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CNUCOK COKPALLEHWW

KB — xuBO€ BemecTso
CCOII - Cucrema cTanaapToB B 00JIaCTH OXPaHbI IPUPOIbI



NPEAUCNOBUE

Hacrosiee yue6HOe mocodre cocTaBlieHO IO MaTepuaiaM JEKIUOHHBIX
U MPAKTUUECKUX 3aHATHH 1Mo Kypcy «CoBpeMeHHbIE MPOOJIEMbl IKOJIOTUHU
U TPUPOJONOIL30BAHUSY, YUTAEMOMY B TOMCKOM MOJUTEXHHUYECKOM YHU-
BEPCUTETE U CTYIAEHTOB CHEIHUATBHOCTH «IDKOJIOTHS MPHUPOAOINOIH30Ba-
Hust». [Ipu cocTaBiaeHUN JAHHOTO MOCOOUS YUYUTHIBAJIOCH, YTO CTYJICHTHI Ie0-
AKOJIOTH Ipocaymanu Kype o «I'eomorumy.

ABTOpBI C TPU3HATEIFHOCTHIO MPUMYT BCE IMOXKETAHHUS W 3aMEYaHUs
yUTaTesae JaHHOTO yueOHOTro Mocoousl.



NEKUWA 1. BBEOQEHUE

Okonoausi 8 cucmeme Hay4yHbiX 3HaHul. OCHOBHble 3aKOHbI U rpobrnembi
3KOJ1I02UU. 3B8OJIIOUUS IKO/Io2UYeCKUX 8325191008 Ha oKpyxarowul mup. Cospe-
MEHHOEe 3Ha4eHuUe 3K0102Uu4eCcKo20 0bpa3osaHusi.

Kak Hay4Has AMCLMIUIMHA 3KOJIOTHSI UMEET 00Jiee YEM BEKOBYIO UCTO-
puto. CUCTeMaTUYECKUE SKOJOTHUYECKHE UCCIEIOBaHMs BEIyTCS MPHUOIU3U-
TenabHO ¢ 1900 r. OCHOBBI PKOJOTMU MOKHO HalTH B Hay4HBIX TpyAax yde-
HeIX mponwioro Beka (I'ymb6omnst, Jlamapk, CeeprieB u np.). B pasButue
HKOJIOTMM 3HAYUTEIBHBIN BKIIAJ BHECIIN pycckue yuyeHsle BaBuios, Cykaues,
[TaBmoBckwmii, IlIBapm, KomecnukoB u mp. Ocobasi 3acimyra TpUHAJICKHUT
B.U. Bepnanckomy.

DKOJIOTHSI KaK HayKa OCHOBaHa Ha pa3HbIX OTpaciiax Ouosioruu (pu3no-
Jorus, reHeTuka, Ouousnka), cBs3aHa C APYrUMH HayKamu ((pu3Mka, Xu-
MU, MaTeMaTuKa, reorpadus, reoysorus), UCIOJIb3yeT UX METOJbl U TEPMHU-
HBI.

B cBsI3u ¢ 3TUM NOSBUJIUCH B MOCIEAHUE TOJbl MOHATHUS «reorpapuyeckas
AKOJIOTHUS», «XHUMHYECKasi SKOJIOTHS», «MaTeMaTHuecKas 3KOJOTHUS», «KOC-
MUYECKAsI SKOJIOTHUS», U «3KOJIOTHS YETOBEKa».

UCTOPUA SKONOIUK: NOHATUA, TEPMUHbI, ®OPMYJIUPOBKH.
UX TPAHC®OPMALIUA B COBPEMEHHbIX YCNIOBUAX

CJI0BO «3KOJIOTHS» MPOUCXOJIUT OT FPEYECKOTO «OMKOC», UTO O3HAYAET
«JIOM, HEIMOCPEJICTBEHHOE OKPYKCHUE YEIOBEKa». TE€pMUH 3TOT MOSBUICA
B CEpPEAMHE MPOLLIOro BeKa. KTO MMEHHO BBEI €ro, OCTaeTCsl HEACHBIM, O-
HaKo MepBoe 0O0IIee onpeiesieHne dK0JIOTUU Aan B 1866 r. 3HaMEHUTHIN He-
Menkuii 6uosior DpHCT ['ekkens. «Ilox sxonorueit, — nucan ['ekkenb, — MbI
MMOHMMAEM CyMMY 3HAHUH, OTHOCSIIMXCS K SKOHOMHUKE MPUPOJIbI: U3YUEHUE
BCEM COBOKYITHOCTH B3aMMOOTHOILICHHUH KUBOTO C OKPYKAIOLIEH €T0 CPENoH,
KaK OpraHWYECKOM, TaK U HEOPraHUYECKOMU, U MPEXKIAE BCErO — €T0 JIPYKECT-
BEHHBIX WJIM BPaXKJICOHBIX OTHOIIEHUN C TEMH >KMBOTHBIMH M PACTECHUSIMH,
C KOTOPBIMHM OH MPSIMO MJIM KOCBEHHO BCTYIA€T B KOHTAKT. OJIHUM CIIOBOM,
BKOJIOTHSA — 3TO U3YUYEHHUE BCEX CIIOKHBIX B3aUMOOTHOIICHUM, KOTOphIE Jlap-
BUH HA3bIBAET YCIOBUSAMHM, OPOKAAIOIIUME O0PHOY 3a CYIIICCTBOBAHUEY.

Bpems T'exkkenss m JlapBuHa MOKHO Ha3BaTh JIOXOW HAKOIUICHUS
¢dakroB. ChopmynupoBanHas Yapip3oM JlapBUHBIM TEOpHs IBOJIOIUHU ITyTEM
€CTECTBEHHOTO 0TOOpa 3acTaBWjIa paCCMAaTPUBATh OPTaHW3M B HEPa3pHIBHON
CBSI3U C OKpYXaloIllell ero cpeloi: oka3anoch, 4To (GopmMa U TMOBEJICHUE
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Ka)XIOro0 OpraHu3Ma MPUCIIOCOOJICHBI K TOW cpefie, B KOTOPOil OH OOMTAeT.
Bnauane skos0rus 3aHuManach B OCHOBHOM HM3YyYEHUEM €CTECTBEHHOW MCTO-
pUHM OpraHU3MOB, 00pa30M KU3HU XKUBOTHBIX M PACTCHUU: T U KOTJa UX
MOKHO BCTPETUTh, YEM OHM IHUTAKOTCS, KOMY OHHM CAMHM CIy’>KaT IMUIIEH, KaK
pearupyroT Ha U3MEHEHUS B OKpy»Karomiel cpeae. Onnako k koniy XIX Beka
ATOT Y3KH B3I HA SKOJIOTHIO YCTYIHII MECTO 0oJiee IIUPOKUM MPEACTaB-
JICHUSIM O B3aMMOOTHOIIECHUSIX MEXJy BCEMHU PACTECHUSIMU M KUBOTHBIMH.
Ecnu ayrakoiiorusi usyyana OpraHu3M CO BCEM TEM, UYTO €ro OKpY>KaeT, TO
CHUHAKOJIOTUS M3yvaia COBOKYITHOCTUA PACTEHUN U KUBOTHBIX M XapaKTEPHbIE
OCOOEHHOCTH CTPYKTYpbl UM (YHKIIMHM TaKUX COBOKYIHOCTEH, GopMupyto-
IIUXCS O] BJAUSHUEM Cpelibl. DKOJIOTUs BCETJa pacCMaTpyBalla OpraHU3Mbl
1 COOOUIECTBA B TECHOM CBSA3U C OKpYyXkarolen ux ¢pusndeckoit cpenoit. Ilpu-
CHOCOOUTEIbHBIE U3MEHEHHMSI, BO3HUKAIOLIUE B MPOLIECCE IBONIIOIMH, U pPeak-
LMY, TOSBIIIOIIMECS B IPOLECCE MHAMBUAYAJIBHOTO Pa3BUTHUS, NAIOT BO3-
MOXHOCTh PacTeHHMSIM M SKMBOTHBIM pE€arupoBaTh Ha HU3MEHEHUS
OKpYXKarollel cpeapl. YK€ B COPOKOBBIX I'0JIaX HBIHEIIHErO0 BEKa JKOJIOTH
Havyaju MOHUMAaTh, YTO OMOJIOTHYECKOE COOOIIECTBO M €r0 OKPYKEHHUE MOXK-
HO paccMaTpuBaTh BMECTe Kak HeuTo eauHoe. dusnueckas cpeaa u Ouoso-
TMYECKUA MHUp B COUYETaHHUM JAPYT C JAPYroM oOpa3yroT HEKyro Ooliee Kpyl-
HYI0 CUCTEMY — SKOCHUCTEMY, B MpeJieaax KOTOPOil HEOOXOAUMBIE JIsl )KU3HU
BEILECTBA COBEPILIAIOT HEMPEPBIBHBII KPYTrOBOPOT MEXKY IMOYBOM, BO3yXOM
Y BOJIOM, C OJTHOM CTOPOHBI, U MEKIy PACTEHUSIMH U )KUBOTHBIMU — C IPYTOM.

Pa3BuTHIO 3K0JIOTMH CIIOCOOCTBOBAIM HE TOJBKO MOCTENEHHO PaCIIM-
pAroIIAecss MpeAcTaBieHuss 0 Hel. HaumHas ¢ mepBoMl MOJIOBMHBI HAIIETO
BEKa DKOJIOTHS OKa3aJlach TOM TOYKOM, B KOTOPOM NEPEKPEIINBAINCH UAECH
T€HETUKOB, (PU3HOJIOTOB, MATEMATUKOB, arPOHOMOB M KMBOTHOBOJIOB.

[Tonsitue okpyxaromiasi cpena ObUIO BBEIEHO B SKOJOTHIO OMOJIOTOM
. FOkckroneMm (1864—1944 rr.) 111 «BHEIIHETO MHUPA, OKPYKAIOIIIETO >KUBbIE
CYILIECTBA B TOM Mepe, B KAKOM OH BOCIIPUHUMAETCS OPraHaMU YyBCTB U Op-
raHamMu MepeABUKEHUS KUBOTHBIX U MOOYKIaeT UX K OMPECICHHOMY MOBE-
nennto». Konnenuusa «okpysxkaromen cpeas» S. KOKCKros monokuiia Hava-
JIO SKCHEPUMEHTAIIBHBIM HCCIIEOBAHHUAM B3aUMOOTHOIICHUN KUBOTHBIX
TOTO WM MHOTO BUJIA CO CPEION MX OOUTAHMS.

TonkoBaHMs TEPMUHA «3KOJIOTHS» B cloBape-crnpaBouHuke «lIpupono-
nonp3oBanue» H.®. Pelimepca cnenyromme:

1) gacTth Omoyoruu (OMOAKOJIOTHS), H3yYaroliasi OTHOIICHHUS OpTaHM3-
MOB (0co0ei, momyssnuii, OMOIIEHO30B U TOMY TOJ00HOE) MeXAy coO0oM
U OKpYXAaIomel Cpeoi, BKIIOYACT JKOJOTHUIO 0ocobeit (ayT(0)3Kosorus),
MOMYJISAUUNA (MONYJILIMOHHAS 3KOJIOTHS, IEMIKOJIOTHS) U COOOIIECTB (CUH3-
KOJIOTHS);
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2) IUCHHIUIAHA, U3yJaromasi o0Ime 3aKOHbI (PYHKITHOHUPOBAHUS IKOCH-
CTEM Pa3IMYHOTO UEPAPXUUECKOro YPOBHS; (IKOCUCTEMA — JTIF000E COOOIECTBO
’KUBBIX CYIIIECTB M €r0 Cpelia OOUTaHus, 00hEIMHCHHBIC B UHOE (DYHKITHO-
HaJIbHOE 11€J10€, BO3ZHUKAIOIIEE Ha OCHOBE B3aUMO3aBUCUMOCTH U TPUYMHHO-
CJIEICTBEHHBIX CBSI3€H, CYIIECTBYIOIIUX MEXIY OTJAEIbHBIMH SKOJIOTUYECKHU-
MU KOMIIOHEHTaMM );

3) KOMIUTEKCHas HayKa, WCCICIyIOIIas Cpeay OOWTAaHHS J>KUBBIX CY-
IecTB (BKJIIOYas YyeoBeKa);

4) 006Jy1acTh 3HaHUH, pacCMAaTPUBAIOIIAs HEKYIO COBOKYITHOCTh HPEaME-
TOB W SIBIICHUN C TOYKH 3pCHUS CyOBeKTa Wi 00bekTa (KaK MpaBUiIo, )KHBO-
ro WM C YYacCTHEM >KMBOT0), IPUHUMAEMOTO 32 LIEHTPAIbHBIA B 3TOM COBO-
KYITHOCTH (3TO MOKET OBITh U TPOMBIIIUIEHHOE TIPEANPUSATHE);

5) wmccrnenoBaHME TOJOXKEHHUS YeloBeKa KaK BHJIa M OOIIECTBA B JKO-
cdepe MIaHeThl, €ro CBS3ed C SIKOJOTUYECKUMH CUCTEMaMH U MEPbl BO3JEH-
CTBHUSA Ha HUX.

[IpenMeToM M3yuyeHHsI SKOJIOTMU B IIMPOKOW MOCTAHOBKE BOMpPOCA SB-
JSIETCS CUCTEMa «OpPraHU3Mbl TUIIOC cpefla UX OOMTaHUs», MPUYEM Cpena,
npeoOpa3oBaHHAs CAMUMH OPTAaHU3MaMHU U, B YACTHOCTHU, YEJIIOBEKOM.

B nocnennue aecstunetre, Korjaa yrposa riio0aibHOro 3K0JIOTHYECKOro
KpH3Hca KOCHYJIACh BCETO YEIIOBEUECTBA, MMPOM3OIIEI B3PHIBOOOPA3HBIA POCT
00€CIOKOEHHOCTH U OOIIECTBEHHOT'O MHTEPECca K AKOJIOTHYECKOM mpobdiema-
tuke. Ecou 10 60-x rogoB XX cTojieTHsi Ha SKOJOTHIO CMOTPENH, TJIABHBIM
o0pa3oM, Kak Ha OJWH U3 pa3feioB OMOJIOTMHU, TO Ceiiyac OHa BHIIIA 32 €€
paMKH, IMepepocyia B HOBYIO HHTETPUPOBAHHYIO JUCIHUIUIMHY, CBSI3aHHYIO
C €CTECTBEHHBIMH, MH)XCHEPHO-TEXHHUYESCKIUMH ¥ TYMaHUTAPHBIMH HayKaMH.
BakHOCTB U aKTyaJqbHOCTh YKOJOTUUECKUX MPOOJIeM il CyAeO YeloBedecT-
Ba CTOJIb BEJIMKA, YTO JIJISi MX PEHICHHUS HEOOXO0IMMa MOOMIM3AIUS BCEX OT-
pacined 3HaHWM, HAaKOIUIEHHBIX 4YesoBedecTBOM. l[IpomcxoauT B3ammonpo-
HUKHOBEHHME M B3aUMOOOOTallleHHE IEJISIMU, UACIMH U METOJaMU MEXIY
TaKMMHU HayKaMH, KaK: HayKH O 3emJje, MaTeMaTuka, (pu3uka, XuMus, Kjiac-
CUYeCKasi DKOJIOTHS, BBIYUCIUTEIbHAS TEXHUKA, TEOpPUsS OOJIBIINX CHUCTEM,
SKOHOMMKA, COIMOJIOTHS, TOJIMUTOJOTHS, FOPUCIPYICHIIMUS, ITHKA, (HUIOCO-
¢bus, MeTuIMHA U Jp.

OTOT mpoIecc MPOHUKHOBEHUS UJIEH M 3a7a4 DKOJIOTHU B JIpyrue o0-
JIACTU 3HAHUSA MOJYYMJI Ha3BaHHUE DKOJIOTHU3AIMU. DKOJIOTHUS CTAHOBUTCS WH-
TErpaJibHOW THIIEPHAYKOU («IIPUPO/Ia He 3HACT (PaKyIbTETOBY).

Pacmimpenue mpeamera 3KOJOTHH TPHUBEIO K TOSBICHUIO HOBBIX €€
onpenenaeHnil. ABTOPUTETHBIN amepukanckuil 3konor FOmxun Onym naer
Takoe omnpenaeneHue (1986 r.):

«OKon02Usl — MENCOUCYUNTUHAPHAS 001acmb 3HAHUSA 06 ycmpolicmee
U PYHKYUOHUPOBAHUU MHO2OYPOBHEBBIX CUCHEM 8 NPUpooe U 0dwecmae 8 ux
83AUMOCBAZUN.
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OTO OYeHb HIMPOKOE ONpEeNeHHE, HO OHO OOJIbIIE JPYTUX COOTBETCT-
BYEeT COBPEMEHHOMY HIMPOKOMY MOHUMAHHIO SKOJIOTHU. DKOJIOTHS PUOOpe-
TaeT pPOjb BCEOOBEMIIIOIIETO MHUPOBO33PEHMS] M TPEBpAIIACTCS B Y4YCHHE
0 BBIOOpE MyTeH BHIKUBAHUS YEJIOBEUYECTBA.

Uenb

N3yuyenue 3akOHOB (YHKIMOHUPOBAHUS SKOJOTUYECKUX CHCTEM BCEX
ypoBHEH U OWocdepsl B 1IEJIOM B YCIOBHUSX MPHUPOIOTPEoOpasyrolieit aes-
TEJILHOCTH YEJIOBEUECTBA U BBIPAOOTKA TAKTUKU U CTPATETUU TOBEICHUS
YEJIOBEUECTBA B IEJISAX ONMTUMH3ANUN (DYHKITMOHUPOBAHUS STUX CHCTEM.

3apaum

3a/1aun 3KOJIOTHH TIPSIMO BBITEKAIOT W3 IIEIM U CYIICCTBYIOIIUX Ha IlIa-
HEeTe MpooJIeM:

1) BceoOBeMJIIONIAs TUATHOCTHKA COCTOSHHS MPHUPOIBI TUTAHETHI U €€
PECYpPCOB;

2) OmpeJe/iCHUE MOPOroB BBHIHOCIMBOCTH SKOJOIMYECKUX CHUCTEM I10 OT-
HOUIEHUIO K AaHTPOIIOT€HHOW HArpy3Ke;

3) BBIPAOOTKA KPUTEPHUECB ONTHUMAIBHOCTH (PYHKIIMOHUPOBAHHUS 3KOJIO-
TUYECKUX CUCTEM;

4) wu3ydeHHe OOPaTUMOCTH U IYTEH BOCCTAHOBIJICHHUS aHTPOIOTCHHBIX
HapYIIEHUN IKOJIOTUIECKUX CUCTEM;

5) pa3paboTka MPOrHO30B M3MEHEHUI B OHoc(hepe U COCTOSHUIN OKpY-
KAIOIEH YeoBeKa CPelbl MPU PA3HBIX CIIEHAPUSIX MOJUTHYECKOTO, IKOHO-
MHYECKOTO U COITMAITBHOTO PAa3BUTHS YECIIOBEUECTBA;

6) OTKa3 OT JAUCKPEIUTHPOBABIICH CeOs MPUPOIOMOKOPUTEILHON HJICO-
Joruu ¥ (opMUPOBAHUE HUICOJIOTHH U METOIOJIOTHH DKOIEHTPH3MAa, HAIpaB-
JICHHOM Ha YKOJIOTH3AIINI0 YKOHOMHKH, TIPOU3BOJICTBA, TIOJUTHKH U 00pa30-
BaHMUS.

MeToponorus

MeTo10I0rHYeCKyI0 OCHOBY COBPEMEHHOM 3KOJIOTUU COCTABIIIET COYe-
TaHUE:

1) cucTeMHOTrO aHaM3a;

2) HaATYpHBIX HAOJIOJCHUHN U U3MEPCHUN;

3) OIKCIepHMEHTa;

4) MOAeTMpPOBAHHUS.

1. ITpu3HaHuEe SKOJOTMYECKUX CHUCTEM MPEAMETOM 3KOJIOTHH, MPUHIIMIT
AMEPKEHTHOCTH M XOJIMCTUYECKUI MOIX0/] K H3yUYEHUIO HEN30€KHO MPUBO-
JST K HEOOXOAMMOCTH MCIOJB30BaHUs B KAUYECTBE METOJI0JIOTUYECKOI OCHO-
BbI HAYKH 3KOJIOTHH CUCTNEMHO20 aHAIU3A.
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Cucmemubli ananus — Mo HANPAagieHue HAy4HO20 NO3HAHUS U COYU-
ANbHOU NPAKMUKU, 8 OCHO8E KOMOPO20 JIedHCUM UCCIe008aHUue 00beKma Kak
cucmembi.

CucTeMHBIN MOJAXO0JI B DKOJOTHH COCTOUT B OIPEIEICHUU COCTABHBIX
yacTel 3KOJIOTMYECKOW CUCTEMBI (ITOJCUCTEM) U B3aUMOJECHCTBYIOIINX C HEH
OOBEKTOB BHEIIHEH Cpellbl, YCTAHOBJICHUM COBOKYMHOCTH BHYTPEHHUX
Y BHEIIHUX CBS3eH, HAXOXKJICHUM 3aKOHOB ()YHKIIMOHUPOBAHUS U MX U3MeE-
HEHUH B pe3yJIbTaTE PA3JIMUYHBIX BO3IECHUCTBUN. JKOJIOTMUECKUE CUCTEMBI KaK
O0OBEKT U3YYEHHUS] UMEIOT PsJ OCOOCHHOCTEH MO CPABHEHMIO C MCKYCCTBEH-
HBIMU KUOEPHETUYECKUMU CUCTEMaMHU, CO3JJaHHBIMU YEJIOBEKOM:

a) Oecnpele/leHTHas CTPYKTYpHas CJI0KHOCTb;

0) MHOTOYpOBHEBOCTb U MEPEKPECTHOCTH CBS3E;

B) yMpaBISIONINE PYHKIIMHU U OOpaTHBIC CBA3M DKOJOTHUECKUX CHCTEM

muddy3Hb 1 GOPMUPYIOTCS BHYTPH HEE, a HE HAIIpaBJICHbI U3BHE;

r) 3aKOHBI (YHKIMOHUPOBAHHUS MHOTO(AKTOPHBI, CJIOXKHBI W BCETIa

HEJINHEWHBL.

CucTeMHBIN aHalii3 3aBOEBaAJl MPU3HAHUE JIUIIb BO BTOPOM IMOJOBUHE
XX Beka, 4TO CBSI3aHO TMPEXKJE BCErO C Pa3BUTHEM HMHCTPYMEHTAIBHBIX
W JIUCTAHIIMOHHBIX METOJOB HAOIIOJCHUM W HU3MEPEHUM, BBIYMCIMTECIHHOM
TEXHUKH, JABIIUX BO3MOXXHOCTh M3Yy4yaTh MPUPOIAHBIE CUCTEMbI KaK I1€JIOCT-
HbIE CHUCTEMbl Ha KOJIMYECTBEHHOM YPOBHE, a TAaKXKE€ C MPOHUKHOBEHHUEM
B KOJIOTHIO UJIeW KHOEPHETHKH.

2. HamypHvle nabnooenuss — NCTOPUYECKH TEPBBIA METOJ JKOJIOTHYe-
ckoro ucciegoBanus. CoBpeMeHHas CHCTeMa HaOJIOEHUN BKIIOYAET KOC-
MUYeCKHe, aTMocC(epHbIe, Ha3eMHBIC IOJ3EMHbBIC, HABOJHBIC, ITOJABOIHBIC
U3MEPUTENbHBIE KOMIUIEKCHL. B HacTosIiee Bpemsi AEHCTBYIOT MEXKAYHAPOI-
Has (rmoOanbHasi) M HAIIMOHANIbHAS CHCTEMbl MOHMTOPHHTA — T. €. CUCTEMa
KOHTpPOJIs, OLEHKHA M MPOTHO3a KayecTBa MPUPOJHOM Cpelbl, BKIHOYAIOIIAS
UCCIIEJOBAHNUE AHTPOITOTE€HHBIX BO3AEHCTBUIA.

3. OKxcnepumernmspl MIUPOKO MPUMEHSIOTCS B 9KOJIOTUH, KaK U B IPYTUX
€CTECTBEHHBIX U TEXHUYECKUX HaykaX. OTIMUMEe dKCIepUMEHTa OT HaOJIIo-
JEHUSI COCTOUT B TOM, YTO IPH IKCIIEPUMEHTE CO3HATEIIBHO OPraHU3YeTCA
ONIPENEIICHHOE BO3/IEMCTBUE HA DKOJIOTUYECKYI0 CUCTEMY M 3aTEM H3Yy4aeTcCs
peaxiusi CHCTEMbI Ha 3TO BO3/ICHCTBHE. DKCIIEPUMEHTHI JIeTSTCS Ha jadopa-
TOpHBIE U HATYPHBIE.

Jlabopamopuvie 3Kcnepumenmsl TO3BOJAIOT 00ECIEYUTh KOHTPOJb
OompIioro yuciaa (pakTopoB, UCKIIOUMB BO3JIEUCTBHE HEKOHTPOJIUPYEMBIX.
Knaccuueckoit cxeMoil mpoBeieHus JIaDOpaTOPHBIX UCCIEIOBAHUN SIBISIETCS
0JIHO(haKTOPHBIN SKCHEPUMEHT, KOI/Ia U3y4YaeTcs BIUsHUE U30paHHOro (ak-
TOpa NMpu (PUKCUPOBAHHBIX 3HAYEHUSIX BCEX OCTAIbHBIX.
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Hamypnvie sxcnepumenmul MO3BOJSIOT HCCIEA0BATh BIUSHUE OHOTO
WJIM HECKOJIBKUX (PaKTOPOB B PEaTbHBIX YCIOBHSIX.

Oco0oe MecTO B M3YYEHHUU SKOJIOTHUECKUX CHUCTEM 3aHUMAIOT Henpeo-
HamepenHvle IKCnepuMeHmyl, KOTOPbI€ SIBUIUCH CIIEJICTBUEM €CTECTBEHHBIX
IpOLIECCOB (M3BEPKEHUE BYJIKAHOB, 00pa30BaHUE U MCUE3HOBEHUE OCTPOBOB
UT.I.) WIK JAeITeNbHOCTH denoBeka. [lo cymiecTBy HenpeaHaMepeHHbIE
AHTPOIIOT€HHBIE IKCIIEPUMEHTHI — 3TO BCS UCTOPUS Pa3BUTHUS LIUBUIM3AIUHY,
B IIPOLIECCE KOTOPOM YEIOBEUECTBO MOCTOSTHHO «3KCIEPUMEHTHPYET» C IIPU-
ponoi.

4. Mooenuposanue — 3T0 U3yYEHHUE IKOJOTMUECKUX 3aKOHOMEPHOCTEH
C MOMOIIBIO JIAOOPATOPHBIX, HATYPHBIX MJIM MareMaruueckux monaenei. Ilox
MOJIEIBI0 TOHUMAETCSI UMUTAIMS TOTO WJIM MHOTO SIBJICHUS] PEaTbHOIO MUPA,
MO3BOJISOIIASA IE1aTh POTHO3BI.

CTPYKTYPA U OTPACIIN 3KONOIUK

CerojHst pa3nuyaroT CISAYIONNE OCHOBHBIC OTPACITH SKOJIOTHH:

1. Obwasa sxonocus— n3zydaer obmue 3aKOHBI (HOPMUPOBAHUA, (PYHK-
IIMOHUPOBAHMS W DBOJIONHMH JKOJOTHYECKUX CHCTEM HAa OCHOBE aHaIM3a
TaKWX IEJTOCTHBIX €€ XapaKTePUCTHK, KaK MPOAYKTUBHOCTh, KPYTOBOPOT Be-
IIIECTBA ¥ DHEPTUH, YCTOMIHBOCTH, OMOpa3zHooOpa3ue (TeHohoH) U Jp.

Ee siapoM siBiisseTcst TeopeTHUecKasi IKOJIOTHS.

2. Cneyuanvhas s3xono2us (6uoskonocus) — NepBOHaA4YAILHO CHOPMHUPO-
BaBIlleeCsl HAYYHOE HAIMpaBJICHHE, BKIIOYAIOIICE CIEIHAIbHBIC, YHCTO OWO-
JIOTUYECKHUE Pa3lesbl SKOJOTHM, K HACTOSIIEMY BPEMEHH pa3/IeiUBIICECS
Ha TI0JI0TPaCIIH:

a) aymoxonoeus (0T Ip. OUl— OTJETBEHO) — KOJIOTHS OTJEIBHBIX 0COOCH

Y BUJIOB;

0) nonynayuoHHas dK0N02US,

B) cuwnskonozusi (OT Tp. SyN— BMECTE) — DKOJIOTUS MHOTOBHMJIOBBIX CO-

o01iecTB, OMOIEH030B (OT rp. Di0S— xku3Hb, KINOS— coodIa, BMecTe);
r) 9Koaocusi cucmemamuyeckux epynn (6akrtepuil, TpubOOB, paCTCHMUIA,
’KUBOTHBIX, a Tak)Ke 00jiee MEJIKUX CHUCTEeMATHUYECKUX CAUHHIL: THU-
OB, KJIACCOB, OTPSAJIOB U T. 1.);

1) 960JIIOYUOHHASL IKOI02UsL — YUYEHUE O POJH IKOJIOTHUYECKUX (PaKTOpOB
B DBOJTIOIUU.

3. ['eoskon02us— W3yv9aeT B3aMMOOTHOIIIEHUSI OPTAaHU3MOB M CPEIbl O0H-
TaHMS ¢ TOYKH 3PEHUS UX reorpaduyecKoil MpruHAIISKHOCTH. B Hee BXOAT:

a) 9KoJ02UsL Cped — BO3NYIIHOU, CYIH, TOYBEHHON, MOPCKOM, TPECHO-

BOJIHOM;
0) 9Ko02UsL NPUPOOHO-KIUMAMUYECKUX 30H — TYHJIpPBI, TalTH, CTEIH,
MyCTBIHU, TOP, 00JO0T, MOPCKUX OEPEToB, U T. II.;
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B) 9KoJI02Usl 2eocpagpuueckux ooaacmeri, pecuoHos, CmpaH, KOHMUHEH-

moa.
4. Ilpuxnaouas sxkonocusi — 60IBIION KOMIUICKC TUCITUTIINH, CBSI3aHHBIX
C Pa3IMYHBIMU OOJACTSIMHU B3aMMOOTHOIICHUN MEXy YeJIOBEYECKHUM O0O0IIIe-
CTBOM U Tpupojou. [IpukmamHas HKOJOTHS MMEET CIEAYIONMe OCHOBHBIE
paseb:
a) UHIICEHepHas HKOoJo2Uus — W3y4eHHUEe H pa3paboTka WHIKCHEPHBIX
HOPM U CPEJCTB, OTBEUAIOIINX IKOJIOTHIECKUM TPEOOBAHUSIM;

0) cenvckoxosstlicmeeHnasn skono2us (arpodKOJIOTUSI U IKOJIOTHS CEllb-
CKOXO3SCTBEHHBIX KUBOTHBIX);

B) OUOpecypcHas u NpoMvICI08as IKOI0US,

r) ypboskonozus (IKOJOTHS TOPOJOB, HACEICHHBIX IMYHKTOB, KOMMY-
HaJIbHAS SKOJIOTHS);

1) MeOUYUHCKAas dKON02US,

€) 3IKOMOKCUKONIO2US,

K) NPUTLOJNCEHUsL DKONOSUU K NPAKMUKE OXPAHbL NPUPOObL U OKPYIHCATO-

weti cpeobwl.

5. Dronoeus yenosexa— KOMIUIEKC TUCIHUILIAH, U3YYaIONUX B3aHMOICH-
CTBHE YEJIOBEKa K OMOJOTMYECKON 0coOM M, KaK COIIMAIILHOTO CYOBEKTa C
OKPYXaroUIEH €ro MPUPOJHON U COLIMATIBHOU CPEION.

Crona BXOIAT:

a) OuosKo0N02UA UeNloseKa,

0) coyuanvHas sxon02us (3KOIOTHS TNIYHOCTH, CEMbBH).

Cpenu MHOXKECTBA BBIICIIIEMBIX B JKOJOTHU TOIXO0B MBI TTOJAPOOHO
OCTaHOBUMCSI TOJIbKO Ha «3KOCHCTEMHOM» W «IOMYJISIIMOHHOM». B coBo-
KYITHOCTH OHU OXBAaThIBAIOT BCIO DKOJIOTHIO, HO, KaK SICHO YK€ W3 Ha3BaHUS,
NEPBBIA B IICHTP BHUMAHHS CTABUT IKOCHUCTEMY, a BTOPOU — IMOMYJISAIIHIO.
Paznuaust Mexmy HUMU HE CBOJSTCS, OJTHAKO, TOJBKO K 00BEKTY UCCIIeIOBA-
Hus. Hepenko kakoi-HuOyab 00BEKT (Hampumep, cOOOIIECTBO) MOXKET OBIThH
o0muM 111 000MX TOAXO0J/I0B, HO TPAKTOBKA 3TOT0 00BEKTa (MpU3HAHUE Ue-
r0-TO BaXXKHBIM, a YETO-TO BTOPOCTETICHHBIM) U BCSI METOIOJIOTHUS UCCIIeIOBa-
HUs pasnuuHbiMU. Cpasy ke MOAYEepPKHEM, YTO HU OJUH U3 ITHX MOIXO0J0B
HEJIb3s CUNTATh B MPHUHIMIE 0O0Jiee MPABHIIBHBIM, Y€M JAPYTroi: 00a MMEIOT
IpaBO Ha CYIIECTBOBaHUE, a MPUMEHEHHUE TOTO WJIM JPYroro OmnpeaeisieTcs
B 3HAUUTEIHHOMN CTENEHU CeIM(PUKON MOCTaBICHHBIX 3a/1a4.

9KOCUCTEMHbIVA noaxofa

YeTkoro O6HICHpI/IHHTOFO OIIPCACIICHUA 3KOCUCTCMBbI HC CYHICCTBYCT,
HO OOBIYHO CUUTACTCsA, 4TO 3TO COBOKYIIHOCTbH Pa3HLIX, O6I/ITaIOHII/IX BMECCTC
OpraHnu3mMoB, a TaKXKcE CI)I/I?;I/I‘ICCKI/IX H XUMHYCCKUX KOMIIOHCHTOB CpPCAbI,
HGO6XOIII/IMI>IX A UX CYHICCTBOBAHUA WM ABJIAIOINUXCA IIPOAYKTAMH HX

15



xKu3HeAesTenbHocTH. Kak mpaBuiio, moipa3yMeBaeTcsi, YTO B SKOCHUCTEMY
Hapsiy C HEKUBBIMU KOMIIOHEHTAMH BXOJST pacTeHHs (IPOIYLEHTHI), KU-
BOTHBIC (KOHCYMEHTHBI), OakTepuu M TpuObI (pEAyIIeHTHI), T. €. HA0Op opra-
HU3MOB, CIIOCOOHBIX B CBOEH COBOKYMHOCTH OCYLIECTBIIATH MOJHBINA KPYyro-
BOPOT yrjiepoja M JPYyruX OCHOBHBIX OWOTEHHBIX 3JJIEMEHTOB (a30Ta,
dbochopau T. 1.).

[IpoBeaeHne rpaHul MEXAY SKOCUCTEMaMH BCETJa €CTh A0 HEKOTOPOU
CTETIeHH YCJIOBHOCTb, YK€ XOTs OBl OTOMY, YTO MEXIY KOCHUCTEMaMu 00si-
3aTeIbHO CYIIECTBYET OOMEH BellecTBOM U 3Heprueid. Ho naxke ecnmu ctporo
NPUIEPKUBATBCA TAKOTO, Ka3aJI0Ch Obl, HAJIEKHOTO KPUTEPHsI, KaK MOJHOTA
OMOTHUYECKOT0 KPYroBOPOTa, TO, OKA3bIBACTCS, UTO JIsl PA3HBIX XUMHUYECKUX
AJIEMEHTOB pealibHbIE pa3Mepbl TOro (PU3MUYECKOTO MPOCTPAHCTBA, B MpeJie-
JaX KOTOPOT'0 3aMbIKAETCSl WX LMKI, CYIIECTBEHHO paznnyarorcs. Crenosa-
TEJBbHO, MO-Pa3HOMY OYAYT ONPEAETAThCA B 3TUX CIIy4dasiX M TPAHHULIBI SKOCH-
ctembl. He MeHee BaykeH M BpeMEHHON MaciiTad, B KOTOPOM pacCMaTpUBACTCS
Ta WM UHAs DKOCHCTEMA.

TpynHOCTH M3y4eHHs] CTPYKTYphl U (YHKIIMOHHPOBAHHUS SKOCUCTEM
OTIPE/ICTISAIOTCA HE TOJBKO CIOKHOCTSMHM MX MPOCTPaHCTBEHHO-BPEMEHHOU
JIOKaJIN3allii, HO U CaMOU MPHUPOAON ITUX OOBEKTOB, BKIIOYAIOIINX B CceOs
HE TOJIBKO OT/AEJIbHbIE OPraHU3Mbl U KaKHUe-THM00 WX COBOKYIMHOCTH, HO TaK-
Ke 0053aTe’IbHO U pa3jNyHble HEKMBBIE KOMIOHEHTHl. HekoTopble u3 3THX
KOMIIOHEHTOB, aKTUBHO NOTPEOJsieMble JKUBBIMU OpPraHU3MaMH, OTHOCSTCS
K paspsiy «pecypcoB», HapUMEp 3JIEMEHThl MUHEPAJILHOTO MUTaHUs, BOJA
U CBET JJis pacTeHuil. Jlpyrue coCTaBisIOT TO, YTO HA3bIBAETCS «YCIOBUSMU
CYIIECTBOBAHHMS, HAIPUMEDP TEMIIEpAaTypa, XUMUYECKUI COCTaB BOJIbI (€cin
pedb UJIET O BOJHBIX OPTaHU3Max) U MOYBBI (AJ11 pACTEHUM) U T. 1.

CTpyKTypa 3KOCHCTEMBI HE MOXKET PacCMaTpPUBATHCS KaK MpOCTasi me-
papXuyeckasi CTpYKTypa U3 HECKOJIbKUX YPOBHEW OpraHu3allM TUIA «OCO-
O — MOMYJISIIUK — COOOIIECTBA — KOCUCTEMAa», MOCKOJbKY MPU 3TOM BHE
HKOCHCTEMBI OKa3bIBAIOTCS €€ HEKWBbIE KOMIOHEHTH. OueBHIHO, 00BEIN-
HUTh B TOHSATUE DKOCHUCTEMBI €€ KMBbIE U HEKUBBIE KOMIIOHEHTBHI MOKHO,
TOJIBKO MOJYEPKHYB Ty 0COOYIO POJIb, KOTOpask MPUHAIEKUT IPOIIECCaM UX
B3auMozercTBrs. PakTUYECKU ATO yxke JaBHO cienano Jluamemanom (Lin-
deman, 1942), ompenenuBHIUM 53KOCHUCTEMY KaK «...CHCTeMY (DHU3HKO-
XUMHKO-OMOJIOTHYECKUX MPOIIECCOB, MPOTEKAIOIINX B MPEesiax HEKOTOPOU
MPOCTPAHCTBEHHO-BPEMEHHOM €IMHUIIBI JTFOOOTO paHTay.

HecMoTpsi Ha Bce CIOKHOCTH B YCTaHOBJIEHHWHM 00bEMa 3KOCHCTEMBI
U €€ rpaHul] MHOTHE HCCIIEIOBATENN CUMTAIN U MPOAOHKAIOT CUUTATh, YTO
MMEHHO JKOCHCTEMa SIBISIETCS OCHOBHBIM OOBEKTOM OJKOJIOTHH. Bokpyr
MOHSTHSI 9KOCUCTEMBI CTPOHUT CBOW HEOJAHOKPATHO MEpEU3aBaBIINiics yueo-
HbI Kypce oOmel skosorun F0. Onym (1986). binskyro no3unuio 3aHUMaeT
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u ucnanckuii sxoior P. Mapraned (Margalef, 1968), onpenensromuii sxo110-
THI0 KaK «OuoJioruto 3xocuctem». Hajgo moadepkHyTh, YTO 3KOCHCTEMHBIH
IIOAXO0J OTHIOAb HE OJHOPOJAEH. B mpenenax ero MOXHO BBIIEIUTH Pa3HbIE
HAIpPAaBIICHUS, CYIIECTBEHHO pa3MyarolIuecss MEeXIy coOoil Kak Mo mocra-
HOBKE IIPO0JIeM, TaK U 10 METOAAaM UX PELICHHUS.

Merononornyeckas CI0KHOCTh 3aKJIFOYAETCS B TOM, YTO MHOTHE 3KO-
J0TH, Oyay4u 10 0Opa30BaHUIO U OMBITY pabOTHI 300JI0TaMU WM OOTaHHUKA-
MU, TOAXOAWINA K U3YYEHHIO LIETbIX SKOCUCTEM TaK, KaK MOJIXOJAT CIelna-
JUCTBHI-CUCTEMATUKU K OTIEIbHOMY OpranusMy. O4eBUIHO, UTO, B Clydyae
HAaXOJIKM HOBOTO OpPTaHM3Ma, MPEXkJIe BCEro HEOOXOAUMO BBISICHUTh €0 CHC-
TEMAaTUYECKYIO TPUHAIIEKHOCTh. DTO BAXXKHO YK€ XOTS Obl IOTOMY, YTO TO-
3BOJIIET, HE MPOBOJS JOMOIHUTENBbHBIX HW3bICKAHUW, MPOTHO3UPOBAThH PsiJl
XapaKTEpHBIX ero uepT. Tak, 3Has, 4TO JaHHOE KUBOTHOE OTHOCUTCS K KJIac-
CY MJIEKOIUTAIOLIUX, Mbl MOXEM OBITh JOCTATOYHO YBEPEHHBIMU B TOM, YTO
Yy HETO YEThIPEXKAMEPHOE CEPALE U CEMb LIEMHBIX MO3BOHKOB. [lonxox 300-
jora win OOTaHMKAa-CUCTEMaTHMKa HE OKa3aJics, OJHAKO, CTOJIb YCHEIIHbIM
OpU MONBITKAX ONHUCATh U KIACCU(PHUIMPOBATH OECUUCIEHHOE MHOMXECTBO
KOHKPETHBIX JKOcucTeM. TIiarenpHOE M3ydyEeHHE MX I0Ka3ajo, 4To Kakaas
HKOCUCTEMA M0 BUIOBOMY COCTaBYy M YHMCIEHHOMY COOTHOLIEHWIO Pa3HBIX
BUJI0B HenmoBTopuMa. Knaccudukanus ux ropasfgo 0osee Msrkasi, paciuibiB-
yaTasi 10 CPAaBHEHUIO C TAaKCOHOMUYECKOM KJIacCCH(PUKAIMEd OpraHu3MOB,
a IJIaBHOE — HE SBIISIETCS TE€HETUYECKON (YCTaHABIMBAIOMICH OTHOIICHUS
pPOZICTBA) M MOATOMY 00Ja/laeT HECPABHEHHO MEHBbLIEH MpeicKa3aTeIbHON
cuyion. [Ipyroe HampaBlieHHE, CYHIECTBYIOIIEE B PaMKaX 3KOCHUCTEMHOIO
noaxona — (yHKIIMOHAIBFHOE, KOHIICHTPUPYIOIIEe OCHOBHOE BHUMAaHHE Ha
U3YYEHUHU IMPOLIECCOB KU3ZHEIEATEIBHOCTH OpraHu3moB. Ilox xuzHenes-
TEJIBHOCTBIO Mbl OOBIYHO TIOHMMA€M COBOKYIHOCTb OCHOBHBIX OCYIIECTB-
JSIEMBIX OpPraHU3MOM (DYHKLMIA: MUTaHUs, JbIXaHUs, (POTOCHHTE3a, HKCKpe-
U4 U T. 1. MccnenoBanueM TOro, Kak 3TH MPOLIECCH MPOTEKAOT B OTIEIILHOM
OpraHu3Me, 3aHUMaeTcs (PU3HOIOTHsL. DKOJIora )K€ HHTEPECYIOT MPEeXk/Ie BCe-
IO pe3ysbTaThl 3TON KU3HEAESITEIbHOCTH, OCOOEHHO T€, YTO OKAa3bIBAIOT
3aMETHOE BJIMSHHME Ha JAPYTue rpyNibl OPraHU3MOB, a TAKKE Ha (DyHKIIMOHU-
POBaHUE IKOCUCTEMBI B LIEJIOM.

Ecnmu crpykTypHOE HampaBieHHe o0paijajo OCHOBHOE BHHMaHHUE
Ha KUBBIE KOMIIOHEHTHI SKOCUCTEMBI, TO TSl ()YHKIIMOHATIHLHOTO HAarpaBJe-
HUSl HE MEHee BaXXHbI U a0MOTHYECKHE KOMIIOHEHTHI, a TTIaBHBIM MPEIMETOM
MCCJIEIOBAHMS CTAHOBSATCS MPOLIECCHl TpaHCPOPMAIIMK BEIIECTBA U YHEPIUU
B DKOCHUCTEMAX.

VYcnexu, JOCTUTHYThIE B paMKax (PyHKIMOHAJIBHOTO MOAXO0AA K H3yue-
HUIO IKOCHCTEM, OIPENENSIOTCS MPEeXAe BCEro CIoCOOHOCTHIO €ro AaTh
0000IIEHHYI0, UHTETPUPOBAHHYIO OLIEHKY PE3YJIbTATOB KU3HEAESITEIbHOCTH
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Cpa3y MHOTHX OTJICIbHBIX OPTaHW3MOB pPa3HbIX BHJIOB. Bo3MokHO 3TO OJa-
rojaps TOMy, 9YTO TI0O CBOMM OMOTCOXUMHUYECKHM (DYHKIIUSM, T. €. IO Xapak-
TEPY OCYIIECTBISEMBIX B TPUPOJEC IPOIECCOB TPEBpAIICHUS BeIICCTBA
W DHEPTUU, OPTaHU3MBI TOpa3no Oojiee CXOIHBI, 00Jiee OAHOOOPA3HBI, YEM
10 CBOEMY CTPOEHHIO, 10 cBoei mopdosoruu (Bunbepr, 1981). Hanpumep,
BCE BBHICIIIUE 3€JICHBIC PACTCHHS MOTPEOJISIOT BOAY, YIVIEKHCIBIA ra3, CXOJ-
HBII HaOop OWOTEHHBIX 3JeMEHTOB (a30T, (pocop M HEKOTOpBIE ApPYyTHE),
M BCE OHH, HUCIOJIB3YSl SHEPTHUI0 COJTHEYHOTO CBETa, B XOJ€ peakuuid ¢oro-
CHHTE3a 00pa3yloT OJU3KHE MO COCTaBy OPTaHMYECKHUE BEIIECTBA W BBIJICIS-
10T KHCIIOpOJI. MEXTy KOJIMYECTBOM BBIJICIHBIICTOCS KHCIOPOIa U KOJIMYE-
CTBOM 00pa30BaBIIErocs OPraHMYECKOro BEHIECTBA CYIIECTBYET YETKOE
COOTBETCTBHE, YTO MO3BOJISIET MO OICHKE OJAHOW M3 3TUX BEIUYHUH YBEPEHHO
OTIPEICTUTH IPYTYIO.

MonynALUMOHHbIN NOAX0A

[TonynsauMOHHBINA TOAXOA B OSKOJOTUU MO CBOEMY TEOPETHUYECKOMY
U TPUKIAAHOMY 3HAUYEHHUIO, TI0 Pa3BUTOCTH KOHIENTYaJbHOIO arapara
U Pa3HOOOpa3HI0 HCMOIB3yEMbIX METOJOB HUCKOJIBKO HE YCTYIAET IKOCH-
ctemMHOMy. Hapsany c ompezeneHneM 5KOJIOTHH Kak HayKH 00 SKOCHCTeMax
HE MEHbIIIee MPaBO HA CYIIECTBOBAHME UMEET U OIpPEJIEICHHE IKOJOTUU KaK
HAYKH O TOMYJIALHAIX.

[TomyAsIIMOHHOMY MOAXOAY OY€Hb CO3BYYHO OIpPEAENICHHE IKOJIOTHUH,
peayio’keHHoe KaHaackuM uccienoBatenem Y. Kpedbcom; «Ikonorusi—Hayka
0 B3aMMOJICUCTBUSAX, OMPEACTSIONINX PACHPOCTpaHEeHUE U OOMJINe OpTaHu3-
MmoB» (Krebs, 1985, C. 4). B cBeTe maHHOro OmNpeeIIeHUss OCHOBHBIMH BO-
npocamu, Ha KOTOpbIE JTOJIKEH OTBEYaTh IKOJIOT, Oy1yT, OUYEBUAHO, BOIPOCHI
TUTIA: TOYEeMY T€ WJIU WHbIE OPTraHU3Mbl B JAaHHBIH MOMEHT BCTPEYAIOTCS
B 3TOM, a HE B KaKOM-JHOO IPYroM MECTE; MOYEeMYy WX YUCICHHOCTH (WIH
Ouomacca) UMEHHO Takasi, a He Kakas-1M00 pyras; a €clii OHa MEHSETCS BO
BPEMEHHU, TO MOYEMY MMEHHO TakK, a He Kak-1ubo mo-apyromy? IlomoOHble
BOIPOCHI MOTYT MOKA3aThCs Ha MEPBBINA B3TJISA CIIMIIKOM YaCTHBIMU U JTaXKe
HECYIIECTBEHHBIMU ISl IO3HAHUS OOIIMX 3aKOHOMEPHOCTEW, K BBISIBICHUIO
KOTOPBIX CTPEMUTCA KakJasi HayKa U 3kojorus. OgHako oOpaleHue K UcTo-
puu dKoJioruu (1a U OMOJOTHM BOOOIIE) MOKA3bIBAET, YTO 3aMETHBIM MpO-
rpecc B €€ pa3BUTUU JOCTUTAETCI UMEHHO TOI/Ia, KOT/1a CCiel0BaTeNln Mpu-
CTaJIbHO AHAJU3UPOBAIM YACTHBIE CIIy4au M TIOCJEJA0BATENILHO 3aJ1aBalid
BOTIPOCHI, IOMCKH OTBETOB HAa KOTOPBHIE MPOJBUTAIN K PEUICHUIO JOCTATOYHO
o01uX MpooIIeM.

B kadecTBe rpyIibl OpraHu3MoB, paclipoCTPaHEHUE WM JUHAMUKA KO-
TOpOI M3ydaeTcs, Jaiie BCero (UrypupyeT COBOKYITHOCTH OCOOEH OIIHOTO
BUJA, T. €. momyssiiust. Kak Mbl ye ynmoMHHANIU BBILIE, B OJIHY 3KOCHUCTEMY
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(Tpu TpaAWIIMOHHOM €€ TTOHUMAHUH ) BXOJISAT COTHH HJIM JJa)Ke THICSYU BUJIOB.
[ToHATHO, YTO HUKAKHUX PEANbHBIX YCHIIMHA MCCIIeIOBATEICH HE XBATUT HA TO,
9TOOBI C MO3UIMKA TOMYJISIIMOHHOTO TOAX0/1a JAETATLHO U3YYUTh BCE TOMY-
JISIIAA, XOTSI €CJIA OBl 3TO OBLIO BBIMTOJIHEHO, TO TEM CaMbIM OBLIH OBI pertie-
Hbl €CJM HE BCE, BO BCSIKOM Cllydae MHOTHE MPOOJIEMbI, BO3HHUKAIOIINE
Ha DKOCHCTEMHOM ypPOBHE.

[TomyAIMOHHBIN TOAX0]] KOHIIEHTPUPYET CBOC BHUMAHKE Ha OTIIEIBHBIX
BHax. Yamme BCero 3TO BHABL, MMCIOIIME BAXKHOE XO3SHCTBEHHOE 3HAUYCHHUC
(BpeauTenu CebCKOTO M JIECHOTO XO3SHCTBA, OOBEKTHI MTPOMBICTIA, TIEPEHOCUH-
KM OTACHBIX 3a00JICBaHUN W T. JI.), HO MHOT/IA 3TO M MPOCTO MAaCCOBBIC BUIBI
WJIM BUBI PEAKUE, HYKIAIONINECS B OXpaHe.

OCHOBHbIE 3AKOHbI U MPOBNEMbI 3KOIOIr

B 30-e rr. XX cronerus 6pun chopmynupoBadbsl bayspom u BepHa-
CKHMM JIBa BOXKHBIX 3aKOHA.

1-ii 3aKOH TOBOPUT O TOM, UTO T€OXMUMUYECKAS] SHEPTHS KUBOU MaTEPUU
B Onocdepe (BKIIIOUAs U YETOBEYECTBO KAaK BBICIIICE MPOSBIICHUE KUBOM Ma-
TE€pUHU, HAJIEICHHON Pa3yMOM) CTPEMUTCS] K MAKCUMAJIbHOMY BBIPA)KEHHUIO.

2-11 3aKOH COJIEPKUT KOHCTATAIIUIO TOTO, YTO B XOJI€ DBOJIOLNU OCTa-
IOTCSl T€ BHJbI JKUBBIX CYIIECTB, KOTOpPBIE CBOEWU MESITEIbHOCTHIO MaKCH-
MaJIbHO YBEJMYUBAIOT OMOTEHHYIO T€OXUMHYECKYIO SHEPTHUIO.

Kuszup Ha 3emiie pa3BUBAETCS TOJIBKO B YCJIOBUSX MOCTOSIHHOTO TIPUTO-
Ka HOBOMW PHEPTHH, TaK KaK BECh LIMKJ LIUPKYJIAINU )KUBOU MaTepHUH OCYIIle-
CTBJISICTCS B OJHOM U TOM K€ Macce KUBOW CyOCTaHIIMU C MaJICHBKUM KO3(-
(ULHEHTOM BOCCTAHOBJICHHUS.

UYenoBek MPOHUK B 3Ty CUCTEMY 3a CUET TOTO, YTO HAPYIIUJ CUCTEMY
MOTPEOJICHUSI Y HAKOIUJICHUSI HEPTUU KUBOUM mpupobl. [Ipuyem nmorpedHO-
CTH 0011IeCTBa B SHEPTUH MTOCTOSTHHO YBEJIMYUBAIOTCS, B CBSI3H, C YEM TPEOy-
10T OOJIBIIION CTPYKTYpPHOM peopraHu3anuu 0uocdepsl, a Mporu3BOACTBO HO-
BOM DHEPTUU CTAHOBUTCS YHEPTETUYECKU HEOIaronpHUsITHBIM.

OO011ecTBO JEHCTBUTEIHHO MOJYMHEHO LIETIOMY DSy €IMHBIX SKOJOTHU-
YECKUX 3aKOHOMEPHOCTEW MPHUPOIHOM Cpeibl, HO OHO OOJaJaeT U PSAOM
CBOWCTB, KOTOpPBIE HE MOABIACTHBI ’TUM 3aKOHOMEPHOCTSIM.

[TosToMy mpu (opMyITUPOBAaHUM 3aKOHOB COLIMATIBHON IKOJIOTHUU y4Ye-
HbIE MCXOJSAT U3 3aKOHOB «TEOPETUUYECKOTO 3KOJIOTHYECKOTO BIIMSHUSY,
OJIHAKO, UX HE CJIEAYET MOHUMATh KaK 3aKOHBI COLIMAIBHOM 3KOJIOTHH.

3akoHbl b. KommoHepa

B pa6ore b. KoMMoHepa H3710KE€HBI YEThIPE OCHOBHBIX TJI00ATBHBIX
HKOJOTUYECKUX 3aKOHA, KOTOPHIE MOTYT CUMTAThCS 3aKOHAMH COILIMAJIbHOMN
HKOJIOTHUH.
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1-u 3axon. CTpemiieHHE 4YETOBEYECKOM Cpeabl BO3HUKAET BCIEICTBHE
HapyIICHUs] OTHOLICHHUI B HKOJIOTMYECKOM CHCTEME B paMKax €€ MPUYUHHO-
CJIEJICTBEHHBIX OTHOIIECHUIA.

W3 srtoro cnemayer, 4ro BAMSHHE HA JIOO0YI0 NPUPOJHYIO CHCTEMY
Ha 3emiie BBI3bIBAET LEbIN psia A3PPEKTOB, ONTUMAIBLHOE PAa3BUTHE KOTOPHIX
TPYZHO MPEIBUJIETb.

2-1i 3aKOH COJICP>KUT TOJIOKEHUE O TOM, YTO YEJIOBEK JKUBET B 3aMKHY-
TOM MPOCTPAHCTBE, MOATOMY BCE, YTO CO3/Ia€TCA, U BCE, YTO OepeTcs OT MpH-
POJIbI, €il Jke onpeIeIEHHBIM CIIOCOOOM CHOBA BO3BPAILIAETCS.

3-11 3akoH yKa3bIBaeT Ha CBSI3aHHOCTH HAIIMX 3HAHWUU O MPHUPOJE U Ha-
iero Bo3JercTBHs Ha Hee. To ecTh ecnu Mbl He OyJeM 3HaTh, Kak Iepe-
oGopMIIATE IPUPOAY, MBI HE MOXKEM €€ «yJIy4YIlIaTh» HAIIUMU JICUCTBUIMH,
3HAYUT HAJ0 BEPHYTHCA K TeM (HOpMaM KU3HH, KOTOPbIE MIPEJICTABISIOT IKO-
JIOTUYECKYIO TApMOHHUIO.

4-1i 3aKoH TOBOPUT O TOM, YTO TJI00AIbHBIE IKOJIOTUYECKUE CHUCTEMBbI
IPEJICTaBISIIOT CO00M HeleaMMOoe LIeJ0e U BCe, UTO YEJIOBEK U3 HUX M3BJIEKa-
€T, JOJDKHO ObITh KOMIIEHCHUpOBaHO. [lo3ToMy nmoTpebieHue npupoaHbIX pe-
CYypCOB HE MOXKET OBITh 0€3rpaHUYHO.

Bbosnee konkpeTHO 3akoHbl KoMMOHEpa riacsr:

Bce ceazano co ecem. buochepa — Hai oO1IuiA 10M.

DKOJIOTHYECKOTO CYACThSl B OJIHOM CTpaHE ObITh HE MOXKET, C 3arpsi3He-
HUEM OKE€aHa, MAPHUKOBBIM 3((PEKTOM U 030HOBBIMH JbIpaMU AOJKHO 0O-
pPOTHCS BCE COOOIIECTBO.

3a 6ce Haoo naamums. MexIayHapoaHOE COOOIIECTBO (PHUHAHCHUPYET
Hay4YHbIE TPOEKTHI, TO3BOJISIOLINE COXPAHUTH OMOJOTNYECKOE PA3BUTHE.

Bce naoo xyoa-mo oesamv. MexayHapOAHOE COOOINECTBO MPHUHSIIO
CHelualbHbIe 3aKOHBI, 3aMpelalollie BBHIBO3 U 3aXOPOHEHHUE SIOBUTHIX
U PaTUOAKTUBHBIX OTXOJOB B O€IHBIX cTpaHax. MHUPOBOM OKeaH TaKke
HE MECTO JIJIsl OTXO/IOB.

Ilpupooa 3naem nyuwe. YenoBeKk NOIKEH COXPAHUTH SKOJOTHYECKOE
paBHOBecue OMocdepbl, HE MBITasICh OBITH YMHEE MPUPOIbI, U CO3/1aBaTh HUC-
KYCCTBEHHYIO Cpe/ly pazyMa - Hoochepy.

3aKoHbI counanbHOW 3KONoruu

[1aTe 3akOHOB conuanbHOU AKOJOoTHM chopmyaupoBan H.D. Peiimepc.
OH pacronoXui1 uX B TaKOW MOCIIEIOBATEIIbHOCTH.

1. TlpaBuia conuanbHO-3KOJIOTUYECKOTO PAaBHOBECHSI.

2. IlpuHIMNO KyJIbTYPHOTO YIIPABIEHUS PA3BUTHEM.

3. IlpaBuia couuanbHO-3KOJIOTHYECKOTO 3aMEIICHHUS.

4, 3aKoH UCTOPUUYECKOU (COLMATBHO-3KOJIOTHYECKON) HEOOPATUMOCTH.

5. 3akon Hoocdepsl B.W. Bepnasckoro.
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3aKoH «I'Ipaeuna couuasibHO-3K0J/102U4eCK020 pasHoeecus»

CooTHoIIIEHWE CKOPOCTEH IeMOrpauueckoro HACHIMECHUS, TaBICHUS
oOIiecTBa Ha Cpeay JKM3HU U U3MEHEHUW B CaMOM OOIIECTBE MOXKHO CQoOp-
MYJIUPOBATh B BUJIE NPABUIA COYUATILHO-IKOIOUYECKO20 PAGHO8eCUs: 0OILIECTBO
pa3BUBAETCS JI0 TeX MOP U IMOCTOJBKY, MOCKOJBKY COXpaHSET PaBHOBECHE
MEXIy CBOMM JIaBIICHUEM Ha CpPeJy M BOCCTAHOBICHHUEM 3TOW Cpelbl MpH-
POJTHO-€CTECTBEHHBIM U MCKYCCTBEHHBIM 00pa3oM. Tak Kak BHEIIHHE YCIIO-
BHSI UCTOPUYECKOTO PA3BUTHSA, CPEAa KU3HU: JIIOJCH M (YHKIIMOHUPOBAHUS
WX XO3SIMCTBA pa3pylieHbl WM 3aMETHO Pa3pyIICHBI, TO BOCIPOU3BOJICTBO
MIPUPOTHBIX PECYPCOB U TOJUIEP)KaHUE COITMATLHO-IKOJIOTUIECKOTO PaBHOBE-
cHsl TPeOYIOT 3HAYMTEIBHBIX MAaTCPUATLHBIX, TPYAOBBIX M JICHEKHBIX PECYPCOB.

Drtan 3KCTEHCHMBHOI'O Mporpecca oOIIecTBa MMENI OCHOBAHHUS B BHJIC
IUPOYANIIIETO PACHPOCTPAHEHUS JIOJIeH, MAaKCUMAJIbHOTO CTPEMJICHUS Ye-
JIOBEYECTBA K ITOKOPEHHUIO» TPUPOJIbI, YBEIIMUCHUIO €€ TIPOYKTUBHOCTH ITy-
TE€M CYKI[ECCHOHHOTO OMOJIOKEHUS, BO3PACTAHMS SHEPTOIIPOU3BOICTBA, POC-
Ta YUCJIECHHOCTH TPYAOCIOCOOHOTO HaceleHus (Y4To Belo K oO0Iemy
YBEJIMYCHUIO JIFOJICH) U OBICTPOMY 000pPOTY TOBapOB. EMWHCTBEHHBIM KpUTE-
pueM pa3BUTHS ObLIa SKOHOMUYECKAs MPUOBLITL, 00OTaIlIEHHE.

3axon «lIpunyunvl Ky1bmypHo20 YnpasieHus pazeumuem» TIACUT, YTO
penurus, o0blYau M IOPUANYECKHE 3aKOHBI (HOPMYTUPOBAIINA TIPAaBHIIa TIOBE-
JICHUS JIIOJIe B WX B3aMMOOTHOIICHHSIX C MPHUPOAOW W BHYTPHU OOIIECTBA
B COOTBETCTBHH C TOJBKO YTO CKa3zaHHBIM. KyibTypa m Mopasib Kak ee Co-
CTaBHAs 4YacTh TaK)Ke€ COOTBETCTBOBAIM BPEMEHH. MOpalbHO-PEIUTHO3HbBIE
KaHOHBI pa3leisili YeJOBEUECTBO HAa OOJbIIHE Tpymmbl. PocT mpectmxka
OOBIYHO COOTBETCTBOBAJ KOJMYECTBY JEHET, PEITUTHO3HOMY U TMOJUTHYE-
CKOMY MOTYIIIECTBY, CTENIEHU OOIIECTBEHHON arpecCuBHOCTU. Bce 3To B KO-
HEYHOM UTOre OBLJIO HAMpaBJICHO Ha MOJIEP’KaHUE PABHOBECHUSI MEXKIY pa3BH-
BAIOIIMMCSI OOIIIECTBOM U CPEJION €ro pa3BUTHs. TaKOB MPHHIUI KyJIbTYPHOTO
yIPABJICHUS PA3BUTHEM.

3akoH «[llpasuna coyuasnbHO-3K0/102U4ECKO20 3aMeueHus»

[ToTpebHOCTH YeNOBEKa OTYACTH COLHMAIbHO-3KOJIOTUYECKH 3aMEHUMBI.
HckiroueHre COCTABIISIIOT JIMIIb TAK HAa3bIBAEMbIE OCHOBHBIE HYXIbI, IJIaB-
HBIM 00pa3zoM (HU3HOJIOTO-TICUXO0JIOTHYECKOro XapakTtepa. U3 npasuna coyu-
ANIbHO-9KOI02UHECKO20 3aMeleHus CIeIyeT U TO, YTO CIOCOOBI Takoro 3a-
MEIIEHUsT MOTYT ObIThb pa3nuuyHbiMU. [laxke He3aMeHUMble MOTPEOHOCTU
YIOBJICTBOPSIIOTCS. Pa3HbIMU MYTSMH: COOMPATETHLCTBOM, MPOMBICIOM, CKOTO-
BOJICTBOM, 3eMJIEJIEIUEM U T. 1. Bce 3T popMbl X0351CTBA pa3IMyHO BO3/EH-
CTBYIOT Ha IPUPOJTY U €€ 7K€ YCIOBUSAMM OIpeNenstoTcs. MI3BecTHbI pa3nuyHble
cnocoObl «rpeoOpazoBaHus» Mpupoabl. Hampumep, pa3BUTHE CETbCKOTO XO-
391CTBA B OXOTHUYbE-TIPOMBICIIOBBIX pailoHaX WM 3eMJIEJICIBYECKUX 0a3UCOB
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B NACTOMITHO-TIPOMBICIIOBBIX paiioHax. bonee Toro, nomuHHpyomas Kyib-
Typa CIOCOOHA MEHATH CaM THII XO3sICTBa.

[Ipoiins xakyroo-To a3y B3aMMOJEHCTBUI C TIPUPOAON, OOIIECTBO, KaK
IIPAaBUJIO, HE MOYKET BEPHYTHCS HA MPEABIAYIIYIO CTYIIEHb, ECJIU HE MPOU301-
OyT KakKue-TO KaTacTpoPUueckue COLUaIbHO-IKOJOTUYECKHE SIBJICHUS,
Beaylue K oOmiecTBeHHOW aerpaganmuu. Ho u Takas gerpamanus HE €cCTb
BO3BpAT K MCTOpUUECKOMY mpouuioMy. Ckopee, 3TO yracaHue cOOCTBEHHOM,
a 3aTeM BOCIPHUSATHE HOBOU «UMIIOPTHON» KYJIbTYPHI.

Opnako Bce 3TO OBLIM PErHOHANBHBIC, a HE TI100aIbHbIC SIBICHUS.

Bpemst 0T BpeMeHM BBICKA3bIBAIOTCS TUIIOTE3bI, CXOIHBIE C TEOPUEN Ka-
tactpod XK. KroBbe. CornacHo UM 4eJI0BEYECTBO JOXOAMIIO JO KAKUX-TO BbI-
COT IIMBMJIM3AINH, 3aT€M MPOUCXOMIA KaTacTpoda THIIA KaTOMHOM 3UMBI»,
¥ BCE HAUMHAJIOCH CHauana. ExBa nmu Takas TO4Ka 3peHHs] UMEeT MoJ cOO0oM
(hakTHYEeCKUE OCHOBAHMUSI, IPEXKJIE BCETO apXEOJIOTMUECKUE.

3akoH ucmopuyeckoll (coyuanbHO-3Ko102u4eckoll) Heobpamumocmu

[Ipotiecc pa3BUTHs yeIOBEUECTBA KaK IEJIOr0 HE MOXKET UATH OT Ooiiee
nmo3aHUX (a3 K HAYaIbHBIM, T. €. OOIIECTBEHHO-3KOHOMUYECKHE (hOpMAIIH,
ompeeIeHHBIM 00pa30M B3aUMOICUCTBYIONIHE C IPUPOTHON CPEIOi U ecTe-
CTBEHHBIMHU PECypCcaMH, HE MOTYT CMEHSTHCSA B 00paTHOM nopsiake. OTaenb-
HBIE€ DJIEMEHTHI COLMAIBHBIX OTHOIICHUHN (Hampumep, pabCTBO, BO3POJIUB-
Ieecs B CaMbIX YYJOBUIIHBIX (popMax B MEPHOJ CTaJIWHWU3MA) B UCTOPUU
MOBTOPSIUCh. BO3MOXHO MOBTOpPEHHE U YKJIaJa X035HUCTBA (HApUMep, BO3-
BpalleHUe OT OCEIOr0 K KOUYEBOMY XO3SHUCTBY), HO OOIIMI Mpoiecc OAHO-
HampaBlieH, Kak HeoOpaTuma M 3Bojouusa. MHOe mpelncTaBiIeHHE KakeTcs
a0COJIFOTHO HEJIOTMYHBIM: MEHSIETCS MPUPOJIHAS Cpea, MEHIETCS YeJIOBEUYECT-
BO,W NIPUHSATHE KOHIENIIMU OOpaTUMOCTH ObLIO OBl COTJIaCHMEM C TEM, YTO B
OJIHY U Ty K€ PEKy MO>XHO BOMTH ABAXKIIbI, Ja €€ U HE COCTAPUBIINCH HU Ha
MW

3akoH Hoocehepni B. Y. BepHadckoz20

buocdepa HeuzdexHo mpeBpaTuTcs B Hoocdepy, T.e€. B chepy, riae
pa3zyM 4yesoBeka OyJeT UrpaTh JIOMUHUPYIONIYIO pPOJib B Pa3BUTHH CHUCTEMbI
«4eNoBEK—TIpupoaa». MHbIME cI0BaMH, XaOTUYHOE CaMOpPa3BUTHE, OCHOBAH-
HO€ Ha MPOLIECCaxX €CTECTBEHHON caMOperyisiiuu, OyAeT 3aMEHEHO pazyM-
HOM cTparerveii, 6a3upyroieics Ha MPOrHO3HO-TIAHOBBIX HavajiaX, peryaupo-
BaHWUM TPOLIECCOB €CTECTBEHHOTO pa3BUTHS. JIMIp 67aro M 3aMHTEpecOBaHHOE
MOHUMAaHWe, a HE HACWINE W BOJIOHTAPU3M MOTYT OBITh B OCHOBE (DOpMHUPO-
BaHUs Hooc(epbl. YenmoBeUECTBY MPUACTCS PEIIMTH MACCY TSXKEIBIX NIl HO-
BOr'0 BPEMEHHU MPOOJIEM, HO 3TO OYJIyT UHBIE, UYEM ceiiyac, IpoOIeMBbI.

Tonpko ompeneneHHas TyMaHu3anus OOIIeCTBa, OTHOCUTENIBHO Oec-
KOH(MDJIMKTHOE €ro BKJIOUYEHHE B CUCTEMYy Ouocdepbl, OCHOBAaHHOE Ha HC-

22



MOJIb30BAHUU TOJBKO MPHUPOCTa PECYpCOB, MOXKET CHACTH YEJIOBEUECTBO.
Ynpasname n0ou 6yoym ne npupoooul, a npesicoe éce2o coboti. I B r3Tom
CMBICT 3aKOHa HOOC(EpPHI.

bonee monpoOHO MOKHO KOHCTAaTUPOBATD:

1-1 3axkoH TOBOPUT O TOM, UTO OOIIECTBO Pa3BUBAETCS TOTJA M HACTONb-
KO, HACKOJIBKO COXPaHSETCS] pABHOBECHE MEXAY €Tr0 «IaBICHHUEM» Ha CPEIy
¥ BO3MOKHOCTBIO BOCCTAHOBJICHHSI ATOM CPEJIbl €CTECTBEHHBIM MJIU UCKYCCT-
BEHHBIM ITyTEM.

2-1i 3akox (NPUHILIMI) TOBOPUT OO0 OTPaHUUYEHHOCTH SKOHOMHYECKOTO
pa3BUTHs DKOJOTHYECKUMH pPaMKaMH W YKa3blBaeT Ha HEOOXOJUMOCTH
VOPABISITH Pa3BUTHEM C yYE€TOM TIIYOOKHX IIPOIIECCOB B3aWMOCHCTBUA,
MIPOMCXOJISIINX MEXKIYy OOIIECTBOM, MPHPOJOH M YEIOBEKOM W TEMH TPYII-
MaMH, B KOTOPHIX YEJIOBEK KUBET.

3-11 3axon (TIPABUIIO) TOBOPUT O HEOOXOAMMOCTH TTOHMMAaHHS BO3MOXK-
HOTO W3MEHEHHUS COIMAIbHO-9KOJOTHYECKHX TMOTpeOHOCTEH dYeloBeka
Pa3HBIMU CIIOCO0aMH, KOTOPBIE 00YCIOBICHBI MPUPOJIHOM CPEIO U KOTOPHIE
Ha Hee BIUSIOT.

4-1i 3aKoH TOBOPUT O TOM, UTO IMPOLIECC Pa3BUTHUSL OOLIECTBA Yepe3 OIl-
penenennbie ¢Ga3bl HE MOXKET MPOUCXOIUTH OT Oosiee mo3nHux ¢as Mo Ha-
MPABJICHUIO K MPEIbITYIIIHUM.

