEHUS UX «IKOJIOTMYHOCTH». JTO JOCTUTAETCS OJHOBpE-
MEHHO HECKOJIbKUMHU MYyTSIMHU: UHKEHEPHO-OPTraHU3ALMOHHBIMU (KOMIUIEKCHOE
UCIIOJIb30BaHUE ChIPbs, 0€30TX0HOE MPOU3BOACTBO, BOJOOOOPOTHBIE CXEMbI) U
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XUMHUKO-TEXHOJOTUUECKUMHU (TIOBBIIIIEHUE CEJIEKTUBHOCTH MPOIECCOB, pa3pa-
00TKa HOBBIX KaTaJIM3aTOPOB, ONTHMHU3AIUS PEXHMa, 3aMEeHa OTJEIbHBIX CTa-
U Ha 00JIe€ «IKOJTOTHUUHBICY).

Jlns pelieHuss BTOPOM TPYIIBI 3ajad HEOOXOJUMa OpraHu3aIus OYMCTKU
BBIOpAChIBa€MBIX B aTMOC(epy Ta30B M COPACKIBAEMBIX B BOJIOEMbI CTOYHBIX BOJI
OT HauOoJiee BPEIHBIX BEIIECTB, YTO 3aBUCUT OT SKOHOMHUKH ITpom3BojicTBa. Ec-
JM TIepexo Ha 0€30TXOHBIC TEXHOJOTHH TpeOyeT OONBINX KaNMUTATbHBIX 3a-
TpaT, TO TEKYIIHE 3aTPaThl HA OUUCTKY OTXOJI0B 3aBUCST OT TpeOyeMOM CTeIIeHU
ouncTKkU. CylIeCTBYeT HEKOTOPBIA MpPeaesl OUYUCTKH, OMpEAeIsieMblii 3KOHOMHU-
KOU MPOU3BOCTBA, MMOCTE KOTOPOTO MPOU3BOACTBO MOXKET OBITh HEPEHTAOEb-
HBIM. 3JIeCh UMEETCS IAaKeT 3aJ1a4, CBSI3aHHBIX HE TOJLKO C JIOKAJILHON OUYMCTKOM
BBIOPOCOB 11€Xa, MPEANPUITHS, HO U C OUUCTKON TOPOJICKUX CTOYHBIX BOJ, YTH-
Ju3aiued TBePbIX U KUJIKUX OTXO0B.

TpeThbst rpynmna 3amad cBsiz3aHa C OIEHKOM BO3JICUCTBHUS HA OKPY’KAIOIIYIO
Cpedy 3arpsi3HSIOIINX BEUIECTB. 3/16Ch UMEETCS JIBAa aCMEKTa: C OJIHOM CTOPOHHI,
- TIpobJieMa TOKCUYHOCTH TOTO WJIM MHOTO BEIIECTBA, MOCTYIAIOIIETO B OKPY-
KAIOIYI0 Cpeay, C APYro - MUTpaIus U TpaHchopmariis BEIECTB MO BIIHUS-
HUEM TPUPOJHBIX (hakTopoB. Onpeaenstomas pojb 3KOJOTHYECKOW XUMUU - B
OIICHKE CKOPOCTEH TpaHC(HOPMAIINH 3arpSA3HSIONIUX BEIIECTB B 3aBUCUMOCTH OT
(baKkTOpOB CpeIbl.

IIpuMepHbBIii IepevYeHb BOMPOCOB JIsl CAMOCTOSATEILHON padoThl
M0 KYPCy «IKOJOrHYecKasi XUMHS»

1. PernoHanbHble 5KOJOTHYECKHE MPOOIEMBI U POJIb XMMUUECKON HAYKH.

2. YTunuzauus v pereHepanusi peakTUBOB U XUMHYECKHX OTXOOB.

3. CocraBneHue U pelIeHUe IKOJIOTMYECKUX 3a/1a4 JJIs IIKOJIbHUKOB.

4. Ilepecuer cocTaBa 3arpsA3HSIONIMX BELIECTB, HaXOAAIIMXCS B Ta3000pas-
HOM ¥ KUJKOH (hazax.

5. OpueHTUpOoBOYHAs OIIEHKA KJIacCa ONAaCHOCTH TOKCHYHBIX BEIIECTB M MX
B/IK pacueTHpIMU METOAAMHU.

6. Onpenenenue Kiracca TOKCUMYHOCTH MPOMBIIUIEHHBIX OTXOJOB PACUETHBI-
MU METOJIaMHU.

7. OnpeneneHnre HEOOXOAUMOMN CTEMEHM OYMCTKU CTOYHBIX BOJI MEpes X
OTBEJCHUEM B BOJIOEM.

8. Pacuer [1/IC nisa npeanpusaTuii.

9. Pacuer I1JIB s npenanpusiTuii.

10. Kunetnueckuii pacyer npeBpamieHuil npuMmeceii B armocgepe.

11. MonenupoBaHue NpPOLECCOB OMOXMMUYECKOTO OKHUCIIEHUS OpraHuye-
CKHX BELIECTB.

12. Pacyer npeaesbHON CTENEHU OYUCTKU BOJBI OT TSKEJIBIX METAJJIOB Me-
TOJAMH OCAXACHUS U KOMIUIEKCOOOPa30BaHUsI.
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13. Pacuer npenenbHON CTENEHN OYMCTKU ra30B OT MPUMECEN XUMUYECKUMU
METOJIaMH.

14. PacueTsl MO KMHETUKE pa3[eICHUs a’3po30Jei U raz000pa3HbIX MpHUMeE-
CeH.

15. DKkonmornyeckuii macmopT NpeaIpUITHS.

16. Dxonoruueckue mpoodIeMbl TOpoa.

17. OueHka 3KOJI0rMYECKOro COCTOSIHUS TEPPUTOPHUH.

18. Ouenka 3KOJIOTMYECKOTO COCTOSTHUS BOJIOEMA.

19. Y3yuenue ponu abOMOTHYECKHX (DAKTOPOB B OIICHKE COCTOSIHHSI BOJHBIX
JKOCHUCTEM.

20. DKOTOrM4ecKoe HOPMUPOBAHUE XO3SIMCTBEHHOW AEATEIIBHOCTU U PALIMO-
HaJIbHOE KCIIOJIb30BAaHUE TPUPOIHBIX PECYPCOB.
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