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HMnest Hoocdepbl, OTBETCTBEHHOCTU YeJIOBeKa 3a Cyan0y Ouocde-
pbl, a ciemoBaTelibHO, U 3a Oyayllee 4eloBevyecTBa, CHoOpMYIUpO-
BaHHAas HalllMM cooTeyecTBeHHUWKOM B.W. BepHanckum, poaunach B
KayecTBe aJlbTepPHATUBBI BO33PEHMIO HAa MHUP KaK Ha Oe3rpaHUYHYIO
KJ1aJI0BYIO PECYPCOB.

CeroiHsi HET OCTPOl HEOOXOIUMOCTU MOKa3blBaTh, UTO MPUHIIMIT
MOTPEOUTENICTBA, TOYHEE, YCIOBUSI MPUPOAHO-MATEPUATBHOM XU3HU
00l111eCTBa, MOCIYXKUBIIME €r0 OCHOBAaHMEM, IO CYILECTBY yKe HMCUep-
naHbl. M3MeHeHus B Guocdepe, SBISIONIMECS Pe3yIbTaTOM aKTMBHOM
YyeJI0BeUEeCKON JesSITeIbHOCTM B HBIHELIHEM CTOJIETUM (ITOBBILLIEHUE
TEMIIEPATypbl MOBEPXHOCTU 3JEMJIU, TJIOOATBHOE 3arpsi3HEHUE BOJbI,
BO3/yXa W IOYBBI, OITyCThIHMBAaHWE IJIAHEThI, 3arpsi3HeHre MMUpPOBOTo
OKe€aHa, pa3pylIeHWE O30HHOIO CJIOSI), M3BECTHBI CEHYac KaxaoMy
yesnoBeKy. [1oaToMy coBpeMeHHbIe KOHLIEMUIUU MPUPOIONOIb30BaHUS
JIOJDKHBI 0a3MpoBaThCs Ha MPUHIMIIAX TAPMOHUYHOM ONTUMU3ALUU
YCJIOBUIA B3aMMOIECUCTBUS YEJIOBEKA C IIPUPOLONA.

B yuyeOHOM mocobuu, mpeajgaraéMoM CTyAeHTaM BY30B M KOJI-
JIeKei, JeTaqbHO M3JI0KEHbl OCHOBHBIE ACIIEKThl IJTIOOAJTbHBIX KO-
JIOTUYECKHUX TpobJeM BTOpoi mojoBuHbI XX ctoneTus. Cneuudpuye-
CKOI OCOOEHHOCTBIO JTaHHOIO Y4eOHOro IOCOOUS SIBJSIETCS TO, UTO
MPU U3JIOKEHUU OCHOB DKOJOTMM CYLIECTBEHHOE MECTO OTBOIMTCS
MaTeMaTUYeCKUM MOJEJISIM, OIMCHIBAIOLIUM IMPUPOIHBIE MPOLIECCHI,
noajamimrecs (popMannszaluu.

YueHune o Hoocgepe BKIIOYAeT B ceOsl B KayecTBe HEOOXOAVMMOIO
KOMITOHEHTa BOMPOCHI OE30MACHOCTH KU3HEAESITETbHOCTU. COOTBETCT-
BEHHO 3TOMY y4yeOHOe IOcoOMe COOEPXKUT pasneiibl, B KOTOPBIX TeMa-
THKa 0E€30MacHOr0 B3aMMOICHCTBUS YEJIOBEKA CO CPEIO €ro OOUTaHuUs
(mpupoaHasi, TPOU3BOICTBEHHAs, ObITOBas) OObEAVMHEHA C BOMNpOCaMU
3alMTBI YEJIOBEKA OT HETATUBHBIX (PAKTOPOB YPE3BBIYANHBIX CUTYALIMIA.

KayecTBo okpyxatouieid cpeabl M aHAIM3 MOTEHUMAIbHBIX BO3-
MOKHOCTEl €€ OCHOBHBIX 9KOJIOTMUYECKMX COCTABJISIIOIIMX Mpeaiaralor
YETKYI0 OPraHu3aldi0 MOHUTOPMHIA CHUCTEMbl HAOMIONEHUNA W KOH-
Tposisi 3a €€ cocTosiHueM. IIpu 5TOM TOKCHMKOJOTMYECKHE AaCIEeKThbl
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BCECTOPOHHETO aHajIM3a OKPYKAIOIIei Cpeldbl B YCIOBHUSIX COBPEMEH-
HOTO 3KOJIOTUYECKOTO KpU3Hca IMMPUOOPETAIOT 0COOYI0 3HAYMMOCTb.

HoBanueit yae6HOro nmocooust SIBISIIOTCS INIaBbl «DKOJIOTUYECKUI
MEHEIKMEHT» U «DKOJOTUYECKNI MapKeTUHT». 3[eCh aHaTIU3Npy-
IOTCSI COLMOTIPUPOMHAsT CUCTEMa KaK OOBEKT 3KOJOTMYECKOTO KOH-
TPOJISI U yIpaBjleHUs, a TakXke MmpodieMa 3KOJIOTMYecKoi Oe3orac-
HOCTH ¥ MEXaHM3M YIIPaBIICHUS €I0.

Ku13Hb 3acTaBisger OOIIECTBO CO3MaTh CUCTEMY BHEIIHETO pPeTyiu-
pPOBaHUS — CHCTEMYy HOPM IIpaB, OXpaHSEMbIX CHJION TOCYIapcTBa. DTH
BOITPOCHI TIOAPOOHO M3/IAraloTcs B IJIaBe «DKOJOTUIECKOE TIPaBO».

ABTOpCKHI KOAAEKTHB

JI.A. Mypaseii, nupektop nenaprameHta MATHU — Poccuiickoro
Tl'ocynapctBeHHOro TexHOMOrMYecKoro YHUBEpPCU-
teta uM. K.B. Ilnonakosckoro, ui.-kopp. POA, n-p
$u3z.-mat. Hayk, npod. (r1. 6, 9—12)

FO.T'. IOpoBuuKuii, Beoylnnii HAYYHBINA cOTpyaTHUK MHcTUTyTAa OMOJTO-
ruu passutusi PAH, n-p 6uon. Hayk, npod. MA-
TH (1. 1, 6)

0.C. Ilopuna, Joll. Kadeapbl MPOMBILLIEHHON 3Konorun MATU,
KaHa. 6uon. Hayk (§ 2.3, r1. 4, 5)

JI.A. KpuBomienH, oll. Kadeapbl MpoMbIlUIeHHON 3Kojgorun MATH,
KaHJ. TexH. HayK (o1 13—26)

H.H. Poesa, 3aB. ceKTopoM MHCTUTYTa I100aibHOrO Kjiumara
1 9KOJOTHHM, 3aB. Kadeapoit MOCKOBCKOTO TOCy-
JApCTBEHHOTO 3a0YHOTO MHCTUTYTa IHIIEBOI
MPOMBILILIEHHOCTH, Wi.-Kopp. POA, a-p xuMm. Ha-
yK, npod. (. 3, § 2.1, 2.2)

H.A. OpuamBuiam, KaHa. UCT. HayK, NMpod. MOCKOBCKOro 3a04HOIO
opugudeckoro uHcrturyta (ri. 10, 11)

B.A. fIkoBnes, pektop Ky0aHCKOro MHCTUTYTa MEXIYHapOIHOIO
MpeANpUHUMATENbCTBA W MEHEIXMEHTa, [-p
9KOH. Hayk, mnpo¢. (1. 6)
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OcHOBBI 3KOAOTHH

Mbi He yHacAezoBaru 3eMAl0 HaLIHMX
oTuoB. MbI B3siAM ee B JOAT y HallMX
ZeTeu.

(HUs mamepuaros OOH )



['raBa 1. OcHoBHBIE MOHSATHS, 3aKOHBI

U KOHUeNIINHN

['raBa 2. Mouutopunr okpy:xamoien

cpeabl

['AaBa 3. DkoToKcHKOAOrHH



OcHoBHbIEe MOHATHA, 3aKOHDI
U KOHLEIIIUH

1.1. Konuenuus sxocucrembl

Tepmun «akonorusi» (ot rped. «Oiukoc» — AOM, XUJIUIIE U «10-
2oc» — Hayka) ObLT TpemnoxeH Oosee 100 jeT Hazam BBIIAIOIIMMCS
HEMELIKUM €CTEeCTBOMCIThITaTe/IeM DpHCTOM [ ekkeseM.

B OykBanbHOM CMBICTIE IK0402uA — DTO HayKa OO0 YCJIOBUSIX Cy-
IIECTBOBAHMS XMBBIX OPTAaHM3MOB, MX B3aMMOACHCTBUSIX MEXIY CO-
0o0i1 1 oKpyxKalolleit cpeaoi.

DKoJiorus — TakkKe MEXIUCLUIUIMHAPHOE CHCTEMHOE Hay4dyHOe
HanpapieHue [27, 32]. Bo3dHUKHYB Ha MOYBe OMOJOTUM, OHO BKIIIO-
YyaeT B ce0s KOHIEIIINM, TEXHOJIOTUM MaTeMaTUKU, (PU3UKU, XUMUU.
Ho skonorus u rymaHuTapHasi HayKa, MOCKOJIBKY OT TIOBEICHUS ye-
JIOBEKa, €ro KyJbTypbl BO MHOIOM 3aBUCHUT cyabba Oumocdepni, a
BMECTE C HEW U YEJIOBEYECKOM LIUBUIIU3ALIAM.

B 3aBUCHMMOCTH OT CIielM(UKN pelracMbIX KOJOTMYECKUX 3a1a4
CYILIECTBYIOT €€ pa3sHOOOpa3Hble IPUKIIAIHbIC HaIlpaBICHUS: WHXKeE-
HepHasl, MEAUILIMHCKasA, XUMUYecKasl, KoOCMUYecKasi 3KOJIOTUSI, arpo-
DKOJIOTHSI, SKOJIOTHS YesioBeKa U T.1.

Yto sgBnsieTcd MPEeIMETOM HCCIEIOBAHUSI 3KOJOTUM? DKOJNIOTUS
M3yJyaeT OpraHu3aluio U (PYHKIIMOHMPOBAHME KMBBIX CHUCTEM Ooiiee
CJIOXKHBIX, YeM OpTraHMU3M, T. €. HaAOPTraHM3MEHHBIX CUCTEM. DTU CHUC-
TEeMBI TTOJIYUYMJIM Ha3BaHUE SKOJOTUYECKUX CUCTEM WMJI SKOCHCTEM.

Irocucmema — s5mo 6e3pazmepHas yCmMoU4U8as CUCmema HCuguix u
HeJCUBbIX KOMHOHEHMO8, 8 KOMOpPOU cO8epuiaemcsi 6HeWHUN U 6HYm-
PeHHUll Kpyeosopom eewjecmea u dHepeuu [27]. B xauecTBe mpuMepoB
MOKHO IPUBECTH JIECHBIE SKOCUCTEMBI, ITOUBBI, TUAPOCHEPY U T.I.

CaMoil KpyIHOI B3KOCHCTEMOM, TIpeAeIbHOM IO pa3MepamM u
MaciuTabam, sBasieTcsl 6ruocgepa. buochepoli Ha3bIBAIOT aKTUBHYIO
0007104Ky 3eMJIM, BKJIIOUAIOLIYIO BCE KMBBIE OPTraHU3MBI 3eMJIU U
HaxOJSIIYI0CS BO B3aMMOJEHCTBUM C HEXMBOM Cpenoil (XUMUYeCKOM
1 (GU3NYECKOI) Hallel IUIaHeThl, ¢ KOTOPOM OHHU COCTaBISIOT €au-
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Hoe 1eyoe. brocdepa Haiiel TaaHeTsl CYIIECTBYET 3 MIIpA JIET, OHA
pacTeT M YCIOXHSIETCS Hamepekop TeHISHIIUSIM XOJOTHON 3HTPO-
MANHOU CMEpPTH; OHA HECET Pa3yMHYIO XW3Hb W LUBWIM3ALAIO.
buocdepa cyiuiecrBoBana 3ag0Jro 10 MOSBIEHUS YeJIOBEKa M MOXET
oboiiTch 0e3 Hero. HampoTus, cyllecTBOBaHME 4YeJOBEKa HEBO3-
MOXHO 0e3 6rocdephl.

Bce ocranbHble 3KOCUCTEMbl HAXOASITCS BHYTPpU OUOCheEpbl U sB-
JISI0TCS ee moacucreMamMu. KpymHas permoHanibHasi SKOCUCTEMa, Xa-
paKTepu3ymIIasicsd KaKUM-T100 OCHOBHBIM THUIIOM PAacTUTEIBHOCTH,
HaszbIBaeTcsl Ouomom. Hampumep, OMOM TNyCTBIHM WM BJIAXKHOIO
TPOIMYECKOTO Jieca. ['opa3mo MeHBIIEH CUCTEMOU SIBIISIETCS HONYAs-
yus, BKITIOYAIOIIAs TPYIIITY O0COOEi OMHOTO BUAA, T. €. €AUHOTO IPO-
UCXOXICHUS, 3aHMMAIoIIas OIpeAeieHHbI yJdacToK. bomee cimox-
HOl CHCTEMOM, 4YeM TMOMyJIsIus, SIBISIETCS Co00uecmeo, KOTOPOe
BKJTIOYAET BCE TOIYJISLMU, 3aHUMAIOIIMEe MaHHYI0 TeppuTopuo. Ta-
KM 00pa3oM, MOMyJsLus, cooOlIecTBO, 0MoM, Omocdepa pacroJa-
raloTcsl B MEPaApXUIECKOM TOPSIIKE OT MAJIbIX CUCTEM K KPYITHBIM.

Baxnoe ciencTBue nepapXmyeckKoi OpraHM3allii COCTOUT B TOM,
YTO MO Mepe OObeAUHEHMUSI KOMIIOHEHTOB B 0oJjiee KpYyIHble (DYHK-
LIMOHAJbHBIE €AUHUIIBI Ha HOBBIX CTYIICHSX MEePApXUIECKON JIECTHU-
IIBl BO3HWKAIOT HOBBIE CBOWCTBA, OTCYTCTBYIOIIME Ha IPEObIIYIINX
CTYNEHSIX. DTU CBOMCTBA HENb3ST TpeAcKa3aTb MCXOAS M3 CBOMCTB
KOMITOHEHTOB, COCTAaBJISIIOIIMX HOBBIM YpPOBEHb. DTOT MPUHLIUIT ITO-
JIydnJI Ha3BaHue ameporucenmuocmu. CyTh €TO. CBOUCMBA UeN020 He-
B803MOJICHO ceecmu K cymme ceolicme e2o yacmeti. Haripumep, Bogopon
Y KHACJIOPOJ, HaXONSIIWeCsI Ha aTOMapHOM YPOBHE, IPU COSIMHEHUN
00pa3yloT MOJIEKYJIy BOJBI, O0JadalolIyI0 YK€ COBEPIICHHO HOBBLIMU
cBorictBamu. JIpyroii npumep. HekoTtopbie BOOOPOCIM U KUILIEYHO-
IIOJIOCTHBIE 00Pa3yloT CUCTEMY KOpPaJlIOBBIX prdoB. OTpoMHas IIpo-
JYKTUBHOCTb M pa3HOOOpa3re KOpaUIOBBIX pUGOB — 3MEpIKEHTHBIE
CBOIICTBA, XapaKTepHBIE TOJBKO IJIT PHU(OBOTO COOOIIECTBA, HO HU-
KaK He JUISI er0 KOMITOHEHTOB, XXUBYIIHUX B BOAEC C HU3KUM COAepXKa-
HUEM OMOTEHHBIX 3JIEMEHTOB.

[earenbHOCTh OPraHU3MOB B 9KOCHUCTEME TIPUCITOCA0IBACT TEOXH-
MUUYECKYIO Cpelly K CBOMM OHOJOrMYeCKMM NOTpeOHOCTSM. ToT ¢akT,
YTO XMMUUYECKUI1 cocTaB aTMocepbl U CWIBHO 3a0ydepeHHass pusnye-
cKasg cpema 3eMIM pe3KO OTJIMYAIOTCS OT YCJIOBMII Ha JII00OM JIpyroi
maHere COJHEYHONM CUCTEMBI, MO3BOJIMI CHOPMYIMPOBATL TUIIOTE3Y
I'en [49]. CornacHo 3TO¥ THIIOTE3¢ MMEHHO XXMBbBIE OPTraHM3MBbI CO3/a-
JIA ¥ TIOAAEPKMUBAIOT Ha 3eMJie OJaronpusiTHIE I KU3HUA yCIoBUS. B
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TabII.

1.1 mpeacraBieH CpaBHUTENbHbINA aHaJIM3 cOcTaBa aTMoc(epbl

3emiu, Mapca, BeHeprl, a TakKe TMIIOTETMUECKOM aTMocdephl, KOTO-
past MesIach Ha 3emite 0 TTOSIBJICHUS SKU3HU.

Taonuma 1.1. CocraB atmocdepsl IIaHET
ContHeyHO# CHCTEMBI

Codepocarnue 2azos Mapc | Benepa | 3emasn 6e3 | 3emas

6 ammocepe, % HCU3HU
JIByokuCh yriepoaa 95 98 98 0,03
AzoT 2,7 1,9 1,9 79
Kucnopon 0,13 Cnegpt  Cnenbl 21
Temnepatypa noepxHoctu, °C —33 477 290 13

CKopee Bcero 3eJIcHbIe pacTeHUSI U HEKOTOPhle MUKPOOPIraHU3-
MBI CHITPAJIi OCHOBHYIO POJIb B (pOpMUPOBAaHMM 3¢€MHOM aTMOC(hEpHI
C €€ BBICOKMM COIECpXaHHMEM KHCIOpPoda M HU3KUM COmepKaHHEeM
yIJIeKHCIIoro rasa. I'mmore3a 'en momuepkuBaeT BaxKHOCTb M3YYCHMUS
U COXpaHEHMSI 3THUX PETYIMPYIOIINX MEXaHW3MOB, KOTOPHIC IO3BO-
JII0T aTMocdepe IMPHUCIOCAOIMBATLCSI K 3arpsA3HEHUSIM, OOYCIOB-
JICHHBIM JIeITeIbHOCTBIO YeJIOBeKa.

B coctaB aKocHCTeMBI BXOAAT CIEAYIONINEe KOMIIOHCHTHI:

HeopraHmyeckue BeuiectBa (C, O,, Ny, P, S, CO,;, H,O u
IIp.), KOTOPbIE BKIIIOYAIOTCS B KPYTOBOPOTHI BEIECTB,;
OpraHuYeckue coeNuHeHUs1 (OEIKU, YIIeBOAbl, JUIIUIBI U Ap.),
CBSI3bIBAIOIIME OMOTMYECKYIO (CKMBYIO) M aOMOTUYECKYIO (He-
JKUBYI0) KOMIIOHEHTbI 3KOCUCTEMBI;

BO3AylIHAs, BOAHAs M CyOCTpaTHas Ccpelbl, BKIOYAlOIIUe
KJIMMAaTUYECKUI pexuM U apyrue dpuznyeckue Gakropsl;
MPOAYLEHTbI, aBTOTPOGHBIE (CAMOMUTAIOLINECSI) OpPTraHU3MBbI,
B OCHOBHOM 3€JIEHbI€ PAaCTeHUS, KOTOPbIE, MCITOJb3Ysl IHEP-
TMIO COJTHEYHOIO CBETa, CUHTE3UPYIOT OpraHWYeCKUe BElIEeCTBA
13 YIJIEKMCIIOTO Ta3a U BObI;

KOHCYMEHTBHI TMepBOro Iopsaka (pacTUTENbHOSIIHbIE >KUBOT-
HbI€) MU BTOPOIO TOpsaKa (XUIIHUKHU), TeTepoTpodHbIE Opra-
HU3MBI, B OCHOBHOM XWBOTHBIEC, MTUTAIOIINAECS APYTUMU Opra-
HU3MaMU,

peayLEeHTbl WJIM JAECTPYKTOPbI, B OCHOBHOM OaKTepMu M IpU-
Obl, XMBYIIIME 3a CUET pPa3oXEeHUs TKaHel yMeplIuxX opra-
HU3MOB.
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OG6pa3oBaHi€ OPraHUYECKUX BEIIECTB 3€JIEHBIMA PACTEHUSIMU
IIpU  KCITOJB30BAaHUM DSHEPIUMM COJHEYHOTO CBETA IIPOUCXOIUT B
npouecce GOToCHHTE3A:

E
6C02 + 6H20 e d C6H1206 + 602 .
ConHia

VY 3enennix pactenuit H,O okucisiercs ¢ obpa3zoBaHuEM Ta3000-
pasHoro kuciopoaa O,, pu 3toMm CO, BoccTaHaBIMBaeTCs A0 Opra-
HUYECKUX BElIECTB (B MPUBEICHHOM YpaBHEHUU OpraHMYeCcKOe Bellie-
CTBO — TJII0KO03a). Y (DOTOCHHTE3UPYIOLINX OAKTepUIl CUHTE3UPYIOTCS
OopraHuMyeckKue BelecTBa, HO He obOpasyeTcsl Kuciaopond. [bixaHue —
npoliecc, oOpaTHBIN (OTOCUHTE3Yy, MPU KOTOPOM OpraHUYeCKue Be-
IIECTBA OKMCIISIIOTCS C MOMOIIBI0 aTMOC(EPHOro KHCJIopoaa.

PenyueHTsl, pasdnaras oTMepllne OCTaTKM OPraHU3MOB, OCBOOO-
KaaT ouoreHHele 37aeMeHTH (C, Oy, Ny, P, S u ap.), KoTophle mo-
CTYIIalOT B KPYrOBOPOT, HEOOXOMMMBIil IS CYLIECTBOBAHUS 3KOCH-
CTeM.

Kaxnpiit rom mnpomyleHTamMyd Ha 3emie CO3JaeTcsl  OKOJIO
100 MyIpa T OpraHMYECKOro BEIEeCTBA, UTO COCTABISIET 2100a4bHYH0
npodykyuro 6uochepbl. 3a 3TOT XK€ MPOMEXYTOK BPeMEHU TPUOJIU3U-
TEJIbHO TaKoe K€ KOJMYECTBO >KMBOTO BEIIECTBA, OKUCISASACH, Ipe-
Bpaiaetcss B CO, u HyO B pesynbrare AbIXaHUsI OPraHM3MOB. DTOT
Mpoliecc HasbIBaeTcs erobanvHbiM pacnadom. Ho aToT OamaHc cylie-
CcTBOBaJl He Bcerma. [IpumepHo 1 muipa JieT Ha3ang 4yacThb 00Opa3yeMoro
MpoAylLIEeHTaMM BellleCTBa HE pacxodoBajach Ha AbIXaHUE U HE pas-
Jlarajiach, Tak Kak B Ouocgepe elle He ObUIO JOCTATOUYHOIO YHUCia
KOHCYMEHTOB. B pesynbrare 3TOro opraHM4eckoe BeIleCTBO COXpa-
HSUIOCh U 3aJepKMBajioCch B ocaakax. IIpeobiagaHue cuHTe3a opra-
HUYECKMX BEIIECTB Hal MX PasIoXEeHUEM IPUBEIO K YMEHbIICHUIO B
atMocdepe 3eMIM YIJIEKUCIOrO Tra3a M HAKOIUJICHUIO KHUCJIOpOJa.
Oxkoso 300 MaH JeT Hazag 0cOOEHHO OOJIBIION M30BITOK OpraHuyYe-
CKOI MpOAYKIUM IIPUBENl K 00pa30BaHUIO TOPIOYMX MCKOMAEMBbIX, 3a
CYET KOTOPBIX YEJOBEK I103Xe COBEPIIMJI IMPOMBIIUIEHHYIO PEBOJIIO-
nuio. A 6osee yem 60 MJIH JIET Ha3ajl BbIPAOOTAJIOCH KOJIEOIOLIEECs
CTallMOHApPHOE COOTHOIIEHUE MEXIy [Io0aJbHOM MpOmyKIUel u
pacnaaom.

OpgHako 3a mocienHWE TOJBEKa B pPe3ysibTaTe XO3SIMCTBEHHOM
JIEATEIbHOCTU YeJIOBEKA, CBSI3aHHOM INIABHBIM 00pa30oM CO CXXMIaHM-
€M TopIoYMX McKoIaeMbix, KoHLeHTpauuss CO, B aTMochepe MOBbI-
cunack, a Oy) — yMEHBIIUJIACh, UTO CO3/1aeT KPUTUUECKYIO CUTYaLIMIO
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JUISl yCTOMYMBOCTU aTMocdepbl. TakuM o0pa3oM, BaxkHellleld xapak-
TePUCTUKON BKOCUCTEM SIBISIETCS Kpyeosopom eeujecme, omnpenesse-
MBIN TJI00aJIbHOM TIPOAYKIIUEN M pacIiagoM.

Crenyrolnieil BakHeWIIel XapaKTepUCTUKOM SKOCUCTEM SIBIISIETCS
UX KNOepHeTHIeCcKoe MoBeneHue. Kubepnemuyeckoe nogedenue 3K0CU-
cmeMm OIpelessieTCsl TeM, YTO OHM 00JianaloT pa3BUTbIMU MH(pOpMa-
LIMOHHBIMU CETSIMM, BKIIOYAIOLIMMU TOTOKM (PU3UUYECKUX U XUMU-
YEeCKMX CUTHAJIOB, KOTOpbI€ CBSI3bIBAIOT BCE YacTU BKOCUCTEMBI U
VIPaBJISIOT €10 KaK eIWHBIM IeabiM. OTImyne 3KOCUCTeM OT Kubep-
HETUUYECKUX YCTPONCTB, CO3MaHHBIX UYEJIOBEKOM, 3aKJIHOYAETCSl B TOM,
YTO yHOpaBigiomne (GYHKIUNA 3KOCUCTEMBI COCPEIOTOYEHBI BHYTPH
Hee u auddy3Hbl. B kubepHeTMYeCKMX Xe CHCTeMaX, CO3daHHBIX
YeJIOBEKOM, yIpapfsiolide ¢GYyHKUMU HaIpaBieHbl BOBHE U
cneLraJIu3upoBaHbl.

Ilpu cpaBHEHMM KUOEPHETUUYECKOW CHUCTEMbl C BKOCHUCTEMOM
MOXHO HaWTH HedTo oOiiee. B Toil u Apyroi yrmpapjieHMEe OCHOBAHO
Ha oOpaTtHOM cBsi3u. MI3BECTHO, UTO 3HEprusi oOpaTHOMN CBSI3U Kpaii-
HE Majila 110 CPAaBHCHMUIO C WHULIMMUPYEMOMN €10 3HEPTUEM, KOTOpas
BO30YyXIaeTCsS B CUCTEME, UAET JU PeYb O TEXHUUECKOM YCTPOMCTBE,
OpraHm3Me MM 3KOCHUCTeMe. YCTPOMCTBA, OCYLIECTBISIONINE 00paT-
HYIO CBSI3b B XKMBBIX CHUCTEMAaX, Ha3bIBAIOTCS 20MeoCmamu4ecKumu
mexanusmamu. lTomeocmasz B NPUMEHEHUM K OpPraHuU3My O3HAyaeT
MOMICPKAHUE €r0 BHYTPEHHEW Cpelbl M YCTOMYMBOCTH €r0 OCHOB-
HBIX (u3nojgorndyecknx ¢GyHKUWA. B TpuMeHEHMM K 3KOCHUCTEME
rOMeocTa3 03HAYaeT COXpaHEHHE €€ MOCTOSSHHOTO BMIOBOTO COCTaBa
U 4yuciaa ocobeil. I'omMeocTaTMyeckue MeXaHM3MBlI NOIAEPKUBAIOT
CTaOMJIbHOCTh BKOCUCTEM, MpEeAyIpexaast MOoJHOe BbleJaHUE pacTe-
HUU TpaBOSIAHBIMU XKMBOTHBIMU WJIM KaTacTpoduueckue KoyiebaHus
YUCJEHHOCTH XUILHUKOB U UX XEPTB U T.I.

CrerneHb CTaOMJIBHOCTA 3KOCHCTEM BeChMa pa3IMYHa M 3aBUCUT
KaK OT 3KE€CTKOCTU OKpYXKalollleil cpedbl, TaK M OT 3((GEKTUBHOCTHU
BHYTPEHHUX YIPABJISIOIIMX MeXaHU3MOB. IIpu 3TOM BBIAEISIOT IBa
TUIIA YCTOUYMUBOCTU:

® pe3UCMeHmHas YyCmou4Uueocms — CIIOCOOHOCTb OCTaBaThbCs B yC-

TOMYMBOM COCTOSIHMM ToA Harpy3koil. Tak, jec U3 ceKBoiiu
(BbIcoTa aepeBbeB Boilie 100 M, nuamerp 6—11 M) ycTOiuMB K
MoXapam, IMOCKOJIbKY 3TH AEPEBbsl Cpeau copoauyei odnama-
IOT CaMOMW TOJICTOM KOpPOM, COAepXaT HECATKA TOHH BOJIBI
u T.0. Ho ecnu 3TOT jlec Bce-Taku CrOpUT, TO BOCCTaHABJIMBa-
€TCsl OYEHb MEIIJIEHHO;
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e ynpyeas ycmouiuusocms (IIPOTUBOIIONOXHA PE3UCTECHTHON) —
CITOCOOHOCTh OBICTPO BOCCTaHABIMBATLCA. Tak, 3apocCiiM Kyc-
TapHWKA Yarnapaisl JIETKO BBITOPAIOT, HO OBICTPO BOCCTAHABIIM-
BaloTCS.

ITomumo cuctem oOpaTHOI CBSI3UM CTaOUIBHOCTb OOEecHeYynBaeT-

Ccs U30BITOUHOCTHIO (DYHKLIMOHAJIBHBIX KOMIIOHEHTOB. WM30bITOU-
HOCTb XOpPOIIIO OOBSICHSIETCA Ha MNpUMEpe OpraHu3Ma, WMEIOIIETo
MmapHbIe OpraHbl (pyKW, HOTH, TJla3a, VIIW, TMOYKHU, JIETKAE) M MHO-
TOKpaTHO OyOJMpOBaHHBIC OpPTaHBl WMMYyHHTeTa. WM30BITOYHOCTH
XapakTepHa W IJIsT dKocucTeMBl. Ecim B sKocucTemMe MMeeTcsl He-
CKOJIBKO BUIIOB aBTOTPOMHEIX 3€JICHBIX paCcTeHUM, KaXI0oe M3 KOTO-
PBIX IMEET CBOM TeMIIepaTypHBINM OIUAIla30H, TO CKOPOCTh (DOTOCUH-
Te€3a B DKOCHCTEME MOXKET OCTaBaThbCs HEM3MEHHOI, HECMOTpS Ha
KOJIeOaHUSI TEMIIEPaTypPHI.

Mo3r yeoBeKa IIPENCTaBIsSIeT COOON YCTPOMCTBO C HU3KUMU
SHEePTeTUUYECKUMU XapaKTePUCTUKAMHU M C OTPOMHBIMU CIIOCOOHO-
CTIMU K YIIPaABJIICHUIO, TTOCKOJBKY IPW OTHOCUTEIHLHO Majioi 3a-
TpaTe OBHEpPruM OH CIIOCOOEH TPOAYLMPOBaTh pPa3HOOOpa3HbIC
MOIIIHEIE MAeH. DTO CHeaJio YeJOBeKa CaMBIM MOTYIIECTBEHHBIM
cyuectBoM Ha 3emJie. Ilo kpaliHell mMepe, BTO KacaeTcsl ero cro-
COOHOCTU U3MEHSTh (DYHKIIMOHUPOBAHUE BKOCUCTEM, B TOM UHUC-
Jie U 6uocdepsnl.

OCHOBHBIE XapaKTEPUCTUKN 3KOCHUCTEMBI — €€ pa3Mep, ee yC-
TOWYMBOCTD, MPOIECCHI CAMOBOCCTAHOBJICHMSI, CAMOOYNIIICHMSI.

Pasmep sKxocucmemvl — TIPOCTPAHCTBO, B KOTOPOM BO3MOXKHO
OCYIIIECTBJICHNE TIPOILIECCOB CAMOPETYIISIIMNA M CAMOBOCCTAHOBJICHMSI
BCEX COCTaBJISIIOLIUX 3KOCUCTEMY KOMIIOHEHTOB U 3JIEMEHTOB.

Camosoccmanosnerue NpupooHOll IKOCUCHEMbl — CAMOCTOSITEITb-
HBIIT BO3BpaT MPUPOTHONM SKOCUCTEMBI K COCTOSTHUIO TUHAMWYECKO-
0 paBHOBECHS, M3 KOTOPOTO OHa OBIJIa BBIBEICHA BO3ICHCTBUEM
MIPUPOIHBIX M aHTPOITOTEHHEIX (PAaKTOPOB.

Camoouuujenue — eCTECTBEHHOE pa3pyllcHHEe 3arpsi3HUTENS B
cpefie B pe3yJbTare MPpOoLeCCOB, IMPOUCXOASIINX B SKOCUCTEME.

DKOCUCTEMBl MOXHO KIacCH(UIMPOBATh IO pa3HbBIM ITIPU3HA-
kaMm. bu oM Hasg knaccudukaiumsg 3KOCMCTEM OCHOBAaHa Ha Mpe-
00IamaroIeM TUIIE PACTUTEIBHOCTH B KPYIHBIX pernoHaX. B BogHBIX
MECTOOOUTAHUAX, TJI€ PACTUTEIBHOCTh MaJo3aMETHA, B OCHOBE BBbI-
JIeJIEHUsI DKOCHCTEM HaxXoIATCS TJIaBHBIE (PU3MYECKHME YEePThl CPENbI,
HaIpUMep «CTOSYas BOIa», «TeKyIlas BOma» M T.II.
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Buomnas kiaaccuduxkanusa sKocucTeM

Hazemnuie 6uombi:

Tynapa: apkTrndeckas W aJlbIIACKast
XBOiHBIE Jeca

JIucronagHblil jec yMEpEHHON 30HbI

Crenb yMEpEeHHO! 30HBI

Tpormmyeckue rapcieHa U caBaHHA
ITycTBIHS: TpaBsTHUCTAs M KyCTapHUKOBAst
BeuHo3eneHblii TpONMMUECKU TOXIEeBOM JieC

IIpecnosoonble sK0cucmembi:

JleaTnueckme (cTosTure BOABI): 03epa, MPYIBl U T.I.
Jlotnyeckue (TeKkyuyue BOIbl): peKU, pyuybd U T.1.
3ab0J104eHHbIE YIOlbs: 00J0Ta U OOJOTUCTHIE Jieca

Mopckue sxocucmembi:

OTKpHITBII OKeaH (Telarnyeckast)

Boabl KOHTMHEHTaNbHOTO 1Iebga (MpUudbpexkHbIE BOAbI)
Pernons! amBesumHra (IUIOAOPOIHBIE PAOHBI C MTPOXYKTHB-
HbIM PbIOOJIOBCTBOM)

Bcryapum (IpuOpeskHbIe OYXTHI, MPOJUBHI, YCThSI PEK W T.I.)

HMcnonp3oBaHne B 3KOCHCTEMAaxX Pa3IWYHBIX MCTOYHHKOB 3HEP-

rmu — CoJIHIIA, XUMUYECKOTO TOIUIMBA — ITO3BOJIMJIO BBIIEIUTH Ye-
TBIpe (PYyHIAMEHTAJIbHBIX BHIA 3KOCHUCTEM 10 3HEPreTHIeCKOMY IIpH-
3HAKY.

e JIBMDKMMBIE COJIHIIEM HECyOCUAMPYEMbIE 3KOCHUCTEMBI — IpPU-
POIHBIE CUCTEMbI, MOJHOCTBIO 3aBUCSIIME OT IMPSIMOrO COJ-
HEYHOro u3iydyeHus. K X 4yuciy OTHOCITCS OTKPBITHIE y4acT-
KA OKE€AHOB, KPYIHBIC YYACTKM TOPHBIX JIECOB W OOJIBIIUE TITy-
Ookue o3epa. DKOCUCTeMbl 3TOr0 THUIMA TMOJAYYalOT MaJlo
SHEPTUM M MMEIOT MAIYIO MPOAYKTUBHOCTb. OJHAKO OHM Kpaii-
HE BaXHbI, TaK KaK 3aHMMAIOT OTPOMHBIE IUIOLIAAA. DTO OC-
HOBHOI MOAYJIb XM3HeoOecrneueHus: orocdepbl. 3Aech ounlla-
10TCs OoJiblliie 00beMbl BO3Ayxa, BO3BpallaeTcs B 000pOT BO-
na, GOpMUPYIOTCS KIMMATUYECKUE YCIOBUS U T. II.

e DKocUCTEMBI, IBUKHUMbIE COJIHIIEM, HO CyOCHIUpyeMble ApPY-
TMMM €CTECTBEHHBIMM MCTOYHMKaMM. IIpumepaMu Takoil sKo-
CHCTEMBI SIBJISIIOTCSI 3CTYapuM peK, MOPCKME MPOJMBBI U Jary-
Hbl. IIpuauBBI M TeYeHUS CIIOCOOCTBYIOT 0oJjiee OBICTPOMY
KPYTrOBOPOTY MUHEPAIbHBIX 3JIEMEHTOB MUTAHUS, TTOATOMY 3C-
Tyapuu 0OoJsiee TJIOOOPOAHBI, YEM MpUJEraloliue Y4acTKU
OKe€aHa WM CYIIH.
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e DKocucteMbl, ABUXUMble COJMHUEM M CYOCUAMPYEMBIE YEJIO-
BeKOoM. ITpuMepoM uX SIBISIIOTCSI arpo3KOCUCTEMBbI (IOJIsI, KO-
POBHUKM, CBUHAPHUKU, NITULIEDAOPUKHU U T.1.).

e DKocucrtema, ABMXKMMAS TOTUIMBOM — WHIYCTPUaIbHO-TOPOAC-
Kasi 9KOCHUCTeMa, B KOTOPOW SHEprusi TOIJIMBA HE JOMOJIHSET,
a 3aMEHseT COJIHEYHYyl0 BSHepruio. IloTpeOHOCTh B 3HEPIruu
IUIOTHO 3acCeJ€eHHbIX TopoJoB Ha 2—3 mopsiaka OoJjblle TOro
MOTOKA BHEPruY, KOTOPBIA IMOANEPKUBAET XU3Hb B €CTECT-
BEHHBIX 3KocucTeMax, ABMXUMBbIX ConHleM. ITosaTomy Ha He-
0OJIbIION MUIOLIAAM TOPOAA MOXET XUTh OOJIbIIOE KOJIUYECTBO
JIIONEN.

Konuenuusa npoayktuBHocTH. COBOKYIMHOCTh OPTraHU3MOB B 3KO-
CHCTEME€ B MOMEHT HaOJIOJCHUS Ha3bIBAIOT Ouomaccoi, CKOPOCThb
NpOAYLIMPOBaHUS OMOMacChl — HpodykmugHocmoulo. PasnuuaioT
NeEpPBUYHYIO MOPOLYKTMBHOCTh — CKOPOCTh, C KOTOPOU Mpoay-
LICHTbI (3€JIeHble pacTeHWsI) B mpouecce (HOTOCHMHTE3a CBSI3bIBAIOT
SHEPruI0 M 3amacaloT ee B (QopMe OpraHMYecKMX BEIIEeCTB, U
BTOPHWUYHYIO MOPOAYKTUBHOCTL — CKOPOCTb OOpa3oBaHus OUO-
MAaccChl KOHCYMEHTAMMU.

Bbicokasi MpOOyKTMBHOCTb CEJIbCKOTO XO3SMCTBA B Pa3BUTHIX
CTpaHax IOJAECPXKUBAETCS LIEHOW OOJbIIMX BIOXEHUN SHEPIUU U Ce-
JICKIIMOHHOM paboToi, HalpaBJIeHHONH Ha BbIBEACHUE BBICOKOYPO-
JKaWHBIX COPTOB PACTEHMI M BBICOKONPOMYKTUBHBIX MOPOI XKMBOT-
HBIX. DTOT BCIIOMOTaTEIbHbII MMOTOK SHEPIUMU HA3BIBAETCS IHepeemu-
yeckoti cyocuduer. Ecim B XIX B. cTpaHbl Mupa OeIWIUCh Ha
MPOMBIIIUIEHHO Pa3BUTbIE U arpapHbie, TO B XX BO3HUKJA CUTYyallusl,
Npu KOTOpPOW yeM Oosiee pa3BUTa CTpaHa, TEM BbIIIE MPOIYKTUB-
HOCTb €€ CEJIbCKOro xo3siictBa. MMEHHO pasBUTbIE CTpaHbl MOTIYT
cebe IO3BOJIUTb COOTBETCTBYIOLIME SHEPreTUYECKHUE CYyOCUAUMU B
CEJIbCKOE XO3SIMCTBO.

CylecTByeT NpUHLMNMAAbHAS pa3HUIIA B TOBEAEHUU SHEPTUU U
Matepuu. Martepusl LHIMPKYJIUPYET B CUCTEME; DJIEMEHTHI U BELIECTBA,
BXOJISIIIE€ B COCTaB >KWBOIO, UMEIOT CBOM LIMKJIbI, CBOM KPYroBOPO-
Thl. DHEpPrus, OAHAXIbl MCIOJb30BaHHAsI SKOCHCTEMOM, IpeBpala-
€TCs B TEIUIO M YyTPAUYMBAETCS [JISI CUCTEMBI.

IIumeBbie nenu, mumeBble ceTH. [lepeHOC BEIIECTB M 3HEPryUM
MUIIKA OT €€ UCTOYHMKA — 3€JIEHBbIX PACTEHUI — 4yepe3 psiA OpraHu3-
MOB, OT OJHOTO 3BEHa MOTpeOUTENeH K NpyroMy Ha3bIBaeTCs nuuje-
6ol uau mpoguueckou yenvto. PallMOHANTBHOE TOBENEHNE 3BEHBECB
Tpouueckoi 1enu onpenesercss He 3(PHEKTUBHOCTBIO JOOBIBAHUS
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MMUIINA, a YMEepeHHOCThI0. [1oaTOMYy B 3KOCHCTEMax OCTAIOTCS JIWIIb
BUBI, XOPOIIO BBIMOJTHSIONINE CBOW OMOJOTUYECKHE (DYHKIUM —
KUBYIIME W JAOIIMe XKATh IpyruM. OCOOCHHOCTH YeoBeKa KakK
OMOJIOrMYECKOTO BUIA B TPODUIECKUX IETISIX COCTOSIT B CIEAYIOIEM:

e YEJOBEK BCESIJCH U MOXET XWTh TO 3a CUET OJHUX, TO 34 CUET
JIPYTUX 3BEHbEB TPOMDUUYECKON LIEMU; ITO CHUMAET C HEro y3my
YMEPEHHOCTH;

e OH MOXET MpUOJMXKaTh K cebe pecypchl C MOMOLIBIO OIOMAlll-
HUBAHMSI PACTCHUN M XXUMBOTHBIX WJIM MPUBO3UTb MX, BBIXOMS
U3-TI0A KOHTPOJISI Cpelibl B MECTE MPOXKUBAHUSI;

e OH MOXET yXOIWUTh M3 HApylICHHOX MM LiEMU B APYTyw. DTO
JlaeT 4YeJIOBEKY YYBCTBO CBOOOIbI, OAHAKO 3TO CBOOOIA OT He-
MEIJIEHHOTO OTBETHOI'O BO3MEUCTBMSI U OT OTBETCTBEHHOCTH
nepen MOTOMKaMU.

Tpoduueckast cTpykTypa 3KOCUCTEMbI COCTOMUT M3 psiia mapai-
JIEJIBHBIX U MEPEIUIETAIOLINXCS TULIEBBIX LIETIE U HAa3bIBACTCS nuUle-
80U UAU MPOUUECKOLl cembio.

Mertabonu3M u pasmepsl ocodeii. [1py HEM3MEHHOM 3HEpreTUye-
CKOM MOTOKE B IMIIEBOM Lienu 0oJjiee MEJIKUME OpPraHu3Mbl MMEIOT
0oJiee BBICOKYIO MHTEHCUBHOCTb OOMeHa, OoJiee BBICOKUI ydeavHbill
mMemaboauzm (MeTaboNIM3M B mepecuere Ha 1 Kr mMacchl), YeM Kpym-
Hble OpraHu3Mbl. IIpy 5TOM MeJKHE OpraHu3Mbl CO3JAIOT OTHOCH-
TeJIbHO MEHbIIyl0 OMoMaccy, uyeM KpymHble. Tak, 6uomacca Oakre-
puil, UMEIOIIMXCSI B JAaHHBIH MOMEHT B 3KOCHUCTEME, ropas3ao HUXKe
OromMacchl MJICKOMUTAIOIIMX. DTa 3aKOHOMEPHOCTh IOJy4yusIa Ha-
3BaHue mpaBuiaa Omyma. DTO mMpaBWIO 3aCIy>XMBaeT 0CoOOro BHUMa-
HUs, TOCKOJIbKY M3-3a aHTPOIOT€HHOI0 HapylIeHWs MPUPOIbI MPO-
HUCXOOUT M3MeEJIbYaHUE OPraHM3MOB, KOTOPOE HEMHUHYEMO AOJIKHO
MPUBECTH K OOILEMY CHMXEHMIO TPOAYKTMBHOCTU WM K pasziany B
9KOCUCTEMAX.

ITpu uaMenbyaHUM 0cobeil BbIxoA OMOMACChl ¢ €AMHUIIBI TUIO0IA-
I B CUJTy 0OoJiee TUIOTHOIO 3aceeHMsT MPOCTPAHCTBA YBEIUUYMBACTCS.
CloHbl He AaayT Takoi O6MoMacchl M MPOAYKUMM C €IMHMLbBI IUI0-
1aad, KOTOPYIO CIOCOOHA JaTh capaHya. DTO — 3aKOH YIeJbHOi
NPOAYKTUBHOCTH. Tak, MeJKMEe Npeanpustds U ¢GepMbl B CyMMe
MPOM3BOAIT OOJBIIMIA O00BEM XO3SMUCTBEHHOU MPOAYKLUMH, YeM
KpYITHbIE, TeM 0oJjiee KpymHeuiue.

HMcue3dHoBeHME BUIOB, IPEACTABACHHBIX KPYMHBIMU OCOOSIMU,
MEHSIET CTPYKTYpY 2KocucTeM. IIpu 3TOM OpraHu3Mbl OJHOU Tpohu-
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YECKOW TpynIibl 3aMelalT Apyr Apyra. Tak, KONBITHBIX B CTENU U
caBaHHE CMEHSIOT TPBI3YHBI, a B PsAlE CIy4aeB — PaCTUTETbHOSIHBIC
HaceKoMble. DTO — MPHUHIMI 3KOJOTHIECKOro JXyOJMpOBAHHUS.

B pesynbraTe moTepu 3HEPTUM TIpU TepeHOce ee I0 Tpodude-
CKOM IenM M TakmX (PaKTOpOB, KaK 3aBUCUMOCTb METaboiIm3Ma OT
pa3MepoB 0cOoOM, Kaxaas SKOCHUCTEeMa IPUOOpeTaeT OIpeaeIcHHYIO
TporuecKyio cTpykTypy. Ee MOXHO TIpeAcTaBUTh B BHIE SKOJIOTH-
YeCKMX TMpaMun. Ecim NMpUHSTH, 9YTO B BEIIECTBO Teja KMBOTHOTO
nepexoauT B cpeaHeM 10% sHepruu CbhbeIeHHOW MUILM, TO 3a CUET
1 T pacTuTenbHOI MacChl MOXeT obpaszoBaTbcs 100 Kr macchl Tema
TPaBOSIAHOTO XMBOTHOTO, a 3a CUeT mocjieaHero — 10 Kr Macchl Telia
XUITHUKOB.

DKoJormyeckue akroppl. Ha cocrossHue okpyxatoieit cpeabl 1
Ha JXMBBbIE OPTaHW3MbI OKA3BIBAIOT CUJILHOE BIWSHHUE pa3IUdHbIC
sKoJornaeckre dakTopsl [27]. Dxosoeuneckuii paxmop — moboe yc-
JIOBHE Cpembl, CIIOCOOHOE OKa3bIBaTh IPSIMOE WM KOCBEHHOE BO3-
JIIeICTBME Ha XWBBIC OPTaHU3MBI. DKOJOrMYecKre (PaKTOPHI ACISITCS
Ha Tpu Kateropuu: 1) abmoruueckme — (PaKTOPBI HEKUBOH IPUPO-
IBI; 2) OmoTMyeckre — (haKTOPHI XXUBOU TIPUPOIHI; 3) aHTPOITOTEH-
Hble — (DaKTOPHI YeJIOBEUEeCKOIl MeSITeIbHOCTH.

IIpucnocobuTenbHBIE peakKIMU OPraHU3MOB K TeM WM WHBIM
dakTopaM cpednbl OMpenessIioTCs MePUOIUIYHOCTBIO MX BO3IEHCTBHUSI.
K mepBuuHBIM nepruogndeckuM (pakTopaM OTHOCSITCS SIBJIEHUSI, CBS-
3aHHBIE C BpallleHHWeM 3eMJIM, — CMeHa BpPeMEH roja, CyTOYHasl CMe-
Ha OCBEIIEHHOCTU W T.O. DTU (PAKTOPHI JEHCTBOBAIM €llie IO IOSIB-
JICHUS XKU3HU Ha 3eMJie, 1 BO3HUKAIOIINE XKUBBIE OPTaHU3MbI JOJIK-
HBI OBUTM Cpa3y aJanTHpOBaThCs K HUM. BTopuuHEBIe TIeprogndecKue
dakTopel — CIEACTBUS TNMEPBUYHBIX, 3TO BJIAXHOCTh, TEeMIIEpaTypa,
ocanku u T.1. K Hemepmommyeckum (akTopaM OTHOCSATCS CTUXUI-
HbIE SIBJICHUS, a TaKKe (PaKTOPhI, UMEIOIINE TEXHOTEHHYIO IIPUPOY.

Abuomuueckue paxmopsl HazemMHOU cpedbi:

1. Ceéem. Iloctynarmiass or ConHIA JydUCTass SHEPTUsT pacrpe-
JeJsgeTcsl Mo CIIeKTpaM ClenyiolnuM obpazoM. Ha Bummmyro 4vacTb
crektpa ¢ mauHoil BoiHbl 400-750 HM npuxomutcs 48% COJHEUHOI
pamuanuu. Hambosnee BaxkHYIO poJib IJisi (POTOCHMHTE3a UTrpaloT opaH-
>KE€BO-KpAaCHbIE JIy4d, Ha KOTOpble Mpuxoautcs 45% coNHeYHOM pa-
mnaunu. MHpakpacHble JIydM ¢ JJIMHOM BOJNHBI Oojee 750 HM He
BOCIIPMHUMAIOTCSI MHOTMMU XWBOTHBIMM M PACTCHUSIMHU, HO SIBJISI-
I0TCSI HEOOXOOWMBIMU MCTOYHMKAMM TeTUIOBOM sHepruu. Ha ynbr-
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paduoeToByI0 4acTth crekrpa — MeHee 400 M — mpuxomurcsa 7%
COJIHCYHOM 3HEPTUU.

2. Honusupyiowee uznayuernue — 3TO U3IIyYeHUWE C OUYCHb BBICOKOMU
9Hepruei, CriocoOHOe BbLIOMBATH BJIEKTPOHbI U3 aTOMOB U MPUCOE-
IWHSThL WX K IPYTUM aToMaM ¢ OOpa3oBaHMEM ITap IOJIOKUTEITBHBIX
U OTPUIIATEBHBIX MOHOB. MCTOYHNK MOHU3UPYIOIIETO M3TYICHUS —
pagoaKTUBHBIE BeIleCTBA M KOCMMYecKWe Jyun. Jloza mamydeHuUs
(1 pam) — 3TO Takas A03a M3JIy4YEHUS, MPU KOTOpoi Ha 1 r TKaHuU
noromaetcsa 100 spr sHeprun. Equauma mo3bl M3IydeHus1, KOTOPYIO
MOJTy4aeT 4YeJOBeK, Has3biBaeTcsl 03p (OMONMOTHYEeCKWid SKBHBAJIEHT
pentrena); 1 6ap pasen 0,01 Ix/kr.

Taonuwma 1.2. lo3sl usnydenus

Hcmounuk uznyuenus | Jo3za

®doHoBOE 00JIyyeHHUE 3a IO, 100 mM03p
Jomnyctrumoe obirydeHue 3a TOf, 500 M063p
TeneBu3op, KOMIOBLIOTEP 500 M63p
PentreHorpagus 3yo6oB 3 69p
Pentrenorpagus xenynka 25 63p
JlydeBast Gose3Hb (Jerkasi) 100 63p
JlyueBast Oose3Hb (TsiKenas) 450 69p
JonycTrMble aBapuiiHble OOJIydeHUSI HaCeJICHUs 10 63p

B teuenue roma udenmoBeK B cpeaHeMm mosydaer mo3y 0,1 63p u,
clenoBaTeIbHO, 3a BCIO XU3Hb (B cpeaHeM 70 yet) 7 62p.

3. Baasicnocmv ammocgheproeo 6030yxa — TapaMeTp, XapaKTepH-
3yIOLIMI TIpolleCC HACBIIIEHMsI €ro BOASHBIMU IapamMu. Pa3HOCTh
MEXIY MaKCUMaJbHBIM (TIpeaeabHbIM) HACBIIIEHUEM U JaHHBIM Ha-
CBHILLIEHWEM Ha3bIBaeTcsl AePUIIMTOM BiIaxXHOCTH. YeM BhIIE medu-
LIMT, TEM CYllle U Teruiee, U Hao0opoT. PacTeHus1 MyCcTbIHb MPUCIIO-
cabJMBAIOTCSI K SKOHOMHOMY pacxoJoBaHWIO Biaard. OHM HMMEIOT
JJIMHHBIE KOPHM W YMEHBIIECHHYIO MOBEPXHOCTb JUCTheB. IlycThIH-
HbI€ XXMBOTHbBIE CITIOCOOHBI K OBICTPOMY M TIPOAOJIKUTEIIBHOMY Oery
IJI JJIAHHBIX MaplIpyTOB Ha BOAOIONW. BHYTpeHHUM HCTOYHMKOM
BOIBI Y HUX CIIY>KUT XUp, Tipu okuciaeHnu 100 r koroporo odpasyer-
cs1 100 T BombI.

4. Ocadku SBISIOTCS PE3YAbTATOM KOHJIEHCALIMU BOASIHBIX ITapOB.
OHU UTpaloT BaXHYIO POJIb B KPYroBOopoTe Boabl Ha 3emiie. B 3aBu-
CHMMOCTH OT XapaKTepa WX BBINAACHUS BBIICISIOT TYMUIHBIE (BIaX-
HbI€) U apuIHbIE (3aCYIIUTUBBIEC) 30HBI.
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5. Tazoewvii cocmaé ammocghepvr. BaxkHeWmmM OMOTEHHBIM 3Jie-
MEHTOM aTMocdepbl, KOTOpbIi Y4acTByeT B OOpa3oBaHUU OEJIKOB B
opraHusme, sBisgeTcs a3or. Kuciaopon, mocrymnaiounmii B atmocdepy B
OCHOBHOM OT 3€JIEHBbIX pacTeHUi, oOecreynBaeT AbIXaHUE. YTJEKUC-
JIBIA Ta3 SIBJISIETCS €CTECTBEHHBIM JeMII(DEpOM COTHEYHOTO M OTBETHO-
ro 3eMHOro mM3nydeHuil. O30H BBHITTONHSAECT SKPAaHUPYIOIIYIO POJIb IO
OTHOILIEHUIO K YJIbTPa(rOJETOBOM YaCTU COJIHEYHOTO CIEKTpa.

6. Temnepamypa Ha TIOBepXHOCTH 3eMJIU OIIPEIEIISICTCS TeMIlepa-
TYPHBIM PEXMMOM aTMOc(epbl M TECHO CBSI3aHA C COJTHEUHBIM U3JTY-
yeHreM. g OOJbIIMHCTBA HAa3eMHBIX KUBOTHBIX U PACTCHUI TeM-
MepaTypHbIii onTuMyM Kozebnercs ot 15 mo 30°C. HekoTtopsle MoII-
JIIOCKM KMBYT B TOpsSiYMX MCTOYHMKAX NpH TemIiepartype 1o 53°C, a
HEKOTOphle CHHE-3eJIeHble Bomopociu U Oakrepuu — jgo 70—90°C.
I'mybokoe oxjiaxIeHUe BbI3bIBAET Y HACEKOMBbIX, HEKOTOPbIX PbIO U
MPEeCMbIKAIOIIMUXCS TTOJHYI0 OCTAaHOBKY XXM3HM — aHabuos. Tak, 3u-
MO Kapach BMEp3aeT B WJI, a BECHOM OTTaMBaeT M IIPOAOJIKAET
OOBIYHYIO XXU3HEIESITEIHbHOCTh. Y XWBOTHBIX C TMOCTOSTHHOM TeMIIe-
paTypoil Tena, y NTUIl U MJICKOIUTAIOIINX COCTOSHUE aHabuo3a He
HACTyIIaeT. ¥ NTHUIl B XOJOAHBIE BpeMeHa OTpacTaeT MyX, Y MIEKOIIH-
TaOIIUX — TYCTOM MOAIIEPCTOK. 2KMBOTHBIE, Y KOTOPBIX 3UMOI KOp-
Ma HEIOCTaTOYHO, BITAJAIOT B CIISTUKY (JIE€TYYMe MBILIH, CYCITUKH,
Gapcyku, MeIBeAn).

Abuomuueckue paxmopsl 600HOIU cpedbl:

Ha momo MupoBoro okeaHa rnpuxonutcs 71% 3eMHOI MOBEPXHO-
ctu. BomHas cpema omimuaeTcsl OT Ha3eMHOW TUIOTHOCTBIO M BSI3KO-
creio. ITnotHocth Bomel B 800 pa3, a BI3KOCTh B 55 pa3 OoJbllle IUIOT-
HOCTU Bosmyxa. Hapsimy ¢ 3TuM BaxKHEHILIMMU OCOOSHHOCTSIMM BOTHOM
cpenbl SBISIOTCS: TTONBIDKHOCTD, TeMIIepaTypHast cTpaTu@uKaiysi, Ipo-
3paYHOCTh M COJIEHOCTh, OT KOTOPBIX 3aBUCUT (DOTOCHHTE3 OaKTepHuil U
(UTOIJIAaHKTOHA U CBOE0Opa3re cpelbl 00MTaHUsI TUIPOOUOHTOB.

buomuueckue paxmoper okpyxcaroweli cpedol:

ITox 6uotnyeckuMu (pakTopamMyu NOHUMMAIOT COBOKYITHOCTb BJIUSI-
HUI XU3HEIESITSILHOCTH OJHUX OPTAaHM3MOB Ha JIpyTHeE.

Anumponoeennsie ghakmopul oKpysicaroujeli cpeobl.

AHTpornoreHHbIe (PaKTOPHI OKPYXKAMOIIEH cpeabl 00si3aHbI CBOMM
MIPOUCXOXIEHEM KOMITJIEKCHON TEXHOTEHHOM IeSTeIbHOCTA YesI0-
BeKa Ha 3eMJie, BKIIIOUAIOIIel ero OBITOBYIO cepy (CXKUraHue Myco-
pa M OTXOJOB, CTPOUTEILCTBO U T.A.) U MPOU3BOACTBEHHYIO JeSATEIb-
HOCTh (BC€ OTPAC/IM TIPOMBIIIJIEHHON WHIYCTPUU, CEIHCKOE XO3SIMCT-
BO, He()Te-, Ta30- U FOPHOAOOBIBAIOIIME OTPACIU U T.1.).
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Jumumupyrowue haxmopbi: 3aKOHbl MUHUMYMA U MOAEPAHMHOCMU:

B 1840 r. 1O. JIubuxom OBLT cHOPMYIMPOBAH 3aKOH MHHHMYMA,
COrJJaCHO KOTOPOMY pa3BUTUE PACTeHUId JUMUTUPYETCS HE TeMu
3JIEMEHTAMU TIMTaHWsI, KOTOPEIE TIPUCYTCTBYIOT B TTIOYBE B M300MJINM,
a TeMU, KOTOPBHIX OYeHb Mayio (Hampumep, UMHK WM 0op). 3aKoH
MWHUMYyMa CIIPaBeIJINB U IS XKUBOTHBIX, U IS YeJloBeKa. 3M0POBhE
yeJIoBeKa OIpeaessieTcsl B TOM 4YUCiIe U Chelu(pUYEeCKUMU BelleCT-
BaMHU, KOTOpBIE MPUCYTCTBYIOT B OPraHM3ME B HWYTOXHBIX KOJIMYE-
CTBax (BUTAMUHBI, MUKPO3JIEMEHTHI).

JI1000My KMBOMY OpPraHMU3My MJIM COOOILECTBY OpPraHU3MOB He-
00xoauMbl He BOOOIIIE TeMmeparypa, BIaXHOCTb, MUIlA U T.O., a UX
OTpeaeCHHBINA PEeXNM, T. €. TPAHULIBI JOITyCTUMBIX KOJIEOAHUI 3THUX
daxTopoB. JInana3zoH Mexay 3KOJOTMYeCKUM MUHUMYMOM M 3KOJO-
TMYECKMM MaKCHUMYMOM COCTaBJISIET Ipeaeibl YCTOMYMBOCTU, T. €.
TOJIEPAHTHOCTU JAHHOIO OpraHu3Ma — 3TOT 3aKOH TOJEPAHTHOCTH
ob11 cpopmynupoBaH B 1910 r. B. Iendopmom .

LleHHOCTh KOHLIEMIINY JTMMUTUPYIOIINX (PAKTOPOB B TOM, UTO OHA
JIa€T BO3MOXKHOCTb MCCJIEIOBAHUSI CaMbIX CJIOXHBIX 3KOJIOTMYECKUX CU-
Tyauuii. Ecnm mis opraHyM3Ma xapakTepeH IIWPOKMIA Juara3oH ToJjie-
PAHTHOCTH K (DaKTOpy, KOTOPBIM MPUCYTCTBYET B Cpele B YMEPEHHBIX
KOJINUECTBAX, TO TAKOU (haKTOp HE MOXET ObITh JUMUTHpYolM. Ha-
MPOTUB, €CJIM OPraHMU3M O0JIaJaeT Y3KMM AMara3oHOM TOJEPaHTHOCTU
K KaKOMY-HUOYIb U3MEHUYMBOMY (DaKTOpy, TO 3TOT (pakTop 3acIy>KuBa-
€T U3Y4CHUSI, TaK KaK MOXET OBbITh TUMUTUPYIOILIM.

buoreoxummnyeckue mukiabl. B sKocucTeMax oueHb BaxXHa poOJib
OororeoxuMmyecknx UMKIOB [27]. buorennsie smemMeHTBI — C, O,
N,, P, S, CO,, H,O n gpyrue — B OTJIMUME OT DHEPTUM yIACPKUBA-
IOTCS B 3KOCUCTeMax U COBEpIIAIOT HENpepbIBHBIA KPYroBOpPOT W3
BHEIIIHEW Cpelbl B OPTAaHM3MBI M OOpPAaTHO BO BHEIIHIOI Cpedy. DTH
3aMKHYTbIE MYTU HA3bIBAIOT Ouo2eoxumuveckumu yuxkaiamu. B Kaxaom
KpYroBOpOTE pa3iuyaioT naBa (oHAa: pe3epBHBIM, BKIIIOYAIOIIUIA
00JIbLIYI0 MacCy ABMXKYIIMXCS BELIECTB, B OCHOBHOM HeOHOJIOrhue-
CKMX KOMITOHEHTOB, W TOABVIKHBIN, MUIM OOMEHHBIN, POHI — MO Xa-
pakTepy OoJjiee aKTUBHBIN, HO MEHee NPOMAOKMTEIbHBINA, OTINYM-
TeJIbHOU OCOOEHHOCTBbIO KOTOPOIO SIBJISIETCSI OBICTPHIA OOMEH MEXIy
OpraHU3MaMU W MX HEMOCPEICTBEHHBIM OKPYKCHHUEM.

buoreoxumuueckre UMKIbBI MOXHO MOAPA3AEsITh HA JABa TUIIA:
1) XKpyroBopoT ra3o00pa3HBIX BEIIECTB C pe3epBHBIM (POHIOM B aT-
Mocdepe u ruapocdepe (oOKeaH), 2) OCaZOUYHBIN LMK C Pe3epBHBIM
¢dOHIOM B 3€MHOI KOpe.
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M3 90 ¢ numHUM 3JeMEHTOB, BCTpedaloluxcs B npupoje, 30—
40 HEeoOXOMMMBI UIST KUBBIX OpPraHM3MOB. YemoBeK yHHMKaJeH He
TOJIBKO TEM, YTO €ro OpraHu3M Hyxkmaercs B 40 sjieMeHTax, HO U TeM,
YTO B CBOEW JEATEIbHOCTU MCIOJb3yeT IOUYTU BCE APYTUE MMEIO-
IIMECS B IPUPOIE DJIEMEHTEI.

KpyroBopor asora. A3zor coctaBisger okoso 80% aTtMochepHOro
BO3/yXa U SIBJISIETCS KPYIHEHIIMM pe3epByapoM U TPeAOXpPaHUTEIb-
HBIM KJIamlaHOM aTtMocdepbl. OgHAaKO OONBITMHCTBO OPraHM3MOB HE
MOTYT yCBaMBaTh a30T U3 Bo3ayxa. Mexay TemM a30T y4yacTBYET B IO-
CTPOCHUHU BCEeX OEJIKOB M HYKJIEMHOBBIX KMCJIOT. YCBamBaTh a30T W3
BO3/IyXa CIIOCOOHBI TOJIbKO HEKOTOPBbIE OpPraHM3MBI — OaKTepUU, KO-
TOpbIE€ CYILECTBYIOT B CUMOMO3€e C OOOOBBIMM pacTEHUSIMU (TOPOX,
dacomnb, cost). OHM TTOCEAIOTCS Ha KOPHSIX 000OBBIX pacTeHMIA, 00-
pa3ys KIyOeHbKHM, B KOTOPHIX W TPOUCXOAUT XUMUUecKass (pUKcaIus
a3oTa. A30T MOTYT yCBauMBaThb TakKXe CHHE-3€JIeHble BOJAOPOC/IM, Ha-
3pIBaeMble 1IIMaHOOakTepusiMu. OHU 00pasyloT cMMOMO3 C IIJIaBalo-
IIMM TIAITOPOTHUKOM, KOTOPBIM pacTeT Ha 3aJUBAaeMbIX BOION pHCO-
BBIX MOJISIX M IO BBICAIKM paccambl prca yaoOpseT 3T ITOJIST a30TOM.
IlepBEIit oTan ¢ukcanmuu aTMOCEepHOro a3oTa MPUBOAUT K 00pa3o-
BaHMIO aMMMaKa M Ha3blBaeTcsd aMMoOHM(puKauueit (puc.l.1). AMMuak
VICTIOJIb3YeTCSI PACTEHUSAMM [IJII CUHTE3a aMUHOKHUCIIOT, M3 KOTOPBIX

| dnopa n dayHa |

AmwuHorpynna
NH,

AMMOHUMKaLms

Lenntpndukaums
1 obpasoBaHue

Mpoaykums c obpa3oBaHMeM
N accumMmniAums AMMUaka WMona N,O n ceo6ogHoro

NH aMMOHNA asoTa
3 NH,

\ 4

Hutpudukaumsa

1 obpasoBaHue

HutpuToB (NO,)
n HutpaTos (NO,)

Puc. 1.1. Ocnosuvie buoxumuueckue smansvt kpy208opoma azoma [21]
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cocroaT Oenku. Bropoit stan ¢ukcauuu azora MUKPOOpPraHUM3Mamu
— HuUTpubUKaLMsa, Ip1U 3TOM 00pa30BaBIIMICS aMMUaK Mpeodpasy-
eTCsl B COJIM a30THOM KMCJIOTHI — HUTpAThl. HUTpaTel ycBamBaroTCs
KOPHSIMHM PAaCTEHUU W TPAHCIOPTUPYIOTCS B JIUCTBSI, TAE TTPOUCXOIUT
cuHTe3 OenkoB. Ilpouecc pasnoxeHus: OENKOB, OCYILIECTBJISIEMbIi
0Cco0oIli rpynnoi OakTepuii, Ha3biBaeTCcs AeHUTpuduKkauuein. Pacman
HUIET cHauyaja ¢ oOpa3oBaHMEM HUTPATOB, IIOTOM aMMMaKa M, HaKo-
Hell, MoJIeKyIsipHoro azora. Comep:kaHWe a30Ta B XKUBBIX TKAHSIX CO-
cTaBisieT okono 3% ero comepxaHusl B OOMEHHBIX (POHIAX IKOCH-
creM. OO11ee BpeMs KpyroBopoTa azora — npuMepHo 100 nerT.

Kpyrosopor yriepoaa. KpyroBopoTbl YrJIeKHMCIOThl M BOAbI B IJ10-
0aTbHOM MaciuTabe — caMble BaKHBIC IUIST YeJIoBeUYeCcTBa OMOTEOXH-
MUWYECKIe KPYTOBOPOTHI.

B xpyroBopote CO, atMocdhepHBIiT (poHA HEBEUK MO CPaBHEHUIO
¢ 3alracamu yrjiaepoia B OKeaHaX, MCKOTIaeMOM TOIUIMBE U IPYTUX pe-
3epByapax 3eMHOI Kophl. JJo HacTyruieHMsI MHAYCTPUAJIbHOM 3PBI MO-
TOKHM yTIiepoaa Mexay atMocdepoii, MaTepuKaMM M OKeaHaMM OB
cbanancupoBanbl. Ho B XX B. comepxanne CO, ITOCTOSHHO pacTeT B
pe3ysbTaTe HOBBIX TEXHOTEHHBIX ITOCTYIICHU# (CXXUTaHUE TOPIOYUX
MCKOITAEMBIX, Jerpafaliis TOYBEHHOTO CJIOSI, CBeA¢HUE JIECOB U

1.1.). B 1800 T. B armocdepe
| Soroommos 3emin comepxainochk 0,29%
¢ COy; B 1958 — 0,315%, a

1980 r. ero comep:kaHue BBIPOC-

0,

Evoac- 100% co, s 7o go 0,335%. Ecimm KoHueH-
cUMunAUna aTmocdepe Tpauusa C02 BABOC IIPEBBLICUT
yrnepoaa " JIOVUHIYCTPUAIbHBIM  YPOBEHD,
pacTenuamu ruapoccpepe YTO MOXET CIyYUThCS B cepe-

muHe XXI B., To Temreparypa

TTOBEPXHOCTU 3eMJIM M HIDKHUX

Abixanue cioeB arMocdepsl B CpeaHEM

30% noBeIcuTCS Ha 3°. B pesyibraTe

MOIbEM YPOBHSI MOpsl U Tepe-

MoTtpebneHune [bixaHune pacrpeneaiceHnue 0CaakoB MOTYT
OpraHn4eckmx »|| v pasnoxenue || TTOTYOUTH CEIHCKOE XO3SIICTBO.
COEANHEHNN OTX0A0B Bbuonornueckuii KpyroBopot
T > yrjiepoaa J0CTaTOYHO IIPOCT; B
Y HEM YYaCTBYIOT TOJIbKO Opra-

70%
Hudyeckue coeauHeHus u CO,

Puc. 1.2. Kpyzosopom yeaepoda [21] (puc. 1.2). Bech mnorpeGiieH-
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HBII B Tiporiecce (POTOCMHTE3a YIVIePO BKIIFOYAECTCS B YIJICBOIHI, a B
Mpolrecce OBIXaHWSI BeCh YIJIEPOH, COAepKaIIUiCSI B OPraHWYECKUX
coeqmHeHmMax, npespamaercds B CO,. PactreHus moTpeOsioT exe-
rogHo okojo 100 mapa T yriaepona, 30 MJIpI T BO3BpalllalOTCd B aT-
Mocdepy B pe3ynbTare abixaHus pacteHuii. OctanbHble 70 MIpH T
00eCcreynBaOT IBIXaHWe W TIPOAYKIINIO JKWBOTHBIX, OaKTepwii W
rpubOB B pasiUYHBLIX TpOoUUECKUX LensiX. PacTeHUs M XKUBOTHBIE
eXeromgHo Impomnyckaior yeped ceds 0,25—0,30% yriepoma, comep-
JKallerocsi B atMocgepe M okeaHax. Becb oOMeHHBIN (poHA yriiepo-
Jla coBeplaeT KpyroBopot Kaxable 300—400 er.

Kpome CO, B atMocdepe TIpUCYTCTBYeT B HEOONBIINX KOJTAYECT-
Bax okuch ymiepoga — CO (mpumepno 0,1 yactm Ha MwmmioH). On-
HaKO B ropoiax ¢ CHWJIbHBIM aBTOMOOWJIBHBIM IBIDKEHUEM COIepKa-
Hue CO moxet gocturath 100 yacTeil Ha MWIJIMOH, YTO MPEICTABISIET
YK€ yTpo3y IUIsl 3M0pOBbsI 4yesoBeka. 11 cpaBHEHUsI MOXKHO IPUBEC-
TA IPYrOM MpUMep: KYPUJIBIINK, TTOTPEOISIONIMIA B IeHb ITaUKy CHUTa-
pet, moaydyaet 1o 400 yacTeit HA MWUIMOH, YTO YAacTO SIBJISETCS MPH-
YUHON aHEMWU U IPYTUX CepAeIHO-COCYIMCTHIX 3a00JIeBaHUIA.

Hpyroe coenmHeHme yriepona B atmocdepe — metan (CHy). Ero
colepxanune cocrasisier 1,6 yacteit Ha MmwIIMoH. CyMTaeTcs], 4TO
MeTaH NOAAEPKMBAET CTAOMIBHOCTH O30HOBOIO CJI0SI B atMocdepe.

Kpyrosopor Boabl. Boga cocrapisieT 3HAUMTEBbHYIO YAaCTh >KMBBIX
CYLLECTB: B Tejie yesoBeka — 1o Becy 60%, a B pacTUTEIbHOM Opra-
HusMe gocturaet 95%. Ha kpyroBopoT BoJbl Ha MOBEPXHOCTU 3eMIIU
3aTpaurBaeTCs OKOJIO TPETHU BCell MOCTYIAlolIeil Ha 3eMJII0 COJTHEY-
HO#t sHeprun. McmapeHue ¢ BOMTHBIX ITPOCTPAHCTB CO3JAET aTMO-
chepHylo Biary. Bmara xoHmeHcupyercss B ¢popMe 00JaKOB, OXJIaXK-
JieHe O0JIaKOB BBI3BIBACT OCAAKW B BHUAE OOXIS M CHETa; OCaIKu
MTOTJIOIIAIOTCS TTOYBOM WJIM CTEKAIOT B MOPS M OKEaHEI.

st yenoBeyecTBa BaXKHbI (ha3bl KPyroBOpOTa B Ipeaesiax 3KOCH-
cTeM. 31ech MPOUCXOAAT YeThIpe Tporecca (puc. 1.3):

e TiepexBaT. PacTUTETLHOCTD MEpPEeXBAThIBACT YACTh BEHITIAMAIOIICIH

B OCaJKax BOIBI IO TOTO, KaK OHAa JOCTUTAaeT MouBhl. IlepexBa-
YyeHHas BoJa McIapsieTcss B atMocdepy. BenmmumHa mepexsara
B YMEPEHHBIX ILMPOTAaX MOXET AOCTUraTh 25% 00lleil CyMMBbI
0CagKoB, 3TO — (PU3NYECKOE MCIIapeHMNE;

e TpaHCIMpALMSI — OMOJIOTMUYECKOE MCIapeHWe BONBI PaCTCHUSIMU.
DTO He moXIeBas BOIA, a BOIA, 3aKJIIOUYEeHHAs B PacTeHMH, T. €.
skocucreMHas. PacteHust, morpedisiss okosno 40% o61iero Konu-
YeCcTBa OCAIKOB, UTPAOT TIIABHYIO POJIb B KPYTOBOPOTE BOJEL;
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TpaHcnupaums
H-o0

M i

dunsmyeckoe ncnapeHne

[Non3eMHble Boabl BoaHbIn 06bekT

Puc. 1.3. Kpyzoeopom 600wt [21]

e WHOUIbTpaMsa — IpocauyMBaHMe BOABI B IouBe. [Ipm sTOM
yacTh MH(MWJIBTPOBAHHON BOIBI 33aJePXKMBAETCS B IOYBE TEM
CUJIbHEE, YeM 3HauYuTeJIbHee B Heil KOJUIOMOMMAIbHBIA KOM-
IIJIEKC, COOTBETCTBYIOIINI HAKOIIEHUIO B TIOYBE ITEPETHOS;

e CcTOK. B 3T0i1 pase KpyroBopoTa M3OBITOK BHINIABIICH C Ocai-
KaMHM BOIBI CTEKAeT B MOPSI X OKEaHBI.

OTavyre IMKJIOB yIaepojla U a30Ta OT KPYroBOpoTa BOJbI COCTO-

WUT B TOM, YTO B DKOCHCTEeMax JIBa HAa3BaHHBIX 3JIeMEHTa HaKallIiBa-
IOTCSI M CBSI3BIBAIOTCSI, @ BONA IIPOXOIUT 4Yepe3 3KOCHUCTEMBI ITOYTH
6e3 notepb. buocdepa exeromHo ucmoab3dyeT Ha (opMUpPOBaHUE
6uomacchl 1% BombI, BBINABIICH B BUIE OCAIKOB.

Kpyrosopor dochopa. ®ochop — ommH M3 Hambojiee BaKHBIX
OMOTreHHBIX KOMIIOHEHTOB. OH BXOIWT B COCTaB HYKJIEWHOBBIX KU-
CJIOT, KJIETOYHBIX MEMOpaH, CUCTeM aKKyMYJISILIMU U IIepeHOca SHep-
My, KOCTHOM TKaHM M aeHTMHA. KpyroBopor ¢docdopa Bceleno
CBSI3aH C JESITEIbHOCTHIO OPTaHU3MOB.

B omnuuune ot azora u yriepoma pesepByapoM ¢ocdopa ciayxar
He aTMocdepa, a TOPHBIE IMOPOIbl M OTIOXEHUs, 00pa30BaBIIMECs B
MpONUIBIE Teojornyeckue smoxu. KpyroBopor ¢dochopa — Tummd-
HBII IIPUMEP OCaJIOYHOIO IIMKJIA.

KpyroBopor BTOpOCTENEHHBIX 3JieMEHTOB. BTOpocTereHHBIE 3Jie-
MEHTBI IOAOOHO XKM3HEHHO BaXHBIM MUTPHUPYIOT MEXIY OpraHU3-
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MaMU W CPENoi, XOTd M He TPEACTABISIOT LIEHHOCTH IJIs OpraHu3-
MoB. Ho B okpyXamliylo cpeny 4acTo I10IagaloT IT000YHbIE MPOAYK-
TBHI TIPOMBIIIJICHHOCTH, COAepXKalllle BHICOKME KOHILIEHTPALNMU TSKe-
JIBIX METaJJIOB, PaAvOaKTUBHBIE 3JIEMEHTBHI W SIHOBUTBIC OpraHWYe-
CKHE COeIMHEHUS.

PammoakTuBHelil Sr-90 KpaitHe ormaceH IJjig YelOoBeKa M KUBOT-
HBIX. 1o XMMWYECKUM CBOMCTBAM OH ITOXOX Ha KaJbIWH U TO3TO-
My, TIOTIaB B OPraHM3M, HAKaIUIMBAaeTCS B KOCTSIX M OKa3bIBAaeTCS B
OITACHOM KOHTaKTe C KOCTHBIM MO3TOM — KPOBEHOCHOM TKaHbIO.

PammoaktuBHeiii Cs-137 — mo cBoiicTBaM CXOX C KajleM M TI0-
3TOMY OBICTPO LUPKYJIUPYET MO MUILIEBLIM LICTISIM.

Sr-90 u Cs-137 — HOBBIE BelllecTBa, KOTOPHIE HE CYIIECTBOBAIU
B MIPUPOJE IO TOTO, KaK 4eJoBeK paciienua atoM. OHM XapaKTepu-
3YIOTCSl JUTUTEIbHBIMU TIEPUOJAMU TIOJTypacTiaga. AKKYMYJISILIMST 3TUX
pPagMoOaKTUBHBIX M30TOITOB B OpraHM3Me UYeJIOBeKa CO3JAeT IMOCTOSH-
HBIIT UCTOYHUK OOJyYeHMS, TIPUBOASIIETO K KaHIIEpOTeHe3y.

g Toro 4ToOBI KOJMYECTBEHHO OIMPEICTUTh TIOBTOPHO MCIIONb-
3yeMyl0 4acThb BellleCTBA B 000pOTe, MPEIIOXKeH Koaghduuyuenm pe-
YUpKyAayuy — OTHOIIEHME CYMMAapHBIX KOJWYECTB BEIECTBA, ILIUP-
KYJAVPYIOIINX MEXIY Pa3HBIMM OTAEJIaMM CHUCTEMBI, K OOIIEMY TTOTO-
Ky BemecTBa 4epe3 Bcio cucremy. CI = TST./TST, tome CI —
Koa(ppuument peumpkynsunu, TST, — pemupKymupyemas HOJs I0-
TOKa yepe3 cucremy n 7.57 — oOIIuii TTOTOK BEIIECTBA Yepe3 CUCTEMY.

DIIeMEHTBI, KOTOpPhIE YeJIOBEeK CYMTACT IEHHBIMM (IUIaTWMHA, 30-
JIOTO), TTOBTOPHO McnoJib3ytotcs Ha 90% u Gonee. OgHako Koadpdu-
LIUEHT PELMPKYISIIAN SHEPTUH paBeH HYIIIO.

1.2. IlonyAsauua kak aAeMeHT 3KOCHCTEMbDI

Ecam skocucrtemMa — ocHOBHasl ()yHKIMOHAIbHAS €IWHUIIA 3KO-
JIOTHH, TIpeIMeT ee MCCIeI0BaHMs, TO IO/ — OCHOBHOI 3Jie-
MEHT KaXIOll 3KOCHUCTEMEL.

Ilonyaauusa — smo coeoxynHocms ocobeii 00H020 euda, cnocobHas
K camosocnpoussedenuio, boaee uiu MeHee U30AUPOBAHHAs 8 NPOCMPAH-
cmee u 60 epemMeHu om Opyeux aHAA02UMHBIX COBOKYNHOCHMEL mo2o Jice
euda [27].

IMonynsamuss obaagaeT OMOJOTMYECKMMM CBOMCTBAMHM, IIPUCY-
IMAMU COCTAaBJISIOIIAM €€ OpraHM3MaM, M I'PYIIIOBBIMU CBOMCTBA-
MM, IPUCYIIMMM TOJBKO IIOMYJISIIMKA B IejoM. Kak M OTmeIbHbII
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OpTraHu3M, MOMYJSIUA pacTeT, TuddepeHIIpyeTcsS U MOAAepKUBACT
cama cebs1. Ho takue cBoiicTBa, KaK poOXIaeMOCTb, CMEPTHOCTh, BO3-
pacTHasl CTPYKTypa, XapaKTepHBI TOJBKO IJIST TIOIYJISIIAY B IIEJIOM.

IIpy ommcaHWM TTOMYJISIIAN WCITONB3YIOT ABE TPYMITHI KOJIMYECT-
BEHHBIX IMOKa3aTejiel: CTaTMW 9 e C KU e, XapaKTepU3yIOILINEe CO-
CTOSTHME TIOMYJISAUMU B KaKOW-TO ONpeAcIeHHBIII MOMEHT BPEMEHH,
U IUHaAaMHUYECCKHUE, XapaKTepHM3yIOlIue IIPOIECChl, IPOTe-
Kamllne B MOMYJSIUHA 32 HEKOTOPBIN MPOMEXYTOK BpeMeHH. 00-
was yucaeHHocms TIOMYJISIINY BBIPAXKAeTCs OMpPeaeIeHHBIM KOJUUYe-
CTBOM oOco0Oeil. [Iyisi ee OLEHKM MPUMEHSIOTCS pa3jidyHble METOJbI.
Ecnu pedsr MaeT o KPYMHBIX M XOPOILIO 3aMETHBIX OpraHM3Max, IpH-
MeHsIeTCa a3podoTocheMKa. B Ipyrux cirydasx MmpuMEHSIETCSI METO.I
MédeHMnsA. 2KMBOTHBIX JIOBSIT, METSIT U OTITYCKAIOT OOpaTHO B IPHU-
poxy. Yepe3 HEKOTOpOEe BpeMsI IIPOM3BOASAT HOBBIN OTJIOB W MO IO-
JIe MEYEHHBIX XXMBOTHBIX OIPEISIISIIOT YUCICHHOCTh TOIYISIIIAMN.

KonnyecTBeHHBIM ITOKa3aTejeM OLICHKW IIONMYJISIIUU  SIBIISICTCS
nAOMHOCMb — YUCJIEHHOCTD TTOMYJISIIIAM, OTHECEHHAasl K eIUHUIIE 3a-
HMMAaeMOTIo IpocTpaHcTBa. I XapaKTepUCTUKU APOCMPAHCIMEECHHO20
pacnpedenenus ocobeil TIPUMEHSIIOT METOIBI MaTEMaTUYEeCKON CTaTH-
CTUKH, KOTOpBIC ITO3BOJISIIOT OLIEHWTh MUCIIEPCHUIO HAOII0ZacMOro
pacrpenelieHds] TUIOTHOCTU M COIIOCTaBUTh €€ CO CPEIHUM 3HAYeHU-
em miotHoctu. Ilpu ciyyaiiHOM pacrpenesieHuM AMCIIEPCUsl paBHa
CpeOHEMY 3HAYEHUIO: 62 = m, TIPU PETYISIPHOM — JUCIEPCUS MEHb-
1Ie cpefHero: o2 < 7 W MpU NATHUCTOM — AMCIIEPCHs OOJIbLIE Cpe-
Hero: o2 > 7. B COOTBETCTBUM C 3TUM OTHOLIEHWE AUCIIEPCUU K
cpeqHeMy 3HAuEHUIO €CThb I10Kas3aTedb CTEIEeHU MPOCTPAHCTBEHHOM
arperupoBaHHOCTH. EciIM BeIMdymHa 3TOro IoKasaTessl IIPUMEPHO
paBHA eAVWHUIIE — paclpeAesieHue CIydailHOe; MEHBIIe eIUHUIIBI —
peryisipHoe; OOJbllle eAMHUIIEI — IIITHUCTOE.

IToCKOJIBbKY IMTEILHOCTh CYIIECTBOBAHUS IIOIMYJISIIAM 3HAYM-
TEJIbHO TMPEBBIIIACT IPOAOJIKUTEILHOCTD KU3HU OTICIBHBIX 0CO0Ei,
B HEll BCeraa IIPUMCYTCTBYEeT CMeHa IMokojeHuii. M maxe eciau duc-
JICHHOCTb TOMYJISILIUY ITOCTOSIHHA, TO MOCTOSTHCTBO SIBIISICTCSI PE3YJIb-
TaTOM OTUHAMHWYECKOTO paBHOBECHS IMPUOBLIA U YOBLIA OCOOEH.

Poxcdaemocmv — 3T0 4uciio ocobeit N, pomMBLIMXCS 32 HEKOTO-
pbIii MPOMEXYTOK BpeMeHM df — dN,/dt. JInst cpaBHeHUST MOMYsSILUI
pa3HOl YMCAEHHOCTH BeIWYUHY dN,/dt OTHOCIT K OOIlIeMy YUCITY
ocobeit N B Hauane npomexyTka BpeMeHU df. [lonydeHHYIO BeIUYU-
HY dN,/Ndt Ha3bIBaIOT ydeavHol pojcdaemocmulo. EnHUIIA BpeMEHU,
BBHIOpaHHAS IJIsI OLIEHKM DPOXKIAeMOCTH, M3MEHSICTCS B 3aBUCHMOCTH
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OT MHTEHCUBHOCTH Pa3MHOXEHHUS OpraHM3MOB, OOpa3yloLIMX MOITy-
agauuo. Jdng nonyiasuuy 0akTepuid eIMHULIEH BpEMEHU MOXKET ObIThb
yac, Jj1s1 TJIaHKTOHHBIX BOJOPOCed — CYTKHU, ISl HACEKOMbBIX — He-
e WA MECSIBI, IJI KPYITHBIX MJICKOITUTAIOMIMX — rombl. Cuepm-
HOCmb — BEJIMYMHA MPOTHUBOIOIOXHAS poxknaeMoctd. OHa OlleHUBa-
eTCsl YMCIOM 0cobeit dN,,, ToruoIIMX 3a BpeMs dt. YIeabHass cMepT-
HOCTb BhIpaXkaeTcs Kak dN,,/Ndt.

ITpoaoXUTENbHOCTb XXU3HU Y Pa3HbIX BUAOB pa3jiMyHa, U, UYTO-
Obl X CpaBHHMBaTh, CTPOSITCS KpMBble BbxkKMBaHU. Ha ocu abcuuce
OTKJIaJbIBAETCSl BPEMS XKM3HU, HA OCU OPAMHAT — YMCJO BBIKMBIIMX
(puc. 1.4). KpuBasg tuna I (cunbHO BBIMYKJIAsl) XapakTepHa IJisl T0-
MyJIsSSUMiA OpraHUM3MOB, Yy KOTOPbIX CMEPTHOCTb MOYTHM A0 KOHIIA
KM3HU OCTAaeTCS HU3KOW. DTOT TUM KPUBOU BBDKMBAHUS XapaKTepeH
IJIST MHOTMX BHIOB KPYITHBIX
>KMBOTHBIX, B TOM YHWCJIE€ U IS Bbllj;:;uﬁmx
yesjoseka. Jlpyroit kpaiiHui A
BapuaHT — KkpuBasg tuna IIT 1000
(CWJIBHO BOTHYTasl) XapakKTepHa
U1 TOMYJSLUUi, Y KOTOPbIX
CMEpPTHOCTb BBICOKA Ha paH-
HUX ctaausx. Tak, y JUYMHOK 100 [
YCTPHUI, U TPOPACTAIOIINX XKe- I
JIyIe#l O4YeHb BBICOKAsI CMEPT-
HOCTb, HO KaK TOJbKO OCOOU 10 - I
XOPOLLO MPUXUBYTCS, MPOAOJ-
XKUTEJIbHOCTh  XXWU3HMU  Pe3KO
YBEJINYNBAETCH. 1 T ‘ >

Kpusag tuna II (auaro- Bpemsi xu3Hm
HaJIbHas1) COOTBETCTBYET IO-
CTOSIHHOM CMEPTHOCTU B Te€Ye-
HUE Bcel Xu3HU. Takue Kpu-
Bbl€ BCTpEUalOTCs y pblO, MpecMbIKaIoLIMXCcsl U nTtull. KpuBasi BbIXKU-
BaHMsI YeJIOBEKa He BCerma MMmesa BbINyKIyio ¢opMy. Hampumep,
KpUBbIE, IMOCTPOEHHbIE MO HAAINMCIM Ha HaArpoOusX JoAei, >KUB-
mnx B Pumckoit umnepuu B I—IV BB. H. 3., ObLIM JUATOHAJIbHBIMU.

B nonynsiiyu BbIAEASIOT TPU 3KOJOTMUYECKHE BO3PACTHBIE TPYII-
Tbl; IPEPENPOAYKTUBHYIO, PEMPOAYKTUBHYIO U MOCTPENPOAYKTUBHYIO.
B ObicTpopacTylliux MNONYJISUMSX 3HAYMTEIbHYIO MOJIO0 COCTABJISIOT
MoJIoJble ocoOu. B momynsiusx, HaXoAsIIIUXcsl B CTallMOHAPHOM CO-
CTOSIHWM, BO3PACTHOE paclpenesieHue OTHOCUTEIbHO PABHOMEPHOE.

Puc. 1.4. Tunvt kpuevix eviycueanus
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B nonynsinusix, 4YMCIEHHOCTb KOTOPBIX CHUXKAETCS, COMEPXKUTCS
OoJpIIasi AOJSI CTAapbIX OCOOEH. ¥ COBPEMEHHOIO 4YeJIoBeKa YIOMSI-
HYTbI€ TPU BO3PACTHBIE TPYIIbI IPUOJIU3UTEIHLHO OJUHAKOBBI.

VY nepBOOBITHBIX JIIOAEW MPEPENPONYKTUBHBINA T€pUOJ OuYeHb
JUIMTEJICH, PETIPOAYKTUBHBIA — KOPOTKMM, a IMOCTPENPOLYKTUBHBIN
OTCYTCTBYET COBCEM. Y TOJAEHOK, Hampumep, JUUYMHOYHOE pa3BUTHUE
3aHMMAaeT HECKOJBKO JIET, a BO B3POCJIOM COCTOSTHMU (B PEIPOAYK-
TUBHBIM MEPUO) OHU XKUBYT HECKOJbKO AHEH.

B cpene, He orpaHuMuMBalolleil pocT NOMYJIsIUUK (HET OrpaHuye-
HUS B MHUILE, TIPOCTPAHCTBE U T.1.), YAEJbHAs CKOPOCTb pocCTa, T. €.
CKOPOCTb, pacCUMTaHHAsI Ha OJHY OCOOb, CTAHOBUTCSI MOCTOSIHHOU U1
MaKCUMAaJIbHOM. DTOT moKasarellb, 0003HAYaeMBIN 7, SABISETCS DKC-
MOHEeHTOU B auddepeHlnaJIbHOM ypaBHEHUM POCTa MOMYJISLUUU B
HEJIMMUTHUPYIOLIEH Cpelie.

dNJdt = rN: r= dN/Ndt , (1.1)
UHTErpUpYys, Toay4aeM 3KCIOHEHIIMAIbHYIO 3aBUCHMOCTD:
N; = Nye', (1.2)

rae NO — YHCJIEHHOCTh B HAYQJILHBIA MOMEHT BpPEMCHMU,
Nt — YUCJIEHHOCTb B MOMEHT BPEMEHU 7,
€ — OCHOBAaHHUC HATypaJbHOTO norapnq)Ma.

JlorapudmMupyss obe YacTHM paBeHCTBA, IIOJIydyaeM YpaBHEHUE B
¢dopme, yonoOHOI 1Sl pacueTa:

In (N) = In (Ny) + r, (1.3)
OTKyZda

r=(In (N) — In (No))/t - (1.4)

Korna mormysaiys 1mepexonuT B CTallMOHAPHOE COCTOSIHUE, F Ha-
3BIBAIOT BHYTPEHHEI CKOPOCTBIO €CTECTBEHHOTO POCTa — Ouomuye-
CKUM NOMeHyuarom M 0003HAYAIOT Fpy,x. Pa3sHUIy MeXOy OMOoTHYe-
CKMM TIOTEHIIMAJIOM M CKOPOCTBIO POCTa B peajbHBIX YCIOBUIX Ha-

3BIBAIOT CONpPOTHUBICHUEM cpenbl. ConpomueénreHue cpedsl — 3TO
CyMMa BCeX JIMMUTHPYIOIMX (haKTOPOB, MPEISTCTBYIOIINX pean3a-
LMK Fipax.

ITo dopme KpWBBIX POCTa MOXKHO BBIIEJIMTH JBa OCHOBHBIX THIIA
pocTa: OIuChIBaeMblii J-00pa3HO KpUBOM 1 S-00pa3HOi (WM CUTMO-
ugHoi) kpuBoii (puc. 1.5). Tlpu J-oOpasHoii KpuBoit (puc 1.5 a) mioT-
HOCTb IOMYJISIIMK OBICTPO BO3pPAcTacT IO SKCIOHEHTE, HO 3aTeM, Koraa
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HauyMHaeT JeHCTBOBATh COIPOTUBIICHUE CPEIbl, POCT OBICTPO ITpeKpallia-
eTcst. DTOT TUI pOCTa MOXKET OBITh OIMMCAH IPOCTBIM SKCIOHEHIIVAIb-

HbIM ypaBHeHueM (1.1) rpu 3aJaHHOM OrpaHUYEHUU Ha BeIUYMHY N.

a) 6)

[noTHOCTL
noTHoCcTb

Bpewms Bpewms

Puc. 1.5. Kpuevie pocma nonyaauuu:
a) J-oOpa3Hasi KpuBasi (3KCIIOHEHUIMATIbHBIN POCT);
6) S-ob6pa3Hasi KpuBasi (CUTMOUIHbBINA POCT)

Ilpy Ture pocra, OMNMMCHIBAEMOM CHTMOMIHON KpUBOM (pwC.
1.5 6), momymsMs CHavYajaa yBeJIMUMBAETCS MEIJIEHHO, 3aTEM POCT €€
BCE YCKOpSIETCsI, 3aTe€M IIOf BIMSIHUEM Cpenbl POCT ITOCTEIIEHHO 3a-
MEIUISIETCSI M1 B KOHIIE KOHIIOB ITOCTUTAeT PaBHOBECHS. DTOT THII
pOCTa OIMMCHIBAETCS IIPOCTHIM JIOTUCTUIECKUM YPaBHEHUEM:

dN/dt = rNy(K — Ny)/K,

rae dN/dt — ckopocTb pocTa MOMYJISILUU,

r — yIellbHasl, WIM BHYTPEHHSSI, CKOPOCTh POCTa,

N — BeJMYMHA MONYASIUAU (YUCIEHHOCTD),

K — MakcuMaJ bHO BO3MOXKHASI BeJTMYMHA TTOIMYJISIIUU. DTOT Tpenes siB-
JISIETCST BEpXHEil aCUMIITOTON CUTMOMIHON KPUBOIA.

B mpupoae sKcCrnoHeHUMaJIbHBIM POCT WJIM HE IIPOMCXOAUT BO-
o0l1e, WM TIPOUCXOIUT B T€UEHUE OYEeHb KOPOTKOIO BpeMeHM. DTa
MOJIe/Ib MCITOJIb3YeTCsI, UYTOOBI KOJIMYECTBEHHO OXapaKTepU30BaTh
MOTeHIIUAIbHBIE BO3MOXHOCTU MOMYISIUMU K pocTy. OHa 1mo3BOJISeT
BBISIBUTH (DAKTOPHI, OrPAaHMYUBAIOLLIME POCT U3ydaeMOil TTONYJISILIUH.

KoHcTaHThl ¥ 1 K U3 JJOTMCTUYECKOIO YpaBHEHUST XapaKTepU3yloT
JIBa TUIIAa €CTECTBEHHOTO O0TOOpa, KOTOpHhIE ITO3BOJISIOT OOOCHOBAThb
pa3HbIE Munbl IKOA0UHECKUX cmpamecuil:

e p-CTpaTeTUus XapaKTepHa Ui MONYJSILMI B HAYaJIbHBINA IEpUOL,

yBeamueHus ee yucieHHoctr. OHa ormpenensiercss otoopoM B
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YCJIOBUSIX, KOrJa IUIOTHOCTb MOIYJISILMK Majla U COOTBETCT-
BEHHO CJ1a00 BBIPAXKEHO TOPMO3SIIEe BO3IECUCTBUE KOHKYPEH-
HuU. DTa cTparervsi xapakTepHa, HampuMmep, IS BpeMEHHBIX
BOJOEMOB, 3aMOJHSIOIINXCS BOIOW TOJBKO B MEPUOI HOXKICH.
r-oTOOp HampapjeH Ha BBICOKYIO IUIOAOBUTOCTb, OBICTPOE AOC-
TIDKEHUE TIOJIOBOM 3PENIOCTH, ITOCTIKEHNE KOPOTKOTO XXM3HEH-
HOTO LIMKJAa, CIOOCOOHOCTU BbIKMBAHMSI B HeOJaronpusITHbIA
nepuoa B BUAE MOKOSIIUXCS CTAoUM;

e K-cTpaterusi cBsg3aHa ¢ OTOOpOM, HaIlpaBJI€HHBLIM Ha IOBBI-

LIEHWE BbDKMBAEMOCTU M BEJIMUMHBI MPEAEIbHON MJIOTHOCTU K
B YCJIOBUSIX CTAaOMIM3UPYIOLIEHCS YUCAEHHOCTH MOMYJISIUNU
NpU CUJIBHOM BO3ACUCTBUM KOHKYpeHLMMU. K-O0TOOp HampaB-
JIeH Ha OLEHKY KOHKYPEHTOCIOCOOHOCTU W IpeaycMaTpuBaeT
BO3MOXHbIE ITYTU 3alIMILIEHHOCTU OT XUIIHUKOB U Mapa3vToOB,
U BBDKMBAEMOCTU TOTOMCTBA, a TaKXe COBEPIICHCTBOBAHMUS
MEXaHU3MOB PETYJISILIMKA YUCIEHHOCTH.

B 10XxHBIX permoHax pacnpocTpaHeHO pacTeHue amOposusi. OHa
pacTeT Mo CBAJKaM, 3ajJeXXaM U APYTMM HENAaBHO HapyLUCHHBIM M-
croobutaHussM. C Jpyroid CTOPOHbI, B YMEPEHHOM IIOSICE B CTa-
OWJIbHOM HMWXXHEM spyce Jieca OOMTAIOT TPaBSHUCTbIE PACTEHUS.
Eciu cpaBHUTH 3THM pacTeHMsl MO MPOAYKLUMU CEMSIH, OKaXeTcs,
4yTO aMOpo3us mpoayuupyet ceMsH B 50 pa3 OoJibliie, 4eM pacTeHUs
Jieca, U TpaTUT B S5 pa3 OoJbllie YUCTON 3HEPTUMU Ha pa3MHOXEHUE.
AMOpo3usi — mpumep r-0oTOopa, pacTeHUsl JIECHOTO cooOllecTBa —
K-otbopa.

Boigenenue - u K-ctpateruii B yMucToM Buie yciioBHO. Ha ca-
MOM JieJIe KaXIbliA BUJ OPraHM3MOB UCHBITHIBAET HEKYI0O KOMOMHA-
uuio - u K-orbopa, T. €. OCTaBJisieMble OTOOPOM 0OCOOM JOJIKHBI 00-
JJajaTh U JOCTATOYHO BBICOKOM IJIOMOBUTOCTHIO, W Pa3BUTOM CIO-
COOHOCTBIO BBIKMBAHMSI MPU HATUYMU KOHKYPEHIIWU.

Jloructrueckass Mopaenb MNOMYJISIMOHHOTO pOCTa HWCXOOWUT W3
MPEIOJOXKEHUS O TOM, YTO IJId KaxXJAOW MOMyJsSUUM CYILIECTBYET
OIpPEJEICHHbIA PABHOBECHBIA YPOBEHb IJIOTHOCTU (YMCICHHOCTH).
ODTO ypoBeHb, IIPU KOTOPOM POXKIAEMOCTb paBHa cMepTHoCTU. Eciu
PaBHOBECHBI YPOBEHb NPEBBILICH, TO B CAMOM NOMYJSLMUWA WU B
OKpYXalolllel cpefie YTO-TO JOJDKHO M3MEHUTBCS TaK, YTOOBI CMEPT-
HOCTb CTajia OOJIbIlIEé POKIAEMOCTH, a TIOMYJISALUS COOTBETCTBEHHO
Havayla COKpaliaThb CBOIO YMCJIEHHOCTh. HarpoTws, B cilydae MOHM-
XKEHUSA YUCIIEHHOCTU HUXE PAaBHOBECHOIO YPOBHS IIPOILIECCHI, IMPO-
UCXOOAIME B IMONYJIALIMU WM B CPEAC, NOJIKHBI IIPUBECTU K POCTY
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YUCJIEHHOCTH Tromysinun. OTCioga BO3HMK TOAXOI K OIIEHKE MeXa-
HU3MOB, TOAAEPXKUBAIOLIUX YUCIAEHHOCTb MOIYJSLU, Ha3bIBA€MbIii
PeryJISIIMOHU3MOM.

Pecyaayuonuszm — mpeacraBieHue O TOM, YTO Kaxkaask MOIYJIsSLMS
00amaeT paBHOBECHBIM YPOBHEM IUIOTHOCTHM (YMCIEHHOCTH) M CY-
1LIECTBYIOT MEXaHU3MbI, HAllpaBJAE€HHbIE HA TMOAAEpPXKaHUE 3TOU ILJIOT-
HocTtu. HalGmwoaeHusi U 3KCOEePUMEHTHI MO3BOJMUJIM CUMTATh, UYTO
JUHAMWKA YUCJIEHHOCTH JIFOOOK TOMYJSIIMU €CTh aBTOMAaTUYECKU
peryaupyemblii mpoliecc, a JAeiCTBUE (PAKTOPOB, KOHTPOJIMPYIOLIUX
MONYJISILIMIO, ONpPeAeasieTCs MIOTHOCTbIO CaMOM MOMYJISILIMM.

ITpyHUMNIMATbHO MHOM MOAXOJ K OLEHKE MEXaHU3MOB, IOIAEp-
>KUBAIOLLUX YMCJIEHHOCTb TOMYJSUUU, — 3TO CMOXACMU3M, TIPU KOTO-
POM MpUIaeTCs CIIydaliHO NEUCTBYIOLLIMM (haKTOopaM Cpeibl, HarmpuMmep,
ITOTOOHBIM, OCHOBHOE 3HadeHHe. CTOXacTM3M OTPUIIACT CYIIeCTBOBA-
HUE PaBHOBECHOTO YPOBHS, OTKJIOHEHME OT KOTOPOIO aBTOMAaTUYECKU
BO3BpalllaeT MOMNYJSLUUI0 K MCXOAHOMY YPOBHIO IIJIOTHOCTU (YMCJIEH-
HoctH). C TIO3ULIMM CTOXAaCTU3Ma PAaBHOBECHBIN YpPOBEHb UMCIEHHO-
CTU €CTh pe3yJIbTaT €€ YCPeAHEeHUS 3a JUIMTEIbHBIA CPOK.

Konnemuusa camoperyiasimuia. CTOPOHHUKUA U PETYISLIMOHU3MA, U
CTOXaCTU3Ma, HECMOTPSI Ha pas3jMuusi, CXOASATCS B TOM, UTO TJIaBHas
pOJib B OrpaHUYEHUM POCTA YUCIAEHHOCTH TMONYJISUUU MPUHALIEKUT
¢akropaM BHelIHe# cpeabl. OTHAKO PETYISUIUOHUCTBI CUMTAIOT, YTO
daxkTopbl cpenbl NPUBOASAT B JIEHCTBUE aBTOMAaTUYECKU PETYIUpYye-
MYIO TUIOTHOCTb MOMNYJISILIWU, CTOXaCTUCTBI OTBOAAT ClIy4YaliHbIM (pak-
TOpaM Beylyl0 PoJib B OINpeaesieHU YUCIEHHOCTU MOMYJISILIMMN.

B nauvane 60-x romoB HaIllero CTOJETUS ObLIA MPEIIOXKEHA KOH-
yenyus camopeyaayuu nonyaayul, COTJIACHO KOTOPOM B Ipoliecce
pocTa TonyJasluuKd U3MEHSETCSI He TOJbKO M HE CTOJbKO KauyeCTBO
cpelbl, B KOTOPOW CYILIECTBYET 3Ta MOIYJSLMS, CKOJIbKO KauyeCTBO
CaMUX COCTaBISIONIMX ee ocobeit. CiemoBaTebHO, CYTh KOHLIETILINU
CaMOpEryJsiliMd COCTOMT B TOM, YTO Jt00as TMOMNyJslus CIOoCOOHa
peryJnpoBaThb CBOK YMCIEHHOCTh TakK, YTOObl HE IMOAPHIBATh BO300-
HOBJIIEMbIE PECYPChl MECTOOOMTAaHMSI, U TaK, YTOObI He IOoTpedoBa-
JIOCh BMellaTeIbCTBA KaKMX-JU0O BHEIIHUX (PaKTOpOB, HaINpUMEpP
XUILHUKOB WX HEOJIaronpUsITHOU Cpedpbl.

OcHoBaHMWEM [JI1 BBIOABVDKEHMS STOM KOHUEMIIUHW TTOCTYXKUIN
HaOJIoAeHUSI 3a KOJIOHMSMM MBIIIEH, coaepxKalluxcs B JlaboparTo-
pun. B 3Tux ycioBMSIX MpU AOCTATOYHOM CHaOXEHWU TMIlEed BO3-
pacTaHue TIJIOTHOCTU TMOMYJISUMUA MPUBOAWIO K YBEJIUYEHUIO Y MbI-
1Ieil HaAINOYEYHMKOB — OpraHOB BHIOKPMHHOW cuctembl. I'opmo-
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HaJIbHBIE CIBUTHU, TIPOMCXOIAIINE B OpraHM3Me TOJ BIMSTHAEM HEpB-
HOTO TIepeBO30YKIeHUS TIpU TepeHaCeICHNN, BEOYT K ITOBBIIICHUIO
arpecCUBHOCTM KMBOTHBIX, W3MEHEHMIO PEIPOAYKTUBHOTO TIOTECH-
uuana (mo3aHee IMOJO0BOE CO3peBaHUE, CHUXKEHWE MPOAYKTUBHOCTH,
WHOTJA TIOJTHOE TIpeKpallleHe Pa3MHOXEHUS), CHUKECHUIO YCTOMYM-
BOCTM K 3a0oJieBaHUSIM. DTH M3MEHEHHUs OOBIYHO BEOYT K PE3KOMY
CHUXXEHUIO XXU3HECIOCOOHOCTU 0CcOo0eit U UX MacCOBOI Tribelu.
Eciu B 1aGopaTOpHBIX YCIOBUSIX PE3yJIbTaTOM CTPECCOBOIO CO-
CTOSIHUS, BBI3BAHHOIO IE€PEHACEIEHHOCTbIO, SIBJSIETCS BO3pacTaHuUe
CMEPTHOCTH, TO B MPUPOMHBIX YCIOBUSIX — MUTpaALMsI B HOBBIE Me-
CTOOOMTaAHUS, rae 00Jiblle PUCK TMOEAM OT Pa3HOOOPA3HBIX MPUUMH.

1.3. Yerorek n 6uociepa

HapneHue 4enoBeka Ha Onocdepy HavajaoCh 3aM0JIr0 A0 HACTYII-
JIEHWSI 3Talla IPOMBIIIJICHHON 3BOMIONNK, MO0 Ie/ble MUBHIN3ALNN
noru6yu eiie 10 Hawel 3pbl. Cpeny HeBO3BPAaTHO MOTWOILIMX LIUBU-
mm3annii — Cpenn3eMHOMOpPCKasl, IMBUIM3alUs Maiisd, IMBUIA3a-
umst octpoBa Ilacxu m np. Katactpoduieckue 3KoIOrnyecKue sipie-
HUSI B IIPOILIOM OBUIM B OCHOBHOM CBSI3aHBI HE C 3arps3HCHHEM
MIPUPOAHON Cpenbl, KaK ceifyac, a ¢ ee TpaHchopmanusamu. [maBHast
W3 HUX — Jerpamanus I04YB, 3p03usl, 3aCOJICHUE U T.1.

BcienmcrBue aHTpOIIOreHHOM Harpy3ku Ha Ouochepy CeromHs
BO3HUKJIM HOBBIE 3KOJOTMYECKHUE ITPOOJEMBI, KOTOPHIX HE OBLIO B
npeabiayieMm XIX cronetum [22, 27, 41]:

e HAYaJIOCh IOTEILUICHUE KJIMMAaTa Hallleil IIaHeThl. B pe3yibra-

Te «IIAPHUKOBOro 3(deKTa» TeMIlepaTypa HOBEPXHOCTU 3eMJIU
3a nociuennue 100 net Bo3pocna Ha 0,5—0,6°C. McTouHMKaMu
CO,, OTBETCTBEHHBIMH 3a OOJBIIYIO0 YaCTh ITAPHUKOBOIO 3(-
(bexTa, SIBIAIOTCS IPOLECCH CXHMIAaHUS YN, HeTU U Taza u
HapyllIeHue AesITeJIbHOCTH COOOIIECTB IOYBEHHBIX MUKPOOP-
raHU3MOB TYHIpPHI, morpedisiomux 10 40% BBEIOpackIBAEMOTO
B atMocepy COy;

e 3HAYWTEIBHO YCKOPWJCS MpOoliecC MoabeMa ypoBHSA MUPOBOTO
okeaHa. 3a mocneagHue 100 yieT ypoBeHb MOpSI MOAHSJICS Ha
10—12 cM u ceifyac 3TOT MPOLECC AECATUKPATHO YCKOPUJICH.
DTO TpO3UT 3aTOIJIEHHWEM OOIIUPHBIX TEPPUTOPUIA, JexKalInX
HKe ypoBHs Mopst (I'ommaHgusi, ob6nact Beneuuu, CaHKT-
IMetepOypr, banrnagew u np.);
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e TIPOM3OIIUIO HUCTOLIEHHWE O30HOBOIO CJIosi atMocdepbl 3eMiu
(030HOC(hEPHI), 3aAePKUBAIOLLIETO TYOUTEbHOE MJISI BCETO XU~
BOro yibTpacduoieToBoe uaiayyeHue. CuuTaeTcsi, YTO IJIaBHBII
BKJIal B paspylieHre o30HOC(hepsl BHOCAT XJIOp-GTOp-
yraepoabl (T. €. ¢ppeoHbl). OHM UCMOJIB3YIOTCS B KauecTBE XJja-
JI0OareHTOB M B OaJJIOHYMKax C aspo3ojsamu. B 1996 r. Oblia
MpUHATA MEXIyHaponHas JeKjapalus, 3arpellarmolias uc-
MOJIb30BaHNE HamboJiee OIMAaCHBIX XJIOp-GhTop-yriaeponos. [Ipu
COOJIIOICHUY YCJIOBUI ACKJIapaluy IJISI IOJIHOIO BOCCTAHOB-
JIeHUsI 030HOBOro cjiosi notpedyercs He MmeHee 100 et u ¢
Havyajga XXI B. MOXHO OXWAAaTh IMOCTEIEHHbBIM POCT TOJILIMHEI
«dKpaHa» 030HOChEPHI;

e TIPOMCXOOUT HHTEHCHMBHOE OITyCThIHUBAaHUE U 00e3eceHue
miaHeTsl 3emis. B A3zuu u Adpuke mpolecc OMyCThIHUBaHUS
HUJET CO CKOPOCThIO 6 MJTH ra B roj. ['J1TaBHOM MPUYMHONR omyc-
THIHMBaHMS SIBJISIETCS] HEOIIPAaBIAHHBINA POCT ITOTOJIOBBSI CKOTa,
BBITANTHIBAIOIIETO PACTUTENIbHBIN MOKpoB. B Poccuu ato mpo-
ucxogut B Kanmbikum u Huxknem IToBoskbe. MTHTEHCUBHO
BbIpyOaroTca jieca B bpasuwnuu u Poccuun. CBeaeHue jecoB
MPUBOIUT K CHIDKCHHUIO IIPOMYKIIMK KHUCJIOPOHIa, COIPOBOX-
Japllen mpoiecc (poToCUHTE3A;

e MHTCHCHUBHO 3arpsi3HseTcss MUpoBOil okeaH. 3arps3HEHHE CO-
MIPOBOXKAAET pa3pabOTKy MOPCKMX MECTOPOXICHUN HedTU U
SIBJIICTCS.  PE3YJBTaTOM IIPOMBIIUICHHBIX UM KOMMYHAaJbHBIX
CTOKOB B OK€aH. MUpOBOiI1 OKeaH B pe3yjbrare (h)OTOCUHTETH-
YECKOM HesITeJIbHOCTA OTHOKJICTOYHBIX 3€JCHBIX BOIOPOCIICH
JaetT 2/3 mpomyKUuUM KUCIOpPOAa, HACHIIIAIOIIEro atMocdepy.
HauGompiryo onacHOCTh it ku3Hu OKeaHa KakK XKMBOTO CO-
oblIecTBa mpeacTtapnsier HedTsHoe 3arpssHeHune. Ceifyac B
OkeaH exeromHo BbUIMBaetcsl 10 MJIH T HedTH, YIIEBOIOPOIbI
KOTOpPOM pa3pylIaloTcs MUKPOOPraHU3MaMM, IpeBpallalolm-
MM HedTb B YIJICKUCIBII ra3 WM BoAy. Ho 3aliuTHBIC CHIIBI
OkeaHa He Oe3rpaHUYHBI. MoJenbHbIe pacyeThl IToKa3aau, YTo
OJHOBpeMeHHoe MomnagaHue B OkeaH 25 MJIH T He(TU yHMHY-
TOXHUT 3TO YHUKAJIbHOE XWBOE COOOILECTBO, T. €. OyKBaJIbHO
MepekpoeT Kuciaopona ouocaepe.