5-1i 3axon — 3akoH BepHajackoro, mo kotopomy Omocdepa HEH30eKHO
nepexoauT B Hoocdepy, T. €. B TaKyl cdepy, B KOTOPOH YeTOBEUECKUd pa-
3yM UTPAET TOMUHAHTHYIO POJIb B PA3BUTHU CUCTEMBI KUEJIOBEK—TIPUPOIA.
Takum oOpazom, yuenoie H.®D. Peiimepc, 3. baysp, B.U. Bepnaackui,
b. KomMonep u n1p. npu GOpMUPOBAHUM 3aKOHOB COIMATIBHOM IKOJIOTUU TaK
WM WHAYE UCXOJIAT U3 3aKOHOMEPHOCTEH 00111eii SKOJIOTHH, TIOATOMY 3aKOHBI
COLIMAJIbHON IKOJIOTUU COJIEPKAT B c€O€ BRIPAKEHUE ITUX 3aKOHOMEPHOCTEH.

3HAYEHUE 3KONOr’M4YECKOIr0 OBPA30BAHUA

B Hacrosiiee BpeMs CTUXMMHOE pa3BUTHE B3AMMOOTHOLIEHHUH C IPUPO-
JIOM IPEACTABIISIET OMACHOCTh JUI CYIIECTBOBAHUS HE TOJBKO OTIEIBHBIX
00BEKTOB, TEPPUTOPHIL, CTPAH U T.II., HO U JIJIsl BCETO YEJIOBEUECTBA.

OT0 0OBSCHSETCS TEM, YTO YEJIOBEK TECHO CBA3aH C JKUBOW MPUPOJION
MIPOUCXO0XKJICHUEM, MAaTEPUAIIbHBIMU U TyXOBHBIMU MMOTPEOHOCTSAMHU, HO B OT-
JUYKe OT JPYTHX OPTaHU3MOB, 3TU CBSI3U MPUHSIIM TaKue mMacimTadbl u Gop-
MBI, UTO 3TO MOKET MPUBECTH (U YK€ MPUBOJUT!) K MPAKTUYECKU MOTHOMY
BOBJICUCHHUIO XKUBOTO TOKPOBa TUTaHETHI (Onochepsl) B KHU3HEOOECIIeUeHUE
COBPEMEHHOT0 00IIIeCTBa, MOCTABMB YEJIOBEUECTBO HAa I'PaHb IKOJOTUYECKON
KaTacTpOdhl.

23



Yenosek, O6aromapsi JaHHOMY €My MPUPOION pasyMy, CTPEMHUTCS 0bec-
neynTh cede «KOM(pOPTHBIE» YCIOBUS Cpebl, ObITh HE3aBUCUMBIM OT €€ Pu-
3U4YecKuX (pakTOpoB, HApPUMEp, OT KIMMAaTa, OT HEXBATKHU MUIIH, N30aBUTh-
CsL OT BPEIHBIX Ul HETO JKMBOTHBIX U PACTEHUH (HO COBCEM HE «BPEIHBIX)»
JUIS OCTaJdbHOTO XUBOro mupal!) u T. m. [loaTomy uenoBek, mpexae BCero,
OTJIMYAETCS OT APYTHX BUIOB TEM, YTO B3aHUMOJEHCTBYET C MPUPOJON Yepe3
CO3[1aBAEMYIO UM KYJIbTYPY, T. €. UEJIOBEUECTBO B LIEJIOM, pa3BUBAsCh, CO3/a-
€T Ha 3eMJie KYJbTYpHYIO cpelly Onaroaaps nepenaye u3 NOKOJIEHUS B MOKO-
JIEHUE CBOEro TPYJOBOTO M ayxoBHOro ombiTa. Ho, kak ormeuan K. Mapkc,
«KyJbTYpa, €CJIM OHA PA3BUBAECTCS CTUXHUIHO, @ HE HAIIPABJISECTCS CO3HATEIIb-
HO... OCTaBJISIET MOCIE CEOs MYCTHIHION.

OCTaHOBUTH CTUXMITHOE pa3BUTHE COOBITHI MOMOTYT JIMIIb 3HAHUS
O TOM, KaK MMH YIIPAaBIATh, U B CIIy4ae C JKOJOTUEH, 3T 3HAHUS JIOJKHBI
«OBJIAJIETh MacCaMmy, 1O KpaHel Mepe OOJIbIIeH YacThio O0IIeCTBa.

DKOJIOTUYECKHE 3HAHUS HEOOXOAUMBI KKIOMY YE€JIOBEKY, YTOOBI COBI-
JJach M€UTa MHOTHX IOKOJIEHUW MBICIIATENIEN O CO3JaHUU JOCTOMHOM Yello-
BEKa Cpeabl, Ul 4ero HaJgo IMOCTPOUTH IMPEKPACHBIE TOpOJa, Pa3BUTh Ha-
CTOJIbKO COBEPILIEHHbIE MPOU3BOAUTEIbHBIE CHUJIBI, KOTOPbIE CMOTJU Obl
o0ecneunTh rapMOHHUIO ueloBeKa M mpuponbl. Kak crnpaBeyiuBO OTMETHII
amepukaHckuil akosior b. Kommonep B Hawane 70-X «IIOMCKM MCTOKOB JIFO-
0ol poOJIeMbl, CBI3aHHON C OKPY’KaIOIIEeH Cpefoil, MPUBOASAT K HEOCIIOPHU-
MOM UCTHHE, YTO KOPEHHas MPUYMHA KPU3UCa 3aKIII0Y€HA HE B TOM, KaK JIIO-
IV B3aMOJICUCTBYIOT C IPUPOJON, @ B TOM, KaK OHH B3aUMOJAECHCTBYIOT APYT
C JIPYrom... U 4YTO, HAKOHEL, MUPY MEXIYy JIOAbBMU U MPUPOJOH HOJDKEH
MPEAIECTBOBATh MHUP MEXIY JIOAbMU».Takum 00pa3oM, 3KOJIOTHYECKUE
3HAaHHS MO3BOJIIIOT OCO3HAaTh BCIO MAaryOHOCTb BOWHBI U paclpell MexIy
JOJIbMHU, BEIb 32 3TUM KPOETCsl HE MPOCTO TUOEb JII0ACH U Jaxe [MBUIIN3a-
U 5TO MPUBEAET K BCEOOIICH IKOJIOrHUeCcKoi KatacTpode, K THOen BCEro
YEJI0BEYECTBA. 3HAUUT, BAKHENIIEE U3 DKOJIOTMYECKUX YCIOBUI BBIKMBAHUS
YEJIOBEKA U BCETrO KMUBOTO - 3TO MUPHAas *KW3Hb Ha 3emie. IMEHHO K 3TOMy
JOJKEH M OyAEeT CTPEMUTHCS SKOJOTUYECKH 00pa30BaHHBINA 4elloBek. M3me-
HEHUEe, a TeM O0oJiee YHUYTOKEHHUE NPUPOJHOU Cpellbl BIeYeT 3a coOoi
naryOHbIe MOCJEICTBUSA JJIA KU3HU UYeIOBEKa. DKOJOTUYECKHE 3HAHMSI IO-
3BOJISIIOT €My yOEIUTHCS B 3TOM W MPUHUMATh MPABUIBHOE pPEIICHUE C Iie-
JIBI0 OXPaHbI MPUPOJIBI, B TOM YHCIIE U Ha OBITOBOM YPOBHE.

Otcroza cnefyer, YTo B HACTOSIIEE BPEMSI OCTAHOBUTH HAPYLIEHUE KO-
JIOTUYECKHUX 3aKOHOB MOXHO, TOJIBKO IMOJHSB Ha JOJDKHYIO BBICOTY 3KOJIOTH-
YECKYI0 KYJIbTYpPY KaXJOro ujeHa oOIIecTBa, a 3TO BO3MOXKHO CJ€NaTh
OpexJe BCEro uepe3 oOpa3oBaHUE, Yepe3 HM3YUYEHHE OCHOB HKOJIOTHH.
UYTo 0COOEHHO BaXKHO JIJISl CHEIMAINCTOB B 00JACTH HAYK TEXHUYECKOTO Ha-
MPaBJICHHS, B TIEPBYIO OYEpPEIb MJISI MHKEHEPOB-CTPOUTEIEH, WHKEHEPOB
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B 00J1aCT XUMUH, HEYTEXUMHUH, METAJUTYPTUH, MAITMHOCTPOEHUS, MTUIIIEBON
U 100bIBAIOIIEH IPOMBILIUIEHHOCTH U T. [I.
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NEKUWUA 2. OCHOBHbIE BOMPOCHI U OBBEKTbI 3KOJTOIM K

B3aumoldelucmeue opzaHusma U cpelbl. @yHOaMeHmMasibHble ceolcmea
JKueblx cucmem. Mcrionb3osaHue gewecmea U aHepauu 8 akocucmemax. Knuma-
muyeckasi 30HarlbHOCMb U Murbl Ha3eMHbIX 3Kkocucmem. KomnoHeHmbl u OuHa-
MuKa HazeMHbIx akocucmem. Npoyecc cykueccuu.

Opranusm u cpena. JIro6oii oprannsm BCTyMaeT B MHOTOYHCIIEHHBIE OT-
HOIIIEHHSI C OKPYKaroLUM €ro MUpoM. IIpr 3TOM KOMIIOHEHTHI OKpYyKaroen
Cpelbpl U TPOIECChl, WAYIME B HEW, OKa3bIBaIOT Ha HETr0 pa3HOoOOpasHoe
BIIMSIHUE. DTO BIUSHUE MOXKET ObITh MOJIOXKHUTEIbHBIM WM OTPULIATENIbHBIM,
KPaTKOBPEMEHHBIM WJIM MOCTOSIHHO JICHCTBYIOIIUM, OJTHAKO B JIFOOOM Cilydae
OHO JJI1 Hero He Oe3pa3nuuHo. B skonorum paspaboTaHbl NpeACTaBICHUS
0 ¢akTopax cpeipl U YCIOBHUSX CyllecTBOBaHMs. Eciu cuurtarh, 4To Jro0oe
BO3JICCTBHE HA OPTaHU3M SBIISIETCS (DAKTOPOM Cpeflbl, TO YUCIIO TaKuX (ak-
TOPOB KpaiiHe Beanko. OHU OTIMYaIoTCs crenu@uKon 1edcTBusl.

Haunbonee uactel knaccudukanmum (GakTopoB cpelbl, B KOTOPBIX OT-
JENbHO PAacCMATPUBAIOTCS (PAKTOpbl aOMOTHUECKHE (HEXKHBOM TPUPOABI)
u (akTopbl OMOTHYECKHE (CBSI3aHHBIE C BO3JIEUCTBUEM OPraHU3MOB JPYT
Ha gpyra). Cpenu aOUOTHYECKUX BBIICIAIOT KIMMaTHYeCKHe (HaKTOpPHI,
KOTOpBIE B CBOIO OYepelb MOTYT OBITh pa3felieHbl Ha BO3JIECHCTBUE CBETa,
TEMIIEPATYypPhl, BIAKHOCTH BO3lyXa WM XUMHU3Ma (Yalle I BOJHOU Cpebl).
Hpyras rpymnmna o0beIuHsAeT (PaKTOpbl HEKUBOM Cpeibl, KOTOPbIE HA3bIBAIOT-
cs snaduueckumu (3madoc — TPyHT, MOUYBA), MX JIEUCTBHE OMPEIEISIETCS
CBOMCTBAMM TOYB WJIM TPYHTOB (MEXaHMYECKUN M XWMHUYECKHH COCTaBHI,
TOJILIMHA TYMYCOBOTO CJOSl, MOIIHOCTh CaMOr0 MOYBEHHOI'O CJIOS H T.IL.).
JIJ1st BOTHBIX OpPraHu3MOB CYHIECTBEHHbI XUMHUYECKHI COCTAaB BOJIbI, TOJIIH-
Ha BOJIHOT'O CJIOSI, TEUYEHHUS, KOJIMYECTBO KUCIIOPOJa, OCBEIIEHHOCTh, KOTOpast
pasnuyHa Ha pa3HbIX IIyOWHAX, TABJICHHUE U T. II.

buotnueckue pakTopbl OOBIYHO AEIAT HA ABE OOJBIINE IPYIIIbL:

e CBfA3aHHBIC C BHYTPUBUIOBBIMU OTHOLICHUIMU;

e JICHCTBYIOIIME B OTHOUICHUAX MEXKY BUIAAMMU.

[Ipy BHYTPUBUAOBBIX OTHOILIEHUSAX pa3inyaroT (akTOpbl B3aUMOIIOMO-
111, KOHKYPEHLIUH U uepapxuu. [IpumMepom B3aMMOIIOMOIIA MOTYT CIIY’KHTh
KOJIOHMH ITHILI, CHTyallud, B KOTOPBIX OHU JJUOO MPEAYIPEXKAAIOT APYT Ipyra
00 omacHOCTH, MO0 COBMECTHBIMHU YCHJIMSIMU OTOMBArOTCs OT Bpara. Eciu
BOPOHBI 3aMETWJIM XUILHYIO NTHUILY, TO HECKOJBKO Map, Kak IpaBuio, HEMpe-
PBIBHO €€ aTakyloT J0 TeX MOop, OKa OHAa HE YJETUT mojaisiie. [Jaxe kpo-
XOTHBIE JTACTOYKU-OEPErOBYIIKM OTBA)KHO aTaKyIOT KOILIKY, KOTOPast MbITAeT-
cst 100paThes 10 UX HOp, PACHOJIOKEHHBIX HAa KpyToM oOphiBe. B pesynbTaTe
XUIIHUK TPEANOYUTAET YCTYNUTh. MI3BECTHBI COBMECTHBIE OXOTHI HEKOTOPBIX

26



XMUIIHBIX 3Bepel (BOJYBMX CTail, JTbBHUHBIX MPalIoB U T. 1.). KOHKypeHuus
MOET BO3HUKATh B O0OpHOE 32 MECTO (ITOIOIIME CaMIIbl MEJIKMX MTHI] BECHOM
roJI0COM ONPEEINIAIOT TPAHUIIBI CBOUX THE3J0BBIX YYaCTKOB, MEABEIU METST
KOITSIMH KOPY J€PEBbEB, TaKKe 0003HAUas CBOM BIJIAJICHUS, B JIIOOOM Cilydae
MIPUIIEIIBITY TIPEACTOUT BBIJEPKAThH )KECTOKOE CPAKEHHE, €CIIM OH TOTBITACT-
Csl 3aXBATUTh UYXKYIO TeppuTOpHio). Jlake y koOenel qomManHux cobak B Ka-
YeCcTBE PyJIMMEHTa OCTaNach MPUBBIYKA METUTH CBOIO TEPPUTOPUIO, OPOIIIAs
CTONOMKH, OCHOBaHHUs JEPEBbEB, 3a00p U T. Im. JKecTkash KOHKYpPEHIUS BO3-
HUKAET Yy MHOTHUX >KHBOTHBIX B OOphOE 3a MUIYy, IIPH 3TOM B HEKOPMHBIE
rojpl 6oJiee ciaabbie ocobu MorudaroT B MepByro ouepeanr. HakoHel, cepbes-
HyI0 OOprOy BeIyT JKMBOTHBIE 3a TPABO YYacTBOBATh B Pa3MHOKCHHH
(BcrtoMHUTE OOM KOIIBITHBIX, IPaKd MEXKITY CaMIlaMH XHUIITHBIX 3BEepeH, HaKO-
HeIl, TOKa psija BUAOB mTuil). [Ipu3om mobenutens sIBISETCS BO3MOXKHOCTH
ocTaBUThH Ha 3emsie moToMkoB. Ciemyer, mpaBja, yka3arb, YTO €CJIM aKTUB-
Hast 0opbOa camiioB 3a camky (1-1 ¢popma momoBoro ordopa, o Y. J[apeuny)
OTOMpAET CaMIOB IO CHJIE U YKU3HECIIOCOOHOCTH, TO TIPH aKTHBHOM BBIOOpE
caMKaMm# camIioB (2-s1 ¢oopMa MOJIOBOTO 0TOOpa) CaMIlbI-TIPOU3BOIUTENN OT-
OMparoTCs U MO APYTUM MpU3HaKaM. Tak, KyJIUKU-TYPyXTaHbl TaKKe TOKYIOT,
HO MPY ATOM BBIUTPHIBAET HE TOT, KTO CUJIIbHEE, @ TOT, BOPOTHUYOK KOTOPOTO,
«C TOYKH 3pEHUSI CAMOK » CaMbIil KpacWBBIN (IIPAKTHYECKH OKpac W TBIII-
HOCTh BOPOTHHYKA y BCEX CaMIIOB HEOAMHAKOBHI). IMEHHO K TakOMy camiry
MOTYT MOJIETETh HECKOJIBKO CAMOK, K IPYTOMY K€ — HU OJTHOM.

Wepapxus (conogunHeHue) — cnenrduieckas GopmMa OTHOLIEHUN MEX-
Iy 0co0siMH OHOTO BHaa. B kaxmaoil rpymnmne ocobeil oJHOTro BUJa U IMoja
uMeeTcsl 0co0b, TOCIOJACTBYIOIIAsA HAJ APYTMMH. Takylo ocoOb Ha3bIBAIOT
0OBIYHO TIEpBOM OYKBOI rpedeckoro andasura — anbdoii. Ectb 0co0b, KOTO-
pasi IOMUHHUPYET HaJ BCEMH, HO MOAUYMHAETCA ajbde, 3To — Oera, ramMma
noauuHseTcs anbde u O6ere, HO MOAABISIET BCEX OCTalbHBIX. Mepapxus mMo-
XKET OBITh OYEHBb KECTKOH, Y HEKOTOPHIX BUJIOB B MPUCYTCTBUH alb(bl MOJI-
YUHEHHBIE 0COOM HE MOTYT HE TOJIbKO Pa3MHOXKATbCS, HO JlaXe €CTh WIIU
nuTh. [lepBoHauaIbHO SBJICHHE HMEpapXuUU OBLIO BBISABICHO Y BUJIOB, BEAY-
IIUX TPYNIOBOM (CTalHBIM, CTAIHBIA U T..) 00pa3 ku3HU. OJHAKO BIIO-
CJIEICTBUU OBLIO OOHAPYKEHO, YTO JIaXKe y BUJIOB, KUBYIIUX OJAMHOYHO, SB-
JICHHE HWepapXuH ecTh. Tak, €clu BCTPEYAroTCs JIBa CBEpuka, TO OoJjee
CHJIbHasz 0co0b 0COOBIM 00pa3oM IIEBEIUT YCHKAaMH, MOCIe 4ero ocodb 0o-
Jee HU3KOTo paHra perupyercs. Mepapxus BbIsiBIeHa Y BCEX BUAOB >KUBOT-
HBIX, KOTOpbIE M3YYaJUCh C LEJIbI0 €€ ycTaHOBieHUs. CleayeT OTMETHTb,
YTO B TEYCHHE KU3HU 0COOb U3MEHAET CBOM paHr. Tak, Moiozbie TOpHBIE Oa-
paHbl CHayaja JepXKaTcs Ha Kparo CcTajia, HO MO Mepe B3POCIICHUS Tepe/iBU-
rarorcs OJiMKe K IEHTPY, KOTOPBIM 3aHAT BoxkakoM (anbdoii). Eciu Boxak
cocTapuics, ociad, TO OH MOXET MOTEPATh CBOE JIMJUPYIOIIEE MOJOKEHUE
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WM BOOOIIE ObITh M3THAHHBIM M3 CTaAa. B onmmcanHoM mpumepe camas 1eH-
Hasi C TOYKH 3PEHUS BOCIPOU3BOJICTBA MOTOMCTBA OCOOb 3aHHMMAET CaMoe
0e3omacHoe MeCTO, MEHEE ILIEHHble OCOOM Yallle OKa3bIBAIOTCS KEPTBAMU
XUIIHUKOB. Ecnu ogHy M Ty € 0cOOb IOMECTUTh B pasHble IPyNIbl, TO B
KaXXI0U rpynme oHa OyeT 3aHuMaTh CBoe crenuduueckoe mMecto. Tak, omnbl-
THl C JIOMAaIlTHUMU KypaMHu TOKa3ajHd, YTO OJHA W Ta e KypHIla B OJHOU
cTailike MOKeT ObITh anb(oi, B Ipyroi 3aHMMaTh 0oJiee HU3KUE HepapXHuye-
CKHE€ CTYINEHbKH. JIerko BUAETh, YTO HEpapXUsi B KOHEYHOM MTOTre CIIOCO0CT-
BYET BBDKMBAaHHIO BCEro BHJAA 32 CYET JIMMUTHPOBAHUS MEHEE IEHHBIX
(B OMOJOrMYECKOM OTHOILEHUHU) 0COOEH.

@DakTopbl, KOTOPHIE OMPEAEIAIOTCS MEXBUIOBBIMU OTHOLIEHUSIMH, MO-
I'yT OBITh pa3lieleHbl Ha YEeThIpe TPYMIIbl: aHTUOMO3, CUMONO03, HEUTpAIU3M
Y MEKBU0BAs HE€PaAPXHUSL.

AHTHOWO03 (BpaXKJeOHOCTh JKU3HU) BKIIIOYAET B C€0Sl BCE BUIBI KOHKY-
peHIMH (3a MUILY, 32 MECTO U T. J.), Iapa3uTHU3Ma, XUIIIHUYECTBA, K 3TOM xKe
IpynIe OTHOCATCS BPEIHBIE BO3AEHCTBUSA, KOTOPBIE CBS3aHbI C BBIICICHUEM
HETPUSATHBIX JUIsl KAKUX-TO BUIOB XUMUYECKUX BBIICJICHUN JPYTUX BHUJIOB.

CumOno03 (OTHOIIEHUS B3aUMOBBITOJTHOTO CYIIECTBOBAHMS) TaKKe
BeCbMa pa3HO0Opa3Hbl. Tak, pak-OTHIETbHUK MOKET MOCAIUTh Ha PAKOBUHY
XUIIHYI0 aKTHHHIO, KOTOpas HE TOJIBKO JAeT €My JOTNOJHUTEIbHYIO 3allUTY,
HO ¥ BO3MOXHOCTh MOJOUPATh «KPOIIKKA CO CBOETO CTOJIAa ». AKYJY COIpO-
BOXJAIOT NPHWIIKIAIBI, KOTOPbIE TPUKPEIUIAIOTCS K MOBEPXHOCTU TEJA U HC-
MOJB3YIOT OCTaTku ee mnupiiectB. CUMOMOHTaMU 3TON PBIOBI SABISIOTCS
U pHIOKU-JIOLIMAaHbI, HABOJSIINE aKyJly Ha JKEPTBY, a 3aT€M IOJIb3YIOIIHECS
ocrarkaMu NUUM. CIOyTHUKaMU KPYIHBIX XHUIIHUKOB-JIHBOB OKa3bIBAKOTCS
mraxkasbl. THOTIa UCTIONB3YIOTCA HE TOJIBKO OCTATKHU MHUIIU MU TTOBEPXHOCTh
Tena, HO U HOPBL. Tak, mecTpasi yTKa-neraHka MOXeT MOCEIUThCS B HOPE JIU-
chl. Jluca He Tporaer COXUTEIBHUIlY, a YTKa B CJIIy4ae OMAacCHOCTH CBOUM
«3MEUHBIMY) IIUIEHUEM OTIYTMBAET HE3BaHbIX rocteil. CTeneHb BBIPAYKEH-
HOCTH CUMOMOTHUYECKUX OTHOIICHUH pa3inyHa, HO B JIIOOOM cilyyae CUMONO3
BBITOJIEH (XOTs ObI OJTHOMY U3 COKUTEJIEH) U HUKOMY HE HAaHOCHUT yIiepoa.

HeliTpanusm — OTCYTCTBHE KAaKUX-IMOO OTHOIICHHM MEXIy O0CO0sSMU
pa3HBIX BHUAOB. Tak, JacTOYKa JOOBIBACT CBOIO MHUINY (OECTIO3BOHOYHBIX)
B BO3JlyX€ THEM, a JIETYYHE MBI JIOBAT JPYIHX OECIO3BOHOYHBIX HOYBIO.
[Ipu 3TOM JTACTOYKH U JIETY4YHE MBIILIN HE MELIAIOT U HE IIOMOTAIOT APYT JIPY-
Iy, T. €. BUIUMBIX CBSI3€ MEX]y HUMH HET.

MexBunoBas uepapxus HabIIOJaeTCsl B T€X CIydasiX, KOrJa >KUBOTHBIE
pa3HbIX BUJIOB 00pa3yroT CMeEIlIaHHble Tpymmbl. Tak, B CTailkaXx pa3HbIX BU-
JIOB CHHMI], KOTOpPbIE€ KOYYIOT MO 3UMHHUM POCCHMCKHUM JiecaMm, OOBIYHO
BCTPEYAIOTCS MOMOJI3HU, TUILYXH, IPU 3TOM KaXK/1asg 0COO0b YETKO 3HAET CBOE
MECTO B CMEIIAHHOM HepapXuyeckoM psnay. CMellaHHble cTaja KBauHbIX
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’KMBOTHBIX CaBaHH, B KOTOPBIC BXOJST pa3Hble BBl QHTWION U JIPYTUX KO-
IIBITHBIX, TAKXKE [TO3BOJIIIOT KOHCTaTUPOBATH SIBJICHHE MEKBUIOBOM HEPAPXUH.

C yBennyeHneMm MacumTabOB CBOEH IESATENLHOCTH YEJIOBEK OKAa3bIBACT
Bce Oosblliee BO3zeicTBUE Ha npupony. [103TOMy OGOJIBIIMHCTBO 3KOJIOrOB
BBIJIETISIIOT OCOOYIO IPYIy HE AOMOTUYECKHUX M B TO XK€ BpeMsi HE OMoTHYe-
ckux ¢akTopoB. Peus uper 06 antponuueckux ¢akropax. Pazusie Buabl aes-
TEJIBHOCTH 4YeJIOBEKa CIEUU(PUUHBI IO CBOEMY BO3JECHCTBUIO HA IPUPOLY.
OpHAako MOXHO pa3leiauTh 3TH (PaKTOphl BO3AECHCTBHUS Ha JABE OOJbIINE
IpYIIIbL:

a) JEeCTPYKLHMOHHBIE,

0) TpaHcopMaIMOHHBIE.

JlecTpyKuysi IPUPOIHBIX KOMILJIEKCOB O3HAYAET UX pa3pylIeHUE, yHUY-
ToxkeHue. [IpuMepoM AeCTpyKIIMOHHOTO BO3ACUCTBUS MOXKET OBITH JIECHOM
nokap, BbIpyOKa Jieca, YHUUTOXKEHHE CTEIHBIX COOOIIECTB MpHU paclallke
3eMellb U T. 11

Tpanchopmaiiisg He YHUUYTOXKAET SKOCUCTEMY, a JIUIIL B OOJBIICH WIIH
MEHbIIEH Mepe MeHseT ee 00auK. [Ipu 3ToM 00mMii 00JIMK SKOCUCTEMBI OC-
TaeTCs NMPUOTU3UTEITHLHO CXOMHBIM C MEepPBOHAYAIBHBIM. Tak, eciu Jiecopyo
YHUUTOXKAET JIECHYIO SKOCUCTEMY (IECTPYKIHUs), TO OXOTHHK WIU TPUOHUK
U3bIMAET U3 3KOCHUCTEMbI HEKOTOPOE YMCIIO OPraHU3MOB, HE 3aTparuBasi €e
OCHOBHBIE CTPYKTYpHI. B Xoze Tpancopmamnmu MOTYT U3MEHATHCA HEKOTO-
pble yCIIOBUS CyILIECTBOBaHMs. Hampumep, TypuCTbl MOTYT BBITaNThIBATh
(YIIOTHSATB) MOYBY, KOTOpasi CTAHOBUTCSA MEHEe OaronpusiTHON AJisi oOuTa-
HUS psAJia BUAOB PaCTEHUH.

Mexny AeCTPYKIIMOHHBIMH M TpPaHC(HOPMAIMOHHBIMU BO3JCHCTBUSIMU
HET 4eTKOW rpaHullbl. Tak, ciiaboe 3arps3HEHHE BO3AyXa HECKOJBKO YXY/-
IIUT YCJIOBUS KU3HU OPTaHU3MOB B 3KOcHcTeMe. B To e Bpems upe3Bblyaii-
HOE 3arpsi3HEHUE MOXKET Pa3pyIIUTh SKOCUCTEMY B LIEJIOM.

JleiicTBrue (akTOpOB Ha OPTaHU3M MOJYUHSIETCSI MHOTUM 3aKOHOMEPHO-
CTSIM, OJTHAKO, CPEIM HUX MOXHO BBIJICJINTH CaMbl€ CylIeCTBEHHbIE. Ha Ham
B3I, HauOoJIblllee 3HaueHue umeroT ABe u3 Hux. H.®. Peitmepc (1990)
IPEJIOAKIIT UX Ha3bIBATh «3aKOHAMM.

1. 3aKOH COBOKYMHOIO JE€HCTBUS MPUPOAHBIX (akTopoB (. Muruepinu-
xa — A. Tunemana — bayne); chopmynupoan H.®D. Peitmepcom B ABYX oOII-
pEaEICHUSIX:

a) BEJIMYMHA ypoxXKasl 3aBUCUT HE OT OTJAEIbHOTO, MYyCTh J1aXe JIMMUTHU-
pytoiero, (akropa, HO OT BCE COBOKYIHOCTU IKOJOTUUECKUX (PaKTOpoB
OJIHOBPEMEHHO;

0) TOT u3 HEOoOXOAUMBIX (PAKTOPOB OKPYKAIOIIEH MPUPOIHON CPEIbl
onpeaenseT MIOTHOCTh MOMYJISUUA OMOJIOTUYECKOTro BUa (OT HyJsS 10 Mak-
CUMAaJIbHOM YMCJIEHHOCTH), KOTOPBIM JEHCTBYET Ha cTaauto ((pa3y) pa3zBUTHUS
OpraHu3MOB, HMEIIIY0 HAaWMEHBIIYI0 3KOJIOTMYECKYI0 BAJIEHTHOCTD,
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IPUTOM BO3ZCHCTBYET B KOJMUECTBE U C MHTEHCUBHOCTHIO, HAaNOOIee JaIeKo
OTCTOSILIUMU OT ONTHUMYyMa, HEOOXOJMMOI0 BUIY Ha JAaHHOW crtaauu. B Ta-
KON (pOpMYITUPOBKE 3aKOH CIPABEAJIUB JIUIIb MPU YCIOBUHU, YTO OPTaHU3MBI
caMH aKTHBHO He M30MparoT HEOOXOJMMOE UM U3 OKPYKAIoIel Cpeibl U He
CIIOCOOHBI U3MEHSATH €€.

Jlumutupyomuid $pakTop — CHHOHMM TEPMHHA «YCIIOBHE CYIIECTBOBA-
Hus». [loHMMaeTcss kak KoiaudecTBO (akropa (Hampumep, TeMIepaTyphl),
HeoOXoauMoe JUIsi 00eClieUeHHUsl KU3HU U MOJHOTO PAa3BUTHUS OPTraHU3MOB,
BKJIIOYAsi BOBMOXKHOCTh pa3MHOXeHus. Eciau npeacTaBuTh BO3ACMCTBUE TEM-
nepatypbl Ha OpraHusM, TO JJIi MHOTHMX BUJIOB HAILIMX IIUPOT ONTUMAJIbHbBIE
TEeMIlepaTypHble ycloBus OyayT jaexarb mexay 10-25 rpamycamu Terna
(m1s gyenoBeka ATH Mpeaenabl paBHbl 18—23 rpagycam), ecid TemIieparypa
OyZeT HIKe WM BBIIIE, TO OPTaHU3M OKa3bIBaeTCsl B HEOIAronpusTHOM mec-
CUMAaJbHOM 30HE, a Temneparypsl Hke —60 u Oonee 100 rpaxycoB He mo-
3BOJISIIOT BBDKUTH OpraHu3Mam BooOmie. Takue 3HaueHHs] TeMIEepaTyp Hazbl-
BAIOTCS JETalbHbIMU. [IprMEpHO Tak Xe, Kak TemIieparypa, JACUCTBYIOT
Ha OpraHu3M Bce Mpoune (PaKTOphl, T. €. UMEETCS ONTUMAaNbHAsA 30HA KOJIH-
yecTBa (pakTopa, /IB€ MECCUMANbHBIX 30HBI U JIBE JIETAJbHBIX rpaHulbl. Kak
IIPaBUJIO, B IECCUMAJIBHBIX 30HAX PA3BUTHE U PA3MHOKEHUE OPraHU3MOB M0-
JABJIEHO.

DKoJIOTHYecKasi BAJIGHTHOCTh — CIOCOOHOCTh BHUJIOB MEPEHOCUTH KOJIe-
Oanus aeiictBus akTopoB. Uem OoJibllle 3KOJIOTHYECKass BaJICHTHOCTh, TEM
OonplIMEe KOJIEOAHUSI YCIOBUH CpEllbl CIOCOOEH MEPEHOCUTh OPTaHU3M.
Knaccudukauuu ycnoBuid CylecTBOBaHMSI, €CTECTBEHHO, AaHAJIOTUYHBI TaKO-
BBIM J1J151 (DAKTOPOB CPEJIBI.

2. 3axkoH muHuMyma (chopmynupoBan 0. Jlubuxom B 1840 r.) — BHI-
HOCJIMBOCTh OpPraHU3Ma OIpEAEseTCsl caMbIM CJIa0bIM 3BEHOM B LEMH €ro
HKOJIOTMYECKUX TOTPEOHOCTEM, T. €. )KU3HEHHbIE BOBMOKHOCTH JIUMUTHUPYIOT
HKOJIOTMYECKUE (PAKTOPBI, KOJMYECTBO U KaUe€CTBO KOTOPBIX OJIM3KU K MUHU-
MyMY, HEOOXOIUMOMY OpPraHU3MY WJIM 3KOCHUCTEME: JalbHEHIIee UX CHUXKe-
HUE BEJET K IMOenu opraHu3Ma WId JECTPYKUUU SKOCHUCTEMBI. JomoaHu-
TEJIbHOE MPABUJIO B3aUMOJEUCTBUS (PAKTOPOB: OPraHU3M B OINPEIEICHHOU
Mepe CIOCO0EH 3aMEHHUTh I€(PUIIMTHOE BEIIECTBO WU APYTOM AEHCTBYIOIIUI
dbakTop MHBIM (DYHKIMOHAIHLHO OJIM3KUM BEHIECTBOM WU (pakTopom (Ha-
MIpUMEP, OJJHO BELIECTBO 3aMEHUTH APYTUM, (PYHKIIMOHAIBHO OJIM3KUM), YTO,
BIIPOYEM, JIAJIEKO HE BCErJla MOJOKUTEIBHO IJis OpraHu3Ma. Tak, BbITECHE-
HUE B KOCTSIX dUBOTHBIX KaJbLUsl PaJUOAKTUBHBIM CTPOHLUEM PE3KO MOBBI-
[Ia€T UX XPYHKOCTbh, T. €. YeM OOJbIe CTPOHIUS, TEM OOJbIIE MEPEIOMOB.
B 10 xe BpeMs MmpaBujio B3auMOAECHCTBUS ()aKTOPOB MO3BOJIIET PaIllMOHAIIb-
HO 3aMEHSTh JeUIIMTHBIC BEIIECTBA U BO3JEHCTBUSI, YTO BaXKHO JJIS PAIMO-
HaJIBHOM SKCIUTyaTalluu >KUBBIX PECYpPCOB; BBISICHEHHE € CJIadoro 3BeHa
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LENU YPE3BbIYANHO BAXKHO B HKOJOTMYECKOM MPOrHO3UPOBAHHUHM, IJIAHUPO-
BaHHMH U SKCIEPTU3E MPOEKTOB.

CrnenyeT uMeTh B BUJY, YTO U30BITOYHOE KOJMUYECTBO (DaKTOpa TaKxkKe
HEOIaronpusiTHO Il OPraHU3MOB. JTa 3aKOHOMEPHOCTH OblIa chopmyiu-
poBana B cepeanne XX B. B. Illendoprom B Buje npaBuia uiv 3aKoHa ToJIe-
paHTHOCTH. JlnanazoH MeX1y MUHUMYMOM M MakKCUMYMOM 3KOJOTMYECKOIO
BO3JICUCTBUS ONpEAeNsieT BEIUYUHY BBIHOCIMBOCTU (TOJEPAHTHOCTH) Opra-
Hu3Ma K naHHoMy ¢aktopy. H.®. Peitmepc (1990) numer: «Cmbici 3aKkoHa
TOJIEPAHTHOCTH OYEBMJIEH: Ipy0O TOBOpS, IUIOXO M HEIOKOPMHUTH, U Tepe-
KOPMUTB, BCE XOPOILIO B MEPY».

®YHOAMEHTANbHbIE CBOUCTBA XWUBbIX CUCTEM

Dakmopul u npoyeccvl GoOpMUPOBAHUS IIEMEHMHO20 COCMABA HCUBOSO
gewjecmea.

K xxuBomy Bemectsy (JKB) B.U. Bepnaackuii (1994) npennaran oTHo-
CUTb:

1) Bce KHMBBIC OPraHHM3MbI, JKUBOTHBIC M PaCTHTEIbHBIC, B TOM YHCIIC

YeJI0BEYECTBO;

2) BCIO Ty 4aCTh BEIIECTBA OKPY)KAIOIICH MX CpeIbl — XKHUIKOH (Boja),
TBepOH (muIa), ra3000pa3Hoii, KoTopas, 0€3yCI0BHO, HEOOX0IUMa
JUISl COXPAHEHUS UM KU3HU;

3) Bce BBIJIEICHUS OPraHU3MOB, HAXOMAIIMECS BHE opraHu3ma (IIOT,
MOYa U T. [1.);

4) Bce OTMepILUE ¥ OTMUPAOIINE UX YaCTH (JINCThS H T. [1.);

5) Bce TpyIbl OPraHU3MOB U UX OCTATKH.

Bce ato npenonpenenser, kak ormeuan B.M. BepHaackuit ype3Bbr4aiiHO
pe3Kue U3MEHEeHHsI XuMHuueckoro cocrana JKB, B cBs3U ¢ U3MEHEHUEM OuoO-
reoxumudeckux Gyukiuii KB (Tad:. 1).

IIpexxne Bcero, 3T0 (YHKIMS PACCEMBAHUS XMUMHUYECKHX AJIEMEHTOB
1 (QYHKIUSA CO3/IaHUSI HOBBIX, paHEE HEU3BECTHBIX B MPUPOJIEC XUMUUECKUX
3JIEMEHTOB, HAMPUMEp, TPAHCYPAHOBBIX M MX HM30TOIOB, Hampumep, - Cs,
0G5 4 1p.

B.. BepHanckuii oOpaiiaql BHUMaHWE Ha TO, YTO IMPAKTHUYECKHU BCE
OoCHOBHBIE Onoreoxumuueckue ¢pynkuuu KB B OGuocdepe Moryr ObITh BBI-
MOJHEHBI MPOCTEUIIMMH OJHOKJIETOUYHBIMH OPTaHU3MaMH, HCKIIOUYECHHE
COCTABJISIFOT JIBE MOCTAeAHNE (DYHKIIMH, CBI3aHHBIC C JICSITEIILHOCTHIO YEII0OBE-
yecTBa. MIMEHHO NESITENTbHOCTh YEJIOBEUECTBAa B OOJIBINICH YAaCTH TPUBOJIUT
K TEM KOJIOCCAIbHBIM U3MEHEHHSIM OMOC(hEephI B IIEJIOM, O KOTOPBIX TOBOPHU-
JIOCh BBIIIIE.
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Heoonopoonocms cocmasa KB oOycnoBineHa audgepeHunpoBKoi
CIOCOOHOCTH K HAKOIUICHHUIO U MEPEepaclpeesICHHI0 3JIEMEHTOB Ha pa3iiny-
HBIX CTPYKTYPHBIX YPOBHSIX €r0 OpPTaHU3aIlUH: CYOKIETOYHOM (OpraHeIUIb),
KJIETOYHOM, OpPraHU3MEHHOM, BHJOBOM M T. ., a TaK € 3aBUCHUMOCTBIO
0T cneuuPuku (PU3MOJOTHUECKUX peaKIUid OpraHW3Ma U BHYTPEHHUX (ak-
TOPOB €T0 Pa3BUTHSL.

Taomuna 1

OcHnogHvle Ouoceoxumuieckue QyHKYUU Hcueo2o eeujecmad
(no B.U. Bepnaockomy, ¢ uzmenenusimu no JI.11. Puxeanosy u op., 20006)

l"azoBas GpyHKIIHS
(N,70O, - CO, — CH4 — Hy — NH3 — H,S)
Kucnoponnas GyHkius.
Oo6pa3oBanme CBOOOTHOTO KUCIOPOIa

Bce opranusmel

Xn0pouiIbHbIE OPraHU3MBI

bakTepuu, 607bI1IEH YaCThIO aBTO-
OxucnutenbHast QyHKIUSA

TpodHBIE
BoccranoButensHas GyHKINS bakrepun
Konnenrpanuonnas GyHKIus Bce opranusmel

Bonopocnu, 6akrepun, Mxu

Kanermesast hyHKIUA
a GyHx U Jp. OpTaHU3MBbI

OyHKIMS pa3pyLICHUS
OpraHUYECKHX COeIUHEHUN

CDYHKHI/ISI BOCCTAaHOBHTCJIbBHOI'O

Bbakrepuu, rpulsr

bakrepun
pa3oKeHUs
OyHKIMSA METa00IM3Ma U IBIXAHUS Bce oprannsmsl

OyHKIUA pacceuBaHUs

y p YenoseuecTBo
XUMHUYECKHUX JIEMEHTOB

@yHKIHS CO3AaHUsI HOBBIX

Y YenoseuecTBo

XUMHNYCCKHUX 3JICMCHTOB U UX U30TOIIOB

B cBs13u ¢ BKIroueHHeM uenoBeuecTBa B coctaB JKB, Kk OCHOBHBIM OHO-
reoxumMuueckuM (yHKIusAM, BoiaeneHHbiM B.W. Bepnanckum crnenyer noba-
BUTH €€ HECKOJIbKO T'€OXUMHUYECKUX (YHKUUN, OOYCIOBICHHBIX JIE€ATEINb-
HOCTBIO YesioBeuecTBa (TexHorene3om o A.E. depcemany, 1937).

Tak, mo ganHbiM E.A. BoilueHKO B pa3HbIX OpraHesuiax KJIE€TOK MPOHC-
XOIUT KOHUEHTPUPOBAHHUE OMPEIEIICHHBIX XUMHUYECKUX 3JIEMEHTOB B 10—
1000 pa3 omMYarOIIUXCs 0 CPABHEHHIO C Iejiod kietkoi. Hampumep, Ti
B HEUTpaAJIbHBIX JTUNIKAX OoJble, yeM B kieTke B 100 pa3 u T. 1.

I'.H. Caenko (1992) nokazaina, uto KoHIIeHTpauusa Br B Mopckux pacre-
HUSX B OJHOM M TOM K€ ydacTke mMops kojebnercs ot 203 mo 1004 mr/kr
CYXOTI'0O BEILECTBA.
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[To marabpiM A.A. Kuct (1987) Mukpoopranu3msel, 0akTeprn, BOAOPOCIH
6osee 3(p¢PeKTUBHO HAKAIIUBAIOT MHUKPOAJIEMEHTHI 3a CueT 0ojiee TECHOU
CBS3U C OKPYKAIOLIEH CPEAOW, YTO B LIEJIOM XapaKTEpHO I OPTaHU3MOB,
CTOSIIIIUX CPABHUTEITHHO OOJIee HU3KO Ha ABOJIOIMOHHON JiecTHUIle. OH OT-
MEYaeT, 4TO ISl TAKUX BUJOB XapaKTEPHO HAKOILJICHUE AJIIEMEHTOB TeM 00-
Jiee UHTEHCHUBHOE, YeM MEHbBIIE UX KOHIEHTpalUs BO BHELIHEW cpene. ITO
CBOMCTBO >KMBBIX OPraHU3MOB C YCIIEXOM MCIIOJIb3YETCS B MPAKTUKE T'€0JI0-
TUYECKHX, IKOJIOTMUYECKUX HCCIICOBAHUM, BHUMATEILHO M3y4aeTCsl B MEIU-
uuHckou npaktuke. Tak, B.T. BonkoBbsiMm 1 fip. (2004) BEIABUHYTHI psif TH-
noTe3 0 GOPMUPOBAHUU MATOJIOTUYECKUX COCTOSIHUM YeloBeKa B pe3yJbTaTe
M30UPATEILHOTO aKKyMYJUPOBAHUS OMPEICIICHHBIX XUMUYECKUX AJIEMEHTOB
(>kene3a, 30J10Ta U JIp.) HAHOOAKTEPUSIMH, OOUTAIOIIMMU B OPraHU3ME YeJ0-
BEKa, JIJIS1 MTOCTPOCHHUS CBOCH 00O0JOYKH, YTO MPHUBOAUT K (hOPMHUPOBAHHUIO
MUHEPAIbHBIX OTJIOKEHWUW M KaMHEH B pPa3HBIX YaCTAX Tela. ABTOpaMu
JLIL. PuxBanoBsiM u ap. (2006)) nis Tomckoro paitona Tomckoi obnactu
OTMEUYEHA 3aKOHOMEPHOCTh YBEJIMYEHUSI KOJMYECTBA HAHOOAKTEPUH B BOJIAX,
C BBICOKMM COJIEp’KaHUEM »Keje3a Ha Tepputopuud Tomckoro paroHa Tow-
ckoit oOnactu. CoCOOHOCTh OTNENBHBIX KIETOYHBIX CTPYKTYpP YCBaWBaTh
XUMUYECKUE IJIEMEHTBI OCTAETCs MX CBOMCTBOM M B COCTaBe 0OJIEe CIIOXKHO-
OpraHu30BaHHbIX cucTeM. COBpPEMEHHBIE METOJIbl MCCIEAOBAHMS BEILECT-
BEHHOI'O COCTaBa (3JIEKTPOHHAS MUKPOCKOMHUS U JIP.) MO3BOJISIIOT JUArHOCTH-
pOBaTh HAXOXKJIEHWE MHOTUX XUMUUYECKHUX JJIEMEHTOB B BHUJE OT/ACIbHBIX
MUHAJIOB, MUHEPAJIOB U HAHOMUHEPAJIOB B MEJIbYANIIIUX CTPYKTYpax HaIlero
opranusma. Tak, mpodeccop Dupuko Cabmonu (Mrtamus), HEOTHOKPATHO
JEMOHCTPUPOBAT HAXOXKJICHHE TE€X WJIM WHBIX HAHOMHUHEPAJIOB B KIIETKAX
’KUBBIX OPraHU3MOB, B TOM YHUCJI€ ypaHa, KapOOHATOB U JIp. IPU MU3YYECHUU
«0amKaHCKOTO CHUHApPOMa» (Kak CJIEICTBHE MCIOJb30BaHMs B BoiiHe ¢ FOro-
ciaBued 00eroyioBOK u3 ypaHa-238 (ycTHOe COOOIIeHHE B JOKJIa/iax
B I. Abunsl, ['penus, 2005 u B 1. BunsHroce, P. JIutsa, 2006 1T1).

[IpumepoMm Takoro MUHEpaIo0Opa3oBaHUS B KOCTHOM TKaHU Ha (Puod-
pUILIAPHOM Oelike (KoJiareHe) siisieTcst GOpMUpPOBAHKUE THIPOKCUIIANIATUTA,
SBJISIFOIIETOCS, C OJIHOM CTOPOHBI, HakonuteneM docdopa, a ¢ Apyroit — ur-
paeT ONnopHyI (KOHCTPYKIMOHHYIO) (DYHKIHIO BMECTE C KOJUIAr€HOM B KO-
CTHOW TKaHW. Takux MHHEpaAJIOB, BO3HUKAKOIKX npu ydactuu KB, Ha3Ban-
Hbix B cBoe BpeMmsa S.B. CamoitnioBeiM (1929) 6uonumamu nocratoyHo
MHOTO0.

K HMM MOHO OTHECTH: KaJbLIUT, aParOHUT, CKPBITOKpUCTAIIIMYECKAsT pa3-
HOBUJIHOCTh KpeMHe3EMa (oman) u JIp.

[Ipu sTOoM oOparmiaercsi BHUMaHUE Ha HBOJIIOIMOHHBIE U3MEHEHUS Mpe-
00JaaroIero cocTaBa MUHEPAJIOB B CKEJIETHBIX TKAaHSIX. TaK, KPEMHEBbIE
ckenetsl ¢ SiO, u H,O BeTpeyaroTest paHo B SBOJIIOLIMOHHOM PSTy OPraHU3MOB,
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COXpaHssICh y pPacTeHHWd M HEKOTOphIX opranm3moB (Foraminifera u mp.)
B HacTosmee Bpemsi. Kapoonatasie (Ca, MQ) ckeneTsl mosSBIIINCH TaKXKe pa-
HO, HO 3aTeM oHU cMeHWHCh Ha Ca-P (dbocdar kanpius + xutus) u dpocdar
Ca+0ernok.

CrnenyeTr 0c060 OTMETUTD, Pa3BUBAEMYIO B MOCJEIHEE BPEMS UCIO aKa-
nemuka H.II. FOmknHa o 6GMoMuHEpanbHBIX B3auMojaeWcTBUAX. Mcmonb3ys
«(pUOPOKEPUTOBYIO» MOJIEIh MPOCTEHIICH )XUBON SYEHKH, IO XUMUUECKOMY
COCTaBy COOTBETCTBYIOIIYIO COCTaBY OelKa, UM MPEAI0KeHa KOHIICTIIUS YT-
neBojiopoiHoN kpuctammuzaiuu xku3Hu (H.I1. FOmkun, 2002).

B pabore H.A. Aramxkansna (1975) koHcTaTupyeTcs, 4TO B OpraHU3Me
YelloBeKa MMEIOTCSI MHOXKECTBO PAa3NIUYHBIX (DU3HMOTOTHYECKUX (YHKIUH,
JUTSI KOTOPBIX XapaKTepHAa CYTOYHAs pUTMHYHOCTh. B TeUeHWU CyTOK B TKa-
HSX TeJa YeJIOBeKa U3MEHSETCS] KUCIOTHO-IIEJI0YHOE paBHOBECUE, B PE3YJlb-
TaTe 4ero BHYTPEHHSS cpejla OpraHu3Ma B rnepuoj ¢ 3 1o 15 yacoB HaxXoauT-
Csl TIPEUMYIIECTBEHHO B KHCION ¢asze, a ¢ 15 g0 3 — B mienoyHoii. D10
MPUBOJNUT K U3MEHEHHSIM DJIEMEHTHOTO COCTaBa Pa3lIMYHBIX OPraHOB M TKa-
Hel, HaOmomaembiM, B yacTHoctd, JI.M. JKyk Ha npumepe CyTOUHOW CMEHBI
XHUMHYEeCKOro coctaBa kpoBu (Zhuk, 1988).CiBuru KHCIOTHO-IIEIOYHOTO
Oajlanca MOTYT OBITh TaK K€ OJHOW W3 MPUYUH (HOPMHUPOBAHUSI OMOJIUTOB
B COCTaBe XHBBIX OpraHu3MoB. OTMeuaeTcsi Tak K€ Ce30HHAs PUTMHUY-
HOCTh — PUTM OOMEHa BEIIECTB, PUTM CHCTEMbI KPOBOOOpAIICHHSI, HEHPOIH-
NOKpUHHOW cucTteMbl U Ap. Tak, mo mamHeiM B.E. 3aiiumk u COaBTOpPOB
(1990) naGaromaeTcsi Ce30HHAS IUKIMYHOCTh B HACKHIIIEHHOCTH KallbLIMEM
KOCTEH 4elloBeKa, BRIPAXKAIOIIAsACS B MOTEPE 3TOTO SJIEMEHTa B 3UMHEE — Be-
CEHHHM MEepUOJ C MOCIEAYIOIMIEN KOMIIEHCAIIUEN B JIETHEE — OCEHHUM, C pas-
HUIIEH B cOoIep)KaHUH, cocTaBJstomiei 18,5 %.

N3 mpakTuku OMOTEOXMMHUYECKUX MCCIEJOBAHUN XOPOIIO H3BECTHO,
YTO pa3HbI€ YaCTH pACTEHUN N30UpATEIHHO HAKATUIMBAIOT T€ WM UHBIE BHUJIbI
MHUKPOAJIEMEHTOB, YTO MOJTBEPKAACTCS HAIIMMH HCCIICTOBAHUSMHU SITOAHBIX:
yepuuka (Vacciniummyrtillus), xmokBa O6onotHas (Oxycoccuspalustris))
U JIeKapCTBEHHBIX: jaba3HuMK Bs3oucTHeIA (Filipendulaulmaria) pacrenuii
(puc. 1 6). Ha pucyHke xopouio BUJIHO, YTO KOpPHEBas 4acThb PAaCTCHUS Jia-
0a3HuKa BSI30JIMCTHOTO HAKaIJIMBAaeT 3HAYUTEIHHO 0O0Jiee BBICOKHE KOJIUYe-
cTBa OOJBIIOTO psiia XUMHUECKHX 3JIEMEHTOB MO0 CPaBHEHUIO C HA/I3EMHOM.
OTa 0COOEHHOCTD AJI1 PACTEHHUM B II€JIOM IIMPOKO OCBEIICHA KaK B JUTEpa-
Type npouwioro Beka (I'pabosckas, 1963 u ap.), Tak U B COBPEMEHHBIX HC-
tounukax (Kabara — Ilenamac, 2008; np.). B 1aHHOM KOHKpETHOM Ciydae
3TO UMeEET OOJIBIIOE MPAKTUUECKOE 3HAUCHHE, TOCKOJIbKY pedb UJET O Yac-
TH JICKAPCTBEHHOTI'O pacTeHus, 00J1aaromiero jJe4eoHbpiM 3P hekTomM BO3IeH-
CTBHUS Ha OpTraHW3M YeJIOBEKa.
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Aroga yephukm (Vaccinium myrtillus) n knokeel (Oxycoccus palustris)
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Puc. 1. H36upamenvhoe nakonienue XuMuieckux 21eMeHmo8 8 pasHvlx 6Uuoax (a)
U wacmsx s1200HbIxX (0) U 1eKapcmeenHvix (8) pacmenuil

Ha nmpumepe srogusix KynbTyp (puc. 1, a, 6) XOpoio BHAHO, YTO Haj-
3€MHBIE YaCTH PACTCHHM MMEIOT MEHEE BBIPAKCHHBIC OTJIMYMS U KAaCarTCs
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OHM, KaK TMpPaBWJIO, OTIEIBHBIX OJEMEHTOB. Tak, B CTEOIIX YEPHUKHU
(Vacciniummyrtillus) B Goisbmieit Mepe HakaruMBaroTCs Oapwii ¥ 30JI0TO,
a JUIsl TUCThEB XapaKTEePHBI HECKOIBKO 00JIee TOBBIIIEHHOE COIEPKAHUE HKe-
Je3a U Xpoma. JTO CBS3aHO, MPEXK/E BCEro, ¢ (PYHKUUAMU >JIEMEHTOB B pac-
TUTEITLHOM OPTaHU3Me: JKEeJIe30 M XPOM BXOSIT B COCTaB MUTMEHTOB, Oapuii
MPUCYTCTBYET B MEXAHUYECKUX TKaHSAX. /[ siroJl XapakTepHO HAKOIUICHUE
11€3Us1, YTO MOXKET ObITb OOBSICHEHO HE TOJBKO (PU3HOJOTMYECKUMH TOKa3a-
TEJSIMH, HO M XapaKTepU30BaThb U3MEHEHHUE KaueCTBa OKPY’KAIOIIEH Cpebl.
Ot0 oTpakeHo Ha puc. 1 (a) mpu CpaBHEHUH SATOJ] YSPHUKHU C SIT0JIaMHU KITIOK-
Bbl. [le3uii mpruMepHO B TaKUX K€ KOJIMYECTBAX KOHIIEHTPUPYETCS B KIIIOKBE,
MMPOM3PACTAONIEN B JAaHHOM MECTHOCTU. K BHAOBBIM XapaKTEPUCTUKAM
MOYXHO OTHECTH ClenupUUHOE HAKOIUICHUE YEPHUKOU pyOuIus U JKelesa,
a 30JI0Ta KJIFOKBOM.

N3MeHeHne 3JIEMEHTHOrO0 COCTaBa JKHUBBIX OPraHU3MOB MPOUCXOJUT
B 3aBHCHUMOCTH OT CTaJuH (PU3MOJIOTHYECKOTO pa3BUTHS U cocTosiHuS KB,
KOTOPBIE 3aBUCAT OT BPEMEHHU CYTOK, C€30HA T'0Jja, CTEIIEHH OCBEIIEHHOCTH,
BO3pacTa  psiia Ipyrux napaMmeTpoB.

[Ipy wW3ydYeHUM »SIEMEHTHOTO COCTaBa JIEKAPCTBEHHOTO PaCTEHUS
AtragenespeciosaWeinm., cobOpannoro B 1998 r., Mbl OOHApyXHJIH, YTO
B (pazy OyTOHM3AIMU UM MPEUMYIIECTBEHHO HAKaIUIMBAJIUCh camapuii, JiaH-
TaH, €BPOIUMA, TOPHUH, CypbMa, XpOM, PyOUAMI, CKaHIUN, KeIe30, HATPU;
B (a3y 1BeTeHHMs, Hayajlia IJIOJIOHOIIEHUS — 30JI0TO, IIUHK, Oapuil, 1epuit
u Tepouit (Ilunosa u np.,2002). Bo3amM0XHO, 3TO CBSI3aHO C U30MpaTEILHO-
CTBIO TIOTJIOIICHHS JJIEMEHTOB JaHHBIM BHUJOM PAcTEHHUS B pa3HbIe (asbl
BEreTAIIMOHHOTO TMEpUOja, B 3aBUCUMOCTU OT OMOXMMHUYECKUX IPOIIECCOB,
MPOTEKAMIINX B aHATU3UPYEMBIX OpraHax (CM. puc. 2).

[IpoBeneHHBIE IEPBOIO MCCIEAOBAHUS IMOKA3aJd, YTO B 3aBUCHUMOCTH
OT CTaJIMM BETETAIMOHHOTO Pa3BUTHs KapTOodessi ypOBEHb HAKOILJICHUS MUK-
PODJIEMEHTOB TaK e CYIECTBEHHO U3MeHsieTcs (Tadi. 2).

Tabmuma 2

Hzmenenue cooeporcanusi 6ano8bix hopm XUMU4eCKUX 31eMeHmos
6 bomee u kyoHsax kapmodpens rwea Tomckou ooracmu (OILX « Cuoopenkor)
HA PA3HLIX CMAOUsX ecemayuu

DneMeHTbI, MI/KT ChIPOii borsa Kaprodenn
MacChl 1" c6op 2" c6op 1" c6op 2" c6op
NO; 4964 7867 343 340
K 20000 20000 20000 20000
Na 46 22 109 111
Ca 14098 17712 440 430
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Oxonuanue mabn. 2

DIEMEHTBI, MI/KT ChIPOH borsa Kaprogens
MaccChl 1% c6op 2" c6op 1% cGop 2" c6op
Mg 4207 6363 827 800
Fe 389 710 887 848
Zn 84 120 34 30
Co <1 <l <1 <1
Mo <1 <1 <1 <1
Cu 6,9 52 3,6 3,5
Cr 2,3 2,5 1,3 1,0
Ba 51 77 2,3 2,4
Sr 61 80 3,6 2,5
Si 73 91 29 23
Al 217 427 49 36
Pb 1,6 7,3 1,4 3,4
Mn 58 110 11 10

Ipumeyanue: 1" c6op — nepros uBeteHus, 2" c60p — HEPUOI MACCOBOI YOOPKH.
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Puc. 2.Hopmuposannas kpusas nakonjieHus 31eMeHmo8 Ha03eMHOU YaCmblO
Atragene speciosa Weinm 6 3asucumocmu om gazvl gecemayuu. Ilo ocu abcyucc -
anemenmol. Ilo ocu opounam — cooepawcarue 31eMeHmos 8 3071e (me/xe)
Yenosnvie obosnauenus: 1 — gpaza bymonuzayuu, 2 — (hasza yeemenus — Havaia nioo0o-

HOUWIEHUA

Haubonee spkum npuMepoM H3MEHEHHUS] KOHICHTPAIUU AJIEMEHTOB
OT BO3pacTa OMOJIOTUYECKOTO BUJA, IPUBEICHHOM B JINTEPATYPHBIX HCTOY-
HUKaX, MOKET CIYXXUTh KaJIMi B OpraHu3Me 4esloBeKa, KOTOPBIi onpeaesnsii-
Csl C HCIIOJb30BAaHWEM CUETUHMKOB H3inydeHus denoBeka (CHUY) mo uzoromy
K* memocpenctBeHHO Bo BceM Tene (cM. puc. 3). O6uias koropra obcie-
JOBaHHBIX JroAeh coctaBuia 2960 denoBexk B Bo3pacte oT 1 go 79 ner.
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YcranoBneHo, yto Kk 10-12 rogam y keHmuH, U K 1820 rogam y MyK4uH
HaKaIUIMBAE€TCsl MAaKCHUMAJIbHOE KOJIMYECTBO ATOrO 3JEMEHTA, a 3aTEM €ro
KOHIIEHTpaIUsl IOCTENEHHO ¢ BO3pacToM moHmxkaerca B 1,5-2 paza xk 60-70
rogaM y oooux 1mojioB («HemoBek. Meanko-0HoI0rnuecKkue qaHupie», 1977).
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Puc. 3. 3asucumocmo codeparcanus kanus 6 opeanuzme 4eio8ekda om 803pacma
(no «Yenosex...», 1977)
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Puc. 4. Dnemenmnuuiii cocmag 6onoc (8 me/ke) demetl pazHo2o noia
(na npumepe c. 3vipanckoe Tomckou obracmu)

C BO3pacTom cojiepKaHue MHOTHX MHUKPOJJIEMEHTOB B TKAHSX OpraHu3Ma
JeJIoBeKa 3HAYMTEIbHO MeHsieTcs. Tak, coneprkanne Cd B moukax u MoimOaeHa
B MEUYEHH K CTAPOCTH TOBBIMIAeTCA. MakcumalbHOe coepikanue ZNn Habmroa-
eTcsl B TIEPHOJ] TIOJIOBOTO CO3PEBAHMsI, 3aTEM OHO MOHIKACTCS U B CTApOCTH J10-
XOUT JI0 MUHUMYMa. ¥ MEHBIIIAETCsI C BO3PACTOM U COZACPIKAHUE IPYTUX MHUK-
poanieMeHToB, Harpumep, V u Cr («O6rmast. ..», 2000; Epos F0.A., 2003).
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[IpyuueM, B mepuoJ UHTEHCUBHOTO POCTa M Pa3BUTHS OpraHu3Ma HUAET
3HAUNUTEIPHOE HApACTAHHE COJEPKAHHMS MHUKPOARJIEMEHTOB, KOTOPOE MOCTE-
IIEHHO 3aMenisieTcs uiau npekpamaercs K 17-20 rogam. B nureparypHbIX
HMCTOYHHMKAX OTMEUAIOTCS JaHHBIC, UTO COJIEPKaHUE MEH, KOOAIbTa, HUKEIIS
B KPOBU ueJioBeKa cHUKaetcst kK 50—60 rogam mo CpaBHEHUIO C COJIEPKAHUEM
3TUX MUKPOd3JIeMeHTOB B 20—-25 et (ABIbIH U Jp., 1991).

[IpoBeneHHbIE TIEPBOTO MCCIEAOBAHUS MMOKA3aIU, YTO UMEET MECTO Baph-
UpOBaHWE 3JIEMEHTOB B BoJiocax Jereil pasHoro moia (Baranovskayae A.
2009), npoxxkuBarouux B ¢. 3bIpsiHCKOe Tomckoi obnactu ¢ poxaeHus. Co-
nepkaHue HaTpusi, OpoMa U CypbMbl B COCTaBE€ BOJIOC MajbUMKOB 3HAYU-
TeJIbHO (coryacHo Kputepuio CThIOJIEHTA) BBIIIE 0 CPABHEHHUIO C JI€BOYKA-
Mu. Paznnuue B copepaHuu Apyrux 371€MEHTOB HECYLIECTBEHHO.

CerogHsi 1OCTaTOYHO AKTUBHO M3Y4aeTCsS BOMPOC O POJM XUMHUYECKHX
AJIEMEHTOB B mpoleccax Metadbonu3ma B KB Ha pa3HBIX CTPYKTYPHBIX YPOB-
HSX €ro OpraHu3aiuu (opraHesuia, KJIeTKa, TKaHb U T. JI.) U HA 3TOH Mpooie-
M€ HaKOIUICH OOJBINONW MaTepuall, KOTOPhIMA MO3BOJISET MpPEIoiaraTtb mpu-
YUHHO-CJIEJICTBEHHbIE CBSI3M MEXJY YPOBHEM HAKOIUICHHS XUMHUYECKUX
AJIEMEHTOB U BO3HUKHOBEHUEM W Pa3BUTHEM TOW WM uHOM matosioruu (He-
oprannueckas ouoxumus, 1977; Pum, 2003; ABusiH u ap., 1991; Kopaib-
ckuii, 1974; Kykymkun, 1998; Lindh, 2005; A6xypaxmanos, 2004 u ap.).

B pabotax A.Il. ABupsina (1991), I'.A. babenko (1971), A.O. Boiinap
(1960), M.T". Konomuiiuesoii (1970), JI.P. Ho3zgproxunoir (1080, 1990),
A.A. Kucra (1987), A.B. Ileitse (1960), B.A. Illycrosa (1967) u np. noka3za-
HbI U3MEHEHUS TKAHEW U OPraHOB YeJIOBEKA MPU BO3HUKHOBEHUH U MPOTEKa-
HUU TE€X WJIU UHBIX MATOJIOTHIA.

Crnenyetr OTMETHUTB, YTO MIpeKpalieHne GyHKIIMN MeTadoIn3Ma U JIbIXa-
Hus JXXKB (oTMupaHue) mpuUBOIUT K M3MEHEHHIO €r0 XMMHUYECKOrOo COCTaBa.
Ha sto o6paman Baumanue B.M. Bepuanckuii, KOTOpbIN, CChIJIAACh HA OIbI-
bl H.J[. 3eMHCKOr0, MOKa3bIBaEeT, YTO Pa3HUIIA B ONIPEACICHUH a30Ta B KU-
BBIX U BBICYIIICHHBIX MMuenax coctapisieT 6omnee 1 % (Bepnanckuii, 1960).

Oco00eHHO pa3uTeNbHO U3MEHEHHE XMMUYECKOI0 COCTaBa >KUBOW KIIET-
KU 1ocie ee orMupanusa. CerofHs XOpoIlo U3BECTHO, YTO KoHIeHTpanus K
BHYTPH KUBOU KJIETKU MHOTrO Oojbiine, uem Na (mpumepHo B 15 pa3), Torna
KaKk B MeXKIeTouHol kunkoctu Na Gomwmie wem K mpumepHo B 25 pas.
HemnocpenctBeHHO MOCAE OTMUPAHUSI KJIETKM MX KOHLEHTPALMU BbIPABHU-
BaIOTCH.

B HacTosiiee BpeMsi MOKHO C BBICOKOM BEPOSTHOCTBIO YTBEPKIATh, YTO
TEJIO JII00OTO CYIIECTBYIOIIErO0 Ha 3eMiieé OpraHu3Ma, pacTUTEIbHOTO WM
KUBOTHOTO, COCTOMT M3 BIIOJIHE OIPEACIICHHOTO0 Ha0opa XUMHUYECKHUX 3Jie-
MEHTOB, T€HETUUYECKH CTPOr0 KOHTPOJIMPYEMOTrO U MEPEaaBaeMoro B TEX ke
COOTHOIICHUSX U3 MOKOJIEHHUs B MOKOJeHHe. M Bompoc JHIlb B TOM, SIBISIETCS
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T Takas mepenavya adCOIIOTHO CTAOUIIbHON Ha MPOTSXKEHUU TOKOJICHUH, JTU-
00 e MEHSETCS B MPOLIECCe T€OXMMHUYECKOM 3BOIIOIUU 3€MHOM MMOBEPXHO-
CTH, HO CO CKOPOCTBIO, MajIO JOCTYIIHO! YEJIOBEYECKOMY BOCIPUATHIO.

AHanu3 TUTepaTypHBIX JaHHBIX 00 3JIEMEHTHOM COCTaBE Pa3HbIX IPYIII
OpPraHU3MOB ITOKa3ajl, YTO U3MEHEHUSA UMEIOT MECTO B BUJIE YTOUHEHUS JaH-
HBIX, 4TO CBSI3aHO, [IO-BUAUMOMY, B IIEPBYIO O4YEPEAb, C PA3BUTUEM AHAIUTH-
YECKUX METOJIOB.

Pe3ynbraThl, puBeaeHHbIE B Ta0d. 3 IEMOHCTPUPYIOT, YTO, HECMOTPS
Ha pa3jau4ue METOJOB UCCIENOBAHMS, OPTAaHU3M YEJIOBEKA COXPAaHAET OTHO-
CUTENbHYIO CTAOUIILHOCTh COCTABA MO0 OCHOBHBIM XUMUYECKUM 3JIEMEHTaM.

Tabmuna 3

CospemenHas oyeHKa 2lasHbIX U CORYMCMEYWUX CMpYKmypooopazyiouux
(6ec. %) u cneoosvix snemenmos (Me/ke) 6 meie uenogexka
(no oannwim UlfLindh, 2005) ¢ usmenenusimu)

JjieMeHT Conep:xxanue JJieMeHT Conep:xkanue
1 | xucnopox (O) 65,0 (65,04) |15 1uHK (ZN) 0,0033 (0,00n)
2 yriepon (C) 18,0 (18,25) |16 opom (Br) 0,00029 (0,000n)
3 Bojiopo (H) 10,0 (10,05) |17 meap (Cu) 0,0001 (0,000n)
4 a3ot (N) 3,0 (2,65) 18 MBIIIBSIK (AS) 0,26 (O,n)
5 docdop (P) 1(0,8) 19 ko0anbT (CO) 0,021
6 cepa (S) 0,26 (0,21) 20 xpom (Cr) 0,094
7 kanbimii (Ca) 1,4 (1,4) 21 o (1) 0,19 (0,0n)
8 maruuii (Mg) 0,5 (0,04) 22 mutui (L) 0,009
9 kauii (K) 0,34 (0,27) 23 | moaubaen (Mo) 0,08
10 | marpuii (Na) 0,14 (0,26) 24 aukenb (Ni) 0,14
11 xJiop (Cl) 0,14 (0,25) 25 ceineH (Se) 0,11
12 | xkpemnwmii (Si) | 0,026 (0,00n) |26 071080 (Sn) 0,24
13 | xeneso (Fe) 0,006 (0,02) |27 Banauii (V) 0,11
14 drop (F) 0,0037 (0,000n) |28 | Bombdhpam (W) 0,008

Ilpumeuanue: B CKOOKAax JaHHBIE [0 COCTaBy Tella YeEJIOBEKa, IPHUBEICHHBIC
B.N. Bepuanckum B 1922 1. co ccpuikoit Ha Donpkmana.

B.1. Bepnanckuii (1939) ormeuan, 4To KOJIMYECTBEHHBIE OMOTCOXHMHU-
YECKHUE CBOMCTBA SBJIAIOTCS CNEUUPUUECKUMU XapaKTEPUCTUKAMKU OpraHU3-
MOB, UX pac U TCHEpaIWii, W30MPaTEIHHO IOTJIONIAs SJIEMEHTHI U OTpa)kas
B CBOeil (popMe M cocTaBe (PUBUKO-XUMUYECKHUE CBOMCTBA CPEIbI, OpraHU3-
MBI, OJIHaKO, HE U3MEHSIOT CBOETO cpedne2o cocmasa. Ho, 310 ObU10 cenaHo
C OTOBOPKOM, YTO HAKOTUICHHE PACCESHHBIX AJIEMEHTOB MOXET OBITh U He-
cnenuUIeckKuM U OTPENETATHECS yYPOBHEM COJEpKAHUS B OKpYKaromieh
cpene (Bepnanckuii B.1., 1939).
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AHanu3 AOCTYMHBIX HaM 0000IEHUI 1 CBOJOK MO3BOJISIOT YTBEPKAATh,
YTO [0 — BUIAUMOMY, JUIsl 60J€e BBICOKOOPTaHU30BAHHBIX CHCTEM >KUBBIX Op-
raHU3MOB XapaKTEepHa BO3pacTaroliasi 1Mo Mepe HBOJIIOLHMUA HE3aBUCUMOCTH
cocTaBa BHYTPEHHEHW Cpelapl OT COCTaBa OKPYXAIOUIMX MPUPOIHBIX Cpel
(«Henosek...», 1977; Omcnu, 1993; Epmos, 2003; Epmaxos, 2005, 2008;
Aunekceenko, 2000, 2006; Bowen, 1979; Lindh, 2005; Kucr, 1987; Kabata —
Pendias, 2007; np.).