[TocryruieHue xKucnopona B atMocdepy 3eMan B pesynbrate (po-
TOCHMHTETUYECKOM MEeSITCIHbHOCTA €XETOMHO cocTaBiisseT 240—
300 mupn 1. Opranu3mbl 6mocdepbl pacxoayloT Ha abixaHue 90%
3TOro KoimuecrtBa, ocTtaBummecs 10% — 24—30 miapo T pacxomy-
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I0TCS1 MpoMbllIeHHOCThI0. Ho K Havany XXI B. IpOMBILUIEHHOCTh
MpY HBIHEIIHUX TEeMIIaX €€ Pa3BUTUS MOXET MOTpeOssATh yxe 57—
60 mipn T kucinopona. Ecim He orpaHMYUTh U HE U3MEHUTh TEXHO-
JIOTHIO CKUTAHUS TOPIOUMX MCKoIlaeMbiX, TO 4yepe3 100 jet comepxka-
HUe Kucjiopona B atMocdepe cHusntes ¢ 21 go 8%.

XyUMHUYeCKNe W paaualliOHHBIC 3arpsi3HEHUS IIPUPOABI, YMEHb-
IIEHWE TOJIIWHBI O30HOBOTO CJIOS ITOAABIISIIOT MPEXAE BCEro MM-
MYHHYIO CUCTEMY XKMBBIX OPraHM3MOB, B TOM YMCIIC M Y€JIOBEKa, BbI-
3bIBasi UMMYHHOIE(MUIIMTHOE COCTOSIHME opraHu3ma. [Ipm 3aboje-
BaHuun CIIWdoMm ocoOblii BUpyC IMOpaxkaeT MMMYHHYIO CUCTEMY
yeJloBeKa. B pesynbrare opraHu3M TepsieT 3alllUTy M MOXET ITOruo-
HYyTh OT CaMOIo IIpoCcTOro 3abojieBaHMsI. B oTimume oT Bupyca
CIIN/a, obnagarolero orpoOMHON pa3pylIUTENbLHON CUION, 3arpsi-
HEeHUsI IeMCTBYIOT MEIUICHHO, HO CTOJIb Xe I'YOMTEJIbHO.

B pesynbrare Oe3ymep:KHONM TEXHOICHHOM arpecCHy CpemHss
MPONOJKUTENIBHOCTh KM3HU B PoccuM HaxomwTcsl B KOHIIE YETBEp-
TOTO IeCSITKa CTpaH MHpa, II0 BBDKMBAaeMOCTH HCTeil B BO3pacTe IO
1 roga (IO OETCKOM CMEPTHOCTUM) — B KOHIIE IIATOrO IeCITKa CTpaH
(Ha ypoBHe appUKaHCKUX CTpaH), orcTaBast oT MHauu, bpasunuu u
IOxHoit Kopeu. CerogHsi cMepTHOCTb B Poccuu TpeBBILLIAET POX-
nJaemocTb B 1,7 pa3za. Ilo npornozam gemorpacdos, K 2000 r. Ha AByX
VIISOINX U3 XKW3HM POCCUMCKUX TpaXmaH IPUACTCS TOJIbKO OIMH
HOBOpOXIeHHBI. B Poccun cnoxwnachk OecripeniemieHTHAST CUTYallvst
CO CMEPTHOCTBIO MYXXKUMH B TPYIHOCIIOCOOHOM BO3pacTe OT HecdacT-
HBIX cliyyaeB, oTpaBieHuil u TpaBM. Hns ctpan Esponbi, CIIIA u
AnoHun Doyt yMepIIMX OT 3TMX IPUYMH cocTaBisieT 5—5,5%, a B
Poccuu 22—25%. B Poccnu y 40% MyX4uH CpemHsisi MPOJAOIKUTEb-
HOCTb XWM3HHM cocTtapisieT 58 jer. CToib JpaMaTHiecKas CHUTyallus,
yXe TIpUBeIIasi K IEIOIy/ISIIUU, KOrJa CMEPTHOCTh CYIIECTBEHHO
BO3pacTaeT, a POXKIAEMOCTh IamaeT, CBOMCTBEHHA HCKIIIOYUTEIHLHO
Hallleil cTpaHe. DTO SIBJISETCA Pe3YJIFTaTOM PE3KOTo YXYAILICHUs KO-
JIOTMYECKOM OOCTAHOBKM, pa3pylIeHUs paHee CYIICCTBOBABIIMX B
CTpaHe CHUCTeM oOlleil mpodMIaKTUKK 3a00JieBaHU U TIpeHeOpexe-
HUS K IIpaBUjIaM M HOpMaM 0e30IaCHOCTH KU3HEACSITSIbHOCTH.

OmHMM M3 IJIAaBHBIX (DAKTOPOB, IPUBEIIINX K YXYIIICHUIO IIPH-
pomHoii cpensl Poccum, cramo HeoOOCHOBAaHHOE pa3BUTHE OTpaciecit
MMHEPaIbHO-CHIPhEBOIO KOMIUIEKCAa — HOOBIBAIOIICT IPOMBIILICH-
Hoctu. YmciaeHHocTh HaceneHust Poccuu coctasisier meHee 3% 00-
IIEMHUPOBOM, HO OO TIOCIeAHero BpeMeHUW Poccus mnpousBomuia
ceiie 20% MUPOBOrO 00OBbeMa MIPOAYKLIMHM TOPHONOOBIBAOIIEit
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MPOMBIILIIEHHOCTU, U OOJibllIasi YacTh 3TOTO ChIPbSl 3KCIIOPTUPOBA-
Jack. B astomM oTHomeHuum Poccus Mano oTaMyaeTcss OT CTpaH
TpeTtbero mupa, KOTOpbi€ SIBJISIIOTCSI ChIPbEBBIMM MpUIATKAMU MPO-
MBIIJICHHO Pa3BUTHIX cTpaH. CTPYyKTypa POCCHUIICKON TOOBIBAIOIICH
MPOMBILIJIEHHOCTU TaKOBa, YTO Ha MPOM3BOJACTBO €€ KOHEUHOU Mpo-
OYKLMK pacxomyercss MeHee 7% ChIpbeBOil MacChl, M3BJIEKAEMOW M3
Henp 3emu. 31eCh WU TEPPUKOHBI BOJIM3M YTONBHBIX IIMAXT, HACHI-
MaHHbIE TPSIMO Ha TUIOJOPOJAHBIA UYEpPHO3EM, W HEMNOJHOE M3BJieue-
HU€ TI0JIE3HBIX MCKOMAaeMbIX U3 HEAp, U CXKUTaHME MOIYyTHOro rasa B
daxenax, u T.a. Tak, Hanpumep, A1 NOAHATUS HEe(TU U3 CKBAKUH
BO BCeM MUpe MpUMEHsIeTCs ra3, a B Poccum 13-3a OTCYTCTBUSI CO-
OTBETCTBYIOLLIETO KOMIIPECCOPHOTO OOOPYIOBAHUS B CKBAXKUHY 3aKa-
yuBaeTcsd Boaa. B pesyibrare U3 ckBaXuH 6epyT Toubko 30% HedTH,
BoJla cMmelluBaeTcs ¢ HepThio U T.a. K TOMy Xe MMEHHO B J00bI-
BalOLIEl MPOMBILIJIEHHOCTH HaOJI0IaeTCs caMblif BBICOKMIA YPOBEHb
TpaBMaTHU3Ma cpeaud paboTaroliuX.

B cTpykrype akcnoprta Poccum Kpome chipoii He(pTH, raza u He-
pa3aesaHHOIro Ha IuoMaTepualibl Jieca MMEETCsl MeTall U MUHe-
pajibHble yaoOpeHusi. Ha mMupoBoM pbiHKe y Poccuu mnokynawT u
YepHbIe, W LIBETHBbIE METAIbl. OQHAKO METAJTypIusi — OJHO M3 Ca-
MbIX B3KOJIOTUYECKU TIpsA3HbIX Mpou3BoAcTB. [losTomMy mnokymnarenu
Halleil MeTaJlyprM4ecKoi MpOAyKIUMW TPEeANoYUTaOT UMETh Ipsi3-
Hble pou3BoicTBa B Poccuu, a He y ceds noma. To ke camoe OTHO-
CUTCS K TIPOMBILLJIEHHOCTU MUHEPAIbHBIX ynoOpeHuil. YToObl Mu-
HUMU3UPOBATh, a 3aT€M U BOBCE YUTU OT MOCAEACTBUI MHTEHCUBHO-
ro 3arpsi3HeHUs] cpelbl OOMTaHUSI, HEOOXOAMMO AKTMBHO BHEIPSTb
YUCTbIE TEXHOJOTMU, YTO IMO3BOJUT 3HAUYUTEJIbHO YBEJIWYUTH MPO-
JIOJDKUTEIbHOCTh XXKW3HU; Pa3BUBaTh HAYKOEMKHE TEXHOJIOTUM, ILIU-
pOKOMacIITaOHO MCIIOJIb3ysl KOMITbIOTEPHU3allMI0; COBEPIIEHCTBOBATh
MOCTOSIHHO JAeHcTByIolIee 3PPeKTUBHOE NPUPOAOOXPAaHHOE 3aKOHO-
JIaTeJIbCTBO.

MupoBoO#i ONBIT MOKA3bIBAET, YTO JIS1 CTAOWUJIM3ALIMU SKOJOTrUYe-
CKOIM CUTyallMM B CTpaHe HYXHO 3aTpaTUTh He MeHee 3% BajJoBOro
HALIMOHAJIbHOTO TMPOJAYKTa, a IS YJIy4YlleHUs] 3KOJOTMYECKOU Cu-
Tyauun — Heobxomumo yxe 5%. Takue pacxoabl HecyT I'epMaHus,
Anmmg u Benust. Cample 0OJbIIME 3aTPaThl Ha IIPUPOIOOXPAHHBIE
meponpusitust y CIIIA — 7%. Ilo nanubeiM 1989 r., 3arpatet CCCP
Ha 3T 1eau coctasisuin 1,5%, a B Poccnu, nmo ganueiM Komurera
no skoJjiorun I'ocymapcTBeHHOM J[ymbl, BblAENSIETCS HA 3TU LIEJU HE
oouee 0,5%.
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Kounrpoabubie Bonpocor
000 00000OCGCOOEOGEONOEOGNOEONOIO
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2.
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13.

14.

15.

JMaiiTe onpenesieHne SKOCUCTEMBI.

Rak coorHocsATcsi Bpemsi cyniecTBoBaHus Ouocdepbl n BUjaa
Homo sapiens?

Rark Bbl nnonnmaere runoresy l'en?

CcpopmyanpyiiTe mpUHIT dMEPKEHTHOCTH.

B pesymbrarte Rarux nporeccoB Omocdepa HAKONMWIA TOpIOYNE
NCROMaeMble — OCHOBY TPOMBINUICHHOH PEBOJIONNN ?
Paccramnre 0 OMOMHOIT M DHEpreTHYeCKoll Kiaccuuramnmm
AROCHCTEM.

Ccpopmynupyiite npasuiao Omgyma, B3akoH  yIeJdbHOI  TIPO-
JLYKRTHBHOCTU M HPUHIAI HKOIOTHYECKOTO JyOIMpOBaHu.
Iepeuncimre abuorimdeckne (pakTOPbl HABEMHON CPEJIbI.
CcpopmynmpyiiTe 3akoHBI MHHUMYMA M TOIEPAHTHOCTH.
Onnmmmre KPyroBopoTHl a3oTa, yriaepojia M BOJIbI.

JaiiTe ompefenenne MOMYIAINN U ee CBOICTB.

Yro takoe r- u K-crparerun or6opa?

WNzmnosknTe KOHUENMIMH  PeryisAIioNN3Ma, cToXacTm3mMa o
caMoperyJIAInN.

B gem sarmouaiorcsi riodalbHbIE DROJOTHYECKUE MPOOIEMBbI
XX B.?

Yro HY:KHO Il CTAOWIM3AINN HKOJOTMYECKOil cuTyarum B
Pocenn?



Monuropunr

OKPY:KaIoIlleH Cpeabl

2.1. IlonaTue skorornueckoro MOHHTOpPHHra
M ero 3ajauM

BcecTopoHHMIT aHalM3 OKpyxXKalollleil cpedbl IpeaycMaTpuBaeT
OLIEHKY €€ 3KOJIOTMYECKOTO0 COCTOSIHMSI U BIMSIHME Ha HEe eCTeCT-
BEHHBIX U aHTPOIIOTEHHBIX BO3ACHCTBUII. XapaKTep 3THUX BO3IEUCT-
BUii BechbMma crneuuduueH. JIMMUTUPYIOLIUM [OKa3aTeJleM YPOBHS
€CTeCTBEHHBIX U AHTPOIIOTEHHBIX BO3ACHCTBUIA SIBISIETCSI npedeabHo-
donycmumas skonoeuveckas Haepyska (ITIIODH), koTopas BoO MHOrux
CTpaHax YCTaHOBJIEHA B CBSI3M C TE€M, YTO HOpMaJIbHOE (DYHKIIMOHU-
pOBaHME M YCTOMYMBOCTb 3KOCHUCTEM M Ouocdepbl BO3ZMOXHBI IIPU
HEeIIPeBBIIICHUM OIpeAe/IeHHBIX IpeaeIbHbIX HAIPy30K Ha HUX.

CocrossHue 6uocdepbl, HEIIPEPHIBHO MEHSIOLIEECs IMOJ BIMSIHU-
€M €CTeCTBEHHBIX (DaKTOPOB, OOBIYHO BO3BpAIllaeTCs B IICPBOHA-
yanbHoe. Hampumep, m3aMeHeHUsT TeMmIlepaTypbl M IABJICHUSI, BJIaX-
HOCTU BO3AyXa M IIOYBBI IIPOMCXOIAT B IIpelesiax HEKOTOPBIX IIOCTO-
SIHHBIX CpeOHMX 3HaueHWii. Kak mpaBuUIo, KpyIHbIE 3KOCHCTEMBbI
10 BIMSHUEM IIPUPOMHBIX IIPOLECCOB M3MEHSIOTCSI YpPE3BbIYAHO
MemieHHo. CylIeCTBYIOIIME B MUPE 3KOJIOIMYECKHME CIy:KObI (IMi-
poMeTeoposIorniecKas, celicMuieckasi, MOHochepHass W Ap.) IPOBO-
IAT KOHTPOJIb 32 UBMEHEHUEM 3THX IIPOLIECCOB.

HsmeHeHnue coctosiHus 0uocdephl IO BIMSHHEM aHTPOIIOIeH-
HbIX (PAKTOPOB MIPOMCXOOUT B OoJiee KOPOTKHE BPEMEHHBIC CPOKM.
[MosTOoMy C LieJbI0 U3MEpPEeHUs], OLIEHKN M IPOTrHO3a aHTPONOTEHHBIX
U3MEHEHUl abMOTHUYECKON cocTaBlsouieil ouocdepnsl (B MEPBYIO
odepenb 3arpsA3HEHUI) U OTBETHOM peaKLMU OMOTHI HA 3TU M3MEHE-
HUSI, @ TaKKe ITOCICOYIOIMINX U3MEHEHUM B 9KOCUCTEMaX B pe3yJbTa-
T€ aHTPOIOTCHHBIX BO3MEUCTBUIL CO3MAaHA UHGOPMAUUOHHAS CUCMeMA
9K0A02UYECK020 MOHUMOPUHEA.
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DKOJOTUYSCKUM MOHUTOPHUHTI SIBIISICTCSI KOMIUIEKCHBIM MOHWTO-
puHTOM OMocdeprl. OH BKIIIOYAeT B ceOsl KOHTPOJIb M3MEHEHU CO-
CTOSTHUSI OKpPYXKarolleil cpelbl Mo BIMSHUEM KaK IPUPOIHBIX, TaK 1
aHTPOIOTeHHBIX (PaKTOPOB.

OCHOBHBIEC 3aJa4YU 5KOJOTMYECKOIO MOHUTOPHUHIA aH-
TPOIIOTCHHBIX BO3JICUCTBUIA:

e HAOJIIOJCHME 32 UCTOYHMKAMU aHTPOIIOT€HHOI'O BO3ICHCTBUS,

e HaOmonaeHMEe 3a (aKTOPaMU aHTPOIIOTEHHOTO BO3IEIICTBUS;

e HaOIOAECHME 3a COCTOSHUEM IIPUPOIHON Cpedabl M IPOUCXO-
IAIIMMA B HE IIpoleccaMy IO BIMSIHAEM (DaKTOpPOB aHTPO-
TIOT€HHOTO BO3ICUCTBUS;

e OlleHKa (PU3MUYECKOTO COCTOSIHUS IPUPOIHOM CPEIbl;

e TPOTHO3 M3MEHEHMS COCTOSHUS IMPUPOTHON Cpembl MO BIISI-
HYEeM (PaKTOPOB aHTPOIIOIEHHOI'O BO3ICUMCTBUSI M OLIEHKA IIPO-
THO3MPYEMOTO COCTOSTHUS IIPUPOITHON CPEIbI.

TepMHUH «MOHUTOPUHI» 0O0pa30oBaH OT JaT. «<MOHMTOp» — <«Ha-
OMomaplIniiy, «IIpemocreperapimity. CyliecTByeT HECKOJIBKO CO-
BpEMEHHBIX (POPMYJIHMPOBOK OIpeldeeHUsT MOHMTOpMHIa. Hekorto-
pble HccleaoBaTe/id MoJ MOHUTOPUHIOM ITOHMMAIOT CUCTEMY IIO-
BTOPHBIX HAOJIONEHMI 3a COCTOSIHMEM OOBEKTOB OKpYyXKalollei
cpedabl B TIPOCTPAHCTBE M BO BPEMEHM B COOTBETCTBUU C 3apaHee
MOJArOTOBJIEHHOW TMporpamMoit [52]. bojiee KoHKpeTHasi (hopMyJu-
pOBKa oIpenejeHHs] MOHMUTOPMHIA MpemIoxkeHa akagemMukoM PAH
IO.A. U3zpasnem B 1974 1., B COOTBETCTBMM C KOTOPOH NOA MOHU-
MOPUH2OM COCMOAHUA NPUPOOHOI cpedbl, I 8 nepayro ouepeds 3aepss-
HeHUull U apghexmos, 8vi3vieaemMbix UMU 6 Ouocgepe, noopasymesarom
KOMNAEKCHYI0 cucmemy HAOAH0eHUU, OUeHKU U NpOoeHO3ad U3MeHeHUll
cocmosiHus ouocgepsbl UAU ee OMOENbHbIX IAeMEHMO8 NO0 GAUAHUEM
aHmponoeeHuvix 6o3deticmeuil [14].

ITporpamma FOHECKO ot 1974 r. onpenensieT MOHUTOPUHT KakK
CHCTEMY PEryJISIPHBIX UIMTSIBHBIX HAONIONEHUI B IIPOCTPAHCTBE M
BO BpPEMEHHM, AAIOIIy0 MHMOPMAILIMIO O IIPOILIOM M HACTOSIIEM CO-
CTOSTHUSIX OKpPYKAIOLIEH Cpedbl, IO3BOJIAIONIYI0 IIPOrHO3MPOBAaTh Ha
Oymylllee M3MEHEHUE ee IapaMeTpPOB, MMEIOIIMX OCOOeHHOEe 3Haue-
HUe i1 yejioBeuecTBa [S1].

2.2. KJ\&CCH(I)HK&QPIH MOHHTOPHHTA

MOHI/ITOPI/IHF BKJIIOUAeT B cedsi cjaeayromme OCHOBHBIC ITPpAKTH-
YECKHE HaIlpaBJICHUA:
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e HaOJIIOJIEHNE 32 COCTOSTHMEM OKpYXKarollleil cpensl u dakropa-
MM, BO3ICHCTBYIOIIIMMH Ha Hee;

e OILIEHKY (DaKTUYECKOTO COCTOSIHUS OKpYKalollel Ccpeapl u
YPOBHSI €€ 3arpsI3HeHMUS;

e IIPOTHO3 COCTOSIHWSI OKpYXKalollleil cpembl B pe3yabTaTe BO3-
MOXHBIX 3arpsI3HEHMI 1 OLICHKY 3TOr0 COCTOSTHUSI.

»i
h (6]
N LeHKa
> Habnionetuns g haKT1yeckoro
< COCTOSIHUS

PerynuposaHune
KayecTBa cpefbl

A
OueHka
L MporHos »{| NporHosnpyemoro

L
COCTOAHNA COCTOSIHUA

Puc. 2.1. Cxema monumopunea

OO0beKTaMM MOHUTOPMHTA SBISIOTCS atMocdepa (MOHUTOPUHT
MPU3EMHOTO CJI0s1 aTMocdephl UM BepxHeil aTMocdephl); aTmocdep-
Hble OCaJKui (MOHUTOPUHT aTMOC(EPHBIX OCAAKOB); MOBEPXHOCTHHIE
BOJbI CYILIM, OKE€aHbl U MOpSI, MOA3EeMHbIE BOAbI (MOHUTOPUHI TUI-
pocepnl); Kpuochepa (MOHUTOPUHT COCTABJISIOIIMX KIMMaTUYe-
CKOIl CHCTEMBI).

[lo ooObexTaM HabOnoageHUS pa3idyaloT: atMochep-
HbIM, BO3OYIIHBII, BOIHBINW, MOYBECHHbIN, KIMMATUYECKUIA MOHHUTO-
PUHT, MOHUTOPUHT PACTUTEIBHOCTH, XKMBOTHOTO MHUpPA, 3IOPOBBS
HaceJeHus U T.n.

CyuiecTByeT KJiaccudukauus CUCTEM MOHMTOPUMHIa Mo (paxkrTo-
paM, UCTOYHMKAM M MacluTabam BoaaelicTBusl (puc. 2.2 u 1abi. 2.2).

Monumopune axmopoé 603delicméuss — MOHUTOPUHT Pa3INIHBIX
XUMMYECKHUX 3arps3HuTeseil (MHIpeIUMeHTHbIA MOHUTOPUHI) W pa3-
HOOOpa3HBIX TPUPOAHBIX U (PU3NYECKUX (PAKTOPOB BO3IEUCTBUS
(371eKTpOMarHUTHOE M3JyYEeHUE, COJIHEYHAs paadauusi, LIyMOBbIE
BHOpAIIUN).

Monumopune ucmounuxoé 3aepsa3HeHUll — MOHUTOPUHT TOUYEUYHBIX
CTallMOHAPHBIX UCTOYHUKOB (3aBOACKHE TPYObl), TOUEUHBIX IMOJBUXK-
HBIX (TPaHCHOPT), MPOCTPAHCTBEHHBIX (ropojaa, MoJisi ¢ BHECEHHBIMU
XUMHMYECKMMU BellleCTBAMM) MCTOYHHUKOB.
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MoOHUTOPUHF | .
| McTouHMKM BO3aencTBumA
WCTOYHWNKOB !
____________ L 2
| <
MoHuTOpUHF 1 dakTopbl BO3AENCTBUA
dakTopos :
BO3AENCTBUS 1 Xummnyeckune | Buonorundeckue | Pusmyeckue
|

MpupopHas cpena

Atmoccepa | OkeaH

MoBepxHOCTb CyLun

Kpunocdepa Buota
C pekamu 1 o3epamu

"eoduranyecknii MOHUTOPUHT Jkonornyeckmmn
MOHWUTOPUHF

» KnvmMaTnyecKkmin MOHUTOPUHT «

Puc. 2.2. Baok-cxema cucmemvl MOHUMOpUH2A

[lo MmacmTatbaM BO3OeiMCTBUSI MOHUTOPUHI ObIBa-
€T IPOCTPAaHCTBEHHBIM 1 BPEMEHHBIM.

[lo xapakTepy o00o00OmeHuUss MHPOpPpMAULUMU
pPa3IMYaT CIeAYIOMNe CHCTEMbl MOHUTOPHUHTA:

2100a1bHbI — CJIeXEHHe 3a OOLIEMUPOBBIMU ITIpoLEcCaMU U
SIBJICHUSIMU B OnMocdepe 3eMim, BKIIIOYas BCE €€ IKOJIOTHYEC-
CKHME€ KOMIIOHCHTHBI, 1 IPCAYNPEKACHUEC O BO3HUKAIOUINX BKC-
TPEMaJIbHBIX CUTYALIMSIX;

ba3zoeulil (GhoHoGwI) — chAeXeHne 3a 001eOonoc(pepHBIMU, B OC-
HOBHOM IIPUPOOHBIMH, SIBICHUSAMU Oe3 HaJOXEHHUS Ha HUX
PETUOHAJIBHBIX aHTPOITOI€HHBIX BJ'[PIHHHVI;

HAYUOHANbHBII — MOHUTOPHMHI B MaclliTabaxX CTPaHbI,
PecUOHaNbHbId — CIIEXEHHE 3a IIpoleccaMd U SIBICHUSIMU B
npeaeaax Kakoro-To peruoHa, rae 3TH MPOLECChl U SIBICHUS
MOI'YT OTJIMYAThCS M IO IMPUPOTHOMY XapaKTepy, U IO aHTPO-
MOTreHHBIM BO3ACHUCTBUSIM OT 0a30Boro ¢oHa, XapaKTepHOIO
JIJIs1 Bcelt Guocgephl;

JAOKAAbHBI — MOHUTOPUHT BO3JAEHCTBMSI KOHKPETHOTO aHTPO-
TTOT¢HHOTO MCTOYHMKA;

UMNAKMHbI — MOHUTOPWUHT PETMOHAJIBHBIX M JIOKAJIBHBIX aH-
TPOIIOTeHHBIX BO3MEUCTBUII B 0COO0 OIACHBIX 30HAX M MeCTax.

Kinaccudukaumsa cucreM MOHUTOPUHTA MOXKET OCHOBBLIBATHCS U
Ha MeTojaxX HabmiogeHUs (MOHUTOPWUHT ITO (PU3NKO-XUMUYECKUM WU
OMOJIOTMYECKUM TOoKa3aTessIM, TUCTAHLIMOHHBI MOHUTOPUHT).
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Xumuueckuti MOHUmMOpUHe — 3TO CUCTeMa HAOMIOAEHUN 3a XUMMU-
YEeCKMM COCTaBOM (IIPUPOTHOTO M AHTPOIIOTEHHOTO ITPOMCXOXKIE-
HUS) aTMocdepbl, OCAAKOB, MTOBEPXHOCTHHLIX U MOA3EMHBIX BOJI, BOI
OKEaHOB U MOpEi, MOYB, JTOHHBIX OTIOXEHUI, PACTUTENLHOCTU, K1~
BOTHBIX MU KOHTPOJIb 3a AMHAMMKOW PacIpOCTpaHEHUSI XUMUUYECKUX
3arpsi3HSIONINX BElLIeCcTB. [100anbHONM 3amadyeil XMMHUUYECKOTrO0 MOHU-
TOPUHTA SIBJSIETCS OoIpeaeneHue (PaKTUUECKOrOo YPOBHS 3arps3HEeHUS
OKpyXalolllel cpeabl NMPUOPUTETHBIMU BBICOKOTOKCUYHBIMU MHIPE-
JUeHTaMU, NpeAcTaBACHHbIMU B Taod. 2.1.

Taonuua 2.1. Knaccudukanus npuopuTeTHBIX 3arpsA3HAIONIMX
BelIECTB M KOHTPOJb 32 MX COAEpKAHHEM B PA3JMYHBIX Cpenax

Knacc Saepazuarouue Cpeda Tun
npuopu seujecmea npoepammul
memHo- usmMeperull
cmu
| Jwnokcun cepbl 1 B3BellieHHbIe Bozmyx H,P, b, T
YaCTHULIbI
Pagvonykmuast (Sr-90, Cs-197) TTuina n, p
11 O30H Boznyx H, b (B
ctparocdepe)
OAT u npyrue xnopopranuye- buora, yenoBek n,p
CKH€ COeNMHEHMUS
Kanmuii 1 ero coenMHeHUst IMuia, yenosek, Boga U
III Hurpatsl, HUTPpUTHI INuteeBast Boma, nuia U
Okcuabl a3oTa Boznyx n
v PtyTh U ee coenuHeHust IMuia, Bo3myx u,p
CBuHell Boznyx, nuiia n
Jwnokcuna yriiepoaa Boznyx b
\" Okcup yriaepona Boznyx n
HedreyrneBogopoabt Mopckas Boaa P, b
VI  @®TopucThie COeTMHEHUS ITuteeBas Boaa n
VII  AcbGect Boznyx n
MbIIBSIK ITuteeBast Boga n
VIII MHUKPOTOKCHHBI Muma u,p
Mukpobuonoruueckoe 3apa-
KeHue IMua n,p
PeakTuBHBIE YIJIEBOAOPOIBI Bosznyx 4

IIpumeuanwue: W — uvmnakrHeiii, P — permonanpHbiit, b — 6a3oBwiii, I' — mio-
OaIbHBI.
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Qusuueckuii MoHumopuHe — CUCTEMa HAOJIONEHWI 3a BIUSHUEM
¢U3NUYECKUX TPOLIECCOB U SIBJICHUI Ha OKpPYXKarwllyo cpeay (HaBoj-
HEHUS, BYJIKAHU3M, 3eMJIETPSICEHUS, LIyHAMM, 3aCyXU, 3pO3Usl MOYB
" T.O.).

buonoeuneckuii Monumopune — MOHUTOPHUHT, OCYLIECTBIISIEMbIN C
ITOMOIIBI0 OMOUHAMKATOPOB (T. €. TAKMX OPraHU3MOB, 110 HAJIWYUIO,
COCTOSIHUIO U MOBENEHUIO KOTOPhIX CYASIT 00 U3MEHEHUSIX B Cpele).

Drobuoxumuyeckuilt. MOHUMOpUHe — MOHUTOPUHT, Oa3MPYIOLINIACS
Ha OLIEHKe JABYX COCTaBJSIIOLIMX OKpYXKalolllell cpeabl (XMMUYECKOM
1 OMOJIOTMYECKOI).

JlucmanyuonHblli MOHUMOPUHe — B OCHOBHOM, aBUAlLIMOHHBIM,
KOCMHMYECKUIT MOHUTOPUHT C TIPUMEHEHMEM JICTAaTeIbHBIX aIapa-
TOB, OCHAILEHHBLIX PagUOMETPUYECKON ammapaTypoii, CIOCOOHOI
OCYLUECTBJISITh aKTUBHOE 30HAMPOBAHMUE M3ydyaeMbIX OOBEKTOB U pe-
TUCTPALIMIO OMNBITHBIX JAHHBIX.

B 3aBucumoctu OT mpuHUMIA KilaccupUKalUKM HMMEIOTCS pas-
JIMYHBIE CUCTEMbl MOHUTOpUHTA (Tabj. 2.2).

Haubonee yHMBepCaIbHBIM SIBISIETCS] KOMIUICKCHBIM 3KOJIOTHYE-
CKUII MOHUTOPMHI OKpYXXalollieil cpe/ibl.

Komnaexchuill 3K0102uMecKuli MOHUMOPUHe OKPYXalollleid cpeabl —
9TO OpraHu3alMsl CUCTeMbl HAOJIOAEHUI 32 COCTOSSHUEM OOBEKTOB
OKpyKalollleil MNpUPOTHOM Cpedbl IJIsI OLEHKM HX (haKTUIECKOTO
YPOBHS 3arpsi3HEHUST U TIPeayIpeKIeHUsI O CO3AAIOIIUXCS KpUTUYE-
CKMX CUTYalMsIX, BPEOHBIX IUISI 3MOPOBBS JIIOOEH M APYTMX >KUBBIX
OpraHuM3MoB. Pa3nnyaloT MOHUTOPUHT JIOKANTbHBINA, PErMOHANIBHBIN U
(GOHOBBIIA.

IIpu mpoBeneHUM KOMILIEKCHOTO 3KOJIOTMYECKOI0 MOHUTOPUHIA
OKpyKalolllell Cpebl: a) MPOBOAUTCS MOCTOSIHHASI OLIEHKA 3KOJIOTH-
YeCKMUX YCJIOBUI cpedbl OOMTaHUS YeJOBeKa M OMOJOrMUYeCcKUX 00b-
eKTOB (pacTeHWi, KUBOTHBIX, MUKPOOPTraHM3MOB M T.I.), a TaKXke
OLICHKA COCTOSIHMS U (PYHKIMOHATBHON LIETOCTHOCTU 3KOCUCTEM;
0) cozmaroTcsl YCJIOBUS ISl OMpeAeeHUsS KOPPEKTUPYIOLIUX AEHCT-
BUIl B TeX CilydyasiX, KOrja lLiejJeBbie IoKa3aTeln 3KOJOTMYECKUX YyC-
JIOBUM HE TOCTUTAIOTCS.

CucrtemMa KOMILJIEKCHOIO 3KOJIOTMYECKOIO MOHUTOPUHTA TIpeay-
CMaTpUBaeT:

e BblJEJICHUE 00bEKTa HAOMIOAEHUS;

e 00Cje10BaHUE BbIAEIEHHOIO 00beKTa HAOIIONEHMUS;

e cocTaBjieHUe 1Ji1 oObeKTa HabawoAeHUs WHGOPMALIMOHHON

MOJIEJIN;
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Taonuma 2.2. Knaccuukamusi cuctem (MoIACHCTEM)

MoHHTOpHHTA [19]

[Ipunyun Cywecmeyrouue uau papadbamoléaemvle CUCmembl
Kaaccugpukayuu (nodcucmemvt) MOHUMOPUHeA
YHuBepcanbHble [100abHBIN MOHUTOPUHT (0a30BbIil, PErMOHANIBHBI,
CHUCTEMbI MMIAKTHBIN YPOBHM), BKIIOUasi (DOHOBBIM U MaJIEOMOHU-
TOPUHT
HaumnonanbHblii MOHUTOPUHT (Hampumep, OO0lerocynap-
CTBEHHasl cly>k0a HabJI0AeHUSI U KOHTPOJISI 32 YPOBHEM
3arpsI3HeHUsI BHEILHE cpebl)
MexXHauMOHAbHbIA MOHUTOPUHT (HAIPUMEDP, MOHUTO-
PUIHT TPaHCTPAHUYHOTO MEPEHOCa 3arpsI3HSIONIMX BEILIECTB)
Peakuus oc- l'eopusnuecknii MOHUTOPUHT
HOBHBIX CO- buonornyeckuit MOHMTOPWHI, BKJIOYasi TEeHETUYECKUt
CTaBJISIOLIUX DKOJOTMYECKUIT MOHUTOPUHT (BKJIIOUAIOIIWI BbILIEHA-
ouochepsl 3BaHHbIC)
PaznuuHbie MOHUTOPUHT AHTPOIOTEHHbIX M3MEHEHUI (BKJIIOYas 3a-
cpenbl IPSI3HEHMST U peakliMIo Ha Hero) B atMocdepe, ruapocde-

pe, mouBe, Kpuocdepe u OMOTe

daxkTopsl U HC-
TOYHUKH  BO3-
EUCTBUS

MOHUTOPHHT UCTOYHUKOB 3aTrpsI3HCHUS

MHrpenMeHTHBIE MOHUTOPUHT (HallpUMep, OTAEIbHBIX 3a-
IPSIBHSTIONINX BELIECTB, PATMOAKTUBHBIX U3ITyYEeHUH, 1IIy-
MOB U T.I.)

OcTtpoTta u 1J10-
0aJIbHOCTD TIPO-
0J1eMbI

MOHUTOPHUHT OKeaHa
MonutopuHr 030HOCGhEphI

MeTtomanl Ha- MOHMTOPUHTI 110 (GUNYECKUM, XUMUUYECKUM U OMOJIOTH-
OntoneHus YeCKMM ToKa3aTessm

CnyTHUKOBBI MOHUTOPUHT (AMCTAHIIMOHHBIE METO/IbI)
CucrtemMHBbI Mennko-01osiorndeckuit (COCTOSTHUS 310POBbsI) MOHUTO-
MOAXO[, DUHT

DKOJIOTMYECKUI MOHUTOPUHT

KiauMaTtnuecknit MOHUTOPUHT

BapuaHT: 6M03K0IOrMYeCcKuii, re03KOJIOTMYEeCKUil, O1o-
cepHBbIif MOHUTOPUHT
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e TJIaHUMPOBAaHWE U3MEPEHMIA;

e OIICHKY COCTOSHMSI OOBbEKTa HAOMIOACHUS Y WACHTU(MUKALINIO
ero MHGOPMallMOHHON MOMENH;

e TIPOrHO3MPOBAHME U3MEHEHUS COCTOSIHMS O0bEeKTa HAOIIOACHUS;

e TIpeAcTaBieHUE MHGpOPMALMM B yOIOOHOU I MCHOJb30BAHMS
¢dopmMe 1 1oBeaeHNE ee 10 NOTpeOUTeNs.

OCHOBHBIE 1IeJTU KOMITJIEKCHOTO 3KOJOTMYeCKOTO MOHUTOPWHTA

COCTOSIT B TOM, YTOObl HA OCHOBAHMU ITOJYYEHHON MHGpOPMALIMN:

1) oLleHUTDH TOKa3aTed COCTOSHMS U (PYHKLIMOHAJIBHOM 1IeJIOCT-
HOCTM 9KOCHUCTEM M Cpelbl OOMTaHUS 4esoBeka (T. €. MpoBec-
THU OLICHKY COOJIIOJEHUSI 9KOJIOTMYECKUX HOPMATUBOB);

2) BBEIIBUTh TIPUUMHBI U3MEHEHMSI 3THUX ITOKas3aTeaeil M OLIEHUTh
MOCJIEACTBUSI TAKMX U3MEHEHMH, a TAaKXKe OMpPEeAeIMTh KOPPeK-
TUPYIOLLIME MEpPhl B TeX ClIydasx, KOrjma liejeBble IoKa3aTeau
9KOJIOTUYECKUX YCJOBUM He AOCTUTaroTCs (T. €. IMIPOBECTU M-
arHOCTHUKY COCTOSIHUSI 9KOCHUCTEM U Cpelbl OOMTaHUs);

3) co3gaTh MPENNOCHUIKM JIsI OIpeAeeHUsI Mep IO MCIIpaBie-
HUIO BO3HUKAIOIIMX HETaTUBHBIX CUTyallMid AO TOTrO, KaK OyneT
HaHeceH yuepo, T. €. 00ecIeunTh 3a0JIaroBpeMeHHOE Mpery-
TpeXAeHNEe HETaTUBHBIX CUTYaLIUiA).

B Poccuiickoit @eaepanun GyHKIIMOHUPYET HECKOJIBKO BEIOM-
CTBEHHBIX CHCTEM MOHUTOPMHIA, HAallpuUMep, CJy>kK0a HabMoIeHUs 3a
3arpsi3HEHUEM OKpyxXKarouieil cpeabl Pocruapomera, ciay:xxba MOHHU-
TOpPYHIA BOIHBIX pecypcoB PockomBoaa, ciyx0a arpoXMuMuyecKuUx
HaOJIIONeHUT U MOHMTOPMHTIA 3arpsi3HEHUIN CebCKOXO3SMCTBEHHBIX
3eMesb Pockomsema u ap.

2.3. Kputepun ouenku kauectsa
OKPY:KAIOIEH Cpelbl

Tocydapcmeennas skosocuueckas skcnepmusa TIPEACTaBISIET CO-
0Ol CHUCTEMY TroOCyIapCTBEHHBIX ITPUPOIOOXPAHHBIX MEPONPUSITUIA,
HaIpaBJICHHBIX Ha IIPOBEPKY COOTBETCTBUSI MPOEKTOB, IJIAHOB U
MEpOIIPUATUIA B 00JIACTU HAPOJHOIO XO3SMCTBA M IPUPOMHBIX pe-
CypCOB TpeOOBaHUSIM 3alllUThl OKPYXXAlOWIel cpedabl OT BpPEeAHBIX
BO3IEHCTBUMA.

Toxkcukonornyeckasi XxapakTepUCTUKAa TEXHOJOTMYECKUX MpOoLeC-
COB TpeOyeT OO0OCHOBaHUSI PeKOMEHAALMK MO0 TaKOMY W3MEHEHMUIO
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MPOM3BOMICTBA, YTOOBI YMEHBIINTh KOJWYECTBO BPEIHBIX IIOIYIPO-
JIYKTOB WU MOOOYHBIX COSAMHEHUN WIM UCKIIOUUTh WX, U MEIUKO-
TEXHUYECKUX TpeOOBaHMII K TIJIAHMPOBAHUIO ITPOM3BOICTBEHHBIX
TIOMEIIICHUIA, ammapaType, CaHUTapHO-TEeXHUYECKOMY O0OpymoBa-
HUIO, B TOM YHUCJIe OYMCTHOMY WJIM pacceuBalolleMy, U — B clyyae
HEOOXOIMMMOCTH — K WHIWBUIYaJbHBIM CPEICTBaM 3allluThl. B oc-
HOBE 3TOI'O JICXKWT YCTAHOBIICHUE NpedeabHo OONYCMUMbIX KOHUEHMpPA-
yut (ITIK) epednvix eeujecme 6 pazauunvix cpedax.
B 6030ywmnoti cpeoe:

o IIIK, ; — npedeavno donycmumas KOHUeHmMpayus eeuecmea 6
6030yxe paboueti 30Hbl, MT/M3. DTa KOHUEHTPAIMs [P €XETHEBHOM
(KpoMme BBIXOJAHBIX JHEeN) paboTe B mpedeiax 8 4 WM APYro mpo-
TMOJDKUTEIBHOCTA, HO He Ooiee 41 4 B Hemeio, B TEUCHUE BCETO
pabodJero craxa He MOJDKHA BBI3BIBATh B COCTOSTHUM 3I0POBbs Ha-
CTOSIIIIETO M ITOCJEAYIONIeTO MOKOJeHUI 3a00JIeBaHUIl WM OTKIIO-
HeHMI, OOHApYXXMBAeMBIX COBPEMEHHBIMM METOIAMU MCCJIeIOBa-
HUS B Ipoliecce paboThl. Paboueit 30HOI cumMTaeTCsl IMIPOCTPAHCTBO
BBICOTOM 1O 2 M HajJ ypOBHEM IIOjla WUIM TUIOIIAAKW, Ha KOTOPOit
HaXOISITCS MECTa ITOCTOSTHHOTO WM BPEMEHHOTO IpeObIBaHUS pa-
OoTamIINnX;

o IIOK,, , — npedeavno donycmumas maxKcumanrbhas pa3oeas KoH-
uenmpayus eeuecmea 6 6030yxe HACEACHHbIX Mecm, MT/M3. DT1a KOH-
LIEHTpalus IIpYd BAbIXaHWM B TedyeHue 20 MUH He IOJDKHA BBI3BIBATh
peIeKTOPHBIX (B TOM YUCJIE CYOCEHCOPHBIX) peaklMii B OpraHu3Me
YeJIOBEKa;

e [IOK. . — mnpedeavro Odonycmumas cpeoOHecymouHas KOHUEH-
mpayus. MOKCUYHO20 6euecmea 6 6030yXe HACeNCHHbIX Mecm, MT/M3.
DTa KOHIIEHTpalMsI He OOJDKHA OKa3bIBaTh Ha 4YEJIOBEKa IIPSIMOTO
WM KOCBEHHOI'O BPEIHOTO BO3IACHCTBMS IIPM HEOTPAHMYECHHO IIPO-
JOJDKATEILHOM BIBIXaHUM.

B 800notl cpede:

o IIOK; — npedesvHo donycmumas KoHuemmpauus eeulecmed &
800e 6000emMa XO3AUCMBEHHO-NUMbEE020 U KYAbMYPHO-0bIM0B020 80-
donoav306anus, MT/1. DTa KOHIEHTpalus He OOJDKHA OKa3hIBaTh
MPSIMOTO WJIM KOCBEHHOI'O BJIMSIHUSI Ha OpPTaHbl YeJOBEKa B TCUCHME
BCEll ero XM3HM, a TaKKe Ha 3J0pPOBbE IOCICAYIOIINX TOKOJCHUMN 1
He JOJDKHA YXYAIIaTh TUTUEHWYECKNE YCIOBUS BOIOIIOJIb30BAHUS;

o IIOK; , — npedeavro donycmumas KOHUEHMpPAUUs 6euecmea 6
600e 6000ema, UCNOAb3YeMO020 045 PblOOXO3AUCMBEHHbIX Yeaell, MT/IT;
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e lHTerpanbHbIe ITOKA3aTEIN IS BOMBL

BIIK — o6uonoeuueckas nompebnocms 6 Kuciopode — Kojauye-
CTBO KHUCJIOPOAA, MCIIOJb30BAHHOTO ITPU OMOXUMHUIECKHMX ITPO-
1eccax OKHMCJICHUS OpPraHMYeCKMX BellleCTB (MCKIIIOYasi IIpo-
1IecChl HUTpUMUKALIMKU) 3a OIpeleIeHHOe BpeMsl MHKyOaIuu
mpo6er (2, 5, 20, 120 cyrok), mr O,/n1 Bomel (BIIK, — 3a
20 cyrok, BITK5 — 3a 5 cyTok);

XIIK — xumuueckas nompebrHocms 6 Kucaopode, ompeneeHHast
OMXpPOMATHBIM METOAOM, T. €. KOJIMYECTBO KMCJIOpPOIa, SKBH-
BaJIEHTHOE KOJMYECTBY PACXOMyeMOTO OKHUCIUTENSI, HeoOXo-
IMOTO IIJIST OKMCJICHUsI BCEX BOCCTAHOBMTEJIEH, COMEpKaIIINX-
cs B Boje, Mr O,/J1 BOAKI.

[To ornomenuto BIIK, /XIIK cyngaTt 06 a¢pdekTuBHOCTH OMOXM-
MMYECKOI'O OKMCIICHHUS BEIIECTB.

B nouse:

o IIAK, — npedesvro donycmumas KOHUEHMPAUUs eeuiecmsd 6
NAXOMHOM cA0e NoYebl, MI/KT. DTa KOHIICHTpAIlds He IOJIKHA BHI3BI-
BaTh MPSMOTO M KOCBEHHOTO OTPHULIATEILHOTO BIUSHUS Ha 300POBbLE
YeJI0BeKa, a TAKXKE Ha CAMOOYMIIAIOLIYIO CTIOCOOHOCTh TTOYBHI;

o IIIK;, (AOK) — npedeavro donycmumas konuenmpayus (00-
nycmumoe OCMAmMoO4HOe KOAUYeCMmB0) eeujecmea 6 NpodyKmax numa-
HUsl, MT/KT.

Eciu Benmmumna IIIK B pa3nuuHbIX cpegax HeE YCTaHOBJIEHa,
JIeicTByeT BpeMeHHbIl rurueHudeckuit Hopmatus BJIK (OBYB) —
BPEMEHHO JOIyCTMMasi KOHIEHTpaluus (OPUEHTHUPOBOYHO Oe30I1ac-
HbIIA YpOBEHb BO3IEHCTBUS) BellecTBa. BpeMeHHbIi HOpMaTUB ycTa-
HaBJIMBaeTCsl Ha omnpeAeieHHbI cpok (2—3 roma).

Paznuunble BelllecTBa MOTYT OKa3biBaTh CXOAHOE HEOJarompusiT-
HOe BoO3deiicTBUe Ha opraHu3M. Hampumep, cyimectByer 3ddexT
CyMMAaIIUM IS MOKCHUAA a30Ta v hopMajbaeruaa, eHona u aneTo-
Ha, 3TaHOJA W ILIEeJON TPYIIbLl OpraHWYeCKMX BellecTB. st Tokcna-
HBIX BeIIeCTB Oe3omacHas KOHIIEHTpALMS OIpenessieTcsl COOTHOIIE-
nuem C/ITJAK < 1, tne C — ¢dakTuueckass KOHLIEHTpaIUsI BellecTBa
B cperne.

JlonyctuM, YTO B BO3AyXe KOHLEeHTpauus ¢enona C ¢ =
= 0,345 mr/n, auerona C,, = 0,009mr/m1, a TIOK ¢ = 0,35mr/1,
NAK ;= 0,01 mr/n. Takum oOpa3zom, Aas KaxIoro M3 BELLIECTB
yKa3aHHOE COOTHOIIIeHWe MeHblie 1:

C/IIK < 1; G/ K< 1.
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Ho mnockonbky 3Tu BeuwlecTBa 00JagaloT 3(p¢eKToM CyMMaluu,
TO oOlliee 3arpsi3HeHre (PEeHOJOM M alleTOHOM IIPEBBLICUT MpenesibHO
JIOTTyCTUMOE, TaK Kak

G _, &
NAaK, MAK,

Takum obpazom, cymMma oTHolleHU KoHueHTpauuii K TTIK Be-
1IeCcTB, o0JagamIInX 3PEPEKTOM CyMMAalM, He JOJDKHA MPeBLIIIAThH
€IMHMIIH.

Hns Gollee IOTHOM OLIEHKM KavyecTBa CPelbl CPAaBHUTEIBLHO He-
JIaBHO CTaJIM MCIIOJb30BaTh npyroi Kpurepuiit — [IJIDH — npedens-
HO donycmumyr 3K0402u4ecKyio Haepysky. nis Boabl — 310 ITJC —
MpenesbHO AOIYCTUMBINA cOpoc, r/c; mis Bozayxa — IIJIB — mpe-
IEJTbHO MOITYCTUMBIM BBIOPOC, T/C. DTU BEJIMYMHBI XapaKTepU3YIOT
Harpy3Ky, OKa3bIBaeMyI0 MPEINpUATHEM Ha OKPYXalOlIyio Cpemy B
eIVHUILY BPEMEHM, U JOJDKHBI 0053aTeIbHO BXOAUTH B 3KOJIOTUYE-
CKMI macnopt (WU APYroil MOJOOHBINM JOKYMEHT) MPEIpPUATUS.

HenmoctaTkoM M3JIOXKEHHOM BHIIIE CXeMBI KPUTEPUEB OLIEHKU Ka-
YecTBa Cpelbl SIBISIETCA Pa3pO3HEHHOCTh NMPUPONOOXPAHHBIX (YyHK-
WA pa3IMYHBIX MUHUCTEPCTB M BEIOMCTB, a TakKXe 4YacTO OYEHbBb
pasnuuatoniecs 3HayeHus [TJIK B pa3HbIX cTpaHax.

=0,986+09=10,986+0,9=1886>1.

Kourpoabubie Bonpocor
000 0000O0OCGCOONOGEONOGOEONOEOSNOIO

1. Rakue ocHoBHbBIE 3ajla4l peIaoT cHCTEMbl MOHUTOPHHTA OK-
py:Raroteii cpenni?

2. Yro oznauaer tepmun <«monuropunr>? Ilpusepnre dopmydu-
POBRY ompejielleHHsi MOHHWTOPWHTA, JIAaHHYIO IIPOTPaMMOii
TOHEIT B 1974 r.

3. Rakne tnnel wiaccuukaymym HKOJIOTNYECKOr0O MOHUTOPUHTA
BHI 3Haere?

4. Rakne nBa OCHOBHBIX KPUTEPHUA ONEHKH KAYeCTBA OKPYIKAIO-
nieii cpejpl BbI 3Haere? B yem mx paszmmune?

9. Rarne ocnosupie Buapl [IJIR (mpemeanno nomyctumoit roH-
IEeHTpanym ) 1A BO3AYIITHOIN cpelbl Bbl 3HaeTe? YRasKuUTe eu-
HUTIBI U3MEPeHNs.
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6. ITpuBeaure nBa pasmmunbix Buga IIJIR mna Bommoii cpempr. B
yeM X pasinmine? RakoBbl eMHUIBI U3MepeHns?

7. Rakne cymecTByIOT WHTerpajbHbIe TOKa3aTeld KavecTBa BO-
ap1? HaroBbI MX eqUHUTIBI N3MepeHus ?

8. Yro Taroe sapperr cymmanun? Ilpusennre npumepsi.

9. Yro osnauaior abopesuarypsi BJ/IK, OBYB, I1JI9H? B rarnx
clydaAx 3TH 1OKazaTelln NPUMEHAIOTCA JUIA OLEHKN KavyecTBa
cpenpi? HakoBbI WX €TUHUAIBI U3MEPEHHA?



3 I KOTOKCHKOAOTHS

3.1. 3arpsasuenune okpy:kawiueH cpeabl
TOKCHKAaHTaMH H KOAMY€CTBEHHbIE
KPUTEPHUH OLEHKH €ro (paKTHYeCKOTo
yPOBHS

AKTUBH3ALIMSI XO3SIICTBEHHO-TIPOU3BOACTBEHHOM AESITEIHbHOCTH
YeJIoBeKa B COBPEMEHHBIX YCIOBUSX IIPMPOAOINOIB30BAHUSI M IJIO-
OayibHBIC MAacIITaOBl €€ aHTPOIIOTEHHOTO BO3ICHCTBMS Ha TJIABHBIE
COCTaBJISIIONIME OMOC(Eephl CO3MA0T CUTYAlIMI0 OCTPOrO 3KOJIOTHYe-
CKOTO KpHu3uca, OOYCIIOBJICHHYIO Ierpagalneii 00beKTOB OKpYKalo-
mei cpeabl. B CBA3M ¢ 3TMM IS ONTMMU3AIUM YCJIOBUI B3aMMO-
NEWCTBUS YeJIOBEKa C MPUPOAONM BaKHOM IPEACTABISIETCS POJIb BCeE-
CTOPOHHETO aHajM3a OKpyXawolleld TpupoaHoit cpenbl [16],
[JIAaBHBIMU 3aJayaMy KOTOPOTO SBJISIETCSI KOMIUIEKCHAsI OIlEHKAa KO-
JIOTMYECKOTO pe3epBa OMochepbl M €¢ MOTeHUMAIBHBIX BO3MOXHO-
CTeil K CAaMOBOCCTAaHOBJICHUIO M CAaMOOYMIIEHHUIO, aHaINU3 IIHPOKOTO
CIIEKTpa pa3IW4YHBIX TUIIOB BO3MEUCTBUI (KaK IMPMOPUTETHBIX, TaK 1
He IIPUOPUTETHBIX) Ha IPUPOIHBIC S3KOCUCTEMbI M M3YUYEHHUE CIICII-
¢dryecknx ocoOEHHOCTE 3TUX Bo3aeicTBuit [135].

B nocnennue rogsl 0coOy0 3HAUMMOCTh U aKTyaJlbHOCTb MPUOO-
peTaloT TOKCUKOJIOTMYECKME AacCIIeKThl BCECTOPOHHEIO aHaim3a OK-
pyxarwouei cpeabl [43, 9, 53]. Cepbe3Holi TTpobieMoit sIBIsIeTCS YC-
TaHOBJICHHE ITOPOTrOBOCTU 3(eKTa TOKCHMKOJOTMYECKOIO BO3IEHCT-
BUSI B CUCTeMaX «TOKCHMKAHT — OKpYXKawollas cpefa» U «TOKCUKAHT —
JKMBOI OpraHM3M» U OIIpele/ieHNe 3aBUCHMMOCTHM «lI03a — OTBETHAs
peaxisi», KOTopasl MOCIyKWia aKTUBHBIM MMITYJIbCOM IJISI pa3BUTUSI
HOBOTO HAaIpaBJIeHUsS B 2KOJOTHUM, Oasupylolerocs Ha (yHIaMeH-
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TAJTBHBIX OCHOBAaX TOKCHUKOJIOTMYECKOM, OMOHEeOpraHN4YeCKO M KO-
JIOTUYECKOM XWUMUM, HA3bIBAEMOTO JIKomoKcukoaozuei. Haydnasa 3Ha-
YUMOCTh JKOTOKCUKOJIOTUM COCTOWT B M3YYEHWU COBPEMEHHBIX
]'[pCI[CTaBJTeHI/Iﬁ TOKCUYHOCTU U KaHLIECPOITCHHOCTU JJIEMEHTOB U UX
COCIWHEHMW, WCCIAeNOBAHUN CITeIU(UIECKUX OMOTeOXMMUYECKIX
0COOEHHOCTe! MOBeAeHUSI TOKCMKAHTOB B OKpYXamwlleil cpene, Me-
XaHW3Ma UX pacIpOCTpaHEHMST M MeTaboIM3Ma; YCTAaHOBJICHUN B3au-
MOCBA3U MECXOY H€O6XOI[I/IMOCTI)}O N TOKCHMYHOCTBIO OJJIEMCHTOB,
OIIpeIe/ICHUM JIOKAIM3allM KaHIIEPOTeHHBIX MOHOB; OIICHKE IIOpPO-
roBoro 3¢ ¢exTa TOKCUKOJIOTMIYECKOTO BO3ICUCTBUSI.

ITomoGHBIN LIETOCTHBI KOMIUIEKC AOCTATOYHO CIIOXHBIX Hayd-
HO-TIpPUKJIAOAHBIX 3ada4d, PCLICHUE KOTOPBIX IPEAYyCMATPUBACTCA B
paMKaxX 3KOTOKCHKOJIOTWH, B OOJIBIIMHCTBE CIIydaeB IMO3BOJISIET TIPO-
M3BECTU KOJIMYECTBEHHYIO OLIEHKY MTOPOTOBOro 3(p@dekra TOKCUKOJIO-
TMYECKOTO BO3IEUCTBUS, MMEIOLIET0 MECTO B CHCTEMAax <«TOKCUKAHT
— OKpyXarolias cpefa» M «TOKCHMKAHT — XKWBOW OpPTaHW3M» COTJIac-
HO ypaBHeHMIO [34]:

D,= D, — (De + D)
rae D, — J103a BPEIHOIO BELIECTBA, JOCTUTIIAs PELIENTopa;

D, — J103a BPEAHOTO BEIIECTBA, BBEACHHAsI B OPTraHU3M;

De n Dm — IO03bI BpEAHOro BC€IICCTBA, COOTBETCTBCHHO BLIACJICHHBLIC N3
opraHmsmMa Hu O6e3BpC)KCHHbIC B IpoHeCCcEe MPOABMKCHUA
si1a K PELENTOpY.

KoH1enmss moporoBoCTH MpeanoiaraeT BHICOKOEe KayeCTBO Cpe-
Ibl W TIOJNIHYIO O€30MacHOCTb IS 4YejioBeKa W JIIOOBIX TMOMYJISIni
P YCIIOBUU 3aTrpsiI3HEHUS 3TOM Cpelbl HIKE OIpeleIeHHOTO YPOB-
HAA, BOBIICﬁCTBI/IC KOTOpOTO Ha JII00bBIE OpraHMU3Mbl MEHbBIIEC HEKOTO-
pOTo TTOPOTOBOTO 3HAYCHMUS.

3aepsazreHue okpyxcaroueli cpedsl — BTO TPOILECC TMPUBHECEHUS B
cpely WM BO3HWKHOBEHNE B HEM HOBBIX, OOBIYHO HE XapaKTepPHBIX
IJIs1 HEe (1)I/I3I/I'~ICCKI/IX, XUMHNYECKUX, OMOIOTUYECKUX arc¢HToB, OKa-
3BIBAIONIMX HeTaTWBHOe Bo3zdeiicTBue. CyIIECTBYIOT TpPW JTalla 3a-
IpsI3HEHUI: (u3nyeckoe (CoJHEeUHas paavalusi, 3JeKTPOMarHUTHOE
M3Ty4eHUe W T.J.), XUMHYecKoe (adpO30JIM, TSKEIble METaJUThI
U T.0.), Ouonornyeckoe (0AKTEpUOJOTHYECKOE, MUKPOOMOIOTUYEC-
ckoe). Kaxnprii TMm 3arpsi3HEHWsT MMeEeT XapaKTepHBIH M CIEIH-
(GUYHBIN JJI1 HErO MCTOYHUK 3arpsi3HEHUS — TIPUPOAHBIM MM XO-
3SIMICTBEHHBIN OOBEKT, SIBISIONINICS HavyaJlOM MOCTYIICHUS BeEIeCT-
Ba-3arpsi3HUTENIST B OKPYXKAIOILIYyI0 cpeay. Pasnmmyalor mpupomHble U
AHTPOTIOTEHHbIE UCTOUYHWKH 3arpsI3HEHUS.
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OCHOBHBIE TPUPOIHBIE MCTOYHUKHU TTOCTYIUICHUS TOKCUKAHTOB B
OKPYXXAIOIIyI0 Cpeay — BeTpoBas IbUIb, JIECHBIC TTOXKAPhI, BYJKaHW-
YeCKWI MaTepuall, pacCTUTEILHOCTb, MOPCKUE COJIM.

AHTpPOTIOTEHHBIE WCTOYHWUKHA — 3TO TEPBUYHOE W BTOPUIHOE
IMPOM3BOJICTBO ILIBETHBIX METAJJIOB, CTAJIM, YyTyHa, 3Keje3a; Jo0bida
MTOJIE3HBIX MCKOITAEMBIX; aBTOMOOWJIBHBINA TPaHCIIOPT; XUMHYECKast
MPOMBILIJIEHHOCTh, MPOM3BOJICTBO Menu, (ocdaTHbIX yIOOpeHMIA;
MPOLIECCHl CXXUTaHMS YIS, He(pTH, ra3a, IpeBeCUHBI, OTXOI0B U JIp.
AHTPOTIOTEHHBIN MOTOK ITOCTYIUIEHHWSI TOKCUKAHTOB B OKPYXKAIOIIYIO
cpeny npeBanupyer Han ectecTBeHHBIM (50—80%) u auilb B HEKO-
TOPBIX CJIy4asix COIMOCTABUM C HUM.

B xauecTtBe KpuTeprueB KOJIMYSCTBEHHON OLIEHKU YPOBHS 3arpsi3-
HEHMST OKPYKAIOIIEH Cpeabl MOTYT OBITh MCITOJIb30BAaHBI MHICKC 3a-
IpSIBHEHUS, TIPeAesIbHO AomycThMasi, (OHOBass M TOKCHUYeCKas KOH-
LIEHTPaLINH.

Hnoekc 3aepasnenus (M13) — mokaszaTtesb, KAYeCTBEHHO W KOJIMYE-
CTBEHHO OTpaXKalolIMi MPUCYTCTBME B OKPYXKaloOllIeil cpele BellecT-
Ba-3arpsiI3HUTENIS] M CTEIIEHb €r0 BO3IEMCTBUS Ha XKMUBBIC OPTaHU3MBbI.

IIpedeavno donycmumasn xonyenmpauus (ITIJJK) — koamuuecTBO
BPEIHOTO BEIIECTBA B OKPYXKAIOIIEH cpele, KOTOpOoe TP MOCTOSH-
HOM KOHTAaKTe WUIM TIpW BO3IEHCTBUM 3a OIpPEIeICHHBI ITPOMEXY-
TOK BpEeMEHHM TIPaKTUUYECKN He BIMSET Ha 300poBbe denoBeka. Ilpe-
JIeJIbHO TOITYCTUMBIC KOHIIEHTPALIMU BEIECTB, 3arpsS3HSIONINX OMO-
cdepy, BBOOWIMCHL KaK HOPMHUPYIOIIME IIOKa3aTeiM BO MHOTHUX
CTpaHax, B TOM 4YHcCJe U B Hamiell ctpaHe. OHM yCTaHABIMBAJINCH B
MIpU3eMHON aTMocdepe, BoJax, MoYBax, paCTeHUSIX, MPOIYKTaX IMH-
taHus (tabdn. 3.1—3.4).

CymectBytomiag cucrema ITJIK HemocraTodHO JOCTOBEPHO WMH-
¢dopMaTuBHA, IMOCKOJIBKY IIPEAYCMATPUBAET OIpeaeecHNe WHINBUIY-
aJJbHOTO TOKCHWKAaHTa, NUCTAHIUPYSICh OT BOIPOCA O KOMILIEKCHOM
BO3JAEMCTBUU PA3JIMYHBIX 3arps3HuTeseil. Mexay TeM COBMECTHOE
JIeiCTBUE, HAINIPUMEpP, OPTaHOKOMILIEKCOB TSKEIBIX METAJUIOB Kap-
nuHanbHO MeHseT ITIK, skcriepuMeHTanibHO TOJyYEeHHbIE JJIST OT-
JIEJTLHOTO TSKEJIOTO MeTajuia.

Donosas KoHuenmpayus — COASpPXKaHUE BEIIECTBA B OOBEKTE OK-
pyXarolleil cpeabl, OIpeaeaseMoe CYMMOM IJIOOAJbHBIX U PEruo-
HAJIbHBIX €CTECTBEHHBIX M AaHTPOITIOTEHHBIX BKJIAIOB B pe3yjbTare
JaJbHETO WU TPAaHCTPAaHWYHOTO TepeHoca.

ITon moxcuueckoi konuenmpayuel MOHUMAIOT JTUOO KOHIEHTpa-
IO BPEIHOTO BEIECTBAa, KOTOPOE CIIOCOOHO MPHU Pa3IUYHOM IJTH-
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TeJIbHOCTU BO3JEMCTBUS BbI3bIBAThb T'MOeJIb XKMBbIX OPraHU3MOB, J10OO
KOHLIEHTPAlLMIO BPpEeIHOI0 Hayaja, BbI3bIBAIOIYIO rMbelib XKUBbIX Op-
raHn3mMoB B TedeHue 30 CyTOK B pe3yibTaTe BO3IACHUCTBUS Ha HUX
BpenHbIX BeliecTB [11].

T'oBOps 0 TOKCMYECKOM KOHLIEHTpAallUM KaK O CBOEOOPa3HOM WMH-
JIUKATOpe TOKCUYHOCTU TIIPUPOJHO-aHTPOIOTEHHBIX 3KOCHUCTEM,
HEJb3s HE KOCHYTbCSI M TaKHUX BaXKHBIX TMOHSATUU B 3KOTOKCHKOJO-
MM, KaK BpeJHOE BEIIECTBO WJIM TOKCUMKAHT — 3arpsiI3HUTENIb, MeTa-
00JM3M, KaHILEpOreHe3, TOKCUMYHOCTh KaK pe3yabTaT M30bITKa HEeOo0-
XOIMMBbIX BEILIECTB U COEAWHEHUI, OMOreoXMMHUUYEeCKHE CBOMCTBA
TOKCUKAHTOB M MX XMMHWYECKU aKTMBHbIE MUTPALlMOHHBIE (DOPMBI B
OKpyXaroulei MpupogHOMN cpeae.

Taonauuma 3.1. IlpenenabHo K0MyCTUMbIE KOHIIEHTPALUH
NPUOPUTETHBIX TOKCHKAHTOB B 00bEKTAX OKpYyXKalouiei
npupoaHoii cpeant [35, 28, 29]

1K
B na- Paszoean ¢ Cpednecymounas, B 600e 0as xo- | B 6ode das
Dnemenm | XomHom | 6030yxe Hace- me/m3 34UCMBeHHO- | pblb0X035il-
caoe | aeHHbIx Mecm, numueeoeo u CMBEHHbIX
noueul, me/m3 KYAbMYPHO- yenel, me/n
Me/Ke 0b1mM06020 60~
docnabxcenus,
me/n
Hg 0,1 0,01; 0,0003 0,005 (HgO)
0,05 (HgO) 0,0005
(Hg?")
Pb 20,0 0,01 0,0003; 0,03—0,1 0,03—0,1
0,0017 (PbSOy)
Zn 0,5 0,05 1,0—50 0,01
Ni 0,05 0,001 (NiO) 0,1
0,0002 (NiSQy)
Cu 0,001 0,1 0,002 0,1—0,5 0,001—
0,01
Cd 0,2 0,001 0,01 0,005
Co 0,5 0,001 1,0 0,01
Fe 0,04 (Fey03); 0,5 (Fe2t) 0,5

0,07(FeOy)
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Tao6mnuma 3.2. IIpeneabHo nomycTHMbIE KOHIEHTPALNHA BEIIECTB,
3arpa3HSIOIIMX MOBEPXHOCTHbIE BOAbI [11]

Bewecmeo ILJIK 6 600e no canumapHo-moKkcuKo- Knacc
A02UUECKOMY NPpU3HAK)Y 6pedﬁocmu onacHocmu
Akpuiiamun 0,01 2
AnmoMUHU 0,5 2
AHUIUH 0,1 2
ALIeTOHLIMAHTUIVH 0,001 2
Bapunit 0,1 2
Benzon 0,5 2
Bens(a)nupen 0,000005 1
Bepunnuii 0,0002 1
Bop 0,5 2
Bpom 0,2 2
Bucmyt 0,1 2
Boasdpam 0,05 2
I'ekcameTnieHAMaMUH 0,01 2
AOT 0,1 2
JduMetnnaMuH 0,1 2
JduMeTnnaguokcaH 0,005 2
2,5-IUXJIOPHUTPOOEH30JT 0,1 2
JuxnopataH 0,02 2
JAnxjopaTuieH 0, 0006 1
JAnaThipTyTh 0,0001 1
Kagmunii 0,001 2
KobGanbr 1,0 2
JIuTnii 0,003 2
Hurparsl 10,0 2
INeHnTaxnopoudeHmn 0,01 1
IMupunux 0,2 2
PryTh 0,0005 1
CBuHell 0,03 2
CrpoHLuii 7,0 2
CypbMa 0,05 2
Tannuit 0,0001 1
TerpaxyiopbeH301 0,02 2
TerpaxyiopatuieH 0,02 2
TeTpasTuncBuHell OTCYTCTBYET 1
Tpuxkpesundocdar 0,005 2
Tpuxnopbudenun 0,001 1
DTop 1,5 2
Xnopodopm 0,06 2
YeThIpEXXIOPUCTHIN YIIIEPOL, 0,006 2
DTUIIMEPKYPXJIOPUT 0,0001 1
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Taonauma 3.3. Canurapubie HOPMBI JONMYCTAMBIX KOHIIEHTPAIMIA
HEKOTOPbIX XMMHYECKHX UHIPEMEHTOB B MoyBax [11]

Xumuueckuii
UHepeduenm

IJIK, me/xe nousoi
¢ yuemom ¢ona

ITlodsuxncnas gopma

KobanbT 5,0
drop 2,8
Xpom 6,0
Bodopacmeopumas gopma
drop 10,0
Banoeoe codepicanue

Bens(a)nupen 0,02
Kucnotsl (opTo-, MeTa-, mapa-) 0,3
MBIupsaK 2,0
PryTh 2,1
CBuHell 32,0
CauHell + pTyTh 20+ 1,0
CepHHCTBIC COCTUHEHMS:

3JIeMEHTapHas cepa 160,0

CEepOBOJOPOI 0,4

cepHasl KMCJIoTa 160,0
Crupon 0,1
dopmanbaerun 7,0
XJIOpUCTHIN Kanuid 560
Xpom (Cr6%) 0,05
Aneranpaernm 10,0
Cynepdocdar (P,05) 200

Taonuia 3.4. IlpeneapHo 10MyCTUMbIE KOHIIEHTPALMM TSKEIbIX
MeTAJLI0B B MUIIEBBIX MpoaykTax [11]

Memannwi I1IK, me/ke
2
3epno, myka npodogosscmeerHble KPYHbl
PryTp 0,001
CBuHeI 0,08
Msco, nmuya, msconpodykmot
CBuHeI| 0,5
PryTh 0,03
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IIpodoaxcenue maba. 3.4

1 | 2
Puoiba u pvibonpodykmut
CBuHer 1,0
MBIIBSIK 1,0
PryTp 0,2—0,7
Mosnoko u moaounbie npodykmol
PryTh 0,005
CBuHell 0,05
Kagmuii 0,01
Dpykmot, yumpycogwvie, 080U CEeNHCUE, 3AMOPONCCHHbIE, CYXUe
CBuHelL 0,4—0,5
MbIIBSIK 0,2
Dpykmosvie cOKU U KOMROMbI
CBuHe1L 0,4
MblIbIK 0,2
Menp 5,0
Kagmuii 0,02
Kupwt u macna
CBuHe1 1,0
Kanmnit 0,05
Menp 0,5 (CKUBOT. XKHP)
0,4 (Maco pacTur.)
0,1 (macio pacTur.
pad., MaprapuH)
Lunk 0,5 (CKUBOT. XUD)
10,0 (Macnmo pacTur.,
MaprapuH)
bezanxoeonvnble Hanumiu
CBuHelL 0,4
AnkoeonbHbie HanumKu
CBuHe1; 0,3—1,0
Kanmnit 0,05
MBIpsIK 1,0
Coycul
CBuHel 3,0 (keTuyr)
Coeguvle 6enxu
PryTp 0,03
Kammmii 0,2
CBuHe1 2,0
1871516 60,0
MBbIIIBSIK 1,0

Mensb 30,0
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Oxonuanue maon. 3.4

1 2
IIpodykmut, 3aK0HCEPBUPOBAHHbIE 8 JCECMAHYI0 Mapy
OsnoBo 100 — 200
TIpodyxmul demckoeo u duemu4eckoeo NUMAaHus

PryTp 0,005
CBuHe1 0,1
Kammnii 0,01
Menp 2,0
Lunk 5,0

IIpodykmur demckoeo numanus Ha )pyKmosoil u 080UHOU OCHOBAX
PryTh 0,01
Kanmunii 0,03 — 0,05
MbIlIbSIK 0,1
Menp 5,0
Hnak 30

3epHo 045 0emcKoeo U Ouemu4eckoeo NUManus
(nwenuya, puc, ogec, KyKypysda, epevuxa)

PryTh 0,01
CBuHel 0,2
Kanmunii 0,02
Mennb 5,0
Hwunk 10,0 (rpeuuxa), 25,0

Moaombie npodykmul 045 0emckoeo U duemu4eckoeo0 NUManus
(kpyna, myKa, MoA0KO)

PryTp 0,01

CBuHe1 0,2

Kammnii 0,02

Menp 4,0, 10,0 (rpeunesast
Kpyria)

Hunk 20,0

3.2. TokcukanTnl U ux cneguuUecKne
O6uoreoxumMuueckme ocobeHnocru

IMoHsATHs <«BpeIHOE BELIECTBO» U <«TOKCUKAHT» — KIIIOYEBHIE B
9KOTOKCUKOJIOTUH.

Bpeonoe eeujecmeo — 3T0 MHOPOMHBIN HeXapaKTEPHBIN IS MPU-
POIHBIX 3KOCUMCTEM MHIPEAMEHT, OKa3bIBAIOLIMI OTPULIATEILHOE
BIVSIHUE Ha HUX U KUBBIE OPraHU3MBI, OOMTAIOIIME B 3TUX 3KOCU-
CTeMax.
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Tokcukanmes: — BeLIECTBA WM COEIMHEHUSI, CITOCOOHBIE OKa3bl-
BaThb dO00BUTOEC HCﬁCTBHC Ha 2KMBBIC OpPraHNU3MBbI. B 3aBucumoctu or
Xapakrepa BOSHCﬁCTBMH N CTCIICHU IIPOABJICHUA TOKCHUYHOCTU, T. €.
CIIOCOOHOCTM 3THMX BEIUECTB OKa3blBaTh BPEIHOE BO3AEICTBHE Ha
>KMBbIE€ OPTaHU3MBbI, OHU KJIaCCU(ULIMPYIOTCS Ha ABE OOJIbllIve TpyM-
IIbI: TOKCUYHBIE MW TIIOTCHLMWAJTIBbHO TOKCHUYHLBIC. Ilo xmmnyeckoii
MPUpPOJE BPeAHbIe BEILECTBA, UM TOKCUKAHTbI, ObIBAIOT HEOpPraHU-
YEeCKOIro MpPOMCXOXAeHUs (KaagMWid, PTYTb, CBMHEL, MBbIILIbSIK, HU-
KeJb, 00p, MapraHel, CeJieH, XpOM, IWHK U JIp.) M OPTaHUYECKOTO
(HUTpa3zocoenuHEHUs, (DEHOJIbl, aMUHbI, HEMTENPOAYKThI, IOBEPX-
HOCTHO-aKTUBHBIE BEILIECTBA, MECTULIAIBI, dopmanbaerua,
6en3(a)muper u ap.). CyuiecTByeT KiacCHPUKAIMs OMACHOCTH pas-
JIMYHBIX XUMUYECKUX BEILIECTB, IMOIMAAAI0IINX B OKPYXAIOIIYIO Cpendy.
B 3aBUCUMOCTM OT CTEEHU TOKCUKOJIOTMYECKOTO BOSHCﬁCTBHH XN-
MMYECKIEe BeIeCTBa MOApa3aesIaioT Ha Tpu Kiacca (Tabi. 3.5).

Taoauuma 3.5 Kaaccel OmacHOCTH Pa3iMYHBIX XUMHUYECKHUX
BEIECTB, MONAAIONIMX B MOYBY U3 BHIOPOCOB, COPOCOB U OTXO/I0B

Kaacc Xumuueckoe
onacHocmu eeujecmeo
1 MpbIlIbSIK, KaAMUM, PTYTh, CEJIeH, CBUHEL, LIUHK, (GTOp,
OeH3(a)nmupeH
11 Bbop, kobanbT, HUKEIb, MOJIMOIEH, Mellb, CYpbMa, XpOM
111 bapwuii, BaHanuii, BojibdpaMm, MapraHell, CTPOHILIMI, alle-
To(heHOH

Haubonee npuopuUTETHBIMU 11 XUMUKO-TOKCUKOJIOTUYECKOTO
aHanu3a SBJISIOTCA TsDKeble MeTalibl (CBUHEL, PTYTh, KaJaMUii,
Mellb, HUKEeJIb, KOOaJabT, LIMHK), 00Jamalolliue BBICOKOW TOKCUYHO-
CThIO ¥ MUTPALIOHHOM CIIOCOOHOCThIO.

INoBeneHue 3TUX TOKCUKAHTOB B Pa3IM4YHBIX IIPUPOIHBIX CpeIax
00YCJIOBJIEHO CIeLM(UUYHOCTBIO MX OCHOBHBIX OMOIeOXMMMYECKHUX
CBOIMCTB: KOMILIEKCOOOPA3yollieil CIIOCOOHOCTHIO, ITOABMKHOCTHIO,
OMOXVMMHMYECKOM aKTUBHOCTbIO, MHHEPAJIbHON M OpPraHUYECKOil
dopmamMu pacmpocTpaHeHUsI, CKJIOHHOCTBIO K TUAPOJIU3Y, PacTBO-
puMocThlo, 3@ddekTuBHOCThIO HakoruieHus: [33]. Ilo xapakrtepy
B3aMMOJICHCTBHS C Pa3IMYHBIMU JIMTAHIAMM TSDKEJIble METaUIbl CUM-
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TalOTCS MPOMEXYTOUHBIMU aKLENTOpaMy MEXAYy XXECTKMMM U MSIT-
KAUMU Kuciaotamu [23]. B mepBoM ciydae Uit HUX XapaKTepHBI HU3-
KWe MOJSIPU3yeMOCTh U 3JIEKTPOOTPULIATEbHOCTh, BbICOKAsI CTENEHb
OKMCJIEHMSI 1 oOpa3oBaHNWE MOHHBIX CBSI3¢i, BO BTOPOM — 0O0pa3oBa-
HY€ MPEUMYILIECTBEHHO KOBaJIEHTHBIX CBSI3€iA.

OnpeneneHHass aHAJIOTUS OMOTEOXUMUYECKMX CBOWCTB HEKOTO-
PBIX TSKENbIX METAJJIOB IMO3BOJIMJA CTPYNIIMPOBATh 3TU 3JEMEHTHI U
BBISIBUTb OOLLIME 3aKOHOMEPHOCTHU MX TOKCHUKOJOTMYECKOTO BO3MIEi-
CTBUSI Ha OKPYXKAIoLLylo cpeny (Tadi. 3.6).

Taonuua 3.6. OcHoBHBIE OMOreOXUMHYECKHE CBOICTBA
TSKEJIbIX METAJLIOB

Ceoiicmea Co|[Ni|Cu|Zn|Cd|Hg| Pb
Bbuoxumuyeckasi akTUBHOCTb — B B B B B B
ToxcuyHoCTh Yy ¥y ¥V ¥V B B B
KanueporeHHocTh B B — - - - -
OOGoraieHue ri100aJbHBIX a3po30eit H H B B B B B
MunepanbHast ¢popma pacnpoctpanehus B H H H B B B
Opranunyeckas ¢opma pacripoctpanesnst H H YV ¥V B B B
IToaBuxHOCTH H H Y ¥ B B B
TenneHUsI K OMOKOHLIEHTPUPOBAHUIO B B ¥V Y B B B
BOpPeKTUBHOCTH HAKOTUICHUS Y Y B B B B B
Kommnekcoobpa3sytoiiasi ciocoOHOCTb H H B B Y VYV H
CKJIOHHOCTb K TUIPOIU3Y H Y B B VY VvV YV
PactBopumocTh H H B B B B B
Bpewmst xxu3Hu B B B B H H H

IIpuMeuanwusa B— Beicokast, Y — ymepenHast, H — Huskasl.

Tak, HampuMmep, MeIb M IMHK XapaKTepHU3YIOTCS KaK HamOOJIb-
el XMMHWYECKON aKTUBHOCTBIO, ITO3BOJISIIONICH CUYMTATh MX XOPO-
MMM MHOWKATOpaMU TePPUTeHHOrO CTOKAa, CEAMMEHTALIMU, TaK U
BBICOKO#1 3(P(heKTUBHOCTHIO HAKOIUICHUSI B BOIOPOCISIX M ILIAHKTO-
He, 4TO OIpeaenasieT UX 0coOylo 3HAYMMOCTb st 0uothl [38]. OHu
SIBJIIIOTCSI TVIABHBIMU COCTABJISTIOIIMMM MHOTHX METaLUIO(PepMEHTOB,
YYACTBYIOIIMX B IIPUPOMHON CEIIEKIIMU a3POOHBIX KJIETOK, B OKHMCIIH-
TEJIbHO-BOCCTAHOBUTEIBLHBIX Ipolleccax TKaHel, MMMYHHOI peak-
MU, cTabuan3auum pudocoM U MeMOpaH KJeTok [43].
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Huxkenb n kobGanbT — OMOJOTMUYECKM AKTHUBHbIE U KaHLIEPOTEH-
Hble. CpaBHUTEIBHO MaJlasl MOIBMKHOCTh 3TUX DJIEMEHTOB O0YCIIOB-
JINBAaeT WX JOCTATOYHO PaBHOMEPHOE pacrpelnejieHue B IPUPOTHBIX
cpenax.

I'eoxuMmdeckrne 0COOEHHOCTH CBMHIIA — MaJiasl TOABIKHOCTD U
HENpOJOLKUTEILHOE BpeMsl XKM3HU B atrmMocdepe u (ase pacTBopa
MIPUPOIHBLIX BOA. B MOBEpXHOCTHBIX BOIAX OHO COCTaBIISIET HECKOJb-
KO JIeT, a B ryouHHbIx — 1o 100 et [7].

ITo xumMuyecKknM CBOMCTBaM M CIlel(pUKe TTOBEICHUS B pa3iny-
HBIX MPUPOMHBIX Cpelax KaAMHUU MMeEET ONpenesIeHHYI0 aHAJIOTHIO C
LIMHKOM. BBICOKast TOKCMYHOCTh U PACTBOPUMOCTH 3TOTO 3JIEMEHTA
00ycoBIeHBI OONBIIMM cpoacTBoM K SH-rpymmam [4]. B oramune
OT PTYTU CPOACTBO KaaMMs K KHCJIOPOAY BBIPAXEHO MeHee SIPKO,
YTO OOBSICHSET 00pa3oBaHME €ro JOCTaTOYHO HEYCTOMUMBBLIX Me-
TAJJIOPTAaHWYECKUX COCAWHEHUWIN W OINpeAeIeHHYI0O WHEPTHOCTb B
OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX peakunsax. Kammuii ckiioHeH K
aKTUBHOMY OWOKOHLEHTPUPOBAHUIO, UYTO IIPUBOAUT B TOBOJLHO
KOPOTKOE BpeMS K €ro HaKOIJICHUIO B M3OBITOYHBIX OMOMOCTYITHBIX
KoHuIeHTpanusax. [loaToMy KaaMmMuii Mo CpaBHEHHWIO C OPYTUMHU TSI-
KEJIBIMU MeTaJulaMU  SBJIIeTcsl HauboJjiee CUJIBHBIM TOKCUKAHTOM
nmoyB (Cd > Ni > Cu > Zn) [24].

PTyTh — caMblii TOKCHMYHBINA 3JIEMEHT B IPUPOMHBIX 3KOCHCTE-
Max. [1o TOKCHMKOJIOTMYECKUM CBOMCTBAM COCAMHEHMSI PTYTH KJac-
CUULIMPYIOTCS Ha CIEAYIONINEe TPYIIbI: 3JIeMEHTHAs PTyTh, Heopra-
HUYECKNE COCHMHEHMS, aJKUJIPTYTHBIE (METWJI- M 3TWI-) COCIMHEe-
HUS C KOPOTKOM LEINbI0 U APYIME PTYTbOPraHWYECKUE COCIUHEHMS,
a TaKKe KOMIUIEKCHBIE COSIUHEHMSI PTYTU C TYMYCOBBIMHM KHUCJIOTa-
Mu [5]. I3 3Tux coearHeHUll PTYyTHU Haubosiee TOKCUYHBI JIJIS Yesio-
BeKa U OMOTHI PTYThOPTraHMWYECKUE COoeauHEeHUsl. VX monsl B pedHBIX
BoJax cocTaBisgeT 46% OT oOllero coaepKaHus, B TOHHBIX OTIOXE-
HUSAX — 10 6%, B peibax — 10 80—95%. Kak HeopraHuyeckue, Tak U
OpraHUYecKre COeIMHEHUS PTYTU BBICOKOPACTBOPUMEL.

CrernieHb 3arpsi3HEHUsI OKpYyXKalollleil cpembl TOKCHMKAHTaMU BO
MHOTOM OITpeAe/ISIeTCS NX XUMHYECKU aKTUBHBIMM MUTPAllMOHHBIMU
dopMaMu 1 MEXaHM3MOM MUTpPALIUU.

Muepayus anemenmoe — 3TO MEPEHOC U TepepaclpeneieHue Xu-
MHMYECKHUX 3JIEMEHTOB B 3¢MHOI KOpe M Ha TOBEPXHOCTH 3eMJIM.

CJIOXHOCTh OMOT€OXMMHYECKUX ITPOLIECCOB, TMPOUCXOMSIINX B
atMocepHOM BO3ayXxe, aTMOC(EpPHBIX OCamKax, MPUPOMHBIX BOAAX,
JIOHHBIX OTJIOXEHUSIX, TTOYBAX, HE MO3BOJISIET BHICKA3aTh JOCTATOUHO
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OJHO3HAYHOM TOUYKM 3PEHHUS] Ha COCAMHEHMS TSKEJIbIX MEeTaJlJIOB,
OIpEeNeNsIoIINX UX MOABUXHBIE (DOPMBI, U TIpeobdagjaHue OIHON U3
HUX B €CTECTBEHHBIX U TEXHOTEHHBIX ITpolieccax. TeM He MeHee aHa-
Ju3 PyHAAMEHTAIbHBIX PadOT MO3BOJMI CAeaTh CAEAYIOLIee 3aKIIH0-
YyeHUe: B aTMOC(HEPHOM BO3IyXe M aTMOC(EpPHbIX OCaAKaxX TSKeJble
METaJUIbl HaXOASITCSI WM MUIPHUPYIOT B ra3oo0pa3HOil M a’3po30JbHOM
dopMax, a Takxke B (pOopMe OpraHMYECKUX M HEOPraHMYECKUX KOM-
IUIEKCHBIX COEAMHEHUI; B MPUPOAHBIX BoAax — B (opme cBOOOI-
HbIX MOHOB, MOHOSIIEPHBIX TUAPOKCOKOMIILJIEKCOB, HEOPraHUUYECKMUX
(cynbdaTHBIE, XJIOpPUAHBIE, KAPOOHATHBIE) U OpPTaHUYECKUX ((Pyb-
BaTHbIE, TyMaTHbIE) COCOAWHEHMI, B3BEIICHHBIX W KOJUIOMIHBIX
¢opmax; B JOHHBIX OTJIOXKEHHUSIX — MPEUMYILIECTBEHHO BO B3Be-
LLIEHHbIX (OpMax OpPraHUYECKOTO MPOMCXOXKAEHHUS; B IOYBaX — B
BOJIOPACTBOPUMBIX MOHOOOMEHHBIX U HEIMPOUYHO aJACOPOMPOBAHHBIX
dopmMmax.

3.3. HOHHTHC TOKCHYHOCTH H KAaHIOEPOT€HHOCTH

SAE€MEHTOB M CO€JUHEHHUH

IlokazaTenssMu HeraTUBHOTO BO3AEHCTBUSI DJIEMEHTOB M COEIM-
HEHMI Ha XXMBbIE OPraHU3MBbl SBJSIIOTCS X TOKCUYHOCTb U KaHIIe-
POT€HHOCTb.

Toxcuunocmes U KauuyepoeeHHOCMb — BTO CBOMCTBA 3JIEMEHTOB U
COCIMHEHUI, OTPULATE]bHO BIUSIOIIME HA KMBbIE OpPraHU3Mbl U
MPUBOSIINE K YMEHBIIEHUIO MPOIOIKUTEIbHOCTU UX KU3HMU.

KonuyectBo, mpu KOTOPOM XMMHYECKUE WHIPEOUEHTHI CTaHO-
BSTCSI IEMCTBUTEILHO OIACHBIMU IS OKPYKAIOLIEH Cpelbl, 3aBUCUT
HE TOJILKO OT CTCIICHHM 3arpsi3HEHUsI UMW TUapocdhepbl WIM aTMO-
cepbl, HO TaKXKe OT XMMUYECKUX OCOOCHHOCTEM 3THX MHIPEAUCH-
TOB U OT AeTayieil UX OMOXMMUYECKOro HuKia. sl cpaBHeHUS CTe-
IMeHU TOKCHUKOJOTMYECKOTO0 BO3ICMCTBUS XMMUYECKUX MHIPEIUCH-
TOB Ha pa3jIMYHBIC OPTaHU3MBI IIOJIb3YIOTCS TMOHSITUEM MOASAPHOU
moKcu¥HOCmuy, Ha KOTOPOM OCHOBAaH PsI TOKCHUYHOCTHU, OTpaxKaio-
LIl yBeJIMYeHUE MOJIIPHOIO KOJMYECTBa MeTajula, HeOOXOAUMOTO
IS TIposiBIeHUsT 3(pdekTa TOKCUMYHOCTH IIPU MUHUMAJIBHON MO-
JIIPHOM BeJIWYMHE, OTHOCSIIENCS K MeTauly ¢ HauOOJblIel TOK-
cuyHocThio [37] (Tabn. 3.7).
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Taonmnuwuma 3.7. MoaspHas TOKCHYHOCTb METAJLIOB

Opeanusmol | Paowvt moxcuunocmu
Bonopocnu Hg > Cu > Cd > Fe > Cr > Zn > Co > Mn
I'pubxu Ag>Hg>Cu>Cd>Cr>Ni>Pb>Co>Zn>Fe

Iserymue pactenua Hg > Pb > Cu > Cd > Cr > Ni > Zn

Konbuartsie uepsu Hg > Cu > Zn > Pb > Cd

Pri0BI Ag>Hg>Cu>Pb>Cd>Al>Zn>Ni>Cr>
Co > Mn >> Sr

Minexonurarouue Ag, Hg, Cd >Cu, Pb, Co, Sn, Be >>Mn, Zn, Ni,
Fe, Cr>> >> Sr > Cs, Li, Al

I'moGanbHBI MEpeHOC TOKCUKAHTOB IPOMCXOAMUT uepe3 aTMO-
chepy M OONBIIME PEeKW, HECyIIMe BOABI B OKEaHBI. 3eMJIs, JioXa
peK, OKeaHBI CIy:KaT KakK OBl pe3epByapoM IUIST CKOIUJICHUS TOKCH-
KaHTOB (Tabxa. 3.8). Tor mam mMHOI mpenmes, 10 KOTOPoro arMocdepa
TPUBHOCUT TOKCUKAHT (7) nmubo B 3emMirio, JUOO Ha IOBEPXHOCTD
OKeaHa CBEepX MPUPOTHOTO IUKINYECKOTO YPOBHSI, MOXET OBITh BHI-
paxeH ¢ nmoMoliblo akTopa oboraieHust FFy:

Jr TloBepxHocTHast KoHuUeHTpauus [T

EF, =
A T~ TloBepxHOCTHast KOHLeHTparwmst T
rne Jr — cpenHuii MOTOK (ocaaku) E Ha 3eMJII0 WX TTOBEPXHOCTb OKeaHa;

Jir — cpenHuii motok (ocaaku) uHaekcHoro 7' (index toxicant IT) mpu yc-
JIOBUU €TO TPEeHEOPEKUMO MaJIbIX aHTPOIIOTEHHBIX «OTJIOXEHUI» B aTMocdepe.
OO6bIyHO B KauecTBe /7 BbIOMpAIOT allOMUHUIA, KDEMHUH, TUTAH U XeJIe30.

Ta6muua 3.8. KonneHTpamuu HEKOTOPHIX MOTEHIHAJIBHO ONACHBIX
METaJIJIOB B NPECHO ¥ MOPCKoii Boae (Mr/m3) [mo aanubiv Boysna]

Memann Ilpecnas Mopckas Memann Ilpecnas Mopckas

600a 600a 600a 600a
Li 2 180 Sr 70 8000
Be 0,3 0,006 Mo 0,5 10
Al 300 2 Ag 0,3 0,04
v 0,5 2,5 Cd 0,1 0,01
Cr 1 0,3 Sn 0,009 0,004
Mn 8 0,2 Sb 0,2 0,2
Co 0,2 0,02 Cs 0,02 0,3
Ni 0,5 0,6 Hg 0,1 0,03
Cu 3 0,3 Pb 3 0,03
Zn 15 5 U 0,4 3
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AHTpPOIOTeHHbI NEPEeHOC TOKCMKAHTOB MOCPEACTBOM PEK MOXET
ObITh OlieHEeH Mo (akTopy oboraueHust EF,;:

EF, = (Trw/Alpw) (Als/Ty),
rae Try — CpelHsisi KOHIIEHTPAIMsl TOKCMKAHTa B TIPECHOM BOJE;
T s — CPEIHsAA KOHLUECHTPpallA TOKCUMKAHTa Ha MOBEPXHOCTU ITOYBLI.

@akTopamMu OKPYXKaOIIe Cpelbl, BAUSIOIINMA Ha TOKCUIHOCTb,
SIBJISIFOTCS TeMIlepaTypa, pacTBOPeHHbIM Kuciaopon, pH, xecTkocTb u
LIEJTOYHOCTb BOJIbl, IPUCYTCTBUE X€JIaTOOOPA3YIOIIMX ar€HTOB U JApY-
rUX 3arpsisHUTeENicid B Bome [46]. YMeHbleHWe MapLUUalbHOTO IaBlie-
HHUs KUCJIopoAa Y yBeauueHue pH U >XKeCcTKOCTM BOAbI NMPUBOASAT K
MOHMXKEHUIO TOKCUKOJIOTMYECKOTO BO3ICHCTBUSI BElLIECTB-
3arpsi3HUTENIe Ha OKpPYKaIoIIyl0 Cpely U >XMBble OpraHuW3Mbl, OOM-
Taluye B Heil. YCTOMYMBOCTD KMBOTO OpraHM3Ma MO OTHOLUIEHHUIO K
TOKCMKAHTaM MOXET ObIThb JOCTUIHYTa Mpu: 1) YMEHbIIEHUU MOCTY-
IUIEHUST TOKCWKAHTa; 2) YBeIMYeHUM KO3(P(PUIIMEeHTAa BBIACICHMS
TOKCHKAHTa; 3) TepeBoIe TOKCMKAaHTa B HEaKTUBHYIO (opmy B pe-
3yJIbTaTe€ €ro M3OJSIUUU WU ocaxiaeHus. Hanpumep, cuHTe3 MeTa-
JIOTUOHEUHOB OOYCJIOBJIMBAETCS HECKOJIbKMMHU MeTajulaMM, BKJIIOYast
PTYTh, KaAMU, IMHK, Meab, cepedpo. [loaToMy Hajuuue OgHOro U3
5TUX METAJIJIOB MOXET BbI3BaTb YCTOMYMBOCTb K JIPYIrOMY METAJLTy
13-3a HeCeuU(DUIHOCTU JIMTaHIOB.

®aKkTophl, BIMSIONIME HA TOCTYITHOCTh TOKCUKAHTOB, YCBOCHHE, WX
BO3/ICMCTBME HA OPraHW3M, MOTYT OBbITh COBEPILIEHHO Pa3HOI MPUPOIbI:

e XMMHWYECKHE (XMMUYECKHE CBOMCTBA, OKMCIMTEIBbHO-BOCCTA-

HOBUTEJIbHBIE TMMOTEHIIMAJIbI, YaCTOTa BO3ACHCTBUS);

e (pusmyeckue (OCBEIICHHOCTb, TeMIlepaTypa, TypOyJIeHTHOCTh B

pacTBopax);

e Ouosiornyeckue (pa3Mepbl, CTaaWM pa3BUTHUsSI, YIUTAHHOCTb,

COCTOSTHME 370POBbS, aKKJIMMATU3ALIUS).

Kanuepoeenez — 3T0 CIIOCOOHOCTb MeTajljla MPOHUKATh B KJIETKY U
pearupoBaTh ¢ Mojekyaoi JHK, npuBomst K XpoMOCOMHBIM Hapylie-
HUSIM KJIeTKY. KaHlieporeHHbIMM BELIECTBAMM SIBJISIIOTCS HUKEJb, KO-
OaJIbT, XpOM, MBILIbSIK, OCpUIUIUA, KaaMuii. Paznuuue B KaHLIEpOTeH-
HOW aKTMBHOCTMU OIIPENENSIETCS OMOMOCTYIHOCTBIO METALTIONPOU3BO/I-
HbIX: HauOoJyiee TIOTEHLMAIbHO AaKTHMBHbIE COEIMHEHMSI ColaepKar
KaHLIEpOTEHHbIE MOHBI METajlsla, CIOCOOHBIE JIETKO BHEIPSTHCI B
KIeTKM U pearupoBatb ¢ Mmojekynoil JIHK [20]. Hampumep, conu
wectuBasieHTHOro xpoma CrO42- moTeHUManbHO 0o0jiee KaHLEPOreH-
HbI, 4eM coJid TpexBaJleHTHOro xpoma CrClj, MOCKONbKY NEpBbIE Jier-
Yye MPOHMKAIOT B KJIETKU, a BTOPbIe — JIMILb OrPAHUYEHHO.
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KanneporeHes 3aBMCUT KaK OT MeXaHM3Ma IOCTYIUICHUS KaHIIe-
POTeHHBIX BEIECTB B KJIETKY, TaK U OT UX KOJWYECTBA BHYTPHU KJIET-
Kd. BaxXHbIM (pakTOpOM B 3TOM acIieKTe SIBJseTCsl 00lasi [UTOTOK-
cHYeCcKass aKTUBHOCTh KOHKPETHOTO MOHAa MeTajulia. Tak, Halpumep,
€Cc/IM MOH MeTajlla TakKe aKTMBEH M LIMTOTOKCMYeH, Kak Hg2', To
ruoeb KJIETKU OyIeT MpeaIIecTBOBAaTh KaHIIEPOTEHHOMY OTBETY.

KaH1mieporeHHBIe BelllecTBa MOTYT OBITh pa3mejieHbl Ha TPU KaTe-
ropuu: 1) Meramicomepxallye 4acTUlbl; 2) BOAOPACTBOPUMBIE CO-
eIUHEHNS METaJUIOB; 3) KMpPOpPACTBOPUMBIEC coeanHeHus. Hamborb-
1Ieli MPOHMKAIOIIEH CIOCOOHOCTBIO B KJIETKY OOJIagaloT Boaopac-
TBOpUMBIE coeAuMHeHUs1. Hampumep, Takoif BOIOpPacCTBOPHMMBINA MOH
MeTtaa, Kak xpoMarT-uoH CrO42-, crmocoGeH JIerko INPOHUKATh B
KJIETKU C MCIojb3oBacHueM SO42 -TpaHCIIOPTHON CHCTEMBI. A HMU-
KeJIb B MIOHHOM (popMe He BHeAPSIETCS B KJIIETKU C JIETKOCTHIO M II03TO-
My MHOTHE BOIOPACTBOPMMBIE COJIM HUKEJIST HE pacCMaTPMBAIOTCS Kak
MOTEHLIMAJILHO KaHLEPOTeHHO OracHble. 2KMpopacTBOPUMbIE COECAMHE-
HUSI METAJUTOB, Takue, Hampumep, Kak KapooHmn Hukenss Ni(CO)y,
JIETKO BXOMST B KJIETKY U TMIO3TOMY OYeHb TOKCUYHHBI.

Ha mexanu3m kaHlieporeHe3a cuiabHO BiauseT pH cpenbl, Temme-
patypa, HaJlMuue B KJIeTKe aMUHOKHUCIOT. [Ipu Oojiee KMCIbIX 3HA-
yeHnsix pH HaOmiomaeTcss HanOoblas PacTBOPUMOCTh KaHIIEPOIe-
HOB B KieTKax. IIpHCyTCTBHE B KJI€TKE aMUHOKMCIIOT, XOPOIIO CBSI-
3BIBAIOIIMX METaJIbl (TaKuX, KaK IWCTeMH, TUCTHIWH), CHJIHHO
TIOHMXAeT CIIOCOOHOCTh KaHIIEPOTEHOB, HaIIpuMep, HUKENS, TTPOHU-
KaTh B KJIETKW. TeMmmepaTypa cpeabl SIBISIETCS SIPKUM HHIUKATOPOM
KaHIeporeHesa. IloBelllieHNe ee MPUBOIUT K YCKOPEHUIO IIpoliecca
KaHILIeporeHesa.

Jlokanuzanus KaHLEpOreHHBIX MOHOB METAJIOB B KJIETKax IMpU-
BOAUT K XPOMOCOMHBIM HapyIIEHUSIM, KOTOPHIEC SIBJISIOTCSI pe3y/bIa-
ToM ciumBaHus monekyn JIHK ¢ 6enkom u TpaHchopMaluuu KIETKU.
Takue KaHIIEpOT€HHBIE METaJIbl, KaK HHUKEJIb M XpOM, OOpas3yloT
OYeHb CTaOWIbHBIE TPOMHBIE KOMILIEKCHI, coctosiuue u3 JHK, me-
Tayyia U 6enaka. OO6pa30BaBIINCh, 3TU KOMIIJIEKCHI Ype3BBIYAHO yC-
TOWUYMBEI, OHU BOBJIEKAIOT B KaHIIEPOTeHe3 HUKEIb M XpOM, U Tiepe-
pacmnpenelieHie MOHOB METAJVIOB IO Mepe 0Opa30BaHUSI ITUX KOM-
IJIEKCOB CTAHOBUTCSI MEHEEe BEPOSITHEIM.

OOBEKTHl 3KOTOKCHUKOJOTMYSCKUX MCCICAOBAHMI Ype3BBIYaiiHO
pa3HoOOpa3Hbl. DTO BOIBI, IOYBHI, (hapMaleBTUUYCCKHUE IIpeITaparhl,
OMOJIOTMYeCKrEe OOBEKTHl KMBOTHOTO IIPOMCXOXIEHUS, ITUIIEBBIC
MPOAYKTHI U HAMUTKW, MECTULMIbI, CPEACTBA OBITOBOM XMMUMU, pac-
TUTEJIBHOCTh, OTXOAHI U T.I. [ToaTOMY KOMITJIEKC MPUKIAXHBIX 3a1ad,
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pellraeMbIX KOTOKCHMKOJIOTHEH, Iajleko He MPOCT U BechMa CIEIH-
¢uueH. Hanbosiee mpruOpUTETHBIE U3 HUX:

1) co3naHue COBpeMEHHON METOMOJOIMU 3KOTOKCUKOJOTMYECKUX
HCCIeNOBaHMI, TO3BOJISIIONIEH  IMPOBOAWUTH  JOCTOBEPHYIO
OLIEHKY KayecTBa OKpYXalollei cpeibl B YCIOBUSIX MPUPOAO-
MOJIb30BaHUS M KOMILJIEKCHOTO BJIMSHUSI OCHOBHBIX €€ 3KOJIO-
TMYECKUX COCTABJISIIOLIMX HA XXWBbIE OPraHU3MbI;

2) OCYLIECTBJIEHE PAaHHEW NUATHOCTUKU M3MEHEHUH B OpraHu3-
Me, BBISIBJIIEMBIX OO HACTYIUIEHUS MOP(MOJOTNYECKUX, TeHETH-
YECKUX, MOMYJSILIMOHHBIX U APYTUX UZMEHECHUN;

3) pa3paboTKa TNPUKIIAJHBIX OCHOB XMMMWKO-TOKCHMKOJOTMYECKOIO
aHaJM3a MPUOPUTETHBIX 3arpsI3HUTENICH, BKIIOYAIOLIETO pa3HO-
00pa3Hble COCOObI UX OOHApYKEHMSI, U30JMPOBAHUS U KOJU-
YECTBEHHOI'O OMnpeneeHMsI B 00bEKTaX OKpYXKalollei Cpebl;

4) coznaHve IeJeHaNpaBIeHHOTO0 MOHUTOPUHIA TOKCHUKAHTOB,
BBI3bIBAIOIIMX T€ WJIM WHbIE OTKJIOHEHHUSI B XXMBBIX OpPraHMU3-
MaX, KOTOPbI MO3BOJUT MO-HOBOMY TOAOWTU K MAEHTUDUKA-
UMM Hambojiee aKTUBHO JeicTBYyIolIero akTopa, TakK Kak
cneuu@UIHOCTL OMOXMMMYECKOTO OTBETa OpraHm3Ma JacT
BO3MOXHOCTb MPOCJEAUTD MyTh OT CJEACTBUS K MPUUYUHE, T. €.
BBIMTM Ha COOTBETCTBYIOILLIEIO TOKCHYECKOIO areHTa WJIM Ha
Y3KYyI0 TPYIY areHTOB, BBIAESAS UX M3 OOILEero MaccuBa Be-
LIECTB-3arpsI3HUTENCH.

OcHOBHas 3amaya XMMMKO-TOKCMKOJIOTUYECKOTO aHaau3a — ycC-
TaHOBJICHME XapaKTepa O0OBbeKTa, er0 KOHCHUCTEHINH U MOPdOIIOTH-
yecKoro cocrana [45].

YpesBbluaiitHO 00JblIOE pa3HOOOpa3ne OOBEKTOB XMMUKO-TOKCH-
KOJIOTMYECKOrO aHajv3a OOYCIOBAMBAET CrielIM(UIECKUe ero 0cCo0eH-
HOCTHU, 3aKJII0YalolIMecs] B U30JMPOBAHUM (WIM U3BJICYEHUU U3 I0C-
TaTOYHO OOJIBLLIOIO KOJMYECTBA MCCAeIyeMoro obpasla HUYTOXHO
MaJIbIX KOJMYECTB TOKCHKAHTa) M HEOOXOAMMOCTHM aHaju3a B OOJb-
IIMHCTBE CJIy4a€B HE WHIWBUAYAIbHBIX BEIIECTB, 4 MHOTOKOMIIO-
HEHTHBIX CMECEW, B KOTOPBIX KaXIbI OMpPEACHSIEMbII KOMIIOHEHT
MOXET BIWSITh Ha mochenytomnii. CtaHmapTHas cxeMma BBITOJIHEHMUS
XUMUKO-TOKCUKOJIOTUUECKOro aHanusa (puc. 3.1) BKIIOUaeT METOIbI
BblAeNeHUs (WX M30JMPOBAHUS) U OYMCTKM TOKCUKAHTOB, a TaKXKe
METOAbl MX KAUYeCTBEHHOIO0 OOHApY:KEHUSI M KOJMYECTBEHHOIO OIlpe-
neiaeHust. Cpeayd 3TUX METOAOB OCOOEHHOE BHMMAaHME, Kak MpaBUJIoO,
YIEJSIETCSI METOAM BBIIEIEHUS U OUYMCTKH, ITOCKOJbKY aHaJIU3Upye-
MbIE CUCTEMbl MPEACTABISIOT COOOM MTOCTATOYHO CJIOXHBIE HEOMHO-
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pOIHBIE 1 MHOTOKOMITOHEHTHBIE CMECH, aHAJIN3 KOTOPBIX COMPSKEH
C pSIIOM TPYIHOCTEl, OOYCIOBJIEHHBIX CEJIEKTUBHOCTBIO OIpeeie-
HUsI, TOCTOBEPHOCTHIO U BOCIPOU3BOAMMOCTBIO TOTYYaeMbIX aHAJIM-
TUYECKUX JAHHBIX.

B 3aBucuMoCTM OT CBOWCTB M MPUPOALI TOKCUKAHTOB IJIS1 BbIAE-
JIHUSI BEILIEeCTB OPraHMYECKOTO IPOMCXOXIEHHUS TMPUMEHSIOT pa3-
JIMYHBIE CITOCOOBI M30JMPOBAHMS: TUCTWUISLIMEN C BOASHBIM TapOM;
MOAKKUCIIEHHBIM 96°- miin 70°-HBIM 3TUJIOBBIM CIIMPTOM (AJIKaJOUIbI,
PN CUHTETUMYECKUX BEIIECTB, TJIMKO3UIbI); MOIKMCICHHON BOIOM
(ankajouabl, CHUHTETUYECKHE JIEKapCTBEHHBIE TIperapaTbl U [p.);
MTOAIIEIOUEHHON BOAOI (HEKOTOpHhIE OPTaHWYECKHNE KUCIOTHI, (PeHO
M ero IMPOM3BOIHBIC); PA3TUYHBIMUA OPTaHWYECKUMU PACTBOPUTEISI-
MM (OCTaTOYHBIE KOJIMYECTBA MECTULIUAOB U ZIp.).

151 ©301MpOBaHUS BELISCTB HEOPTaHMYECKOM IPUPOILI UCIIONb-
3YIOTCSI MUHepaau3anys (COeIMHEHUSI METAJZIOB M MEIIIbSIKA), OUa-
3 (KHUCIOTHI, IIEJIOYM, COJM HEKOTOPBIX SIOBUTHIX KHUCJIOT), 030-
JneHue (propuibl, KpeMHE(MTOPUCTbIE COCIUHEHMS).

OCHOBHBIMM METOAAMU, TIPUMEHSIEMBIMH IIJIsI OYMCTKU BBIIEIEH-
HBIX TOKCHUKAHTOB, SIBJISIIOTCSI BO3TOHKAa M IIePEKPUCTAJUIM3alINS;
BKCTPAKIMS U PESKCTPAKIIMS; pa3IuUHbIe BUIBI XpoMaTorpacpuu (ra-
30KMIKOCTHasl, XxpoMaTorpadusi B TOHKOM cjoe copbeHTta). Haubo-
Jiee IMPOKO MPUMEHSIOTCS TIOCAeAHME M3 OMUCAHHBIX BCJIEACTBHE
Iyaau3Ma XapaKTEePHBIX IJII HMX aHAJIUTUYCCKUX BO3MOXKHOCTEI.
Taxk, oHU TMO3BOJISIIOT HE TOJBKO OMPENCTUTh M OTACIUTL UCCIeaye-
MBI€ COCIMHEHHUsI OT COITYTCTBYIOIIMX KOMIIOHCHTOB, HO M KadecT-
BEHHO OIIPEIEIUTh UX CTPYKTYPhl U KOJMYECTBEHHOE COIEpKaHUE.
Hanpumep, razoxuakocTHast XxpoMarorpadus IIMPOKO IPUMEHSIETCS
JJIS aHaJIn3a CIUAPTOB (3TUIIOBOTO, METHJIOBOTO U Jp.), alleTaabIeTnu-
Jla, HEKOTOPHIX TaJIOTCHOIIPOM3BOIHBIX, a XpoMaTrorpacdusi B TOHKOM
clioe copbeHTa — ISl aHajau3a 0apOUTypaToOB, aJIKAJIOWIOB, pa3iny-
HBIX JICKAPCTBEHHBIX BEIECTB, IJIMKO3WIOB, 2JIEMEHTO-OPraHUMYECKIX
COECIMHEHUA.

OcHOBHBIE TpeOOBaHUS K MeTOIaM KadeCTBEHHOrO OOHapyXe-
HUS — JOCTaTOUYHO BBICOKAsl YYBCTBUTEIBLHOCTb, XapaKTepu3yemasi
HU3KUM IIpefiejIoM OOHApy:KeHHs, U CIeIUPUIHOCTh. B psme ciy-
yaeB Ha MpaKTUKe MPUMEHSIIOT BeChMa TpPaAWIIMOHHBIE aHAIMTUYE-
CKMe MeTOmbl (TpaBUMETPUYSCKHE M TUTPUMETPUUCCKHUE), OITHAKO
OHU HE PacHpOCTpPaHEHBI IIMPOKO M3-3a HEAOCTATOYHON UYyBCTBU-
TEJIbHOCTH (IMAIla30H OIpeAeNIIeMBIX COIepPXAaHMI TOKCHUKAHTOB
0,1—1 1) mpu HEOOXOOAMMOCTU PaOOTBHI C JOCTATOUYHO OOJBIIUMU
obbemaMu pactBopoB (g0 100 mu1). bonee 4yBCTBUTENBLHBIMU U 3KC-
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MPEeCCHBIMU SABJISIOTCSI MUKPOXMMUUYECKME METOAbI, HampuMmep, Ka-
MeJbHbIA aHaIM3 W MUKPOKPUCTAULIOCKONMUYECKMI aHanu3 C 23Jje-
MEHTaMM KPUCTaJUIOONTUKHU, IIIMPOKO MPUMEHSIOIIMNECS 111 aHaIu-
3a KaK OpraHMYeCKuX, TaK U HEOPTaHUYECKUX COCAUHEHUH, TO3BO-
JISIOIIME OMpeneasTh TOKCUKAHTHI B JIMalla30He KOHUEHTpalui
0,001—0,01 r npu aHanM3e OYeHb MaJibIX 0OBEMOB aHAJIU3UPYEMbIX
cucreM (ot 0,01 mo 0,1 m).

[nsa obHapyXeHHUsl OTAEJbHbIX TOKCUYECKUX COCIMHEHUMN (XMHM-
Ha, CTPMXHWHA, HUKOIIMHA, aTPOMMHA W Jp.) IPUMEHSIIOTCS XpoMa-
Torpacduyeckre, noyasiporpacuyeckue, JIOMUHECLIEHTHbIE U OMOJIO-
TMYECKHUE METOJbI.

MeToabl KOJUUYECTBEHHOTO OIPEACICHUSI TOKCUKAHTOB TIpe-
CTaBJIEHBI apCeHaJIOM Pa3IMYHBIX (PU3NUYECKUX (HEUTPOHHO-aKTUBA-
LIMOHHBIN, PEHTTeHOMIYOPECIIEHTHBINA, MacC-CIEKTPOMETPUUECKUIA)
U DU3UKO-XUMUYECKMX METOI0B (aTOMHO-aOCOPOLIMOHHBIN aHaIU3,
aTOMHO-3MMCCUOHHBIA METOJ ¢ MHAYKTUBHO CBSI3aHHOM IJIa3MOiA,
Xpomatorpaduueckue, 3JeKTPOXMMHUYECKUE U CIEKTPO(POTOMETPH-
YecKMe METOAbl C HCIOJb30BAHMEM OPraHMYECKUX PEareHTOB pas-
JIMYHBIX KJaccoB). B mocneaHee BpeMsi aKTUBHO MPUMEHSIIOTCS T€CT-
METOIbl Ha OCHOBE KJIACCMYECKUX LIBETHBIX PEaKIINil, TTO3BOJISIONINE
OIpeaeIsATh TOKCUKAHTBI Ha YPOBHE B3KCIIpPEeCcC-aHaJM3a C JOCTAaTOY-
HO BBICOKOM TOYHOCTBIO M CEJIeKTUBHOCTHIO. [IepCcrneKTUBHBI B 9KO-
TOKCHUKOJIOTUM KOMOMHMPOBAHHbIE aHAJUTUYECKUE METOIbI, COYe-
Taoye 3hGEeKTUBHbIE MPUeMbl KOHLEHTPUPOBAHUS C pa3HOOOpa3-
HBIMU Cclocob6aMU ACTEKTUPOBAHUS U XUMUYECKMMU CEHCOPaMM.

Kountpoabubie Bonpocsi
000 000000C0OCGCOGCOGOEOGNOSGNOSOEOSNOIO

1. Yro Takoe sroTokcuKogorua?

2. KRarosn! 3amaun sroTokcuroxornu?

3. Rar omnpenensercsa mnoporoBblii 3(P(eRT TOKRCHROIOTHIECKOTO
BOBJIEHCTBUA B CHCTEMAX <«TOKCHKAHT—ORPY:KAOUIAsA cpeas> u
«TORCHRAHT—KUBOI OPTrann3m» ?

. Uro moraspiBaeT WHAEKC 3arpA3HEHNA?

. Uro raroe TIJIK?

. Uro Taroe onoBas ROHIEHTPAIMA M TOKCUYECKAsA KOHIICH-
Tpamusa?

7. Jlaiite ompefnenenne KaHIeporenesa.

S Ul
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Oxpana
OKpYy:KaloIleH
cpeabl

He o6Bunsiite npupozy, ona caerara
CBOE JIEAO, ZEAAUTe Telepb CBOE.

A. Muavmon
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Jamura 6uocgepbr
OT 3arpsisHeHUH

4.1. OcuoBHbie BUADI 3arpsi3HEHUH
NPHPOAHOU CPeIbI

Y100BI 00ECIIeUnTh CBOE CYIIECTBOBAHME, YEJIOBEYECTBO JOJIKHO
WMeThb MUy, BOAY, KPOB, OJeXay U T.A. Bce 3To ¢ HEM30E€XKHOCThIO
npeamnoJjaraeT o0pa3oBaHue pa3IMYHOrO poAa OTXOA0B, KOTOPhIE MO-
CTyIaloT B OKpyXaloluyio cpeny. Bo m3bexxaHue HEHYXXHOro, a Io-
poil U HemorpaBUMOro yilepda, HAHOCUMOTO MPUPOAHOI cpede, Ta-
KO€ BO3[IEMCTBHE Ha Cpeay JOJLKHO TILIATEeJIbHO TaHupoBathes. Ilpu
3TOM cJig[yeT coueTaTb YAOBJETBOPEHME MOTPEOHOCTE ueloBeKka 3a
CYET MPUPOAblI C AKTUBHOM 3alLIUTONM MPUPOAHON Cpeabl OT MOCIECH-
CTBMI YeJIOBEUECKOU nesATenbHOCTU. Kak mpaBujio, 3TH L€l He MC-
KJIIOYaloT APYr Apyra, XOoTs B HEKOTOPBIX CAydasiXx MPUXOAUTCS MpU-
HHMaTh KOMIIPOMMCCHBbI€ pelueHusi. Hampumep, KOJUYECTBO OTXO-
OB, TIPUXONAIIMXCS HAa THUIWYHBIA aMepUKAaHCKUM Topom C
HaceJeHrueM | MJIH 4YeJIOBeK, SBJSIETCS TMOpasuTeNbHBIM (puc. 4.1).
ExxenHeBHO B TOpOJCKYIO KaHaiau3auuio noctymnaet 80% konudecTBa
BOZIbI, KOTOpOEe Npuxoautcss Ha omHoro xuteis (0,6 T); obGpasyercs
150 T caxwu, 30JIbHOW MbUIM W JPYyrUX 3arpsi3HUTENeid Bo3ayxa U
2000 T TBepOBIX OTXOIOB.

TeopeTruecku B YCIOBHUSIX TOpoJa BO3MOXHO M30eXaThb 3arpsis-
HEHUsI OKpYXalollleid cpelbl: MoJydaTb YUCTYIO BOAY M3 CTOUYHBIX
BOJ, a Ha WJie CTOYHBIX BOJ BbIpalIMBaTh CEJIbCKOXO3SIMCTBEHHYIO
npoaykumio. Jaxe CO, u H,O, BeimensseMble IpU OBIXaHUM, MOXHO
ObLJIO OBbI IIPEBpPATUTH C ITOMOILBIO PACTEHU M BOHAOPOCJIEN B yIjie-
BOIBI M Kuciopon. OQHAKO COTJIaCHO 3aKOHAM TePMOAMHAMUKM Ta-
KO€ M30JIMPOBAaHHOE CYIIECTBOBAaHME BEILECTB HE MOXET IPOHO0J-
XaTbCsl OECKOHEYHO J0JITO0.
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BOOA r CTOYHbLIE BOJbI
625 000 T/cyTkn oPoA 500 000 T/cyTkn
C HaceneHuem
MMLA B 1 mnH TBEPObLIE OTXOAbI
2000 T/cyTku Henosek 2000 T/cyTkmM
YIonb A ( YACTULbI
4000 T/cyTkn 150 T/cyTku
OVOKCKAO CEPbI
HE®Tb 150 1/cyTkn
2800 T/cyTKM Tonnueo
. J OKCuKAO A3OTA
Y 150 T/cyTKNM
MPUPOOHLIV TA3 3arpssHUTEnM
2700 T/cyTku BO3YXa YIMEBOAOPOAbI
TOMNVBO 1000 T/cyTKN
ONA ABTOMOBUINEN oKcuAa YIMEPOJOA
100 T/cyTkM g 450 T/cyTKM

Puc. 4.1. Ocnosnvie 6xoonvle (600a, nuuia, MonAu6o) u 6bIX0OHbLIE
(cmoutnvie 600bt, meepovie 0mMxoovl, 3azpAHUMeEIU 030yXa) NOMOKU 20poda

Jltobast mesTeNbHOCTh YeJIOBeKa OKa3bIBaeT BO3MEHCTBUE Ha CyM-
MapHble pecypchl 3emiu. Kasamoch OBI, B pe3yibTaTe TaKoi aes-
TEJIbHOCTU PEeCypChl 3eMJIN MOJDKHBI MCCAKHYTh. OQHAaKO HE ClemyeT
3a0BIBaTh, YTO 3eMJIS ITOCTOSIHHO ITOJIydaeT IPUTOK HOBOW 3HEpPIuu,
HMCTOYHUKOM KOTOpPOil siBisiercss CoHIIe.

Takum 00pa3oM, MeATeTbHOCTh YejIoBeKa IMPUUMHSET YIIepO OK-
pyXalollleil cpene He3aBUCMMO OT ero JOOpBhIX HaMEpeHWil M 3amada
COCTOUT B TOM, 4YTOOBI CHENaTh IIOCIACACTBUS OTOM AESITEIHHOCTH
HauMeHee IaryoHBIMH.

3arpsizHeHus1 okpyxatouieit cpeapl (OC) MOXHO KiacCUu(ULIUPO-
Batb (puc. 4.2) Ha pusznyeckue (1IyM, BUOpalLiMy, pa3IMuHbIe BUAbI U3-
JIYIeHMIT) U XUMUYEeCKHEe (pa3IMIHbIe BEIIECTBA: B BO3MyXe — 3TO TOK-
CUYHBIC Ta3bl U ITaphl, B BOIE U IIOYBE — MOHBI TSLKENIBIX METAJUIOB).

4.2. 3amura aTmochepbl

Xapakrepuctuka atMocdepsl U BUIbl 3arps3nenuii. OrpoMHoOe Yuc-
JIO BPEIHBIX BELIECTB HAXOAUTCS B BO3MYXE, KOTOPBIM MbI ABILLIUM.
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Xumuyeckue
Qu3suyeckue
(ToKCuYHbIE BellecTBa)

L v ¥ ¥

4 4

¥
|BBos,qyxe| | B Boge | | B nouse | | LWym | v

(CO, NO 1 ap.) (oHe! Pb, Hg, Cd) OneKkTpoMarHuTHble
n3ny4eHus
I
v v v v
| Yo | | CBY | | JlasepHble | | PagunoakTuBHble |

Puc. 4.2. Aumponozennvie 3azpazuenus OC

DTO U TBepHAbIe YAaCTHULIbI, HATPUMEDP YaCTUIIbI caxku, acbecTa, CBUH-
11a, ¥ B3BEIIEHHbIE XKUIKKWE KaIleJbK! YIIeBOAOPOIOB U CEPHON KM-
CJIOTHI, Y Tra3bl, TaKKe, KaK OKCHUJ yIJIepoaa, OKCUObI a30Ta, TUOKCHUL
cepbl. Bce ot 3arpsisHeHMsI, Haxonslluecs] B BO3AyXe, OKa3bIBaloOT
0MOJIOTMYECKOe BO3ACHCTBME HAa OpraHM3M YesioBeKa: 3aTPYAHSETCS
JIbIXaHUE, OCJIOXHSIETCS M MOXET MPUHSATH OMACHBIN XapakTep Teue-
HHUE CepAeYHO-COCYIAUCThIX 3aboneBaHuii. [lon meiictBueM OgHMX CO-
JepKalluXcsl B BO3AyXE 3arpsi3HUTENEH (HampuMep, TMOKCUOA Cepbl
U yIJepoaa) MoABepraoTcsl KOPPO3UN pa3IMuHble CTPOUTEIbHbIE Ma-
TepUasibl, B TOM YHCJIe M3BECTHSK M MeTauibl. Kpome Toro, Moxer
U3MEHUTBCA OOJIMK MECTHOCTU, IMOCKOJIBKY PAacTEHUsI TaKKe YYBCT-
BUTEJIbHBI K 3arpsI3HEHMIO BO3IyXa.

CwMmor (or aHrI. smoke — ObIM U fog — TyMaH), HapylIalOIIUiA
HOPMAaJbHOE COCTOSIHME BO3IyXa MHOTHX TOPOJIOB, BO3HMKAET B pe-
3yJbTaTe peaklUu MeEXAy COAepXKallUMUCS B BO3AyXe YIJIEBOIOPO-
JaMU U OKCHAAMM a30Ta, HAXOISIIMMUCS B BBIXJIOMHBIX ra3ax aBTO-
MOOUJIEH.

Tabnuna 4.1 u puc. 4.3 MO3BOJAT BCIIOMHUTb HOPMAJIBHBINA CO-
CTaB M CTpoeHUe aTMocdhepbl 3eMIIN.

3emHas atMocdepa MoapasfesseTcss Ha CIOM B COOTBETCTBUU C
ux temrieparypoil. Ha puc. 4.3 BbicoTa cjoeB yKa3zaHa IpHOJIU3U-
TEJIbHO, TTOCKOJIbKY OHA MEHSIETCS B 3aBUCHMMOCTU OT TOYKH OTCYeTa.
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Taonuma 4.1. KoOMIOHEHTBI YHCTOTO CYXOro BO3ayXa

Komnonenm Cooepocanue no o6semy, %
A3zor (Ny) 78,08
Kwucnopon (0;) 20,94
AproH (Ar) 0,93
Huokcun yraepoaa (CO,) 0,03
O3oH (03) Menee 0,00005
[TpucyTcTBYIOT Takke HEOOIbIINE KOJIUYECT- Menee 0,002 HeoHa

Ba rejivsi, MeTaHa, KpUIITOHA U BOAOpoOAa

Tepmocdpepa

80 km \

Me3socdepa

50 km
Crtpatocdepa

9—16 km /
Tponocdepa HakonneHve
030Ha

3emns (macwrtab
He cobntoaeH)

N

Puc. 4.3. Cmpoenue ammocegepot

K OCHOBHBIM 3arpsI3HUTENSIM aTMOC(HEpbl, KOTOPHIX, 1O JaHHBIM
TOHEII!, exxeromHo BblAeasgeTcsa 10 25 MIPI T, OTHOCHT:

e IMOKCHUA cepbl M YacTUIBI b — 200 MJTH T/TOX;

e okcuabl azora (NxOy) — 60 MH T/TOI;

1 JOHEIT — Iporpamma OOH 1o okpyxarolLeii cpefe.
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e oxcupasl yrnepoga (CO u CO,) — 8000 murH T/TOI;
e yriesopoponnl (CyHy) — 80 MitH T/TOL.

Okcun cepnt IV SO,. IIpu pactBopeHMM B BoAe 0OOpasyeT Ku-
cnotHele poxau: H,O + SO, = H,SO;3. Beigensiercst B atmocdepy B
OCHOBHOM B pe3yJibTaTe paboThl TeruioanekTpoctaHuuii (TOC) npu
CXKUTaHMM Oyporo yrjisl U MasyTa, a TakKKe cepocoiepKallux HedTe-
MPOAYKTOB M TIPU TIOJIYYEHUM MHOTMX METaJIJIOB U3 CepoCcoaepKa-
wux pyn — PbS, ZnS, Cus, NiS, MnS u T.1.

IIpyn cxuranuu yriasg uid HedTU coaepxkalascsd B HHUX cepa
OKUCJISIETCSI, TIPM 3TOM O0pa3yloTCs IBa COSAMHEHUS — IMOKCHI Ce-
pbl M TPMOKCUI cepbl. B mpoliecce nepBoHayaaIbHOIO FOPEeHUsT TOILIU-
Ba 0 TPUOKCHUA cephbl okucistercs MeHee 3% cepbl. KuciaoTHble no-
KIOW TYOSIT pacTeHMs, 3aKMCJSIIOT MOYBY, YBEIUUYUBAIOT KUCJIOTHOCTb
o3ep. B Hopseruu, Hanpumep, B 80-¢ oAbl U3-3a KUCIOTHBIX TOXACH
MOTMOJI0 MHOTO PBLIOBI, B 3TOM ObLIa M OOJIbIIASI JOJIsI BUHBI POCCUIA-
CKUX TpeanpusiTuii (B OCHOBHOM KoMmOuHata «CeBepOHUKEIb», pac-
nojoxeHHoro Ha Koabckom monyocTpoBe). boblinyio 03a604eHHOCTh
BBI3bIBAaCT B Poccuy OrpoMHEIN TpaHCTPAaHWYHEINA TIEPEHOC CEpPBI C
3anaga, COCTaBISIOLIMI TPUMEPHO 2 MJIH T OKCUIOB cepbl — 10 MiIH
T cyiabdaToB B TOA, TaK KaK BO3OYIIHbIE Macchbl ¢ 3araga B Hallly
CTpaHy B CBSI3U C po30i BeTpoB B 7—10 pa3 mpeBbIIIAIOT HaIllM BO3-
IyuiHble Macchl B EBporty. BTo B oCHOBHOM cTpaHbl BocrouHoit EB-
poIibl U YKparHa, S3HEepreTuka KOTOpbIX 0a3upyeTcsi Ha OypbIX YIJIsX.

Poccust Bxonut B KoHBeHuuto nmo SO, U y4yacTByeT BO BCeX MPO-
lieccax, CIocoOOCTBYIOLIUX CHUXKEHUIO BHIOPOCOB OKMCJIOB CEepbl B aT-
Mocdepy. B 0CHOBHOM 3TO CTpOMTEILCTBO 3aBOAOB IO MPOM3BOJICTBY
CEpHOM KHUCJIOTBHI MO CXeMe: AUOKCHUI Cepbl — TPUOKCUI CEpbl —
cepHas kuciota. Mcmonb3ysl oKcuIbl cepbl KaK BTOPUYHOE ChIPbE,
YeJI0BEYECTBO /11 MTPOM3BOICTBA TAKOTO HEOOXOAMMOIO €My BO MHO-
MX OTPACJISIX MPOMBIIIJIEHHOCTH TPOAYKTa, KaK CepHasl KUCIoTa, Ie-
pecTaHeT M3BJIeKaTh U3 HelIp OrpaHUYEHHBIE 3aIachl CephI.

IToncuntaHo, yto B 80-€ roapl YeJOBEUYECTBY ObLIO HEOOXOAMMO
MoJydyaTh OKOJIO 25 MJIH T CepHOI KUCJIOThI B roi (Hampumep, s
MTOJTy4eHUs] CUHTETUYECKUX MOIOIINX CPEACTB M IPYTUX MPOMYKTOB),
a BBIOPOC OKCHIOB CEphl B TO XK€ BpeMsI cocTaBWI 15,6 MIIH T B To1I,
OoJbllle, 4YeM HEOOXOAMMO IS MPOM3BOACTBA YKAa3aHHOIO BHIIIIE
KOJIMYECTBA CEPHOM KHCJIOTHI.

Haxe mpu cpeaHeM colepXaHUM OKCUIOB CEpbl B BO3AyXe MO-
psagka 100 MKr Ha KyOOMeTp, UTO HEpeaKO MMEeT MECTO B ropojax,



80 Pa3pen 2. OxpaHa okpyxarolen cpeabl

pacTeHusl MPUOOPETAIOT KEATOBAThIA OTTeHOK. OTMeUeHO, YTo 3a00-
JIeBaHUsI NbIXaTeJIbHBIX MyTel, HampuMep, OPOHXUTHI, ydyalllaloTCs
IIPY TIOBBILICHUM YPOBHSI OKCUIOB CEPHI B BO3IYXE.

Pa3zpaboraHo 0oJbIlIOE YMCAO METOMOB IS YJABIUMBAHUS IBY-
OKHCH cepbl U3 OTXOMSIIMX IBIMOBBIX ra3oB. BecbMa IpuBiIeKaTeIb-
HBIMU OKa3aJIMCh CKPYOOEpHbIE YCTAHOBKM, AAIOIIUE OTXOAbl B BUIE
MPOAYKTOB, MMEIOLIUX CIOPOC Ha PbIHKE: OJUH M3 TaKUX CKpyOoOepoB
MIPOU3BOJUT CEPY BBICOKOW UMCTOTHI, APYrOii — pa3daBIECHHYIO cep-
Hyl0 KucjaoTy. IlocieaH1ol HEBBITOJHO II€PEBO3UTL Ha OosblIve
pacCTOSIHUSI, HO BBICOKOUMCTas cepa, KOTopask HaXOAUT MpUMEHEHHUE
IIpY TIPOM3BOACTBE JIEKAPCTBEHHBIX IIPEIApaToOB, ITPOMBIIIICHHBIX
peareHTOB, yIOOpeHUIA B Pa3BUThIX CTpaHaX IPUBJIEKAET U MOTPeOu-
Teneu u3-3a pyoexa.

B Poccuu moka ymanoch peliuTh 3Ty Mpobjiemy Ha Ooblieit
yacTU eBpoIleiickoii Tepputopuu. B asMarckoil yactu, rae TpyIHO
pEIINUTh BOIIPOCHI C TPAHCIIOPTUPOBKON CEPHOM KMCJIOTBHI, HaMpHU-
Mep, orpoMHble Macchl SO, KomOuHaTa «HOPUIbCKUI HUKEb», KO-
Topble BhIOpachiBaloT Beicokue (a0 100 m) TpyOnl, mocturaoT KaHa-
npl yepe3 CeBepHBI IIOMIOC. DTa mpobsieMa B pasHBIX perMoHax
Poccuu Ttpebyer cpouHoro peiueHusi. B MockBe, Hampumep, Ha
eIMHCTBEHHOM HedTernepepabarbiBaiollieM 3aBojge B KaroTHe ¢
1997 r. 3ampelieHo MCnob30BaTh cepocoaepxkaliye HeTeNPOLyKTHI.

Okcuapr asora (NyOy). B mpupone okcuabl azora o0pasyrorcs
MpYA JIECHBIX ITOXapax. BBICOKME KOHIIEHTpallMd OKCHUIOB a30Ta B
ropoIax U OKPECTHOCTSIX IPOMBIIUIEHHBIX IPEANPUATUAN CBSI3aHBI C
JIeSITeIbHOCTRIO YeOBeKa. B 3HAYMTENTBHOM KOJWYECTBE OKCUIBI
azorta BbiaesaioT TOC u gBuratesu BHYTpPEeHHEro cropaHus. Boime-
JISIIOTCSL OKCUIBI a30Ta M TpU TpaBIeHUM METaJIOB a30THOM KMCIIO-
Toit. IIpom3BOMCTBO B3PHIBYATHIX BEIIECTB M a30THON KHCIOTHI —
ellle IBa MCTOYHMKA BEIOPOCOB OKCHUIOB a30Ta B aTMocdepy.

3arps3HgioT atMocdepy:

e N>,O — okcua azora I (Becensiumii ras), obdjiagaeT HapKOTUYES-
CKMMU CBOMCTBAMM, HCITOJB3YETCS MPU XUPYPTUUECKUX OIle-
panmsix;

e NO — okcun azora llI, geiicTByeT Ha HEPBHYIO CHCTEMY 4YeJIO-
BeKa, BBI3BIBACT Iapajud M CYOOPOTH, CBA3BIBAET TeMOTIOONH
KPOBU 1 BBI3BIBAET KMCJIOPOTHOE TOJIOJAHMNE;

e NO;, N,O4 — okcunsl azora V (N,O4= 2NO,), 1ipu B3auMO-
JEUCTBUU C BOOOM 00pa3yloT a3oTHy kuciaoty 4NO, + 2H,0O
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+ + O, = 4HNOj3. Bbi3bIBalOT nopaxkeHue AblxaTeab-
HBIX MYTel U OTEK JIETKHUX.

Okcuapl a30Ta MPUHUMAIOT y4acThe B 00pa30BaHUM (DOTOXUMM-
yeckoro cMora. K ¢doroxumMuyeckuM mpoueccaM OTHOCSITCS Mpoliec-
cbl obpaszoBaHus TnepokcuauerwiHurpatoB (ITAH). Ilpu xoHueH-
tpauusax ITTAH 0,1—0,5 mr/m3 oHM MOTYT BBI3BIBATH DPas3apaxeHue
CJIM3UCTON OOOJIOUKM IJIa3 U TMbesib pacTeHMI, YTO XapaKTEepHO s
IOJKHBIX COJIHEYHBIX TOPOIOB.

YpoBHU (HOTOXMMUYECKOTO 3arpsI3HEHMST BO3yXa TECHO CBSI3aHbI
C PEeXMMOM JBVXKEHHUSI aBTOTpaHcrnopTa. B meproa BbICOKOM MHTEH-
CHBHOCTH ABVKECHHSI YTPOM M BEUYePOM OTMEYaeTCs IHMK BEIOPOCOB B
atMocdepy OKCUAOB a30Ta U yriaeBoaopoaoB. MMEHHO 3TU coeauHe-
HUs, BCTymas B peakUMU IPYr C IPyroM, OOYCIOBIMBAIOT (DOTOXM-
MMYECKOE 3arpsiI3HEHUE BO3ayXa.

HaGntogaercsa Oosblioe KOJWYECTBO 3a00JIeBAaHUI BEPXHUX JbI-
XaTeJIbHBIX MyTel Y HaceJeHMs, IMOABEePraBIIerocsl BO3ACHCTBUIO BhI-
COKMX YPOBHEH OKCHMIOB a30Ta, MO CPaBHEHMIO C TPYINON JIIOAEH,
KOTOPbIE HAXOAWJIMCh B YCIOBUAX MEHbIIEH KoHIeHTpauuu NyOy, a
KOHIIEHTPAIIUM IPYTUX 3arpsi3HUTEINIeH OBIITN TAKUMU 3Ke.

Jion ¢ XpOHUYECKMMM 3a00J€BAaHUSIMU AbIXaTEJbHBIX MyTei
(aMmduzemMa Jerkux, actma), a TakxkKe CTpaJarollhe CepaeyHO-COCYy-
THUCTBIMUA 3a00JIeBAaHUSIMUA, 00Je€ YYBCTBUTENbHBI K MPSIMbIM BO3-
JNEeUCTBUSIM OKCHMIIOB a30Ta.

Okcun yraepoga II (CO). KonueHtpauus okcuaa yraepoaa II B
TOPOACKOM BO3ayXe OOoJibllle, YeM J000ro APYroro 3arpsi3HUTENS.
OmgHako TOCKOJBKY 3TOT ra3 He MMEeT HU I[BeTa, HM 3araxa, HUu
BKyCa, Halllkd OpraHbl YyBCTB HE B COCTOSIHUM OOHAPYXKUTb €rO.

Camblii KpyITHBI MCTOYHUK OKCHMIA yIriiepoia B ropogax — aBTO-
TpaHcnopt. B GonbiimHcTBe ropomoB cBbilie 90% CO nonamaer B
BO3IYyX BCJEACTBHME HEIMOJHOIO CropaHus yrjiepoaa B MOTOPHOM TO-
muBe no peakuun: 2C + O, = 2CO. IlonHoe cropaHue JaeT B Ka-
YeCcTBEe KOHEYHOTO MpoayKTa nuokcu yriaepoga: C + O, = CO,.

Hpyroii UICTOUHMK OKCHAa yrjiepoga — TaOauyHbIN AbIM, C KOTO-
PBIM CTaJKMBAIOTCS HE TOJBKO KYPWJIBIIMKHM, HO M WX ONMKaiiiee
okpyxeHue. JlokazaHO, YTO KYpPWJbIIMK MOIJOLIAET BABOE OOJblile
OKCHJIa yTJIepoia M0 CPaBHEHUIO C HEKYPSIIUM.

Okcun yriiepoia BABIXaeTCSl BMECTE€ C BO3AYXOM WM TabauHbIM
IBIMOM M TOCTYIAeT B KPOBb, Iie KOHKYPUPYET C KUCIOPOIOM 3a
MOJIEKYJIbI reMorjgoouHa. OKCUA yriepona COeNUHSEeTCS C MOJIEKY-
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JJaMM TeMOIJIOOMHA TIpoyHee, yeM Kuciopon. Yem Ooipllle oKcHUma
yriaepoaa COACPXKUTCS B BO3OyXe, TeM OOJibllle TeMOrIoOMHA CBS3bI-
BaeTCsI C HUM M TeM MEHBIIIe KUCIOpoAa TOCTUTAeT KieToK. 1o aroii
MPUYMHE OKCHUJ YIJIEpOIa IIPY MOBBIIICHHBIX KOHIEHTPALMIX IIpel-
CTaBJIIET COOOM CMEPTENbHO OIMACHBIN Sij.

TUNWYHBIA aBTOMOOWMJIbHBINA ABUTATENb CcepeIuHbl 60-X TOMOB
BBIOPACHIBAJI ¢ BBIXJIOIHBIMM Ta3aMu B cpemlHeM 73 T OKcHOa YIJIepo-
nJa Ha Kaxnaple 1,5 xm mpobera. K 1981 r. BeIOpoc okcuaa yriaepoaa
HOBBIMU aBTOMOOWJISIMU JOCTUT ypoBHs1 Bcero 3,4 r Ha 1,5 kM (maH-
Heie CIIA).

g mocTKeHWsST YCTAaHOBJICHHOTO CTAHAApPTa BBIXJIIOITHBIC Ta3bl
CMEIIMBAIOTCS C BO3OYXOM B IIPHMCYTCTBMM KaTaiu3atopa. JlampHeil-
1Iee OKMCJIEHNE OCTaBIIErocsl OKCUIa yriaeponaa MPOMCXOIUT B KaTa-
JMTHYecKoM TipeodpasoBatene (Pt/Pd — mmatwHa-mamnanmit). UmeH-
HO Takas CHCTeMa B HACTOsIee BpeMsl ITOBCEMECTHO BBIOpaHa IJIst
yMeHblIeHus BeiOpocoB CO B atMocdepy. B Mockse, HarpuMep, 10
PEIIeHNIO M3PUX He O(POPMIISIIOT ITOKYIIKY aBTOMOOWMIe MHOCTpaH-
HBIX Mapok 10 1985 r. Beimycka, T. €. 63 YCTaHOBJIEHHBIX KaTaJuTH-
YeCKMX IoXUTaTesIeil Ha BeIxJIomHbie Ta3bl. B CILIA romoBbie BHIOpO-
Chl OKCHJIA yriiepoJa MOCTeIeHHO YMEHbIIaIUch HauuHas ¢ 1976 T.,
[0 Mepe TOro KaK HOBBIE MOJAEIM aBTOMOOWIEH ¢ KaTaIUTUYECKUMU
Mpeo0pa3oBaTeISIMUA BBIXJIOITHBIX Ta30B CMEHSUIA CTapble, MeHee 2¢-
¢dextuBHble Moaenu; obwwuii BeiOpoc CO aBroTrpaHcnoprom CIIA
cokpatuiics ¢ 64,3 MaH T B 1976 1. 1o 47,7 Maa T B 1983 1., T.e. Ha
25%. OnHa Y3 TMPUYMH CTOJIb HEGOJIBIIIOrO CHIKEHUS CBsI3aHa ¢ 00-
1Ie IMHOM Mpobera aBTOMOOMIIE, KOTOpasl €KeroaHo BO3pacTaeT
M3-3a TIOCTOSTHHOTO POCTa YMCJIa aBTOMOOWJIEH Ha Joporax W yiH-
Hax. O¢¢eKTUBHOCTb KaTaJUTUYECKUX IMpeoOpa3oBaTeneili co Bpe-
MEHEM YMEHbIIAETCSI M HEOOXOOAMMO PEryIsapHO OCYIIECTBISITH MO-
BTOPHBIE TTPOBEPKM BBIXJIOIHBIX Ta30B aBTOMOOMIIEH Ha comepKaHue
CO. bopnba 3a KauecTBO BO3AyXa BO BCEX CTpaHax IMPOIOJIKaeTcs,
ITOCKOJILKY TIpoOer aBTOMOOMJIE HENMpPEePLIBHO pacTeT. DTOT Heorpa-
HUYEHHBIM POCT MOXHO OBUIO OBl COKPAaTHUTh 3a CUET CO3MaHUST HO-
BBIX CUCTEM OOLIECTBEHHOI'O TpaHCIOpPTa, NMPUBJIEKATEIbHbBIX IS Ha-
CeJleHNUs M CIIOCOOHBIX IIMMPOKO pa3BUBAThCS, WIM Ilepexoga Ha
BJIEKTPOMOOUIIN.

Okcun yraepoma IV (CO,). Bmmsaue yrmekuciaoro rasa (COj)
CBSI3aHO C €r0 CIOCOOHOCTBIO IOIJIONIATh MH(ppPaKpacHOEe U3IydYeHHUE
(MK) B mmanaszone miauH BojaH oT 700 mo 1400 uMm. 3emis1, Kak W3-
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BECTHO, MOJIy4yaeT MPAaKTUYECKW BCIO CBO1O sHepruio oT CojHua B
Jlydyax BUaumoro ydactka crektpa (ot 400 no 700 HM), a oTpaxaeTr B
BUAe MIMHHOBOJIHOBOro MK-uznyuyeHus.

C 1850 r. conmepxxanue CO, B armocdepe Bospociao ¢ 0,027 mo
0,033% B cBsI3N C TEXHOTEHHON IesSTeIbHOCThIO. YenoBeyecTBO CO-
XKoo B XX B. MCKOMAEMbIX BMIOB TOIUIMBA CTOJIbKO, CKOJBKO 3a
BeCb Iiepuoj cBoero cyuiectBoBaHus no XX B. Ilormomas MK-
uznydyenue, CO, nelicTBYeT KakK MapHUKOBas IJIEHKA.

IMoacuurano, uto ecau K 2000 r. cpemHeromoBasi TemIlepaTypa
Bo3pacTteT Ha 1°C, To B pe3yibTaTe TasHUS JIEAHUKOB YpPOBeHb Mu-
poBoro okeaHa momgHumeTcsl Ha 1,5 M. K cyacTelo, HakoIIeHUE yI-
JIEKMCJIOTO raza B atMocdepe uaeT B 2—3 paza MeajieHHee, YeM 3TO
MMOJCYNTAHO TEOPETUUECKM.

MexaHM3MOM BbIBOAA YIJEKUCIOro raza U3 atMocepbl SIBASIETCS
MOIJIOIIEHNE €r0 B pe3ysbTaTe (DOTOCUHTE3a PacTeHUi, a TaKXKe CBsI-
3BIBAHME €T0 B OKEaHCKMX Bomax no peakumn: CO, + H,O + Ca?2t =
= CaCO; + 2H™.

IIbute. ITpyurHBI OCHOBHBIX BBIOPOCOB MbUIM B atMochepy — 3TO
MbUIbHBIE OYypH, 3p03Ms MOYB, BYJKaHbI, MOpckue Opbi3ru. Okojo 15—
20% o0111er0 KOJIMYECTBA TTBUIA W a3p030JIeil B aTMocdepe — IIEI0 PyK
YeJIOBeKa: IIPOM3BOICTBO CTPOMMATEepHAlIOB, APOOJIEHUE IIOPOI B Iop-
HOAOOBIBAIOLIEH IPOMBILIJIEHHOCTH, ITPOM3BOACTBO LIEMEHTAa, CTPOM-
tenbeTBO. Hanpumep, Bo @paHuuyn mpuban3nuTeasHo 3% oO6LIeEro oob-
eMa IIPOM3BOIMMOIO IIEMEHTa BBIOpachiBaeTcsl B atMmocdepy (0KOJI0
100 T B rom). Ilbutb, OceBlIass B MHAYCTPUATILHBIX TOPOAAX, COMEPKUT
20% oxcunos xenesa (Fe,03), 15% okcuma kpemuust (SiO,) n 5% ca-
KU (C). IlpomblliuieHHas! MbLJIb YacTO BKJIIOYAET TaKXKe OKCUIbI pa3-
JIMYHBIX METAJJIOB U HEMETAJUIOB, MHOTHME M3 KOTOPBIX TOKCUYHEI (OK-
CUIBl MapraHila, CBMHIIA, MOIMOIEHA, BAaHAINSI, CYpPbMBbI, TEJUTypa).

AmepukaHckuii skonor O. bapToH Tak oxapakTepu3oBaj IIpo-
OyieMy, CBSI3aHHYIO C 3allbLICHHOCTBIO aTMocdepbl: «OmHO U3 IBYX:
0O JIIOOU CACNAIOT TaK, YTO B BO3MYyXe CTAHET MEHbIIIEe AbIMa, JIMOO
IBIM CHeNaeT TaK, YTO Ha 3eMJie CTAaHET MEHbIIE JIIoAeH».

ITbuth M a3p030JIM HE TONBKO 3aTPYOHSIOT OBIXaHWE, HO U TIPU-
BOIAT K KIIMMATHUYECKUM W3MEHEHUSIM, TOCKOJBKY OTpaxkaloT COJI-
HEYHOEe M3JIyUeHWe W 3aTPyOHSIOT OTBOA Terura oT 3emiu. Harpm-
Mep, TaK Ha3bIBaeMBIe CMOTM B OY€HBb HACEJIEHHBIX I0XHBIX TOPOIax
(Mexuko — 22 MJIH XXUTeJIeil U Ap.) CHIKAIOT MPO3PaYHOCTh aTMO-
cdepnl B 2—5 pas.
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Kucaopon (0O;). Kucnopon Ha 3emsie co3maH caMoOil KM3HBIO.
Puc. 4.4 wnmocTtpupyeT HMCTOPHUIO TPOMCXOXACHMS KHUCIOpoAa Ha
wiaHeTe 3emuist. [lpuMepHO 2 MJpa JileT Hasaid coaepxkKaHue CBOOO.-
HOTO KHCIIOpoma B 3eMHOU aTMocdepe Hadaio Bo3pactarh. Ilocie
TOTO KaK M3 YacTU aTMOC(hEepHOTo Kucjaopoma chopMHUpOBajCS 3a-
LIIMTHBIA O30HOBBIN CJIOM, Ha4YaJu Pa3BUBATBCS HA3EMHbBIE PACTCHUS
" XxuBOTHBIe. C TeUyeHHMEM BpPeMEHHU CoAepXKaHHe KUCIOPOIa B aTMO-
cepe 3HAYUTETBHO MEHSIJIOCH, IMOCKOJBKY MEHSUIMCh YPOBHU €ro
obpa3oBaHus U McIojib3oBaHug [30].

3sontouns Oeontouns x
Oeontouna 3
dotoomoompyoux IO sHout 4
OpraHusmos N KUBOTHbIX N pacTeHui z Z’
i g
< < 8_ ‘6
A o %
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<€— MuUnnvoHbl neT Hasag ——
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3noxa «kaMeHHoyronb- ANHO3aBpOB noan

HbIX» NNeCHbIX MacCcnBoB

Puc. 4.4. Ilpoucxoixncdenue xucaopooa ¢ ammocgepe

I'maBHBIM TPOAYILIEHTOM KHCJIOpoAa Ha 3eMyle CIIyKaT 3eJeHbBIe
BOIOPOCIN TMOBepPXHOCTU oKeaHa (60%) M Tpommdyeckue jeca CyLId
(30%). Tponmueckue yeca AMa30HKM HAa3bIBAIOT JETKUMU ILJIAHETHI
3emisa. Panee B smmrepaType BBICKA3bIBAIMCH OIACEHMS, YTO BO3-
MOXHO YMEHBIIICHHE KOJIMYEeCTBa KUCIopoaa Ha 3emye BCIEICTBHUE
YBEIMUCHHUsI 00beMa CXHUIaeMOoro McKoIlaeMoro TorummBa. Ho pacue-
THI ITOKA3bIBAIOT, YTO MCIIOJB30BAHME BCEX HOCTYITHBIX UEIOBEKY 3a-
JIexkeit yrist, He(pTU ¥ IPUPOTHOIO Ta3a YMEHBIIUT COmepKaHWe Kil-
ciaopona B Bosayxe He Oosnee yem Ha 0,15% (c 20,95 mo 20,80%).
Hpyras mpobiema — BBIpyOKa JIeCOB, IPUBOAAIIAS K BOSHUKHOBE-
HUIO KHCJOPOIHBIX «I1apa3uTOB» — CTpaH, KOTOPbIE XKMBYT 3a CUET
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yyxoro kuciaopona. Hanpumep, CIIIA 3a cyeT cBOMX pacTeHUI MMe-
eT ToIbKO 45% xuciopona, Iseituapus — 25%.

O30H (O3). O30H 00pa3yeTcsl B BEpXHUX CJIO0SIX cTpaTochepbl U B
HIDKHUX CJIOSIX Me3ocdepbl B pe3yjabTaTe IMPOTEKaHUS CISAYIOIINX
pEaKInii:

O, + hv (=240 um) = O + O,

0, +0+M,
rae M — pasjinyHble cocTapysiionMe aTMocdepbl, HampuMep, KUCIAOPOI WU
a30T.

O30H M aTOMapHBI KHUCJIOPOA MOTYT pearupoBaThb B KHMCIOPOI-
HOI aTMocdepe COracHO peakiysIM:

03 + hv (380 HM) = 02 + O,

03 + 0= 202,

O0+0+M=0,+M.

BOTU peakuuu oOpa3yloT TaK HasbiBaeMblii LMK YenmeHa. OO0-
1Iee coiepkaHue 030Ha MHOIIA BHIPAXKAIOT KaK YMCJIO MOJIEKYJ, MO-
JlyyaeMoe B pe3ysbTaTe CYMMUPOBAHHUS IO BCEM IIMPOTaM, AOJTOTamM
1 BbicoTaM. Ha ceromHsHuii 1eHb 3TO KOJUYECTBO MPUOIUZUTENb-
HO paBHO 4-1037 Mmonexyn o3oHa. Haubosee pacrnpocTpaHeHHOR KO-
JIMYECTBEHHOW OLIEHKOM COCTOSIHMSI O30Ha B aTMocdepe SBIseTcs
TOJIIMHA O30HHOTO €051 X — 3TO TOJIIMHA CJI0S1 030HA, MPUBEICH-
HOTO K HOPMAaJIbHBIM YCJIOBMSIM, KOTOpasi B 3aBUCUMOCTH OT CE€30Ha,
IIUPOTHl M MOJTOThl KOJeOaeTcss OT 2,5 10 5 OTHOCUTEIbHBIX MM.
OO6iiacT ¢ yMeHbIIEHHBIM conepxXaHueM Ha 40—50% o30Ha B aTMO-
cdepe Ha3BIBAIOT «030HOBBEIMU IBIPaAMM».

Oxono 90% o3oHa HaxomuTcs B cTpatocdepe. [Joaroe Bpemsi Cuu-
TajJoCh, YTO OCHOBHOW MPUYMHON MUCTOILIEHUS O30HHOTO CJIOST SIBJISI-
IOTCSI TIOJIEThl KOCMMYECKUX KOpabyiell M CBEPX3BYKOBBIX CAMOJIETOB,
a Takke U3BEpPXKEHUsI BYJIKAHOB U APYrue MpUPOIHbIC SIBJICHUS.

PazpymmrensHoe meiicTBue XJI0pGTOPYIIIEPOAHBIX COECAMHEHUIA
(X®DY) Ha crpaTochepHBIli 030H OBUIO OTKPBITO B 1974 1. amepu-
KaHCKUMU YYEHBIMM — CIIelMaJINCTaMM B 00JaCTU XMMMU aTMocde-
pel L. Poynengom u M. Monuna (B 1996 r. 3a OTKpBITUSI B 3TOM
obaactu uMm npucyxiaeHa HobGeneckast npemus). C Tex mop He pas
MPeAIPUHUMAINCH TONBITKY OrpaHUYUTh BeIOpoc XDY B arMmocde-
py, U TEM HE MEHee ceiiuyac BO BCEM MUPE €XEroiHO MPOU3BOMUTCS
OKOJIO MUJIJIMOHA TOHH ra3o00pa3HbIX BEIECTB, CIIOCOOHBIX pas3py-
IIUTh O30HHBIN CJION.
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X®DY, yacto BcTpevarommecss B ObITY M B TIPOMBILIJIEHHOM TIPO-
MU3BOJCTBE, — 3TO IPOITEJUICHTHI B a3P030JIbHBIX YITAKOBKAX, XJ1agoa-
reHThl ((hpeoHbl) B XOJONWJIbHUKAX M KOHAMIIMOHepax. OHU mpuMe-
HSIIOTCS M TIPA IIPOM3BOACTBE BCIIEHEHHOTO TOJIMypeTaHa, M TIpH UM-
CTKE 3JIEKTPOHHOU TEXHUKMU.

ITocterrenHo X®Y nmomHUMAIOTCS B BEPXHUI CJI0i1 aTMOCGhEpHl U
pa3pylIaoT O30HHEIN CI0M — IIUT aTMOocGephl, cracamimii ot YP-
n3TydeHus. Bpems XXu3HMU OBYyX caMBbIX OIMmacHBIX peoHoB — D-11 n
®-12 — ot 70 o 100 neT. DTOrO BIIOJHE IOCTATOYHO, YTOOBLI B
Onmkaiiliee BpeMsl OLIYTUTb Ha ce0e ITOCIEACTBUSI CETOMHSIIHEN
9KOJIOTUYECKOU HerpaMoTHOCTU. EcCaM COXpaHSITCS COBpPEMEHHBbIE
TeMITbl BeIOpoca XY B atmocdepy, To B bmkaiiime 70 et Koau-
4yecTBO crTparocdepHoro o3oHa yMmeHblnuTca Ha 90%. Ilpu sTom
BeCbMa BEPOSITHO, UTO:

e paK KOXW MPUMET SMUACMUYECKUIA XapaKTep;

e DPE3KO COKPATUTCS KOJMYECTBO IUIAHKTOHA B OKEaHE;

e VCYE3HYT MHOIME BUIbI XKMBOTHBIX, HAIPUMED, PAKOOOPa3HbIE;

e Y®-uziydyeHHe HEOIATONPUATHO CKAaXETCs Ha CeIbCKOXO3sIii-

CTBEHHBIX KYJbTypax.

Bce aT0 HapylaeT paBHOBecHEe BO MHOTMX 3KOCUCTEMaX 3eMJIu,
13-3a (POTOXMMHUYECKOIO CMOra yXYALIUTCS OOlIee COCTOSIHUE aTMO-
cepbl, YCUITUTCST «TApHUKOBBIN 3 heKT».

X®DY — BBICOKOCTAOMJIbHBIE COSAVMHEHHUS W IIOCKOJIBKY OHU HE
MOMIOIIAIOT COJHEYHOE U3JIyYeHUe C OOJbIION IJIMHOW BOJHBI, OHU
HE MOIYT INMOABEPrHYTHCS €ro BO3AEHCTBMIO B HMXHMX CJIOSIX aTMO-
cdepbl, HO, MPEOAOJEB 3alUMTHBLIA CIOM, MOJAHMMAIOTCS BBEPX IO
atMocdepe M KOPOTKOBOJHOBOE M3JIyUeHHE BBICBOOOXKIAET M3 HUX
aToMbl cBoOomgHOro xjopa. CBOOOIHBIE aTOMBI XJIOpa 3aTeM BCTyMa-
10T B PEAKIINIO C O30HOM:

Cl + O3 = CIO + Oy,

ClO+0=Cl+ 0,

Takum o6paszom, pasnoxkeHue XDV COTHEUYHBIM W3IydeHHEM
CO3/MaeT KaTaJUTUYECKYI0 LIEMHYI0 peakiyio, COIJIaCHO KOTOpOM
OIVH aToM XxJiopa criocodeH paspyuiuth g0 100 000 MoyieKkya o30Ha.
KanneporeHHBIM siBIIsIeTCsT Y D-U3IIydeHNE C IJIMHON BOJIHBI KOpOYe
320 uMm. OxupgaeTcst, 4TO KaxXKAbli MPOLEHT COKpAalleHUs O30HHOTO
CJI0S1 TOBJIEYET 3a COOOH YBEJIMYECHME 4YMcia ciaydyaeB 3a00JieBaHMSI
paKkoM KOxXu Ha 5—6%.

OcCHOBHBIE CAHMTApHbIE TPeO0OBAHMS K KavyecTBY aTtMoc(epHOro
Bo3ayxa. OCHOBHbIM KPMTEPUEM KOHTPOJISI KayecTBa aTMOc(epHOro
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Bosayxa spisercsa IIJIK TokcuuHbIx BeilecTB. IIpu caHuTapHOi
OlLIEHKE KayecTBa aTMoc(hepHOro BO3Ayxa IPUHSTO BbIpaxaTbh CO-
JIepKaHUe 3arpsA3HSIOIIMX BEIIECTB B MI' HA M3 BO3Iyxa. DTO BbIpa-
KeHME KOHLIEHTpalUuKW MPUMEHUMO sl JI0OOro arperaTHoro co-
crogHmsT mpuMecei. 3a pyoexom, Hampumep B CIIA, yacTo moib-
3yIOTCS APYTrOol KOHLIEHTPALIAEH:

00BeM 3arpsi3HeHU

-l = = 10-4
MIH 106 06eMOB 3arpsI3HEHHOTO BO34YXa 10-4% (oGbemHbIX),
3 wia LM
MI/M? = ———
22,4
rane M — MoJeKyJasipHasl Macca 3arpsi3HUTEN;

22,4 — obwem B smTpax 1 Mous raza mpu 25°C u 760 MM pT. CT.

KpurepueM oLICHKM BIMSHUS BBIOPOCOB IPEANPUATHI HA OKpPY-
KAIOLIYI0 Cpely SBIIETCS YPOBEHb IPAKTUYECKMX KOHIICHTpALUiA
npuMeceii B atMocdepe, MOJNYYEHHBIX B pe3ylIbTaTe pacCeUBaHMUS
BBEIOPOCOB, IO CPAaBHEHUIO C IIPEAEIBHO JTOIYCTUMBIMU.

st atMocepHOro BO3AyXa YCTaHOBJICHBI COOTBETCTBYIOIIME
sHayeHud [TJK.

KoHneHTpaiyst BpeaHBIX BEIIeCTB B BO3AYXE IPOM3BOACTBEHHBIX
nomelieHuii He nomkHa npesbiath [IK, 5, B Bo3ayxe nns BeHTH-
JALUUKA TPOU3BOACTBEHHBIX omewennit — 0,3 TIK, ;; B atMochep-
HOM BO3/lyXe HaceJeHHbIX MyHKToB — IIJK,, ,; B 30He OTabIXa U Ky-
poproB — 0,8 ITIK,, p,.

Hopmbr TTK cayxkar ucxomHoi 0a30il Ojisg MPOEKTUPOBAHUS U
SKCITEPTU3bl HOBBIX MAIllMH Y MEXaHM3MOB, TEXHOJIOTMUECKUX JIMHUIA,
MIPOMBIIIICHHBIX COOPYKEHUI W MPEANpUSITUI, a TakKe UIS pacdyera
BEHTWISILIMOHHBIX, Ta30IbUICY/IaBIMBAIOIIMX W KOHIUIIMOHUPYIOIINX
CHCTeM, KOHTPOJHPYIOLINUX IIPUOOPOB U CUCTEM CUTHAJIM3ALMU.

OCHOBHBIC OpPTaHM3alMK, KOHTPOJIUPYIOIIKE BEIOPOCHI TIPEATIPH-
SITUM B aTMOC(EPHBIA BO3AYX, — CAHUTAPHO-3IHUISMUOJIOTHYCCKIE
cranumm  (COC); TepputopualibHble yrpasieHns ®deneparbHOM
ciayx0bl Poccum 1o ruapoMeTreoposioTMM WM MOHUTOPHHIY OKpY-
xkarouieil cpenpl; ['ocymapcTBeHHass MHCIIEKIMSI 10 KOHTPOJIIO 3a pa-
00TOli Ta300YKMCTHBIX U IBLICYIABIMBAIOIINX YCTAHOBOK.

[na mpenoTBpalleHuUsl 3arpsi3HeHUs] aTMochepbl BBEAEHbI HOP-
MaTHUBBI Ha BBIOPOCHI BPEAHBIX BEIIECTB HEIOCPEACTBEHHO U3 KaX-
JIoro ucTouyHuka (Tpy0Oa, 1axra u T.4.). [ocygapcTBEeHHBIM CTaHAap-
ToM (1990 r.) ycTaHOBJIEHBI BEJIMYUHbBI MPEAEIbHO AOMYCTUMBIX Bbl-
opocos (ITJIB) BpeaHbIx BelllecTB B aTMocdhepy:
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ITJIB — xonnyecTBO BpEAHBIX BEILECTB, BHIOpAChlBA€MbIX B €A1~
HUIy BpeMeHU (T/C), KOTOpOoe B CYMME C BEIOpOcaMU M3 APYTUX KC-
TOYHWKOB 3arpsi3HEHUST HE CO3IaeT NMPU3EMHONM KOHLEHTpALWU TPH-
MecH, npesblmatonieil 3HadyeHune I[IJIK. D10 HaydHO-TEXHUYECKMIA
HOpPMAaTHB ini o} KOHKPETHOTO WCTOYHUKA 3arpsi3HEHUS,
00s13aTeIbHBIN 711 JAHHOTO TPEINPUSTHS.

Ecnu B BO3myxe HaceJIeHHBIX MECT KOHIEHTpaLMS ITPEeBBIIIACT
IMIAK, a BennuuHa IIJIB 1mo oOObEKTUBHBIM IIpUYMHAM HE MOXKET
ObITb JOCTUTHYTa, TO (PAKTUYECKMIA BBHIOPOC HA3bIBAETCSI BPEMEHHO
coenacosanHvim eviopocom (BCB).

HopmatuBHBIE BBEIOPOCH BPEOHBIX BEIIECTB YCTAHABIMBAIOT [JIST
KaxXJI0TO MCTOYHWKA 3arpsI3HEHMS B T/C M IUIST BCETO TMPEATIPUSITUS B
uenom (t/rom). Ilpm ycranosnenum I1IB mam BCB HeobGxommmo
VUUTBHIBATH (DOHOBBIC KOHIIEHTPALIMU, 3HAYEHMST KOTOPBIX OIPEACIIs-
I0TCS IJISI TIPEONPUATUS TEPPUTOPUATIBHBIMK opraHu3anusMu Pene-
paJibHOU cyXObl Poccum 1o ruapoMeTeoposioTMMd U MOHUTOPUHTY
oKkpyXatouieit cpensl. st ropogoB ¢ HaceleHUeM MeHblne 250 ThIC.
YeJIOBEK MPUHSATHI CIEIYIOIIe HOPMBI (POHOBBIX KOHIIEHTpAIIUI OC-
HOBHBIX TOKCMKAHTOB:

SO, — 0,1 mr/m3 CO — 1,5 Mr/™m
NO, — 0,03 mr/m3 neus — 0,2 Mr/m3

Metonuka mnsg pacyeta IIJIB ocHoBaHa Ha MPUMEHEHUM MOAE-
JIU, KOTOpas YYUTbIBAa€T WHAWBMUAYyaJIbHbIC CBOMCTBA 3arps3HUTENS
(ITAKy p); doHoByo KoHUeHTpauuio Cg; TeOMETPUYECKUE Pa3MEPbI
WCTOYHMKA 3arpsi3HeHus1 (A — BbicoTa, M; D — auaMeTp YCThbsl, M);
YCJIOBUS BBIXOIA Ta30BOro MOTOKAa M3 MCTOYHMKA (7 — pasHOCTh
TeMIlepaTyp BbIOpachlBa€MOM CMECHM M OKpYyXalolllero Bosayxa, V —
CpelHsIsI CKOPOCTb BbIXOJA CMECHU U3 YCThs UCTOUHUKA, M/c); W, f—
YCJIOBUSI BEPTUKAJIBLHOIO W TOPU30OHTAIBHOIO pacCeMBaHUS BPEIHOIO
BellleCTBa B aTMOC(hEpPHOM BO3ayxe; A; — MoKa3zaTeslb OTHOCUTENb-
HOI arpeccMBHOCTU; F — KOB(MGUIMEHT, YYMTHIBAIOIIMNA CKOPOCTh
ocefaHusl BPEIHbBIX BELLIECTB B BO3AyXe; # — KOA(M(MUIMEHT, YUUThI-
BalOLIMI penbed MECTHOCTH.

Du3NK0-XUMHIECKHE METOIbl OYHCTKM aTMoc(depsl OT razooodpas-
HbIX 3arpssHuresieii. OCHOBHOE HampaBje€HUE 3allUTbl BO3AYLIHOTO
OacceifHa OT 3arpsiI3HEHUIA BpEAHBIMU BEILIECTBAMM — CO3MaHUE HO-
BOI 6€30TXOAHOM TEXHOJOTUU C 3aMKHYTbIMU LIMKJIaMM MPOU3BOACT-
Ba M KOMIIJIEKCHBIM MCHOJIb30BAHUEM ChIPbSI.

MHorue neicTByolIUe MPEeaNnpUsTUs UCIOIb3YIOT TEXHOJOrnye-
CKMe TIPOLIeCChl C OTKPBITHIMU LIMKJIaMM IPOU3BoACcTBa. B aTOM ciy-
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yae OTXOAsIIMe rasbl mepen BhIOpocoM B aTMocdepy MOABEpraroTcs
OUHCTKE C TMOMOIIBIO CKpyOoOepoB, (UILTPOB U T.O. DTO AOporas
TEXHOJIOTUSI, U TOJbKO B PEAKUX CIy4yasiX CTOMMOCTb M3BJIEKAeMbIX
U3 OTXOOSIIMX Ta30B BELIECTB MOXET IIOKPHITh pacxodbl Ha
CTPOUTEIBCTBO U IKCILIyaTallMI0 OYUCTHBIX COOPYKEHMIA.

Haubomnee pacnpocTpaHeHbl INPU OYMCTKE ra3oB aacoOpOLMOH-
Hble, a0COPOLIMOHHbIE U KAaTaTUTUYECKNE METO/bI.

CaHuTapHasl OYMCTKAa MPOMBIIUIEHHBIX T'a30B BKIIOYAeT B ceds
ouuctky ot CO,, CO, okcuaoB azota, SO,, OT B3BELLIEHHbIX YACTUII.

o  QOuucmka eazos om CO,.

a) Aocopouusi Bomoii. IIpocroit M pAelIeBbId CHOCOO, OIHAKO
3G GEeKTUBHOCTh  OYMCTKM — Majla, TaK KakKk  MaKcHMasbHas
MIOTJIOTUTENIbHAsT CITOcOOHOCTh Bogbl — 8 KT CO, Ha 100 Kr BOAbI.

0) IlornomeHue pacTBOpaMM 3TaHOJ-aMMHOB MO peaKkIInu:

2R — NH,; + CO; + H,O — (R — NHj3),CO;.

B xavecTBe MOMIOTUTENS OOBIYHO TIPUMEHSIETCS] MOHO3TAHOJIAMMH.

B) XononHeiit MetaHon CH3;O0H sBasiercss XopolluyMM MOIJIOTUTE-
nem CO, mpu —35°C.

r) Ouuctka neomutamu thmna CaA. Monekynsl CO, 04eHb MaJbl

(d = 3,1A). na ussneueHuss CO, U3 NMPUPOJHOro raza M yaaJleHUs
MIPOAYKTOB XusHenesaTeabHocTH (Biarn 1 CO;,) B COBPEMEHHBIX 9KO-
JIOTMYECKM M30JIMPOBAHHBIX CHUCTeMaX (KOCMMYECKHMe KOpaOJyM, MOMI-
BOJHBIE JIOAKU M T.J.) UCHOJB3YIOTCS MOJeKy/sipHble cuTa Tuma CaO.

e  Ouucmka eazoe om CO.

a) Jloxwuranne Ha Pt/Pd (mmatmHo-TrammagneBoM) KaTanamsaTope:

2CO + 0y » 2CO0,.

6) KonBepcust (ancopOLMOHHBII METO[):

CO + Hzo d C02 + Hz.

e Ouucmka eazoe om okcudoé azomad.

B xuMuyeckoit mpOMBIIIEHHOCTA OYMCTKA OT OKCHIOB a30Ta Ha
80% u Gonee OCYLIECTBISIETCSI B OCHOBHOM B pe3yJbTaTe IpeBpalle-
HMI Ha KaTaJinu3aTopax.

a) OKMCIuTEeIbHbIE METOAbl OCHOBAHbI Ha PeakUMU OKHUCIEHUS
OKCHUJIOB a30Ta C IOCJEAYIOIIMM TOIJIOLIEHEeM BOJOM M 0Opa3oBa-
HueM HNOj:

OKHCJIEHHE O30HOM B XKUIKOM (ha3e Mo peakluu:

2NO + O3 + H,O — 2HNOs3;

OKHCJIEHHE KHUCJIOPOAOM IpY BBICOKOM TeMIleparype:

2NO + O; —» 2NO,.
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6) BoccraHoBUTEeNbHBIE KaTaTMTUYECKHE METOIBI OCHOBAHBI Ha
BOCCTaHOBJIEHMU OKCHAOB a30Ta OO HeﬁTpaﬂbHBIX IIPOAYKTOB B IIpU-
CYTCTBUHM KaTaJInU3aTOpPOB MU I10[ NEeNCTBUEM BbICOKMX TEMIIEPATYP
B IIPUCYTCTBUU BOCCTAHOBUTEJICH. Hpouecc BOCCTAHOBJICHUSA MO2KHO
IpeacTaBUTbL B BUAC cneﬂy}omeﬁ CXEMBbI:

N205 - N204 - N02 — NO —O)Nz +02.
Q°c 215°Cc 14°c  6o°c 10000°C

PaznoxeHue oKCHIOB a30Ta 10 HEHTPaIbHBIX coenuHeHuit (2NO —
— N + O,) mpoucxoauT B IOTOKE HU3KOTEMIIEPATypHOM ILIa3MBbl
(10 000°C). BroT mporecc mpu Oojee HU3KUX TeMmIlepaTypax B IIpU-
CYTCTBUM KaTaJM3aTopa IPOTEKaeT B ABUTATENISIX BHYTPEHHETO Cropa-
Hus. [IpucyTcTBUEe BOCCTaHOBUTENIECH B 30He peakiuu (YIjisi, rpadura,
KOKCa) TakKe IIOHIDKAaeT TeMIlepaTypy peakliM BOCCTAHOBJIEHUSI.
ITpu temnepatype 1000°C crenensp pasznoxeHusi NO B peakuuu C +
2NO — CO, + N, cocrasisger 100%.

IIpu TemmepaType BBIXJIOIIHBIX Ta30B aBTOMOOWIS B IBUTaTele
BHYTPEHHEro CropaHusi BO3MOXHA pPeaKLIMsI:

2NO + 2CO — N, + 2CO,.

B) CopOLMOHHbIE METOMIHI.

DT0 amcopOLMsT OKCHMAOB a30Ta BOAHBIMU PACTBOPAMU IIEIOUECH
u u3BecTtblo CaCO3 1 ancopOLMsi OKCHUIOB a30Ta TBEPAbIMU COPOEH-
TamMu (Y, Topd, CUIMKATeIn, LICOJUTHI).

o  Ouucmka eazoe om SO,.

TOBC momHocThi0 1 MAH KBT mpu paboTe Ha KaMEHHOM YIje
BeIOpaceiBaeT B atmocdepy 11 teic. T SO,, Ha raze — 20% srtoro
KOJMYECTBA.

Ounctka ABIMOBBIX Ta30B 3JEKTPOCTAHIUI OOXOmAUTCS ceiyac
npubauszuteabHo B 300—400 toic. py6. 3a 1 kBT B roa. CHuxeHue
monmu cepel B Hedrempoaykrax Ha 0,5% o0xomuTcss Ipu 3TOM B
30 teIC. py06. Ha 1 T. MeTonbl ynaBnuBaHus SO; TpeOYIOT OOJIBIINX
3aTpaT, UX MOXHO pa3aejauTh HA aMMMaYHble, HEUTpaIM3alUu U Ka-
TaTUTUYECKUE.

DDDEKTUBHOCTS OYNMCTKM 3aBHCUT OT MHOXeCTBa (DaKTOpPOB:
napuydanbHbix gasiaeHuint SO, O, B ouMlIaeMoil ra3oBoOil cMecu;
TeMIIepaTypbl OTXOISIIMX Ia30B; HAJUUMS U CBOMCTB TBEPAbIX W Ta-
3000pa3HbIX KOMIIOHEHTOB; 00bEMa OYMIIAEMbIX Ta30B; HAIMYMUS U
JMOCTYITHOCTU XEMOCOPOEHTOB; IMOTPEOHOCTU B IPOAYKTAX YTUJIM3a-
unu SO,; TpeOyeMoii CTeIeHn OYUCTKU Ta3a.
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e  Ouucmka 2a308 om 636eUIeHHBIX YACMUY, HANPUMED NbLIU.
MOXHO BBIAEIUTL HECKOJIBKO METOIOB YIaBIMBAHMS YACTULL MbLIK:
rpaBUTALIMOHHOE OCEJaHue;
LIEHTPU(YTUPOBAHUE;
3JIEKTPOCTATUUYECKOE OCEAaHUE;
WHEPLIMOHHOE COYAapeHuUe;
IpsIMOI 3axBart;
auddysus.
Bce mpouecchl OYMCTKM OCYLIECTBJSIOTCS ¢ MOMOILLBIO CHELM-
aJIbHBIX (DUJIBTPOB, CKPyOOEPOB U T.1.

4.3. 3amuta ruapocdepbl

XapakTepucTMKa THIPOPECYPCOB M CTOYHbIX BoA. I'mapocdepoit
Ha3bIBAIOT BOOHYIO OO0OJIOUKY 3eMiIM. DTO COBOKYITHOCTH OKEaHOB,
MoOpeii, o3ep, NpyaoB, 60JIOT U Moa3eMHbIX BoA. I'mapocdepa — ca-
Masl TOHKAsl 00OJIOUKA Hallleil IUIaHeThl, OHa cocTasiser Juub 10-3%
o0l11et Macchl TUIAHETHI.

Ponp Boabl BO BcexX XKM3HEHHBIX Ipolieccax obulenpu3HaHa. bes
BOJIBI UEJIOBEK MOXET XXUTh He 0oJjiee 8 CyTOK, 3a TOJl OH ITOTpedJIseT
okosio 1 T Bompl. Pacrenus comepxar 90% Boapl. CelbCKOE XO3SIICT-
BO SABJISIETCSI OCHOBHBIM TTOTPeOUTEIEM TIpecHOI Boabl. Boma nmet Ha
MEJIMOPAIIAIo, OOCTY:KUBAaHNE KMBOTHOBOIYECKNX KOMILIEKCOB. Tak,
HEOOXOIMMO BOIBI TSI BEIpalIUBaHUSI

1 T muennuer  — 1500 T
1 T puca — 7000 T
1 T x70mKa — 10000 T

Bopa Heobxomuma IIPaKTUYECKM BCEM OTpaC/IAM IIPOMbBIIIJICHHO-
CTH. TaK, Tpe6yeTcsl BOJbI HA IMPOU3BOACTBO

1 T yyryHa — 50—150 1

I T mnactrmacc  — 500—1000 T
1 T uemMeHTa — 4500 T

1 T 6ymaru — 100 000 T

Ha snexrpoctaHuusax moiHocThio 300 Teic. KBT pacxon Boabl
cocrapmsietr 300 MITH T/TOZ.

YKazaHHBIE TIPOM3BOACTBA TPEOYIOT TOJBKO IPECHYIO Bomy. Pac-
YEeThI TTOKAa3bIBAIOT, YTO KOJMYECTBO IPECHOI BOIBI COCTABIISIET BCE-
ro 2,5% Bceii Boapl Ha TutaHeTe; 85% — Mopckast Boaa, coiaepxKallast
1o 35 r/n cojeit. 3amachl IIPECHOM BOABI pacIpeesieHbl KpailHe He-
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paBHOMepHO: 72,2% — nbapl; 22,4% — rpyHToBble Boabl; 0,35% —
arMocdepa; 5,05% — ycTOMYMBBII CTOK peK M Boda o3ep. Ha moiro
BOJIbI, KOTOPYIO MBI MOXEM MCIIOJIb30BaTh, Npuxoautca Bcero 10-2%
Bcell TIpecHOI BOIBI Ha 3eMire.

Xo3gdiCTBeHHas AeITeIbHOCTh 4YeJoBeKa IpuBeaa K 3aMETHOMY
COKpAIIIEHUIO KOJMYECTBA BOABI B BOAOEMAX CYIIU: MEJEIOT BOHO-
€MbI, MCYE3aI0T MAaJIble PEKU, BBICHIXAIOT KOJIOALIbI, CHUXXAETCHd ypO-
BeHb TPYHTOBBLIX Boa. CoKpallleHWe YPOBHSI TPYHTOBBIX BOI YMEHbB-
IIAeT YPOXKAKHOCTb OKPECTHBIX XO3SIMCTB.

Ilpobnema Kacnus — XvlHUYECKOE WCTpeOJieHUE LIEHHEWINNX To-
POIl OCETPOBBIX PBHIO TIPW TOM, UTO Pa3BelICHNE MOJIOOU OCETPOBBIX, T. €.
BOCCTAHOBJIEHUE WX TOMYJSIIIUU, BENETCS TOJbKO PhIOOX03siicTBAMU
Poccun u B HeOosbllioM oObeMe — A3epOaiikaHOM, a OCTaJbHbIE
CTpPaHbI TOJIBKO MOTPEOIISIOT.

IIpobnema A306ck0e0 mops — yBelIMYeHHE KOHLIEHTpaALMU cojieid. 3a
MOCJIEBOCHHBIE TOJBI €r0 3aCOJIEHHOCTh yBenudumiach ¢ 9 1o 15,6 ppr.
OpraHusmsl, nuTalolKMe pbiOy, norudaroT. Pe3yabraT — CHUXEHUE BO3-
MOXHOCTU PHIOOJIOBCTBA Ha A30BCKOM MODE.

[Ipobaema baiikasa — BOAy 3TOrO LIEHHEUILIETO 03epa UCIOJB3YIOT ISt
MOJTy4YEHUs! LIEJUTIONO3bI MO0 (PUHCKOW TEXHOJIOTUH, T. €. UCIONIb3YIOT BOMIY
MUHUMAJIbHON MUWHEpaIu3aluy, coiepxainylo MeHbine 100Mr/m coneid.
OObIYHO B MpecHO Bome comepxkaHue coieit cocraasieT 300—450 mr/i,
B mmTheBoli — 380 mr/im. bBaiikan Tocie CTpOMTENbCTBA IIEJUTOIO3HO-
OGymaxkHOro komMOuHara B ropoze baiikanbcke cran 3arpsizHsAThest (60-€ TO-
nb1). B o3epe baiikan HaxoAUTCsI HECKOJIBKO COT SHAAMUHOPEIUKTOB —
PEIKMX BUIOB OMOTHI, KOTOPBIX HET B APYrux Bopoemax. C 3anosgaHueM
pa3paboTaHbl YHUKAJTbHBIC OYMCTHBIC COOPYKEHMS, CTOMMOCTh KOTOPBIX
cocraBwia 30% CTOMMOCTM OCHOBHBIX (DOHIOB Mpou3BoAcTBa. OmHAKO
MpUHUMAEMble MEPbl HEIOCTATOYHBI /IS 3alluThl baiikaa.

ITo xonuuecTBY coJei Boga AEIUTCS HA: MPECHYIO
(< 1 1/n1 coneit), 3aconeHHyo (mo 25 r/m coneit) u conenyio (> 25).
B oxeane, Hanpumep, — 35 r/n; Bantuiickom mope — 8—16 r/x;
Kacrmmiickom — 11—13 r/m; Yepnom — 17—22 1/m.

Herpaganusi npupoaHBIX BOJ CBsi3aHA B MEPBYIO Oouyepenb C yBe-
JIuyeHueM coJjiecoaepxxaHus. KoauuyecTBO MHUHEpallbHBbIX COJIel B
BOJIaX MOCTOSIHHO pacTeT, JaXe B TaKoW OO0JbllIOi BOJHON CHUCTEME,
Kak OacceitH peku Bonru ¢ ee mpurokamm Kamoit u Okoii. B psime
HeOoNbIIMX peK, Hanpumep, B CeBepHoM JloHIIE, Boma yxke He mpe-
cHa#, a cojeHas. CpegHssa MUHepaau3alus peK YKpauHbI COCTaBIIsI-
eT 2—3 r/n. B HacTos1Iee BpeMsT MHOTHE PeKU Ypajia He MOTYT OBITh
KCIOJIb30BaHbl KaK MCTOYHMKU BomocHaOxeHus. Tak, B Kamy mno-
CTYMAaIOT MPOMBIILICHHBIE CTOKMA ¢ MUHepanu3anueit 1,5—5,0 r/m.
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OcHOBHasl MpHUYMHA 3aCOJEHHOCTH BOI — UCTpeOJIeHNE JIeCOB,
pacrmalka cTereii, Belmac ckoTa. Boma mpu aToMm He 3amepXXuBaeTcs B
I0YBE, HE YBJIAXHSIET €e, He IOIOJIHSICT ITOYBCHHBIC MCTOYHUKU, a
cKaThIBaeTCsl yepe3 peku B Mope. B kauecTBe Mep, MPUHSTHIX B IO-
cienHee BpeMs IS CHIDKCHUS 3aCOJICHHOCTH PEK, MCIIOJIb3yeTCs IO-
cazka JIeCOB, TIpearpuHuMaemMasi, HarpuMmep, B CapaToBCKOI 001acTH.

I'pomaneH o6bweM copoca dpenasxchvix 60d. K 2000 r. oH coCTaBUT
25—35 km3. CucreMbl OpOILIEHUS TOTPEOIAIOT OOBIUHO 1—2 ThIC.
m3/ra, ux muHepanusauus coctasusgeT g0 20 r/n. OrpomeH BKian B
MMHEPaJIN3aI1Io BOALI COpoca MPOMBIIIUIEHHBIX CTOKOB. [1o maHHBIM
3a 1996 . B Poccun 00beM IIPOMCTOKOB OBUI paBeH CTOKY TaKoil
OoJbloi peku, Kak KyOaHb.

Hab6monaercsl TOCTOSIHHBIN POCT BONOIOTPEOIICHUST KaK Ha IIPOM3-
BOJCTBEHHbIE, TAK M Ha OBITOBBIE HYXIBl. B cpemHeM B ropomax ¢ Hace-
JeHueM 1 mMiH 4enosek, 1o gaHHbiM CIA, nmotpebmsiercs 200 i1/cyTku
BOIIBI Ha UeJIOBEKa, TI0 IPYTUM TOpOAaM, JI/C. (JIMTP/CyTKH):

MockBa — 400 JloHgoH — 170
C.-Iletepoypr — 500 IMapux — 130
bepnun — 250 bproccenp  — 85

Boaoembl (B yacTHOCTM, TPYAbl) NPEACTABISIIOT COOOM CIIOXHYIO
BKOJIOTMYECKYI0 CHCTEMY, KOTOpas co3laBajach B TeUeHUE IIUTENIb-
HOTO BpeMeHU. B HUX HENpepbIBHO MPOTEKAET MPOLECC U3MEHEHMSI
cocTaBa IMpuMeceil, NMPUOIKAIOIIUIACI K COCTOSIHMIO PaBHOBECHSI.
3HAUUTENbHbIE OTKJIOHEHUSI OT COCTOSIHMSI PAaBHOBECUSI MOTYT IpHU-
BECTU K I'MOe]u MOMYJISLMA BOAHBIX OPraHU3MOB, T. €. K HEBO3MOX-
HOCTHM BO3BpaTa K COCTOSIHUIO PABHOBECHS, 4 3TO MPUBOIUT K rube-
JM 2Kocuctembl. IIpouecchl, CBSI3aHHbBIE C BO3BpallleHHMEM 3KOCH-
CTEMbl K IE€pBOHAYaJbHOMY COCTOSIHMIO, Ha3bIBAIOTCSI IpoleccaMu
camooumieHus. K BaxXHEHIIUM U3 HUX OTHOCSITCS:

e OcaxXmeHWe TPyOOMMCHIEPCHBIX M KOATYISIUMS KOJJIOMIHBIX

npumecei;

e oKucIecHUE (MUHEpaIU3als) OpTaHUYECKUX IMpUMeceit;

e OKMCJIEHUE MUHEpaJbHBIX MPUMECEN KUCIOPOAOM;

e HelTpanu3aluss KUCJIOT U OCHOBAHMM 3a cuyeT OydepHOil eM-
KOCTH BOJbI BOIOEMA;

e TUIPOJIM3 COJIEH TSKEJbIX METalJIOB, MPUBOISIIMI K 00pa3o-
BAaHUIO MaJOPACTBOPUMBIX TMAPOKCUIOB M BBUICJICHUIO UX U3
pacTtBopa U Ap.

OCHOBHbIE XapaKTepUCTUKU CHMOUHBbIX 600, BIMSIOLIME Ha CO-

CTOSIHME BOJIOEMOB: TeMIlepaTypa, MUHEPaJOTMYeCcKUil COCTaB IpU-
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Mecei, cogepxaHue kuciaopoaa, mia, pH (BogopoaHblii mokasarteib),
KOHIIEHTpalusl BpeaHbIX mpumeceii. OcoOeHHO OOoJbllIoe 3HAUYeHUE
IJIST CAaMOOYHUIIIEHHWST BOZOEMOB MMEET KUCIOPOIHBIN PEeskUM. YCII0-
B CITyCKa CTOYHBIX BOJ B BOJOEMBI pertaMeHTupyrootcs «IIpaBuia-
MU OXpPaHbl ITOBEPXHOCTHBIX BOA OT 3arpsAi3HCHUsA CTOYHBIMU BOJA-
Mu». CTOUHBIE BOIBI XapaKTEePU3YIOTCS CIAEAYIOIIMMY TTPU3HAKaAMMU:

MYTHOCTb BOIBI — OTPEAEISIETCS C ITOMOIIBI0 MyTHOMEpA: MC-
CJIeayeMylo BOIY CPaBHMBAIOT C 3TAJIOHHBIM PacTBOPOM, KOTO-
pbli MPUTOTOBJIEH U3 KaojuHa (MM U3 MHQY30pPHOK 3eMJIN)
Ha TUCTWUITMPOBAHHON BOIE, BHIPAXKAETCSI B MT/JI;

LIBETHOCTh BOIBI — OIIPEACIIIeTCS CpaBHEHWEM MHTEHCHUBHO-
CTM OKpPacKM HCIBITYEeMOIl BOIBI CO CTaHOAPTHOM IIIKAaJIOMi.
Bripaxkaercs B rpamycax LIBETHOCTH. B KauecTBe CTaHmIapTHO-
rO pacTBOpa IPUMEHSIOT PacTBOP COJIei KOOaIbTa;

CYXOM OCTaTOK — Macca COJIeil M BeIlIeCTB, KOTOPhIC OCTAIOTCS
MocJie BbIMapyMBaHMsI BOAbI (MI/J);

KHCIIOTHOCTh — M3Mepsiercs B enunuuax pH. IIpupomHas Bo-
Jla oOBIYHO MMeeT 1eslouHylo peakuuio (pH > 7);

XKECTKOCTb — 3aBUCUT OT comepxaHus coneil Ca2t u Mg?t.
PaznuuaroT Tpu BMAA XECTKOCTM BOAbI: 0011asi, 00yCIOBIEeH-
Hasl comepXaHWeM COJiel KaJbIldsl M MarHus He3aBUCHUMO OT
comepXaHMSI aHMOHOB; IIOCTOSIHHAs, OOYyCJIOBJICHHAS COIEp-

KaHueMm noHoB Cl~ u SO% nocJjie KMIISTYEHUST B TeueHue 1 u

(oHa He ypmanseTcsi); ycTpaHuMas (BpeMeHHas) — YCTpaHsIeT-
csa kumsiaennem: Ca (HCO;3), — CaCO5; + CO, + H,0. XKe-
CTKOCTb M3MEPSIETCSI B MI-3KB/J COJied MarHus M KaJbIIUAS
(1 mr-skB cootBercTByeT 28 Mr CaO) u B rpagycax (1° —
KOJMYECTBO COJIeli KajbLiMsl W MarHus, COOTBETCTBYIOILIEE
10 mr CaO B 1 1 Boapl). 1° xxectkoctu = 10 mr-skes = 2,8°
JKECTKOCTH;

pPacTBOPUMBII KMCJIOPOI — 3aBHUCUT OT TeMIlepaTypbl BOABLI U
0apoMeTpHUUYECKOro JaBJIEHUsI, U3MEPSIETCS B MI/J;
ouonornueckas rnorpedbHocts B kuciopone (BITK) — xonuue-
CTBO KHCJOpPOJA, MOMIOIIAeMOe MUKPOOPraHU3MaMU B CTOY-
HbIX Bomax. 3a Kputepuii omenku BIIK mpunsra BenmuymHa
YMEHBIIIEHUsT KOJIMYEeCTBA PaCTBOPEHHOTO KMCJIOPOJa B BOJE B
teueHune 5 wim 20 cyrok npu temmepatype 20°C.

B 3aBucuMOCTM OT ycCioBUiA 0Opa3oBaHMsI CTOUHbBIE BOAbI IEJISIT-
Csl HAa TPU T'PYMIIBI:
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e OBLITOBBIE CTOYHbIE BOAbI — CTOKM MOYILIEBBIX, IIPAUYEUHBIX,
0aHb, CTOJIOBBIX, TyaJ€TOB, OT MbITbsl MOJOB U T.O. X KoaU-
4yecTBO B cpenHeMm coctasisier 0,5—2 n/c. ¢ 1 ra xusoul 3a-
CTPOMKM TOpoiga, OHM coaepxkaT npuMepHo 58% opraHuue-
CcKUX U 42% MUHepaJbHbIX BElECTB;

e aTMoc(epHble CTOUHbIC BOAbI, WM JIMBHEBbIE, UX CTOK He-
paBHOoMepeH: 1 pa3 B rom — 100—150 n/c. ¢ 1ra; 1 pa3 B
10 met — 200—300 n/c. ¢ 1 ra. OcobGeHHO OIMACcHHEI JIMBHEBEHIC
CTOKM Ha IMPOMBIIUIEHHBIX OpeanpusTusx. M3-3a ux HepaB-
HOMEPHOCTH 3aTpyAHEHbI COOP M OUMCTKA 3TUX CTOKOB;

e TIPOMBIIIJICHHBIE CTOYHBIE BOABI — XHUIKHE OTXOABI, KOTOPHIE
BO3HUKAIOT MpU A0ObIUEe U MepepaboTKe Chipbsi. Pacxod Bombl
MpU 3TOM MCYHUCISIOT W3 YACIbHOTO BOAOMOTPEOJIeHUS Ha
eIUHULY TTPOAYKIIMMN.

CaMbIM BaXXHBIM YCJIIOBHUEM, HEOOXOAWMBIM [JII TOTO, YTOOBI
OMOXMMUUYECKHME MpPOLECChl B BOAOEME IMpPOTeKaaud IIPaBUILHO U
obecrieunBaaId CaMOOUYUIIICHUE BOIBI, SBJISIETCS HAJUUME B Hell pac-
TBOpPEHHOTO Kucjaopona. Eciau kuciopoga HeIOCTaTOYHO, TO BhICIIIME
opraHu3Mbl moru6arT. OpraHudecKue COeAMHEHUSI BMECTO OKMCIIE-
HUSI MOABEPralTCs aHA3POOHOMY PA3/I0XEHUIO C BBIACICHUEM CEPO-
BOAOPOJA, YIJIEKUCIOTO ra3a, MeTaHa W BOAOPOAA, CO3JAIOIINUX BTO-
pUYHbIE 3arpsiI3HEHUsT BOJoeMa.

[To canutapubeiM HopmaMm (CHWIT) 3nauenune BIIK B 3aBucuMO-
CTA OT THUIIa MPUPOIHBIX BOZOEMOB He TOJLKHO MPEBBIIIATh 3—6 MT
0,/1H,0. B crounbix Bomax BIIK cocrasnster or 200 mo 3000 mr/m,
MMO3TOMY IIpU COpOCe B BOJOEMBI NMPOMCTOKOB HEOOXOAMMO UX YKC-
TUTh WJIM CUJIBHO pa30aBIIsiTh.

I'maBHBIM KpuTepueM KayecTBa BOIbl M aTMmocdepbl B Hallei
ctpaHe spisiorcsa IIIK. Ho oHu ycTaHOBJIEHBI JajieKO He IJIS BCEX
BewlecTB. CIiycK B BoJoeMbl HOBBIX BellecTB, I1IK KOTOpbIX He OIl-
peneNieHbl, B Hallleil cTpaHe 3ampelieH. KpoMe Toro, 4acto MCHoJb-
3ytoT 3HaueHus1 TTJIK He misi cTOUHBIX BOA, a Ijs1 BogoeMa. Takum
00pa3oM, MOSBISETCS BO3MOXHOCTb JOCTUYbL ycTaHoBieHHoro ITJIK
MPOCTHIM pa30aBjeHWEeM CTOUYHBIX BOJ, YeM 4acTo MoJb3yrTcs. OKo-
JIO TIOJIOBMHBI CTOYHBIX BOA Ha 3emJie He ITOABEpraeTcsl CIeluallb-
HOI oumucTKe mnepen cOpocom B BomoeMbl. Mx o0e3BpexxuBaHue 3a-
KJIl04YaeTcs JUIIb B pa30aBIeHUM UYMCTON BOAOM M CaMOOYMILECHUU
BomoeMoB. Hampumep, cTOuHbIe BOAbLI 3aBOJOB IO IPOU3BOJACTBY
MOJIMATUICHA U MOJMCTHpOJia Hamo pa30aBisaTh B 30 pa3; cTOYHBIE
BOJIbl OT MPOU3BOACTBA CUHTETUYECKOTO Kayuyka — B 185 pas.
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B Poccun exeromHo obpasyercsi okosno 21 KM3 CTOUHBIX BOI, U3
Hux 16 xkm3 ciusatorcss B Bonry wim ee npuroku. Beiopocsr Cu, Zn,
Cr npesbrimarT [1IK. TTosroMy mpuHSTO crnieliMadbHOE MOCTAHOB-
JIEHME 10 3alllUTe OKpyXarwllel cpeabl B 0acceiiHax Bonru u Ypana.

COpocChI CTOYHBIX BOH peryIaMEHTHUPYIOTCS Takke BeamamHoi 11 C
(TIpeneTbHO-IOITyCTUMOTO cOpoca) Tmipenrpusatus. B 90-x romax B Mupe
ucnonsszoas 2000—3000 kM3 npecHbIX Box, T. €. npuMepHo 30% yc-
TOMYMBOI0 MUPOBOIO CTOKa peK. UToObl He MOTrMOHYTb, YNCTUTh BOMY
pugeTcs BceM crpaHaM. Kpome Toro, mpecHast Boma, yooOHasi ISl Mc-
MOJIb30BaHMSI, pacrpenesieHa KpaliHe HepaBHoMmepHo. B EBpone un
Asun, roe npoxuBaer 70% HaceneHus 3eMIIM, MUPOBBIX 3aIlacoB ped-
HBIX BOI OYeHb Mayio. ['mapopecypchl Halleil cTpaHbl BEJIMKU, OTHAKO
6onee 80% peyHOro CTOKa MPUXOAMTCS Ha MaJIOHACEJIEHHBIE PalOHBI
Cesepa u Bocroka. Ha EBpormeiickoit yactn Poccum mpoxxmBaeT OKOJIO
80% naceneHusI U1 Ha HUX npuxoauTtcst Bcero 20% ruapopecypcos.

Takum obGpa3oM, BIUSIHUE XO3SIUCTBEHHOU NESATEILHOCTU 4YEsO-
BeKa Ha KPyrooO0opoT BOAbI B IIPUPOE MPUBEIIO K:

e COKpAIIEHUIO KOJIMYECTBA BOJbI B BOAOEMAX CYIIIU;

e POCTY BOJOIOTPEOICHUS;

e MCYEPIIAHMUIO CAMOOYMILAIOLIECH CITOCOOHOCTH BOIOEMOB;

e Jerpamalvy MPUPOAHBIX BOJ.

Bbixon u3 MojioXeHUsI — CO3JaHUE 3aMKHYMbIX 8000000POMHbIX
cucmem. TToMUMO TepeUMCICHHBIX Bbille (AKTOPOB 3TO CBSI3aHO C
SKOHOMMUYECKUMU coobOpakeHUsIMU. CTOMMOCTb OYMCTKHA CTOYHBIX
BOJ axe MOoCje 3HAYMTEJIbHOro pa30aBlieHWs O4YeHb BeaMKa. Tak,
€CIM IPUHATH cTOMMOCTb 90% ouMcTKM 3a 1 YCIOBHYIO €IMHUILY
(y. e.), To ounctka Ha 99% mopoxe B 10 pa3 (10 y. e.), a oUNCTKA Ha
99,9%, xoropast TpeOyeTcsl dalle BCero, OymeT HOpOXe yxXe B
100 pa3, 1. e. coctaBut 100 y. e. B pe3synabrare joKajabHasi OYUCTKA
CTOYHBIX BOJ TOJIBKO OT XapaKTEepHBIX ISl JAaHHOTO BMIAa CTOKOB 3a-
IPSIBHEHUI /11 UX MOBTOPHOIO MCIIOJb30BAaHUSI B TOM Xe MPOU3BOI-
CTBE OKa3bIBAETCS CYILECTBEHHO ACLIEBJIe UX MOJHOMA OYUCTKU B CO-
OTBETCTBUU C TPEOOBAHUSIMM CAHUTAPHBIX OPraHOB.

g xapaKTepUCTUKM 3aMKHYTBIX BOTOOOOPOTHBIX CHUCTEM MC-
MOJIb3YeTCsl KPUTEPUi KpaTHOCTU MCIOJIb30BaHUSI BOIbI B 000pOTE:
= Quen.

0,
rae Quen — OOLLMIT 00BbEM BOmbI, MOTPeGIseMbIil NpeanpusaTreM (M3/4; M3/T
CBIPbSI WY TIPOAYKLIMK);
Q, — 3abop mOTpedaeHUs CBEXell BOIBI.

n

s



4. 3awmTa 6uocdepbl OT 3arpsA3HEHNN 97

YeMm OoJbllIe KPaTHOCTh MCIOJIb30BAHUSI, TEM COBEpPILIEHHEE CXe-
Ma BomocHabOxeHusi. B CILIA B 1995 1. cpenHee 3HaueHWE KpPaTHO-
cti paBHsUtoch 7,5. B Poccum B 1995 r. Kputepmii KpaTHOCTH HC-
ITOJIE30BAHUS BOMABI IO OTPACIISIM COCTABJISI:

Hedrexumus — 7,00
YepHasa u 11BeTHast MeTaayprusi  — 5,25
ITuieBasi TPOMBIIILIEHHOCTD — 3,00
TemnosHepreTuka — 2,25
IIpousBoacTBo cTpoiiMatepuanoB — 1,60
Jlerkast npOMBILIJIECHHOCTb — 1,30

B Hameil cTpaHe IUIAaHMPOBAJIOCh JOBECTH 3TOT IIOKAa3aTellb B
ommkaiiue roasl g0 7,00 B cpeaHem 1o mpeanpustusiM, a B CIITA
— 1o 27.

Co3maHre SKOHOMUYECKM pPaIMKAJIbHBIX 3aMKHYTBIX CHCTEM
BOIHOIO XO3SiICTBa — BechbMa TpymHas 3amadya. CIOXHBIM XUMMYC-
CKHWIf COCTaB CTOYHBIX BOM, pa3HOOOpa3Me COmepXKallluXcs B HUX CO-
eIMHEHUI JeJIaloT HeBO3MOXHOM pa3pabOTKy YHUBEpCaJbHOM Oec-
CTOYHOI TEXHOJOTMYECKOM cXeMbl. MOXHO TOBOPUTH JIUIIb 00 00-
VX TIPUHIIATIAX CO3MaHUS M MPOESKTUPOBAHMS OECCTOUHBIX CXEM.

OCHOBHBIE MOJIOXKECHUS CO3MaHUS BOJOOOOPOTHBIX CUCTEM:

1. Pa3paboTka HayuyHO OOOCHOBAHHbBIX TPEOOBAHUI K KayecTBY
BOJbI, MCIOJIb3YeMOI BO BCEX TEXHOJIOIMUYECKMX IIpOIECcCax M OIle-
paumsax. B momapisiionieM OOJNBIIMHCTBE CIIydyaeB HET HEOOXOMUMO-
CTH B UCIIOJIb30BAaHUM BOIbI ITUTHEBOIO KAuyeCTBa.

2. MakcuMaJibHOE BHEAPEHUE CHUCTEM BO3MYIIHOIO OXJIAXKICHMS
BMECTO BOZHOTIO. 3/1eCh OOJIBIIIYIO POJIb CHIIpajio ObI BHEIpPEHUE ar-
peraToB OOJBIION €IMHWUIHOM MOITHOCTHU. IIlpM 3TOM BBICOKOB3HED-
TeTUYECKOe TEIUIO HCHOJB3YeTCS UISI TEXHOJIOTMYECKMX IIejieid, a
HU3KO3HEPreTuieckKoe — i1 oborpeBa. Tak, Hampumep, B pe3yiib-
TaTe BHEIPEHMSI YCTAHOBOK BO3MYIITHOTO OXJIAXICHMSI Ha IIpeAIpH-
SATUSX HedTenepepadbOTKU MOTPeOJIeHre BOAbI B CPEIHEM COKpaTH-
nock Ha 110—160 mua M3/ron (OMckuil HedTenepepadbaTbIBAIOLIMIA
3aBoj U Ap.).

3. Pa3MmelieHre Ha MPOMBIIUICHHBIX IUIOLIANSX KOMIUIEKCa IIpo-
M3BOACTB (TaK HAa3bIBaGMBIX TEPPUTOPHUATIHLHO-TIPOM3BOICTBEHHBIX
koMruiekcoB — TIIK) pomkHO obGecneyuTb BO3MOXKXHOCTb MHOTO-
KpaTHOTO (KacKagHOIO) MCITONIb30BaHUsS BOIBI B TEXHOJOTMYECKMX
MpolIeccax U omnepalusix.

4. TlocnemoBaTelbHOE MHOTOKPAaTHOE HCIOJb30BAaHME BOIBI B
TEXHOJIOTUYECKUX OMNEepalUsIX JOJDKHO MO BO3MOXHOCTH OOECIIEUUTh
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MoJIydeHUe HeOONbIIOro oobeMa MaKCUMaJIbHO 3arpsiI3HEHHbBIX CTOY-
HBIX BOJI.

5. Mcronp3oBaHre BOABI IJII OYMCTKUA Ta30B OT BOIOPACTBOPH-
MbIX COEIMHEHUN 1IeJeco00pa3HO TOJbKO TOrAA, KOrjJa U3 ra3oB U3-
BJICKAIOT, a 3aTeM YTWIM3UPYIOT [IEHHBIE KOMITOHEHTHI.

6. IlpuMeHeHue BOOBI OJisI OYMCTKM Ta30B OT TBEPABLIX YACTHUIL
JOITYyCTUMO TOJIbKO B 3aMKHYTOM IIMKJIE.

MeToapl OYHCTKH BOObl. Yucmole cmouibie 600bl — 3TO BOIBI, KO-
TOpBIE B IIPOLIECCE YIACTUSI B TEXHOJOTMHU ITPOM3BOICTBA ITpaKTHUYe-
CKM HE€ 3arpsi3HSIIOTCSI U COpOC KOTOPBIX 0€3 OYMCTKM HE BBHI3bIBACT
HapyllleHM HOpMaTMBOB KayecTBa BOJbl BOJHOro oodbekta. Hopma-
TUBBI €AWHBI M yTBepXIeHbl [lpaBriiamMu oxpaHBl BOI OT 3arpsi3He-
HUSI CTOYHBIMU BOIAMM, TIPUHSITBIMA MWHBOAX030M, MUH3IpaBOM
n MuHpbioxo3oM B 1974 1. B 1996 r. Ha Ga3ze PockomBoma u Poc-
KOMHeJp OBLIO cO31aHO MMHHUCTEPCTBO NPUPOAHBIX pecypcoB PD.
IMpuHar psim HOBBIX 3akKoHOB Poccwmiickoit Mepepanyu, KOTOpHIE
3HAUYUTEJIbHO MEHSIOT CJIOXMBIIYIOCS HOPMAaTHUBHO-IIPABOBYIO 0a3y U
CUCTEeMY YIIpaBJIEHUS U KOHTPOJISI B 00JIACTU OXpaHbl OKpYXKarolllei
cpedbl M pallOHAJIBLHOTO MCITOJIb30BaHUS TIPUPOIHBIX PECYPCOB.

3aepsaszHeHHble CMOYHble 600bI — BTO BOIBI, KOTOPBIE B IIpoIliecce
VICTIOJTb30BaHMS 3arpsI3HAIOTCSI pa3IMYHBIMIA KOMITOHEHTAMU U cOpa-
CBIBAIOTCS 0€3 OYMCTKH, a TAKXKE CTOUYHBIE BOIBI, IMPOXOISAIINE OUM-
CTKY, CTEIIeHb KOTOPOI HIXKE HOPM, YCTAHOBJICHHBIX MECTHBIMHU Op-
raHamMu ['ocymapcTtBeHHOro komurera P® 1o oxpaHe OKpy:Karollei
cpennsl. COpoCc 3TUX BOMA BBI3BIBAET HApPYIIEHUE HOPMATUBOB KadyeCT-
Ba BOJbI B BOIHOM OOBEKTE.

IIpakTnyecku Bcerma OYMCTKA IIPOMBIIIIEHHBIX CTOKOB — 3TO
KOMILIeKC MeToa0oB. Hanbosee 1IMPOKO MCIOJb3yeTCs KOMOUHALIMS
MEXaHMYeCKON OYMCTKU, HeNUTpaau3allui IPOMBILIJIEHHBIX CTOKOB,
WX peareHTHON OYMCTKM, U OMOXMMHYECKON OYUCTKU. DTU OIle-
palyy OCYILECTBIISIIOTCS MPaKTUUECKN BO BCEX KOMIUIEKCAX OUYMCT-
HBIX COOPYXXEHHMI, B TOM UMCJIe M Ha CTAHILIMSIX adpally IIPH OYU-
CTKe OBITOBBIX (KaHAJIM3alIMOHHBIX) CTOKOB. PaccMOTpuM MX mom-
poGHee.

1. Mexaunuueckas ouucmia cmoxkoe

Cioga OTHOCITCSI OTCTOMW CTOYHBI X BOJ B CHCUHATh-
HBIX OTCTOMHUKAX, B KOTOPBIX IMPOMCXOAUT OCeNaHWe B3BEIICHHBIX
YacTUll Ha THO OTCTOMHUKOB, COOp HePTenmpoOaAyKTOB U
IPYyTUX HEPAaCTBOPHUMBIX B BOJAE XXKUIKOCTEeH C
MTOBEPXHOCTH CTOKOB YCTPONCTBAMU THIA MEXaHWYECKUX PYK M, Ha-
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KOHel, G MAbTpallusg BOJO 4Yepe3 CJIOH mecka nmpumepHo 1,5-
METPOBOM TOJILIMHBI.

2. Xumuueckas, uiu pea2eHmuas, OHUCMKa

a) OmuH M3 BUOOB OOPAOOTKM CTOYHEBIX BOO — pE€aKIUU
HeWTpanawu3sauuu HeidTtpanuzauuss — Xumuueckasi peakuus,
Bedyllass K YHUUTOXEHMIO KHUCJIOTHBIX CBOMCTB pacTBOpa € IOMO-
IIbIO 1IEJOYEH, a 1IEJOYHBIX CBOMCTB pacTBOpa — C MOMOIUbIO KM-
ciot. TTockosibKy XMMMUYecKash TpUpojaa OTXOJ0B MOXKET ObITh pas-
JIMYHOM, TO JJIS HEHATpaJiM3allMi OJHOIO BUAA OTXOJAO0B HEOOXOAUMO
YMEHbIINUTh KUCIOTHBIE CBOWCTBA, a ISl APYroro BuUaa OTXOAOB —
IIeJIOYHBIe cBoMcTBAa. O CTENEHM KUCJIOTHOCTU WM IHEJIOYHOCTH
pacTBopa CymsdT IO BeJIWYMHE BOAOPOAHOro mokasatens pH. 3xaue-
HUe BeInuyuHbl pH pacTBOPOB pa3iIMUHBLIX BELIECTB KoJebOJeTcs OT
0 mo 14. HeGombmme 3HaueHUS pH CBUOCTENLCTBYIOT O HAIMYUU
KMCJIOTHOM Cpelbl.

YToObl KOHTPOJUPOBATh peaklMi0 HeWTpaau3aluu, Hago 3HATh,
Kakoe KOJIMYECTBO KMUCJIOThI WJIM 1UEI0YM Hago J00aBUTh B PacTBOP
IUIST TToydyeHusl Heooxomumoro 3HadyeHus1 pH. [ist 3Toro mcronn3y-
IOT METOJI TUTPOBAHUSI, MO 00BEMY M3PACXOJOBAHHOTO TUTPAHTA BbI-
YUCJISAS1 KOJUMYECTBO OMpPEAEsSieMOro BellleCTRBa.

CaMyio TIpOCTYIO CHCTEMY OUMCTKM Ha OCHOBE peaKIMUd HeWTpa-
JIM3alMM MOXHO TPeICTaBUTh B BUJI€ U3MEIbYEHHOIO M3BECTHSKA, Ha
KOTOPbI BbUIMJINA PACTBOP KUCIOTHI, a OCaA0K cOOpaiu B OTCTOMHUK.

6) Peakuuu OKUCIEHUSI-BOCCTAaHOBJIEHHU .
Jlrobas peakuysi OKMCJIEHUSI-BOCCTAHOBJIIEHUSI €CThb OJHOBPEMEHHOE
OKMHCJIEHHE OJHMX KOMIIOHEHTOB M BOCCTaHOBJeHUe apyrux. Hanbo-
Jiee pacIpoCTpaHEHHbIE OKUCIUTEIN U BOCCTAHOBUTEIM:

Okucaumenu Boccmanosumenu
Kucnopon unu Bo3nyx X10put
O30H Cynbgar Fe2+
XJ10p, TUTIOXJIOPUT I'mnpocynbpur
Ilepexucry Bomopoaa Jlnokcun cepol
[lepMaHraHaT Kajus CepoBomopon

OgHUM M3 BaXHEHWIINX OKUCISIONIMX areHTOB SIBISIETCS XJIOp,
ITO3TOMY OOJIBIIMHCTBO XUMWYECKHMX OTEepalliii CO CTOYHBIMHU BOMIA-
MM HAYMHAETCS C XJIOPUPOBAHUS, YTOOBI BEICOKOTOKCUYHBIN XJIOp K
KOHIIy pPeareHTHOW o0OpabOTKM TOJHOCTHIO YIOAJSICSA U3 BOMIBI.
OKHCINTETbHO-BOCCTAHOBUTEILHBIE PEAKIIUM  WCITOJIB3YIOTCS IS
MpeBpallleHNs] TOKCUIHBIX BEIIeCTB B Oe3BpeIHBIC.
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3. buoxumuueckas ouucmka

a) AbppoOHaga OMoxMMHUUYUEecCcKas OuyucCcTKa —
MUHEpaAIN3aldsl OPTaHNMYECKOTO BEIIECTBA MPOMBIIUICHHBIX M ObI-
TOBBIX CTOKOB, MPOUCXOISINAS B PE3yIbTaTe €r0 OKUCICHUS MPHU CO-
JIeCTBUM a3pOOHBIX MUKPOOPraHM3MOB (MUHEPAIM3aTOPOB) B MpPO-
Iecce MCITOJb30BaHMWS MMU 3TOTO BEIIECTBA B Ka4yeCTBE MCTOUYHUKA
MMUTAaHUS B YCIOBUSIX MHTEHCHBHOTO ITOTPEOJICHUSI MUKPOOPTaHU3-
MaMHU pacTBOPEHHOTO B BOJIE KHUCJIOPOAA:

C6H1206 + 602 = 6C02 + 6H20

Breu10 ycTaHOBIEHO, YTO OpraHMYECKUE BEIIECTBA OMEPTBEBIINX
OpraHM3MOB pa3pylLIalOTCsS IMOA JeHCTBUEM OaKTepMii, €CIr IS I10-
CJIEIHNX CO3JAaHBI COOTBETCTBYIOIIME YCJIOBUS, T. €. CBOEBPEMEHHO
MMOJAETCsSl KUCIOPOA M Cpela-HOCUTEIb OKa3bIBAeTCS OJIaronpusITHON
IJIST pa3BUTUS MUKPOOPTaHM3MOB. B KauecTBe cpeabl-HOCHUTEISI OBLT
BBIOpaH IecyaHbIll ciaoi ToiwmmHoun 1,5 M. JJocTym Kuciaopoga odec-
MMeYNBAETCS C TTOMOIIBIO BEHTWJISIIMU WKW IYTEM €CTECTBEHHOM TS-
riu. CTOuHbIE BOJbI CIMBAIOTCI Ha I'PYHT TOJbKO B TeyeHHE 6 4acos,
a ocTajbHBIe 18 4acoB OTBOASATCS Ha OMOXMMHMYECKUE ITPOIECCHI.
Kynbrypa MUKpoOOB pa3BUBaeTCS B BEPXHUX CJIOSIX MecKa.

DTOT MeTOA OYMCTKM, Ha3BaHHBII METOAOM KalleJbHOK
GunbTpauU U U, BIEpBble UCIONb30BaH B IpouutoM Beke (1866 r.)
B JloHmoHe. MeTton no3BOJISIET NIPU UCIIONB30BaHMM | Tra rmecyaHoi Mmod-
Bbl ouncTuTh 1,038+ 100 71/C. CTOYHBIX BO., CileaoBaTesbHO, JIOHIOHY B
1866 r. mia oumctkn 1,57+ 10%1/c. CTOYHBIX BOJ HEOOXOOMMO OBUIO
nMeThb 810 Ta MOIXOIAIINX 3eMelTb. DTO CIIUIIKOM OOJBIIAS TUTOIIAIb.

YcoBepiIeHCTBOBaHWE MeToda KaleJabHOTO (PUIbTpa — IIepIIojis-
LIMOHHBIN (PUIBTPp — pa30pBI3TUBAHNE CTOYHBIX BOJ Ha TIIACT IICOHS.
Hawubonee 1mmpoko cucTteMa € MNEPHOISILMOHHBIM (DUIBTPOM cTaja
MIPUMEHSTBLCS, KOTIa ObUIM JOCTUTHYTHI YCTIEXA B OOJACTH TOTyYEHUS
IJTACTMAacC C 3aJaHHBIMUA CBOMCTBAaMM. B COBpeMEHHBIX CHCTEMax
OYNMCTKM HAKOIUIEHWE OaKTepMaJbHOTO MaTepHaia OCYIIECTBIISIETCS
Ha TUIACTMACCOBBIX OMCKAaX, CMOHTHPOBAHHBIX Ha BpalllalolIeics
ocu. JIMCKM HAMoOJIOBMHY TOTPYKEHBI B CTOYHBIE BOIBI, IT0O Mepe MX
BpallleHUs1 OaKTepuu MEePUOAUYECKU CHAOXAlOTCS MUTATEbHOU cpe-
noi m kuciaopoaoM. Ceityac METO KalleJbHOTO (OMIIBTPa MCIIOB3YIOT
TOJIBKO TIpY YCJIOBUHU ACIIEBON 3eMJIM U MSITKOTO KJIMMaTa.

Hawnbosnee yHuBepcaibHBIM CIIOCOOOM OOpPabOTKM CTOYHBIX BOJ, SIB-
Jgercsi oO0paboTKa aKTUBHB M UJI0M. CTOYHBIE BOIBI
CMEIIIMBAIOT C WJIOM, OOPa30BaBIIMMCS B Pe3yJIbTAaTe MPEIBAPUTEIh-
HOTO OKUCJICHMS BOJ, TIO3TOMY CIIOCOO M TIOJIYYMIT TAKOE Ha3BaHUE.
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Kak m3BecTHO, M mpencTaBiasgeT cOOOH OrpOMHYIO ITOMYJISILIMIO
pa3IUYHbIX OaKTepuii, TPUOKOB U Apyroi (opbl, J0OaBIeHWE KOTO-
poOii K CTOYHBIM BOJAM IIPUBOAUT K OBICTPOMY YCTAaHOBJICHUIO paB-
HOBECHSI, CITOCOOCTBYIOIIETO Pa3JIOKEHUIO OPTaHMYECKUX BEIECTB, B
pe3yabTaTe KoToporo obdpasyiorcss CO, m HyO. Ilo cyiiecTtBy aBTOpHI
HOBOIro crocoba o0pabOTKM M3MEHWJIM €CTeCTBEHHBIN OMOJIOTHYE-
CKMI LIMKJ TaKUM 00pa3oM, YTO CKOPOCTb MOTPEOJICHUS TMUTATEhb-
HOTO BellecTBa (T. €. CKOPOCTb PAa3JIOKEHUSI OPTraHMYECKOTO BElle-
CTBa) yBeJMUMJIaCh Ha HECKOJIbKO MOpPsAKOB. [anbHeillliee ycoBep-
IIEHCTBOBAHME 3TOTO CITOcO0a CBSI3aHO C pPa3pabOTKOM METOIOB
HaJIeXallero yxoaa M IMMTaHUs MCIIOJb3yeMON IOIMyISIIIUA MUKPO-
OpPraHU3MOB.

AKTUBHBIM WJI IpEACTaBIsIET cO00W amMOp(hHBIA KOJUIOMI C IIO-
BepxHOCTbIO 100 M2/r CyxOoro BelIeCTBa, MMEET BUI OypO-KEThIX
MEJIKMX XJIOITbeB pasmepoM 3—150 MKM, B3BelIeHHBIX B Bome. B 1 T
cyxoro mna comepxurca or 108 1o 1012 wryk Gakrepwmii. Ilpu 3TOM
onpelelIeHHbIA BUa OaKTepuii CIIOCOOEH OKMCIISIThH OIIpeneaeHHBIe
BeIlIeCTBA.

Bakrepun, BXomsdinme B COCTaB aKTUBHOTO WA, CIIOCOOHBI Mepe-
pabaTeIBaTh TOJIBKO T€ CTOUYHBIE BOABI, M3 KOTOPBIX C(HOPMHUPOBAJICS
3TOT aKTUBHBIN miI. [1o3ToMy, €ciiM B COCTaB OYMINAEMBIX ITPOMBIIII-
JICHHBIX CTOKOB OymyT BBeIeHBI HOBBIC BEIECTBA, HANpUMEpP IIpHU
M3MEHEHUM TEXHOJIOTMU ITPOM3BOACTBA, TO MOTPEOYeTCST BpeMsl, UTO-
Obl OakTepuu, CHOCOOHBIE OKMCIUTb MMEHHO 3TU BeElleCTBa, pas-
MHOXWJIUCh B TIOCTATOYHOM KOJMYECTBE M CMOTIJIM OOECIIEYNUTh HaM-
JIYYIIYIO OUMCTKY.

HMHuorma paxe TIPUXOOWUTCS 3aBO3UTh Ha BHOBBH CO3IaBaeMOE
NPENPUATUE aKTUBHBIA WJI C APYTOro NPEANPUATUS, TAE OUYMILAIOT-
Csl aHAJIOTUYHBIE 110 COCTaBYy BOABLI M TJ¢ B aKTUBHOM MWJIE PacIipo-
CTpaHEeHBl HYXXHBIE BUIIBI OaKTEPUIA.

OOBIYHO KOHIIEHTPALIMIO aKTUBHOTO WJIA TTOJIEPKUBAIOT PAaBHOMU
2—4 r/n. B Xome OYMCTKMA aKTUBHBINA WJI BpeMsI OT BPEMEHM BBIBOIST
U3 OYMCTHBIX COOPYKEHWIi, TaK KaK ero KoJIm4yecTBO pacreT. Yacthb
€ro Ipy 3TOM HCIIOJb3YeTCSI B KAayeCTBE LIECHHOTO YIOOPEHUS, eCIn
HET TSKEJIbIX METaJIJIOB, YacTh CTaOMIM3HUPYIOT, T. €. 00padaThIBaIOT
M30BITKOM KUCIOPOJa UISl YOAJIeHWsT BCEBO3MOXKXHON OpPTaHUKH, TIpe-
JIOTBpalliasi TakuM obpa3oMm rHueHue. HYacTb MOCTyIaeT Ha aHa’poO-
HOe pasjioKeHUe. AMmaparypa Ijis a3poOHO OMOXMMMYECKON OYM-
CTKU TIPENCTaBIsIeT COOOM TaK Ha3bIBA€MbBI adpPOTEHK, WM OKCH-
TeHK (puc. 4.5).
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I |
MNonava OTtxogsuwue
CTOYHBIX — t :‘ —> ranabll-u
BOg
Mopaua } o0 ’ OTtxogsuwume
BO3ayxa ’: BOAbI

Puc. 4.5. Ilpunyunuaavnas cxema oKcumeHKa

0) AHaspoOHasT OMOXMMHUUYECKAsI OUUCTKa.
B cnyuae, ecnu BITK HaMHOro Bblllie HOPMBI, a TaKXe IJIsl yAaJeHUs
M30BbITKA aKTUBHOTO WJIA M OTXOIOB CEIbCKOXO3SIHCTBEHHBIX ITPOIYK-
TOB IIPUMEHSIOT aHa’pOOHYI OMOXMMHYECKYI0 OYMCTKY B MeETaH-
TeHKax (peakTop ¢ MellIalKoi U TermaooOMeHHUKOM). IIpu atom wuc-
TOYHMKOM KHCJIOpOAa B BOAE CIOyXaT I'PYMNIIBI KHMCIOPOIOCOmEpXKa-

X aHMOHOB: NO3 ; SO‘21 - CO% -,

B ocHoBe MeTaHOBOro OpOXEHMS JIEXKUT CIOCOOHOCTb CO00-
IIECTB OMpeIeSIeHHBIX MUKPOOPTAaHM3MOB B XOAE XKHM3HEAESTECTBHO-
CTH CHavayiia B ¢pa3e KHCJIOTO BOIOPOTHOTO OPOXKEHMSI C ITOMOIIBIO
OakTeprii TWAPOIN30BATh CIOXHEIE OpraHWYeCKNe COCOTWHEHUs 10
boJiee TIPOCTHIX, a 3aTEM C ITOMOIILI0 METAHOOOPA3YIOIINX OaKTepUiA
MpeBpalaTh UX B MeTaH U B YTOJbHYIO KUCIIOTY.

IIporecc OKMCIEHUSI—BOCCTAHOBICHUS — 3TO TIEPEXOm DJICK-
TPOHOB OT CyOCTpaTa-IOHOpPa K KOHEYHOMY akienTopy. s aspob-
HO#l peakMM KOHEYHBIM aKIIETITOPOM SIBJISETCSI KUCIOPOI, a IIpU
¢depmeHTalIMM (aHA3POOHOM OUMCTKE) — OPraHMYECKOe COeAMHEHUE,
obpasyloleecss B pe3yJbTare «IIPOCTOTO MepeMEeIIeHNST» BOJOPOIa U3
OIHOM OPraHMYECKON MOJIEKYJIBI B OPYTYIO:

CgH 1,06 = 3CH3COOH + 15 kxau;

2CH;COOH = 2CHy4 + 2CO,.