[To-BuauMoOMYy, >KMBbIE OpPraHU3Mbl BbIpa0OTaIu 3PQHEKTUBHBIE CIIOCO-
Obl KOMIEHCAlMA W30BITOYHOTO TIOCTYIUICHUSI XHMHYECKUX DJEMEHTOB
(puc. 5). CtabunbHOCTh COCTaBa Mbl HAOIIOJAaeM MPU CPABHEHUH BBIOOPOK,
CIETaHHBIX 110 3HAYUTEIHLHO OOJIBIITUM TEPPUTOPHUSIM.
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Puc. 5. U3menenue cooepoicanus XumMuieckux 21eMeHmos 8 COCMABe HCUBbIX
OP2aHU3MO8 8 CDABHEHUU C UX COOEPICAHUEM 8 NOUBe, MOPCKOU 800¢€ U 3eMHO
kope (no Epwogy, 2003 co ccwinxoii na A.11. Bunoepaodosa)

AHanmm3 JIOKaJTbHBIX U3MEHEHHUH MOKAa3bIBAET, YTO MPOMCXOIAMT TOTJIONIe-
HUE 3HAYUTEILHBIX KOJMYECTB 3JIEMEHTOB, BBI3BAHHOE MPHUPOTHO-TEXHOTCH-
HBIMA TE€OXUMHUYCCKUMU (HAaKTOpaMH, TMPOSBISIOMUMHUCS Ha OTIEIbHBIX
tepputopusix. Cieayer oTMETUTh, yTOo B cocTaBe KB MOBOJIBHO OTYETINBO
MIPOSIBJISIIOTCS KaK riI00aibHbIC, TAK PETUOHAIBHBIE K MECTHBIE OCOOCHHOCTH,
OTpaXkarolye CrenupuKy reOXuMHIECKHX (POHOB, B TOM YHCIIE€ aHOMAJIbHO
BbICOKUX. [Ipumepom sBisitorcst McchIKynbekasi ypaHOBasi TMPOBUHITHA,
TyBuHCKast koOanbTOBas, 3aCOJCHHBbIC MONMYyMycThiHM FOkHONW A3uu u ap.
(KoBanbckuii, 1974, Epmakos, 2009 u 1p.).

CeromHsi BO MHOTHX PETMOHAX 3aKapTUPOBAaHBI HOJIHBIC U OE3HOHBIC,
CEJICHOBBIC U 0€3 CEJICHOBBIC, MBIIIBIKOBBIE U 0€3 TAKOBOTO O0JIACTH H TIPO-
BuHIMH, ¢ KB, B TOM 4HCIIe YeI0BeK, 4yBCTBYET ce0s1 TUCKOM(OPTHO U T/ie
HanOoJee sIPKO HAOMIOAeTCsl 3aBUCMMOCTh PEAKIIMKA OPTaHW3MOB OT KOHIICH-
Tpallil ¥ COOTHOILICHHWS MaKpO- U MHKPOAIIIEMEHTOB B cpefe, rpadudeckoe
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Mpe/ICTaBICHUE KOTOPOI IIMPOKO CTaj0 M3BECTHO Oyiarojaps MmyOJuKaluu
H.J. MBowen (1966) co cceutkoii Ha P.E. Smith (1962), npuBoguTcs mpak-
THUYECKH BO BCEX COBPEMEHHBIX IMyOJIMKAIUIX, B KOTOPhIX 00CYXIaeTcs IMpo-
OnemMa B3aMMOCBSI3U XUMUYECKOT0 COCTaBa IMPUPOAHOM cpebl U peakimii XKB.

OcoOeHHOCTh Xumuuecko2o cocmasa cpeodvl ooumanus (TaHaMIAPTHO-
KJIIMMaTHYeCKHEe OCOOEHHOCTH, COCTaB cyOcTpaTa, HaJMuue MCTOYHUKOB MO-
CTYIJICHUS AaHOMAJIbHO BBICOKMX KOHIIEHTPALUA XWMHUYECKHX 3JIEMEHTOB
U Jp.) OCTAeTCsl OJJHUM U3 OCHOBHBIX (DAKTOPOB, ONMPEAEISIONIMX OOIIUN XU-
muueckui coctaB JKB. Ha sto oOpamanu u oOpaiiaioT BHUMaHue Bce 0e3
WCKJIIOUEHUS HCcieoBareny, 3anumaronmecs reoxumuein KB. B.U. Bep-
Hajackuid (1922) Ha 3TOM akuEeHTHpOBad 0co0O€ BHUMAaHHUE, OTMeYas, 4TO
XUMUYECKUN 3JIEMEHTAPHBIM COCTaB OPraHMW3MOB TECHEHUIIUM 00pa3oM CBs-
3aH C XMMHUYECKHM COCTaBOM 3€MHOW KOpBI M NPUBOJWI B CBOMX CTaThAX
yOenuTenbHble TpuMepbl. OH Beeraa Mo J4epKuBall, 4YTo U3y4aTh Ouosioruye-
CKHE BOIIPOCHI U3yYEHHUEM TOJIBKO OJHOI0O, BO MHOI'OM aBTOHOMHOI'O Opra-
HU3Ma HEJb3sl, T. K. OH HEpa3/IeJIbHO CBSA3aH C 36MHOW KOPOW M BHE CBSI3U
C HEHl B IPUPOJIE HE CYILECTBYET.

N yxe B nawaie XX Beka B.M. Bepnanckuii momguyepkuBan, dYTO
«...TIOSIBJIEHUE KYJIBTYPHOI'O YEJIOBEKA HAYMHAET MEHATh XMMHYECKHI JIMK
Haied rutaHeTel» (BepHaackuii, 1960), TeM caMbIM TIpEeABUS T€ T€OXUMHU-
YecKrue MU3MEHEHUs1 B Onocdepe, KOTopble MPOU3O0ILIM 3a MOCIEIHEE CTOJIE-
THE.

OTH U3MEHEHUS OTPAXKAIOTCS KOIUUeCnE8eHHO B N3BMEHEHUH 3JIEMEHTHO-
ro COCTaBa KMBOI'O BEILIECTBA IUIAHETHI. [IprueM, oHM KacaroTCsl U1 U30TOMHO-
ro ero cocraBa. KB, kak ormewan B.U. Bepuanckuit (1960), coctout
U3 YUCTHIX U30TOIMOB M YTO OHO CIIOCOOHO pazjaraTb CMECH M30TOIOB U U3-
Oupath U3 HUX HeKOoTopble. OH OTMEUas, YTO OPraHU3M OTHOCHUTCS K TSKe-
noit Boge (H,O, comepxariast nedrepuil) nHa4e 4€M K BOJI€ OOBIKHOBEHHOM,
T. €. OPraHU3M Pa3IM4aAET JBa BOJOPOJA, & CIEAOBATEILHO MOKHO OKHMJATh
cyuiectBoBanue B JKB o0mieil cmocoOHOCTH pa3HO OTHOCUTHCS K Pa3HBbIM
M30TONaM OJIHOTO U TOT'O K€ 3JIEMEHTA.

O06 uzotonmHOM coctaBe KB, ero nsmMeHeHurn U BO3MOKHOM (U3HOJIO-
rHMYECKOM 3HAY€HUWM HauyWHarOT roBopuTh Bpauu (KaznaueeB u ap., 2002)
u reoxumuku (Kpoys, 1990 u ap.). Tak, B.Il. KaznaueeB MHOrokpaTtHo
B CBOMX PabOTax MOKA3bIBAT, YTO COOTHOILICHHE B KICTKAX deIOBeka —-C
u °C 3a 8-12 ner npokuBaHus ero Ha CeBepe U3MEHAIOTCS B CTOPOHY 2c,
nocJje 4ero opranusm pesko crapeet (KasnaueeB u ap., 2002). Y auButenb-
HYIO PEAKIUIO 110 U3MEHEHUIO U30TOMMHOTO COCTABA JIEMOHCTPUPYET YEIOBE-
YEeCKHUI opraHu3M Ha cMeHy MecTa nposxkuBanus (Kpoys, 1990).

Takum o6pa3oM, Ha (HOPMUPOBAHKE FIEMEHTHOTO COCTaBa )KMBOTO Bellle-
CTBa OKa3bIBAIOT BIUSHHE (PAKTOPHI M MPOLIECCHl BHYTPEHHETO M BHEILIHETO
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IIPOUCXOXKAECHUS. B pasHble nmepruoabl BpEMEHH U JJIS PA3IIMYHBIX TEPPUTOPUI
OHHU SBJIAIOTCS JINOO ONMPEESISIIOIMMU JIJIs1 GYHKIITMOHUPOBAHUS JKUBBIX Op-
raHU3MOB, JIUOO WX U3MEHEHUE MaJI03aMETHO U OTPAXKAeTCsl B BUJIEC HE3HAYH-
TeJbHBIX KOJIEOAHUH B Mpe/iesiaX rOMeoCTaTuYecKux HopM. B mobom ciyyae,
IpU U3yYEHUU HIIEMEHTHOTO COCTaBa YKMBOTO BELIECTBa, HAYMHAS ¢ OTOOpa
npo0 W 3aKaH4YMBas BBHIBOJAMU O MPAKTUYECKOM MPUMEHEHUU TMOTYYEHHBIX
3HaHWI, HEOOXOUMO MOMHHUTH 00 3TUX MIPUUYUHAX €TI0 U3MEHEHHUS.

BUONOMr'MYECKAA NPOAYKTUBHOCTb 9KOCUCTEMbI U KOOI MYECKUE
CYKLIECCWUMW. 4 KNACCA NMPOAYKTUBHOCTU 3KOCUCTEMBI

ComHle nis mwiIa”HeTbl 3eMJIsI — DTO JKM3HBL I BCEero >XuBoro. Ha mo-
BEPXHOCTh IUIAHETHl 3eMJIsi €KETOJHO IOCTYMAET MPUMEPHO 55 KKaj/cm.
[Ipu sTOM pactenus ¢pukcupyrot He Oonee 1-2 % conHeyHOW 3HEPruu, oc-
TaJbHOE 3aTPAuMBAETCsl HAa HarpeBaHUE aTMOC(EPBhI, CYIIU U UCTIApEHUSI.

W3 HakomjaeHHOW pacTeHHUSIMU COJHEYHOW sHepruu He 6onee 7-10 %
JOCTAETCS PACTUTEIBHOSIIHBIM KUBOTHBIM, MHUTAIOIIMMCS >KUBBIMH pacTe-
HUSIMU.

[To mpoAYKTUBHOCTH 3KOCUCTEMBI pa3eisatoTcs Ha 4 kiacca.

1. DkocucreMbl OY€Hb BBICOKOW OMOJOTMYECKON MPOAYKTUBHOCTH
cBbime 2 Kr/M° B roa. K HUM OTHOCSTCS 3apOCIH TPOCTHHKA B I€IbTaX Boi-
ru, Jlona u Ypana. [1o npoyKTUBHOCTH OHU OJIM3KK K SKOCHCTEMAaM TPOIIU-
YECKHUX JIECOB U KOPAJTOBBIX PUGOB.

2. DKOCHCTEMBI BBICOKON GHOIOTHYECKON MPOAYKTHBHOCTH 1—2 Kr/M
B roji. JTO JIUTIOBO-AyOOBBIE Jieca, MPUOPEKHbIE 3apOCIU TPOCTHUKA HA O3€-
pe, NOCEBBI KYKYPY3bl © MHOT'OJIETHUX TPAaB IIPU OPOILIECHHH.

3. DkocucteMbl yMepeHHON Ouosornyeckoit npoayktusHoctu 0,25—
1 xr/M* B rox. Takyio MPOAYKTHBHOCTh UMEIOT MHOTHE PACTEHHS: COCHOBBIE
u Oepe3oBbIe Jieca, CEHOKOCHBIE Jyra U CTEMHU, KMOPCKHE Jyra», BOJIOPOCIIH
B SlmoOHCKOM MOpE.

4. DKocucTeMbl HH3KOM OMONOrMYECKONM MPOAYKTUBHOCTH MEHEe
0,25 kr/M* B TO1. ITO apKTUYECKUE MYyCThIHU OCTpoBOB CeBepHoro JlenoBu-
TOTO OK€aHa, TYHJIPbl, OJIYyCThIHU.

Cpennsisi IpOAYKTUBHOCTh 3KOCUCTEM 3eMiu He mpesbimaeT 0,3 Kr/M°
B T'O/I.

buonoruyeckasi mpoyKTUBHOCTh SKOCUCTEM — OCHOBA KU3HHU OHoche-
pBI U YelloBeka Kak ee yacTh. OHa 3aBUCUT OT PECYpPCOB MOYBHI (€€ obecre-
YEeHHOCTH MUTATEIbHBIMU 3JIEMEHTAMU M BJIAroii), arMochepsl, COIHEYHOTO
cBera M Teria. Kaxkapli U3 3TUX pecypcoB He3aMeHHMM. [IpoayKTHBHOCTB
HKOCHUCTEMBI B OCHOBHOM 3aBUCUT OTTOTO PeCcypca, KOTOPOro HEJIOCTaTOYHO
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WM KOTOPBIM HAXOAUTCS B M30BITKE (MIPUMEp: MEpPEyBIAXHEHHS MMOYBBI WIH
BBICOKAsl TEMIIEpaTypa BO3/1yXa).

Takoll pecypc Ha3bIBae€TCS JUMHUTHPYIOIIUM (T. €. OTPAaHUYMBAIOLLINM)
dakropom; Tak, Hanpumep, B [Ipukacnuiickoli HU3BMEHHOCTH ypOXKail JTUMU-
TUPYETCS KOJIMYECTBOM OCAJKOB. B 30HE TYHIpBI M TOPHBIX PAOHOB ypOXkKau
JUMHATHUPYETCS KOJIMYECTBOM TEILIA.

YToOBbl TOBBICUTH NPOJYKTUBHOCTH SKOCHUCTEM, YEJOBEK CTPEMUTCH
YMEHBUIUTh BIUSHUE JUMUTUPYIOIIUX (PaKTOPOB — BHOCHUT yAOOpeHHs, ca-
’AET BJIArot0OMBbIE KYJIbTYpPbl, CTPOUT TEIUIMIIbI, TAPHUKHU.

buonornueckast npoIyKTUBHOCTb MOYKET CHUYKATHCS U MPU 3arPA3HEHUN
HKOCUCTEM ra3000pa3HbIMU WJIU KUJKUMHU SJOBUTHIMU OTXOJaMH MPOMBIIII-
JICHHBIX U CEIbCKOXO3SICTBEHHBIX MPEANPUITHIA (KHCIOTHBIE TOXIH, S0-
XUMHUKATHI, 1e(POIMAHTHI U T. 1.).

JIrob6oe HapylIeHHe B3aUMOCBS3EH B 9KOCHCTEMAaX O3HAYaeT HapylleHue
HHEPreTUUECKUX IMOTOKOB. [IpOM3BOACTBO CHOCOOHO pa3BUBATHCS TOJBKO
3a CYET MCIIOJIB30BAHUS PECYpPCOB OKpyXkarowen cpensl. Ho HapyieHwue
sHEpreTuku omocdepsl Oosiee yem Ha 1 % MOXKET MPUBECTH K PE3KOMY Ha-
pacTaHUIO PHTPONMU U THOENIH BCEHl CUCTEMBI B pe3yibTaTe TEPMOJIMHAMU-
YECKOro Kpu3uca.

Takum oOpa3zoMm, Ouosormueckass MPOAYKTHBHOCTb — OCHOBA >KU3HU
1 yesnoBeka. OHa 3aBUCUT OT PECYpPCOB MOYBBI, OT aTMOC(EPHI, COJTHEUYHOTO
cBera U Teruia. Kaxaplii u3 3TUX JIEMEHTOB HE3aMEHHM.

PaccMoTpuM OMOJIOTMYECKYIO TPOJYKTUBHOCTH IMOYB B 3aBHCHMOCTHU
OT KJIMMAaTHYECKUX YCIIOBHM.

N3BeCTHO, 4TO IrIaBHOE BEIIECTBO MOYBBI 3TO TYMYC, KOTOPBIM MO CBOEH
IIPUPOJIE ABIISAETCA IETPUTOM — OPraHUYECKUM BEILIECTBOM.

XUMUYECKUI COCTaB TyMyca CJIOKEH: OH COCTOUT U3 ()EHOJIOB U Opra-
HUYECKHX KHUCJIOT TEMHOW OKpacku U oOpas3yeTcsi B pe3yibTare Ipoliecca
pazioxeHus (ryMu(UKanuu) OpraHMYECKUX BEIIECTB KOPHEBBIX OCTATKOB
pacTeHUi U NMOYBEHHBIX >)KMBOTHBIX. Ha oo rymyca npuxogurcs 10 98 %
BCEro0 OPraHMYECKOro BEUIECTBA MOYBBI (OCTaJIbHBIC — KUBbIE KOPHH, MOY-
BEHHBIE KUBOTHBIE U HEPA3IOKUBIINECS MEPTBBIE OCTATKH OPTraHU3MOB).

B mouBe 0gHOBpEMEHHO C MPOLIECCOM TYMHU(DUKAIMU OPTaHUYECKOTO
BEILIECTBA ITPOMCXOINT MPOLIECC MUHEPaNU3auuu rymyca. [lon Bo3neictsuem
MHKPOOPraHU3MOB  CJIOKHBIE OPraHMYECKHE BEIIECTBA Pa3pylIarOTCs
10 (GopM, DOCTYIHBIX pacTeHUsIM. Y pa3HbIX MOYB pasHble cBoMcTBA. OHHU
MOTYT OBITb KHUCIBIMH, HOpMallbHbIMH, IienouHbiMu (pH 7). OHM umeroT
U pa3Hble pu3nueckue cBorMcTBa. MoryT ObITh PHIXJIBIMU U IUIOTHBIMU. EcTe-
CTBEHHBII IPOLECC OYBOOOPA30BAHUS HAPYIIAETCSA, €CJIM HA TIOYBY BIIUSET
yesioBeK. [1ouBbI MOTYT OBITh OYEHB pa3HOOOPA3HBIE IO MTPOYKTUBHOCTH:

e CaMbl€ IUIOAOPOAHBIE 3TO YEPHO3EMBI;
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e MEHEe IVIOJOPOAHBIE ITO MOA30JIMCTHIE, CEPOJIECHBIE;

e B 30HE MOJYNYCTbIHb NOYBBI COJAEPKAT MEHBLIE F'yMyca M Ha3bIBa-
I0TCSI KallITAHOBBIMU;

e B CTEIHBIX MECTAX, I'JI€ MOYBBl HACBIUIEHBI COJSIMU, UX HA3BIBAIOT
COJIOHYAKOBBIMH, & €CJIM COJIEl OYeHb MHOI'O — coJIoHYakaMu. [Ipoucxoaut
3aCOJIEHUE MOYB TaM, IAE€ LIHMPOKO MPUMEHSJIM M NPUMEHSIOT OPOIICHHE,
0COOCHHO B CTEITHOM 3aBOJIKbE, B HU30BbsIX peK Jlona u Kybanu. UtoOb! u3-
0exaThb 3acoJieHUs, HEOOXOJAUMO CHUXAaTh HOPMBI MOJUBAa U MCIOJIb30BaTh
HKOJIOTUYECKU 0€30MaCHbIE MPUEMBI YIYUIIEHUS] BOJHOTO CHA0XEHUs pacTe-
HUM — KaleJIbHbIA U BHYTPUIIOYBEHHBIN I1OJIMBBI.

MeyieHHble, HO MOCTOSIHHbIE U3MEHEHMsSI MPOUCXOAT B IKOCHCTEMAX
KaK TO0J1 BO3JIEUCTBUEM BHEIIHUX, TAK W IMOJ| BIMSHUEM BHYTPEHHHUX (AKTO-
poB. Korna, Hanpumep, 03€p0O HAIOJIHSETCS. UJIOM, OHO MOCTENEHHO IIpeBpa-
njaercs B 00J0TO, TOTOM B JIyT, HA KOTOPOM B JajbHEHIIIEM BhIpacTaroT Kyc-
TapHUKH U JiepeBbs. [Ipu 3TOM 00BIYHO CHaYasa pa3BUBAIOTCSI CBETOIIOOMBBIE
U OTHOCUTENBHO OBICTPOPACTYLIME JUCTBEHHbIE MOPOJBI, MOJ MOJOrOM KO-
TOPBIX HAYMHAIOT PACTH XBOWHBIE.

[Ipoueccel mocnenoBaTebHOM CMEHBI OHMOLIEHO30B, MPOTEKAOLIUE MO
BJIMSIHHEM, KaK BHEIIHUX (PAKTOpPOB, TaK W BHYTPEHHUX, HA3bIBAIOTCS CYK-
LECCUAMH.

Cykieccusi — eCTECTBEHHOE SIBJIEHUE, XOTSI 4acTO 00YCJIOBJIEHO BMeEIla-
TEJIBCTBOM YEJIOBEKA.

IKon02uvecKkue cyKyeccuu — 3mo nocie008amenbHas CMeHa IKOCUCeM
npu NOCMeNneHHOM HANpaeleHHOM USMEHEHUU YCI08Ull cpedvl. HalpHUMep,
Npyu U3MeHEeHNU kKimmarta. C M3MEHEHUEM YCIIOBUM CpEllbl M3MEHSIETCS CO-
CTaB KUBBIX OPraHU3MOB U IPOAYKTHUBHOCTb 3KOCUCTEMBI. [locTeneHHo posp
OJIHUX BHUJIOB YOBIBAE€T, a JAPYTUX YBEIUYMBAETCS, pPa3Hble BUbI BbIOBIBAIOT
U3 COCTaBa dKOCUCTEMBI WM, HA000POT, MONOJHSAIOT ero. Cykyeccuu MOTYT
BBI3bIBATbCSI BHYTPEHHUMM M BHEUIHUMH (PAaKTOpaMHd U MOTYT HPOTEKATh
MHOTIa OBICTPO, MHOTJA cTONIeTUsIMU. Eciin n3MeHeHnue cpepl OyaeT pe3kum
(mokap, pa3nuB OOJBIIOTO KOJWYecTBa He(TH, MPOXOJ KOJECHOM U Tyce-
HUYHOM TEXHUKH B TYHPE), TO IKOJOTUUECKOE PAaBHOBECUE HAPYIIACTCS.

Ilocmosincmeo yuki06 numamenvuvix 1eMeHmos HabII0IaeTcsl TOTa,
KOT'Jla BECh yIiepoja U a30T, YCBOCHHBIE IKOCHCTEMOU u3 aTMocdepsl, B pe-
3yJbTaTe JAESITENBHOCTH PEAYLIEHTOB BO3BpAILAIOTCS B Hee. Bce 3yeMeHThI
MuHepanpHOro nutanus ((ocdop, Kamui, KadblHUi U T. 1.) TOCIE pa3ioxe-
HUS MEPTBOIO0 OPraHUYECKOro BEIIECTBAa BO3BPALIAIOTCS B NMOYBEHHBIA pac-
TBOP JJIs1 TOBTOPHOI'O UCIIOJI30BAaHUSI KOPHSIMHU PACTEHUH.

PaccMoTpuM, 4TO Takoe nosHoe pacceusanue nocmynuguiel 8 3Kocucme-
My 2Hepauu. ITO KOTJa BCS SHEPIUs, YCBOEHHAs! SKOCHCTEMOM IMOCIIE TPOXOXK-
NEHUS €€ MO0 MLEMsIM <«IPOAYLUEHT-KOHCYMEHT—-PENYLEHT», PaccenBacTcs,
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T. €. «CKHUTAETCS» OpraHM3MaMu B mporiecce nbixanums. OHa paccemBaeTcs
pacTeHusIMH (3a CYET pPAacXOAOB OHHEPIrUM HA JbIXaHUE), >KHUBOTHBIMU
U MUKPOOpPTaHU3MaMH, KOTOPBIC «JIOKHTAIOT» OpPTraHWYECKUE BEIIECTBA,
mpeBpaliasl ux B MHUHEPAJIbHBIE COCAMHEHUS. JKocucmema noooepaicuseaen
pasHosecue 3a cuem moeo, 4mo 8 Hee NOCMOSHHO NOCMYNaem HO8ds COJIHeY-
Has 3Hepeus. DKOJOTUYECKOe PaBHOBECHE MOJICPKUBACTCA B IKOCHCTEMAaX
CJIOKHBIMH MEXaHM3MaMH B3aMMOOTHOIIIEHUH MEXIY KUBBIMU OpraHU3MaMHu
U YCIIOBUSIMH CPEJIbI, MEKTy OCOOSIMU OJIHOTO BHJIa U OCOOSMH Pa3HBIX BHU-
JIOB JIPYT C APYTOM.

DKOJIOTHYECKOE PABHOBECHE 3TO COCTOSHUE SKOCHCTEMBI, IIPU KOTOPOM
COCTaB M MPOAYKTUBHOCTh OMOTHYECKOW YacTH (pacTeHUM, KUBOTHBIX, TPHU-
00B, OakTepuil, BOJOPOCHEH) B KAKIbIiI KOHKPETHBII MOMEHT BPEMEHH Hau-
0oJiee MOTHO COOTBETCTBYET a0MOTHYECKUM YCJIOBHSM — MOYBE U KJIMMATY.
['maBHass 0COOCHHOCTD AKOJOTHUECKOTO PAaBHOBECHS IKOCHCTEMBI — €0 IO/I-
BI)KHOCTb.

B skxocucremMe mocToSHHO MPOUCXOAAT 00paTUMbIe U3MCHEHHUS.

DTO M3MEHEHMsI DKOCHUCTEMBl B TEUEHHE roja C BECHBI JIO BECHBI IPHU
KoJIeOAHUSIX KJIMMaTa B pa3HbIe roAbl U U3MEHEHUH POJU HEKOTOPBIX BUIOB
PaCTeHHMH B CBSI3M C PUTMaMM MX JKM3HEHHOTO IMKJIa (HaImpuMmep, IBETCHUE
ny0a omWH pa3 B 4 TOj1a, BCUBIIMIKK YHMCICHHOCTH HEMAPHOTO KOS
B JIECy WJIM MBIIIEBUIHBIX TPHI3YHOB B cTenH). [Ipy Takux M3MEHEHUSX BHU-
JIOBOM COCTaB IKOCHUCTEMBI COXPAHSETCS, OHA JIMIIb TIOJICTPAUBACTCS K KOJIE-
OaHUsIM.

OnaHako moj BO3ACHCTBHEM 3aKOHA ONTHMAJIbHOCTH, TJIACSIIEro, 4TO
mo0ast cucTeMa JIydine Bcero (PyHKITMOHHPYET TOJIBKO B CTPOTO OMPEICIICH-
HBIX TPOCTPAHCTBEHHO-BPEMEHHBIX IpejeaxX, Ype3MEpPHO KPYITHBIE 0COOH,
TPEOYIOIINE CIUIIIKOM OOJIBIIOTO KOJIMYECTBA IMUIIU JJIS MOICPKaHUSI CBO-
¢l PHEPreTUKH, OOBIYHO BBIMUPAIOT.

Bce 310 crmocoOCTBYET MOBBIICHUIO YCTOMYUBOCTH CHCTEM, €€ CII0CO0-
HOCTH TPOTHBOCTOSATH JSHTPONUHU. Briciias, HamOojee cOamaHCHpOBaHHAs
CTYIICHb CYKIICCCHH, KOTOpas MOJKET CYIIECTBOBATh OYCHB JIJTUTEIBHOE BpE-
MsI, Ha3bIBAC€TCS KIIMMAKCOM.

OnHako MPOTPECCUBHBIMHU MPOIECCAMHU  XaPAKTEPHUIYIOTCS OOBIYHO
TOJIBKO CYKIIECCHH, CBS3aHHBIC C €CTECTBEHHBIMU BO3JEHCTBUsIMU. Ecin xe
MIPOUCXOANT OBICTPOE M MAaCCHPOBAHHOE HAPYIICHHE TOMEOCTa3a, HalpuMep
Py BTOPKEHUHM YEJIOBEKA, TO HBOJIIOIMOHHBIE MEXAHW3MbI HAPYIIAOTCS
U CHUCTEMBI HE MOTYT BOCCTAHOBHTH BHYTPEHHEE PAaBHOBECHE Ha IMPEKHEM
BBICOKOM OpPTaHMU3AIlMOHHOM YPOBHE. B mydmiem ciydae OHU 3aMEHSIOTCS
JIPYTUMH, KaK MPaBHIIO, MCHEE MPOIYKTUBHBIMU M YCTOWYUBBIMH, a B XY/I-
IIIEM TPOMCXOAUT OITYCTHIHUBAHWE, YHUYTOKCHHUE WIIM PE3KOC CHIDKCHUE
OMOMAacChl C HEBO3MOKHOCTBIO €€ CAMOBOCCTAHOBIICHHSI.
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Jleno B TOM, 4YTO 4eM OpraHW30BaHHEE, COBEPILIEHHEE BUI, TEM CJIOKHEE
€ro TeHETHUYECKUH ammapar, 00eCreUnBaIONUi yCTOWYHUBOCTh, COXpPaHEHUE
B MIOKOJICHUSIX HACIIE/ICTBEHHBIX MTPpU3HAKOB. KoHEYHO, Y TaKNX BUIOB, B TOM
YHUCJIe Y YeJIOBEKa, KaK MPAaBHIIO, JOBOJHHO BBICOKAs MPHUCIIOCOOIIEMOCTh
K Pa3IUYHBIM 3HAYCHUSIM JKOJOTHYECKHX (akTopoB. OHAKO U OHA UMEET
cBou mpezenbl. M ecnii OHM HapyIIaroTCs CIUIIKOM PE3KO WK OBICTPO, TO
reHEeTUYeCKasi yCTOMUYMBOCTh, B HOPMAJIBHBIX YCJIOBHUSIX MOMOTAOIIasi BUIY
COXPaHUTh CBOU JOCTOMHCTBA, 000PAYNBACTCS €r0 THOEbIO.

Menee opraHuzoBaHHbIE, HO 00Jiee CIIOCOOHBIE K MYTaIlMU BUbI MOJTY-
YaloT MPEUMYIIECTBO U BBITECHSIOT 00Jie€ OpraHW30BaHHbBIC BUJIbI, 3aHUMAsI
UX DKOJIOTMYeCcKUe HUIIH. [Ipu 3TOM 4acTo HOBBIE€ BUIbI OKA3BIBAIOTCS 00Jice
arpeCCUBHBIMU U TPYJHO YHUUYTOKAEMBIMHU 33 CUET BBICOKOW M3MEHUYHMBOCTH
(kak 3t0 mpousonuio ¢ Bupycom CIIM/la, npuimeammMm Ha CMEHY BHpycam
KOpH, CKapJIaTUHBI U JIp.).
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NEKUWUA 3. IKONOrMYECKUE CUCTEMbI U BUOCDEPA 3EMITU

Buocopepa. Cmpykmypa u epaHuubl, hyHKUUOHabHas uesocmHocme buo-
cghepbl. bBuomuyeckul Kpy2080pom gewecmeaa U rnomok sHepauu 8 aKkocucmeme.
buocopepHbie pummbl. BpemeHHble eapuayuu rnpupodHbIX, aHMPONO2eHHbIX
u couyuarbHbIX npouyeccos. Yernosek 8 buocgepe. AHMpornozeHHoe rnpeobpaso-
saHue buocgpepnbl. [nobarnbHble U3MEHEHUSI 8 2eocihepHbIx obosioykax 3emriu
u ux rocriedcmeusi 05151 Yesio8eka.

BUOC®EPA KAK CPEQIA XU3HW. KPYTOBOPOT BELLECTBA, NOTOKHU
QHEPT N N UHOOPMALIUN KAK MEXAHU3MbI UHTETPALIUA
W TOMEOCTA3A BUOCOEPDI

CoBpemeHnHoOe TOHATHE O Onocdepe Kak 0coboi 00oI0uke 3eMiIu pas-
pabotano B.W. Bepnaackum.

1100 6uocghepoii nonumaemcs coO80KynHOCMb 3eMHbIX cghep, HACEeNeHHbIX
JHCU3HBIO, NPEOCMABNAIOWAS 0CODYIO 2NI0OATILHYIO chepy, 8 KOMOPOU 8e0VULVIO
Ppoab uepaiom xcuswvle cucmemul. buocdepa — kpymueias s3xkocucremMma 3em-
JIM, BKJIFOYAET B ceOsl MPU3EMHYIO 9acTh aTMOCheEphl, BCIO TUapocdepy, mod-
BBl ¥ BEPXHUE TOPU3OHTHI JTUTOCHEPHI, KOTOPhIE OOBEAUHSIIOTCS B IEJIOCT-
HYIO CUCTEMY KPYTOBOPOTOM BEIIECTBA, IOTOKAMHU SHEPTUU U WH(DOpMAIUH.

HaunbGonee mmpoko B Ouochepe pacrnpocTpaHeHbl 0aKTepuu, CIIOPHI KO-
TOPBIX HaiieHbI B aTMocdepe 10 BHICOTHI 80 KM, B TOJIIIE Jibjla AHTAPKTUIbI
Ha BCEX HCCIEOBaHHBIX TNyOuHax. B nurochepe oHu oOHapykuBaroTcs,
110 pa3HbIM JaHHBIM, Ha TiyOuHax 4,5 kM, 6,82 u naxe 10 kM. B okeane xu-
BbI€ OPTaHU3Mbl OOMTAIOT Ha JIIOOBIX ITyOMHAX, BKJIIOYAsl JHO TIIYOOKOBOJI-
HbIX BraguH a0 11,5 kM. OnHaKo OOJIBIIMHCTBO OPraHU3MOB JKMBET B IPH-
3eMHOM cjioe atMocdepbl, Ha HeOOJbIIMX TJIyOMHAaX oOKeaHa (Kyjaa
MIPOHUKAET COJIHEUHBIN CBET), B [IOYBE U HA €€ MOBEPXHOCTH.

B 6uocdepe, monodHO sKOCHCcTEMaM, PYHKITMOHUPYIOT MMOTOKH YHEPTUU
1 uHopmaIuu, JeHCTBYET KPYroBOPOT BEIIECTBA, KOTOPhIE U OOBEIUHSIIOT
BCE€ IMOJICUCTEMBI OHOC(EphI B CIOXHEUIIYIO 1IEIOCTHYIO, CTOCOOHYIO K Ca-
MOPETYJISILIUU CUCTEMY

dotobuoc u xemobuoc. Bcsi COBOKYIMHOCTH OpPraHU3MOB, >KUBYIIUX
3a cueT sHeprunu CoiHIa, Ha3bIBaeTCss homoobuocom. OpraHu3mbl, UCIOJIb-
3YIOLIME XUM. 3HEPrUI0, COCTABIAIOT xemoduoc. Ha nonro xemobuoca npuxo-
autes okoso 1 % sHeprum Ouocdepsl, ocTalibHas IPUHAIEKUT (POTOOHOCY.

KpyroBopoT BelecTB 1 MOTOKK 3HEprun B Ouocdepe. ['nmaBHas GpyHkuys
Oouocdepsl 3aKiIOYaeTCs B OCYIIECTBICHUM KPYroBOPOTa XHM. JJIEMEHTOB.
['moGanbHbIil OMOTUYECKUI KPYrOBOPOT COBEPIIAETCS MPU YYaCTHH BCEX HAce-
JSIFOIIMX TUIAHETY OpraHu3MOoB. OH 3aKIIF0YAETCS B HUPKYJISILIMKA BEIIECTB MEX-
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Iy Io4BOM, atMocdepoi, ruapocdepoit U )KUBbIMU opranu3mMamu. briarogaps
OMOTHYECKOMY KPYTOBOPOTY BO3MOYKHO JIIMTENIFHOE CYIIECTBOBAHUE U pa3-
BUTHE )KU3HU NPU OTPAHUYCHHOM 3aI1ace JOCTYIHBIX XUM. 3JIEMEHTOB.

B kpyroBopoTe BeleCTB pa3inyaroT Majblii KpyT OMOTHYECKOro 0OMe-
Ha (OMOTEOIEHOTUYECKUIA) U OOTBITION (OMOCEpHBI).

Bonvwoii kpye 6uomuueckoco obmena 310 0€30CTAHOBOYHBIN TIIaHE-
TapHBIA MpolecC HUKINYECKOT0, HEPABHOMEPHOTO BO BPEMEHHU U MPOCTpPAH-
CTBE IepepacipeiesieHns BeIleCTBa, SHEPTUU U UH(POPMALIMH, MHOTOKPATHO
BXOJSIIUX B HENPEPHIBHO OOHOBISIOIIMECS 3KOJIOT, CUCTEMbl OMOCHEpHI.
Bonbmioi kpyr OuoTrueckoro ooOMeHa HauboJiee SpKo MpPOSIBISETCA B KPyro-
BOPOTE BOJIBI U ITUPKYIISIIUN aTMOC(HEPHI.

Manwiii buomuyeckuil Kpy2080pom MPOUCXOJIUT HA OCHOBE OOJBIIOTO
Y 3aKJII0YAETCS B IUPKYJISIIIUU BEIECTB MEXKy MIOYBOM, pACTCHUSIMH, KUBOT,
U MUKPOOpPTaHU3MaMH.

O6a KpyroBopoTa B3aMMOCBSI3aHbI U TIPEACTABIIAIOT COO0M Kak OblI e/H-
HBI Tpouecc. BraruBas B cBOM MHOTOUYMCIIEHHbIE OPOUTHI KOCHYIO Cpeny,
OMOTHYECKHI KPYTrOBOPOT BELIECTB 00€CIEUNBAET BOCIIPOU3BOJICTBO )KUBOIO
BEIIIECTBA M OKa3bIBaeT aKTHMBHOE BJIMsSHHUE Ha oOJMUK Ouocdepbl. B ocHOBe
KpyroBOpOTa BELIECTB JISKUT HaJU4ue B Ouocdepe JABYyX OCHOBHBIX THUIIOB
MUTaHUA: aBTOTPOPHOr0 U reTepoTpoPHOro.

Kpyzoeopom yenepooa naunmHaetcs ¢ pukcauuu aTMOC(HepHOU JBYOKH-
CH yriepoja B mpoiecce gporocuHTe3a. YacTh 00pa30BaBIIUXCS B MPOLECCE
(oTOCHHTE3a YTIEBOJAOB UCIIOIB3YETCS] CAMUMH PACTEHUSIMU IS TIOJTYyYECHUS
SHEPTrUH, Ipyras 4acTh MOTPEOSETCS )KUBOTHBIMU. YTIIEKHCIBIA Ta3 BbIIC-
JsieTCsl B TIPOIIECCE NIbIXaHUSI PACTCHWM M KHUBOTHBIX. MepTBBIE pacCTCHHS
U J)KMUBOTHBIE Pa3JIararoTcs, yriaepoJl X TKaHEW OKUCISETCS W BO3BpaIacTCs
B aTMOcdepy. AHAJOTUYHBIN MPOIIECC MPOUCXOIUT U B OKEaHE.

Kpyeosopom azoma Taxxe oxBaThIBaeT Bce 00jacTh Omochepnl. XOTs
€ro 3amacbl B armocepe MpakTUYECKU HEHCUEPIaeMbl, BBICIIUE PACTCHUS
MOTYT MCHOJIb30BaTh a30T TOJBKO MOCIE COCIMHEHUS €T0 C BOJOPOJAOM WIIU
KUCIOpOJOoM. BaskHelIyto posib MpU 3TOM UTPaAIOT a30TPUKCUpPYIOIIHE Oak-
TEpUHU.

T'omeocmamuueckasn ¢ynkyus 6uocgepsvl OCYIUIECTBIACTCA Ha TII00ab-
HOM ypoBHe. B Omocdepe mogmepxkuBaeTcsi OTHOCUTEIBHOE MOCTOSHCTBO
(U3UKO-XUMUYECKUX YCIOBUN (KIMMAaTUYECKUX, PATUANMOHHBIX, TCOXUMHU-
YECKUX, TUAPOXUMHUYECKUX U T. JI.), PUTOHBIX JJI CYIIECTBOBAHUS B HEU
KUBBIX cucTeM. [Ipeamnonaraercs, 4ro cBbiiie 3,8 MIPA JIET KU3Hb HA HaIICH
IUIAHETE He MpepbIBacTCs. YKe MPUMEPHO 3 MIIpA JIET Ha OOoJblIe yacTH
MIOBEPXHOCTH 3EMJIU MOJJICPKUBAETCS TemrepaTypa B npenesnax 0—60°C.

I'omeoctatuueckast GpyHkiusi 6rocdepsl OCyIIECTBISETCS BCceMHU ee cde-
paMi U UX B3aMMOJEWUCTBHEM, B KOTOPOM O0CO0OE€ 3HAUEHHUE MPUHAJICKUT

49



KUBBIM cucteMaM. O30H, 3KpaH OTpaHMYMBAET MPOHUKHOBEHUE HA MOBEPX-
HOCTb IUIaHEThI TyouteabHoro Y ® u3iaydeHus; 3HaYuTENbHAsA TEINIOEMKOCTh
BOJIbI TIPHIaET TUIpOCc(epe CBONCTBO TepMOCTabuiIn3aropa, Boja ooecredn-
BaeT pacnpeesieHue XUM. BEIeCTB U MEePeHOC TEeIUIa; U3 TIIyOuH JuTochepsl
MOCTYNAIOT CBEXHE MOPIMH BEIlecTBa, BOBIEKaeMoro B Kpyrosopot. Hace-
JICHHBIE )KMBBIMU CUCTEMaMH c(epbl 3emMiin SBISIOTCSA CPEON UX OOUTaHMS
U TIPEOCTaBISIOT Pa3HOOOpa3HbIE YCIOBHS s KU3HEAesTenbHOCTH. JKu-
BbIE CUCTEMBI MpeoOpa3yroT cpeny oOuTaHus, fenas ee MPUroaHON ISl ApY-
T'UX KUBBIX QOpM.

B coorBerctBUM ¢ TepMoauHamuueckuM mnpuHuunom Jle-Illaresnbe-
bpayna Ouocdepa crocoOHa BOCCTaHABIMBATH PABHOBECHE, HAPYIIEHHOE
BO3JICCTBHEM BHEIIHUX MPUYMH. B reonorudeckoit ucropuu ouochepsl Obi-
JIU pa3HOMacITaOHbIe KaTaCTpO(dbl, MOTYOUBIITUX 3HAYUTEIHHYIO YacTh OMO-
chepbl. OOUH U3 HUX — MEJ-NAJICOTEHOBBIN, IIMPOKO H3BECTHBIA B CBS3U
C BBIMHUpaHHEM JMHO3aBPOB, aMMOHMTOB U psAla Jp. TPYII OPraHU3MOB.
Onnako co BpemMeHeM Onocdepa BOCCTaHABIHMBAJIA CBOKO I€IOCTHOCTD, Yac-
TUYHO OOHOBIsIack. Katactpodsl u mocnemyroliee BOCCTAHOBIEHHUE OHO-
cdepbl NPeACTABIIIN YacTh MPOIEcca SBOJIIOLMM KUBOW MPUPOABI U Ono-
cdepsl.

OHepreTuueckass (QyHKUUA OHOc(epbl — yTUIM3ALMS M HAKOILJIEHUE
sHeprun ConHna, GopmupoBanue notokoB sHepruu. M3 100 % sueprum
CouHila, MOCTYMAKOIEH HA MOBEPXHOCTh 3emuH, oTpaxaercs 30 %, pacceu-
BAECTCS B KA4eCTBE TEIJIOBOM ~ 46 %; Ha HCIIApeHWE W OCAaTKU TPATHUTCS
23 %, na Betep, BoHbI 1 TeueHus 0,2 %, na porocunres tpaturcs 0,8 %.

3aKOH 9KOJOTHYECKHX MUPAMHUI, COTJIACHO KOTOPOMY IpH TEpexoje
C OJTHOTO TPO(PHUUECKOIO YPOBHS Ha CJEIYIOIIMI O0JbIIasi 4acTh SHEPTUU Te-
psiercs. B Takom ke COOTBETCTBMU HaxonATCs OMOMAcChl: bromMacca MmoTpe-
OouTend B AECATKUA pa3 MEHbIIE, 4eM Ouomacca norpebdisgemoro ypoBus. O6a
KPYroBOpOTa B3aMMOCBS3aHbI M MPEJICTABISAIOT CO00M Kak Obl €UHBIN MPO-
necc. Brarusas B CBOM MHOTOYMCIIEHHBIE OPOUTHI KOCHYIO Cpefly, OMoTHue-
CKHUI KpYTrOBOPOT BEIIECTB OOECMEYMBAET BOCIPOU3BOJICTBO >KUBOTO BEIllE-
CTBa M OKAa3bIBAaCT aKTUBHOE BIMsSHME Ha 00MuK Ouocheprl. B ocHoBe
KpyroBOpOTa BEIIECTB JISKUT HalUuue B Ouocdepe ABYX OCHOBHBIX THIIOB
MUTaHUS: aBTOTPO(HOTO U reTepOoTPOGHOTO.

HOOC®EPA U TEXHOC®EPA, KOAOANTUBHOE PA3BUTUE

Hoocgepa (chepa pazyma), mo mbeiciu B.M. Bepnanckoro, nomkHa
HEN30€)KHO BO3HUKHYTH U3 OMOCQEpHI B pe3ylbTaTe ee dBoonuu. B Hoo-
cdepe YeIoBEeK CTAaHOBHUTCS KpYMHEHIIEH IreoJOTHYeCKOW CHIION, OH MOXKET
U JIOJDKEH TIepecTpamBaTh CBOMM TPYAOM M MBICIBIO 00JacTh CBOCH JKHU3HH.
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XaoTHYHOE caMOpa3BUTHE, Oa3UpyIoIeecs Ha €CT. CaMOPEryJsiud, B HOO-
chepe TODKHO CMEHHUTHCS Pa3yMHOW CTpaTerveld, Ha OCHOBE IPOTHO30B
Y TJIAHOB PETYJUPYIOLIEH €CT. MPOIECCHl Pa3BUTHSL.

Texnocdepa — TexnochepHas 000109Ka, UCKYCCTBEHHO MTpeoOpa30BaH-
HOE€ MNPOCTPAHCTBO, IUJIAHETHI, MOJ| BO3JCHCTBUEM MPOU3BOJUTEILHON esi-
TEJIBHOCTU Y€Jl. U €€ IPOIYKTOB.

VYuenue o Hoocdepe, B pazpaboTrke KoToporo Hapsany ¢ B.M. Bepnan-
CKMM y4acTBOBaJIU H3BecTHhle (uiocodsr 3. Jlepya, I1.A. dnopeHckuii,
C TIO3UIIMM CETOIHAIIHETO JAHS BOCIPUHUMAETCS KakK COIl. yTomus. Yenosek,
OMUpasiCh Ha HAYYHO-TEXHUYECKUU TMporpecc, AECHCTBUTEIBHO CTall T'€OJIOT,
o MaciiTadaMm BO3JEUCTBUSL CUIJION, HO, CUJIOW pa3pymuTtenbHon. Maeu me-
peyCcTpoiCTBa MUpa Ha OCHOBE TEXHHUUYECKOTO MpOorpecca U CoIuaabHON MH-
YKEHEPUH, BECbMa IMONMYJIAPHBIE BO BTOPOM noJjioBuHe XIX 1 nepBoit noJsioBu-
He XX BB., IPU UX MPAKTHUYECKOM BOIUIONIEHUHU BBUIWINCH B UYJIOBHIIHbBIC
AKCIIEPUMEHTHI TOTATUTApU3Ma U TIOJIHOCTBIO TUCKpeauTUpoBaiu ceds. Maes
HOOC(EpbI, BO3BBIIICHHAS, HO JIajieKasi OT MPAKTUYECKON peann3anuu, n3oe-
’aja 3TON CynbObl M TPOJOJKAeT pa3BuBaThcs. [1lo coBpeMeHHOMY TIpen-
CTaBJICHUIO B HOOC(EpE JIOAN HAydaTCs YNPaBIATh HE IPUPOION, a, TIPEKIE
BCEro, camu coboil. Takoe HOBOE NpPOYTEHUE HAEH HOOCHEpHl COACPIKUT
B ce0¢ KOHIICIIMSA KOABOJIOIMU (COBMECTHOM IBOJIOIMHK) YEJIOBEKa U OHO-
chepst H.H. Mouceesa. CoryiiacHO 3TOil KOHIENIIUU, JJIsI CBOETO OECKpU3HC-
HOT'O COCTOSIHUSI Y€JIOBEUECTBO JOJDKHO MoTpedssath He oT 10 mo 40 % (1o
Pa3HBIM OLIEHKaM) MEPBUYHON OMOJIOTMYECKOM MpoAyKinu, a He Oosee 1 Y.
DTO MO3BOJIUT YEJIOBEKY KaK OMOJIOT, BUY BIHUCATHCS B CBOIO 3KOJIOT, HUIILY
1 B €CT. OMOTCOXUMHUYECCKNE IMHUKIBL. (715 TOCTMKEHHSI 3TOTO YEIOBEK JI0JI-
KEH TEePEHTH OT MU3MEHEHUS MHUpPA K COBEPIICHCTBOBAHUIO ce0s, 1MOJ00HO
TOMY, KaK MPH Mepexojie OT MaJeoIUTa K HEOJIUTY HAa CMEHY pa3BUTHUIO (Pu-
3MYECKOr0 TUIIA YeJIOBEKa MPUIIIO MOKOpeHHe UM mpupoisl. KosBomronus
paccMaTpUBAETCs KaK COTJIACOBAHUE «CTPATETHU pPa3ymMa» U «CTpaTeruu
PUPOIBD».

UCTOPUSA PA3BUTUA 3HAHUN O XMMUYECKOM COCTABE BUOCOEPDI
U MACLUTABbI MPOABIEHUA EFO U3MEHEHUA

HcTtopust pa3BuTusi IpeaCTaBICHUNA O TEOXUMHUU OMOC(epbl TECHO CBS-
3aHa ¢ MMeHeM Brnagumunpa lBanoBuya BepHanackoro, co3IaBIIETO YYEHHE
0 6uocgepe U BrepBbie MOAHIBILIETO BOIIPOC O HEOOXOAUMOCTH CHEIMAIBHO-
ro u3y4yeHus: (PyHKUMH >KMBOIO BEIIECTBA, UIPABIIETO KOJOCCAIBHYIO POJIb
B II€pEPACIIPENEICHUN XUMUYECKUX 3JIEMEHTOB B Pa3jIMUHBIX Cpelax, ¢ Ko-
TOPBIMH OHO compukacaeTcs. Maen u3ydeHus NesTeIbHOCTH JKUBBIX Opra-
HU3MOB C T€0JIOTMYECKOM TOYKHM 3peHus 3apoaunuck y B.W. Bepnanckoro
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€lle B CTYAEHYECKHUE r0Jibl, KOI/Ia OH YYaCTBOBAaJ B MOJIEBBIX 3KCIEIULUAX
cBoero yuurens — nousosena B.B. /lokydaeBa. 3aTeM OHU NOJIyYHIIA pPa3BU-
THe B TOAbI TIpeObiBanus Ha Ykpauue (1916—-1920) u Bo Opanmuu (1922-
1926). A naunnas c 1921 roga, Bnagumup MBanoBUY opraHusyer cucrema-
TUYECKHE ucciefoBanus no ouoreoxumuu (BepHaackuit, 1921; 1922; 1926;
1930; 1939 u ap.). PaGoTsl, kacatommecs: 3Toro BOnpoca, ObUTN MPOI0KEHBI
ero yuennkamu A.Il. Bunorpanoseim, B.B. KoBansckum u ap. K atomy Bpe-
MEHHU, corjacHo JaHHbIM apxuBa A.Il. BunorpamoBa B mabopaTtopuu
BUOI'EJI TEOXU PAH, B psiae cTpaH HaYMHAIOT Pa3BUBATHCSA MCCIEAOBA-
HUSA COJIEPKaHUSI XUMUYECKUX JIEMEHTOB B )KMBBIX OpraHu3Max. Tak, yxke K
Hauany XX Beka paboTaMH UTAIbIHCKUX U HEMEUKHX YUYCHBIX BBISBICHBI
OTHOCUTEJIbHBIE KOJMYECTBA COJEPKAHUM HEKOTOPBIX PEIKO3EMENbHBIX
anementoB (o manueiM apxuBa BMOI'EJI:Schiaparelli, 1880; Yunk, 1926),
opoma (o manubeiM apxuBa BUOI'EJI: Paderi, 1898, Yustus, 1907) u npyrux.
OpnHako, OHM €Ille HE HOCAT CHCTEMATHYECKOro xapakrepa. @yH1aMeHTaIIb-
HBIE UCCIICIOBAHMS POJIM KUBBIX OPraHU3MOB B KOHIEHTPUPOBAHUHM XUMUYE-
CKHMX JJIEMEHTOB TmpejcTaBieHsl B kHure B.M. Bepnanckoro «buocdepar
(Bepnaackuii, 1926), onHON M3 caMbIX W3BECTHBIX MYyOIHKAIUNA BEIUKOTO
PYCCKOTO YYEHOIO, NEPEBEACHHAs NPAKTUYECKH HAa BCE OCHOBHBIE SI3BIKU
Mupa.

B norudecku 3akoHYE€HHOM ydeHUHU 0 Ouocdepe, kak reocdepHoit 00o-
JIOYKE, 3aHATOM XW3HbIO, B.M. BepHanckuil yaenser orpOMHOE€ BHHMAaHHUE
r€OXMMUYECKHUM IpoIieccam, MPOUCXOIAIIUM C YYACTUEM >KHUBOT'O BEIIECTBA
(OKB). «KuBast maTepusi sIBISIETCS COBEPIICHHO OCO00M XMMHUYECKOHW 00a-
CTPIO B XMMHUHU 3€MHOW KOpBL... B XKMBOW Marepuu, B KaXIOW €€ KIET-
K€...nJET BUXOPh CMEHAIOUIUX APYT Ipyra XMMUYECKUX 3JIEMEHTOBY, MHCAI
B.U. Bepuanckutii (1994, c. 168).

Ero pa6otel npogoimkensl B uccinenoBanusx A.Il. Bunorpagosa (1932;
1935, 1938 u np.). Tak, ero Tpya Mo reOXMMHUHN KHUBOTO BEIIECTBA SIBISCTCS
GbyHIaMEHTAIbHBIM U JIO CUX MOP OCTAETCS aKTyaJbHBIM MPU aHAIU3€E YPOB-
HEel coJliep KaHUsl ONPEECICHHOIO CIEKTpa XUMUYECKUX 3JIeMeHTOB (BuHo-
rpanoB, 1932). A B MoHorpadun «XUMHUYECKUIN 3JIEMEHTApHBIA COCTaB Op-
raHU3MOB MODPs» BIIEpBbIE ObUT BBICKa3aH pPsii WAEH O 3aKOHOMEPHOCTSIX,
KOTOpBIE CIIOCOOCTBOBAJIM YTBEPKACHUIO OMOTEOXMMHUH KaK HAyKH M TaK K€
OCTaroTCs akTyanbHbIMH (Bunorpanos, 1935). OTu ucciienoBanus MpoBOIU-
JUCH B TIEpBOM B Mupe buoreoxumudeckoii 1aboparopuu, KOTOpasi BO3HUKIIA
B 1928 r u3 HeGonpmoro Otaena »uBoro BemiecTsa npu Komuccnu mo nzyde-
HUIO €CTECTBEHHBIX ITPOU3BOAUTENBHBIX cuil Poccun, coznannom B.M. Bepnan-
ckuM B 1926 rony, U KoTopas yCIEmHO (PYHKIIMOHUPYET IO cei JeHb (3aB.
naboparopueit npodeccop, 1-p. 6uosor. Hayk Epmakos B.B.) ImenHo ¢ 310-
ro BPEMEHHU HAYMHAETCS WCTOPUS OPTAHU3ALMM NEPBBIX B MUPE CUCTEMATHU-
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YeCKUX, PyHIaMEHTAIBHBIX HUCCIEA0BAHUHN 10 N3YYCHHIO KUBOTO BELIECTBA.
Teopernyeckre OCHOBBI, MOJYYUBIINE NIEPBOHAYAIBHOE PAa3BUTHE B paMKax
buoreoxumuueckoit m1aboparopuu, BEUTWINCH B JalbHEHIIEM B MOIIHbIEC Ha-
YUHbIE HaIpaBJIEHUs M LIKOJIBI. Tak, B pamkax jJa0opaTopuu MpPOBOIUIHCH
MCCJIEI0BAHMS IO YPAHOBOW TEMATHKE, U3y4aJuCh BOIPOCHI TEOXUMHUU U30-
TOTIOB XUMHUYECKHUX 3JIEMEHTOB, IPOBOJAUINCH MUKPOOHOJIOTUYECKUE HCCIIe-
JIOBaHUS, M3Y4YaJIMCh BOIMPOCHI METOOJOTUM TPOBEJECHUS AHAIUTHUYECKHX
WCCJIEIOBAHUM ISl MAJIBIX COAEPKaHUM BJIEMEHTOB U pAx Apyrux. [locnen-
HEMY BONPOCY YJESI0Ch HEMAJIO BHUMAHMS BCEMU YYEHBIMU, MOCKOJIBKY
coJiepKaHue OOJILIIOr0 KOJMYECTBA XUMUYECKUX AJIEMEHTOB B dKMBOM Bellle-
CTBE XapaKTEpHU3yeTCs] MAJIbIMU 3HAUYCHUSIMU. VIMEHHO C 3TUM CBSI3aHbI 3Ha-
YUTEJbHbIE TPOOIEMBI B U3YUYEHUN XUMHUUYECKOTO 3JIEMEHTHOTO COCTaBa JKU-
BOTo BemiecTBa. M ¢ pa3BUTHEM aHAIUTUYECKUX METOJIOB MBI BCe OOJbIIE
IpOJBUTaeMcs B TIO3HAHUM 3aKOHOMEpHOCTEH (HOpMHUPOBaHUS 3JIEMEHTHOTO
cocrasa Bcero xkuBoro. B.M. BepHajackuii B OTHOM U3 CBOMX MHUCEM MHUCAIL:
«Te HOBBIE XMMHYECKHE M0 CYLIECTBY CBOEMY IHCLUMILIMHBI, KOTOPbIE OKOH-
4yaTeabHO BBIABWINCH B 20 Beke, KaK FeOXUMUS U OMOreOXUMHUs, OCHOBAHbI
Ha QHAJMTUYECKOW XMMHMMU B OOJIACTH 3HAHUS OIPOMHOIO MPaKTUYECKOIO
u "HayuyHoro 3HadyeHus» (B.U. Bepnaackuii, mo Bunorpanosa, 2007,). imeH-
HO Onarogapst Tomy, uto jadboparopusi «kbBUOT'EJD» siBisimack MOIIHBIM IICH-
TPOM IO XMMHUHU KUBOTO BELIECTBA, CTAJO BO3MOXKHBIM pa3BUTUE 3HAHUU
B 00JJaCTU F'€OXMMHH KUBOT'O BEUIECTBA U YK€ B TOT NEPHUO] BCKPHITh HEKO-
TOpPbIE€ 3aKOHOMEPHOCTH, CBSI3aAHHBIE C (DOPMUPOBAHUEM AJIEMEHTHOTO COCTa-
Ba 1 3Bostonuer BuaoB. B 1930-x rogax A.Il. BuHOrpagoB BeIIBUTAET UACHO
o Ouoreoxmmuueckux mnpoBuHIUAX (Bunorpamos, 1938), uro mo3Bommmo
B JlaJbHEHILIEM MMEPEUTH K MPAKTUYECKUM PELICHUSIM MO NMPOPHUIAKTUKE 300-
HOM SHJIEMHUH, YPOBCKOM OOJE3HU U psAfa APYTHX MATOJOTHH >KUBOTHBIX
U YEJIOBEKA.

3a pyOeXoM B 3TOT nepuo paboThl O U3yUYEHUIO HAKOIICHUS dJIEMEH-
TOB B OpraHax M TKAHSIX KUBOTHBIX U YEJIOBEKA AKTUBHO MPOBOJAT HEMELIKUE
u gapyrue yuensie (Damiens, 1921; Burksere.a., 1931; Hoffman, 1942;
Warrene.a., 1949; np.).

C xonna 30-x rof0B K U3yYEHUIO MPOOIEMbI O (PU3HOTOTHUECKON POITU
MUKPO3JIEMEHTOB B KW3HHM JKMBOTHBIX M YEJIOBEKAa AKTHBHO IMOAKIIOYAETCS
B.B. KoBanbckuii, kotopsiid Benen 3a B.M. Bepuanckum u A.I1. Bunorpano-
BBIM CTaHOBUTCSI AUPEKTOpoM buoreoxmmuyeckoit nadoparopuu (¢ 1954r)
(Bunorpanosa, 2007). IMmeHHO B cTeHax 3TOM Ja00paTopur BOSHUKIU U ObI-
JIM PEATM30BaHbI UJEU O TOMEOCTA3€ KUBBIX OPIAaHU3MOB C T'€OXUMHUYECKUM
coctaBoM TipupojiHoi cpeabl (KoBanbekuii, 1974; u 1p.) u Obuta cocTaBlieHa
ouoreoxumuueckas kapra Coserckoro Coro3a, Ha KOTOPOM MOKa3aHbl OHO-
r€OXMMUYECKUE MPOBUHIIMM C U30BITKOM W HEIOCTATKOM TE€X WM HMHBIX
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sneMeHToB. Ha ocHOBe 3TOM KapThl, UCXOMSl U3 YK€ U3BECTHBIX JaHHBIX,
MOKHO OBLTIO IPOTHO3UPOBATH T€ WJIM WHBIC BUJIBI 3200JICBAHHIA.

C 1945 roma B buoreoxmmuyeckoil 1adopaTopuu Moj pyKOBOJICTBOM
A.Il. BuHorpaaoBa MOCTOSIHHO IPOXOJSAT COBEIIAHUS, Ha KOTOPBIX 00CYXkIia-
IOTCSl pa3iIMyHble MpoOIeMbl MUKPOAJIEMEHTOB B JKMBOM BemlectBe. B 1950 .
Ha 6aze [EOXU um. B.M. Bepnaackoro AH CCCP u Bcemupaoro nHCTHUTY-
Ta ’KUBOTHOBOJICTBA MO 3ru/IoN OTAeneHUNH XUMUYECKUX U OMOJIOrMYECKUX
Hayk AH CCCP u Bcecoro3HOM akaJeMHH CENbCKOXO3SMCTBEHHBIX HAyK
umenu B.U. Jlennna npomnuia nepsas BeecorozHas KoH(EpEHIUS TT0 MUKPO-
AJIeMEHTaM.

K 50-m rogaM mpomumioro cTosieTusi 0003Ha4YMJIMCh OCHOBHBIE HAIMpaB-
JICHUsI UCCJIEOBAaHUN B 00JACTU MHKPOIJIEMEHTOB U HUX POJIU B Pa3HBbIX 00-
JacTsAX OMOJOTUU U MEAUIUMHBL. Pe3ynbrarhl 3THX paboT sABIsAOTCS dyHIa-
MEHTaJbHBIMH U, Ha CETOJHSLIHUMN JIEHb MPEICTaBIAIOT COOOW OCHOBY IS
npoBeieHus GYHKIIMOHAIBHO — JUATHOCTUYECKUX UCCIICTOBAHUM U JIeYeOHO-
MPOQPMIAKTHIECKUX MEPONPUITHIA >KUBOTHBIX W uenoBeka (KoBanbckuii,
1982; 2009). OgnoBpemMeHHO B 1a00OpaTOpPUU OCYIIECTBISETCS pa3paboTka
OMOTre0XUMHUYECKOTO0 METO/1a TTOUCKa pyAHbIX MecTopoxkaenuit ([1.I1. Mamto-
ra, 1964; Hecperaiinosa, 1970; u ap.), u3ydaeTcs XMMUYECKHI COCTaB HCKO-
[aeMOro OpPraHMYEeCcKOro BElIeCTBa OpraHu3MoB apeBHux »mox (C.M. Man-
ckas, 1964; T.B. [po3moma, 1964, unp.) u psan Apyrux HarpaBlICHUM
(KoBainbckuit, 2006).

Hayunbie pabotsl mkon f.B. Ileite, B.B. KoBansckoro, [1.A. Biacro-
ka, @.4. bepenureiiHa cnocoOCTBOBAIM TOMY, YTO MUKPORJIEMEHTHI CTAJIN
IIUPOKO MPUMEHSITHCA B PACTEHUEBOJCTBE, 300TEXHUKE W BETEpPUHAPUH,
a Taroke B meauimue. 50-¢ 60-e roasr 20-To CTOJETHS CTAIM BPEMEHEM «pac-
LBETA» UCCIEAOBAHUN O COAECPKAHUU AJIEMEHTOB B COCTABE KUBOT'O BEIIECT-
Ba. [Ipoxonnnu koHdepeHnu, coBenanus Mo 3O TEMATUKE B Pa3HBIX T'O-
pomax u ctpanax (baky, 1958; Pura, 1959; Kues, 1965; Ynan - VY,
nekabpp,1960; KpacHospck, HOSOpL — aekadps, 1964; Omck, utonb, 1969;
u Ap.). OcoOeHHO MHOTOYHUCIIEHHBIMU ObUTH MCCIIEIOBAHUS 110 U3YUYEHUIO CO-
CTaBa PaCTEHUU pPa3HbIX BUIOB, BOIPOCOB MUTPALMU IJIEMEHTOB U3 MOYBHI B
pacTeHus1, PO XUMHUYECKHUX AJIIEMEHTOB B (DYHKITMOHUPOBAHHUH JKUBOTO Op-
raHu3Ma, H3y4YCHUI0 0COOCHHOCTEH KOHIICHTPUPOBAHUS JIEMEHTOB Pa3HBIMU
OpraHamMu U TKaHIMU B HopMme U mnatosioruu (Bumnorpamos, 1954, 1957,
Briegere.A., 1959; Schreder, Balassa, 1961; Anunepsyx, 1962; Warren, 1959;
Warrene.A., 1967; babenko, 1971; np.).

[Ton pyxoBoactBom B.B. KoBanbckoro B buoreoxumuueckoit gadopa-
TOPHH Pa3BOPAUNBAIOTCS MTUPOKOMACIIITA0OHBIE paOOTHI IO OMPENEICHUIO PO-
JI1 MUKPO3JIEMEHTOB B KMBOM OpraHU3Me, pa3BUBAIOTCS HOBbIE OMOreOXUMUYe-
CKHE HaIpaBJICHUs] TEOXMMHUYECKAsT SKOJIOTHUS M YUYEHHE O OMOTr€OXMMUYECKOM

54



paiioHnpoBaHuu Omocdepbl. ITO CO3/aiI0 MPEANOCHUIKU ISl CO3AaHUS YKe
B 80-x rogax yuyeHuss o mukposneMeHro3zax (MTO3bl) yemoBeka, KOTOpbIE
B 1983 roay Obutn 060011eHbI U KiIaccupuuupoBanbl (ABIBIH U Jp., 1983,
1991). bnaronmapsi pa3BUTHIO y4€HUS O OMOTCOXMMHUYECKHX MPOBUHITUAX U
paboTaM MHOTOYHCIICHHBIX YUEHBIX B HAPABJICHUH UCCIICIOBAHUS DJIIEMEHT-
HOTO COCTaBa JKUBBIX OPTaHMW3MOB CTajO BO3MOKHBIM Pa3BUTHE MPOUIaK-
TUYECKUX MEPOTPUATUHN ISl PEOTBPAIICHUS 3a00JI€BaHN HACETICHUSI.

AnasioruuHbie paboOThI BHITOJHSIMCH U BHITOJHSIOTCS 3a pyoeskom (Italy,
January, 1993; Greece, October, 1997; France, May, 1999; Sweden, Septem-
ber, 2000; Germany, Arbeitstagung, 1996 — 2002; at all). B nocieauue rompr
WX cHCTeMaTH4ecKku mpoBoawi npodeccop M. Anke («Mengen ...», 1999,
2000, 2001) B I'epmanuu, Codusa u Cepx dpmunot-Iloner B ['pernn (2005,
2007, 2009), npodeccop M.C. Ilanun B Kazaxcrane (r. CemumnaiaTHHCK,
2002 —2009).

CerogHsi 0 cocTaBe KHBOTO BELIECTBAa MMEETCS MHQPOpPMAIUS BO BCEX
reOXMMHUYECKHUX CIPAaBOYHHUKAX U SHIUKIoNeusx. Hanbonee momHeMu opu-
IMHAJIBHBIMA CBOJAKaMHU IO 3TOMY BONpPOCY SBISAIOTCS 0000meHus H.J.M.
Bowen (1966), boy»n, ['u66ouc (1968), A.Il. Bunorpamor (1932, 1935),
B.B Kosanbckuii (1974), B.B. Epmakos (2009), A.A. Kuct (1987), A. KaGara-
ITennuac u X. Ilenauac (1989, 2007), B.b. WMnbun, (1985, 1991), B.B. BanoB
(1997), C.M. Tkanuu (1959), I".H. Caenxko (1992), H.®. u M.A. I'nazoBckue
(1982, 1988), a Tak xxe A.Il. ABusi (1991), JI.I1. Mamora (1963), J.A.C.
®opreckbto (1985), Hx. Omciu (1993) u psga npyrux wucclenoBaTenei,
BT. Y. TI0O OTJEJIbHBIM BHJIaM, OpraHaM W TKaHAM (KPOBb, BOJOCHI U T. 1.)
(lyengaretal. (1978); Ryabukin (1978), Bucku, Parr (1982), Bowen (1979),
Underwood (1977) u ap.), coopuuku padot komuccuii («Hemorek...», 1977;
«Healthrisks...», 1988 u ap.).

XapakTepHOU 4EepTOU MCCIIENOBAHUM HAIIEr0 BPEMEHU SIBIISETCS MEXK-
JUCIMIUTMHAPHOCTH MOAX0/1a K TeMaTUKe HCCIEeNOBAaHUM COAEpKaHHs, pac-
npeeNieHrs], PO XUMHUYECKUX AIIEMEHTOB B KMBOM BeliecTBe. MiMeer mecto
TCHJICHITUS CHHTE3a 3HAHWM, HAKOIUICHHBIX B PA3HBIX HAYYHBIX HAIPABJICHUSX.
Tak, Ha cemmHape mo reoxummu okpyxkatomied cpenst B [lIBerum (2000)
aKTUBHO OOCy’KJanach nmpoOjemMa CTAaHOBICHHSI HOBOW TUCIUILIMHBIL, IO Ha-
3BaHHeM «MeauIMHCKasi TeoJIoTHs», HEOOXOAMMOCTh CO3/IaHUs KOTOPOW
BBITEKAET U3 TOH OTPOMHOI POJIH, KOTOPYIO UTPAECT OKpY’Karolas cpeaa mpu
(opMUPOBaHNN XMMHUYECKOTO COCTaBa KHMBBIX OPTaHU3MOB U BO3HHUKHOBE-
HHUM NATOJOTUYECKUX COCTOSIHHM YesoBeKa. B pamkax 3TOMl HOBOWM HAYyYHOMU
JUCLMIUTMHBI PEAIM30BaHbl UCCIEAOBAHUS Pa3HBIX TEPPUTOPHUI HA MPEAMET
BIUSHUSL TEOJIOTUYECKUX (DaKTOPOB Ha COCTOSHUE 3I0POBbsl YEJIOBEKa
(«Umveltmedizin...», 1999; «Essential...», 2005; Selinuset.al., 2010).
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N3ydenune pe3ylbTaTOB BO3JCUCTBUS HA KUBbIE OPraHU3Mbl MPOBOJUTCS
Ha CTBIKE PA3JIMYHBIX HAYUYHBIX M OTPACIEBBIX HANpPaBJICHUW M3YUYCHHS OK-
pyxaromieit cpenbl. [I03ToMy UMEHHO 37€Ch HEOOXOAMMO B3aMMOIIOHUMAHUE
MEXy CHEIHAINCTAMHA PA3ITMYHOTO MPOQUIS U YBS3KA PA3IUYHBIX TOHS-
TUHHBIX 0a3 (OMmaHya7b, 1982; Caet u np., 1990; Aramkanss, 2006 u gp.).

BaxxHOCTh MEXIUCHUIUIMHAPHOTO TOAXO0/Aa K H3YYEHUIO TPOOIEMbI
B3aMMOJICHCTBUSI CUCTEMBI JKMBOM OpPraHU3M U OKpY»Karollas cpeia 3aKIIo-
YaeTcs eIle U B TOM, YTO C Pa3BUTHUEM UEJIOBEUYECKOTO OOIIeCTBa BO3pACTaET
CTENEHb aHTPOIIOTeHHON Harpy3ku. [Ipu 3ToM MaciTabbl HEGIArOIPUATHOTO
BO3JICHCTBUSI TOKCUYECKUX BBIOPOCOB M OTXOJIOB MPOMBIIIJIEHHOTO TPOU3-
BOJICTBA Ha OKPYKAIOUIYIO CpPeAy U UX JJIUTEIbHOE HAKOIUICHHE JTOCTUTIIN
TaKUX KPUTUUYECKUX 3HAYCHUH, UTO peUb MOXKET UJITU O «XPOHUUYECKON OMO-
reoruianeTapHoi natonorum» (FO.I1. T'mues, 2000). Hapsay ¢ Onoreoxumu-
YECKUMU SHJIEMUSIMUA TTPUPOTHOTO TIPOUCXOKIEHHUSI CTAHOBUTCSI BO3MOKHBIM
BO3HUKHOBEHHUE SHJIEMUYECKUX OO0JIC3HEU, SBISIOMIMXCS pEeakiuel Ha aHo-
MQJIBHBIM COCTaB MPUPOJHOU CPEAbl, USMEHEHHON TEXHOICHHOW AEATEIIbHO-
cTeio yenoBeka (Pesuu u ap., 2003, 2004; Ckanpubiit, 2000, 2004; babdenko,
2001 u np.). Hanbosnee moaHO B3aUMOCBSI3h MEXKIY MPUYMHOM MHOTHX 00-
JIE3HEH, B TOM YHCIIE U SHIAEMUYHOTO XapaKTepa U Cpesiol OOMTaHus yeaoBe-
Ka pacKpbIBa€T HOBOE HAIIPABICHUE HAYKH, ITOJYYUBILIEE B MOCIEIHEE BPEMS
pacnpoctpaHenue Omaromaps tpynam B.JI. CyciukoBa — reoxumudeckas
skosorus bonesnedt (Cycnukos, 1999, 2000-2003).