O6pasyionumiics ra3 coctout u3 metraHa (65%) u CO, (33%) u
MOXET OBITh MCIIOJIb30BaH JJisg HarpeBa jgo 45—55°C B caMoM Me-
TaHTEHKE, IJie IPOMCXOIUT aHas’pobHoe OpoxeHue. COpPOXKEHHBINH
0OCaIOK MMEET BBICOKYIO BIAXHOCTh (95—98%), ero ymjioTHSIOT, Cy-
1IaT, 3aT€M MCIIOJIb3YIOT B KayeCcTBe YHOOpEeHUs WU, €CIU eCTh TOK-
CUYHbIE TIPUMECH, CXKUIaOT.
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OmgHako He BCSIKME CTOYHBIE W TIPUPOIHBIE BOABI MOTYT OBITh
OYMILEHB OMOXMMHMYECKMMHM MeTtogaMu. HopMmBI Ha comep:kaHue
BPEIHBIX BEIIECTB B CTOYHBIX M IMPUPOTHBIX BOAAX, IMOCTYIAIOIINX
Ha OMOJIOTMYECKHE OYMCTHBIE COOPYKEHUsI, IT0 HEKOTOPBIM MeTa-
aam cnepyromme: AR — 5 wmr/m; Fe3t — 5 wmr/n; Crét — 0,1 mr/x;
Mg2* — 1000 mr/x.

He Bce oprannueckue BelllecTBa pasjaraloTcs Ha CTaHIIMSAX OMO-
XUMMYECKON OYMCTKM. Tak, MpakTWYeCKM HE pa3pyluaeTcsl OeH3WH,
KpacuTesi, Ma3yT 1 ap. DPPeKTUBHOCTL OMOXMMHMYECKON OYMCTKU
Ha CaMbIX COBPEMEHHBIX YCTaHOBKax cocTanisgeT 90% mo opraHuue-
ckuM BewlectBaM u Jnib 20—40% — 1o HeOpraHWYeCKUM, T. €.
MMPaKTUYECKN He CHUXKAETCs cojiecomepkanue. He Moryr OBITH oum-
IIeHb Bombl, comepxaimue 6Oonee 1000 mr/n  denonon, 300—
500 Mr/m criupToB, 25 MT/IT HEPTETIPOAYKTOB, T. €. IJISI MHOTHUX CITy-
yaeB 9T MeToAbl He 3 dekTuBHbl. B cpeaHeM a(ppeKTMBHOCThL aHa-
3pobHoro merona cocranisieT okoso 40%. CpaBHUTENBHAS OLIEHKA OYl-
CTKM CTOYHBIX BOJ Pa3IMIHBIMKM METOIAMU TIPEICTaBlieHa B TaoI. 4.2.

Taonuua 4.2. OueHka OYHUCTKH CTOYHBIX BO
Pa3HbLIMH METOAAMH

Memod Ipouenm yoanenus Oobsem
ouucmyu Bssewentoe BIIK Baxmepuu | OAYH4EHRHOCO Ura
meepdoe muna KIT (% obsema cmou-
sewecmeo HbIX 600)
Ilepsuunas ouucmka
Otcroit 40—95 30—35 40—75 0,1—0,5
XUMHUUECKOE Oca-
XKIOEHUE 75—95 60—80 80—90 0,5—1,0
C/IMB OYMULIEHHBIX
CTOYHBIX BOJ, 35—80 25—65 40—75 0,025—0,05
Bmopuunas ouucmka
KanenpHas
dunbTpanus 20—80 60—90 70—85 0,1—0,5
O6pabdoTka aK-
TUBHBIM UJIOM 70—97 70—96 95—99 1,0—3,0

IIpoueccel aHA3POOHOI OYMCTKU IIPOBOASAT B CIIELIMATIBHBIX M-
TaHTeHKax npu Temiiepatype 30—55°C, Boiaensioiuiics meran CHy
MOXET OBITh MCIIOJIb30BaH MJII HarpeBa METaHTEHKA.
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Hanpumep, B CILIA nipu aHaspOOHOI OYMCTKE CTOYHBIX BOJ, XM~
BOTHOBOAYeCcKOro komiuiekca (500 roioB CBMHEN) 3a CUET CXXUTaHUS
MeTaHa TOCJIie aHa’POOHOM OYMCTKM KOMIUIEKC HE TOJIbKO obhecIie-
YyUBaeT ceOs IJIEKTPOIHEPrueil, HO MHOTAA B JIETHEE BPEMSI MOXET
Jaxe IIpojgaBaTh ee. OOpasylolyecst Iocjie aHa3pOOHOM OYMCTKU
CTOYHBIC BOIBI MOTYT OBITh MCIIOJIb30BAaHBI JJISI BBHIPAILIMBAHUS CIIC-
LMAJTBHBIX OJHOKJIETOYHBIX BOAOPOCIICH THUIIA XJIOPEJUIBI, KOTOPhIE B
JaJbHENIIIeM MOTYT OBITh MCITOJIb30BaHBI Ha KOpM cKoTy. LImkir oka-
3BIBACTCS 3aMKHYTBIM.

HeobxommMo McKaTh Takue CIIOCOOBI JUKBUAALIMU OTXOMOB, KO-
TOpBIE JAIOT BO3MOXHOCTH IIOJy4YaTh ITOJIE3HBIE TPOAYKTHI, HAIIpH-
Mep, IPOXCKHU IJIST BBITICYKU XJI€00-0yJTOUHBIX U3ACTUNA W IJIT TIPOU3-
BOJCTBA 3TUJIOBOTO CIMpTA WIM IS TIpEeBpallleHUsT OTXOIOB, 0Opa-
3VIOLIMXCS TIpM IepepadoTKe ApPEeBECHOM ITyJbIIbl, B IIOJIE3HBIA
MIPOIYKT.

4. Obezzapancusanue 600bl

ITocnenHel cragueid MOATOTOBKU BOAbI ISl MUTHEBBIX U APYTUX
HYXJ SIBJIsIETCS ee obOe33apakuBaHue, T. €. U3baBjieHUE OT 0OoJe3He-
TBOPHBIX MMKPOOPTaHM3MOB, TaK KaK XOPOIIO M3BECTHO, YTO Yepe3
BOAY MOTYT PACIIPOCTPAHSIThCS TaKWe CTpallHble 3a00JieBaHMS, KakK
XoJiepa, OpromrHoi Tid, MHOEKUINOHHBIN TermaTuT 1 aAp. MHoTHe To-
Ibl o0e33apakuBaHME BOJbI OCYIIECTBIISUIA C IOMOIIBLIO 00pabOTKM
ee xjopoM. OTHAKO CTaJl0 M3BECTHO, YTO MOJMXJIOPHUPOBAHHBIE OM-
(eHUIIBI ABISIOTCS SHaMU, UX HaXOISIT B OCHOBHOM B kupax. OKHC-
JISISICh, OHM OOpa3yloT aOCONIOTHBIE SOl — IMOKCUHBI. JleTanbHas
JI03a TMOKCMHOB B OpPraHU3MeE IIJISI CBUHEN, KOTOPHIE SBJISIOTCS TECT-
obobekramu, — 10 MKT/Kr ux Beca. Ho 3Ty mo3y MoXHO HabpaTh U
MTOCTETIEHHO. DTO TIPUBEJIO YYEHBIX K BBIBOLY, UYTO XJIOPHMPOBaHUE
MOKET OBITb BpeOZHBIM. Bo MHOrux crpaHax B 80-e rompl mepeluim K
00paboTke Boabl (DTOPHUPOBAHMEM, HO OKAa3ajJloCh, YTO OHO TOXKE
BpeaHo. IToatomy Bo BceM mupe U B Poccum Toxe OTHaloT IIpeariod-
TeHue o0paboOTKe BOJIbl O30HUPOBAHUEM.

buonoruyeckass ounMcTka He MOXET O00eCHeUUTb O00EeCCOIMBaHUS
CcTOYHBIX Bom. Kak M3BecTHO, BOma NMUTHEBOTO KauecTBa MOJDKHA COMEp-
xaTh He 6omee 1000 Mr/m coseil, U3 HuX: xymopunoB — 350 MT/I, Ccyib-
daroB — 500 mr/n1. Heobxommmyto B TEXHMUECKMX LIEJISIX TIPECHYIO BOLY
TTOJTyJal0T METOIAMM BBIIEIEHHS COJIEH M3 CTOYHBIX M IMTPUPOIHBIX BOI.

5. CneyuanvHvie memoodvl 04UCMKU 600bl

CylecTByeT MHOTO CITeIIMAIbHBIX METOIOB BBIACICHUSI COJNE U3
TIPUPOIHBIX M CTOYHBIX BOJI.
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a) Iuctunnsauus (BblMapuBaHWE) — XOPOILIO OCBOCHHBIN
1 IIUPOKO MPUMEHSIEMBIM MeTOm. MOIIIHOCTh BBITIAPHBIX YCTAHOBOK
cocrasisger 15—30 Toic. M3 B cyTku. OIHM M3 CaMBIX MOLIHBIX BbI-
MMapHBIX YCTAHOBOK pAcCIIONIaraloTcsl Ha TMPEANPUSITUSIX aTOMHOMU
SHEPreTUKU, TOe HeOOXOOMMO ONpPEeCHEHMEe MOPCKOW BOIbI, HAIIPH-
Mep, B T. llleBueHKO (peakTop Ha OBICTPBIX HelTpoHax). OCHOBHBIM
HEAOCTaTKOM 3TOro crocoda sBSeTCs OONbIION pacxol 3HEPruu —
0,020 I'kan/T. I'eoonpecHUTENbHBIE YCTAHOBKM HEBEJIWKU IO MOIII-
Hoctu (< 20 M3/c.), a cTOMMOCTb ONpPECHEHUsT BEJIMKA.

6) BeiMmopaxuBaHue. [Ipy MeaIeHHOM OXJIAXKIEHUU CO-
JICHO! BOABI M3 Hee B IEPBYIO OYepenb BBIACISIOTCS KPUCTAIAKHU
Jiblla, MpakKTMYECKM He colepxauiue cojieil. Ilo cpaBHeHUIO ¢ AuC-
TIWIISIINEH BBIMOpaKWUBaAaHUE MMEET DHEPreTMYecKre, TeXHOJIOThYe-
CKMe, KOHCTPYKIIMOHHBIC TTPEeNMYIIEeCTBA.

B) MeMOpaHHB H MeTOAd DTO DIEKTPOANATIN3 W TH-
mepWIbTPALNS, WIN OOpaTHBIM OCMOC. DJIEKTPOIUAIN3 — COBpE-
MEHHBII MeTOH IeMUHEepaIn3alni U KOHIEHTPUPOBAHUS PAaCTBOPOB.
OcHOBaH Ha HampaBJIEHHOM II€PEHOCE WOHOB IMCCOLMMPOBAHHBIX
COJIeil B MoJie MOCTOSIHHOTO TOKa 4epe3 MOHCEJEKTUBHYIO MeMOpaHy
M3 €CTeCTBEHHOIO MJIM CMHTETHMYEeCKOTo MaTepuaia. Cxema 3JIEKTPO-
IHanu3a mpeacTasieHa Ha puc. 4.6. 3a pyOexXoM 3TOT METOI IOJy-
YW ILIMPOKOE paclpoCTpaHeHMUE [JIsi 00eCCOJMBAaHUS MOPCKOM BO-
nbl. Hanpumep, yecranoska B JIusunm Ha 20 teic. M3/c., B CIIIA — Ha
400 TeIC. M3.

ObecconeHHas Boga

" \ T X,

KATO[, (-)
KATUOHUT
AHVOHUT
AHO[ (+)

T T T(N%SO4+NaCU

McxoaHbin pacteop

Puc. 4.6. Cxema 31aexmpoduanuza

MeTton oOpaTHOro ocMoca — 3TO IMPOLECC pa3AeSeHUsT BOAHBIX pac-
TBOPOB IIyTeM KX (DMIBTPOBAHUS 4epe3 MOIYIPOHUIIAEMYIO MeMOpaHy
oA AeWCTBMEM MJaBIIEHWS BHIIIE OCMOTHYeCKoro (mo 6—8 MIla).
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IIpomecc xapakTepnayeTcss HEOONBIIMMU 3HEpro3aTparamMu. 3a pyoe-
>)KOM OCBO€HO MPOU3BOACTBO YCTAHOBOK ITPOU3BOAUTEILHOCTBIO IO
1 Teic. M3/c. V Hac pabGOTAlOT YCTAHOBKM MEHbBILIEH MOILHOCTH, HO
eCTh pa3pabOTKM M TIPOEKTHl Ha Oojblive MOIIHOCTU. OCHOBHBIE
TPYAHOCTH 3THUX METOIOB — B CO3MAHWU ITOJIYIIPOHMUIIAEMBIX MeMOpaH
U JaBJICHUSL.

r) MoHHB 1 00M e H Meron LIMPOKO NMPUMEHSIETCS BO BCEX
cTpaHax Mupa. JIo HACTOSIIIEro BPpeMEHU 3TOT METOM, SIBJISIETCSI OCHOB-
HBIM Ul TIPUTOTOBJICHUS TIIyOOKO obeccoseHHON Bombl it ADC m
TOC ¢ KommamMm CBepXBBICOKOTO M KPUTHUECKOTO IaBieHus. Kpome To-
ro, METOJ, MOHHOIO OOMEHA IIIMPOKO MCIIONb3yeTCs B BOAOOOOPOTHBIX
LUKJIaX Ha TIPEATNPUSITHSX I KOHIUECHTPUPOBAHUS M M3BIICYCHUS U3
CTOYHBIX BOJ, LICHHBIX KOMITOHEHTOB (HarIprMep, TSKETbIX METAJIJIOB).

OCHOBHOM HEIOCTAaTOK OOILICTIPUHSITBIX TEXHOJOTUYECKUX CXEM
MOHHOro obMeHa — M30BITOK PAacTBOPOB COJIEH IOCJE pereHepaluu
MOHOOOMEHHBIX (UIbTPOB. BeslMK pacxon Bojabl HA COOCTBEHHbIE HY-
xapl (20—60% ot mnpousBoauTeabHOCTH). CylecTByeT HEOOXOmM-
MOCTb yIaJIeHHUS OpraHMYeCKMX BelleCTB, YTOObl M30exkaThb OTpaBiie-
HUs MoHMTaMu. [1o3TOMY MOHHBIM OOMEH C OOJbILIMM JOMYLIEHUEM
MOXHO Ha3BaTb METOAOM OOECCOJIMBAHMSI CTOUYHBIX BON, CKOpPEe 3TO
TEXHOJIOTMUECKUIA TIPHUEM TIOJTYICHHST BOIBI BEICOKOM CTETIEHN OYMCTKH.

OueHb IIMPOKOE MPUMEHEHNE 3TOT METOM Halllel B MPAKTUKE YMSIT-
YEHUS BOJbI, T. €. U30ABJIEHUS €€ OT COJIei MOCTOSIHHOM KECTKOCTH.

6. Yoanenue ocmamounvix opeaHu4eckKux eeujecme

ITocne 6GMOXMMUUYECKON OUMCTKM MOTYT OCTaThCsl OpraHUYECKUe
BEIIECTBA, IJIOXO yCBauMBaeMble MUKpOOpraHusmMamu. Jlydimuit crio-
co0 MX ygajeHusas — agcopOUMSI aKTHUBUPOBAHHBEB M
Yy T J1 € M, KOTOPBIi 3aTeM pereHepupyeTcs MpU HarpeBaHUM.

OOBIYHO CTOYHBIE BOIBI IPOITYCKAIOT Yepe3 KOJOHKM C aKTUBH-
pPOBaHHBIM YTJIEM, TIe OOecIieueH KOHTAaKT ¢ HMM B TedeHue 20—
40 muH. D10 BecbMa 3(M(GEKTUBHBINA METOM, ITO3BOJISIOLIMI OYMCTUTH
crounsle Boabl a0 BIIK < 1 mMrO,/n (mensniie Hopmsl 1o I'OCT).
Anmnapatypa sl IpUMEHEHUS 3TOr0 MeToJa AOBOJbLHO MPOCTas.

AncopOLivsi aKTUBUPOBAaHHBLIM yrjeM 3(ddekTuBHA IJs1 O0Jb-
IIMHCTBA OPTaHUYECKUX COCOAWHEHUM M MCITOJIB3YeTCs ST OYMCTKU
OBITOBBIX CTOKOB, XWJIKHWX OTXOJIOB INEpPEeroHKM HedTH, (PEHOJOB U
JIPYTUX apOMaTHYECKUX COSAMHEHUIA.

C uenblo TIepexoma Ha 0ojiee pallMOHAJIBHOE MOTPeOIeHNEe BOABI U
COKpallleHusI cOpoca 3arpsi3HeHMid B BOJHBIE OOBEKTHI pa3pabOTaHbI
ONTUMAaJIbHBIE HOPMBI M YKPYITHEHBI YAEJIbHBIC IOKa3aTeIn BOIOIIO-
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TpeOJieHUsT M BOAOOTBOJA I Pa3IM4YHBIX OTpacjieil HapOIHOIO XO-
3SICTBA C YIETOM COBEPILICHCTBOBAHUS TEXHOJOTMUECKUX ITPOLIECCOB.

BBenmeHbI B 3KCITTyaTallMio 3aMKHYTHIE CUCTEMBbI BOTHOTO XO3STii-
crBa Ha KpacHomapckoM BUTaMMHHOM 3aBoje, JIMmelnkom Mera-
JIyprayeckoM KoMOMHaTe.

B 1996 r. B r. MockBe Oblla ITpOBEpEHA BOLOOXPAHHAS IEATENb-
HOCTb Ha TEPPUTOPHU Topoja. YCTAaHOBJIEHO, UTO K OCHOBHBIM Ha-
PYLIEHWSIM OTHOCSITCSI HEYIOBIIETBOPUTEIbHAS SKCIUTyaTalMsI U CO-
CTOSTHHE BOIOOYHUCTHOTO OOOPYIOBaHMS, OTCYTCTBHE pa3pellleHni Ha
CTICIIBOJOIIONIB30BaHNE, COPOC CTOYHBIX BOJ C MPEBBILICHUEM HOP-
MATUBHBIX ITTOKa3aTelell. YJacTWINCh CIydad aBapMMHBIX U 3aJIII0-
BBIX BBIOPOCOB 3arpsI3HSIONINX CTOYHBIX BOI Ha peiibed) MECTHOCTU U
B BomoeMbl. B 1996 . B BOmoeMBI ropoga OBLIO COPOIIEHO
1305 TBIC. T 3arpA3HSIONIMX BelIecTB (HE(PTEITPOAYKTOB, TSIKEIBIX Me-
TaJUIOB, HUTPATOB, XJIOPUIOB, B3BEIIEHHBIX BEIIECTB M Ip.), HO 3TO
IMOYTH B 2 pa3a MeHblIe, yeM B 1995 r. KoamdyecTBo 3arps3HSIOINX
BEILIECTB, COpolIeHHBIX B 1996 1., cocraBisgeT 22 HaMMEHOBaHUS
(tabn. 4.3). KommuectBO BOABI, WCHOJB3YyeMOl B 0OOPOTHO-
ITOBTOPHOM BONOCHAOXEHWM, pacTeT HEAOCTaTOYHO: JIMIIbL Ha
16 npeanpusATUSIX CTPOSITCS OYMCTHBIE COOPYKEHMS, a TaKXKe CHUCTe-
Mbl OOOPOTHOTO BOAOCHA0OXEHMSI.

Taonuma 4.3. KommuecTso 3arpsAa3HSIONIMX BENIECTB,
cOpomeHHbIX B BogoeMbl . Mocksbl B 1992—1996 rr.

No Tlokazamenu Macca copoca 3aepsazuenus
n/n | saepasuenus, moic. m 3905 T 1993 [ 7994 | 1995 | 1996
1 2 3 4 5 6 7

1 HedrenponykThl 2,335 2,119 1,675 1,56 0,66
2 CIIAB (cuHTeTHMueckue

MOIOIINE CPEICTBA) 0,200 0,421 0,338 0,39 0,428
3 XKenezo 0,658 0,554 0,557 0,57 0,758
4 Menb 0,095 0,059 0,054 0,059 0,046
5 HuHk 0,608 0,154 0,217 0,160 0,206
6 Huxkens 0,084 0,062 0,037 0,036 0,043
7 XpoMm 0,230 0,224 0,124 0,072 0,020
8 Hurpatsr 10,745 24,206 20,850 51,503 63,609
9 ATIOMUHUINA 0,0004 0,083 0,220 0,16 0,094
10  Hutpwuts 0,735 2,04 2,12 2,56 5,212
11 BITK 17,58 23,66 23,40 22,66 22,14
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Okonuanue maon. 4.3

1| 2 | 3 | 4 | 5 | 6 | 7

12 Bseemennbie BemectBa 27,670 24,010 24,612 24,03 23,13
13 Cynpdatst 128,2  116,1 110,5 108,28 111,42
14  A30T aMMOHMIHBIN 28,88 17,99 17,72 14,172 13,552
15  Xmopuasl 232,00 185,70 164,49 146,89 144,58
16  Cyxoii ocagok 1101,00 991,00 958,17 942,31 915,37
17  ®eHon — — — — 0,004
18  ®ocdop odmit — — — — 2,626
19  CepoBoaopon — — — — 0,460
20  ®drop — — — — 0,00029
21 CauHe1l — — — — 0,099
22 Mapranerr — — — — 0,212

Hrtoro 3102,04 2776,56 2649,17 2541,71 1304,881

4.4. Oxpana autocthepni

Teepapie ObITOBBIE OTXOIABI M WX yTwimsamusa. OOIIasg TUTONIAnb
cymu 3emiam cocrapiager 149,1 MaH KM2, M3 HMX TNPUTOAHBI IS
oburanus monei 133 MiaH kM2,

OCHOBHBIC BUIBI 3arpsI3HEHUS JTUTOC(HEpPHl — TBEPAbIC OBITOBHIE
Y IIPOMBIIICHHBIE OTX0Abl. Ha omHOTro XWTess B TOpoie B CpemHeM
MIPUXOIUTCS B TOI IMPUMEPHO 1O 1 T TBEpABIX OTXOIOB, IIPUYEM 3Ta
1mdpa eXerogHo YBeJINInBaeTCs.

B ropomax mom ckjiIamupoBaHHE OBITOBBIX OTXOMOB OTBOISITCS
OOJIbIIIEe TEPPUTOPUH. YIAISITh OTXOIbI CIEAyeT B KOPOTKME CPOKHU,
YTOOBI HE MOITyCKAaTh Pa3MHOXEHMSI HACEKOMBIX, TPBI3YHOB, IIPEIOT-
BpalllaTh 3arpsi3HEHME Bo3ayxa. Bo MHOrMx ropomax IeMCTBYIOT 3a-
BOIBI MO TIepepabOTKe OBITOBBIX OTXOMOB, IPUYEM IIOJHAsI Iepepa-
0oTKa Mycopa IIO3BOJIIET TOpOAy C HaceJleHWeM B 1 MIIH 4YeJIOBEK
noay4dath B rog go 1500 T MeTanna u moutu 45 ThIC. T KOMIOCTA —
CMecCH, MCITOJIb3yeMOM B KadyecTBe ymoOpeHus. B pesynabraTe yTuiam-
3allMM OTXOMIOB IOPOJ CTAHOBUTCS UYMIIE, KPOME TOIO, 3a CYET OCBO-
0OoXmaroIIMXcsl TUIOIIAAeH, 3aHATHIX CBaJKaMM, TOPOM ITOJIyJaeT IO-
MOJHUTENbHbIE TeppuTopu. Hampumep, B Mockse K 1990 r. 6bu10
3apeructpupoBaHo 150 cBajloK, U3 HUX TOJbKO 3 — OeHCTBYIOLIME.
YacTb HOBBIX KBapTajJoB MOCKBHI pa3MellleHa Ha TeppUTOPUU OBIB-
IIMX CBaJOK, M ITOCKOJBKY BO BpeMSI CTPOMTENIbCTBA €llle He OBLIO
MPaBWJIPHO OPraHM30BAHHBIX TEXHOJOTWM CBAJIOK, TO B 3TUX paii-
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OHax ropoga HeoOXOAMM OCOOEHHO TIIATEJbHBI KOHTPOJb BO3IyXa
Ha TIPUCYTCTBHE TOKCUYHBIX BEIIECTB.

IIpaBmIbHO OpraHM3oBaHHAs TEXHOJIOTWYECKAss CBajka — 3TO
TaKoe CKJIAIMPOBAaHME TBEPIBIX OBITOBBIX OTXOIOB, KOTOPOE IIpEIy-
CMaTpWBaeT MOCTOSHHYIO, XOTSI U OYEHb IOJTOBPEMEHHYIO, Tepepa-
OOTKY OTXOIOB IIPU YYACTHUU KHUCIOPOIA BO3AyXa M MHUKPOOPTAaHM3-
MoB. Ha pwuc. 4.7 gaHa cxema 0e30MacHOTO 3aXOPOHEHMS OTXOIOB,
KOTOpAast MOXET ITOCTYKUTh MJUTIOCTpALIMel K BBILIECKa3aHHOMY, XO-
TSI OHA OTHOCUTCSI K IPOMBIIUICHHBIM OTXOIaM, HO TIPUHIIMIT CKJla-
JIVUPOBAHUS OTXOMOB, TIPEICTABICHHBIA Ha 3TOM CXEME, HAJIEXHO
obecneunBaeT oxpaHy Tepputopun OC.

Hopora

Teepable oTxo4bl

KonnekTtop ans
cbopa goxaeson
BOAbI

//
Crion 6eHToHUTaL //////

1 3eMnu Oamba

2
= Cuctema
R KOHTpOns

_, Haknon 0,01 .

Puc. 4.7. Cxema 6e3onacrnozo 3axoponenus omxo0doe

Ha pucynke mnpeacraBiieH pa3pe3 0e30MacHOr0 XpaHWIMIIA, TO-
crpoeHHoro ¢upmoii «Olin Chemical» mnst pa3mellieHUus OTXOIOB
MPOM3BOJCTBA XJOpa M 1IEJOYU CO CBOEro 3aBoma B YapiicToHe
(CIOA). JHo xamephl BBICTJIAHO CJIOEM 3eMJIM M HAaTpUEBON OEHTO-
HUTOBOW MIMHBLI. B 3TOM Xe ciioe NpeaycMOTpeHa CucTeMa KOHTpPO-
JIsT MOOBIX yTeueK pas3UYHBbIX BEIIECTB M3 COpachbiBa€MBbIX OTXOIOB.
Bbiiie 3TOr0 cinos yjaoxXeH €lle OAMH Cloi OeHTOHWTa U 3eMiu. [1o-
BEPX BTOPOIO CJI0sl pa3MellleHa cucTtema cbopa JHUBHEBBIX CTOKOB C
HacocoM. [lomaBiasi B oTXoabl JOXIEBask BoJa COOMPAETCS, OTKAUM-



110 Pa3pen 2. OxpaHa okpyxarolen cpeabl

BaeTCSI M HAIPaBIISIETCS B OYMCTHBIC YCTAHOBKUW. JIIsT XpaHwmmi,
MpeIHa3HAYEeHHBIX [JI pasMElIeHUsT XKUIKUX OPTraHWYECKHUX OTXO-
OB, TpeOyeTcsl M3OJIAINS M3 CMHTETUYECKMX MaTepualioB, a He U3
[JIMHBI, TIOCKOJIBKY Yepe3 IIMHY B KOHIIE KOHIIOB ITPOMCXOINT YTeU-
Ka OpPTaHWYECKMX XUAKOCTE.

Ha 3aBoae mo cxkuraHmio OBITOBBIX OTXOJOB HapsiLy ¢ o0e3Bpe-
>KMBAaHWEM MPOUCXOAWUT MAKCUMaJIbHOE yMEHbllIeHUEe UX o0beMa (110
90% wucxomHoro). OgHAKO HEOOXOOMMO YYMThIBATh, YTO CAMH MYCO-
POCKUTAIOIINE 3aBOJBI MOTYT 3arpsi3HSITh OKPYXKAIOUIYI0 Cpemy, Io-
5TOMY TIpM UX TIPOCKTUPOBAHUM OOS3aTEIILHO IIPEayCMaTPUBACTCS
ounctka BeIOpocoB B OC. Ilpom3BOAMTEILHOCTh TaKUX 3aBOAOB IIO
CXKATAeMBIM OTXOmaM TIpuOau3nTenbHo 720 T/C. TIpU KpPYyriaoTOXNY-
HOM ¥ KPYTJIOCYTOYHOM peKUMax paboOThI.

B ceabcKoX03s1MCTBEHHBIX pailoHaX CTPOSITCS 3aBObI IO Mepepa-
0oTKe cTapoii MOJMATUIEHOBON IUlIeHKU. Hampumep, U3 coOpaHHO
3a ron (6omee 1500 T), OYMIEHHON OT TPSI3U IUIEHKU ITOJy4aroT
1300 T TpyO, KOTOpBIC MCIONB3YIOT B MEIWOpALlMA U B KPYITHOIIA-
HEJIbHBIX JOMaX.

B SInonuu, cTtpaHe BBICOKOI OBITOBOW KYJBTYphlI, HajaxXeH cOOp
B CIielIMaJIbHbIe KOHTEHHEPHl OTXOAOB IMOJUATUIIEHA, KOTOPhIE 3aTeM
TIPECCYIOTCS M M3 HUX CO3MaloTCs OCTpoBa B TmxoM oKeaHe IS 3a-
XOPOHEHMSI HEYTWIM3UPYEMBIX B HACTOSIIEe BpeMsI OTXOHOB (Ha-
TIpUMEP, SAIEPHBIX OTXOIO0B).

Bo mHorux crpaHax EBpomnbl BOIM3M OOJBIIMX Mara3uHoB ycCTa-
HOBJICHBI KOHTEWHEPHI IS 0aHOK M OYTHIJIOK pasHoro 1pera. Crie-
LIMAJIUCThl MOACYMTAIIM, YTO HAa COOpAaHHOM TaKMM OOpa3oM ChIpbe B
ropozae ¢ HaceneHneM 0,5—1,0 MJIH JesToBeK MOXET B TeUeHUE roa
paboTaTh CTEKOJIbHBIN 3aBOI.

TBepabie MPOMBINLIEHAbIE OTXO0IbI M HX NepepadoTka. B pesynbrare
TIPOMBIILIIJICHHOM JIESITeIbHOCTH YeJIOBeKa IPOUCXOAUT 3arps3HeHue
MTOYBBI, UTO TIPUBOAUT K BBEIBOAY U3 CTPOSI 3eMeJlb, TIPUTOMHBIX IJISI
CeJIbCKOro Xo3siicTBa. OCHOBHBIE BUIBI MTPOMBILIJICHHBIX OTXOI0B —
IUTAKW TEIUIOBBIX 2JIEKTPOCTAHLUMIA M METAJUIypPTUUECKUX 3aBOMIOB,
MTOPOAHBIE OTBAJIbI TOPHOMOOBIBAIOIINX TIPEANIPUATAIN U TOPHOOOOTA-
TUTEJIbHBIX KOMOWHATOB, CTPOMTEJBLHBIM Mycop u T.O. B ocobyio
TPYMITYy BBIIEJSIOT 3arps3HEHUE MMOYBBI HE(PTEIIPOAYKTAMHM W IPYTH-
MM XMMUYECKMMM BelllecTBaMU (B aBUALIMOHHON M APYTMX TEXHOJO-
TMSIX — 3TO TBEPAbIE OCAIKM TaJlbBAHOBAHH W TPOIYKTHI TPaBIICHUS
METaJIJIOB), KOTOpPbIe MMaryoHO BO3AENCTBYIOT HAa MOYBEHHBIE MHKPO-
OpPraHU3Mbl U KOPHEBYIO CUCTEMY PAaCTeHUIA.
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O0BbeM WM3BIIEKAEMOM M3 HeIp TOPHOM MacChl B Hallleil cTpaHe
COCTaBJISIET CBBINIE 15 MiIpa T/Tom. B X03sgiiCTBEHHBIIT 000POT BOBIIE-
KaeTcsl OKOJIO TPETU BCErO0 MMHEPAJIbHOIO ChIpbsi, & Ha MPOM3BOACT-
BO TOTOBOI MPOAYKLMM pacxomyercss MeHee 7% OOOBIThIX MOJIE3HBIX
nckomnaeMbix. Q4eBMIHO, YTO HeIb3s Oe3 KOHIIAa HapalluBaTb U 0e3
TOrO0 KOJIOCCAJIbHbIE MOTOKW OTXOJOB M MOMYTHBIX MPOAYKTOB.

B xenesocoaepxalux 1uiaMax ariodadpuK 4YEepHOW MeTaliyp-
TMM, HampuMep, COAEPXKUTCS OoJblle XKejue3a, YeM B J0ObIBaeMOi
pyae. Bmecte ¢ TeM NPOMBIIUIEHHOCTb CTpOMMAaTEpUaioB U CTPOii-
WHAYCTPUS TOOBIBAIOT M MOTPEOJISIIOT €XEeTromHo 3,5 MJIpI T Hepyad-
HOTO ChIpbsl, 0OJIbllIAsl YaCTh KOTOPOIO MOXET ObITh 3aMEHEHa OTXO-
JamMu. XO3S9MCTBO Hallleid CTpaHbl HECET TakXKe OTrpOMHbIE MOTEPH,
CBSI3aHHBIE CO CKJIAIMPOBAaHUEM OTXOA0B. B pesynbraTe TOJBKO Ha
TPaHCIIOPTUPOBKY 1 T OTXOAOB U COAEPKaHKWE OTBAJIOB PACXOMYIOTCS
OrpoMHEBIe cpeacTBa (Ipubau3nTensHo oT 15 mo 80 TeIC. pyo.).

CTpouTeIbCTBO KOMOMHUPOBAHHBIX IPOM3BOACTB M OTHEIBHBIX
TEXHOJIOTUYECKMX YCTAaHOBOK IIO IMepepadOTKe OTXOIO0B OCOOEHHO
LIeJIeCOO0pa3HO B MPOMBIIIJIEHHBIX paiiloHax ¢ OOJBIIONW MHOTPeOHO-
CTbIO B CTPOMTEJbHBIX MaTepuajax, M3AeNusIX, KOHCTpykiuusax. Ha-
MpUMeEpP, METOJOM KaTaJM3MPOBAHHON KPUCTA/UIM3ALIMM CTEeKJa Ha
OCHOBE JIOMEHHbBIX 1IJIJAKOB Y HAac B CTpaHe IMOJIydyaloT ILIaKOCUTa-
Jibl. Beicokue (pusnko-MexaHnueckrue U (QU3nKO-XUMUUYECKUE CBOM-
CTBa IIJJAKOCUTAJJIOB, B ITIEPBYKD OYepedb WX HM3HOCOCTOMKOCTb U
XUMUYECKask YCTOMYMBOCTDb, B COUETAHUU C JEKOPATUBHOCTBIO JEIal0T
MX LEHHEeUINM CTPOUTEJIbHBIM MaTepuaioM. TonbKo B MoCKBe 1iLia-
KOCUTAJIJI HalleJ NMPUMEHEHUEe MpPU CTPOUTEJIbCTBE TaKMX M3BECTHBIX
00BEKTOB, KaK maBuWJbOH «Metamyprusi» Ha BBII (Bcepoccuiickuii
BBICTABOUYHBIM KOMILIeKC), asponopt IllepemeTbeBO, yHMBepMar
«MockBa», LleHTpalbHBIM TOPOICKON a3pOBOK3ajl U JIp.

I'pyabl cTapblX LIMH OT aBTOMOOWJIEN pa3IMYHBIX MapoK Ha
TeppuTOopur YeXOBCKOIo pereHepaTropHoOro 3aBoja Ioja MoCKBON —
yXe He cBajika, a CKJIaJl UCXOAHOTO ChIpbs IJISI TIPOU3BOACTBA PE3U-
HOBOM KpOILLIKM M pereHepara — IUIACTUYHOrO MaTepuayia, 4aCTUYHO
3aMEHSIOLETO KayuyyK B Pa3JIMYHBIX PE3MHOBBIX WU3ACIUSIX, B TOM
yyciie 1 B HOBBIX IMHax. OgHa TOHHA pereHepara — IIPOAYKTa Iie-
pepaboOTKM CTAaphbIX MOKPHILIEK, ITO3BOMISIET COKOHOMUTH 400 KT cUH-
TeTUUYECKOro Kayyyka.

Bce pasBuThie cTpaHbl MMEIOT TUIAHbI 10 CO3IAHUIO YKUCTHIX (Tak
Ha3bIBaeMBIX 0€30TXOMHBIX) TeXHOJOTWii. Hampumep, mporpamma 1o
sKojiornu TpasutenbctBa Hugepmangos mo 2000 r. mpemycmaTpuBa-
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JIa YMEHBIINTL KOJIWYECTBO OTXOIOB, IMOCTYMAIOIINX Ha CXXUTaHUE, C
60 no 35%, Ha 3axopoHeHue — ¢ 55 go 10%.

B 1987 1. Konrpecc CILA mpuHsUT TOMpaBKy K 3aKOHY IT0 OITACHBIM
U TBEpIOLIM OTXOIAM, 3allpellaollyl0 3aXOPOHEHHME OTXOHOB 0e3 MxX
MpeaBapUTeIbHON 00pabOTKM O CaMbIM COBPEMEHHBIM TEXHOJIOTHUSIM.

B xauecTtBe mnpumepa MNPOMBILLIEHHOW IepepadOTKA TBEPAbIX
OBITOBBIX OTXOIOB Ha puc. 4.8 TIpUBeIcHA CXeMa TEXHOJIOTUHM NTaJTb-
sgHcKkoM KamnaHuu «CopaitH YekKKuHM».

TBepapble ObITOBbIE OTXOAbI

ABTOMaTunyeckas COpTUPOBKa

v v v v
Keneso MakynaTypa OpraHudeckuia OTxoapl
mMeTepuan
TepmoobpaboTtka mgpopasbuBarternb v 3 CxwraHve
v v
Menkas KpynHas
MpeccoBaHue O‘-WfTKa cbpakuys cpakumst | Mpomsson-
CTBO napa
Keneso Penynbnauus FomoreHnsauna  [pasutauus

B BpukeTax n depmeHTaums
P Crywenue MpombiBKa
T OuncTka
epnong;g%ng:gcxaﬂ O6e3BoXMBaHUE
Cywika
+ Mponapka
BymarkHas Ouunctka B aBTOKIIaBax
nacra v
Mponapka Cyuwka
B aBTOKNaBax
Ounctka

MepemelunBaHve
c pobaBkamn  MamenbyeHve

paHynupoBaHue OuucTtka

OpraHu4yeckoe MpaHynuposarine
ynobpeHne
Kopm ans
ckoTa

Puc. 4.8. Ilpunuyunuaivnas cxema npomvlulieHHOU nepepadomru
meepobix GbIMOoBLIX OMX0006

B Poccuu B 1991 r. Oblma pa3paboTaHa mporpaMma, B KOTOPO
rpeaycMaTpuBajCs B LEIIX KOMIUIEKCHOW TMepepabOTKKU MPUPOIHBIX
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PECYPCOB M CBHIPbS Mepexod Ha 0e30TXOIHBIE M MaJOOTXOAHBIE ITPO-
n3BoacTBa. Ilpn 3TOM OOecrneynBaMCh HE3aBUCUMOCTb 3KOJIOTMYe-
CKOIM 3KCIIEpTU3bl U CO3JaHMEe KaJacTpa BTOPUYHBLIX PECYPCOB IS
ydeTa BTOPUYHOTO ChIpbsi. OQHAKO 3TOT MNPOLIECC B CBSI3M C KOPEH-
HOW MEpEeCTPOMKON CaMOM CUCTEMbl XO3SMCTBOBAHUS CUJIBHO 3aTsi-
TMBAETCS, YTO YCYTyOJisieT MOJIOKEHME C OXpaHOi JuToc(epbl Ha
tepputopun Poccun u ctpan CHI.

Kourpoabubie Bonpocor

1.

10.

11.

12.
13.

14.

15.

Rakue ocHoBHbBIE BellecTBa ABIAIOTCA 3arpA3HUTENAMH ORpPY-
sRaromeii cpeasl B COBPeMEeHHOM Topojie?

Rak mo:xHO KiaccuuipoBaTh aHTPOIOr€HHbIE 3arpA3HEHUHA
orpy:ramomeii cpenpi? IlpuBenure mpuMepsl.

Kakue TokcHuHbie BBIOPOCHI ABJAIOTCA TPUOPUTETHHIME 3a-
TPASHATETAMI aTMOChephI?

Yro Taroe <«kucroTHbie mo:kmm»? Harme meTompl WX yTHIH3a-
N BbI 3Haere?

Rakne TorcuvHbBIE BellecTBa COJEP:KAT BHIXJIOMHBLIE Ta3bl aB-
romoounneii? Kak ux obesspesknsaior?

Yro rarkoe emor? Kakue criocoObl yaaleHus 4acTHIl MbLIH U3
BO3IyXa Bbl 3Haere?

Yro Taroe «mapHUKOBbIi dPPerT> ?

Rarkne wusmenenusa rtumpocdepbl CBA3AHBI € XO3AHCTBEHHOI
IeATEIbHOCTHIO YelIoBeKa?

Hakme meromnp ounmerkn Boapl BbI 3Haere? HakoBa mnx rocie-
JoBaTeNibHOCTH? HakoBa posib KasKI0r0 M3 3TUX METOIOB?

Yrto Ttakroe pearenTHniii Metox ounctku Boabl? [lpuBenure
HpUMEpbI.

Kakue nBa tuna 6uoxumumdeckoil ouncTsu Boibl Bbl 3Haere? B
geM UX oTanuue?

Rar Mo:kHO KiaccugpumupoBaTh TBEPAbIE OTXOIbI?

Ragk pemaioresi npoieMbl co Bee BO3PAcCTalONIMU TBEPIbIMI
ObIToBBIMI OTXOaMK Ha 3emie? Tlpusejure npumepsi.

Rakue npumepsl yTHIN3anuu TBEPABIX IPOMBIIIIEHHBIX OTXO-
J0B BBI MO;KETe TPHBECTH ?

Rakue Bompochl cieayer peniuth 4eJI0OBEYECTBY JUJIA COXpaHe-
Husi 6uocpepnr 3emum? Tlpusejure npumMepsl yCHemHoro pe-
HIEHUA DTHX TPodIeM.



OCHOBbI PALIHOHAADHOI'O

NPHPOJONOAb30BAHMSA

5.1. OcuoBuble nmousgTHS

Ilpupooonoav3zoeanue — HenocpedcmeenHoe U KOC8eHHOe 8030elici-
8lle uen08eKa Ha OKPYICarouyio cpedy 6 pesyivmame eceli e2o desmesb-
Hocmu. Payuonanvnoe npupodonoav3oéanue — IJIAHOMEPHOE, HAYYHO
000CHOBAaHHOE IpeoOpa3oBaHUE OKpYXKalOIei cpeabl IO Mepe COo-
BEpIICHCTBOBAHMSI MaTepHAJIBHOTO IIPOM3BOICTBA HAa OCHOBE KOM-
IUIEKCHOTO HCIOJb30BaHUsI HEBO30OHOBIISIEMBIX PECYPCOB B LIMKIIE:
MPOMU3BOJICTBO — MOTPeOJeHUEe — BTOPUUYHBIE PeCYpPChl IIPU YCIOBUU
COXpaHEHHMsI M BOCIPOM3BOACTBA BO30OHOBJISIEMBIX IIPUPOMHBIX pe-
cypcos [31, 32].

M3zyueHue mpoleccoB, IpOTEeKalOIINX B Ouocdepe, M BIUSHUSI
Ha HHUX XO3SIMICTBEHHON IEATEIbHOCTH 4eJOBeKa I0Ka3bIBaeT, YTO
TOJIKO CO3JaHME BKOJOTMYeCKM OE30TXOMHBIX M MaJlOOTXOIHBIX
MIPOM3BOACTB MOXET IIPEIOTBPAaTUTh OCKYACHUE IIPUPOIHBIX pecyp-
COB M Jerpamaluio IIPUPOOHONM Cpeldbl. XO3SICTBEHHAs IesiTellb-
HOCTD JIIOEH MOJDKHA CTPOUTHCSI IO MPUHIUIMY IPUPOIHBIX 3KOCHU-
CTeM, KOTOpbIe 5KOHOMHO PacXOAYIOT BELIECTBO M SHEPrUIO0 U B KO-
TOPBIX OTXOAbl OJHMX OPraHM3MOB CIIyKaT Cpeloil OOMTaHMS IS
IPYTHX, T. €. OCYILIECTBIISICTCS 3aMKHYTBII KPYyrooOopoT.

B XX B. yenoBeuecTBO B pe3y/IbTaTe HAyYHO-TEXHUYECKOIl PeBO-
JIOLUK TIPUILIO K CIEOYIOLIeMY TeXHOIeHHOMY Kpyroo0opoTy Be-
wectB (puc. 5.1).

Kazanock GBI, cerogHsi BCeM SICHO, YTO BpeMsI «IIOKOPEHMSI IIPU-
ponbl» 0€3BO3BpPaTHO IIPOILIO M HAayajcs MepHoi IIyOOKOIo, 3anH-
TEPECOBAHHOTO ITO3HAHMSI ee 3aKOHOB. OIHAKO Ha IPaKTHKE O0be-
MBI OTXOIIOB B CTpaHE€ pacTyT B JBa-TPU pas3a ObICTpee, YeM OOBEeMEI
MIPOM3BOMICTBA M YKMCICHHOCTh HacejeHMs. JIaBUHA OTXOMOB 3arpss-
HSIET IIPUPOMLY, MX BpEeIHbIE TOKCHUYHBIC KOMIIOHEHTBI 3aCOPSIOT
3eMJIIO, BO3IyX, peKu, Mops U o3epa. IIpuumHa KpoeTcss B CUIOMU-
HYTHOI1 BBITOIE IJIsI IIpom3BonacTBa. Ho pa3yMHEBINl 4eoBeK HE IOJI-
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K€H CUYNTATh BBITOMOW YHUYTOXEHHME BCETO XKHMBOTO, «0e3yMHOE
MMPOXUTAHNE» PECYpCOB, HE TOJBKO CBOMUX, HO W IIPpMHAIJIEXKAIINX
oynymum mokoneHnsiM. CliemoBaTebHO, TIPUIIUIO BpeMsT KOPEHHBIM
00pa3oM M3MEHUTH CaM MOIXOJ K MOHSITHIO BEITOTHOCTH, KOTIA pPeUb
UIET O MPUPOIOIIOIB30BAHUMN.

| C6op u nepepaboTka |

OGesBpexuBaHve
1 3aXOpOHEHUNE
Puc. 5.1. Texnoecennuwiii kpy20060pom eeuwjecme:
C — nepBuyHOe chipbe; P — paccenBanue B okpyxatwiieit cpene; O — orxonsi; BMP

— BTOpUYHBIE MaTepuaibHble pecypchl; BC — BTOpUYHOE CHIPbE;
HO — Heytuiusupyembie pecypchl

Hcxonst M3 ckazaHHOTO MOXHO c(OpPMYJIMpOBaTh Hauboyee 00-
1ee OMNpee/IeHUE PAUUOHAAbHO20 NPUPOOONOAb308AHUA — BTO CUCme-
Mma e3aumodelicmeus obujecmea u Npupoosbl, NOCMPOEHHAS HA OCHOBE
HAY4HbIX 3aKOHO8 npupodsl U 6 HAuboAbliel CMeneHy Omeeuarwas 3a-
dauam Kak pazeumusi Npouseo0cmea, mak U coxpanenus ouocgepel.

M3 cxeMbl TeXHOTEHHOTO Kpyrooboporta BelecTB (puc. 5.1) Bui-
HO, YTO B OTIMYME OT IPUPOIHBIX KPYrooOOPOTOB OH HE3aMKHYT BO
MHOTHX YacTsX.

5.2. Besorxoaubie U1 Mar0OTXOAHDIE
I POU3BOJCTBA

TepMmuH «0e30TXogHasl TEXHOJIOTUS» BIEpPBbIE IMPEAI0XKEeH pOC-
cutickumu ydyeHbiMu H.H. CemenoBeiM u U.B. IleTpsiHoBEIM-CoOKO-
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JoBeIM B 1972 1. B psge crpan 3amamHoii EBpoIbl BMeCTO «Majio- u
0e30TX0HasI TEXHOJOTUsI» MPUMEHSIETCS TEPMUH «4MCTasi Win 0oJjiee
yucTask TeXHOJIorus» («pure or more pure technology»).

B coorBerctBum ¢ pemienuem EDK OOH wu ¢ Jeknapamueii o
MaJIOOTXOAHON M O€30TXOMHON TEXHOJOTUSIX M MCIIOJb30BaHUU OT-
XOIOB TIpMHSATA Takast (OPMYJIMPOBKA OE30TXOMHONM TEXHOJIOTUM
(BOT): «be3oTxomHasi TEXHOJOTHSI €CTh MPAKTUUECKOE MPUMEHEHUE
3HAHUI, METOJOB M CPEACTB C TEM, YTOObI B paMKaX MOTpeOHOCTEl
yesioBeKa 00ecreyuTh Hanbosiee palMOHAIbHOE UCIOIb30BAHUE TPU-
POIHBIX PECYPCOB M SHEPTUHU U 3allIUTUTh OKPYXKAIOILIYIo cpeay» [21].

B nurepatype BCTpedaloTcs M OpPYTME TEPMUHBI, HaNpuMeEp,
«6e3orxomgHast TexHonormdyeckass cuctema» (BTC). Ilon BTC monu-
MaeTcsl TaKoe OTHEJIbHOE ITPOM3BOICTBO WMJIM COBOKYITHOCTH ITPOM3-
BOJCTB, B pe3yJbTaTe NPaKTUYECKOW MNeSITEIbHOCTH KOTOPBIX HeE
MPOMCXOAUT OTPHUIIATEILHOIO BO3MEWCTBUS HAa OKPYXKAIOILIYI0 Cpemdy.
B omnpeneneHnn O€30TXOMHOM TEXHOJIOTUM MOApa3yMeBaeTCs He
TOJBKO TIPOM3BOIACTBEHHBIN Ipollecc. DTO IMOHATHE 3aTparuBaeT M
KOHEYHYIO MPOAYKIIMIO, KOTOpasi JOJKHA XapaKTepr30BaThCs:

e JIOJITMM CPOKOM CJIY>XKObl U3ACIUIA,

e BO3MOXHOCTbIO MHOTOKPATHOTO MCITOJIb30BaHUS,

e TIPOCTOTOI PEMOHTA,

e JIETKOCTbIO BO3BpallleHWsI B MPOU3BOACTBEHHbIA LIUKJ WIM Te-
peBoja B 9KOJOrMuyecku 6e3BpeaHylo opMy Mocjie BbixoAa U3
CTpOSI.

Teopusi 0G€30TXOOHBLIX TEXHOJOTMYECKMX IIPOLIECCOB B paMKax
OCHOBHBIX 3aKOHOB MPUPOIOMNOJb30BaHUSI 0asuMpyercsl Ha ABYX
MPeaNnoChLUIKax:

e UCXOJHbIE IPUPOIAHBIE PECYPChl JOJKHBI JOOBIBATHCS OIMH
pa3 ISl BCceX BO3MOXKHBIX IPOAYKTOB, a He KaxXAblil pa3 s
OTIEJbHBIX;

e co3gaBaeMble MPOAYKTHI MOCJIE HCIIOJIb30BAaHUS IO IPSIMOMY
Ha3HAYEHUIO JOJKHBI OTHOCUTENIBHO JIETKO IIpeBpalllaThCsl B
HUCXOIHBIE 3JIEMEHTHl HOBOT'O IMPOMU3BOJICTRBA.

CxeMa Takoro mpolecca — «CIpoc — TOTOBBIM MPOAYKT — ChI-
pbe». Ho Kaxaplii aTanm 3Toil cxeMmbl TpeOyeT 3aTpaT DHEPTUM, Ipo-
MU3BOACTBO KOTOPOM CBSI3aHO C IOTPEeOJEHUEM MPUPOIHBIX PECYPCOB
BHE 3aMKHYTOM CHCTEeMbl. BTOpBIM MpemnsiTcTBHEM IMOJHOM 3aMKHYTO-
CTH Tpolecca SBsSIETCS M3HOC MaTepuaioB, UX pacCeMBaHUE B OKPY-
XKatoleit cpene. Hampumep, gojiroe, Ha MPOTSKEHUM MHOTHUX CTOJIe-
TUH, UCIIOJIb30BAaHUE TAKMX METAJJIOB, KaK cepedpo, CBMHEL, LIMHK,
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Melb U Ap., U UX paccerBaHMEe B IPOLIECCE 3TOr0 MCMHOJb30BAaHUS B
OC npuBenn K TOMY, UYTO CPOKM WX MCUEPIIAaHMSI M3 3EMHBIX HEIp
COCTaBJISIIOT, COIJIACHO CBOAY MEXAYHApOIHBIX MPOTHO30B «MuUp B
2000 romy», Bcero oguH-ABa JeCITKA JIET.

IoHgTre 6e30TXOAHON TeXHOJ0TUM ycaoBHO. Ilog HUM MOHMMa-
eTCsl TEOPETUUECKUI Tpenesl WX MpenejibHas MOIeIb IPON3BOICTBA,
KOTOpasi B OOJBIIMHCTBE CJIy4yaeB MOXET ObITh peaju3oBaHa HE B
ITOJTHO Mepe, a JIUIIIb YaCTUIHO (OTCIoga — M aJTOOTXO O H a s
texHoJiorusi — MOT). Ho ¢ pa3BuTHMEeM COBpEMEHHBIX HAyKOEMKUX
texHonoruit BOT momkHa OBITH peaan3oBaHa BCe C OOJBIIMM TIPH-
OJIM>KEeHUEM K MIeaabHON MOMAEIIH.

Kputuku koHuenuum 0e30TXOMHOTO MPOM3BOJCTBA YTBEPKIAIOT,
CChblIasICh Ha BTOPOM 3aKOH TEPMOAMHAMMKM, UYTO KaK DHEPIrulo
HEeJb3s TIOJTHOCTBIO TIEpPeBEeCTH B PaboTy, TaK M CBHIPbe HEBO3MOXKHO
MOJIHOCTBIO MepepadboTaTh B MPOAYKThl MPOM3BOACTBA U IMOTpeodie-
Husg. C 3TUM HENb3d COTJIACUTHLCS, TOCKOIBKY pedyb WIET IIpexkie
BCEro 0 MaTepuu 1M O 3emiie KaK OTKPBITOW CHUCTeMe, a MaTepuio —
MPOAYKIIMIO B COOTBETCTBUM C 3aKOHOM COXpPaHEHMS BeleCTBA WU
SHEPruy BcCerma MOXHO IpeoOpa3oBaTh CHOBA B COOTBETCTBYIOILYIO
npoaykuuio. IlpuMmepamu ciyxkaT 06e30TXOOHO (PYHKIIMOHUPYIOIINE
MPUPOIHBIE SKOCUCTEMBI.

Mmeercs u apyrast KpailHOCTb, Korjga Bce paOoOThl, CBSI3aHHbBIE C
oxpaHoil OC oT mpOMBIIUIEHHBIX 3arpsi3HeHuit, otHocIT K bOT u
MOT. Heob6xoquM0O NOMHUTH, UTO OILIEHKA CTEIIEHU OE€30TXOMHOCTH
MPOM3BOJICTBA — OYEHb CJIOXKHAsI 3aJaya U €OMHBIX KPUTEPUEB IS
BCEX OTPACJICH MPOMBILIJIEHHOCTUA HET.

B 1nenoM KOMITIEKCHBIA MOAXOM K OLEHKE CTeleHU 0e30TXOMHO-
CTU MPOUM3BOMCTBA IOJKEH 0a3MpoBaThCs Ha:

e yyeTe He CTOJbKO OE30TXOJHOCTH, CKOJBKO CTENEHU HCIOJb-

30BaHUS NPUPOAHBIX PECYPCOB;

e OIICHKE IPOM3BOACTBA HAa OCHOBE CAMOIO OOBIYHOTO MaTepu-
ajpHOrO GanaHca, T. €. Ha OTHOLIEHMM BBIXOJAA KOHEYHOM Mpo-
JOYKIMY K Macce MOCTYIUBILETO ChIpbs U MOay(hadpuKaTOB,;

e OMpenesieHUM CTENeHM OE30TXOAHOCTH IO KOJWYECTBY OTXO-
JIOB, 00pa3yIoIIMXCs Ha €AUHUILY TIPOAYKLIMU.

g TOYHOro ompeaesieHUsl CTeNeHU 6€30TXOAHOCTU HEOOXOAUMO
BBelIeHHE TIOMPABKU Ha TOKCUYHOCTh OTXOMO0B. HeBo3MOXHO coroc-
TaBJISITh TOJBKO MO Macce, HalmpuMep, OTXOAbl COAOBOIO IPOU3BOI-
CTBa M OTpabOTaHHBIE PACTBOPHI T'aJIbBAHWYECKUX 1IeXOB. 15 cpaB-
HUTEJIBbHOIO aHalu3a Pa3IMYHbIX TEXHOJOTMYECKMX CXEM OMHOTHMII-
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HBIX TIPOM3BOACTB, BBIINYCKAIOIIMX ITPOAYKIMIO OXHOTO M TOIO Ke
BUIA, HAa CTAAWU UX MPOECKTHUPOBAHUS BITOJHE MOXKET OBITh MCIIOJb-
30BaH ITOIPAaBOYHEIN KO3((GUIIMEHT Ha TOKCUIHOCTh OTXOIOB.

st pacuyera 2HEPreTUYSCKUX 3aTpar CleayeT paccMaTpUBaTh
SHEProeMKOCTh IPOAYKIINU C YU4eTOM KO3(G@UIIMECHTOB 0€30TXOIHO-
cty. ToJIBKO B 3TOM Cilydae MOXHO IOJIyYUTh OOBbEKTUBHBII ITOKa3a-
TeJIb 0E30TXOMHOCTH pPaccMaTPUBAEMOIO IIPOM3BOACTBA. MaciiTaObl
zarpsisHeHus1 OC npu Npou3BOACTBe 3yIeKTposHepruu Ha TOC yacto
TAaKOBBI, YTO MOTYT CBECTM K MUHUMYMY T¢ SKOJIOTMUECKUE IPEUMY-
IIECTBA, KOTOPHIE YIaeTCsl AOCTUYh IIPYA COBEPIICHCTBOBAHMM OCHOB-
HOTO IIpoM3BojacTBa. Hampumep, B LIBETHOI METa/UTypIMM O CTEIICHU
0E30TXOMHOCTH CYAST IO KO3(h(PHUIMEHTY KOMIUIEKCHOCTH MCITIOJIB30-
BaHUS ChHIpbS (BO MHOTHMX CiIydasx oH TipeBbIaeT 80%). B yriuemnoObI-
BaoIICil MPOMBIIUICHHOCTA MPEONPUITHE CUUTACTCS OS30TXOMHBIM
(MaJTOOTXOIHBIM), €CJI 3TOT KOG GUIIMEHT He TpeBhiacT 75%.

5.3. OcHoBHbIe NPUHIMIIBI CO3AaHHS
6€30TX0AHbIX MPOU3BOJCTB

OCHOBHBIE TIPUHIIATIBI CO3MaHUs OE30TXOMHBIX ITPOM3BOICTB 3a-
KJTIOYAIOTCSI B KOMIIIEKCHOM UCIIOJb30BAHUM CHIPbS, CO3MaHUM
MIPUHIIMIIAAILHO HOBBIX M COBEPIICHCTBOBAHWU NEHCTBYIOIIUX TEX-
HOJIOTWi, CO3MaHWM 3aMKHYTHIX BOIO- M Ta30000pPOTHBIX IIMKJIOB,
KOOTIEPUPOBAHUM TIPEANPUATAN W CO3JAaHUU TEPPUTOPUATIBLHO-
TIPOM3BOACTBEHHBIX KOMILJIEKCOB.

1. KomnaexcHoe ucnoavzoearue colpvs. OTXOIBI TIPOM3BOACTBA —
5TO HEWCIIOJb30BaHHAS WM HEIOWMCIIONIb30BaHHAs IO TeM WA
WHBIM TIpUYMHAM YacTb CHIpbs. IloaTomy mpobiemMa KOMIUIEKCHOTO
HCTIOJIb30BAHMS ChIPhSl MMEET OOJbIIOe 3HAUeHWE KaK C TOUKU 3pe-
HUSI 3KOJIOTUH, TaK W C TOUKU 3PEHUS S9KOHOMUKM.

Heo06xommMoCcTh KOMILIEKCHOTO MCIIOIb30BaHMS TIPUPOIHBIX pe-
CYpCOB IMKTYETCsS, C ONHON CTOPOHBI, BCE YBEJIMYMBAIOIIMMUCS
TEMIIaMM POCTa OOBEMOB ITPOMBIILICHHBIX MPOM3BOICTB, 3arps3-
HAOIIUX OKPYXAIOIIYIO Cpedy, a C IPYyrol — HeOO0XOAMMOCTBIO
5KOHOMHOTO MX PacXOIOBaHMSI, MOCKOJIbKY 3allachl OCHOBHOTO MMU-
HEPAJIbHOTO CBIPbSI OrPAaHUYEHBI, a IIeHbl Ha HEro HEIMPEepPHIBHO
Bo3pacrtaoT. C 1992 mo 1996 IT. LIeHbI OYTU Ha BCE CHIPhEBBIC Ma-
Tepuayibl BbIpociau OoJjiee yeM B 2 pa3a. B cBolo ouepeab pocT LieH
YCKOpSIET BHEIpEeHUE M pa3pabOTKy MaJOOTXOMHBIX M 0€30TXOMHBIX
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IIPOM3BOJICTB, ITOCKOJBKY PaCIIMPSIOTCSA TIpeaebl MX SKOHOMMNYE-
CKOI peHTa0eILHOCTH.
HMcrouyHnKaMy OTXOHOB SIBIISTIOTCSI:
e TMPUMECH B CBHIPHE, T. €. KOMIIOHEHTHI, KOTOPHIE HE MCIIOJb3Y-
I0TCSI B JAHHOM TIPOIIeCCe TS TOJYyIeHMSI TOTOBOTO IPOAYKTa;
e HEIOJIHOTA TPOTEKAaHMsS IIPoIecca, OCTAaTOK IOJIE3HOTO IIPO-
IYKTa B CHIPBE;
e MOOOYHBIC XMMHUYECKHE PeakKiMM, IPUBOIIIIME K 00pa3oBa-
HUIO HEHCIIOJIb3yEeMBIX BEIIECTB.

PanmoHanbHOe KOMIUIEKCHOE MCIIOJIb30BAHUE CHIPhSI ITO3BOJISCT
YMEHBIIUTh KOJIMYECTBO HEIOMCIIOIb30BAHHBIX BEIECTB, YBEJIMIUTH
ACCOPTUMEHT TOTOBBIX IIPOMYKTOB, BBHIITYCKAaThb HOBBIC ITPOMYKTHI 13
TOM YaCTU CHIPBSI, KOTOpasi paHbIIIC YXOAWIa B OTXOMIHI.

XapakTepeH IpuMep BETHOM METaJUIypruu, Ile IMOCTOSIHHO pac-
TET KOJMYECTBO 3JIEMECHTOB, M3BJIEKAEMBIX M3 MUHEPAJIBHOTO CHIPbSL.
M3 90 snemeHTOB, OOHapyXXeHHbIX B Ouochepe 3eMsu, Mpeanpu-
SITUSIMU LIBETHOM METaJUTypIriy U3BJICKAINCh:

lo0 Yucao snemenmoe
1913 15
1930 20
1940 24
1960 63
1970 74
1980 82
1990 88

M3 MengpcomepxKalimx pya, B COCTaB KOTOPHIX BXOIAT 25 3j1eMeH-
TOB, M3BiIeKaeTcsa 21 amemeHT. M3 TTOIMMETANTMYECKOTO CHIPhS W3-
BJIeKalOoT 18 ajieMeHTOB U IojydaloT OoJiee 40 BUIOB TOBApHOM MPO-
IyKuuy. Jojisg mose3HbIX 3J1eMEHTOB, M3BJIIEKAEMBIX M3 IIPUPOITHOTO
CBIpbS B LIBETHOM METAIYPIMU, — OJHA U3 CAMBIX BBICOKMX M JOC-
turaer 80%. IloBblllleHME BBIXOJA ITPOAYKTAa Ha KaXIOW CTaguu
rpoiecca MPUBOIUT K YMEHBIICHUIO KOJIMYECTBA OTXOJ0B U yBeJIMYE-
HUIO KOMIUIEKCHOTO MCIOJIb30BaHUSI ChIpbsl. PagnKanibHOE CpelCTBO
[IPOTUB MPOTEKAHUS ITOOOYHBIX PEAKLINil — M3MEHEHUE TEXHOIOTHM.

2. Coz0aHue NPUHUUNUAALHO HOBBIX U COBEepUIeHCMB0B8aHUe Oelicm-
syrouux mexronoeui (cxem). IT0 OYeHb BAXXKHBIN 3Tall B TEXHOJOTHU.
Hanpumep, B OCHOBY cO31aHMS aTOMHOM IIPOMBIIIJICHHOCTU IT0JIO-
>KeHBI TPUHIUIBI, MCKIIIOYAIOIINE 3arpsi3HEeHUE OKpPY:Kalollell cpeabl
WIM 3HAUYUTEJIBbHO CHMKalolme ero. Ha mpeanpusatum AtomMMmaiia
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«PoioH» BbICOKA HaJEXHOCTb BCEX TEXHOJOTMUYECKMX CXEM M HOBBIX
METONOB 3aXOPOHEHUSI OTXOAOB. B 4YepHOil MeTallypruum cos3gaHa
HOBasl TEXHOJIOTMUYECKasi cXxeMa, MO3BOJISIolNIasi COKPaTUTh 3arpsi3He-
HHUE cpelbl — MPSIMOE BOCCTAHOBJIEHUE XKeJje3a.

3. CozdaHue 3amMKHYMbIX 6000- U 2a30000pomubix yukaoe. C MO3M-
U 5KOJOTHUYECKOI 0e30IMacHOCTH W HAJIeXXHOCTH He MeHee BaXKHOM
MpeAcTaBIsgeTCsl 3ajada Mo CO3JAaHUI0 3aMKHYTbIX BOJO- U razo000-
potHbIx 1mKIoB. Hampumep, nHa I1O «Tymauepmer» opraHm3oBaH
3aMKHYTbIA ra30000pOTHBIN LIMKJI, pa3paOOTaHHbIN A1 TPOMU3BOACT-
Ba cynepdocdarHeix U Apyrux GocOpHBIX yooOpeHUl, 4TO MO3BO-
JisieT u3bexaTh 3arpsI3HEHUSI OKpyKarolllell cpeabl (pTopugamu.

4. Koonepuposanue npednpusmuil, c0o30aHue meppumMopUaIbHO-
npou3Bo0CcmeeHHbIX Komniekcos. B OOJBIIMHCTBE CIIydyaeB OTXOIbI Ofl-
HOIO IIPOM3BOACTBA SIBJISIIOTCS ChIPbEM [JIsI APYTMX IPOMU3BOACTB. B
CBSI3UM C BTUM MpeajaraeTcs caM TEPMUH <«OTXOIbl» 3aMEHUTb Ha
«TIPOAYKTbl HE3aBEepIIEHHOro Mpou3BoiacTBa». IIpu 3TOM OCHOBHas
3a7a4a COCTOMT B U3bICKAHWM BO3MOXHOCTEW MJIs1 MPUMEHEHUS MPO-
IIYKTOB HE3aBEPILICHHOTO MPOM3BOACTBA B JPYIMX IPOU3BOJACTBAX
WM OTpacisiX HapOJHOIO XO3SMCTBa, KOTOpPble MOIJIM Obl CTPOUTH
CBOIO JIESITEJILHOCTh Ha HUX KaK Ha BTOPUYHBIX MaTe€pHUaIbHBIX pe-
cypcax. Hanpumep, B bpaswiumu U3 0TX0I0B IPOU3BOACTBA CaXapHO-
ro TPOCTHHMKA IMOJIy4alOT CHUPT, UCIOJb3YEMbIA B KaueCTBE TOIUIMBA
JIIsSl IBUTaTeJieli BHYTPEHHEro CropaHus.

bonbiasg pabora mpoBOAMTCS B Pa3lIMUYHBLIX CTpaHax MO Co3da-
HUMIO TaK Ha3blBaeMbIX «0aHKOB OTXOAOB», T. €. MO CHUCTeMaTu3aluu
OTXOJ0B Pa3JIMYHBIX OTpacjieil MPOMBILLIEHHOCTU, HallpUMep, XUMHU-
yecKol, He(TeXMMUUECKOW OTpacieid, MeTaJLTypTUu.

HaubGonee OiaronpusiTHble BO3MOXHOCTU JISI MEXOTPACJIEBOTO
KOOIEPUPOBAaHUS CKJIAIbIBAIOTCSI B YCJIOBUSX TEPPUTOPUAIIBHO-
nipousBoacTBeHHbIX KoMmILieKcoB (TITIK). Camblii a3(pheKTUBHBINA TUIT
OpraHMU3alMU MPOU3BOACTBA — COYETAHUE MEXPAMOHHOM CIIeLIaIN-
3allMM C BHYTPUPAMOHHOMN KOOMEpaLUCd.

5.4. besorxoanoe norpebrenne

OOBIYHO MPOOJIEMBI SKOJIOTUU U pecypcocOepekeHUsT CBI3bIBAIOT
C IeSITeJIbHOCTHIO IIPEOIPUSITUI, YIIyCKass W3 BUAY, YTO Pa3IMYHBIC
pecypchl MOTpedisiioTest B ObITYy. O0beMbl MOTPEOIsIEMBbIX HACeJIeHU -
eM MaTepHalbHBIX OJIar U PecypcoB BecbMa 3HauMTeNbHBI. Hampu-
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Mep, COOTHOIIEHWE MEXIy MOTpeOJeHMEeM M HaKOIJICHMEM B Ha-
LIMOHAJIBHOM JIOXOJIe COCTaBJseT mpuMepHo 3/4 : 1/4. Cnenmyer Tak-
XK€ OTMETUTh TEHIEHIIMIO OIepeXalollero pocTa OObeMOB OTXOIOB
MMOTPeOICHMS 110 CPABHEHUIO C OTXOAAMM ITPOMBIIIIICHHOCTH.

ITytu mepexoga K «0€30TXOAHOMY TMIly NOTpeOJEeHUST» MMEIOT
cBou ocobeHHOCTH. OgHA M3 HUX 3aKIIOYAETCSI B TOM, YTO OTPACIIH,
oOCIyXXMBalolre HaceJleHWe, HanMEHee <«TeXHOJOTHMYHBI» B OTHO-
HIEHUU 6630TXOZ{HOCTI/I. IHomumo TOTO, YTO MaTe€puaJibHbIC LIECHHO-
CTH B 3TUX OTpacCdX pacCpeaOoTOYCHBI B COOTBETCTBUU CO CIIOXKHNB-
LIeficsl CUCTEMOM paccesieHus M0 TEPPUTOPUN BCeil CTpaHbl, 0ObEMBbI
o0pa3ylolInXcsl OTXOMOB Y KOHKPETHBIX ITOTpeOMTENIel BechMa He-
3HAYUTCJIbHbI, 4 CaMM OTXOAbl OYEHb PA3HOPOAHbI 1 MHOI'OKOMIIO-
HeHTHbI. TTonoXeHue OCIOXHSETCS TeM, YTO cdepa MoTpeOJeHUs B
ropasgo MeHBIIel cTerneHu, 4yeM cdepa IPOM3BOACTBA, IMOIIACTCS
SKOHOMUUYECKOMY peryiaupoBaHmio. Cdepa 1oTpebiieHUsT Bcerna
OPUEHTHpPOBaAHaA HAa KOHKPETHBIX moz[eﬁ, KHUBYLIUX B COOTBETCTBUU C
MHOI'OYUCJICHHbIMU HAaWMOHAJIBHBIMHW TpaaUuLIUSIMU, 0COOEHHOCTIMMU
PETMOHOB, YPOBHEM KYJIBTYPhI U T.I.

Takum o00pa3oM, AOCTMKEHHME pPalMOHAJbHOTO MCIIOJIb30BaHMS
pecypcoB B cdepe IoTpebdieHnsT — CIoXKHasl IpobJjieMa U ee pelleHue
MOXET OBITb JOCTUTHYTO C TIOMOIIBIO MEp, YCJIOBHO pa3ieiseMbIX Ha
JIBE OCHOBHbIE TpymIibl. IlepBasi 00beAMHSIET MEpPbI, MpeArpUHUMAae-
MBIE B OTpAC/ISIX OOIIECTBEHHOTO OOCTY:KMBaHUS (3KOHOMUYECKOE
peryJupoBaHMue), BTOpasi — Mepbl BOCIUTATEILHOTO XapakTepa, Ha-
TpaBJIeHHBIE Ha BHIPAOOTKY Y KaxXJOTO TpakJaHWHA CO3HATEJIbHOTO
OTHOIIIEHUST K TTOTPeOJIsIeMBbIM pecypcaM (peryaMpoBaHUe BOCITMTA-
HreM). Ha mpakTrke 3T Mepbl HOCSIT KOMIUIEKCHBIN XapakTep, B3a-
MMHO JOIIOJHSS APYr Apyra. BHeapeHne HOBBIX TEXHUYECKUX pellle-
HUIi, C TIOMOIIBIO KOTOPBIX JOCTUTAETCSI SKOHOMMSI PECYPCOB, MOJK-
HO CONpPOBOXNATbCS MX MNpPOMAaraHAoOW M CO3JaHUEM YCJIOBUM I
IIUPOKOTO UCITOJIb30BAaHUSI.

Hanpumep, omHuUM u3 Haubojiee MCHOJb3YEMBIX PECYpCOB IJIs
OBITOBBIX HYXO ABJIACTCSA IMUTbBEBas BOJA. )KI/IJII/II_LIHO—KOMMYHELHI)HOG
XO3SMCTBO HapsAy C IMPOMBIIIJIEHHOCTBIO U CEJIbCKUM XO3S9MCTBOM —
KpYHHEHIIMI 1oTpeduTeab Boabl. CIEUMATUCThl MOACYUTAIN, UYTO
BOAOMOTPEOJIEHe B pacueTe Ha OTHOTO KMUTEJsI, ITOJIb3YIOIIErocs
BogomnpoBoaoM, coctasisier 200—240 7n/c., a MONB3yIOIIErocsi, 00-
pa3HoO TOBOps, «Beapom» — Toubko 20—40 n1. Yaie Bcero morepu
BOAbI BbI3BAHbBI TEXHMWYECCKHMMMU HEITOJaAKaMU, HAPYILICHUAMHN OKC-
IryatTauiy BOJOINIPOBOAOB MU T.A. Peun nacT, B 4aCTHOCTU, O HEHUC-
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MMPaBHOCTSIX O0OpyIOBaHMS, yTeukax Bombl u3 Tpyb6. Kpome Toro,
MHOTO TIUThEBOM BOABI PacXoAyeTcsl He MO Ha3HAYEHWIO, HAIlpuMep,
Ha TIOJIMB 3€JICHbIX HACAXOECHWM, 1 T.I.

g pemieHns BOIpoca pallMOHAJBHOTO BOIOIIOJNB30BAHUS HE00-
XOIVMMO HaJIAJIUTh TIHATCJIbHBIA YYET BCEM pacXOmyeMOU BOIBI U
OIepaTUBHO YCTPAHATh TEXHWYECKME HEIOJaIKN B CHCTEMaX BOIO-
obecrreueHns. O TOM, YTO BO3MOXHOCTHU IUISI 3TOTO €CTh, CBUICTEIIb-
CTBYIOT 3HAUMTEIbHBIC Pa3IN4Yrs B YPOBHE IMOTPEOJICHMST BOIBI MEX-
Iy pasIWYHBIMUA TOPOJAMU M PETMOHAMHU CTPaHBI, a TaKXe ITOCTHT-
HYTBIM YPOBHEM IIOTPEOJICHMSI BOALI B psiic Pa3BUTHIX TOCYIAPCTB.
Hampumep, B Mockse HaunHas ¢ 1997 r. BemeTcst paboTa I0 ycTa-
HOBJICHWIO BOJOCUETYMKOB B MHOTOKBAPTHPHBIX IOMax Hapsmgy C
BBeJeHUEM B cTpoii B 1994 r. craHumu «Poca», ocyllecCTBISIONIC
KOHTPOJIb BOAOIIpoBoAHOM Boabl Mo 70 mokazarenssm 30 pa3 B CYTKHU.
Takum oOpa3oM, [jisT oOecIiedeHMsI palMOHAJbHOTO ITOTPeOIeHUS
BOJBI HEOOXOIMM KOMIUIEKC Mep, OOBESAMHSIOIIMI Iporpecc B 00-
JIACTM SKOHOMMKHU, OPTaHU3AlNN M TeXHWKU, JOTOJTHEHHBIN IPOIy-
MaHHOU 3¢ (HEeKTUBHOI BOCIIUTATEIbHON pabOTOIA.

Bce 3T0 B MosiHO Mepe OTHOCUTCS U K MOTPEOJEHUIO APYrux
BHUJIOB PECYPCOB, B YaCTHOCTH, TOIIMBHO-3HepreTmdeckux. Hampu-
Mep, TIOTpeOJIeHNe 2JIEKTPOIHEPTU Ha OBITOBBIE HYXIBI B TOCIEI-
Hee BpeMsl exeroaHo ysenuuuBaercs Ha 10%, B TO ke BpeMsl OIIBIT
MTOKAa3bIBaeT, YTO TaKOEe yBeJIWUYEeHWE He Bcerda ompaBmaHo. OmHUM
M3 HaIlpaBJICHUIl SKOHOMMU DJIEKTPUUECKON SHEPTUU SIBIISICTCS Mac-
COBBII BBIITYCK OBITOBOM TEXHMKH, OOECIIEUMBAIOIIEH pallMOHAbHOE
norpebyieHUe 3JIeKTposHepruu. HampuMmep, 3amMeHa Mmapka ObITOBBIX
XOJIOAMJILHUKOB Ha 0oJiee SKOHOMUYHBIE MOIETU (C YCOBEPILEHCT-
BOBAHHOI TETUIOM3OJISILINE, aBTOMATUYECKNM OTTaMBaHUEM) ITO3BO-
JIMJIa CHU3UTH MOTpebIeHue 31eKTposHeprun. [lepexon Ha «3MMHee»
1 «JIeTHee» BpeMsl, ITO3BOJISTIONINAI JIy4Ille MCIIOJIb30BAaTh «CBETJIBIC»
Yyachkl CYTOK, B I1IEJIOM II0 HAapOZHOMY XO3SHCTBY JAaeT 3KOHOMUIO
okono 3 mupa KBru snexkTposHeprum B rom, Ha 3—4 MiaH KBty
CHIXaeT TTMKOBBIE HATPY3K! 3HEPTOCUCTEM.

B npunsgroit OOH «BcemupHoii cTpaterun oxXpaHbl TIPUPOILI», B
YaCTHOCTH, 3amlrcaHo: «MBbI He YHACJIeIOBaIM 3€MIIIO HAIllUX OTIOB.
MpbI B3sIM €€ B JOJT y HAIUX AeTeli». [103ToMy MMEHHO MPUHIIMIT
He OpaTh «B3alMbI y TTOTOMKOB» JIOJDKEH CTaTh OIPEISIISIOIINM TIPU
MPUHSTUU BCeX 0€3 MCKIIOUEeHUST PEelIeHUId 1o BOMPOCaM HCIIO0JIb30-
BaHUS TIPUPOIHBIX PECYPCOB.



5. OcHoBbI paunoHanbHOro npupoaonofib3oBaHnA 123

Kounrpoabubie Bonpocor
000 00000OCOGOEOGOOGOEOEOGNOEOSNOIO

1. B 4em oramdme TEXHOrEHHOTO KPyroBopora BEHIeCTB OT OHo-
reOXNMIYECKIX KPYTOBOPOTOB BEMECTB B MpHpojie?

2. Oranyaercs Ju TeXHOTeHHbIil KPYrOBOPOT BEIECTB B Pa3BUTHIX
n B pasBuBamomuxcsa crpanax? Ecam na, To B wem 310 otim-
qpe?

3. Kem BBegennl TepMuibl «G€30TXOIHBIC TEXHOIOTHU> H <«MAJIO-
orxofHble TexHojorum»? llpuBenure anamorm STUX TEPMHHOB,
HPUHATHIE B AHIJIOA3BIYHBIX CTPAHAX.

4. Kakue oCHOBHbIE NPHHIUIBI CO3AAHUA OE30TXONHBIX M MAJIO-
OTXOTHBIX MMPON3BOICTB BaM M3BECTHHI?



JKONOTHYECKUH

MEHeA:KMEHT

6.1. Ilonarue, npeamer u Ppynxuuu 3Kor0OrH-
4eCKOro MeHeJ:KMeHTa

Droaoeuneckum menedncmenmom (OM) Haszvieaemcs Oezonachoe
YRpaeaeHue NPUPOOHbLIMU npoueccamu, Komopoe onpedeisemcs KakK
buonoeueckumMu 0COOEHHOCMAMU 00BeKma YNpaeaeHus, maxk U coyu-
ANbHO-IKOHOMUHECKUMU 803MONCHOCMAMU ynpaeastoueeo [13].

IIpedmemom DM dgBIsIeTCS TIPOLIECC YIPaBIEHUS COBPEMEHHBIM
MIPOU3BOJCTBOM, KOTOpOe obecrneurBaeT codyeTaHue 3(Pp¢peKTUBHOCTH
MMPOM3BONICTBA C OXpaHOU okpyxamuieil cpeasl (OC), B TOM 4HCIe
cpenabl OOMTAaHUS YeJIOBeKa, WM C PallMOHAIBHBIM HCITOIb30BaHUEM
MIPUPOIHBIX PECYPCOB.

B ycloBusIX cOBpeMEHHOTO 9KOJIOTUYECKOTO KPHU3KCa CTpaTeruei
DM gpnsgeTca HaydHO OOOCHOBAaHHAS HAIIPABICHHOCTb pPa3BUTHUS
CHUCTEMBI «4YeJ0BEK—OHochepa», Beayllass K KOIBOJIOLUMUA MPUPOALI
1 00IIIeCTBa, HA OCHOBE KOTOPOI pa3pabaThIBAIOTCS METOHOJOTHUYE-
CKMe M OpraHM3allMOHHBIE OCHOBBI YIIPABICHMS.

KonkpeTtHbie pyHkimm DM:

e VIPaBJICHUE COCTOSHUEM IPUPOIHBIX S9KOCUCTEM;

e YIIPaBJICHUE COCTOSIHUEM COLIMONPUPOIHBIX CUCTEM;

e VIOpaBICHUE COCTOSHHUEM U WCIIOJIb30BAaHMEM IIPUPOTHBIX

PeCypcoB;
e yIpaBJIeHUE BOCCTAHOBJICHMEM 3aIIaCOB MPHPOIHEIX PECypCOB;
e yIpaBJIeHUE IPOLECCAMU AaHTPOIOTEHHOTO IABJICHUSI HAa IIPU-
pony (peryimpoBaHHe IPOLIECCOB POCTAa HapOAOHACEICHUS,
ypbanm3anuu, 3arpsg3HeHrss OC U HCHOJB30BaHMS OTXOIOB
MIPOM3BOJICTBA).

Hudpacrpykrypa DM (cm., Hanpumep, [13]) BKIOYaeT OCHOB-
Hble (aKTOPHI, OIpeAe/Isiole 0JIaronpusaTHYI0 0OCTaHOBKY IS €TI0
OCYILECTBIICHHUSI:
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e (opMUpPOBAaHME HOBOIO MHPOBO33PEHMSI, B KOTOPOM OymyT
MpeobJIagaTh SKOJIOTUICCKUE TIPUOPUTETH 1 IICHHOCTH;

e Ppa3BUTHE SKOJOTMIECKOTO 00pa30BaHMUs B HaIIPaBICHUU OBJIa-

JeHus DM;

MOHUTOPUHT 3KOJOTMYECKUX CUTYaLIUii;

MHPOPMALIMOHHOE Y HayYHO-METOIOJIOrMUecKoe obecrnieueHue DM,

npaBoBoe obecrneyeHue HDM;

pa3paboTka oOllel cTpaTeruu pa3BUTUSI OOIIECTBA;

5KOHOMMYECKOe 1 (DMHAHCOBOE OOecIeueHNe.

OCHOBHBIE TIPUHITUITBI MEHEKMEHTA!

e Oropa Ha KOJIOTMYECKOE CO3HAHWE WM SKOHOMUYECKOE MOTH-
BUPOBaHUE;

e IpPEdYyIPEAUTEIbBHOCTh M1 CBOEBPEMEHHOCTh pPEIlIeHUs IIPodjIeM
3KOJIOTUYECKOTO Pa3BUTHS;

e OTBETCTBEHHOCTb 3a 3KOJIOTMYECKHE ITOCIISACTBUS BCEX YIIPaB-
JIECHYECKUX PEIICHUM;

e WHTeTpalus yIpaBJieHUs] SKOJOTUYECKMMHU MPOIIECCaAMU;

e TIOCJIENIOBATEILHOCTh (HEIMPEPBIBHOCTh, IMO3TAITHOCThL) pellie-
HUSI TIPOOJIEM SKOJIOTMYECKOIO Pa3BUTHSI.

6.2. Cogﬂonpnpoaﬂaﬂ IKOCHCTEMA KaK 00'beKT
IKOAOTHYECKOI'0O KOHTPOASA

3a 3,5 mapa JieT cyliecTBoBaHUsI Ouocdepbl BbipaboTalicsi Mexa-
HU3M TOIAEPXAHUST DSKOJOTUYECKOTO pPaBHOBECUSI €CTeCTBEHHBIX
9KOCHUCTEM. JKoja02u4eckoe pasHosecue eCTbh He YTO MHOE KaK COXpa-
HEeHUE MPUPOTHOM, €CTEeCTBEHHOM 3KOCHCTEMBI B ONPEISICHHOM CO-
CTOSTHUY B TE€UYCHUE XapaKTePHOTO ISl Hee BpeMeHM (HaIrpuMep, IJIst
o6rochepsl — B paMKax IeOJIOTUYECKOTro Mepuoaa). DTO paBHOBECHE
COXpaHSUIOCh OO IIOSIBJIEHUsIT B MCTOPUM KM3HM Ha 3emiie poja
Homo. B ero mnoagHeiiuieit ¢opme — Homo sapiens, BO3HUKIILIEH
okojio 40 ThIC. JIeT Ha3al, ObLI M300peTeH HOBBIM CMOCOO IPUCIIO-
cobneHus K cpene — uaMeHeHue cpenbl. Ciocod, KOTOpOro He 3Hal
HU OIWH XXWBOM OPraHM3M, CYIIECTBOBABIIMI OO MOSIBJICHUSI 4eJIO-
BeKa. DTUM CIIOCOOOM SIBIWJIACh KYJIbTypa.

Yrto meHsieTcs B 3Tol popMe 1o cpaBHEHUIO co cTapoii? B ecte-
CTBEHHBIX SKOCHCTEMAaX MIET HEMOCPEACTBEHHBIN OOMEH MEXIY >KH-
BBIMM OpTraHM3MaMU M HEeXHMBOI mpuponoil. Ho mo mepe ucropuue-
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cKkoro pasButust Homo sapiens MeXIy 5TUMW IBYMs YaCTSIMHA DKOCH-
CTEMBI BCTpaMBaeTCs IMOCPETHUK, KOHTPOIMPYIOIINIA €CTeCTBEHHBIN
OOMEH. DTUM MOCPETHUKOM SIBJISIETCS YEJIOBEYECKHUIA pa3yM.

ITo Mepe pasBuTHs pa3yM IPOHWKAeT B OOMEHHEBIE ITPOIECCH B
SKOCHUCTEeMe U TIpeobpasyeT mx. [Ipm 3ToM MeHsIeTcsT XapakTep 00-
MeHa, OH CTAHOBUTCSI OOYCIIOBJICHHBIM, 3aIaHHBIM, YMBIIIUICHHBIM.
PyxoBoACTBYsSICH MMpPOBO33pEeHMEM, YEIOBEK IEHCTBYET IIejeHaIpaB-
JIeHHO. B pe3ynbrare dYemoBeUYECKON IesATETLHOCTA eCTECTBEHHEIC
SKOCHUCTEMBI TPAaHC(POPMUPYIOTCS B COLMOINPUPOTHBIC IKOCHUCTEMEI,
COCTOSIINE U3 HEXWBOU MPUPOIBI, XUBON MPUPOIALI M HE TIPUPOILI
— KyJmbTypel. YelloBeK MCITOIB3yeT 3aKOHLI M CBOMCTBA MPUPOIBI
MIPOTHUB Hee Xe caMolf, 3amaBasi MPUPOIHBIM ITIpolieccaM Te HallpaB-
JleHne, GopMy M TeMITBI TIPOTeKaHUsI, KOTOpble TpeOyoTcs emy. Ha
OCHOBE TTO3HAHHBIX 3aKOHOB MPWPOIBI YeJIOBEK YCTAHABIMBAET CBOE
TOCTIOACTBO Ham HEil M o0OecIieuyMBaeT €ro ¢ moMolnpio Tpyma. Ho
TPy — 3TO HE TOJbKO BEJIMKOe 0Jyiaro AJjis 4yejloBeKa, OCBOOOAMBIIECE
€ro oT pabCKOM 3aBUCUMOCTH OT MpHUpoAbl. Tpya Kak MOIIHOE Cpel-
CTBO BO3ICHMCTBUS Ha NPUPOMHEBIC MPOIECCH TaUT B cebe M IPYrylo
cropoHy. M3 ¢akTopa co3maaTeIbHOTO OH IIPU OIpeAeICHHBIX YCIIO-
BUSAX MOXET TIPEBPATUTLCSI B CBOIO ITPOTHUBOITOJIOXHOCTE — pas3py-
LLIUTEbHBIN (pakTOp, 0cOOeHHO B yacTu paspyweHuss OC.

B ycnoBusgx yeaoBeuecKOM IEeSITETLHOCTH 3KOJOTMYEeCKOe PaBHO-
BECHE CTaJI0 BBICTYNATh KaK COOTHOIIEHUE PEeCypPCHO-3KOJIOTHIECKIX
BO3MOKHOCTEH TIPUPOIBI M XO3STMCTBEHHBIX ITOTPEOHOCTEN YeI0BeKa.
M ecimm B ecTeCTBEHHOI CUCTEME ITPOMCXOAUT CaMOPETYIISIIMS, ca-
MOHACTpanBaHME BCEX IMOJICHCTEM 3KOCHUCTEMEI, TO B COLIMOIIPUPOI-
HO#T 3KocrcTeMe OOIIecTBO OepeT Ha ceds pojb opraHM3aTopa XKu3-
HU, pojib yrpasieHIa. OQHAKO OO0 HeTaBHETO BpeMEHHW 3TO YIIpaBlic-
HHUE OCYIISCTBISZIOCh HE B WMHTepecaXx COXpaHEHWsS M Pa3BUTHSA
COLIMOTIPUPOTHON 3KOCHUCTEMBI B IIEJIOM, a B MHTEpecax COXpaHeHUS
1 pa3BUTHS JIMIITbL OTHOM ee YaCTH — CaMOTO YeJIOBEYECKOTO OOIIEeCT-
Ba. [IpeHebOpexxeHne «MHTepecaMil» IPYIUX MOACUCTEM — Teochephbl 1
6rocdepsl, pacCMOTpeHHEe WX B KAUeCTBE CPEACTBA YBEIMUECHUS KOM-
¢opTa couManbHOM XU3HU OKA3bIBAIOT AECTAOMIU3UPYIOLee BO3ISH-
CTBHE Ha BCIO CMCTEMY M HapyIIAIOT KOJOTUYECKOEe paBHOBECHE.

YenoBeueckoe OOIIECTBO KakK MOACUCTEMa Ouocdepbl BCeleno
3aBUCUT OT OJIaromojy4yusi CUCTeMbl B LieJoM. JIpyrumu cjaoBaMH,
IobaabHOE HapyIIeHWe SKOJIOTUYECKOTO PaBHOBECHS, Tiepexod Omo-
cdepbl B MHOE Ka4eCTBEHHOE COCTOSTHHME O3HAJalu ObI IUIST YeJIOBE-
yecTBa KaracTpody. ColmanbHble MEeXaHM3MBI MOTYT €€ OTIAJUTh
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WX OpubIU3UTh, HO HEe JUKBUAMPOBaTh. [ToaToMy mepes 4yeaoBeue-
CTBOM BO3HHMKAaeT HACTOSITeJIbHAs HEOOXOAVMMOCTH TOIAepKaTh 3KO-
JIOTUYECKOE paBHOBECHE, KOTOPOE, BO-MEPBBIX, )KM3HEHHO HEOOXO-
JIMMO YeJIOBEYECTBY M, BO-BTOPBIX, IMPEACTaBISET COOOI 3KOJIOro-
SKOHOMMYECKUU (yHIAMEHT pa3BUTHUS OOIIIECTBa.

Bo BrOpoii monoBuHe XX CTOJIETHS TMOSIBIISIETCS MMOHUMaHME 3aBU-
CUMOCTU OJ1arornosyyust o01iecTBa OT 0Jaronoayuyusl Kaxkaou IMoacucte-
Mbl OOLIEH cucTeMbl OMocepbl, MOHUMaHUE HENpPUEeMJIEMOCTU YIIpaB-
JIEHWSI CHCTEMOI B 3TOMCTUYECKU TTOHSTBHIX MHTepecax JIIoAeH 3a cyer
MepeaKcIuTyaTauy Tpupoasl. OTcioga HeoOXOOMMOCTh BHIPAOOTKM HO-
BOM CTpaTerny YIIpaBJICHUSI CUCTEMOI B LIEISIX €€ O30OPOBJICHUSI. DTUM
LIeJISIM, B YaCTHOCTH, CJYXKUT 3KOJIOTUYECKUIA MEHEIKMEHT.

Ha HeGosbllioM nprMepe MCIOJIb30BaHMSI MOBEPXHOCTHU IUIAHETHI
3eMJIST 4eJI0BEKOM MOXHO yOeIUThCSI, HACKOJIBKO aKTyaJbHBI MPOOIIe-
MBI 3KOJIOTMYECKOTO MEHEIKMEHTa B Hacrtosiiee Bpems. Ilmomamb
BCEil CylIM Ha IuiaHeTe coctasisgeT 149,1 MuH km2, n3 xotopeix 40 MiIH
KM?2 3aHATO JIEAHUKAMU U IYCTHIHAMMU. AHTPOIOTE€HHBIE JaHAIA(THI
3aHUMAIOT TUIOLAAb 54 MIH KM2, U3 HUX 50 MJIH KM? — TE€PPUTOPUU
CEJIbCKOXO3SCTBEHHOTO UCIIONIL30BAHUA U TOJNBKO 4 MJIH KM2 — 30-
Hbel ypbanm3aumu. B XXI B. B cBS3M C poCTOM HaceleHUsT 3eMIIn
OXMIAETCs, YTO TUIOIIANb CEIbCKOXO3IMCTBEHHBIX YTOOMI BO3pacTeT
10 80 MJIH KM2, a 30Ha ypOaHM3aLUN MOXET Bo3pacTu 10 20 MJIH KM2.
D10 3HAYMT, 4TO OKOJO0 100 MIH KM2, T. €. BCA NMPUTOIHAS IS KC-
MOJIL30BaHMS Cyllla OyIeT paauKalbHO Ipeo0pa3oBaHa YEJTOBEKOM.

B HacToglliee Bpemsi cOXpaHEHHE 3KOJOTMYeCKOro paBHOBECHUS
TpakTyeTCsl KaK IOCTIDKEHHE ycToiumBoro passutus. Ilom ycmoiivu-
8bIM pazeumuem TIOHUMAIOT YCTOMUMBOCTb TEMIIOB 3KOHOMMYECKOIO
pocra (110 HEKOTOPBLIM OlieHKaM, He 6osnee 2—3% B roa), Mpu KOTO-
poM ypoBeHb gaBieHnsT Ha OC KoMmeHCHpoBacs Obl TeMITAMU CaMO-
BOCCTaHOBJIEHUST ee KadyecTB [26, 41]. YpoBeHb KM3HU 4YeJOBEKa Ha-
MPSIMYIO CBSI3aH C TTOTPeOJeHNEM MPUPOTHBIX PECYPCOB IO TeX IIOp,
MokKa cpejJa CaMOBOCCTaHABJIMBAaeT CBOM KadecTBa. HO Kak TOJIBKO
TEMITbI MCITOJIb30BaHMS IMPUPOTHBIX PECYPCOB MPEBBIIIAIOT TEMITBI Ca-
MOBOCCTAHOBJICHUSI CPEIbl XU3HHU, YeJIOBEK, UYTOOBI BBIKWTH, JOJIKEH
TpaTUTh HOBBIE PECYpPChl M SHEPIHi0 Ha momaepxkaHue KadectBa OC.
B smoxy ToBapHO-IEHEKHBIX OTHOILICHUI 3KOJIOTMUYECKOE PaBHOBECHE
BBICTYITAeT KaK CBOEOOpa3HbIi ToBap. Ero ctomMocTh BKITIOUAET IIpsi-
MbIe 3aTpaThl Ha oxpaHy OC M KOCBEHHEIE, CBSI3aHHBIE C OTKAa30M OT
MMePCIEKTUBHBIX SKOHOMMYECKH, HO IMAaryOHBIX SKOJIOTMYECKH HadM-
HaHwuit. [IppMepoM TOCIeTHUX MOXET CIYXXWTb OTKa3 OT CTPOUTEIb-
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CTBa CKOPOCTHOH XeJIe3HOIOPOXKHOI Maructpaau MockBa — CaHKT-
ITetepOypr, CTPOMTENHLCTBO KOTOPOM HaHECJIO Obl HEMOIIPaBUMbIA
Bpel BceMy eBpoIeiickoMy pernoHy Poccnm.
B cBs3m ¢ monckaMu BBIXOJA M3 3KOJOTMUYECKOTO KPHU3WCA aKTH-
BU3MPOBAJIUCH MOMBITKN ITOCTPOUTh HAYYHYIO TEOPUIO B3aMMOIEICT-
BUS TIPUPOABLI M obOIiecTBa. MmeT HaydHBIM MOMCK OCHOBHEBIX 3aKO-
HOB OINTHMMU3ALNN B3aUMOIENCTBUS OOIIeCTBA U MPUPOABLI, KOTOPHIE
cramy OBl 3aKOHAMU CAMOPETYJISIUMU  CHUCTeMBI  «OO0IIEeCTBO—
npupona». Cpenn 3THX 3aKOHOB LIEHTPaJIbHOE MECTO TPUHAIJICKUT
3aKOHY OITMMAJBHOTO COOTBETCTBMSI XapakTepa OOIIeCTBEHHOTO
pPa3BUTHUSI COCTOSTHUIO MIPUPOTHON CpPEIbI.
ITo mopyuyenuto OOH rpynmoii yueHbIX pa3padoraHa KoHuemnmys
YCTOMUYMBOTO pa3BUTUSI OOIECTBA, ONOOpEeHHas Ha KOH(EepeHLIMH T10
OKpyXalolieit cpene M pa3BuThio B Pruo-pe-XKaneiipo («Pruo-92») u
pEeKOMEHIOBaHHAS BCEM CTpaHaM MMpa KakK oOllasl cTpaTerus Iipe-
0lI0JIEHUS M106AIbHOIO 3KOJIOrMUECcKoro kpusuca [26, 41] .
B Poccuun paspaboraH u omobpeH I'ocymapctBeHHoM Iymoil u
ITpaBUTENHCTBOM CTpaHBl HALMOHAIBHBINM BapuaHT Konuenuuu. OH
PEKOMEHIOBAaH pernMoHaM CTpPaHBI JUISI KOHKPETU3alMKU W MCIOJIHE-
HUS, XOTsI MHOTHE NPUHUMITNAIbLHBIC MOMEHTHI, CBSI3aHHBIE C MeXa-
HU3MaMHM M CpeAcTBaMHu peanu3anuy KoHIenumm Ha MecTax, ITOKa
LIEHTPAJIM30BAaHHO HE OIpPeIeICHDI.
Mounens ycroitunBoro pasputusi Poccuiickoit Denepanum u ee
pernoHOB, Tipemiaraemass KoHIemnmuei, mpeamnoaaraeT
e CHIXeHMUE YpoBHS AaBiieHus Ha OC;
e yiayuuieHue kKadectBa OC Mo OTcCaeXMBaeMbIM IapaMeTpamM
YUCTOTBI aTMocdephl, THaApOocdEpPhl, MOYBbI, CHUXEHUE O0bE-
MOB OTXOJOB ITPOM3BOJCTBA;

e CcOXpaHeHMe 0MOopa3HOOOpa3usl;

e TIOBBILIEHWE YPOBHSI XXW3HM HAceJIEHMs, B TOM YMCIE YBEJIM-
YeHHue cpeaHeil MpoaOoIKUTEIbHOCTH XU3HU.

OTU 3agayy U SBJSIIOTCS DIABHBIMUA UISI SKOJOTMYECKOro Me-
HEIKMEHTA.

6.3. dkorornueckas GesomacHocTb

KoHuenuusi ycToMuMBOro pa3BUTUS TpeArojiaraeéT CUCTEMY MeEp
MO0 OOECIeYeHNIO 3SKOJOTUYECKON 0e30IMacHOCTH. JKorocuteckas
be3onacnocmy — cocmosHue 3aWUWEHHOCU buocgepbl U 4ea08e4ecKo-
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20 obujecmea, a Ha eocy0apcmeeHHOM ypogHe — 20cy0apcmea om yepos,
B03HUKAIOWUX 6 pe3yibmame AHMPONOZeHHbIX U NPUPOOHbIX 6030elicm-
euti Ha OC. B moHSTHE 3KOJIOTMYECKON 0e30MacHOCTA BXOIWT CHC-
TeMa PEeTyJIMPOBaHUS W YIIPABICHUS, ITO3BOJISIONIAS ITPOTHO3UPO-
BaTh, HE JOOITyCKaTb, a B Cly4yae BO3HMKHOBCHHUS — JIMKBUAMPOBATH
pa3BUTHE YPE3BBIYANHBIX cUTyauuii [13].

DKosorndyeckast 6€30MacHOCTh peaju3yeTcs Ha TJI00AJbHOM, pe-
TMOHAJIBHOM U JIOKAJTbHOM YPOBHSIX.

IF'no0anbHBHB i ypoBeHb ynpaBlIeHUS! IKOJOTMUECKOi 6e30-
IMACHOCTBIO MPEATIOIaraeT MPOTHO3UPOBAHNE M OTCICXKMBAHUE TIPOLIEC-
COB B COCTOSTHMM Omocgepbl B LIEJIOM M cocTaBsiiolmnx ee cdep. Bo
BTOpOii 1ojoBMHE XX B. 3TWM MNPOLECCHI BHIPAXKAIOTCS B IJIO0AJIBHBIX
M3MEHEHMSIX KJIMMaTa, BO3HUKHOBEHUH «ITApHUKOBOTO 3(ddekra», pas-
PYILIEHUM O30HOBOTO 3KpaHa, OIyCTHIHUBAHWUM TIIAHETHI M 3arpsI3HEHUM
Muposoro okeaHa. CyThb I7I00aJILHOIO KOHTPOJISI M yIpaBJIeHUS — B
COXpPaHEHWUW W BOCCTAHOBJICHMM €CTECTBEHHOTO MEXaHM3Ma BOCITPOM3-
BoacTea OC 6uochepoil, KOTOpHIA HAIIPABJISIETCS COBOKYITHOCTBIO BXO-
JISIIMX B COCTaB O1ocdephl KMBbIX OPraHU3MOB.

Vnpasnenue 1j100a1bHOM 3KOJIOTMYECKONM 0€30IaCHOCTBIO SIBJISI-
eTCsl TIPEepOTraTMBOM MEXTOCYIapCTBEHHBIX OTHOIICHWII Ha YpOBHE
OOH, IOHECKO, IOHEII u agpyrux MexXmyHapOOHBIX OpraHu3a-
uuii. MeTombl yIIpaBlIeHHMSI Ha 3TOM YpPOBHE BKIIIOYAIOT IIPUHSITHE
MEXIYHApOOHBIX akToB 1o 3amute OC B MacmTabax Oumocdephl,
peanu3amio MeXToCyoapCTBEHHBIX 3KOJOTUUECKUX IPOTPaMM, CO3-
JaHWe MeXITPaBUTEIbCTBEHHBIX CWJI TT0 JIUKBUIALIMN 3KOJIOTHYECKHMX
KaTacTpod, MMEIOLINX MPUPOAHBIM WJIM aHTPOITOTEHHBIN XapakTep.

Ha rno6anbHOM ypoBHE ObLI pelleH Psif 3KOJOTMYECKUX IpodieM
MEKIyHApOIHOTo MaciuTada. BombIimM ycrmexoM MeXIyHapOIHOTO
CoOo0IIIeCTBa CTaJI0 3allpellieHre WCIBITAHUM SACPHOTO OPYXHS BO
BCEX cpelax, KpoMe IToKa IMOA3EMHBIX MCIBITaHWi. JIOCTUTHYTBI CO-
IJIalIeHUsI 0 MHUPOBOM 3aIlpeTe KUTOOOMHOTO MPOMBICTA M IIPAaBOBOM
MEKTOCYIAapCTBEHHOM PETYJIMPOBAHUU BBUIOBA PBIOBI U APYTUX MOpPE-
MIPONYKTOB. 3aBeleHbl MeXIyHapoaHble KpacHble KHUTH ¢ LIEJIBIO CO-
XpaHeHMs1 Oropa3zHooOpasus. CujlaMyu MHUPOBOTO COOOIIECTBA ITPOBO-
JUTCST U3ydyeHUe APKTUKU M AHTApPKTUKHA KaK €CTeCTBEHHBbIX OuO-
cepHBIX 30H, HE 3aTPOHYTBIX BMEIIATEJILCTBOM YeJIOBeKa, IJis
CpaBHEHMSI C Pa3BUTHEM 30H, IPeoOpa3OBaHHBIX UEJIOBEYECKOM mesi-
TeJIbHOCThIO. MeXXAyHapOIHBIM COOOIIECTBOM TpUHATA dekiapaliys o
3aIpelieHNH TTPOM3BOJACTBA XJIaJareHTOB-()PEOHOB, CIIOCOOCTBYIOIINX
paspylieHuo 030HoBoro cios (MoHpeans, 1972).
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PervmoHanabHB A ypoBEH b BKIOYAET KPYIIHbIE T€O-
rpapuueckre Win 3KOHOMMUYECKUE 30HbI, a UHOTJA TEPPUTOPUN HE-
CKOJIbKUX TocyaapcTB. KOHTpoIb U ynpaBlieHUE OCYILIECTBISIIOTCS Ha
YPOBHE MpaBUTEJILCTBA TOCYJapCTBa M HAa YPOBHE MEXIOCYIapCTBEH-
HBIX cBsA3ell (oO0benmHeHHass EBporra, CHI', coro3 adpukanHckux ro-
CylapCTB U T.1I.).

Ha stoMm ypoBHe cucTema yrpaBieHUs] 3KOJOTHUYeCKou Oe3omac-
HOCTbBIO BKJIIOUAET:

e DKOJIOTU3ALNIO0 Y9KOHOMUKHM;

e HOBBIC DKOJOTUYECKU Oe30MacHbIe TeXHOJOTUMU;

e BbIACPXKMBAHUE TEMIIOB 3KOHOMMWYECKOIO pa3BUTHUS, HE IIpe-

MSITCTBYIOIIMX BOCCTaHOBAeHUIO KadyecTBa OC U CIOCOOCTBYIO-
LIMX PalMOHAJbHOMY MCIIOJb30BAHUIO TIPUPOIHBIX PECYPCOB.

JJokaapbpHB U ypoBeEHb BKIOYACT ropojaa, palioHkI,
MNPeAnpUsITUs MeTaJUIypruud, XUMUYecKol, HedTernepepabaThiBalo-
e, TopHOAOOBIBAIOLIEH MPOMBIIIIEHHOCTH U OOOPOHHOIO KOM-
IUIeKca, a TakXke KOHTPOJb BbBIOPOCOB, CTOKOB U Ap. YIpaBjicHUE
9KOJIOTUYECKOM 0€30MacCHOCTBIO OCYILECTBISIETCSI HA YPOBHE aIMMU-
HUCTpPALUUU OTIAEIbHBIX FOPOAOB, pallOHOB, MPEANPUITUI C MPUBIE-
YEHWEM COOTBETCTBYIOLLIMX CIYyX0, OTBETCTBEHHBIX 3a CaHUTApPHOE
COCTOSIHME Y MPUPOAOOXPAHHYIO IESITeIbHOCTb.

PelieHre KOHKpPETHBIX JIOKAJIBHBIX MPO0JEM ompeaesisieT BO3MOX-
HOCTb JIOCTMXKEHMS LIeJIM YIPaBJIECHUSI 3KOJIOTUUECKO 0€30MaCcCHOCThIO
PervoHaJbHOIO U I00anbHOro ypoBHeil. Ilenb ynpaBiaeHUsl JOCTUTa-
eTCsl IpU COOMIOACHUU MPUHLKIIA TlepeJadyd UHGOpPMalUU O COCTOSI-
Hun OC 0T JOKAIbHOIO K PErMOHAIbHOMY U TJ100aJIbHOMY YPOBHSIM.

He3zaBucuMO OT ypOBHS YNpaBJIEeHUS 3KOJOTMYeCKOol 0e30macHo-
CTbI0O OOBEKTaMM YyMIpaBICHUSI 00s3aTEAbHO SBJSIIOTCS OKpYKarollast
MpUPOAHAas cpela, T. €. KOMIUIEKC €CTECTBEHHBIX 3KOCUCTEM, U CO-
LIMONPUPOIHBIE dKOCUCTEMbl. MMEHHO MO3TOMY B CXeMe YIpaBiie-
HUSI 2KOJOTMYECKOl 0Oe30MacCHOCThIO JI0OOro YpOBHSI 00S13aT€IbHO
MIPUCYTCTBYET aHAIU3 3KOHOMUKH, (PUHAHCOB, PECYpCOB, MPABOBBLIX
BOINPOCOB, aAMUHUCTPATUBHBIX Mep, 00Opa30BaHUSI U KYJIbTYPhI.

6.4. Mopmuporanue MexaHH3IMOB
NPHPOJONOAb30BAHHA B PbIHOYHOH 3KOHOMHKE

DKOHOMUYECKME COOOPaXKEHUST OCTAIOTCSI [VIABHBIM IIPEITSITCTBU-
eM JJIs1 JIoOOro poma pa3syMHOTO IJIAHUMPOBAHUS C Le/IbIO JOJTOBpe-
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MeHHoro ucnonb3oBaHuss OC. M3BeCcTHBINT aMEepMKAHCKUI 3KOJIOT
0. Ogym cuuTaeT, 4To 3Ta MpobIEMa BO3HUKAET M3-3a PE3KOro He-
COBNAZCHUS PHIHOYHBIX M HEPHIHOYHBIX LIeHHOCTel [27]. He3aBucu-
MO OT MOJMTHYECKONW CHCTEMBI B Pa3HBIX CTpaHaX IMPOMBIIUICHHBIC
TOBapbl M YCIYyTW, TaKue, KaK aBTOMOOWMJIM WJIM 3JEKTPOIHEPIHs,
OLICHMBAIOTCS OYEHBb BBICOKO, TOTHAa KaK HE MeHee BaXKHbIC IS
KM3HM OJ1ara M yCIYTM IPUPOTHOTO TIPOMCXOXIESHUST BPOAE OUYMCT-
KA BOABI M BO3AyXa M WX BO300OHOBJICHUSI OCTAIOTCS OOBLIYHO BHE
9KOHOMMYECKOM CHUCTEMbl M 00J1aJaloT OYeHb HM3KOW JEeHEXHON
CTOMMOCTBIO WJIM He 00J1a7aloT €0 BoBce (CaedoBaTellbHO, COOTBET-
CTBYIOT «HEPBIHOYHBIM» IIEHHOCTSIM). «DKOHOMUCTBI HE TPUYYCHBI
JIyMaTh O POJIM OMOJIOTUYECKUX CUCTEM B DKOHOMUKE, €Ille MEHBIIIE
OHUM AYMAIOT O COCTOSTHUM 3THX cucTeM. CTOJ 5KOHOMUCTA MOXKET
OBITH 3aBajJiecH CCBHIJIKAMU Ha TIOCIIeOHWE OaHHBIE O COCTOSTHHU
310pPOBbSI 3KOHOMMKHM, HO SKOHOMUCT Ha caMOM [eJie pPeako
ObIBaeT 03a004YEH COCTOSIHMEM 3[10pPOBbs TIJIaBHbIX OMOJIOIMYECKUX
cucteMm 3emud. OTCYTCTBUE 3KOJOIMYECKON OCBEIOMJIEHHOCTU BHO-
CHUT CBOH BKJaJ B HEIOCTATKM KOHOMMYECKOTO aHaM3a U (GOpMHU-
pOBaHME MOJMUTUKM» [27].

BonbIIMHCTBO 3KOHOMUCTOB TMPUACPXKUBAIOTCS MHEHUS, 4YTO
PBIHOK HauyMHaeT AaBaTb COOM, KOTJa OH CTAJIKMBAETCS C pacHpeie-
JICHUeM MHOTHUX TIPUPOMHBIX pecypcoB. HecocTosITeIbHOCTh pBIHKA
oIpeessieTcsl KaK HeCIIOCOOHOCTh LIEHOBOI CHCTEMBI IMOIACPXKUBATH
KeJIaTeIbHYIO0 aKTUBHOCTh M IIPMOCTAHABIMBATh HEXXeJIaTeIbHYIO.

IIpoBenennslii yepe3 KoHrpecc CIIHA HanmoHanbHBIE akT 00
oxpaHe OC crayj IepBOil MOIBITKON ITOABECTM B HALIMOHAJILHOM
MacluTabe MpaBOBYKD OCHOBY IOJ PacHpOCTpaHEHUE CUCTEMBbI LIEH-
HOCTeli Ha NPUPOIHYIO cpedy. AKT TpeOyeT, YTOObl NpPU KaxKIOM
IJIAHUPYEMOM aHTPOIIOTeHHOM HAapYIIeHUM COCTAaBIIsUICS OQUIIN-
aJbHBI OTYeT 00 ymiepOe. DTO MOKHO TPUBECTH K YIYUIICHHUIO
MpoLEAYpPbl YCTAHOBJEHUSI OOIllEi OLIEHKW, BKJIIOYAIOLIEH OLIEHKU
3aTpar U NpuObLIei MJIsl IPUPOAHBIX U OOIIECTBEHHBIX COOBITUI.

OuyeHb BaXXHO KiIacCU(PUIIMPOBATh LICHHOCTH HA PHIHOYHBIC U HE-
pbiHOUHBbIE. K pbiHouHbIM YeHHOCMAM OTHOCSTCS B OCHOBHOM ITPOWU3-
BOAUMBIC TOBAaphl M yciayrM. Ha pbiHKe CBOOOTHOTrO MpearpuHUMA-
TeJIbCTBA OHU paCIpPEAeNsIOTCS IO 3aKOHAM CIIpoca M MPeaioXKeHUs
ITOCPEICTBOM HEOTpAaHMYEHHOM KOHKYypeHUMH. B Teopum pelHOYHAS
CTOMMOCTb OTpaXkaeT OOILIECTBEHHYIO OLIEHKY TOBapa M YCJIYT, 4TO
MPUBOIUT K 3(GEKTUBHOMY pacmpeleeHnIo pecypcoB. Ha mpakTuke
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5TO HE BCeraa TaK, IMO3TOMY JOITyCKaeTCs HEOOXOOMMOCTh HEKOTOPO-
TO PETYJIMPOBAHUS CO CTOPOHEI TOCYIapCTBa.

Hepuvinounvie yenHocmu — 3TO T1IaBHBIM 00pa3oM TOBaphbl U yCIy-
I TIPUPOABI, X WHOTJA HA3BIBAIOT «CBOOOMTHBIMU» WM «OOIIUMU»,
WIN «OOIIECTBEHHBIMU» TOBapaMu M yciayraMu. OObBIYHO 3TH «Oec-
IUTaTHBIE» LIEHHOCTH CYIIECTBYIOT BHE PHIHOYHOU 3KOHOMMKHU. He-
PBIHOUHBIE IIEHHOCTU ITOAEJICHBI Ha ABE KATETOPUM: XapaKTepusye-
MbI€ U HeXapaKTepu3yeMbIe.

ITo MHEeHHMIO OOJBIIMHCTBA YKOHOMMCTOB, XApaKmepu3yemvim He-
PBIHOYHBIM LIEHHOCTSIM MOXKHO TPUITMCATh JEHEXHYI0 CTOMMOCTb Ha
SI3bIKE€ PHIHOYHOI 3KOHOMUKH. Hampumep, CTOMMOCTDb U3BATUS TIPH-
POIOHOI cpelbl MOXHO ObUIO Obl OIpENeMTb UCXOASl U3 TOro, 4TO
cTomJiIo OBl obOecrieyeHre MCKYCCTBEHHOM 3aMeHbl OeCIJIaTHBIX OJiar
U ycayr (Hampumep, IiepepadOTKM OTXOAOB), IIpeljiaraeMbIx
MPUPOAHON B3KocucTeMoi. Tak MOXHO ObLIO Obl ONpPEAENUTb LIEH-
HOCTb PEeKM IS aCCUMIISILIUA OTXOIOB.

Hexapaxmepusyemble 1IeHHOCTM HE MOTYT OBITh BKJIIOYEHBI B
OOBIUHBINA B 3KOHOMHKE pacyeT CTOMMOCTH. OHU TpPeIcTaBISIOT
LIEHHOCTh JIJIS XM3HeoOecIIeueHusT IpUPOIHBIX cucTteM. Jleca, crernm,
peKH, o3epa M OKEaHBl OCYIIECTBISIIOT, CMSATYAIOT M CTAOWIM3UPYIOT
atMocepHble U THAPOJOTMYECKHE LMKIbI U KPYrOBOPOTHI MHWHE-
panbHBIX 37eMeHTOB. K 3TOi Xe KaTreropmm OTHOCHUTCS TIpUCYyIasl
OMOJIOTMYECKMM BHAAM ILIEHHOCTh, LIEHHOCTh TY3€MHON KYJIBTYpPHI,
KPacoThl IPUPOABI U MHOXKECTBO ICTETUUECKUX IIEHHOCTEM, KOTOpHIE
CO BpeMEHEeM IIOJy4yaloT TIpM3HaHue Joneil. HexapakrtepusyeMbie
KaTeTOpUM SIBJISTIOTCS JTUYHBIMUA W OOIIECTBEHHBIMU IIEHHOCTSIMM, a
HE YaCTHBIMU PBIHOYHBIMM, C KOTOPBIMU OHM OY€HBb YacTO IMPUXOAT
B KOH(JIUKT.

OgHUM 13 TEPBBIX 3KOHOMUCTOB, OPOCHUBIIMX BBI30B CBOOOIHO-
My PBIHKY KaK CpeAcTBY 3((EKTUBHOIO pacIpeleeHUs pPecypcoB,
Ob11 aHruiickuii 3koHoMUcCT A.C. Ilury [27]. OH 3aocTpwyl BHUMA-
HHME Ha HeIOoCTaTKax pbIHKA, KOTOPbIE MPOSBIISIOT cedsl, ecliu Ou3HeC
MpeciieayeT TOJbBKO CBOM MHTEPEChl, HE 3a00TsICh 00 OOIIECTBEHHBIX.
OH mmcaj, 4YTO TOJIBKO TOCYJApCTBO MOXET YCTAaHOBUTH OOsI3aTellb-
Hble TIpaBWjIa U MCIOJb30BaTh MX JJISI 3alUTHI BO3AyXa W BOABI OT
OITACHOCTH 3arpsI3HEHUSI.

Heokperniiie pblHOYHBIE OTHOIEHUS B Poccuy co3maroT HOBYIO
yrpo3y misg coctossHust OC M pallMOHAJIBHOTO MPUPOAONONIb30BAHMSI.
HMMeHHO B 3THUX YCIOBUSIX pallMOHAIBLHO BHEAPEHUE CHUCTEMBI DKOJI0-
TMYECKOTO PEeTyJIMpOBaHUS TMPUPOAONONb3oBaHusA. Co3maHne 3KOHO-
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MHMYECKOTO MEXaHM3Ma IIIaTHOTO MPUPOIOIIONIb30BAHUS B TIEPEXOMI-
HBIN Tiepron (GopMUPOBAHUS PEIHOYHBIX OTHOIIEHUWI MpeIycMaTprBa-
eT: TIaTy 3a MPUPOIHBIE PECYPCHI, BHIIAYY TPEOIIPUATASIM JTALICH3WI
Ha MPpUPOAONOJIb30BAHUE, TUIATY 3a 3arpsi3HEHMSs], (POPMUPOBAHUE 3KO-
Jlormyeckux (hbOHIOB 3a CUET CPEACTB OIUIAaThl 32 BbIOPOCHI, LITPAdHBIX
maTexxeir u T.1. PopMUPOBaHNE SKOHOMUUYECKOTO MEXaHW3Ma IIPUPO-
JIOTIOJTE30BaHUST B YCIIOBUSIX TIepexoia K PBIHKY OyIeT MPOMCXOOWTH B
TOM YMCJI€ B HamlpaBlIeHUU COLUATIbHO-3KOHOMUYECKOU OLIEHKU pe-
CYpCHOro MOTeHLMaa MPUPOAbl M 3KOJOTMYECKOTO COCTOSIHUS TEPPU-
topuii. Kpome Toro, GoJibliasi pojib OTBOAWTCS, B YACTHOCTH, KPEIUT-
HO-(PMHAHCOBOMY MEXaHW3MY ITPUPOIOIOIE30BAHUS.

Bormpoc o0 pa3paboTke cUCTeM OLIEHKM CTOMMOCTH 3JIEMEHTAapHBIX
eIUHUL Ouocdepbl OCTAeTCSd aKTyaJbHbIM OCOOEHHO ISl CTpaH C
MepexXoIHON 3KOHOMHUKOM, K KOTOPBIM TPUHAMJICKUT W COBPEMEH-
Has Poccusi.

Takue OLEHKM DOKHBEI OTBEYaTh Ha BOIIPOC: KaKHWE 3aTpaThl
JIOJKHO OyJIeT MOHECTU OOIIECTBO ISl TOTO, YTOObl BOCHOJIHUTDH MO-
Tepu B PETyJSTOpHON (PyHKIMU Ouochepbl, CBI3aHHbIE C Aerpaaa-
LMei aKocucTeM, oOYCIOBJIEHHOI €ro AesITeIbHOCThIO.

CyluecTByIOIIME METOOWKM pacdyeTa CTOMMOCTH TEPPUTOPUU U
yiiepba He II03BOJSIOT MOAOOHBIM 00pa3oM TMOJOMTU K OILIEHKE
CTOUMOCTH. bojiee TOro, OmBIT IPyMITEI MO PYKOBOICTBOM OTEYECT-
BeHHOTro 3Koyiora B.H. Bosnpiiakosa mo pa3padoTke OLIEHOK BO3Ieli-
ctBusg Ha OC CBUAETENBCTBYET O TOM, YTO PACCUMTAHHBIE IO STUM
MeTOoAuKaM yIepObl BO30OOHOBUMBLIM pecypcaM IO CBOMM pa3Mepam
HE COIOCTAaBUMBI C MPUOBUIBIO, KOTOPYIO MOXKHO IOJIYIUTh IIPH pas-
paboTKe He(TIHBIX WX Ta30BBIX MECTOPOXICHU [3].

B paGoTax 3KOHOMMUCTOB IIpU OLIEHKE BO30OHOBMMBIX PECYPCOB
VICTIOJIB3YETCSI TaK Ha3bIBAEMBIN pecypcHblil nodxod. DTO O3HAYaeT,
YTO XMBBIE KOMITOHEHTBI 3KOCHUCTEM IIOJIy4arOT CTOMMOCTHYIO OLIeH-
Ky TOJbKO B TOM CJIy4yae, €CJiM OHU BOBJIEYEHBI B IPOLECC OOIIECT-
BEHHOTO TIPOU3BOJICTBA, SIBJISIOTCS HEOOXOOUMBIMU IIJIT ITOBCEIHEB-
HOM XM3HHU o61ecTBa [3]. ApyruMu ciioBaMUd, OHM OTHOCSTCS K Ka-
TErOPUHU XapaKTepU3yeMbIX HEPBIHOUYHBIX LIEHHOCTEH [27].

OCHOBHBIE TIPUHIINAILI, UCIIOJb3yeMbIe TIPU pPa3paboTKe METOINK
onpeneneHus yuiep6a OC, BO3HUKAIONIETO IPU CTPOUTEIBCTBE U
9KCILIyaTalliM MPOMBILUIEHHBIX OOBEKTOB, BKJIIOUAIOT CJIEIYIOLIUE
TOJIOKEHMUSI:

e HEOOXOAMMOCTb KOMIIEHCAllMM 3aTpaT Ha BOCHPOM3BOJICTBO

HapYIIEHHBIX WM YHUYTOXEHHBIX IMPUPOIHBIX PECYPCOB;
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e yYeT MOTpeOHOCTeH SKOHOMUKHU W MPEAOTBpalllCcHUE BO3MOX-
HBIX TIOT€Pb MNPUPOAHBIX PECYPCOB, BBI3BAHHBIX MESITEIbHO-
CTbIO TPOMBILIJIEHHBIX MOPEeANpUATUid (Cpeao3alidTHas aes-
TEeJILHOCTD);

e HEOOXOAMMOCTb BbIPABHMBAHUSI 3KOHOMMUYECKMX YCIOBUN U
MOCJIEACTBUIA MESITEIbHOCTU XO3SUCTBEHHBIX CYOBEKTOB, KOM-
MeHcalrs 5)KOHOMUYECKUX MOTEPh (YIMYLIEHHBIX BBITOM).

ITo panHbiM BosbinakoBa u Ap. [3], HauMeHee pa3pabOTaHHBIMU
MPU OLIEHKE YIIepOOB, HAHOCUMBIX Pa3HbIM BUIAM PECYpPCOB, CJEAy-
€T CUMTaThb KaK TEOpPeTUYECKME, TaK U METOOMYECKHUE BOIPOCHI OIpe-
JeJeHus yiepOa JeCHbIM M IPYTMM BO30OHOBMMBIM pecypcaM (0XOT-
HUYbE-TIPOMBICIIOBbIE, PECYPChbl MOOOYHOIO TMOJb30BAHUSI JIECOM U
np.). Hanpumep, momeHHas ruiata B HACTOSIIEE BpeMsi HE 3aBUCUT
OT 3aTpaT Ha BOCIPOM3BOACTBO, MOATOTOBKY U BOBJEYEHUE B OOOPOT
JIECHBIX pecypcoB. PeanbHble 3aTpaThl U aCCUTHOBaHMS Ha JIECOBOC-
CTAaHOBUTEJIbHBIE, JIECOXO3SIMCTBEHHbIE MEPONPUSITUS B Pa3TUYHbBIX
YCJIOBUSIX 3HAYMTEIbHO (B JECITKU pa3) pa3anyaroTcs.

B 3aBUCHMMOCTM OT pa3jIMYHBbIX MOAXOMOB CXEMa PACYETOB TAKXKE
MOXeT paznuyaTtbes. Tak, HampuMep, OXOTHUYbE XO3SMCTBO BJAIENIO
TOJBKO COOCTBEHHO OOBEKTAMM OXOTbl M HE BJIAAEI0 OXOTHUYbUMM
yroabsiMu. Jleca OTHOCWJIMCh K BEACHMIO JIECHOTO XO3SIMCTBa, SIBJISI-
SICb OIHOBPEMEHHO OXOTHWYbMMM YIOAbSIMHU, CEIbCKOXO3SIMCTBEH-
Hbl€ Yroibsi — K BEIECHUIO CEJIbCKOIo XO34HCTBAa. DTO MOPOXKAAIO
METOJAMKM pacyeTa yiiepooB TOJbKO ISl OXOTHUYBUX KUBOTHBIX WU
JIUISI OXOTHUYBUX KUBOTHBIX BKYIIE C OXOTHUYBUMM YTOABSIMU.

IIpu vcrnonb30BaHUM PECYPCHOIO MOAXOAAa K OLEHKE CTOMMOCTHU
BO3HUKAIOT JBE€ OCHOBHbIC MPOOJIEMBI:

e IICHHEI pecypca. B coBeTckoe BpeMsi He ObLIO BhIpaOOTaHO €au-
HOro Iojxoja K mpobieMe lLieHooOpaszoBaHusi [3]. B HacTos-
1Iee BpeMs 3TO YCIOXHSETCS MOSIBIeHUEeM MHQIISILNN;

e IIpU PECYpCHOM IOAXOJe K OLIEHKEe IpMU pacyeTe yliepda Mc-
KJII0YAeTCsl OTPOMHBIN KjacCc OOBEKTOB, HE MMEIOILIMX B Ha-
cTosilIee BpeMs MOTPeOUTENbCKON CTOMMOCTU. dpyrumMu cio-
BaMU, 3TU OOBEKTHI OTHOCITCS K KaTeropuu HeXapaKTepH-
3yeMbIX HEPHIHOUHKIX LIeHHOCTe# [27].

AOCYpIHOCTh MOAOOHOrO PACCMOTPEHMSI 3aKJII0YaeTcs B TOM,
YTO YeJOBEeK MpU TaKOM MOAXOJAE K pacueTy ylIepOOB OKpyXKawluei
NPUPOAHON cpene (haKTUUECKM PacCUMTHIBAET yllepOd OMHUM BUIOM
XO3SIICTBEHHOM 4YeJI0BEUECKON NesTeIbHOCTU (Hampumep, Mpu Oc-
BOCHUU HEMTSHBIX WM Ta30BbIX MECTOPOXIECHUIN) IPYromy BUIY
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XO3SIHCTBEHHOU UeJI0oBeUYEeCKON NesATebHOCTU (Hampumep, JIECHOMY,
OXOTHMYbEMY, PLIOHOMY XO3SiicTBaM), HO HUKAaK He MNPUPOAHOM
cpene [3].

KopenHass mnepecTpoiika cHCTeMbl OOILIECTBEHHBIX IIEHHOCTEM
JIOJDKHA MPOUCXOAUTD MO JIMHUW BKJIIOYEHUSI B UX YUCIIO CTOMMOCTH
PECYPCOB TIPUPOJIBI, BBIPAXKECHHON B ICHEXKHOM 3KBUBAJICHTE.

6.5. Hosbii1 noaxoa k onenxe croumoctn
6MOTHYECKHX KOMIIOHEHTOB DKOCHCTEM

Paspa6artsiBaemblii rpynnoii B.H. bosbliiakoBa moaxoa K OLieHKe
croumoct OC oTIM4aeTcsl TeM, YTO OIEHMBACTCSI CTOMMOCTD KIIIO-
YEBBIX BUIOB, COCTABJIIONIMX 3KOCHCTEMY. DTO IIO3BOJISICT Ooiree
WM MeHee KOPPEKTHO COIIOCTAaBUTh PabOTy MO ITOAAEPXKAHUIO II0-
crostHCTBA OC, OCYIICCTBISIEMYIO XMBBIMU KOMITOHEHTaMU 3KOCH-
CTEM, C YeJIOBEYCCKOI AesITeNIbHOCThIO. JIt00ast XO3sICTBEHHAST WIIU
WHAasI IesTeJIbHOCTh, HAaHOCHIIAsl YIepd 3KOCHMCTeMaM, IOJDKHA Olle-
HUBAaTbCs B HEKUX €AMHBIX U OOIIMX MOKa3aTeNSIX IJIsI OLIEHKHU TOTO,
Yero Xe OoJIbIIe IOJIYYUT OOIIEeCTBO OT JAHHOM XO3SMCTBEHHON mes-
TEJIbHOCTU — BpeNa WU IOJIb3HI.

Meronuka, pa3paboTaHHasl CIICIIMAIUCTAMK YIIOMSHYTOM TIpyI-
IIBl, JaeT OCHOBY IUISI OLICHKM BO3IEMCTBUII YeJIOBEKa Ha SKOCHCTE-
MBI U TIO3BOJISIET B COMOCTAaBUMBIX €OIWHHUIIAX (MMU MOTYT OBITh €IM-
HULIBI MOIUHOCTM WJM JE€HEXHbIE) OLEHUTh CPeaooOpasyollylo
¢yHkuuio ouocdepnsr [3]. Cruemyss 3Toil UACONOTMU, HEOOXOIUMO
pa3nensaTh yuiepOd, HaHOCUMBbIA Ouocdepe, U yuep0d, HAaHOCUMBINA
OTpacisiM XO3SICTBAa, 3KCIUIYaTUPYIOIIMM BO30OHOBHUMBIE MPUPOI-
HBIE PECYPCHI, TP CTPOUTEIIBCTBE M IKCILIyaTalliM ITPOMBIIIJICHHBIX
00BEKTOB B APYIUX OTPACIIAX.

ABTOPBI HOBOTO IOIX0Ma OOOCHOBBIBAIOT BO3MOXHOCTh MCITONb-
30BaHMSI MOLIHOCTM B KAauyeCTBE MEPBOro MPUOJMXKEHMUS K pealbHOM
3KO0JIOT0-3KOHOMMYECKOM OLIEHKe OMojornueckux pecypcoB. Ilon
MOIITHOCTBIO MOHMMAeTCs cienyloiiee. Bce XKuBble cHCTeMbl 00Jia-
IAIOT  OIPENeJIeHHOM  MOIMHOCTBIO pabOTBI 110  COXPaHEHUIO
YIOPSIIOYEHHOTO COCTOSIHUS ITyTEM OTKAYKM HEYIOPSIOYeHHOCTH, T.
€. YMCHBIICHMSI SHTPOIMU BHYTPU BTHUX CHUCTEM. DTa MOIIHOCTb
3aBHCHUT OT KOJIMYECTBA COJIHCUHOU SHEPTHUM, KOTOPYI0 HEOOXOTMMO
3aTpaTUTh B SAMHUILY BPEMEHM TSI ITOAACPXKAHUS COCTOSTHUSI KMBBIX
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CUCTEM C HM3KON sHTpomnueil. M3aMepeHue 3TOM MOILIHOCTU MOXKET
CJIY>)KUTb OJHOM M3 OTHpPaBHBIX TOYEK JISI OLEHKU CTOMMOCTU XKHU-
BbIX cUCTeM. BbipaxkeHue CTOMMOCTM B €IMHUIIAX MOILIHOCTH JIETKO
MEPEBECTA B SKBUBAJICHT 3aTpaT HA IOJYYEHUE TAKOTO XK€ KOJIUYECT-
Ba sHeprun oT CoJIHIIA TEXHUYECKNMU CPEIACTBAMMU.

s uimocTpalldd BO3MOXHOCTM MCIIOJIb30BaHUSI B KayecTBE
MEPBOro MPUOMIMKEHNST K peaJbHOM 3KOJIOT0-3KOHOMWUYECKON OLIEH-
Ke OMOJOrMYECKUX PEeCypCOB PacCMOTPUM CXEMY IMOTOKOB Uepe3 CTa-
OWJIbHYIO 3KOJIOTUYECKYIO CHUCTEMY, IIpEICTaBIEHHYIO YETbIPbMS
TpodHrUeCKUMU YpOBHsIMU (puc. 6.1).

R
«— | ci
A
A3
R, A, R,
«—— a »| RED |[—>
A
A2
Rl
«—— 1 P

Puc. 6.1. Cxema nomoxog 3nepzuu 4epes 4emoipexypoeHegyro 3Kocucmemy:
P — nponyuentsl, Cl — xoHcymeHTsl | nopsiaka, CII — KOHCYyMEHTBI
BTOporo mnopsinka, RED — penynieHTsl, Ay 1 R, — BXopasiye M UCXOASIINE
MOTOKU SHEPTUU Uil kK-r0 TPO(PUUEeCKOro YpoBHSI COOTBETCTBEHHO (kK = 1, 2, ...)

Kaxnpiii Tpodudecknii ypoBeHb IIPEICTaBICH COBOKYITHOCTBIO
TIOIYJISIIIAI  Pa3IMYHBIX BUIOOB. OTU TOMYJISIIIMM MIPAIOT pPa3HYIo
posib B OOIIEM KPYroBOPOTE BEIIECTBA M SHEPTUM (OCHOBHYIO WU
BCIIOMOTAaTEJIbHYIO), TIPM 3TOM CTallMOHAPHOE COCTOSIHHME SKOCHCTe-
MBI OJHOBPEMEHHO OKAa3bIBACTCSI MMHAMMYECKMM — Pacxoi CBOOOI-
HOM BHEPTUM IPM IPOTEKAHUM HEOOPATUMBIX ITPOIIECCOB KOMIICH-
cupyercs ee IpuTokKoMm oT CoJHIIa.

YcinoBue CTallMOHAPHOCTH COIJIACHO TEPBOMY Hayalay TepMOIM-
HAaMUKHU (3aKOHY COXpaHEHUs SHEPIMH) COOIIOMAETCs, €CIIN

n
A =S Ry (6.1)
k=1
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ITockonbKy R, — 3aTpaTbl 3HEPIUMU Ha MOAJIePKAHUE COCTOSIHUS
B €IWHMILYy BPEMEHU (MOILLHOCTb), TO MHTETPAJIbHYIO OLIEHKY 3KOCH-
CTEMBbl MOXHO TOJYYUTh CJIOXECHUEM MOIIHOCTEW OCHOBHBIX €€
KOMIIOHEHTOB — MX CyMMa SBJISIETCS OLICHKOW TOTO KOJUYECTBA
SHEpPrum, KoTopasli NoTpedisieTCs B €AMHUILY BPEMEHHU.

HMcnonb3yst 3TOT MoAXo, MOXKXHO OLEHUTh SHEPreTUUECKY CTOM-
MOCTb Pa3UYHbIX OMOJOrMYECKUX OOBEKTOB. MaKCUMaabHO YMNpPO-
ILIEHHAd OLIEHKA UMEET BU/I:

k
Ck :Qk®k +Rk/H[)j, (6.2)

j=1
rae C, — croumoctb k-ro Buga (kBt/t u Ix/T B rom), O, — sHepreTuye-
cKkoe cojepxxaHue TKaHen (kJIX), @k— BpeMsi 000pOTa PHEPrUu TKaHei

(ébuomaccel), R, — WHTEHCUBHOCTb NbIXaHUS TMoaaepxuBaHus (KBt/r wiun
X/ B TON), p; — KOIPOUUUEHT YCBOEHUS IHEPIUM MPU TEPEXOLE C TPO-
(bnyeckoro ypoBH# j-1 Ha ypOBEHb J.

HMcxomHbIM MaTepHalioM UISI OLEHKM CTOUMOCTH (6.2) HoJDKeH
CIY>KUTh CIMCOK BUAOB (OOBEKTOB), KOMIIOHYIOIINUX AAHHYIO 3KOCH-
CTeMYy C TIpUMHUCAHHBIMM MM 3HaYeHUSIMU Q) (3HEpreTHYeckoe co-
JepXaHue TKaHeil OgHOWl o0ocoOM WIM eIUHUIBI OMOMACCHI),

O, (ckopocTb 06opoTa Guomaccel), Ry (3HEprusi caMoNoIIepXKaHus)

u p, (Ko3h@UUMEHT, OTBeYaroUil TPOYUIECKOMY YPOBHIO JAHHO-

ro BUIA).

KopoTko octaHOBMMCSI Ha METOAMKE pacyeTa IapaMeTpoOB ypaB-
Henmst (6.2). Ilpm pacderax SHEpPreTUYECKONM CTOMMOCTH OCOOEH
oleHKa () TOJIydaeTcsl B pe3yJbTaTe YMHOXCHHS TEIIOEMKOCTH
eIMHMIIBI MacChl TKaHEel Ha OOIIYI0 Maccy OCOOM:

Ok =Wk » (6.3)

TIe gy — TeTUIOEMKOCTb,
W) — Macca Tena ocoou.

B mmTeparype HakomiieH OOJBIION MaTepHrall MO TEINTIOEMKOCTSIM
(cMm., Hanpumep, [27]).

CkopocTh 006opoTa ), 00paTHO MNPONOPLUOHAIbHA CPeIHEMY
BpeMEHM pereHepauy, KOTOPYIO Ipyodo MOXHO CUMTATh pPaBHOM Of-
HO# TpeTH MaKCHMaJIbHOTO BPEMEHU KM3HM.

BoaMmoxHOCTh mommepxkaHusl R, IPUMEPHO BIBOE IIPEBBIIIACT
YpOBEHb OCHOBHOIo oOMeHa Y. B cBolo odepemnb OCHOBHOI OOMEH
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TETUIOKPOBHBIX KMBOTHBIX 3aBHCHUT OT MAacChl TeJla M 3Ta 3aBUCH-
MOCTh XOPOILIO OMUCBIBAETCS YPaBHEHUSIMU BUIA

Y =aw?, (6.4)
rae KoaUUUEHTb a U b HaimeHbl At OONBIIMHCTBA TPYMIT KMBOTHBIX
(Hampumep, Wit Miaekonurammx: a = 1,855 u b = 0,74).

g pacTUTeNbHBIX OOBEKTOB, HAIIpUMeEp UIST IPEBECUHBI, SHEP-
IMI0 TojJepXaHusl Ha 1 M3 3amaca JApeBeCMHBI MOXHO OLEHUTH IO
dopmyne

Ry (200) =0,0417 pq , (6.5)
rac p — ycCjaoBHad IJIOTHOCTb APEBECUHDI,

g — TCIU10Ta CropaHud Ha €AUHUILY MACChI.

TemoTta cropaHusi ¢ IPUMEPHO OJWHAKOBA JJIS1 PA3IMYHbBIX ITOPO
n konebnercss ot 19,6 mo 21,4 KX/, cCOCTaBisIS B CpeaHEM
20 xJIx/T.

TakuM obOpa3oM, 4TOObI OLIEHUTh CTOMMOCTb OMOJOTUYECKUX pe-
CYpCOB MO YIPOIlleHHON MeToauke (6.2), HeOOXOAUMO 3HATh:

e JHEpPreTUYeCcKoe CcoaepKaHWe OJHOro rpaMma BElIECTBa;

e CPEIHIOI Maccy Tejla OMHON 0coOU (IJIs JKMBOTHBIX);

e JIbIXaHUE MOAACPXAHMS (SHEPTHUS CYIIECTBOBAHUA);

e TpoUUECKUII YPOBEHBb, IMHIIEBYIO CIELMAIN3ALNI0 U KO3(]-

(GUUMEHT YTUIU3ALUN SHEPTUN);
e TUUIOTHOCTh MOMNYJSILIMM WIM IUIOTHOCTh OHMOMAacchl (YMCTOM
MEPBUYHON WM BTOPUYHOMN MPOAYKLIMH).

Hdnst Toro 4robbl OLICHUTb CTOMMOCTb TEPPUTOPUM, HEOOXOMUMO
pacrosniaratb JAHHBIMM IO TUIOTHOCTU BCEX OCHOBHBIX TPYIIT PECYPCOB.

ITonxon K Ha3HAYEHUIO LIEHBI 32 €AWHUILY SHEPreTUYECKOTO K-
BUBAJIEHTAa CTOMMOCTH CTPOMUTCS Ha cieaylolleil ocHoBe. Criocobom,
COIOCTaBUMBIM C YTWJIM3ALMEH COJHEUHOM 3HEPTUM aBTOTPO(MHBIMU
OpraHM3MaMu, MOXKET ObITb HauboJyiee SKOJOTMYECKM YHUCTBIA CHO-
c0o0 MPOMU3BOACTBA YHEPTMM YEJTOBEKOM — IPU MOMOUIM COJHEYHbBIX
3JIEKTPOYCTAHOBOK. ATOT CIIOCOO ceilyac BecbMa pgopor. Tak, B
CIIA uneHa ¢oToaiekTpudyeckoro Monmyiast B 1986 r. cocTtaBumiia
5,25 monn. 3a 1 BT. BTy 1eHy npeajiaraeTcsi MCMoJb30BaTh B KayecT-
Be MEPBOro MPUOIMKEHUSI MPU pacyeTax CTOMMOCTU MPOU3BOACTBA
OMOTUYECKMX KOMITIOHEHTOB 3KocucTeM. OLeHKU BEJIUYMH YyIIEPOOB
OydyT CHMXAThCS CO CHUXKEHHEM CTOMMOCTU IMPOU3BOJCTBA SHEP-
TMU TakuM crocodoM. ITo-BuauMomy, 3T0 OyneT 3aKOHOMEPHBIM
MPOLECCOM, MOCKOJbKY Pa3BUTUE IKOJOTMUYECKH YMCTOW SHEPreTh-
KM, HE SKCIUTyaTUpylollel pecypcbl OMocdephl, JOJKHO CTaThb Of-
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HUM W3 TJABHBIX KPUTEPUEB M CBUICTEIBCTB M3MEHEHUI B3IJISIOB
o01IecTBa B IIEJIOM Ha B3aMMOOTHOIICHUS B CHUCTEME <«JeJIOBEK—
OKpY>Karolliasi cpenas.

Viuepd paccuMThIBaeTCS TMEPEMHOXEHMEM CTOMMOCTM OHMOTUYE-
CKMX KOMITOHEHTOB Ha €QWHUIYy TePPUTOPHU KaK BpEeMEHHON Jar.
KpurepneM s ycTaHOBJIEHHMS Jara MOXKET CIYKHUTh BpeMsi, Heo0-
XOIUMOE TSI BOCCTAHOBJICHMS HAPYIICHHONW 3KOCHCTEMBI IO TIEPBO-
HavabHOTO YpoBHS. Tak, It MHOTHX JIECHBIX M TYHIPOBBIX 3KOCH-
CTeM NpueMJIeMbIM OymeT yar, paBHbI 100 romam.

B kadecTtBe TecToBOro TIpMMepa pacCYMTaHa CTOMMOCTh y4JacTKa
TYHAPHI Ha TojyocTpoBe fAman B pailoHe BopBaHEHKOBCKOro raso-
KOHIEHCAaTHOTO MecTopoxneHus. CToMMocTh 1 ra JaHHON TeppuTO-
pum okazanachk paBHO# 45 930 momr. CILHA. CooTBeTcTBEHHO YIlEepO,
HAHOCHUMBIiT Oe3BO3BPATHBIM WM3bITHEM ITAHHOW TEPPUTOPUM, C yde-
TOM BpeMeHHOTo Jjara, paBHoro 100 romam, coctaBut 4 593 000 mos.
CIIA na 1 ra.

6.6. YHpaBJ\eHne €CTECTBEHHDbBIMH
H COUHONPHPOAHBIMH IKOCHCTEMAMH

o HemaBHEro BpeMEHM YIpaBJeHUE COLMONPUPOTHOU BKOCH-
CTEMO OCYIIECTBIISIIOCh B MHTEPECaX TOJBKO UYEJIOBEYECKOro OOIIe-
CTBa, UTO MPUBEJO Obl K IJTOOAJILHOMY HapyLIEHUIO 3KOJOTMYECKOTO
paBHOBecUs M 0003HAUMIO KaracTpody s yeiaoBedectBa. Llenmsam
HOBOM CTpaTe€run ajsd o340POBJIICHUSA CUCTEMBI CJIYXUT, B HaCTHOCTHU,
5KOJIOTUYECKUIA MEHEIKMEHT.

CaMo ympaBjieHUe COCTOUT U3 OLieHKHM cocTosiHUS OC, KOHTPOJIS
M3MEHEHUS €€ MapaMEeTPOB, TPOTrHO3a, TIPUHSITUSL PEIIEHUA, UX pea-
JIN3alMU Yepe3 MPOU3BOACTBEHHBIE CTPYKTYPHI C TIOMOILBIO CTPYKTYP
yrnpasieHus [13].

be3onacHoe yrpaBieHHe TPUPOIHBIMU TIpPOLeCCaMU TIPEATIoNa-
raeT KOHTPOJIb KayeCcTBa Cpelbl OOMTAaHUsI. YPOBEHb SKOJOTMYECKOTO
KOHTpPOJISA 3aBUCUT OT 3KOHOMMUYECCKOIO M KYJbBTYPHOTO pPa3BUTUA
obmectBa. Uem Goiiee pa3BuUTO 00IIECTBO, TeM 3P (PeKTUBHEE peayn-
3YIOTCSl TIPOLIECCHI COLIMATBLHO-3KOJOTMYECKOTO YIIPaBIeHUS Cpeaoi
obuTaHusl.

CounanbHO-3KOJOTUUYECKOMY KOHTPOJIIO TOMJIEXAaT BCE KOMIIO-
HEHThI CUCTEMBI «IIPUPOAA—YECTIOBEKY.
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OCoOeHHOCTh MepapXMIeCKUX CUCTEM YIPABICHUS 3aKIIIOYACTCS
B TOM, 4YTO MH(pOpMaLMsi O COCTOSIHUM OOBEKTa KOHTPOJISI MOXKET
ObITh MOJyYeHa JIMIIb C HUXKHUX YPOBHEN YMPaBISIeMOl CUCTEMbI. A
3TO MpeaonpeaesisieT ocoobie (OCHOBAaHHbIE HA JOBEPMM) OTHOLIEHUS
MEXAY KOHTPOJUPYIOLIECH M YNPaBISIOLIEH CUCTEMAaMU U CUCTEMOM
nmpon3BoncTBa. OTCoga KOHIEIIUS COBPEMEHHBIX WH(MOPMAIIMOH-
HO-YIPABJSIONIMX MPUPOAOOXPAHHBIX CUCTEM OCHOBBIBAETCS Ha
3HAaHUMU 3aKOHOB CAMOPETYJISIUU TIPUPOAHBIX CUCTEM, Ha 3HAHUU
BO3MOXHOTO TIpejesia BMellaTesIbCTBa YejloBeKa B 3TU CaMOperyJsiu-
pyeMbIe CUCTEMBI, 32 KOTOPBIM — HEOOpaTMMBIe KaTacTpoduyecKue
MOCJICICTBUSL.

OcHOBHBIE TPpeOOBAHMS K TIPOBEICHUIO SKOJIOTMUYECKOTO KOHTPOJIS:

e TapaHTUs JOCTUXEHUS MNPUPOJOOXPAHHOM LIEJW MYTEM BBISB-
JICHUSI OTKJIOHEHMI OT HOPMATMBHBIX 3HAYEHUW KOHTPOJIM-
pPYeMbIX BEJIWYMH: aTMocdephl, TUApocdepbl, MOYBHI, BHIOPO-
COB MPOMBILUIEHHbIX NPEANPUSATUI U T.0. [IpeBeHTUBHAsI Opu-
€HTalusl KOHTPOJIS;

e OTpaXeHWEe B IUIAHAX T[POM3BOICTBA IPUPOIOOXPAHHOMN
JIEATENIbHOCTU TIPEATIPUSITUN;

e 3(pPeKTUBHOCTb OPraHM3aLMOHHON CTPYKTYpbl KOHTpPOJISI 3a-
muThl OC;

e VHAWBUIOYAJIbHBIA IIOAXOJ K KOHTPOJIIO: METOAbl KOHTPOJIS
JIOJDKHBI OBITb TOHSITHBI PYKOBOAUTEINIO TMPEANpPUSITUS, PSAIO-
BOMY pPaOOTHUKY U KOHTPOJIEPY;

e TIPOrHO3 M3MEHEHMUSI COCTOSIHUS Cpelbl OOWMTAHMSI, BbLAEIE-
HUE NPU3HAKOB TPUOJMKEHUS €€ K OIaCHOMY COCTOSIHMIO,
KOHTPOJIb 32 KPUTUYECKMMU COCTOSHUSIMU CPEIbI: 3aJITOBbI-
MU BbBIOpOCAMH, aBapUUHBIMU CHUTYalLlMSIMU MO COCTOSIHUIO
OC u T.1.

e paboTa MO BBIXOAY M3 aBapUUHON WU CTUXMHAHON CUTyallMu,
JIMKBUJAIMS BO3MOXHOCTU PAa3BUTUS YPE3BBIYAMHON CHUTYya-
LIMM W3-3a HAKOIUJIEHHBIX PaJWOaKTUBHBIX BEILIECTB, XWUMUYEC-
CKOTO OPYXXMS$I, YCTAPEBIIMX TEXHOJOTAN U T.I.

Cpenu cnoco00B KOHTPOJISI pa3jinyaloT: M p s M O i Hermocpea-
CTBEHHBIA KOHTpoJb 3a cocTosiHueM OC C¢ UCMOJb30BAHUEM TEXHM-
YECKMX CPEICTB IO OTCJICKMBAHUIO (PU3MYECKUX, XMMUYECKUX, OUO-
JIOTUYECKUX TapaMeTpoB M (PAKTOPOB 3arpsiI3HEHUsI aTMOCdeEpH,
rugpocoepsl 1 nouBbl. st oueHKU cocTosiHUs OC monab3yloTCsl Me-
TOIOM Ououndukayuu. Ilpr 3TOM MCITONB3yeTCs BBICOKAsl UyBCTBH-
TEJIbHOCTb HEKOTOPBIX XUBBIX OPraHM3MOB K 3arpsi3HEHUIO, HAIlpU-
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Mep, XOpPOIIUMU WHINKATOPAMU 3aTrpS3HEHUS SBISIOTCSI MXW, JIHM-
IHIaHUKU U BOOOPOCIIH.

KocBeHHB I criocod0 KOHTPOIST 3aK/II0YaeTCs B MCITOJIb30Ba-
HUU 3aKOHOHATEIbHBIX U aIMUHUCTPATUBHBIX PHIYAroB YITPABICHUS.

KoHTpoab MoXeT ObITh pydyHbIM, KOTAa HaOJIOAEHUS 3a UBMEHEe-
HueM OC OCyIIECTBISIOTCS BPYYHYIO, WJIM aBTOMATHYECKUM, KOTma
KOHTpOJb 3a m3MeHeHMeM OC OCyIIecTBISIETCS B aBTOMATUYECKOM
pexxume. Cpeay TUITOBBIX aBTOMATHU3MPOBAHHBIX CHCTEM KOHTPOJISI
AMEIOTCSI CUCTEMBI KOHTpOJS 3arps3HeHuii atmocdepbl (AHKOC-
AI') u Bonsl (AHKOC-BT).

ITo cmocoOy aHalu3a KOHTPOJb MOXET ObITh MPSIMbIM
1 IUCTAaHIMOHHBIM. B oTiamMuMe oT MpsIMOro AMCTAaHLIMOHHBINA METOMI
a"anmmza coctostHuS OC TpemycMmaTpuBaeT O0€CKOHTAKTHBIM IPOIEcC
MoJTydeHusT MH(POPMALIMKA C ITOMOIIBI0 a3pO(OTOCHEMKH WM KOC-
MHUYECKON ChEMKMU.

ITockonbKy 3KONIOTMUYECKAs OLIEHKA MMEET MHOTO HeoIpeneieH-
HOCTel, TO TIoJie3Ha 3sKcnepmuas ouedka cocrosausa OC; oHa TIpH-
MEHSIETCA B CJIOXHBIX M KPUTUUECKUX YCIOBUSIX. DTO TIpeporaTmba
CTIELIMAIMCTOB-3KCIIEPTOB BBICOKOTO KJIacca, MPUHUMAIOIIMX Ha Ce-
0s1 OTBETCTBEHHOCTh B NPUHSATUU PEILICHUI B CIOXHBIX 3KOJOTMYE-
CKMX CUTYaIsIX.

IIpasosoe obecneuenue KoHmpoas COCTOWUT B BBITIOJIHEHUU 3aKO-
HOB o obecneueHuto coxpaHHoct OC, a TakKe HOPM IIPaBOBOTrO
peryaIupoBaHUS MCITOJIB30BAHUS BOIBI, BO3AyXa, IMOYBKI, HEAP U T.I.
Croma BKIIOYaeTCs JIMLEH3WOHHOE IPaBO OpraHM3allMii Ha BBHUIOB
pbIOBI, OTCTPEN >XKUBOTHBIX, BBIPYOKY Jjeca, JOObIYY IOJIE3HBIX HC-
KOITAeMBIX M T.II.

Texnonoeuueckuli KoHmpoab CBSI3aH C COOJIIOAEHUEM TEXHOJOIU-
YeCKOTr0 peXXMMa TPOU3BOICTBA, KOTOPBIN peryampyeTrcss HOpMaMHu M
TpeOOBaHUSIMUA MO OOECIIEUeHUIO SKOJOrMYecKol 0e30MacHOCTU cpe-
OBl TIPOM3BOACTBA M TMpoAyKumu. OTBEYaroT 3a TEXHOJOTMYECKOE
obecrieueHe TPOM3BOACTBA PYKOBOAUTENIb TIPEANIPUATUS, TIABHBIN
WHXEeHep, TEXHOJIOT U 3KoJior-MeHemkep. Hapylllenue TexHoaornae-
CKOTO peXuMa M perjiaMeHTa IMPOM3BOACTBA B IOTOHE 3a MPUOBLILIO
— OOBIUHOE SIBJIEHME TIPU 3aJITOBLIX BHIOpOCAX M CO3MAHUM aBapuii-
HOM CUTyallMM Ha BPEIHBIX MPOM3BOICTBAX.

Dronomuueckuit xoumpoap OC 3aKimouyaeTcsl B IIPEANIOYTCHUU
SKOJIOTUYECKN YMCTOTO TPOM3BOACTBA M TIpoayKTa. Hajaoroserit mpec-
CHMHT JIOJKEH BO3pAcTaTh MO OTHOIIEHWIO K BPEIHOMY ITPOM3BOACTBY
1 BpeIHOMY TTPOIYKTY.
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Hna camxenus papneHust Ha OC mpUMeEHSIOTCS WH(MOPMAIIMOH-
HBbIEe, TIpEAYyIpPEeIUTeNIbHbIE W KapaTeJlbHble MeTOmbl. Mupopmayuon-
Hble BKITIOYAIOT MOHUTOPWHT M3MeHeHMsT mapameTpoB OC, npedynpe-
dumenbHble — PA3TUIHBIC BUIBI SKOJOTUUECKON SKCITEPTU3EI, aaMU-
HUCTPATUBHO-TIPABOBbIE — 3KOCTAHIAPTHI, pa3pelleHusi, JULIEH3UU
U T.I., AOMUHUCMPAMUBHO-Npedynpedumenbtble — TIPOBEPKY NEsITeIb-
HOCTU OOBEKTOB BO3MOXHOIO 3arpsi3HEHUsI, 3KOJOTUYECKUN ayauT
U T.0., KapameabHvle — pasnuHble (OpMbl MpeceueHus: (0T 3aKpbi-
THS TIPEONPUATHS OO0 YTOJIOBHOTO TIpeciieNOBaHUS BMHOBHBIX), KO-
HOMMYECKUE U (PMHAHCOBbIE MEPbl BO3AEUCTBUSI.

K ungopmayuounomy obecneuwenuro sxonoeuveckux npobaem OTHO-
caTcs cbop, 0OpaboTKa, aHaIU3, CUHTE3 JaHHBIX, ITOCTPOCHUE MOJIE-
Jiel, co3gaHue 0a3 JaHHLIX JJs MoJib3oBareyieil. IlepBU Y H a4
9KoJornueckass MHopMalus cooMpaeTcsi ¢ IMOMOIIbI0 U3MEPUTEIIb-
HBIX CPEICTB B IIpOLeCCe HAYUHO-TIPAKTUUYECKOU HESATETBHOCTU. DTa
nHpopMaMs o00JamaeT HaWBBICIIEH TPUKIATHON ILIEHHOCTBIO.
BTopuunag wnHbopMamusg — pe3yiabTaT NepepabOTKU MEPBUY-
HOM IS JAJIBHEWUIIETO MCIIOJb30BAHUS B BKOJOTMYECKOM MOJICIIN-
pOBaHMWM, MOHUTOPUHIE U BKcIepTude. TpeTuUYHasd UHPOpP-
MalMsl SIBJSIETCS pe3yJibTaTOM IepepabOTKKM BTOPUYHOM sl TIpeaoc-
TaBJEHUS MOTPEOUTENIO IJIsI TTOCIEAYIOIIEro MPUHATUS PELLIEHUIA.

JKonoeuueckoe modeaupoganue 3aHUMAETCS U3YYEHUEM 3KOJOTU-
YeCKHX OOBEKTOB U IMPOLECCOB HA UX MOAESX ISl pacyeTa IoBede-
HUS 4YeJIOBEeKa B CTallMOHApHO-M3MeHSoImMxcs yenopusx OC, a Tak-
K€ IS BbIpaOOTKM peKOMEHAALMi MO0 KOOPAWHUPOBAHUIO (OPM U
MacluTaboB XO3IMCTBEHHON AESITEbHOCTU ¢ U3MEHSIOIIUMUCS YCIIO-
BUSIMU CPEIbI.

IKonoeuveckull MOHUMOpUHe — CUCTeMa HaONIONEHUH, OLIEHKU W
TIPOTHO3a COCTOSIHUSI OKPYXKAIOIIECH MPUPOIHOM CPelbl U 3KOJIOTHYEC-
CKMX CUCTEM, B TOM UHCJI€ U HAXOMASILIMXCS B YCIOBHUSIX aHTPOIOTEH-
HBIX BO3JEHCTBUI. DKOJOTMUYECKMI MOHUTOPUHI COCTOUT U3 CJie-
JIYIOIIUX CTyIIeHEeH: O M OJTOTHMY e CKU UM MOHUTOPUHI OTCIICKM-
BaeT CBA3b B mM3MeHeHUsIX OC ¢ COCTOSHHMEM OPraHM3MOB OMOTHI, B
TOM UMCJIe W 4YesloBeKa, 0co00e 3HAaYeHUe MPUIAeTCs ydyeTy KaHLEepo-
TeHHBbIX W MyTareHHbIX (DaKTOpOB; T€O03KOJOTHUUYECKHU U
(MPpUPOAHO-X03IMWCTBEHHB 1) MOHUTOPUHT OOECIeun-
BaeT HaOJIOleHWe 3a TPUPOJHBIMM BSKOCUCTEMaMM, arpoOMOTOl U
WHAYCTPUAJIbHBIMU CHUCTEMaMU; METONbl 3TOW CTyNeHW MOHUTOPMHrA
JOJDKHBI onpenensaTh crmocobHocTh OC K caMOBOCCTaHOBJIEHHUIO, OMO-
MPOAYKTUBHOCTU 3KocucTeM U paszauuHble 1K, KoHTposib obecrie-
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YUBAETCSI CEThI0 KOHTPOJIBHBIX ITYHKTOB HAONIONEHWI M TIOJIMTOHOB;
OmocdepHB I MOHUTOPUHI OTCJICKMBAET M3MEHEHHUsS] B OHO-
cdepe, BEI3BaHHBIE aHTPOITOTeHHBIMHU BO3IEHCTBUSIMMA.
B Poccun mporpaMmma (pOHOBOTO 3KOJOTMYECKOT0 MOHUTOPWHTA
OCYIIIECTBIISIETCSI B psine OmochepHBIX 3aloBeIHUKOB (AcTpaxaH-
ckuii, BopoHexckuii, UnbmeHckuii, Ilpuokcko-TeppacHbiit, IleH-
TpanbHO-YepHo3eMHBIN, CuxoTe-AJTWHCKUIN) M Ha Kopabisx [oc-
KOMTHIPOMETA.
Lenbio 9xoa0euueckoli sxcnepmu3bl  SIBIASETCS MPEBEHTUBHbIN
KOHTpPOJIb 3KOJIOTUYECKON 0e30MacHOCTU, OCYLIECTBIEHUE Tocyaap-
CTBEHHOTO KOHTpoJisl B obnactu oxpaHbl OC M palyoHaJbHOIoO MC-
MMOJIb30BAHUSI TIPUPOMHBIX PEeCypcoB. DTH (PYHKIUM IEIETHUPOBAHBI
rocymapcTBOM MUHUCTEPCTBY NPUPOIHBIX pecypcoB PD, T'ocymap-
cTBeHHOMY KomuTeTy P® 110 oxpaHe OKpyXKalouieil cpeiabl U MX Tep-
PUTOPHATBHBEIM OpraHaM COOTBETCTBYIOIIMMU 3aKoHaMu PO.
3aknouerue KCHepmMHOl Komuccuu 00S3aTEIbHO IS BCEX IOpH-
JUYEeCKUX JIWIL W TpaXmaH, AeATeIbHOCTh KOTOPBIX CBSI3aHA C BO3-
JIeCTBMEM Ha OKPYXaIollyl0 MPUPOAHYIO Cpely, C IMPUPOAOIOIb30-
BaHueM U T.4. ITosoXuTeabHOE 3aKIOUYEHUE 3KCIIEPTHOU KOMMCCUU
SIBJISICTCA OOHUM M3 00sI3aTeNIbHBIX JOKYMEHTOB IS OTKPBHITUS (DU-
HAHCHPOBAaHUS M KPEIUTOBAHUS pean3alii OOBbEKTa.
OOBbeKTaMM TOCYAAPCTBEHHOI 3KOJIOTMUECKOM OKCIEPTU3BI SIB-
JISIIOTCS:
e IIpEeANPOEKTHLIE MaTepuajbl MO Pa3BUTUIO U pa3MeElIeHUIO
MMPOU3BOJUTEIBHBIX CUJI U OTpacjeil HapOJHOIO XO3SCTBA;

e TIPOEKTHI LIEJEBBIX (enepalibHbIX COLMATbHO-9KOHOMUYECKUX
U HayYHO-TEXHUUYECKUX MPOrpaMM, CBSI3aHHBIX C BO3IECHCTBU-
eM Ha OC;

e TIPOEKTHl (helepalbHbIX KOMIUIEKCHBIX CXeM OXpaHbl U UC-

MOJIb30BAaHUS 3€MeJIbHBIX, BOAHBIX, JJECHBIX U APYTUX MPUPOI-
HBIX PECYpCOB;
e Marepuajbl B3KOJOTMYECKOro OOCIeAOBAaHUSI TEPPUTOPUIA s
MPUIAHUS UM CTaTyca 0co00 OXpaHSIEMOro MPUPOIHOIO OOBEKTA;
e TOO u mpoekThl Ha CTPOUTEIHCTBO, PEKOHCTPYKLMIO, pa3BU-
THE, JIMKBUAALIMIO OOBEKTOB M MPEANPUSITUIL (eaepaabHOro
3HAYEHMUSI, OCYLIECTBIEHNE KOTOPhIX MOXeT HaHecTu Bpen OC;

e TIPOEKTHl HOPMATUBHO-TEXHUYECKOW M UHCTPYKTUBHO-METOIM -

YeCcKoi JoKkyMeHTaluu B yacTtu oxpaHbl OC 1 pallMOHAJIbHOIO
MPUPOIOIOAb30BAHUS, PErIaMEeHTUPYIOIIUX XO3SMCTBEHHYIO
JIeSITeJIbHOCTD.
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6.7. dxororuueckoe conpoBoKIEHHE
X035IUCTBEHHOH J€ATEAbHOCTH

DKoJyiornyeckasi cuTyauusi B Poccun HacTosITeNbHO TpedyeT me-
pexoja OT JUCKPETHOTO K HEMPEPbIBHOMY MPOLECCY yYeTa SKOJOTH-
yeckoro (akTopa B MPOLIECCE XMU3HEAECSTEIbHOCTH OOIIECTBA B paM-
Kax coxpaHeHus kadectBa OC. IIpu 3TOM mpemnycMaTpuBaeTCs OLEH-
Ka Bo3delcTBUs Ha okpyxariyw cpeny (OBOC) u noaroroBka
9KOJIOTMYECKUX pa3feyaoB B paMKax TOO uau mpoeKToB, 9KOJOrmye-
CKasl 9KCHEepTU3a, MOCICHPOCKTHBIA aHAIM3, SKOJOTMYECKUM ayauT,
9KOJIOTMYECKasl CepTU(dUKALMS U JUIEH3UPOBAHUE WCIOJb30BAHMS
MPUPOIHBIX PECYPCOB, IKOJOIMUYECKOe cTpaxoBaHue u ap. [13].

PaccMoTpyuM aTambl 5KOJOTMYECKOTO COMPOBOXICHUS XO3SCT-
BeHHOM nesarenbHoCcTU (DCXII).

O rtan A. IlnanupoBaHuUe U coOTJacoBaHME ILIAHOB peaju3a-
LIMA JESITEIbHOCTU. 3MeCh pa3padaThIBACTCS U YTBEPXKIAETCs MpPea-
MPOCKTHASI U TMPOEKTHAsl JOKYMEHTALIMs HAa MPaBO OCYIIECTBICHMUS
IUTAHUPYEMOM NESITEbHOCTU. DTaml IpeaycMaTpUBaeT IMPOBEACHUE
OBOC.

Ortan b. Co3maHue marepuajbHbIX OOBEKTOB IJIaHUPYEMON
NESITEIbHOCTH, OOECIIEUMBAIOIIMX €€ peanu3aluio (CTPOUTEIbCTBO
3MaHUK, MAallMH W MEXaHU3MOB). DTall MPeayCMaTpUBAET MOHMTO-
punr OC.

O rtan B. OcylecTBieHUe IJITAaHUPYEMOR AEATEIbHOCTU, IPO-
HUCXoaslIee: B IUTaTHOM pexume (3Tan Bl); Bo BHELITATHOM pexXume
(aBapum, TexHoJIoTUYeCKUe cObou M T.0.) — aTan B2. IlpemycMmarpu-
BAlOTCS MEPOMNPUSATUS IO JIOKAJIM3AlMK 3KOJIOTMYECKOro yuepoa,
5KOJIOTUYECKUI ayauT IJIs1 ONpeaeeHus] MPUYMH BO3HUKHOBEHMSI
HEIITAaTHOW CUTYyallH.

Ortan I. IlpekpameHue nesatenabHOCTU. JIMKBUAALMS OOJKHA
COIPOBOXIATHCS TPOBEACHUEM 3KOJOTUYECKOTO MOHMTOPUHIA U
ayaura.

DKOJOrMYeCKOe COIPOBOXACHUE XO3SIMCTBEHHOMU [IesTeIbHOCTU
BKJTIOYAET B C€Os:

e OCX]JI B npuBatuzauuu. B T'ocynapcTBeHHOI mporpamme Ipu-
BaTU3allMM TOCYAAPCTBEHHBIX WM MYHMULMIIAJIbHBIX IPEANpU-
atuii B P® yka3piBaeTcsl IMOPSIIOK ydeTa 3SKOJIOTHYECKOTO
(akTopa, ycioBuil 0e30MacHOro BeAeHUs pabOT Ha XUMUYE-
CKM OMAaCHBIX, B3PBIBO-, MOXAapO- U TOKCUKOOITACHBIX OOBEK-
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tax. [IpemycMaTpuBalOTCS 3KOJIOTUYECKHUI ayIuT, TUTAHBI TIPU-
BaTU3allMM, TpeOOBaHMS IO 9SKOJOIMYECKOM caHaluu
MPEANPUITHIA;

e OCX]I B MHBECTULIMOHHOM aesaTenbHOCTU. [Ipu olLieHKe 1iee-
CO00pPa3HOCTH MHBECTUPOBAHMSI B TOT WJIM WHOW MPOEKT (pu-
HAHCOBbIE OpPraHU3alMKi O0SI3aTEILHO PACCMATPUBAIOT 3KOJIO-
TMYECKYIO COCTaBJsAoIYyI0 gaHHoro mpoekta. C 1984 r. Bce-
MUPHBII OaHK TpeOyeT IMpOBEICHUS KOJOTMYECKOW OLEHKHU
(bvHaHCHUpyeMbIX UM NpoeKTOB. EBporneiickuil 6aHK PEeKOHCT-
PYKIMM U Pa3BUTUS TAKXKE UMEET aHAJOTMYHbIE Mpolienypbl. B
npoienype ooboux 0aHKOB MPOBEAECHUE IKOJOTMYECKON OLIEH-
KA MHBECTUILIMOHHOIO MPOEKTa M IOArOTOBKA COOTBETCTBYIO-
e AOKYMEHTAllMM €CTb OOS3aHHOCTb TE€X, KTO Ipemiaraet
JNaHHbBII MPOEKT 11 MTHBECTUPOBAHUS.

DKOJIOTUYECKUIN MEHEIKMEHT IpEAIoaracT, 4YTo MpeAanpusiTue

U €ro MpomyKUHUsl OMNPENEsIOT CTPYKTYPHYIO CBSI3b MEXIY HUMU U
OC. Ecau npeanpusTis He CTaHYT 3KOJOrmyecku 0e30macHbIMU, TO
npobJieMa 3KOJOTUYECKOU 6€30MacHOCTU HE CMOXET ObITh pellieHa.

COBOKYMHOCTb YIIPaBJICHYECKUX, TEXHOJIOTUYECKUX, (DUHAHCOBO-

5KOHOMMYECKUX MEPONPUSITUIA, HANpaBJICHHBIX HAa CHUXEHUE [aB-
Jnenus npennpusatuii Ha OC (B paMKaX BOCCTaHOBJIEHUSI €€ KauyeCTB)
MPU COXPAHEHUU LEeJei IPOU3BOJACTBA, COCTABISIET IKO0A02UIAUUIO
IKOHOMUKU.

6.8. dxororuueckuii MeHe XMEHT
Ha npejnpPUATHH

DKOJOTUYECKUI MEHEIKMEHT Ha IPEANpPUSITUM — 3TO CHUCTeMa
yIIpaBJIEHYECKUX pblUuaroB, obecrieunBaroiast 3pdekT B 061acTu 10-
IyCTUMBIX TEMIIOB S5KOHOMUYECKOTO Pa3BUTHS B paMKax JOIYCTUMO-
ro gaieHust Ha OC [13].

BoineniM cienyronye Tpy CTaquy KOJIOTMIECKOrO MEHEIKMEHTA.

e Bui6op. Ha 3T0i1 cTamuy npu pellleHu: O CTPOUTEILCTBE HOBO-
ro MpeAnpUsITUsl, PEKOHCTPYKIIMM WJIM MOJAEPHU3ALMU CTapoOro He-
00XOIMMO COOJIIOIEHNE IPUHIIUIIA 3KOJOTU3AINN SKOHOMUKHM IIPO-
M3BOACTBA. 31eCh IIpemycMaTpHBacTCs pa3paboTKa CXeMBl Oe3oIac-
HOCTHU IPOAYKIIMK BCEro XU3HEHHOTO IIMKIIA.

o Momenmanvrolli aHaiu3 TOAPa3yMEBaeT MOMEHTAJIBHOE TECTH-
poBaHME BHIOMpaeMOil MOIEIU IIPOM3BOICTBA M3 MHOTOYMCIICHHBIX
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BapMaHTOB YX€ HMEIOIIUXCS TMPOeKTOB. MOMEHTaJbHbIM aHalIu3 —
9TO Tabjulla WIKM MaTpulla ¢ HaOOpOM COOTBETCTBYIOILIMX IapaMeT-
POB, aHaJu3 KOTOPbIX (B 0ajijax) MO3BOJMUT CHeJiaTh IpeaBapUTeb-
HbIIA BbIOOp HampaBJieHUs] JajlbHEMIlel 1esdTeIbHOCTU MO CO3[IaHUIO,
PEKOHCTPYKIIMU WU MOAEPHU3ALIAN.

e Ha npeanpoekTHOU cTaguu JaHHbIE MOMEHTAJIbLHOIO aHAIM3a
Npeodpas3yloTcsl B MporpaMmy ACHCTBUI MO (DOPMUPOBAHUIO IK040-
euuecko2o 6usHec-naana. busHec-1UIaH UCCIEAYET CUJIbHBIE U Clabbie
CTOPOHBI MPEANPUSITHS, a4 TAKXKE OTKPbIBAIOIIMECS BO3MOXHOCTU WU
OITACHOCTH.

BaxHeiiiass 3agaya 3KOJOTMYECKOTO MEHEIKMEHTAa COCTOUT B
npenoTBpailieHuu yrposbl 1 OC, B BO3BMOXHOCTH POCTa MPEaNpu-
satus. [TpuHOMI MEHemXepa-3KoJora 3akjiloyeH B JEBU3E: 3aTPaThl
Ha OC 10KHBI OKynaThCs!

BbIrOmHOCTD PALIMOHAIBHOTO U COATAHCUPOBAHHOIO MPUPOIOIOJIb-
30BaHUSl U1 TIPEOINPUSTUSL PETU3YeTcs] 4epe3 D KO HOM MU YU € -
CKHW € BbITOAbL: a) CHIKEHME H3IEPXKEK B PE3YJbTaTe 3KOHOMUM
MPUPOIHBIX PECYPCOB, PELUMPKYJISILIMU, MMEPEPAOOTKA OTXOAOB, CHUXE-
HUE TUIaTexei 3a mTpadbl; 0) poCT JOXOI0B 3a CUET «3eJIEHbIX» TOBAPOB,
KOHKYPEHLIMM, HOBBIX PHIHKOB COBbITa; CTpPAaTE€TMUUY€CKMUE BbI-
rofibl: UMUK MPEANPUSITUS, POCT MPOU3BOAUTENIBHOCTY TPYJA, BbIOJI-
HEHUE 9KOJIOTMYECKUX TPEOOBAHUI O€3 UBMIIIHETO HANPSDKEHNS.

6.9. Crpykrypnas nepecrpoiika
H JKOAOTH3alHsA 9KOHOMHKH

B ycnoBusix mepexoma Poccum K phIHOYHBIM OTHOILEHUSIM Me-
HeKEP-KOHCYJIbTAHT M0 3KOJOTMYECKMM BOIIpOCaM AOJIKEH 3HATh,
YTO YCTapeBLIME TEXHOJIOIMU, SIBJISIOLIMECS OCHOBHBIM MCTOYHUKOM
sarpsizHeHns OC, o6bIYHO Hambosee dHEPTOEMKH, TPEeOYIOT UCTIONb-
30BaHUSI Je(PUUMTHBIX HEBO30OHOBJISIEMBIX PECYPCOB, XapaKTepu3y-
IOTCSI  OMNAcCHBIMM OTXOJAaMH, II09TOMY HX TMPUMEHEHUE [OJIKHO
cIepXMBaThCA OyaylIMMHK pacxomamu Ha oxpany OC [13].

B ycnoBusX pIHOYHOII SKOHOMMKM HOBbIE TEXHOJIOTUM, OOecIe-
YMBalOlIMe 3HAYUTEIHLHO MeHbliee napieHue Ha OC, Oojee mpen-
MOYTUTENIbHBI, KOHKYPEHTOCIIOCOOHbBI, HE BCTYNAlOT B KOHMIUKT C
BJIACTSIMM M OBICTPO 3aXBaThIBAIOT PHIHKH.

CTpyKTypHasl MepecTpoiika SKOHOMUKU AOJIKHA MPOBOIUTHCS B
YCIIOBUSIX M3MEHEHMUs 3aKOHOAATE/JIbCTBA B O0JIACTM 3KOJIOrM3alllu
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9KOHOMMKM, T.€. YXECTOUEeHMsI TOCCTAaHAAPTOB TEXHOJIOTMUYECKUX
MIPOIIECCOB, BO B3aMMOAECHCTBMU He ToJibKo ¢ OC, HO M ¢ ompene-
JIeHUeM liejJeid MpOM3BOJCTBA, O0eCIeuYrBallIMX BOCCTAaHOBJIEHUE
KauyecTBa cpedbl OOUTaHUs, MOJyYeHe MPOAYKIIUU, KOTopas Obl He
HaHocuja yliep0a NpUPOAHBIM OO0BEKTaM B TEUEHUE BCEro XKU3-
HEHHOIO LIMKJa.

DKOJOTUYECKA OPUEHTHPOBAHHOE YIIPAaBICHUE MPOU3BOICTBOM
MpeACTaBAsieT CO00OM CUCTEMY MJIAaHUPOBAHUS W KOHTPOJISI HAa pas3-
HBIX dTamnax: 1) cocraBieHne MPOM3BOICTBEHHON MporpaMMel. Eciaum
3TO HOBOE IPEANpUSTHE, TO IpoTrpamMma IpeaycMarpuBaeT IMocje-
JIOBaTEJIbHOCTh COOMIONEHUSI CTAAUU MPOEKTUPOBAHUS, SKCIEPTU3DI,
MOJIyYEeHHUS pa3pelluTe/IbHOM JOKyMeHTaluuu U T.0. Eciu MoaepHu-
3UPYETCs CTapoe MpeAINpusThe, pedb UAET O CHATUM C MPOU3BOJCTBA
9KOJIOTUYECKU BPEIHOM MPOAYKLIMU, 3aMEHEe yCTapeBlIero o00opyao-
BaHMWsS U CTApOi TEXHOJOTMU Ha HOBYIO; 2) KaJleHZapHOe IJIAaHUPO-
BaHWE MOJATOTOBKW U MPOBEPKU COCTOSIHUSI pabdOThbl OOOPYIOBaHMUS;
3) TpoM3BOACTBEHHEIN KOHTPOJb, 4) IlmanupoBanue M KOHTPOJb
KayecTBa.

Ilpu peanuzauuy MeHEIKMEHTA Ha YPOBHE IIPOEKTUPOBAHUS
MPOEKTAaHTBI H € B bl C O K 0 i KBaM(PUKAIINM, UAYIIHE HA TTOBOIY
Yy HeJaJIbHOBUIHOIO PYKOBOJCTBA, CTPEMSTCS CKPbITb BO3MOXHBIE
rocaeAacTBus BosaeicTBus mipeanpuatus Ha OC. Takue NIpoeKTH
OOBIYHO BBINISIASIT TPOMO3IKUMU, MEPOIPUSTHS IO BBIMOJHEHHUIO
9KOJIOTUYECKUX TpeOOBaHMWM, KaK IpaBUJIO, 3aUMCTBYIOTCS U3 CTa-
PBIX TIPOEKTOB. DTO IPOCMATPUBAETCS YK€ B OTCYTCTBUM aHaIM3a
JIEHCTBYIOILIMX Mojeaeil mpousBoiacTBa. ITpoeKTaHTBI B BI C O K O 1
KBaJTM(PUKALIMA OOBIYHO CO3MAI0T TAPMOHMYHBINA JOKYMEHT, B KOTO-
poM 1po6aeMbl oxpaHbl OC BBRINISIAT 0OOCHOBAHHO M PEATMCTUYHO.
Peutenne atux npobGseM OOOCHOBBIBAETCS HEOAHOKPATHBIM ITPOWUT-
pbIBAaHHEM BO3MOXHBIX ClLIEHApUMEB OOOCTPEHMUS] BO3HUKAIOIIUX CH-
Tyaluid C TOA0OPOM [IJIsI KaXIOW OpPrreXMeponpusiTMiA, IOAKpemn-
JICHHBIX (PMHAHCOBO-3KOHOMUUYECKUMM pacueTaMu.

Ha craguu mpoexTupoBaHUSI BaXKHO He oOellaTh M He IIPUHU-
MaTb Ha ce0s 0053aTeJbCTB, KOTOPbIE HE MOTYT ObITh BbINOJIHEHDI;
HE CTpOUTh OJlaromojydyusi 3a CuUeT 340pOBbsl OKpyXawiuux. Ilpu
crpoutenbecTBe PocroBckoit ADC He ObUI YUTEH MEXIyHApOMTHBIN
MOJXOJ K CTPOUTEJbCTBY MOMOOHBIX 00beKTOB. HaceneHue Hegocrta-
TOYHO MH(MOPMHUPOBAJIOCh HAa CTAAUSIX MPUHATUS PEIICHMS, TIpe.-
MIPOEKTHBIX MCITBITAHUM, TPOSKTUPOBAHUSA M cTpouTelnbcTBa ADC.
OHO OBUIO MaJI0O OCBEAOMJIEHO O BO3MOXHBIX BapMaHTaX YJIyUYILIeHUS
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COLIMAIbHO-3KOHOMMYECKOUN CUTyallMd B Cly4yae CTPOUTENbCTBA 3TO-
ro oobekTa. YepHOOBIJILCKMIT CUMHAPOM 3aCJIOHMJI Mepela OObIBaTeJIeM
BCE€, OCTAaBUB €r0 HaeJWHE C MOCAEACTBUSIMU, O KOTOPBHIX OH XOPOIIIO
ocBemomiieH n3 CMU. B 10 Xe BpeMs IPOEKTUPOBAHUE U CTPOU-
TeabcTBO CeBepHoil TOLI B MockBe MpOXOAMIO B YCIOBUSX IIHMPO-
KOW MJIAaCHOCTH, U YCIIellIHasl peaju3alius MpoeKTa IMO3BOJu/a Cyllie-
CTBEHHO YJIYUILINTh SHEPTOCHAOKEHNE OTPOMHON TepPUTOPUHU TOPOJIA.

Ouenika 6o3deticmeus Ha okpyxcarouyto cpedy (OBOC) mpoBOIUT-
Ccsl TIpU BO3HWKHOBEHUM YIPO3bl 3HAYMTEIBLHOTO 3KOJIOTHYECKOTO
yiep0a U MCHOJb3YeTCs JJis MPOTHO3a TaKMX MOCAEACTBUM, a TakxKe
HaxXOXIEeHUsI CHOCOOOB CHMWXXEHMSI OTpULATENbHBIX BO3ACHCTBUIA
npenmnpustust Ha OC.

Conep:xaHre 3KOJOTHMYECKOTO MEHEIKMEHTa Ha MPeanpusITUd
BKJIIOUAET TaKXe 3KOJOIMYECKYI0 3KCHEPTU3Y, CYIIHOCTb KOTOPON
paccMOTpeHa BhIILIE.

DKOJOTUYECKHUE TIPOOJIEMBI PETMOHOB HE MOTYT OBITh pEIICHBI
n3 ueHtpa. Ho meHTp MoXeT (MHAHCOBO-3KOHOMMYECKON ITOJTUTH-
KOl cTuMynupoBaTh uiau mapineHne Ha OC, wim OepeskHOoe OTHOIIEe-
HHUE K TIpuponae 1 pecypcaM. OgHaKo 3KoJiorndeckass 6e30IacHOCTh
PETUOHOB OCYIIECTBJISACTCS Ha MPEANPUSATUN, TTOITOMY Upe3BhbIUaii-
HO Ba)KHa OIIeHKA JEHCTBYIOIIETO MPOEKTa — 3K0A02UYECKULl ayoum
(eMm. 1. 7).

BaxHeiinieii Mepoil 3KOJIOTMYECKOTO KOHTPOJS Ha TMpearpu-
SITAN SIBISIETCS 9Koa0eu4eckas peeusus. OHa TpeaycMaTpUBaeT CUC-
TeMaTUYECKYI0 MTOKYMEHTAJbHO ITOATBEPKIAEMYIO OIIEHKY PYKOBO-
JICTBA TIPEONPUSITUSI C DKOJOTMYECKUX IMO3WLMi. locTturaercs 3To
CO3IaHUEM CHUCTEMBI KOJIOTUUECKOTO KOHTPOJISI Ha TIPEAIIPHUSITHMN.

KpynHbple mpenmnpusTus MOIYT CO3IaTh y ce0s 3KOJOTMYECKYIO
CJIy>kOy BBICOKOI'O YpPOBHSI, UTO TpeOyeT OOJBIIMX PacxodoB, KOTO-
pbie 4Yallie BCEro OKYIIAlOTCSI M IIPUHOCIT 3KOHOMMUYECKMI 3deKT.
CpenHue MpearpusITHsS MOTYT COIEpXKaTh CIIeIIMAJIMCTa B paHIe Me-
HeKepa-KOHCYJIbTaHTA 10 3KOJOTUYECKMM BorpocaM. KpyrHbie
BONPOCHI 3KOJIOTMYECKOrO ayaupoOBaHUs pellaloTcs obpalleHueM K
ayIUTOPCKUM, KOHCYJIbTaTUBHBIM, MHXWHUPUHTOBBIM (DrpMam.

Menkue TpearnpusThs BBHIHYXIEHBI TpUOeratb K yCIyraM COOT-
BEeTCTBYIOIIMX (UPM WK pellaTh BSKOJOTMYEeCKHe TpoOJeMbl Ha
CBOM CTpax U PUCK.

Ihasnas 3adaua aymuta — He HaKa3aHUE, a IOMCK BO3MOKHO-
cTeil n3dexarsb mocaeacTBuit 3arpsisHeHrst OC, KOTOpble MOTYT TIpH-
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BECTU IPEANIPUATHUE HE TOJBKO K IIOTEPE YaCTU l'[pI/I6I)II[I/I, HO N K
3aKPBITUIO MTPOM3BOACTBA.

Ay,[[I/ITODCKaH OEATCJIBHOCTD OIVIaYMBACTCA NMPEAIIPUATUEM, KOTO-
poe TroaBepraeTcst MpoBepKe.

Menedocep-koncyrbmanm no IK0A0UYECKUM BONPOCAM TOJDKEH
JEMCTBOBATh UCXOIS1 U3 LICJICH:

1) 3ammTuTh 1 coxpanutsh OC;

2) 00ecIeuynTh 3MOPOBhE JIIOAEH B paMKaxX IMPOM3BOACTBA M OJIM-

>KAWIIEeTO OKPYKCHUS

3) 5KOHOMHO U cOaJJaHCHUPOBAHHO PACXOAOBATh MPUPOIHBIE pe-

CYPCBHI.

MeHemKep-KOHCYIBTaHT, MOJHOCTBIO OTBEUAIOIIMI 3a 3KOJIOTH-
YECKYl0 0€30IaCHOCTh Ha MPEANpPUITUU, MOAYMHEH HENOCPEACTBEH-
HO OUPEKTOPY U HE MOXKET OBITH BKJIIOYEH B 1IITAT CHy7K6I)I TJIAaBHOT'O
MHXeHepa B KayeCTBE MHXKEHepa I10 TeXHUKe 0e30MacHOCTH.

6.10. Mcrounuku ¢punancuposanus
NPHPOJOOXPAHHOH JEATEAbHOCTH

B ycnoBusIX pecTpyKTypu3allMM SKOHOMHUKU W3MEHSEeTCS U
CTPYKTypa (PMHAHCUPOBAHUS TIPEANPUATHI B YaCTH IPUPOIOOXPAH-
HOM NeATeTbHOCTA — YBEJIWYMBACTCS MCIIOJIb30BAaHUE CPEICTB CaMO-
T0 TIPEANpPUSATAS Ha peIIeHWe COOCTBEHHBIX SKOJOTMYECKHMX IIPO-
0JieM TIpM COKpAIleHUM OIOKETHBIX aCCUTHOBAHUIA.

EcrecTtBeHHO, B (pMHAHCHPOBAHUM IPUPOIOOXPAHHON IESTEhb-
HOCTU OOJIBIIYIO POJIb UIPAIOT OIOMKEThI BCeX ypoBHeil. [1aBHOe B
HCTIOJIb30BAaHUU CPENCTB OlOmKeTa — ydyacTve MPEANpUsTUil B pea-
JIU3alMU KPYITHBIX 3KOJIOTMYECKMX IIporpaMM (eaepaibHOTO, pec-
IMyOJIMKAHCKOTO MJIM MYHULIMIIATLHOTO YPOBHEH.

BHebGromkeTHOe (hpMHAaHCUpPOBAHME TTPOU3BOAUTCS U3 BHEOMOMXKET-
HBIX TOCYIApCTBEHHBIX 3KOJOTMYECKHMX (DOHAOB, CHUCTeMa KOTOPBIX
cosnaHa B 1992 r. ®oHabl GOPMUPYIOTCS M3 CPEICTB, MOCTYITAFOIINX
OT TPEANpPUSATUI, YIPEXKICHWM, TpaXaaH B KadyecTBe IUIAThI 3a 3a-
rpszHeHust OC, wtpadoB 1Mo MckaM 0 BO3MELLEHUU Bpeaa U T.1.

CpencrBa 3KOJIOTHYECKOro (hOHIA PACIpPEnesIsTIOTCS CIeTyIOIIIM
obpaszoM: 60% — Ha peanu3alMIO MPUPOJOOXPAHHBIX MEPOIPUSATHIA
MecTHoro 3HauyeHus; 30% — obnactHoro u 10% — denepanbHOTO.
®opmupoBaHue (OHIOB HAIPSAMYIO 3aBHUCUT OT YPOBHS ITOCTYILIE-
HUSI CPENCTB 3a HapyllIeHWe MIPHUPOIOOXPAHHOM AesATETbHOCTH.
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CpencrBa TpeanpusITHsI, MCTONb3yeMble Ha oxpaHy OC, MoryT
OBITH TIOJIYYEeHBI TTyTEM:

e TIpMMEHEHUs 0oJiee ACIIEBBIX PECYPCOB;

e CHMXEHMSI DHEPreTUYECKUX 3aTpaT Ha €AUHUILY HNPOAYKIIUH;

e BHEIPEHMSI COBPEMEHHBIX pecypcocOeperarolmux TeXHOJIOTHIA;

e DKOJIOTM3alMU MPOU3BOJACTBA, PE3YJbTATOM KOTOPOM SIBISIETCS
MoJlydeHre SKOJOIMYECKM YMCTOU MPOMyKIWM, MOBBIIIAIOLICH
KOHKYPEHTOCIIOCOOHOCTb MPEeATPUSITHS;

e TiepepabOTKM OTXOJOB U T.II.

BaxHbIM yClIOBHEM IOCTMXKEHMSI LIEAM DKOJOTMYECKOIo Me-
HEIXKMEHTA CIYXUT (QUHAHCOBbIL AHAAU3 NESITEIbHOCTU MPEapPUSTUS
— aHajau3 (pMHAHCOBOU peHTa0eNIbHOCTH, MOTpPeOHOCTEN B (DMHAH-
CUPOBAaHMU U BO3MEILIEHUs 3aTpar.

BaxHed1lIMM MCTOYHUKOM CPEICTB IMPU DKOJOIM3aLUUU MPOU3-
BOJICTBA SIBJISIETCS TOJIHBIN yuyeT MHTepecoB oxpaHbl OC mpu paspa-
0OTKE MPOEKTHO-CMETHOI TOKYMEHTALIUMU.

I'naBHBIN BONpoC — TA€ B3STh JEHBIM IJI HOBEHIIMUX TEXHOJIO-
IMiA U BBINYCKA BBICOKOKAUECTBEHHON MpoayKuuu? MexnyHapon-
HBbIA U POCCUMCKMUI OIIBIT IEPEXOAHOM SKOHOMUKHU HTAET LIAHC I10-
JIYYUThb CPEICTBA MyTEM:

e TIpMBATU3ALINU;

e TIPOJAXM YACTU MPUPOTHBIX PECYPCOB;

e CIauM BO BPEMEHHYIO apeHAy IOMEIIEHU, KOTOpPbIe HE MOTYT

Ha OJMKAWIIYI0 TEepPCHEKTUBY y4acTBOBAaTh B MOJEPHU3ALINU
IIPOM3BOJICTBA;

e TIPUHATUSL PELICHUH JYYIIMMMU KOHCTPYKTOPCKO-TEXHOJIOIM-
YECKMMMU CWIAMHU JUISI MOJAEPHU3ALUMN TIPEATIPUSITHUS.

DKoJioruzauusi MpoM3BOACTBA 3aCTaBJISIET PYKOBOACTBO MPEAPU-
SITUEM HCKaTb BCE BO3MOXKHBIC BApMAHThl COKPAILCHUS HU3IEPKEK,
CBsI3aHHBIX ¢ naBieHueM Ha OC.

Kourpoabubie Bonpocor
000 0000O0OCGOOEOGEOGNOGOEONOEONOIO

1. Yro Taroe srollornuecknii MeHezKMeHT ?

2. KHak Bbl IOHUMaeTe TEPMUH <«yCTONYHMBOE Pa3BuTHEs?

3. Yro Takoe sroaornueckas 0€30MaCHOCTD?

4. Rar ¢opmupyrorcs MexaHU3Mbl TPUPOJONIONB30BAHNA B PBbI-
HOYHOI DKOHOMUKE?
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3.
6.

7.
8.

9.
10.

11.

JlafiTe onpenenenne pbIHOYHBIX W HEPBIHOYHBIX TICHHOCTEH.
Y10 HOBOro BbI BUanTE B OICHKE CTONMOCTHU 6[/IOTVI‘ICCI{I/[X
roMIonenToB, mpemioskennoii B.H. boxpmaroBbiv?
CcopmynupyiiTe 1edb DKOIOTHIECROIT DKCIIEPTHIHI.

Hazosure npuHIMIBI DROIOTNYECKOTO CONPOBOMKICHUS XO3ii-
CTBEHHOI JIeATEITLHOCTH.

B 4em cyTb DKOIOrMYECKOTO MEHEKMEHTa Ha TMpenpuATIn?
Rax BBl moHnmMaere 3aja4n 9ROIOTN3ANNN DROHOMHUKH B TIEpH-
OJl CTPYRTYPHOIT TiepecTpoiikm?

RakoBbl ncrounnkyn puHaHCUPOBAHUA TPUPOOOXPAHHOI jies-
TeJIbHOCTH ?



IJKOAOTHUECKHH

MapPKETHHT

7.1. MapkeTunroepii MexaHHu3M

yIpaBA€HHsI OXPAHON OKPY2KaIoLUeH Cpezbl

ACIIEKTHl 3KOJOrHYeCKH OPHEHTHPOBAHHOIO MAPKETHHIA B MUPO-
BOM COOOIIECTBE CBSI3aHBI C OBICTPHIM pPa3BUTHUEM TEXHOJOTUA U
MPOLIECCOB, CHIDKAIOIIMX BO3ACMCTBME Ha OKPYXAIOIIYI0 Cpemy, a
TaKXe C YCKOpEHHBIM (hOPMUPOBAHMEM PBIHKA 3KOJIOIMYECKHMX YC-
JIYT, KOTOPBIi, €CTECTBEHHO, TPeOyeT COOTBETCTBYIOIIETO pPa3BUTHS
MapKETUHTOBBIX CPEACTB yIpaBicHUsI. K OCHOBHBIM MapKemunz066im
Hanpaeaenusm B 3TOI 00JIACTU CIIEAYST OTHECTU:

¢dopMupoBaHue (GUHAHCOBBIX CTPYKTYP MOIACPXKKH 3KOJIOTH-
YECKUX NCHCTBUM;

5KOJIOTMYECKYI0 OLEHKY (ayIMT) YPOBHSI BO3IEHCTBMSI Ha OK-
pyXarolyro cpeny;

5KOJIOTUYECKOE CTPAXOBAHUE NEVCTBUN KOMIIAHUMN;

n3MeHeHne (pOpM OTYETHOCTH JESATEIIBHOCTU TIPOU3BOIUTEIICH;
HOBbIE (DOPMBbI PEKIIAMBI;

(dopMUpoBaHME HOBBIX NPUHLMIIOB TOPIrOBIM (Hampumep,
Npoaaxa 3KOJOTMYECKU YMCTBhIX MPOIYKTOB).

MapKeTHHTOBbIIi MEXaHU3M YIIPaBJIECHMSI OXpaHOM OKpYXarolleit
cpenpl OCHOBAaH Ha THMIIOJIOTMM PBIHOYHBIX METOHOB. B HacTosiee
BpeMsI M3BECTHHI CJICAYIOIINE OCHOBHBIC TPYIIIILI METOIOB YIIPABICHUS:

aIMUHUCTPATUBHOE PEryJdpOBaHHWE — BBEACHUE COOTBETCT-
BYIOIIIMX HOPMATUBHBIX CTAaHIAPTOB M OTPAaHMYCHUI, KOTOPHIE
JIOJDKHBI COOTIONATh (DUPMBI-IIPOM3BOAUTENIN, a TAKXKE OCYIIE-
CTBJICHHME IIPSIMOTO KOHTPOJIS W JIMIIEH3UPOBAHUS IIPOLIECCOB
MIPUPOAOIIOIb30BAHUS;

SKOHOMMYECKHE CTUMYJIbI, HAIlpaBJICHHbIC Ha TO, YTOOBI 3aMH-
TepecoBaThb (QUPMY-IIPOU3BOAUTENISI B PallMOHAIBHOM IIPUPO-
JIOIT0JIb30BaHNUU,
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e CcuUCTeMa IIaTexXel 3a 3arpsi3HeEHUEe U 9KOJOTMUYECKUX HAJIOIOB;
e pacmpelesieHUMe MNpaB Ha 3arpsi3HeEHUE U KOMIIEHCALMOHHBIE
TUIATEXU.

JaHHbIe METOIbl HEOOXOAMMO MCHOJb30BaTh Ha Pa3JIMYHBIX CTa-
JUSX MapKeTMHIOBOIO IpOlecca, BO3AEHCTBYIOLIET0 Ha OKpPYXKaro-
LIy cpeay. OTO BO3IeHCTBUE 3aBUCUT OT COCTaBa MEPBUYHBIX pe-
CypcoB, cnielu(UKHU MPOU3BOJCTBEHHOIO IIpoliecca U MIPUMEHSIeMbIX
MPUPOIOOXPAHHBIX TEXHOJIOTUH, (DOPMUPYIOLIUX BBIOPOCHI B OKpY-
KalolIylo cpeay.

Ocobast ponb 31eCh OTBOIMUTCSI NAAMENCAM U HAA02AM 3a4 3aeps3-
Henue. OHU MPEACTABIISIIOT CO0O KOCBEHHbIE pblYaru BO3AEUCTBUS U
BBIPAXalOTCSl B YCTAaHOBJIEHMU IUIAThl 3a BbIOPOCHI WJIM COpOCHI, 3a
KCIIOJIb30BaHUE TEPBUYHBIX PECYPCOB, KOHEUHYIO MPOAYKLUIO WIU
TexHosoruio. IlnaTta no/kKHA COOTBETCTBOBATh COLMAIbHO-3KOHOMM-
YEeCKOMY YIIepOy OT 3arpsi3HeHUs] WJIM ONpedessaThbCsl M0 KaKOMY-
OO0 ApyroMy IrokasaTeso (Halpumep, SKOHOMUYECKOHN OlieHKe ac-
CUMMJISILIMOHHOIO TIOTEHLIMalla NpupoaHoii cpenbl). Hamoru Ha 3a-
IpsI3HEHWE Y TIJIATEeXU MPEJOCTaBISIIOT MaKCUMAaJIbHYIO CBOOOIY 3a-
IPSIBHUTENIO B BBLIOOpE CTpaTerMd COYETaHUsl CTENEHU OYUCTKU U
IUIaThl 32 OCTATOYHBIM BbIOpoc. Eciu mpupoaooxpaHHbIe U3AEPXKKU
HU3KMU, TO (pUpMa 3HAYUTEIHLHO COKPATUT BbIOPOCHI, BMECTO TOIO
yToObI IUIaTUTh Hajior. IlpearnoiiaraeTcs, YTo OHA MOXET COKPaTUTh
MUX 0 ONTUMAJILHOIO YPOBHS, KOrAa MpupacTalollyie 3aTpaThl Ha A0-
0aBOYHYIO OYMCTKY CTAHOBSITCSI paBHBIMM CTaBKE ILJIaTexa.

ITonb3oBaTe b KaKOTO-1M00 pecypca IUIaTUT 3a Hero Tak e, Kak
3a TIpUOOpeTaeMoe ChIpbe, BJIEKTPOIHEPIUIO U T.I.

Ilnamesxcu noaviosameneli Ha TOKPBITUE aIMUHUCTPATUBHBIX
pacxoloB MOTYT BKJIIOYATh ILJIaTy 3a IOJyYeHUE pa3pelleHus Win
JIMIIEH3MM, a TaKXe JPYrMe HOMMWHAJIBHBIE TUIATEXU, COOTBETCT-
BYIOLLIME BEJIUYMHE BBHIOPOCOB M MOKPBIBAKOLIME U3AEPKKM Ha pas-
Jady paspellleHUil U JULeH3UN. DTU IUIaTeXXW B 1LeJOM MEHbIIEe
IUIaTeXxei 3a 3arps3HeHue M UMEIOT OorpaHMYeHHOe BO3ACUCTBUE Ha
ypoBeHb BbIOpOCOB (pupmbl. CKOpee BCEro Mx Haao paccMaTpuBaTh
KaK JIMLIEH3MOHHBIM COOp, KOTOPBIMA COMPOBOXKIACTCS Bbloaueil Jau-
LEH3UN.

Cybcuduu TIpeICTaBIISIIOT COOOU cHelMaabHbIe BBITLIATHI (QUP-
MaM-3arpsiI3HUTENSIM 3a COKpallleHue BbIOpocoB. Cpenu cyocummii
HauboJiee 4acTO BCTPEUYAIOTCSI MHBECTULIMOHHBIC HAJIOTOBBIE Kpeau-
ThI, 3aliMBl C YMEHBIIEHHOM CTAaBKOW MpPOIICHTA, TapaHTUM 3aliMOB,
obecrnieyeHre YCKOPEHHOM aMOpTU3alliu MPUPOJIOOXPAHHOIO 00Opy-
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JIIOBaHMS, CPEACTBA Ha PEryJIMpOBaHWE IIeH TEPBUYHBIX PECYpPCOB M
KOHEYHOM MPOAYKIIMMU.

Eciu cuutath, 4TO MpaBa COOCTBEHHOCTH Ha OKPYXKAalOIIYIO cpe-
Iy TIpMHaIIeXaT BCeMy OOIIECTBY B IeJIoM, TO (UPMBI-3arpsi-
3HUTEIU JOJDKHBI HECTU 0083ameabHyl0 OMeemcmeeHHOCms 3a TpU-
YUMHEHHBbIK yiep6. Eciayu Hamor Ha 3arpsi3HeHue WM IiaTa 3a BbI-
OpOCHI OTpaXarT NpeaeJbHBIM yliepO, onmpeaeieHHbI 1O aKTa BbI-
Opoca, TO B cUCTEME 00s13aTeIbHOM OTBETCTBEHHOCTH 3a ylIepO Ijia-
Ta pacCuMThIBaeTCs 1o (akTy BbIOpoca (Iocjie Hero) KOHKPEeTHO s
Kaxgoro ciaydas. MlHaye roBopsi, HaHecuias yuiep0o ¢gpupma obsizaHa
JINOO KaKMM-TO 00pa3oM €ro KOMMNEHCUPOBaTh, JUOO MPOBECTU OUU-
CTKY HapyLIEeHHOTO MPUPOTHOTO OOBEKTa, JIMOO BHIIIJIATATH KOMITEH-
call¥ TIOCTpafaBIIMM, JIMOO caenath elle 4To-To. C 3TOM IIEbIo
oOpMIISIIOTCS  CIIeLMabHbIE JTOKYMEHTBI, 3aKpersioliue o0s3a-
TeJIbCTBA Ha OCYLIECTBJIEHUE IPUPOJOOXPAHHOU NESATEJIbHOCTU MO
COOTBETCTBYIOLIMI 3aJIOT.

JaHHBIA 1oaxon oco0eHHO 3(P(EeKTUBEH, €CIM YMCIO 3arpsi3HU-
TeJIe M MX XEPTB OIPAaHUYEHO, a pa3Mep 3arps3HEHUs U eT0 COCTaB
Jierko orciaeauTb. HeoOxoaumo pasnuuyaTb aBapuiiHble BBIOPOCHI U
BOCCTAaHOBJIEHUE 3KOCUCTEMBI IMOCJE OCYILECTBICHUSI ONpeAeaeHHON
JeSITeIbHOCTH (pEKyJIBTUBALIUSI 3€MEb).

B nepBoMm ciyyae ¢upMa MOXET JIMIb IPOTHO3UPOBAThb OyIy-
KA yiiepd ¥ MpUHUMATh BCE Mepbl, YTOOBI ero He gomyctuTb. Ho
€CJIM TaKou yuiepO OyneT HaHeceH, BUHOBHMK ITOJHOCTBIO KOMIIEH-
cupyeT ero. B kauecTtBe rapaHTHI 3IeCh MOTYT BBICTYIATh aKTUBBI
(GUpMBI, B TOM UYKCIIe CTPAXOBOM IOJIUC U T.II.

Bo BTOpOM cilydyae mpuMepHble MaciiTadbl OyAylllero yiiepoa u3-
BECTHBI, €CIM peub WUIET, HalpUMep, O JOOBIYE MOJIE3HBIX MCKOIIae-
MBIX. B KadecTBe rapaHTW 3[eCh BBICTYITACT MEHEXKHBIN IETO3UT,
BHOCUMBIN (pupMoii. Ecau oHa cama NMpoBeAeT PeKyJIbTUBALIMIO 3€-
MeJb, TO IOJYYUT CBOM AEMO3UT OOpaTHO, €CJIU HET, TO CYMMBI Je-
MMO3UTa JOJKHO XBaTHTb, UYTOOBI pEKyJbTUBALIMIO IIPOBENT KTO-
HUOYyAb Opyroil. CBOIO OTBETCTBEHHOCTH IO KOMIIEHCALIMU yilepOa
3arpsI3HUTENIb MOKET TEPEIOKUTh Ha TMOCPeIHMKAa, BHOCS ILIATy 3a
3arpsi3HEHNE TI0 CTaBKaM, COOTBETCTBYIOIIMM 3KOHOMHYECKOH OIICHKE
aCCUMWISILIMOHHOTO moTeHIuMana. OH, KaK CKa3aHO BHIIIE, OTUIAYM-
BaeT B TOM YMWCJIE W ylIepO, T.e. JOJDKEH pacCuuTaThCs C XKEpPTBOM
3arpsiI3HEHUS.

Cucmema ueneeoeo pe3epeuposarus cpedcme Ha YMUuAU3aAuuw om-
X0006 (3aJI0TOB) MCIIONB3YeTCS IJIsI CO3MaHMSI CTUMYJa y IOTpeduTe-
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JIeli Ha OCYIIECTBJICHUE IOIOJHMTEIbHBIX MU3IepxkeK. B MoMeHT 1mo-
KYTIKM TOBapa, IIpeNOINpeaeIsIolell TpeAcTosIiee 3arps3HeHue,
OCYIIECTBJISIETCS BKJIA, KOTOPBIM BO3BpaIlacTCS C IIPOLCHTAMU IIO-
cJie YTUJIM3aluy OTXOMOB (HampuMep, TTIOKYITKa 6aTtapeeK, HAITMTKOB B
JKECTSIHBIX OaHKax M T.1.). M3BecTHBI ciaydyad OpPUMEHEHMS HaHHOM
CHUCTEeMBI IS CTUMYJIMPOBAHMST BOCCTAHOBJICHNSI M YTWJIM3AIUKA OTpa-
OOTaHHBIX MaceJl, PEIUKIMPOBAHKS O30HOPA3PYIIAIOLINX BEIICCTB.

HHngpopmayuonnsie cucmemsl, cayxaiiue 1js o0ecriedeHus MOJTHO-
Tl MH(pOPMAIlUM W CBOOOIBI O3HAKOMJICHWSI C HEl, MTpaloT pOJb,
MMOJOOHYI0 SKOHOMUYECKMM cTuMysiaM. Ecnu ¢upMBl TIpeaocTaBiisi-
10T 6ct0 MHGOPMALIMIO, TO MOTPEOUTENIN WIM XUTEIU OJIM3JIeXKAIINX
TEPPUTOPUIT OTOBEIIAIOTCS O pa3Mepax 3arpsi3HEHUS WM BPETHBIX
BelwlecTBax B mpoaykuuu. MHGopMupoBaHHOCTh (aHTUpPEKIaMa) Be-
JIeT K M3MEHEHMIO CIpoca Ha MPOAYKIIMIO, OOecIieurBasi CoKpalle-
HHUE 3arpsi3HEHMSI, MCIIOIb30BaHUE COOTBETCTBYIOIIMX II€PBUYHBIX
pPeCypcoB WY TUTIOB TEXHOJIOTHUU.

7.2. OcHoBHbIE MapKETHHIOBbIE MOAXO0JbI
B 00AACTH KOAOTHH

KoMrekcHast cucteMa MapKeTHHIOBBIX MEp ISl PElIeHMST 3KO-
JIOTUYECKUX TPOOJIeM BKIIOUAET B CeOs:

1) KOMMeEpYEeCKO-XO3SIACTBEHHBII MEXaHN3M;

2) 0o0IIeCTBEHHO-TIPABOBOM MEXaHU3M,;

3) MapKeTHMHIOBO-YIIPABJICHUCCKUIT MEXaHU3M;

4) HOpMaTUBHO-TEXHUYECKHUE YCIOBUS MPU pa3paboTKe ToBapa Ha

ypoBHe HNOKP;
5) nHpOopMaLIMOHHOE obecrieueHne KaK COCTaBHOM 3JIeMEHT Map-
KETUHT-MUKCA;

6) CTPYKTYpHYIO IEPECTPOMKY MapKETMHIOBOM LIETIOYKM, BKIIIOYAIO-
I TTPOM3BOACTBO, TOBAPOIBIDKEHNE 1 ITOTPEOJICHME;

7) DSKOJOTMYECKYIO OJKCIepTudy (TOCyIapCTBEHHYIO, HAy4HYIO,
O0ILIECTBEHHYIO, KOMMEPUECKYIO).

BaxkHO mpu 3TOM MCIOJIB30BAaTh PBIHOYHBIE METOIbI, KOTOPbIE B
HauOoJblIe Mepe crnocOOCTBYIOT 3(h(GEeKTUBHOMY PELICHUIO DKOJO0-
IMYEeCKUX IpobyieM. DTa 1uiaTa 3a MPUPOIHBIE pecypchl (3eMIIio, He-
Ipa, BOAY, JIeC M MHYIO PacTUTECIBHOCTh, KMBOTHBIA MHUpP) M 3a 3a-
IpsI3HEHNE OKpYKalolleil cpeabl (BBIOPOCHI, COPOCHI U T.II.), KOJO-
IrMYeCKOe HaJIOroo0JOXeHNe, KPEeAUTHBIA MeXaHM3M B 001acTu
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MPUPOIOIOAb30BAHUS, CHUCTEMa BHEOIOIKETHBIX 3KOJOIMYECKUX
¢OHI0B 1 DAaHKOB, 3KOJIOTUUYECKOE CTpaXOBaHMUE.

B pamkax MapKeTMHroBOil cUCTeMbl (OpPMUPOBAHHUS CIpoca U
ctumynupoBanust cobita (POCCTUC) mMeroTcs BO3MOXKHOCTH TI0
MPUMEHEHUIO TAKMX METOA0B, KaK 3KOHOMUUYECKOE CTUMYJIMPOBAHUE
OXpaHbl OKpYyXallleil cpeiabl, a TakxKe JULEH3UPOBAHUE U OpraHu-
3allMsl CUCTEMbI JOTOBOPOB B 00J1aCTU MPUPOIONOIL30BAHMUS.

ILleHoOOpa3oBaHME HA MPOAYKLMIO TIPUPOAOIKCILIYaTUPYIOLLIUX U
MPUPOAOXO3IACTBEHHBIX OTpacieil, 0COOEHHO 3KOJOTMUYECKHA YUCThIE
MPOAYKLMUIO M TEXHOJIOTUIO, HEOOXOAMMO IIPEeayCMOTPETb TaK K€
YeTKO, KaK M 2KOJIOTMYECKOe MpeanpuHUMaTenbcTBO. C 3TO 3KO-
HOMHWYECKON KaTeropruell TECHO CBSI3aHA CHUCTEMA SKOJOTMYECKOM
ceprudukanuu. Ee BHeApeHNe MO3BOJUT MOCTaBUTh BOIPOC O (op-
MUPOBAaHUU PbIHKA 3KOJIOTUYECKUX paboT, TOBApOB U YCIYT (Mapke-
TUHT, UHXWHUPUHT, JIU3UHT, OUPXU U Op.).

Heo6xoauMoCcTb aKTMBHOTO BHEAPEHMSI PHIHOUHBIX MEXaHM3MOB
IIpY OpraHU3aly TPUPOIOIIOIL30BaHUS TToacKa3biBaeT onbIT CIIIA,
SAnonuu, ®PI', tne nmpuMmeHsieTcsT TaK Ha3bIBAGMBIN «0a0I-TIPUHIIAIT
(TIpUHLNT «ITy3BIPSI»): B KaueCTBE WMCTOYHMKA 3arpsi3HEHUS OKpY-
Xawllei cpeabl 6epyTcsli He OTAeJbHbIE 3JIEMEHThI, HalpyuMep AbIMO-
Bble TPYObI, a MpeAINpUsITUE B LieJOM. B mpenenax pernoHa MOXHO ycC-
TaHOBUTb OOIIME AOMYCTUMbIE HOPMbI COPOCOB U BBIOPOCOB TeX WJIU
WHBIX 3arpsI3HSIOLIMX BelllecTB. TakuM oO0pa3oM, IIpearnoaaraeTcs, 4To
MPEATIPUSITUST HaXOISITC KakK Obl B eIMHOM IipocTpaHcTBe. Ilpu ycra-
HOBJICHMU CTaHAapTa KadecTBa Cpelbl KOHKPETHOTO perruoHa (B paM-
KaxX OOIIMX IOIyCTUMBEIX OOBEMOB COpPOCOB M BBIOPOCOB) IIPEIITPH-
SITUS OyIyT caMu OIPeaessiTh BEJIMYMHbBI COPOCOB 1 BHIOPOCOB.

PaccMoTrpuM najnee MapKeTMHIOBBIE MOAXOAbI K YIIPaBIEHUIO
MIPUPOAO0OXPAHHON AEATEIbHOCTHIO.

Ilepsolii mapkemureoswlii nodxod TIO3BOJISIET OTKA3aTbCS OT €OU-
HBIX TEXHUYECKUX TPEOOBAHUI K MCTOYHUKAM 3arpsI3HEHUS U donyc-
Kaem 803MOMNCHOCHb 8b100pa UPMOLL pa3IUHHBIX CNOCO008 00CMUMICEHUS
00uWUx HOpmMamueoe copocos uau 6vlbpocos. OH CTUMYIUPYET BHYTPU-
MPOU3BOJACTBEHHOE U MEXXO3SIMCTBEHHOE paslelieHUe Tpyaa C ydye-
TOM HEOOXOAMMOCTU CHUXKE€HMSI YPOBHS 3arpsi3HEHUsI Cpelbl, 0Jaro-
Japsi 4eMy CO3[aeTcsl BO3MOXHOCTb YMEHbIIIEHUSI COBOKYITHBIX W3-
JepxkeK OOphObI C 3arpsI3BHEHUEM.

IIpenmonoxum, yto ¢upma peliniia UCIoJb30BaTh 3PPEeKTUB-
Hble M HEJOPOrMe METOAbI OOPLObI C OTXOHaMU U Ojarogapsi 3TOMY
MOXET TMOAJAEPKUBATh YPOBEHb COPOCOB U BbIOPOCOB 3arpsSI3HSIIOLLINX
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BEIIECTB HIDKE YCTAHOBJIECHHOTO PEeTMOHAJIBLHOTO cTaHmaprta. [pyrue
>Xe (PUpMbI, KOTOPbIM 00Opb0a C OTXOAAMU OOXOAUTCS IOPOXE, MOTYT
MPOIOJIKATh 3arpsi3HSITh Cpely, HO B IIpeaesiaXx OOIIMX perroHab-
HBIX JJUMUTOB. B MTOre, Kak MOKa3pIBalOT MAapKETUHTOBBLIE PACUETHI,
COBOKYITHBIE 3aTpaThl Ha MOCTIDKEHWE PETMOHAJBHBIX CTaHOAPTOB B
OynylIeM OKaXKyTCsl MEHbIEe, 4eM ecCJM Obl (pMPMBI JOCTUTAIM MX
CBOMMM CUJIAMM.

Bmopoii mapxemuneogwtii no0xod X peryIMpoBaHUIO B PETMOHANb-
HOM MacluTabe TpearnoiaraetT upsamoie coeiku mexcdy gupmamu. OH
yoo0eH 11T HOBBIX (PUPM WU UIST TeX ACHCTBYIOIIMX, UTO ITOABEP-
rarorcs MmoaepHu3anuu. [Ipexme yeM BBECTU MX B CTPOI B ITPOMBIIII-
JICHHO OCBOEHHBIX pEeTHMOHaX, HEOOXOOMMO, YTOOBI MpeaITpUHIMATE-
JIN B Ka4eCTBE KOMIIEHCAIIUN 3KOJIOTUUYECKOTOo yiiepda CHU3WIN yPO-
BeHb 3arpsi3HEHUSI Ha ONHOM W3 ACHCTBYIOIIMX IIPEANPUATUIA B
00beMe, SKBUBAJICHTHOM BBOIMMOMY HOBOMY MCTOUYHUWKY 3arpsi3He-
HUs. JIaHHBIM TIPUHLIMIT pa3pellleHUs] Ha HOBOE CTPOUTENILCTBO He-
o0xomuM, KOrja TMOKYITAIOTCs MpaBa Ha 3arpsisHeHue y pupM, KOTO-
PBIM yIAJIOCh JOCTUTHYTh CHMXKEHHS COPOCOB MU BHEIOPOCOB CBEpX
YCTAaHOBJICHHBIX TOCYAapPCTBOM HOPM.

Ecnu ¢pupma Kynmuiaa 3TH M3MUIIKK COKpAICHWI 3arpsi3HEHUN y
KaKOro-TO TIPEANPUSITHS, TO OHa ITIOJYyYWUT MPaBO Ha CBEepXHOpPMa-
TUBHBIM COpPOC MM BBIOPOC TOTrO MM MHOTO 3arpsi3HSIOLLIETO Bellle-
cTBa. MapKeTHMHTOBBIM ITOAXOM JAaeT BO3MOXHOCTH TEPEHECTH PhI-
HOYHBIE OTHOIIEHUS Ha cpepy MPUPOIOITOIL30BaHUsI, YTO OTBEUYaeT
OOIIIEKOHOMUUYECKOM CTpaTeruy CTPaHBI B LIEJIOM U PETMOHOB.

Tpemuii mapkemuneosgwlii n00xod TIPEAIIONaraeT, 4YTo (GUPMBI, KO-
TOpbI€ YKJIOHSIIOTCS OT YCTAHOBKM COOCTBEHHOTO OYMCTHOTO O0OpY-
JIOBaHMSI, JOJDKHBI OyOyT OIUIATUTh YacTh CTOMMOCTU TaKOTro 000Opy-
JIOBaHMS, YX€ MMEIOLIErocsd Ha APYTUX MPEANPUATHIX U 00ecTieuu-
BalOIIEr0 YPOBEHb 3arpsI3HEHUSI Cpelbl JAaHHOTO PErMOHa B paMKax
O0ILIMX HOPMATUBOB. PacueThl MOKa3bIBalOT, UTO MOJOOHBIE CIAEIKH,
OXBaTBIBAIOIIME B OCHOBHOM MPEINPHUATUS ONHUX U TeX XKe 00beau-
HEeHUI, KOMITAaHWH, TTO3BOJISIIOT NIPUMEHSITh 6HYMpUpUpPMEeHHYI0 nepe-
dauy (mpaucghepm) npae Ha 3aepa3HeHue cpedvl, UYTO 3HAUUTEIHHO
pacIIMpUT MaHEBPEHHOCTh KPYITHBIX (DMPM B MCITOJB30BAHUM WHBE-
CTUIIMOHHBIX CPEICTB.

Bce 310 mact HekoTOpbIM (UpMaM BO3MOXHOCTh HAKaruIMBaTh
V3JIUIIKKA COKPAIEHWI 3arpsi3HEHUI, ST TOTO YTOOBI B MX paMKax
COXpaHATh M JaxXe PACHIUPSITh HEKOTOPBIE TPSI3HBIE IMPOM3BOJICTBA,
He Hapyllas MPY 3TOM PETrMOHAIBHBIX SKOJOTMYECKUX TPeOOBaHMIA,
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ITOCKOJIBKY HE BCE TPEANPUSITHS CIIOCOOHBI O0ECITEYUTh CHIDKEHUE
YPOBHS 3arpsI3HEHMST 1O HOPMATHUBOB.

IIpenmaraeMble Mephl IamyT WMMITYJIbC HIee BO3HWKHOBEHUS B
HEKOTOPBIX pEeruoHax CBOEOOpa3HbIX 3Kono0euteckux Oauxos. Ilpuem
BKJIAJOB B HUX OyIEeT MPOUCXOINTH B BHUIE M3TUIIKOB COKpPAIICHUN
BbIOPOCOB 1 COPOCOB 3arpsI3HSIIOLIMX BelllecTB. Bkiaabl Kak cBOeoO-
pa3HBII KalmWATaJl MOTYT MCITOJIb30BaTh HE TOJBKO CaMM BKIATUYUKHU
(151 paciiMpeHusi HEOOXOAUMBIX TPSI3HBIX MPOU3BOJACTB), HO U JIpYy-
rue pupmbl u npeanpusatus. I[locaenHue OyayT MaaTUTh O0aHKY, YTO-
OBl TaKMM 00pa30M COKOHOMMTBL PECypChl Ha OYMCTHOM OOOpPYyIOBa-
Hun. TakuM 0o6pa3oM MOSIBATCS KaK TOCYJapCTBEHHBIE, TaK M YaCT-
HbIe DKOJOTMYECKWE OaHKM BKJIAOOB M3JIMIIKOB COKpalleHUN
3arpsisHeHUii. B pe3yibTaTte, BBHITTOTHSS 3KOJOTHYECKHE TPEeOOBAaHMS,
MOXHO OymeT o0ecrnednTh SKOHOMHWYECKOE M COLIMAJIbHOE Pa3BUTHE
PETMOHOB, MaKCUMAJIbHO MCTIOIb3YST UMEIOIINECS PeCyPCHI.

MapKeTUHTOBBIEe TTOAXOABI K 9KOJOTMYECKOMY PETyJIMPOBAHUIO B
KOHEUYHOM WTOTE ITO3BOJISIT MPEINpUITusaM (prpmam) MOIEPHUIUPO-
BaThb COOCTBEHHBIE BO3MOXHOCTH IIPUPOAOIOIL30BaHUS. B 3Toii
cdepe ToABATCS TIepeaOBBIe TEXHOJOTHN, YTO HEBO3MOXHO IIPU KO-
MaHIHO-KOHTPOJIBHOM METOJIe, KOTOPBIII OCHOBAaH Ha IPOBEPKE COOT-
BETCTBUSI TOCYJAPCTBEHHBIM M MECTHBIM HOpPMAaTHBaM KaxKIOro THIIA
MIPOU3BOJCTBEHHOTO 00OpyIOBaHMsA. MapKeTUHTOBBIE METOIBI TAKKe
OyIyT CIIOCOOCTBOBATh Pa3BUTHUIO HOBOI 3KOJIOTO-3KOHOMUYECKOM
HaIpaBJIEHHOCTH OOOOIIECTBICHUSI PETMOHAIBHOTO ITPOM3BOJICTBA,
MO3BOJISIT OCYIIECTBUTH PA3JEIIEHUE Tpyla U KOONEPALUI0 BHYTPU
OTHENIBHBIX TIPSANIPUATHI, (GUPM U MEXIy HUMHU IS JTOCTYDKCHMUS
MIPUEMJIEMOTO YPOBHS 3arpsI3HEHUS Cpeldbl KOHKPETHOTO pervoHa, a
TaKkKe paslejieHre Tpyla U KOOIlepalyio Mpu IIPOMU3BOIACTBE OCHOB-
HOM MPOIYKIIMM U B OTHOIIIEHUU COPOCOB U BHIOPOCOB.

3apyOeskKHBIN OIBIT IMOKA3BIBAET, YTO 3(PPEKTUBHOCTh MapKETUH-
TOBBIX TTOAXOIOB K PEryJIMPOBAHUIO 3aTPSA3HEHUN TEM BHIIIE, YeM K
0OJIBIIIEMY 2KOJIOTO-3KOHOMUYECKOMY OOOOILECTBIEHUIO TPOMU3BOICT-
Ba B perMoHe OHM BeayT. B yacTHocTHM, OKazajnoch, 4TO 65%-HbIi
YPOBEHb CHWXKEHHS 3arps3HEHHUs aTMOC(EpPHOTO BO3AyXa IpHU TIPH-
MEHEHHUU «0abi-npuHINNa» (TIPUHIIUIIA «ITy3bIPsT») ObLI JOCTUTHYT B
JIBa pa3a MEHBIIMMM CpEIACTBAMHU, YeM B cllydyae NMPUMEHEHUS Tpa-
JUIIMOHHBIX Mep KOHTPOJIS 3a KaXXIbIM OTACIbHBIM MCTOYHUKOM 3a-
rpsisHeHus. [1py MapKeTMHTOBOM TMOIXOAE, T.€. TOPTOBJIE IOIMyCKaMM
Ha 3arpsi3HeHWe MEXOY NPEANPUITUIMHA, 3KOHOMUYHOCTb MOXKET
BO3pacTu 0oJiee 4eM B 1IECTh pas.
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MapKeTHTOBBIE TTOIXOABI K PETYIUPOBAHUI0 HEM30EXKHO CBSI3a-
Hbl ¢ JuddepeHIUPYIOIIUM BO3AEHCTBUEM HA IIPEANPUITUS, T.€.
MIPUPOTOOXPAHHBIE MEPHl CTAaHYT KOHIICHTPHPOBATHCSI B OCHOBHOM
Ha KPYIHBIX NPEANPUITUIX, IlIe MX ceOeCTOMMOCTh OyIeT MEHBIIE,
YyeM Ha MEJIKUX U CPETHUX.

PasButne poccuiickoro pelHKa TIpUBEAET K TOMY, YTO IESITEITb-
HOCTb MHOTMX NpPEAINPUATUIA U (DUPM CTaHET CUJIBHO 3aBUCETH OT
SKOJIOTUYECKUX U TIPUPOTHO-PECYPCHBIX (haKTOPOB pernoHoB. Peun
HUIET He TOJBKO O CHUCTEME HAJIOTOB, TIIaTeXXel 3a TPUPOIHBIE pe-
CYpChI, 3a BBIOPOCHI M COPOCHI 3arpsI3HSIOLIMX BELIECTB U pa3Mellle-
HHUE OTXOHOB, O Pa3JIMYHBIX SKOJOTUYECKMX JIbIOTAX M CAHKIMSIX, HO
U O 20Cy0apCmeeHHblX U 0OUeCMBEeHHbIX IK0A02UMECKUX DPKCHepmu3ax,
KOTOPBIM TIOJBEPTalOTCS TIPEAIIaHOBas JTOKyMEHTalMsI, 00OCHOBA-
HUsI, TEXHUKO-3KOHOMUYECKHME PACYEThl, NMPEMIIOKEHUs] MO0 HOpMa-
THBaM, TPOEKThI, CAMU IIPOU3BOJCTBEHHbIE OOBEKTHI, UX AHTPOIIO-
TFe€HHbI€ BJIMSHHUS Ha OKPYXKaMIIYl Cpely, TEXHOJOIMU, 000pyaoBa-
HUE, TIPOAYKLMS, OTXOIBI.