B oxpyxaromiei cpeqie nosBiIsiiOTCS XMMUYECKUE AJIEMEHTHI, paHee OT-
cyrcrBoBaBure (Pu, Am u ap.), yBelIUYMBaeTCs] KOHUEHTPALMS U CTENEHb
PacCesTHHOCTH AJIEMEHTOB. B CBSI3M C M3yu€HHEM CTENEHU BO3ACHCTBUS ye-
JIOBEKA Ha MPUPOJHYIO CpeAay, ObUIO YCTaHOBJIEHO, UTO HA OCOOCHHOCTHU pa3-
BUTHS KUBOTO OpPraHU3Ma M €ro XMMUYECKUH COCTaB MHTCHCUBHO BIUSIOT
MPOIECCHI AHTPOIIOTE€HHOTO (TEXHOTEHHOI'0) XapakTepa, B TOM YHUCJE 3JIEK-
TpomarautHoe usnydeHue (Ilnexanos, 1996, u ap.), paauoaKTUBHBIE U XH-
muueckue komnoHeHTsl (KpuBonymkuii, 1971, 1984; Puxsanos, 1997, 2009
u 1p.). AHTpornoreHHoe 3arpszHenue mno onpenenenuro B.C. bezens (2006) —
BbI3BaHHAs JIEATEIbHOCTHIO YeJOBEeKa HeOIaronpusiTHas MoauuKalus ecre-
CTBEHHOW MPUPOAHON CpeJibl, UMEIOIasi CBOMM CJIEJICTBUEM M3MEHEHUE CJIO-
KUBIINXCSA TOTOKOB BEIIECTBA, SHEPTHH, PAIUALMOHHOTO (hOHA U TIPOSBIISIO-
mascsi B HM3MEHEHUM COCTOSSHUS Ouothl. [lo MHEHHIO aBTOPOB KHHUTHU
«Qxoreoxumus 3anagHoi CuOupu» 3TH U3MEHEHHS TPO3AT HE TOJIBKO HEOO-
paTUMBIMUA TPEOOPA30BAHUSAMHU TJIABHBIX KOMIIOHEHTOB JKH3HEIOJICPIKH-
BAIONIUX CHCTEM M Jla’)K€ MOJIHBIM HUX Pa3pyILICHHUEM, HO U TOPOKIACHUEM
HOBBIX, HEM3BECTHBIX JIOCEJIC MPOIIECCOB, BPAKICOHBIX COBPEMEHHBIM OMO-
JIOTUYECKUM coo0IIecTBaM («IKoreoxumus...», 1996). B coBpemMeHHBIX yC-
JIOBUSIX, XapaKTePU3YIOIIUXCA 3HAYUTEIbHBIM AHTPOIIOTE€HHBIM JABJICHHEM,
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HEOOXOUMO MPWIOKUTh BCE YCUIUS JJIS COXPAHEHUS XU3HU Ha 3emie.
Jlsi 3TOro HEOOXOAMMO BECTHU KOJMYECTBEHHYIO OLICHKY MMEIOILErocs reo-
XUMHUYECKOTO (POHA U €r0 U3MEHEHUS], yCTaHOBUTh 3aKOHOMEPHOCTH BO3CHi-
CTBHUSI KOMIIOHEHTOB Cpe/ibl Ha OMOTY, BBISICHUTH (DOHOBBIE MOKA3aTENH, IPU
KOTOPBIX BO3MOXKHBI aJalTAallMOHHBIE IMPOLIECCH B OpPraHM3Me W HaJopra-
HU3MEHHBIX CHUCTEMaX, YCTAHOBUTH MHJIUKATOPHI HEOIATrOMOJIy4Hs MPUPOI-
HOM cpefpl ITsi GYHKITMOHUPOBAHUS KUBBIX OPTaHU3MOB, B TOM YHCIIE YEIO-
BEKa.

MacmitaObl U3MEHEHHUsI T€OXMMUUYECKOTOo cocTaBa Ouocdepbl Kojoc-
caibHbl. OHU 0OYCIIOBJICHBI MHOXECTBOM (PaKkTOpOB, B TOM YHCIIE Hapac-
TaIOIEHl WHTCHCHUBHOCTHIO HM3BJICUCHUS IOJIC3HBIX HCKOMAEMBIX M CTPEMHU-
TETBHBIM PA3BUTHEM TEXHUYECKOTO Mporpecca. THTeHCHUBHBIC UCCIICTIOBAHMS
BJIMSTHUSI €CTECTBEHHBIX M AHTPOIIOT€HHBIX MPOILIECCOB HA TI100aIbHbBIE U3Me-
HEHUS TPUPOTHOU CPEIbl SBISIOTCS XapaKTEPHBIMU MPAKTHYECKHU IS BCEX
pa3BUTHIX cTpad. OHU MPOBOJATCSA B paMKax CIEIHUATBHBIX MEXKTYHAPOHBIX
Y HaIIMOHAJLHBIX MPOTPAMM, a TaK K€ B MHOTOUUCIIEHHBIX MPOTPaMMax KO-
noruyeckoro Hampasienus («I'mobamphbie...», 2001 u ap.). Crano oueBua-
HbIM HEO0OXOJIMMOCTb M3Y4YEHHUS M MOHUMAaHHUS 3TUX MPOIECCOB Ui Lieen
MPOTHO3UPOBAHUS 1 MUHHUMH3ALIUA UX HETATUBHBIX BIUSHUN IS YEJIOBEUE-
CTBa B 1IeJIOM. Psii aBTOPOB, M3yYaromMX TJI00ATBHBIE MPOIECCHI, IPOUCXO-
nsiye B orocdepe, OTMEYaroT, YTO PEaKUH JKUBBIX CUCTEM HE BCErja sIBJIs-
IOTCSI TIPSIMOJIMHEHHBIME M TIPEICKa3yeMbIMU. Tak, W3ydeHHe MepHOANIECKUX
M3MeHeHuH rnobanbHOro xapakrepa (loodpenos, Yymakos, 2001) nmo3Boauio
YCTaHOBUTH, YTO OMOTHUYECKHE KOMIIOHEHTHI Onocdeps «...0maromapsi CBOu-
CTBEHHOMY UM TOMEOCTa3HUCy, MOBEACHUECKON M IBOJIIOIIMOHHON TMOKOCTH,
YCTOWYMBOCTU CO3aBAEMbIX UMHU IKOCUCTEM, pEarupoBajii Ha KIMMaTH4e-
CKHE€ M3MEHEHHS HE CTOJIb OJHO3HAYHO WM MPEICKa3yeMo, KaK KOCHBIE dJie-
MEHTB». OJTO CBOWCTBO JKHMBOTO — PEarupoBaTh HEOJHO3HAYHO, WCXOJS
U3 aJanTaluOHHBIX CBOWCTB OPTraHW3MOB, BHIPA0ATHIBACMBIX B XOJI€ IBOJIIO-
UM ¥ TIPUCTIOCOOJCHUS K YCIOBHSIM OOWTaHUs, MPOSBISETCS W TPHU pac-
CMOTPEHHUH W3MEHEHUI 3JIEMEHTHOTO COCTaBa OTEIbHBIX OpraHU3MOB. Tak,
Xonkud U Maptun (Hopkin, Martin, 1983) mokasaiu, 4To XHIIHBIE MHOTO-
Hoxxku (Chilopoda), oTioBneHHBIC Ha MeCTax C MOBBIMICHHBIM COACPKAHHUEM
[IMHKA, KaJIMUs, CBUHIIA, ME/H, TIOKAa3bIBAIOT OOJBIIYI0 YCTOHYUBOCTH K MPO-
BOKAllMOHHOMY JCHCTBHIO TOKCUYECKUX (DaKTOPOB, MO CPABHEHUIO C KUBOT-
HbIMU (OoHOBBIX yuacTkoB (besens, [lanun, 2008). CymecTByeT MHOKECTBO
npyrux npumepoB (Hekpacora, 1989; Kyiikosa, 2001 u ap.). HeonHo3nau-
HBI XapakTep pPEe3UCTEHTHOCTU MOXKET OOBSICHITCS KaK CBOWCTBAMU CaMOTO
OpraHmsMa, Tak U crnenudukor GakTOpoB, O OTHOIIEHUIO K KOTOPHIM OHA
BbIpabaTeiBaeTca. B pabore B.H. Ilozonotunoii ¢ coaBropamu (2009),
B YaCTHOCTH, OTMEYAETCsI, YTO OMOJIOTHMYECKUE MOCIEICTBUS XPOHUIECKOTO
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NEUCTBUA pagualii IPOSBIISIIOTCS B IMOCIEAYIOIUX NOKOJICHHUAX JaXKe MOocie
CHSTHUS 3TOrO CTPECCa, B TO BPEMS KaK TSKEJbIE METAJUIbI HE OCTaBIISIOT TS-
KEJBIX MOCIEACTBUN IOTOMCTBY.

Kpome Toro, peakuus >KMBbIX CUCTEM 3aBUCUT OT YPOBHS UX OpraHu3a-
nuu. Hanpumep, JLII. bparunckuii (1984) Bnosne 000CHOBaHHO OTMEYaeT,
YTO «..€CIU JJIsl OTACJIBbHOTO MHJMBUAYYMa CMEPTh O3HAYAET CTpAIIHEHIIee
U TIOCJIeIHEee TMopakeHre B O0pnOe 3a CyIIECTBOBAHHUE, TO JUISI MOIMYJISIIUU
MaccoBas CMEPTHOCTh — BCETO JIMIIIb OTCEB MEHEE MPUCIIOCOOJIEHHBIX 0CcO0e
Y HEKOTOpas peopraHu3aius OMOJOTHYECKON CUCTEMBI, 00ecTIeunBaroIias ee
coxpanHocTh» (bezens, 2006). Ecnu roBopUTh 0 KIETOYHO-TKAHEBOM YPOBHE
OpraHu3alliH, TO OTAeNbHAs (DYHKIIMOHAIBHO 3pefiasl KIEeTKa JJaXe MOCie OT-
HOCHUTEJIBHO OOJIBIINX /103 TOKCUKAHTA KMBET U BBIMOJIHSAET CBOM (PYHKIIUU.

OnHako Korja peyb UAET O BbKUBAEMOCTH YEJIOBEUECTBA U B KOHKPET-
HOM CJIy4ae O JKM3HU U CMEPTH OTIEIBHOIO YEJIOBEKAa, Mbl HE MOYKEM pac-
cMaTpUBaTh MPoOIeMy OTpelieHHO M B oOmieM. Kak Obl HM KPUTHKOBAJICS
AHTPOMNOLICHTPUCTKUI MOJXO0M, OAHAKO JUIsl HAC BaKHO COXPAHEHHUE >KU3HU
Y 3/10pOBBS JIOJEH B IIEPBYIO ouepeb. HaCKOIbKO CHIIbHBI U3BMEHEHUS, IIPO-
ucxozsmuye B ouocdepe, U Kak 3T0 OTPA3UTCs HA COCTOSTHUM 37J0POBbS YeIlO-
BEKa 3TO AKTyaJIbHEWILNE BOIIPOCHI, IE€pe KOTOPBIMU CTOUT YEJIOBEYECTBO.
K coxaneHuto, Mbl HE UMEEM JIOCTATOYHBIX JAHHBIX, YTOOBI OILIEHUTh CPEJ-
HUE NOKA3aTeNM 3JIEMEHTHOI'O COCTaBa OPraHM3Ma YeJIOBEKa, XOTA ATy 3aj1a-
yy ctaBwi B.W. BepHanckuii eme Ha 3ape npouutoro crosietus. OH nucait:
«I'71aBHBIM HEIOCTAaTKOM SIBJISIETCS OTCYTCTBUE IIOJHOTO 3JIEMEHTApHOIO
aHaJM3a XKUBOTO BEIIECTBA... MBI HE UMEEM UX JJaXe, HapuMep, sl TAKOTO
OpraHu3Ma, KakuM SIBJISIETCSI YEJIOBEK, OPTaHM3M KOTOPOIO HM3y4aeTcs YxKe
uenslie croyietus...» (BepHanckuii, 1960). B To e Bpems BOIIPOC U3MEHEHUS
I€OXMMHUHU MPUPOJHBIX CPEll U3ydascs JOCTATOYHO MHTEHCUBHO. ['1obasnb-
HBIE MOCeACTBUS TexHoreHesa (Pepcman, 1937) mmpoko M3BECTHBI, K HUM
OTHOCAT MapHUKOBBIA 3PPEKT, ONMyCTHIHUBAHUE APUIHBIX 30H, 3arpsS3HECHUE
U 3aperyIpoOBaHUE MMOBEPXHOCTHOTO CTOKA, KUCIOTHBIE IOKAU U Pl APY-
X TJIOOANBbHBIX MPoOJieM. YeToBeYecTBO CTOJIKHYJIOCH C MPOOJIEeMOil Ti10-
0aJBbHOTO aHTPOIOTEHHO-TEOXUMUUYECKOro paccesHus (AHmmH u ap., 1998).
AHTpPONIOTEHHOE PACCESTHUE XMMUYECKHX 3JIEMEHTOB SIBISETCS 3aKOHOMED-
HBIM CJIEICTBUEM HWHAYCTPHAIBLHOTO TEXHOreHe3a. BrmepBrie 0 rimobambsHOM
MaciiTabe 3TOro mpoiiecca 3aroBOpmiid B KoHIe 70-X rooB MpoIUIOro CTOo-
neTusi. bbIIo yCTaHOBIEHO, UTO PEAIBHYIO YIPO3Y BBIKMBAHMS YEJIOBEUECTBA
U COXpaHEeHHI0 Onocdepbl 3emMild MPEACTABISAET AHTPOIIOITCHHOE PAaCCEsTHHUE
TaKUX TOKCUYHBIX JJISI OMOTHI KOMITOHEHTOB KaK MBIIIBSK, PTYTh, XpOM, CBH-
Hell, BaHaui, kaamuii u ap. (Bockris, 1977; TrotroHoBa, ap., 2001; ap.).

AHanuTU4YecKkue BO3MOMXHOCTH COBPEMEHHOI'O MUpa IMO3BOJISIOT MpPO-
CJIEIUTh U3MEHEHHUE T€OXUMHUYECKOT0 (POHA caMbIX pa3HbIX 000JIOUEK Halleh
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IUTAHEThI, BKIO4Yasi Ouocdepy, *KUBYHO 00O0JOUKY, MPOHU3BIBAIOIIYIO BCE
octasbHble. Tak, o gaHHeiM B.H. bamkuna (2004) B mpenenax EBporibr
B 1996 romy oOrast mpupoaHas SMUCCHs PTyTH B aTMocdepy coctaBmia 219
TOHH B TOJl, B TO BpeMsl Kak IpsiMasi aHTporiorenHas 326 touun/roja. Tab. 4
JE€MOHCTPUPYET AAHHBIE MO TI00ATBHON SMUCCUU HEKOTOPBIX XUMHUYECKUX
AJIEMEHTOB, CBS3aHHOU ¢ MpeoOpa3zoBaHuEM OMOC(hEpHl B YCIOBUSX TEXHOTE-
Heza (Epmaxos, 2003). OueBuHO, UYTO TEXHOTEHHAs DMHUCCHS DJIEMEHTOB
3HAYUTENILHO MPEBOCXOAUT MPUPOIHYI0. ABTOp OTMEYAeT, 4TO: «B HACTOS-
1iee BpeMsl aHTPOIIOTEeHHbIE (DaKTOPHI HACTOJIBKO TPAHAMO3HBI 1 MTHOBEHHBI
BO BPEMEHHM, YTO CTABST HACYUIHYIO 337a4y JIOKaJIbHOMN U T7100aNbHON OLIEH-
KM TPOTEKAaEMbIX TEXHOTEHHBIX TMPOIIECCOB M 3aIlUThl OPTaHU3MOB OT WX
BpenHoro Bo3aehcTus» (Epmakos, 2003).

Tabnuua 4

T obanvuas smuccusi XumMuueckux 31emMeHmos (moic m/200)
(no B.B. Epmaxosy, 2003)

HpI/IpOI[HaSI IMUCCUSA TexHorennas »Muccust
AMMICCKHiL Mukherjee Pacyna Mukherjee
prement | Pacyna (1992) (2001) (1992) (2001)
Cd 0,96 0,1-3,9 7,6 5,6-37,7
Co 54 0,6-11,4 - -
Cr 53,9 4,5-83 30,5 585-1310
Cu 18,9 2,2-53,8 35,4 542-1403
Hg 0,16 0-4,9 3,6 1,6-15
Mn 516 51,5-582 38,3 706-2633
Ni 26 2,9-56,8 55,7 93,3-494
Pb 18,6 0,9-23,5 332 479-1039
Zn 45,5 4-86 132 689-1954
\% 66,1 (70)* 86 (90)* 21,4-138
As 7,8 1,1-23,5 18,8 52,4-111,6

Ipumeuanue: ()* — nanusie mo Hope (1994).

O macmrabax mposIBICHHS SKOJOTO-T€OXUMUYECKUX U3MEHEHHUI B O1O-
chepe n0cTaTOuHO MOJAPOOHO M3NI0KEHO B padoTax B.A. Anekceenko (2000,
2006). K HuUM aBTOp OTHOCHT «...TaKH€ T'€OXMMUUYECKHE U3MEHEHUSI B OHO-
cdepe, KOTOpbIe OKa3bIBAIOT BO3JIEHCTBHE HA KHBOE BEIIECTBO WM Ha OT-
JeNbHbIC opraHu3MbDy (AnekceeHko, 2006). MiM npuBeACHB TP OCHOBHBIC
IIPUYUHBI 3TOTO BO3JICUCTBUA:

1) MeHsroIIeECs ColepIKaHue deMeHTa (PacpOCTPaHECHHOCTD);

2) W3MEHEHHE HX pacnpenesieHus (pa3opoca);

3) HM3MEHEHHUS COOTHOIICHHS MEXIY OCHOBHBIMH (DOpMaMHU HaxOxjie-

HUS XUMUYECKUX DJIEMEHTOB C TTOSBJICHUEM UX HOBBIX (POPM.
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W3meHeHus: HOCAT Kak TII0OAIbHBIA XapaKTep, TaK U JIOKAJbHbBIHN, CBsI3aH-
HBIN C JIESTEIBHOCTHIO, KaK MPaBHIIO, OJJHOTO HJIM HECKOJIBKUX MPOU3BOCTBEH-
HBIX 00BEKTOB U U3yYEHHE KOTOPBIX CBSI3aHO C MPUKIAIHBIMU 33a4aMHU.

K rnoGanbHbIM MPOSBIEHUSM TEXHOTEHHOT'O U3MEHEHHSI IKOJIOTO — I'e0-
XUMHUYECKON OOCTaHOBKHM Omocdepbl aBTOp, B KayeCTBE NMPUMEPA, OTHOCHUT
MeTaJIu3aluoo Onocdepsl U, B YaCTHOCTH, TaK Ha3bIBAEMOE CBUHIIOBOE 3a-
rpsA3HEHHE. [IeMCTBUTENBHO, HAyaBIIEECs JIOKAIBHOE 3arpsA3HEHUE OKpY-
Karomie cpeapl B pe3ysbTaTe paboThl aBTOTPAHCIIOPTA, PA3BUTUS XUMHUYE-
CKOM M METAIITypTHUYECKOM MPOMBITINIEHHOCTH TIPU UX OOUIINHM CTaHOBHIINCH
MOCTENICHHO TI00anbHON mpobiemoit (Bockris, 1977). Harnsaueim npume-
poM siBisieTcst ()aKT HAKOIUICHWsI CBHHIA B JieqHuke ['pernanauu (puc. 6).
Copepxanne 37IeMeHTa XOTh M BapbUPYeT, OJJHAKO HAOIIOIaeTCs sIBHAS KOP-
peNlus ero ¢ KOJIMYECTBOM, BBIOPACHIBAEMBIM B BO3AYX HPEINPUITHIMU
u aBromoOmsamMu (Heben, 1993, co cebuikoit Ha Murozumi, 1969). Ilo nan-
HeiM Bunce (1994) npou3BojicTBO M MOTPEOICHHUE ITOTO dJEMEHTAa Hamps-
MYIO 3aBUCHT OT JESITEIBHOCTH YesoBeka (cM. puc. 7). HeobxoauMo oTMETHTb,
YTO JKMBBIE OPraHU3Mbl aKTMBHO pEarupyroT Ha M3MEHEHHE ATOTrO 3JIEMEHTa
B OKPYXaIoILEH cpefie KaKk B CTOPOHY YBEIWYEHHUS J103bl HAKOIUICHHUS, TaK U
B CTOPOHY YMEHbIIIeHUs. B ciyuae co CBUHIIOM, KOJIMYECTBO aBTOMOOUJIEH Ha-
NpSMYIO BJIVSUIO HA YBEJIIMYCHHE KOHIICHTPAIMKM B PACTCHUSX (CM. puc. 8),
a MEpOIpPHITHs, TMPOBOJUMBIE TIO YMEHBIICHHIO €r0 COACpPX aHHUS B OKpY-
Karolle cpene (B YaCTHOCTH 3alpeT Ha STWIMPOBAaHHE OCH3MHA), COMPOBO-
’KJIaJIOCh YMECHBIIICHHEM €T0 COIep)KaHusl B KPOBU HaceleHus (cM. puc. 9).

{0,20
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&
10,12 =
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10,08 =
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10,02
--""-—-- 1 1 1 1 1
8000 H.3. H.3. 175 1800 1900 1950

Puc. 6. Cooeporcanue ceunya 6 reonuxax I pennanouu. Bospacm obpaszyos ivoa
coomeemcmeyem ux 2nyoune (no b. Hebeny, 1993 2.)
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OTOT rpadudecKkuil MaTepran yOeauTeIbHO CBUAETEIHCTBYET O BHITIOJ-
HEHUU OgHOro0 U3 3ak0HOB b. KomMoHepa «Bce cBsizaHO co Bcem».

O rio6anpbHOM H3MEHEeHUU Onocdepsl B pe3ysbTaTe TEXHOTEHE3a, OTpe-
nenenre koroporo npemioxkeHo A.E. ®depcmanom B 1937 roay (depcman,
1937),MO%KHO CyIUTh MO U3MEHEHHUIO YPOBHS HAKOILJICHUS aOCONIOTHO HyXK-
noro oOwochepe snementaruryroHus. Tak, mo 1945 roma sToro snemeHTa
HE cyiecTBoBasio Boobie. B 1953 rony on oOHapyXuBajics B KOJIMYECTBAX
0,0007 bx/r, B 1954 rony xommuuectBo Bo3pactaeT j10 0,013 br/r, a xk 1958
aKTUBHOCTh O3TOTO DJJIEMCHTAa B JICTOYHOHW TKAaHM 4YEJIOBEKa JOCTHUTAET
0,25 bx/t («IlmyToHMIA...», 1994).

B 50-70 — e roxmpl mpomioro CTOJIETUS HAa MPUMEPE ITOTO DJIEMEHTa
U JPYTUX MHOXECTBOM aBTOPOB OBLIO TMOKA3aHO, YTO M3MEHEHWE KOHIICH-
Tpaluu 3JIEMEHTA B pe3yjibTaTe MHTEHCHUBHOTO aHTPOIIOI€HHOT'O BO3CHCT-
BUSI B )KMBBIX OpraHU3MaxX MOXET BapbUPOBATh B OUEHb MIUPOKHUX UAINA30-
Hax (Schepers, 1955; Warren, Delavault, 1960; Ksuuon, Boyamc, 1962,
Jheiirepd, Crert, 1970, Ihiimk, 1971, bpyke, 1982). Tak, Konuto ¢ cotpy-
Hukamu (1967) nmokasanu, 4To coiep’kaHue CBUHIIA B BOJIOCAX B CIIy4ae OTPaB-
neHus cBuHiioM gocturaio 0,1 % npu HopManbHOM conepkaHuu 2,4 X 107 %.
J. Bbpaiic-Cmutom (1971) Obulo yCTaHOBIEHO, YTO JUISI MY>KYUH, HPOXKH-
BAaIOIIIUX B TOpOJICKUX parioHax Punanenb@uu ypoBeHb CBUHIIA ObLIT 3HAUU-
TEJILHO BBIIIE MPEIoIaraéMoil HOpMbl U COCTABIISUT JIJI HEKOTOPBIX Ooliee
0,5 x 107 %. Hopwmoii niist kpoBu moaen CIIIA u Anrnuu, a Tak e KuTe-
neit Hosoit I'Buneit cumtanoch copepxanue 0,2 X 107 % (Bockris, 1977;
Bbpyxkc, 1982).

Mo>xHO npeanoJaraTb HaJIM4Me TaKOro K€ OTKIMKA >KMBOTO BEIIECTBA
MJIaHEThl Ha W3MEHEHWE KOHIICHTpAaIlMW JI000TO APYyroro sjeMeHTa. Tak,
pPa3BUTHE SIEPHOTO TEXHOTEHE3a MPUBOAWT K BOSHUKHOBEHHMIO aHOMAJIHHO
BBICOKMX KOHIIGHTpAIui psifa crnenu(UuHbIX 3JIEMEHTOB (KaK IUTyTOHHUIA,
ypaH, 11e3uil 1 Ip) B 00BEKTAX KUBOM M HEKUBOU MPUPOJIBI. Tak, pe3ynbTaThl
uccnenoBannii JL.II. Puxsanosa u ap. (2002) cBHAETENbCTBYIOT, YTO YPOBEHB
HaKorLIeHns gesimmxcst snementos (U™, Pu, Am u IpPYTUE TPAHCYPAHOBBIE
AIIEMEHTHI) B MPUPOJHON Cpejie YBEIUUYMICS B TNI00aIbHOM Maciitabe B 2—3
paza (cMm. puc. 10). A B OT/ACIBHBIX JIOKAJIBHBIX y4acTKaX, MECTax PacroJio-
KEHUS NMPEANPUITHI SACPHO-TOIUIMBHOTO 1IMKJIA, UCIIBITATEIbHBIX SJIEPHBIX
noiauronoB (MAIT) stoT ypoBeHb M3MeHWICS Oojiee CyliecTBEHHO (ApxaH-
renbckas, 2004; 3amsatuna, 2008, Bolsunovskye.a., 2004).

['mobanpHbIE M3MEHEHHUS TaK XK€ XOPOIIO JACMOHCTPUPYIOT JIaHHBIC
JL.II. PuxBanoBa u fip. (2007) mo coaep:kaHuio ypaHa B JIEIHUKOBOW BOJIE
(cm. puc. 11), ne3us no qanHbIMA.M. Mexu6op (2009) B Topdax (cMm. puc. 12).

[ToBceMeCTHO MPOUCXOIUT U3MEHEHHUE JIEMEHTHOTO COCTaBa MOYB, YTO
0OyCJIOBIIEHO KaK JIOKAaJbHBIMH TPEOOpa30BaHUAMH, TaK U TI00aTBLHBIMHU
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BBIMAJICHUSIMUA TE€XHOT€HHbIX KOMIOHEHTOB (A.U. Ilepenbman (1955, 1989),
B.A. KoBga u ap. (1980); M.A. I'nazoBckas (1988; 1994), b.b. IlonsiHOB
(1956), B.A. Anekceenxo (2001); I'.B. Moty3osa (2000, 2001), B.b. Unbun
(1985, 1991);B.B. [obpoBosnbckuii, (1983, 2008); H.JI. Baiiguna, 2004;
JLIL. PuxBanoB u ap. (1993); E.I" SI3uxoB u ap. (2010) u MHOTHE ApyTHE).

140
Peka Tyurycka (60010 «Bydauk»)

120 Hawano ucneiranuii
“ AJEPHOIO OPYHHA B
aTmocepe
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Puc. 10. Hzmenenue enobanvrnozo ¢hona 0ensimyuxcs paouoHykauoos (U™, Pu, Am
u 0p.) 3a nocineonue 150 nem (no pezynomamam f-paouoepaguu xoney oepeswves).
Venosuvie o6osnauenus: 1-kpueas no HabaoO0amenbHblM MOYKAM, 2-CNaNCeHHAs.
Kpusas, 3-pecuoHanvHulil yposens. (no.: Puxearnos u op., 2002)
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Puc. 11 Cooeporcanue ypana 6 cnecomanou 800e neonuxa Axkmpy, I'opuoiii Anmaii,
2005 (no Puxearnosy u op.)
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a) 0)
Puc. 12. Cooeporcanue yezus 6 mopghax 6 sone snusnus CXK (a)
u ponosom paiiowne (6) (no oannwvim Meoxcubop (bensesoir), 2008)

N3meHeHus: ri100anbHOTO TEOXMMHUYECKOTO (hoHAa XapakTepHBl W IS
BoAHOU cpenbl. Tak, HEPTIHOE 3arps3HEHUE B pe3yJbTaTe J0OBIUM U TPaHC-
HNOPTUPOBKU YIJIEBOAOPOJAOB INMPUBOJUT K HEMONPABUMBIM IOCHEACTBUSAM.
C MOMEHTa BO3HMKHOBEHHS MOPCKUX MEPEBO30K HE(TU C MOMOIIBIO TaHKE-
POB B MOpPE €XKEroJHO IomaaacT okojao 5 MiaH T Hedtu (ZoBell, 1964; np.).
A mporuecc aBapuitHOro BbIOpoca HE(PTH, KaK 3TO CIy4YUIIOCh B MEKCUKaH-
ckoM 3anuBe B 2010 r., mpuBeneT K HEOOPATUMBIM MOCJIEACTBUSM, KOTOPbIE
TPYAHO OLIEHUTh Ha JIaHHOM J3Tane. BbICOKMI ypOBEHb 3arps3HEHHS] BOJ
He(ThIO U HedTEeMPOAYKTaMH HAOJIIOAeTCS Ha OOIITUPHBIX aKBaTOPHUSIX Mek-
cukaHckoro u Ilepcuackoro 3aidMBOB, CEBEPHOTO TOOEpPEXbs AJSACKU
u Kanazpei, B KapuGckom n ApaBuiickoM MOPSIX B APYTHX 4acTaXx MHUpOBOTO
OKE€aHa, TJI€ €CTECTBEHHBIC BBIXOJbl HE(DTH PpaACIONOKEHBI Ha TOOEpexKbe
1 KOHTHHEeHTanbHOM menbde (CamoBHukoBa u ap., 2006). Kpome Toro, 3a-
XOpPOHEHHE XUMHWYECKUX, PAJHOAKTUBHBIX BEIIECTB M3MEHSET I€OXHMMUYE-
CKHil 00K MUpPOBOr0O OKeaHa, HEMOCPEJICTBEHHO BOBJICKash B 3TU M3MEHE-
HUSI JKUBBIE OpPTraHU3Mbl. ['J100adbHBIN MEPEHOC BEIIECTB C a’pO30JAMH U
CTOK C pexkamu popmupyet crenuduky OEHTOCHOTO OTJIOKEHHUS B ACTyapUsiX
Y Ha JIHE OKEaHOB, MO3BOJISIET TOBOPUTH O MEPEPACIPE/ICTICHUN SJIEMEHTOB B
coctaBe ruapocdepsl (Kopxk, 1991 u np.). Bknag B mpoiieccsl nepepacmpe-
JICJICHUS BHOCUT M M3MEHEHHE KinMmarta Ha 3emje. Tak, mo ganHeiM B.II.
[IIeBuenko (2006) Bo3pacTaeT poJib PEUHOTO CTOKA KaK OJTHOTO U3 MEXaHU3-
MOB 3arpsi3HEHUS OKpYKarolen cpebl APKTUKU. DTO CBSI3aHO C OTTauBAHU-
€M MOYBbl Ha YacCTU TEPPUTOPHUH, MPEKAE OTHOCAUIEHCA K 30HE BEYHOU
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MEp3JIOThI, YTO COMPOBOXKAAETCS TMOMAJaHUEM AaKKYMYJHUPOBAHHBIX TaMm
3a MHOTHE TOJIbl aHTPOIIOT€HHBIX COCTABIISIONIMX B BOJIbI PEK, BNAJAIOIIUX
B Mopsi CeBepHoro JlenoBuroro okeana (M3pasnb u ap., 2002). [Iponeccsl,
MPOUCXOSIME B MaciiTabe MupoBOro okeaHa UMEHHO B CHIIy €r0 OIPOM-
HOCTH, MOTYT IPUBECTH K CMELIEHUIO TPUPOJHOTO paBHOBecHs. [1o oTHOMIE-
HUIO K 3arps3HEHUSIM Macca OKeaHa BBICTyMaeT B KadecTBe A((PEeKTUBHOMN
OydepHoit eMKOCTH, HO HMEHHO TTOATOMY Ha HEl CHJIbHEE CKa3bIBAETCs OCTa-
TOYHOE JICUCTBUE 3arpsi3HEHUN, HAPYIIAOIIUX CIOKHUBIIHUECS B OKEaHE KU3-
HEHHbIC IUKJIBI. OTPOMHYIO OMAcCHOCTh MPEJCTABIISIET 3arpsi3HEHUE OKeaHa
TaKUMHU METaJ/laMH, KaK PTYThb, CBHUHEI, KaAMUWA, M€llb, IIUHK, XPOM H JIp.
B cuny cymiecTBoBaHuUs TECHEHMIIIEH B3aUMOCBSI3U MEX Y BCEMU 000JI0UKaMHU
3eMJIM HEBO3MOYKHO MPEyCMOTPETh BCE MOCIEACTBUS MHTEHCUBHOTO HAKOTI-
JICHUSI TOKCUKAHTOB B JI00OON M3 HUX. Tak, SpKUM MPUMEPOM MOMKET CIy-
KUTh TEYAIHHO M3BECTHAsI OOJIC3Hb YENIOBEKa, MOSIBUBIIASACA B MpedeKType
Munamara B fAnonun mexay 1953 u 1960 rr., OT KOTOPOU MOTHOIM WK CTa-
au wHBaMaamMu 111 genomek. IlpuumHoi Oosie3HHW OBLIO YIOTpEOICHHUE
B TMUIILY PHIOBI M KPEBETOK, OTPABIEHHBIX JTUMETHIPTYThIO, KOTOPYIO BBIOpa-
ChIBJI B MOpPE 3aBOj, Mpou3BoAuBIui nonuBuHwiIxiaopua (bapore, 1978).
JIpyrue TOKCHUYHBIE BJIEMEHTBI TaK K€ MOTYT CIYKHTh IPUYMHOW TOKCHKa-
UM OpraHU3Ma YeJOBEKa B Clydae yNnoTpeOseHUs B MUILY MOPEIPOIYKTOB
(Brieger, Rieders, 1959). Mopckue XHUBOTHBIE, B OCOOCHHOCTH (PHIIBTPYIO-
[[ME OPraHU3MbI, CIOCOOHBI HAKATUIMBATh U PAJUOAKTUBHBIC 3JIEMEHTHI, O-
MaJIalolIe B OKeaH IMOCHe SIICPHBIX B3PHIBOB U C TPOMBIIIJIEHHBIMA OTXO0/1a-
MH. PagmoakTuBHBIE OTXOMBI, MOCTYIUICHUE KOTOPBIX 1O AaHHbIM P. Koumac
(1973) B 1958 romy cocrarisiio okoyio 10 ThICSY TOHH B TOJ, B 1965 yxe co-
craBisuin 100 Toic (bapObe, 1978). B Haiie BpeMsi 10 HEKOTOPHIM OIIEHKaM, Ha
NPENPUATHIX 10 JOOBIYE U MepepaboTKE yPaHOBBIX Py B OTBAJIaX M XBOCTO-
XpaHHINIAX cKommioch 10°M° paIHOAKTHBHBIX OTXOZOB C AKTHBHOCTBIO
1,8 x 10° Ku (manusie mo PuxsanoBy, 2009 co ccpuikoif Ha I'ymano, 2002).
Kaxkas gactp u3 3TOTO OrpOMHOTO KOJMYECTBA MOMAAET B ruApochepy cka-
3aTh CJIOKHO.

VYBenuunBaeTcs MOTOK B BOABI U OpraHndeckux 3arpsasuurencii (bapoObe,
1978, I'ennaaueB u ap., 2006). 3HaUUTENBHBIN BpPEJ HAHOCIT OTPOMHBIE KO-
JUYECTBA XMMUYECKUX BEIIECTB, CO3AaBAEMbIX B BOCHHBIX LEISIX U 3aX0PO-
HEHHBIX B BapeHIieBOM U JIpyrux Mopsx.

Pa6oramu I1.A. ITonmoBeim (2003, 2007), I'.A. Jleonosoii (2008, 2009),
T.1. Mouceenko (2009) 1 MHOrMMHM JpYrMMH aBTOpPAMH IOKa3aHO, 4YTO
MPOUCXOJIAT U3MEHEHUSI KMUBOTO BEIIECTBA MPECHOBOJHBIX BOJOEMOB, CBS-
3aHHOE C BO3JICCTBUEM aHTPOIIOTC€HHO-TEXHOTEHHBIX (hakTOpOB. Pe3ynbTaTh
MHOT'OYUCIICHHBIX MCCJIEAOBAHUN TOBOPST O JIOKAJIBHBIX U TJIOOATBHBIX MPO-
1eccax M3MEHEHHUs 3JIEMEHTHOrO COCTaBa BOJl PEK M KUBBIX OPraHU3MOB,
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obutaronmx B HUX (M.C. Ilanun (2002), Toponos, 2006; A.K. CBuaepckuii
(2006), Bolsunovsky, et. al. (2005)). Bce 3T u3MeHeHHs eliie pa3 MOATBEP-
KIAIOT (DAKT U3MEHEHUS TJIOOATBHOTO TEOXHUMHYECKOTO (hoHA THAPOCHEPHI.
HecomueHnHo, oHU BIHSIOT HAa (OPMUPOBAHUE DJIEMEHTHOTO COCTaBa BCETO
KHUBOTO.

Psin ydeHBIX TpyauTCS HaJ PEIICHHEeM BOIPOCa HOPMUPOBAHUS XHUMH-
yeckux BemiecTB (Kpupomynkuii, 1984; I'onuapyk, Cugopenko, 1986; Uzpa-
b U ap., 1991; Toapeip, [Hokapxkeckuii, 1991; Bopobeitunk u np., 1994
U JIp.). OTO orpoMHas mpoOjemMa Kak MOUCK KPUTEPHUEB ISl TIOHATHUSL «HOP-
May, «3arpsi3HCHHEY, «IaTOJOTHsS» | T. . Bompoc mpuMeHeHus: HOpMaTHB-
HBIX TMOKa3aTeJie MpU aHaM3€ COCTOSHUS OKPYXKAIOIIEH Cpelibl U €€ BIUs-
HUS Ha OSKUBBIE OpPraHW3MbI, NPEXKJE BCEr0O Ha OpPraHU3M 4YeJIOBeKa
(TOCKOJIBKY MHCTHHKT CaMOCOXpaHCHHsI TpeOyeT 3TOro OT Hac), SBISETCS
«KpaeyroJibHbIM KaMHEM» TIPHU BbIPAOOTKE CTpaTEruil MOBEACHUS U MPU MPHU-
HSTUW PEIICHHUS] O HEOOXOAMMOCTH KOPPEKTUPOBKU MEPONPUATHM MO TPO-
buIaKTUKE W JIeYeHUIO TaTooruii. [IpobmeMbl HOpMHUPOBAHUS HATPY30K HA
AKOCUCTEMBI 00CYXKIAI0TCS y HAC B CTpaHe yxKe 0oJjiee IBYX JIECATHIICTHMA, O1-
HAKO HH OJ{HA U3 UMEIOIIUXCS KOHIICTIINI HE MO3BOJIIET OTBETUTH HA BCE BO-
npockl, Bo3HHKawmue B npaktuke (demopos, 1976; Kpusomyukuid, 1984;
IN'onuapyk, Cunopenko, 1986; M3zpasne u ap., 1991; Tapsird, [lokapxkes-
ckuif, 1991; np.). CyObeKTOM OILIEHKH HOPMBI 3KOCHUCTEMBI MOXKET OBITh
TOJIbKO YEJIOBEK, XOTS 3Ta TOYKA 3PCHUSI HE SIBJIACTCS OOILICTPUHSITON, TO-
CKOJIBKY ISl CAMOM CHCTEMBI JIF000€ €€ COCTOsIHUE «HOpMaslbHO» (Bopoberi-
quk U ap., 1994, bezens, 2006). Takoi moaxon Kk gaHHON mpobiieme ObLI
paszBut B pabotax T.Jl. Anexcannposoit (1988) u [I.A. Kpuposyikoro ¢ co-
aBropamu (1984). CBsi3b MeXKI1y COCTOSITHUEM MOMYJSLIMOHHOTO 310POBbS Ha-
CEJICHHS] U OMOT€OXUMHUUYECKOU CTPYKTYPOU TEPPUTOPUM TO3BOJISIET TOBOPUTH
0 BO3MOXHOCTH U HEOOXOAMUMOCTH Pa3palbOTKHU MapaMETPOB IKOJOTHYECKOTO
HOPMHUPOBAHMS HA OCHOBE M3YYCHUS dTOU CTPYKTYPhI KaK B MPUPOIHBIX JIAH/I-
madrax, Tak U Ha AaHTPOIIOTEHHO-U3MEHEHHBIX TEPPUTOPHUSIX.

ITo cnosam B.B. JloGpoBosibckoro (1983): «TexHoreHHoe paccesHue
METAJJIOB HE CTOJIbKO OTpa)kaeTcs Ha OOIIEeTUIaHETapHOM 3arpsi3HEHUH,
CKOJIbKO MOpakaeT OrpaHUYCHHbIC TUIONIAIU. .. Ha ydacTkax JoKaibHOTO 3a-
IpsI3HEHUS TIIyOOKO TMOpaskaeTcss OMoTa, CO3/al0TCsl CUTYaIliH, OMACHbIE IS
HaceJIeHUs. YUueT 3aKOHOMEPHOCTEN reOXUMHUU PACCESHHBIX JIEMEHTOB He-
00X0MUM NIJIst TIPEABUACHUS U TIPEAYIPEXKICHHUS HEXKENATEIbHBIX MOCIEICT-
Buii» ([JoOpoBonbckuit, 1983, C. 255). MccnenoBanus, mpoOBOJUMBIE YUCHBI-
mu Cubupckoro peruona (Bopoowsepa u ap., 1992; Mocksutuna, 1988, 1999;
Mocksutuna, Koxanos, 2002; Kypanosa, 1992, 2003; Kypanos, 2000, 2009;
Bbabeunxko, 2000, 2006; JIleonosa, 2008, 2009; ITomos, 1996, 2000 u MHOTHE
Ipyrue), yoeauTeaIpHO MOKa3bIBaeT MPaBOTY ATOTO BBIBOAA. Tak, Ha TeppH-
Topun ToMcko¥ 00JaCTH MPOBOJUMBIE B Pa3HOE BPEMsI MHOTOYHCIICHHBIE
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MCCJICIOBaHMS TIOKA3alii, YTO OCHOBHBIC MPEANPUATHSI O0JACTHOTO IIEHTpa
OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HAa T'€OXMMUYECKYIO CIEHUPUKY pa3z-
JUYHBIX CPe/l, B TOM YHCII€ U HA COCTAB KMBBIX OPraHU3MOB. BinsiHue ropo-
Ja TOKa3aHo B paboTax ToMckux wucciuenonateneit A.Il. Bospkunoii,
H.B. Bacunbena, I'.I'. I'myxoBa (cMm. PuxBanoB u np., 1993). Tak, A.Il. bosp-
KuHOU U Ap. (1980) ycTaHOBIIEHO YMEHBIIICHUE COACPKAHUS PsiZla SIEMEHTOB
B 3aBUCHUMOCTH OT YAaJI€HHOCTHU OT I'. TOMCKa B TakuX cpeiax, Kak MOJIOKO,
MeJI, BOJIOCHI AeTei (Tadi. 5).

Tabmuna 5

Cooepoicanue MUKpodieMeHmos (me/ke) 6 pasiuunbix cpedax, omoopaHHvix
Ha pasHom paccmosinuu om 2opooa (no A.1l. boapkunot, 1980)

Bomocer gereit Men Moaoko
SEeMCHT bamx- | Jlanb- banx- | Jans-
HSIS HSIS Kn HSIS HSS Kn 5 km 15xkm | 30 km
30Ha 30Ha 30Ha | 30HAa
Br 0,327 | 0,104 3 - - - 14,20 | 13,82 | 11,01

Na 10,4 3,89 2,7 - - - - - -
K 16,79 7,11 2,4 - - - - - -
Cl 59,92 | 2351 | 25 - - - - - -

Rb - - - - - - 13,82 | 19,91 | 13,82
Zn - - - - - - 16,06 | 15,71 | 17,15
Fe - - - - - - 34,03 | 59,49 | 68,63
Au - - - 1039 | 0,157 | 25 - - -
Sc - - - 10253 | 0145 | 17 - - -
Co - - - 10258 | 0,100 | 25 - - -

Ipumeuanue: (—) — aneMeHT He onpeaesuics; KH — KoahUIMeHT HAKOTUICHHUS.

Pa6oramu H.C. MockButunoit u ap. (1999, 2000) ycraHoBiI€HO, YTO
XUMHUYECKUE DJIEMEHTBI, HaKaIIMBAIOUIMECS B OpraHax MJICKOMUTAIOIIMX,
B YaCTHOCTHU MBIIIEBUAHBIX FPHI3YHOB, OOUTAIONINX HA TEPPUTOPHUSIX C BBICO-
KOM TEXHOTE€HHOW Harpys3Kkoil, COOTBETCTBYIOT I'€OXHMHUYECKUM OCOOEHHO-
CTSIM pailoHa UCCe0OBaHUS.

OTHU HCCIeIOBAHUS MPOBOMIINCH B 30HE BIUAHUS CEBEPHOTO MPOMBIIII-
JIEHHOTO y37a T. ToMCKa, KOTOPBIM XapaKTepu3yeTcs HaIudueM OOJBIIOTO
KOJIMYECTBA MPEANPUITHI PA3TUIHOTO TPODUIIS, OKa3bIBAIOMUMHU CHEIU(U-
YEeCKOE BO3/ICHCTBUE HA MIPUIIETAIONINE TEPPUTOPHH.

A.C. babenko (2000) yka3biBaeT, 4TO Hambojee yA0OHBIM OOBEKTOM
JUTSL OTCIICKUBAHUS PACIPOCTPAHEHUS psAla PEAKO3EMETbHBIX 3JIEMEHTOB
(Th, Hf, Yb, Eu, Rb) sBistorcs ctapmiMHAIBI, B TO BPEMs Kak JIJIS SJIEMEH-

toB U, Br 6osiee yno6Hbsl Oypo3yOku u KpacHo-cepbie mojieBku (babeHko,
2000).
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B.H. Kypaunooii u ap. (1992, 2003) ycTaHOBIEHO, YTO MUKPOJIEMEHTHBII
COCTaB 3éMHOBOJIHBIX OTPayKaeT BO3JCHCTBUE HA HUX OKPYKAIOIIEH CPEIbI.

Pa6otsi I'.A. Jleononoii (2009), IToroa (2001), A.B. Toponona (2006)
yOeIUTENbHO CBUACTENBCTBYIOT O BIUSHUU (PAKTOpa TEXHOTEeHE3a JIOKAIbHO-
ro YPOBHS Ha BOJHYIO OMOTY-IJIAaHKTOH, BOJOPOCIIH, PBIOY.

AHTPOMNOreHHOE NPEOBPA3OBAHUE BUOCDEPHI

CpenneBekoBasi EBpoma CTOJKHyJach € 3KOJOTUYECKUM KPU3UCOM
B XIII-XIV BB., korjia ObUIM HMCUYEpIAHbl PECYPChl SKCTEHCUBHOTO Pa3BUTHUS
(«Benmkoe KopuyeBaHHE» EBpONENCKUX JIECOB M paclalka 3€Meib, POCT T'O-
POJIOB KakK LIEHTPOB pemeciieHHoro np-Ba B XI-XIII BB.). ArpapHoe nepeHa-
CeJIeHHne CrocoOCTBOBAJIO Macc, OTTOKY HaceJeHHs B ropoaa. Poct ropomos
CAEPKUBAJICA KPEMOCTHBIMU CTEHAMU, YTO BEJIO K BBICOKOW CKyYEHHOCTH Ha-
CEJICHUS, U, B CUJIy aHTHUCAHUTAPHBIX YCIIOBUH, CIIOCOOCTBOBAJIO Pa3BUTHUIO
snuaemuii. O6octpeHue 60phOBI 32 PECYPCHI BHUTUIOCH B MHOTOYHCIICHHBIE
BOMHBI U CMYTHI MO3/IHETO CPEIHEBEKOBbs. BBIXOIOM KX 3TOTO KpHU3uca CTa-
JU: TPUTOK PECYPCOB C JPYTrMX MATEPUKOB, MPOMBILUICHHAS PEBOIIOLKSA,
npuBeaas K GOpMUPOBAHUIO UHAYCTpUAIbHOTO oOmecTBa. MHaycTpuanu-
3a1Msl, pe3KO MOBBICUB MPOU3BOAUTENBHOCTh TPYAa U YCKOPUB pa3BUTHE 00-
IIECTB, B TO € BPEeMsl cTaja NPUYMHOW MHOTHUX COLMATBbHO-3KOHOMUYECKHUX
U 3KoJloThYecKkuXx npoodsiem. OdoctpuBLiasics 00psda 3a pecypchbl cTajia Mpu-
YUHOW JIBYX MHUPOBBIX U MHOTOYHCIICHHBIX JIOKAIBHBIX BOIH, TOHKH BOOPY-
KEHUH. Y CKOPEHHOE MHAYCTPUAIBHOE Pa3BUTHE, B 3HAUYUTEIBHOW CTEICHU
CTUMYJIMPOBABILIEE BOCHHBIM MPOTUBOCTOSHUEM, IIPUBEIO K COBPEMEHHOMY
DKOJIOTMYECKOMY KPU3HUCY M 3TaIly OXpaHbl OKPYKArOLIEH KaK MOMNBITKE €ro
paspenieHusl.

Meowcoynapoonas oxpana npupoosl TECHO CBsi3aHa C OOIIECTBEHHOM.
Ponb: B 00beNMHEHUH YCWIMIM pa3HBIX TOCYAapCTB JJISl pelIeHus: Ti1o0alb-
HBIX U PErMOHAJIBHBIX SKOJOTHYECKHUX MPOoOJeM U pa3paboTKe, 3aKI0YEHUN
U peau3aliy COIJIAlIEHUM, HANpPAaBICHHBIX HAa COKpallleHHEe aTMOC(HEpPHBIX
BBIOPOCOB, OXpaHbl 030HOBOTO CJIOS, COXPaHEHUsI OMOJOTHYECKHX PECYPCOB
MODPEH U T. 1.

CoBpeMEeHHbIN 3Tan NPUPOAOINOIb30BAHUS M OXPaHbl OKpYKarolen
cpeasl Havascs Ha pyoexe 1960-1970 rr. Emy npeaimecTBoBan 3KoJor, Kpu-
3uc, HanboJyiee OCTPO MPOSIBUBIIMNCS B Pa3BUTHIX cTpaHax 3amaga B 1950-
1960 rr. 1 HeckoibKko mo3xke B 1970-1980 rr., B 6b1BiIEM CCCP 1 conmanu-
CTUYECKUX CTpaHax.

Ikonozuueckuii kpusuc 1950-1980-x 20006. K nposiBIIeHUSIM HKOJIOTHU-
YECKOT'0 KPU3KCa OTHOCSATCS MHOTOUMCIIEHHBIE TPUMEPBI KaTacTpod, 3arpsi3-
HEHUsI aTMOC(EPHOro BO3/yXa, MOBEPXHOCTHBIX W MOA3EMHBIX BOJ, Jerpa-
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Januy 1Mo4B M pactutenbHocTu. Hampumep, B 1952 1. ot cmora B Jlonnone
3a Heckosbko gHeil ymepio 2500 ugenoBek. B CIIIA cumBosiiamu 3KOJIOTHYE-
ckoit karactpodsl ctanmu p. Ketosixora B r. Kiusienn, kotopas B koHue 1960-x
roJoB ObUIa HACTOJIBKO 3arpsi3HEHa HePTENpOAyKTaMH, YTO MHOTAA ropera,
U 03epo DOpu, TJe MpoIecchl 3BTPOPUKAIINH, BHI3BAHHbBIE MTONAJaHUEM Opra-
HUYECKUX 3arpsi3HCHHM, MPUHSIN TaKWE MACIITa0bl, YTO, «OHO CTaJi0 YXKe
CJIMILIKOM T'YCTBIM, YTOOBI 10 HEMY IJIaBaTh, HO €IL€ CIUIIKOM >KHIKUM, YTO-
On1 ero maxatb». B Tokno B 1973 r. O6b110 328 qHEN cO CMOTOM; JOpPOXKHAS
noymuus Tokro Hecna ciyx 0y B KUCIOPOAHBIX MAacKax, a Ha yJIuIaxX ycra-
HAaBJIMBAJIMCh aBTOMATHI MO MPOJIaXKe MOPLUUNA YUCTOTO BO3AYXa.

B cootBerctBuM ¢ mporpammoit OOH mo mpobGiemaM OKpyKaroiie
cpeasl (FOHEIT) rmo6anbHBIMU SKOJOTHUECKUMH TIPOOIeMaMu, BOSHUKITUMHU
B HAIlle BPEMsI B PE3yJIbTaTE aHTPOIIOT€HHON JEATEIbHOCTH, SIBISIOTCS ClIe-
IYIOILHE:

e HU3MEHEHHe aTMOC(EpPHI U KINMATa;

e HU3MEHEHHE ruapocdepsl;

e U3MEHeHHe NuToc(ephrl KaK HCIONb30BaHHE U J00bIYA TMOJIE3HBIX

MCKOIIa€MBbIX U 3€MJIETIOJIb30BAHHUE;

e U3MEHEHHE OMOTHI (PACTUTEIHHOTO U JKUBOTHOTO MUPA);

e U3MEHEHHE B CEJIbCKOM U JIECHOM XO3SIMCTBE;

e jaemorpaduyeckue mpoOJIeMbl, B TOM YKCIie TpoOIemMa MPOU3BOICT-

Ba MPOJIYKTOB MUTAHUS;
e ypOaHu3alus — MpoOJIeMbl HACETIEHHBIX TYHKTOB;
e BIUSIHUE OKPY’KAIOIIEH Cpejibl Ha 3I0POBbE YETIOBEKA;
e mpo0sema pa3BUTHUS IPOMBIIUIEHHOTO MPOU3BO/ICTBA;
e MpoOJEMBI, CBSI3aHHBIE C MPOU3BOACTBOM U MOTPEOICHUEM DIIEKTPO-
SHEPIuu;

e TIpOOJEMBI, CBSI3aHHBIE C PA3BUTUEM TPAHCIIOPTA;

e MpoOJIEMBI, CBSI3aHHBIE C BO3JICMCTBMEM BOWH Ha OKPY>KAIOIIYIO
Cpely, a TaK)Ke BO3MOXKHbBIE IKOJIOTMYECKUE MTOCIIEICTBHS BOMH

[Toutn BO Bcex cTpaHaxX, BCTYNAaBUIMX B COBPEMEHHBIN 3Tal MPUPOIO-
MIOJIb30BAaHUSI M OXPaHbl OKPYKAKOUIEH Cpelpl, NPUHIATHIO U pealu3aluu
3 PEeKTUBHBIX MPUPOJOOXPAHHBIX 3aKOHOB MPEIIESCTBOBAIN OYpHO MpOTE-
KaBIIMe OOIIECTBEHHBIEC JUCKYCCHUHM, aKTUBHBIC BBICTYIUICHUS YUYEHBIX, OOIIECT-
BEHHOCTH (3eJieHOe JIBI)KeHue). Bo MHOTUX ciydasx pa3BUTHIO OOIIECTBEH-
HbIX JIBJKEHUU CIOCOOCTBOBAIIM KPYIMHOMACIITAOHBIE 3KOJIOTMYECKUE
KatacTpodbl U 3arpsA3HEHUs] OKPYKAIOUEH Cpeibl, O KOTOPHIX CTAHOBHJIOCH
U3BECTHO: 00Jie3Hb MuHamaTa W Jpyrue «3KOJOTUYECKHE 3a00JIeBaHUD)
B Slmonuu, aBapus tankepa «Toppu kaHboH» B BenmnkoOpuTaHuu, KaTacTpo-
¢uueckoe cocrosiHue p. Peitn B OPI, Bemukux o3ep B CIIIA, 4epHOOBLIL-
ckas katactpoda B CCCP.
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ConeprxaHre COBPEMEHHOTO 3TAla OXPaHbl OKPYXKAIOLIEN CPeIbl:

e mnpuHsiTHE 3()(HEKTUBHBIX HAIIMOHATIBHBIX MPUPOJIOOXPAHHBIX 3aKOHOB
Y CO3JJaHUE U UX PeaTn3aliy BEIOMCTB, MUHUCTEPCTB, KOMUTETOB HAJCIIEH-
HBIX IIOJIHOMOYUSAMU KOHTPOJISL BCEX KOMIIOHEHTOB OKPY KAIOILEH CPEbI;

e BBEJCHHE JKOHOMHYECKOTO MEXaHHW3Ma NPUPOIONOJB30BAHMS HA
OCHOBE IIPUHLINNA «3arPSA3HAIOLIUN IIJIATUT.
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1. bapanorckas H.B. 3akoHOMEpHOCTH HAKOIUICHUS M PaCHpEICICHUS XUMHU-
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NEKUWSA 4. ATPONOTEHHOE BO3AENCTBUE HA BUOCOEPY

3azgpsizHeHue npupodHol cpedbl. OCHOBHbIE UCMOYHUKU 3a2ps3HEeHUs
OKpyxaruwieli cpedbl: 3Hep2emuKa, MpPOMbIWIEHHOCMb, MPaHCropm, CeslbCKoe
xo3sticmeo. Xapakmepucmuka eblbpocog 8 ammocghepy, cbpoco8 cmoyHbIX 800,
cocmaga meepOobix omxo008. [NoHssmue u Kraccugukayusi rnpupooHbIX pecypcos.
[MoHsmue u cyuwHocmb rpupodornosb308aHusi. 3aKoHbI MPUPOOOIo/b308aHUSsI.
Pecypcoucmouwarouwiee rnpupodoronib3ogaHue. HakorneHue omxodos 8 ripoyec-
ce nepepabomku u nompebrieHUs nMPUpPoOHbIX pecypcos. BnusHue aHmMpornoz2eH-
Hou desimersibHocmu Ha 2riobarsibHbIlU Kpy2o8opom sewecmsa. HapyweHue npa-
suna 10 %. lNomepsi ycmou4usocmu 6uocgepod. LleHmpbl decmabunu3ayuu
buocepepni: CLLUA u Espona. Muposbsie yeHmpesl cmabunu3auuu: Poccusi, KaHada,
WHOokumau. CyuwHoCcmb CcO8peMeHHO20 3K0J102udeckoz20 Kpusuca. llposieneHus
3K0J102U4EeCK020 Kpu3suca: ariobaribHoe 3agpsi3HeHuUe OKpyxarouwel cpedbl, usMme-
HeHus Krumama, pa3pyuleHue 030H08020 CJiosl, 2ubesib 51ecos, orycmeiHU8aHuUe,
usmMeHeHue 8udoe8o20 cocmaea buochepbl. HezameHumocmb 6uoccpepn! Oris
eblxuBaHuUsl 4Yerioeedyecmsa. KoHuenuuu ebixoda U3 3KOI02UYECKO20 Kpu3uca
u coxpaHeHusi buocghepei.

Ilpupoonsvie pecypcvt — 5T0 4acTh BCel COBOKYITHOCTH MPHUPOJHBIX YC-
JIOBUH CYIIECTBOBAHUS YEIOBEUECTBA M KOMITIOHEHTHI OKPYKAIOIIEH ero ec-
TECTBEHHOW CpEJIbl, UCIIOIh3yeMbIE B MPOIIECCE MPOU3BOACTBA IJIST YIOBIIC-
TBOPEHUSI MaTePUAIILHBIX M KYJbTYPHBIX MOTpEOHOCTEN oOmecTBa. Brioyaer
B ce0f COBOKYITHOCTh MUHEPAIBHBIX PECypcoB MUPOBOTO OKeaHa, MOYBHI,
BOJIbI, PACTUTEIILHOCTD U JAPYToe (BO3IyX, )KUBOTHBIA MUD).

Heucuepnaemvimu pecypcamMu IpUPOALI TPUHITO CUUTATh TE U3 HUX,
KOTOpbIE 10 BPEMEHH, MaciTabaM U 00beMy MX HCIOJb30BaHUS SIBISIIOTCS
HEOTPAHWYEHHBIMH, U MX HaJIW4uMe OOYCIIOBJIEHO B OCHOBHOM BHE3E€MHBIMU
(bakTopamu.

K ucuepnaemvim oTHOCATCS NPUPOAHBIE PECYPCHI, 0OBEMBI KOTOPBIX
OTrpaHUYCHBI TJIaHETAPHBIMU MacCIITabaMH.

Hcyepnaemule pecypchl B CBOIO 0UYEPE/Ib MOAPA3IACISIIOTCS Ha 80300HO8-
Jisiemble, He80300H08IseMble U OMHOCUMENbHO 80300HO8TIsIeMble.

K nee0300H06/15€MbIM OTHOCITCS TE€ TPUPOJHBIE PECYPCHI, KOTOPHIE
HEe 00JIaJal0T CBOMCTBOM CaMOBOCCTAHOBIJICHHUSA, a UX 00BbEMbI B TPUPOTHON
cpezie OTpaHWYEHBI. ITH pecypchl (POPMUPYIOTCS B TEUECHHE COTEH MUJUTHOHOB
JIET ¥ HE BOCIIPOU3BOATCS B MPUPOIHOMN Cpefie Ha MPOTSHKEHUH OTHOCUTEILHO
KOPOTKUX TIEPUOJIOB, CPABHUMBIX C MUCTOpUEH uemoBedecTBa. Vcmonp3oBaHue
ATHX PECYPCOB HEM30EKHO BEAET K UCUEPIIAHUIO.
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Ommnocumenbno 80300H08/15emble TIPUPOJHBIE PECYPCHI 3TO TAKUE pe-
CYpChI, KOTOPBIE€ SIBJISIOTCS BO300OHOBIISIEMBIMH OTHOCHTEIIBHO UX OOBEMOB
(konMuecTBa), T.e. OHU CIOCOOHBI K BOCCTAHOBIIEHHUIO B CBOMX MacIiTabax,
a OTHOCHUTEJIbHO Ka4eCTBEHHBIX IMOKa3aTeliel, XapaKTepU3YIOIMUX YPOBEHB
WX aHTPOMOTEHHOTO 3arpsS3HEHUS, OHU SIBIISIFOTCS HEBO30OHOBISIEMBIMH, T10O-
CKOJIbKY CBOMCTBOM CaMOBOCCTAHOBIICHHUS MTPAKTUUECKH HE 00JIa1at0T.

Pecypchl, criocoOHBIE K CAMOBOCCTAHOBIICHHUIO, B TOM YHUCJIC U TIPH TI0-
MOIIIH Y€JIOBEKA, 32 CPOKH, COM3MEPUMBIC C TIEPHOIOM PIKOHOMHYECKOTO pa3-
BUTHS, HA3BIBAIOTCS 60300HO6MsembiMu. BOCCTAaHOBIEHHUE STHUX PECYpPCOB
UJET C Pa3HOH CKOPOCTHIO, & TEMITbl HMCITOJIHb30BAHUS M PACXOJTOBAHMS KaK-
JIOTO W3 HUX JIOJDKHBI COOTBETCTBOBATH TEMIIaM MX BOCCTaHOBJICHHs. B mpo-
THBHOM CJTydae BO30OHOBIISIEMBIC MPUPOIHBIE PECypChl MOTYT CTaTh HEBO-
300HOBIISICMBIMH.

K Hego306HO0615eMbIM OTHOCATCS T€ TPHUPOAHBIE PECYPCHI, KOTOPHIC
He 00J1a7at0T CBOMCTBOM CaMOBOCCTAaHOBJICHHS, a X 00BEMBI B MPUPOTHOMN
cpelie OrpaHuyeHbl. DTH pecypchbl HOPMUPYIOTCS B TEUCHHE COTEH MUJUIHO-
HOB JIET U HE BOCIIPOU3BOSITCS B MIPUPOTHOM Cpejie Ha MPOTSHKEHUU OTHOCH-
TEIHbHO KOPOTKUX TEPUOJOB, CPaBHUMBIX C UCTOpUEH YeIIOBEUYECTBA.
Hcnonp3oBaHre 3TUX peCcypcoB HEU30EKHO BEJET K UCUEPIIAHHUIO.

OmHocumenbHo 80300H08/IsleMble TIPUPOJHBIE PECYPChl 3TO TaKUE pe-
CYpChI, KOTOpBIC SBJSIOTCS BO300OHOBIISIEMBIMHA OTHOCHTEIBHO WX OOBEMOB
(KomuyecTBa), T.€. OHM CIIOCOOHBI K BOCCTAHOBJICHHIO B CBOMX MaciTabax,
a OTHOCHTEIIPHO Ka4eCTBEHHBIX IOKa3aTeliel, XapaKTePU3YIOIMUX YPOBEHBb
WX aHTPOIMOTEHHOTO 3arpsS3HEHUS, OHH SIBISIIOTCS HEBO30OHOBJISIEMBIMH, TIO-
CKOJIbKY CBOMCTBOM CaMOBOCCTAHOBIICHHUS MPAKTHUECKHU HE 00JIa1at0T.

Pecypchl, criocoOHbIE K CAaMOBOCCTAHOBJICHUIO, B TOM YHUCJIE U MPHU TO-
MOIIM Ye€JIOBEKa, 32 CPOKH, COU3MEPHUMBIE C IEPHOO0M SKOHOMHYECKOTO pa3-
BUTHS, HA3BIBAIOTCS 60300HOGHsembiMu. BOCCTaHOBIEHHWE STHUX PECYpPCOB
UJET C pa3HON CKOPOCTHIO, & TEMIIbI MCIIOJIb30BaHUS M PACXOJIOBAHMS KaX-
JIOTO M3 HUX JIOJDKHBI COOTBETCTBOBATh TEMITAM UX BOCCTaHOBJIeHMs. B mpo-
THBHOM CJIy4ae BO300OHOBIISIEMbIC MPHUPOJHBIE PECYpPChl MOTYT CTaTh HEBO-
300HOBJISIEMBIMH.

Ha Bcex cTaamsix cBOero pa3BUTHS YEJIOBEK ObLT TECHO CBSI3aH C OKPY-
xKaromuM MupoM. Ho ¢ Tex mop Kak MOSBWIOCH BBICOKOMHIYCTPHAILHOE
00I1eCTBO, OMTACHOE BMEIIATEILCTBO YEJIOBEKA B MIPUPOIY PE3KO YCHIIHIIOCH,
pacmmpuiics 00BEM 3TOrO0 BMEMIATENhCTBA, OHO CTajJO0 MHOTOOOpasHee
U celiuac TPO3HT CTaTh TIIOOATBHON OMACHOCTHIO NJIsl YesloBedYecTBa. Pacxon
HEBO300OHOBUMBIX BHJIOB CBHIPhS TIOBBIIIAETCS, BCE OOJIBIIE TaXOTHBIX 3€METTh
BBIOBIBACT M3 SKOHOMHUKH, TaK KaK Ha HUX CTPOSITCS TOpoja U 3aBOibl. Yerno-
BEKYy MPUXOJUTCS BCE OOJIbIIIE BMEIIMBATHCS B XO3UCTBO OMOCHhEphl — TOU
YacTH Haled TUIaHeThl, B KOTOPOM cylecTByeT ku3Hb. buocdepa 3emiamn
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B HACTOsIIEE BPEMs IOJABEPracTCs HAPACTAKOLIEMY AHTPOIOTEHHOMY BO3-
JIICUCTBHUIO.

Ilpupooononv3zoeanue 3TO COBOKYIIHOCTb MeEp, IPEANPUHUMAEMBIX
OOIIECTBOM IO HM3YyYEHHUIO, OCBOCHHUIO, MPEOOPA30BAHUIO M OXPAHE OKpPY-
Karomen cpefpl. TepMUH «IpUPOAONONB30BaHKE» ObUI MPEIJIOKEH HE Tak
nasHo. Ero Briepseie BBen FO.H. KypaxckoBckuii B 1958 romy. 3HaunTeNbHbII
BKJIQJl B Pa3BUTHUE UJEH NMPUPOAOIIOIb30BaHus BHeciu B.A. Anyunn, N.II. T'e-
pacumoB, H.®. Peitmepc, B.C. IIpeobpaxkeHckuii u zip.

Hcropust pa3BUTHS Y€I0BEUYECKOr0 OOIIECTBA 3TO UCTOPHS €ro B3aUMO-
JNEUCTBUS C MPUPOAOM. XapaKTep CBA3E€U 4esOoBEKa U MPUPOJBI MOKHO pac-
CMaTpuBaTh ABOSKO:

« IPUCIIOCOOJIEHHUE YETIOBEKA K YCIIOBUSIM IPUPOJHON Cpelpl O€3 ee BU-
JNIOM3MEHEHNS,

e BUJION3MEHEHUE NPUPOABI YEIOBEKOM JJIs1 YAOBIETBOPEHHUS CBOUX I10-
TpeOHOCTEH.

Ha npoTsiykeHnn HCTOpHUH Y4ETI0BEYECTBA 3TH CBS3U U3MEHSIIUCH:

e Ha JTame pa3BUTHUS OXOTHI U COOMPATENBCTBA, 3EMIIEICINS, peMecia
BBIPAKEHO MPUCIOCOOJIEHNE YeIOBEKa K MPUPOIHBIM YCIOBUSAM 0€3 BUIOU3-
MEHEHUS IPUPOJTHOU CPELIbI;

e HAa JTalne NpOMBILUIEHHOro npoussBoxacTtsa, HTP nmpoucxogut mnzme-
HEHUE NPUPOJHOM CpPEIbl YEIOBEKOM C LENbI0 YIOBICTBOPEHHS CBOUX I10-
TpeOHOCTEH.

C pas3BUTHEM 4YEJIOBEYECKOTO OOIIECTBA MPUPOAHAS Cpena, SBIISSICH
HMCTOYHUKOM PECYPCOB, BCE B OOJIBbIIEH CTENEHU BOBJIEKaeTcs B cpepy yeno-
BEUYECKOM JESATEIBHOCTH U TMOJBEPraeTcsl 3HAYUTEIbHBIM U3MEHEHUsIM (HcC-
TOIICHUE MMPUPOHBIX PECYPCOB, 3arPsI3HCHUE OKPYIKAIOIICH CPEIbI U T. JI.).

e B cdepe COBPEMEHHBIX NPEICTABICHUNA MPHUPOJONOIB30BAHUE
BKJIIOYAET: U3BJICUECHHUE U MEPEpadOTKy MPUPOTHBIX PECYPCOB, MX BO30OHOB-
JIEHHUE WJIA BOCIIPOU3BOICTBO;

e HCINOJIb30BAHUE U OXPaHy NPUPOAHBIX YCIOBUN CPELBI,

e COXPAaHEHHWE U BOCIPOU3BOJCTBO, PALIMOHAIIBHOE U3MEHEHHUE IKOJIO-
TMYECKOr0 PaBHOBECHUS MTPUPOIHBIX CUCTEM OHMOChEpHI.

B npuponononp30BaHnu Beerja CynecTByeT OOBbEKT U CyOBEKT.

OcHoBHas 3a/1a4a IPUPOAOIIOIB30BAHNS — aHAIN3 IIPOTUBOPEUYHM MEK-
Iy UHTEPECAMU Pa3HbIX CYOBEKTOB U IIOUCK IyTEN UX pa3pelIeHHUs

e PALMOHAIBHOE Pa3MELICHUE OTPACIIe MPOU3BOJCTBA HA 3EMIIE;

e OIpeneseHue 1enecooOpa3HbIX HANpaBiICHUN MOJb30BaHUs IIp. pe-
CypCaMH B 3aBUCHMOCTHU OT UX CBOMCTB.

e palUMOHAIBHAS OPTaHU3alMs B3aMMOOTHOILICHHU MEXKIY OTPaCIsIMHU
IIPOM3BOJICTBA IIPU COBMECTHOM NOJIb30BAHUH YIOJIbSIMH;
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e CO3JaHuE 3J0POBOW Cpenbl OOMTaHMsS IJIs JIIOJIEH M TOJE3HBIX UM
opraHuzMoB (TmpemynpexaeHue e€ 3arps3HeHws], JIMKBUIAIHUS €CTECTBEHHO
CYLIECTBYIOIIMX B HEW BPEAHBIX KOMIIOHEHTOB, PallMOHAJIbHOE Mpeoldpa3o-
BaHHE MIPUPOJIBI).

IlIpupooononv3zoeanue KaK npaKmuyeckas 0eaAmeabHOCMb 6KI0YAem
6 ceda paznuuHvle ACNEKmbl:

—  9Kono2uYecKue  acnekmsl  NpUpoOONONb308aHUS — YUET TIpH
OPUHATUU PEIIEHUH BHYTPEHHUX 3aKOHOMEPHOCTEH (YyHKIMOHUPOBAHUS
HKOCHCTEM, PACCMATPUBAEMBIX B (haKTOPHAILHOW U TOMYJISIIUOHHOM SKOJIOTUU:
XapakTepa W HalpaBICHHOCTH NPOMCXOISAIIMX CYKIIECCUH, TpoduyecKon
CTPYKTYpPbI OMOIIEHO30B, COCTOSIHUSL COCTABJISIOIIMX UX MOMYJISILIUK;

— eeoepaghuueckue acnekmul npUpoOOONOIb306aHUS — YUET PU MPUHATHH
perieHnii BHYTpeHHEH HEOJHOPOJHOCTH W reorpaduyuecknx 0COOCHHOCTEU
TEPPUTOPHUIl, KOTOPHIE OHU 3aTParuBaroT: JIAHIIMIA(PTOB U 00pa3yroIIUX HUX
T€OKOMIIOHEHTOB, a TaKXe IPUPOJHO-XO3AMCTBEHHBIX TEPPUTOPHUATIBLHBIX
cucteM. llockonpKy Ha 3emile OJHOBPEMEHHO CYILECTBYIOT IIPUPOIHO-
XO34MCTBEHHbBIE TEPPUTOPUAIIBHBIE CUCTEMBI, OTBEYAIOIINE PA3HBIM CTAIUAM
pa3BUTHUS, KaK OOIIECTBA, TaK M SKOJOTUUECKUX CUTYyallui, y4eT reorpaduye-
CKHUX acCIIeKTOB IIPUPOJIOIOJIB30BAHUA IPEAIOIAracT HCIOJIB30BAHUE IIPU
IIPOTHO3€ AKOJIOTMYECKUX TOCIEICTBUN XO3MCTBEHHBIX PEIIEHUN TPaJIULIAOH-
HOTO JJIs1 reorpauu npremMa «IoJACTaHOBKH BPEMEHU IPOCTPAHCTBOMY;

— OKOHOMUYEeCKUe dacneKkmvl NpupoOoOnolb306aHus — YYE€T TpH
NPUHATHH MIPAKTUYECKUX PEIICHUI B MMPUPOJOIOIB30BaHUN YIKOHOMUYECKUX
OTHOILLIEHUH, JEUCTBYIOIINX B IPUPOIHO-XO3UCTBEHHBIX TEPPUTOPUATIBHBIX
CHUCTEMAX, IMIPOTHO3 HKOJIOTUYECKUX MOCIEACTBUN XO3SIMCTBEHHBIX PEIICHUM,
UCIOJIb30BaHUE SKOHOMHUYECKHUX PhIUaroB (HAJOTH U IUIATEXKHU, HMHBECTUIIIH )
B LIEJIAX ONTUMHU3ALUN IIPUPOAOIIOIB30BAHN,

— lopuoudecKkue Aacnekmsl HPUPOOONOIb306aHUS — AHAIU3 BIUSHUS
3aKOHOZATEIbCTBA W  BO3HUKAIOIIMX BCJICACTBUE HErO0 IOPHUIMYECKUX
OTHOLIIEHUH B OOIIECTBE HA COCTOSIHME MPUPOJHON Cpe/bl, UCIOJIb30BAHUE
IOPUINYECKUX PBHIUAroB (3aKOHBI M TOA3AKOHHBIE AaKThI, IOPUIUYECKUE
JICUCTBUA) B LIEJSAX ONTUMU3AIMN TPUPOIOTIOIb30BAHUS;

— mMexHoio2uuecKue acnekmsl npupooononIb306aHus — aHAIIM3 U OLICHKa
AKOJIOTMYHOCTH MPUMEHSAEMBIX WIA HAMEYAEMBIX K IPUMEHEHHUIO TEXHHYECKUX
pEUIEHUA W TEXHOJIOTHM, TIOCTOSIHHBIM TIOMCK TEXHOJIOTMYECKUX IMyTEH
pELIEHUS SKOJIOTHYECKUX TPOOJIEM U ONITUMHU3ALMH ITPUPOIOTIONB30BaAHUS.

BUAbI NPUPOAOMNONIb3OBAHUA

e Payuonanvuolii — B3auMoieiicTBUE 00IIECTBA M MPUPOABI pa3BUBA-
€TCSl TAPMOHUYHO, CYIIECTBYET CHCTEMA MEP IO MPEAYNPEXICHUIO OTpULIA-
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TEJBHBIX TOCJEICTBUIA BMEIIATEIhCTBA YEIIOBEKA B MPUPOAY, HX B3aUMOOT-
HOIIICHHS yTIPABIISICMBI.

o HepayuonanvHolii — OTHOLIEHUE 4YeNOBEKa K NPUpPOJE — HOTpedu-
TEIbCKOE, MPOUCXOAUT HApyIIEeHUE OanaHca B «OOMEHE BEIIECTB» MEXIY
OOIIECTBOM M TIPHPOJION, HE YYUTHIBAIOTCS TPEOOBAHUS IO OXpaHE CpPEbl,
4TO MPUBOUT K €€ JIeTpaalvu.

3ArPA3HEHUE

3aepsaszHenue — IPUBHECEHUE B CPEy UM BOSHUKHOBEHUE B HEH HOBBIX,
OOBIYHO HE XapaKTEPHBIX IJIsi Hee (PU3MUECKHX, XUMUYECKHUX, OMOJIOTHYE-
CKHUX, WH(OPMAIIMOHHBIX areHTOB, WJIM TPEBBIIICHWE B PacCMaTpPUBAEMOE
BpEMs €CTECTBEHHOTO CPETHEMHOTOJIETHETO YPOBHS KOHIIEHTPAIINH, PUBO-
JSITIIee K HETaTUBHBIM TOCTIEACTBUSIM.

ITo cocTaBy pa3nuyaroT CJIEIYIOIKE BUIbI 3arPI3HEHUM:

e @usuueckoe (M3MEHEHHE (PU3NYECKUX MAPaMETPOB CPEJbI: TEIUIO-
BOE, IIIyMOBOE, CBETOBOE, 3JIEKTPOMArHUTHOE, PaJUallMOHHOE);

o Xxumuyeckoe (U3MEHEHUE ECTECTBEHHBIX XMMHUYECKUX CBOMCTB Cpe-
IIbl, TPEBBIIAIONIEE CPEIHEMHOTOJETHHE KOJEOAHHUs KOJUYEeCTBA KaKOIo-
00 BeIleCTBa, JMOO BOZHMKHOBEHUE B OKPY’KAIOIIEH cpele XUMHYECKHX
BEILIECTB, B HOPMAJIbHOM COCTOSIHUM OTCYTCTBYIOIIMX B HEM WJIM MPUCYTCT-
BYIOIIIMX B CYIIECTBEHHO MEHBIITNX KOJIMYECTBAX);

o Ouonocuyeckoe (MIpUBHECEHUE B CPEAY U PA3MHOXKEHUE B HEH HEXe-
JATENBHBIX OPTaHU3MOB WJIU 3arpsS3HEHUE CPEeAbl MPOAYKTAMU UX KU3HEIEsI-
TEJIbHOCTH);

o 2eonoco-ceomopghonocuueckoe (00pa3oBaHWE HOBBIX JINOO M3MEHE-
HUE CBOMCTB M XapaKTEPUCTUK TOPHBIX MOPOJ U T€OJOTUUYECKUX CTPYKTYP,
dopmM penbeda, mporieccoB Mopho- U JIUTOTCHE3A).

o Texnocennoe 3acpssHenue — BCSIKOE TOCIEICTBUE AHTPOMOTEHHBIX
BO3/ICHCTBUM, TPUBOISILEE K HEraTUBHBIM pe3yJbTaTaM, XOTsl HE BCSKOE 3a-
IpSI3HEHUE SIBJIIETCS TEXHOTEHHBIM U HE BCSKOE TEXHOTEHHOE

[To macmrabaM MposIBIACHUS pa3INYalOT 3arpsi3HEHUE:

e TJI00AJILHOE,

e pPEruoHaibHOE,

e JIOKQJbHOE,

e TOYEYHOE,

e BHYTPHUKBApTUPHOE.

[To mpouCX0XICHHUIO pa3INYaroT 3arpsi3HEHUE:

e €CTECTBEHHOE;

e AHTPOMOTEeHHOE (MOApA3NEIsIeTCS Ha IMPOMBIIIJIEHHOE, CEebCKOXO-
3SIICTBEHHOE, TPAHCIIOPTHOE, BOEHHOE, OBITOBOE).
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[o xapakTepy JOKaIM3aLUH PA3TUYAIOT CICIYIOLIIE BUIbI 3arPS3HEHHS
e armocdeps;

e TIOBEPXHOCTHBIX BOJ (Jajee — peK, 03ep, Mopeil);

e TOJ3E€MHBIX BOJ;

e TIOYB;

e TPYHTOB,

e Henp (OAMOYBHI).

WCTOYHWUKW 3ATPASHEHWA OKPYXAIOLLEN CPE[bI

K ucTounukam 3arpsi3HeHUs] OTHOCSIT:

e TOYKa BRIOpOCA BemiecTBa (TpyOa);

e  XO34WCTBEHHBIM WM IPUPOJHBIN O0BEKT, BHIOPACHIBAIOLIHI 3arpsi3-
HSIOILIEE BEILIECTBO;

e paccMaTpHUBAEMbId KaK €QUHOE IIEJI0€ FOPOJ WM PETMOH, U3 KOTO-
pPOro NOCTYyNaeT 3arps3HAOIIEE BEIIECTBO;

e MaTepHaIbHBIA HOCUTENb 3arpsi3HEHUs (YacTUIA 3arps3HSIONIETO
BEILIECTBA).

[TepBbli1, BTOPOU U TPETUH MOAXOIbI UCIIOJIB3YIOTCS B TEXHOJIOTUYECKUX
JUCIUIUIMHAX U KOJOTMYECKOM HOPMHPOBAHUU, YETBEPTHIA — B T€OXUMUU
n janamadroBeneHud. ['€0sKkoorus ¥ MPUPOIONOIH30BAHUE ONEPUPYIOT
BCEMU YETHIPbMSI TTOAXOIAMH.

Kak u3BeCTHO M3 r€OXMMHM OKPYXAIOUIEH CPENIbl, PA3INYAIOT CICAYIO-
1IM€ BUJIbI 3arPS3HEHUS:

e CpEICTBa XMMU3ALMU — BEUIECTBA, IPEJHAMEPEHHO BHOCUMBIE B OK-
PYKaIOILYIO CPEAY C LEIbI0 YBEIMYEHHS TOTO WJIM MHOTO BUJIA TPOU3BOACT-
BEHHOM JI€ATEILHOCTH,

e OTXOJbl, HE YTUJIM3UPYEMbI€ B JJAHHBII MOMEHT U BO3Bpallla€MbIC
B OKPY’KaIOIIYIO CPEAY YaCTH UCIOJB3YEMBIX U MepepadaThiBaeMbIX YeIOBE-
KOM MaTepHaJioB.

OTX0/1bI TOAPA3IAEISIOTCA:

e BBIOpOCHI (ra3000pa3HbIe OTXO/IbI, pacceruBaeMbie B aTMochepe),

e CTOKM (KMJIKHE OTXOJbl, PACCEMBAEMBbIE€ B MOBEPXHOCTHBIX M TOJI-
3€MHBIX BOJIaX),

e CKIAQUpyeMble OTXOHbl (KMJIKME W TBEpIble, HaKallJIMBaeMble Ha
CBAJIKax W IMOJIMTOHAX JJISl MOCJIEIYIOUIEr0 HCIONb30BaHUA I 3aXOPOHE-
HUS).

BbIOpoch! 1 cTOKH OOBIMHO OBIBAIOT IBYX()a3HBIMH, T. €. COCTOSAT U3 OC-
HOBHOH (pa3bl (ra3000pa3HO WK JKUKOW) U B3BEIICHHBIX YacTHIl. BbIOPOCHI,
CTOKA W CKJIaJupyeMble OTXOJHbI, OOpasyrompecs mpu (PyHKIIMOHHUPOBAHUU
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MPOU3BOACTBEHHBIX OOBEKTOB M KOMMYHAIILHO-OBITOBOM C(ephl, XapaKTepu-
3YIOTCSI IO 0011IeMy 00BEMY B COCTaBY.

3arpsi3HSIOUIME BEMIECTBA, MOMAB B FTEOCUCTEMY, C PA3JIMYHON CTETIEHBIO
WHTEHCUBHOCTH MUTPHUPYIOT B HEH, BKIIOUAIOTCS B €CTECTBEHHBIA KPYTrOBO-
poT, mepenatorcss mo Tpoduueckum 1ensMm u T. 1. [Ipu 3TOM HEKoTOpbIE
BEII[ECTBA MOTYT HAaKaIUIMBAThCS HA TE€OXUMHUYECKUX Oaphepax: B JIOHHBIX
OTJIOXKEHUSIX, B IOBEPXHOCTHOM CJIO€ TIOYB, B OpraHu3Max.

ITockosibKy B MpUpoOE YTO-TMOO PEAKO MPUCYTCTBYET B YMCTOM BHJIE,
3TO TeM Oojieeé HE OTHOCUTCS K 3arps3HSIONMM BeliecTBamM. BniOpoch
1 cOpPOCHI MOYTH BCEr/1a MHOTOKOMIIOHEHTHBI U MHOTO(a3Hbl. ['€0OKOMIIOHEH-
Thl, B KOTOpBIC MOCTYNAIOT 3arps3HSIONIME BEIIECTBA, MOAPA3ICISIIOTCS
Ha JIMHaMHU4HbIE (BOAA, BO3/IyX) U JEHOHUPYIOUIUE (ITOYBA, JOHHBIE OTIOXKE-
HUA, CHET u Jien). Hambomnbiiee BIMsHNE HAa OMOTY OKA3bIBACT COJCPKAHUE
3arpsI3HSIIONINX BEIIECTB B IMHAMHYECKUX CPElax, HO OHO MOJBEPKEHO 3Ha-
YUTEIbHBIM U3MEHEHUSIM TIOJI BIUSHUEM JIMHAMHUKU SMUCCHUM TOJUTIOTAHTOB
U TPOIECCOB PACCESHUS M MUTPAIMH, MPOTEKAIONIUX IO 3aKOHAM a’po-
u ruapoauHaMuku. CoaepikaHue 3arps3HsIONIUX BEIIECTB B JICTIOHUPYIOIINX
T€OKOMITOHEHTax Ooiiee cTabuiibHO. Mexay reocepamu u BHyTpHU Teocdep
MPOTEKAIOT MPOLIECCHl MUTPAIIMU 3arPsI3HAIONINX BEIIECTB, TpaHCPOpMaIluu,
B TOM YHUCJIE CaMOOYHILECHUS — €CTECTBEHHOI'O Pa3pyLICHUS 3arpsi3HUTEIIS
B Cpelie B pe3yibTaTe MPUPOAHBIX (PU3MUECKUX, XUMUUYECKUX U Ouosioruye-
CKHMX MPOIIECCOB; HanbOOJIee MHTEHCUBHBI OHU B IMHAMUYHBIX cpeaax. Takum
00pa3oM, BO BCSKOW MOJIBEprarolieiics 3arpsi3HEHUI0 TE€OCUCTEME, B €€ dJie-
MeHTe (BIIOTH JI0 OpraHW3Ma, 0CoOM) CyIIeCTBYeT OanaHC 3arps3HSIOIIAX
BemecTB. CocTaBJstoniye 3Toro 6ajaHca — MPUXoJ OT BEIOPOCOB U COPOCOB,
MUTPALMH U3 JPYTUX T€OCUCTEM U/WIIM T€OKOMIIOHEHTOB, BTOPUYHOTO 00pa-
30BaHUS MOJITIOTAHTOB OT MPOIIECCOB BHYTPU CUCTEMBI U PAcXOJ 3a CUET BbI-
HOCa B JPYTrHe€ T'€OCUCTEMBbI (KOMIIOHEHTHI), caMooduIeHus. [Ipu momoxu-
TEeJIbHOM OajlaHCe YPOBEHb 3arps3HCHHOCTH PAcTeT, a MPU OTPHUIATEILHOM
camkaercs. Kaxmas reocucreMa o0JaaeT ONpPEACICHHBIM IMOTEHIIMAIOM
CaMOOYHMIIICHUS, T. €. MOXKET 3a CAMHUILY BPEMEHH Pa3pyIIUTh ONPEACICHHOE
KOJIMYECTBO 3arpS3HSIONINX BEIIECTB.

Hanbonee MacimtaOHbIM M 3HAYUTEIBHBIM SIBISETCS XMMHUYECKOE 3a-
IPSA3HEHHUE CPEAbl HECBOMCTBEHHBIMU €M BEIIECTBAMH XUMUYECKON MMPUPO/IBI.
Cpenn HEX: Ta3000pa3HbIE W a’PO30JBHBIC 3aTPS3HUTENIA MTPOMBITUICHHO-
OBITOBOTO MpOUCXOXKIeHUs. [IporpeccupyeT u HaKOIUIEHNE YTICKUCIIOTO ra-
3a B atMoc¢epe. JlanpHeiiee pa3BUTHE TOro mporecca OyaeT yCHIUBaTh
HEKeJIaTeIbHYIO0 TEHJICHIINIO B CTOPOHY MOBBIIICHUS] CPEIHETOJ0BOM TeMIie-
paTypbl Ha IJ1aHeTe. BBI3bIBaeT TPEBOTY y AKOJIOTOB U MPOJOJDKAOIIEECs 3a-
rpsizHeHMe MUpOBOTro okeaHa He(Thi0 U HePTEIPOIyKTaMu, TOCTUTIIIEE yKe
1/5 ero obmei mnoBepxHocTU. HedTsHOE 3arps3HeHHE TaKUX pa3MepoB
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MOET BBI3BAaTh CYIIECTBCHHBIE HAPYIICHUS Ta30- U BOJOOOMEHA MEXIY
ruapocdepoit u atmocdepoi. He BhI3bIBaCT COMHEHMI W 3HAYECHUE XUMHYC-
CKOT'0 3arpsi3HEHUs MOYBBI MECTUIUJIAMH M €€ TMOBBIIICHHAS KUCIOTHOCTD,
BEIyIIasl K pacmaay dKocuCcTeMbl. B 1emom, Bce paccMOTpeHHBIE (haKTOPHI,
KOTOPBIM MOXXHO TPUITHCATh 3arpsi3HAIONHNN 3P (HEKT, OKa3bIBAIOT 3aMETHOE
BIIMSIHUE HA TIPOIIECCHI, TPOUCXOIIIre B Ouocdepe.

COBPEMEHHbIWA 9KONOrMYECKUU KPU3UC

IKonoeuueckuti Kpuzuc 3T0 00paTUMOE KPUTUUYECKOE COCTOSTHUE OKpPY-
KAKOWIEH Cpeabl, YIPOKAIOIIEE CYLHIECTBOBAHUIO YEJIOBEKA M OTPAXKAIOIIEE
HECOOTBETCTBUE PA3BUTHUS IPOU3BOAUTEIIBHBIX CHJI U MPOU3BOJACTBEHHBIX
OTHOIIICHUH.

YenoBedyecTBO MPOSBISACT ceOS KaK BEIMYAMIIAs T'€OJIOTHYECKasl cuja
[0 MaciuTadbaM CBOEH HEATEILHOCTH Ha HalleH IutaHeTe. TeXHH4YeCKHe BO3-
MO>KHOCTH Y€JIOBEKA U3MEHSTh MPUPOJIHYIO CPENY CTPEMUTEIBHO BO3pacTa-
JIA, TOCTUTHYB CBOEH BBICHICH TOYKHU B 3MOXY HAYYHO-TEXHUUYECKON PEBOJIIO-
nuu. HelHE OH cnoco0eH OCYIIECTBUTh TAaKWE MPOEKTHI MPeoOpa3zoBaHUs
MPUPOJHON CPENbl, O KOTOPBIX €HIE€ CPABHUTEIBHO HEJABHO HE CMEN MEY-
Tath. Kazamock Obl, 4EJIOBEK CTAaHOBUTCS BCE MEHEE 3aBUCUM OT IMPHUPOJIBI,
MOAYMHSSA €€ CBOEMY BIIUSIHUIO, TTpeoOpakasi B COOTBETCTBUM CO CBOMMU I1e-
mamMu. OJHAKO BCE Yallle CIBIIATCA CJIOBA «OXPaHa MPUPOIBI, «IKOJIOTUYE-
CKMH KPHU3HUC» U T.II. BBIICHWIOCH, YTO POCT MOTYIIECTBA YEJIOBEKA BEJECT
K YBEJIMYCHUIO OTPULIATEIIBHBIX JJISI TPUPOJIbl U B KOHEYHOM CYETE OITACHBIX
JUIA CYIIECTBOBAHUS YEJIOBEKA IOCIECICTBUH €ro JESITEIbHOCTH, 3HAYECHHUE
KOTOPBIX TOJIBKO C€MYac HAUMHAET OCO3HABATHCS.

XapakTepHOW OCOOCHHOCTBHIO HAIIIETO BPEMEHH SIBISIOTCS MHTEHCHU(U-
Karusl ¥ Tio0anu3anus BO3JCHCTBUS YEIOBEKA HAa OKPYXKAIOIIYI0 €ro Ipu-
POJHYIO CpPeay, YTO COMPOBOXKIAETCS HEOBIBAIBIMUA paHee HHTEeHCUPUKaIen
n rioOanu3alnpell HEraTHMBHBIX ITOCIEICTBHI 3TOro Bo3aewcTBuA. M ecau
paHbIIE YEJIOBEYECTBO HCIBITHIBAIO JOKAJIBHBIE U PETHOHAIBHBIE HKOJIOTH-
YECKHUE KPU3UCHI, KOTOPHIC MOTJIA MPUBECTH K THOETN KaKOW-THOO ITUBHIIN-
3alliH, HO HE MPEIMSITCTBOBAIN JAJIbHEUIIIEMY MPOTrPECCY YEJIOBEUECTBA poaa
B 1IEJIOM, TO TEMEPEUIHSAs] KOJIOTHYECKAs] CUTyallusi YpeBaTa Ti00aibHbIM
JKOJIOTUYECKHAM KOJUIAIICOM, MOCKOJbKY COBPEMEHHBIM YEJIOBEK Pa3pyIIaAeT
MEXaHU3MBbI IIEJIOCTHOTO (PYHKIIMOHUpPOBaHHUS Ouochepbl B IUIAHETAPHOM
Mmacirade. Kpu3ucHBIX TOYEK Kak B MPOOJEMHOM, TaK U B MPOCTPAHCTBEH-
HOM CMBICJIE CTAaHOBUTCS BCE OOJIBIIIE, U OHH OKa3bIBAIOTCS TSCHO CBSI3aHHBI-
MU MEXIy co00i, 00pa3ysi CBOETo pojia CETh, CTAHOBSIIYIOCS Bce OoJiee vac-
Toi. MIMEHHO 53TO OOCTOSITENBCTBO W TIO3BOJIIET TOBOPUTH O HAJIUYUHU
TJI00AJTLHOTO PKOJIOTMYECKOT0 KPHU3HCa U YIPO3€ IKOJIOTUUECKON KaTacTPOdBhl.
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Cpenu MOTEHITMAIBHBIX AYKOJIOTHYECKUX OMACHOCTEH OTMETHM BHAdYaJIe
T€, KOTOPhIE MOTYT aKTyaJU3UPOBATHCS B OyAyIEM MPHU COXPAHCHUH CYIIIe-
CTBYIOIIUX TEHICHIIUN TEXHUKO-PKOHOMHYECKOTO pa3BuTHs. K HUM MOXHO
OTHECTH OIACHOCTU HMCUEPIAHUs TPATUIIMOHHBIX BUIOB MPHUPOIHBIX PECyp-
COB, TEIJIOBOTO TIEPErpeBa IUIAHETHI, Pa3pyIICHUs O30HOBOTO IIHUTA, COKpPa-
IIIEHUST KOJIMYeCTBa KUCIopoia B aTMocepe.

Oco06o0 cnemayer ckaszaTh O MpoOsemMe O0eCleUeHHs] dHEPreTUYECKUMU
pecypcamu. OCHOBHYIO TMPHUXOAHYIO YacTh TOIUTMBO-dHEPreTHYEecKoro Oa-
JIaHCA COCTABJISICT DHEPTHs, MOJyYEHHAs 32 CUET CKUTAHHS MHHEPAJILHOTO
tormBa. Ho 3anmacel He)TH ¥ IPUPOTHOTO Ta3a, 0 MHEHUIO CTICIIHAINCTOB,
MOTYT OBITh HCUEpIaHbl B Onvkaiiem Oymymiem. [lepcrekTUBBI CBA3BIBAIOT
C pa3BUTHEM aTOMHOW PHEPTreTHKU, KOTOpas CIIoCOOHa 00eCIeUnTh YesoBe-
YECTBO OTPOMHBIM KOJHMYECTBOM JICIICBOM JHEPrUM. ATOMHAs SHEPreTHKA
Oonee OmaronmpusATHA ISl IPEIOXPAHEHUS] IPUPOJTHONU CPEIbl OT TEIIOBOTO
Y XMMHUYECKOTO 3arpsi3HEHHUsI, OJTHAKO €€ pa3BUTHE BICYET HE MO IAOIIHIICS
YYETY PUCK.

ATOMHasi SHEpPreTHKa TauT BTOPOM OCHOBHOW THIl TMOTEHIMATIBHBIX
OMAaCHOCTEN — TEX, KOTOPhIE MOTYT aKTyaJIH3UpOBATHCS B JIFOOOW MOMEHT
B PE3yJIbTATE CIyYalHBIX OOCTOSTENbCTB. VIMeeTcss B BUly OMACHOCTh WH-
TEHCHUBHOTO PaIHOAKTUBHOTO 3apPaKCHUSI TIPUPOTHON CPEIbl, KOTOPOE MOXKET
MIPOM30UTH HE TOJBKO B pe3yibTaTe MPUMEHEHHS aTOMHOTO OPYXKHS, HO
takxke u3-3a aBapuil Ha ADC. Het texnuueckux cuctem co 100 %-Hoil Ha-
JEKHOCTBIO, TIOITOMY XOTS U TPYJIHO NpPEIyranarh, IJie MPOU30HIyT HOBBIE
aBapuu, HO B TOM, YTO OHHM OyayT, COMHEBaThCsl He mpuxoautcs. [Ipobiaema
3aXOPOHEHUS PAJMOAKTUBHBIX OTXOJIOB TAKXKE JI0 CUX IOP HE pelicHa.

[Tpu cymecTByrOMUX TEMIaxX poOCTa YHEPIUU, BbIpabaThiBaeMoi Ha 3eMle,
CJIEIyeT OKMJIaTh, YTO €€ KOJIMYECTBO CTAaHET COM3MEPUMON B CKOPOM Bpe-
MEHH C KOJMYECTBOM PHEPruu, noiyyaemon ot CosHIa. YUeHble yKa3bIBalOT
Ha OIMACHOCTbH TEIUJIOBOI'O IMEpEerpeBa IUJIAHEThl U IMPEBBIINICHUE dHEpPreThye-
CKHX 0apbepoB OHnochephl.

OnacHOCTh TEIUIOBOTO TMEperpeBa IUIAaHEThl YCWJIMBAETCS U B CBSA3U
C TOBBILIEHUEM COJIEpKaHUSI YIJIEKUCIIOro rasa B arMmocdepe, 4To BEAET K
TaK Ha3bIBAEMOMY «HapHUKOBOMY 3 dexTy». Cxuranue TOIIMBA BHOCHUT
exerogHo B atmochepy He menee 1000 T yrmekucioro ra3a. PacyeTs! moka-
3BIBAIOT, YTO TIOBBINICHWE COJEPYKAHMS YTJIEKHUCIOTO Ta3a MOXKET BBI3BATh
rJI00ahbHOE TIOBBINIEHUE TEMIEPATyphl Ha 3eMJI€ CO BCEMHU BBITCKAIOIUMU
OTCIOZIa TIOCTIEACTBUSMU — TasTHUS JIHJIOB U T. TI.

Psin ydeHbIX, HaPOTHB, BHICKA3BIBAIOT MPEMOJIOKEHUE O TPSIYIIEM
MOXOJIOJIaHMY Ha HAIlleW TIJIaHETE IMOJ] BIMSHUEM aHTPOMOTCHHOW NesITelb-
HOCTH, CBSI3aHHOW C 3allbUleHHEeM aTMocdepsl U T. . B mobom ciayyae pes-
KHE€ W3MCHCHHS KiuMaTa (COOBITHS IOCICIHHX JIET TOBOPSAT O TOM, 4YTO
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10I00HBIE MPOLIECCHI YKE UMEIOT MECTO) MOTYT BBI3BaTh KaTacTpopuuecKkue
pe3ynbTaThl. 31€Ch YMECTHO HAIOMHUTD O HAJIMYUH «TPUTTEPHOTO P deKTar
B IIPUPOJIE, KOTJa HE3HAYNTEIBHOE BO3JECHCTBAE MOXKET MOBJIEYb IPOMA/IHBIE
nepemenbl. Henp3s 3a0bIBaTh, YTO SKOJIOTHMUECKHE MPOLIECCHI SKCIIOHEHITH-
aIbHBIE U W3MEHEHUS B INPUPOJE MPOUCXOAAT HE TOJIBKO 3BOJIIOLIMOHHO.
Cy11ecTBYIOT MOPOTH (SHEPTreTUUECKHE U Jp.), IPEBBIILIEHUE KOTOPHIX IPO3UT
PE3KUMH KaueCTBEHHBIMU MTPEOOPa30BAHUSIMH.

[ToTeHIMaNbHO OINACHBIM SIBIIAFOTCS M T€ IPOLECCHI, KOTOPBIE celdac
IIPUBOJSAT K PEAIIBHBIM 3KOJIOTMYECKUM HETaTUBHBIM MOCIEACTBUSAM. 3arpsi3-
HEHUE NPUPOJHON Cpeabl HE TOJIBKO IPUHOCUT HE MOIAAFOLIMECS MTOJTHOMY
y4eTy MOTEepU, HO CO3JAET PUCK ell€ OOJIbIINX HENPUSATHOCTEH, 0COOEHHO
ecnu yuecth dpdexr Hakoruienus. Tak, nanpumep, HJT, pagunoaktuBHbie
BEILIECTBA JIa’K€ CIYCTSI HEMAJbI CPOK MOCIIC TONagaHusl B IPUPOJHYIO Cpe-
Iy HE yTpauyuMBaeT BPEAOHOCHBIX CBOMICTB, a, HA00OpPOT, HAKAIIMBAKOTCS
B JKMBBIX TKaHSIX. PUCK HCTOLIEHUS MTOYBBI M BEIBETPUBAHUSA €€ TIOJOPOIHO-
ro CJOsl TaKXKE PacTeT MO MEpe YBEIMUYEHUS TTyOWHBI BCHAIIKU U WHTEHCH-
¢bukanuy BO3CHCTBHS HA 3EMITIO.

[ToTeHmanbHbIE OMACHOCTH BAYKHEE TEX, KOTOPHIE YK€ B MOJHON Mepe
CTOSIT Iepe]] YeT0BEYECTBOM. PeaslbHble OTpULIATEIbHBIE TOCIEICTBUS MOK-
HO YMEHBIIUTbH, U Mbl CTAHOBUMCS CBHJIETEISIMU YCIIEXOB HEKOTOPBIX CTPaH
B Oopb0e C 3arps3HEHHEM MPUPOJHON cpenbl. [loTeHIManpHbIE OMaCHOCTH
KOBapHEE, MOTOMY YTO IMOJCTEPETat0T HEOXKUIAHHO U HE TOJBKO HE YMEHb-
Ial0TCs, HO UMEIOT TEHJIEHIMIO BO3pacTaTh MO MEpEe pocTa MacIITaOHOCTU
YeJI0BEUECKOH JesiTelbHOCTU. BooOI1ie ToBOps, MoOJb3a OT MPUPO0TIPeodpa-
30BaTEIbHOIO MPOEKTa JOCTUTAECTCS JIOBOJBHO OBICTPO, MOCKOJIBKY C 3TOU
LIEJIbI0 OH OCYILECTBIIEH, TOI/IA KaK I MOJHOTO MPOSIBJICHUS OTPHUILIATEIb-
HBIX MOCJIEJCTBUI, Kak NpaBuiio, HEOOXoauMo Bpemsi. Yem maciutabHee
U CIIO’)KHEE MPOEKT, TeM OOJIbIIE MPOXOIUT BPEMEHH 10 MPOSBIEHUS M0O0Y-
HbIX 3(Q(PEKTOB, TeM 3HAYUTEIIbHEE OHU U TEM OOJBIIMMU HEMPUSATHOCTIMU
IPO3ST HEMOJAJKU B MPOLECCE OCYUIECTBICHUS AAHHOTO MPOEKTa U (yHK-
LMOHUPOBAHMS CO3/IaHHOTO 00BeKTa. UTak, HapsAy ¢ TpaaUIMOHHBIMU IIPO-
OmeMaMu, KOTOPHIE MOKHO OTHECTH K pa3psily SKOJIOTHYECKHX. HEXBaTKa
MIPOJIOBOJIBCTBUS B CJIA00OPA3BUTHIX CTPAHAX, NPEIOTBPAILICHUEM CTUXUIUHBIX
OelICTBUI YEIOBEYECTBO CTOJIKHYJIOCH C HOBBIMHU SKOJIOTHUYECKUMHU TPYIHO-
CTSIMHU.

OTtpaenbHbIE PETMOHBI IJIAHETHI, HAXOISALIMECS Ha pa3HbIX CTYIEHAX
SKOHOMHUYECKOTO PA3BUTHS, UCIIBITHIBAIOT PA3ITUYHBIE TPYAHOCTH:

e NS Pa3BUBAIOUIMXCS CTPaH 3TO TPAJAMLIMOHHAS MpoOIeMa HEXBATKU
MUILEBBIX TPOTYKTOB,;
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e JUIS Pa3BUTHIX — MEPCHEKTUBA WCYEPIIAHUS TPHUPOIHBIX PECYPCOB
Y 3arpsI3HEHUS] IPUPOTHOM CPEIBI.

Kaxxercs, uTo mepen pa3iIuyHbIMU paioHAMU 3€MJIA CTOSIT MPOTHUBOTIO-
JoxHbIe 3a7aun. Tak, B ctpaHax KOro-BocrouHoil A3um o1Ha U3 BaXKHEHIITHUX
ATO TIpoOJIeMa CHUKEHUSI POKIAEMOCTH, B TO BpeMsi Kak BO MHOTHX adpu-
KaHCKMX W HEKOTOPBIX 3allaHBIX CTPaHaX POCT HACEIICHHS CUUTACTCS HEOO-
XOJIMMBIM JJIsI PA3BUTHS MMPOMBIIIUICHHOCTH M CEJILCKOTo xo3siicTBa. Ha ca-
MOM Jejie, BCE OTH, Ka3ajioch Obl, pa3pO3HEHHBbIE MPOOJIEMbl BHYTPEHHE
CBSI3aHbl MEXAY COOOM, 1 UMEHHO TOCJIEIHEE 0OCTOSITEILCTBO COOOIIAET Ka-
YECTBEHHOE CBOCOOpa3nue COBPEMEHHOM IKOJIOTMYECKON CUTYaIIUH.

OCHOBHBbIE 3KOJTOrMYECKWE NMPOBIEMbI

o IIpoGnema rino6ansHOrO MOTETICHUSI.

o [IpobGnema cokpanieHus miIonaau JecoB.

o Bo3saeiicTBue yenoBeKa Ha OKPYKAKOIIYIO CPey.

e Bo3zxelicTBue CeabCKOTO XO34MCTBa (3emiieenne, >KUBOTHOBOCT-
BO).

TpancriopTHBIE BO3ICUCTBHUS (aBTOMOOWMIIBHBIN, BOAHBIN, BO3TYIITHBIH

TPAHCIIOPT).

OCHOBHbIE UICTOYHUKMN 3ATPSA3HEHUA OKPYXXAIOLLEW CPEbI

Ilpomvluinennocmsy, HanpUMeEp, MAIIUMHOCTPOUTEIbHAS MPOMBIILIEH-
HOCTb UMEET MHOTI'OOTPACIEBYIO CTPYKTYPY (TSKENOE, IEKTPOTEXHUUECKOE,
PaZMO’IIEKTPOHHOE, TPAHCIOPTHOE MAIIMHOCTPOEHHE, MPUOOPO-, CTaHKO-
CTPOCHHS U T.[.), U KaXJIOH W3 OTpaciieil MPUCYUIM CBOU SKOJIOTMUECKUE
OCOOEHHOCTH: COCTaB U KOJIMYECTBO OTXOJOB, TOKCUYHOCTH 3arps3HEHHIA,
pPEXUM UX BBIOPOCOB B aTMoc(epy U CO CTOYHBIMHU Bojamu. Kak u npyrue
OTpaCIU MPOMBIIIJIEHHOCTH, MAIIUHOCTPOEHUE TIATOTEET K pailoHaM pa3BHU-
THSI METAJUTYPTUH, CKOHIIEHTPUPOBAHO B TOPOJAX M «IIPOU3BOAUT» OOJBIITHE
00BEMBI OTXOJIOB, 3aTPSAZHSAIONINX BO3AYX, BOAY U MOYBY.

K skomornuecku BpeIHBIM OTHOCUTCSI M IIEMEHTHAsI TPOMBIIIJICHHOCTb.
HaunOounbime npobiieMbl OHA CO3/1Aa€T, 3arps3Hss OKPYKAIOU[YI0 CpeAy Mbl-
JbI0, CEPHBIM AHTHAPUAOM M OKCHAaMU a30Ta. VIMEHHO Ha MpeAnpusiTHUSIX
ATON OTpACiU XYK€ OCYIIECTBISIOTCS MPUPOJOOXPAaHHBIE MEPOTIPUATHS: Ha-
npuMep, KOHIEHTpArus MbuM B uX BeIOpocax B 5—10 pa3 Gombmie [1/IK.
C 3arps;3HEHHBIMU CTOYHBIMU BOJAMH B PEKU €XKETOJHO cOpPachlBalOTCS ThI-
CSYM TOHH OpPraHMYECKUX BEIIECTB, B3BECEH, COJIEH, APYTruX BpPEIHBIX CO-
€AMHCHUMN.

Bonwmioii Bpen penbedy, 3eMenbHbIM peECypcaM, TPYHTOBBIM BOAaM Ha-
HOCHUT rOpHOJ00BIBAIOIAS IPOMBIIIJIEHHOCTb.
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OHepreTuka

CubHO 3arps3HSIOT OKPYXAIOIIYI0 Cpeay OOBEKThI IHEPTeTUKH, TPEXK-
ne Bcero TOLl u I'POC. Tlornomas orpoMHOE KOJIMYECTBO HEPTETPOYKTOB,
rasa u yriisi, OHd BbIOpachIBalOT B aTMOC(epy MIIUTHOHBI KyOOMETPOB BPETHBIX
ra3oB, a’po30JI€il U CaXXH, 3arPOMOXIAIOT COTHH IE€KTapOB 3€MJIM IUIAKaMU
M 30JI0M. 32 MEpHOJ CBOETO CYIIECTBOBAHUS BOJOXPAHWIMILA MPEBPATUIINCH
B HAKOMUTEJICH OTXOJIOB U 3arps3HEHUN U3 Om3iexanux pernoHoB. Ceiiuac
3a crpoutenberBa ['9C u cozmanus Bogoxpanuiauil noaromieHo 100 Teic ra
MPUOPEXKHBIX 3€Mellb, BO MHOTO pa3 CHU3WIACh MHTEHCHUBHOCTH MPOLECCOB
camoouuuieHus /[Hernpa, peryisipHO MPOXOIUT «I[BETEHUE» BOJbI, YMEHbIIIA-
€TCsl PBIOONPOAYKTUBHOCTh U COOTBETCTBEHHO MPOU3BOJUTEIBHOCTbh PhIO-
HBIX XO3SMCTB.

O0beKTbl NOTeHUMaNbLHON AAEPHON U paauaLMOHHON ONAcHOCTH

BoenHnas nesiTenbHOCTh ObLIa M OCTAE€TCS MCTOYHUKOM OINMACHOCTU IS
npuposl. Boenno-nipomeiniuiennsiit komiieke (BIIK) motpe6isier orpomuoe
KOJIMYECTBO MUHEPAJIBLHOTO ChIPhSl U SHEPTUHU, HEOOXOJUMBIX I TIPOU3BO/I-
CTBa BOCHHON TEXHHMKHU. ApMHS U (JIOT CKUTAIOT B JIBUTATENSAX CaMOJIETOB,
TaHKOB, aBTOMOOWJIEH, KOpadJiei, B KOTEIbHBIX BOCHHBIX TOPOJAKOB U YacTen
KOJIOCCaJIbHbIe 00BeMBI TOIUMBA. [Inommane 3emMenb moj NOJMIOHbI, CTPEIb-
oua,. OXOTHUYBMMHU XO34WCTBAMH JUIsl BBICHIMX YMHOB, YYE€OHBIMH LIE€H-
Tpamu npesbiaer 100 Teic ra. Ha conepxanue apmuu, Gpiorta, npeanpusTui
BIIK Tpatutca Hemanas 4acTh CPEACTB HALIMOHAJIBLHOTO OrO/KeTa Y KpauHsbl.
OrpoMHBIil Bpell HAHOCST MPUPOJIE UCIIBITAHUS PA3JIUYHBIX BUIOB BOOPYXke-
HUM, a TAKXKE IPOBEACHUE MAHEBPOB U YUYECHU.

Boennbie 6a3bl, ropoaKy, apceHaibl, CKIaabl OOEMPUIIACOB, XPAaHUINILA
ropro4e-CMa304yHbIX MaTEPUAJIOB U PAKETHOTO TOIUIMBA, aBUALIMOHHBIE U 00-
IICBOMCKOBBIE ITOJIUTOHBI, TAHKOJIPOMBI, CBAJIKU U MECTA 3aXOPOHEHHUs BpEl-
HBIX OTXOJIOB COCTAaBJISIIOT PEAJIbHYIO M MOTEHIMAIBHYI0 ONACHOCTh JJIsl Hace-
JIEHUS] U OKPYKAIOIIEH Cpelbl, 3arps3Hss OKPYkKAIOUIYI0 CpPEey XUMAYECKUMU
BEILIECTBAMH, B YACTHOCTH COCIMHEHUSMH TSKEJIBIX METAJUIOB, MOBBIIIAS pa-
IUAIMOHHBINA (DOH, BBI3BIBAS ACTPAAIIIO TPHUPOIHBIX KOMIIIEKCOB.

TpaHCnopT — aBTOMOOMIbHBIN, XeNe3HOAO0POXHbIN, BOAHbIA U BO3AYLWHbINA

B kpymHBIX roposiax 3arps3HEHHE BO3/1yXa BBIXJIOMTHBIMU Ta3aMy ITOPO
nocturaer 70-90 % oOmero yposHs 3arpsisHeHusi. Kpome toro, 6omee 20 %
TPAHCIIOPTHBIX CPEICTB IKCILTYaTUPYETCs C MPEBBIMICHUEM yCTaHOBICHHBIX
HOPMAaTHBOB COZCPKAHU BPESIHBIX BEIIECTB B OTPAOOTAHHBIX Ta3ax.

B orpaboTtaHHBIX Tra3ax, KOTOpbIE BHIOPACHIBAIOT HAILIM aBTOMOOUIIH, 00-
Hapy»eHO OKoJI0 280 pa3IMUHBIX BPEIHBIX BEIIECTB, CPEIH KOTOPHIX 0COOYIO
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OTMACHOCTh TPEICTABIIAIOT KaHIEPOTEHHBIE OCH3MUPEH, OKCHUIBI a30Ta, CBU-
HEll, PTYTh, AJIbJIETU/IbI, OKCU/IBI YTJIIEPOJIa U CEPHI, Caxa, YrIeBOAOPOIbI.

Ha nepeBo3Ky OJHOTO M TOrO k€ rpy3a aBTOTpPaHCIOPTa HYX HO B 6,5
paza 0oJblle TOTUIMBA, YEM KEJIE3HOAOPOKHBIN, U B 5 pa3 OoJiblile 4eM BOJ-
HOM. OTpaboTaHHbIE ra3bl AU3EIbHBIX JBUTATENEH 3HAYUTENIBHO 0o0Jiee TOK-
CUYHBI, YeM KapOIOPATOPHBIX, MMOCKOIBKY COACPIKAT MHOTO OKCHIOB yTIIEPO-
1la, TMOKCHUOB a30Ta U CEphl, a TakkKe caxku (10 16—18 Kr Ha KAy TOHHY
JIU3EJIbHOTO TOTINBA).

Kene3HomopoKHBIA TPAHCIIOPT SKOJOTUYECKH YHUIIE, OCOOCHHO 3JIEK-
Tpuueckuil. Y mpoGiemMoii CTaHOBUTCS CUIIBHOE 3arpsi3HEHUE KEJIE3HBIX J0-
pOr HEYMCTOTaMH, BbIOPACHIBAEMBIX M3 BArOHHBIX TYaJIeTOB. 3arpsA3HseTcs
M0JI0Ca IIUPUHOM B HECKOJIBKO METPOB BIOJIb ITyTeW. Bo BCex NMBUIIM30BaH-
HBIX CTpaHax TyaJeThl MOE3I0B O0OPYAOBAHO CHEIUATHHBIMH E€MKOCTSIMH,
¥ HEYHMCTOTHI HE BHIOPACHIBAIOTCS HApyXy. B pe3ylbrare 3KOIOTHYECKUX
U MEIUIUHCKUX HUCCIEIOBAaHUN BBIICHUIOCH, YTO 3arpsA3HEHUE KEJIE3HOI0-
POKHBIX ITyT€H HEYUCTOTAMH W TPOAYKTAMHU HX Pa3JIOKEHHUS, OCOOCHHO
B TEIUIbIE CE30HBI I'0J1a, BBI3BAJIO 3a00JIEBAHKE JKETYJKA U JIETKUX Y MHOTUX
MaCCAXKUPOB U JKEJIE3HOIOPOKHUKOB.

Omnpenenennsiii ymep0 Jnenpy u ero Bogoxpanunuinam, Jlynas, /{xne-
cTpy, UepHoMy U A30BCKOMY MOpPSIM HAHOCUT BOJHBIM TPAHCIOPT, IPEXKIE
BCEro 4Yepe3 HecOOMI0IeHNE MPaBUJI MEPEBO30K U MepeKayku HeTenpoayK-
TOB, aBapUM, OYUCTKU TAHKEPOB, CMBIBbI, IITYMOBLIE U BUOPAIMOHHBIE BO3-
JIEUCTBUA U BOJHBI, KOTOPBIE pa3pylIaloT Oepera BOAOXPAHIIIUILLI.

CenbcKoe X0341MCTBO

JUisl cenbCKOXO35IMCTBEHHBIX PAllOHOB XapaKTEPHBIM SIBISIETCS 3arpsi3-
HEHHUE MPHUPOJHBIX BOJ U MOYB MECTUIMIAMU U MUHEPATbHBIMUA YI0OPEHHSI-
Mmu. 13 Bcero koaumuecTBa MUHEPAIbHBIX yIOOpEHUI, BHOCUMBIX B IOYBBI
B cpeaneM juiib 5-10 % wux moriomaercs pacteHusiMu. OctanbpHbie 90—
95 % cmbIBaeTCA MOXKISIMHU U TAJIBIMH BOJAMH, CIyBaeTCs BETpaMU U MOMa-
JAET B PEKH, 03€pa, TPYHTOBBIE BOJbI, CTAHOBSICh BPEIHBIMU KOMIIOHEHTaMU
DKOCUCTEM. B pesynbprare cerofHs Kak MPUPOJHYIO Cpely, TaK M CEJIbX03-
MPOJYKTHI MMOYTH MMOBCEMECTHO 3arps3HEHBI COEIMHEHHUSIMU a30Ta, ¢ocdopa,
KaJiusi, 4acTo — PaJMOAaKTUBHBIMH 3JeMeHTaMu (coaepkatcsi B GochopHbIX
MUHEPAIBHBIX YAOOPEHHUSX), UHOT/A, TSDKEIBIMU METaJUlaMH (MENblo, IIUH-
KOM, 3HauMTesbHble npeBbiieHus 11K koropsix oOHapyxumu B 5 % celib-
CKOXO3SIMCTBEHHOM MPOAYKIMU) U OCTaTKaMu crenu(UuecKux repOuuuoB
TaKMX KaK, CAMa3HH, aTpa3uHa U ApyTHe.

bonbion Bpen noyBaM HaHOCHUT KCIIOJIB30BAHMS HA MOJSAX TSYKEIOU CEllb-
X03TeXHUKH. OHa peryyispHO NMepeyIIbHIOE MOYBY, pa3pyLias ero CTpykTypy,
CHIXKasl HACBIIIEHHOCTh BO3yXOM, aKTUBHOCTb OOMEHHBIX OMOXMMHUYECKHX
MPOLIECCOB, TPOTUBOIPO3UOHHYIO U MPOTUAECPIISILIUOHHYIO YCTOMUHUBOCTb.
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OdeHb HampsDKEHHAsh HKOJIOTMYecKas OOCTaHOBKA CIIOXKHIIACH BOKPYT
KPYMHBIX KUBOTHOBOJYECKUX KOMIUIEKCOB (B paJlyce HECKOJBKUX KHIIO-
MeTpoB), rae BoipamuBaeTcs 30—-100 Teic U 60jee rojoB CKOTa: OHU €XKeCy-
TOYHO MPOU3BOAAT A0 2—3 THIC T IKCKPEMEHTOB, KOTOpPbIE B XO35IICTBE HE yC-
NeBaloT nepepadaTrhiBaTh. Pe3ynbpTaTe pasnokeHuss 1 THUEHHUS] SKCKPEMEHTOB
BBIJICTISIIOTCS OOJIbIIME Macchl aMMHaka, a30Ta, CEpOBOJOpOJa, OpraHuye-
CKUX KHCJIOT, pa3BUBAeTCA MaToreHHas Mukpogiopa. CTouHble BOJBI KH-
BOTHOBOJYECKHX KOMIUIEKCOB B pPaJyce€ HECKOJIbKMX KHJIOMETPOB 3arpsis-
HSIOT TIOBEPXHOCTHBIE W TPYHTOBBIE BOJbI, BBI3BIBAIOT TUOENb PHIOBI
U JIPYyTUX TUAPOOMOHTOB. BOMM3HM ATHUX KOMILIEKCOB COCTOUT HEOJIaromo-
Jy4yHas CAaHUTApHO-TUTMEHWYECKass 00CTaHOBKA, HAOJIOJAeTCsl TOBBIIICHHAS
KOHIICHTpAlUsl TeJIbMUHTOB M 00JIe3HETBOPHBIX Oaktepuil. Ha kumomerpsl
OT KOMILJIEKCOB BO3YIIHBIMHU MTOTOKAMH PA3HOCUTCS CMPAJI.

KommyHanbHble CTOKM

Bce octpee akoiornyeckoil nmpoodsiemMoil ropojloB CTAHOBUTCS OYUCTKH
Pa3TUYHBIX KOMMYHAJIBHBIX OTXOJIOB — OBITOBBIX M TIPOMBIIUICHHBIX — U HX
nepepaboTka. TeopeTrHdecku CyIIECTBYIOIINE METOABI Jal0T BO3MOXKHOCTH
OYHUCTHUTH CTOYHBIC BOJBI HA 95-96 % (XOTS M 3TOro HEIOCTATOYHO), HO Ha
NPaKTHUKE OYMUCTKHA MPOMCXOAUT B Jiydmiem ciiydae Ha 70-85 %. Ouucrtka
CTOYHBIX BOJ| IO CAHUTAPHBIX HOPM BO BCeM MHUpE (a y Hac TeM OoJiee) CBs-
3aHa CO 3HAYUTCIIBHBIMH 3aTpaTaMH, TTO3TOMY OXHUIATh YIYUYIICHUS COCTOS-
HUS 7N B 3TOM 00JlacTH B OJvbKaiiinee BpeMsl HE MPUXOAUTCS. YacTHUHO
PEIINTh MPOOJIEMY MOXKHO, ITEPEHAsS K CXeMe 3aMKHYTOTI'0 BOJOIIOTPEOICHUS
Ha TPEANPUATHSIX.

®dusnyeckoe 3arpasHeHne

K omacHBIM 3arpsi3HUTENSIM OKPYXKAIOMIEH CPENlbl OTHOCITCS OOBEKTHI,
TCHEPUPYIONTUE MOIHBIC (U3MUECKHE TOJISA, — AJIEKTPOMArHUTHBIC, pajiia-
IIMOHHBIE, IIIYMOBBIC, YIbTPa-U WH(PA3BYKOBBIC, TEIUIOBLIE, BUOPAIIMOHHBIE
(6onpmme paguoctanmmu, teroneHtpanu, PJIC, TpancopmaTopHbie moj-
craniuu, JIOII, peTpaHCHAlMOHHBIE CTAaHIUU, CHEIUATbHBIC (U3UYECKUE
nabopaTopuu U yCTAaHOBKH, kKuOepHeTrnueckue 1eHtpol, ADC u np.).

BEUOC®EPA: MEXAHU3MbI YCTOWYMBOCTU

buocdepa npeacraisier coO0M OTKPBITYIO CHCTEMY, KOTOpasi OOMEHH-
BAE€TCA BEIIECTBOM M DSHEPTUEN C OKPYXAUIEH CPEaol. ITO BO3MOKHO
MOTOMY, YTO B 9KOCHCTEME MPUCYTCTBYIOT HE TOJIBKO aBTOTPO(BI KaK MPOU3-
BOJUTEIM OPraHUYECKOro BEIIECTBA, HO U TeTepOTPO(dbI — MOTpeOUTENn
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U pa3pyUIUTeNn OpraHMYecKOro BeliecTBa. Mexay mpoleccaMu CO3AaHUs
OpPraHMYECKOTO BEIIECTBA U €ro NpeoOpa3oBaHUEM U Pa3pyIICHUEM yCTaHaB-
JIMBAETCS] OTHOCUTEIBHOE PaBHOBECHE, U HKOCHCTEMA OCTAETCSl YCTOMUMBOM.
Y CTOWYMBOCTD 3TO CBOMCTBO 3KOCHUCTEMBI, KOTOPOE MPOSBISIETCS B MOANEP-
’KaHUU CBOETO COCTaBa, CTPYKTYPHI U (PYHKITUH, a TAK)KE B CIIOCOOHOCTH BOC-
CTaHABIIMBATHCS B Cllydae, €CJIM OHU OYIyT HAPYIICHBI. Y CTOWYUBOCTH OHO-
cthephl onpeenseTcs:

e UCKIIOYUTEIHHBIM Pa3HOOOPA3UEM KUBOTO BEIIECTRA,

e B3aMMO3aMEHSEMOCTBIO COCTABIISIIOIINX €€ SKOCUCTEM,

e AyO0nIMpOBaHHMEM 3BEHHbEB OMOTCOXUMUYECKUX ITUKIIOB,

e KM3HCHHOW aKTMBHOCTBHIO )KHBOTO BEIIECTRA.

buonoruueckoe pazHooOpasue obecrneunBaeT OOraTrcTBO HMH(MOPMAIIH-
OHHBIX, BEIIECTBEHHBIX M SHEPTETHUCCKUX CBSI3€H )KMBOTO M KOCHOTO BEIIle-
CTBa, a TaK)K€ B3aUMOCBSI3U OHMOCchepbl ¢ KOCMOCOM, TeochepaMu, POIIECCHI
1100aJbHOT0 OMOT€OXUMHYECKOTO KPYTrOBOPOTA.

CymiecTBOBaHME KaKIOTO BHJIA 3aBUCUT OT MHOXKECTBA JIPYTUX BHUIOB,
YHUYTOXKEHHE OJHOTO M3 BHJIOB MOYKET IMPUBECTH K MCUYC3HOBCHUIO CBSI3aH-
HBIX C HUM WHBIX BHUIO0B. OcoOM OJHOTO BHJA W MPOIYKTHI MX KU3HEIESS-
TEIBLHOCTH, a TAKKE MX OTMEPIINE TeJia SABJISIOTCS TMUIICH I APYTHX BUIOB,
9YTO 00ECIIEYNBAET CAMOOYHIIIEHUE IKOCUCTEM.

ConmaibHO-3KOHOMHYECKOE pa3BUTHE OOIIECTBA MPHIIJIO U SBHOE TIPO-
TUBOpPEUYHUE C OTPAHUUYEHHBIMU PECYPCOBOCIIPOU3BOISIIMMU | KU3HEoOece-
YUBAIOIIMMH BO3MOXKHOCTSIMH Onochepsl. [IporcxomuT UCTOIIEHUE eCTeCT-
BEHHBIX PECYPCOB CYIIM W OKeaHa, 0e3BO3BpaTHasl MOTEPsl BUIOB PaCTCHUU
M J)KUBOTHBIX, 3aTPS3HEHNE OKPYXKAIOIICH CpPe/bl, YIPOIICHHE U JeTpaaanus
skocucTteM. [103TOMy 4enoBEYECTBO MINET MYTH YCTONYMBOTO Pa3BUTHS 00-
IIECTBA U TIPUPO/IBI.

buonornueckoe pasHooOpasue — T€HETHUYECKOE, BHIIOBOE, DPKOCHCTEM-
HOE — SBJISIETCS MIEPBONPUIMHON YCTOMYMBOCTH Kak Onochepsl B IIEIOM, TaK
YU KaXIOM OTIEIbHOM 3KOCHUCTEMBI. JKHW3Hb KaK YCTOWYHMBOE IIAHETAPHOE
SIBJICHHE BO3MOJKHA JIMIIIh B TOM CJIy4ae, KOTJla OHA MpeACTaBiIeHa pa3HO00-
Pa3HBIMU BUJIAMHU U DKOCUCTEMAMHU.

Ho B cCOBpeMEHHBIX yCIIOBUSIX HACTOJIBKO BO3POCITH MACIITAOBI XO3Sii-
CTBEHHOM JIEATETLHOCTH YEJIOBEKAa, YTO BO3HUKAET OMACHOCTh MOTEpU OHO-
JIOTUYECKOTO pa3zHooOpa3usa. PasHble BUIBI JESITEIBHOCTH YEIOBEKA MPHUBO-
JST K TPSIMOMY WM KOCBEHHOMY YHHYTOXEHHUIO Pa3HOOOPAa3HBIX BHUOB
1 DKOCHCTEM OHOoChephl.

MO>XHO BBIICIUTH HECKOJIBKO OCHOBHBIX THUIIOB JIETPAJAIlU OKPYKAIO-
el cpeibl, KOTOPhIE B HACTOAIIEE BpeMs SIBIAIOTCS HamOoJiee OMacHbIMU
JUTs1 Ouosornyeckoro pasHooOpasus. Hanpumep, 3atorsieHrue win 3aujieHue
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MPOAYKTUBHBIX 3€MeJib, MX OeTOHHWpOBaHME, achadbTUPOBAHHUE WM 3a-
CTpOMKa JIUIIAIOT AUKUX KUBOTHBIX MeCT oOuTanus. Bo3enpiBanue 3emernb
HepalMoOHAJbLHBIMUA METOJIAMH CHUYKAET YPOKaW M3-3a SPO3UU U UCTOIICHUS
roopoaus mouB. OOMIbLHOE OPOIICHHE MOJIEH MOXKET MPUBECTH K 3acoJie-
HUIO, T. €. K TMOBBIIIICHUIO KOHIICHTPAIIMU COJIEH B TIOYBE /10 YPOBHSI, HE Mepe-
HOCHUMOTO DPACTCHHSIMHU. BCle/CTBHE Yero MCcYe3arT TUIUYHBIE PACTCHUS
ATUX MecT. BeipyOka sieca Ha OONBIINX TEPPUTOPHUSIX MPU OTCYTCTBUU BOC-
CTAaHOBUTEJBHBIX TMOCAIOK MPUBOJUT K YHUUYTOKEHUIO MECTOOOMTAHHUM JTH-
KHX JKMUBOTHBIX, CMEHE PAaCTUTEIHbHOCTH, COKpAICHHUIO €€ Pa3HOOoOpa3usi.
MHorue BUJIbI UCUE3AI0T 10 MPUYMHE UX UCTPEOJICHUs, a TaKKe BCIEACTBUE
3arpsi3HEHHST OKPY’KAroIIe cpejbl. bOoNbIIMHCTBO BUOB MCUE3aeT IO MPHU-
YUHE YHUUTOKEHUSI €CTECTBEHHBIX MECT OOUTAHMUS, pa3pyIICHUS TPUPOTHBIX
HKOCUCTEM. DTO U SABIISETCS OJIHOM U3 IJIaBHBIX NMPUYUH 00€THEHUs OMO0JIO-
TUYECKOr0 pazHooOpasusi.

CoBpemenHas necrabunmzanus Onocdepbl camas yHUKaIbHAs W camast
MacmTabHas B ucropun 3emsma. OO0 3TOM CBHIETEILCTBYET, MPEXKIE BCETO,
TUTAaHTCKHUI MaciiTad BEIMUpPAHUST OMOJIOTMYECKUX BHJIOB, MPOJOJKAIOIIUI-
Cs C caMOro Hadaja roJyioneHa. HampaBiieHHO yMEHBIIAIOT PEryJILMOHHbBIE
BO3MOKHOCTH COBPEMEHHBIX JaHAMA(TOB COIMATbHBIC CHUCTEMBI, TJIC aH-
TPOIIOTCHHBIC TYCTHIHU COCEACTBYIOT C JAPYTMMH MEHEE YIPOIIECHHBIMU
naHAmadTamMu, a MoCiaeTHUE CO CBEPXCIIONKHBIMU ypOAaHU3UPOBAHHBIMU CHC-
TeMamu. Bce 3T0 cHMKaeT ycToiunBoCcTh Onocheps U ee cmocoOHOCTh K ca-
MOpEryJUupoBaHuio. [103ToOMy KOMIUIEKC Mep TO omTHMHU3anuu Omochepbl
JIOJKEH OBITh HAMpaBJIeH MMEHHO Ha 3aIUTy JaHamadTHOTO OMopa3HO0Opa-
3Wsl OT 3arps3HEHUs U nepeHaceneHus 3emian. CUMITOMAaTHYHO, YTO B TIOBE-
CTKaX BXHEUIINX MEXKTYHAPOIHBIX COBEIIAHUMN BBICIIMMA MTPHUOPUTET OOBIYHO
MIPUCBAaMBAETCSl HE ATHUM MpodiiemMam, a, Hampumep, 00phOe C TMOTEIICHHEM
KJIMMaTa.

[Ton «9KOJOTHYECKUM KPU3UCOMY, B TIEPBYIO OUYepPe/lb, TIOHUMAETCS He-
ycmotuiuugoe coctosinue omocdepsl 3emid. HeraTuBHoe BO37eHCTBUE TEXHO-
cdepsl B HacTosIIIIee BpEMS MPHUBENIO K HAPYIICHUIO TUTAHETAPHOTO MaTepH-
anpHOrO0 Oananca. Mwmmmapael JieT (MpuUMeEpHO dYeThIpe), Omocdepa
Ha TJIAHETE pa3BHBAJIACh, OTTAYMBAsl PA3IMYHOTO poja OallaHChl, B TIEPBYIO
ouepeslb — COryiacys MOTOKH PHEPTUU U 3aMbIKas MOTOKH BeliecTBa. TexHo-
chepa BHOCHT TUTAHTCKUN BKJIAJl B TUTAHETAPHBIC MIOTOKW BEIECTBA U DHEP-
MU U TEM CaMbIM HapyIIaeT CIOKUBIIUECS B JAJIEKOM MPOILIOM OalaHCHI.
Hapymenrne matepuaibHBIX 0agaHCOB MPUBOAUT Onocdhepy B HEYCTOWIUBOE
COCTOSIHME KakK, BCJEACTBHUE AEATEIHbHOCTU TexHocheprl Ouochepa Tepser
YCTOWYHUBOCTb.
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HeycroitunBoe coctosinue Ouochepbl xapakTepusyercsi ObICTpbIMU (TIPO-
TEKaIoIMMU B TEUCHHUE >KU3HU OJIHOTO IMOKOJICHUS JrojieH, T. €. 3a 30-50 ser)
HEraTUBHBIMU MPOILIECCAMU B OKpY»Karolled cpeie. ITU OBICTPOIIPOTEKAIOIIIE
HEraTHBHBIE TPOIECCHl OOBIYHO HA3bIBAIOT IKOJIOUUECKUMU NPOOIeMaAMU.
DKOJIOrH4ecKre mpoosieMbl — JIFOOMMBIM KOHEK JIIOJIEH, CBSI3aHHBIX C 3IKOJIO-
TMYECKON TEMATUKOW: OT MPENnojaBaTeseil U CTYJIEHTOB JO MOJIUTUKOB. JKO-
JIOTHYECKHE MPOOIEeMbl U3BECTHBI BCEM, CPEIU HUX:

e rio00anbHbIE U3MEHEHUS KINMATa,

e 030HOBBIE JBIPHI;

e 3arpsi3HEHHE BO3/1yXa, BOJbI U ITOYBHI;

e  PaCHpOCTPaHEHUE CBEPXYCTOMYMBBIX 3arpsI3HUTENEH;

e  KHCIJIOTHBIE OCAJKU;

e HCYE3HOBEHUE JIECOB;

e OIYCTHIHUBAHUE 3EMEIIb;

e BBIMHUpaHHUE OMOJIOTUYECKUX BUJIOB;

U €Ille MHOT'O€ PYroe.

Hu onHy skonoruueckyro npoOjeMy HEb3s PEUINTbh B OTAEIbHOCTH,
TaK Kak OHM €CTb JIMIIb OTAEJbHbIE TpaHU OJHOW OOJIBbIION MPOOIEMBI —
nucbananca Ouocdepbl, mpuueM IMoTeps cOAJaHCUPOBAHHOCTH BbI3BaHA
MMEHHO TPOMBIIUICHHON AESTENbHOCTBIO YEJIOBEYECTBA B PaMKax TEXHO-
cdeppl, KOTOpasi OKa3bIBAa€T JIBa BHJIa HEraTMBHOI'O BIIMSHUS Ha Ouocdepy:
U3BITHE PECYPCOB U BHIOPOC OTXOJOB — UMEHHO OJMH W3 3THUX MPOLECCOB
MBI OOHApPYXUM 32 KaXJA0W U3 3KOJIOrMYecKuX mpoobiem. ['nobaibHble n3Me-
HEHHUA KJIMMaTa — BBIOpOC B aTMOc(epy YIJIEKUCIIOro ra3a u Apyrux MHOIO-
ATOMHBIX Ta30B, YCUJIMBAIOIIUX MMAPHUKOBBIA 3P(PEKT, 030HOBHIE JIBIPHI U B
LIEJIOM 3arpsi3HEHUE MPUPOJHON CPENbl, B TOM YHCIIE CBEPXYCTOMYHMBBIMH BE-
IIECTBAMH, KHUCJIOTHBIE OCAJIKH — NPUYMHON TOXKE SBISIETCA BBIOPOC OTXOJIOB.
Hcue3HOBEHNE J1€COB, BBIMHpPAHUE OHOJOIMYECKMX BHUJIOB — MPUYHMHA, HECO-
MHEHHO, B U3BSITUU IPUPOJIHBIX PECYPCOB, B IEPBYIO I'OJIOBY — OMOMACCHI.

HekoTopsie skonornyeckue npoodsieMbl UMEIOT HE aHTPOIIOT€HHOE U HE
TEXHOT'€HHOE IIPOUCXOXKICHNE, & BBI3BIBAIOTCS IPUPOIHBIMU (PaKTOpaMu, KO-
TOpblE MOTYT OBbITh BecbMa MolIHbIMU. Hanmpumep, nosoxxenne CosHEUHOM
CUCTEMbl Ha TaJIAKTUYECKON TpPaeKTOpPUM, OKa3bIBa€T BIMSHHUE HAa KJIMMAT
Ha riaHeTe. Ho rmaBHBIM 10Ka3aTeNnbCTBOM TEXHOCHEPHOTO IPOUCXOKICHUS
HKOJIOTMYECKUX MPOOJIEM SIBISETCS, CKOPOCMb MPOTEKAaHUSHETaTUBHBIX MPO-
1IECCOB B OKpYyXkarolieid cpenpl. YeTkas mpuBsizka CKOPOCTH HETATUBHBIX
MPOLIECCOB K CPOKaM YEJIOBEUECKOW JKU3HU, «C MOJUYHBIMY BBIJAET BUHOB-
HUKa Bcex 0ea ouochepsl. [Ipupoansie nporecchl HETOPOIUIUBDI, KaK MOA3ET
IJIaHeTa MO TrajJakTUYeCKOM TPaeKTOpHH, JlaXKe MPEACTaBUTh ceOe HEBO3-
MOxHO. Vu, HanpuMep, eCTECTBEHHOE HAKOIUIEHHE KUCI0poia B atMochepe
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3emun, B pe3ynbTaTe KU3HECATCILHOCTH IEPBUYHBIX OPTAaHU3MOB, KOTOPOE
npoucxoawsio B reuenue 1,5 mupna net B IIporeposoiickoii 3pe. 3a 310 Bpems
KOHIICHTpAIUsl KUCIOPOJa B BO3IyXE YBEIMYMIACH C HYJIS JIO MOYTH COBpE-
MeHHOTo 3HaueHus B 20 % 1o oobemy. To ecTh, KOHIIEHTpAIUsl KUCIOPOa
B armoc(epe Bospactrana B cpeaHem Ha 00,0027 % xaxmpie 200000 ner.
A dYeJoBEK YBEIWYWJI KOHIICHTPAIMIO YTJIIEKUCIOTO Ta3za B arMmocdepe
Ha 0,002 % Bcero 3a 50 et (¢ cepenunnl 10 KoHia 20-ro Beka).

[Ipuyem, KpaitHe UHTEpPECHO, YTO TexHOCchepa pacmupeserncHa HepaBHO-
MEPHO IO TEPPUTOPUU CYIIH TJIAHETHI U JaXKE MO0 TEPPUTOPUAM OTACIHHO
B3SITBIX TOCYNApCTB. PasnmuyHbie CTpaHbl BHOCSAT HEOAMHAKOBBIN BKJIaa B 00-
mee Jaeno jaecrabunu3anuu Ouocdepbl. A HEKOTOpPHIE CTPaHbl HE TOJBKO
HE BHOCSIT CBOM BKJIaJ, HO U KOMIICHCUPYIOT HETaTUBHBIC BO3JIEHCTBUS JPY-
rux rocyaapctB. CornacHo B.M. [lanunoBy-/laHnibsiHy € coaBTOpamu,
Ha TUTAHETE CJIOKHUJIMCh TPU OCHOBHBIX IICHTPA DKOJOTHYECCKOW JECTaOWIIH-
3alldd OIPUPOJTHOUN CPEIBI:

1. CeBepoamepukanckuii, 2. EBponetickuid, 3. A3uaTckuil.

o CegepoamepukaHcKuti YyeHmp 3Koao2uYeckou oecmadbunuzayuu 00-
el miomaapo 9,5 MiaH kB. kM. BKItouaeT B ce0a CIIA (96 % tepputopun
KOTOPBIX 3aHATHI TeXHOCHEPOil U TOIbKO 4 % MpencTaBisIOT cO00i HEHAPY-
HIEHHYI0 pUupoAHyto cpeay) u Mekcuky (100 % u 0 % cOOTBETCTBEHHO).

e FEsponeiickuii yenmp 3Koa02udeckol decmabunuzayuu oOIIeH TIIo-
[aabl0 7 MJIH KB. KM. BKJItouaeT B ce0s BemukoOpuranuio (100 % u 0 %),
Opannuto (100 % u 0 %), Hunepnanaer (100 % u 0 %), ['epmanuto (100 %
u 0 %), Gunnaaauio (91 % u 9 %) u npyrue crpaHsl.

e A3uamckuil yenmp 9K0102UeCcKol decmaburuzayuu o0IIeH IIoIa-
net0 12,7 MH KB. kM. BkiIroyaeT B cebst SAnonuro (100 % u 0 %), Muauro
(99 % u 1 %), Uunonesuto (95 % u 5 %), Kuraii (80 % u 20 %).

Tepputopun ¢ HEHapYIICHHBIMH DKOCHUCTEMaMH 3aHUMAIOT Ha CEro-
nasHUR eHb Beero 51,9 % 3emHuoit cymmm, unu 77 MJIH km°. OIHaKO 3Ha-
YUTENbHAS WX YacTh NPHUXOAUTCS HAa 3KOJOTHYECKH MAaJIOMPOTyKTUBHBIC
JICTHUKOBBIE, CKAJIbHBIE U OOHAYKEHHBIE TTIOBEPXHOCTH — AHTApKTHY, | peHan-
o, ['mmanam u T. 1. Hapsimy ¢ OTHOCHMTENHHO HEOOJBIIMMH OCTPOBKAMU
yuesneBie qukoi npupoasl mwiomaaeio ot 0,1 1o 1 muH KMZ, MO>XHO BBIIIE-
JUTH HECKOJIBKO OTPOMHBIX MAaCCHBOB, OXBATHIBAIOIIUX TEPPUTOPUIO B MUJI-
JUOHBI KBAJIPATHBIX KUJIOMETPOB. DTO TaK HA3BIBAEMBIC YEeHMPbl CMAOUNU-
3ayuu oKkpydcarowell cpedvl, TO3BOJsIONE Onocdepe Oojiee WIM MEHeEe
YCHENIHO MPOTHBOCTOSATH PACTYIEMY TOJ] OT T'0Jla aHTPOIIOTEHHOMY TIPECCy.

JIBa camble KpYIHBIE W3 HHUX PACIOJIOKEHBI B CEBEPHOM IOJIYIIAPHUU.
Omo Cesepnwiti Eepoaszuamckuii yenmp (11 Man km?), kyna Bxoaar Cesep
CkannunaBuu u EBpomneiickoit yactu Poccun u Gonpinast yacte Cubupu
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n /lansHero BocTtoka, KpoMe UX I0XKHBIX pailoHOB, U CegepoamepukancKuii
(9 MJIH. KM®), BKITIOUAIOIICH CeBepHYIO YacTh KaHasl i AJISCKY.