M3 3apybeXHOro ombITa XOPOIIO M3BECTHO, YTO 3KOJOTMYECKUE
SKCIIEPTU3bl BHOBbL CTPOSIIIMXCS IPOMBIINUIEHHBIX OOBEKTOB MOTYT
BBI3BIBATh B Pa3IMUHBIX PErMOHAX CTPaHbI ITOCJIEACTBUS SKOHOMUYE-
CKOTr0, aIMWUHUCTPATUBHOTO, TIPaBOBOTO M COLMAIbHO-TIOJUTH-
YeCKOro Xapakrepa, IpUYeM KakK CTUMYJMPYIOIIHE pa3MellecHUEe U
pa3BUTHE TIPOU3BOIUTENBHBIX CUJI, TaK M 3aMeIsionime ux. Ecim B
pe3yabTaTe BBISIBICHUS B3KOJOTMYECKON BSKCIEpTHU30i HETOCTATKOB
KOPPEKTUPYETCS MPOEKT CTPOUTEIBCTBA MIN PEKOHCTPYKINHU TIPOU3-
BOJCTBAa, OKAa3aBIIIETOCS BPEIHBIM [IJISI OKpYXKalollel cpelbl, TO Bpe-
MsI M Pecypchl, 3aTpaueHHbBIE Ha €Tr0 TepeaesiKy, 3aTOPMO3AT pPa3BU-
THE TPOMBIIUICHHOCTH B JAaHHOM peTHOHe. DKCIepTu3a JOJIKHA OT-
Ka3bIBaTh 3KOJOTMYECKM OITACHBIM IIPOEKTaM — TEXHOJOTHSIM U
MIPOIYKIINH.

PaspaboTka u BHeapeHUE OE30TXOMHBIX U MaJOOTXOAHBIX MPOLEC-
COB, COBEpIICHCTBOBAHHUE CYIIECTBYIOIIMX M CO3JaHME HOBBIX OYMCT-
HBIX COOpYXXKEHHI, Tepernpo@uaIrpoBaHiue M CYIIECTBEHHOE M3MEHEe-
HUe MHQPACTPYKTYPhl M YaCTU CJIOKMBIIMXCS XO3SIMCTBEHHBIX CBSI-
3eil mpeanpuiaTuii 1 GUpM — BCE 3TO, €CTECTBEHHO, KapAMHAaJbHO
TOBJIMSIET HA TaKOM ITOKa3arejb, Kak cebecrommMocTtb. OH B CBOIO
oyepeab BO3NEUCTBYET HA BeCh KOMILIEKC XO3SIICTBEHHBIX OOBEKTOB,
a TaKke Ha 9KOHOMMYECKYIO Y COLMAIbHYIO OOCTAaHOBKY B 1I€JIOM I10
pernoHy. Pe3ynbTaThl TaKMX BO3JIEHCTBUI CieAyeT YYUTBIBATH KakK
rOCyJIapCTBEHHBIM CTPYKTYpaM M OpraHaM MECTHOTO CaMOYIIpaBlie-
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HUs, TaK ¥ TIPEANPUHUMATENSAM TIpY pa3MEIeHUW W Pa3BUTUU IIPO-
M3BOIUTENIBHBIX CUJI B TeX WM MHBIX pernoHax Poccum.

HayuyHo-3KoHOMMYECKasi pa3paboTKa OpraHM3alMOHHO-METOMM-
YEeCKMX OCHOB M KOHKPETHOIO BBIYMCIMTEIBHOIO WHCTPYMEHTApus
BKJIIOUAET B CEO0S:

e BHIWICHEHUE OTIEJbHBIX JIEMEHTOB U3 OOIIEH CTPYKTYpHI;

e KOJIMYECTBEHHYIO OIIEHKY W IIPOTHO3WPOBAHWE BEJIMYMH U
TEHACHLIMI MU3MEHEHHUS CIEKTpa SKOJOTMYECKMX U MPUPOTHO-
PECYPCHBIX COCTaBJISIIOIIMX B CJIOXHBIX IMpoleccax KojaedaHui
KYpPCOB aKLWi pa3IWyHbIX OPEANPUITUIA U DUPM.

bonee cnoxHO OOCTOUT HEJIO C 3K0A02UHECKUM CMPAX08aHUeM
9K0/102UHEeCKUX PUCK08, KOTOPOE MOXET OBbIThb peaJibHO BHEIPEHO Ha
npaktuke. [Ipu 3TOM cienyeT MOCTeNEeHHO COBEPIIeHCTBOBAaTb MH-
¢dopMaliMOHHYI0 0a3y, pbIHOK MEpeCTPaXxOBOUYHBIX YCAYT B 3TOM 00-
JIacTH, HEOOXOOMMYIO 3aKOHOHATEILHYI0O W HOPMATHUBHYIO TOKYMEH-
Taiuoo. TeM caMbIM OyayT NMOATOTaBAMBATHCS MPEANOCBUIKM K pac-
MPOCTPAHEHUIO 00SI3aTEIbHOIO 3KOJOTMUYECKOro CTpaXOBaHMs Ha BCE
(YpMbI, KOMITAHUU U KOPIOPALIUU.

[nsa BBeAeHMST TOCYIapCTBEHHOIO 00s13aTeIbHOIO 9KOJOIMYECKOro
cTpaxoBaHUs (B OTIMUME OT JTOOPOBOJBHOrO) MOTpedyeTcsl creluaib-
Hbli 3akoH Poccuiickoit @enepaniv, KOTOPBIA AODKEH OMNPEHEIUThH
OpraHu3alyy, CIeUUATN3UPYIOIINECs Ha OCYIIECTBJICHUN BCEX BUIOB
TOCYJApCTBEHHOTO 3KOJIOTMYECKOTO CTpaxOBaHUS. DTH Xe OpraHm3a-
LIMM MOTYT YCTaHaBJIMBaTb MOPSAOK oOpa3oBaHMsl M (DYHKIIMOHUPO-
BaHUS FOCYIapCTBEHHOTO 3KOJOTMYECKOro CTpaxoBoro oHaa.

Tl'ocymapcTBeHHOE 00s13aTeIbHOE JKOJOTMYECKOE CTpaxOBaHUE
MOXeT (PYHKIIMOHUPOBATh HA OCHOBE CJIEAYIOLIUX MOJOXKEHUIA:

e OIIpENEeNICHUE OTpacCiei, MOAOTPACIEN U NPEINPUATAN, TMOMI-

JIEXAIIX CTPaXOBaHUIO B 00SI3aTEILHOM TOPSIIKE;

e pa3paboTKa OTPacj€BbIX METOOAMK II0 3KOJOTUYECKOMY
CTPaxoOBaHMIO;

e (hopMupoBaHUE OaHKa CTaTUCTMYECKHUX AAHHBIX B TeX OTpac-
JISIX, KOTOpbIe M3-3a HapYIIEHUS DKOJOIMYeCcKOi OOCTAaHOBKHU,
OencTBUil, aBapuii U KaTacTpod HAHOCAT HAMOOJBIINI yilepO
OKpyXalollei cpene;

e YCTAHOBJICHME CTAaBOK CTPAXOBbIX IUIATeXeil ¢ auddepeHuna-
LIMEH MX IO OTPacisIM JESITeJIbHOCTM M OOBbEKTaM CTpaxoBa-
HUs, BKJIIOYask KPyIHble KOHLUEPHbI U KOPIOPALUU;

e yTBEpXKAEHHE HOPMATHUBHBIX JOKYMEHTOB, OIPEAEISIOLINX
repeuyeHb CTPaXOBBIX CIYYaeB;
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e ompenesieHWe 3aKOHOIATEIbHO YCTAHOBJICHHOM ISl IOpUANYE-
CKMX U (U3MYECKHUX JIMLL CTEIEHW BO3MEIICHMS yliepoa, Bbi-
3BAHHOIO TOBPEXIECHUEM WM TMOEJIbI0 MMYIIECTBA, MOpYei
3eMJId, Jieca U T.I., pacXOJOB MO OYMCTKE 3arpsiI3HEHHBIX Tep-
PUTOpPUA.

Ha mepBoOM 3Tame jgyyuie BCEro YCTAHOBUTH JOOPOBOJIBHYIO
(dopMy mpoBeneHUs 3KoJorMyeckoro crpaxoanusi. Herenecoodpas-
HO TNpEeANUChIBaTb BCEeM (uUpMaM, KOpHoOpalusM, MNPEANPUSTUSIM,
YUPEXKACHUSIM, OpraHu3alusiM OOSI3aHHOCTb BCTYIATh B CTPaxOBbIE
OTHOILLICHUSI, YTOOBbI MOJYYUTh JHMIIEH3UIO Ha IPOM3BOJCTBEHHYIO
NESITEIbHOCTh M NIPUPOAONONb30BaHUE. B 3TOM cilyyae OHM JOJIKHBI
ObLIM Obl MpeAcTaBUTb (DMHAHCOBYIO TapaHTUIO TOTO, YTO BO3MOXK-
HbII ylIepO TPEeTbUM JrLaM OyaeT BO3MEIlEH.

BTopoii 3Tan gosKeH ObITh MOCBSAILUEH YKPEIUIEHUIO (pUHAH-
COBO-KPEAUTHOM CHUCTEMBI, ampodaluu MeXaHu3Ma JO0OPOBOJILHOIO
9KOJIOTUYEeCKOro crpaxoBaHusl. ITOCKOJbKY J1000i akT J00POBOJIb-
HOTO CTpaxOBaHWSI OMNPEACNISIETCS COOTBETCTBYIOLIMMU JOTOBOPAMM,
MpaBUJaMyd M HOPMAaMM TPaxXIaHCKOIO 3aKOHOAATEJIbCTBAa, HEOOXO-
JIuMa pa3paboTKa HOPMATUBHO-IPABOBOM M METOAMYECKON HIOKY-
MEHTalMU. 3aTeM JOJLDKHBI ObITh pa3pabOTaHbl OCHOBBI METOAWYE-
CKOM JOKYMEHTALMU IO 00s13aTeIbHOMY 3KOJIOTMYECKOMY CTpaxoBa-
HUIO, YTOOBI OHO CTAJIO0 OOBIYHBIM SIBICHUEM 3KOHOMUKM.

I'maBHas 1enb MapKETUHIOBBIX MOAXOAOB K YIPABJICHUIO MPUPO-
JIOOXPAaHHOM NESITEIbHOCTBIO HaIlpaBjieHa Ha obecneyeHue payuoHanb-
H020 UCNOAb308AHUSL ACCUMUAAYUOHHO20 NOMEHUUANA NPUPOOHOU cpedbi.
Cxema ee peanusaliu B MmaciuTabe cTpaHbl TakoBa. IIpaBUTEIbCTBO
OIpeaeIsieT NOMYCTUMbIE MAaclUTaObl BO3ACHCTBUS Ha MPUPONY, pac-
NpeaeseT JULECH3UM (pa3pelieHus]) MEXIy 3auHTEPeCOBAHHBIMU
CTOpPOHaMHU, a 3aTeM (B OTJIWYMUE OT AAMUHUCTPATUBHOU U SKOHOMM-
YECKOW CHUCTEM pEeryJMpoOBaHUs) NPEeANpUHUMATENSIM NaeTCs MOJIHasI
cBobofa TepepacnpencysaTh WIM IepenpojaBaTbh 3TU JIMUEH3UU.
DyHKIMS OpPTraHOB YIIPaBJICHUSI COCTOMT B KOHTPOJIE 3a COOJIOMEHM -
€M 5KBMBAJIEHTHOCTU CIEJOK, YTOOBI CYMMUPYIOIIEE BO3NCHCTBUE HA
MPUPOAY HE yBeJIuuyusioch. Bce 3To cnocoOcTByeT (DOPMUPOBAHUIO
PBIHOYHOI WMHMPACTPYKTYPHI, T.€. 3aKPEILUICHUIO MpaB COOCTBEHHO-
CTU 3a (UPMOM, OOECHeUMBaOLIE peaTu3alMio STUX MpaB (B TOM
YUCJIe BblJAuy JMLEH3UW WIK CepTU(PUKATOB COOCTBEHHOCTH), a
TakKe€ BO3MOXHOCTM KOHTPOJIS 34 JEITEJbHOCTBIO 3KOJOTMYECKUX
0aHKOB U OUPXK.
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7.3. dxororuueckui ayauT B cuUcTemMe
MapKeTHHTa

IKonoeuneckull ayoum — 3TO TIPOBEACHUE PEBU3UU 3KOJIOTHYE-
CKOM NEeSITeIbHOCTU (PKOJOTMYHOCTH) KoMIaHuil. KoHuenuust sKo-
JIOTUYECKOro ayauTa, paspadotaHHass B KoHue 70-x romoB B CIIA,
BIEPBbIC MCIIOJb30BaJaCh Ha MPAKTUKE IS MPOBEPKU COOIIOACHMUS
KOMMOAHUSIMU 9KOJIOTMYECKUX TPEOOBAHMII 3aKOHOB, 3aKOHOAATENb-
HBIX aKTOB M HOPMATHMBOB. DKOJOTMYECKMI ayauT BKIIOYAET MpPO-
BEPKY CJEAYIOIIMX BUAOB IESITEIbHOCTHU:

e BBIMIOJHEHUE SKOJOIMYECKMX HOPMATUBOB B COOTBETCTBUM C

3aKOHOJATEILCTBOM U BHYTPUMDUPMEHHBIMU TPEOOBAHUSIMU;

e ompenesieHWe YPOBHSI 3KOJOTMYHOCTM KOMMOAHUU (MPOBOAMT-
csl B cllyyae, €clIv JaHHas KOMMaHUs He uMeeT oGMUUAIbHO
MNPUHATBIX IIJIAaHOB WJIM TpOrpaMM B 00JacTyM OKpyxXaloliei
cpelbl);

e (DYHKIIMOHMPOBAHUE CUCTEMbI SKOYIPaBICHUSI;

e TIOJYYEHME DKOJIOTUYECKOro cepTUuduKara;

e BBHINOJIHEHME (PMHAHCOBBIX 0053aTeIbCTB M BHIIJIATa IOJITOB,
MPaBUJIBHOCTb OMpeneSeHUs] YPOBHS PUCKOB MPU CIUSHUU U
MPUOOPETEHUN KOMITAaHMIA;

e COCTaBJIEHHWE 3KOJOrMYecKoi Aekjaapaldi U OTYETOB KOMIla-
HUU 00 5KOJIOTUYECKOU AeSITEIbHOCTHU.

DKOJIOTUYECKUI ayauT IMPEICTaBIsieT coO0M KOMIUIEKCHBIN, I0-
KYMEHTUPOBAHHBIN BEepUMUKALIMOHHBIN TTPOLIecC OOBEKTUBHOTO BBISB-
JIEHWSI ¥ OLICHKM CBEACHUI 11 OTpeAeSieHUS] COOTBETCTBUSI KPUTEPUSIM
MPOBEPKM KOHKPETHBIX 3KOJOTMYECKUX MEPONPUITHI, BUIAOB HEsI-
TEeJIbHOCTH, YCJIOBUM, YIIPABIEHYECKUX CUCTEM WU MHGPOpPMALUU O
HUX U MHOOPMUPOBAHUS TTOTPEOUTENISA O TMOJYYEHHBIX B XOI€ yKa-
3aHHOTO Mpoliecca pe3yabTaTax. MexmyHapoaHbie craHaaptel MCO
10 3KOJIOTUYECKOMY aydUTy BKJIIOUAIOT METOAMYECKHE MaTepuasibl
Mo mpuHLUNaM skonorndyeckoro ayaura (ISO 14010), mpouenype
ayauTa cucteM aKojiormvyeckoro ympasieHus (ISO 14011.1) u xBa-
JMpUKAIUOHHBIE TPeOOBAHUS K CIIEIIUATNCTAM T10 3KOJIOTUYECKOMY
ayiuTy.

st co3maHuss MapKeTMHIOBOWM CUCTEMbl BaXXHO, YTOOBI 3KOJIO-
TMYECKUIA ayIUT paccMaTpUBajICsd B KauyecTBE OCOOOro yrpaBlieHUYEe-
CKOTO MHCTPYMEHTAa M COCTAaBHOM YacTU CHUCTEM BKOYIIPaBIEHUS.
[TpoBOAUTCA OH OOBIYHO 3KCIEPTAMU-KOHCYJbTAHTAMU 1O 3aJaHUIO



7. SKONOrnyecKkuit MapKeTUHT 163

BJIACTHBIX CTPYKTYp (ITpOBEPKa BbIMOJHEHUSI 3KOJOTMYECKHUX TOJIO0-
KeHMIA 3aKOHOB M B3KOHOpPM), OaHKOB WJM CTPaxXOBbIX KOMITaHMIA
(Tpy TIPUHSATUU UMM PELIEHUN O MPedOoCTaBIEHUM KPEAUTOB, CCYI
WIN CTPaxOBOTO IIOJNMCA) M, HAKOHEIl, YAaCTHBIX KOMMaHUWU (TIpu
CIUSTHUSIX WJIA TPUOOpPETeHUSIX KOMITaHuii). Toru mpoBepKu MOTYT
OBITb BE€ChbMa HEOXMIAHHBIMM: BBICOKME IUTpadbl WIA BPEMEHHOE
NPUHYOUTEIbHOE 3aKpbiTHe. Pe3yabTaThl 3KOJOTMYECKOIO ayauTa
MOTYT CJIYXXWUTh MCTOYHMKOM MapKETMHIOBON MHGOpMALUMKU 00 3KO-
JIOTMYECKUX acHeKTaxX JesITeIbHOCTM KOMIIAaHMM, IIpUYeM 3Ta HH-
dopMaLMs MCKIIOUMTENILHO BaXKHa JJis MPUHATUS TOCJEIYIOIINX
YIIPABJICHYECKUX PELICHUM.

DPPeKTUBHOCTL BHEAPEHUSI B KOMITAHUM 3KOJIOTMYECKUX MEpPO-
MPUATUIA U CUCTEM 3KOJOTUYECKOTO YIPaBJICHMSI BbIPAXKAETCS B Hps-
MbIX 8bl200ax, KOTOPBIE CBSI3aHBI C BO3MOXKHOCTBIO PACIIMPUTH PHIHOK
cObITa MpOAYKUMU, M30ekaTb HEHYXXKHBIX PacXodoB, CHU3UTb W3-
JIepXKKM, cOepeyb OCHOBHBIE (DOHIBI, MOJYYUTh HYXKHBIE WHBECTH-
LIMU, U B KOCBEHHbIX, BKIIOUAIOLIUX YJIydllleHUEe MOTUBALIMU COTPY/-
HUKOB KOMIIAHWU, OTHOLIEHWI C MECTHBIM HaceJeHuEeM, pelyTaluu
KOMIIaHUU.

HexkoTtopbeie MHOCTpaHHBIE MAPTHEPHI MO COBMECTHBLIM MpPEANpU-
SITUSIM, CTPEMSICh IIPUCIIOCOOUTHCSI K XapaKTepy JEJIOBBIX OTHOILIIE-
HUI B Halllel CTpaHE, B TOM YMCJIe K OBITYIOIIEH MpaKTUKe Hapylle-
HUYSI IPUPOJOOXPAaHHBIX HOPM, He COOJIIONAIOT 3aKOHOJaTeIbHbIE I10-
JIOKEHUsI B 00OJIACTM OXpaHBI OKpYyXKalollleil cpenpl. DTO KacaeTcs,
HampuMmep, HedTsIHOU, HePTEeXMMHUUYECKON, MeTaJUIyprudyeckoir u
TOPHOJOOKIBAIOILEH IIPOMBIIIJICHHOCTA. B 3Toif CBsS3M BbIpacTaeT
POJIb BKOJIOTMYECKOTO ayauTa U 9KOJOTMYECKONH OTYETHOCTH.

B Poccum 3HaunTeIbHBIE BO3MOXHOCTH JIsSI CTAHOBJICHUSI OTpac-
JIN 3KOJIOTUUECKUX YCIYT (ayOIUT M CTpaxoBaHWE) BO3ZHUKIIM C pa3BU-
THEM 4YacTHOro cekropa. B cTpaHe mpeoOiiamaloT Majble Npearnpu-
atud, npuyeM 20% u3 HUX — KOMITAHUM ITPOMBILIJIEHHOTO U CTPOM-
TeJIBHOro TpouJisi, KOTOpble MOIYT OKa3bIBaThb CYIIECTBEHHOE
BJIMSIHUE Ha OKpyXalollyio cpeay. MHBIMU ciaoBaMu, HPUMEPHO
250 ThIC. KOMIAHWI HYXIAIOTCS B IIPOBEICHUN dKOayIUTa.

CoTpygHMYECTBO B 0O0JIACTH Pa3BUTUSI DKOJIOTUYECKU NpUEMIIC-
MOTO MNpeanpUHMUMaTeIbCTBA IIpeaIiojaracT:

e 13yUyeHME OIbITA 3aMaJgHbIX KOMIIAHWM, 3alaJHOTO U MEXIy-

HapOAHOTO 3aKOHOIATEIbCTBA;
e TIOJArOTOBKY KaJpOB 3KOJOIMYECKM OPUEHTUPOBAHHBIX IIpell-
MPUHUMATENCH;
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(I)OpMI/IpOBaHI/IC Kaapos, T.C. CIICHMAJIMCTOB I1O0 CO3JaHUIO CHUC-
TEM YIIPABJICHUA 9KOJOTAUYECKON AESITEIbHOCTHIO KOMHaHHﬁ;
IIPOBCACHUEC 3KOayauTa.

Kountpoabubie Bonpocni

1.

2

7.

Ilepeunciimre OCHOBHBIE MAapKETHHIOBbIE HANpaBieHUs B 00-
aacTi (POPMHUPOBAHUA PHIHKA DKOJIOTHUECKHUX YCIYT.

[louemy B Poccum B Tepexomnblii K PBIHRY TEepHOT,
YXYIHIHIOCh COCTOSIHHE OKpY:kalonieii mpupoaHoii cpemupi?
Jlaiite XaparTepycTURY OCHOBHBIX TPYII METOJOB, COCTaB-
IAIONINX CYIMHOCTh MAPKETHHTOBOTO MeXaHm3Ma YIpaBIeHusd
ORpY:Raloleil MPUPOIHOIl cpeNoii.

RakoBa ecTpykTypa ROMIIEKCHOH CHCTEMBl MapRETHHTOBBIX
Mep, HEOOXOIMMBIX Il PelieHsi DROJIOTHICCKNX 1podaem?
Packpoiite cynmHocTh MapKeTHHTOBBIX TIOJXOIOB K PEryJiupo-
BaHUIO MPUPOIONOIB30BAHIIA.

RaroBbl TEPCHIERTUBBI PAa3BUTHA CUCTEMBI  DROIOTHUYECKOTO
crpaxoBaHusA?

RaroBsI 3agaun sRoIOTIIECKOTO ayauTa?



8 JdKororuueckoe nNPapo

8.1. Ilousarue, npeamer u ucrounux
3KOAOTHYECKOro MpaBa

DKoaoeuneckoe npago — 3mo ompacab PoccuUlickoeo npasa, npeo-
cmasasowas co0ou cucmemy HOPM Npaea, peeyaupyouux oouecmeeH-
Hble omHoueHus 8 cghepe 83aumodelicmeus obujecmea u npupoodsl ¢ ye-
AbI0  COXPaHeHUs, 0300P08AeHUS U YAYYUEeHUs OKpyycaroujell cpedvl 6
UHmMepecax Hacmosaweeo u 0yoywux nokoasenui aroodeti. JlaHHoe orpe-
JIeJIeHUE BKOJIOTMUECKOro mnpaBa 0a3upyeTcss B OCHOBHOM Ha CT. |
3akoHa PCOCP or 1991 r. «O6 oxpaHe OKpyxXawlleil MpUupoIHOi
Ccpenbl».

[IpenMeTOM 5KOJIOTMYECKOTO TIpaBa SBJISIOTCS OOILIECTBEHHBIE
OTHOILIIEHUST B cepe OXpaHbl, O3TOPOBICHUS W YIYUIICHUS OKpY-
XaIIe TPUPOIHONU CPEIbl, TIPEAYIPEXICHUS U YCTPAHEHUST BPEI-
HBIX TTOCJEACTBUI BO3MCHUCTBUS HA HEE XO3IWCTBEHHOW W MHOM NEsi-
TEJIbHOCTHU.

B 11060M nMpaBOBOM TOCy1apCTBE OCHOBHBIM MCTOYHUKOM 3KOJIO-
ITMYECKOTO IpaBa JOJDKEH OBITh 3aKOH, aJeKBAaTHO PeTyIUPYIOIINi
SKOJIOTMYECKME TIpaBa 4eJoBeKa M TpaxXaaHWHa, 00ecIeYMBaIOIINA
MEXaHM3M MX 3allUThI, a TaKXe (POPMUPYIOIINI OOILIEeCTBEHHBIE OT-
HOILIEHNS COOCTBEHHOCTH Ha MPUPOIHBIE PECYPCHI, COAEpXKalluil
MPaBOBbIE HOPMBI 110 TIPUPOIOIIOIB30BAHNIO 1 OXpaHe OKpYyXKalolei
MIPUPOTHON Cpelbl, MO TPECeUCHUI0 U MPO(GIIAKTUKE TIpaBOHApY-
LIEHUI B 3TO 00J1aCTH.

CucreMy MCTOYHMKOB 3KOJiorMyeckoro rnpaba B Poccum obGpa-
3ytoT KoHcrturyuus Poccuiickoit deaepanun, ¢peaepaTuBHbIC JOT0-
BOpBI, MEXIyHapoAaHble IOroBopbl P®, oOlienpu3HaHHBIE HOPMBI
MEXIyHApOOHOTO IIpaBa, (eaepaabHble 3aKOHBI, HOPMATUBHEIE
yKa3el U pacnopsekeHus Ilpesumgenta P®, HopmaTMBHBIE IOCTa-
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HoBieHust I[lpaBurenbcrBa P®, KoHCTUTYLIMM, 3aKOHBI U HWHBIE
HOpMAaTUBHEIE IPaBOBBIE aKThl cyObekToB Penepalnu, HOPMATHUB-
HbI€ MPABOBBIE aKThl MUHUCTEPCTB U BEIOMCTB, OPTaHOB MECTHOTIO
caMOyMpaBJIeHUS U T.I.

PerynupoBaHue oTHoIIEHUIT B 00JaCTH MCHOJb30BAHUST TIPUPOI-
HBIX PeCypcoB IMpeaycMarpuBaeTcs 3eMeabHbIM Koaekcom PCDCP,
Bonubim kogexkcom P®, JlecHbiM komekcoMm P®dD, demepanbHbIM 3a-
KOHOM «O XMBOTHOM Mupe». MCTOYHMKU 3KOJOTMYECKOro IpaBa
MPOLIECCYAILHOIO XapakTepa — 3TO I'paxmaHCKUil IpolieccyalbHbIA
kogekc PCDCP, VronoHo-1ipoueccyanbHbiil kKogeke PCOCP, pas-
JIMYHbIE TIPABOBBIC aKThl U MocTaHoBIeHUs I[1paButenbcrBa PO.

OxpaHy M 3allUTy MpaB COOCTBEHHOCTH Ha MPUPOAHBIE PECYPCHI,
SKOJIOTMYECKUX TpPaB M 3aKOHHBIX MHTEPECOB 4YeJIOBeKa M Tpaxkaa-
HHHA, BBIMOJHEHWE MPaBOBBLIX TPeOOBAHUI MPUPOIOIOIb30BAHUS U
OXpaHbl OKpYyXalollleil cpeabl 0OeCIeurMBaOT B Halllell cTpaHe mpa-
BOOXpaHUTEJbHBIE OpraHbl (MUJIMLMS, MPOKyparypa, KoHcTuUTyLM-
oHHbIl Cyn P®, obuive M apOuTpaxkHbie cyibl). B cBoeil mesTelib-
HOCTH OHM OCHOBBIBAIOTCSl Ha (helepabHBIX 3aKOHAX, ApOUTpPaKHOM
npoueccyaibHoM kKopekce P®, Komekce PCOCP 06 amMuHMCTpa-
TUBHBIX IIpaBOHAPYILIEHUSIX, YTOJIOBHOM Kojekce PP, I'paxxgaHckom
Komekce PD u apyrux cOOTBETCTBYIOLIMX IPABOBBIX JOKYMEHTAX.

8.2. dxororuueckne npasoHapyIeHHS

ITonaTne U cocTaB 3KOJOrMYeCKHUX NMpaBoHapymeHnuii. [IpaBoHapy-
LIeHWe MpeAcTaBiasieT co0oil opuauYecKUil (akT, IMOPOXIAOLINIA
OXPaHUTCIbHOC ITPaBOOTHOLICHUE.

Cneuucuka TmpaBOHApYIIEHUS, COBEPILIEHHOrO B O0JIACTU MpPHU-
POOOITIOJIb30BaAHUA U OXpPaHbI OKPY)KaIOH_[Cﬁ Cpeabl, OonpeacjsdaA€T €ro
KaK 3KOJIOTUYECKOC IIpaBOHAPYILICHNUE 1 3aKII0YAa€TCA B TOM, YTO:

e OOBEKTOM 3KOJIOTUYECKOIO IIpaBOHApPYLICHMWA BbICTYIIAlOT 00-
HHIECTBEHHBIE OTHONLICHUA B C(I)Cpe pallMOHAJIbHOIoO IIpUpoOa0-
MOJIb30BAHUSI U OXpPaHbl OKPYXKarolleil cpebl;

® DKOJOTMYECKOC IMPpaBOHApPYHICHUE ITPECACTABIACT coboit IIpOTHU-
BOIIpABHOE [IeSIHUE, COBEPLICHHOE IIyTeM ACWUCTBUS (HAIpU-
Mep, He3aKOHHasi mopyOKa M IIOBpeXAeHHUE IEpPeBLEB U KYC-
TAPHUKOB) WX 0e3AeiCTBUSI (HEeBBIMOJIHEHUE IMPABUI OXPaHbI
Heqp);
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e BMHA SIBJISIETCS TPETHUM MPU3HAKOM COCTaBa IMpaBOHAPYIIEHUS
B (hopMax yMbICJIa M HEOCTOPOXHOCTU. Hampumep, He3aKoH-
Hast oxota (cT. 258 YK) MoxeT ObIThb COBeplilieHa TOJbKO C
MPSIMBIM YMBICJIOM, YHUUYTOXEHUE JIECHBIX MAaCCUBOB B PE3YJib-
TaTe HEOCTOPOXHOIO OOpallleH!sl C OTHEM — TOJIbKO MO HEOC-
topoxkHocTu (cT. 261 YK P®D);

e CyObEKTOM 3KOJOTMYECKOro IpaBOHApPYIUEHUSI MOTYT ObIThb

rpaxjaaHe U IopuandeckKue Jula.

B ct. 81 3akoHa PCDOCP «O6 oxpaHe OKpyxXalollei MpUpogHOi
Cpelbl» IK0A02UUECKOe NPABOHAPYUIeHUe OTIPEACIISIETCS KaK BUHOBHOE,
MPOTUBOIIPABHOE JesiIHME, Hapylllalollee MpUpPOJI00OXpaHUTEIbHOE 3a-
KOHOAATEJILCTBO M MNPUUYMHSIONIEE Bped OKPYXKArollel NpUpOIHOMN
cpene M 3mMOpoBbI0 YeiaoBeka. C ydeToM CTEIeHW OOIIeCTBEHHOM
OIMACHOCTU 3JKOJIOTMYECKME IpaBOHAPYIIEHUs MOAPA3IEISIIOTCS Ha
MPOCTYNKU U TPECTYILICHUS.

B cr. 42 Konctutynun P® 3ammcaHo, 4TO «KaxXAbIii MMEET mpa-
BO Ha OJaronpMsATHYIO OKpPYXKAIOIIyl0 Cpedy, JOCTOBEpPHYIO MHGOpP-
MallMI0 O €€ COCTOSSHMM M Ha BO3MelleHue yiiepba, MpUYMHEHHOIO
€ro 3710pOBbI0 WJIM MMYLIECTBY 3KOJOTMYECKUM IPaBOHAPYIIEHUEM».
ITpaBo Ha OGJaronpusITHYIO OKPYXaIOLIyH Cpely IpeacTaBIsIeT CO-
0oli: BO-MEPBbIX, HPABCTBEHHbIN IMPUHLMII, BbIpaX€HHbI B MpaBoO-
Bolii HopMe KOHCTUTYLMM; BO-BTOPbIX, MPUHLMUI [JIsI MOCTPOEHUS
CUCTEeMbl OObEKTHUBHOIO 3KOJOTMYECKOr0 3aKOHOJATEIbCTBA, a TAKXKe
€ro BaXKHEWIYI0 HOPMY; B-TPETbUX, 3TO CYyObEKTUBHOE MPABO I'Pax-
JlaHWMHA, KOTOPOMY KOPPECIOHAUPYIOT 00sS3aHHOCTU TOCyaapcTBa Mo
MoJAEPKaHUIO0 OKPYXallleil cpelbl B OJarorpusaTHOM COCTOSIHMU, a
TakKXe IPOBEACHUIO PA3IMUYHBIX MEPONPUSATUI MO YCTPaHEHUIO OT-
puLIaTeJIbHBIX BO3AEHCTBUIA HEOJIArolpusITHON cpelbl Ha YyeloBeKa.

Buanl Bpena, nmpuuMHSAEMOro OKpYXKawumieid NpupoaHoii cpene. B
COOTBETCTBMU cO CcT. 86 3akoHa or 9 mexkabps 1991 r. Bpem okpy-
JKarolleit MpUPOTHOI cpene MOXET ObITh NPUYMHEH IOPUANYECKUMU
JIMIIAMU ¥ TpaXIaHaMU 3arpsi3HEHUEM OKPYXKAIOIIEH CPENbl, TTOpUYECH,
YHUUTOXEHMEM, TOBPEXAEHUEM, HepalMOHAJIbHBIM MCHOJb30BaHM-
€M TIPUPOAHBIX PECYPCOB, Pa3pylIEeHUEM €CTECTBEHHBIX 9KOCUCTEM U
JPYTUMM 3KOJOTMYECKMMU IpaBoHapylueHusMu. Iloa Bpeaom mno-
HUMAaETCs peajibHbIi yilep0d W yrylleHHas Bbiroga. PeanbHblii yiiepo
B 9KOJIOTMYECKON cepe MOXKET BbIpaXkaThbCsl B YMEHbILIEHUU JIECHBIX
MAacCCHUBOB, CHMXXEHUM ILJIOAOPOAMS TOYBBHI M T.A., a TAKXKE B pacxo-
Jlax Ha HUX BOCCTAaHOBJIEHME. YIyLIEHHas BbIrOJa B 3KOJOTUYECKOM
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chepe MOXKET BhIPaXKaThCsl B HEIOJYUYEHHBIX JIOXOIaX, HallpuMep, OT
XO3SIACTBEHHOI'O MCHOJb30BaHMUsI TOM IOYBHBI, ILUIOAOPOAME KOTOPOM
CHU3WJIOCh.

Bpen okxpyxaroiieit cpene (¢ TOYKM 3pEHUS TTOCIEICTBUI) MO-
KeT OBbITh KaK KOHOMUYECKHU (rubesib JIECHOTO MaccuBa, IMpeaHa-
3HAQUEHHOI'0 K BBIPYOKE W TIpojaxke), TaK U 3KOJOTMYecKuil (Hapy-
LIIEHME 3KOJIOTMYECKMX MHTEPECOB OOILECTBA B YaCcTU OJAronpusiT-
HOIt cpeabl). Mexay coboil 3T BUABI Bpeda OpraHMYeCK CBSI3aHbI
KaK MUCTOYHUKOM, TaK M CIIOCOOOM INPUUYMHEHUS U PacCMaTPUBAIOT-
Ccs B JICHEXXHOM BbIpaxkeHuu. Ho B oTiaMume OT 3KOHOMUYECKOTO
Bped DKOJIOTUYECKUI OoJjiee IJIMTENIEH B CBOEM MPOSBICHUU U ITI0-
CJIEICTBUS €r0 MOTYT OBITh PACTSIHYTHl BO BpEMEHM U B MPOCTPAH-
CcTBe. DTOT Bpel He Bcerga MOXeT ObITh BO3MEIIEH B HaType, He
Bcerga OoleHUM B JAeHEeXHOM BbipaxXeHUU. [ToaToMy orpomMHoe 3Ha-
yeHUEe MMeeT MPEeBEHTUBHAsI paboTa IO IpeayNnpekAeHUI0 HACTYII-
JIEHUs Bpea.

Bpen okpyxarolleid cpeie MOXET ObITb NPUYMHEH KaK MpaBo-
MEPHBIMU JEUCTBUSIMM (pa3pellieHHBIMU TOCYAapCTBOM), TaK U
BCJIEACTBUE HApyLIEHUsI 3KOJIOTMYECKOIo 3aKoHomaTelbcTBa. CooT-
BETCTBEHHO ITPaBOMEPHBII Bpea (OOBEKTUBHO BBIHYKIACHHbIN) IOJI-
KEeH OBbITh BO3MEIEH TOJBKO B CIydasx, IPpsIMO IPEeayCMOTPEHHbBIX
3aKOHOJATEIbCTBOM. BDKOJIOrO-IIpaBoBasi OTBETCTBEHHOCTb 3a HeE-
MMpaBOMEPHLIN Bpej HACTYIaeT TOJLKO B Cliyyae, KOrjJa OH SIBJISIET-
Csl TPSIMBIM CJIEICTBUEM HapyIIeHUsI DKOJOTMYECKOro 3aKOHOJa-
TEJILCTBA.

8.3. Ilparorou pe:xum npupoaoNOAb30BaAHUSA
H OXpPaHbl OKPY:KaKIUeH Cpeabl

3arpssHenue Boa. [IpaBOHaAapYyIMIEeHUSIMMU CUATAIOTCS
3arpsiI3HeHNe, 3aCOpeHHe, HCTOILICHWE ITOBEPXHOCTHBIX WJIM IIOMI-
3¢MHBIX BOJ, MCTOYHHUKOB ITMTHEBOM BOABI JTUOO M3MEHEHHE IIPU-
POIHBIX CBOMCTB, €CJIM OHM ITOBJICKJIN CYIIECTBEHHBII Bpel KUBOT-
HOMY WJIM PacTUTEIbHOMY MMPY, PBHIOHBIM 3amacam, JISCHOMY WM
CEJIbCKOMY XO3SICTBY.

CylIeCTBEHHBII Bpeld, MPUUYMHEHHBINA XWBOTHOMY M PaCTUTEIIb-
HOMY MUpY, 3aKJII09aeTCcsl B BO3HMKHOBEHMU 3a00JICBaHUII WA TH-
0eMM XUBOTHBIX M PACTeHMWI, YHUYTOXCHUM PHIOHBIX 3aI1acoB, MECT
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HepecTa M Haryja, 3a0o0jieBaHUM WU TUOEIU JIECHBIX MAacCHUBOB, B
CHIVXEHUM MPOTYKTUBHOCTHU 3€MejIb, BOSBHMKHOBEHUU 3a00JI0UEHHBIX
WK 3aCOJIeHHBIX 3eMefib. OlleHKa MPUYMHEHHOTO Bpeia BBIMOIHSIET-
Csl C YYETOM 3aTpaT Ha 3apbIOJIeHUE BOJOEMOB, YIYLIEHHOM BBITOMIHBI,
peajbHOIl CTOMMOCTM 3aTpaT Ha BOCCTAaHOBUTEIbHBIE PAOOTHI U JIUK-
BUALMIO TIOCJIEACTBUNA.

3arpasHenue Ouoceppl. HakaszbBaeTcs HapylleHUE
MpaBWI BbIOpOca B aTMocdepy 3arpsS3HSIONIMX BELIECTB UJIU Hapy-
IIeHWE BKCITyaTallMd YCTaHOBOK, COOPYKEHUI M MHBIX OOBEKTOB,
€CJIM 3TO TOBJEKJIO 3arpsi3HeHUE WJIM W3MEHEHUE IPUPOTHBIX
CBOICTB BO3dyXa. 3arpsi3HeHUeM SBIISIIOTCS: BHECEHHE B COCTaB aT-
MocdepHOro Bo3ayxa, aTMocdepbl WM oO0pa3oBaHME B HUX 3arpsi3-
HSIOLIMX BEIIECTB B KOHLIEHTPAIMSIX, MPEBHIIAIOIINX HOPMATUBbI
KayecTBa WJIM YPOBHU €CTECTBEHHOI'O COIEp>KaHMSI; ITOBBIIICHUE
KOHLEHTpallMM XUMHUYECKUX BEIIECTB, B3BELICHHBIX YACTUIL, U3Me-
HEHHE TEIUIOBOIO peXMMa, PaguallMOHHBIX, 3JIEKTPOMArHUTHBIX U
LIIYMOBBIX TIOKA3aTeJICH.

HMcrounnkamMu 3arpsi3HeHUsT MOTYT OBbITh, B YaCTHOCTM, TpaHC-
MOPTHBIE CPEACTBA, MPEANPUATUS IPOMBIIUIEHHOCTH, BO3AYIIHbIC
JIMHUYM 3JIEKTporiepenay, pacrnpeaeauTe/]bHble MOACTaHLIMM, DHEpre-
TUYECKHE YCTAaHOBKHU, CTAaHIUM PaIMOJOKALUHU, COTOBAsA U KOCMUYE-
ckag cBa3b. [IpuumHeHUe Bpena 340POBBIO UeIOBEKa MPOUCXOIUT B
pe3yabTaTe BAbIXaHUS 3arpsi3HSIONIMX BEIIECTB, MOPAXKEHUST KOKHBIX
MMOKPOBOB, CJIU3UCTBIX U UHBIX OPTaHOB.

3arpga3HeHne MOPCKO# cpeiapl — IPUBHECEHWE BeElECTB UM MaTe-
pUAJIOB, YXYIIIAIOIIMX KAYeCTBO MOPCKOM Cpelbl, OrpaHUUYMBAIOLINX
€e HUCMOoJIb30BaHME, TIPUBOASIIEEe K YHUYTOXKEHUIO, UCTOLICHUIO, 3a-
0oJIeBaHUIO WJIM COKpAIEHUIO XMBBIX pecypcoB mops. Haxka -
3blBaeTC$ 3arpsg3HeHrue MOPCKON cpelbl M3 HaXOMSIIUXCS Ha
cyllle UCTOYHMKOB JIMOO BCJEACTBHE HAPYIICHUS 3aXOPOHEHUS WU
cOpoca ¢ TPaHCIOPTHBIX CpeACTB (JIMOO ¢ BO3BEACHHBLIX B MOpPE HC-
KYCCTBEHHBIX COOPYXKEHUI) BEIIECTB M MaTepuajoB, BPEIHBIX IS
3I0POBbS YeJIOBEKa U KMBBIX PECYpPCOB MOPsI JIMOO MPEMsTCTBYIOIIUX
MMPaBOMEPHOMY HCIOJIb30BAHUIO MOPCKOU CPEJIbl.

Mopckoii cpenoit SIBASIOTCS BHYTPEHHUE MOPCKUE BOIbBI, TEPPU-
TOpUaJIbHbIe MOpCKMe BoAbl (12 MOPCKUX MUJb), OeperoBbie JTUHUU
BHYTPEHHMX MOPCKHMX BOI, TpHOpexxHas I10jioca, XXUBbIe MOPCKHUE
pecypchl. IlpaBuna 3axopoHeHusT M cOpoca B MOPCKYIO Cpely pas-
JIMYHBIX BEILIECTB U OTXOJIOB PETYJUPYIOTCS MocTaHOBIeHUsiMu Ilpa-
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BuTenbcTBa Poccuiickoit Menepany, BeOOMCTBEHHBIMA HOPMAaTUB-
HbIMUW aKTaMU.

ITpuMmepsl HapyllleHUs TpaBWJI: TIOTPY>XEHME BEILIECTB M MaTe-
pUanoB ¢ cynHa 0e3 COOTBETCTBYIOILLEIO pa3pellieHus]; 3aToIIeHue
HEOTpPabOTaHHOTO SAEPHOTO TOIUIMBA C BOEHHbBIX CYIOB; HEMPUHSATHUE
MEpP B CJlyya€ MHUUAEHTA C CYIHOM WJIU WHBIM CYyOBEKTOM, MOBJIEK-
IIET0 WM MOTYILETO IMOBJIeYb COPOC HEe(TU WM MHBIX 3arpsi3HsIO-
IIMX BELIECTB; CJIMB B MOPE€ XMMHWUYECKHX BEILIECTB M3 OTCTOMHUKOB.
OTU HapylLIeHUsT TIPOMCXOASIT MPU BO3BEACHUU B MOpPE MCKYCCTBEH-
HBIX COOPYKEHHUI (OCTPOBOB, OYpPOBBIX YCTAHOBOK, IIIaT(OpPM),
TPaAHCIIOPTUPOBKE HEDTENPOAYKTOB, 3aTOIIEHUM OTPabOTaHHOTO
SJEPHOTO TOIJIMBA, MPOBEAEHUN BOEHHBIX MCHBITAHWM, aBapusx Ha
cylax, CIMBE B MOPE XMMUUYECKUX BELLIECTB MPEANPUATUIMU WA U3
OTCTOMHUKOB, PACITOJIOXEHHBIX Ha Oepery.

CyllecTBEeHHBIN Bpel MOXET IPOSIBUTHCS B MAcCOBOW rubenu
MOPCKMX OMOpecypcoB (pBIObI, XKMBOTHBIX, paCTeHUI, OPraHU3MOB),
YHUUYTOXEHUM MECT HEpPEeCcTa, CHMXKEHMU IPOMBICJIOBbBIX 3aIlacoB
pbIO, YHUUTOXEHUM KOPMOBOM 6a3bl pblO, 3arpsi3HEHUU MECT OTIbIXa
rpaxiaH.

Ilopua 3emin. [IpaBOHaAapylmWIeHUIMU CUYATAIOTCSA OT-
paBJeHWE, 3arpSI3HEHUE WM MHas Mopya 3€MJIM BPEAHBIMM MPOAYK-
TaMU XO3SIMCTBEHHOU WJIM MHOU NEATEIBHOCTUA BCJICICTBUE HApYIIIE-
HUs TpaBUJ OOpalllgHUs C YIOOPEHUSIMU, CTUMYJSITOpaMU pocTa
pacTeHUi, SAOXMMHUKATaMM M MHBIMU OIMACHBIMM XUMUYECKUMU U
O0MOJIOTMYECKMMU BEIIECTBAMU TIPU UX XpaHEHWM, UCIIOJb30BaHUU U
TPaHCTIOPTUPOBKE, TMOBJEKIINE MPUUUMHEHME Bpeda 3M0POBbIO UEJO-
BEKa WJIM OKPYXaIoLIEl Cpebl.

Bpennoe Bo3meicTBME Ha 3€MJIIO MPOSIBISIETCS B 3arpsi3HEHMU,
3axJaMJIeHUM, 3acOojieHUM, 3a00JauyMBaHMU, TOATOIJICHUU, OITYCThI-
HYBaHWM, UCCYLIEHUU, MEPEYIIJIOTHEHUU U 3PO3WM TTOYBBI, TTOpUYE U
YHUYTOXEHWU TUIOJOPOAHOTO CJIOS, 3apaX€HWM IOYBbI BO30yIMUTE-
JIIMM OaKTepUaJIbHBIX, TMapa3sUTapHbIX U UHGEKIIMOHHBIX 3a00jeBa-
Huil. Jlerpaganus 3eMenb MOXET BECTU K Yyrpo3e XKWU3HU U 3M0POBbIO
yeJoBeKa, KaractpodaM, pa3pylleHHI0 HCTOPUKO-KYJIbTYpPHOIO Ha-
cleius WM MPUPOAHOro JjaHamagTa, 3arps3HEHUIO CEIbCKOXO3SICT-
BEHHON MPOIYKIIMM U BOAHBIX MCTOYHUKOB, TMOEIU KUBOTHBIX (M-
KUX W JOMAllHUX) M BOAHBIX OuopecypcoB. [lpuuMHeHHBIH Bpen
OLIEHHUBAETCS IO COOTBETCTBYIOIIMM METOAUKAM WIN IO (haKTU4e-
CKMM 3aTpaTaM Ha BOCCTAaHOBJIEHWE AErPaIUpPOBAHHBIX U 3arpsI3HEH-
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HBIX 3€MeJIb C YYEeTOM YXYIILICHUS KadyecTBa 3eMejIb U OTpaHUYCHUM
0 UX MCIIOJb30BaHUIO.

YHuYTOXKEHHEe WM TOBpeXIEeHHe JIeCOB (a TakKe HacaXXIeHWH,
He BXOISIIUX B JIECHON (pOHJ) B pe3yJbTaTe HEOCTOPOXHOIO 00Opa-
IIEHUSI C OTHEM WJIM MHBIM MCTOYHMKOM ITOBBILIEHHON OIMAaCHOCTHU
SIBJISIETCSI MpaBOHAPYILIEHUE M.

3arpsi3HeHUE Jieca MOXKET IPOUCXOAUTh B XOAE XO3SIHCTBEHHOI
WIM UHOH AEATEJIBHOCTU ITyTEM BBIOPOCOB, COPOCOB BpEIHBIX Be-
IIECTB, a TakKXe pa3MelIeHUs OTXOJOB M OTOPOCOB IMPOU3BOACTBA,
KOMMYHaJIbHO-OBITOBBIX U MHBIX OTXOA0B, YCTPOMCTBA CBAJIOK.

YHHYTOXKEHHE KPUTHYECKHX MECTOOOMTAHMIA [JI1 OpPraHM3MOB, 3a-
HeceHHbIX B KpacHywo kuury Poccuiickoit ®enepanviu, IOBjIeKIlIee
rubesib TOMYJSLMI 3TUX OPraHU3MOB, COKpallleHHWE YHCJIEHHOCTH,
HapylleHUe Ccpeabl OOMTAHUS, CUYUTACTCI N paBOHAaApYyIIe -
Hu e M. KpacHag kHura Poccum Bemercds MMHUCTEPCTBOM OXpaHbI
OKpYyKalolleil cpelbl U MPUPOIHBIX PECYPCOB HA OCHOBE CHCTeMaTUye-
CKOro OOHOBJIEHMSI TaHHBIX O COCTOSIHMM W PaclpOCTPaHEHMH PEaKUX
1 HaXOMSIIMXCS IO YITPO30i MCYe3HOBEHUS BUAOB JMKHUX SKMBOTHBIX U
JUKOPACTYIIUX pacTeHuit u rpudoB. B mzmanue Kuuru 1995 r. 3aHece-
HO 65 BUIOB MieKonuTamommx, 109 — mruw, 15 — penTwmii 1 ampu-
ouii, 9 — peiO, 15 — MommockoB u 34 — HacekombIX. [lox cpemoii
00MTaHMSI TOHMMAETCSl MPUPOAHAs Cpela, B KOTOPOW OOBEKThI XKMBOT-
HOTI'O MHpa HaXOISTCSI B COCTOSIHMU €CTECTBEHHOM CBOOOIbI, 0OeCcIeyn-
Balolleil pa3MHOXEHME, OTAbIX, MUTPALIVIO, BbIpalllUBAHUE MOJIOTHSKA.

YHHUUTOXXEHUE KPUTUYECKMX MECT OOUTAHUI MOXET IPOU30UTHU
M3-32 XO3SIMCTBEHHOU NESITEIBbHOCTU 4YeJIOBeKa, MPOBEACHMST B3PbIB-
HBIX paboT, pa3MelleHHUs] OTXOAOB, CTPOUTEILCTBA HEMTENPOBOAOB,
JIMHUI B3JIeKTpoIiepeaay, KaHajaoB, IUIOTUH, BBEIEHUS B 00OpOT lie-
JIMHHBIX 3eMeJib, TPOBEIEHUS T'e0JIOropa3BelOYHbIX padOT, BhHINNAca
CeJIbCKOXO3IMCTBEHHBIX KMBOTHBIX, TYPUCTUUYECKOMN NeSITEIbHOCTH,
OpraHu3alMy MECT MacCOBOTO OTIbIXA.

He3akonnas oxora. Oxora — BBICJEXMBAaHUE C LEJblO JTOOBIYM,
MpecieaoBaHUe M caMa Jo0blYa OUKUX KUBOTHBIX. HaxoxneHue B
OXOTHUYBHUX YTOAbSIX C PYXXKbEM, OXOTHUYbMMHU cOOaKaMu, OPYAUSIMU
OXOThI TIpUpaBHUBAeTCs K oxore. He3aKoHHONW mnpusHaeTcs
oxoTa 0e3 COOTBETCTBYIOILLErO pa3pelleHus] WM OCYIIeCTBIseMast
BOMNpPEKU 3alpeTy JMOO JMIIOM, HEe MMEIIIMM IpaBa Ha OXOTY.
ITpenmeToM HE3aKOHHOI OXOThI SIBJISIIOTCS NUKWE KUBOTHBIC B cpele
HUX €CTECTBEHHOTO OOUTAHMUSI.
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He3zakonHas n00bI9a pbIObI, MOPCKOrO 3Beps (MOPXKH, TIOJIEHH,
Hepnbl ¥ 1p.) U MHbIX BOIHBIX KMBOTHBIX MJIM MPOMBICJIOBBIX MOPCKHX
pacTeHmii, eCJIi OHa MOBJIEKJIa KPYMHBIN ylIepO WIM MPOU3BeIcHA C
KCIIOJIb30BAHUEM CaMOXOJIHOTO TPAHCIIOPTHOTO CPEACTBA, SJIEKTPO-
TOKa, XMMUYECKUX WJIM B3PBIBUATHIX BEIIECTB WJIM MPOUCXOAMJIA Ha
TEPPUTOPUM 3aMOBEIHUKA WM B 30HE DKOJOTMYECKOro OEACTBUS, B
MecTaxX HepecTa WM Ha MyTSIX MUTpallud, HaKa3 bl BaeTC s.

Takke mpusHaeTcd NMpaBOHAaApylIeHMUEM He3aKOHHAs
J00bIYa KOTUKOB, MOPCKUX OOOPOB, CEBEPHOIO0 M KypMJILCKOTO Ka-
JlaHa, 0eJToOpIOXUX TIOJIEHE! MM MHBIX MOPCKMX MJICKOITMTAIOIIMX B
OTKPBITOM MOPE€ WJIM B 3aIIPETHBIX 30HaX.

OOBbeKTaMM TPECTYIJICHUS SBIISIIOTCS BOJAHBIE OMOpPECYpPCHI, 3a-
Machkl pbIObI, BOOHBIX MJIEKOMUTAIOLINX, BOJAOPOCICHH BO BHYTPEHHUX
BOJAaxX, TEPPUTOPHATBHBIX MOPCKUX BOJIAX, Ha KOHTHHEHTAJIbHOM
mwenbge. [Tog nobbryeit moHUMaeTcs Tpoliecc yjaoBa, yoos, u3Bjeue-
HUS U MHOTO M3bITUS M3 MPUPOTHOM Cpeabl BOAHBIX XKUBOTHBIX U
pacTeHuil, 3aKaHYMBAIOLIMICS 3aBlaJeHUEeM MPEeIMETOM HTOOBIUMU.
Hes3axkoHHOIN mnpusHaeTcd A00blYa MPU OTCYTCTBMM CHELIM-
aJIbHOTO paspelleHus (KOorga 3T0 HeOOXOAMMO), B 3alIPpeTHOE BpeMs,
B HEIO3BOJIEHHBIX MECTax, HENO3BOJEHHBIMU OPYIUSIMU, TIpUEMaMHU,
cnocobamu.

Hapymenue npaBu oxpaHbl OKpYKawmieid cpeapl Mpy MPOU3BOICTBE
pabor. [IpaBriiaMu oOxpaHbl OKpPYXKAlOLIEH Cpelbl SIBJASIOTCS HOPMBI,
orpefieJIeHHbIE 3KOJIOTMYECKUM U MPUPOIOOXPAHHBIM 3aKOHOAATE b~
ctBoM. HapyleHue 3THX HOpM MpU MPOEKTUPOBAHUU ITPOMBIIIUICH-
HBIX, CEJIbCKOXO3SMCTBEHHBIX, HAYYHBIX U APYTUX OOBEKTOB JIMLIAMMU,
OTBETCTBEHHBIMU 3a MX COOJIOACHUE, €CIM 3TO IOBJIEKIO 3a CO0OM
CYILIIECTBEHHOE M3MEHEHUE PaIuOaKTUBHOIO (hOHA, MPUUMHEHUE Bpe-
Jla 3MOPOBBIO YeJIOBeKa, MACCOBYIO THOEb XKUBOTHBIX WM UHBIE TIXK-
KHe MOCJIEICTBUS, IPU3HAETCSI MpaBOHAaApyIlIeHUE M.

DTO O3HAyaeT, UYTO IpU pa3MelleHUH, TEXHUKO-3KOHOMUUYECKOM
000CHOBaHUHU MPOEKTa, MPOEKTUPOBAHUU, CTPOUTENILCTBE, PEKOHCT-
PYKIIMM, BBOAE B OSKCIUTyaTalldi0 MPeanpusTus (COOpYyXKeHMit) B
MPOMBIIIIEHHOCTH, CEJIbCKOM XO3SICTBE, Ha TpaHCIOpPTE, B dHEpre-
TUKE, BOAHOM, KOMMYHaJIbHO-OBITOBOM XO3SIMCTBE, INPU IMPOKIIAIKE
JIMHUI 3JIeKTpoliepenady M CBI3M, TPyOONpPOBOAOB, KAaHAJIOB, MHBIX
00BEKTOB, OKa3bIBAIOIIUX IPSIMOE JIMOO KOCBEHHOE BJIMSHME Ha CO-
CTOSTHME OKpYXXalollel MPUPOAHON Cpeabl, MOKHBI BBIMOJHSATHCS
TpebOBaHUS 3KOJOTMYECKON 0e30MacHOCTU M OXpaHbl 310POBbS Ha-
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ceJieHusl, MpeaycMaTpUBalOIIMe MEPONPUSTUSL 10 OXpaHe MPUPObI,
palMOHATBLHOMY MCIIOJb30BaHUIO U BOCIIPOM3BOJCTBY MPUPOIHBIX
PECYPCOB, O3[I0POBJIEHUIO OKPYKAIOLIENA CPEbI.

Bce 3T TpebGoBaHUS AeTAaNM3UPOBAHBI B COOTBETCTBYIOIIUX (Pe-
JlepaJIbHbIX 3aKOHaX, B CTaThsIX 3eMelibHOro, JlecHoro u BomHoro
KOJIEKCOB, B MHCTPYKIIUSIX U TOCTAHOBJICHUSX CTPOUTENBHBIX U TMPO-
€KTHBIX OpraHu3aluii U BEJOMCTB Ha TOCYHApCTBEHHOM, (heaepaib-
HOM U PErMOHAJIBHOM YPOBHSIX. MIX HEBBIMOJHEHWE WJIU HEHaJle-
JKalllee BBIMIOJHEHUE U SIBJISIETCSI HapyLIEHWEeM TMPaBWI OXpaHbl OK-
pyXarolleil cpenbl Ipyu MPOU3BOJACTBE paboT.

Hapymenne npaBui o0pamieHdsi ¢ 3KOJOrHYECKH ONACHbLIMH Belle-
cTBaMM U oTxonamu. [Ipou3BONCTBO 3ampelleHHbIX BUAOB OIMAaCHBIX
OTXOJIOB, TPAHCHOPTHUPOBKA U XpPaHEHUE, 3aXOPOHEHUE, UCITOIb30Ba-
HUE WIM UHOE OOpallleHue paauOaKTUBHBIX, OAKTEPUOJOTUUYECKUX,
XUMUYECKUX BEIIECTB M OTXOJOB C HapyIIEHUEM YCTAaHOBJIEHHBIX
MpaBWI, €CJId 3TO CO3[AJI0 YIPO3y NPUUYMHEHUS CYIIECTBEHHOTO Bpe-
Jla 3I0pOBBI0 YeJoBeKa WIM OKpyXalollleil cpene, SBISIOTCS
NpaBOHApPYIIEHUSIMHU.

3amnpellleHHble BUJAbl OMACHBIX OTXOJOB — 3TO CHUJIbHOIEUCT-
BYIOILLIE€ OTPABJSIOIIME BEIIECTBA, OMACHbIE OTXOAbl — HEMPUTO[-
HO€ JJISl TIPOU3BOJICTBA WJIM yTpaTUBIIEE MOTPEOUTETbCKUE CBONCT-
Ba ChIpb€, BEIIECTBA M DHEPrUsl, CIIOCOOHBIC BbI3BaTb OTpaBJICHUE.
HapyuieHue mnpaBui obpallleHUs C OTXOAAMU COCTOUT B IPOTHBO-
MpPaBHOM JEUCTBUU WM Oe3[eiCTBUU (HEBBIMOJIHEHUN TOJKHOCT-
HBIX 00sI3aHHOCTel) Ha JIIoOoil cTamuu ux obpaineHus. B 3akoHo-
JlaTeJIbCTBE BBIASISIOTCS CleAylolllMe CcTaauu: o0e3BpeXuBaHUe,
YTUIN3alus, CKJIaAupoBaHUe, XpaHEHHUEe, 3aXOpPOHEHHEe, TPpaHCIop-
THUPOBKa, yAaJeHue.

He3akonHblii 000poT CHIbHOAEHCTBYIOINX WM SITOBUTHIX BEINECTB.
[loBblllIeHHAs1 OOIIECTBEHHAs OIACHOCTb CUJIBHOACHCTBYIOIIUX U
SIIOBUTBIX BELIECTB IOTpeOoBaja CIEeUUaJIbHOIO 3aKOHA O 3 a -
MpeTe Ha UX U3TOTOBJIEHUE, IepepadOTKy, MPUOOpeTeHue, Xpa-
HEHME, MepeBO3KY, IepechbliKy, cObIT. HeoOxomumo crnenuaibHOe
paspelieHrue B LIeJSX WMCIOJAb30BaHUS UX IJIS HAaydyHbIX, MEIULMH-
CKMX WJIM MHBIX OOILECTBEHHO IOJIE3HBIX PadoT.

Boigensiercst 6onee 100 BUOOB CUIBHOIEHCTBYIOIIUX BEIECTB, B
TOM 4YHCJIe, HampuMep, aMMHAa3WH, OapOuTal HaTpus, KIOo(elMH,
MUIIpagoa, TazenaMm, TeodeapuH, (peHoJoH, XaopodopM, 3¢up.
CyuiectByeT 60j1ee 60 BUIOB SIOBUTHIX BELIECTB: METWJIOBHIN CIIMPT,
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CTPUXHMH, (DEHOJ, IUAHUCTBII KaJuii, siI 3MEUHBINA, HEKOTOPBIE CO-
€IUHEHUSI PTYTU, CUHUJIbHASI KUCJIOTA U T.I.

Hapymenune npaBui oXpaHbl ¥ UCNOJIb30BAHUS HEIP TPU MPOEKTU-
pOBaHUU, PA3MEIIEHUU, CTPOUTEIIBCTBE, BBOJE B IKCIUTyaTalUO U
SKCIUTyaTallMM TOPHOIOOBIBAIOIIUX MPEANPUATUN U TMOA3EMHBIX CO-
OPYXE€HMIA, HE CBSI3aHHBIX C JOOBIYEN IIOJIE3HBIX MCKOMNAeMbIX, a
TaKXe CaMOBOJIbHAs 3aCTpOMKa IUIOLIALEH 3ajieTaHUs IMOJIEZHBIX UC-
KOITa€MBbIX, €CJIM 3TU AEWCTBUS TTOBJIECKJIM 3HAYMTEbHBIN yilepO, CUM-
TAIOTCSI ITPAaBOHAPYILUIE€HUEM.

Henpamu siBasieTcsd 4acTb 3€eMHOM KOpPBI, PacHoOJIOXKEHHAsh HUXE
MOYBEHHOTO CJ10gd U JHA BogoeMoB. IIpaBuiia Mx oxpaHbl perjaMeH-
TUPYIOTCS TOPHBIM U TE€OJIOTMYECKUM 3aKOHOAATEJILCTBOM CTPAHBbI.
HapymeHusi coctosiT B 3aTOIUIEHUMH, OOBOJHEHUM WJIM TOXape, KO-
I1a B pE3yJbTaTe CHUXKAECTCS KAUYECTBO IIOJIE3HBIX MCKOIIAEMBIX, B
cOpoce CTOYHBIX BOJ, Pa3MELIEHWU OTXOJOB IPOU3BOJCTBA, 3arpsi3-
HEHUM HeJp, HAKOIJIEHWMW IPOMBILLIEHHBIX OTXOA0B B MECTaxX HC-
TOYHUKOB IMUTHEBOTO WM MPOMBILLIEHHOrO BogocHaoxeHus. Croma
K€ OTHOCSITCSI HEU3BJIEYEHNE MOIYTHBIX KOMIIOHEHTOB, HeCOOJIIOAE-
HYE€ YCJIIOBUI JIMLIEH3UX Ha JOObIYY MOJE3HBIX UCKOMAEeMBbIX, HEMPO-
BEIACHUE MOJHOIO T€OJOTMYECKOr0 U3YUYECHUS HEAP MepPell CTPOUTEIb-
CcTBOM. 3acTpoliika IUIollaaeil paspeliaeTcsl TOJbKO MPU OTCYTCTBUU
MOJIE3HBIX UCKOIMAEMBIX B HEAPAX IO yYaCTKOM 3aCTPOMKU.

Viiepd OoT HapylleHUsl MpaBU UCIOJAb30BaHUS HEAp BKIIOYAET
MOTEPU TIOJIE3HBIX UCKOIIAEMBIX, YXYIIIEHUE COCTOSTHUS 3€MJIU, POCT
3aTpaTr Ha IO0ObIYY MOJIE3HBIX UCKOMAeMBbIX U T.II.

Hapymenune pexumMa 0co00 oXpaHsieMbIX NPUPOIHBIX TEPPUTOPUil U
NPHPOIHBIX 00bEKTOB (3aIIOBEIHMKOB, 3aKa3HUKOB, MaMSITHUKOB MpPH-
ponbl), TOBJIEKIlIee 3HAYMTEJbHBIA yiiepd, — M paBoOHAaApY -
LI € HUE.

OO0BbeKTaMM OXpaHbl B JAHHOM CJIydae SIBJISIIOTCSI YYaCTKU 3eMJIH,
BOJIHOW MOBEPXHOCTU M BO3AYILIHOIO MPOCTPAHCTBA Hald HUMMU, €CIIU
OHM MMEIOT 0CO000€ MPUPOJOOXPAHHOE, HAYYHOE, KYJIbTYpHOE WU
3CTETUYECKOE 3HAYEHUE U M3BITHI M3 XO3SIWCTBEHHOIO MCIOJIb30Ba-
Hug. K TakuM yyacTKaM OTHOCSITCSI TOCYIapCTBEHHBIE IPUPOIHBIE
3aMOBEIHUKMN, MPUPOJHBIE U HALIMOHAJIbHBIE MAapKU, JEHAPOJIOTUYE-
CcKMe TMapkKu, OO0TaHWYECKHE Cabl, JIeYeOHO-0310POBUTEIbHBIE MECT-
HoCcTU U KypopThl. Ha HuMX 3ampeliaercs aobas AeITeNbHOCTb, MPO-
TMBOpeJallas 3ajayaM 3allOBEIHMKOB, pa3Belka W pa3paboTka Mo-
JIE3HBIX MCKOMAEMBbIX, pa3MEIlEHUE CalOBbIX YYACTKOB, NBUXEHUE U



8. dkonoruyeckoe Npaso 175

CTOSTHKA MEXaHU3MPOBAHHBIX TPAHCIOPTHBIX CPEACTB, MOObIYA KM-
BOTHBIX.

[TpupoaHBIM KOMILIEKCOM SIBJISIETCS MPUPOIHO-TreorpaduuecKuii
KOMIUIeKC (1aHamadT), MpeACTaBISIOIIMIA OrpaHUYEHHBIR Yy4acTOK
TEPPUTOPUU, B KOTOPOM TPUPOIHBIE KOMITOHEHTBI HAXOISITCS B YC-
TONYMBOM B3auMojaeiicTBUU. K 00beKTaM ¢ 0COOBIM CTaTYCOM OTHO-
CSITCA 3aMoBEAHMKHU, 3aKa3HUKU, OOTaHWYECKME Cajabl, HallMOHAJIb-
Hble MapKu U T.II.

CokpbITHE WM HCKaKeHHe HHGOPMAIMHA O COOBITHSX, DaKTaX WU
SIBIGHUSIX, CO3MAIOIIMX OMACHOCTb JUIS1 XXKWU3HU WU 300POBbS JIIOaei
JIMOO NJIsI OKpYKalolllei Cpelbl, COBEpPIICHHBIC JUIIOM, TPU3HAETCS
NpaBOHaAapylIeHUEM.

K cobGbiTusamM, ¢aktaM WM SIBAEHUSIM, CO3JAIOLIMM OITACHOCTD,
OTHOCSTCSI TIPUPOAHBIC, TEXHOTEHHbIE WM WMHBIE IMPOLIECCHI, KOTO-
pble MPU HEeOJAronpUsTHOM Pa3BUTUU WIM OTCYTCTBUU MEP KOHTPO-
JISI U PeryJIMpoBaHUsI MOTYT BbI3BaTh OIMACHOCTD [IJIS1 YeJioBeKa U OK-
pYXarollen cpelibl.

HMHudbopmalus, nonmnanaoliias rmoji AeiCcTBUE JaHHBIX TpeOOBaHUIA,
BKJIIOYAET 2KOJOTUYECKM Y MEAULUMHCKUA 3HAYMMYI HHGOpPMAaLNIO,
CBelleHUs O KaTacTpocax, aBapusX Ha OObEKTax aTOMHOI 3HepreTu-
KU, BMOUAEMUSIX, BOSHHBIX OEHCTBUSIX, MPOMBIILIEHHBIX Mpoleccax,
MOTYIIMX TIOBJIeYb OIACHOCThb MJISI YeJIOBEeKa, OKpYKAlolLIel Cpelbl,
HallUM B LIEJIOM, Cpeabl OOMTAHUS.

CokpbITMEM SIBISIETCS HeloBedeHHe WHGOpMALMM [0 JIMII,
HMEIOIIMX MPaBoO Ha ee IMOJyYeHHe WJIM HYXIAIOLIUXCS B Hel, C 1ie-
JIbI0 BO3JEHCTBUS Ha COOBITUS, sBIeHUS. MckaxeHueM uHGbopMa-
LI CUUTAETCS COOOIEHUE HEIOJIHBIX WM HEBEPHBIX JAHHBIX, MPO-
THO30B, OLIEHOK.

He3akoHHoe oOpamiende ¢ paadOAKTHBHbBIMH MAaTepHAaJlaMH, T.c.
paspylleHrue paauoaKTUBHBIX MaTepUalioB, SIBJSIETCI M paBo -
HapyllieHUEM.

K ob6bekTaM aTOMHOI 3HEPreTUKN OTHOCATCS SIAepPHbIE YCTAaHOB-
KA (COOPYXEHHUSI M KOMIUIEKCHI C SIIEPHBIMU peakTopaMu, B TOM
YyHCcJie aTOMHbIE CTaHLIMM, KOCMWYECKHUE W JieTaTeJIbHbIE ammaparhl,
YCTAaHOBKHU U YCTPOMCTBA C SIAEPHBIMU 3apsiiaMu), MYHKTbl XpaHEHUsI
SIIEPHBIX MaTepUaioB M PaJUOAKTUBHBIX BEILIECTB, XpaHWJIMILA pa-
JTHOAKTUBHBIX OTXOAOB. PagnoakTUBHBIE BellleCTBa U sSIEpHbIE MaTe-
puanbl MOTYT HAXOAUTLCS B razoo0pasHOM, KWIKOM WJIM TBEPAOM
COCTOSIHUU.
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Hapymenne npaBu 6€30NaCHOCTH NMPU OOpPAIEHHN C MUKPOOHOJIO-
IHYECKAMH JIH0O0 IPYruMH OHOJOTHYEeCKHMMH areHTaMH MM TOKCHHAMH,
€C/Id 3TO TIOBJIEKJIO MPUYUHEHUE Bpeda 3I0POBbIO YEJIOBEKA, paC-
MPOCTPaHEHWE SMUAEMUN WU 3MU300TUM, TIPU3HAETCI M pa B o -
HapylleHUEe M.

Hapyiienne coctoutr B aKTMBHBIX JOEWCTBUSIX W O€3ACHCTBUM, B
HEHAJIEXKALEM KOHTPOJIE, BBITYCKE B OKPYXKAIOLLYIO CPENY OpPraHu3-
MOB, HEBKJIIOYEHUN BEHTWISLIMOHHBIX YCTAHOBOK, HapylLIEeHUU 00s13a-
TEJIbHOM MOCJIEN0BAaTEIbHOCTU OIepaluii, HEUCIIOJb30BAaHUM CPEICTB
3allUThl, HAPYILLIEHUN YCJIIOBUI XpaHEHWUS U TPAaHCIIOPTHUPOBKHM.

JaHHBII 3aKOH pacnpoCTpaHSeTCs Ha JeSTeIbHOCTb MEIWLIMH-
CKHUX, (papMalleBTUYECKUX, HAYYHO-UCCIIEI0BATEIbCKIX, BOEHHBIX Op-
raHu3alui, B TOM YMCJIE 3aHUMAIOLIMXCSI F€HHOM MHXXEHEpUEi, Mo-
JIydeHWeM U BbIpalllMBaHWEM MUKPOOPTraHM3MOB U MX (pparMeHTOB.
OnacHbIMU UISI YeJIOBEKa SIBJISIIOTCSI BUPYCHI, OAaKT€pUM, TOKCHUHBI,
JIIOOblE TEHETUYECKU M3MEHEHHbIE MUKPOOPraHU3Mbl, KOTOpPbIE CIO-
COOHBI BbI3BaTh MH(EKIIMOHHBIE 3a00JIeBaHNsI, PAaCCTPOMCTBO 3M0PO-
Bbsl, CTOWMKYIO YyTpaTy TpPyAOCIOCOOHOCTU, rubenb. s XKMBOTHBIX
0c000 OMacHBIMU BUPYCAMHU OKa3bIBAIOTCS BO3OYAUTENIM SIlypa, OC-
Mmbl OBell W T.M., I pacTeHUil — OaKTepUU MUKPOCKOIMYECKUX
rpubOB M T€HETMYECKU M3MEHEHHble MUKpoopraHusmbl. Haubonee
OIACHOM B3MUIEMUEN SBISIETCS MaHAeMus (IMUAeMUs, OXBaTUBILIAs
MOJABJISIIONIYIO YAaCTh TEPPUTOPUN).

Yiiepd oT HapylleHHsI JAaHHOIO 3aKOHAa COCTOMT B pacxoiax Io
JIe3nH@EKLUN, B TTOTEPSIX CEebCKOXO3SIMCTBEHHON MPOAYKLIMHU, B 3a-
TpaTax Ha YHUYTOXEHHUE 3apakeHHOTOo MMYILEeCTBa, IOoralieHue oya-
roB 3a00JIeBaHUSI, OXpaHY TEPPUTOPUHU, JICUEHUE HACEJIEHUS, XKUBOT-
HbIX, a TaKXE BO3MELIEHUU TOTEPb JAPYITMM PErMOHAM U TOCyaapcCT-
BaM U3-3a TPAaHCTPAaHUYHOTO MepeHoca.

BerepuHapHbie TpaBuia IpeaycMaTpUBaIOT BeTepUHAPHO-CAHM-
TapHble, JieueOHble M TPOPUIAKTUUYECKUE MEPOIPUSATUS, MOPSII0K
JIMKBUJALIMU O4YaroB 3a00JieBaHMIA, MpaBuja KapaHTWHA, MEPEBO3KU
W MCIIOJb30BaHUS >KMBOTHBIX M3 HEOJAronojay4yHbIX TEPPUTOPUIA,
KCIIOJIb30BaHUSI HEOJIAronojydyHbIX KOPMOB, 3a00s CKOTa, Iepepa-
OOTKM KOXEBEHHOIO M MEXOBOI'O ChIPbsI, MPOJAaXH MsScCa M MHBIX
MPOIYKTOB XMBOTHOBOJICTBA.

HapymeHue mpaBuil, yCTAaHOBJIEHHBIX IS OOpbObI C OOJIE3HIMU
U BpeOUTENSIMU PACTeHUI, MOXKET COCTOSTh B BBO3€ 3apa’k€HHBIX
MPOAYKTOB, TOCEBE 3apa>K€HHBIX CEMSH, MPUMEHEHUM HeKayeCTBEH-
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HBIX XUMMKATOB, COKPBHITUU WH(OPMALIMK O MOSIBJICHUU OOJie3Heil,
HEMPOBEAEHUN HEOOXOAUMBIX arpOTEXHUYECKUX MEPOIPUITUIN T10
060pbOe ¢ BpeauTeIsIMU, MPOAaXe 3apaxkeHHBIX PACTCHUIA.

Viiep0 ot HapylleHUs1 TpaBUil OOPLOBI ¢ OONE3HSIMU U BpEaUTE-
JIFIMHAU paCTeHI/lﬁ COCTOUT M3 3aTpaT Ha YHUUYTOXCHHUEC 3apa>kKC€HHbIX
Y4aCTKOB Ji€Ca, IMMPOAYKTOB U >KMBOTHbIX, JIMKBHUIALIUIO HOC.HC,[[CTBMIZ
3apaxX€Hus, JCYCHUEC JHO,[[Cﬁ 1 2KMBOTHBIX, BOCCTAHOBJICHUC pacCTU-
TEJBbHOCTU IMOPAXKEHHBIX Y4aCTKOB, a TaKXKE€ Ha BO3MCIICHNUC UMYLIC-
CTBEHHOTO ylliep0a Mpu ruOeIM MHOTOJETHUX KYJBTYPHBIX HacaxKie-
HUM, ypoxas U T.[I.

Hapymeﬂme CAHUTAPHO-3MMUACMUOJOITNYECKUX IIpaBUI MOXKET
COCTOSITb B MCIIOJIb30BAaHUM MNUIIEBBIX MPOAYKTOB 0€3 TMpeaBapu-
TE€JIbHOTO KOHTPOJISI, YIOTPEOIEHUM IPSI3HOM BOAbI, UCHOJb30BAaHUU
TPSI3HOU BOJBI MPU MPUTOTOBJICHUM TIUIIUA, HAPYILLIECHUU TIPABUJ 3a-
XOpOHE€HUA OTXOOOB, HapyLueHMﬁ B CUCTEME IModayu MUTHEBOU BO-
I bI.

8.4. Buabr oTBeTcTBEHHOCTH 3a 9KOAOTHUECKHE
NpaBOHaPYIIEHHS

DKOoJIOro-npaBoBasi OTBETCTBEHHOCTb SIBJISIETCSI PA3HOBMIHOCTBIO
OOLICIOPUINYECKON OTBETCTBEHHOCTH, HO B TO K€ BpeMs OTJIMYAETCS
OT MHBIX BUJOB IOPUINYECKON OTBETCTBEHHOCTH.

DKoJIOro-npaBoBasi OTBETCTBEHHOCTb paccMaTpUBaeTCsl B Tpex
B3aMMOCBSI3aHHBIX aClEeKTax:

e KaK rocyiapCTBEHHOE TPUHYXIEHUE K MCIIOJHEHMIO TpeboBa-

HUWU, NPEeANMCAHHBIX 3aKOHOAATEIbCTBOM;

e KaK MpPaBOOTHOILICHUE MEXIY ToCyaapCTBOM (B JIMLE €ro OPraHoOB)
Y TIPaBOHAPYILUTENISIMU (KOTOPbIC MOABEPraloTCsl CAHKIIUSIM);

e KaK MpPaBOBOM WHCTUTYT, T.€. COBOKYMHOCTb IOPUANYECKUX
HOPM, pa3JIMYHBIX OTpaciieil TpaBa (3eMeJbHOIO, TOPHOTO,
BOJHOTO, JIECHOTO, TIPUPOAOOXPAHHOTO U 1p.).

DKOJIOTMYECKHE IMPaBOHAPYIIEHUS HaKa3bIBalOTCSI B COOTBETCT-
BUM C TpeOOBaHMSIMM 3aKOHoAaTelbcTBa Poccuiickoit Denepauum.
KoHeuHas 1ieb 5KOJIOTMYECKOrO0 3aKOHOIATENIbCTBA U KaXKAOW OT-
JIeJIbHOM €ro CTaTby 3aKJIIOYaeTcsl B OXpaHe OT 3arpsi3HeHus, obec-
MEYEHUU MPABOMEPHOr0 MCHOJIb30BAHMUSI OKPYXKAIOIIEW Cpenbl U €€
BJIEMEHTOB, OXpaHseMbIX 3aKOoHOM. Cdepoil AeHCTBUS 2KOJOrruye-
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CKOTr0 3aKOHOJATEIbCTBA SIBISIOTCS OKpyXKalolllas cpeia U ee OT-
JleJibHbIe BJIeMEHTHI. [IpenMeToM TMpaBOHaApylLEHUs MPU3HAETCS 3Jie-
MEHT OKpyXalolleil cenpl. TpeOoBaHMsS 3aKOHaA MPEANoaramT
YCTaHOBJICHUEC YeTKOU le/[‘{MHHOPJI CBA3M MEXAY AONYLICHHbBIM Ha-
PYLIEHUEM U YXYIAILIECHUEM OKPYKAIOWIEH Cpelbl.

CyOBbeKTOM 3KOJIOTMYECKUX ITIpaBOHAPYILIEHUIN SIBJSIETCS JIULIO,
JocTuriiee 16-JieTHero Bo3pacTa, Ha KOTOPOE€ HOPMATHBHO-IIPaBO-
BbIMH aKTaMM BO3JIOKEHBI COOTBETCTBYIOLIME OJOJI2KHOCTHBLIC o0s13aH-
HOCTH (CcOOJIoIeHNe TIpaBUJ OXpaHbl OKpYyXKawllel Ccpeabl, KOH-
TPOJIb 32 COOIOAEHNEM MpaBIII), MO0 J1000e U0, AOCTUrIIee 16-
JIETHEro BO3pacTa, HapylluBllee TpeOOBaHUS 3KOJOTMYECKOIO 3aKO-
HOJATeJIbCTRA.

[ng 2KoJIOrM4eckoro IpaBOHAPYIIEHUSI XapaKTepHO Haluyue
TpeX 3JEMEHTOB:

e I[IPOTUBOIIPABHOCTH MMOBEAECHUS,

e TIpPMYMHEHWE BKOJOTMYECKOTOo Bpema (MM peajbHas yrpo3a)

JINOO HapylleHWe MHbIX 3aKOHHBIX MpaB U MHTEPECOB CyObeK-
Ta 3KOJIOTMYECKOTO TIpaBa;

e MPUYMHHAS CBSA3b MEXIY TNPOTHBONPABHBIM ITIOBEACHUEM U
HaHECEHHBIM 3KOJIOTMYECKMM BPEIOM WM peaJbHON yrpo3oit
MIPUYMHEHMSI TaKOro Bpeda Ju00 HapyIIeHWeM HWHBIX 3aKOH-
HBIX TIpaB ¥ MHTEPECOB CYOBEKTOB KOJOTMUECKOTO IpaBa.

OTBETCTBEHHOCTh 3a SKOJOTMYECKHE TPABOHAPYIIEHMS CIIY>KWUT
OIHUM W13 OCHOBHBIX CPEICTB OOECIIeUYeHMST BBIITOJTHEHUS TpeOoBa-
HUI 3aKOHOIATEJIECTBA IT0 OXpaHe OKPYXKAIOIIEi Cpelbl U MCITOJb30-
BaHUIO MNPUPOIHBIX pecypcoB. DP@HEeKTUBHOCTb AEUCTBUSI JAHHOIO
CpencTBa BO MHOTOM 3aBHCHUT TIPEXIE BCErO0 OT TOCYIapCTBEHHBIX
OpTraHOB, YIOJHOMOUYEHHBIX IPUMEHSTh MEPhl IOPUINYECKON OTBET-
CTBEHHOCTH K HapYIIMTENISIM 3KOJOTMYECKOTO 3aKOHOIATeNbCTBa. B
COOTBETCTBUHU C POCCUMCKUM 3aKOHOIATEIHCTBOM B OOJIACTU OXPaHbI
OKpY>KaloIleil cpeabl TOJDKHOCTHBIC JIMIIA M TpakaaHe 3a 3KOJIOTHYe-
CKH€ TIpaBOHAPYILIEHUS HECYT MUCIUIUIMHAPHYIO, aIMUHUCTPaTUB-
HYIO, YTOJIOBHYIO, TpaXkKIaHCKO-TIPaBOBYIO, MaTe€pUaIbHYI OTBETCT-
BEHHOCTb, a TIPEANPUATHAS — aAIMUHUCTPATMBHYIO U TpaXkKIaHCKO-
TIPaBOBYIO.

Hucyunaunapnas omeemcmeeHHOCMb HACTYIIaeT 3a HEBBIIIOJHE-
HUE TUIAHOB M MEPOIIPMATUI IO OXpaHe MPUPOILI U pallMOHAIBHO-
My MCITOJIb30BAaHUIO TPUPOIHBIX PECYpPCOB, 3a HApPYIICHHE 3KOJIO-
TMYECKUX HOPMATUMBOB M HHBIX TPEOOBaHUI MPUPOIOOXPAHUTEh-
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HOTO 3aKOHOIATEJbCTBA, BBITEKAIOIIMX M3 TPYIOBOI (DYHKLIMU WU
JIIOJDKHOCTHOTO MOJIOXEHHUsI. IUCUUIUIMHAPHYIO OTBETCTBEHHOCTD
HECYT HOJDKHOCTHBIEC JIMIA M WHBIE BUHOBHBbIE PAOOTHUKM IIpE.-
MPUSATUI M OpraHM3alldii B COOTBETCTBMU C IIOJIOXEHUSIMHM, YCTa-
BaMU, IIpaBUIaMKM BHYTPEHHETO pacropsiika U APYTMMU HOPMATHUB-
HbIMU akTamMu (cT. 82 3akoHa «O0 oxpaHe OKpyxXalolleil MpUpojI-
HOt cpenbl»). K HapymwutensiMm B cooTBeTcTBUU ¢ Komekcom
3aKOHOB O Tpyae (C U3MEHEHUSIMU U JOMOJHEHUSIMU OT 25 CeHTS0-
ps 1992 r.) MOryT OBITh IPUMEHEHBI CJIEeIyIolIue TUCLHUILIMHAPHbBIE
B3BICKAHUS: 3aMeYaHNe, BBITOBOP, CTPOrUiA BHITOBOP, YBOJIbHEHHUE C
paboThl, apyrue HakazaHus (ctT. 135).

Mamepuanvnas omeemcmeenHocms Takxke peryiaupyercss Konek-
coM 3akoHOB O Tpyae P® (ct. 118—126). Takyio OTBETCTBEHHOCTb
HECYT JOJ/DKHOCTHBIC JMIA M MHble PAOOTHUKU IIPEANPUSITHS, II0
BUHE KOTOPBIX IPEANPHUSATHE IIOHECIO PACXOAbl II0 BO3MEIICHUIO
Bpeaa, IPUYMHEHHOIO SKOJIOTMYECKHMM IIPaBOHAPYILICHUEM.

[IpuMeHeHue aomuHuCmpamueHoi omeemcmeeHHOCMU PETYIUPY-
eTCsl KaK IMPUPOJOOXPAaHUTEIbHBIM 3aKOHOAATEIbCTBOM, TaKk U Ko-
nekcoM PCOCP 06 agMUHMCTpaTUBHBIX IIpaBOHapylueHusx 1984 r.
(c M3MEHEHUSIMU ¥ JOMOJHEeHMsIMU). 3akoH «OO0 oxpaHe OKpy-
Karollleil MPUPOAHOM Cpelbl» PacIIMPUI IepedyeHb COCTABOB 3KOJIO-
rMYEeCKMX IPaBOHAPYIIEHUI, IIPU COBEPIICHUU KOTOPBIX BMHOBHBIC
JIOJDKHOCTHbBIE, (DM3MYECKHEe U I0PUANYECKUE JIMLA HECYT aqMUHUCT-
PaTUBHYIO OTBETCTBEHHOCTh. Takasi OTBETCTBEHHOCTb HACTYIIaeT 3a
MPEeBBIIIEHUE TIPEAeIbHO JOIMYCTUMEIX BBIOPOCOB M COPOCOB Bpel-
HBIX BEIIECTB B OKPYXKAIOILIYIO Cpedy, HEBBHIIIOJHEHUE OO0SI3aHHO-
CTE IO IPOBEIECHUIO TOCYIapCTBEHHON 3KOJIOTUYECKOM 3KCIEPTH-
3pl U TPeOOBaHMIA, COACPXKAIIMXCS B 3aKIIOUCHUM DKOJIOTMYECKOi
SKCIEPTU3LI, TIPEAOCTABICHUE 3aBEIOMO HEIpaBHJIBHEIX U HE00OC-
HOBAHHBIX 3aKJIIOYEHUI, HECBOEBPEMEHHOE IIPeIOCTaBJICHUE WH-
(dopmaLy U MpeaocTaBlieHNe UCKaXXEeHHON MHMOpMallui, OTKa3 OT
MpedOCTaBJICHUs CBOEBPEMEHHOM, ITOJHOIM, JOCTOBEPHOI MHGOP-
Malli¥ O COCTOSIHUM IIPUPOAHOM CpeAbl M paaudallMOHHONW o0CTa-
HOBKE U T.I.

KoHkpeTHBIII pa3Mmep wuTpacda ompenessieTcss OpraHoM, Haja-
rajoimM 1rpad, B 3aBUCMMOCTH OT XapaKTepa W BUIA IIpaBOHApy-
IIEHWSI, CTeIICHH BUHBI IPaBOHAPYIIWTEIS M IPUYMHEHHOIO Bpera.
AIMUHNUCTpAaTUBHBIE 1ITpadbl HAJIAraloTCsl YIIOJTHOMOYEHHBIMU Ha TO
rOCyJapCTBEHHBIMU OpraHaMH B 00JIACTU OXpaHBbI OKpYKalollei cpe-
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JIbI, CAHUTApHO-3ITHIeMUoI0orndeckoro Hagzopa P®. IIpu stom mo-
CTaHOBJIEHME O HAJIOXEHUMU LUTpada MOXET ObITh 00XAJIOBAHO B CYII
win apoutpaxHsiii cya. Hamoxenue mrtpada He OCBOOOXIAET BU-
HOBHBIX OT OO0SI3aHHOCTM BO3MeEIEeHUs] MPUYMHEHHOro Bpeaa (cT. 84
3akoHa «O0 oxpaHe OKpyXKalolleil MPUPOIHON Cpedbl»).

B HOBOM YrosjoBHOM Konekce PD skoynornueckue MpecTyIUICHUS
BBIIEJICHBI B OTHENIbHYIO IJiaBy (I1. 26). B Hem mpemycMoTpeHa yeo-
N06HAS OMBEMCMBEHHOCMb 34 HapylleHWe TMpaBUJI 3KOJOTMYECKOMH
0e30IMacHOCTY TIpU MPOM3BOACTBE PAOOT, HapylleHUE MPaBUI XpaHe-
HUS, YTWIM3aLUMU 5KOJOTMYECKM OMACHBIX BEILECTB M OTXOAOB, Ha-
pyllieHre MpaBui 0e30MacHOCTU IpU OOpalleHUM ¢ MMKPOOMOJIOTH-
YECKUMU WM APYTMMM OMOJIOTUYECKMMM areHTamMy WJIM TOKCUHAMM,
3arpsi3HeHue BoJ, aTMocdepbl U MOPSI, HapylIeHHe 3aKOHOAATeIbCTBa
O KOHTMHEHTAJIbHOM Iledb(e, MOopuy 3eMJIM, HE3aKOHHYIO I00bIuYy
BOJHBIX XXMBOTHBIX U PACTEHUI, HAPYLIEHUE MPABUJI OXPaHbl PHIOHBIX
3aI1acoB, HE3AKOHHYIO OXOTY, HE3aKOHHYIO MOPYOKY JE€pEBLEB U KYyC-
TapHUKOB, YHUUYTOXEHUE WJIM TOBPEXIECHUE JIECHBIX MaCCUBOB.

ITpuMeHeHne Mep AUCUUIUIMHAPHOW, aIMWHMCTPAaTUBHOU WU
YIOJJOBHOM OTBETCTBEHHOCTU 3a 3KOJIOTUYECKME MPaBOHAPYLIECHMUS
HEe OCBOOOXIAET BUHOBHBIX JIML OT OOSI3aHHOCTU BO3MELLIEHUS Bpe-
Ja, IPUYMHEHHOIO 3KOJOTMYEeCKMM IpaBoHapylleHueM. 3akoH «0O0
OXpaHe OKpyXawllueh IPUPOAHOU Cpelabl» CTOUT Ha TOWM IIO3ULIMH,
YTO MNPEANPUATHS, OpraHU3alu W TpaxiIaHe, MPUUYMHSIOLIME Bpe.
OKpyXalolllell cpeae, 3M0pOBbI0 WM MMYILECTBY I'paXaaH, HApOIHO-
MY XO3SWCTBY 3arpsi3HEHWEM OKpPYXAaloIleW Cpeabl, Mopyei, yHUY-
TOXEHUEM, TIOBPEXIEHUEM, HEPALMOHAJIbHBIM MCHOJb30BAaHUEM
MPUPOIHBIX PECYPCOB, Pa3pyLICHUEM €CTECTBEHHBIX 3KOJOTMYECKUX
CHCTEM U IPYTUMHU 3KOJOTMUYECKMMM IpaBOHAPYLICHUSIMU, O0SI3aHbI
BO3MECTUTH €r0 B MOJHOM O0BbEME B COOTBETCTBUM C JI€UCTBYIOLIUM
3aKOHOMATENbCTBOM (CT. 86).

Ipaxcoancko-npasosas omeemcmeenHocms B cepe B3aMOICICT-
BUs OOIllECTBA U TPUPOABI 3aKIIOYAETCI IJIaBHBIM 00pa3oM B BO3JIO-
KEHWU Ha TpaBOHApYyIIUTENs O0S3aHHOCTA BO3MECTUThL IOTEPIIEB-
LIefl CTOPOHE MMYILECTBEHHBIM WJIM MOpPAJbHBIA Bpel B pe3ysbTare
HapylIeHUs MPAaBOBBIX PKOJOTMUECKUX TPEOOBAHUM.

OTBETCTBEHHOCTh 3a B3KOJOrMYECKUEe ITpaBOHAPYIIEHUS BBIMOJ-
HSIeT PsII OCHOBHBIX (DYHKLIMIA:

e CTUMYJIMPYIOILLYIO K COOJIIOAEHUIO HOPM IIpaBa OKpYyXarollei

Cpelibl;
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e KOMIIEHCATOPHYIO, HAIlpaBJIEHHYIO Ha BO3MEILUEHHE IOTEPbh B
TIPUPOAHON cpejie, BO3MEILEHUE Bpea 310POBbIO0 YEJIOBEKA;
e TIPeBEHTUBHYIO, 3aKJIOYAIOIIYIOCS B HaKa3aHUW JIMlla, BUHOB-
HOTO B COBEPILIEHUU 3KOJOIMYECKOTO MpaBOHAPYIIEHUS.

DKOJIOTUYECKOE 3aKOHOIATEILCTBO MPEAYCMATPUBACT MPU YPOBHS
HakKa3auusA: 3a HapyllleHWe; HapylleHUe, IOBJeKIlee 3HAYMUTEIbHbIN
yiiep0; HapylIeHWe, TOBJIEKIIee CMePTh YeloBeKa (TSKKUE TTOCIHIe-
ctBusg). CMepTh 4YelloBeKa BCJICACTBHE SKOJOTMYECKOTO ITIPECTyILIe-
HUS OLIEHMBAETCS 3aKOHOM KaK HEOCTOPOXHOCTb (COBEPILIEHHOE I10
HEOPEXXHOCTU WJIM JIETKOMBICIWIO). BaaMu HakazaHUil Tpy 5KOJO0-
TMYECKUX HapyILIEHUSX MOTYT ObITh 1UTpad, JMUILIEHWE MpaBa 3aHU-
MaThb OIpelesIeHHbIe AOJLKHOCTHU, JIMIIEHWE TpaBa 3aHUMATbCSl OIl-
pelesieHHON AesTeNbHOCTbIO, MCIPaBUTEIbHbIE PAaOOThI, OrpaHUYe-
HHe CBOOOIbI, JUILIEHE CBOOOIBI.

OgHUM M3 CaMBIX TSKKUX DKOJIOTUYECKMX TIPECTYIUICHUIA SIBIISI-
eTcsl 9Koyud — MacCcOBO€ YHMUYTOXKEHUE pAaCTUTEIHLHOrO Mupa (pac-
TUTEJIBHBIX COOO0IIecTB 3eMn Poccum WM OTHENBHBIX €€ PETMOHOB)
WX XUBOTHOIO MHpa (COBOKYIMHOCTb XXHBbBIX OpPraHW3MOB BCEX BU-
JIOB OWKUX XXWBOTHBIX, HACEJSIOLIMX TeppuTopuio Poccum wim om-
peleNeHHBIN ee PeTnoH), OTpaBlieHHue aTMOC(hephl M BOTHBIX pecyp-
COB (IOBEPXHOCTHbIE M IIOJA3EMHBbIE BOJbI, KOTOPbIE HCIIOJb3YIOTCS
WX MOTYT OBITh MCIIOJIb30BaHbBI), a TAKXKE COBEPIICHNE MHBIX IEICT-
BUIA, CITOCOOHBIX BBI3BaTh 3KOJOIMYECKYI0 KartacTpody. OOlecTBeH-
Hasl OIMACHOCTb 3KOLIMJA COCTOUT B yrpo3e WM HAaHECEHWU OrpoM-
HOTO Bpela OKpyXallleil MNpUPOJHOM Cpele, COXpPaHEHMIO TeHO-
¢doHIa Hapoaa, XXKUBOTHOTO 1 PacTUTEJbHOTO MUpA.

DKoJjiorndyeckass KaracTpoda IposSBISIeTCS B CEPbe3HOM Hapyllle-
HUU 35KOJOTMYECKOTO PaBHOBECHUSI B IPUPONE, Pa3pylUeHUU YCTOM-
YMBOTO BUJIOBOTO COCTaBa XKMBBIX OPraHU3MOB, TOJHOM WJIM CYLIECT-
BEHHOM COKpallleHUU MX YMCJIEHHOCTHU, B HapyLIEHUM LIMKJIOB CE30H-
HbIX UM3MEHEHUUM  OMOTUYECKOTO0  Kpyroobopora  BeLIECTB U
OMOJIOrMYEeCKUX MpoleccoB. MOTUBOM 3KOILMJIA MOXET OBITh JIOKHO
MOHSThIE MHTEpPEeChl BOEHHOTO WJM TOCYyIapCTBEHHOIO XapaKkTepa,
COBEpILLIEHUE NEHCTBUI C MPSIMbIM WM KOCBEHHBIM YMBICJIOM.

Ycnex B HaBeIEHUU 3KOJOTMYECKOro MpaBoIoOpsiAKa JOCTUTAeTCs
MOCTENEHHbIM Hapall¥BaHUEM OOILECTBEHHOIO M TOCydapCTBEHHOTO
BO3IEMCTBUS Ha 3JIOCTHBIX MPAaBOHAPYLIUTENEH, ONITUMAIbLHBIM COUYe-
TaHUEM BOCHUTATEIbHBIX, SKOHOMUYECKMUX 1 MPABOBBIX MED.
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Kountpoabubie Bonpocsi
000 0000O0OCGOOEOGOOGONOGOEONOEOSNOIO

1. Yro perymupyer srojormgeckoe mpaBo?

2. Yro npencrasiser coboii HrRoIOrNYECKoe 1paBoHapyiieme?

3. Kar 3aron «O6 oxpaHe OKpysRaioleii MpHPOIHOil cpebl> Ofl-
pejiesisieT dRoIorHIeckoe paBoHapyiiexue?

4. Rarne BWjIbl OTBETCTBEHHOCTH 3a DKROIOTHYECKUE TPABOHAPY-
MIeHnA BbI 3Haere?

9. Rakne ¢yHRUUM BBIMOIHAET OTBETCTBEHHOCTHh 3a JKOJIOTHMYE-
CKWe TpaBoOHapyIeHus ?

6. Yro Taroe srorpna?
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H. Kanm
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) JAunamuueckue mozean

9.1. IlonaTue mogeruporanus

IIpexne Bcero cieayer AaTh orpedeneHue Moaenau. OgHAKO 3TO
He TakK IPOCTO, MO3TOMY CHayajla MpUBEJEM HECKOJBKO IMPUMEPOB,
MOSICHSIIOILLIMX, YTO TaKO€ MOJENb, a 3aTeM, KOrga HEeKOTOpOe UHTYU-
TUBHOE TIPEJCTABIIEHUE O MOHATUUA «MOJeNb» CHOPMUPYETCH, TaaUM
oInpeneieHUEe, a TaKKe KOPOTKO OIUIIEM MaTeMaTUYeCKUe METOMBI,
C KOTOPBIMU CBSI3aHO PACCMOTPEHUE TeX WJIM MHBIX MOJEJIEH.

HMcxomHBIM TIYHKTOM MCCIIEJOBAaHUS, €r0 OTIPAaBHOIl TOYKOM,
CIIY>KUT HEKOTOpas 3ajaya M3 TOW WJIM MHOU IpeIMeTHOIl o0iacTu
(B IaHHOM CjyYyae M3 DKOJIOTMU WM 0e30IaCHOCTU XKU3HEHEeATENb-
HocTH). IIpoliecc mMOCTpoeHUsT MOJEIN HA3bIBACTCSl MOOeAUpOBAHUEM.
CylecTByeT HECKOJBKO MPUEMOB MOJEJIMPOBAHUSI, KOTOPhIE MOXHO
YCJIOBHO pa3Ie/INTh Ha ABE OOJIBbIINME TPYMIIbl: MaTepUaabHOE U UAC-
aJIbHOE MOJIeJIMPOBaHUE.

K mamepuasvnbim OTHOCATCS Takue CHOCOOBI MOJEIMPOBAHMUS,
MPY KOTOPBIX UCCIAEAOBAHUE BEACTCI MO MOJECIH, BOCIPOU3BOASILECH
OCHOBHbBIE TeOMEeTpHUYEeCKUe, (PU3NUecKue, AUHAMUYECKUE U (DYHK-
LIMOHAJIBHBIC XapaKTepUCTUKU udydyaemMoro oobekTa. M3 pasHoBUI-
HOCTE MaTepuajbHOrO MOMAEJIMPOBAHUS BBIIEIUM (PU3NUYECKOEe U
aHaJIOrOBOE MOJEIMPOBaHUE.

dusznmyecKuUM TPUHIATO Ha3bIBATh MOIEIUPOBAHUE, IIPU
KOTOPOM peaJiIbHOMY OOBEKTY IPOTUBOMOCTABISIETCS €r0 YMEHbIIICH-
Has (pexe yBeJIMYEHHas) KOMus, IOIMycKallas JabopaTOpHOE HC-
clieJoBaHME U TI03BOJISIIONLIASL MIEPEHOCUTh YCTAaHOBJIEHHBIE CBOIMCTBA
Ha peaJbHBId OOBEKT C MOMOIIBIO Teopuu Mnomodus. TUMMYHBIN
npuMep (GU3NYECKOr0 MOAEIMPOBAHUSI — HUCCIEIOBAHUE YMEHbBIIEH-
HOI KOIIMU JIeTaTeJIbHOTO amiapara B a3poJIMHAMUUEeCKOl Tpyoe.

AHanoroBoe MOJICIUPOBAHUE OCHOBAHO Ha aHAJOTUU
MPOLIECCOB U SIBJICHUI, UMEIOIINX Pa3IUUHYI0 (PU3NYECKYIO TTPUPO-
JIy, HO OIMUChIBaeMy10 (opMaabHO (OJHMMHU U TEMU XK€ MaTeMaTuye-
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CKMMHU YpPaBHEHUSAMHU, JOTHUCCKMMM CXeMaMM W T.I1.). TUITMIHBINA
puMep — H3yYeHWe MEXaHWYeCKMX KOoJIeOaHWi ¢ TTOMOIIBIO 3JIeK-
TpUYecKoi cxeMbl. Jpyroit mpumep — MakeT CUCTEMbl KpOBOOOpa-
IIEHWS, HA KOTOPOM CTpEJIOYKaMM M300pakeHbl HaIIpaBJICHUS IBH-
SKEHUSI KPOBH.

ITo cBoeit cytu MarepuajbHOe (MPEeAMETHOE) MOIEJIUPOBAHUE
SIBJISIETCST DKCIICPUMEHTATBHBIM.

OT Hero MPUHLMITHAIBLHBIM 00pa3oM OTIMYACTCS uUdedanbHoe MO-
JIeTUpOBaHME, KOTOPOE OCHOBAHO HE Ha MaTepUabHOW aHAJIOTUM
00BbeKTa M MOZAEIM, a Ha aHAJOTMU HaealbHOU (MbIcimMmol). Muae-
ajlbHOE€ MOJEJMPOBAaHME HOCUT TEOpeTUYECKMiA XapakTep. BaxkHeii-
IINM €T0 BHMIOM SIBJIIETCS MaTeMaTHUeCcKoe MOIeIMpPOBAHUE, IIPU
KOTOPOM MCCJIeIOBaHME OOBEKTa OCYIIECTBIISIETCSI TTOCPEICTBOM MOJIE-
1, cOPMYIMPOBAHHON Ha S3bIKE MATEeMaTMKW U C MCIIOJb30BaHUEM
TeX WIM MHBIX MaTeMaTHMYeCKMX MeTonoB. Kiaccuueckuii mpumep Ma-
TEMAaTHYECKOTO MOIEIMPOBAHUS — OIMMCAHWE M KCCIeIOBAaHUE OC-
HOBHBIX 3aKOHOB MexaHuku M. HeloToHOM cpencTBaMu MaTeMaTUKH.

HMcnonp3oBaHue pasiIWUHBIX MOAEIC M METOHOJIOTUU MOJIEIIH-
pOBaHUS HEOOXOAMMO IIJISI TOTO, UTOOBI:

e TIOHSTb, KaK YCTPOEH KOHKPETHBbIA OOBEKT, KaKOBbI €ro
CTPYKTypa, OCHOBHbIE CBOMCTBA, 3aKOHbI Pa3BUTHS U B3aUMO-
JNECTBUS C OKPYXKAIOLLIMM MUPOM;

e HayyMTbCs YINPABISATh OOBEKTOM (MPOLECCOM) M OMNPENEIUTh
HauJayyllde CrocoObl yOpaBi€HUs] MNpPU 3aJaHHBIX LEJISIX |
KPUTEPUSIX;

e TIPOrHO3MPOBATh MPSIMble M KOCBEHHbIE TMOCJIEACTBUS peaM-
3alMU Pa3HbIX CIIOCOOOB U (hOPM BO3ACHCTBUS HA OOBEKT.

Xopo1Io TMOCTPOEHHAasl Moneb, KaK MpaBWJIO, HaeT HOBbIC 3Ha-
HUS 00 00BbEKTe-OpUruHaie. DTo, 6€3yCI0BHO, OYEHb BaxKHOE CBOM-
CTBO, CTUMYJIMpYIOILIEE Pa3BUTUE METOAOB MOACIMPOBAHUSI.

bonee nompobHO 0 MOAEISIX U MOJASIMPOBAHMU MOXHO Yy3HaTh U3
nutepaTtypbl, Hanpumep [10]. damee mpuBeaeM HECKOJbKO MPOCTeii-
LIUX MOJENE U3 PKOJIOTMU 1 0€30IaCHOCTU XXU3HEIESITeIbHOCTH.

9.2. /lunamuka nonyasuun

B coBpeMeHHOI1 3KOJOTMM YacTO BO3HUKAET BOMPOC: KakK Ompe-
JICJIUThb YUCIICHHOCTh TOW WU WHOW MOMYJISILAM 4YEPE3 OIPEHECICH-
Hoe BpeMsi? OTBET Ha HEro He TOJBKO IMPEICTaBISIET TEOPETUISCKUI
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WHTEpPEC, HO U MMeEET OOJblloe IMpakKTUyeckKoe 3HauyeHue. [eicTBu-
TEJTbHO, He 3Hasl 3TOTO, HeJIb3s MPaBWILHO TUIAHMPOBATh DKCILIyaTa-
LIUIO0 Pa3IMYHBIX BO30OHOBIISIEMBIX IMPUPOIHBIX PECYPCOB — IPOMBI-
CJIOBBIX PBIO, OXOTHUYBUX YTOOWM M T.IT. MOXET I B PEIIEHUHN 3TO-
ro Bompoca IToMouyb Marematuka? OxasbIBaeTcs, ma. PaccMoTpum
3IeCh HEKOTOPBIE TIPOCTEHUIIINE MOAEIN, Ha KOTOPBIX MPOMIITIOCTPH-
pyeM Moaxol K JaHHOMY BOIIPOCY.

Ilycte HekoTOpas TIONMyNSALUS WMEeT B MOMEHT BpEeMEHU
fp Ouomaccy xp. Ilpeamonoxum, 4To B KaXIblii MOMEHT BpEMEHU
CKOPOCTb YBEJIMYECHUSI OMOMAacCChl MMPOMOPLMOHATIbHA YK€ MMEIOLIeH-
csl Omomacce, a BO3HMKAIOIINWE SIBICHUST KOHKYPEHIIMUA 32 MCTOYHM-
KaMM TATAHWUS WM CaMOOTPABJICHMUS CHIKAIOT OMOMACCy IPOITOPLINO-
HaJIbHO KBaApaTy HaJM4YHOU Ouomacchl. Eciau 0603HauuTh Ouomaccy
B MOMEHT BpeMeHU ¢ yepe3 x (7), a U3MEeHEeHNe e¢ 3a BpeMsI Af depes
Ax , TO MOXHO 3amucarh cleAyloliee MpuOIMKeHHOe PaBeHCTBO:

Ax ~ (kx — ax?)At, 9.1)
rae o U k — TMOJIOXKUTEIbHBIE TOCTOSIHHBIE (MTapaMeTPhl).

B mnddepenumanbHoit opMe 3TO COOTHOIIEHNE UMEET BUI:
P —ax?, 9.2)
dt

OHO M TIpeacTaBisgeT co00i MaTeMaTUYeCKyl0 MOAedb Ipolecca
M3MEHEHUsI OMomacchl IOMyJSIUMU. B 3Kojormyeckoul aurTeparype
ypaBHeHHE (9.2) 9aCTO HA3BIBAIOT 102UCIMUHECKUM.

Eciu tenepb mocTtaBUTh BOIIPOC O TOM, KakoBa Xe Oyaer Ouo-
Macca B MOMEHT BpeMeHU 7, TO Ha HEro MOXXHO OTBETUTH SKCITepH-
MEHTaJIbHO — JIOXIAThCS 3TOTO MOMEHTAa M OIpeIeUTh OMomMaccy
HEMOCPEACTBEHHBIM M3MepeHUEM (BOOOILE TOBOPsSI, TAKOE U3Mepe-
HHUE MOXET OBITh (PU3NUECKN HEOCYIIECTBUMEBIM).

Hpyroii myTb — BOCIIOJb30BaTbCsI MaTeMaTUUE€CKOU MOJIENbIO,
pemras 3amavyy Komm mist ypaBHeHUS (9.2) ¢ HaYaJdbHBIM YCJIOBUEM
9.3):

x(to) =Xp - (9.3)
Paznensast B ypaBHeHuu (9.2) mnepemMeHHBbIE, MOJYYUM ypaBHEHUE
B auddepeHimanax
S S
x(k —ox)
Hns paapHeiiero ynooHO BBECTM HOBYIO MEPEMEHHYIO
z=ox, 9.5)

(9.4)
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toraa (9.4) MOXHO Tiepenucarb B BUIe
dz dz
—+
z k-z

Bo3sBpaiasch K mcxogHoMy ypaBHeHMIO (9.2), 3aMEeTHUM, YTO eC-

— kdr . (9.6)

k
m xy=— (T. €. zp=k), To 3aga4ya Komm mMeeT peuieHue x(¢)= x,
o

(puc. 9.1). Ecim x, <£ (zg < k), TO ypaBHeHue (9.6) nHTErpUpyercs
o

CIIeAYIOIINM 00pa3oM
Inz —In(k —z) =Inzy —In(k — zo) + k(2 - 1)),

OTKyIa
T __ % k=10 9.7)
k-z k-2
3HAYUT,
o k(t-tg)
() = 0¢ 150, (9.8)

(k + axg (e =10 —1))?
Ecmu x, >£, TO aHAJOTUYHO IIPEABIOYIIEMY CIydyal0 CHOBa IIO-
o
Jnydyaem dopmyny (9.8). Auddepeniupys (9.8) no ¢, umeem

dx

okxg (£ - xo)ek(’_t(’)
@ _ a
dt - (k+oxg(ek710) — 1))

(9.9)

k
OTKyJa BBITEKAET, YTO MpPU Xy <— Trpaduk GyHKIMU X (f) MOHOTOH-
o
k
HO BO3pacTaeT, a MpU X, >— — MOHOTOHHO YObIBaeT, MpuyeM oba
o

rpauka UMEIOT TOPU30HTAJIbHYIO ACUMIITOTY x=£ (puc. 9.1). Mnl
o

HE MPUBOIUM 3[I€Ch BJIEMEHTAapHYl0, HO TPOMO3IKYI0 (hOpMYITy BTO-
po¥i MpPOU3BOIHOM d*x/dt?, MOKAa3bIBAIOIIYI0, YTO BEPXHUM M HUXK-
HUI rpaduMKU UMEIOT MO OAHOK TOYKe meperuoa.

MbI paccMOTpesln BeCbMa YMOPOLIEHHYIO CUTyallMl0, TaK Kak
Mpeanoaarajv, 4To MOMYJSILUS HE B3aUMOICHCTBYET HU C KaKMMU
JPYTUMU TIONYJSILUUSIMU, YUET KE€ 3TOro OOCTOSITENbCTBA, KOHEYHO,
3HAYUTEJBHO YCJIOXHSIET MOJIEIb.
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XA

Xo

0 >

t

Puc. 9.1. 3aeucumocmov 6uomaccot om épemenu 045 pasiuHvIX
3HaveHuli napamempos k, o u X

PaccmoTpuMm omHy M3 Takux Moneneid. bymem obOo3HauaTh OuO-
Macchl JIBYX TIOIYJISILIMIA 4Yepe3 X M y cooTBeTcTBeHHO. [Ipemmono-
KUM, 4TO 00€ TMOMYJSILIMU MOTPEOISIOT OAUH U TOT X€ KOPM, KOJIU-
YECTBO KOTOPOIO OTPaHUYEHO, M M3-3a 3TOr0 HAXOISITCSd B KOHKY-
pEeHTHOI Gopbhde APYTr C APYTOM.

®pannysckuii mateMatuk B. Bonbreppa B 1926 r. mokasan, 4To
Ipu TakoM IPEAITIOJTOKEHUN AMHaAMMKa HOHyﬂHU,I/Iﬁ JOCTAaTOYHO XO-
POIIIO OMMUCHLIBAETCS CIEAYIOIIEH CHUCTeMOM auddepeHINaTbHbIX
YpPaBHEHUI:

dx
—t:klx—slx(k1x+k2y)x

jy , (9.10)
EZkzy—Slx(MX”LzJ’)y
rae ky, ky, €1, €5, Ay, Ap — OIpPENEJICHHbIE TMOJOXUTEIbHBIE YHUCIIA.

IlepBble wieHbl MpaBbix yacTeil cucteMbl (9.10) xapakTepu3yloT CKO-
POCTb POCTa IOMYJISIINWI MPY OTCYTCTBUM OTPaHUYMBAIOIIMX (haKTO-
poB. BTopble WieHBl YYMTHIBAIOT T€ M3MEHEHUS B CKOPOCTSIX, KOTO-
phIe BBI3BIBAIOTCS OIPaHMICHHOCTBIO KOpMa.

3agaBas pa3JIMYHble 3HAYEHUSI MapaMeTPOB, C IOMOIIBIO CUCTE-
MbI (9.10) MOXXHO omucaTh B3aUMOACHCTBUE NBYX IMOIMYJSLIMIA, OqHA
M3 KOTOPBIX — XUIIHMK, a apyras — xeptsa [36]. B nutepatype [47]
OoJiee MOOPOOHO OMMCAaHBI MaTeMaTUYECKHE aCIIEKThI MCCIICHOBaHUS
cucteMbl (9.10).
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IIpexne yeM McciemoBaTh, Kak Oymet Bectn ceds cuctema (9.10),
3aMETHM, YTO B JIIOOOI MOMEHT BpPEMEHM ! €€ COCTOSTHME TTOJIHOCTBIO
OIUCHIBAETCS 3HAYCHUSIMM X U Y . KaXKIOMY COCTOSIHMIO CUCTEMBI
COOTBETCTBYET HeKOTOpasl Touka (x, y) Ha muiockocty xOy, Ha3bIBae-
Mol «(da3oBoil miaocKOCThIO». Kaxaoit Touke (a3oBOi IJIOCKOCTU
MOXHO TIOCTaBUTh B COOTBETCTBME BEKTOp (CTpeiKy Ha puc. 9.2) c
KOOpAMHATAMM, KOTOpBIC SIBJISIIOTCS MPAaBbIMU YaCTSIMM CHCTEMBI,
yKa3bIBAIOLLIMI HampaBjieHue ABMXEHUsI B 3Toil Touke. IlpoBenst us
HayaJbHOW TOYKM JIMHUM, KacaTeJIbHble 3THM BEKTOpaM, ITOJIyYUM
TPAeKTOPUHM, 10 KOTOPHIM OYIET MPOMCXOAUThH IBUXKEHUE CUCTEMBI,
T. e. pemeHus 3agaun Komm mrs cucremsl (9.10) ¢ Ha9aIbHBIMU yC-
JIOBUSIMU

x(fy) = x9, Y(Fo) =Yg, (x9,¥9) € xOy. (9.11)

€20 g1y

Puc. 9.2. Dasoswtii nopmpem dunamuueckoii cucmemot (9.10)
ky _ky

npu ycaoguu — < —=

€ &
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YToOBI COCTaBUTH MPEICTABICHNE O TPACKTOPHIX ABVKCHHS CUC-
TEMBI, ITIOCTPOMM JIMHWM, HAa KOTOPBIX x=0 (30eCh BEKTOPHI I1a-

pamiensHbl ocu Oy) 1 y =0 (3mech BEKTOPHI MapajieabHbl ocu Ox).

dx . dy
11 KpaTKOCT 0003HAUYMM MPOU3BOIHYIO " yepe3 x, a o yepes
t

y . Umeem
x=0, Korma kjx—g(hx+Xiy)x=0,
y =0, KOrma kyx—g,(Mx+iyy)y=0,
T. €. x =0 Ha ABYX NpsSMbIX B (pa30BOI IJIOCKOCTH:
k
x=01u k1x+7»2y=—l,
€]
a y=0 Takxke Ha ABYX HPSAMBIX:
k
y=0 1 Ax+A,y=—2= (puc. 9.2, 9.3).
€
ITo 3TUM pucyHKaM MOXHO cienaTh cCleaylollude BbIBOAbL. B
000UX ciIyyasiX UMeeM TPU CTallMOHApHBIE TOUYKHU, B KOTOPBIX OJHO-
k k
_1) u (0,—2
i 375}
TOpBIE TT0 M3BECTHOM KJlaccU(pUKaIUM ABISIOTCA y3aaMu. [Ipu aTom,
ki k.

& &

BpeMeHHO x=0 u y=0, a umeHHo: (0,0), (0, ), KO-

ecnu (puc. 9.2), TO YCTOMUMBBIM SIBISIETCS TOJIBKO Yy3el

(L,O), a ecnu ﬁ<ﬁ (puc. 9.3), To y3en (O,L). Takum obGpa-
S g & 379)

ﬁ>ﬁ, TO BTOpas IIOMYJSIIAS  BBIMHUpACT,
& &

30M, €CJIn

ki
E1M]

,t > . Ecom

y() = 0,1 — o, a mepBasi crabunusupyercs, x(t) —

ki k
xe —L<ZZ  To uMeeM OOpaTHYIO KapTHUHY: MepBasi MOMYJISILUS Bbl-
IR Y)
MUPAET, x(t) >0, — oo, a BTOpad CTaOMJIM3UPYETCSI,
ky ki ky k .
,t — . Hakonel, ecim —=—%=—_, TO KpPOME HEYCTOIi-
€aA2 € €& €
yuBoro y3na (0,0) mMeeM JMHUIO CTAlMOHAPHBIX TOYEK — OTPE30K

MpsSIMOIA k1x+k2y:£ (puc. 9.3).
€

x() >



192 Paspnen 3. MogenupoBaHue B 3K0noruun

€1 gyl

Puc. 9.3. Dasoswtii nopmpem dunamuueckoii cucmemot (9.10)

ki k
npu ycaosuu ( .22 )
g€ &

B nmanpHedIMx pacCMOTpPEeHHUSX OyneM [UIsl MPOCTOTHI CUMTATh,
yTo ki =ky=k W g =gy =¢. Torma, neast BTOpoe ypaBHEHNUE CHUCTEMBI

(9.10) Ha nepBoe, MOJYYUM %:l, OTKyJa
X X

¥ =2x), (9.12)

X0
T. €. TPACKTOPHSIMU SIBJISTIOTCSI OTPE3KU TIPSIMBIX, BBIXOMAIINX U3 Hayaia
KoopauHaT (puc. 9.4). O6e nonyasiuv¥ HE BbIMUPAIOT U YUCICHHOCTb
HX CTAOMIM3UPYETCS K 3HAYEHMSIM, KOTOPhIe MOXHO HAWTH KaK KOOp-

JIMHATBI TIEPECEYEHMS TIPAMBIX AjX + A,y = k oy y=22x orkyna
€ XO
k k
lim x(1) = al) lim () =——20__ (9.13)

t—o0 8(7»1)60 +}\,2y0) ’ t—w S()\,lxo +k2y0) '
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0 Kk ox  y=0
8}\,2

Puc. 9.4. Daszoeviii nopmpem dunamuuecrkoi cucmemot (9.10)
npu ycaoguax ky=ky=k, g =gy =¢

9.3. Ilpocreiimas moaeAb anuaemMun

3a MHOTHE TOAblI CYIICCTBOBAHMS YeJIOBEUYECTBA OTPOMHOE UHMCIIO
JroAel Morudyio OT pas3HbIX snuaeMuil. s Toro 4roObl yMeTb 0O-
POTBCSI C BIUAECMHUSMHU, T. €. CBOCBPEMCHHO IIPOBOAUTH TOT WM
WHOI KOMIUIEKC MEpONpPUSITHiI (IIPUBUBKM, BaKUMHBI, KapaHTUH
U T.1.), HEOOXOAMMO YMETh OLUEHUTH 3(PMOEKTUBHOCTh KAXKIOTO TaKO-
ro KOMIUIEKCa U BHIOpaTh HanbOoJIee ONTUMAJIbHBIN IUISI JAHHOTO BU-
Ja snuaeMun (xonepa, yyma, rpunn, CITMJ u 1.1.). OueHka ag-
(exTBHOCTH Oa3mMpyeTcs, KakK IIPaBWIO, Ha IMIPOrHO3e O IMPOTeKAHUM
snuaemun. OTcloa BBITEKAET 3amada ITOCTPOSHUST MOMAENH, KOTopast
MorJia OBl CIIy>KWUTbH IIeIsIM ITporHo3a. CaMoil IMpoCToil MOICNIbIO SIB-
JIIeTCSL OIMMCAHME SCTECTBEHHOTO XOIa JMMIECMHMH 0e3 IPUMEHCHMS
KaKUX-JIM00 MPOQIIAKTIICCKIUX MEPOIIPUSTHIA.

HTak, mycth nMmeeTcss N 3MOpPOBBIX JIIONEH, 1 B MOMEHT BpeMEHU
t = 0 B 3Ty TpYIIIy ITOMagacT OOUH 3a00JICBIIMI YeIOBeK (MCTOUYHUK
nHdexkuu). I[Ipenmonoxum, 9TO yaaleHUs 3a00JEBIINX W3 TPYIIIIHI
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He TIPOMCXOINT W YeJIOBEK CTAHOBUTCS MCTOYHMKOM MH(EKIIUH Cpa-
3y Xe, KaK 3apa3uiics caM.

0O603HayuM uyepe3 x(f) YMCIO0 UCTOUHMKOB MH(PEKIIMU B MOMEHT
BpeMeHM #, a 4yepe3 y(f) — YUCIO ellle He 3a00JeBIIMX (YacTh U3
HHUX, €CTeCTBEHHO, MOXET 3a00/eTh ¢ TeyeHueM BpeMeHu). Oue-
BUIHO, YTO x(t)+y(f)=N +1 B N1000if MOMEHT BPEMEHM f, MPUUYEM

npu ¢ = 0 BeIoMHAETCS yciaoBue x(0)=1. PaccmMoTpuM mHTEpBai
BPEMEHH ¢, ¢+ Af, TOe Af JOCTATOYHO Majo. ECTeCTBEHHO, UTO YuC-

JIO OOJIBHBIX Ax, IOSBMBIIMXCS 3a 3TOT MHTepBaj, IIPOIIOPLIMO-
HalbHO At (Ax~At). ECTeCTBEHHO TakKe IPEIIIONIOXUTh, YTO 3TO
YUCIO IIPONOPILMOHAIBHO YKCIY KOHTAKTOB MeEXAy OOJbHBIMM U
3I0POBBIMHM, T.e.  Hpom3BeneHMIo  x(1)y(t). Takum  oGpasoM,

Ax~ox(f)y(H)dt, tme o — KO3(pGUUUEHT MTPONOPLUMOHATLHOCTH.

Ycrpemiiasi At K HyJI0 U3 TIOCJIEIHEr0 COOTHOILIEHUS, TOTyYuM
nuddepeHInaIbHOe YpaBHEHNE

% = ax(t)(N +1-x(1)), (9.14)

KOTOpPOE BMeCTe C HaYaJbHBIM YCIOBUEM
x(0)=1 (9.15)
omnpenensier GyHkuuio x(¢). YpaBHeHue (9.14) mo Bumy sSBISeTCS

JIOTUCTUYECKUM, OHO PacCMOTpPEHO B MpeabiayiieM maparpade. Ilo-
3TOMY Cpa3y MOXHO 3amucaTh pelreHue x(¢r) 3agauu Koium (9.14),

(9.15) B yno6HOM Bue

N +1
x(t)=——, >0. (9.16)
Ne—OL(N+1)t+1
HMrak, uymncno 3aboneBinx — ¢yHKUUSI BpeMeHU. [IpoaHanusu-
pyem a1y pyHKumio. M3 ypaBHeHus (9.16) BBITeKaeT, 4YTO C TEUECHU-
€M BpPEMEHM YMCIO 3a00JIeBIIMX MOXET TOJbKO YBEJIWYMBATBLCS, a

BC€ 370pOBbI€ JIOAM 3a00J€I0T, TaK Kak limx(f)=N +1. KoHeuHo,
t—>0

3TO Tpy0dast Monesb, He YUMTBHIBAIOIIAS €CTECTBEHHOTO UMMYHUTETA Y
3MOPOBBIX JIOIEN K TaHHOMY 3a00J1€BaHUIO.

NHTEepecHO BBIACHUTH, KaK MEHSETCS CKOpPOCTb YBEJIMYECHMUS
yrcia O00JIbHBIX, T. €. BeJIMYMHA

dx (N +1)2e N+
dt - (Ne*Q(N+l)f +1)2 ’

t>0. 9.17)
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2
st pelieHMs 3TOrO BOIPOCA HYKHO M3YYUTh BEJIUYUHY %
1
Huddepennupys ypaBHeHue (9.17), momydaem

d2x az(N+1)3e—(X(N+l)f
m_zz (Ne*Ot(N-Fl)[ +1)3

[ve-sV+0r 4] rx0. (9.18)

d*x In N
M3 aTOro ypaBHeHUs BBITEKAET, UTO ——>0 MOpu fe| 0,———
dr? a(N +1)

d*x InN
M —5-<0 npyu te| ————+o|. ClienoBaTesbHO, CKOPOCTH BO3pac-
dt a(N +1)

dx
TaHug 3a00JeBIIMX — QYHKIUSA i pacTteT OO MOMEHTaA
t

_ InN

Ca(N+1)
pe3yabTaT COBITaJaeT ¢ SKCIEePUMEHTATBHLIMUA JAHHBIMU: B Havaje
SIUAEMUN YMCIO 3a00JIEBIIMX PE3KO BO3pacTaeT, a BIOCIEACTBUU
CKOPOCTB PacIpoCTpaHeHUsT MH(GEKIINHA CHIKACTCH.

Hdna cpaBHeHUS TIpUBEAEM pe3yJbTaThl MCIIOJb30BaHUS OoJjiee
CJIOXKHBIX MOJieJielt pa3BUTUSI TPUMIIO3HOM 3nuaeMun B Mockse [22],
IJe HaceJeHWe COCTaBIseT 8,5 MJIH 4YeJIOBEK. DTO TO3BOJUT HaM
TaKKe OINpeNeUTh YMCICHHBIE 3HAaUYeHUs ImapamMeTpoB N U o, TIpH
KOTOPBIX Hallla MOZIENhb OoJiee pealMcTUYHA.

Havany snumeMuy cOOTBETCTBYET 4MCIO 3abosneBmux 79,1 ThIC.
yenoBek, orkyaa N = 8,5 minH/79,1 Thic. = 1100 yenoBek. ITuk 3a60-
In1100
1101’

, a 3areM yOmIBaeT. HecMoTpst Ha rpy0OCTh MOIEIH, 3TOT

JIEBaEMOCTH TIPMXOOUTCS Ha 46-i1 meHb, T. €. 460 = OTKyIIa

7
o —=
46-1101

x(46):L:125. ITo otHomenuro k 1100 yen. 310 cocraBisieT

1101e7> +1
11%, 4uro cormacyercs C SKCIIEPMMEHTAIBHBIMUA IaHHBIMU [22], Tme
4yucjio OONBHBIX paBHO 981 Thic. uesoBeK U cocrasiser 11,5%. Koneu-
HO, TIPUMEHEHNE COOTBETCTBYIONIMX MPODMIAKTIISCKIUX Mep IaeT 3Ha-
YUTEIbHBIN TOJIOXUTEIbHBINA 3(h(EKT, MK YKcia OONBHBIX CHIDKAETCS
¢ 981 thIC. 1O 122 THIC. YeJIOBEK, OQHAKO CO3JaHME COOTBETCTBYIOIIIEH
MaTeMaTUIeCKOM MOZIEI — CYIIeCTBEHHO OoJiee TpyaHas 3amada.

107, Tlo dopmyne (9.16) HaxOZUM YMCIO GONBHBIX
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9.4. Matpuunbie moaeAn

MarpuyHylo MOIeIb MOXHO paccMaTpyMBaTh KaK KOHEUYHO-
PA3HOCTHBIN aHAJIOr TUHaMU4ecKoi Moxenu. OOWH M3 paHHUX BapH-
aHTOB MaTpU4HOI Momenu Obl1 paspaboTtaH JIbtoricom u Jlecau [30]
KaK IeTePMUHUCTCKAsI MOJEINb, IIpeacKa3bIBalolas OyayIylo Bo3pac-
THYIO CTPYKTYPY IIOIYJISILIMM CaMOK IO M3BECTHOM CTPYKType B Ha-
CTOSIILIMA MOMEHT BPEMEHM W TMUIOTETUYECKUM KOA(PPUIIMEHTaM BbI-
XKUBaHUS W IutogoButocTu. Ilomynsamuio pazomBatorT Ha n+1 Bo3pac-
THy10 rpynmy (1. e. 0, 1, 2,..., n, IprYeM Kaxaasl Ipymra COCTOUT U3
0co0eil OMHOro BO3pacTa), TakK YTO caMasl CTapliiias IpyIia, WM Tpyr-
I1a, B KOTOPO#l BCE MOXKMBAIOIIME IO JAHHOTO BO3pacTa KUBOTHBIC BBI-
MHpaloT, uMeeT Homep n. OO03HayUas Yepes X, YMCIO 0coOeil B Kax-
JIOl BO3PACTHOWM TpYIINe, TOAy4aeM BEKTOD d; = (Xo/, Xif»---» Xpt)s
MPpeACTABISIONINI BO3PACTHYIO CTPYKTYPY B MOMEHT BpEMEHHU 1.

Mopenb onuchIBaeTCI MAaTPUYHBIM YPaBHEHHEM

G, = A, (9.19)

KOTOpOE 3allnIleEM B Pa3BEPHYTOM BUJIE:

ot | [fo /i /o AIEY,
X141 p 0 0 0 || X1
: 0 p O 0 :
=0 0 p 0 , (9.20)
0 0 O 0
_xn,t+l_ L 0 0 0 Pn-1 0 h _xn,t_
rae BeJU4YuHbl f; (i=0,1,...,n) MNPEeNCTaBIAET YMCIO CAMOK, IPOU3-

BOJIMMBIX CAMKOM i-TO BO3pacTa,
p; i=0,1,...,n—1) — BEPOATHOCTH TOTO, YTO CaMKa i-r0 BO3pac-

Ta JIOXHWBET A0 Bo3pacTa i+1.

ITokaxxeM, 4TO TTOBEeIEHWE MOIEIM MOXHO IIpencKas3aTh, aHaJIM-
3Upysl HEKOTophble (PopMajibHble CBOMCTBA MaTtpuibl A. Bo-TiepBhiX,
IocJIeqoBaTeIbHO YMHOXas ypaBHeHUe (9.19) Ha matpuily A, Jerko
MOJIYyYUTh Oojiee OOIIME YpaBHEHMS IS YMCIEHHOCTHM BO3PACTHBIX
TPYIIIT K MOMEHTY BpEMEHH 1y + k:

Gy i = Aka . (9.21)

Bo-BTOpHIX, TOCKOJBKY MaTpuila A KBagpaTHas ¢ (n+1) cTpoka-
MU M CTOJOLAMU, OHAa MMeeT n+1 cOOCTBEHHBIX 4YKcel (C YYETOM
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KpaTHOCTH) 1 (n+1) COOCTBEHHBIX (M TPUCOESAMHEHHBIX) BEKTOPOB.
DreMeHTBl A IBIISIIOTCS MO0 MOJIOKUTETBHBIMA YUCTIAMU, JIN0O HY-
JISIMU, TTO3TOMY HauOoJiblee (1Mo a0COMIOTHON BeIMUYMHE) COOCTBEH-
HO€ YMCJIO U KOOPAMHATHI OTBEYAIOIIETO €My COOCTBEHHOI'O BEKTOpA
MOJIOXKUTEbHBI U TIPU 3TOM UMEIOT ONpeaeseHHbIA 3KOJI0TMYECKUIA
cMbich. TIpouaocTpupyeM 3TO Ha OJHOM U3 MPOCTEUILINX MOJENEH,
MPeIOXKEHHBIX YIWIbIMCOM [54].

HMcxonnas momynsuysi UMEET BEKTOp, IPEACTaBsSIOIINI BO3pac-
THYIO CTPYKTYPY ag =(0,0,1), T. €. NOIYyJSIUUsA COCTOMT U3 OLHOK

CaMKM CTaplIe€ro Bo3pacra. ManI/I]_Ia A uMeeT BUI:

0 9 12

A= 1 0 0
> 1

0 — 0
2

ITo OpomeCTBUMU OJHOTO BPEMCHHOI'0O MHTEpPBaJia UMEEM

Aao = 0

S
I
o

S W~

olll] Lo

ol— o

T. €. a; =(12,0,0) ¥ B NOMyJISIIMA yXe OyaeT 12 caMOK MJIaIiero Bo3-
pacta. IToBTOpHOE TPUMEHEHUE MOMAEU JAET CJIEAYIOIIUE PE3YIbTaThI:

09 12|r1 o 0 9 12|r07 36
Aalzé 0 0 0 :4202, Aazzé 0 0 41=10 =as,
0o L o|L0J L0 o L oflo] [2

2 2

Aa3= 0 0|=|12 =dy,

o W~ o

0
I ooll2] Lo
2
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I'maBHOE COOCTBEHHOE UMCIIO U COOCTBEHHBIN BEKTOP MaTPHULbl A
MOXKHO HaWTU U3BECTHBIMU MeTogJaMHn, NMeEsd

AV =09 (9.22)
WIK Tojarast v =(x,y,z) — CHUCTEeMYy JMHEHHBIX ajredOpandyecKux
ypaBHECHUM
9y +12z7 =Ax
%x “aph, (9.23)
1
7 y
onpeaemTellb KOTOpOit
-% 9 12
% % 0= +3n+2=2-M+1?2. (9.24)
0o L

CrnenoBatesibHO, TJaBHOE COOCTBEHHOE 4YMCIO A;=2 W CcOOCT-
BEHHBIN BekTOop B cwmiy (9.23) umeer Bun v, = (24, 4, 1). OcTaybHBIE
coOCcTBeHHbIe yucna B cuiy (9.24) uMeoT BUA A, =-1,A3=-1. B
cuny (9.23) coOCTBEHHBINI BEKTOp v, MMEET BUI v, = (6, —2,1). Tak

KaK COOCTBEHHOE YMCI0 —1 ABYKpaTHO, TO IJISI HAXOXICHUS BEKTOpa
V3 (Ha3bIBAEMOro MPUCOEAMHEHHBIM), PElIaeM CUCTeMY YpaBHEHUN

(A=Dy)v3 =y

6

\O
—_—
[\

=

—_
o
<
Il
|
N

(9.25)

S W~ =
—_

~ 1
ISR

HetpymnHo mpoBeputh, uto cuctema (9.25) moryckaeT pelleHue
vy = (0, — 2, 2). [IpuBnekasi reomeTpuyeckKrie COOOpaxKeHusl, 3aKIoua-

€M, 4YTO BO3paCTHad CTPYKTypa IOIIYJAIMHN IIPCACTABIACTCA BECKTO-
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poM B TpPeXMEpPHOM IIPOCTPAHCTBE, B KOTOPOM  BEKTOPBI
v =24,4,2), v;=(6,-2,)u v=(0,-2,2) — Oa3uCHbIE, T. €.

ag = oy +Bova +7oVs, (9.26)
rhae o, Bg, Y9 — HEKOTOPBIE MOJOXUTEIbHbIE YnCIa (Hanpumep, ec-
I ag =(258,30,17), TO 0o =10,By=3 u yy=2). Torna ypaBHeHue
(9.21) ipumeT BUL

- - - - - - kygy - -
ap = 2k(10V1 +B()V2 +k"{0V2 +YoV3 = 2k|:(10V1 +BO-2‘F—kYOV2 +;/—2V3:| . (9.27)

k
Tak kak - 0, k >0, TO IpU ¢ =+k — o TMOMNYIALIAI BO3pac-
2

TacT MO SKCIIOHCHIMAJIbHOMY 3aKOHY
5+k = 2k (10171 . (9.28)
I'maBHOE COOCTBEHHOE YMCIIO A JAaeT CKOPOCTh, C KOTOPOi BO3pac-

TaeT pasMep MOIy/SIIuM (B HalleM TIpUMepe 3a KaXIblil BpeMEHHOM
VHTEpBaJ MOMYJSILIMS yIBauBaeTcs), a COOCTBEHHbI BEKTOp v, OIpe-

JIeJIIeT YCTOMYMBYIO BO3PACTHYIO CTPYKTYPY MOITYJISILINN, T. €. OTHOILE-
HMe YHMCIICHHOCTe 0co0eil pa3HBIX BO3PACTHBIX IPYIII OCTACTCS ITOCTO-
SIHHBIM U paBHbIM 24:4:1. HeTpyaHo BUOETh, YTO €CIM MBI B KOHIIE Ka-
JKJIOT0 BPEMEHHOTO MHTepBajla OyaeM M3bIMAaTh IIOJIOBUHY ITONYJISLUN U
WCIOJIb30BaTh Ha KOPM, TO pa3Mep €€ CTaHET PaBHBIM MCXOAHOMY dj .

MaTpuuHble MoJeIu OYeHb ymoOHBI IJisi pacyeTa HA DBM u Ha-
XOIAT Bce OoJiee IMMPOKOE IPMMEHEHME, HampuMmep, Ui aHajau3a
KPYTOBOpPOTa MUTATEJBHBIX BEIIECTB B 9KOCHCTEMaX, B pPa3IMIHBIX
CTOXaCTUYECKUX Mojessix [54], (B MAapKOBCKUX MOJENSIX U T.I.).

KOHTPOJ\beIe 3aaHHUA
©00000000000000000

1. Ilokasars, 4ro rpaukr JOTHCTHYECROrO YpaBHEHH:A HMeeT
€IMHCTBEHHYIO TOYRY nepernta. Haiitu ee u jats OGuosormde-
CRYIO WHTEPIPEeTAIHIO.

ki k .
2. Pacemorpers cucremy Boabreppa B cayuae —- =2 Haiitn
€ &
X
otHomeHa 22 1 22
X0 Yo



2 00 Paspnen 3. MogenupoBaHue B 3K0noruun

3. Hoctpouts m mceaenoBaTh Mopens smmaemun B ropoae ¢ 300
ThICAYHbBIM HaceJleHueM.

4. Vcxonnas nonyiaAnma uMeeT CIeAyIONIyl0 BO3PACTHYIO CTPYK-
TYPY ap = (O, 6, 12) n marpuna Jlecanm A — caemxylonmii BU;

0 18 18
A=l 0 0.
6
0 2 0
3

Haiitn  (npuGim:keHHO) 9YHCICHHOCTh TOMYJIANNN  Yepes
JIOCTATOYHO OOJIBIIOE YHCIO N JIeT W ee YCTOYNBYIO BO3pac-

THYIO CTPYKTYDY.
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) JAunamuueckue mozean

9.1. IlonaTue mogeruporanus

IIpexne Bcero cieayer AaTh orpedeneHue Moaenau. OgHAKO 3TO
He TakK IPOCTO, MO3TOMY CHayajla MpUBEJEM HECKOJBKO IMPUMEPOB,
MOSICHSIIOILLIMX, YTO TaKO€ MOJENb, a 3aTeM, KOrga HEeKOTOpOe UHTYU-
TUBHOE TIPEJCTABIIEHUE O MOHATUUA «MOJeNb» CHOPMUPYETCH, TaaUM
oInpeneieHUEe, a TaKKe KOPOTKO OIUIIEM MaTeMaTUYeCKUe METOMBI,
C KOTOPBIMU CBSI3aHO PACCMOTPEHUE TeX WJIM MHBIX MOJEJIEH.

HMcxomHBIM TIYHKTOM MCCIIEJOBAaHUS, €r0 OTIPAaBHOIl TOYKOM,
CIIY>KUT HEKOTOpas 3ajaya M3 TOW WJIM MHOU IpeIMeTHOIl o0iacTu
(B IaHHOM CjyYyae M3 DKOJIOTMU WM 0e30IaCHOCTU XKU3HEHEeATENb-
HocTH). IIpoliecc mMOCTpoeHUsT MOJEIN HA3bIBACTCSl MOOeAUpOBAHUEM.
CylecTByeT HECKOJBKO MPUEMOB MOJEJIMPOBAHUSI, KOTOPhIE MOXHO
YCJIOBHO pa3Ie/INTh Ha ABE OOJIBbIINME TPYMIIbl: MaTepUaabHOE U UAC-
aJIbHOE MOJIeJIMPOBaHUE.

K mamepuasvnbim OTHOCATCS Takue CHOCOOBI MOJEIMPOBAHMUS,
MPY KOTOPBIX UCCIAEAOBAHUE BEACTCI MO MOJECIH, BOCIPOU3BOASILECH
OCHOBHbBIE TeOMEeTpHUYEeCKUe, (PU3NUecKue, AUHAMUYECKUE U (DYHK-
LIMOHAJIBHBIC XapaKTepUCTUKU udydyaemMoro oobekTa. M3 pasHoBUI-
HOCTE MaTepuajbHOrO MOMAEJIMPOBAHUS BBIIEIUM (PU3NUYECKOEe U
aHaJIOrOBOE MOJEIMPOBaHUE.

dusznmyecKuUM TPUHIATO Ha3bIBATh MOIEIUPOBAHUE, IIPU
KOTOPOM peaJiIbHOMY OOBEKTY IPOTUBOMOCTABISIETCS €r0 YMEHbIIICH-
Has (pexe yBeJIMYEHHas) KOMus, IOIMycKallas JabopaTOpHOE HC-
clieJoBaHME U TI03BOJISIIONLIASL MIEPEHOCUTh YCTAaHOBJIEHHBIE CBOIMCTBA
Ha peaJbHBId OOBEKT C MOMOIIBIO Teopuu Mnomodus. TUMMYHBIN
npuMep (GU3NYECKOr0 MOAEIMPOBAHUSI — HUCCIEIOBAHUE YMEHbBIIEH-
HOI KOIIMU JIeTaTeJIbHOTO amiapara B a3poJIMHAMUUEeCKOl Tpyoe.

AHanoroBoe MOJICIUPOBAHUE OCHOBAHO Ha aHAJOTUU
MPOLIECCOB U SIBJICHUI, UMEIOIINX Pa3IUUHYI0 (PU3NYECKYIO TTPUPO-
JIy, HO OIMUChIBaeMy10 (opMaabHO (OJHMMHU U TEMU XK€ MaTeMaTuye-
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CKMMHU YpPaBHEHUSAMHU, JOTHUCCKMMM CXeMaMM W T.I1.). TUITMIHBINA
puMep — H3yYeHWe MEXaHWYeCKMX KOoJIeOaHWi ¢ TTOMOIIBIO 3JIeK-
TpUYecKoi cxeMbl. Jpyroit mpumep — MakeT CUCTEMbl KpOBOOOpa-
IIEHWS, HA KOTOPOM CTpEJIOYKaMM M300pakeHbl HaIIpaBJICHUS IBH-
SKEHUSI KPOBH.

ITo cBoeit cytu MarepuajbHOe (MPEeAMETHOE) MOIEJIUPOBAHUE
SIBJISIETCST DKCIICPUMEHTATBHBIM.

OT Hero MPUHLMITHAIBLHBIM 00pa3oM OTIMYACTCS uUdedanbHoe MO-
JIeTUpOBaHME, KOTOPOE OCHOBAHO HE Ha MaTepUabHOW aHAJIOTUM
00BbeKTa M MOZAEIM, a Ha aHAJOTMU HaealbHOU (MbIcimMmol). Muae-
ajlbHOE€ MOJEJMPOBAaHME HOCUT TEOpeTUYECKMiA XapakTep. BaxkHeii-
IINM €T0 BHMIOM SIBJIIETCS MaTeMaTHUeCcKoe MOIeIMpPOBAHUE, IIPU
KOTOPOM MCCJIeIOBaHME OOBEKTa OCYIIECTBIISIETCSI TTOCPEICTBOM MOJIE-
1, cOPMYIMPOBAHHON Ha S3bIKE MATEeMaTMKW U C MCIIOJb30BaHUEM
TeX WIM MHBIX MaTeMaTHMYeCKMX MeTonoB. Kiaccuueckuii mpumep Ma-
TEMAaTHYECKOTO MOIEIMPOBAHUS — OIMMCAHWE M KCCIeIOBAaHUE OC-
HOBHBIX 3aKOHOB MexaHuku M. HeloToHOM cpencTBaMu MaTeMaTUKH.

HMcnonp3oBaHue pasiIWUHBIX MOAEIC M METOHOJIOTUU MOJIEIIH-
pOBaHUS HEOOXOAMMO IIJISI TOTO, UTOOBI:

e TIOHSTb, KaK YCTPOEH KOHKPETHBbIA OOBEKT, KaKOBbI €ro
CTPYKTypa, OCHOBHbIE CBOMCTBA, 3aKOHbI Pa3BUTHS U B3aUMO-
JNECTBUS C OKPYXKAIOLLIMM MUPOM;

e HayyMTbCs YINPABISATh OOBEKTOM (MPOLECCOM) M OMNPENEIUTh
HauJayyllde CrocoObl yOpaBi€HUs] MNpPU 3aJaHHBIX LEJISIX |
KPUTEPUSIX;

e TIPOrHO3MPOBATh MPSIMble M KOCBEHHbIE TMOCJIEACTBUS peaM-
3alMU Pa3HbIX CIIOCOOOB U (hOPM BO3ACHCTBUS HA OOBEKT.

Xopo1Io TMOCTPOEHHAasl Moneb, KaK MpaBWJIO, HaeT HOBbIC 3Ha-
HUS 00 00BbEKTe-OpUruHaie. DTo, 6€3yCI0BHO, OYEHb BaxKHOE CBOM-
CTBO, CTUMYJIMpYIOILIEE Pa3BUTUE METOAOB MOACIMPOBAHUSI.

bonee nompobHO 0 MOAEISIX U MOJASIMPOBAHMU MOXHO Yy3HaTh U3
nutepaTtypbl, Hanpumep [10]. damee mpuBeaeM HECKOJbKO MPOCTeii-
LIUX MOJENE U3 PKOJIOTMU 1 0€30IaCHOCTU XXU3HEIESITeIbHOCTH.

9.2. /lunamuka nonyasuun

B coBpeMeHHOI1 3KOJOTMM YacTO BO3HUKAET BOMPOC: KakK Ompe-
JICJIUThb YUCIICHHOCTh TOW WU WHOW MOMYJISILAM 4YEPE3 OIPEHECICH-
Hoe BpeMsi? OTBET Ha HEro He TOJBKO IMPEICTaBISIET TEOPETUISCKUI
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WHTEpPEC, HO U MMeEET OOJblloe IMpakKTUyeckKoe 3HauyeHue. [eicTBu-
TEJTbHO, He 3Hasl 3TOTO, HeJIb3s MPaBWILHO TUIAHMPOBATh DKCILIyaTa-
LIUIO0 Pa3IMYHBIX BO30OHOBIISIEMBIX IMPUPOIHBIX PECYPCOB — IPOMBI-
CJIOBBIX PBIO, OXOTHUYBUX YTOOWM M T.IT. MOXET I B PEIIEHUHN 3TO-
ro Bompoca IToMouyb Marematuka? OxasbIBaeTcs, ma. PaccMoTpum
3IeCh HEKOTOPBIE TIPOCTEHUIIINE MOAEIN, Ha KOTOPBIX MPOMIITIOCTPH-
pyeM Moaxol K JaHHOMY BOIIPOCY.

Ilycte HekoTOpas TIONMyNSALUS WMEeT B MOMEHT BpEeMEHU
fp Ouomaccy xp. Ilpeamonoxum, 4To B KaXIblii MOMEHT BpEMEHU
CKOPOCTb YBEJIMYECHUSI OMOMAacCChl MMPOMOPLMOHATIbHA YK€ MMEIOLIeH-
csl Omomacce, a BO3HMKAIOIINWE SIBICHUST KOHKYPEHIIMUA 32 MCTOYHM-
KaMM TATAHWUS WM CaMOOTPABJICHMUS CHIKAIOT OMOMACCy IPOITOPLINO-
HaJIbHO KBaApaTy HaJM4YHOU Ouomacchl. Eciau 0603HauuTh Ouomaccy
B MOMEHT BpeMeHU ¢ yepe3 x (7), a U3MEeHEeHNe e¢ 3a BpeMsI Af depes
Ax , TO MOXHO 3amucarh cleAyloliee MpuOIMKeHHOe PaBeHCTBO:

Ax ~ (kx — ax?)At, 9.1)
rae o U k — TMOJIOXKUTEIbHBIE TOCTOSIHHBIE (MTapaMeTPhl).

B mnddepenumanbHoit opMe 3TO COOTHOIIEHNE UMEET BUI:
P —ax?, 9.2)
dt

OHO M TIpeacTaBisgeT co00i MaTeMaTUYeCKyl0 MOAedb Ipolecca
M3MEHEHUsI OMomacchl IOMyJSIUMU. B 3Kojormyeckoul aurTeparype
ypaBHeHHE (9.2) 9aCTO HA3BIBAIOT 102UCIMUHECKUM.

Eciu tenepb mocTtaBUTh BOIIPOC O TOM, KakoBa Xe Oyaer Ouo-
Macca B MOMEHT BpeMeHU 7, TO Ha HEro MOXXHO OTBETUTH SKCITepH-
MEHTaJIbHO — JIOXIAThCS 3TOTO MOMEHTAa M OIpeIeUTh OMomMaccy
HEMOCPEACTBEHHBIM M3MepeHUEM (BOOOILE TOBOPsSI, TAKOE U3Mepe-
HHUE MOXET OBITh (PU3NUECKN HEOCYIIECTBUMEBIM).

Hpyroii myTb — BOCIIOJb30BaTbCsI MaTeMaTUUE€CKOU MOJIENbIO,
pemras 3amavyy Komm mist ypaBHeHUS (9.2) ¢ HaYaJdbHBIM YCJIOBUEM
9.3):

x(to) =Xp - (9.3)
Paznensast B ypaBHeHuu (9.2) mnepemMeHHBbIE, MOJYYUM ypaBHEHUE
B auddepeHimanax
S S
x(k —ox)
Hns paapHeiiero ynooHO BBECTM HOBYIO MEPEMEHHYIO
z=ox, 9.5)

(9.4)
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toraa (9.4) MOXHO Tiepenucarb B BUIe
dz dz
—+
z k-z

Bo3sBpaiasch K mcxogHoMy ypaBHeHMIO (9.2), 3aMEeTHUM, YTO eC-

— kdr . (9.6)

k
m xy=— (T. €. zp=k), To 3aga4ya Komm mMeeT peuieHue x(¢)= x,
o

(puc. 9.1). Ecim x, <£ (zg < k), TO ypaBHeHue (9.6) nHTErpUpyercs
o

CIIeAYIOIINM 00pa3oM
Inz —In(k —z) =Inzy —In(k — zo) + k(2 - 1)),

OTKyIa
T __ % k=10 9.7)
k-z k-2
3HAYUT,
o k(t-tg)
() = 0¢ 150, (9.8)

(k + axg (e =10 —1))?
Ecmu x, >£, TO aHAJOTUYHO IIPEABIOYIIEMY CIydyal0 CHOBa IIO-
o
Jnydyaem dopmyny (9.8). Auddepeniupys (9.8) no ¢, umeem

dx

okxg (£ - xo)ek(’_t(’)
@ _ a
dt - (k+oxg(ek710) — 1))

(9.9)

k
OTKyJa BBITEKAET, YTO MpPU Xy <— Trpaduk GyHKIMU X (f) MOHOTOH-
o
k
HO BO3pacTaeT, a MpU X, >— — MOHOTOHHO YObIBaeT, MpuyeM oba
o

rpauka UMEIOT TOPU30HTAJIbHYIO ACUMIITOTY x=£ (puc. 9.1). Mnl
o

HE MPUBOIUM 3[I€Ch BJIEMEHTAapHYl0, HO TPOMO3IKYI0 (hOpMYITy BTO-
po¥i MpPOU3BOIHOM d*x/dt?, MOKAa3bIBAIOIIYI0, YTO BEPXHUM M HUXK-
HUI rpaduMKU UMEIOT MO OAHOK TOYKe meperuoa.

MbI paccMOTpesln BeCbMa YMOPOLIEHHYIO CUTyallMl0, TaK Kak
Mpeanoaarajv, 4To MOMYJSILUS HE B3aUMOICHCTBYET HU C KaKMMU
JPYTUMU TIONYJSILUUSIMU, YUET KE€ 3TOro OOCTOSITENbCTBA, KOHEYHO,
3HAYUTEJBHO YCJIOXHSIET MOJIEIb.
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XA

Xo

0 >

t

Puc. 9.1. 3aeucumocmov 6uomaccot om épemenu 045 pasiuHvIX
3HaveHuli napamempos k, o u X

PaccmoTpuMm omHy M3 Takux Moneneid. bymem obOo3HauaTh OuO-
Macchl JIBYX TIOIYJISILIMIA 4Yepe3 X M y cooTBeTcTBeHHO. [Ipemmono-
KUM, 4TO 00€ TMOMYJSILIMU MOTPEOISIOT OAUH U TOT X€ KOPM, KOJIU-
YECTBO KOTOPOIO OTPaHUYEHO, M M3-3a 3TOr0 HAXOISITCSd B KOHKY-
pEeHTHOI Gopbhde APYTr C APYTOM.

®pannysckuii mateMatuk B. Bonbreppa B 1926 r. mokasan, 4To
Ipu TakoM IPEAITIOJTOKEHUN AMHaAMMKa HOHyﬂHU,I/Iﬁ JOCTAaTOYHO XO-
POIIIO OMMUCHLIBAETCS CIEAYIOIIEH CHUCTeMOM auddepeHINaTbHbIX
YpPaBHEHUI:

dx
—t:klx—slx(k1x+k2y)x

jy , (9.10)
EZkzy—Slx(MX”LzJ’)y
rae ky, ky, €1, €5, Ay, Ap — OIpPENEJICHHbIE TMOJOXUTEIbHBIE YHUCIIA.

IlepBble wieHbl MpaBbix yacTeil cucteMbl (9.10) xapakTepu3yloT CKO-
POCTb POCTa IOMYJISIINWI MPY OTCYTCTBUM OTPaHUYMBAIOIIMX (haKTO-
poB. BTopble WieHBl YYMTHIBAIOT T€ M3MEHEHUS B CKOPOCTSIX, KOTO-
phIe BBI3BIBAIOTCS OIPaHMICHHOCTBIO KOpMa.

3agaBas pa3JIMYHble 3HAYEHUSI MapaMeTPOB, C IOMOIIBIO CUCTE-
MbI (9.10) MOXXHO omucaTh B3aUMOACHCTBUE NBYX IMOIMYJSLIMIA, OqHA
M3 KOTOPBIX — XUIIHMK, a apyras — xeptsa [36]. B nutepatype [47]
OoJiee MOOPOOHO OMMCAaHBI MaTeMaTUYECKHE aCIIEKThI MCCIICHOBaHUS
cucteMbl (9.10).
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IIpexne yeM McciemoBaTh, Kak Oymet Bectn ceds cuctema (9.10),
3aMETHM, YTO B JIIOOOI MOMEHT BpPEMEHM ! €€ COCTOSTHME TTOJIHOCTBIO
OIUCHIBAETCS 3HAYCHUSIMM X U Y . KaXKIOMY COCTOSIHMIO CUCTEMBI
COOTBETCTBYET HeKOTOpasl Touka (x, y) Ha muiockocty xOy, Ha3bIBae-
Mol «(da3oBoil miaocKOCThIO». Kaxaoit Touke (a3oBOi IJIOCKOCTU
MOXHO TIOCTaBUTh B COOTBETCTBME BEKTOp (CTpeiKy Ha puc. 9.2) c
KOOpAMHATAMM, KOTOpBIC SIBJISIIOTCS MPAaBbIMU YaCTSIMM CHCTEMBI,
yKa3bIBAIOLLIMI HampaBjieHue ABMXEHUsI B 3Toil Touke. IlpoBenst us
HayaJbHOW TOYKM JIMHUM, KacaTeJIbHble 3THM BEKTOpaM, ITOJIyYUM
TPAeKTOPUHM, 10 KOTOPHIM OYIET MPOMCXOAUThH IBUXKEHUE CUCTEMBI,
T. e. pemeHus 3agaun Komm mrs cucremsl (9.10) ¢ Ha9aIbHBIMU yC-
JIOBUSIMU

x(fy) = x9, Y(Fo) =Yg, (x9,¥9) € xOy. (9.11)

€20 g1y

Puc. 9.2. Dasoswtii nopmpem dunamuueckoii cucmemot (9.10)
ky _ky

npu ycaoguu — < —=

€ &
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YToOBI COCTaBUTH MPEICTABICHNE O TPACKTOPHIX ABVKCHHS CUC-
TEMBI, ITIOCTPOMM JIMHWM, HAa KOTOPBIX x=0 (30eCh BEKTOPHI I1a-

pamiensHbl ocu Oy) 1 y =0 (3mech BEKTOPHI MapajieabHbl ocu Ox).

dx . dy
11 KpaTKOCT 0003HAUYMM MPOU3BOIHYIO " yepe3 x, a o yepes
t

y . Umeem
x=0, Korma kjx—g(hx+Xiy)x=0,
y =0, KOrma kyx—g,(Mx+iyy)y=0,
T. €. x =0 Ha ABYX NpsSMbIX B (pa30BOI IJIOCKOCTH:
k
x=01u k1x+7»2y=—l,
€]
a y=0 Takxke Ha ABYX HPSAMBIX:
k
y=0 1 Ax+A,y=—2= (puc. 9.2, 9.3).
€
ITo 3TUM pucyHKaM MOXHO cienaTh cCleaylollude BbIBOAbL. B
000UX ciIyyasiX UMeeM TPU CTallMOHApHBIE TOUYKHU, B KOTOPBIX OJHO-
k k
_1) u (0,—2
i 375}
TOpBIE TT0 M3BECTHOM KJlaccU(pUKaIUM ABISIOTCA y3aaMu. [Ipu aTom,
ki k.

& &

BpeMeHHO x=0 u y=0, a umeHHo: (0,0), (0, ), KO-

ecnu (puc. 9.2), TO YCTOMUMBBIM SIBISIETCS TOJIBKO Yy3el

(L,O), a ecnu ﬁ<ﬁ (puc. 9.3), To y3en (O,L). Takum obGpa-
S g & 379)

ﬁ>ﬁ, TO BTOpas IIOMYJSIIAS  BBIMHUpACT,
& &

30M, €CJIn

ki
E1M]

,t > . Ecom

y() = 0,1 — o, a mepBasi crabunusupyercs, x(t) —

ki k
xe —L<ZZ  To uMeeM OOpaTHYIO KapTHUHY: MepBasi MOMYJISILUS Bbl-
IR Y)
MUPAET, x(t) >0, — oo, a BTOpad CTaOMJIM3UPYETCSI,
ky ki ky k .
,t — . Hakonel, ecim —=—%=—_, TO KpPOME HEYCTOIi-
€aA2 € €& €
yuBoro y3na (0,0) mMeeM JMHUIO CTAlMOHAPHBIX TOYEK — OTPE30K

MpsSIMOIA k1x+k2y:£ (puc. 9.3).
€

x() >
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€1 gyl

Puc. 9.3. Dasoswtii nopmpem dunamuueckoii cucmemot (9.10)

ki k
npu ycaosuu ( .22 )
g€ &

B nmanpHedIMx pacCMOTpPEeHHUSX OyneM [UIsl MPOCTOTHI CUMTATh,
yTo ki =ky=k W g =gy =¢. Torma, neast BTOpoe ypaBHEHNUE CHUCTEMBI

(9.10) Ha nepBoe, MOJYYUM %:l, OTKyJa
X X

¥ =2x), (9.12)

X0
T. €. TPACKTOPHSIMU SIBJISTIOTCSI OTPE3KU TIPSIMBIX, BBIXOMAIINX U3 Hayaia
KoopauHaT (puc. 9.4). O6e nonyasiuv¥ HE BbIMUPAIOT U YUCICHHOCTb
HX CTAOMIM3UPYETCS K 3HAYEHMSIM, KOTOPhIe MOXHO HAWTH KaK KOOp-

JIMHATBI TIEPECEYEHMS TIPAMBIX AjX + A,y = k oy y=22x orkyna
€ XO
k k
lim x(1) = al) lim () =——20__ (9.13)

t—o0 8(7»1)60 +}\,2y0) ’ t—w S()\,lxo +k2y0) '
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0 Kk ox  y=0
8}\,2

Puc. 9.4. Daszoeviii nopmpem dunamuuecrkoi cucmemot (9.10)
npu ycaoguax ky=ky=k, g =gy =¢

9.3. Ilpocreiimas moaeAb anuaemMun

3a MHOTHE TOAblI CYIICCTBOBAHMS YeJIOBEUYECTBA OTPOMHOE UHMCIIO
JroAel Morudyio OT pas3HbIX snuaeMuil. s Toro 4roObl yMeTb 0O-
POTBCSI C BIUAECMHUSMHU, T. €. CBOCBPEMCHHO IIPOBOAUTH TOT WM
WHOI KOMIUIEKC MEpONpPUSITHiI (IIPUBUBKM, BaKUMHBI, KapaHTUH
U T.1.), HEOOXOAMMO YMETh OLUEHUTH 3(PMOEKTUBHOCTh KAXKIOTO TaKO-
ro KOMIUIEKCa U BHIOpaTh HanbOoJIee ONTUMAJIbHBIN IUISI JAHHOTO BU-
Ja snuaeMun (xonepa, yyma, rpunn, CITMJ u 1.1.). OueHka ag-
(exTBHOCTH Oa3mMpyeTcs, KakK IIPaBWIO, Ha IMIPOrHO3e O IMPOTeKAHUM
snuaemun. OTcloa BBITEKAET 3amada ITOCTPOSHUST MOMAENH, KOTopast
MorJia OBl CIIy>KWUTbH IIeIsIM ITporHo3a. CaMoil IMpoCToil MOICNIbIO SIB-
JIIeTCSL OIMMCAHME SCTECTBEHHOTO XOIa JMMIECMHMH 0e3 IPUMEHCHMS
KaKUX-JIM00 MPOQIIAKTIICCKIUX MEPOIIPUSTHIA.

HTak, mycth nMmeeTcss N 3MOpPOBBIX JIIONEH, 1 B MOMEHT BpeMEHU
t = 0 B 3Ty TpYIIIy ITOMagacT OOUH 3a00JICBIIMI YeIOBeK (MCTOUYHUK
nHdexkuu). I[Ipenmonoxum, 9TO yaaleHUs 3a00JEBIINX W3 TPYIIIIHI
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He TIPOMCXOINT W YeJIOBEK CTAHOBUTCS MCTOYHMKOM MH(EKIIUH Cpa-
3y Xe, KaK 3apa3uiics caM.

0O603HayuM uyepe3 x(f) YMCIO0 UCTOUHMKOB MH(PEKIIMU B MOMEHT
BpeMeHM #, a 4yepe3 y(f) — YUCIO ellle He 3a00JeBIIMX (YacTh U3
HHUX, €CTeCTBEHHO, MOXET 3a00/eTh ¢ TeyeHueM BpeMeHu). Oue-
BUIHO, YTO x(t)+y(f)=N +1 B N1000if MOMEHT BPEMEHM f, MPUUYEM

npu ¢ = 0 BeIoMHAETCS yciaoBue x(0)=1. PaccmMoTpuM mHTEpBai
BPEMEHH ¢, ¢+ Af, TOe Af JOCTATOYHO Majo. ECTeCTBEHHO, UTO YuC-

JIO OOJIBHBIX Ax, IOSBMBIIMXCS 3a 3TOT MHTepBaj, IIPOIIOPLIMO-
HalbHO At (Ax~At). ECTeCTBEHHO TakKe IPEIIIONIOXUTh, YTO 3TO
YUCIO IIPONOPILMOHAIBHO YKCIY KOHTAKTOB MeEXAy OOJbHBIMM U
3I0POBBIMHM, T.e.  Hpom3BeneHMIo  x(1)y(t). Takum  oGpasoM,

Ax~ox(f)y(H)dt, tme o — KO3(pGUUUEHT MTPONOPLUMOHATLHOCTH.

Ycrpemiiasi At K HyJI0 U3 TIOCJIEIHEr0 COOTHOILIEHUS, TOTyYuM
nuddepeHInaIbHOe YpaBHEHNE

% = ax(t)(N +1-x(1)), (9.14)

KOTOpPOE BMeCTe C HaYaJbHBIM YCIOBUEM
x(0)=1 (9.15)
omnpenensier GyHkuuio x(¢). YpaBHeHue (9.14) mo Bumy sSBISeTCS

JIOTUCTUYECKUM, OHO PacCMOTpPEHO B MpeabiayiieM maparpade. Ilo-
3TOMY Cpa3y MOXHO 3amucaTh pelreHue x(¢r) 3agauu Koium (9.14),

(9.15) B yno6HOM Bue

N +1
x(t)=——, >0. (9.16)
Ne—OL(N+1)t+1
HMrak, uymncno 3aboneBinx — ¢yHKUUSI BpeMeHU. [IpoaHanusu-
pyem a1y pyHKumio. M3 ypaBHeHus (9.16) BBITeKaeT, 4YTO C TEUECHU-
€M BpPEMEHM YMCIO 3a00JIeBIIMX MOXET TOJbKO YBEJIWYMBATBLCS, a

BC€ 370pOBbI€ JIOAM 3a00J€I0T, TaK Kak limx(f)=N +1. KoHeuHo,
t—>0

3TO Tpy0dast Monesb, He YUMTBHIBAIOIIAS €CTECTBEHHOTO UMMYHUTETA Y
3MOPOBBIX JIOIEN K TaHHOMY 3a00J1€BaHUIO.

NHTEepecHO BBIACHUTH, KaK MEHSETCS CKOpPOCTb YBEJIMYECHMUS
yrcia O00JIbHBIX, T. €. BeJIMYMHA

dx (N +1)2e N+
dt - (Ne*Q(N+l)f +1)2 ’

t>0. 9.17)
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2
st pelieHMs 3TOrO BOIPOCA HYKHO M3YYUTh BEJIUYUHY %
1
Huddepennupys ypaBHeHue (9.17), momydaem

d2x az(N+1)3e—(X(N+l)f
m_zz (Ne*Ot(N-Fl)[ +1)3

[ve-sV+0r 4] rx0. (9.18)

d*x In N
M3 aTOro ypaBHeHUs BBITEKAET, UTO ——>0 MOpu fe| 0,———
dr? a(N +1)

d*x InN
M —5-<0 npyu te| ————+o|. ClienoBaTesbHO, CKOPOCTH BO3pac-
dt a(N +1)

dx
TaHug 3a00JeBIIMX — QYHKIUSA i pacTteT OO MOMEHTaA
t

_ InN

Ca(N+1)
pe3yabTaT COBITaJaeT ¢ SKCIEePUMEHTATBHLIMUA JAHHBIMU: B Havaje
SIUAEMUN YMCIO 3a00JIEBIIMX PE3KO BO3pacTaeT, a BIOCIEACTBUU
CKOPOCTB PacIpoCTpaHeHUsT MH(GEKIINHA CHIKACTCH.

Hdna cpaBHeHUS TIpUBEAEM pe3yJbTaThl MCIIOJb30BaHUS OoJjiee
CJIOXKHBIX MOJieJielt pa3BUTUSI TPUMIIO3HOM 3nuaeMun B Mockse [22],
IJe HaceJeHWe COCTaBIseT 8,5 MJIH 4YeJIOBEK. DTO TO3BOJUT HaM
TaKKe OINpeNeUTh YMCICHHBIE 3HAaUYeHUs ImapamMeTpoB N U o, TIpH
KOTOPBIX Hallla MOZIENhb OoJiee pealMcTUYHA.

Havany snumeMuy cOOTBETCTBYET 4MCIO 3abosneBmux 79,1 ThIC.
yenoBek, orkyaa N = 8,5 minH/79,1 Thic. = 1100 yenoBek. ITuk 3a60-
In1100
1101’

, a 3areM yOmIBaeT. HecMoTpst Ha rpy0OCTh MOIEIH, 3TOT

JIEBaEMOCTH TIPMXOOUTCS Ha 46-i1 meHb, T. €. 460 = OTKyIIa

7
o —=
46-1101

x(46):L:125. ITo otHomenuro k 1100 yen. 310 cocraBisieT

1101e7> +1
11%, 4uro cormacyercs C SKCIIEPMMEHTAIBHBIMUA IaHHBIMU [22], Tme
4yucjio OONBHBIX paBHO 981 Thic. uesoBeK U cocrasiser 11,5%. Koneu-
HO, TIPUMEHEHNE COOTBETCTBYIONIMX MPODMIAKTIISCKIUX Mep IaeT 3Ha-
YUTEIbHBIN TOJIOXUTEIbHBINA 3(h(EKT, MK YKcia OONBHBIX CHIDKAETCS
¢ 981 thIC. 1O 122 THIC. YeJIOBEK, OQHAKO CO3JaHME COOTBETCTBYIOIIIEH
MaTeMaTUIeCKOM MOZIEI — CYIIeCTBEHHO OoJiee TpyaHas 3amada.

107, Tlo dopmyne (9.16) HaxOZUM YMCIO GONBHBIX
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9.4. Matpuunbie moaeAn

MarpuyHylo MOIeIb MOXHO paccMaTpyMBaTh KaK KOHEUYHO-
PA3HOCTHBIN aHAJIOr TUHaMU4ecKoi Moxenu. OOWH M3 paHHUX BapH-
aHTOB MaTpU4HOI Momenu Obl1 paspaboTtaH JIbtoricom u Jlecau [30]
KaK IeTePMUHUCTCKAsI MOJEINb, IIpeacKa3bIBalolas OyayIylo Bo3pac-
THYIO CTPYKTYPY IIOIYJISILIMM CaMOK IO M3BECTHOM CTPYKType B Ha-
CTOSIILIMA MOMEHT BPEMEHM W TMUIOTETUYECKUM KOA(PPUIIMEHTaM BbI-
XKUBaHUS W IutogoButocTu. Ilomynsamuio pazomBatorT Ha n+1 Bo3pac-
THy10 rpynmy (1. e. 0, 1, 2,..., n, IprYeM Kaxaasl Ipymra COCTOUT U3
0co0eil OMHOro BO3pacTa), TakK YTO caMasl CTapliiias IpyIia, WM Tpyr-
I1a, B KOTOPO#l BCE MOXKMBAIOIIME IO JAHHOTO BO3pacTa KUBOTHBIC BBI-
MHpaloT, uMeeT Homep n. OO03HayUas Yepes X, YMCIO 0coOeil B Kax-
JIOl BO3PACTHOWM TpYIINe, TOAy4aeM BEKTOD d; = (Xo/, Xif»---» Xpt)s
MPpeACTABISIONINI BO3PACTHYIO CTPYKTYPY B MOMEHT BpEMEHHU 1.

Mopenb onuchIBaeTCI MAaTPUYHBIM YPaBHEHHEM

G, = A, (9.19)

KOTOpOE 3allnIleEM B Pa3BEPHYTOM BUJIE:

ot | [fo /i /o AIEY,
X141 p 0 0 0 || X1
: 0 p O 0 :
=0 0 p 0 , (9.20)
0 0 O 0
_xn,t+l_ L 0 0 0 Pn-1 0 h _xn,t_
rae BeJU4YuHbl f; (i=0,1,...,n) MNPEeNCTaBIAET YMCIO CAMOK, IPOU3-

BOJIMMBIX CAMKOM i-TO BO3pacTa,
p; i=0,1,...,n—1) — BEPOATHOCTH TOTO, YTO CaMKa i-r0 BO3pac-

Ta JIOXHWBET A0 Bo3pacTa i+1.

ITokaxxeM, 4TO TTOBEeIEHWE MOIEIM MOXHO IIpencKas3aTh, aHaJIM-
3Upysl HEKOTophble (PopMajibHble CBOMCTBA MaTtpuibl A. Bo-TiepBhiX,
IocJIeqoBaTeIbHO YMHOXas ypaBHeHUe (9.19) Ha matpuily A, Jerko
MOJIYyYUTh Oojiee OOIIME YpaBHEHMS IS YMCIEHHOCTHM BO3PACTHBIX
TPYIIIT K MOMEHTY BpEMEHH 1y + k:

Gy i = Aka . (9.21)

Bo-BTOpHIX, TOCKOJBKY MaTpuila A KBagpaTHas ¢ (n+1) cTpoka-
MU M CTOJOLAMU, OHAa MMeeT n+1 cOOCTBEHHBIX 4YKcel (C YYETOM
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KpaTHOCTH) 1 (n+1) COOCTBEHHBIX (M TPUCOESAMHEHHBIX) BEKTOPOB.
DreMeHTBl A IBIISIIOTCS MO0 MOJIOKUTETBHBIMA YUCTIAMU, JIN0O HY-
JISIMU, TTO3TOMY HauOoJiblee (1Mo a0COMIOTHON BeIMUYMHE) COOCTBEH-
HO€ YMCJIO U KOOPAMHATHI OTBEYAIOIIETO €My COOCTBEHHOI'O BEKTOpA
MOJIOXKUTEbHBI U TIPU 3TOM UMEIOT ONpeaeseHHbIA 3KOJI0TMYECKUIA
cMbich. TIpouaocTpupyeM 3TO Ha OJHOM U3 MPOCTEUILINX MOJENEH,
MPeIOXKEHHBIX YIWIbIMCOM [54].

HMcxonnas momynsuysi UMEET BEKTOp, IPEACTaBsSIOIINI BO3pac-
THYIO CTPYKTYPY ag =(0,0,1), T. €. NOIYyJSIUUsA COCTOMT U3 OLHOK

CaMKM CTaplIe€ro Bo3pacra. ManI/I]_Ia A uMeeT BUI:

0 9 12

A= 1 0 0
> 1

0 — 0
2

ITo OpomeCTBUMU OJHOTO BPEMCHHOI'0O MHTEpPBaJia UMEEM

Aao = 0

S
I
o

S W~

olll] Lo

ol— o

T. €. a; =(12,0,0) ¥ B NOMyJISIIMA yXe OyaeT 12 caMOK MJIaIiero Bo3-
pacta. IToBTOpHOE TPUMEHEHUE MOMAEU JAET CJIEAYIOIIUE PE3YIbTaThI:

09 12|r1 o 0 9 12|r07 36
Aalzé 0 0 0 :4202, Aazzé 0 0 41=10 =as,
0o L o|L0J L0 o L oflo] [2

2 2

Aa3= 0 0|=|12 =dy,

o W~ o

0
I ooll2] Lo
2
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I'maBHOE COOCTBEHHOE UMCIIO U COOCTBEHHBIN BEKTOP MaTPHULbl A
MOXKHO HaWTU U3BECTHBIMU MeTogJaMHn, NMeEsd

AV =09 (9.22)
WIK Tojarast v =(x,y,z) — CHUCTEeMYy JMHEHHBIX ajredOpandyecKux
ypaBHECHUM
9y +12z7 =Ax
%x “aph, (9.23)
1
7 y
onpeaemTellb KOTOpOit
-% 9 12
% % 0= +3n+2=2-M+1?2. (9.24)
0o L

CrnenoBatesibHO, TJaBHOE COOCTBEHHOE 4YMCIO A;=2 W CcOOCT-
BEHHBIN BekTOop B cwmiy (9.23) umeer Bun v, = (24, 4, 1). OcTaybHBIE
coOCcTBeHHbIe yucna B cuiy (9.24) uMeoT BUA A, =-1,A3=-1. B
cuny (9.23) coOCTBEHHBINI BEKTOp v, MMEET BUI v, = (6, —2,1). Tak

KaK COOCTBEHHOE YMCI0 —1 ABYKpaTHO, TO IJISI HAXOXICHUS BEKTOpa
V3 (Ha3bIBAEMOro MPUCOEAMHEHHBIM), PElIaeM CUCTeMY YpaBHEHUN

(A=Dy)v3 =y

6

\O
—_—
[\

=

—_
o
<
Il
|
N

(9.25)

S W~ =
—_

~ 1
ISR

HetpymnHo mpoBeputh, uto cuctema (9.25) moryckaeT pelleHue
vy = (0, — 2, 2). [IpuBnekasi reomeTpuyeckKrie COOOpaxKeHusl, 3aKIoua-

€M, 4YTO BO3paCTHad CTPYKTypa IOIIYJAIMHN IIPCACTABIACTCA BECKTO-
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poM B TpPeXMEpPHOM IIPOCTPAHCTBE, B KOTOPOM  BEKTOPBI
v =24,4,2), v;=(6,-2,)u v=(0,-2,2) — Oa3uCHbIE, T. €.

ag = oy +Bova +7oVs, (9.26)
rhae o, Bg, Y9 — HEKOTOPBIE MOJOXUTEIbHbIE YnCIa (Hanpumep, ec-
I ag =(258,30,17), TO 0o =10,By=3 u yy=2). Torna ypaBHeHue
(9.21) ipumeT BUL

- - - - - - kygy - -
ap = 2k(10V1 +B()V2 +k"{0V2 +YoV3 = 2k|:(10V1 +BO-2‘F—kYOV2 +;/—2V3:| . (9.27)

k
Tak kak - 0, k >0, TO IpU ¢ =+k — o TMOMNYIALIAI BO3pac-
2

TacT MO SKCIIOHCHIMAJIbHOMY 3aKOHY
5+k = 2k (10171 . (9.28)
I'maBHOE COOCTBEHHOE YMCIIO A JAaeT CKOPOCTh, C KOTOPOi BO3pac-

TaeT pasMep MOIy/SIIuM (B HalleM TIpUMepe 3a KaXIblil BpeMEHHOM
VHTEpBaJ MOMYJSILIMS yIBauBaeTcs), a COOCTBEHHbI BEKTOp v, OIpe-

JIeJIIeT YCTOMYMBYIO BO3PACTHYIO CTPYKTYPY MOITYJISILINN, T. €. OTHOILE-
HMe YHMCIICHHOCTe 0co0eil pa3HBIX BO3PACTHBIX IPYIII OCTACTCS ITOCTO-
SIHHBIM U paBHbIM 24:4:1. HeTpyaHo BUOETh, YTO €CIM MBI B KOHIIE Ka-
JKJIOT0 BPEMEHHOTO MHTepBajla OyaeM M3bIMAaTh IIOJIOBUHY ITONYJISLUN U
WCIOJIb30BaTh Ha KOPM, TO pa3Mep €€ CTaHET PaBHBIM MCXOAHOMY dj .

MaTpuuHble MoJeIu OYeHb ymoOHBI IJisi pacyeTa HA DBM u Ha-
XOIAT Bce OoJiee IMMPOKOE IPMMEHEHME, HampuMmep, Ui aHajau3a
KPYTOBOpPOTa MUTATEJBHBIX BEIIECTB B 9KOCHCTEMaX, B pPa3IMIHBIX
CTOXaCTUYECKUX Mojessix [54], (B MAapKOBCKUX MOJENSIX U T.I.).

KOHTPOJ\beIe 3aaHHUA
©00000000000000000

1. Ilokasars, 4ro rpaukr JOTHCTHYECROrO YpaBHEHH:A HMeeT
€IMHCTBEHHYIO TOYRY nepernta. Haiitu ee u jats OGuosormde-
CRYIO WHTEPIPEeTAIHIO.

ki k .
2. Pacemorpers cucremy Boabreppa B cayuae —- =2 Haiitn
€ &
X
otHomeHa 22 1 22
X0 Yo
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3. Hoctpouts m mceaenoBaTh Mopens smmaemun B ropoae ¢ 300
ThICAYHbBIM HaceJleHueM.

4. Vcxonnas nonyiaAnma uMeeT CIeAyIONIyl0 BO3PACTHYIO CTPYK-
TYPY ap = (O, 6, 12) n marpuna Jlecanm A — caemxylonmii BU;

0 18 18
A=l 0 0.
6
0 2 0
3

Haiitn  (npuGim:keHHO) 9YHCICHHOCTh TOMYJIANNN  Yepes
JIOCTATOYHO OOJIBIIOE YHCIO N JIeT W ee YCTOYNBYIO BO3pac-

THYIO CTPYKTYDY.



10 CroxacTnueckue MoaeAn

10.1. Cayuaiinbie npoueccbl Npu onuCaHHH
MOy ALY

PaccmaTpuBaeMble BBIIIE MOAENIM — ACTEPMMHUCTCKHE. DTO
IIOJDKHO MMETh KaKWe-TO OCHOBaHMS, KOTOPBIE MBI M IIOIBITACMCS
ceituac oOCyIuUTh.

Ecim peur mmer o mMHAMMKE TOMYJISAIMIA, TO MOXHO BBIICIUTH
10 KpaifHell Mepe JBa acleKTa, IO KOTOPBIM JETEPMUHUCTCKAsS MO-
JIeTb HE MOXET CIYXHUTb TOYHBIM OTpPaXkKCHHUEM pPEaIbHOM 3KOJIOIH-
YECKOI CHCTEMBI: BO-IIEPBBIX, OHA JOMYCKAeT OECKOHEUYHO OOJIBIIIYIO
YUCJICHHOCTh MOMYJISILMU; BO-BTOPHIX, HE YUMTHIBACT CIYIailHBIX KO-
JIebaHMi, TIPOMCXOMSIINX B Cpelie BO BpEeMEHU.

B kxauecTBe IprMepa IeTEPMUHUCTCKON 3KOJOTMYECKOM MOIEIN
pPacCMOTPUM ypaBHEHHUE

AN _aw, (10.1)
dt
rae N — 4ucio ocobeil B MOMEHT BPEMEHH £,

da — MCTUHHasdA CKOPOCTb pocCTa.

PemienneM 3TOrO ypaBHEHWS, YAOBJICTBOPSIIONINM HAYaILHOMY
YCIIOBUIO

N@O)= Ny, (10.2)
SABASIETCS (PYHKLIMS

N(t)= Nye" (10.3)
(Tak Ha3pIBaeMBI 3aKOH MabTyca — 3aKOH poOCTa TOMyJIsILuu 0e3
KOHKYpeHILIMK). B ocHOBe IJIaBHOTO OOMYIIEHUS 3[€Ch JIEXKUT TO, UTO
3a KOPOTKHUI IPOMEXYTOK BpEeMEHM [ Kaxmasd ocoOb IOpoXKaaeT
aAt HOBBIX 0COOe€iA.
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B cooTBeTcTByIOILIIEH CTOXaCTUYECKOM Momead MpUHUMAaeTcs 00-
Jiee MpaBIONoA0OHOE AONYIIEHHWE, COIJIACHO KOTOPOMY 3a Iepuoj
At OlHA 0COOb C BEPOSITHOCTBIO A MPOMU3BOAUT OJHOIO MOTOMKA U C
BEPOSITHOCTBIO pA7 ymupaeT. O003HaUMM 4epe3 p;(f) BEPOSITHOCTh
TOTO, 4YTO B MOMEHT BPEMCHU ! YMCJICHHOCTb MOIYJISILIMU PaBHA i,
i=0,1, 2, ... PaccmoTpuM BenuuuHy p;(t+Af). B cuiny manoctu
At MOXXHO CYUTATh, YTO YUCICHHOCTb MOMYJISILIAM OCTAHETCS TIPEXK-
HEW, paBHOU I, B pe3yjbTaTe TPeX HE3aBUCUMBIX COOBITUIM — ITOSIB-
JICHVWS TIOTOMKOB B TOMYJISILIMU C YWCJIEHHOCTbIO i—1, OTCYTCTBUS
CJly4aeB POXIEHUS M CMEPTU B MOMYJSIUUU C YMCIEHHOCTbIO [ U
CMEPTU B MOMYJSILMMU C YUCIAEHHOCThIO i+1. IIpu 3TOM BEpOSITHOCTH
p;(t+ Ar) paBHa CyMM€ BEPOSATHOCTEN 3TUX COOBITUI:

Dt 4 A1) = (i~ g1 (DAL + (100410 (M + 4 Dty (DAY
OTKyZa
%ﬁ'”’) = (= DAy (O) =10+ 1) py() + (i + Dapyas (1) -

Ilepexonsi B MOJyYEHHOM COOTHOLIEHWM K TMpeaeay mpu f— o,
MOJIyYUM cUCTeEMY ypaBHeHMIA Kosmoroposa

pi(0) = =Dhp; () =ik + W) pi (1) + (i + D (1) (10.4)

B Buzae (10.4) ypaBHeHus1 cripaBedIuBLI Tipu [ = 2, 3, 4, ... [Ipu
i =1 u3 (10.4) ToayyaeM ypaBHEHUE

pi()=—(h+w) py (1) + 2ups (1), (10.5)
anpu i = 0 — ypaBHEeHUE
Po(1) =y (1) (10.6)
(ecTecTBEHHO CUMTaTh, UTO p_;(¥)=0).
Ecin B HavajdbHBIE MOMEHT BpeMeHHM f=0 B IONYISLMH HME-
Jock N, ocobeil, To HaualbHbIE YCIOBUS JJISI CUCTEMbl OOBIKHOBEH-

HBIX AuddepeHINaANTBHBIX YPaBHEHUN € MOCTOSHHBIMU KO3GOUIIN-
entamu (10.4)—(10.6) umeroT BUI:

pNO(()):L pi(()):0, iiNo. (10.7)

PaccmatpuBaemblit mpoliecc rubeam U poXASHUS SIBJISIETCS CIIy-
yailHbIM TIpolieccoM (KJIaCCMYECKMM TIpuMepoM liereit MapkoBa
[17]), a camo pewreHue 3amgauu (10.4)—(10.7) MOXHO MOJYyYUTh
CTaHJAPTHBIMU METOJaMU TEOPUU OOBIKHOBEHHBIX IU(depeHIInalib-
HBIX ypaBHeHUil (cM., Hampumep, [47]). Hac uHTepecyloT ciemyro-
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II1Me BEPOSITHOCTHBIC XapaKTEPUCTUKU: OXMAAEMOE 3HaueHue, T. €.
cpenHee 3HaYCHME MOMYJISILMM B MOMEHT BPEMEHH [

o0

N(t) =2 ip; (1) (10.8)
i=1
U Bapualus (oucriepcusi), T. €. cpeaHee KBaApaTUUYHOE OTKJIOHEHUeE
oT N(7)

var(N) =3 (i — N () p;(®). (10.9)
i=1
Hdna BeluMcaeHUsT N(¢f) 3aMeTuM, 4To U3 ypaBHeHus1 (10.5) u

repBoro ypaBHeHUs u3 (10.4) BeITEKaeT
PL)+2p3 (1) = (= w)(p1 (1) + 2p2 (1) + 3up3 (1) -
[Iponomkast 3TOT MPOLECC CIOKEHMS, ITOTYIUM

o0

S ipi(t)=N'(1)=(A—w) Y ipi (1) = (A~ )N (),

i=1 i=1

T. €. OOBIKHOBEeHHOE auddepeHIInaIbHOe YpaBHEHNE

N'(f) = (A—p)N (1) (10.10)
¢ HavajnbHbIM yciaoBueM (10.7)
N©O) =S ip(0)= N, . (10.11)

i=1
Peiienue ero, oueBUaHO, paBHO
N(t)= Nge* ", (10.12)
B YAaCTHOCTH, TIPA A > YUCIEHHOCTh MOMYJISIINN 3KCITOHEHIIMAIBEHO
Bo3pacTeT (Ipu A=p+a onpenensiercss ypaBHeHuem (10.3)), a npu
A <p BKCIOHEHIMAJbHO YOBIBACT MpPU f —> oo . AHaJIOTUYHO (cM. [17])
BBIYMCIISIETCS] BapyaInst

var(N) = Noi*—“ 2 (] _ o=y (10.13)
—u

OTKyHa TpY A >p 17151 KoaddulreHTa Bapralyy MoyJaeM BhIpaKeHUe

1 VE I % (N ST
N(t)(var(N)) J_X—H N (1-e ), (10.14)

A+ 1
KOTOpOE TIPU f —> o0 CTPEMUTCY K BEJIMYMHE /x—”N— CrnenoBatenb-
—Kn Ny

HO, IIpU AOCTAaTOYHO OOMBIINX HAaYaJbHBIX 3HAYEHUSIX MOIyJIALNN NO
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cpemHee KBaapaTUIHOE OTKJIOHEHHME OT N(¢) SIBISIETCS paBHOMEPHO

MaJibiM, U ACTEPMUHUCTCKAA MOAC/Ib JA€T aACKBATHOEC IIPEACTaBJICHUEC O
MOBCACHNN ITOIMYJIALIMU IIPpU OOJIBIINX 3HAYEHMSIX BpEMCHU.

10.2. Cayuaiinbie nsmenenus cpeabl

PaccmoTpuM Temeph MoOmEb, YUMTHIBAIOLIYIO COydaiiHble M3Me-
HeHus1 cpenbl. IIpocreifinas Moaeab, COOTBETCTBYIOIIAS YPABHEHUIO
(10.1), umeer BUL

% —la+yOIN (10.15)
N(0)= Ny, (10.16)
re y(f) — ciydaiiHag BeJMYMHA CO CPEIHUM 3HAYEHUEM, PABHBIM

Hymo. Pemenne 3amaun (ypaBHeHus (10.15) mpu ycmosum (10.16))

nMeeT BUI

t
at+ [y(t)de

N(t)=Nge 0 . (10.17)

t
YT1o0bl MpuAaTh CMBICA WHTErpany Jy(t)dt OT CIIYYailHOU BeIu-
0

YUHBI y(f), CcHOejlaeM HEKOTOpBIE YIIPOIIAIOIINE NPEANTOT0XKECHMS.
bynem cuurtath, 4to y(f) — cryneHyatass GyHKUuUsL: y(f)=y; TpHU
i-1<t<i, i=1,2,..., IpU 3TOM BC€ CIIydallHble BEJIUNYMHBI y; UMeE-
10T HOpMaJibHOe pacmpeneieHue [6]. HopMallbHBIN 3aKOH pacipene-
JIeHus (4acTo Ha3bIBaeMblii 3akoHOM ['aycca) HamboJiee yacTo BCTpe-
yaeTcsl Ha MpakTUuKe. BOJBIIMHCTBO BCTpeYaIOLIMXCS Ha MpPaKTHUKE
C/lydallHbIX BEJIMYMH, TaKWUX, HalpUMeEp, KaK OIIMOKM W3MEPEHMUIA,
MOTYT OBITh IPEACTaBIECHbI KaK CYMMBI OOJIbIIOIO 4HCJIa CPaBHU-
TEJIbHO MaJIbIX CjlaraeMbIX — 3JIEMEHTAapHBIX OLIMOOK, Kaxkaas u3
KOTOPBIX BbI3BaHA JEUCTBUEM OTHEIBHON TNPUUYUHBI, HE 3aBUCSIIECH
OT ocTajbHbIX. Kakum Obl 3akoHaM pacrnpeneaeHus HU ObLIM MOJ-
YUHEHBbl 3JIeMEHTapHbI€ OILUMOKM, OCOOEHHOCTU 3TUX pacrpeiaee-
HUI B cCyMMe OOJIbIIIOTO YMCJIa claraéMblX HUBEJIMPYIOTCS, a CyMMa
OKa3bIBaeTCS MOAYMHEHHOHW 3aKOHYy, OJMU3KOMY K HOPMAaJIbHOMY.
Hanpumep, npoBoasi uaMepeHUs1 IIMHBI JIMCThEB, YMaBIIMX C Jie-
peBbEB B JIECy, Mbl MMEEM CIy4allHyI0 BEIMYUHY X — JJIMHY JIU-
cTbeB. BeposaTHOCTH TOro, yto X <x, T. €. P ={X < x}, Ha3bIBaeTcs
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dyHKIMeNH pacnpeneseHus caydyailHOW BeJIMYMHBI M 0OO3Hayaercs
yepe3 F(x), a ee mpousBoaHagd F'(x)= f(x) Ha3bIBAETCS IJIOTHOCTBLIO
pacripefesieHud U B Ciyd4ae HOPMAJBHOTO 3aKOHa paclipelesieHUusd
umeet Bug (puc. 10.1)

7(x—m)2

e 27 (10.18)

f(x)=

1
ov2n

FA YucneHHble mapaMeTpbl m
U ¢ — 3TO MaTeMaTU4yecKoe
oxumaHue (cpemHee 3Haye-
HME) U CpelHee KBaapaTUuuHOe
OTKJIOHEHUE CIIy4YaHOW BEJU-
yuHbl X. JIeiCTBUTEIBHO,

400
M[X]= [xf(x)dx=
1T *ﬂ
> = Jxe 26° dx.
m * ov2n

Puc. 10.1. Ipagpux naomuocmu I[Ipumensgs 3ameHy mepe-
pacnpedesenuss o HOPMAALHOMY 3AKOHY x—m
=t

MEHHOI
a2

1 +00 —12 2 +00 —t2 m +00 _;2
M[X]z;j(cﬁt+m)e O [tedi+—=[e" . (10.19)

N

HetpynHo ybeauTbesi, YTO MEPBBIM M3 IBYX MHTEIrpajioB B ypaB-
HeHuu (10.19) paBeH HyJI0, a BTOPOil MpeAcTaBiseT cOOON M3BECT-
HbII uHTerpan ditnepa—Ilyaccona

, TIOJIy4aeM

+00
[ e di=yr, (10.20)

—o0
nostomy u3 ypaBHeHus (10.19) BbiTekaet, yto M[X]=m.
Boeruyicnvm nucrepcuio BeIMYUMHBL X:
2
+00 ,(x_m2)
J (x—m)’e 207 dx.
o0

1

ov2n

D[X]=
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X—m

ITprMeHUB CHOBA 3aMEHY MepPEMEHHOMI 5 =t , TIOJIy9YUM
o
2 400 )
DX =2 [ e ar. (10.21)
T

NHTerpupyem 3TO BbipaXkeHUE MO YaCTIM:
2 +00 2 +00

D[X]=- J_ | td(e" )_— j e di=o (10.22)

CnenoBaTesbHO, ¢ B BbIPaXXEHUU (10.18) paBHa KOPHIO U3 JIUC-
MepCcuu, T. €. CPeAHEMY KBaApaTUYHOMY OTKJIoHeHUIo. MTak,
Ely;]=m, Dly;]=var(y;)=c>. (10.23)

2
(¢ . o
IToxazkem, 4TO eciam m == 10 E e’ =1. JleificTBUTENBHO,

2 2
0+ (y—%)2
— +00 —
Eey’—_[ L v, 22 dy = 2% gy
ov2n Gx/ 2n "y,
Y- 02
IIpyMeHUB CHOBA 3aMEHY x = —= J_ , TIOJIYYUM
(¢

2
Eyj=—— | e ™ dx=1. (10.24)
] JT[__J;O
BepHemcsa k ¢dopmyne (10.17), koTopass B HalIMUX IPEIIOI0XKe-
HUSIX UMEET BHII

N (1) = Noe"aten, (10.25)
OTKyZa IJId CPpEeIHETOo 3Ha4YeHUA N () IMOJyYaeM BbIpaxKeHUE

t
N(f) — Noeal‘E(eyl+y2+...+,V[ ) — NoeafHE[eyi] — Noeat, (10.26)
i=1
a g gucnepcu D[N]=var(N) —

iyi Ziyf Zyl
var(N) = N§e*¥ E(ei=!  —1)> = N}e® (E(e =9 )-2E(e=! )+1)=
2ﬁyi
=N [E(e = )-1]. (10.27)
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Teneps umeeM
2

(r+ 2 (y-2027-20*
2, +oo 2y— 5 5 +J?o _2—2
E(e i)_ G 20 dy =
(51/2712
<y—%cz>2
2 1 T T 2
=e° _[ e 200 dy=e° . (10.28)
2n "y
CrenmoBartensHO,
var(N) = N3e2® (° - 1) (10.29)

U KO3(pPULMEHT BapUallui MIPU ¢ —> oo PaBEH

@_ eczt -1 ot . (10.30)

e
N ()

N3 dopmyn (10.26) 1 (10.30) cremyer, 9TO XOTS, KaK M B JeTEP-
MUHUCTCKOM cJiy4ae, cpedHee 3HaueHUe N(f) OSKCIOHEHIUATbHO

BO3PACTAET, SKCMOHEHIIMAIBbHO BO3PACTAIOT U OTKJIIOHEHUSI OT Cpel-
Hero 3HauyeHus. Takum oOpa3om, ¢ TeUeHUMEM BpPEMEHHU KoyieOaHus
YHCJIEHHOCTU TIOMYJSLIMU CTAaHOBATCS Bce Oosiee pe3kumu. B sTom
OoTpaxaeTcsd TO OOCTOSATENbCTBO, YTO AETEPMUHUCTCKAS CUCTEMa He
MMEET CTALMOHAPHOIO COCTOSIHUS, 00Jie€ TOTO, MpPU ONPEICIEHHbBIX
COOTHOLLIEHUSAX MEXIAY ¢ U o BEPOSATHOCTb €€ BbIMUpPAHUS TMpHU-
OnmkaeTcs K eAMHUIIE.

Haiinem BepOSITHOCTb BbIMUpAHUS MOMYJSILUMU 32 BpeMsl ¢ —

byHKUUIO p(7):

t t
atr+y.y; >y 1
po@)=pIN@®)<1j=piNoe =! <lp=pe=l <
NOeat

I
[Monoxum y,=>'y;, Toraa y, MMeeT HOPMajbHOE pacrpesese-
i=l
fc? 2
HUe, puyemM Ey, = var(y;) = to~ . ClenoBaTesbHO,
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—]nNO—at 1 _ 5
po(N)=piy, <In(Nge® )} = j e 27t gy,
w oV2mt

y+t02

IMonaras z=="——=—, nuMeeM
oVt

In No—-ar+>—1

2 5 o2
G‘/; =i ——da t—lnNO

1
)= —— 2dz=d|| 2 , 10.31
Po()m L e 2dz (10.31)
oVt

Z
17— .
rae ®(x) =5 Ie 2 dz — TaK Ha3bIBaeMbIii MHTETpas OLIUOOK.
Y
—00

2

o
) T—a t—lnNO
(o)
Ecmn —-a>0, 1. €. 02>2a, TO ————— >0 [IPU t >0,
2 GJ;
CJIEAOBATEJIBHO,
+00 22

1 R

N) = — 2 =].

Do(t) > O(+0) ‘/E:[Oe dz =1
ITpoBeneHHbI aHAIM3 MOKA3bIBAET, YTO MPEMMYILIECTBEHHOE MC-
MOJIb30BAHUE JETEPMUHUCTCKUX, @ HE CTOXACTUYECKUX MOMAEJEN OIl-
paBoaHO JIMIIbL TEM, YTO B MaTeMaTMYECKOM ILIaHE OHM TIPOIIE U
ynooHee. IIpy 5TOM eciau IeTepMUHUCTCKAs MOIe]b CBUAETEbCTBY-
eT 00 yCTOMYMBOM paBHOBECHM, TO COOTBETCTBYIOIIAsI CTOXacTUYe-
cKasi MOJEIb MPEACKA3bIBAET JIMTEIbHOE BBDKMBAHUE; €CIN XK€ JIe-
TEPMUHUCTCKAsA MOJEJIb HE BBISIBISIET PABHOBECUS WJIM TPEACKA3bI-
Ba€T HEYCTOMUYMBOE PaBHOBECHUE, TO CTOXAacTUYECKas MOJEIb MOXKET

MPENCKa3aTb BEPOSITHOCTb BBIMUPAHUSI.
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Kourpoabubie 3aganus
00 00000O0DOCODOEOEOEONONOSONONOS

1. JlommycTm, BEpOATHOCTh A POK/IEHUs 0COOBIO JIETEHBINA B J[Ba
pasa Goubilie BepOATHOCTH L rudesm camoii ocoon. OnpejeanTts
cpennee 3uavenue N(f) nonyasunum B MmomeHt spemenn f = 100,
BbIUMCJIUTh Tak:ke Bapuaiuio var (N(7)), roadduiment Bapua-

var(N (1))
N()
Hue nonyisaiun Ny, npu RoTopoM Kod(D(MUINEHT Bapuanum
npu ¢ = 100 Gyper mennime 0,1%.
2. B Mojiean, yaurhiBaomieil ciyvaiinpie U3MEHEeHUs1 cpejibl, Oyjem

2
c
npejnojaraThb, 4To a:T. Haiitu coorHomiennsa memmay Ny n

5 HalTH OorpaHnvieHus Ha A T HavYaJILHOE 3HAYE-

G, TpPH KOTOPBIX BEPOATHOCTh BBIMUPAHUA TOIYIAINN 1PN
t = 100 6yner 6oabme 90%. (Yrazanue: BOCHIONB3OBATHCA TAO-
auneii 3Havennii narerpaiga sepoarnocreii O(z), npuBeIeHHOIT,
nanpumep, B [6].)



OHTHMHBagPlOHHbIe

H UTPOBbIC MOJAEAH

11.1. 3agaua 06 onTuMarbHOM
palHoHe MUTaHHUS

Brlllle paccMOTpeHBI TIpOCTEHIlMe MOAENH JWHAMMKU TIOITYJIsI-
LU C y4eTOM KOHKYPEHILMH 3a TMUILEBbIE PECYPChl U BIUSHUS Hera-
TUBHBIX (PAKTOPOB (HANIpUMEP, IMUAEMUI). DTU MOIEIU MOXKHO MC-
MOJIb30BaTh JIs KayeCTBEHHOIO aHajlu3a pPOoCTa HapOJOHACEICHMSI.
KoHeuyHo, poCT YMCIEHHOCTM HaceJeHUs] CUJIbHO pa3IMJaeTcs II0
pa3HBIM CTpaHaX M JaXXe B pa3BUTBHIX CTpaHax TEMIIbI POCTa HEOAM-
HakoBbl. Hanpumep, B Hanuu, IBeuun, I'epMaHum, ABCTpUM 3TOT
rokasarejib KoJIeOJIeTCS OKOJIO HyJIeBOro 3HauyeHMs1. B Takux ctpa-
Hax, kak Uranug, [Monkira, Kanaga, CIIA, poxmaeMocTb IoKa ele
MPeBbIIIAET CMEPTHOCTb. OIHAKO B 1IEJIOM B OOJIBILIMHCTBE Pa3BUTHIX
CTpaH eXeTOIHbIM MPUPOCT HacelleHus1 cocTapisieT npumepHo 0,6%
B IO, TOrJa KaK B Pa3BUBAIOIIMXCS cTpaHax — 2% B rof.

B 1uieloM mpoucxoguT CTpeMUTENbHBI POCT HAaceJeHUsl Ha Iula-
HEeTe, YTO CTaBUT HACYILIHYIO XXU3HEHHYIO MpoOJeMy YIpaBICHMS
NpupoaHbIMU pecypcamu. [Ipyu 3TOM Bce oTpaciau YIpaBieHUST pe-
cypcamMy OObeOWHSET OdHA HayKa — BKOJIOTUSI U OJHA O0llas Mmpo-
oiema — mpobieMa ONTUMU3ALMU 1, HAKOHEell, HeOOXOAUMOCThb MC-
MOJIb30BaTh OJHU U T€ X€ METOAbl — B3SITHUE BBIOOPOK, CTAaTUCTUYE-
CKMI aHaiu3, MaTeMaTUYeCKUi aHaJlM3, JIOTMYECKUE IIPOLEaYpHI,
CBSI3aHHBIC C MCCJEAOBAHMEM OIlepalliii U aHaJW30M CHUCTEM, IpU-
MEHEHVEe BBIYMCIUTEIbHON TeXHUKU. KOHEeYHO, aHalIu3 U pelleHue
TaKoi MpoOJeMbl 1 Jaxe KaKoW-I1u0o ee 4acTU MpeAcTaBiseT codoit
TpyaHeiyo 3agauy [30].

Hauynewm ¢ paccmoTpeHMs TpocTeifineii 3amayu 00 ONTUMAaIbHOM
paliMoHe, MaTreMaTuUyecKash Monesib KOTOPOM IOIycKaeT HarJSIIHYIO
reoMeTpUYeCcKyo uHTeprperanuoo. [1ycth uMeeTcs: # MPOIYKTOB IH-
TaHus (xJe0, MSICO, MOJIOKO, KapTodeab U T.1.) U m TOJE3HbIX Be-
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IECTB (KUPBI, OeNKW, YraeBoabl U T.11.). OGo3HaYMM uepes g

COIEpXKaHUE [-TO BELUeCTBA B €AUMHMIIE j-TO MPOAYKTa, 4yepe3 b —
MOTPeOHOCTh MHAMBUAYYMa B i-M BellecTBe (CKaxxeM, B Mecsl) U

Yepe3 ¢; — LEHY €IMHULIBI j-TO MPOAYKTA.

0O0603HaUMB TMOTPeOJeHNE WHAMBUIAYYMOM j-TO IIPOAYKTa Yepe3
x; , TIOJIy9aeM 3a1ady O BbIOOpe HamboJsee AeIEBOr0 palMoHa TUTa-

HUST (CTOMMOCTH MECSYHOU ITPOMOBOJIBCTBEHHOMN ITOTPEOUTETLCKOM
KOP3UHBI):

3 ¢x; - min (11.1)
j=1
IIPUA OTPAHUYEHUAX '
Sagx; by i=1,2 .om (11.2)
i—1
. J
x;20,j=1,2,...,n. (11.3)

Takas 3amaya Ha3bIBaeTcsl 3aJadyeil JMHEMHOro MporpaMMupoOBa-
HUs (B cTaHZApTHOM (opme), obIast Teopusl KOTOPO pacCMOTpeHa,
Harpumep, B [2].

IIpexne yem mccmenosath 3amavy (11.1)—(11.3), 3ameTnM, 4TO ee
MOXHO MpPeACTaBUTh KakK 3aJadyy MUHMMMU3ALWMU LeJdeBoi (PyHKUNU

n
f(x)= chxj Ha MHOXECTBE TOYEeK (Xxi,..., X,), YIOBJICTBOPSIOLINX
j=1
yeaoBusaM (11.2) u (11.3). Takoe MHOXECTBO Ha3bIBaeTCsl TOJIUBIPOM
u obo3HavaeTcsa P. ITak, Mbl MeeM SKCTpEMaJIbHYIO 3a1a4y

f(x) > min, xe P. (11.4)

BrisicHUM, 4TO TIIpeAcTaBisieT CO00il maHHBI monmanp P Ha
miockoctn x;Ox, B cilyyae IBYX MPOAYKTOB X; U X,. I3 HepaBeHCTB

(11.3) BBITeKaeT, 4YTO P pacmoyiokeH B MEPBOM KBaApaHTE, a KaxXIoe

HepaBeHCTBO (11.2) reomMeTpryecKku OIpeneasseT MHOXECTBO TOYEK,
2

JeXaluxX 10 OfHY CTOPOHY OT HpAMO Y a;x; =b; (puc. 11.1), T. e.
j=1

rnmojauasap P mpencrapiser co0Oil HeorpaHMYEHHOE MHOXKECTBO B

IepBOM KBajApaHTe, Jexallee BHe 00JacTd, OrpaHUYEHHON MHOIO-

yrojabHukoM OABCDEF.
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XA

0 F AN
Puc. 11.1. I'eomempuueckas unmepnpemauus 3adaqu (11.4)

Hns ymoOcTBa BBeIeM JIMHWM YPOBHS I1IeJIeBOM (DYHKIIHMH, T. €.
JIVHUU, HA KOTOPBIX B TUIOCKOCTU x;Ox, LeeBast QyHKIUS

(X)) =¢x + 6% (11.5)
MPUHUMAET MOCTOSTHHOE 3HAYEHUE, HAPUMEpP, o , U 0003HAYUM €€
Z, . OueBUAHO, Kaxaas JUHUSL YPOBHS Z, ={(x,Xy): f(x)=a} sBs-

of of

eTCd MNpdaMOI; HOpu 3TOM gradf(x) = ,
axl 6)(2

}={c1,cz} SABJISAETCA
BEKTOpOM N, MEepHNeHAUKYISIPHbIM JUHUU YPOBHSI M HampaBiIECHHbIM
(B JaHHOM cJlydyae) B CTOPOHY yBeJMYeHUsl o. TakumM oOpasoM, mJist
HaXOXIEeHUs ONTUMAJbHOIO pelleHUs] HaM ClIeayeT MnepeMellarh JK-
HUIO YPOBHSI OO KacaHusi ¢ MHOroyroibHukoM OABCDE, npu 3TOoM
ONTUMAajIbHas MpsiMas Z » KOCHETCs MO0 KaKOW-TO BEPIIMHBI (B

HameM ciydae C), a1ub0 Kakoro-iaumbo pedbpa (Hampumep, CB unu
CD nipu onpeneleHHOM M3MEHEHUU MapaMeTpoOB ¢ U C;).

M3 mpuBemeHHON TeOMeTpMYEeCKON WHTEePIpETallM BBITEKAeT,
YTO MUHUMYM 00S13aTeIbHO JOCTUTACTCS HAa OTHOM M3 BEpIIMH MHO-
TOyTOJIbHUKA, TT03TOMY €r0 MOXHO OBIJIO OBl HAMTH METOOOM Iiepe-
Oopa, cpaBHMBasI MeXAy COOOW 3HadyeHUs lieJaeBOM (YHKIIUUA BO
Bcex BepmnHax. KoneuyHo, MeTom mepebopa B MIPUHIIAIIE TOAUTCS U
B cllydae # TIEPEMEHHBIX, OJHAKO IPW OOJIBIINX 3HAYEHUSX A OH
HeaddekTuBeH. [To3TOMY BO3HUKIM M Pa3BUBAIOTCSI METOABI, I1O0-
3BoJIsIIolMEe cOpMYJIMPOBaTh Oojiee 0003puMBle U 3P PEKTUBHBIE
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KpuTepuu ontuMasbHOCTU. Havyajo uM ObLIO MONOXEHO pabdoTamu
akan. JI.B. Kanroposuya (1939 r.). He yrmyGassick B CyThb 3THUX Me-
TOHOB, TIPUBEAEM TIpUMEP OTHON MHOTOKPUTECPUATHLHOU MOIEIIH.

B npeabinyuieit 3amadye Mbl  paccMaTpuBaIXd OAHY lieJIEBYIO
dyakumio. OmHAKO Ha TPaKTUKE YacTO BCTpeUYaeTcsl CHTyalMs, KO-
r1a leJICHANpPaBJI€HHAs YeJOBEeYeCKasl MESTEbHOCTb MPECIenyeT
cpa3y HECKOJIbKO 1enei. Takue 3agayy MOJyYWIM Ha3BaHUE MHO20-
KpumepuanvHulx. MeTobl UX PELICHUS TTPOUIIIOCTPUPYEM Ha TOJBKO
YTO PaCCMOTPEHHOM MpPUMEPE COCTABJIEHUS ONTUMAJIbHOIO paliMoHa,
HECKOJIbKO YCJIOKHUB €TO0.

HomnycTuMm, Hago peliuTh 3aJadyy o0 ONTUMAaJIbHOM palloOHe,
MaKCHUMU3MPOBaB B HEM IIepBBIN MPOAYKT. Torma Haira MaTeMaTude-
CKasi MOJIeJIb BBIDJISIAUT CJIEAYIOLIMM 0Opa3oM:

f](x):jglcjxj — min, x € P, ‘ (11.6)

fr(x)=x; > max, xe P
ITpexne yeM ONpUCTYNUTh K pELIEHUIO, OOCyIuM 3aJaudy, YTOObI
Jlydlue MoHsSTh ee crneuuduky. MTtak, 3a0yneM Ha BpeMsi O TMepBOM
neneBoit ¢pyHkuuu u3 (11.6). Torma He cocraBiseT Tpyda HaWTH pe-
LLIEHUE 3a/1a4K:
max f5(x)= fr(E), xe P (puc. 11.2). (11.7)

OnHako 3HaueHUE MEepBOM 1ieaeBOi (PYHKUMU MOXKET OBbITh 3Ha-
YUTENbHO OOJIbllIE ONTUMATILHOTO f{(E)>> f1(C). CoBepllIeHHO aHa-

JIOTUYHO OOCTOSII0 OBl J1eJ10, ec/iv Obl Mbl 3a0bUTM O BTOPOI liejeBOM
¢GYHKIMM M UCKaJd MUHHUMYM MEepBOi 1ejieBoM (YHKIUU:
min £ (x) = f1(C); f>(C) MOXeT ObITb MHOTO MeHbllE f>o(D). [lpuBenem
xeP

HauboJiee yrnoTpeOUTENbHbBINM METOM PELIEHUS MHOTOKPUTEPUATIbHbBIX
3a1a4 (B JAaHHOM MpUMepe — IBYXKPUTEPUAIbHOM 3aJayu), a UMEH-
HO CBeJieHHEe JBYX KpUTepHeB K OTHOMY.

1. g peanu3alliyd 3TOr0 METOAAa HEOOXOAUMO «B3BECUTH» OTHO-
CHUTENIbHYIO BaXXHOCTb KaXXIOTO U3 KPUTEPUEB, T. €. BHIOpATh M3 BHE-
MOJIEJIBHBIX COOOpaXKeHWl 4Yuciao e 0<g<1, a 3aTeM IOCTPOUTH

OIHY LIeJIEBYI0 (PYHKIINIO
fxX)=ef(x)+(1-¢)f(x). (11.8)
Ecim e=1, To B pacueT NmpMHUMAETCS TOJBKO IIepBas IieeBast
¢dyHkums, a ecam =0, To ToJbKo Bropas (puc. 11.1 u 11.2). I'my-
00KOe 3HaHWE peaibHOW MpoOJeMbl M HAKOIUIEHHBIN OIBIT MOTYT
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ITO3BOJIUTh BBIOpATh 0<e<1 Tak, YTOOBI, PEIINB ONTUMHU3ALMOHHYIO
3amady ¢ eIMHCTBEHHOM IIeJIeBOM (DYHKIIME, MOXHO OBLIO OBI ITO-
JIYIUTh YIOBJICTBOPUTEILHOE pEIleHWE I MCXOTHOM IOCTaHOBKU
3ajayd ¢ AByMs LejeBbIMU GyHKUUsIMU (puc. 11.3). Betpetus Tpyn-
HOCTU TIpU PEIIeHUHN ABYXKPUTEPUATbHON 3agauyM, MOXHO 3aMECHUTH
€€ OTHOKPUTEPUAIBHOM, peliaTh KOTOPYIO MBI YMEEM.

X, A

»
»

0 F Xy

Puc. 11.2. Teomempuueckas unmepnpemauus pewenus 3adaqu (11.7)

\4

0 F 1

Puc. 11.3. Teomempuueckana unmepnpemayus peweHus
08yXKpumepuaibHol 3adauu
11.2. 3agaua noucka

Bbonee CJIOKHBIMHA, YEM 3agadyu JIMHEWHOTO IporpaMMMpOBaHuA,
ABJIAIOTCA 3aJadM BbIITYKJIIOIO IIpOrpaMMHpPOBaHUA. Hpeme 4yeM
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MPUBECTU MIPUMED TAKOM 3aJauM, CBSI3AHHOM C 0€30IaCHOCTBIO XKK3-
HEJESATEIbHOCTH, NaadM HEKOTOpbIE OIpeAe/icHUs] M3 TEOPUM BbI-
MyKJoro aHaimsa [39].

Onpenenenne 1. Muoxcecmeo X uz npocmpancmea R" Hazvieaemcs
BHINYKABIM, €CAU U3 MO020, YMO 08¢ MOUKU Y U T NPUHAOAEHCAM IMOMY

MHOMCECMBY, eblmeKdem, 4mo U e6ecb ompe3ok {y,z}={xeR":x=
= Ay+(1-Nz, 0SA<I, coedunarowuil Imu mMoyku, MaxKice NPUHAO-

aAexncum smomy MHoHcecme)y.

O‘:[CBI/I,[leIM IIPUMEPOM BBIIMYKJIBIX MHOXECTB ABJIACTCA BHYT-
PEeHHOCTh Kpyra, liapa, d3JummMIicouga, kyoa. Ha puc. 11.4 a, 6 nipu-
BC€IOCHDbI MPUMEPDBI HEBLIMMYKJIBIX MHO2KECTB Ha IIJIOCKOCTHU Rz.

a) 6)

X2 A X A

Puc. 11.4. Ilpumepot HeGbINYKABIX MHOMCECE

Onpenenenne 2. Pyuxyus [ (x), onpedeseHHAs HA GbINYKAOM MHO-
acecmee xc R", Hazbieaemcs 8binyKAol, ecau 045 AHOObIX 08YX MOYeK

y u z, npunaosexcawux X, m ar0b6oeo e x[0,1] (Torma OTpe30K
[Ay+(1-1)z], 0<A<1, LEIMKOM MNOPUHAMIECKUT X) GbinoaHsemcs
HepaseHcmao
Sy+A-M)<hfM+A-1)f(2) . (11.9)

3ameuaHnue. Eciu HepaBeHcTBO (11.9) MMeeT mpOTHBOIIO-
JIOKHBIN 3HAK, TO (YHKIUS f(x) HA3bIBACTCS 80SHYMOI.

IIpomie Bcero mpeacTaBUTh TpaUK BBHIMYKIION (MM BOTHYTOI)
¢yHKIUM Ha TockocTu (puc. 11.5).
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YA

l
)

_—

y x=1xy +( —A)z X

\4

Puc. 11.5. Ipaghux evinykaoii pynxuuu na niockocmu

[IpaBas wacts HepaBeHcTBa (11.9) mpencramisieTr coOOi OTPE30K
AB, coepuHstomuit Touku (y, f () = Au B = (g, f (7)), npuuemM
KaXaasi TouKa 3TOTro OTpe3Ka (Ha pucyHKe B3gTa Touka C) BbIIIE CO-
OTBETCTByIOILIell ToukM Trpadpuka (Ha pucyHke Touka D). Ecmu
¢dyHKUMA fX) IOCTATOYHO TJIagKasl, TO YCIAOBUS BBIMYKIOCTU (BOTHY-
TOCTH) MOXHO BBIPa3UTh YePe3 ee BTOPYIO MPOU3BOIHYIO.

JleiicTBUTEIbHO, COIJIAaCHO Teopeme JlarpaHxka B HEKOTOPOI TOY-
ke FE (puc. 11.5) xacarenpHast K rpadpuky GyHKIUM AB NeXUT HUXKE
9TOro rpaduka. YpaBHeHUEe 3TOUM KacaTteabHOU Y = f(&)+ f'(E)(x—§),
CeNoBaTeNbHO, f(x)— f(E)— f'(E)(x—E) =0, OTKyga B cuiy GopMyJibl

Teitnopa
%f"m@(x—a))(x—a)z >0,

rmne 0<e<l1.
Hens mocieaHee HEpaBeHCTBO Ha (x—é’;)2 U Jajee Tepexonust K
npeneny mnpu x — &, MoJiydaemM, 4ro
f"€)=0. (11.10)

B CUJTY TIPOU3BOJIBHOCTU TOYKU & B3TO HEPABEHCTBO CITPABEJINBO

Ha BCeM OTpe3Ke [y, z] U SIBJSIETCS YCIOBUEM BBIMYKIOCTH (B clydae
BOTHYTOCTH CIIPaBeIJIMBO OOpaTHOE HepaBEeHCTBO). IS MJLTIOCTpa-
M1 PacCMOTPUM OBa IIPOCTHIX IIpUMepa.

Mpumep 1. f(x)=e*, xe(—o40), f) =e* >0, cremoBarenb-
HO, TIOKa3aTeqbHast (DYHKIMS BHIIYK/IA HA BCEH OCH.
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IMMpumep 2. f(x)=sinx, xe[0,2n], /"(x) = —sinx, cliemoBaTeIb-
HO, YHKUMS sinx BOTHYTa Ha OoTpe3ke [0,m] M BBITYKJIa Ha OTpe3-
Ke [m, 27].

IIpexne uyem cdopmyavpoBaTh 3agadyy IMOUCKA, OTMETUM, 4YTO

OIITUMU3ALIMOHHAaA 3aaa4dya
f(x) > min, xe P (f(x) > max, xe P), (11.11)

rIe B cllyyae max wLejieBast @yHKuus f (x) BbIMyKJa, B cay4ae min —
BOTHYTa U P — Mojusap, Ha3bIBaeTCs 3adauell 8bINYKA020 NPOSpPaAM-
muposanus. SIcHO, 4TO 3amavya JTMHEWHOTO IPOTPaMMMPOBAHUS SIBJISI-
€TCSI €€ YAaCTHBIM CIIyJaeM.

3agaua momcka. OOBEKT, TTOMICKAIINI OOHAPY:KEHUIO, HAXOMUTCS
B OJJHOM W3 1 PAaliOHOB C BEPOSITHOCTSIMU p, ..., p, COOTBETCTBEHHO.

Hna moucka oObeKTa MMeeTcs oOluil pecypc BpemeHu 1 (T. e. mpu
t>T moucK cuuTaeTcsl HellenecoodopasHbiM). M3BecTHO, 4TO TIpU MO-
HUCKE B i-M paliOHE B T€YEHWE BPEMEHU #; BEPOSTHOCTb OOHAPYXXEHUS
oObekTa (IIpU YCJIOBMU, YTO OH TaM HAXOMMUTCS) BhIpaXkaeTcs uepel
dyukuuo beprymm 1-e %' rne o; >0 — 3agaHHOe yucio (popmy-
Jla MOKAa3bIBa€T, YTO 32 OECKOHEYHOE BpeMs f; OOBEKT ObL1 Obl Haii-
neH). TpebyeTcs pacpeneianThb 1O paiioHaM BpeMsT HaOoaeHus (T10-
MCKA) TaK, YTOOBI MAaKCUMHU3UPOBATh BEPOSITHOCTb OOHAPYXKEHUSI 00b-
ekta. COOTBETCTBYIOIIAS 3a7adya ONTUMMU3AIA UMEET BUII

—0f;

n
gty tn):Zp,-(l—e_“f’f)—)max, (11.12)
i=1
><T, (11.13)
i=1
t,20,i=1,2,...,n (11.14)
%K} TCOPpUUN BepOHTHOCTCﬁ XOpolIo N3BCCTHO, 4YTO
n
> opi=1. (11.15)
i=1

KpoMme TOro, oueBuaHo, uTo 3amadya g(x)—>max OSKBUBAJIEHTHA
3agaye (—g(x))—> min;Takke o4eBMAHO, 4To yciaoBusi (11.13) u
(11.14) onpenensior onpeneleHHbI nomusap P (puc. 11.6). Caeno-

n
BaTeJIbHO, BBOAS LENEBYI0 OYHKUUIO f(f,...,1,)= Zp,-e‘“i’i , ToJsy-
i=1

yacM CJICAYIOLIYIO OIITUMM3AlIMOHHYIO 3a1a4y:
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S > min, t=(4,...,1,) € P, (11.16)
rae P — monuanp, 3agaHHbIi HepaBeHcTBamu (11.13) u (11.14).

n
h A Tak xak f()=D.fi(t;), mpuduem
i=1
A £ty = pjale ™ >0, To yHKUMA
f () BeIMyKJIasg M MBI MMeEEM 3amavy
BBIITYKJIOTO MIpOrpaMMHPOBAHMS.
E OO01IMe METOABl pEIIEHMS TaKUX 3a-
Jay JOBOJILHO CJIOXHBI, OJHAKO B
HallleM KOHKPETHOM CJIy4yae MOXHO
»  TPEIJIOXUTh HATJISAHOE TeoMeTpuye-
0 r CKO€ pELLEHME.
Puc. 11.6. Teomempuuecxas HeiictButensHO, nMeeM  f(#;) < 0.
unmepnpemauyus 3ada4u noucka  3HAYUT, QyHKUUS f (f) yObIBaeT IO
JIIOOOMY MEPEMEHHOMY 1;,i=1,2,..., 1,

U ee HauMeHbllee 3HayeHWe JTOCTUTaeTcsl Ha TUINEePIUTIOCKOCTH
fi+t+--+t,=T (B cily4yae IOBYX IMEPEMEHHBIX 3TO TIpsiMasi AB Ha
puc. 11.6). OgHako B oTIMYKME OT 3afad JMHEHHOIro IPOrpaMMMpPO-
BaHUS 5TO HaVWMEHbIee 3HAaYeHWE IOCTUTACTCS HeoO0sS3aTesIbHO B
BeplIMHAX A, B W T.0., B 4eM MOXHO yOemuThbcsl, uccienys Ha AB
dynkuuio f(f) B ciydae AByX MepeMeHHBIX. Torma f(#,5) =
= pre M 4 pye 022 = plel 4 e~ 2T Z gy 0<f <T. MuHn-
MYM 3TOH (PYHKIIMM MOXKET AOCTUTaThCs U BHYTpU oTpeska [0, 7] B
3aBUCUMOCTU OT COOTHOILEHUSI MapamMeTpoB p;, pj, G, 0y, B UeM
MOXHO YOEAUTbCS HEMOCPEACTBEHHBIM HCCIeIOBaHUEM (YHKIIMU

2 o)

Ay
OITHOTO TIEPEMEHHOTO (HANpUMEp, €CIU pio; = pyore 2, TO MU-
HUMYM JIOCTUTaeTcsl B cepeanHe F oTpe3ka AB).

11.3. HUrposbie mogern

YacTo BO3HMKAIOT CUTYalldd, B KOTOPBIX Pa3IMYHbIC YIACTHUKH
MMEIOT HE COBMAIaoIIre MeXIy co00il MHTepechl. MaTeMaTuiecKue
MOZIENIM U METOABI IJII MCCIICAOBAaHMS TaKMX TaK Ha3bIBaGMbIX KOH-
(GAUKTHBIX CUTyalLUi MOJYyYUIU Ha3zBaHUe Teopuu urp [18].
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IIpuBeneM mpocTeiillive MOHATUSI M PE3YJbTAaThl 3TON TEOPUM.
Iox cioBoM «HMIpa» NMOHMMAETCSI COBOKYIMHOCTb IIPaBUJI, PYKOBO-
JICTBYSICb KOTOPBIMM UTPOKM-YYACTHUKM TIPUHUMAIOT pelIeHUs.
IIpenmoyoxXuM, 4To Pe3yabTaTOM MUIPHI SIBISIETCS I1aTa, KOTOPYIO B
COOTBETCTBMM C IIpaBWJIAMM INPOMUTPABIINI YYACTHUK IIJIATUT BBIUT-
paBlMM. J1s1 pOCTOTHI OrpaHMYMMCS CHayaja TaK Ha3bIBa€MBIMU
«ATPaMU JBYX JIUI ¢ HYJIE€BOM CyMMOIi». {11 TOro 4YToObl ITOJHOCTHIO
OIPEIEINTh TaKyl0 WIPY, HYXKHO 3a1aTh TAOJIWIy IIaTeXeil — Tra-
TEXXHYIO MaTpUILy, HallpuMep, CIEAYIOIIYI0 MaTpUIy pa3Mepa 3 x 4:

5 4 8 9
A0 -1 5 7
1 -2 3 6
B

DTa 3alMch O3HAYAeT, YTO MIPOK A BBHIOMpaeT OIHY M3 CTPOK
9TOl MaTpullbl, a UTPOK B, He 3Has1 BbIOOpa A, BHIOMpPAET OAVH U3
CTOJIOIIOB MaTpuIlbl. YMCIO Ha IMepecedyeHnr BBHIOPAaHHBIX CTPOKHM M
CTOJIOIIA OIIpeAesiIeT BBIMIPHIII TEPBOTO MIPOKa (COOTBETCTBEHHO
npourpsill BToporo). Hanpumep, eciu A BoiOpan BTOPYIO CTPOKY, a
B — Tpetuit cronbeu, To A BbUIpall 5 eAUHML, a B MX mpourpal.
Eciu xe A BblOpan TpeTblo CTPOKYy, a B — BTOpoil ctoyibeu, To A
npourpaji 2 equHULIbI, a B ux BbIMrpal.