JIBa Ipyrux IeHTpa CTaOMIN3alMi OTHOCSTCS K F0’KHOMY HOJTYIIAPHIO:
FOorcnoamepuranckuii, BKIMOYarOmUid AMAa30HUIO C MPWIETAlOIIUMH K HEHl
TOPHBIMHU TeppUTOpHUsIMHU 710 10 MJIH KM, I Aecmpanutickuti 0koso 4 MJIH KM,
MOJIOBHHA KOTOPOTO 3aHsTa LleHTpanpbHOU IMyCTHIHEN.

OrpoMHasi poib B CTaOWIM3AIMKM OKPY>KAIOIIEH Cpelbl MPUHAIJICKUT
Takxxe Mupoeomy okeany c ero moka euie ciiabOBO3MYIICHHBIMU 3KOCHCTe-
MaMH.

Ha cyme xe 3Ty GyHKIMIO HECYT TJIaBHBIM 00pa3oM JI€BCTBEHHbIC, U,
IpEeXJe BCero, OopeasbHbIE U TPOIMYECKHUE Jieca, a TaKkKe BOJHO-OOJOTHBIE
yrojibsi (BeTiaHabl). 3aHMMasi, MO pa3HbIM oIleHKaM, oT 40 % no 44 %
COBPEMEHHOW 3aJIECCEHHOW TEPPUTOPUU, [EBCTBEHHBIE Ji€Ca IOKPHIBAIOT
CEeroHs MIOmanb B 13,5 MiTH KM. [Tpuuem 68 % 3TOr0 OECLIEHHOTO IJIaHe-
TapHOr0 OOraTcTBa COCPEAOTOYEHO BCEro B Tpex crpaHax — Poccum (3,45
mitH kM?), Kanaze (3, 43 mue km?) 1 Bpaswmn (2,3 mitH kvP).

Jleca Hepeako CpaBHMBAIOT C JIETKUMHU IUIaHeThl. OHAKO, ¢ HE MEHb-
IIMM OCHOBAaHHMEM HMX MOKHO Ha3BaTh U €€ MOYKaMH, MOCKOJIbKY OHHM BBIBO-
IST U3 OOpallleHHs], CIIy>)KaT CTOKOM JJisi HaKaluMBaroluxcs B arMocdepe
OMOTeHOB, U B TOM YHCJI€ — IBYOKHCH YIriiepoa. A MOYBEHHbIA TyMyC U 00-
JIOTUCTBIE TOPHSIHHUKHU CUUTAIOTCS TaKE «BEUHBIMUY» JIOBYIIKAMU YIJIEPO/Ia,
rae, MoJA00HO JOHHBIM MOPCKHM OTJIOKEHHSM, OH MOXKET MpPH COOTBETCT-
BYIOLIUX YCJIOBHUSX COXPAHITHCSA HEOMPEIEICHHO JIOJIT0€ BPEMS.

Bhe xoHKypeHIIUU 3/1eCh ABE KPYMHEUIINX CTPaHbl CEBEPHOTO MOJTyIIia-
pust Poccust u Kanana, Ha xoropeie npuxoautcs 35 % MUpPOBOro MOTEHIMA-
Ja CylId C HEHApYIICHHBIMU 3KOCHUCTeMaMHu. Eciii ke B3SITh TEpPUTOPUU
¢ HanOosee MPOAYKTUBHBIMH B 3KOJOTMYECKOM OTHOIIEHUH JIECHBIMH 3KO-
CUCTEMaMH, TO TOJBKO B OJHOM Poccuu muioniaab JEBCTBEHHBIX JIECOB
COCTaBJISIET MOYTU TPETh OT MX OOIIEMUPOBOro pecypca. O4yeBUIHA, TAKUM
o0pa3oM, Ta UCKIIOUUTEIbHAsL POJib, KOTOPYIO UTPAIOT JIBE 3TU CTPAHBI B CO-
XpaHEHUH IJIaHeTapHOH Onochepsl.

Hpyrue 6 cTpaH, BXOJSMIIMX B Ty K€ OTHOCUTEIHHO OJIarOomoIy4YHYIO
rpynny, — 3to Amkup, Masputanus, borcsana, Jlecoto, I'aitana u CypuHna-
Ma. OgHaKo MX poJib B IIO0ATBHOM 3KOJIMHAMHUKE HECOMOCTaBHUMO CKPOM-
HEe — U B CHJIYy UX MaJjoW IUIOIIA/IA, U MOTOMY, YTO HEHAPYIICHHbIE SKOCH-
CTEMBbl B JBYX CaMbIX KpYOHBIX H3 HuUX (Amkupe W MaBpuTaHun)
IpeCTaBICHbI TJIABHBIM 00pa30M MYCTHIHSIMHU U TTOTYITYCTBIHSIMH.

HetpynHo 3aMeTUTh, UTO BCE TPU OUYEPUCHHBIX BBIIIE IIEHTPaA CTAOMIIH-
3al[MM MMEIOT Ha OJHOM IOJIOCE OJIOK MPOMBIILIEHHO Pa3BUTBIX TOCY-
napctB EBponbl 1 CeBepHOUM AMEpUKHM, a Ha APYTOM — Pa3BUBAKOLIMECS
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(3a uckmodyeHueM SANOHUM) CTpaHbl C BBICOKUM MPUPOCTOM HACEIEHUSA
Y HU3KUM B OOJIBITMHCTBE YPOBHEM JKU3HHU.

C n1aHHOM TOYKM 3pEHUS OTAAIEHHON LENbI YCTOWYMBOIO Pa3BUTHS,
CaMBbIM MEPBBIM, OJIIKAUIITUM TATIOM JIOJDKHBI CTaTh:

e COXpAaHEHUE TEPPUTOPHN C MOKA €I YIEIEBIINMHU, HEHAPYIIICHHbI-
MH 3KOCHCTEMAMU;

e cTabwim3arus HaceJIeHUs 3eMIIH.

YenoBeUECTBO CTONKHYJIOCH CO BCE OOOCTPSIIOUIMMUCS MPOTUBOPEUHSI-
MU MEXJY CBOMMH PACTYIIUMU MOTPEOHOCTSIMHU U HECHOCOOHOCTBIO OMO-
cheppl obecneynTh UX, HE paspymasch. B pe3ynapTaTe CcOIMANIbHO-
DKOHOMHMYECKOE PpAa3BUTHE IIPUHSIIO XapaKTep YCKOPEHHOTO JIBUKECHUS
K r00ajgbHOM 3KoKaTacTpode, Mpu 3TOM CTaBUTCS MOJ YTpo3y HE TOJIBKO
YAOBJIETBOPEHUE KU3HEHHO Ba)XKHBIX MOTPEOHOCTEM M MHTEPECOB OymylIUX
MMOKOJICHUH JIFOJEN, HO U caMa BO3MOKHOCTh UX CYILECTBOBaHUA. Bo3HuKIa
UJiesl pa3pelinTh 3TO MMPOTUBOPEUHE HA MYTH NEPEX0Ja K TAKOMY LIUBUIN3A-
LHOHHOMY Pa3BUTHUIO, KOTOPOE HE pa3pylIacT CBOECU NPUPOAHON OCHOBBI, I'a-
PaHTUPYs YEJIOBEYECTBY BO3MOYKHOCTh BBDKMBAHUS U JAJbHEMIIETO HEIpe-
KpalarwIierocs, T. €. yupasiieMOro U yCTOMYMBOTO, Pa3BUTHSL.

Nnen ycTOWYMBOTO pa3BUTHS OTBEYAIOT OOBEKTHBHOMY TPEOOBAHUIO
BPEMEHHU M MOTYT PEIIAoNIMM 00pa3oM MOBIUATH Ha Oynymiee Poccuu, chir-
paTh BaXXHYIO POJIb B ONPEJCICHUN IOCYJaPCTBEHHBIX PHUOPUTETOB, CTpaTE-
TUU COLIMATIbHO-3KOHOMUYECKOTO PAa3BUTHS U MEPCIEKTUB JabHEUIIIETO pe-
dbopmupoBanusi ctpaHbl. HoBasi cTpaTerusi pa3BUTHS I[UBUJIM3AIUU YKE
ompeeNniia o310 MUPOBOTO COOOIIECTBA — OObEIUHUThL YCUIIUSI BO UMS
BBDKMBAHUS UYEJIOBEUECTBA M HEMPEPBIBHOTO PA3BUTUSI U COXPAHEHUsT OUO-
cepsl.

CoBpeMeHHass S3KOJIOTMYECKAsi CUTyalus IOKa3bIBa€T, 4YTO BIIMSHUE
MPUPOJIBI HA YEJIOBEKA 3aBUCHUT OT OOBEKTUBHBIX 3aKOHOMEPHOCTEH e€ pas-
BUTHSI, U ITO 3aCTaBIsieT OOpalllaTh MPUCTAIbHOE BHUMAHHME Ha W3Y4YCHUE
MEXaHU3MOB €€ 1EeTOCTHOr0 (QYyHKIMOHUPOBaHMUS. Tak Kak B MPHUPOJAE «BCE
CBSI3aHHO CO BCEM», HEBO3MOKHO BO3JICHCTBHE HA YaCTh CHUCTEMBI 0€3 IOo-
CJIEICTBUS JIJIsl BCel cucTeMbl (1u1st Ouocdepsl, Kak U JJIsl OTASIBHOTO Opra-
Hu3Ma). OTCYTCTBUE WM MTOBPEXKICHUE HECKOJIBKHUX CBA3EH CHUCTEMa MOKET
KOMIIEHCUPOBATh, HO €CIIM UX OyAeT HapyILIEHO MHOTO WM OYIyT 3aTPOHYTHI
HauOosiee CYIIECTBEHHBIE W3 HUX, CHCTEMa MpeKpallaeT CyIIECTBOBAHUE.
Uem oHa ci0HEE, TeM OOJIbllle Y HEe CKOMIICHCUPOBAHHBIX CBSI3€H, YTO U
MO3BOJISIET €€ 10ar0, 0€3HaKa3aHHO pa3pymiath. Ho moroMm, korma mpoiijieH
MOpOT aJianTaliy, HACTyHaloT HeOOpaTUMbIE U3MEHEHUS, YTO U MPOUCXOAUT
¢ 6uocdepoii B HaIIIe BpeMsl.
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NEKUWUA 5. YNPABJNIEHUE NMPUPOOOMNONIb3OBAHUEM
N SKONOIrNYECKAA NONMUTUKA

PauuoHanbHoe npupodornonib3oeaHue. 3Kornoaudyeckoe U MpupooHo-
pecypcHoe 3akoHoOdamesibemeo. Jkosoaudeckoe npaso. O6beKkmbl U cybbeKkmabl
3aKosio2u4ecKkoeo rpaea. HopmuposaHue Kadecmea OKpyxarouwel npupoOHOU
cpelbl. [Nokazamenu kadecmea rnpupoOHbiXx cped. [lpuHuunsl Ux U3MEPEHUS.
HopmuposaHue noka3zamened. Cucmema cmaHOapmos8 oxpaHbl pupoosl.
Cmamyc 0cobo oxpaHseMbix meppumopud. 3arnoeelOHUKU, 3aka3Huku. buo-
cghepHble 3arnoeedHUKU. MexxdyHapodHoe compydHU4YeCcmeo.

AHanu3 HCNONb30BaHUs NMPUPOAHBIX PECYPCOB M IOKa3aTeleld COLM-
JIbBHO-DKOHOMHUYECKOI'O Pa3BUTUS IO3BOJIIET IMPOCIEAUTh YETKYHO B3aUM-
HYIO CBSI3b MEXJY COCTOSSHUEM HPHUPOIHOMN cpenbl (00ECIeYEeHHOCTh IMpH-
POJIHBIMU pECYpCaMU, Kau€CTBOM OKPY’KaIOILEH Cpellbl) U YPOBHEM Pa3BUTHS
COLIMAJIBHO-PKOHOMHYECKON cucTembl. [IpsiMble u oOpaTHbIE CBS3M MOTYT
OBITh KOHKPETU3UPOBAHBI CIEAYIOIUM 00pa30M.

N30bITOK MPUPOIHBIX PECYPCOB U OIaronpusiTHbIE MPUPOAHBIE YCIOBUS
CTUMYJIHPYIOT POCT TEMIOB 3KOHOMHUYECKOTO Pa3BUTHS M CHOCOOCTBYIOT
MPOLBETAHUIO COIMAIBHOM cucTeMbl. OJTHAKO 3TH K€ OJaronpusiTHble BO3-
MO>HOCTH CYILIECTBOBAHUS COLUAIBHO-3KOHOMHYECKOW CHCTEMBI MOCTEIEH-
HO IPEBpalIalOTCsl B CBOEOOPA3HbII TOPMO3 JIJIsl BOSHUKHOBEHHUS PEBOJIIOIH-
OHHBIX C/IBUTOB B CHCTEME U BENYT K ONPEIEICHHOMY 3aCTOKO.

VYXyImeHue COCTOSIHUSL NPUPOJIHOM Cpedbl 3acTaBiII€T HMCKaTh MYTH
BBIXOJIa U3 KPU3HCA, CTUMYJIUPYET BOSHUKHOBEHHE OCHOBHBIX TEXHUYECKHUX
UJel ¥ NPUHIIMIIOB, PEBOIIOIMOHHBIE TPEOOpPa30BaHUs B OOIIECTBE.

VYcuneHHoe UCMOIb30BaHUE MPUPOJHBIX PECYPCOB MPHU OTCYTCTBUU Ka-
YECTBEHHOTO PAa3BUTUSI MPOU3BOJUTENBHBIX CUJI BEAET K MCTOLLEHHUIO MPHU-
POAHBIX PECYPCOB U JIETPAJallii OKPYKAIOWIEW NPUPOJHON CPEIBI.

PannoHanbHOE MpUPOIONOIb30BAHUE — INIAHOMEPHOE, HAYYHO 000CHO-
BaHHOE NPeoOpa3OBaHUE OKPY KAIOLIEH Cpesibl [0 MEpPE COBEPLICHCTBOBAHUS
MaTEepUAILHOTO ITPOU3BOCTBA HA OCHOBE KOMIIJIEKCHOI'O UCIOJIb30BaHUS HEBO-
300HOBJISIEMBIX PECYPCOB B IMKIIE «IIPOU3BOJICTBO—TIOTPEOIEHUE—BTOPUYHBIE
peCYpChl» MpPHU YCIOBUU COXPAHEHHUS U BOCIPOM3BOJICTBA BO30OHOBIISIEMbIX
IPUPOAHBIX PECYPCOB.

N3ydyeHune npoueccos, NpOoTeKaroUMX B Ouocdepe, U BIUSHUE HA HUX
XO3MCTBEHHON JAEATENIbHOCTH YeJIOBEKa MOKA3bIBAET, YTO TOJIBKO CO3/IaHUE
AKOJIOTMYECKHA O€30TXOJHBIX U MAJIOOTXOJHBIX MPOU3BOJCTB MOXKET MPENOT-
BPATHUTh OCKYJICHUE PECYPCOB U JAETPAMALUIO OKPYKAIOMIEH Cpeabl. XO35UCT-
BEHHasl [IEATEIBHOCTh YEJIOBEYECTBA JOJDKHA CTPOMUTHCA MO MPUHLIMILY
IIPUPOIHBIX SKOCUCTEM, KOTOPhIE 3KOHOMHO PacXOAYIOT BEUIECTBO U SHEPIHIO
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U B KOTOPBIX OTXO/bI OJTHUX OPTaHU3MOB CIY>KaT CPeao OOUTaHUs IS APY-
I'MX, T.€. OCYILIECTBIIAETCS KPYTOBOPOT BEIIECTB.

B nHos16pe 1979 rona B JKenere ObLIO CO3BaHO COBEIIAHUE IO COTPY/-
HUYECTBY B 00JIACTH OXpaHbl OKPY’KaroIlei cpeabl U Oblia MpUHATA JEKja-
parusi, KoTopas riacuT: «BaxHeHmMy ycinoBUsIMHA MaIOOTXOJHOU U 6€30T-
XOZHOM TEXHOJIOTMH U MCIIOJIb30BaHUS OTXO/IOB SIBJISIFOTCS OXpaHa OKPYKaroLIen
Cpelibl ¥ pallMOHAIBHOE UCTIONb30BAHUE PECYPCOBY.

NOHATUE BE3OTXOAHOI O MNPOU3BOACTBA

TepmuH «06€30TX0/HASI TEXHOJOTHS» ObLT BIIEPBBIC MPEIIOKEH aKaje-
mukamu H.H. CemenoBeim u U.B. IleTpsinoBeiM-CokonoBsiM. B psine ctpan
EBpombl BMECTO TEPMUHOB «0O€30TXOJHASI TEXHOJIOTHS» U «MaJOO0TXOHAs
TEXHOJIOTHsS» TPUMEHSIIOTCS TEPMUHBI «UHCTas TEXHOJIOTHS» WM «0oJiee
YuCTasg TEXHOJIOTHUS, YTO MO CYIIECTBY OJHO U TO XKE€.

B Hactosiiee Bpemsi B cootBeTcTBUU ¢ penienreM EDK OOH u [lexna-
panueit 0 MaJoOTXOAHOW U 0€30TXOHON TEXHOJOTHH U MCIOJIb30BAHUH OT-
X0J10B c(hopMySIMPOBaHO MOHATHE 0e30TX0HOM TexHoyoruu (bOT).

be3oTxoaHas TEXHOJOTUA 3TO MPAKTUYECKOE MPUMEHEHUE 3HAHUM, Me-
TOAOB U CPEACTB C TeM, YTOOBI B paMKax MOTPeOHOCTEH YesoBeka obecre-
YUTh HauboJiee paluOHAIbHOE WCIOJIb30BAHUE MPUPOAHBIX PECYPCOB
Y DHEPTUU U 3aIIUTUTH OKPY>KAIOILYIO CPEAY.

YacTto BcTpeuaeTcs W APYyroe Ha3zBaHHWE — O€30TXOJHAs TEXHOJIOTHYe-
ckas cucrema (bTC).

be3oTxonHas TEXHOJIOrHUYecKasi CUCTEMA — 3TO TaKOE€ OTJIEIIbHOE MPOU3-
BOJICTBO WJIM COBOKYITHOCTH IPOU3BOJCTB, B pE3yJIbTAaTE MPAKTUUECKOMN Jesi-
TEIILHOCTU KOTOPBIX HE MPOUCXOJIUT OTPULIATEIIBHOTO BO3JIECUCTBUS HAa OK-
PYKaOIILYIO Cpeny.

[TonsiTe 6G€30TXOHON TEXHOJIOTUHU 3aTparuBaeT HE TOJBKO MPOU3BOJ-
CTBEHHBII MPOIIECC, HO U KOHEYHYIO MPOIYKIIHIO, KOTOpasi JOJIKHA XapaKTe-
pHU30BATHCS:

1) AoATUM CPOKOM CITy>KOBI U3ICITHIA;

2) BO3MOKHOCTHIO MHOTOKPATHOTO MCIIOJIb30BaHUSI;

3) MpOCTOTOI PEMOHTA,;

4) JEerKOCTBhIO BO3BpAICHUS B IMPOM3BOJCTBCHHBIN IHKJI WA TIEpEBeE-

JIEHUS B OKOJIOTUYECKU Oe3BpeIHYI0 (hOpMY IOCIE BBIXO/IA U3 CTPOSI.

CxemMa 0€30TXOJHOIO TPOU3BOJACTBA HMEET BHUJ: «CIPOC—TOTOBBIN
NpOAYKT—ChIpbey. Kaxxaplii 3Tanm 3Toil cxembl TpeOyeT 3aTpaT dHEpPruu, a ee
MPOMU3BOJICTBO CBSI3aHO C MOTPEOJIEHUEM MPUPOIHBIX PECYPCOB BHE 3aMKHYTOM
cucTeMbl. JIpyruM mpensiTcTBUEM JJIsi OpraHu3aluh O€30TXOHOTO IMPOU3-
BOJICTBA SABJISIETCSI U3HOC MAaTEPUANIOB, UX PACCEUBAHUE B OKPYXKArollIeh cpesie.
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[Tonsitne 0€30TXOMHON TEXHOJOTHU HOCUT YCJIOBHBIA Xapaktep. [lon
HUM MTOHUMAETCSI TEOPETUUYECKUM TPEAesi, COBEPIICHHAs MOJIeNb MPOU3BO/I-
CTBa, KOTOpasi B OOJIBIIMHCTBE CIy4aeB MOXKET OBITh peain30BaHa HE B TOJI-
HOHM Mepe, a JIuilb YacTU4HO. OTCIoAa U MOSIBIJIOCH MOHSATHE MAJOOTXOAHOM
texHojoruud. Ho mo mepe pa3BuTus Hay4YHO-TEXHUYECKOTO MPOrpecca TEXHO-
Jorus OyJeT COBEPIIICHCTBOBATLCSA M BCE OoJiee MPUONIIKATHCS K UCATbHON
MO/ICJIH.

NmeeTcss HEMaAIO KPUTHMKOB CaMOM KOHIEMIIMU 0€30TXOAHOTO MpPOuU3-
BOJIcTBa. HekoTophie M3 HUX YTBEPKIAIOT, CChUIAICh HA BTOPOM 3aKOH Tep-
MOJIMHAMMKHU, YTO KaK SHEPIHIO HEJb3s MOJHOCTHIO IpeoOpa3oBaTh B pado-
Ty, TaK U CHIph€ HEBO3MOXKHO TIOJHOCTHIO TepepadoTarh B MPOTYKTHI
MPOU3BOJICTBA U MOTpeOeHus. C 3TUM HUKAK HEJIb3sl COIIACUThLCS, MOCKOJIb-
Ky pe4b UJET MPEXkKJE BCEro O MaTepUU U 00 OTKPHITOM CHUCTEME. A MaTEPUIO
(IpOaYKLHIO), B COOTBETCTBUU C 3aKOHOM COXPAHEHHMsI BELIECTBA, BCEraa
MOHO TIpeoOpa3oBaTh CHOBAa B COOTBETCTBYIONIYIO MpOAyKIiuto. Harmsn-
HBIMU TIpUMEPAMH CIIyXaT 0e30TXOJHO (YHKIUOHUPYIOIIUE MPUPOIHBIC
sKocucTeMbl. iMeeTcss u npyras KpailHOCTh, KOTJIa Bce paOOThI, CBSI3aHHbIE
C OXpaHOW OKpYXAIOIleH Cpelbl OT 3arps3HEHUs] OTHOCAT K O€30TXOAHOMY
Y MAJIOOTXOJJTHOMY ITPOU3BO/ICTBY.

IKOJOrNYECKOE NPABO

DKOJIOTHYECKOe MPaBO 3TO COBOKYITHOCTh HOPM, PErYIHPYIOMINX 001IIe-
CTBEHHBIE (IKOJIOTMYECKHUE) OTHOIICHUS B chepe — B3aUMOJACHCTBUS 00IIECT-
Ba M MPUPOJBI B UHTEPECAX COXPAHEHHUS M PAIMOHAILHOTO HCIOJIb30BaHUS
OKPY KaIoIlel MPUPOTHON CpeIbl ISl HACTOSIIUX U OyAyIIUX MOKOJECHUH.

[IpaBoBO#i cIOCOO OXpaHbl OKPY>KAIOIIEH CpeIbl BKIIOYAET B CeOs:

e oOImpenenacHre 0ObEKTOB OXPaHbl IPUPOTHON CPEIbI;

e YCTAaHOBJICHHUEC 3aIlPETUTEIIbHBIX, JO3BOJIUTEIBHBIX, OOS3BIBAIOIINX
U T. JI. HOPM, PETYJIUPYIOIIUX SKOJOTUYECKHE OTHOIICHHUS;

e OIpenereHue Mep M CPeACTB OCYIIECTBJICHHS TOCYJApPCTBEHHOTO
HKOJIOTUYECKOTO KOHTPOJIS;

e YCTAHOBJICHHE MEp IOPUIUYECKOU omeemcmeeHHOCmU 3a dKOJIOTHU-
YeCKHe MpaBOHApyIICHUSI U BO3MEILEHNE TPUUUHEHHOTO BPE/Ia.

Memoo skonozuzayuu 3aKIIIOYAETCS B CIEAYIOMIEM:

e 3aKpeIUIeHHE B JCHCTBYIOIIEM 3aKOHOJATENLCTBE CTPYKTYPHI Opra-
HOB, OCYIIECTBJISIIOIINX KOHKPETHOE YINPaBICHUE HCIOIb30BAHUEM MPUPO/I-
HBIX 00BEKTOB, KOHTPOJIUPYIOIIHUX COXPAHHOCTh U BOCHPOM3BOACTBO IKOJIO-
THYECKON CUCTEMBI CTPAHBIL;

e 3aKpeIUICeHHE B JCWCTBYIOUIEM 3aKOHOAATEIbCTBE Kpyra MPHUPOAO-
M0JIL30BAaTEIICH;
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e pErJaMEHTAIMI0 TPABWI MPUPOIONOIL30BAHMS, OO0YCIOBICHHBIX,
C OJTHOW CTOPOHBI, crienn(pUKOoi 00bEKTa MPUPOIONOIB30BaHUS, a C JPYTOM —
MIPABOBBIM CTaTyCOM MPUPOAONOIb30BATENS;

e YCTaHOBJICHHE HOPUIUYECKON OTBETCTBEHHOCTH 3a HApyUIEHHUE Ipa-
BUJI IPUPOAOTIONB30BAHUS.

Ilpeomem sxonoeuueckoeo npasa 3To OOIIECTBEHHbIE OTHOUIEHUS B 00-
JIACTH B3aMMOJICHCTBUSI OOIIECTBA U MPUPOIBI.

Obvexmamu oxpanvl OKpydcaiowell Cpelbl OT 3arpsA3HCHUs, UCTOIIE-
HUsI, IeTpajaluu, NOpUYr, YHUUYTOKEHUS U UHOTO HETaTUBHOTO BO3JIEUCTBUS
XO3IHMCTBEHHOM M MHOM JIeSITEIbHOCTH SIBIISIFOTCS

1) 3emutn, Henpa, MOYBHL;

2) TOBEPXHOCTHBIC U MOA3EMHBIC BOIBI;

3) neca ¥ MHAs PACTUTEIBHOCTb, JKUBOTHBIC M IPYTHE OPTaHU3MBI M MX

reHeTHYeCKui (DOH/T;

4) arMocdepHbIii BO31yX, O30HOBBIH CJI0M aTMOC(EPBI U OKOJIO3EMHOE

KOCMHUYECKOE MPOCTPAHCTRO.

Cybvexkmul 9K0102U1ecK020 npasa — 3TO JIKla, KOTOpble 00IaJaloT mpa-
BaMU U OOSI3aHHOCTSIMHU, TPEIYCMOTPEHHBIMU HKOJOTHYECKUM 3aKOHO]1a-
TEJIBCTBOM.

Obvexmul 9KON02UYECKUX NPABOOMHOWEHUI — TIPUPOJIHBIE OOBEKTHI.
B ux xauecTtBe MOTYT BBICTYIATh KaK OTJIEJbHbIC MPUPOAHBIE OOBEKTHI, TaK
U €CTEeCTBEHHAs cpe/la OOMTaHUS B IIEJIOM.

IKOJNIOrNYECKOE 3AKOHALETI/IbCTBO HA NMPUMEPE POCCUH

®epnepanbHbie 3aKOHbI

Konctutynusa Poccuiickonn @enepanyu:

e 00 oxpane okpyxatomei cpeasl. Denepanpabiii 3akon ot 10.02.02
No 7-P3;

e BomHbIH KoAekc PD ot 16.11.1995 Ne 167-D3 (¢ m3MEHEHUSIMH Ha
30 nexabps 2001 roma);

e o Heapax. Denepanbubiit 3akoH oT 21.02.92. Ne 2395-1,

e 0 3allMTE TEPPUTOPUHU U HaceneHus oT YC mpupoIHOro U TEXHOTEH-
HOTO Xapaktepa. DenepanbHblil 3aKoH oT 21.12.94. No 68-D3;

e O MPUPOJHBIX JE€YEOHBIX pecypcax, JIeueOHO-03T0POBUTEIBHBIX Me-
CTHOCTSIX U KypopTax. PenepanbHblil 3aKOH;

e 0 XHMBOTHOM mupe. DenepalibHbIN 3aKOH,;

e 0 Menuopanuu 3eMenb. OenepanbHblid 3aK0H;

e 00 0co00 oxpaHseMbIX MPUPOAHBIX Teppuropusx denepanbHbiii 3a-
KoH 0T 14.03.95 Ne 33-®3;

e 0 paxuanMoOHHON Oe3omacHOCTU HaceneHus. denepanbHbIi 3aKO0H;
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e O KOHTHHEHTaJbHOM Inenbpe PD. Denepanbubiii 3akoH OT 23 OK-
Ta0ps 1995 rona;

e 00 sxomormueckoir skcmeptuse. Penepanbupiii 3akoH oT 3.04.96
No 174-®3. 23 nosi6ps 1995 rona;

e 0 rTeomesun u kKaprorpaduu. DenepanbHbiii 3akoH OT 26 mexabps
1995 roga Ne 209-03;

e 00 aHeprocoepexennn. OenepanbHblii 3aKoH OoT 3.04.96 Ne 28-D3,;

e JiecHOM KozieKkC PD. DenepanbHblil 3aKOH;

e 0 0€30MaCHOCTU THIPOTEXHUUYECKUX CcoopykeHuil. denepasibHbIN
3akoH oT 21.07.97 Ne 117-P3;

e O IUIATE 3a MOJb30BaHKHE BOJHBIMU 00bekTamMu. denepanbHblii 3aKOH
ot 06.05.98 No 71-®3;

e 00 oTX0max mpou3BoJCTBA U MoTpedneHus. deaepanbHb 3aKOH OT
24.6.1998 Ne 89-03;

e 0 CAaHWTAPHO-3IHJIEMUOJIOTHIECKOM OJaromnonyyun Hacenenus. De-
nepanbHbiit 3akoH OT 30.03.1999 No 52-03;

e 00 oxpane o3epa baiikain. ®enepanbHbIil 3aK0H;

e 00 oxpane armocdepHoro Bo3zmyxa. DeaepanbHbIi 3aKOH OT
4.05.1999 Ne 96-@3;

e o0 3emieyctpoiictBe. denepanbubiii 3akoH oT 18.06.2001 Ne 78-D3.

VYka3sl [Ipezudenma:

e 0 (¢enepanbHBIX IPUPOJIHBIX pecypcax. Yka3 [Ipesuaenta PO ot 16
nekadbps 1993 r. Ne 2144;

e O rocymapctBeHHou crpareruud Poccuiickon denepanuy no oxpaHe
OKPYXKAIOMIEeH Cpeabl U 00ECIIEYCHUIO YCTOMYMBOTO pa3BuTus. Yka3 [lpesn-
nenta PO ot 4 despans 1994 r. Ne 236;

e O KOHIEMNIMH TMepexoda POCCUUCKON (eaepaluu K yCTOHYMBOMY
passutHio. Yka3 [Ipesuaenra PO ot 1 anpens 1996 r. Ne 440.

ITocTranoBiieHus BepXxOBHOro cyna P®d: npusHaHue HE3aKOHHBIM U He-
neiicrButensHbiM [locTanoBinenue [IpaButenbcTBa «00 YTBEpHKIEHUU IIO-
psAllKa ONpEeNENICHUs TUIaThl U €€ NPEACIbHBIX Pa3MEPOB 3a 3arpsI3HEHUE OK-
pYyXaUIEW NOPUPOJHON CpEAbl, Pa3MEUICHUE OTXOJOB U JPYrMe BHUJIbI
BpeaHoro Bozzaeicteusi»lloctanosnenune Bepxosuoro Cyaa P® 28. 03. 2002.

MocraHoBneHus MpasutensctBaP®

e 00 YTBEPKACHUHN ITOJTOKCHUSA O JTUIOCH3UPOBAHUHN OTACIIBHBIX BHIOB

JEATEIPHOCTH B 00JACTH OXpaHbl OKpYyXkaromel cpeasl IloctaHoBICHUE
IIpaButennscTBa PO ot 26.2.1996 Ne 168;
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e 00 yTBEpXKIECHUU TOJIOKEHHUS O TOPSIAKE TMPOBEICHUS TOCYIapCT-
BEHHOM »KoJIOTHYeCKOM skcneptusbl. [locranosnenue IlpaBurenscrBa PO
ot 11.07.1996 1. Ne 698;

e 00 yTBEPXKIICHUU TIOJIOKEHUS O BOJOOXPAHHBIX 30HAX BOJHBIX 00b-
€KTOB U MX NMPUOPEKHBIX 3aIUTHBIX nojocax . [loctanoBnenue IlpaBuresns-
ctBa P® o1 23.11.1996 Ne 1404;

e O TOPSIIKE Pa3pabOTKU M YTBEPXKICHUSI HOPMATHBOB MPEIEITHHO J0-
NYyCTUMBIX BPEIHBIX BO3JCHCTBUI Ha BOJHBIE O0BEKTHI. IlocTaHOBIEHUE
ITpaButennscTBa PO ot 19.12.1996 Ne 1504;

e 00 yTBEp)KIEHUW MPABHJI MPEIOCTABICHUS YCIYT MO BHIBO3Y TBEP-
IBIX W KUJKUX OBITOBBIX OTX0J0B. IloctanoBnenue IlpaButenncrBa PO
otr 10.2.1997 Ne 155;

e 00 yTBEpXKICHHUHU TMOJIOKEHUS 00 OCYIIECTBICHUH TOCYIaPCTBEHHOTO
KOHTPOJISl 32 MCIOJIb30BaHUEM U OXPaHOM BOJHBIX 00BEKTOB. [locTaHoBIE-
nue [IpaButensctBa PO ot 16.6.1997 Ne 716;

e 0 HOPMATHBaX BBHIOPOCOB BPEIHBIX (3arps3HSIONINX) BEIIECTB B aT-
MochepHbId BO3AYX M BPEIHBIX (PU3MYECKUX BO3AecTBUI Ha Hero. Ilocrta-
HosJyieHue [IpaBurenscrBa PO ot 02.03.2000 Ne 183;

e O MpaBWIAX Pa3pabOTKH M yTBEPKICHUS HOPMATHUBOB OOpa30BaHUS
OTXOZOB M JUMHUTOB Ha ux pasmenienue. [locranosnenue Ilpasurenscra PO
ot 16.6.2000 Ne 461,

e «00 YTBEPKICHUHU MPEAEIIOB JOMYCTUMBIX KOHIIEHTpAlUi U YCIO-
BUI cOpoca BpEIHBIX BEIIECTB B HCKIIOUUTEIBHOM SKOHOMHYECKON 30HE
P®» I[Tocranosnenue [IpaBurenscta PD ot 3.10.2000 r. Ne 748;

e 0 NOPSI/IKE BEICHUSI TOCYJAPCTBEHHOTO KaJacTpa OTXOJIOB U MPOBE-
JIEHUsI TACMOPTU3alMKU onacHbIX 0TX0A0B. [locTtanoBnenue IIpaBurenbcTBa
P® ot 26 oxTs6ps 2000 r. Ne 818;

e 00 YTBEpXKIECHHH TOJIOKEHUS O TOCYIapCTBEHHOM KOHTPOJIC
3a oxpaHoil atmocdepHoro Bo3ayxa. [loctanonenue [IpaButenscTBa PO
ot 15.1.2001 Ne 31;

e 00 yTBEpXKICHHUN MHUHUMAJIBHBIX U MAaKCHMaJbHBIX CTaBOK IIJIATHI
3a MOJIb30BaHUE BOJHBIMU OOBEKTaMH MO OacceiHaMm peK, 03epaM, MOpSM
U OKOHOMHYeCKMM panioHam» IlocranoBnenue IlpaButensctBa PO ot
28.11.2001 r. Ne 826;

e 0 (hemepanpHO 1IETEBON MpPOTpaMMe «IKOJOTUS W TPUPOIHBIE pPe-
cypebl Poccun (2002-2010 roawn)» Iloctanosnenue [IpaButensctBa PD ot
7.12. 2001 r. Ne 860;

e DKOJIOTHYECKAas JOKTPHHA poccuiickor (demeparuu (ogodpeHa pac-
nopspkenueM [IpaButensctBa PO ot 31.08.2002 1. Ne 1225-p);

e «O MepedHe O0BEKTOB, MoJiekKaux (deaepaaTbHOMYy TOCYIapCTBEH-

HOMY DJKoJIorn4eckoMy KOHTpoJito» IloctanoBnenue IlpaBurensctBa PO
oT 29.10.2002 r. Ne 777;
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e «O TOCYAAapCTBEHHOM 3eMelbHOM KoHTpoJe» IlocranoBnenue Ilpa-
ButenbcTBa PO ot 19.11.2002 1. Ne 833;

e «00 OpraHuzalMyd W OCYIIECTBIECHUH TOCYJApPCTBEHHOIO MOHHTO-
pUHIa OKpY’Karolenl cpeasl (TOCyJapCTBEHHOTO 3KOJOTHYECKOTO0 MOHMTO-
punra)» Ilocranosnenue [IpaBurensctea PO ot 31.03.2003 r. Ne 177;

e «O HOpPMAaTHWBAaXx IJIATHI 32 BEIOPOCHI B aTMOC(EpHBIN BO3AYX 3arpsi3-
HSIOLIUX BEILECTB CTAllMOHAPHBIMU U NEPEABMKHBIMU UCTOYHMKAMH, cOpo-
Chl 3arpsA3HSIOIIMX BEUIECTB B IOBEPXHOCTHBIE U MO/I3EMHBIE BOAHBIE OOBEK-
Thl, pa3MEIICHUE OTXOJI0B MPOM3BOACTBA U NOTpediaeHus» [loctanoBneHue
ITpaButennscTBa PO ot 12.06.2003 1. No 344;

e IPUKaA3bl MUHUCTEPCTBA NMPUPOJIHBIX pecypcoB PP u 'ockomako-
Joruu;

e 00 yTBEp>KACHUH KPUTEPUEB OTHECEHUS OIMACHBIX OTXOJOB K KJIacCy
ONAaCHOCTH JUIA OKpyXarwouen npupogHon cpensl. llpuxkaz MIIPP® ot
15.06.2001 Ne 511;

e 00 yTBEpXACHUU METOJAMYECKUX yKa3aHUH MO pa3padOTKe MPOEKTOB
HOPMAaTUBOB 00pa30BaHMs OTXOJOB U JUMHUTOB Ha uX pasmenieHue. [Ipukas
MITPP® ot 11.03.2002 Ne 115;

e 00 yTBEpXACHUU «IEPEYHS HOPMATHUBHBIX JOKYMEHTOB, PEKOMEH-
AYEMBIX K HMCIIOJIb30BAHUIO MPHU MPOBEJECHUU IOCYAAPCTBEHHOW 3KOJIOTHYE-
CKOI 3KCIIEPTU3Bl, a TAKXKE MPU COCTABJIEHUHU 3KOJOTUYECKOr0 00OCHOBAaHUS
XO3SIMCTBEHHOW W WMHOU JnestenbHocTh». [Ipuka3 ['ockomakonoruun PD ot
25.09.1997 r. Ne 397,

e 00 yTBEp)KAEHUH 00 OLIEHKE BO3JIEHCTBUS HAMEUAEMOU XO35HCTBEH-
HOW U MHOM JESITEIbHOCTH Ha OKPY’KAIOILIYI0 Cpeay .. MUCbMO I'ockoMaKoII0-
i PO ot 29.12.1998;

e METOAMYECKHE YKa3aHHs IO pacyeTy IJIaThl 32 HEOPraHU30BAHHBIN
cOpOC 3arpsI3HAIONIIMX BEIIECTB B BOJIHbIE OOBEKTHI,

o mnpuka3 ['ockomakonoruu PO ot 16.05.2000 r. Ne 372.

locypapcTBeHHbIe KagacTpbl NPUMPOAHLIX PecypcoB U 06bekToB B Poccuu

I'ocypapcTBeHHBIMM KaJacTpaMH IPUPOJHBIX PECYPCOB HAa3bIBACTCS
CBOJI SKOHOMHWYECKHX, JKOJOTMYECKHMX, OPTaHU3ALUOHHBIX M TEXHUYECKUX
IIOKAa3aTesIel, XapaKTEPU3YIIUX Ka4yeCTBO M KOJIMYECTBO IIPUPOIAHOTO pe-
Cypca, COCTaB ¥ KaTerOPUM IOJIb30BATEIICH:

e TOCYJapCTBEHHBIN 3€MENbHBINA KaJacTp,

e TOCYJIAapCTBEHHBIM KaJacTp MECTOPOXKIECHUN W IPOSIBICHUU I10JE3-
HBIX UCKOITa€MBIX,

e TOCYJIapCTBEHHBIN JIECHOU KaIacTp,

e TOCYJapCTBEHHBIN BOAHBIMA KaqacTp,

e TOCYJApCTBEHHBIN KaJacTp 0OBbEKTOB KUBOTHOTO MUPA,
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e TOCYJApCTBEHHBIN KagacTp 0cO00 OXpaHSIEMbIX MPUPOIHBIX TEPPH-
TOPUH.

JlaHHBIE KaJacTpOB CIy>aT 00ECIEYEHHUIO PAallMOHATIBHOTO HCIIOJIb30-
BAHUSA IPUPOIHBIX PECYPCOB M OXPAaHE OKPYKAIOIIEH Cpenbl OT BPEIHBIX
BO3AeucTBHNM. Ha OCHOBE KagacTpoOB IMMPOBOAUTCS IEHEKHASA OLEHKA IPUPOL-
HOI'O pecypca, ero npoJa)kHas L€Ha, CUCTeMa Mep 10 BOCCTAHOBIICHUIO Ha-
PYLIEHHOTO COCTOSIHUS IIPUPOJIBI.

KanacTtpsl BenmyTcsa Mo OTAENBHBIM BUAAM IPUPOIHBIX PECYPCOB U IO
TEPPUTOPHSIM:

Nudopmanus TeppuTOpUANBbHBIX KaJacTPOB MNPHUPOAHBIX PECYpPCOB
1 O0OBEKTOB XPAaHUTCSA HA MAIIMHHBIX HOCUTENSIX W alalTUPOBaHA JJIsl MOJIb-
30BaHMSI JIMLIAMH, TPUHUMAIOIIMMHU PEIIEHUS B 00JIaCTH:

e o0ecrmeueHusi yNPaBICHYECKUX pEIIEHUH B SKOJIOrO-PeCypCcHOM
cdepe Ha ypoBHE cyOBekTOB Poccuiickoit deneparviv 1 HIKE;

e TmpoBeAcHUS (PYHKIHOHAIBHOTO 30HUPOBAHHS TEPPUTOPUHU IS yC-
TAHOBJICHHUS SKOJIOTMYECKH 0OOCHOBAHHBIX PEKUMOB U PETJIAMEHTAIUH 110 €€
HCIIOJIb30BaHUIO;

e OpraHM3allMM M PEOPTraHU3aLMUM PA3MEIICHUS NPOU3BOAUTEIBHBIX
CUJI;

e peaJM3alUy WHBECTULMOHHBIX LIEJIEBBIX INPOTPaMM PpA3BUTHSA OT-
JEBHBIX TEPPUTOPUIL;

e U3MEHEHMS CTPYKTYpPHI U 0a3bl HATOT000JIOKEHUS B PETHOHE;

e pecypcocOepeKeHns, PalMOHAIbHOIO HCIIOJIB30BAHUS HPUPOIHBIX
PECYPCOB M OXpaHbl OKPYKAKOLIEH Cpelbl;

e o0ecrieueHus: CAaHUTAPHOM U HKOJIOTUUYECKOM 0€3011acHOCTH;

e pa3srpaHUYCHHs] KOMIIETEHIMM IO PACIOPSIKEHUI0 IPUPOIHBIMU
oObekTamu Mexay Poccuiickoit @enepanueii, cyobekraMuP® wmopranamu
MECTHOT'0 CaMOYIIPaBJICHUS;

e TMPUBATU3ALUU MPUPOIHBIX OOBEKTOB.

MOCT 17.0.0.01-76. Cucrema ctaHaapToB B 06n1acTv oxpaHbl NpMpoabl
W yNyuLEeHNs UCNONb30BaHMA NPMPOAHbLIX pecypcoB. OCHOBHbIE NONOXEHMA
(CT COB 1364-78)

1.1. Cucrema cTtaHIapTOB B 00JIACTU OXpaHbl MPHUPOJIBI JOJKHA COCTO-
ATh M3 KOMIUIEKCOB B3aMMOCBSI3aHHBIX CTAHIApPTOB, HANPABJICHHBIX Ha CO-
XpaHEHWe, BOCCTAHOBJICHHWE M pPaIMOHAJIBHOE HCIOJIb30BAHUE MPHUPOTHBIX
pecypcoB.

1.2. Oxpana npupobl — cUCTeEMa Mep, HallpaBjeHHasl Ha MOJJIEp KaHHUe
PalMOHAIBHOTO B3aUMOJEHCTBUS MEXK]Y JEATEIbHOCTBhIO YEJIOBEKA U OKPY-
JKAIOIIeH MPUPOTHON cpenoi, oOecrneunBaroas COXpaHeHHe U BOCCTAHOB-
JICHUE TPUPOAHBIX OOTraTCTB, PAlMOHAIBHOE HCIOIB30BAHUE MPUPOTHBIX
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pecypcoB, Mpeaynpexaarolias npsiMoe U KOCBEHHOE BPEAHOE BIUSIHUE pe-
3yJIBTATOB JIESITEIILHOCTH OOIIECTBA HA IPUPOAY U 3/I0POBHE UETIOBEKA.

1.3. OcuoBubiMu 3amadamu CCOIl sBnsercs BBeIEeHHWE B CTaHAAPTHI
MIpaBUJI ¥ HOPM, HAlPaBIICHHBIX HA:

e obecreueHre COXpPAaHHOCTH MPUPOTHBIX KOMIUIEKCOB,;

e COJECHUCTBUE BOCCTAHOBJICHUIO W PALMOHAIIBHOMY HCIOJIb30BAHUIO
IPUPOAHBIX PECYPCOB;

e COJICCTBHE COXPAHEHUIO PABHOBECHS MEXKIY Pa3BUTHUEM MPOU3BO/I-
CTBa U YCTOMYHUBOCTBIO OKPYKAIOLIEH PUPOIHON CPEIBI;

e COBEpILCHCTBOBAHHME YIPABICHUS KAYECTBOM OKPY’KAIOIIEH MpHU-
POJIHOM CpeJibl B MHTEpECcax YeJI0BEYECTRA.

1.4. CCOII nomxHa crmocoOCTBOBATh PEIICHHUIO BaXKHBIX HAPOIHOXO-
351MCTBEHHBIX 3a/1a4:

e OrPAHUYECHUIO TMOCTYIUIEHUA B OKPYXKAIOIIYI0 MPUPOIHYIO CPEAY
MIPOMBIITUICHHBIX, TPAHCTIOPTHBIX, CEIHCKOXO3SHCTBEHHBIX U OBITOBBIX CTOY-
HBIX BOJI M BBHIOPOCOB JUIsl CHYDKEHUS COJIEPIKAHMS 3arps3HSIONINX BEIECTB
B aTMoc(epe, IPUPOTHBIX BOJIAX U MTOYBAX JIO KOJIUYECTB, HE TIPEBBIMIAIOIINX
MPEAEIBHO JO0MYCTUMbIE KOHIIEHTPAIIUH;

e palMOHAIBHOMY MCHOJIb30BAHHUIO U OXPaHE BOJOTOKOB, BHYTPEHHHUX
BOJIOEMOB U MOpPEH B HAlIMOHAIBHBIX T'PAHUIIAX CTPAaHbI, UX BOJHBIX U OUO-
JIOTUYECKUX PECYPCOB;

e YNOPSAJOYEHHUIO 3€MJICYCTPOUTENbHBIX padOT, OXpaHe U PalMOHAIb-
HOMY MCIIOJIB30BAHUIO 3€MJIM, COOJIIOJICHUIO ONTUMAJIbHBIX HOPMATUBOB OT-
BOJIa 3€MENb JJI HY K/l CTPOUTENIbCTBA MPOMBIIIJIEHHOCTH U TPAHCIIOPTA;

e COXPAaHEHUIO U PAIMOHAIBHOMY MCHOJb30BAHUIO0 OHOJOTUYECKHUX
peCypcoB;

e o0ecreueHni0 BOCIIPOU3BOJICTBA JUKUX JKHBOTHBIX, TOICPKAHUIO
B 0JIarONPHUSATHOM COCTOSTHUM YCJIIOBUN UX OOUTAHUS;

e COXpaHEHWIO0 reHO(POHIa PACTUTEIHHOTO U KUBOTHOTO MHUPA, B TOM
YUCJIE PEIKUX U UCUYE3A0IIUX BUJIOB;

e OXpaHEe MPUPOTHO-3AMOBEAHBIX (POHIOB (3aMOBEIHHUKOB, 3aKA3HM-
KOB, MMaMSTHBIX ¥ HAIIHOHAJLHBIX MTAPKOB, BOJHBIX OOBEKTOB U JIP.);

e  YIYYIICHUIO UCTIOJIB30BaHUS HEAP.

1.5. CCOII paspabaTbiBaeTcsi ¢ y4€TOM SKOJIOTHYECKHX, CAHUTAPHO-
TUTMEHUYECKUX, TEXHUYECKUX U SKOHOMUYECKUX TPeOOBaHUM.

2. CTPYKTYPA, OBBEKTHI, KITACCUOUKALNA CUCTEMBI
CTAHJAPTOB
2.1. I'pynmibr cranmaptoB, Bxomsmme B CCOII, qomKHBI COOTBETCTBO-
BaTh MPUBEJICHHBIM B Ta0II. 6.
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TabOmura 6
I'pynnor cmanoapmos, éxooswue 6 CCOIl

Howmep Konosoe
HaumenoBanue
TpyNIbl HaMMEHOBaHUE
0 Opranu3alMOHHO-METOANYECKHE OcHoBHbIE
crannaptel CCOII OJIOKEHUS
1 CrannapTsl B 00J1aCTH OXpaHbI ['unpocdepa
Y PALlMOHAIBHOIO UCIIOJIb30BAHUS BOJ
2 CranyapTsl B 00JaCTH 3aIIUTHI ATtMmocdepa
aTMocdepsl
3 CrangapThl B 001aCTH OXpPaHBI [TouBbl
U palMoOHAIBHOTO UCIOJIb30BAHUS IOYB
4 CrangapThl B 00J1aCTH yIy4dIlIEHUS 3emuu
UCIIOJIb30BAHUSI 3€MEITh
) CrangapTsl B 001aCTH OXpaHbl (JIOpHI dnopa
6 CranmapTsl B 00J1aCTH OXpaHbl (hayHbBI ®dayna
8 CrangapThl B 001aCTH OXpaHBI Henpa
U pallMOHAJIBHOTO UCIIOJIb30BAHMSI HEJIP

2.2. B 3aBUCHUMOCTH OT XapakTepa CTaHIapTU3yeMOTo OOBEKTa CTaH-
naptel CCOII nmoapa3znensitoTcsi Ha BUJIbI, YKa3aHHBIE B Ta0J. /.

Tabmuma 7
Buowr cmanoapmos, eéxoosawue 6 CCOII

Howmep
Hanmenosanne Buga
BHJIA

0 OCHOBHBIE TOJIOKEHUS

1 TepMuHsbl, onpeneneHus, KiacCUPUKauu

2 HopMmbl 1 MeTOABbl M3MEpPEHUN 3arpsi3HAIOIIKUX BBIOPOCOB U cOpo-
COB, MHTEHCHUBHOCTH HCIMOJb30BaHUsl NMPUPOJHBIX PECYPCOB, 3a-
TPA3HSIONIUX BBHIOPOCOB W COPOCOB M IMOKAa3aTesld MHTEHCUBHOCTHU
WCIIOJIb30BAHMS IIPUPOJHBIX PECYPCOB

3 IIpaBuiia 0XpaHsl IPUPOABI U PALMOHAIBHOTO HUCIIOIb30BAHUS IIPHU-
POJIHBIX PECYPCOB

4 MeTtobl onpeneneHus] TapaMeTpoB COCTOSIHUSI IPUPOJIHBIX 00BEK-
TOB M1 UHTEHCUBHOCTH XO35CTBEHHBIX BO3JCUCTBUM

5 TpeGoBaHus K cpeacTBaM KOHTPOJISI U U3MEPEHUN COCTOSHUS OK-
pyXarolien MpUpoOTHON Cpeibl

6 TpeboBanus Kk ycTpoiCTBaMm, anmaparaM U COOPY>KEHHUSIM IO 3aIllH-
T€ OKpY’KaloLEn Cpeabl OT 3arpsi3HEHUN

7 IIpoune cranapTel
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MEXOYHAPOAHbIE 3KONOr’M4YECKUE OTHOLLEHUA

MexayHapoaHble 3KOJOTHYECKUE OTHOLIEHUS ONPENENSIOTCS MPHUHIIM-
naMM M HOpPMaMU MEXIyHapoaHOro mnpasa. OHM M3JI0KEHBl B PELICHUSX
I'enepanbuoit Accambnen OOH, pemenusix CTOKroinbMCKOW KOH(MEpEHINH
OOH 1o okpyxartorieit cpeae, a Takke B APYTUX JOKYMEHTaX U MOTYT OBITh
c(OpMyJIMPOBAHBI CIEAYIOIIUM 00pa3oM:

e IPUOPUTETHOCTH 3KOJOTHUYECKHX ITPaB YEJIOBEKA;

e CYBEPEHMUTET IOCYJIapCTBa Ha MPUPOJHBIE PECYPCHI CBOEH TEPPUTO-

puu;

e HEIOMYCTUMOCTb HKOJIOTMUECKOTO OJaromoiyyusi OJHOTO rocyaap-

CTBa 32 CYET JIPYroro;

e DKOJIOTMYECKHUI KOHTPOJIb Ha BCEX YPOBHSIX;

e CBOOOJIHBII 0OMEH MEXTYHAPOAHON IKOJIOTUYECKON HH(OpMALIUEH;

e B3aMMOINOMOIIb FOCYAAPCTB B UPE3BBIYAMHBIX 00CTOSTENBCTBAX;

e pa3peuieHHe FKOJIOrO-IIPABOBBIX CIOPOB MUPHBIMU CPEACTBAMH.

Oco0oe mMecTo B psily 0OBEKTOB IKOJIOIMYECKOTO IIPaBa 3aHUMAIOT 00b-
€KThl MEXIYHapOJHO-IIPABOBOM OXpaHbl OKpYsKaromie cpeasl. OHM moapas-
JEJNAI0TCS Ha JBE KaTErOpUU:

e  MEXIYHApOJHO-IIPAaBOBbIE OOBEKTHI OXPAHBI, HE BXOASILUE B IOpUC-
TUKIMI0 Tocynapcts. K HUM oTHOCATCS Kocmoc, MupoBoin okeaH, AHTapk-
TUJA, BO3YIIHbIN 0aCCEIH U MUTPUPYIOLINE BUbI )KUBOTHBIX;

e  MEXIYHApOJHO-IIPAaBOBbIE OOBEKTHI, BXOAALIME B IOPUCAUKIIUIO TO-
cynapctB. K 370t kareropunt OTHOCSTCSI OOBEKTHI, BKIIOUEHHBIE B YHCIIO MU-
POBOIO IIPUPOJHOTO Hacjaenus (3al0BEIHUKH, HALIMOHAIbHbBIE ITAPKU, pe3ep-
BaThl, MaMSATHUKU CTapuHbl); 3aHeceHHble B MexayHaponnyo Kpachyro
KHUT'Y UCYE3AI0IINE U PEIKHE )KMBOTHBIE U PACTEHUS; MEXIyHAPOIHBIE pe-
KH, Mopsl, o3epa (bantuiickoe mope, peka Jlynaii, Benukue o3epa Ha TpaHulle
CHIA u Kanane! u 1. 1.).

[IpoOnemMa 3amMTBl OKpYKAarOUWIEHd CpeAbl BBI3BIBAET JKUBOW HHTEPEC
MHOTOYHUCJIEHHBIX MEXIYHAPOIHBIX OpraHU3allMil, HO BEAylask pojb B 3TOM
Borpoce npuHaiexxut OOH.

I'enepansHas Accambnes OOH onpepaensieT OCHOBHbIE HaIpaBICHUS
MEXIYHAPOJAHON HKOJIOTUYECKON TOJUTHKH, pa3padaTbiBaeT MPUHIUIIBI
B3aMMOOTHOIIEHUS T'OCYAAPCTB B 3TOM 00J1acTH, IPUHUMAET PELIEHUs O Mpo-
BEJICHIH MEXIyHapoaHbIx KoHpepernuuit OOH mo mpobiemMaM okpyKaromie
cpensl, pa3pabaThIBacT MPOEKTHI MEKIYHAPOIHBIX KOH(MEpPEHIIN, PEKOMEH-
Jaly M0 OXpaHe OKPYKAIOIIEH CPefibl, CIIOCOOCTBYET PA3BUTHIO COTPYAHU-
YECTBA TOCYAAPCTB € LEJBIO 3aIUTHl OKPYXKAIOLIEH CPEIbI.

[Iporpamma OOH no okpyxatowmeit cpeae (FOHEIT) Obuta yupexnena
B 1972 r. Ha crokronbMckol koH(pepeniru OOH o npobiemam okpyskarorei
Cpelbl M SIBJISIETCS TOJIOBHOM opraHMsanueil mo mpoOiemam OKpy»Karolien
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cpensl. FOHEIT 6t copMynupoBaHbl rio0anbHbIE KOJOTUYECKUE MPO-
OJIeMBI.

Opranuzanus OO0beIMHEHHBIX HAIM MO KyJIbType, Hayke, oOpa3oBa-
auto (FOHECKO), o6pa3oBannas B 1948 r., Takxke BIUIOTHYIO 3aHUMAETCS
npoGiemMamMu oXpaHbl OKpyxatoiiei cpebl. CBOIO AeSTEIHHOCTh OHA OCYIIIE-
CTBJISIET IO HECKOJIbKUM HaIpaBIICHUSIM:

1) pPYKOBOJACTBO AKOJOTHYECKUMH IMPOTpaMMaMH, B KOTOPBIX 3aHSTO
ceeimie 100 rocymapctB. Cpeaum mnporpamMm — JOJATOCpOYHas IporpaMmma
«Yenoexk u Ouocdepa», MeKIyHapoIHas MporpaMmMa MO 0Opa30BAHHIO
B 00J1aCTH OKPY>KarolEen Cpe/ibl U T. 1I.;

2) yd4eT W OpraHM3alus OXpaHbl MPHUPOJIHBIX OOBEKTOB, OTHECCHHBIX
K BCEMHUPHOMY HaCIIEIUIO;

3) oka3zaHWe MMOMOIIM Pa3BUBAOIIUMCS U JIPYTHM CTpaHaM B Pa3BHTUHU
HKOJOTUYECKOTO 00pa30BaHUS U MOJATOTOBKE CIEATMCTOB-IKOJIOTOB.

MexyHapOIHbId COKO3 OXpaHbl MPUPOABI U MPHUPOJHBIX PECYPCOB
(MCOII) 6bu1 yupexxaeH B 1948 1. 1 SIBISIETCSI HETIPABUTEIIBCTBEHHON MEXTY-
HapOJHOM opraHu3aluel, npeacrapistomel 6oxee 100 ctpan. B ero 3amauy
BXOJIUT COXPAHEHHE E€CTECTBEHHBIX SKOCUCTEM, COXPAHEHUE PEIKUX U HCYe-
3al0lUX BUOB KMBOTHBIX U PACTEHMI, OpraHU3alysl 3alI0BEIHUKOB, PE3EPBaA-
TOB U HALIMOHAJIbHBIX IMAPKOB, @ TAK)KE 3KOJIOIMUYECKOE IPOCBEILIEHUE.

Bcemupnas opranuzanus 3apaBooxpanenus (BO3) Obuta yupexieHa
B 1946 r. u 3aHMMaeTcs npobdiieMaMH OXpaHbl 3I0POBbs YEIOBEKA U BO3JIEH-
CTBHSI HA HETO OKPYXKAIOIIEN CPEIbI.

MexayHaponHoe areHTcTBo mo aroMHoil sHeprun (MAI'ATD) Obuio
oOpazoBaHo B 1957 r. B uensax obecneueHus: 0€30MaCHOCTU U OXPAHbI OKPY-
JKAIOLEN cpesibl OT PaJMOAKTUBHOTO 3arpsI3HEHUS.

CenbCKOXO0341CTBEHHAs! U MPOJIOBOJIBCTBEHHAs opranuzanus O0benu-
HeHHbix Hanwmit (OAQO) Obuta oOpa3zoBana B 1945 r. u 3aHMMaeETCs SKOJIOTU-
YECKUMH MpoOJIEeMaMH B CEJIBCKOM XO34WCTBE: OXPAHOM M MCIOJIb30BAaHUEM
3eMeJb, BOJHBIX PECYpCOB, >KUBOTHOIO MHpa, OMOJOTMYECKUX PECYPCOB
MupoBoro okeaHa.

MexnayHnaponnast mopckas opranuzanus (MMO) Obna cozgana B 1948
I. U pelaeT npooseMbl B 00J1aCTH MOPCKOTO CYJIOXO/ICTBA U OXPaHbl MOPS OT
3arpsi3HEHHUS.

Bcemupnas meteoponornueckasi opranuzainus OOH (BMO) 6buta yu-
pexieHa B 1947 r. B ee 3amauy BXOAUT U3YUYCHHUE CTEIICHU BO3JCHCTBUSA Ue-
JIOBEKA Ha MOTOJIy Y KJIMMAT IUIAHETHI B 1IEJIOM U [0 OTACJIbHBIM PETHOHAM.

BMO peiicTByeT B pamkax I100agbHONH CUCTEMbl MOHUTOPHUHIA OKPY-
xatomeit cpensl (CMOC). Hapsay ¢ BMO B 'CMOC Bxoast takxke BO3,
®AO u JOHECKO.

Cucrema 'CMOC umeeT msTh AEMCTBYIOIUX IPOTPaMM: MOHUTOPUHT
COCTOSIHUS aTMoc(ephl, MEPEHOC 3arps3HAIONIMX BEIIECTB Ha OoJblINe
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pacCTOsIHUSL, POTPaMMy 340POBbs YEIIOBEKA, ITporpaMMy MHpPOBOToO okeaHa
U TIPOrpaMMy BO30OHOBIISIEMBIX PECYPCOB CYLIH.

Hapsany ¢ BenymmMu MexXIyHapOJIHBIMA OPTaHU3AlUSIMU B MHUPE JCH-
CTBYIOT MHOTOYHCIICHHBIE MEXIYHApOJIHbIE OPTraHU3AlUHU, 3aHUMAIOIINECH
psAoM crnenuanbHbIX npobiem. Hanpumep, MexayHapoaHblii peructp mo-
TEHIIMAJIbHO TOKCHYHBIX XuMuueckux BemiectB (MPIITXB) co3man kak
yacth FOHEII u 3anuMaetcst n3yuyeHHeM TOKCHUYHBIX XMMHUUYECKUX BEILIECTB,
BKJIFOYAsl MECTHIUAbL, U WX BO3JCHCTBUEM HAa YEIIOBEKA U OKPY>KAIOILIYIO
cpeny. B pamkax OOH paGotaeT bropo mo okazaHuio MOMOIIM Ha Cly4yai
ctuxuiibeix 6eacteuit (FOHAPO).

Bce BollenepeuncieHHbIe MEXIYHAPOAHbIE OPraHU3aluN O0BEAUHSIOT
CBOM YCUJIUS JJIS PEHICHUs TT00albHBIX SKOJOTHYECKUX MpodiieM. B menom
MyTH PEIICHUS 3KOJOTHYECKUX MPOOJIEM MOXHO MPEACTABUTH CIICTYIOITIM
obpazom.

1. HeoOxomumo pa3paboTaTh MEXIyHapOIHbIE 3aKOHBI MPUPOIOTIOIb-
30BaHMsI, 00s3aTeIbHBIC IJIs COOJIOICHNUS BCEMU CTPaHAMH.

2. Heo0Oxonumo MpOBOJUTH MCCIIEOBAHUS IO MPoOIeMaM OXpaHbl OK-
pYy’Karolie cpenbl A pa3pabOTKU HOBBIX TEXHOJOTHUH W CO3/IaHUS MPUPO-
JOOXPAaHHOW TEXHWKHA. B ¢dopMHpOBaHWN TEHTPATM30BAHHBIX JEHEKHBIX
(GOHAOB IS ATUX IENel MOJDKHBI Y4aCTBOBATh BCE TOCYIapCTBA, HO OCHOB-
HOM BKJIQJl TOJKHBI BHECTH Pa3BUTHIE CTPAHBL.

3. Jlns ympaBieHust B3aUMOJICHCTBUEM JIIOJIEH C MPUPOI0A HEOOXO0 -
MO pa3paboTaTh CUCTEMY HAJIOTOB U 1ITpadoB. Bo3aMoxkHO, HYKEH Jaxe Ha-
JIOT Ha XKU3Hb Ha 3eMJe, T.€. Ha MOJb30BaHuE Npupoaou. Takoil Hamor mor
OBI CTaTh PETYISTOPOM POXKIAEMOCTH.

4. Jlns pewieHust TIIOOATBHBIX 3KOJIOTMYECKUX MPOOJIeM HEO0OXOAMMBI
CUCTEMBI MEXKyHAPOIHOTO KOHTPOJISI, BKJIIOYAsl IOPUCTOB, apOUTpax U Jpy-
TUE CITY>KOBI.

B HacTosimiee Bpemsi TOMCK pelICHUs SKOJOTHUYECKUX MPOoOIeM BeaeTCs
KaK Ha rOCY/IapCTBEHHOM, TaK M Ha MEXIYHApPOJIHOM YPOBHE.

CMUCOK JINTEPATYPbI

1. TOCT 17.0.0.01-76. CuctemMa cTtaHIapTOB B 00JIaCTH OXPaHbI MIPUPOIBI
Y YJIY4YLICHUS UCIIOIb30BAHUSA NPUPOIHBIX pecypcoB. OCHOBHBIE IOJIO-
xenus (CT COB 1364-78)
http://uchebnikfree.com/page/dikanuch/ist/ist-3--idz-ax233--nf-7.html
http://ekologobr.ru/kospekt-lekczij-soczialnaya-ekologiya/20-upravienie-
ekologicheskoj-bezopasnostyu-sostavnye-chasti-sistemy-upravleniya-eko-
logicheskoj-bezopasnostyu.html
4. http://fictionbook.ru/author/artem_vasilevich_saziykin/yekologicheskoe
pravo/read_online.html?page=1
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LECTURE 1. INTRODUCTION

Ecology in the system of scientific knowledge. Main problems and principles
of ecology. Development of ecological approaches to the natural environment.
Current significance of ecological education.

As a scientific discipline, ecology has a history of over 100 years. Systematic
ecological research is being carried out approximately since 1900. The basic
principles of ecology can be found in scientific works of some scholars of the
XX century (Humbolt, Lamarck, Severtsev). Such Russian scientists as
Vavilov, Sukachev, Pavlovskiy, Schwatz, Kolesnikov et al made a significant
contribution to the development of ecology. A special merit belongs to
V. Vernadsky.

Ecology as a science is based on various sub-disciplines of biology (physiology,
genetics, biophysics) and connected with other disciplines (physics,
chemistry, mathematics, geography, geology), it uses methods and terms of
these sciences. Hence recent concepts, such as «geographic ecology», «chemical
ecology», «mathematical ecology», «cosmic ecology» and «human ecology».

HISTORICAL BACKGROUND; NOTIONS, TERMS, FORMULATIONS.
THEIR TRANSFORMATION IN CURRENT CONDITIONS

Theword ecology originates from Greek olkog, «house»; uto o3HauaeT «oM,
HETOCPECTBEHHOE OKpY)XeHHe uesnoBeka». This term first appeared in the
middle of the 19™ century. It is still unclear who exactly coined it, but the
first general definition of ecology was given in 1866 by the well-known
German biologist Ernst Haeckel. «Ecology», Haeckel wrote, «is the body of
knowledge concerning the economy of nature — the investigation of the total
relationship of the animal both to its organic and its inorganic environment
including, above all, its friendly and inimical relations with those animals and
plants with which it directly or indirectly comes into contact— in a word,
ecology is the study of all those complex interrelations referred to by Darwin
as the conditions for the struggle for existence».

Haeckel’s and Darwin’s time can be referred to as the epoch of data
collection. Charles Darwin’s theory of evolution based on natural selection
made scientists perceive an organism in connection with it’s environment:
it emerged that the form and the behavior of every organism is adjusted to the
environment it inhabits. Initially ecology was mostly researching the natural
history of organism, lifestyle of plants and animals: where and when they
could be encountered, their nutrition, to whom they serve as food themselves,
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how would they react on transformations of the environment. However, by
the end of the 19" century this narrow approach made way for a broader
outlook upon relationship between all animals and plants. If autoecology
studied a organism together with its environment, ecological sociology in its
turn viewed communities of animals and plants and characteristics and
functions of those communities, formed under the influence of this
environment. Ecology always viewed the organisms and communities in
close connection with their physical environment. Adjustments that appear
within the process of evolution, and reactions that appear within the process
of individual development, provide plants and animals with an opportunity to
react on changes of the environment. Already in the 1940™ ecologists began
to understand that biological community and its environment could not be
viewed as one single entity. Physical environment and biological world
together form a larger system — ecosystem, within which vital substances
continuously circulate in soil, air and water on one side, and between plants
and animal on the other.

Gradual extension of ecological knowledge was not the only factor of its
development. Starting with the first half of 20" century ecology became
a cross point for the ideas of geneticists, physiologists, mathematics,
agronomists and breeders.

The term ‘umwelt’(environment) was first introduced to ecology by
J. Uexkill (1864-1944) to denote «external world, living beings around to the
extent it’s perceived by sensory organs and limbs of animals and provokes
certain behavior in them». The concept of the «Umwelt» of J. Uexkdll
initiated experimental research of interrelations between animals and some
environments.

Definition of the term «ecology» in Management of natural resources
dictionary and handbook by N. F. Reymers is as follows:

1) sub-discipline of biology (bioecology), studies interaction of organisms
(bions, populations, biocoenosis etc.) with each other and environment,
includes autoecology, population ecology and social ecology;

2) scientific discipline that studies general laws of different level of
hierarchy ecosystems’ (ecosystem is any community of living
organisms an their environment, united in one functional entity that
appeared due to interdependence and cause-and-effect relations that
exist between certain ecological components);

3) complex science that studies the environment where an organism
(including human beings) lives;
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4) sphere of knowledge that views some total of subject and phenomena
from the viewpoint of a subject or an object (as a rule, a living being or
with a living being taking part), considered to be a center in this total
(it can also be a manufacturing enterprise);

5) the study of position of a human as a species and as a society in the
ecosphere of the planet, its interactions with ecosystems and measure
of influence on them.

Subject matter of ecology in its broad sense could be described as a system
«organisms plus their environment», where the environment was transformed
by the organisms, particularly, by a human.

In the last decade as the threat of global ecological crisis became obvious for
the whole mankind there’s been a burst of awareness increase and interest of
the society to the environmental issues. And if before 1960 s ecology was
considered to be mostly a sub-discipline of biology, today it went beyond
those limits, it grew into a new integrated science, related both to natural
sciences, engineering sciences and humanities. The importance of ecological
problems for the future of mankind is so enourmous, that to resolve those
problems we need to summon all the spheres of knowledge that the mankind
has generated. Transfusion and mutual enrichment of goals, ideas and
methods is taking place among such sciences as mathematics, physics,
chemistry, classic ecology, computing technology, large systems theory,
economics, sociology, politics, law, ethics, philosophy, medicine.

This process of ideas and goals transfusion from ecology to the other sciences
was called ecologization. Ecology became an integral hyper science («nature
Is not aware of the faculties»)

The expansion of the subject matter of ecology led to new definitions of the
science. A well-known American ecologist Eugene Pleasants Odum defined
ecology as follows (1986):

«Ecology is an integrative discipline studying structure and functioning of
multilevel systems in nature and society and their interactions».

This definition is extremely broad, but it is more consistent with the modern
understanding of ecology. Ecology gains the role of an overall mindset and
turns into a teaching about choosing the ways for mankind’s survival.

GOAL

Study the laws of ecosystems of different levels functioning and biosphere on
the whole in conditions of nature transforming activity of human and develop
tactics and strategy of human behavior to optimize those systems’ functioning.
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OBJECTIVES

The objectives of ecology directly outcome from the goal and from the
existing problems of the planet:

1) overall diagnostics of the planet’s nature condition and its resources;

2) identification of the resistance limit to the anthropogenic load;

3) work out the criteria of the optimal functioning of the ecosystems;

4) research reversibility and ways to restore anthropogenic problems of
ecosystems;

5) develop prognoses of changes in the biosphere and condition of the
human environment under different scenarios of political, economic
and social development of the mankind,;

6) rejection of the compromised «nature subdue» ideology and form
ideology and methodology of ecocentrism aimed at ecologization of the
economy, manufacturing, politics and education.

METHODOLOGY

Methodological base for modern ecology is combination of
1) systemic analysis;
2) field studies and measurements;
3) experiments;
4) modeling.

1. Recognition of ecosystems as of a subject matter of ecology, emergence
principle and holistic approach inevitably lead to the necessity of using
methodology of systemic analysis.

Systemic analysis — is an area of research and social practice based on
research of an object as a system.

Systemic approach in ecology lies in identifying components of ecological
systems (subsystems) and any external objects that interact with it,
identifying aggregated internal and external connections, finding laws of
functioning and changes as a result of various impacts. Ecosystems as
a subject matter have several characteristics that distinguish them as opposed
to man-made artificial cyber systems:
a) unique complexity of the system;
b) multiple levels and cross links;
c) control functions and reverse linkages of ecosystems are diffuse and
are formed inside the system, rather than directed from outside;
d) laws of functioning are under the influence of multiple factors,
complex and always non-linear.
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Systemic analysis has won recognition only in the second half of the 20"
century, which is primarily associated with the development of tools and
remote sensing methods of observation and measurement and computer
technology providing the opportunity to study natural systems as integrated
systems on a quantitative level, as well as appearance of the ideas from
cybernetics in ecology.

2. Field studies— is the first method of ecological research historically.
Modern system of observations includes space, atmospheric, terrestrial,
underground, above-water and underwater measurement systems. Currently,
there exist an operating international (global) and national monitoring
system — that is, a system of monitoring, evaluation and prediction of the
quality of the environment, including the study of human impact.

3. Experiments are widely used in ecology, as well as in other natural and
technical sciences. The difference between an experiment and a field study is
that an experiment is a deliberately arranged impact on the ecological system
and then response of the system to this action is studied. There are two types
of experiments: laboratory experiments and field experiments.

Laboratory experiments allow for the monitoring of a large number of
factors, excluding the impact of uncontrollable factors. Typical laboratory
experiment is a single-factor experiment when the influence of a chosen
factor is studied with all the other factors being fixed values.

Field experiments allow us to investigate the influence of one or more factors
under the actual conditions.

A special place in the study of ecological systems belongs to unintended
experiments which were the result of natural processes (volcanic eruptions,
formation and disappearance of islands etc.) or human activities. Essentially,
the whole history of civilization represents unintentional anthropogenic
experiments for humanity has been constantly «experimenting» with nature.

4. Modeling — is a study of ecological patterns with laboratory, field or
mathematical models. Model is an imitation of a given real-life phenomenon
that allows us to make prognoses.

STRUCTURE AND SUB-DISCIPLINES OF ECOLOGY
Nowadays, the following main sub-disciplines of ecology are distinguished:

1. General ecology studies the main laws of formation, functioning and
evolution of the ecosystems, analyzing such characteristics as productivity,
cycle of matter and energy, sustainability, biodiversity (gene-pool) etc.
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Theoretical ecology is the nucleus of general ecology.

2. Special ecology (bioecology) initially formed scientific discipline that
includes special, purely biological branches of ecology; nowadays has
following branches:

a) autecology (from Greek out-— separately) — ecology of separate species
and bions;

b) population ecology;

c) community ecology (or synecology) — studies the interactions between
species within an ecological community, biocoenoses (from Greek
bios — life, kinos — together);

d) systematic groups ecology ( bacteria, fungi, plants, animals and smaller
units: types, classes, orders etc);

e) evolution ecology — studies the role of ecological factors in evolution.

3. Geoecology — studies interactions of the organisms and their environment
from the viewpoint of their geographical location. It includes:
a) ecology of the media — air, land, soil, marine, freshwater;
b) ecology of climatic zones — tundra, taiga, steppe, desert, mountains,
swamps, coasts, and the like;
c) ecology of geographic areas, regions, countries, continents

4. Applied ecology — large complex of disciplines, relating to various spheres
of interrelations between human society and nature. Applied ecology has
following branches:

a) engineering ecology — research and development of engineering norms

and means that comply with environmental requirements;

b) agricultural ecology (agroecology and ecology of egricultural animals);

c) bioresource and commercial ecology;

d) urban ecology( ecology of cities, towns, localities, communal ecology);

e) medical ecology;

f) ecotoxicology;

g) applied ecology in environmental protection practice.

5. Human ecology — complex of disciplines studying interrelation of human
to bion as a social subject with certain natural and social environment.

It includes:
a) human bioecology;
b) social ecology (personality, family ecology).

Among those multiple approaches existing in ecology we will only review
«ecosystemic» and «population» approach in greater detail. Together they
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cover the whole concept of ecology, but, as it becomes clear from their
names, the first approach focuses on an ecosystem, the second — a population.
However, the difference between them lies not only the subject. Quite often
some subject (e.g. community) can be the same, but the interpretation
(recognizing something more important, something less) and the whole
methodology of the research can be completely different. We will emphasize
right away that neither of these approaches can be considered to be more
correct than the other: they both have a right to exist, and implementation of
either one is to a great extent defined by the specifics of set objectives.

ECOSYSTEMIC APPROACH

There is no clear definition for «ecosystem», but common description states
that it is a total of various organisms that share habitat together as well as
physical and chemical components of the environment necessary for their
existence or represent their waste products. As a rule it is meant that along
with inanimate components an ecosystem includes plants (producers),
animals (consumers), bacteria and fungi (decomposers or reducers), i.e. a set
of organisms that altogether are able to carry out whole carbon cycle and
other main biogenic elements cycles (nitrogen, phosphor etc).

Drawing borderlines between ecosystems is relative to some extent just
because all ecosystems exchange matter and energy with each other. But
even if we stick to such seemingly trustworthy criterion as completeness of a
biotic cycle we will find out that real physical space within which an element
makes its full cycle differs significantly for different elements. Consequently,
the borderlines of an ecosystem will be defined differently in such cases.
Timeframe for examination of a given ecosystem is equally important.

Complications in researching ecosystem structure and functioning are defined
not only by difficult time-space localization, but also by the very nature of
those objects which include not only separate organisms in aggregate, but
also always various inanimate components. Some of those components,
referred to as «resources», for instance, mineral elements, water and light for
the plants, are actively consumed by living organisms. Others constitute
«living conditions», for example, temperature, chemical composition of
water (if we talk about aquatic organisms) and soil (for plants) etc.

Ecosystem’s structure can’t be viewed as a simple hierarchical structure of
several level of organization of «bion-population-community-ecosystems»
type while inanimate components of the ecosystem are left outside the
system. Obviously, there is a way to unite living and inanimate components
into the notion of ecosystem only by emphasizing the special role of the
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processes of their interaction. In fact it had been done long ago by Lindeman
(Lindeman, 1942), who defined ecosystem as «...a system of physical-
chemical-biological processes, taking place within some space-time unit of
any category».

Despite all the difficulties with ecosystem’s scope and borderlines
identification, many scientists have been considering ecosystem to be the
main object of ecology. E. Odum based his study course that survived
multiple editions around such notion as ecosystem (1986). Spanish ecologist
R. Margalef (Margalef, 1968) has very similar position. Defining ecology as
«biology of ecosystems». It is worthwhile mentioning that ecosystemic
approach is not at all homogeneous. Various trends can be deciphered within
the framework of this approach and those trends are different both in problem
statement and in methods of resolving those problems.

Methodological difficulty lies within the fact that many ecologist having
gained education and work experience as zoologists and botanists, would use
the same approach to the study of ecosystems that systemic specialists would
use to study a separate organism. It is evident that in case of finding a new
organism, first of all, its systematic belonging needs to be identified. This is
Important due to even the fact that it allows us to predict typical characteristic
of the organism without doing additional research. Thus, knowing for a fact
that the animal is a mammal, we can be certain that it has four-chamber heart
and seven cervical vertebrae. However, zoologist’s and botanist’s approach
didn’t turn out to be successful for description and classification of countless
numbers of specific ecosystems. Thorough analysis revealed that every
ecosystem is unique in its species composition and numerical relation of
various species. This classification is much more flexible, vague in
comparison to taxonomic classification of the organisms, and, most
importantly, — is not a genetic (establishing relation degree) and thus has far
weaker predictive potential. Another trend that exists within the framework
of ecosystemic approach is functional trend, which focuses on studying vital
functions of organisms. Vital functions imply all main functions of a
organism: nourishment, respiration, photosynthesis, excretion etc. Examining
those processes in a certain organism is the area of physiology. Ecologist is
mostly interested in the results of this vital activity, especially those ones that
wield noticeable influence on other groups of organisms as well as system’s
functioning on the whole.

If structural approach payed more attention to the living components of
ecosystem, functional approach views abiotic components as equally
important and the main subject matter for the research are the substance
transformation processes in ecosystems.
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Success of the functional approach is mostly explained by its ability to give
generalized, integrated assessment of the vital functions results of many
separate organisms of different species at once. This is probably due to the
fact that biogeochemical functions, i.e. character of substance and energy
transformation in nature is more similar in organisms than their
biogeochemical functions, their morphology (Vinberg, 1981). For instance,
all higher green plants consume water, carbon dioxide, similar set of biogenic
elements (nitrogen, phosphor and some others) and all of them using solar
energy, then photosynthesize organic substances of similar composition and
produce oxygen. There is a constant ratio of produced oxygen and organic
substance produced which allows us to define the number one of them using
the estimate of the other.

POPULATION APPROACH

Population approach in ecology is not inferior to ecosystemic neither in its
theoretical and applied significance, nor in the degree of development of its
conceptual apparatus and the diversity of methods. Along with definition of
ecology as of science about ecosystems another definition as of science about
populations has full right to be used.

Population approach is very consonant to the definition by the Canadian
researcher C. Krebs; «Ecology — is a science about interactions that defines
spreading and abundance of the organisms». Having this definition in mind
the following questions seem to be obvious: why are some certain organisms
currently inhabiting this and not the other location; why is the size of their
population (or biomass) is such and not some other; and if it’s changing with
time, then why this way and not the other? Such questions may at first seem
to be to particular and even not significant for cognition of general
regularities, identification of which is the aim of every science and of
ecology as well. However, if we turn to the history of ecology ( and of
biology on the whole), we will observe significant advancement in
development exactly when the researchers thoroughly analyzed particular
cases and gradually asked questions the answers to which was the key to
solving more general problems.

A set of individuals of one species, i. e. population is typically featured as a
group of organisms dynamics and spreading of which is being studied. As we
mentioned above, oneecosystem (in its traditional sense) can include
hundreds or even thousands of species. It is obvious that in reality no amount
of research efforts will be enough to ensure that all populations are studied in
detail from the standpoint of population approach, although if this was done,
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then this would have solved if not all, but in any case many of the problems
at the ecosystem level.

Population approach focuses on separate species. Typically those species
have agricultural significance (forest and agricultural plant pests, fishing and
hunting facilities, disease carriers etc.), but sometimes also dominants or rare
species, which need to be protected.

LOW ANG PROBLEMS OF ECOLOGY
In 1930s Vernadsky and Bauer formulated two important laws.

1% law states that geochemical energy of living matter in the biosphere
(including mankind as the supreme manifestation of living matter that is
endowed with mind) is aiming at its maximal representation.

2" Jaw states the fact that only those species survive the evolution that
provide maximal increase of the biogenic geochemical energy.

But those laws are generally called principles.

Life on Earth develops only in conditions of current inflow of new energy for
the whole cycle of living matter circle is carried out in one and the same mass
of living substance with a small index of restoration

Man entered this system by breaking the system of consumption and
generation of the living nature’s energy. And energy demand of the society is
constantly growing which demands a huge structural reorganization of the
biosphere, and production of the new energy becomes energetically
unfavorable.

The society is actually subordinated to the wide range of ecological
regularities of the environment, but it has a number characteristics that are
independent of those regularities.

That is why ecologists base the definitions of the social ecology laws based
on the laws of «theoretical ecologic influence», however, they should not be
understood as the laws of social ecology.

B. Commoner

B. Commoner described 4 fundamental ecological laws which can be
considered the laws of social ecology.

1% law states that human environment troubles are due to some failures in the
environmental system in the course of its causative-consecutive relations.
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It implies that influence on any natural system on the Earth will provoke a set
of effects the optimal development of which is difficult to predict.

2" law states that human lives in a confined space, so everything created or
taken from nature will then be given back to it in some way.

3" law highlights interconnection of our knowledge about nature and our
influence on it. In other words, if we don’t know how to transform nature, we
won’t be able to «improve» it with our actions, therefore, we need to get back
to the lifestyles that represent ecological harmony.

4™ law states that global ecological systems represent one indivisible unity
and whatever it is that human extracts from them, should be compensated.
Therefore consumption of natural resources is not limitless.

More specifically, Commoner’s laws state:

Everything is Connected to Everything Else. Biosphere is our mutual home.
There cannot be ecological happiness in only one country, such problems as
contamination of the ocean, greenhouse effect and holes in ozone layer
should be addressed by the whole community.

There Is No Such Thing as a Free Lunch. International community finances
scientific projects that allow us to protect biological development.

Everything Must Go Somewhere. International community passed special
laws that prohibit nuclear and hazardous waste disposal in poor countries.
Ocean is not the right place to dispose waste either.

Nature Knows Best. Human should save ecological balance of the biosphere
without trying to be smarter than nature, and create an artificial environment
of intelligence — noosphere.

Low of social ecology

H. Reimer’s formulated five laws of social ecology. He set them in the
following order:

1. Rules of social and ecological balance.

2. Principle of cultural development management.

3. Rules of the socio-ecological substitution.

4. Law of historical (socio-environmental) irreversibility.

5. Vernadsky’s law of noosphere.

«Rules of social and ecological balance»

Ratio of the velocities of the demographic saturation, pressure of society
on the environment and changes in society itself can be formulated as rules
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of social and ecological balance: society is developing to the extent until it
maintains the balance between its pressure on the environment and the
restoration of the natural environment in both natural and artificial ways.
Since the external conditions of historical development, the environment of
people’s life and the operation of their households are destroyed or
significantly damaged, the restoration of natural resources and maintaining
ecological balance and social require significant material, labor and financial
resources. The phase of the extensive progress of the society was based on
the greatest spread of people, the highest aspirations of the mankind to
«conquer» nature, increase its productivity through successional
rejuvenation, increased energy production, growth of working-age population
(which led to an overall increase of the population) and rapid commodity
turnover. The only criterion was the development of economic profit and
enrichment.

«Principle of Cultural Development Management» states that religion,
customs and legislation formulated laws of human behavior in their
relationship with nature and within the society in compliance with the above
mentioned. Culture and morale as its integral part were also consistent with
specific time. Moral and religious rules divided humanity in large groups.
The growth of the prestige usually corresponded to the amount of money,
religion and political power, degree of social aggression. All this was
eventually directed at maintaining a balance between developing society and
the environment in its development. This is the principle of cultural
development management.

«Rules of the socio-ecological substitution»

Human needs are partiall ysocially and environmentally interchangeable. The
only exception is the so-called basic needs, mainly physiological and
psychological nature. Rules of social-ecological substitution presuppose that
the methods of such substitution may be different. Even the essential needs
can be satisfied in different ways — gathering, fishing, farming, etc. All those
way have different effects on nature and are defined by its conditions. There
are various ways to «transform» nature. For example, the development of
agriculture in the hunting and fishing areas or agricultural oases in the
pasture-fishing areas. Moreover, dominant culture can change the type of
such sectors.

Having passed some phase of interactions with nature society, as a rule, can
not return to the previous stage, unless some catastrophic social and
environmental phenomena that lead to social degradation happen. But even
such degradation is not a return to the historical past either. Rather, the
extinction of one’s own and then perception of a new «imported» culture.
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However, these were regional and not global phenomena.

According to such theories, humanity had reached some peak of civilization,
then there was a catastrophe such as «nuclear winter», and everything started
all over again. This point of view hardly has any proof, especially
archaeological.

The law of historical (socio-environmental) of irreversibility

The process of mankind’s development as a whole can’t go from the later
phase to the initial one, i.e., the socio-economic formations which in some
way interact with the environment and natural resources can’t be replaced in
the reverse order. Separate elements of social relationships repeated in
history (e.g. slavery, reborn in the most monstrous forms during Stalin’s
rule),economic setup can be repeated (such as the return from settled to
nomadic farming), but in general this process is unidirectional, as irreversible
as evolution. Opposite view seems completely illogical: natural environment
Is changing, humanity is changing and adopting of the concept of
reversibility would mean agreing that in the same river can be entered twice,
but still not grown old for a moment.

Vernadsky’s law of noosphere

The biosphere will inevitably turn into the noosphere, i.e., in an area where
the human mind will play a dominant role in the development of «human-
nature» system. In other words, chaotic self-development based on the
natural processes of self-regulation will be replaced by a sensible strategy
based on forecasting and planning principles, on regulation of the natural
development processes. Only good intentions and understanding, not
violence and voluntarism may be the basis for the creation of the noosphere.
Mankind will have to solve a lot of difficult new-age problems, but those
problems will be different from the ones we have now.

Only certain humane society, its relatively conflict-free inclusion to the
system of the biosphere based on usage of solely the increase of resources
can save the mankind. Above all, people will be managing themselves and
not the nature. This represents the meaning of noosphere.

To recapitulate more briefly:

1% law states that society is developing to the extent until it maintains the
balance between its «pressure» on the environment and the possibility of
restoration of the natural environment in both natural and artificial ways.

2" law (principle) states that economic development is limited by ecological
context and highlights the necessity to manage the development taking
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In consideration the deep processes of interaction occurring between society,
nature and human and the groups which people live in.

3" law (rule) tells us about the need to understand possible transformations in
social and environmental needs of people with the help of different
approaches that are conditional on the natural environment and that affect it.

4™ law states that the process of mankind’s development can’t go from the
later phase to the initial one.

5" law — Vernadsky’s law, according to which the biosphere will inevitably
turn into the noosphere, i.e., in an area where the human mind will play a
dominant role in the development of «human-nature» system.

Thus, such scientists as Reimers, Bauer, Vernadsky, Commoner et al. were
defining the laws of social ecology based on the laws of general ecology that
is why the laws of social ecology represent those general regularities.

IMPORTANCE OF ENVIRONMENTAL EDUCATION

Currently, spontaneous development of relations with nature threatens not
only the existence of individual objects, territories, countries, etc., but also all
mankind. This is explained by the fact that human is closely associated with
wild nature by origin, physical and spiritual needs, but, unlike other
organisms, these relationships have taken on such scale and form that they
can lead (and is already leading!) to almost full involvement of planet’s live
cover (biosphere) in today’s society life support provision, putting humanity
on the verge of ecological disaster. Thanks to the mind granted to human by
nature, any human aims at providing «comfortable» conditions of the
environment, at being independent of its physical factors, such as climate,
lack of food, harmful animals and plants (harmful for human, but not
«harmful» to the rest of living world!), etc. That is why people, above all, are
different from other species in a way that they interact with nature via the
culture they create, that is, developing, humanity creates a -cultural
environment on the Earth transferring its labor and spiritual experience from
one generation to another. But, as K. Marx noted, «culture, if it develops
spontaneously and is not consciously directed ...leaves a desert behind». Only
knowledge of how to manage spontaneous events can stop their development,
and in the case of ecology, this knowledge must «seize the masses», or at
least a greater part of the society.

Ecological knowledge is essential for every man to make a dream of many
generations of scholars come true: and that is to create a decent environment
for human, for which we need to construct beautiful cities, develop
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production forces so advanced, that they would ensure harmony between man
and nature. As American ecologist B. Commoner noted in the early 70 s,
«searches for the source of any problem related to the environment leadus to
the undeniable truth that the root cause of any crisis lies not in how people
interact with nature, but in how they interact with each other ... and that,
finally, peace between people and nature must be preceded by peace between
peoplex.

Thus, environmental knowledge can help realize the destructiveness of wars
and strafes among the people, because behind it is not just the loss of life and
civilizations: it will lead to overall environmental catastrophe, the death of all
mankind. Hence, the most important of the environmental conditions for
human survival and for survival of all living things is peaceful life on the
Earth. This is what an environmentally educated person must and will strive
for. Transformation and especially destruction of the environment entails
harmful consequences for human life. Environmental knowledge allows man
to receive evidence of this and to make the right decision to protect nature, at
the household level as well.

This implyies that the only way to stop the on-going violation of
environmental laws is raise ecological awareness of every member of society
to a descent level, and it can be done primarily with the help of education,
through the study of the basics of ecology. This is cruciallyimportant for all
professionals in the field of technical sciences, especially for civil engineers,
engineers in the field of chemistry, petrochemistry, metallurgy, machine
building, food and mining industries, etc.
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LECTURE 2. MAIN QUESTIONS AND OBJECTS OF ECOLOGY

Interaction between organism and environment. Fundamental properties of
living systems. Substance and energy usage in ecosystems. Climate zones and
types of terrestrial ecosystems. Terrestrial ecosystems’ components and dynamics.
Succession.

Organism and environment. Any organism establishes multiple relations with
its environment. And the components of the environment and its on-going
process influence the organism in various ways. This influence can be
negative or positive, short-term or constant; however, in any case, it’s not
indifferent for it. Ecology developed concepts about environmental factors
and living conditions. If we state that any influence on an organism is an
environmental factor, than the number of such factors is extremely large.
They differ in the specifics of their effect.

Most frequent classification of the environmental factors is between abiotic
(inanimate) and biotic (connected with organisms’ influence on each other)
factors. Among abiotic factors we single out climatic factors which in turn
can be divided into the effect of light, temperature, humidity, or chemistry
(mostly aquatic). Another group consists of inanimate environmental factors,
which are called edaphic (edafos — soil), their effect is determined by the
properties of soils (mechanical and chemical compositions, thickness of the
humus layer, thickness of the soil layer etc.).Chemical composition of water
Is essential for aquatic organisms as well as chemical composition of water,
water layer thickness, flow, content of oxygen, illumination which is
different at different depths, pressure, etc.

Biotic factors are usually divided into two major groups:
« Related by the intraspecific relations;
« Representing relationships between different species.

Factors of mutual assistance, competition and hierarchy are distinguished in
intraspecific relations. An example of mutual assistance may be colonies of
birds in a situation when they warn each other of danger or fight against
enemies. If crows notice a bird of prey, a few pairs of them will continuously
attack it until it flies away. Even tiny bank swallows will bravely attack a cat
that is trying to get to their burrows, situated on a steep cliff. As a result, the
predator prefers to concede. Cooperative hunting of certain wild animals
(wolf packs, prides of lions, etc.) is a known fact. Competition may arise in
struggle for a place (singing males of small birds in spring of voice define the
limits of their breeding sites, bears mark the bark of trees with their claws,
defining their possession, in any case, strangers will face fierce battle if they
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try to occupy someone else’s territory). Even domestic male dogs have a
rudimentary habit of mark their territory, irrigating columns, bases of trees,
fences, etc. Stiff competition occurs between many animals in the struggle
for food, while in the years hunger weaker individuals die in the first place.
Finally, animals lead a serious fight for the right to participate in
reproduction (remember the battles of hoofed animals, fights between male
predators, finally, lekking of various bird species). The prize for a winner is
the ability to leave descendants on the Earth. However, it is worthwhile
indicating that active struggle of males for females (1st form of sexual
selection according to Darwin) helps to select males based on their strength
and vitality, and by active choice of males by females (2nd form of sexual
selection) male-producers are selected based on other criteria. Thus,
sandpipers also lek, but the winner is not the one who is stronger, it’s the one
whose collar is the most beautiful «from the female point of view», (all males
have different color and luxuriance of the collar). Such males can attract
several females, the others — not a single one.

Hierarchy (co-subordination) is a specific form of relationships between
individuals of one and the same species. In each group of individuals of one
species and sex there is an individual that dominates the others. Such
individual is usually called by the first letter of Greek alphabet — alpha. There
Is an individual that is dominant over all the rest, but subordinates to the
alpha individual, it’s beta individual; gamma in its turn subordinates to alpha
and beta, but dominates all others. Hierarchy can be very strict; in some
species subordinate individuals can’t reproduce and even eat or drink in the
presence of alpha-individual. Initially, the phenomenon of hierarchy found in
the species that lead a group (gregarious, herding, etc.) way of life. However,
it was found out later that phenomenon of hierarchy exists even in the species
that live on their own. Thus, if two crickets meet, a more powerful individual
moves its mustache in a special way, and then the individual of a lower rank
retreats. Hierarchy was identified in all animal species that were examined in
this respect. It is worthwhile mentioning that an individual changes its rank
within the lifespan. Thus, for example, young wild sheep first stay on the
edge of their herd, but as they grow older they move closer to the center
where the leader (alpha) is. If the leader becomes old and weak, it may lose
its leadership position or even be driven away from the herd. In the above
mentioned example, the most valuable in terms of reproduction individual
takes the safest position and less valuable individuals often become a prey to
predators. If one and the same individual was placed in different groups, it
would occupy its own unique position in each group. Thus, experiments with
domestic chickens have shown that the same bird may be an alpha in one
flock and occupy lower hierarchical steps in others. It is easy to observe that
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hierarchy ultimately contributes to the survival of the species by limiting less
valuable (in biological terms) individuals.

Factors that are determined by relationships between species can be divided
into four groups: antibiosis, symbiosis, neutralism and interspecific
hierarchy.

Antibiosis (hostility to life) includes all types of competition (for food, for a
place, etc.), parasitism, predation; harmful effects associated with the release
of chemical secretions unpleasant for other species belong to the same group.

Symbiosis (mutually beneficial co-existence) is also quite diverse. Thus,
Diogenes-crab can put a predatory sea anemones on its shell, which will not
only give the crab extra protection, but also provide anemone with an
opportunity to pick up «the crumbs from crab’s table». Shark is accompanied
by suckerfishes that attach themselves to the surface of its body and use the
remains of its feasts. Pilot fish is a symbiont of this fish as well, it helps a
shark to find a victim, and then enjoys leftovers of food. Jackals are
companions for such large predators as lions. Sometimes not only food
leftovers or body surface, but also burrows are used. Thus, shelduck can live
in a fox burrow. A fox wouldn’t touch its cohabitant and in case of danger a
duck would produce a snake-like hiss scaring the intruders.The degree of
intensity of such symbiotic relationships is various, but in any case symbiosis
Is beneficial (at least for one of the cohabitants), and doesn’t harm anyone.

Neutralism is absence of any relationships between individuals of different
species. Thus, swallow hunts its food (invertebrates) in the air during the day,
whereas bats hunt other invertebrates at night. At the same time swallows and
bats do not interfere with each other and do not help each other, i.e. there are
no visible linkages between them.

Interspecific hierarchy can be observed in cases when animals of different
species form mixed groups. Thus, nuthatches and creepers could be easily
found in flocks of different species of tits migrating around Russian winter
forest, and every individual knows its place in those mixed hierarchical
system. Mixed herds of ruminants in savannas, which include different kinds
of antelopes and other hoofed animals, also allow us to ascertain the
phenomenon of interspecific hierarchy.

Increasing the scope of his activities, the human is having an increasing
Impact on the environment. Therefore, most ecologists distinguish a separate
group of abiotic and at the same time not biotic factors. This implies
anthropic factors. Various human activities are specific in their effects on the
environment. However, we can divide these impacts into two groups:
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a) destructive
b) transformational.

Destruction of natural systems means their extermination, elimination. An
example of destruction effect may be forest fires, deforestation, destruction of
steppe communities with cultivation of land, etc. Transformation does not
destroy the ecosystem, it only changes it to a greater or lesser extent, changes
its shape. The overall appearance of the ecosystem remains approximately
the same as the original. Thus, if a logger destroys forest ecosystems
(destruction), gatherer of mushrooms and hunter only withdraw a number of
organisms the ecosystem without affecting its basic structure. Some
conditions of existence may be changed during transformation. For example,
tourists can trample down (compact) the ground which then becomes less
favorable habitat for many plant species.

There is no clear border between destructive and transformational effects.
Thus, weak air pollution will deteriorate living conditions of some organisms
in the ecosystem. At the same time, severe contamination can disrupt the
ecosystem on the whole.

Influence of the factors on the organism is defined by many laws, however,
there are several extremely significant among them. In our opinion, two of
the factors are most important. N. Reimers (1990) suggested to call them
«laws»,

1. Law of the cumulative effects of environmental factors (E. Mitscherlich —
A. Thienemann — Baul), N. Reimers formulated two definitions of the law:

a) yield of the crop depends not on some individual, even if it’s a limiting,
factor, but on the whole set of environmental factors simultaneously;

b) one of the essential factors of the environment determines the
population density of species (from zero to maximal population), which
acts on the stage (phase) of organisms having the lowest ecological
valence, moreover, affects the number and intensity, the further
removed from the optimal required form at this stage In such
formulation the law is true only on condition that the organisms
themselves do not actively select what they need from the environment
and can’t transform it.

Limiting factor is a synonym for «living conditions». It is understood as a
quantity of factor (e.g. temperature) is necessary for sustaining life and full
development of organisms, including their ability to reproduce. If you
Imagine the effect of temperature on the organism, optimal temperature for
many species of our latitude will be between 10-25 degrees Celsius (for
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humans, these limits are from 18 to 23 degrees), if the temperature is below
or above, the body is in unfavorable pessimal zone, and temperatures below —
60 C degrees and more than +100 C would not let the organisms survive at
all. Such temperatures are called lethal. The rest of the factors have
approximately the same effect as the effect of temperature on the organism,
I.e., there is an optimal quantity zone for the factor, two pessimal zones and
two lethal limits. Typically, reproduction and development of organisms in
pessimal zones is suppressed.

Environmental valence — is the ability to survive fluctuations of the factors.
The greater ecological valence is, the greater fluctuations of environmental
conditions the organism can carry. Classification of living conditions, of
course, are similar to the ones of environmental factors.

2. Liebig’s law of the minimum (1840) — endurance of an organism is
determined by the weakest link in the chain of its environmental
requirements, i.e., abilities to live limit environmental factors, quantity and
quality are close to the minimum necessary for the organism or ecosystem:
further reduction leads to the death of the organism or ecosystem destruction.
Additional rule of interaction of factors: the organism is able to replace
deficient material or other factors to a certain extent with some other
functionally close substance or factor (e.g., one substance is replaced by
another, functionally close), which, however, is not always beneficial for the
organism. Thus, displacing calcium with radioactive strontium from bones of
animals greatly increases their fragility, i.e., the more strontium, the more
fractures. At the same time this rule provides a substitution for deficient
materials and effects which is important for rational exploitation of living
resources; finding a weak link of the chain is extremely important in
ecological forecasting, planning and projects appraisal. It should be borne in
mind that the excessive quantity of a factor is also negative for organisms.
This law was formulated in the middle of the XX century by V. Shelford as a
rule or law of tolerance. The range between minimum and maximum
environmental impact determines the amount of endurance (tolerance) of an
organism to this factor. N. Reimers (1990) writes: «The meaning of the law
of tolerance is evident: roughly speaking, underfeeding is bad, overfeeding is
bad, moderate is better».

THE FUNDAMENTAL PROPERTIES OF LIVING SYSTEMS
Factors and processes of formation of living matter element composition.
V. Vernadsky (1994) suggested that living matter (LM) includes:
1) all living organisms, animals and plants, including humanity;
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2) all the parts of their environment — liquid (water), solid (food) and
gaseous which is necessary to keep them alive;

3) secretion of all organisms (sweat, urine, etc.);

4) all dead and dying parts (leaves, etc.);

5) all the dead bodies of organisms and their residues.

As noted by V. Vernadsky, all these predetermine extreme changes in
chemical composition of LM due to changes in biogeochemical functions of
LM (Table 1).

Table 1

Basic biogeochemical functions of living matter (based on Vernadsky, amendment
by L. Rikhvanov and others, 2006)

The gas function

(N,—0,-~CO,~CH,~H,~NHz—H,S) All organisms
Oxygen function free oxygen formation Chlorophyll organisms
Oxidative function Bacteria, mostly autotrophic
Restoring function Bacteria
Concentration function All organisms

Algae, bacteria, mosses

Calcium function :
and other organisms

Function of destruction

. Bacteria, fungi
of organic compounds

Reductive decomposition of the function Bacteria
Function of metabolism and respiration All organisms
Chemical elements dissipation function Humanity

Function of creating

; Humanit
new chemical elements y

First of all, this is a function of dispersion ofchemical elements and function
of creating new chemical elements, unknown before, such as transuranic and
their isotopes, for example, ** Cs, ® Sr, *° |, and others (Rikhvanov et al,
2006).

Vernadsky drew attention to the fact that almost all the major biogeochemical
functions of LM in the biosphere can be performed by simple unicellular
organisms, with the exception of the last two functions associated with the
activities of mankind. It is human activity to the most part that leads to the
enormous changes in the biosphere on the whole, as was mentioned above.

The heterogeneity of LM is due to the differentiation of accumulation
capacity and elements redistribution capacity at different structural levels of
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Its organization: subcellular (organelle), cellular, organisms, species, etc., as
well as the dependence on the specifics of the physiological reactions of the
body and internal factors of the development.

Due to the inclusion of mankind in the LM, we could add a few geochemical
features, due to human activities (technogenesis by A. Fersman, 1937) to the
main biogeochemical features a dedicated V.I. Vernadsky, add a few geochemical
features, due to human activities (technogenesis by A.E. Fersman, 1937).

Thus, according to E. Boychenko in different cellorganelles the concentration
of certain chemical elements differ 10-1000 times compared with the whole
cell. For example, Ti concentration in neutral lipids is 100 times larger than
in the cell etc.

Saenko (1992) showed that the concentration of Br in marine plants in the
same area of the sea ranges from 203 to 1004 mg/kg of dry matter.

According to A. Keast (1987), microorganisms, bacteria, algae accumulate
microelements more effectively due to closer links with the environment,
which in general is typical for organisms that are relatively low in the
evolutionary development. He notes that for such species are characterized
by the more intense accumulation of elements, the lower their concentration
in the environment. This is a characteristics of living organisms has been
successfully used in the practice of geology, environmental studies, carefully
studied in clinical practice.

Thus, V. Volkov et al (2004) put forward a number of hypotheses about the
formation of pathological conditions of man as a result of selective
accumulation of certain chemical elements (iron, gold, etc.) nanobacteria that
live in the human body to build its shell, which leads to the formation of mineral
deposits and stones in different parts of the body. Some authors (L. Rikhvanov
et al., 2006) noted increase in the number pattern nanobacteria in waters with
high iron content in the Tomsk region Tomsk region. The ability of
individual cell structures absorb chemicals left their property and in the more
complex systems. Modern methods of investigation of the material
composition (electron microscopy, etc.) allow us to diagnose the location of
many chemical elements as separate minals, minerals, and in the smallest
nanominerals structures of the body. Thus, Professor Enrico Sabioni (Italy),
has repeatedly demonstrated a finding of any nanominerals in the cells of
living organisms, including uranium, and other carbonates in the study of the
«Balkan syndrome» (as a consequence of the war with Yugoslavia warheads
from uranium-238 (reports in Athens, Greece, 2005, in Vilnius, Lithuania R.,
2006).
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An example of formation of mineral in bones by fibrous proteins (collagen) is
the of hydroxyapatite, which is, on the one hand, the storage phosphor, and
on the other, plays a supporting (structural) role together with collagen in
bone tissue. The minerals that occur together with LM, were called bioliths at
the time of Y. Samoilov (1929). These include calcite, aragonite, cryptocrystalline
variety of silica (opal), etc

In this case special attention is paid to the evolutionary transformations in
prevailing mineral composition of skeleton tissues. For example, silicon
skeletons with SiO, and H,O occurred early in the evolutionary organisms’
row preserved in plants and some organisms (Foraminifera et al.) at present.
Carbonate (Ca, Mg) skeletons emerged early as well, but then they were
transformed into Ca-P (calcium phosphate + chitin) and phosphate Ca + protein
(Vinogradov, 1963).

It should be specially pointed to the recently developed concept by
Academician N.P. Yushkin about biomineral interactions. Using
«fibrokerite» model of the simplest living cell corresponding to the protein
composition, he put forward the idea of life hydrocarbon crystallization
(Yushkin, 2002).

In N.A. Agadzhanyn’s work (1975) it is stated that in human body there a
great deal of different physiological functions for which day-and-night
rhythm activity is typical. During 24 hours the acid-base balance is changing,
as a result the internal environment within the period from 3 to 15 is in the
acid phase, whereas from 15 to 3 — in the base one. This leads to the changes
in element composition of different organs and tissues observed, for instance,
by L.I. Zhuk by the example of day-and-night transformations in blood
composition (Zhuk, 1988).The shifts inacid-base balance may be one of the
reasons for biolyte formation in composition of living organsms. The seasonal
rhythmic activity — the rhythm of metabolism, blood system, neuroendocrine
system etc. is also stated. Thus, according to V.Ye. Zaychik et al (1990) the
seasonal cycles in calcium saturation of human bones is observed, which is
reflected in loss of this element in winter-spring with the subsequent
compensation in summer-autumn, with difference in content 18,5 %.

From biogeochemical researches it is well known that different parts of
plants accumulate this or that microelements selectively, which is proved by
our research in berries: blueberry (Vaccinium myrtillus), European cranberry
(Oxycoccus palustris)) and medical plants: meadowsweet (Filipendula
ulmaria) (Fig.1c). In the picture it is well seen that the plant roots of
meadowsweet accumulate significantly higher amount of chemical elements
as compared to its top part. This feature is illuminated well enough in both
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the literature of the last century (Grabovsksys, 1963, others) and in
contemporary sources (Kabata — Pendias, 2008; others). In given case it has a
great practical significance as one speaks about the part of the medical plant
that has a curative effect on human organism.
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Fig. 1. Selective accumulation of chemical elements in different species (a) and
parts of berries (b) and medical plants (c)
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By the example of berries (Fig. 1 a, b) it is well seen that top parts have a
pronounced difference with regard to, as a rule, definite elements. For
example, in blueberry stems (Vaccinium myrtillus) barium and gold are
mostly accumulated, but in the leaves some high concentrations of iron and
chromium is typical. It is, first of all, explained by the element functions in
the plant organism: iron and chromium form the pigments; barium is present
In strengthening tissues. It is typical for berries to accumulate cesium that can
be conditioned by not only physiological factors but also changes in the
environmental conditions. It is shown in Figure 1 a) comparing blueberry and
cranberry. Cesium concentrates approximately in the same quantity in
cranberry growing in the given site. The species features may include specific
accumulation of iron and rubidium in blueberry, but gold — in cranberry.

Change in element composition of living organisms occurs depending on the
stage of physiological development and conditions of LM, that depend on the
time of day, season, light intensity, age and a number of other parameters.

When studying the element composition of the medical plant Atragene
speciosa Weinm., gathered in 1998, we have revealed that at bud formation
stage they accumulate mostly samarium, lanthanum, europium, thorium,
antimony, chromium, rubidium, scandium, iron, sodium; at flowering stage —
beginning of fructifying — gold, zinc, barium, cesium, and terbium (Shilova et
al.,2002). It is likely to be connected with selective accumulation of elements
by the given plant species at different vegetation stage depending on
biochemical processes occurring in analyzed organs (Fig. 2).
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Fig. 2. Normed curve of element accumulation in aboveground part of Atragene
speciosa Weinm.depending on the vegetation stage. Along the abscissa axis —
elements. Along the ordinate axis — element content in ash (mg/kg)
Conventional signs: 1 — bud-formation period; 2 — flowering period — beginning
of fructifying
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The research performed 1 showed that the accumulation level is changing
sufficiently depending on the vegetation development stage of potato

(Tab. 2).

Table 2

Changes in gross content of chemical elements in potato tops and tubers
in the south of Tomsk Oblast (Experimental production farm «Sidorenko»)

at different vegetation stages

Elements, mg/kg of Tops Tubers

wet weight 1% crop 2" crop 1% crop 2" crop

NO3 4964 7867 343 340
K 20000 20000 20000 20000

Na 46 22 109 111

Ca 14098 17712 440 430

Mg 4207 6363 827 800

Fe 389 710 887 848

Zn 84 120 34 30

Co <1 <1 <1 <1

Mo <1 <1 <1 <1

Cu 6,9 52 3,6 3,5

Cr 2,3 2,5 1,3 1,0

Ba 51 77 2,3 2,4

Sr 61 80 3,6 2,5

Si 73 91 29 23

Al 217 427 49 36

Pb 1,6 7,3 14 3,4

Mn 58 110 11 10

Note: 1° crop — vegetation stage, 2" crop — crop stage.

The most pronounced example of changes in element concentration
depending on species biological age given in the literature is potassium in
human organism that is defined by means of whole body meter (WBM) in
terms of K" isotope in the entire body (Fig.3). The general group of
investigated people amounted 2960 men in the age from 1 to 79. It was stated
that by the age of 10-12 in women and 18-20 in men the maximum amount
of this element accumulate, then its concentration is gradually decreasing
with age 1,5-2 times by the age of 60-70 in both sexes («Human being.
Medical-biological data», 1977).

The content of numerous elements in human tissues is significantly changing
with age. For example, the content of Cd increases in kidneys and molybdenum
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in liver in old age. The maximum content of Zn is observed in the pubertal
growth stage, then it decreases and reaches minimum in old age. The content
of other microelements decreases with age as well, for example, V and Cr
(«General...», 2000; Yershov Yu.A., 2003).
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Fig. 3. Dependence of potassium content in human organism on the age (from
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Fig. 4. Element composition of children’s hair (in mg/kg) of different sex

(by the example of Zyryanskoye settlement of Tomsk Oblast)

Besides, at the stage of intensive organism’s growth and development a
significant increase in microelement content takes place that slows down
gradually or stops by the age of 17-20. In literature there are data stated the
fact that copper, cobalt, nickel content decreases in human blood by 50-60
years as compared to the content of those elements at the age of 20-25
(Avtsyn et al., 1991).
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The performed research 1 has shown that there are variations of elements in
children’s hair of different sex (Baranovskaya e.a., 2009), living in
Zyryanskoye settlement of Tomsk Oblast from their birth (4). Sodium,
bromine and antimony content in the boys’ hair is significantly higher
(according to Student’s criterion) in comparison with that of the girls’. The
ifference in content of other elements is insignificant.

At present the problem of chemical elements’ role in metabolism processes in
LM is intensively studied at different structural levels of its arrangement
(organelle, cell, tissue, etc.) and great material is gathered on this question,
which allows for suggestion on causative-consecutive connections between
the element accumulation rate and development of this or that pathology
(Inorganic biochemistry, 1977; Rish, 2003; Avtsyn et al., 1991; Kovalskiy,
1974; Kukushkin, 1998; Lindh, 2005; Abdurakhmanov, 2004 and others).

In the works of A.P. Avtsyn (1991), G.A. Babenko (1971), A.O. Voynar
(1960), M.G. Kolomiytseva (1970), L.R. Nozdryukhina (1080, 1990),
A.A. Kist (1987), Ya.V. Peyve (1960), V.Ya. Shustov (1967) and others the
changes in human tissues and organs are shown in appearance and
development of this or that pathologies.

It should be noted that ceasing of LM metabolism and breathing functions
(die-away) results in changes in chemical composition. V.I. Vernadskiy paid
attention to this fact with reference to N.D. Zelinskiy’s experiments and
showed that the difference in nitrogen determination in living and dried bees
amounts more than 1 % (Vernadskiy, 1960).

Particularly significant changes in chemical composition of living cell is
observed after its die-away. Today it is well known that K concentration in
living cell is much more than that of Na (approximately 15 times), whereas in
intercellular fluid Na is more than K approximately 25 times. Right after cell
die-away their concentration is getting equal.

At present one can state with a high degree of accuracy that a body of any
living organism, both of plant and animal, consists of definite set of elements,
strictly regulated genetically and transferred from generation to generation.
The question is whether this transfer is absolutely stable over the generations
or changes in the processes of geochemical evolution of the Earth’s surface,
but with the rate unperceivable by a man.

Literature analysis on element composition of different groups of organisms
has shown that changes take place in the form of data verification that can be
connected with, first of all, development of analytical methods.
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The results presented in Table 3 demonstrate that in spite of the difference in
research methods, human body maintains relative composition stability of
main chemical elements.

Table 3

Contemporary estimation of the main and accompanying structure-forming (weight
%) and trace elements (mg/kg) in human body (from UIf Lindh, 2005 with changes)

° Element Content No Element Content
1 oxygen (O) 65,0 (65,04) | 15 zinc (Zn) 0,0033 (0,00n)
2 carbon (C) 18,0 (18,25) | 16 | bromine (Br) |0,00029 (0,000n)
3 hydrogen (H) 10,0 (10,05) | 17| copper (Cu) | 0,0001 (0,000n)
4 nitrogen (N) 3,0 (2,65) 18 | arsenic (As) 0,26 (0,n)
5 | phosphorus (P) 1(0,8) 19 cobalt (Co) 0,021
6 sulfur (S) 0,26 (0,21) 20 | chromium (Cr) 0,094
7 calcium (Ca) 1,4 (1,4) 21 iodine (1) 0,19 (0,0n)
8 | magnesium (Mg) 0,5 (0,04) 22 | lithium (Li) 0,009
9 | potassium (K) | 034(027) |23 mo'%&d;)”“m 0,08
10 sodium (Na) 0,14 (0,26) 24 nickel (Ni) 0,14
11 chlorine (CI) 0,14 (0,25) 25 | selenium (Se) 0,11
12 silicon (Si) 0,026 (0,00n) | 26 tin (Sn) 0,24
13 iron (Fe) 0,006 (0,02) | 27 | vanadium (V) 0,11
14 fluorine (F) 0,0037(0,000n) | 28 | tungsten (W) 0,008

Note: in brackets the data on human body composition presented by V.l. Vernadskiy
in 1922 with reference to Folkman.

V.1. Vernadskiy (1939) underlined that quantitative biogeochemical properties
are specific characteristics of organisms, their ecotypes and generations;
absorbing elements selectively and reflecting physical-chemical properties of
the environment in their form and composition the organisms, however, do
not change their average composition. But, it was stated with stipulation, that
accumulation of dissipated elements can be non-specific and defined by the
concentration rate in the environment (Vernadskiy V.1., 1939).

The analysis of the available data and reports allows for suggestion that for
highly organized living organisms the independence of inner environment
composition on the environment composition is likely to be typical («Human
being...», 1977; Emsley, 1993; Yershov, 2003; Yermakov, 2005, 2008;
Alexeenko, 2000, 2006; Bowen, 1979; Lindh, 2005; Kist, 1987; Kabata —
Pendias, 2007; others).
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Living organisms are likely to develop the efficient mechanisms of
compensation for excess of element intake (Fig. 5). Composition stability is
observed at comparing samples from various sites. The analysis of local
changes shows that there is absorption of significant amount of elements
caused by natural-technogenic geochemical factors developed in some areas.
It should be noted that in LM composition both global and regional and local
characteristic are revealed clearly enough reflecting the features of geochemical
backgrounds including abnormally high ones. The examples are Issyk Kul
uranium province, Tuva cobalt, area, salinized semidesert of the South Asia
and others (Kovalskiy, 1974, Yermakov,2009 and others.).
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Fig.5.Changes in element content in living organism composition as compared
to their content in soil, sea water, and Earth’s crust (from Yershov, 2003
with reference to A.P. Vinogradov)

Nowadays in many regions the iodine and iodine-free, selenium and
selenium-free, arsenic and arsenic-free provinces are mapped where LM
including human being feels uncomfortably and the most pronounced
tendency is the dependence of organisms’ reaction on concentration and
relationship of macro- and microelements in the environment, the graph
representation of which has become known due to H.J. M Bowen’s
publication (1966) with reference to P.E. Smith (1962). It is presented nearly
in all modern works where the problem of interaction of environment
chemical composition and LM reaction is discussed.

Characteristics of environment chemical composition (landscape-climatic
features, sustrate composition, presence of intake sources of abnormally high
elements’ concentrations etc.) remains one of the major factors determining
the general chemical composition of LM. This fact drew and draws attention
of all researchers without exception studying geochemistry of LM.
V.1. Vernadskiy (1922) called special attention to this question noticing that
chemical composition of organisms is closely related to that of the Earth’s
crust and presented bright examples for this fact. He always emphasized that
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one must not study only biological issues of one autonomous organism as it
Is closely connected with the Earth’s crust and cannot exist without it.

As early as at the beginning of the XX century V.I. Vernadskiy underlined
that «...appearance of cultural man starts to change chemical image of our
planet» (Vernadskiy, 1960), in doing so he predicted those geochemical
changes in the biosphere that took place during the last century.

These changes are reflected quantitatively in transformation of element
composition of the globe living matter. Besides, they refer to isotope
composition as well. LM, as stated by V.l. Vernadskiy (1960), consists of
pure isotopes and it is capable of decomposing mistures of isotopes and
selecting some of them. He pointed out that an organism reacts to heavy water
(HO, containing deuterium) differently than ordinary water, i.e. organisms
differentiates two kinds of hydrogen, therefore one can expect the presence of
general LM capacity to react differently to various isotopes of one and the
same element.

The isotope composition of LM, its changes and possible physical role is of
great interest for doctors (Kaznacheev et al., 2002) and geochemists (Crouse,
1990 others). Thus, V.P. Kaznacheev showed several times in his works that
the relationship of *C and *C in a man’s cells over 8—12 years of his living
in the North is changing towards *°C, after that his organism is aging quickly
(Kaznacheev et al., 2002). A striking reaction in isotope composition changes
to change of residence place is shown by human organism (Crouse, 1990).

Hence, the formation of LM element composition is influenced by the factors
and processes of inner and outer nature. In different time periods and in
different provinces they are either determining for living organisms’
functioning or their changes are negligible and reflected in the form of
insignificant fluctuations within homeostatic standard range. In any case,
when studying element composition of living matter beginning from
sampling to conclusions on practical application of knowledge one should
bear in mind the causes of their changes.

BIOLOGICAL PRODUCTIVITY OF ECOSYSTEM AND ECOLOGICAL
SUCCESSIONS. 4 CLASSES OF ECOSYSTEM PRODUCTIVITY

The Sun is a source of all living things on the Earth. About 55 kkal/sm? are
radiated from the Sun on the Earth surface annually. In this case plants
absorb not more than 1-2 % of the solar energy, the rest is directed to heating
of the atmosphere, soil, and evaporation.
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Out of the solar energy accumulated by plants not more than 7-10% fall to
vegetable feeders eating living plants.

According to ecosystem productivity they are divided into 4 classes.

1. Ecosystems of very high biological productivity — more than 2 kg/m?
per a year. They include reedbed in the estuary of the Volga, Don, and
Ural Rivers. According to their productivity they are close to
ecosystems of rainforests and coral heads.

2. Ecosystems of high biological productivity — 1-2 kg/m? per a year.
They are lime-oak forests, littoral vegetation on the lakes, corn and
perennial grass seeding at irrigation.

3. Ecosystems of moderate biological productivity — 0,25-1 kg/m? per a
year. Such a productivity is intrinsic to a great deal of plants: pine and
birch forests, hat meadows and steps, «sea meadows», seaweeds in the
Japanese sea.

4. Ecosystems of low biological productivity — less than 0,25 kg/m* per a
year. They are Arctic deserts of the Arctic Ocean islands, tundra, and
semidesert.

Average productivity of the Earth ecosystems does not exceed 0,3 kg/m? per
a year.

Ecosystem biological productivity is a basis of biosphere and human life as
its part. It depends on the soil resources (its nutrient elements and humidity),
atmosphere, light and heat. Each of these resources is indispensable.
Ecosystem productivity depends mostly on the resource that is not available
enough or is in excess (example: waterlogged soil or high air temperature).

Such a resource is called limiting factor like, for example, in Caspian
Lowland the crops are limited by the amount of precipitation. In tundra and
mountain zones the crops are limited by the amount of heat.

To increase ecosystem productivity a man tries to diminish the influence of
limiting factors: introduces fertilizers, grow water-resistant plants, build
greenhouses.

Biological productivity can decrease at ecosystem contamination with
gaseous and liquid poisonous wastes from industrial and agricultural activity
(acid rains, toxic chemicals, defoliants, etc.).

Any disturbance of interconnections in ecosystems means disturbance of
energy fluxes. Industry can be developed only using natural resources. But
disruption in biosphere energy more than 1 %may result in sharp growth of
entropy and death of the whole system due to thermodynamic crisis.
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Thus, biological productivity is a basis for life and human being. It depends
on soil resources, atmosphere, light, and heat. Each of theses elements is
indispensable.

Let us consider the biological productivity of soil depending on the climate
conditions.

The main soil ingredient is known to be humus that is a detritus (organic
matter) in its nature.

Chemical composition of humus is complex: it consists of phenols and
organic acids with black color formed as a result of decay (humification) of
organic substances of root remains and soil animals. The part of humus is up
to 98 % of all organic soil matter (the rest — living roots, soil animals and
undecomposed dead remains of organisms).

Simultaneously with humification process in soil takes place the process of
humus mineralization. Under the action of microorganisms complex organic
substances decompose to the forms consumed by plants. Different soils have
different properties. They can be acid, normal, base (pH 7). They have
various physical properties, can be loose and firm. The natural process of soil
formation destroys if a man influences soil. Soils can be various in their
productivity:

« most fertile — blackearth;

o less fertile — podzolic, forest;

o in the zone of semi-deserts soils contain less humus and are called
chestnut;

« in steps where soil is saturated with salts and referred to asalkaline soil,
but if salts are too much — saline. Soil salinization occurs in the areas
where irrigation was and is widely used, especially in step trans-Volga
region, in lower reach of the Don and Kuban Rivers. To avoid
salinization it is necessary to decrease irrigation rate and use
environmental friendly techniques of water supply — drip and internal
soil watering.

Slow but permanent changes take place in the ecosystems under both internal
and external factors exposure. When, for example, a lake is filled with silt, it
is gradually transformed into marsh, then — meadow, where then bushes and
trees can grow. In this case usually sun-loving and relatively fast-growing
broadleaved species develop first, under which coniferous species grow.

The processes of successive change in biocenosis occurring under the impact
of both external and internal factors are called successions.
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Succession is a natural phenomenon though it is often conditioned by the
human interference.

Ecological successions are successive changes of ecosystems at gradual
directed changes in environmental conditions: for example, at climate
changes. Changes environmental conditions result in transformations of
living organisms and ecosystem productivity. Gradually the role of one
species is reducing, that of other increasing, various species leave the
ecosystem composition or enter it. Successions can be caused by inner and
outer factors and last sometimes rapidly, sometimes for centuries. If the
environmental changes is sharp (fire, oil spillage, rolling and track vehicle
pass in tundra), environmental equilibrium is disturbed.

Consistency of nutrient cycles is observed in case when all carbon and
nitrogen consumed by an ecosystem from the atmosphere as a result of
reducers’ activity return into it. All elements of mineral nutrition (phosphorous,
potassium, calcium etc.) after decomposing dead organic matter return into
soil solution for recycling by the plant roots.

Let us consider complete dissipation of incoming energy in ecosystem. It is
the case when all energy consumed by ecosystem after passing the chains
«producer — consumer — reducer», is dissipated i.e. «burnt» by the organisms
in the process of breathing. It is dissipated by plants (due to energy
consumption for breathing), animals and microorganisms that «burn out»
organic substances converting them in mineral compounds. Ecosystem
supports the equilibrium owing to the fact that there is always new incoming
solar energy. Ecological equilibrium is maintained in ecosystems by complex
mechanisms of interactions between living organisms and environmental
conditions, between individuals of the same species and individuals of
different species with each other.

Ecological equilibrium is an ecosystem condition at which composition and
productivity of the biotic part (plants, animals, mushrooms, bacteria, algae) at
every definite period of time corresponds to abiotic conditions most
adequately — soil and climate. The main peculiarity of ecosystem environmental
equilibrium is it — its mobility.

In ecosystem reversible changes take place constantly. These ecosystem
changes occur during a year from spring to spring at climate fluctuations in
different years and change in role of some plant species due to rhythms of
their life cycles (for example, oak blooming once in 4 year, irruption of gipsy
moth in a forest or mouth-like rodent in a step). At such changes ecosystem
species composition is maintained, but is adjusted to fluctuations.
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However under the action of optimality law stating that any system functions
in the best way only in strictly definite spatial-temporary limits, very large
species consuming great amount of food to support their energy balance
usually die.

This enables for increasing in the system stability and resistivity to entropy.
Higher, more balanced degree of succession that can exist for a very long
time is called climax.

However, progressive processes are usually typical only for successions
connected with natural effects. If there is a fast and massive destruction of
homeostasis, for instance, at interference of the man, evolutionary mechanisms
are destroyed and the systems cannot restore inner equilibrium at the
previous high organization level. At the most they are replaced by other, as a
rule, less productive and resistible ones, but at the worst— there happens
desertification, elimination or sharp decrease in biomass with impossibility of
its self-restoration.

The matter is that the more highly organized and developed species, the more
complex its genetic apparatus providing resistivity, preservation of hereditary
characteristics in generations. Such species including human being are sure to
have, as a rule, more high adaptability to various magnitudes of environmental
factors. However it has its limits. It they are destroyed very rapidly and
sharply, but genetic resistivity that enables species to preserve its advantages
in normal conditions, is turned into death for it.

Less organized, but capable to mutation species have some advantage and
force out more organized species, occupying their ecological niches. In this
case new species are often more aggressive and difficult to eliminate due to
high changeability (as it was with AIDS viruses the replaced the virus of
measles, scarlet fever etc.).
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LECTURE 3. ECOLOGICAL SYSTEMS
AND THE EARTH'S BIOSPHERE

Biosphere.Structure and boundaries, biosphere functional integrity. Biotic
matter cycle and energy flux in an ecosystem. Biosphere rhythms. Temporal
variations of natural, anthropogenic, and social processes. A human being in the
biosphere. Anthropogenic transformations of the biosphere. Global changes in the
Earth’s geospheric shells and their consequences for a man.

BIOSPHERE AS A LIFE ENVIRONMENT. MATTER CYCLE, ENERGY
AND INFORMATION FLUXES AS MECHANISMS OF BIOSPHERE INTEGRATION
AND HOMEOSTASIS

Modern concept of biosphere as the Earth’s special shell was developed by
V.1. Vernadskiy.

By biosphere is meant a set of the Earth’s spheres with life forms presenting
a specific global sphere in which the leading role is played by living systems.
Biosphere is a greatest ecosystem of the Earth including the near Earth part
of the atmosphere, the entire hydrosphere, soil and lithosphere upper layers
that are combined into integrated system through matter cycle, information
and energy fluxes.

The most common for biosphere is bacteria, spores of which are found in the
atmosphere at 80 km altitude, in the ice thickness of Antarctica at all
researched depths. In the lithosphere they are found in terms of different data
at 4,5 km, 6,82, and even 10 km depth. The living organisms live at any
depths of the Ocean including the bottom of deep-water troughs before 11,5 km.
The living organisms live at any depths of the Ocean including the bottom of
the oceanic trenches up to 11,5 km deep. However, most organisms live in
the atmospheric boundary layer (ABL), at shallow ocean depths (where
sunlight penetrates), in the soil and on the soil surface.

Similar to ecosystems there are energy and information fluxes and matter
cycle in biosphere, which combine all biosphere subsystems into a complex
integrated self-regulating system.

Photobios and chemobios. All population of the organisms living on sun
energy is called photobios. Organisms consuming chemical energy form
chemobios. About 1 % of the biosphere energy is the share of chemobios and
the rest belongs to photobios.
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Matter cycle and energy fluxes in biosphere.The main biosphere function is
to maintain chemical element cycle. Global biotic cycle includes all living
organisms. And it consists in element circulation between soil, atmosphere,
hydrosphere and living organisms. Due to biotic cycle the long life existence
and growth become possible with the lack of available chemical elements.

Matter cycle includes small (biogeocenotic) and large (biospheric) biotic
exchange cycles.

Large biotic exchange cycle is a continuous planetary process of cyclic
matter, energy and information redistribution irregular in time and space, the
matter, energy and information being multiple constituents of the constantly
regenerating ecological biosphere system.

Small biotic cycle is based on the large one and consists in matter circulation
between soil, plants, animals and microorganisms.

Both cycles are interrelated and can be considered as an integrated process.
Taking abiotic environment into its numerous orbits, biotic matter cycle
maintains living matter reproduction and actively influences biosphere shape.
Matter cycle is based on two nutrition types, autotrophic and heterotrophic.

Carbon cycle begins with atmospheric carbon dioxide fixation during
photosynthesis. A part of the carbohydrates formed during photosynthesis is
consumed by plants to produce energy; another part is consumed by animals.
Carbon dioxide is emitted during animal and plant breathing. Dead plants and
animals decompose, their tissue carbon being oxidized and returning to the
atmosphere. The similar process takes place within the Ocean.

Nitrogen cycle also includes all biosphere zones. Although nitrogen atmospheric
reserves are essentially inexhaustible, higher plants can consume nitrogen
only after its combination with hydrogen or oxygen, nitrogen-fixing bacteria
playing the most important role.

Homeostatic biosphere function is performed at the global level. In biosphere
the relative constancy of physicochemical conditions (climatic, radiation,
geochemical, hydrochemical etc.) appropriate for living system existence is
maintained. It is assumed that the life on our planet has been constantly
existing for more than 3,8 billion years. In larger part of Earth’s surface the
temperature has been already maintained in the range 0-60 °C for about
3 billion years.

Homeostatic biosphere function is performed by all its spheres and their
interrelations, where living systems are of particular importance. Ozone
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«screen» restricts hazardous UV radiation penetrating to the Earth’s surface;
significant water heat capacity impart thermostabilizing properties to
hydrosphere; water maintains chemical element distribution and heat transfer;
lithosphere is the source of new matter being taken in the cycle. Earth’s
spheres populated by living systems are their habitat and provide different
conditions for their vital functions. Living systems transform the habitat
making it suitable for other living forms.

In accordance with Le Chatelier’s principle biosphere is able to restore the
equilibrium disturbed by exogenous causes. There were different-scale
catastrophic events disrupted a significant part of the biosphere in the biosphere
geological history. One of them is Cretaceous—Paleogene extinction event
widely known due to extinction of dinosaurs, ammonites and other organism
groups. However, after some time biosphere restored its integrity and partly
regenerated. Catastrophic events and subsequent biosphere self-restoration
were a part of living nature and biosphere evolution.

Energy biosphere function is to utilize and accumulate solar energy and also
form energy fluxes. From 100 % of the solar energy coming to the Earth’s
surface 30 % reflects, about 46 % is dissipated as heat energy, 23 % is the
loss caused by evaporation and precipitation, 0,2 % — by wind, waves and
currents and 0,8 % is for photosynthesis.

Ecological (trophic or energy) pyramid rule: when transferred from one
trophic level to the next the most energy is lost. Biomasses follow the same
principle: consumer biomass is 10 times less than producer biomass.

NOOSPHERE, TECHNOSPHERE AND COADAPTIVE DEVELOPMENT

Noosphere (sphere of human thought), according to the idea of V.I. Vernadsky,
should be inevitably developed from biosphere as the result of its evolution.
In noosphere human becomes enormous geological force, he can and should
transform his life sphere with thought and work. Chaotic self-development in
noosphere based on the natural self-regulation should be changed by the
rational strategy regulating natural development processes and based on
forecasts and plans.

Technosphere is a technical shell of the environment on Earth artificially
transformed by human production activity and their products.

Nowadays the noosphere theory developed by V.I. Vernadsky along with
other famous philosophers, namely Edouard Le Roy and P.A. Florensky, is
considered to be a social utopia. Human guided by scientific and
technological advance became not only geological force on its impact scale
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but also destructive force. Ideas of world transformation based on technological
progress and social engineering, being popular in the second half of the XIX
century and first half of the XX century were developed into atrocious
totalitarian experiments and completely discredited in practice. The
noosphere concept which was great, but far from its practical application, has
avoided this fate and continues to develop. In noosphere, according to the
modern notions, people will learn not to conquer nature, but, first of all, to
manage themselves. This modern interpretation of the noosphere idea is a
part of co-evolution (cooperative evolution of humans and biosphere) theory
developed by N.N. Moiseyev. According to the theory, for its optimal
condition humanity should consume not from 10 % to 40 % (according to
different estimates) of primary biological production, but limit itself to no
more than 1 %. It will allow humans as biological species to adapt to their
ecological niche and natural biogeochemical cycles. To attain this, humans
should proceed from the world transformation to development themselves
just as it was after the transition from the Paleolithic to Neolithic age, when
the physical human type development was replaced with nature subjugation
by him. Co-evolution is considered as harmony between «intellect strategy»
and «nature strategy».

HISTORY OF DEVELOPMENT IN KNOWLEDGE ABOUT CHEMICAL
COMPOSITION OF BIOSPHERE AND SCALE OF ITS CHANGES

The history of development of the concept on biosphere geochemistry is
closely related to the name of Vladimir lIvanovich Vernadskiy who created
the theory of biosphere and raised the question on necessity of special study
in functions of living matter playing a major role in redistribution of elements
in various media with which it is connected. The idea of research in living
organisms from geologic point of view was originated by V.l. Vernadskiy as
early as in his student’s years when he took part in field expeditions of his
teacher — soil scientist V.V. Dokuchaev. Then it was developed during the
years of his living in Ukraine (1916— 1920) and in France (1922- 1926).
Beginning from 1921 Vladimir Ivanovich arranged systematical investigations
in biogeochemistry (Vernadskiy, 1921; 1922; 1926; 1930; 1939 others).
The works concerned with the question were continued by his disciples
A.P. Vinogradov, V.V. Kovalskiy and others. By that time, according to
A.P. Vinogradov’s archive data in the lab of RAS BIOGEL GEOHI, in some
countries the researches on element content in living organisms started to
develop. For instance, by the beginning of the 20-th century Italian and
German scientists had revealed the relative quantities for contents of some
rare-earth elements (according to the BIOGEL achieve data: Schiaparelli,
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1880; Yunk, 1926), bromine (according to the BIOGEL achieve data: Padert,
1898, Yustus, 1907) and others. However, they were not of systematic
character. Fundamental studies in the role of living organisms in concentration
of elements are presented in V.I. Vernadskiy’s book «Biosphere» (Vernadskiy,
1926), one of the most famous books of the outstanding Russian scientist
translated nearly into all languages of the world.

In his logically accomplished study on biosphere as a geospheric shell
containing life, V.. Vernadskiy paid special attention to geochemical
processes with participation of living matter (LM). «Living matter is quite
special chemical sphere in the chemistry of the earth’s crust... In living
matter, in its every cell ... there is a vortex of chemical elements replacing
each other», wrote V.1. Vernadskiy (1994, p. 168).

His works were continued by the research of A.P. Vinogradov (1932; 1935,
1938 others). Thus, his research on living matter geochemistry is
fundamental and still topical for analysis of concentration rates of definite
chemical elements (Vinogradov, 1932). But in his monograph «Chemical
element composition of marine organisms» he put forward a number of ideas
on regularities that contributed to the establishment of biogeochemistry as a
science and are still urgent (Vinogradov, 1935). These researches were
carried out in the world first Biogeochemical laboratory organized in 1928 on
the basis of small Department of living matter at the Commission on Study in
Natural Production Forces of Russia established by V.I. Vernadskiy in 1926
and operating successfully up to nowadays (Head of the laboratory — Prof.,
D.of Biol.Sc. Yermakov V.V.) It was just from that time that the history of
the first world systematic fundamental studies in living matter has started.
Theoretical bases first developed in the Biogeochemical lab formed later
powerful scientific trends and schools. For example, on the basis of the lab
the researches on uranium were performed, the questions of element isotope
geochemistry were studied, microbiological investigations were made, the
problems of methodology for analytical research in low element contents
were discussed, and some others. The last question was paid special attention
by all the scientists as the high content of elements in living matter is
characterized by small values. It is this fact that conditioned significant
problems of study in living matter element composition. Developing
analytical methods we are furthering more and more our knowledge in
regularities of element composition formation of all living matter.
V.1. Vernadskiy in one of his letters wrote: «Such new chemical disciplines which
has finally formed in the XX century as geochemistry and biogeochemistry
are based on analytical chemistry — the sphere of knowledge of great practical
and scientific significance» (V.I. Vernadskiy, from Vinogradova, 2007,
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P. 85). It is due to this fact that the lab BIOGEL was a major center of living
matter chemistry study; it contributed to the development of knowledge in
the sphere of living matter geochemistry and at that time to reveal the
regularities in formation of element composition and species evolution. In
1930’ A.P. Vinogradov put forward the idea of biogeochemical provinces
(Vinogradov, 1938) that allowed for transition to practical solutions of
prophylaxis in thyroid endemias Kashin-Bek disease, and a number of other
pathologies in animals and human beings.

During this period researches in element accumulation in human and
animals’ organs and tissues were intensely performed by German and other
scientists (Damiens, 1921; Burkser e.a., 1931; Hoffman, 1942; Warren ¢.a.,
1949; others).

Since the 1930’s physiological microelement role in the life of man and
animals became the subject of V.V. Kovalskiy who followed V.I. Vernadskiy
and A.P. Vinogradov and was appointed the head of Biogeochemical
laboratory (since 1954) (Vinogradov, 2007). It was in this laboratory that the
idea of living organisms’ homeostasis with natural geochemical composition
appeared and was developed (Kovalskiy, 1974; others.) and biogeochemical
map of the Soviet Union was composed on which biogeochemical provinces
were shown with excess and lack of the elements. On the basis of this map
one could predict this or that disease in terms of the known data.

Since 1945 the Biogeochemical laboratory under the supervision of
A.P. Vinogradov there hold meetings at which different problems of living
organisms’ microelements were being discussed. In 1950 on the basis of
GEOHI and International Institute of Breeding under the guidance of
Chemical and Biological Sciences Departments of USSR AS and All-Union
Agricultural Academy the first microelement was held.

By the 50’s of the last century the main research trends in microelement and
their role in various spheres of biology and medicine had been formed. The
results of these works were fundamental and, up to nowadays, are the basis
for performance of functional-diagnostic investigations and medical-
prophylaxis actions for animals and humans. (Kovalskiy, 1982; 2009). At the
same time the laboratory carried out the development of biogeochemical
method of ore mineral exploration (D.P. Maluyga, 1964; Nesvetaylova, 1970;
others),the chemical composition of fossil organic matter of ancient
organisms was studied (S.M. Manskaya, 1964; T.V. Drozdova, 1964, others.)
and a number of other trends (Kovalskiy, 2006).
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Scientific researches of Ya.V. Peyve’s, V.V. Kovalkiy’s, P.A. Vlisyuk’s,
F.Ya. Berenshtein’s schools enabled to wide application of microelements in
plant growing, zooengenering, and veterinary as well as in medicine. 1950-
1960’s of the 20-th century were the period of prosperity in research of
element content in living matter composition. There were conferences,
meetings on these topics in different cities and countries (Baku, 1958; Riga,
1959; Kiev, 1965; Ulan — Ude, December, 1960; Krasnoyarsk, November —
December,1964; Omsk, July, 1969; others). Particularly numerous were
investigations in plant composition of different species, problems of element
migration from soil to plants, role of chemical elements in living organism’s
functioning, peculiarities of element concentration in different organs and
tissues as a standard and pathologically (Vinogradov, 1954, 1957;Brieger
e.a., 1959; Schreder, Balassa, 1961; Underwood, 1962; Warren, 1959;
Warren e.a., 1967; Babenko, 1971; others).

Under the supervision of V.V. Kovalskiy the large-scale research in
definition of trace element role living organism is in process in the
Biogeochemical laboratory. New biogeochemical trends— geochemical
ecology and the study on biogeochemical biosphere zoning were developed.
This contributed to the development of concept on human microelementosis
as early which in 1983 was generalized and classified (Avtsyn et al, 1983,
1991). Thanks to the development of study in biogeochemical provinces and
researches of numerous scientists in element composition of living organisms
it became possible to develop the measures for prevention of populations
disease rate increase.

Similar research was and is performed abroad (Italy, January, 1993; Greece,
October, 1997; France, May, 1999; Sweden, September, 2000; Germany,
Arbeitstagung, 1996-2002; et al). In recent years it was systematically made
by Professor M. Anke («Mengen ...», 1999, 2000, 2001) in Germany, Sophia
and Serge Ermidot-Polet in Greece (2005, 2007, 2009), Professor M.S. Panin
in Kazakhstan (Semipalatinsk city, 2002—2009).

Today there is information on living matter composition in all geochemical
manuals and encyclopedias. The most complete original data on this issue are
generalizations of H.J.M. Bowen (1966), Gibbons (1968), A.P. Vinogradov
(1932, 1935), V.V. Kovalskiy (1974), V.V. Yermakov (2009), A.A. Kist
(1987), A. Kabata-Pendias and Ch. Pendias (1989, 2007), V.B. II’in, (1985,
1991), V.V. Ivanov (1997), S.M. Tkalich (1959), G.N. Sayenko (1992), N.F.
and M.A. Glazovskiy (1982, 1988) as well as A.P. Avtsyn (1991),
D.P. Malyuga (1963), J.A.C. Fortesque (1985), J. Emsly (1993) and a
number of other scientists including researches on some species, tissues and
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organs (blood, hair etc.) (lyengar et al. (1978); Ryabukin (1978), Bucku, Parr
(1982), Bowen (1979), Underwood (1977) others), collections of committees’
reports («<Human being...», 1977; «Health risks...», 1988 and others).

Characteristic feature of modern studies is an interdisciplinary approachto
area of research in composition, distribution, the role of the chemical element
in living material. There is a tendency of knowledge synthesis accumulated in
different scientific field. The problem of establishing new discipline named
«Medical geology», the necessity of which resulted from that huge role
played by the environmentin the process of formation chemical composition
of living organism and the occurrence of pathological conditions of man. In
the the course of this discipline the investigations of different areas
concerning influence geological factors on human health were performed
(«Umveltmedizin...», 1999; «Essential...» 2005; Selinus et.al., 2010).
A research in results of influence on living organismis underway across
different scientific and field directions of studying the environment. That’s
why mutual understanding between professionals of different profiles and
different notional base is necessary in this case (Emmanuel, 1982; Saet et al,
1990; Agadzhanyan, 2006 others.).

The importance of an interdisciplinary approach towards study of the
problem of interaction system «living organism-environment» consist in the
fact that degree of anthropogenic stress increases with development human
society. In this case the scale of harmful impact of toxicant releases and
wastes on environment and their longtime accumulation has reached such a
critical values that we can speak about «chronic biogeoplanetary disease»
(Yu.P. Gichev, 200, p.13). Along with biochemical endemias of natural
origin development of endemic diseases becomes possible that is the respond
to anomalous structure of environment transformed by anthropogenic activity
(Revich et al, 2003, 2004; Skalniy 2004, 2004; Babenko, 2001 et al.). The
most close interconnection between the cause of many diseases including
endemic ones and the environment is revealed by a new scientific direction
which has found wide application recently due to the worksof W.L.
Suslikova — geochemical disease ecology. (Suslikov, 1999. 2000-2003).

In the environment there appear chemical elements, which were previously
absent (Pu, Am etc.), concentration and rate of element distribution increases.
In the course of study in the degree of human influence on environment, it
was establish that the processes of anthropogenic (technogenic) origin
including electromagnetic radiation (Plekhanov, 1996, others.), radioactive
and chemical elements influence drastically the peculiarities of living
organisms’ development and its chemical composition (Krivolutsky, 1971,
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1984; Rikhvanov, 1997, 2009 et al.). Definition of anthropogenic pollution
given by V.S. Bezelia (2006) is a negative modification of natural
environment caused by human activity having the effect of changing the
matter, energy, radiatiation cycles and is apparent in changes in the biota
conditions. According to the authors of the book «Geochemistry of Western
Siberia» these changes can cause not only irreversible transformations of
principal components of the life support systems and their destruction but
also the production of new, previously unknown process, hostile to
modernbiological process. («Geochemistry...», 1996). In the modern
conditions characterized by significant anthropogenic load, every effort
should be made to preserve life on the Earth. For this purpose it is necessary
to perform quantitative evaluation of the available geochemical
backgroundand its changes, to establish the regularities of environmental
components impact on the biota, to determine the background indicators at
which adaptation processes in the organism andover-organism systems
ispossible, to establish indicators of unfavorable environmentfor the
functioningof living organisms including human.

The scale of changes in geochemical composition of the biosphere is
enormous. They are caused by many factors, including increasing intensity of
natural resource extraction and rapid technological progress. The intensive
investigation of the influence of natural and anthropogenic processes on
global environmental changes is performed in nearly all developed countries.
They are carried out in the course of special international and national
programs as well as in numerous areas of environmental programs
(«Global...» 2001 and other). The need for the study and understanding of
these processes becomes apparent for the purpose of predicting and
minimizing their negative effects for humanity as a whole. A number of
authors studying global processes in the biosphere have noted that the
response of living systems is not always straightforward and predictable.
Thus, the study of periodic changes of global nature (Dobretsov, Chumakov,
2001) revealed that biotic components of the biosphere «... respond to climate
change not so straightforwardly and predictably as the taps because of their
inherent homeostasis, behavioral and evolution flexibility, stability, they
create ecosystems».

This property of the living organism — to respond ambiguously — is based on
the adaptive characteristics of organisms developed in the course of evolution
and adaptation to environmental conditions, is seen in the analysis of changes
in elemental composition of an individual organisms. Thus. Hopkin arid
Martin (Hopkin and Martin, 1983) showed that predatory centipedes
(Chilopoda) caught on the site with a high content of zinc, cadmium, lead,
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copper, have greater resistance to the toxic action of provocative factors in
comparison with animals from background regions (Bezel, Panin. 2008).
There are a lot of other examples (Nekrasova, 1989: Zhuikova, 2001 et al).
A complex character of residence can be explained by both the properties of
the organism and the specific factors in relation to which it is developed. We
V.N. Pozolotina et al. (2009), in particular, observed that the biological
effects of chronic radiation effects are manifested in subsequent generations
even after removal of stress, while the heavy metals leave no serious
consequences for offspring.

In addition, the response of living systems depends on the level of their
organization. For example, L.P. Braginsky (1984) notes that «... if an
individual’s death means the most terrible and final defeat in die straggle for
existence, for the mass mortality of the population — it is just removal of less
adopted individuals and some reorganization of the biological system
ensuring its safety,» (Bezed, 2006, P. 23). When speaking about cell-tissue
organization level, the individual functionally mature cells lives and performs
their functions even after relatively high doses of toxicant.

However, when we speak of survival of mankind and in the specific case —
about life and death of an individual, we cannot consider the problem
indifferently and in general. No matter how much anthropocentric approach
IS criticized, it is important for us to preserve the lives and health of people in
the first place. How strong the changes in the biosphere will be and how it
affects human health — they are the most urgent questions faced by humanity.
Unfortunately, we do not have enough data to estimate the average indicators
for the chemical composition of human body, although that task was set by
V.l. Vernadsky at the dawn of the last century. He wrote: «The main
drawback is the lack of a complete elemental analysis of living matter .... We
do not have it, even, for example, for such a body as a person whose body
has been studied for centuries ...» (Vernadsky, 1960). At the same tune, the
question of changing the geochemistry of natural environments lias been
studied quite intensively. Global consequences of technogenesis (Fersman,
1937) are well known, these include the greenhouse effect, desertification
arid zones, regulation of pollution and runoff, acid rain and several other
global problems. Humankind faced the challenge of global anthropogenic
geochemical scattering (Yashin et al, 1998) Anthropogenic scattering of
chemical elements is a natural consequence of the mdustrial technogenesis.
For the first time on a global scale, this process was spoken m the late 70’s of
last century. It was found that the real threat to the survival of humanity and
the preservation of Earth’s biosphere is anthropogenic scattering of such
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toxic to biota components as arsenic, mercury, chrome, lead, vanadium,
cadmium and others (Bockris, 1997: Tyutyunova et al, 2001: other).

The modern world s analytical capabilities allow us to trace the changes in
the geochemical background of Earth’s Spheres including the biosphere — the
living sphere permeating all the rest. Thus, according to V.N. Bashkin
(2004), total natural mercury emission to the atmosphere within Europe in
1996 was 219 tons per year, while the direct human-induced mercury
emission was 326 tons per year. Table 4 shows the data on the certain
chemical elements global emission associated with the biosphere
transformation in technogenesis (Yermakov, 2003). It is obvious that
anthropogenic elements emission exceeds significantly the natural one. The
author notes that «the current human factors are so vast and instantaneous in
time, that they set the pressing task of local and global assessment for the
current technological processes and protection of organisms from their harmful
effects» (Yerrnakov, 2003, p. 6).

Table 4
Global emission of the chemical elements (thousand tons per year)
(by V.V. Yermakov, 2003)
. Natural emission Anthropogenic emission
Chemical - .
element Pacyna Mukherjee Pacyna Mukherjee
(1992) (2001) (1992) (2001)
Cd 0,96 0,1-3,9 7,6 5,6-37,7
Co 54 0,6-11,4
Cr 53,9 4,5-83 30,5 585-1310
Cu 18,9 2,2-53,8 35,4 542-1403
Hg 0,16 0-4,9 3,6 1,6-15
Mn 516 51,5-582 38,3 706-2633
Ni 26 2,9-56,8 55,7 93,3-494
Pb 18,6 0,9-23,5 332 479-1039
Zn 45,5 4-86 132 6891954
V 66,1 (70)* 86 (90)* 21,4-138
As 7,8 1,1-23,5 18,8 52,4-111,6

Note: * —according to Nora (1994).

The scale of eco— geochemical changes in the biosphere is sufficiently
detailed in the papers of V.A. Alekseenko (2000, 2006). Author regards «...
those geochemical changes in the biosphere, which have an effect on living
matter or individual organisms» (Alekseenko, 2006, p. 386). He gives three
main causes of this effect:
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1) the changing content of the element (prevalence);

2) changes in their distribution (dispersion);

3) changing the ratio between the major forms of chemical elements and
the appearing of new forms.

The changes are both global and local, associated with the activity of one or
more production facilities. The study of these changes is connected with the
application tasks.

As an example of the global manifestations of anthropogenic changes in eco-
geochemical biosphere environment, author considers the biosphere metallization
and, in particular, the so-called lead pollution. Indeed, the beginning of the local
pollution as a result of vehicles, development of chemical and metallurgical
industries in their abundance gradually becoming a global problem (Bockris,
1977). The fact of lead accumulation in the Greenland glacier is a good
example (Fig. 6). The content of the element, though varied, but there is a
clear correlation of it with the quantity of lead emitted into the air due to
factories and cars (Nebel, 1993, with reference to Murozumi, 1969).
According to Bunce (1994) production and consumption of this element
directly depends on human activity (Fig. 7). It should be noted that living
organisms are actively respond to changes of this element in the environment
both in the direction of accumulation dose increase and downward. In the
case of lead, the number of vehicles is directly influenced the concentration
increase in plants (Fig. 8), and the activities undertaken to reduce its content
in the environment (in particular the prohibition on gasoline leading),
accompanied by a decrease in its content in the population blood (Fig. 9).
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Fig. 6. Lead content in the glaciers of Greenland. Age of ice samples corresponds
to the depth (by B. Nebel, 1993)
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These graphs testify the realization of one of B. Commoner’s laws —
«Everything is interconnected with everything».

The global biosphere transformation as a result of technogenesis is defined
by A.Ye. Fersman in 1937 (Fersman, 1937), it can be judged by the changes
in the accumulation rates of alien for biosphere element — plutonium. Thus,
until 1945 this element did not exist al all. In 1953 it was detected in the
amount 0,0007 Bg/g, in 1954 the amount increased up to 0,013 Bg/g, but by
1958 the activity of this element in human lungs achieved 0,25 Bq/g
(«Plutonium...», 1994).

In the 50-70’s of last century as an example of this element and the other
elements a number of authors have shown that the change in concentration of
the element as a result of intense anthropogenic impact on living organisms
can vary within very wide ranges (Schepers, 1955; Warren, Delavault, 1960;
Cannon, Bouals, 1962, Laygvart, Spegt, 1970; Page, 1971, Brooks, 1982).
Thus, Capito and research workers have shown that the lead content in hair in
the case of lead poisoning reached 0.1%, when the standard content is
2.4 x 10°%. D. Brays-Smith (1971) established that for men living in urban
Philadelphia areas lead level was significantly higher than expected rate, and
it was some more than 0.5 x 107~ %. The standard for people in United States
and Britain as well as New Guinea inhabitants was considered the content
0.2 x 107 %.

It is possible to assume that the presence of the same planet living matter
response to change in the concentration of any other element. Thus, the
nuclear technogenic development leads to abnormally high concentrations of
a specific elements number (as plutonium, uranium, cesium and etc.) in the
objects of animate and inanimate nature. For example, L.P. Rikhvanov’ s
research results (2002) have evidenced that the fission element accumulation
level (U?**, Pu, Am and other transuranium elements) in the environment
increasedin global scale 2-3 times (Fig. 10).While in some local areas, the
locations of the nuclear fuel cycle enterprises, nuclear test sites this level has
changed even more significantly (Archangelsky, 2004; Zamyatina, 2008,
Bolsunovsky et al, 2004).

L.P. Rikhvanov’s and other data on uranium content in ice water (Fig. 11),
cesium content by A.M. Megibor’s data (2009) in peats (Fig. 12) have shown
the global changes too.

There are changes in element soil composition everywhere that is conditioned

by both local transformation and global technogenic fallouts (A.l. Perelman
(1955, 1989), V.A. Kovda et al. (1980); M.A. Glazovskaya (1988; 1994),
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B.B. Polynov (1956), V.A. Alexeenko (2001); G.V. Motuzova (2000, 2001),
V.B. II’in (1985, 1991); V.V. Dobrovolskiy, (1983, 2008); N.L. Baidona,
2004, L.P. Rikhvanov et al. (1993); Ye.G. Yazikov et al. (2010) andothers).
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Fig. 12. Cesium content in peat in SHK influence zone (A) and background aria (B)
(by A.M. Mezhibor’s data 2008)

Changes in global geochemical background are indicative for the aquatic
environment. Thus, as a result of hydrocarbon extraction and oil transportation,
pollution leads to irreparable consequences. From the time of beginning of oil
tanker shipping about 5 million tons of oil is spilled annually. Process of an
accidental oil spillage, as happened in the Gulf of Mexico in 2010, led to
irreversible consequences that are difficult to assess at the initial stage. High
levels of oil pollution are observed in vast aquatic areas of Mexican Gulf and
Persian Gulf, the northern coast of Alaska and Canada, in the Caribbean and
the Arabian Seas and other parts of the world ocean, where the natural oil
seep are located on the coast and continental shelf (Sadovnikova et al, 2006).
Besides, dumping of chemicals, radioactive substances have changed the
geochemical shape of the World Ocean, involving directly living organisms
in these changes.

Global transportation of substances with aerosols and river runoff forms
specific benthic sediments in estuaries and the oceans floor; let’s talk about
the redistribution of elements in the hydrosphere (Korsh, 1991 and others).
The processes of redistribution results in climate change on the Earth. Thus,
according to V.P. Shevchenko (2006) the role of river flow increased as one
of the mechanisms of environmental pollution in the Arctic. This is due to
thawing of ground in parts of the area, formerly referred to permafrost one
that is accompanied by the intake of anthropogenic components accumulated
over many Yyears in the waters of rivers, flowing into the seas of the Arctic
Ocean (Israel et al, 2002). The processes occurring in the scale of World
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Ocean could lead to a shift in the balance of nature because of its hugeness.
In relation to pollution the mass of the ocean acts as an effective buffer
capacity, but that’s why on it has a stronger impact residual effects of
pollution, violating the established life cycles in the ocean. The huge danger
is pollution of the ocean such metals as mercury, lead, cadmium, copper,
zink, chrome and etc. In virtue of the existence strong interrelation among all
the shells of the Earth it is impossible to foresee all the consequences of
Intensive accumulation of toxicants in any of them. Thus, a bright example is
the deplorably infamous human disease, appeared in the prefecture of
Minamata in Japan between 1953 and 1960, of which died or became
disabled 111 humans. The cause of the disease is use of fish and shrimp,
poisoned by dimethyl mercury, which was discharged into the sea by plants
producung polyvinyl chloride (Barbier, 1978). Other toxic elements can also
cause intoxication of the human body in the case of eating seafood (Brieger,
Rieders, 1959). Marine animals, especially filtering organisms, are capable of
accumulating radioactive elements that fall into the ocean after the nuclear
explosions and industrial waste.

Radioactive waste, which according to data of R. Kolas (1973), was about
10,000 tons per year in 1958, in 1965 already amounted about 100 000
(Barbier, 1978). Nowadays according to some estimates 10° m® radioactive
waste with activity 1,8 x 10° Ki have been accumulated at the enterprises of
uranium ore extraction and processing in the dumps and tailings (from
Rikhvanov, 2009 with reference to Gupalo, 2002). What part of this huge
number would occur in the hydrosphere is difficult to say.

Increases in water releases and organic pollutants pose a serious problem to
the environment (Barbie, 1978, Gennadiev et al., 2006). Significant harm is
brought by the huge amounts of chemical produced for military purposes and
entombed in the Barents and other seas.

The works of P.A. Popov (2003, 2007), G.A. Leonovoi (2008, 2009),
T.1. Moiseenko (2009) and many other scientists showed that change living
matter freshwater, associated with exposure to anthropogenically-
technogenetic factors. Results of numerous studies suggest about the local
and global processes of change elemental composition of the waters rivers
and living organisms, living in them (M.S. Panin (2002), Toropov, 2006;
A K. Sviderski (2006), Bolsunovsky, et al. (2005)). All of these changes once
again confirm the fact that changes in the global geochemical background of
the hydrosphere. Undoubtedly, it influences the formation of the elemental
composition of all living matter.
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A number of scientists are working at the solution of the problem of
normalization chemicals (Krivolutsky, 1984; Goncharuk, Sidorenko, 1986;
Izrael et al, 1991; Taritse, Pokarzhevsky, 1991; Vorobeichik et al, 1994 and
etc.). It’s a huge problem is the search criteria for the concept «norms,
«pollution», «pathology» and etc. The issue of using regulatory indicators in
the process of environmental analysis and its impact on living organisms,
especially on the human body (inasmuch as the survival instinct demands it
from us), is the cornerstone in the development of behavioral strategies and
decision making about needed to adjust measure according to prevention and
treatment of pathologies. Problems of load regulation on ecosystems are
discussed in our country for over two decades, but none of the existing
concepts cannot answer all the questions that arise in practice (Fedorov,
1976; Krivolutsky, 1984; Goncharuk, Sidorenko, 1986; Israel et al., 1991;
Tarita, Pokarzhevsky, 1991; etc.).The subject of evaluation norms
ecosystems can only be a man, because for the system itself, any state of the
«normal» (Vorobeichik et a.l, 1994, Bezel, 2006). Such an approach to this
problem was developed in works by T.D. Aleksandrova (1988) and D.
Krivolutskaya et al. (1984). The relationship between the state of population
health and the biogeochemical structure of the territory allow for statement of
possibility and necessity to develop the parameters of environmental
regulation based on the study of this structure in natural landscapes and on
anthropogenically altered areas.

According to V. Dobrowolski (1983): «Man-caused scattering of metals not
only affect the planetary pollution, as amazes limited area... At region of
local pollution is deeply affected biota, created a situations, dangerous to the
population. Accounting for regularity geochemistry of dissipated elements
necessary for the prediction and prevention of adverse effects» (Dobrowolski,
1983, page 255). Research conducted by scientists of the Siberian region
(Vorobyov et al., 1992; Moskvitina, 1988, 1999; Moskvitina, Kokhanov,
2002; Kuranova, 1992, 2003; Kuranov, 2000, 2009; Babenko, 2000, 2006;
Leonova, 2008, 2009; Popov, 1996, 2000 and many others), convincingly
demonstrates the correctness of this conclusion. Thus, the Tomsk region
carried out in different time numerous studies have shown that the main
enterprise of the regional center had a significant influence on the
geochemistry specificity of different environments, including the
composition of living organisms. The influence of the city shown in Tomsk
investigators A.P. Boyarkin, N.V. Vasiliev, G.G. Glukhov (see Rikvanov et
al., 1993). Thus, A.P. Boyarkin et al. (1980) found decrease in number of
elements depending on the distance from the city of Tomsk in environments
such as milk, honey, children’s the hair (Tab 5).
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The work of N.S. Moskuvitin et al (1999, 2000) states that the chemicals that
are accumulated in the bodies of mammals, particularly rodents, living in
areas with high anthropogenic load, are consistent with geochemical
characteristics of the study area.

Table 5

The content of trace elements (mg / kg) in different environments, selected
at different distances from the city (according to A.P. Boyarkin, 1980)

Children’s hair Honey Milk

Element | Close Far Ca Close Fa Ca 5 Kn 15 | 30 kmt
zone zone zone | zone

Br 0,327 | 0,104 3 - - - 14,20 | 13,82 | 11,01

Na 10,4 3,89 2,7 - - - - - -
K 16,79 7,11 2,4 - - - - - -
Cl 59,92 | 23,51 | 25 - - — - - -

Rb _ - - - - - | 1382 | 1991 | 1382
Zn _ - - - - - | 1606 | 1571 | 17,15
Fe - - - - - ~ | 3403 | 59,49 | 68,63
Au - - - 039 | 0157 | 25 | - - -
Sc - - - 0253|0145 | 17 | - - -
Co - - - 07258 |0100| 25 | - - -

Note: «—» — element is not determines; C, — accumulation coefficient.

These researches were performed in the zone of North industrial unit impact
(Tomsk city) which is characterized by the presence of large number of
plants of various profiles influencing specifically the neighboring regions.

A.C. Babenko (2000) points out that the most suitable objects for observation
of some rare-earth element distribution (Th, Hf, Yb, Eu, RDb) are stafilinides,
whereas for U, Brmore convenient arelong-tailed shrews and grey-sided
voles (Babenko, 2000).

V.N. Kuranova et al (1992, 2003) stated that microelement composition of
amphibians reflects the effect of the environment.

G.A. Leonova’s (2009), Popova’s (2001), A.V. Toropov’s (2006) works
demonstrated the influence of technogenesis factor of local level on water
biota — plankton, algae, and fish.

ANTHROPOGENIC BIOSPHERE TRANSPORTATIONS

Medieval Europe ran up against the ecological crisis in XII1-XIV centuries,
when the resources of extensive development were depleted («great
grubbing» of European forests anf land plowing, urban growth as center of
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crafts in the XI-XIII centuries). Agricultural migration contributed to the
attraction of population to the cities. City growth was restricted by the walls
that resulted in high density of population and, due to insanitary conditions,
led to epidermis. The struggle for resources resulted in numerous wars of the
latest Medieval. The way out of this crisis became: resource exploration from
other continents, industrial revolution leading to formation of industrial
society. Industrialization sharply increasing the labor productivity and
accelerating the society development became the reason for great social-
economical and environmental problems. The struggle for recourses served
as a reason for two world and numerous local wars, armament race.
Accelerated industrial development significantly stimulated by wars led to
the contemporary environmental crisis and the stage of nature protection as a
try to solve the problem.

International nature protection is closely connected with social issues. The
role of united efforts of different countries is a key one in solution of global
and regional environmental problems aimed at decrease in atmospheric
releases, ozone layer protection, marine biological resource protection etc.

The modern stage of nature use and environmental protection started at the
turn of the 1960-1970’s. It followed by the ecological crisis brightly seen in
the developed countries of East in the 1950-1960’s. later in 1970-1980’s in
the former USSR and socialist countries.

Environmental crisis of the 1950-1980’s. To the manifestations of ecological
crisis one refers numerous examples of accidents, air pollutions, surface and
underground water pollutions, soil and plant degradation. For instance, in
1952 2500 men died because of smog in London during several days. In the
USA the symbols of ecological catastrophes became the Kewyahoga River in
Cleveland city that at the end of the 1960°s was so polluted with hydrocarbons
that it burnt, and the lake Eri where the process of eutrofication caused by
organic pollution were of such rate that «it became too dense to swim in it,
but too liquid to plow». In Tokyo in 1973 328 days were with smog;
transport policemen were in air masks, in the streets special machines were
fixed to sell fresh air.

According to the program of UNO on the environmental problems the global
environmental problems appeared at present as a result of anthropogenic
activity are as follows:
« changes in atmosphere and climate;
« changes in hydrosphere;
« changes in lithosphere — production and exploration of minerals and
land use;
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« changes in biota (plants and animals);
o changes in agriculture and forestry;
« demographic problems including problem of food production;
e urbanization as a problem of residential areas;
« influence of environment on human health;
« problems concerned with industrial development;
« problems concerned with energy production and consumption;
« problems concerned with transport development;
« problems concerned with war impact on the environment as well as
ecological consequences of wars.
The modern stage of environmental protection includes:

Adoption of efficient national nature protection laws and arrangements of
bodies, committees having rights to control all spheres of environment to
realize the laws;

Influence of economical mechanism of nature use on the basis of the
principle «pay that who polluted».
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LECTURE 4. ANTHROPOGENIC IMPACT ON BIOSPHERE

Natural pollution. Main sources of pollution: power industry, transport, agriculture.
Characteristics of atmospheric releases, wastes discharge, refuse component.
Definition and classification of natural resources. Definition and essence of natural
management and its rules. Resource depletion in natural management. Waste
accumulation in recycling and natural resource consumption. Anthropogenic
activity influence on global exchange cycle. Discharge of the 10 % rule. Loss of
biosphere stability. Destabilization centers in USA and Europe. World stabilization
centers in Russia, Canada, Indo-China. Essence of modern ecological crisis.
Results of modern ecological crisis: global pollution, climate changes, ozone layer
depletion, deforestation, desertification, and changes in biosphere species
composition. Biosphere necessity for human survival. Concepts of overcoming the
ecological crisis and biosphere conservation.

Natural resources are a part of whole environmental conditions for human
existence and components of the surrounding natural environment used in
manufacturing process to meet material and cultural society’s needs. They
include a set of World Ocean mineral resources, soil, water, vegetation and
other (air, wild animals).

Unlimited resources are considered to be those which are unlimited by time,
scales and utilization of their capacity. And its presence is mainly due to
extra-terrestrialfactors.

Limited natural resources refer to those the capacity of which is terminated
in the planetary scale.

They are in their turn subdivided into renewable, exhaustible (non-
renewable), relatively renewable resources.

Non-renewable are resources, which do not have property of self-
regeneration and their capacity is limited. There are forming during of
hundreds millions years and are not reproduced in the environment in a
relatively short period as compared with human history. Using these
resources is certain to lead to depletion.

Relatively renewable natural resources are such resources, which can
reproduce regarding to their volume (quantity), i.e. they can be reproduced in
their scales. However, they are not renewable as do not have the property of
self-generation.
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Renewable resources can form the property of self-regeneration including
with human help, for the period compared to that of economic development.
Regeneration of these resources goes with different rate. Using and spending
speeds of each of them should be consistent with their renewal speed. In
other cases renewable natural resources could become non-renewable.

Man was closely related to the environment at all stages of his evolution. But
since the appearance of industrialized society, human serious intervention in
nature increased and expanded. Today intervention becomes more dangerous
and will constitute a global risk for humanity. Non-renewable resources
discharge increases. More and more plow lands are dropped out from
economics as cities and factories are built on them. Man has to interfere in
biosphere, a part of our planet, where there is life. Nowadays the Earth
biosphere is subjected to increasing anthropogenic impact.

Natural management is a complex of measures taken by society to study,
develop, transform and protect the environment. The term «natural management»
was coined by U.N. Kurazhkovskiy in 1958. Besides, V.A. Anuchin,
I.P. Gerasimov, N. Ph. Reymes, V.S. Preobrazhensky made a significant
contribution to the development of natural management ideas.

History of human society evolution is a history of their interaction with
nature. Types of connection of man and nature can be different:
e man’s adapt to natural environmental conditions without their
modifications;
e nature modification by man to meet people’s needs.

During humanity history these types of connection are changed:

« At the first stage of development hunting and gathering, cultivation and
trade man adaptive ability to natural environment developed without
nature modifications;

« At the second stage of industrial production, scientific and
technological revolutions, natural environment changed by man goes
on the way of people’s needs satisfaction.

Natural environment as source of resources is involved in people’s activity in
greater degree and undergoes serious changes such as resources depletion,
environmental pollution in the process of human society development.

In the modern concepts natural management includes:
1. Recovery and refinery, regeneration and reproduction of resources;
2. Exploitation and protection of the environment;
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3.

Conservation and reproduction, rational change of ecological balance
in natural systems of biosphere.

Natural management always includes both the object and the subject.

The main aim of natural management is analysis in controversy between
different subject’s interest and searching for the ways of its solution:

1.
2.

3.

4.

Rational distribution of industries on the Earth;

Definition of appropriate directions in using resources depending on
their properties;

Rational arrangement of interaction between industrial branches via
shared lands.

Creation of healthy habitat for people and useful living organism:

— Prevention of environmental pollution;
— Removal of natural harmful components;
— Rational nature transformation.

Natural management as a practical activity includes different aspects:
Ecological aspects include taking into account inner regularities of
functioning ecosystems, which are considered in factorial and
population ecology; character and direction of occurring succession,
trophic structure of biocenosis and its population conditions;
Geographic aspects involve consideration of inner heterogeneity and
geographic land peculiarities, which they are concerned with:
landscapes and their geological structures as well as natural-economic
territorial systems. As there are natural-economic territorial systems at
different development stages of society and ecologic situations on the
same site, the consideration of geographic aspects is supposed to be
used in forecasts of ecologic effects of economic decisions, traditional
for «space-time substitution» method.

Economical aspects involve making practical decisions in economic
relationships acting in natural-economic territorial systems, prediction
of ecologic effects of economic decisions using of market means (taxes
and payments, investments) for the purpose of natural management
optimization.

Legislation aspects include research of legislation analysis and legal
relations influence on the environment using juridical leverages (laws
and its acts, legal acts) for the purpose of natural management
optimization.

Engineering aspects of nature use include environmental analysis and
assessment of applied and planned engineering solutions and
technologies, constant search for engineering solutions for environmental
problems and optimization of natural use.
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THERE ARE KINDS OF NATURAL MANAGEMENT

« Rational, in which relationship between society and nature is developed
in harmony. There is a set of measures for prevention of negative
consequences of human impact on nature. Their relationship can be
regulated.

« lrrational, in which a man acts as a consumer of nature. There is a
disbalance in «matter cycle» between society and nature. The
requirements in environment protection are not taken into account that
leads to its degradation.

POLLUTION

Pollution is anintake into the environment or development of new, usually
not typical for it physical, chemical, biological, information reagents or
excess of multi-year concentration rate during particular period that leads to
negative consequences.

The following types of pollution are distinguished:
« physical (changes in physical parameters of the environment: heat,
noise, light, electromagnetic, radioactive),

« chemical (changes in natural chemical properties of the environment
increasing the average multi-year fluctuations of quantity of some
substance or development of chemical substances in the environment
that are absent in it in standard conditions or present in sufficiently low
quantities),

o biological(intake and production of undesirable organisms in the
environment or environmental pollution by their waste products),

e geologic-geomorphic (formation of new or changes in properties of
rocks and geological structures, relief shape, processes of morpho- and
lithogenesis).

Technogenic pollution is any consequence of anthropogenic influences
leading to negative results, although not all pollutions are technogenic.

Pollution is distinguished by the scale:

e Global;

e Regional,
e Local;

e Point;

e Indoor.

Pollution varies in origin as: natural and anthropogenic, which is subdivided
into industrial, agricultural, transport, war and domestic.
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The following typesof pollution are distinguished by localization:
e Atmosphere;
« Surface waters (hereinafter as rivers, lakes and seas);
« Ground waters;
e Soils;
« Grounds;
« Earth interior.

ENVIRONMENTAL POLLUTION SOURCES

They include:
« Point of substance release (a smelter);
« Economic or natural objects releasing polluting substance;
o Cities or regions as whole from which polluting substances are
released,
o Actual carrier of pollution.

First, second and third approaches are used in engineering disciplines and
ecological regulation, forth— in geochemistry and landscape science.
Geoecology and nature use can operate all four approaches.

As it is known from environmental geochemistry there are the following
types of pollution:
1. Chemicalization means are substances purposely introduced into
environment to increase some industrial activity or other.
2. Wastes are unutilized at the moment and given back to the environment
parts of used and recycled materials.

Wastes are subdivided into:
« Discharges (gaseous wastes dispersed in the atmosphere);
e Run-offs (liquid wastes released in surface and ground water);
o Store wastes (liquid or solid, accumulated at dumps and polygons for
subsequent use or bury).

Discharges and run-offs are usually of two phases i.e. consisting of basic
phase (gaseous or liquid) and suspended particles. Discharges and run-offs
and store wastes formed in functioning of industry objects and municipal
anddomestic spheres are characterized by total volume and composition.

When entered into geosystem, pollutants migrate in it with different intensity,
involving into natural cycles and transfered by trophic chains etc.

In this case some components may accumulate at geochemical barriers: in
bottom deposits, in topsoils and animals’ organisms.
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As everything in nature rarely occurs in pure form, it is even more applicable
to pollutants. Emissions and discharges are typically multi-components and
multi-phased. Geocomponents into which pollutants enter are subdivided into
dynamic (water and air) and depositing (soil, bottom deposits, snow and ice).
Content of pollutants in the dynamic environments has the greatest impact on
biota, but they undergo serious changes under the influence of emission
dynamics of pollutants as well as dispersion and migration processes
occurred in terms of aero- and hydrodynamic laws. Content of pollutants in
depositing geocomponents is more stable. Migration and transformation
processes including self-purification (natural decomposition of pollutants in
the environment due to natural physical chemical and biological processes)
take place among the geospheres and within them. These processes are the
most intensive in the dynamic environments. Hence, in every geosystem
undergone to pollutants as well as in its component (up to organism or
species) there is a balance of pollutants. The constituents of this balance:
intake of emissions and discharges, migration from other geosystems or
geocomponents, secondary formation of pollutants from the processes within
the system and flow rate due to the removal in other geosystems
(components), self-purification. At positive balance the pollution level is
increasing, with negative it is reduced. Every geosystem possesses some self-
purification capacity, i.e. it can destroy some quantity of polluting substances
per time unit.

The most massive and significant is chemical pollution of the environment
with untypical components. Among them are gaseous and aerosol pollutants
of industrial-domestic origin. More and more a carbon dioxide is
accumulated to atmosphere. Further development of this process will enhance
an undesirable tendency of yearly increasing in average temperature on the
Earth. World Ocean pollution with oil and petrochemicals is particular
concern for ecologists; it has already achieved 1/5 of its total surface. Oil
pollution of such scale can cause a serious gas and water exchange
disturbance between hydrosphere and atmosphere. Of no doubt is the
significance of soil chemical pollution with pesticides and its hyperacidity
resulting in destruction of ecosystem. Generally all of the above mentioned
factors which can be assigned the effect of polluting are have serious
influence at the processes occurring in the biosphere.

THE MODERN ENVIRONMENTAL CRISIS

An environmental crisis is a reversible critical state of the environment that
threatens the humankind’s survival and reflects the development discrepancy
of productive forces and productive relations.
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The humanity is the greatest geological force according to the scale of its
activities on the planet. The human engineering capacity to change environment
has rapidly increased, reaching its highest point in the scientific and
technological revolution era. Now he is able to implement such nature
transformation projects which he has recently dared to dream. It would seem
that people become less dependent on nature, subjecting it to their influence,
transforming it in accordance with their objectives. However, we hear the
word «conservation», «ecological crisis», etc more and more frequently. It
was found that the man power growth lead to the negative for the
environment and ultimately dangerous to the humankind consequences
increasing, the value of which is only now beginning to realize.

A characteristic feature of our time is the intensification and globalization of
human impacts on environment, which is accompanied with previously
unprecedented intensification and globalization of the negative consequences
of this exposure. Earlier mankind had suffered the local and regional
environmental crises that could lead to the some civilization death, but did
not prevent the further human race progress in general. Now the present-day
ecological situation is fraught with global environmental collapse, as the
modern man destroys the entire biosphere functioning mechanisms on the
global scale. Crisis points are becoming more in the problem and spatial
sense; they are closely related to each other, forming a kind of network which
Is becoming increasingly frequent. And this is the fact which allows us to say
about a global ecological crisis and the threat of ecological catastrophe.

Among the potential environmental hazards, first we note that one’s which
may actualize in the future if the economic and technological development
current trends continue. These include the danger of traditional lands of
natural resources exhaustion, the heat stress of the planet, ozone shield
destruction, the oxygen amount reduction in the atmosphere.

It should be said about the problem of providing energy resources. The main
part of the incoming fuel — energy balance is energy produced by burning
fossil fuel. But oil and natural gas resources, according to experts, can be
exhausted in the near future. Prospects associated with the nuclear energy
development, which is able to provide humanity with a huge number of
cheap energy. Nuclear energy is more favorable for the environment
protection from the thermal and chemical pollution, but its development
involves no identifiable risk.

Nuclear power has the second main type of potential hazards — those mats
can be actualized at any time as a result of accidental circumstances. It is a
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danger of heavy radioactive environment contamination, which may occur
not only through the use of atomic weapons, but also because of accidents at
nuclear power plants. There are no technical systems with 100% reliability,
although it is difficult to predict where there will be new accident, but it is no
doubt that they will. The nuclear waste disposal problem has also not yet
been resolved.

At the current rate of energy growth produced on the Earth, it is expected that
its amount will be commensurate with the amount of energy from the Sun in
a short time. Scientists point to the heat stress danger and the planet’s
biosphere energy barriers excess.

The danger of planet heating increases and due to elevated levels of carbon
dioxide in the atmosphere, lead to «greenhouse effect». Fuel consumption
contributes to the atmosphere not less than 1000 tons of carbon dioxide each
year. The calculations show that the carbon dioxide increasing may cause a
global temperature increase on the Earth with all its consequences —
dissolution of ice, etc.

Some scientists, however, suggest the coming cold snap on our planet
because of human activities influence, related to the haze, etc. In any case,
sudden climate change (the events of recent years suggest that such processes
have already taken place) can cause catastrophic results. It is appropriate to
recall the presence of a «trigger effect» in nature, when a small impact can
result in huge changes. Do not forget that the ecological processes are
exponential and changes taking place in nature is not only an evolutionary
way. There are thresholds (energy, etc.), beyond which is threatened by
sudden qualitative changes.

Those processes mat are leading to real environmental negative consequences
are potentially dangerous. The environment contamination not only brings a
huge loss, but creates a risk of more problems, especially when you consider the
accumulation effect. So, for example, DDT (dichloro diphenyltrichloroethane),
radioactive substances, even after a considerable time entering the
environment does not lose deleterious properties, but, instead, accumulate in
living tissues. The soil depletion and fertile soil layer erosion risk increases
with the plowing depth and the impact on the ground intensification.

The potential danger is more important than those which are already facing
humanity. The real negative impact can be reduced, and we are witnessing
some countries success in the struggle against environmental pollution.
Potential hazards are more insidious, because they lie in wait of trap and not
only did not decrease, but tend to increase as the scale of human activity.
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Generally speaking, the benefit of the environmental remediation project
achieved fairly quickly as it is realized with mis aim whereas for the full
negative consequences manifestation usually it takes time. The larger and
more complex the project is, the more time passes before the side effects
appearance, the greater they are and the proiect implementation and created
object functioning threaten the bigger problems. So, along with the traditional
problems that can be classified as environmental, food shortages in
underdeveloped countries, disaster prevention, etc. humanity is faced with
new environmental problems.

Certain regions of the planet at different stages of economic development,
experiencing various difficulties: for developing countries — is the traditional
food shortage problem for developed — the natural resources depletion
prospect and environmental pollution. It seems that various regions of the
Earth have opposite problems. For example, in South-East Asia one of the
most important problem is growth crisis, while in many African and some
Western countries, population growth is necessary for the industry and
agriculture development. In fact, all these seemingly disparate issues are
internally linked to each other, and this latter circumstance reflects qualitative
features of the modern environmental conditions.

THE MAINEN VIRONMENTAL PROBLEMS

o Global warming.

o Deforestation.

e Human impacts on the environment.

e The agriculture impact (farming, livestock).

« Transportation impacts (road, water, air transport).

THE MAIN SOURCES OF POLLUTION

Industry. For example, the engineering industry has diversified structure
(heavy metals, electronics, transport engineering, instrumentation,
engineering tools, etc.), and each of the branches has their environmental
characteristics: waste composition and quantity, toxic contaminants, the
mode of their emissions into the atmosphere and water. Like other industries,
mechanical engineering tends to be in areas with developing industry,
concentrated in the cities and «produce» large amounts of waste, polluting
the air, water and soil.

Cement industry is also environmentally harmful. The biggest problem it
creates is polluting the environment with dust, sulfuric anhydride and
nitrogen oxides.
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It is just in those industries that the worst environmental protection measures
are taken, for example, in their emissions the concentration of dust by 5-10
times greater than the MAC. Thousands of tons of organic matter, sediment,
salts and other harmful compounds are discharged into the rivers with
contaminated sewage each year.

Mining causes a great harm to the land forms, land resources and groundwater.

Power Engineering

Power engineering facilities, such as power plants and power stations greatly
pollute the environment. Having absorbed a great deal of oil, gas and coal,
they emit millions of cubic meters of harmful gases, aerosols and soot into
the atmosphere, occupy hundreds of hectares of land sites with slag and ash.
Within the period of their operation the water reservoirs are turned into the
reservoir storage of waste and pollution from nearby regions. Nowadays over
the years of construction of power stations 100 000 hectares of coastal land is
flooded, intensity of self-purification processes of the Dnieper is reduced
many times, «blooming» of water regularly occurs, fish productivity
decreases, and, respectively, the performance of fisheries drops due to
construction of hydropower stations and reservoirs.

Objects of potential nuclear and radiological hazards

Military activity has been and still remains a source of danger to the
environment. The military-industrial complex (MIC) consumes a huge
amount of mineral raw materials and energy needed to manufacture military
equipment. The army and navy burned the enormous amounts of fuel in the
engines in planes, tanks, vehicles, ships, boilers, military bases and units. The
area of land under the polygons, shooting, hunting farms for higher ranks,
training centers exceeds 100 000 hectares. Big part of the national budget of
Ukraine is spent for the maintenance of the army, navy, defense enterprises.
Tests of different types of weapons, conducting maneuvers and exercises
make great harm to nature.

Military bases, camps, arsenals, ammunition depots, storage, fuel and
lubricants and rocket fuel, air and combined-arms ranges, tank ranges,
landfills and burial of hazardous waste are real and potential danger to the
people and the environment. They pollute the environment by chemical
substances, particularly heavy metals, increasing the background radiation,
causing degradation of natural systems.
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Highway, rail, water and air transport.

Air pollution caused by exhaust gases in large cities sometimes as high as
70-90 % of the overall level of pollution. Besides, more than 20 % of the
vehicles operates with excess of established standards of harmful substances
in exhaust gases. In the exhaust gases emitted by our cars, there are about 280
different hazardous substances, among which carcinogenic benzopyrene.
nitrogen oxides, lead, mercury, aldehydes, and sulfur oxides, carbon, soot,
hydrocarbons are particularly dangerous.

To transport one and the same cargo 6.5 times more fuel man rail, and
5 times — than water transport is needed. Exhaust gases of diesel engines are
much more toxic than gasoline, because they contain lots of carbon oxides,
nitrogen dioxide and sulfur, and carbon black (up to 16-18 kg per ton of
diesel fuel).

Rail transport, especially electric one, is environmentally cleaner. The
problem is severe pollution of railways sewage, discharged from the lavatory.
In all civilized countries, toilets of trains are equipped with special tanks, and
sewage is not thrown out. Result of environmental and medical studies have
shown that railways sewage pollution and their decomposition products,
especially in the warmer seasons of the year, cause diseases of the stomach
and lungs of many passengers and railway workers. Definite damage to the
Dnieper and its reservoirs, the Danube, Dniester, the Black and Azov seas is
caused by water transport, primarily not following the traffic rules and the
petroleum products transfer regulations; accidents, clean tankers, swabs,
noise and vibration effects and waves break down the reservoir shores.

Agriculture

For an agricultural area the pollution of natural water and soil with pesticides
and fertilizers is typical. Out of the total amount of fertilizers mat are
introduced in the soil, only 5-10 % are absorbed by plants. The remaining
90-95 % is washed off by rain and melted snow, blown by winds and into
rivers, lakes, ground waters, becoming harmful components of ecosystems.
As a result, both the natural environment and agricultural products are almost
totally contaminated with compounds of nitrogen, phosphorus, potassium
often — radioactive elements (contained in the phosphate fertilizer),
sometimes — heavy metals (copper, zinc, a significant excess of MPC are
found in 5% of agricultural production) and the remnants of specific
herbicides — simazine, atrazine, etc. Use of heavy agricultural machinery
causes great harm to soils. It regularly dries the soil, destroying its structure
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reducing the air saturation, the activity rates of biochemical processes,
antierosion and antideflationary stability.

Very tense ecological situation has developed at large livestock farms (in the
radius of several kilometers), where 30-100 thousands or more head of cattle
are grown. Animals produce daily up to 2-3 tons of excrement, which are not
processed in the house hold. Due to decomposition and decay of excreta large
amount of ammonia, nitrogen, hydrogen sulfide, organic acids is released
evolving pathogenic microbiosis. Waste water from livestock farms pollutes
surface and groundwater within the radius of several kilometers causing the
death of fish and other aquatic organisms. The unfavorable sanitary
conditions are formed near these complexes and hygienic conditions, there is
an increased concentration of worms and bacteria. The stench is carried by
air currents for miles from the complexes.

Municipal wastes

A serious problem for urban territories is posed by municipal wastes —
domestic and industrial — and their processing. Theoretically, the existing
methods make it possible to purify waste water at 95-96 % (though it is not
enough), but in practice the treatment is 70-85 % at best. Throughout the
world, especially in our country, sewage disposal in terms of sanitary
standards is associated with high costs, so, one cannot expect a better state of
affairs in mis area in the nearest future. Introduction of the closed circuit
water consumption at enterprises can partly solve this problem.

Physical pollution

Hazardous environmental pollutants include facilities that generate powerful
physical fields — electromagnetic, radiation, noise, ultra-and infrasound,
thermal, vibration (large radio stations, district heating, radar, substations,
transmission lines, relay stations, special physical laboratories and facilities
cyber centers, nuclear power plants, etc.).

Biosphere: mechanisms of resistance

The biosphere is an open system which exchanges matter and energy with the
environment. This is possible due to the fact that the ecosystem has not only
autotrophs — producers of organic matter — but also heterotrophs — consumers
and destroyers of organic matter. Between the processes of creation of
organic matter, its transformation and destruction the relative equilibrium is
established, and the ecosystem remains stable. Sustainability is a property of
ecosystem which manifests itself in maintaining its composition, structure
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and function, as well as the ability to recover if they are destructed. The
stability of the biosphere is defined by:

« an exceptional variety of living matter;

« interchangeability of ecosystem components;

o duplication of parts of the biogeochemical cycles;

« the vital activity of living matter.

Biological diversity provides the wealth of informational, material and
energetic connections of living and inert matter as well as the relationship of the
biosphere, geosphere with the space, the processes of global biogeochemical
cycles.

The existence of each species depends on many other species, the destruction
of one species can lead to the disappearance of other related species.
Individuals of one species and their metabolic products, as well as their dead
bodies are food for other species, which provides self-purification of
ecosystems.

Socio-economic development of society has come to an apparent
contradiction with the limited resources renewable and life-supporting
capacity of the biosphere. There is a depletion of natural resources, land and
ocean, permanent loss of plant and animal species, environmental pollution,
the simplification and degradation of ecosystems. Therefore, humanity is
looking for the way of sustainable development of society and nature.

Biological diversity — genetic, species, ecosystem — is the first principle of
the stability of the biosphere as a whole and of each individual ecosystem.
Life as a planetary phenomenon can be sustained only if it is represented by a
variety of species and ecosystems.

But the volume of human activity has increased under the current conditions,
what increases a risk of biological diversity loss. Various human activities
result in direct or indirect destruction of species and ecosystem variety in the
biosphere.

There are several basic types of environmental degradation, which are
currently the most dangerous for biodiversity. For example, flowage or
siltation of productive lands, their concreting, asphalting or building-up
deprive wild animals of their habitat. Irrational methods of land cultivation
reduce crops due to soil erosion and depletion of soil exhaustion. Excessive
irrigation of the fields can lead to salinity, i.e., to increasing of salts
concentration in the soil to a level that is not bearable for plants. The result is
that typical plants of these places are disappearing. Deforestation on large
areas with the absence of recultivation plantings leads to the destruction of
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wildlife habitat, vegetation change, reducing its diversity. Many species are
disappearing because of their destruction, but also because of environmental
pollution. Most species are disappearing due to habitat destruction,
destruction of natural ecosystems. This is one of the main reasons for the
depletion of biological diversity.

The current destabilization of the biosphere is the unique and most
largescaled m the history of the Earth, This is evidenced primarily a gigantic
scale of the extinction of species continuing from the beginning of the
Holocene. Social systems, where anthropogenic deserts are combined with
other less simplistic landscapes, and the last— with the supercornplex
urbanized systems, directionally reduce the regulatory capabilities of today’s
landscapes. All this reduces the stability of the biosphere and its capacity for
selfregulation. Therefore, a set of measures to optimize the biosphere should
be directed precisely to protect the landscape biodiversity from pollution and
overpopulation of the Earth. It is symptomatic that the agendas of major
international meetings, the highest-priority is not usually given to these
Issues, as, for example, the fight against global warming.

Under the «environmental crisis» in the first instance, it is understood the
unstable state of the biosphere of the Earth. The negative impact of the
technosphere led to the disruption of the planetary mass balance. Billions of
years (about four), the biosphere on the planet has evolved, honing various
balances in the first place — coordinating flows of energy and closing the flow
of matter. Technosphere makes a huge contribution to the planetary flow of
matter and energy, and thus disrupt the balances formed in the distant past.
Distortion of the material balances leads to an unstable state of the
biosphere — as a result of the technosphere, biosphere loses stability.

The precarious state of the biosphere is characterized by a rapid (occurring
within a single generation of people, i.e. 30-50 years), negative processes in
the environment. These fast processes are commonly referred to as the
negative environmental problems. Environmental issues — a favorite hobby of
people associated with environmental themes, from students and teachers to
politicians.

Environmental problems are known to all, including:
« global climate change,
e 0zone holes,
« air pollution, water and soil contamination,
« superstable polluters spreadmg,
e acid precipitation,
« deforestation,
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« desertification earth,
« extinction of biological species,
and some others.

No one environmental problem can be solved separately, because it are
components of one great problem — biosphere imbalance, and besides loss of
balance caused by industrial human activity within the technosphere, which
provides two types of negative impact on the biosphere: resource extraction
and waste emissions — we find one of these processes for each of the
environmental problems. Global climate change — emissions of carbon
dioxide and other polyatomic gases, enhancing the greenhouse effect, ozone
holes and environmental pollution in generally, including superstable
substances, acid rain— the reason of this is also a release of wastes.
Extraction of natural resources, in the first place is undoubtedly the reason
for deforestation, loss of species.

Some environmental problems are caused by natural factors, which can be
quite powerful. For example, the solar system position on the galactic race
influences the planet’s climate. But the main evidence that environmental
problems are of anthropogenic origin (technospheric) is the rate of negative
processes in the environment. Clear connection of negative processes rate
with human life shows the «culprit» for all biosphere problems. Natural
processes are slowly, and it is impossible even to imagine how the planet is
crawling on the galactic race. Or, let’s take, for example, the natural oxygen
accumulation in Earth’s atmosphere is due to the primary organisms’ activity
that occurred for 1.5 billion years in Proterozoic. Within tins period the
oxygen concentration in the air increased from zero to almost the present
value 20 % by volume. So, the oxygen concentration in the atmosphere
increased at the average by 0.0027 % every 200 000 years. And the man
increased the carbon dioxide concentration in the atmosphere by 0.002 % for
only 50 years (mid to late 20th century).

Moreover, it is interesting that the technosphere is not evenly distributed on
the territory of terrestrial planets and even on the territory of individual
states. Different countries make different contributions to the biosphere
destabilization. And some countries do not only contribute but also offset the
negative impact of other states. According to V.l. Danilov-Danilyan and
coauthors, there are three main centers of ecological destabilization on the
planet: 1. North American, 2. European, 3. Asian.

« North American Center of Ecological destabilization with a total area
of 9.5 million square kilometer includes the United States (96 % of
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winch are occupied by the technosphere and only 4 % are undisturbed
natural environment) and Mexico (100% and 0%, respectively);

o European Centre of Ecological destabilization with a total area of
7 million square kilometer includes the United Kingdom (100 % and
0 %), France (100 % and 0 %), Netherlands (100 % and 0 %), Germany
(100 % and 0 %). Finland (91 % and 9 %) and other countries.

« The Asian Centre of Ecological destabilization with a total area of 12.7
million square kilometer includes Japan (100 % and 0 %), India (99 %
and 1 %), Indonesia (95 % and 5 %). China (80 % and 20 %).

Undisturbed ecosystem areas occupy only 51,9 % of Earth’s land, or 77
million square kilometers at present. However, much of it is situated on the
ice. rock and bare, ecologically unproductive surfaces— Antarctica.
Greenland, the Himalayas, etc. Along with the relatively small islands of
surviving wildlife ranging from 0.1 to 1 million square kilometer, there are
several large arrays, covering the area of millions square kilometers. This
so-called stabilization centers of the environment assist successfully the
biosphere in resistance to the growing human pressure from year to year.

The two largest territories are located in the northern hemisphere. Tins
Northern Eurasian Center (11 million km?) — which includes the North of
Scandinavia and the European part of Russia and much of Siberia and the Far
East, except its southern regions, and North American (9 km?), including the
northern part of Canada and Alaska.

The other two stabilization centers belong to the southern hemisphere: South
American, including the Amazon with the adjacent mountain areas -
10 million km?, and Australian — 4 million km?, half of which is occupied by
the Central Desert.

A major role in stabilizing the environment also belongs to the World Ocean
with its still weakly perturbed ecosystems.

Intact forests, mainly boreal and tropical, and also wetlands perform tins
function on the land. Today intact forests with a total area of 13,5 million
km? are situated on forested territory from 40 % to 44 % according to the
different estimates. Moreover, 68 % of this invaluable planetary wealth
concentrated only in three countries — Russia (3,45 million km?), Canada (3,43
million km?) and Brazil (2,3 million km?).

Forests are often compared with the planet lungs. However, with no less
reason it can be called as a planet nephros. because forests derive from the
circulation; it is a sink for accumulatmg nutrients in the atmosphere,
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including carbon dioxide. Humus and peatlands are sometimes called
«eternal» carbon traps, where it can be indefinitely stored under appropriate
conditions like marine bed silt.

Without a rival there are two major countries of the northern hemisphere —
Russia and Canada, accounting for 35 % of the global land potential with
undisturbed ecosystems. If we take the area with the most ecologically
productive forest ecosystems, area of undisturbed forests will be about third
part from its global resource.

Therefore, Russia and Canada play peculiar roles in conservation of planetary
biosphere.

The other six countries, winch enter into group with undisturbed ecosystems,
are Algeria. Mauritania. Botswana, Lesotho. Guyana and Suriname.
However, then role in the global ecodynamics not so central, because of these
countries have small area, and undisturbed ecosystems are mostly desert and
near desert in the two largest of them (Algeria and Mauritania).

It is easy to see that all three above mentioned stabilization center have block
of industrialized countries in Europe and North America on the one pole, and
on the other — developing countries (excluding Japan), countries with high
population growth and low levels of life m the most of cases.

From tins point of view very first and short steps in the sustained development
will be:

1) protection of areas with still undisturbed ecosystems:

2) stabilization of universe.

Humanity meets with escalating contradictions between their growing needs
and the inability of the biosphere to provide these needs without destroying.
As a result of it socio-economic development has taken the accelerated
movement towards a global eco-catastrophe, thus jeopardized not only the
satisfaction of vital needs and interests of future generations, but also the
possibility of their existence. The idea came to resolve these problems for
establish of sustainable development.

The sustainable development ideas meet the contemporary requirements and
can decisively influence the future of Russia, play an important role in the
determining government priorities, socio-economic development strategies
and prospects for the future reforming of our country. A new strategy of
civilization development has already identified the position of the
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international community — joint efforts for human survival and biosphere
preservation.

The modem environmental situation shows that the nature influence on a
person depends on the objective laws of its development, and that’s why it is
necessary to study nature mechanisms. Since «everything is connected to
everything» in the environment, each part of the system affects on the entire
system with subsequent consequences (both for biosphere and species).
System can compensate alteration or lack of some components. It disappears
in the case of large components alteration or disfunction of essential
components. The more system is complex, the more compensated
components it has, winch allows for long-term destruction of it. But when
adaptation threshold is passed, there are irreversible alterations that nowadays
one can observe m the biosphere.
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LECTURE 5. RESOURCE USE MANAGEMENT
AND ENVIRONMENTAL POLICY

Rational resource use. Environmental and natural-resource legislation. Ecological
laws. Objects and subjects of ecological law. Quality environmental standards. Quality
indicators of environment. Principles of their changes. Indicator standardization.
Standard system of nature protection. Status of specially protected zones. Wildlife
reserves, partial reserves. Biosphere reserves. International cooperation.

The analysis of natural resource use and social-economic development
indicators has permitted for observation of the clear mutual connection
between the environment (natural resource supply, environmental quality)
and the level of social system development. Direct and reverse connections
can be concretized in the following way.

Excess of natural resources and favorable environmental conditions stimulate
the growth of economic development and contribute to enhancement of social
system. However, the same favorable circumstances of socialeconomic
system are gradually turning into an obstacle for revolutionary shifts in the
system and leading to the stagnation.

Deterioration of environmental conditions makes us search for ways out of
the crisis, motivates for key engineering ideas and principles, revolutionary
transformations in society. Intensive use of natural resources at absence of
qualitative development of production forces is leading to natural resource
depletion and environmental degradation.

Rational resource use is systematic, scientifically based environmental
transformation in the process of material production development on the
basis of complex use of non-renewable resources in «production—
consumption — secondary resources» cycle under the condition of protection
and restoration of renewable natural resources.

Study of the biosphere processes and influence of human activity on them has
shown that only development of environmentally non-waste and low-waste
production may prevent from resource depletion and environmental
degradation. Human economic activity should be arranged according to the
principle of natural ecosystems that use efficiently matter and energy and
where wastes of one organisms serve as a habitat for the other, i.e. there is a
matter cycle.

In November, 1979 in Geneva the Committee in cooperation in the sphere of
Environmental protection was held and the Declaration that states: «The most
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Important conditions for low-waste and non-wraste technologies and
utilization of wastes is environment protection and natural resource use» was
approved.

THE CONCEPT OF WASTELESS PRODUCTION

The term ((wasteless technology» was first suggested by the Academicians
N.N. Semenov and L.V. Petryanov-Sokolov. In some European countries
instead of the terms «wrasteless technology» and «low-waste technology» the
terms «clean technology» or «cleaner technology» are used that is actually
the same.

At present according to the decision of Economic Commission for Europe of
UNO and the Declaration about low-waste and non-waste technologies and
utilization of wastes the concept of non-waste technology (NWT) was
formulated.

Non-waste technology is a practical application of knowledge, methods, and
techniques in order to provide the most rational use of natural resources and
energy and protect the environment in the course of human demands.

The other term is often used — non-waste engineering system (NWES).

Non-waste engineering system is such a production or a set of productions as
a result of winch there is no adverse impact on the environment.

The concept of non-waste technology does not cover only production process
but also final product that should be characterized by the following:
1) long period of product service;
2) opportunity of multiple use;
3) simple repair procedure;
4) ease in returning to the production cycle or transforming into
environmentally friendly form after failure.

The scheme of wasteless production has the form: «deinand—final product-
raw material». Every stage of this scheme requires energy consumption, but
its production is correlated with natural resource use outside the close system.
Another challenge in arrangement of wasteless production is material
wearing-out, their dissipation in the environment.

The concept of wasteless technology is of conditional character. The
theoretical limit, a perfect production model, that in most cases can be
iImplemented not to the full extend but only partially is meant by it. Therefore
the concept of low-waste technology is developing. But in the course of
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scientific progress development the technology will be enhanced and
approach to the ideal model.

There are some critics of the wasteless production concept itself. Some of
them state, with reference to the second law of thermodynamics, that as the
energy cannot be fully transformed into work, so the raw material cannot be
completely recycled into the products of consumption. One cannot agree with
this as the question is concerned with matter, first of all. and open system But
matter (products) in accordance with the law of matter conservation can
always be transformed in corresponding products again. A visible example is
wrastelessly functioning natural ecosystems. There is another point of view
according to winch all works in the sphere of environmental protection from
pollution are referred to wasteless or low-waste production.

ENVIRONMENTAL LEGISLATION

Environmental legislation is a set of standards regulating social (ecological)
relations in the sphere of society and nature interaction in behalf of
preservation and rational use of the environment for the present and future
generations.

The legislation way of environment protection mcludes:

« defining the objects of environment:

o development of prohibitive, permitting, obligative etc. standards
regulating the ecological relations;

o determination of measures and means of government environmental
control implementation;

« development of procedure of legislation responsibility for ecological
offences and compensation of the harm done.

Method of ecologization consists in the following:

« arrangement of agencies in the current legislation performing definite
control over nature use, regulating preservation and reproduction of the
ecological system of the country;

o determination of the range of nature user in the current legislation;

« regulation of nature use rules conditioned by, on the one hand,
peculiarities of the nature use object, on the other hand, legislation
status of the namre user:

o establishing the juridical responsibility for breaking the rules of
resource use.

Trie scope of ecological legislation is social relations in the sphere of mteraction
of society and nature.
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Objects of the environmental protection from pollution, depletion,
degradation, damage, destruction or other negative impact of economic and
other activities are:

1) land, subsurface, soil;

2) surface and underground waters;

3) Forests and other vegetation, animals and other organisms and their

genetic fund,;

4) air, ozone layers and near-Earth cosmic space.

Subjects of environmental legislation are individuals who have rights and
responsibilities provided by the ecological legislation.

Objects of ecological legislation relations are natural objects. They can be
both definite objects and the natural environment in general.

ENVIRONMENTAL LEGISLATION BY THE EXAMPLE OF RUSSIA

The Federal Laws

Constitution of the Russian Federation:

about environment protection. The Federal Law of 10.02.02 Ne 7-FL;
the water code of RF of 16.11.1995 Ne 2167-FL (with changes of
December. 30, 2001);

about the subsurface, the Federal Law of 21.02.92. Ne 2395-;

about protection of territory and population from emergencies of
natural and technogenic origin, the Federal Law of 21.12.94. Ne 68-FL;
about natural medical resources, therapeutic zones and resorces. The
Federal Law;

about animal world. The Federal Lawabout soil reclamation. The
Federal Law;

about specially protected natural territories. The Federal Law of
14.03.95 Ne 33-FL;

about rational safety of population. The Federal Law;

about continental shale of RF. The Federal Law of October, 23,1995;
about ecological expertise. The Federal Law of 3.04.96 Ne 174-FL. Of
November, 23, 1995;

about geodesy and maooing. The Federal Law of December. 26 1995,
K2209-FL;

about energy saving. The Federal Law of 3.04.96 Ne 28-FL;

the forest code of RF. The federal law;

about safety of hvdrotechmc constructions. The Federal Law of
21.07.97 Ne 117-FL;

about payments for water use. The Federal Law of 06.05.98 Ne 271-FL;
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about production and consumption wastes. The Federal Law of
24.6.1998 Ne 89-FL;

about sanitary — epidemiologic welfare of population. The Federal Law
0f30.03.1999 Ne 52-FL;

about lake Baikal protection. The Federal Law;

about atmosphere protection. The Federal Law of 4.05.1999 Ne 96-FL;
about land regulation. The Federal Law of 18.06.2001 Ne 78-FL/

The Presidential decrees of RF:

about federal natural resources. Presidential decree of RF of December,
16, 1993 Ne2144;

about governmental strategy of the Russian Federation in environment
protection and its sustainable development. presidential decree of RF of
February, 4, 1994 Ne236;

about the concept of transfer of the Russian Federation to sustainable
development. presidential decree of RF of April, 1, 1996 Ne440.

Supreme court resolutions of RF: adjudgment illegal and annulment of the
Government Resolution «about establishment of the order in determination of
payments and their limites sizes for environmental pollution, waste
discharges and other types of harmful impact» the supreme court resolution
of RF 28.03.2002.

Russian Federation government resolutions:

about establishment of regulation on licensing definite types of activity
in the sphere of environmental protection. The Russian Federation
Government Resolution of 26.2.1996 Ne 168;

about establishment of regulation on the order of state environmental
expertise. The Government Resolution of RF of 11.07.1996. Ne 698;
about establishment of regulation on water protection zones of water
bodies and their coastal land;

the Government Resolution of RF of 23.11.1996 Ne 1404;

about the order of development and approvement of standards for
limited acceptable harmful impact on water bodies;

the Government Resolution of RF of 19.12.1996 Ne 1504;

about establishment of the rules for solid and liquid domestic waste
services. The Government Resolution of RF of 10.2.1997 Ne 155;

about establishment of regulation on governmental regulation of water
use and protection. The Government Resolution of RF of 16.6.1997
Ne 716;
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about standards for harmful (polluted) substance discharges in the
atmosphere and negative physical impact on it. the Government
Resolution of RF of 02.03.2000 Ne 183

about the rules of development and approvement of standard of waste
formation and limits for their storage. The Government Resolution of
RF of 16.6.2000 Ne 461;

«about establishment of limits for acceptable concentrations and
conditions of harmful substance discharges in the exclusive economic
zone of the RF» the Government Resolution of RF of 3.10.2000
Ne 748;

about the order of state land register for wastes and certification of
hazardous wastes. Government Resolution of RF of October, 26, 2000.
Ne 818;

about establishment of regulation on governmental control on air
protection. The Government Resolution of RF of 15.1.2001 Ne 31;
«about establishment of minimal and maximal payment rate for water
use in river, lake, sea basins and economic regions» the Government
Resolution of RF of 28.11.2001. Ne 826;

about federal target program «ecology and natural resources of russia
(2002-2010)» the Government Resolution of RF of 7.12. 2001. Ne 860;
environmental doctrine of the Russian Federation (approved by the RF
Government Resolution of 31.08.2002. Ne 1225-p);

«about the list of objects lible to the federal state environmental
control» the Government Resolution of RF 0f 29.10.2002. Ne 777,;
«about governmental land regulation» the Government Resolution of
RF of 19.11.2002 y. Ne 833;

«about organization and implementation of state environmental
monitoring (state ecological monitoring)» the Government Resolution
of RF of 31.03.2003. Ne 177,

«about payment standards for releases of pollutants in air by stationary
and movable sources, pollutant discharges in surface and ground
waters, disposal of production and consumption wastes» the
Government Resolution of RF of 12.06.2003. Ne 344.

Orders of natural resource ministry of RF and Goscomecology

about establishment of criteria of harmful waste reference to the danger
class for the environment. The order of natural resource ministry of RF
of 15.06.2001 Ne 511;

about establishment of methodical regulations for project developments
for waste formation standards and the limits for disposal. The order of
natural resource ministry of RF of 11.03.2002 Ne 115;
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o about approvement of «the list of standard documents recommended
for use at the state environmental expertise as well as at ecological
justification of economic and other activities». The order of
Goscomecology of RF of 25.09.1997. Ne 397,

« about the submission on impact assessment of planned economic and
other activities on the environment. the letter of Goscomecology of RF
of 29.12.1998;

« methodical instructive regulations on calculation of payments for
uncontrolled discharge of pollutants into water bodies. Order of
Goscomecology of RF of 16.05.2000. Ne 372.

State land registers of natural resources and objects in Russia

TheStatelandregistersofnaturalresourcesiscalledthecodeofeconomic,ecologica
|,organization,andengineeringindicatorscharacterizingthequalityandquantityof
naturalresource,compositionandcategoriesofusers:

— State land register.

— State land register of mineral deposits and fields.

— State forest land register.

— State water land register.

— State land register of animal world.

— State land register of specially protected natural territories.

The data of the land registers provide the rational resource use and
environmental protection from harmful unpads. On the basis of the land
registers the monetary value of natural resource is performed, it’s selling
prize and measures for restoration of the environment are stated.

Land registers are kept on definite types of natural resources and territories:

Information of territorial land registers of natural resources and objects is
stored in computers and adopted for the use of individuals making decisions
in the sphere of:
« providing authoritative decisions in environmental-resource sphere at
the level of the Russian Federation units and lower;
« performance of functional zoning for establishing environmentally-
based regimes and regulations in its use;
e oOrganization and reorganization of production force distribution;
o implementation of investment target programs of definite territory
development:
 transformations of structure and base in taxation in the region;
« cost-effective resource use and nature protection:
 sanitary and environmental safety;
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differentiation of competences in natural objects’ use between the
Russian Federation, the units of RF and local government bodies;
privatization of natural objects.

GOST 17.0.0.01-76. The standard system in the sphere of nature protection

and improvement in natural resource use. Basic statements
(ST SEV1364-78)

1.1. The standard system in the sphere of nature protection should consist of
the complexes of uiterconnected standards directed at protection, restoration,
and effective use of natural resource.

1.2. Nature protection is a system of measures direct at support of effective
interaction between human activity and the environment providing protection
and restoration of resources, then efficient use preventing direct and indirect
adverse impact as a result of social activity on the environment and human
health.

1.3. The basic tasks of SSNP are introduction of rules and norms in the
Standards directed at:

1.4.

providing security of natural complexes;

assistance in restoration and efficient of natural resources;

assistance in keeping equilibrium between the production development
and environmental sustainability;

improvements in environment quality management in behalf of
humankind.

SSNP should contribute to the solution of urgent economic problems:

limitation of industrial, transport, agricultural, and domestic water
intake into the environment to decrease the concentration of pollutants
in the atmosphere, hydrosphere and soil up to the amount not
exceeding the limited acceptable concentrations;

rational use and protection of water streams, bodies and seas in the
national boundaries of the country, its water and biologic resources;
regulation of land use works, protection and efficient land use,
compliance of optimal standards in land allocation for construction and
transport use;

preservation and efficient use of biological resources;

providing the reproduction of wild animals, support for favorable
conditions of their habitat;

protection of genetic fund of flora and fauna including rare and extinct
species;
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o protection of natural reserve fund (wildlife reserves, partial reserves,
national parks, water bodies etc.);
« improvements of resource use.

1.5. SSNP is developed taking into account environmental, sanitary-hygiene,
engineering, and economic requirements.

2. Structure, objects, classification of standard system

2.1 Groups of standards included in SSNP are to correspond to those
presented in Table 6.

Table 6
Groups of standards included in SSNP
The
number Name Code
name
of group
0 Organization-methodical standards SSNP Basic statements
1 Standards in the sphere of protection Hydrosphere
and rational use of water
2 Standards in the sphere of atmosphere protec- Atmosphere
tion
3 Standards in the sphere of protection and ra- Sail
tional use of soil
4 Standards in the sphere of land use improve- Land
ment
5 Standards in the sphere of flora protection Flora
6 Standards in the sphere of fauna protection Fauna
8 Standards in the sphere of protection and ra- Subsurface
tional subsurface use

2.3. Depending on the character of standardized object the standards of SSNP
are divided into the types shown in Table 7.

Table 7
Character of standardized object the standards of SSNP
The
number of The name of the type
type
0 Basic statements
1 Terms, definitions, classifications
5 Standards and methods of measurements of polluted discharges
and effluents, intensity of natural resource use
3 Rules of nature protection and natural resource use
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Tabl. 7

The
number of The name of the type
type
4 Methods of determination of environmental object parameters and
intensity of economic impact
5 Requirements for the means of control and changes in environmen-
tal conditions
5 Requirements for equipments, devices and facilities of nature pro-
tection from pollution
7 Other standard

INTERNATIONAL ECOLOGICAL RELATIONS

International environmental relations are determined by the principles and
standards of international legislation. They are presented in the solutions of
General Assembly of UNO, solutions of UNO Stockholm Environment
Conference as well as in other documents and can be formulated in the
following way:

« priority of human ecological rights;

« sovereignty of government for the natural resources on its territory;

« prohibition of one state’s environmental security at the expense of

other state;

« environmental regulation at all levels;

« free exchange of ecological information;

« Mutual governments’ assistance in case of emergencies.

The special place in the range of environmental legislation objects belongs to
the objects of environmental international-legislation protection. They are
divided into two categories:

a) international-legislation protection objects not included in the
governments’ competence. They comprise space, Ocean, Antarctica, air
basin, and migrating animal species;

b) international-legislation objects included into governmental compe-
tence. This category comprises the objects included in the number of
the world heritage (wildlife reserves, national parks, reserves, ancient
monuments); extinct and rare animals and plants included in
International Red Data Book; international rivers, seas, lakes (Baltic
sea, the Danube river, Great lakes on the border of the USA and
Canada etc.).
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The environmental problems are of particular interest for numerous in-
ternational organizations, but the leading role in this aspect belongs to United
Nation Organization. The General Assembly of the UNO defines the main
trends in international environmental policy, develops the principles of
government interactions in this sphere, and takes decisions on UNO
international environmental conference arrangement, designs the projects of
international conferences, recommendation on environment protection,
enables the development of international cooperation for environmental
protection.

The UNO environmental program (UNEP) was established in 1972 at the
UNO Stockholm Conference on environmental problems and presents the
head environmental organization. UNEP formulated the global environmental
problems.

UNO in culture, science, education (UNESEO) founded in 1948, is engaged
in environmental problem solution as well. Its activity is performed in several
directions:

1) supervision of environmental programs in which more than 100
countries are engaged. Among the programs there are long-term
program «Human and biosphere», international educational program in
the sphere of environment etc.;

2) recording and arrangement of nature resource protection referred to the
World heritage;

3) assistance in environmental education development and training
specialists — ecologists for developing and other countries.

The International Union for Conservation of Nature Resources (IUCNR) was
established in 1948 and is a non-government international organization
presenting more than 100 countries. Its goals include natural ecosystem
preservation, rare and extinct animal and plant preservation, wildlife reserve
and national parks arrangement as well as ecological education.

The World Health Organization (WHO) was founded in 1946 and is re-
sponsible for protection of human health and the environmental impact in it.

The International Atomic Energy Agency (IAEA) was established in 1957 to
provide safety and protection of the environment from radioactive pollution.

The Food and Agricultural Organization of the UN (FAO) was organized in
1945 and is engaged in the solution of environmental problems in agriculture:
land protection and use, water resources, wildlife, biological resources of the
World Ocean protection.
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International maritime organization (IMO) was organized in 1948 and solves
the problems in the sphere of maritime navigation and sea protection from
pollution.

The UNO World Meteorological Organization (WMO) was founded in 1947.
Its tasks include the study of human impact degree on both global weather
and climate and at regional levels.

WMO operated in the course of the Global System of Environmental
Monitoring (GSEM) Apart from WMO the GSEM includes WHO, FAO, and
UNESEO.

The system of GSEM has five current programs: atmosphere monitoring,
transfer of pollutants over large distances, human health program, program of
the World Ocean, and program of renewable land resources.

In addition to leading international organizations there are numerous in-
ternational organizations dealing with a number of specific problems. For
example, International Register of Potentially Toxic Chemical Substances
(IRPTCS) was arranges as a part of UNEP and studies toxic chemical sub-
stances including pesticides, their impact on human being and environment.
As a part of UNO the Bureau of assistance in case of emergencies.

All the international organizations mentioned above unite their efforts to
solve global environmental problems. In fact, the ways of their solution can
be presented in the following way:

1. It is necessary to develop the international laws of natural resource use
obligatory for all countries.

2. It is necessary to perform research in the problems of nature protection
to develop new techniques and production of nature protection equip-
ment. The formation of financial support for this purpose is to be
performed by all countries, but the main contribution is to be made by
highly developed ones.

3. To regulate the interaction of people and the environment it is neces-
sary to develop the system of taxes and financial penalties. Presumably,
the tax for the life on the Earth is needed, i.e. the nature use. Such a tax
can serve as a regulator of birth rate.

4. To solve the global environmental problems it is necessary to develop
systems of international monitoring including lawyers, arbitrage and
other services.

At present the search for environmental problems solution is performed at
both governmental and international levels.
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