Bynem cumrarh, 4TO II€JIb KaXKIOTO M3 MIPOKOB COCTOUT B MakK-
CHMU3AIMM HAaMMEHBIIETO0 BO3MOXHOTO BHIMTPHIIIA (COOTBETCTBEHHO
MMHUMU3AIUKY HaruOOJIBIIETO BO3MOXHOTO Tpourphiina). OCHOBHO
BOIIPOC, BO3HUKAIOIIMI B TEOPWMM WUTIP: CYIICCTBYET JIM HAVUTYUILIHAI
CITOCOO UTPHI Y KaXIOTO M3 UTPOKOB, T. €. MMEIOTCS JIX Y HUX OITH-
MaJIbHBIE CTPaTeruHu.

IIpexme yeM copMyIMpoBaTh OTBET, BEPHEMCS K paccMaTpuBae-
Moii Marpuiie. Cpasy BUIHO, YTO MTPOKY A BBITOIHEE BCETO BHIOPATH
MEPBYIO CTPOKY, TaK KaK BCE €€ DJIEMEHTHI OOJIbIIIE COOTBETCTBYIOIINX
3JIEMEHTOB OCTAJIBHBIX CTPOK. TOYHO TaK e MTPOKY B BBHITOIHEE BCe-
ro BbIOpaTh BTOPOU CTOJOEL, TaK KaK BCE 3JEMEHTbl 3TOro CTOJIOLA
MEHBIIIE COOTBETCTBYIOIINX 3JIEMEHTOB OCTAJIBHBIX CTOJOIOB. ClemoBa-
TEJIbHO, B JTAHHOM IIPMMEPE ONTHMAJIbHBIMM CTPATETMsIMHM OymyT Clie-
nywoiue: 1isi A — BbIOOp TEepBO CTPOKU, a i1 B — BbIOOpP BTOPOro
cronbua. Yucno 4, crosiuee Ha NpecedyeHur MepBOil CTPOKU U BTOPOTO
CTOJI011a, HOCUT HAa3BaHUE UeHbl Uepbl, T. €. TUIaThl, KOTOPYIO ITOIyJaeT
OINTUMAJIbHO MTrpaloliuii Urpok. TakuM obpa3om, B 3TOM MpuMepe Tra-
PAHTUPOBAHHBIN BBIMTPHIIT A — He MeHee 4-X eMUHUII U TapaHTUpPO-
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BaHHBII TIPOUTPHIII B — He 6osee 4-x emrHUIL (OH paBeH 4 eIUHUIIAM,
eciu o0a Urpoka UrparT ONTUMAJIbHO).

Eciu oxasbiBaeTcsi, UTO MJISl NaHHOW IUIATEXHON MaTpPULIbl MU-
HHMYM B KakKoOH-JTMOO CTpOKE COBIAAAET C MAaKCUMYMOM B KaKOM-
JIn6O cTONOLE, TO 3TU CTPOKA U CTOJIOEL, Ha3bIBAIOTCS ONMUMAAbHbL-
Mu, a UX TIepeceuyeHue — cedn060l mMo4Koi TIIATEKHON MaTpPHIIHL.
CoOTBETCTBYIOILEE YMCIIO 1 OyIeT LIEHOW WTPHIL.

OpgHako dajeko He Kaxmas MaTpuila MMeeT CeIJIOBYI0 TOYKY,

0 1
HarpuMep, marpuiia ‘4 0
B

3eCh O MAaKCUMM3aLMM HAUMEHbILEro BO3MOXKHOIO BbIMIphIIIA (MM-
HUMM3ALUMU HauOOJIbIIET0 BO3MOXHOIO IPOMIPHIIA) BO3MOXKHO
TOJbKO MpPU MCIOJb30BAaHUM TaK Ha3bIBa€MOM CMEIIAHHOMW cTpaTe-
Ty IIPYU MHOTOKPATHOM UIpe C OJHON M TOM Xe IUIAaTeXHOU MaTpu-
ueii. CyTb 3TOI CTpaTerMM 3aKjiyaeTcs B BbIOOpe pasHbIX cTpaTe-
TUii ¢ ornpeaenaeHHbIMM yacToTaMu. MTak, mycTb A BbIOMpaeT MepBylo
CTPOKY C 4aCTOTOM X, a BTOpylo — ¢ yactoTroil (1 — x). AHaIOTMYHO
JJis1 B cOOTBETCTBYIOIIME YaCTOThl 0003HauuM yepe3 y u (1 — y). To-
IJla CpedHUId BBIMIPHILL A, 0003HauYaeMbiii yepe3 E (x, y), paBeH

CEIVIOBOM TOYKM HE HMEET. FOBOPI/ITI)

E(x,y)=4(1-x)y+x(1-y)=x+4y —5xy. (11.17)
Hac uHTepecyeT BeMunMHa max minE(x,y). UMeem
x oy
E, =4-5x, (11.18)

4
oTkyna £E,>0 mpu 0§x<§,Ey=0 npu xz% nu E,<0 mnpu
%<x§l. 3HauuT,
4
E(x,1)=x mipn 0£x<g,

min E(x,y) = i npu x:ia
y 5 5

E(x,0)=4(1-x) nipu %<x£1

(rpacux Ha puc. 11.7).
CrenmoBartenbHO,

max min E(x, y) = — (11.19)
x y 5
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min E(x,y) A ¥ ONTUMAJbHON CMe-
O<y<l IIAHHOW  CcTpaTeruei
st A Oymer BBIOOD
T MEPBOM CTPOKM C Yac-

W -

-------------------- TOTOM % U BTOPOH
CTPOKM — C 4YacTOTOM

1 .
. P\ 41— x 3 CpenHuit  mpour-
peill B, obo3Hayae-
L\ Mblii F (X, y), OUYeBUA-
0 4 X Ho paBeH —F (x, y).
> Hac wuHTepecyer Be-
Puc. 11.7. Ipagux pynxuuu rnin1 E(x,y) JIT1MHA

0<y< max min F(x, y), TOE
x Yy

F(x,y)=5xy—x—-4y. (11.20)

Y

1
Nmeem F,=5y-1, orkyna F,<0 npu 0§y<§, F, =0 mpu yzé
u F.>0 mipu %<ys1. 3HaYuT,

F(0, y)=-4y nipu 03y<%,
4 1
max F(x,y)={—— 1ipn y=—,
a (%, ») 5 TP Y=<
F(,y)=y-1 npu éﬁysl
(rpacpux Ha puc. 11.8).
CrenmoBartenbsHO,

max min F(x, y):—i (11.21)
x 0y 5

U ONTHUMAJIbHOM cTpaTerueil ajas A OyaeT BbIOOp MEPBOTO CTOJIOLA C

L1 L4
YacTOTOM 3 W BTOPOTO CTOJIOIAa — C YaCTOTOM 5

HpI/I ONNTUMAJIbHBIX CMCIIAHHBIX CTPATCTUAX BbIMI'PBIII A n coot-
BETCTBECHHO IIPOUIPLILI B B nath pa3 MCHbLIEC MaKCHMMaJIbHO BO3-
MO2KHOTIO ITpH1 OJIMHOYHOM urpe.
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min F(x,y) OTMeTMM TakKXe, YTO B PacCMOT-
0<y<l 4 PEHHOM TIpUMeEpEe MBI IMOKa3aJid CYIIE-

A CTBOBaHUE ONTUMAJIbHBIX CTpaTeTuii u
YCTAaHOBUWJIM PaBEHCTBO

1
z 1

0 5 L maxmlnE(xy) maxmmE(x y)— ; (11.22)
: "X y y
IpyA S3TOM BEJIUYUHY FE(x,y) MOXHO
; | TPaKTOBaThb KaK MaTeMaTUYECKOE OXKU-
I y -
: 4
! JaHNEe BBIMTPHIIIA, a BEIMYMHY v:g

4 ff"_)_’ \ OTPEIETNUTh KaK LIEHY WUTPBI.

5 PaccmoTrpuM Ternepb o0LIMIA Caydail

MPSIMOYTOJIbHON MaTPUIIbI
Puc. 11.8. Ipagux ¢hynxuyuu

min F(x,
0<y<l (x.y C=

1 0 Cn

Cml " Cmn
[lpu n1060it gomyctuMoit crpareruu urpoka A: x; 20, ..., x,, =0,
X+XxX+...+x,=1 U mMoOOK AOMYCTUMOW CTpaTeTMH Wrpoka B:
120,..,9,20, yy+y,+...+y, =1 MaTeMaTu4ecKoe OXWIAHUE BbIUT-
phllIa paBHO

m n
E(x, )= ¢iXiy; - (11.23)

i=1j=1
MHOXeCTBO HOMYCTUMBIX CTpaTeruii x=(x;,...,x,) Urpoka A 000-
3HauYMM 4epe3 X, a MHOXECTBO JOMYCTUMbBIX CTPATeTUil y=(y1,...,¥,)

urpoka B o6o3Hauum uepes Y.

PaccMmoTpeHHbIe BbILIE MPUMEPHI SBJISIOTCS YaCTHBIMU CIyYassMu
o01Mx TeopeM [18] mag urp ¢ NpsIMOYroJbHBIMU MaTpulaMu (Ipsi-
MOYTOJIbHBIMM UTPAaMHM); U3 HUX, B YACTHOCTU, BHITEKAET:

1. BennuuHbl max min£(x,y) U max minE(x,y) CYLIECTBYIOT U
xeX yeY ye¥ xeX

PaBHbI MCXKIY CO6OI/I' IIp1 3TOM BCJIMYHHA

max min E(x, y) = max mmE(x y)=v (11.24)
xeX yeY yeY

SIBJISIETCS LIEHOM WUTIPDbI.
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2. Bcakas mpsiMOyrosibHasi Urpa MMeeT 1IeHY; KaxKOIblii UTPOK B
MPSIMOYTOJIbHOU UTPE BCETIAa UMEET ONTUMAJIBHYIO CTPATETHUIO.

3. Ilycty £ — MaTemaTuueckoe OXHAAHWE BBIMTPBIIIA B TIPSIMO-
yronbHOU urpe ¢ marpunein C, uMmewllei 1ueHy v. Torma s TOro

* * * o o
YTOOBl BJEMEHT x =(X|,...,X,)€ X ObUl ONTUMAIbHOI CTpaTeruei
I urpoka A, HeoOXOOMMO WM JOCTAaTOYHO, YTOOBI IJISI BCSKOTO

j=1,2,..,n 6asucHoro Bektopa y“) =0,...0,1,0,..,0| uMerI0 Me-
J
CTO HEPaBEHCTBO
v<Ex,yD). (11.25)

* * *
AHQJIOTUYHO JJIS TOTO 4YTOOBI 371€MEHT y =(yi,...,¥,)€Y OBLI

ONTUMAJbHOI CTpaTerveit ajs Urpoxka B, HEOOXOIMMO U IOCTaTO4-
HO, YTOOBl JJII  BCSIKOTO  3JIEMEHTa 0a3uCHOro  BEKTOpa

x@ :(0,..., 0,1,0, OJ MMEJI0 MECTO HEPABEHCTBO
i

E(xD y"y<y. (11.26)

ITokaxem Tenepb Ha JIBYX IpUMeEpax, KaK MOXHO TPUMEHUTH
9TU YTBEPXKACHUA IJIsA BBIYUCICHUA LIEH U ONIPEACTICHUA OITUMAJIb-
HbIX CTpaTeruil IJisl MpSIMOYrOJbHBIX UIp. B KauyecTBe Takux Mpu-
MEPOB PACCMOTPUM CTPATETUHM JIOBIM HA YIOYKY W MUTAHUS PBIOBIL.

IIpencraBuM cebe, UTO CyIIECTBOBAaHME TAaKOTO BHMAA pPbIO, MH-
TAalOMUXCAd Yy IMOBEPXHOCTU BOIbI, 3aBUCUT OT HaAJIMUYUA TPEX BUIOB
JIETAOIIMX HACEKOMBIX, KOTOpble 0003HAUUM 4Yepe3 my,my; U mz CO-

OTBETCTBEHHO; HACEKOMBbIE MOSIBJSIIOTCS B 30HE 3axBara C YacTOTaMu
151, 5n w n (T. €. HACEKOMBIX m, B 5 pa3 Ooiblle 4eM m;, a Hace-

KOMBIX m; B 3 pa3a OoJjblle 4yeM my ).

HomyctuM, yTo peibaKk B 10BUT pblOy A HAa HACEKOMBIX OJHOIO
M3 3TUX BUAOB, HAacaXuBas MX Ha KpIO4oK. Torma MaTpuiia crpare-
ruii C JIOBIM Ha YOOYKY M IIMTAHUSA PHIO MMEET CICAYIOLIMI BUI
(tabn. 11.1):

I Wines npumepa B3sTa U3 KHUrM BuibgMca [8], KOTopas TakKe MOXET CIYyXHUTb XO-
pOUIMM BBEIEHUEM B TEOPUIO UTD.
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Taonuuma 11.1. Marpuna crparermii

CrpaTteruu Pr160710B MCOIb3yeT B KaueCcTBE HaxKUBKU
m my s
= m —2 0 0
Q
S =
O
3 § my 0 —6 0
A~ 5
B omg 0 0 —30

Ha ocHOBaHMU W3J0XEHHBIX YTBEPXACHUN NOCTATOYHO HAMTU
HEOTpPULATEIbHbIE YMCIA X, X3, X3, Vi, V), ¥3 W UYHUCIO, YIOBJIETBO-

psoniee CiacayronmuM yCI0OBUAM:

X +Xy+x3 =1, i +ya+y3 =1, (11.27)
v<-2xq, —2y; <,
v<—-6Xx,, -6y, <,
v <-30x3, =30y;3 <.

3aMeHUM TMOCAeIHUE 1IeCTb HEpPpAaBCHCTB Ha paBCHCTBA. Torna
NMEEM

v \4 \4
= =—-, = =—-, = =——. 11.28
X =y =5 X =y == X3=y3="75 ( )
IMoacrapnsis oTn 3HaYeHUs1 B paBeHcTBa (11.27), nmoiyuum
y=_10 (11.29)
7
5 5 1
==, ==, =—, 11.30
X = = X == ( )
5 5 1
=—, =, =— 11.31
Y1 7 2 1 Y3 Y ( )

Takum obpa3zom, 1ieHa UTrpbl AJ1s pbiObl OyaeT OTpULATENbLHON U
., 10
paBHOM o OHa 1oKa3bIBaeT, YTO B KOHIIE KOHIIOB phiba Oymer

noiiMaHa. Ilpu 3TOM onTUMaJibHasl cTpaTerusi prldbaka COBIIAIaeT CO
cTparerveld MUTaHUs (TakXke ONTUMAIbHOMW) PbIObI M ONTUMAasbHas
CTpaTerusi YMEHBIIAeT BEPOSITHOCTh MOUMKHU PBIOBI B KaXXKIOM KOH-
KPETHOM CJlydae.

Heckonbpko ycimoxHuM 3amady. Ilpeamonoxkum, 4TOo phIOOIOB
WHOTAA WCHOJB3YET MPUMAHKY my, KOTOpass MOXET OBITb MPUHSTA

M0 OLIMOKE 3a OJHO M3 TpE€X HACECKOMbIX, HO KOTOpad BIBOC 4Yalllc
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BBI3BIBAET Tomo3peHue y puid. Torma matpuma C cTpareruii JIOBIA
Ha yIOYKY M TIMTaHWsS PBIO mpuMeT Bua Tabm. 11.2:

Taonauma 11.2. YcaoKHeHHAsS MATPHIA CTPATETHid

Crpateruu Pr160710B CIOIB3yeT B KaUueCTBE HAXKUBKU
m my my my
5 m -2 0 0 —1
S E
O
=3 § ny 0 —6 0 -3
A~ s
=
my 0 0 =30 —15

Tenepb JIOCTaTOYHO HaWTHU HCOTPpULATCJIbHBIC 4YUCJIA X, X, X3,
Y1-Y2,¥3,Y4 W UYUCIO Vv, YIOBJICTBOPAIOLINE CICAYIOIINUM YCJIOBUAM:

X|+xy+x3 =1, Vi+ya+y3+ys =1, (11.32)
v <-2xq, —y4 =2y <,

v < —6X,, —3y4 =6y, <V,

v < -30x3, —15y4 =30y3 <.

v <—=x; —3xy —15x3,

JleBasi cuctema HepaBeHCTBa IiepeollpelefieHa, a IpaBasi HeIo-
omnpeneneHa (B JeBOl HEU3BECTHBIX OOJbllie, YEM HEPaBEHCTB, a B
MpaBoil MeHblIe). 3aMeTHMM, UYTO €CJIM ITOCjeAHee HEePaBeHCTBO B
MpaBoii KOJNOHKE -15y4-30y;<v OymeT BBIMOIHEHO TpU y3;=0, TO
OHO OyIeT BBHIMOJIHEHO W MpU Bcex y;>0. CrenoBaTesbHO, mojaras
»3 =0, TpaBylO CUCTEMY HEPABEHCTB MOXHO 3aMEHUTH CHUCTEMOM
TPEX JTUHEWHBIX YPABHEHUI

—Ya—=2y=v,  3yg-6y;=v, 15y =v
C TpeMS HEU3BECTHBIMU )y, ¥», V4. E€ pellleHne, O4EBUIHO, UMEET

BU

v _ __Y
15° 50 MTs
IMoncrasnsis mosrydeHHbIe BhIpaxkeHUs1 B paBeHcTBO (11.32), rme

= n

1
y3 =0, MOIy4YuM —%v =1, T. e. LiIeHA WUTrPbI AJIsI PEIOLI OTPHULIATEIbHA

U paBHa
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yoo20__3 (11.33)
15 2
4YTO HECKOJIBKO MCHBLIIC, YEM B IPECALIAYHIEM Cliydac. OHTI/IMaﬂbHaﬂ
CTpareruda pBI6aJIKI/I NMECT BUL
L mem »e0 e (1134
N3yuyuM Tenepb ONTUMAILHYIO CTPATErMIO I PHIObI, TaK KakK
» =0 , TO 1 X3 =0 , T. €. HACEKOMbIC my CJIMIIIKOM OITaCHBbI IJId 2KHN3-

3|

Hu. Torma M3 cuUCTeMbl 4YeThIpeX HEPaBEHCTB BBINMAAAIOT TPEThe U
YETBEPTOE, KOTOPOE MPU x3 =0 4BJISAETCA CIEICTBAEM IBYX IMEPBBIX

(ux monycymmori). TakuM oOpa3om, sl ONpeeNeHust x;, X, U v

VIMEEM CUCTEMY TPEX YPAaBHEHUI C TPEMsI HEU3BECTHBIMU
X+x+x=1 v=-2x, v=-6x,,
OTKyIla

U, C y4eToM x3 =0,

————=-Zy=1,
2 6 3
T. €.
3
v=-3- (11.35)
3HAUNUT, ONITUMAJIbHAS CTPATErus U1l PHIOBI paBHA
3 1

neHa xe ee B cuiy (11.35) paBna —%, T. e. coBnagaeT ¢ (11.34),

YTO, BOOOIIE TOBOPSI, BEITEKAET M3 OOILLEH TEOPUU.

Mopnenu, oCHOBaHHbIE HA TEOPUU UTP, MPEACTABISIOT COOOM MH-
TepEeCHbI, HO TIOKa €llle HeJIOCTAaTOYHO M3YyYEeHHBIN MOAX0] K pelle-
HUIO CTpaTerMyeckKux 3KOJ0ormyeckux 3agad. Pazpaborka Teopuu s
0oJiee CIIOXHBIX UIP C HEHYJIEBOM CyMMON WM WP MHOTMX JIML, TIe
MEXIy UIPOKaMM MOTYT CO3[4aBaThbCsl KOAIMILIMU, NOJKHA HAlTU 2(-
¢eKTUBHOE TPUMEHEHUE B 3KOJOTMUYECKUX MPOEKTaxX, CBSI3AaHHBIX C
TUIAHWPOBAHUEM M OILICHKOMW Pa3MYHBbIX BO3ACUCTBUI HA OKPYXKAIO-

LIYyIO Cpey.
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Kourpoabubie 3aganus
00 00000O0DOCODOEOEOEONONOSONONOS

1.

1\

Pacemorpum  3ajiaqy 00 <«ONTHMAJIBHOM panuoHe» B clydae
TpeX MPOJYKTOB NuTanus (Harpumep, XJeOHbIe, MOJOYHbIE W
MsACHBIE TPOJYRTbI) W TpeX MOJE3HbIX BenecTs (yrieBojbl,
oenku, skupsbl). llenosoii BekTop ¢ = (¢, ¢, ¢3) (pyo.) npu-
mepho pasen (10; 20; 50), a Bexkrop b = (by, by, b3) munu-
MAIbHO HEOOXOMMOr0 MECSYHOrO MOTpPedIeHNsT HOJe3HbIX Be-
meers (kr) pasen (1,2; 4; 1,5). Bynem npennonarars tar:ke,

01 06 0
yTo Marpuna A = ”aij L1223 nmeeT Bujg, A=10,1 04 0,2f.
R 0 03 05

3
Pemmrs  sapauy  fi(x)= D ¢ix; —> min IpH  OrpaHI¥EHNAX
i=1

Ax<b, x>0.
Ilpu Tex ske orpaHMueHNAX pemnTsh 3anauy f(x)=x, — max .
Penmirh ByXkpurepuaibiyio sagady fi(x)— min, f(x)— max ,
3aMeHAA ee MUHUMM3alueil cyneprpurepus  f (x):® fl(x)—

112
—(1-0) f5 (x). Pacemorpers caydan © =—, —, —.

2 )

323
IlpuBecT reomerpuveckyio naTeprperaiuio 3ajgag 1—3.
PacemoTpers 3ajiauy noucka B ciiydae Tpex pailoHOB U €OOT-
HOMEHNA o 0, a3 =1:2:3. Hafitn ycrmoBua na mapamerpsi
P1, D2, D3, IPU KOTOPBIX 3ajaua MMeeT peuleHue B RazkIoM U3
paiionos, T.e. t; =T,t, =T,t3 =T, u B ciiyuae, Korja Bpems:
noucka B KamJOM M3 pailoHOB OJHO M TO  Ke
(h=ty=13=T/3).
Haiitu onruMalibHyio crparermio pbidara, HCHOJb3YIONIET0 B
KayecTBe HaKUBKU MyX M KHUBLA, €U MaTpula crpaTteruii
uMeer BUJL:

CTpaTeFI/II/I Pri6osi0B HCIT0Jb3YET B KAYCCTBC HAKMBKMU!

MyX my JKUBLA 713
o _
s2 M 6 0
S g
%)
o= _
E ms 0 4
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7. Haiitn ontnMaibHyio cTpateruio pbidaKa, ecim OH JIOHOJHIH-
TEIbHO WCIHOJb3YyeT MCKYCCTBEHHBIX MYyX U OlecHy, a mMarpuia

(',TpaTemf/i B 9TOM dcilyyae umeer BUJL:

CTpaTCI‘I/II/I Pri160710B MCITONB3YET B KAUECTBE HAXKUBKMU:
MyX MCKYCCTBEHHBIX JKMBLIA OnecHy
m MyX my ms my
"N
<5 m -6 -3 0 0
S 5
0
=9 =
= om0 0 —4 -2




Cucremubiii aHaAu3s

H ynpaBA€HHE B IKOAOTHH

12.1. O6mee npeacraprenne
0 CHCTEMHOM aHAAH3e

Bomnpexku npeacTaBieHUSIM MHOTHMX KOJIOTOB, CUCTEMHBIN aHa-
JIN3 HE eCTh KAaKOM-TO MaTeMaTUYeCKUiA METOHN M Jaxe He IpyIIa
MaTeMaTUYECKUX METOMOB. DTO CTpaTerusi HaydHOTO IIOMCKa, HC-
MOJIb3YIoIas MaTeMaTUYeCcKe METOAbl M MOAEIU, HO B paMKaX CHUC-
TeMaTU3MPOBAHHOIO HAYYHOIO MOAXOAA K PELIeHUIO CIOXHBIX IpO-
onem. Ilo cyliecTBy CUCTEMHBI aHaIU3 TaKUM O00Opa3oM OpraHM3yeT
Hallli 3HAaHUSI 00 OOBEKTE, YTO 00JIeryacTCsl BHIOOP HYXKHOIM CTpate-
My WIK IpeIcKa3aHWsl pe3y/JbTaTOB TOM WJIM MHOM CTpaTeruu IJIst
MPUHSTHSL OIpPeAe/IcCHHOTO peleHus. [Ipy MCIOIb30BaHUM CUCTEM-
HOTO aHajM3a B PElIeHUM IMPAKTUICCKUX 3amad MOXHO, ciemys XK.
Hxeddepcy [12], BbLaeauTsb cemb 3tanoB (puc. 12.1).

12.2. OcHoBHbBIE 3Tanbl CHCTEMHOT0 aHaAHM3a

OO6CcynM KpaTKO KaXXIbIid U3 3TUX 3TATOB.

1. Buibop npobaemot

JaHHBII 3Tall TIpeaycMaTpuBaeT BHIOOP MPaBUILHOTO METOMa MC-
CJemOBaHUsS UISI PEIIeHUs] aKTyaJbHOM 2KOJOTUYECKON ITPOOJIeMBI.
Kak mokasbiBaeT OIBIT, HA MPAKTUKE YAaCTO HE YIMTBHIBAIOTCSI CYIIE-
CTBEHHBIE TPAKTUIECKHE ACIIEKTHl 3KOJIOTUH, C OMHOW CTOPOHHI; a C
IPYroii — psII TPeNCTaBICHUIT 00 3KOJOTMUYECKMX ITpolleccax Ha-
CTOJIPKO IIMMPOKO PACIPOCTpPaHEH, YTO MX MOXKHO MCITOJIb30BaTh 0e3
TIOTIOTHUTEILHBIX 000CHOBaHMi. [1o3TOMY, C OMHOI CTOPOHBI, MOX-
HO B3ATBCS 3a pelleHue IpoOJeMbl, He MOMIAIOIIEHCS CUCTEMHOMY
aHaiu3y, a ¢ APYroi — BbIOpaTh MpoOIEMy, KOTOPYIO MOXHO OoJiee
5KOHOMHO PEIlINTh, HE MCIOJB3YS BCIO MOIIb METOIOB CHCTEMHOTO
aHaym3a. Takast TBOMCTBEHHOCTh IEPBOTO 3Tama IeIaeT ero KpUTH-
YECKUM I ycrexa (MJIM Heymaun) BCEero MCCAeIOBaHMUs.
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—>| Bbi6op npobnemsi

MocTaHoBKa 3agaun
> N orpaHun4yeHmne cteneHun
””” P €€ CJTI0XKHOCTU

v

YcTaHoBneHne nepapxum
uenen n 3agay

v

BbiGop nyTen pelueHus
3agad

[— MogenuposaHue

v

OueHka BO3MOXHbIX
cTparermmn

»{| BHeapeHue pe3ynbtatos

Puc. 12.1. Cxema cucmemnozo anaausa 041 peuleHus
NPaKmMuecKux IK0.102U4ecKux 3a0au

2. Ilocmanoska 3a0a4u u oepaHuveHue cmenenu ee CAOICHOCMU

Kak Tonpko cyliecTBoBaHME MPOOJIEMbI OCO3HAHO, TpeOyeTCsl YIIpo-
CTUTDH 3aJa4yy HaCTOJIbKO, YTOOBI OHA MMeJIa TI0 BO3MOXHOCTH aHAJIUTHU-
YecKOoe pellieHHre, COXPaHsIsl B TO XK€ BpeMs BCE T€ JIEMEHTbI, KOTOpbIe
JIOTTYCKAIOT COMEPXKATEIBHYIO MPAKTUIECKYI0 MHTEPIIPETAlnio. DTO TO-
K€ KPUTUYECKUI 3Tar, XapaKTepHbIM ISl JIF0OOr0 CUCTEMHOTO KCCIIe-
JOBaHUs, HA KOTOPOM YCIIEX WJIM HEyaaya BO MHOI'OM 3aBUCAT OT TOH-
KOT'O PAaBHOBECUSI MEXIY YIPOILICHWEM M YCIIOXKHEHUEM — PABHOBECHS,
MPU KOTOPOM COXPAHEHBI BCE CYILIECTBEHHBIE CBS3W C MCXOOHOW IIPO-
OsieMoli ¥ MIPU 3TOM MOXKHO TIOJYYUTb pellieHUe, ToAarolIeecs KauecT-
BECHHOMY aHaJIM3y U UMCIOLICC HAIJIIAHYIO MHTCPIIPETALIUIO.

3. Yemanoenenue uepapxuu yeneil u 3a0au

ITocne mocTaHOBKM 3aAayy U OTpaHUYEHUSI CTETIEHU €€ CJIOXHO-
cti (Kak TIpaBWJIO, Pa3yMHOTO YIIPOIIEHMS) MOXHO IIPHCTYIIATh K
YCTaHOBJICHUIO 1IeJieil M 3amad uccienoBaHusa. OOBIYHO eI W 3a1a-
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YM BBICTpPAMBAIOT B HEKOTOPYIO LIeMOYKYy (00pa3yroT uepapxuio) o
CTENeHN WX BO3MOXKXHOCTH; TIPU 3TOM TMPOU3BOMAT TMOIpa3ielieHue
(mexomrio3unio) [44] oCHOBHBIX 3amau Ha psi 0ojiee MPOCTHIX (BTO-
pocTteneHHbIX). OgHAKO 3Iech CleayeT MMETb B BHUOYy, YTO 3amayu,
BaXXHBIE C TOYKM 3PEHUS TOJIydeHUST HAydHON WMH(MOpPMAINH, B psiie
CJTy4aeB TOBOJIBHO CJ1a00 BJIMSIOT HA BUJ PEIICHWIH, TTPUHUMAEMBIX
OTHOCUTEJILHO BO3IEHCTBUS Ha BKOCHCTeMYy U ympabiieHus eio. Ilo-
5TOMY YCTAHOBJICHHE TPUOPUTETHOCTU TeX WU WHBIX 3amad B He-
papXMYeCcKoOi IIEIMOYKe — OIHA M3 LIEHTPaJIbHBIX IMPOOIEM CHUCTEM-
Horo aHaimm3a. OCOOCHHO 3TO TIPOSIBIISIETCS B CUTYallMM, KOTAA WC-
cjemoBarelb  3aBEAOMO OTpaHWYEH OIpeAcIeHHBIMU  (popMaMu
VIpaBlIeHUS M KOHLICHTPUPYET MaKCUMYM YCHUJIMI Ha 3amadax, Hero-
CPEICTBEHHO CBSI3aHHBIX C CAMUMU SKOJIOTUIECKIMHU TIPOLIECCAMMU.

4. Boibop nymeti pewienus 3a0a4

Ha panHOM 3Tame MOXHO BBIOpaTh HECKOJBKO MYTEH peIcHMUS
npobyieMbl. B 00llieM cllyyae eCTECTBEHHO MCKaTb Hauboliee obliee
AHAJIMTAYECKOE PeIIeHNE, IOCKOIbKY 3TO ITO3BOJUT MaKCHUMAaJIbHO
HCIIOIB30BaTh Pe3yJIbTaThl MCCIETOBAHMST aHAJIOTUYHBIX 33a1a4 M CO-
OTBETCTBYIOIUIMI MaTeMaTudyeckuii ammapat. IIpm sTomM BBIOOp Ce-
MeiicTBa, B paMKax KOTOPOTO MPOBOAUTCS ITOMCK aHAIUTUYECKOTO
pellleHnusI, BO MHOTOM 3aBHCHUT OT CIELHAJIMCTA II0 CHUCTEMHOMY
aHanmm3y. Kak mpaBwio, aHaJUTUK pa3padaThiBaeT HECKOJIbKO ajlb-
TEpHATUBHBIX pEILICHUII M BBIOMpAET M3 HUX TO, KOTOpOE JIydYIle
MOAXOAUT IIJISI UCCICAYEMOM 3a1a4u.

5. Mooeauposanue

Ilocne Toro kKaxk IpoaHAIM3WPOBAHBI MOIXOMSIINE aTbTEPHATH-
BBI, MPUCTYNAIOT K BaXHOMY 3Taly MOIEJNPOBAHUS CIIOKHBIX TH-
HAMUYECKNX B3aMMOCBSI3EM MEXIY pa3IWYHBIMU acIleKTaMHu IIpO-
OieMBl. 31mech CeayeT OTMETHTh, YTO MOMAEMPYEeMBIM IIpolieccaM, a
TaKkke MexaHW3MaM OOpaTHOM CBSI3W MpPUCYIa BHYTPEHHSS HeoIlpe-
JIeJICHHOCTh, YTO 3HAYUTEJBHO YCJIOXHSIET NMOHMMaHWe KaK caMoit
CHCTEMBI, TaK ¥ BO3MOXKHOCTEH e¢ YIpaBIsIeMOCTH.

6. Ouenka 803MONCHbIX cmpamezuil

Kak Tonpko MomenmpoBaHUe JOBEACHO OO CTaauU, Ha KOTOPOM MO-
JIeTb MOXHO (ITO0 KpaifHell Mepe IpelIBapUTEeIbHO) MCIOIb30BaTh, Ha-
YMHAETCSI 2Tall OLEHKW TOTEHLMAIBHBIX CTpaTervii, MOJYYeHHBIX U3
Monenu. B xome oLieHKM MCCIeayeTcsl YyBCTBUTEIBHOCTD PE3yIbTaTOB K
JTOMYIIEHUSIM, CAEJIaHHBIM TIPU TOCTPOSHMHM Momenan. Ecim okaxkercs,
YTO OCHOBHBIC TOMYIIEHUS HEKOPPEKTHBI, BO3MOXHO, TIPUIETCS Bep-
HYTHLCS K 3TaIy MOACIMPOBAHUS M CKOPPEKTUPOBATh MOJIEIb.
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OOBIYHO 3TO CBI3aHO C MCCJIEJOBAaHMEM MOJEIM Ha «4yBCTBU-
TEJIBHOCTb» K TEM aclieKTaM IIPOOJIEMBI, KOTOPhIE OBLIA MCKIIIOUYEHBI
13 (popMaJbHOTO aHajJIM3a Ha BTOPOM 3Talle, KOIJa CTaBwiIach 3agaya
1 OrpaHMYMBAJIACh CTENEHDb €€ CIO0KHOCTH.

7. Buedpenue pezyromamos

3aKJIIOYUTENIbHBIA 3Tall CUCTEMHOIO aHajiu3a IIpeJCTaBlIgeT CO-
0ol TIpuMMeHeHMEe Ha IMpaKTUKE pe3yJbTaTOB, IMOJYYEHHBIX Ha IIpe-
Ieinyiux stanax. Eciy mccnegoBaHue IPOBOAMIOCH IO ONUCAHHOMN
BBIILLIE CXEME, TO IIar'¥, KOTOPBIE IJIsI 3TOr0 HEOOXOAMMO MpPEeArpHu-
HSTb, OYAyT AOCTaTOYHO OYEBMIHBI. B TO Xe Bpems KakK pa3 Ha IIOo-
CJIEIHEM DTalle MOXET BBISIBUTLCS HEITOJHOTA TeX WJIM MHBIX CTagui
WIA HEOOXOIMMOCTb MX IIEPECMOTpa, B Pe3yabTaTe Yero MNpUAETCS
CKOPPEKTHMPOBaTh MOJAEIb M CHOBA MPOUTU KaKMe-TO M3 YK€ 3aBep-
LIIEHHBIX 3TaroB.

12.3. KOMHJ\CKCH&H CX€éMa CHCTEMHOIo
aHaAH3a

ITockonbKy CcUCTEMHBIN aHaJIU3 TMPEACTaBIsIeT COOOI oIpeae-
JIEHHBIN CIIOCO0O MBIIUIEHUS, TO TepedeHb 3TAllOB JOJDKEH paccMaT-
pUBaTbCS KaK HEKOe PYKOBOICTBO K JAeicTBUIO. Llenb Takoro MHOro-
3TAITHOTO IIOAXOMA COCTOMT B TOM, YTOOBI ITOMOYH BBIOpaTh IIpa-
BWIBHYIO CTpaTeruio Uil PelleHUs] IMPaKTUUYECKUX BKOJOTMYECKUX
3amad. A 3agauyd 3TH, KaK IpaBUJIO, KpailHe CJIOXHBI, TTO3TOMY HC-
nonb3oBaHue DBM gBnsieTcsi xapakKTepHOM OCOOEHHOCTBIO COBpe-
MEHHBIX CUCTEMHBIX MCCIIEIOBAHUIMA.

CTpyKTypa CUCTEMHOIO aHa/lKM3a HallpaBJicHa Ha TO, YTOOBI CO-
CPEIOTOUNTH IJIABHBIE YCUJIMS Ha CIIOXHBIX M, KaK IPaBWIO, KPYII-
HOMACIITaOHBIX IIpo0JieMaxX, He IOAJAIOIIMXCA pelIeHUIo 0oJjiee
MPOCTBIMU MCCJICTOBAaHUSIMU, HampuMep, HaOMOIeHHWEM WM TIpOo-
CTHIM 9KCIIepUMEHTHUpoBaHMeM. KoMIUIeKCHast cxeMa CHCTEMHOIO
aHaju3a npuBeJeHa Ha puc. 12.2.

Ecau MBI BepHeMcsI K IpeablIyIinM IaparpadaM JaHHOI IJIaBhI,
TO 6€3 Tpyna OOHAPYXUM 3JIEMEHTBHI 3TOM CXeMBbI IIPU PaCCMOTPEHUN
TeX WM UHBIX IIOAXOI0B, HAIIpUMEp, YCTAHOBICHUE UepapXuu Liejieit
B 3ama4ye 00 ONTMMAaJIbHOM pPallMOHE MUTAHMS, aHaJU3 YYBCTBUTEIIb-
HOCTHU B 3aJa4yax JUHAMUKU ITOIYJISIIUM M HeOOXOOUMOCTb B CBSI3U C
3THM PACCMOTPEHUSI CTOXaCTUUYECKUX MO, OIEHKH BO3MOXKHBIX
1 BBIOOp ONTUMAJIbHBIX CTPATEeruid U T.1.
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CUCTEMHBIN aHanu3 B 3KONOrMmn
> KoHuenuuv 1 onpeaeneHne

3

> Mopenu n matematuka

—> [luHamnyeckue mogenm
—> MaTpuyHble Mogdenu
> CroxacTuyeckue Moaenm
L > MHoromepHble mogenu

L5 OnNTMMU3aUNOHHbIE U apyrue mogenu

Y

Mpouecc mogenmpoBaHus
> Ponb 3BM

Puc. 12.2. Komnaexcnas cxema cucmemnozo anaiusa
6 IKoa02uU

TeM He MeHee psii BOIIPOCOB HE HAIET OTPAXXCHUSI B IIPEIBITY-
mux mnaparpadax. A MMEHHO, BCE SKOJIOTMYECKUE BO3ICUCTBUSI —
IUHAMHWYECKHE, T. €. 3aBUCAT OT BPEMEHM M IIOCTOSIHHO M3MEHSIOT-
cs. bomee Toro, B3auMOmECTBUS 4aCTO MMEIOT OCOOEHHOCTD, Ha3bl-
BaEMYI0 B TEXHUKE «OOpaTHOM CBS3bIO», T. €. XapaKTEPU3YIOTCS TEM,
YTO HEKOTOphie 3(P(EKTHl IIpollecca BO3BpallalOTCI K CBOEMY HC-
TOYHUKY, B pe3yjibTaTe 4ero 3T 3(DGEeKThl YCHIMBAIOTCA WX BUIO-
n3MeHsTcs. OOpaTHBIE CBSI3M OBIBAIOT ITOJIOKUTEIbHBIMU (yCHIIC-
Hue 3¢ deKra) UM oTpulaTebHbIMU (ocnabnaeHue s dexra). C Mo-
JIeISIMM TaKOTO THIIA IIO3HAKOMUMCS Jajiee.

12.4. 3agzaua ynpasreHus: BOJOXpaHHAHILEM

BomHbie cuCTeMBI UCIIOJIB3YIOTCSI UISL OPOILICHMS, IIPOM3BOICTBA
BJICKTPO3HEPTUH, BOMNOCHAOXEHUs, KOMMEPUYECKOro pPHIOOJIOBCTBA,
KaK MeCTO I oTopixa  T.J. C TaKuM pasHOOOpa3HBIM XapaKTepOM
SKCIUTyaTallu PECYpPCOB ITOUTH BCETrIa CBSI3aHO CTOJKHOBEHHE pa3-
JIMYHBIX WMHTEPECOB, YTO B CBOIO OYepelb IIOPOXIACT MHOXECTBO
pa3IMUHBIX ITpobjeM. Kak cpaBHUTB, HallpuMep, MeXAy co0oil pas-
JIMYHBIEC CTpaTerny ymopasieHus? Mam: Kak ogHa M Ta Xe CTpaTerus
0JIarOIpPUSATCTBYET ONHOM TpYIIle IIOJb30BaTeNeli M HAHOCUT YAaphl
apyrum?

HauneMm ¢ Gojiee mpocToil 3agauM — YIpaBICHUs BOTOXPaHWIM-
1eM, T. €. C HAaKOIUICHUs OIpeleJCeHHOro 3aIaca IIPecHOM BOIBI U
TAKOI0 YIpaBJICHUs 3THUM 3alacoM, YTOOBl HAWIYYIIMM O0pa3oM
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YIOBJIETBOPSUIMCH ITIOTPEOHOCTM B IIpecHOM Boae. Bribepem Takke
HEKOTOPbI MEepUOoJ BpeMeHHU, IJisi KOToporo OymeM peliath 3agady
yIIpaBJeHUs, MYyCTb 3TO OyAEeT S-JEeTHUI Tepuo.

WTak, HaC MHTEpeCcyeT BeJMYMHA X' — 3amac BOAbI B BOLOXpa-
HUJIMIIE B MOMEHT BPEMEHMU f U €€ U3MEHEHHE C TeUEHUEM BPEMEHMU.
BreigenmuM dakTopsl (TIpexkme BCero MPUPOIHBIE), KOTOPHIE OKa3bIBa-
10T BIMSIHAE HA BEJIUUYUHY X' :

e TIPUTOK IO peKe, Ha KOTOPOH MOCTPOECHO BOAOXPAHWIMILE,

KOTOpBI 0603HauMM yepe3 R';

e IIOMOJIHEHME 3ar1aca BOIbI 3a CYET GOKOBOM MPUTOYHOCTH — B';

e BBHINAJEHNE OCANKOB Ha MMOBEPXHOCTh BOLOXpaHMIMILa — O ;

e KCIApeHKe BOIbI C MOBEPXHOCTU BOAOXpaHWIMIA — I’

e (buabTpaLKs BOAbI B HUXKHEM CTBOPE BOIOXpaHWIMIIA — F' .

IToMrMo 3TOrO0 €cTh M (haKTOPbl AHTPOIOTEHHOIO MPOUCXOXKAE-
HUS, U3 KOTOPBIX /i1 MIPOCTOTHI BBIACIUM JABa:

e BOJA PACXOMYETCS Ha HYXIbl CEILCKOro Xo3gdiictBa — S’ U

KOMMYHAaJIbHOE BomocHabxeHne — K’ ;

e YacTh BOIbI MPOITYCKAETCS Yepe3 TUIOTUHY Jaibliie 0 peke — P’

EctecTBeHHO INpeamnonararh, YTo 3arac BOABI B BOLOXPAaHWINILE HeE
JIOJDKEH CTAaHOBUTHLCS MEHbBIIE HEKOTOPO MUHUMAILHON BEJMYMHBI
Xinin » HO A HE JIOJDKEH TMPEBBIIIATh OObEM BOAOXPAHWINIA X, <V .

ax —
CxeMaTMyecKM IMHAMMKY 3araca BOJbl B BOJOXPaHUJIUILE MOXK-
HO TIpEACTaBUThb TaK, KaK MOKa3aHo Ha puc. 12.3.

Bbinagexue

v
> [Commpaws
MpuTok BOAbI

3anac Boabl |
no peke i A

F»{| MoTpebnenune

7y

Bokosas N Pacxop Bogbl
MpWUTOYHOCTH Yyepes NoTUHY

Puc. 12.3. Cxema npoueccos, onpedeasrougux 3anac 600t 6 6000Xpanuiuuie
(cTpenku yKa3bIBalOT HAMpaBjeHNE TTOTOKOB)

Crenyomuii BOIPOC, KOTOPbIii HEOOXOAUMO pPEIIUTh, KacaeTcs
BEJIMUUH 3TUX (PaKTOPOB, UX M3MeHeHUil Bo BpemeHU. [lycth u3-
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BECTHBI PSIAbl HAOMIOAEHNI CpeIHEOOXOMHBIX BEJIMYMH CTOKA (BBILIE
BOJOXpPAaHWJIMINA), OCAIKOB B palioOHE BOMOXpAaHWUJIUINA M OOKOBOW
NpUTOYHOCTU 3a Tpeapiayiue 20 jer. EcTecTBEeHHO mpeamosararb,
4YTO M3MEHEHUE 3TUX BeIMuuH R, O' u B’ B Onmxaiimue 5 jer

OyaeT MpPOMCXOONUTh MPUMEPHO TaK Xe, KaK 1 B mpeabiayimme 20 e,
T. €. UX MOXHO ITOJIOXXWUTh PAaBHBIMM CPEeTHUM 3HadeHUsIM 3a 20 JieT:

20
R(T) = LZR’(I), (12.1)
20 =
1 20
0'(T)==—Y.0'(v), (12.2)
205
1 20
B'(T)==—Y.B'(v), (12.3)
20 =1

rne T=1,2,3,4,5.

JIpyruMu c10BaMu, MOXHO CUMTATh BeIMYMHBI R, O’ u B' ne-

TCPMUHUPOBAHHBIMU, OAHAKO IJIA UX OIPCACICHUA MOXKHO ObLIO ObI

IOPUMCHUTDb U CTaATUCTUYCCKHUEC METOAbI, OIIMCAHHBLIC B I'JI. 10.
HepefmeM K mIpoueccaM pacxoaoBaHUsA BOAbI, OOJWMH M3 HUX —

nucrapcHue. C [0CTaTOYHON TOYHOCTBIO MOXHO cyuTarb, 4YTO

I'~ D', rne D' — neULUT BIAXHOCTU, KOTOPBI MOXET OBITH pac-
CYNTaH TaK ke, Kak BeIpaxeHus (12.1)—(12.3) mo gaHHBIM HaOITfO-
neHuii. Torma
I'=oD', (12.4)
rae o — SMIUPUYECKUl KOG GUIUEHT IMPOMOPLUOHATBHOCTH.
Ianee, o6beM Boabl F', KOTOpasi MPOGUILTPOBLIBAETCS B HUX-

HEM CTBOPC BOIJOXpaHWJIMILA, ITPOIIOPLHMOHAJIbHA 061>eMy BOIbl B
BOOAOXpaHWIMIIC, T. €.

F' = kX', (12.5)

rae k — SMIUPUYCCKUN KOA(MOUIIMEHT MPOTOPIMOHATLHOCTH, COOTBETCT-
BYIOIIIMI OIpeneSIecHHOMY THUITYy TpyHTA.

Pacxon Boabl Yepe3 TUIOTUHY P’ — BeauuyuHa peryiaupyemMas. Pe-
IYJIMPYEMBIMU BEJMUMHAMU SBISIOTCA BEJIMYMHBI TOTPedIeHus S° u
K", xoTOpble cyMMapHO 0603HauuM yepe3 Q' , T. e.

o' =5"+K". (12.6)
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Hrak, mociie pacCMOTpeHUsT BceX MPOLECCOB (POPMUPOBAHUS BOJIBI
B BOAOXPaHWIMILE MOXHO 3aI1caTh 3aKOH COXpAaHEHMsI MACChl BOJBI:

XM —xt Ly -7t (12.7)

rae
Y'=R' +0"+B’, (12.8)
Z'=I"+F' +P" +Q". (12.9)

DTH ypaBHEHMS YacTO Ha3BIBAIOT ypasHeHusmu Oaisanca. 3amaBast
YCJIOBUSI HAKOIUIEHWSI M PACXOOOBAaHMWSI BOOBI M pelllasl ypaBHEHMS
BOIHOrO OajaHca, MOXHO ITOJIYYMTh OTBET Ha IIOCTaBJICHHBIN BO-
IPOC: YeMy paBeH 3aIlac BOAbI B BOTOXPAHUJIUILE B KaXKIbIii MOMEHT
BpeMeHHU t. biok-cxema cooTBeTCTBywllero pacyera Ha DBM npu-
BeleHa Ha puc. 12.4.

OCHOBHble NEPeMEHHbIE M NapameTpbl 3aga4n
Onucaxune

v

BBop HavanbHbIX AaHHbIX
1 napameTpoB Mogenum

v

BBoA cUCTEMHbIX COCTaBMALMNX
1 BPEMEHHbIX PSAOB BHELLHUX (hakTOpoB

v
BHelwHWe dakTopsbl
v
PacyeT ncnapeHnus n ounbtpaumm
v
o nycCTUMbI
BopgHbin 6anaHc | | Fonyc e
cTpaTerum
v
BoaHbii 6anaHc |l
v
Mevatb

Puc. 12.4. baok-cxema pacuema 600no2o 6aranca na IBM
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IIpokoMMeHTHpYeM 3HayeHMsl OTIAEJbHBIX (QparMeHTOB IIpO-
rpaMMHBIX OJIOKOB.

bnox «Bueunrnue ¢axkTopbl» ¢ IIarOM B OAMH MECSL, IPOrHO3UPY-
€T 3Ha4YeHMsI BHEIITHMX (PaKTOPOB IO 3aJaHHBIM BPEMEHHBIM psigaM.

Crenyromnuii 60K, WCIOJB3YsS TIPOTHO3HBIC 3HAYCHWS BHELIHUX
(¢aKkTOpOB, OCYILIECTBISIET BbIUMCIIEHWE BOAbI, MCIApUBLIENCS W MPO-
¢unbTpoBaBlieiics 3 BogoxpaHwumina. biok «Bonnbiii 6anaHc I» BbI-
YUCJIET 3arac BOAbl, KOTOPbIM ObLI Obl B BOAOXPAHWIMUILE B OTCYTCT-
BHE TIPOMBILIJIEHHO-TIOTPEOUTETBCKUX (DAKTOPOB MCIOJIE30BAHUST BOIIEI.

binok «/lomycTumble CcTpaTerMu» OLIEHMBAeT KOJMYECTBO BOIBI,
MoTpebsieMOli B TEUEHUE MeECSla CEeJIbCKUM XO3SMCTBOM M KOMMY-
HaJIbHBIM BomocHabOxeHueM. B Oyoke «Bonnbiit 6ananc II» mpoBo-
JIUTCSI COOTBETCTBYIOIAsSI KOPPEsLMsl KOJUMYECTBA BOJAbI B BOAOXpa-
HUJIMLIE C YYETOM aHTpoIoreHHoro ¢gakropa. Bapbupys KoiuuecTBa
BOJIbl, TOTPeOJIsIeMOli BOAOIOJb30BATEASIMU, MOXHO ITyTEM UYMUCIIEH-
HBIX 3KCIIEPUMEHTOB COCTaBUTb IPOTrHO3 BOJIOIMNOJb30BAHMS U Ha €TI0
OCHOBE OCYILIECTBJISITb BLIOOP CTpaTErMu Ha MpPaKTUKE.

12.5. Ynpagrrenue BogHoOM cHcTeMon

PaccmotpuM Tenepb 0ojiee CIOXHBIA MpUMep yrnpaBieHUsl BOI-
Hoii cuctemoii [50], B KOTOpoii yuTeHO 12 mepeMeHHBIX: €MKOCTb
TpeX BOAOXPAHWIMIL, MOIIHOCTU ABYX B3JEKTPOCTAHLMUI, pacrpene-
JIeHHue paboueil eMKOCTH M MEPTBOIo 00beMa B BOJOXpPaHUJMILE, MU~
TalLIEM OJHY M3 2JIEKTPOCTAHLMIA, pacnpeneieHue pe3epBHOM cuc-
TEMBI [IJISI PeTYJIMPOBaHMS ITABOAKOB B TPEX APYTHUX BOXOXPaHWIMIIAX
U exeromHas Tpebyemasi oTmaya BOIbI JJISI UPPUTALIMU U SHEPIreTH-
ku. CTpyKTypa 3TO CUCTEeMBI IpeJcTaBleHa Ha puc. 12.5.

BBenem crienyoniye 0003HaYeHUS:

E,(y,) — BaJoBas MpUObUIL B 7-M TOMy, Mojlydaemasi Mpu OIpe-
NIEJIEHHOW CTpaTerMy ynpaBJieHUsS pecypcaMu KakK (DYHKIIMS OT BeK-
TOp-GOYHKIIMU  y,, KOMIIOHEHTaAMU KOTOPOW SIBJISIOTCS pa3indHbIe
(hakTOphl, BAMSIOLIME HA BEJIUYMHY MPUOBLIN: 3alPOCKTUPOBAHHbIC
rnmapamMeTpbl B CUCTeMe OamM0, TypOOreHepaTOpoB M OPOCHUTEIbHBIX
KaHaJoB U T.I.;

M,(X) — 3arparbl, CBSI3aHHbIe C SKCILUTyaTallMeil, peMOHTOM WJIU

3aMeHOi O00OpylIOBaHUS B /-M Troay, Kak (YHKIUS OT BEKTOp-
GYyHKIUU X ;
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BogoxpaHunuuie Bopoxpanunuie
B A

MmapoanekTpocTaHums

Y
YA

Opoluaemas
nrowanb

i
Y

Comongrmie———

Bopoxpanunuuie E

D [
M'mapoanekTpocTaHums

Mnowagap,
noaBepXeHHas

onacHocTn
3aronneHua

Puc. 12.5. Cxemamuueckoe usodpaxcenue
cucmembvl 60OHBIX Pecypcos

K(X) — TiepBOHavYajJIbHBIC KAIUTAJIOBIOXEHMSI Ha CO3MaHUE CHUC-

TeMbl BOOIHBIX COOPYKEHUI U MOATOTOBKY 00OPYIOBaHMSI.
BxitageiBass neHbru B Kakoe-au0o MpenmnpusiThue, cieayeT CpaB-
HUTb JTOXOJ, TOJIyYaeMbI TPU Pa3JIMYHBIX BapUAHTAX ITOJIMTUKU, C
JIOXOIOM, ITTOJIyda€MbIM OT BJIOXKEHHUSI TOM XK€ CYMMBI JeHer B OaHK
MOJI €XXETOAHBINA MPOLIEHT. YUUThIBasi (DOPMYJTy CIOXHOTO MPOLIEHTA,

T. €. HUCIIOJIb3yA JUCKOHTHBI MHOXMUTEb

, TIOJIy4UM CJIEAYIO-
+r

II1e BBIPAXKEHUS IJIsI 9KOHOMUYECKON 3((HEKTUBHOCTU MHOTOLIENIe-
BOU CHUCTEMBI BOJAHBIX PECYPCOB, KCILUIyaTUPYEMOI B TeueHue 7T JIeT:
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R=3 BOD=ME) (12.10)
t=1 (I+r)
e y, =y, X=x.
Anammsupys dopmyny (12.10), 3aMeTnM, 4TO ITOCKOJIBKY B 3Ha-
MeHarejie CTOMT BenmmduHa (1+r)", BKIag E,(y)-M,(x) B R oka-

3BIBACTCS TeM MEHBIIMM, YeM TO3Xe IojlydeHa TNpUOBLIh. OTcroma
CJIEAyeT, YTO HET HUKAKOTO CMBIC/IA COXPaHSITh PEeCypChl IJisa Oymy-
LIET0 W YTO ONTUMAaJbHOM Bcerga OydeT IOJUTHKA HanOojee MHTEeH-
CHBHOW 3KCITTyaTalliM PECypCcoB 0e3 Ype3MEepHOTo yBeJIWYeHUs Be-
JuduHbl M,(x) . Ipyrumu cioBamu, ypaBHeHue (12.10) onpapabiBaet

VHUUTOXXEHUE BCEX €CTECTBEHHBIX PECYpPCOB B MaKCUMaJIbHO KOPOT-
KU CPOK, OrpaHMYEHHBINA JUIIb Y9KOHOMHYECKMMU U TEXHOJOrMYe-
CKMMHU BO3MOXHOCTSIMU. EcCTeCTBEHHBINI NMyTh — BBECTU Hapsay C
ypaBHeHueM (12.10) orpaHuyeHus: (rpaHUYHBIC YCJIOBHUS), UYTOOBI
HUCKJIIOUUTD Cydyau, KOraa €XeroaHo M3bIMaeMoe KOJUYECTBO pecyp-
COB JIAHHOIO TWIIA IPEBBILIAET BEJIMUYMHY UX MAKCUMAJIbHOU BeJM-
YUHBI, COXPAHSIOIIEH YCTOMYMBOCTb BCEH CUCTEMbl. 3aMETHUM, UYTO
9TU OTPpaHUYEHUs] — IOCTOSHHBIA MCTOYHMK KOH(MIUKTOB BCEX 3a-
MHTEPECOBAHHBIX TPYIII MOJIb30BaTeNeH.

ODHOBpeMEHHO MOXHO YYeCTb U 9KOHOMMYECKHE, U OUOJornde-
ckMe (akTopbl, €CIM BBECTH IEpPBble HEMOCPEACTBEHHO B IMOKa3a-
TeJb R, a BTOpble — B I'PaHUYHBIE YCIOBUSL.

PaccmoTtpum cHavaia meton oueHkA pyHKuuu E,(y,) . Bo MHO-

'nx cjiy4dyadax HpI/I6bU[b MOZHO pacCyuMTatb HECIIOCPCACTBCHHO B 1C-
HEXHBIX eguHMLaX. ExXeromHelii moXom OT OpolICHHUA 3EMEJb, II0-
CTpOfIKH SJIGKTpOCTaHLII/Iﬁ WJIN IVIOTUH MOXHO OIpCAC/IUTD, Haas
TaKHE€ 3JIEMCHTBI BEKTOpa );, KaK:

Yy — ypoxal, coOpaHHBII C OpOIIaeMON TUIOIIAAN;
¥y — KOJIMYECTBO 3JIEKTPOIHEPTUU;
y; — yuep0, MpUYMHSIEMbIIi TABOAKAMU, KOTOPOTO YAAIOCh W3-

OexaTb B pe3yJibTaTe MOCTPOMKMU IIJIOTUH, U T.I.

Hanplile MOXHO BBIYMCIWUTH ITOCPEICTBOM MOIESIMPOBAHUS Ha
OBM [0XO0mHOCTh pa3jIMYHBIX WIEHOB B TeUeHUe 1 JIET C UCIOIb30-
BaHUEM IToKa3areiss R. 3aTeM BBIOpATh MPOEKT, KOTOPBI COOTBETCT-
ByeT MaKCUMaJIbHOMY 3HAYeHUIO R M COBMECTMM C TPAaHUYHBIMM yC-
JIOBUSIMHM (OTpaHUYEHUSIMU); TIOCTEAHNE TUKTYIOTCS HEOOXOAMMOCTBIO
COXpaHEHHs €CTECTBEHHBIX PECYpCOB U XeJIaHMEM HCIOIb30BaTh UX
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HE TOJIBKO Ui TOJIYYEHHUS BJIEKTPOIHEPIUU WU OPOLIEHUI, HO U
IJIs1 OpraHU3alluM OTAbIXa HACCJIICHUS.

PaznuuHble cnocoObl MaTeMaTU4YECKOTO aHajlu3a U MOJAEIUpoBa-
HUS paccMaTpuMBaeMoii BOAHOI CMCTeMbl OoIlucaHbl B padbore Maaca
[50], B KoTOpOIi mepeynciaeHbl OCHOBHBIE 3Tallbl MCcemoBaHus. B
pe3yabTaTe UCCIeIOBaHMS Obljla Co3MaHa IporpaMma Uit MOIEIUPO-
BaHMS BTOU CJIOKHOM CUCTEMBI. DTO CIICAYIOIINE STaIlb:

1. BHauajyie OblIa cxeMaTMYECKM OIMCaHa CTPYKTypa CUCTEMBbI B
mesoM (puc. 12.5) m HalieHB aHAJOTMYHBIC CJTy4al0 OJHOTO BOIO-
XpaHWjiavia MaTeMaTU4YeCKNE YypaBHCHMUA, YCTaHABJIMBAIOLINUEC BHYT-
PEHHUEC d)YHKI_[I/IOHaIII)HHC CBA3M MCXKAY OTACJIbHBIMU €€ YaCTAMMU.
STI/I B3aMMOCBS3U TAKOBHbI:

3asucumvie nepemerHvle He3zasucumvie nepemenHuie

IMpubsinb, mnonyyaemasi ot uppura- OOGecrieyeHHas TOAOBask OTAAYa BO-
887071 Ibl 1JIS1 UppUTALIUUA

KanuransHble 3aTpaThl Ha CTpOM- YCTAHOBJIEHHAs MOIIHOCTb 3JIeK-
TEJbCTBO HPPUTALMOHHBIX COOpPYXXe-  TPOCTAHLIMM

HUIi, pacTpeNeNUTeNbHbIX cUcTeM U EMKOCTbh BOZOXpaHMIIMILA

HACOCHBIX CTaHIIUI Pacxonbl Boabl

KanutanbHble 3aTpaTbl Ha cTpou- JlaHHBIE O CTOKax BOAbI BO BCEX
TEJbCTBO TMAPOIJIEKTPOCTAHLIMIA YacTsX CUCTEMbI, MOJYyYEHHbIE OC-
VYiep06, npuuyuHsieMblii TaBOAKAMU penHeHneM HabmomeHuit 3a 60 jeT

KanuranbHble 3aTpaThl

2. beimu 3agaHbel mpaBwiIa paboOTHl cUCTeMBl. B wacTHOCTH, C

deBpajisg no aBrycT cucteMa paboTaeT CleayloluM oopa3om:

e BOIA BHITyCKaeTcs M3 BogoxpaHmiuina C 1o Tex Iop, MmokKa He
OyneT NOCTUTHyTa 3aJaHHasl OTjgaya, COOTBETCTBYHOILLAS TIpe-
JIeJIbHOIM TIPOIYCKHOM cIocoOHOCTH cTaHuuu G, WIM BOJO-
xpanwmile C He OIMOPOKHUTCS

e Ta Xe€ omepalus IMOBTOPSETCS MO OTHOIIEHUIO K BOAOXPaHM-
iy D;

e €CJIM BO3MOXHO, Ha3HAYyaeTCsl JOIMOJHUTENbHBIM MPOMYyCK M3
BOJOXpaHUIMILA A 10 TeX MOop, MoKa He OyaeT JOCTUTHYTa 3a-
JaHHasl OTmaya, COOTBETCTBYIOIIAS MPEAEIbHON MPOMyCKHOM
CMOCOOHOCTU CTaHUMU G, WM BOJOXpaHUMILE A HE OMOPOX-
HUTCS;

e €CJIM 3TO BO3MOXHO, OTOMpPAIOT JOIOJHUTEIbHOE KOJMYECTBO
BOJbI M3 BOAOXpaHWIMIIA B 10 Tex MOp, MoKa He OyaeT moc-
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TUTHYTa 3aJaHHas oOTJaya, COOTBETCTBYIOIIAS IIPeIeTbHOMN
MMPOIMYCKHOM CITOCOOHOCTU cTaHLMii B u G, WM B BOIOXpaHU-
JmiIe B He ocTaHeTCs TOJBKO MEPTBBIN O0BEM;

e CIICLIMAJIbHO MPEIyCMaTPUBAETCS €MKOCTb ISl PETYJIUPOBAHMS

MaBOAKOB B ampesie, Mae U UIOHE;

e B TEYEHME MapTa, ampeyisi U Mas Bojga OT OTPabOTKM pe3epB-
HOIl €MKOCTM MPOIMYyCKaeTcs 4yepe3 TypOMHBI 2JIEKTPOCTAHLMMA
B v G 1o ¥MX MNOMHOW TMPOMYCKHOUM CIIOCOOHOCTH, a BoIa U3
BOJOXpaHUWIMILA B obecnieyuBaeT Tpebyemylo oTaavyy Uisl Up-
pUraiuu.

PaccmoTrpeHHast (yHKUMOHalbHAs MOAE]b — JMIIb OdHA M3
MHOTI'MX, M3YYEHHBIX C MOMOLIbIO 3TOK MeToAMKM. OHa MOKa3bIBaET,
YTO JJIs1 CO3MaHUSI KOMIMBIOTEPHON IMPOrpamMMbl, MO3BOJISIIOIICH U3Y-
yaTh pasJMYHbIE CTpAaTerMu yIpaBJeHHUs, HEOOXOAWM OTPOMHBII
00beM MHGMOpPMALMKM U AETATbHOE 3HAHUE MPOLIECCOB MPUHSTUS pe-
LIEHUA.

Kountpoabubie Bonpocni
000 000000C0OGCOGCOGOEOGOGNOSEOSNOIO

1. RakoBbl ocHoBHble dranbl cucremHoro anajimsa? J[laiite ux
KpaTRoe omicaHue.

2. Kak Bbl nonnmaere oOpatnyio cBasp? IlpuBeaure mpuvepst
HOJIOKUTEILHOI U OTPULIATENILHOI 00paTHOI CBA3M.



whe=

~N N

10.

12.

13.

14.

15.

bu6anorpaduueckun
cnucoK K pasaeaam 1—3

Axumosa T.A., Xackun B.B. Oxonorust. — M.: lOHUTH, 1998.
Awmanos C. A. JIuneitHoe nporpammupoBaHue.— M.: Hayka, 1981.
boavwaxoe B.H., Kopoimun H.C., Kpawcumckuii D.B, [lluwmapes B.M.
HoBplil mogxon K OlleHKe CTOMMOCTH OMOTHUYECKUX KOMITOHEHTOB 3KO-
cucrem//Dxonorus. — 1998. — Ne 5.

bpykce P.P. Xumus okpyxatoiueid cpenbl. — M.: Xumus, 1982.

Bapwan I'M., Ilanuna T.C. OnpeneneHne COCYIIECTBYIOIINX B MPUPOI-
HBIX 00BeKTax (popMm pryTu. IloBemeHHMe PTYTU M OPYTUX TSKEIBIX Me-
TAJJIOB B JKOCHUCTeMax. AHaIuTHdecKuil 063op. Yacte 1. Pusmko-
XUMHUYECKIE METOIBI ONpEACICHUS PTYTH U IPYTUX TSCKENBIX METAJLIOB
B MPpUPOAHBIX 00bekTax. — HoBocubupck, 1989.

. Benmuenv E.C. Teopus BeposiTHOCTei. — M., 1962.
. Buxcenckuii B.A., Ilempyxun B.A. MOHUTOPUHT (POHOBOTO 3arpsi3HEHUSI

npuponHbix cpea. — JI.: Tuapomereousnar, 1990. Boim. 6.

. Buavamc Jxc. /., CoBMelleHHBII cTpaTer Win OyKBaphb MO TEOPUU CTpa-

terndyeckux urp: Ilep. ¢ anrn. — M.: CoBerckoe paauo, 1960.

. Bompocet BOomHOI TOKCcukosoruu /Ilom pen. A.B. TomayeBckoro u

H.C. CtporanoBa. — M.: Hayka, 1970.
Topcmko A.b. Tlo3HAaKOMbTECh C MaTeMaTUYECKUM MOJAEIMPOBAHUEM. —
M.: 3nanue, 1991.

. Heasmuykuii C., 3aitony HU., Yepmros JI., Dx3apvsau B. DKonornueckui

cnoBapb. — M.: KOHKOP/JI JItn — DKOITPOM. 1993.

Iceqpgpepc Inc. BBeneHve B CUCTEMHBIN aHAIU3; IPUMEHEHHE K 9KOJIO-
run: Ilep. ¢ anrn. — M.: Mup, 1981.

Henamoe B.I., Koxkun A.B. DKOJIOTMYHBINA MeHEeIXMeHT. — PocToB-Ha-
Hony: AOOT «PocToBckOe KHMKHOE M30ATEIbCTBO», 1997.

H3zpasaw FO.A. TuapomMeTeoposiordsi 1 KOHTPOJIb COCTOSTHUSI TIPUPOIHOMN
cpennl// TIpobmeMbl coBpeMeHHOI ruapomMereopoiorun. — JI.: Tuapo-
meteousnar, 1977. — C. 230.

H3pasns KO.A. Ponb BCeCTOPOHHEIrO aHaiu3a MPUPOIHON OKpYyXKalollen
cpenbl B OpraHu3alldM ONTUMAJIbHOTO B3aMMOJEWCTBMSI 4YeloBeKa C
npupoaoii//BcecTopoHHMIT aHANMW3 OKpYXalollleil MPUPOAHON Cpebl.
Tpynsr 111 coBercko-amepukaHckoro cummnosduyMa. — JI.: I'mapomereo-
usnat, 1978.



16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
26.

27.
28.

29.

243

H3pasae K0.A. DKo0THS U KOHTPOJb COCTOSIHUSI TIPUPOTHOM Cpenbl. —
M.: 'mogpomereousnar, 1984,

Kapaun C. OCHOBBI TeOpHUM CIYYaifHBIX IpoiieccoB: [lep. ¢ aHrn. — M.:
Mup, 1971.

Kuncu /Inc. Mak. Beenenne B Teopuio urp: Ilep. ¢ aarn. — M., 1960.
Komnnexchoiii T00aNbHBIE MOHUTOPUHT 3arps3HEHUI OKpyXalolei
npuponHoii cpensl. Tpynsl 11 MexayHaponHoro cummosuyma. — JI.:
T'unppomereousnar, 1982.

Kocma M., Xex Jlxc. /]. KaHueporeHHOCTh UOHOB MeTa/uioB// Hekoto-
pble BOMPOCHI TOKCMYHOCTH MOHOB MeTauioB. — M.: Mup, 1993.

Jlanun B.JI., Mapmuncen A.I, Ilonoé B.M. OCHOBBI 3KOJOTMYECKUX 3Ha-
HMI WHXeHepa. — M.: Dxonorus, 1996.

Jlucuukun B.A., Illerenun JI. A., boes b. B. 3akar UMBUIM3ALUAN WU
IBUKEHUE K Hoocgepe (9Kojiorusi ¢ pasHbIXx cTopoH). — M.: UII-
T'apanT, 1997.

Mapmun P. BuoHeopraHWJecKask XUMUsS TOKCHMYHBIX MOHOB METAIOB//
HexoTopbie BOpOChl TOKCMYHOCTH MOHOB MeTallioB. — M.: Mup, 1993.
Muepayus 3arps3HSIIOLIMX — BEIECTB B MOYBAaX M COIPEIOCIBHBIX Cpe-
nax/Tlon pen. 1I.M. bo6oBHukosoit u C.I'. Manaxosa. Tpynbr 11 Bceco-
1o3Horo Coseuranusi, O6HuHCK, 1978. — JI.: T'mapomereousnar, 1980.
Mouceee H.H. Anroputmbl pa3sutus. — M.: Hayka, 1987.

Mouceee H.H. buith nnu He ObITh uenoBeuecTBy? — M.: Poccust mono-
nast, 1999.

Ooym IO. Dxonorust. B 2-x 1.: Tlep. ¢ anrt. — M.: Mup, 1986.
IIpedeavro mOTyCTUMBIE KOHLIEHTpALlMM BPEIHBIX BELIECTB B BO3AyXe U
Boge. — JI.: Xumus, 1975.

Ilpedenvno momyCTHMBbIE KOHIICHTPALIMM BPEIHBIX BEILISCTB B BO3MyXe U
BOZIE BOIOEMOB CaHHUTAapPHO-OBITOBOIO BOOITOJIB30BAHUSA M TPeOOBaHMS
K COCTaBy M CBOMCTBaM BOIBI BOJOEMOB M ITYHKTOB ITUTHEBOTO U KYJIh-
TypHO-OBITOBOrO BomomoJib30BaHusl. — M.: Munsapas CCCP. I'maBHoe
CaHUTAPHO-3MUAEMHUOJIOTMYECKOE yIipaBjieHue, 1973.

Pesennw I1., Peseanv Y. Cpena Haiero ooutanusi. Knura nepsasi (Hapo-
JloHaceleHue W TuieBble pecypehl): Ilep. ¢ anmi. — M.: Mup, 1994;
KHnura Bropas (3amiura atMochepsl U ruapocdepsl).

. Peiimepc H.®. Ipupononons3oBanre. — M.: Mbicib, 1990.

Peiimepc H.®. Dxonorusa. — M.: Poccust mononast, 1994.

. Poesa H.H., Posunckuii @.4., Kononoe D.4. Cnenmduyeckue ocobeH-

HOCTU TIOBEICHUS TSKENBIX METAJUIOB B PA3TMUYHBIX MPUPOIHBIX Cpemax
// KypHan aHanutudeckoi xumun. — 1996. — T.51. — Ne 4.

Canoyxuii U.B. KoHuenuus MOpoOroBOCTYM PEaKlMU KMUBBIX CHUCTEM Ha
BHEIIIHME BO3MACHCTBUS U €€ CJIEeNCTBUSI B IpoOJieMe MPOTUBOXUMUYE-
ckoit 3amuThl Omocdepnl//BcecTopoHHUIT aHaIM3 OKpyKalollei Ipu-
ponHoii cpenbl. Tpynsl | coBeTcko-amepuKaHckoro cummosuyma. — Jl.:
I'uopomereousnar, 1975.



244

3s.

36.
37.
38.
39.
40.

41.
. Xumus oxpyxatomeit cpenbl /ITon pen. JIx.0.M. bokpuca. — M.: Xu-

43.

44,

45.
46.

47.
48.
49.

50.

51.
52.

53.

Cunuyvin 10.B., Ilamosa B.H. T'eonornyeckue MCCiaeIOBaAaHUS M OXpaHa
Henp. (O63opHast uHdpopmauus). Bein. 1. KoHTpoab 3arpsi3HeHHUST OK-
pyXalollieil cpefibl ¢ UCIOJIb30BaHUEM JIa3epHOrO CIEKTPOrpaduuecKoro
MukpoaHammsa. — M.: MPII T'eoundopmkomurer PP mo reomornu u
HUCIOJIb30BaHUIO Heap, 1993.

Cmum Jlxe. M. Monenmu B sxomorunm: Ilep. ¢ anrin. — M.: Mup, 1976.
Cnosumo I. PacnpeneneHue TOTEHIIMAJILHO OMACHBIX CJI€AOB MeTajl-
JoB//HekoTopble BOMPOCHI TOKCMYHOCTM HMOHOB MeTauioB. — M.: Mup,
1993.

Cmosnoe A., Andpees I., Imumpos /I. TIpoGaeMbl (HOHOBOTO MOHUTOPHH-
ra coctosiHusl mpupoaHoii cpenbl. — JI.: Fuapometeounsnat, 1990. Boim.8.
Cyxapes A.I., Tumoxoe A.B., @edopoe B.B. Kypc MeTOHOB ONTHMM3a-
umu. — M.: Hayka, 1986.

Yamm K. Dxonorus u yrnpamjieHME MPUPOIHBIMM pecypcamu. — M.:
Mup, 1971.
Doppecmep Jxnc. Innamuka pasputust ropoga. — M.: TIporpecc, 1974.

mus, 1982.

Xommono I1.b., Doakc H.K. TOKCMYHOCTHL MOHA MeTajlyla B OpPraHM3Me
yesjoBeKa U XUBOTHbIX//HekoTopble BONPOCH TOKCHMYHOCTA MOHOB Me-
TauioB. — M.: Mup, 1993.

Ilypkoe B. HU. Jlunamuyeckue 3agayyd OOJBIION pa3MepHOCTH. — M.:
Hayka, 1998.
lllsatikoea M.J]. Toxcukonornueckasi xumusi. — M.: MenuuuHa, 1975.

Ixcnepumenmanvrasn BoaHasa Tokcukosorus /Ilox pen. I'.T1. Annpyiuaii-
tca. — Pura: 3unarue, 1972.

Ippoycmum ., Ilreiic K. OObIKHOBeHHbIe nUbdepeHIMalIbHbIe YpaBHe-
HUS (KauyecTBEHHas Teopusl ¢ mpuiioxeHusMu): Ilep. ¢ anrin. — Boiro-
rpan: Ilnaton, 1997.

Chaston 1. Mathematics for Ecologists, Butterworths, London, 1971.
Lovelock J.E. Gaia: A New Look at Life on Earth, New York, Oxford
University Press, 1979.

Maass A. (ed.) Design of Water-Resource System; New Techniques for
Relating Economic Objectives, Engineering Analysis and Covernmental
Planning, Harvard University Press, Cambridge, Mass., 1962.

Martin B., Sella F. The development and implementation of the global
Environmental monitoring sustem. — Doc. VNEP, Nairobi, 1977.

Munn R.E. Global environmental monitoring system. SCOPE, rep.3. To-
ronto, 1973.

Suzuki T. Toxicology of trace elements. Halstead press, 1977.

Williamson M. H. Introducing students to the concepts of population dy-
namics. In: The Teaching of Ecology, ed. Lambert J. M., Blackwells,
Oxford, 169—175, 1967.



Paznen 4’

Besonacuoctn
TpyJa

[Ipupoza ne Tepnur HeTouHOCTEH
U He IPOILAeT OIIHOOK.

P. Imepcon



I'rasa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

I'raBa

13.

14.

15.

16.

17.

18

19.
20.

21.

22,
23,

24.

Ol'IaCHbIe H BpEAHDbIE IIPOU3BOJCTBEHHDIE q)aKTo-

pbr. O6uye nousTus

BJ\I/IHHI/IG Ha OpPraHU3M Y€AOBE€Ka METEOPOAOTHYE-~

CKHX YCAOBHH
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30HbI
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O6ecrnieyenne 6e30macHOCTH MPU paboTe C KOM-

IIbIOTEPOM



Onacubie u BpeaHbIe
IIPOU3BO/ICTBEHHbIE (PAKTOPBDI.
O61mmue nonsTus

B mpouecce xku3HenesaTeIbHOCTH Y€JIOBEK IOABEPraeTcsl BO3Ieii-
CTBUIO Pa3JIMYHBIX OMACHOCTEM, MOA KOTOPHIMM OOBIYHO MOHUMAIOT
SIBJIEHUSI, TIPOLIECCHI, OOBEKThI, CIIOCOOHBIE B OMpPeaesIeHHBIX YCIIO-
BUSX HAHOCUTHL YIIEPO 3M0POBBIO UYesioBeKa HEMOCPEICTBEHHO WU
KOCBEHHO, T.€. BbI3BIBATh pa3IMyHbIe HeXenaTeJbHbIe TTOCAEACTBUSI.

YesmoBek IoaBepraeTcsl BO3ACUCTBUIO OIIACHOCTEM M B CBOEH
TPYIOBOI AESATEBHOCTU. DTa AESATEIbHOCTb OCYIIECTBISIETCS B IPO-
CTpPAaHCTBE, Ha3bIBa€MOM IIPOM3BOACTBEHHOI cpenoid. B ycioBusix
MPOM3BOJCTBA HA YEJOBEKAa B OCHOBHOM IEWCTBYIOT TEXHOTCHHBIE,
T.e. CBSI3aHHBIE C TEXHUKOM, OMACHOCTHU, KOTOPbIE€ MPHUHSTO Ha3bl-
BaTh OMAaCHBIMU U BPEIHBIMU IMPOU3BOACTBEHHBIMU (DAKTOPAMMU.

Onacrnvim npouszeodcmeennvim gpaxmopom (OIID) Ha3bIBacTCS Ta-
KO MPOM3BOACTBEHHBIN (haKTOp, BO3AECHCTBUME KOTOPOro Ha pado-
TaIOLIEro B OMpeAeeHHBIX YCIOBUSX MPUBOIUT K TpaBMe WIH K JIpy-
rOMy BHE3aITHOMY DPE3KOMY YXYIILIEHUIO 310pOBbs. TpaBMa — 3TO
MOBpeXIeHWEe TKaHell opraHu3aMa W HapylleHUue ero (yHKIUN
BHEILIHUM Bo3aeicTBUeM. TpaBma SIBJISIETCS Pe3yJIbTaTOM HECYaCTHO-
ro ciydyas Ha MPOU3BOACTBE, MOJ KOTOPBIM MOHMMAIOT CiIydail BO3-
JECTBUSI OMACHOTO IMPOU3BOJACTBEHHOIo (pbakTopa Ha paboTalrollero
MPU BBITIOJHEHUU UM TPYAOBBIX O0SI3aHHOCTEU WJIM 3aJaHUNl pyKO-
BOIMTENS paboT.

Bpeonvim npoussoocmeennvim gpaxkmopom (BITD) HaspiBaeTcs Ta-
KO MPOU3BOACTBEHHBIN (haKTOp, BO3AECHCTBUME KOTOPOro Ha pado-
TaIOLIEro B OMpeleIeHHbIX YCIOBMSX MPUBOAUT K 3a00J€BaHUIO WU
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CHIDKEHUIO TPYIOCITIOCOOHOCTH. 3aboyieBaHUsI, BO3HMKAIOIIWE IO
JIEeCTBUEM BpeOHBIX ITPOM3BOICTBEHHEIX (DAKTOPOB, HAa3BIBAIOTCS
npogeccuoHarbHbIMU.

K omacHbIM Npou3BOACTBEHHBIM (pakTOpaM CJeAyeT OTHECTH,
HaIpuMep:

e DJJICKTPUYECKUI TOK ONpPEeAeJeHHON CHUJIbI;

e packajieHHbIE TeJa;

e BO3MOXHOCTb MaJC€HUSI C BBICOTHI CAMOro padoTalollero Juodo

pa3IMYHbIX AeTalell U MPEeIMETOB;

e obOopynoBaHue, paboTalolliee IOJ JOaBJI€HUEM BbILIE aTMO-

chepHoOro, u T.1.

K BpeaHbIM mpou3BOACTBEHHBIM (haKTOpaM OTHOCSITCS:

e HeOJIaronpusTHbIE METEOPOJIOTUYECKUE YCIOBUS;

e 3aMbUICHHOCTb M 3ara30BaHHOCTb BO3AYILIHON Cpelbl;

e BO3IEHCTBUE IlIyMa, MH(ppa- U yIbTpa3ByKa, BUOpaLINU;

e HaJWyMe€ DJEKTPOMArHUTHBIX ITOJIEH, Ja3epHOr0 M MOHU3M-

PYIOLIUX U3JTYYEHUH U Jp.

Bce onacHble ¥ BpeaHble MPOU3BOACTBEHHbIE (DAKTOPHI B COOT-
BerctBun ¢ T'OCT 12.0.003-74 nompazaensitorcss Ha (QU3UUECKUE,
XUMMYECKHUE, OMOJIOTMYECKHUE U MCUXODU3NOTIOTUYECKUE.

K ¢uszuueckum dakropam OTHOCST 3JAEKTPUYECKUI TOK, KMHETU-
YECKYl0 DHEPruio IBWXKYIIMXCS MalllMH M OOOpYIOBAaHMSI WIM HX
yacTeil, MOBBIIIEHHOE JaBJACHUE IMapoB WJIM Ta30B B COCyAaX, HEIO-
MMyCTMMbI€ YPOBHM 1IyMa, BUOpaluu, UHGpa- U yabTpa3ByKa, HEAOC-
TaTOYHYIO OCBEILIEHHOCTb, 3JIEKTPOMArHUTHbIC I10J51, WOHU3UPYIO-
LIKMe U3JTyYeHUs U Ip.

Xumuueckue GHaxTopbl MPENCTABISIOT COOON BpemHbIe ISl opra-
HHU3Ma YeJIoBeKa BEelleCTBA B Pa3IUYHbBIX COCTOSIHUSIX.

buonoeuueckue (pakToppl — ITO BO3NEUCTBMUSI  PasIMUYHBIX
MUKPOOPraHM3MOB, a TaAKXX€ PACTEHUI M KMBOTHBbIX.

ITlcuxogpuzuonocuueckue HaxTopbl — 3TO (U3MUYECKHE U IMOLUO-
HaJIbHbIE MEePerpy3Ku, yMCTBEHHOE MepeHanpsLKeHUe, MOHOTOHHOCTh
Tpyaa.

YeTkoii rpaHulbl MEXIY OMACHBIM W BPEIHBLIM MPOM3BOACTBEH-
HbIMUA (haKTOpaMu 4acTO He CyllecTByeT. PaccMOTpuUM B KayecTBe
npuMepa BO3ACHCTBME Ha padoTarollero pacruiaBieHHOro MeTalia.
Ecnu 4yenoBek momagaeT MOJ €ro HEMOCPeACTBEHHOE BO3ACHCTBUE
(TepMUYECKUIA OXOr), 3TO MPUBOAUT K TSKEJIOM TpaBME U MOXET
3aKOHYUTHCSI CMEPThIO MOCTpadaBlIero. B aToM ciayyae BO3aeiicTBUE
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pacIUIaBIeHHOTO MeTajyla Ha paboTaloIIero SBISIETCS COIJIACHO OIT-
peneneHnIO OTIaCHBIM TTPOM3BOICTBEHHBIM (DaKTOPOM.

Ecim Xe 4enmoBeK, MOCTOSHHO paboTasi ¢ pacIUIaBeHHBIM Me-
TaJUIOM, HaXOMUTCS MOJ ACHUCTBUEM JIyYMCTOM TEIIOTHI, MU3TydaeMOit
3TMM WCTOYHMKOM, TO IIOA BIMSHUEM OOJIyYeHMS B OpraHM3Me ITIpo-
HMCXOMSIT OMOXMMMYECKME CIBUTH, HACTYIIAeT HapYIIEHHWE OesTehHO-
CTH CepICYHO-COCYIMCTOM M HepBHOM cucTeM. Kpome Toro, mimrelb-
HOE€ BO3meicTBME MH(MPaKpaCHBIX Jydell BpEXHO BIMSET Ha OpraHbI
3peHuss — TIPUBOAMT K MOMYTHEHHMIO XpycTajuka. TakuM oOpa3oM,
BO BTOPOM CJIy4ae BO3IEMCTBUE JIYUMCTOM TEIIOTHI OT pacIlIaBJIeH-
HOTO MeTa/ula Ha OPraHW3M pabOTaIoIIero SIBISEeTCS BPEIHBIM IPO-
M3BOACTBEHHBIM (PaKTOPOM.

CocmosHue ycaosuii mpyoa, npu Komopom UCKAIOYeHO o30elicmeue
Ha pabomarwux ONACHLIX U BPEeOHbIX NPOU3BOOCMEEeHHbIX (aKmopos,
Ha3vleaemcs 6e3onacHocmuvio mpyda. be3omacHOCTb KU3HEACATETbHO-
CTH B YCJIOBHMSIX IPOM3BOACTBA MMEET W APYroe Ha3BaHUE — OXPaAHA
mpyda. B Hacrosiee BpeMs IIOCIAEIHUII TePMHH CUMTAeTCsS ycCTa-
PEBILMM, XOTS BCSI CHelMabHAS OTeYeCTBeHHAs JUTeparypa, U3aaH-
Hasl NpuoAU3UTENbHO 10 1990 r., UCIOAB3YET UMEHHO €rO.

OxpaHa Tpyna ompenessiiach KaK CUCTeMa 3aKOHOIATeNIbHBIX aK-
TOB, COLIMAJIbHO-3KOHOMMWYECKUX, OPraHU3alMOHHBIX, TEXHUYECKUX,
TUTUEHUYECKUX U JIeYeOHO-MMPOPUIAKTUUYECKUX MEpPOIPUITUI 1
CpelCcTB, oOecrneuunBarolnx 0e30MacHOCTb, COXpaHEHWE 3A0POBbSl U
paboTOCIIOCOOHOCTHU B Mpoliecce Tpyaa.

bynyun KoMIJIeKCHON AMCUMIUIMHON, «OXxpaHa Tpyaa» BKIIrOYasa
CJIeMyIoIIre pa3esibl: IPOM3BOICTBEHHAs] CAaHUTApHsI, TeXHUKA 0e30-
MMaCHOCTH, TTOXapHasi ¥ B3pbIBHAs 0€30ITaCHOCTh, a TaKXKe 3aKOHOJa-
TEJILCTBO TIO OXpaHe Tpyaa. KpaTko oxapakTepu3yeM KaXIblii M3
3THX Pa3IesoB.

Ilpouseoocmeennas canumapus — 3TO CUCTEMa OpraHU3alMOH-
HBIX MEPOIPUITUI U TEXHUYECKMX CPEACTB, MPEIOTBPAIIAIOIINX WITN
YMEHBIIAIOIIMX BO3NEHCTBHE Ha pabOTAIONINX BPEIHBIX ITPOU3BOACT-
BEHHBIX (DAKTOPOB.

Texunuxa 6e3onachocmu — CHUCTEMa OPTaHU3AIIMOHHBIX MEpPO-
MIPUSITUNA W TEeXHUYECKUX CPEACTB, INPEAOTBPAILIAIOIIMX BO3IEHCTBUE
Ha paboTaIIMX OMACHBIX MPOU3BOACTBEHHBIX (PAKTOPOB.

lloxcapnas u e3pwvieHas 6e30nacHocms — 3TO CUCTEMa OpTraHu3a-
IIMOHHLBIX M TCXHUYCCKUX CPCIACTB, HAIIPaBJICHHbLIX Ha HpO(I)I/U[aK-
TUKY W JIMKBUJAIIUIO TTOXApOB M B3PBIBOB, OI'PAHUYCHUC HUX ITOCJICH-
CTBUN.
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3akonodamenvbcmeo no oxpane mpyoa COCTABJISIET YaCTh TPYAOBOTO
3aKOHOAATEILCTBA.

OmHa u3 caMBIX PacHpOCTPaHEHHBIX MEp IO TIPeAyIPEXICHUIO
HeOJIArOIpUSITHOTO BO3MEHCTBUSA Ha pabOTAIOIIMX OITACHBIX W Bpel-
HBIX MPOU3BOACTBEHHBIX (PAKTOPOB — MCIOIb30BAaHUE CPEICTB KOJ-
JICKTUBHON W WHAWBUAYaJIbHOW 3amuThl. [lepBble M3 HMX TIpemHa-
3HA4YCHHbI JIsI OMHOBPEMEHHON 3allMTHI ABYX M Oojiee paboTaronux,
BTOpBIE — JJIs 3alllUThl OJHOro paboTtarouiero. Tak, mpu 3arpsi3He-
HUU TIBUIBIO BO3MYIIHOW Cpenbl B Ipoliecce MPOU3BOACTBA B KAa4eCT-
Be KOJUICKTUBHOTO CpEICTBA 3allMTHI MOXET OBITh PeKOMEHIOBaHA
001Ic0OOMEHHAsT TPUTOYHO-BHITSDKHAS BEHTWJISIIINS, a B KadyecTBe
WHAWBUAYATLHOTO — PECITMPaTOp.

BBeneM moHSITME OCHOBHBIX HOPMATHMBOB O€30ITIaCHOCTH Tpya.
Kak yxe cka3zaHo BEIlIE, IPU OE30MACHBIX YCIOBUSIX Tpyda MCKITIO-
YeHO BO3ACHCTBME Ha padOTaIOIIMX OMNACHBLIX M BPEIHBIX ITPOM3BOJ-
CTBeHHBIX (pakTOpoB. Beerma m B yCIIOBUSAX peaibHOTO MTPOU3BOACT-
Ba MOXHO TaK OPraHM30BaTb TEXHOJOTMYECKMU IIPOILECC, YTOOBI
3HAUCHUS BO3ACHCTBYIOIIMX Ha paOOTAIOIIMX OMACHBIX M BPEIHBIX
MIPOU3BOJCTBEHHBIX (DAaKTOPOB PaBHSUIMCH HymMIO (Y4TOOBI Ha pabdo-
TaOIIUX He AEHCTBOBAJIM OITACHBIE M BPEIHBIE TTPOU3BOICTBEHHBIE
dakTopsr)?

DTa 3amaya B MPUHIIMIIE SKBMBAJIEHTHA 3amade CO3JaHUsS 0e30-
MMacCHOM TeXHUKH, T. €. JOCTUKEHUSI aOCOJIOTHOU 0e30MacHOCTU TPY-
nJa. OmHako abcomoTHasE 0e30IMacHOCTh MO0 TEXHUYECKM HeIOCTH-
JKMMa, JIMOO 3KOHOMUYECKM HellejecooOpa3Ha, TaK KaK CTOMMOCTb
pa3paboTKM 0e30IMacHO TeXHUKN OOBIYHO TpeBBIIIAcT 3PPEKT OT ee
npuMeHeHus. [1oaTomMy Tnpu pa3paboTKe COBPEMEHHOTO 00OpyIOBa-
HUS CTPEMSTCS cOo3daTh MaKCHMMAaJbHO Oe30TacHbIe MAalllWHBI, 000-
PYIOBaHUE, YCTAHOBKU U IPUOOPEI, T. €. cBeCTH puck! rmpu padore ¢
HUMHM K MUHAMYMY. OJHAKO 3TOT MapaMeTp He MOXET OBITh CBEICH
K HYJTIO.

CylecTBylolime HOPMATHBBEI 0€30IMaCHOCTH AENSITCS Ha JBe
OoJIbIIIME TPYIIILL: npedeavro donycmumbie kKoHuenmpayuu (ITJ1K), xa-
paKkTepu3yolIne 0e30MmacHoe Comep:KaHWe BPETHBIX BEIECTB XUMMU-
YeCcKOl M OMOJOrMYecKoi IpupoJbl B BO3Ayxe pabodeil 30HBI, a
TaKke npedeavro donycmumvie yposeuu (I111Y) BozmeicTBUSI pasiny-
HBIX OIMACHBIX M BPEIHBIX IPOM3BOACTBEHHBIX (PAKTOPOB (U3Mye-

I Puck — KOJMYECTBEHHAs XapaKTepPUCTMKA JEHCTBMS ONAacHocTeil, (hOPMHUPYEMbIX
KOHKPETHOM NeSITeTbHOCTBIO YesIoBeKa.
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CKOI Tpuponbl (Iry™mM, BUOpalysi, yiabTpa- M WHMPa3BYK, 2JIEKTPO-
MarHWTHBIE TI0JISI, MOHU3UPYIOIINE U3TYIeHUS U T.I.).

ITo ocoboMy HOPMUMPYIOTCST TICMXO(MU3NOJIOTUYECKE OTAaCHBIC 1
BpeIHbIE MPOM3BOACTBEHHBIE (hakTOpbl. OHM MOTYT OBITH OXapaKTe-
pUM30BaHbl MapaMeTpaMU TPYAOBBIX (pabouux) Harpy3okK u (W) mo-
KazaTeJsIMU BO3ICHCTBUS 3TUX HArpy30K IS YeJIoBeKa.

B mpakTryeckmx 1eJissXx HOpMaTUBbI 0€30MacHOCTY TTPUMEHSTIOTCS
caemyommM obpasom. IlpenmnonoxuM, HYyXKHO OIPENCINTh, SIBISIETCS
J1 0€30MacHBIM Il pabOTAIOIIMX BO3MYX paboueil 30HbI, B KOTOPOM
cogepxarcsl napbl 6eH3uHa. [To HopmaTtuBHBIM gokymeHTam (I'OCT
12.1.005-88 «Bo3nyx pabGoueit 30HbI. OOlLLIME CaAHUTAPHO-TUTHE-
HUYeCKHe TpeOOBaHWsI») HAXOMSAT, YTO BEIWYMHA MPEIAETHHO TOITYC-
Mot (6e3onacHoi) kKoHueHTpauuu (ITJK) sToro BeliecTtBa co-
crapiger 100 mr/m3. Eciau meiicTBUTENbHAS KOHLEHTpALM OEH3MHA
B BO3Myxe HE IIPEBHIIIAET 3TOTO 3HAYECHUs (HAIPUMEp, COCTaBJISET
90 Mr/M3), TO Takoii BO3IyX ABJSETCS O€30MMacHBIM Ijsl paboTaro-
mux. B mpoTuBHOM cilydyae HEOOXOAMMO IMPMMEHMTH CITeIIMaTbHbIe
MephI IJII CHIDKEHMST TOBBIIIEHHOM KOHIIEHTpAllMU ITapoB Oe€H3MHA
JI0 0e30IMacHOro 3HauyeHusi (HalpuMep, UCIOJIb3ysl 00lLe0OMEHHYIO
MIPUTOYHO-BHITSDKHYIO BEHTWISILIUIO).

Takum ke o0pa3oM 1T XapaKTePUCTUKM OE€30IMacHOCTH TP
BO3MEMCTBMM ONACHBIX M BPEIHBIX ITPOM3BOACTBEHHBIX (DAKTOPOB
(buzmyecKoil MpupoOABl NCTIOAB3YIOT TTOHATHE MPEAeTIHbHO JOTTYCTUMO-
ro ypoBHs (ITY) storo ¢dakropa. Eciu Hy:XHO, HarpuMep, OIpe/e-
JIUTHh Oe30ITacHbIe TOIMYCTUMbIE YPOBHM HAIIPSLKEHUS M TOKa, TO II0
CIIpaBoOuYHOM JuTeparype! HaxomaT WHTEpecyloliue 3HauyeHud. Tak,
ISl TiepeMeHHoro Toka yactoroi 50 I'i (mpoMbIlIEHHAs 4acToTa)
TP TIPOIOJIKUTETLHOCTH BO3ACMCTBUSI HAa OPraHM3M YeJIOBEKa CBBI-
mwe 1 ¢ aTi 3HayeHus1 cocTasaT: HanpspkeHue (V) — 36B, tok (/) —
6 MA (1 MA = 10-3A). [leiicTBUEe HA OPraHM3M 4YEJIOBEKA JJIEKTPUYE-
CKOT'0O TOKa C IapaMeTpaMu, MPEeBBIIIAIIIMMN YKa3aHHbIe 3HAYEHMSI,
OITIaCHO.

Hanee paccMOTpWM BJIMSHUE OCHOBHBIX OIIACHBIX M BPEIHBIX
(hakTOpOB, MEUCTBYIOLIMX B YCIOBMSIX NMPOMU3BOJACTBA HA OPraHU3M
YyeJIoBeKa.

1

CMm.: Memponoeuueckoe obecriedenne 6e3ornacHoct Tpyna. B 2 1. / Ilox pen. U.X. Co-
qorsiHa. T. 1. M3MepsieMble napamMeTpbl (GU3MYECKMX OMACHOCTEH M BPEIHBIX (HAKTO-
poB. — M.: U3natenbcTBO cTaHmapTos, 1988.
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Kourpoabubie Bonpocor
000 00000OCGCOOEOGEONOEOGNOEONOIO

1. Jlatp omnpenenenne NOHATUI <«OMACHBI [POU3BOJCTBEHHBbII
darrop> (OIlDP) u «BpenHbiii MPON3BOJACTBEHHDIIT (harTOP»
(BII®D). CymecrByer jin MeKIy HUIMH 4eTRas rpaHuia?

2. Rar nojipasjensiores ornacHble 1 BpeHbIE MPON3BOJICTBEHHbIE
darTopni?

3. Jlats onpenenenite MOHATHIT «G€30MIACHOCTD TPY/Ia», «IIPOU3BOJI-
CTBEHHAS CAHUTAPUS», «Te€XHHKA 0E30MaCHOCTH», «[OyKapHas 1
B3PBIBHAST OE30TACHOCTD».

4. Yro Takroe cpejicTBa KOJUIEKTUBHOI M MHINBUYAIBHONH 3aryTbi?

5. Hakue ocHOBHbIE HOPMATHBbBI 0€30MACHOCTH TPY/ia Bbl 3HaeTe?



/l 4 Bausanue na opranusm
YeAOBeKa METEOPOAOTHYECKHX
YCAOBHH

14.1. OcnoBuble NapameTpbl MHKPOKAHMATA
B NPOM3BOJICTBEHHDbIX MOMeEIIEHHAX

B mpolecce Tpyna B IPOM3BOACTBEHHOM ITOMEIIEHUU 4YEIOBEK
HAXOIUTCS MOJ BIUSHUEM OIIpeAesIeHHBIX METeOPOJIOTHIeCKUX YCIIO-
BMI, WJIM MUKPOKJIMMAaTa — KJIMMara BHYTPEHHEU Cpeabl 3TUX IIO-
MelneHuii. K OCHOBHBIM HOPMMPYEMBIM IIOKa3aTesIM MHKpPOKIMMA-
Ta Bo3ayxa paboueii 30HbI! oTHOCATCA Temmeparypa (7, °C), OTHOCH-
TeNbHAs BIaXHOCTh (¢, %), cKOpocTh IBrxXeHust Bosayxa (V, m/c).
CyliecTBeHHOE BIMSIHME Ha ITapaMeTphbl MUKPOKJIMMATa M COCTOSI-
HHME YeJIOBEYSCKOTO OpraHM3Ma OKa3bIBaeT TakkKe WMHTCHCHUBHOCTH
TerioBoro usnydeHus (I, Br/mM2) pasimyHbBIX HarpeTbiX IMOBEPXHO-
CTei, TeMIlepaTypa KOTOPHIX IIPEBHIIIAET TeMIIEpaTypy B IIPOU3BOI-
CTBEHHOM ITOMEIICHUMU.

OTHOCHUTeNIbHAsT BJIaXHOCTb BO3IyXa IIPEIACTAaBIISICT COOOM OTHO-
meHne (paKTUIECKOT0 KOJMYECTBAa MapoB BOABI B BO3MYXE MpPU JaH-
Hoil Temrieparype D (r/M3) K KOJIMYECTBY BOASHOIO Iapa, HACHILIAKO-

ILIETO BO3IyX NpU 3TOi Temnepatype, Dy (r/m3): ¢ = (DEJ - 100%.
0
Eciu B mpou3BoACTBEHHOM IOMEILEHUM HAXOOSITCS pa3inyHbIe
WCTOYHUKM TeIlla, TeMIlepaTypa KOTOPBIX MPEBBLIIIACT TeMIlepaTypy
YeJIOBEYECKOro Tejlia, TO TEeIJIO OT HUX CaMOIIPOU3BOJLHO MEPEXOIUT
K MeHee HarpeToMmy Telly, T. €. K ueJloBeky. M3BecTHO, 4TO pasnuua-
0T TPU OPUHLUMUANLHO Pa3HbIX dJIEMEHTApHBIX criocoba pacmpo-

I Bosmyx paGouyeil 30HBI — 3TO BO3AyIHAs Cpela B MPOCTPAHCTBE BHICOTON 10 2 M
HaJl YpOBHEM T10J1a WIM TUTOLIAIKK, TIe HaXomaTcsl paboune MecTa.
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CTpaHeHMsl TeIia: TeMJIONPOBOAHOCTb, KOHBEKIIUIO U TEIJIOBOE W3-
JlyueHue.

Tenaonposoonocms TIpENCTABISIET COOOI MEPEHOC TEIIa BCIAEACT-
BHUE OECITOPSIOYHOro (TETJI0BOTO) ABMKEHNSI MUKPOYACTHUIL (aTOMOB,
MOJIEKYJT WU 3JIEKTPOHOB), HEMOCPEACTBEHHO COMPUKACAIOIIUXCS
Ipyr ¢ apyroMm. KoHneekyueli Ha3bIBae€TCsl IEPEHOC TeIlja BCAEACTBUE
JIBUKEHHUSI U TNepeMellBaHUs MaKpOCKOIMYECKHUX O00BbEMOB raza WU
XUIKOCTU. Tenaogoe uziyyeHue — 3TO TIPOLIECC PACITPOCTPAHEHMS
3JICKTPOMArHUTHBIX KOJie0aHWI C pa3IMYHOM JJIMHOU BOJIHBI, OOY-
CJIOBJIEHHbIN TEIJIOBbIM ABMXKEHMEM aTOMOB WJIM MOJIEKYJ M3JTydaro-
1ero teja. B pealbHbIX YCIOBMSIX TEIUIO IepeaaeTcsl He KaKuM-aubo
OJHUM W13 YKa3aHHBIX BblllI€ CIIOCOOOB, 3 KOMOMHUPOBAHHbBIM.

Tenno, nocrynawpliiee B IMPOU3BOACTBEHHOE MOMeEIlEHe OT pas-
JIMYHBIX MCTOYHMKOB, BJIMSIET Ha TeMIlepaTypy Bo3ayxa B HeM. B
MPOM3BOJCTBEHHBIX TMOMEIIEHUSIX C OOJIbIIMM TeIJIOBbIAEICHUEM
MIPUOIM3UTEILHO 2/3 Teria IOCTyHaeT 3a CYeT M3JIyUYeHUs, a Tpak-
TUYECKM BCE OCTAIbHOE KOJIMYECTBO MPUXOAMUTCS Ha O KOHBEK-
uuu. KonuuecTBo Teria, nepeJaHHOro OKpPYKarolleMy BO3AYyXy KOH-
Bekuueit (Qy, BT), mpm HempepbIBHOM TIpoliecce TETUIOOTAAYM MO-
XeT ObITh PaCCUMTAHO IO 3aKOHY TemaooTaauu HbloToHa, KOTOpPHIi
JUUTSI HETIPEPBIBHOTO Tpoliecca TeIIOOTAauM 3alKChIBAETCS B BUJE:

Oc=aS (t— ),

rae o — KO9QOULUHMEHT KOHBEKLNH, ————
M®-Tpan

S — IUIoIanb TEIUIOOTAAYU, M2;

!t — Temreparypa UCTOYHUKa, °C;

f; — TeMIiepaTtypa oKpyxarolero Bosmyxa, °C.

HMCcTOYHMKOM TEMI0BOrO M3AYyYEHUsI B MPOU3BOACTBEHHBIX YCJIO-
BUSIX SIBJISIETCSI pacCIUIaBJICHHBIA WM HarpeTblii MeTasll, OTKPBITOE
IL1aMsl, HarpeThble MOBEPXHOCTU OOOPYIOBaHMSI.

KonuuecTtBo Temia, mepeaaHHOro MOCpeacTBOM MaaydeHus (Qy,
) oT 6onee HarpeToro TBepaoro Tejaa ¢ temmneparypoir 77 K k me-
Hee HarpeToMmy Tejly ¢ Temmeparypoil 7, K, ompenensieTcsa mo ypas-

HCHUIO:
4 4
T, T
=C, _,-St||l—-L| -|=2]| |®
0u=Cr2 T(100) (100) :

rge § — MOBEPXHOCTb U3JIYYeHUs, M2;
T — Bpems, C;
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C12— K03(OUUNCHT B3AUMHOTO U3JYYCHUS, ——— |

M- K

® — cpemHui YIJoBoi KO3((UIIMEHT, orpeneisieMblii (hopMoil U pa3Me-
pamMu y4yacTBYIOIUMX B TEIUIOOOMEHE MOBEPXHOCTEN, MX B3aMMHBIM
pAcToNOXKEHUEM B IMTPOCTPAHCTBE U PACCTOSIHUEM MEXIY HUMMU.

YenoBek B mpolecce Tpyda MOCTOSSHHO HAXOAUTCSA B COCTOSIHUU
TEMJI0BOr0 B3aMMOJEUCTBUS C OKpyXawueh cpepoit. s HopMa b-
HOTO MPOTEeKaHUS (U3UOJOTUYECKUX IMPOLIECCOB B OpraHU3MeE Yeso-
BeKa TpeOyeTcsl moaiaepkaHWe MPaKTUYECKU IMOCTOSIHHOM TeMIiepa-
TYpbl €r0 BHYTPEHHHUX opraHoB (mpubmusutenbHo 36,6°C). Crocob-
HOCTh YeJIOBEUeCKOro OpraHum3Ma K TMOAAEPXKAHUIO TTOCTOSIHHOMN
TeMIiepaTypbl HOCUT Ha3BaHUE mepmopeyaayuu. TepMOperyasiuus
JIOCTUTAETCsS] OTBOIOM BBIIEISIEMOIrO0 OpPraHM3MOM TeIlIa B Ipoliecce
KU3HEAESATEbHOCTU B OKpPYXKalolllee MPOCTPaHCTBO.

Bennumna TerioBbIIEEHUSI OPTaHM3MOM YeJIOBEKa 3aBUCUT OT
CTEIeHHU ero (pU3MYECKOTo HAMpSKEHUST U IapaMeTPOB MUKPOKJIVM a-
Ta B MPOU3BOJCTBEHHOM IMOMEIIEHUN M COCTABISIET B COCTOSIHUM I10-
kos 85 Br, Bo3pacrast no 500 BT npu TsKenoii (pusuueckoil padbote.

Tertootnaya OT opraHm3Ma YesioBeKa B OKPYXAWOIIYI0 Cpeay
MPOUCXOAUT CIEAYIOIIMMU TYTSIMU: B pe3yjabTaTe TeIUIONPOBOIHOCTHU
yepe3 opexay (Q;); KoHBekuuu Tena (Qy), UIy4eHUS HA OKpY-
XKarolide noBepxHocTu ( Qy), UCMapeHUs BIard ¢ MOBEPXHOCTH KOXU
(Qucn), @ TaKKe 3a cUeT Harpesa BblabIxaeMoro Bozayxa ((Qg), T. €.:

QO6LL[ = QT + QK + QI/I + ann + QB'

IIpencraBneHHOEe ypaBHEHUE HOCUT HAa3BaHUE YPAGHEHUS Meni080-
20 Oananca. Bkinan TmepedrcieHHBIX BBIIIE ITyTeil Iepenadyn Teria He-
TTOCTOSTHEH M 3aBHMCHUT OT IapaMeTPOB MUKPOKJIMMAaTa B TPOM3BOICT-
BEHHOM TIOMEILEHWH, a TakKKe OT TeMIIepaTyphbl OKPYXKArOIIMX YesO-
BeKa MOBEpXHOCTell (CTeH, MOToJjiKa, oOopymoBaHus u aAp.). Eciu
TeMIIepaTypa 3THX ITOBEPXHOCTEM HIDKE TeMIIepaTyphl YeI0BEY eCKOro
TeJa, TO TeTUIOOOMEH M3ITydeHEM UIeT OT OpraHrM3Ma 4esloBeKa K XO-
JIOMHBIM TIOBEPXHOCTSIM. B MpOTMBHOM ciydae TEIIOOOMEH OCYIIECT-
BJISIETCSI B OOpaTHOM HAaIlpaBIECHMM — OT HArpeThIX MOBEPXHOCTEH K
YeJloBeKy. TeriooTnaya KOHBEKIIMEN 3aBUCUT OT TeMIIepaTyphl BO3MY-
Xa B TIOMEIIIEHNU 1 CKOPOCTH €T0 IBIDKEHMS Ha paboyeM MecTe, a OT-
JlaJya TeIIOTHI IyTeM MCIApeHUsT — OT OTHOCHUTEIbHOM BIAXKHOCTU M
CKOpPOCTHM ABWXKEHUS Bosayxa. OCHOBHYIO JOJIO B TIPOILIECCE OTBOIA
TeIUla OT opraHn3Ma venoBeka (mopsaka 90% o0Iero KojanyecTa Te-
IJ1a) BHOCST U3JyYeHNE, KOHBEKIIMS M HCIIapeHNe.
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HopMainbHoe TeIrtoBoe caMOYyBCTBHE UeJIOBeKa IPU BHITOJTHEHUH
UM paboOThHI JII000I KATETOPUHU TSKECTH JOCTUTAETCS IIPU COOMIONEHUN
TEIUTOBOTO 0OajaHca, ypaBHEHHWE KOTOPOTO TIPMBEICHO BbImIe. Pac-
CMOTPUM, KaK BJIMSIIOT OCHOBHBIE ITapaMeTphl MUKPOKJIMMATa Ha TeI-
JIOOTJA4Yy OT OpraHM3Ma YeJIOBeKa B OKPYXKAIOIIYIO CPeLy.

Bnusnaue temnepaTypbl OKpPYXKarIIEero Bo3ayxa Ha 4YeJIOBEUYECKUA
OpraHu3M CBSI3aHO B IIEPBYIO oYepelb C CY:KEHUEM WJIA pPaclIMpeHU-
€M KPOBEHOCHBIX cocynoB Koxu. Ilon nmeiicTBUEM HU3KMX TeMIlepa-
Typ BO3Oyxa KPOBEHOCHBIE COCYIBI KOXHU CYXKaloTCsl, B pe3yabTaTe
Yyero 3ameisieTCsl MOTOK KPOBM K IOBEPXHOCTU Tejda M CHUKAETCS
TeIJI00TAa4Ya OT ITOBEPXHOCTU TeJIa 32 CUET KOHBEKILIMU M U3JTyUYEeHMUSI.
IIpy BBICOKMX TeMmIiepaTypax OKpPYKaIOIIEro BO3ayxa HaOJomaeTcs
obpaTHag KapTUHA: 3a CYET paclIMpPeHUs] KPOBEHOCHBIX COCYIOB KO-
KU M YBEJIMUEHUST NMMPUTOKA KPOBU CYLIECTBEHHO YBEJIMYMBAETCS Te-
IUIOOT/IaYa B OKPYXKAIOIIYIO Cpendy.

[ToBbllIeHHAST BIAXHOCTh (¢>85%) 3aTpymHseT TeIULIOOOMEH Me-
KOy OpPraHM3MOM 4YeJIOBeKa M BHEIIHE# cpemoil BCIIEACTBUE YMEHb-
IIEHWS WCIIapeHnsT BJard C TTOBEPXHOCTH KOXW, a HM3Kasd BiIaX-
HOCTh (¢<20%) NpUBOOUT K IIEPECHIXaHUIO CIU3UCTHIX O0O0JIOYEK
JIbIXaTeJIbHbIX MmyTel. JIBMXKeHMe Bo3ayXa B IIPOU3BOJICTBEHHOM IIO-
MEILEHUHN YJIy4YIlIaeT TEIJI000MEeH MEXAy TeJIOM ueoBeKa M BHEIIHEH
Cpemoii, HO M3JIUILIHSIS CKOPOCTh ABVIKEHUST BO3AyXa (CKBO3HSIKM) TT0-
BBILIIAET BEPOSITHOCTh BOZHUKHOBEHMS TTPOCTYIHBIX 3a00JICBAHMIA.

ITocTosTHHOE OTKJIOHEHWE OT HOPMAJIBHBIX IapaMeTpPOB MUKPO-
KJIMMaTa TIpUBOAMT K TIepPeTrpeBy WM TepeOXIaXKICHUIO YeloBeYe-
CKOT0 OpraHM3Ma M CBSI3aHHBIM C HUMUW HETaTUBHBIM IOCJIEICTBUSIM:
MIpU TIeperpeBe — K OOMJIBHOMY MOTOOTHEIEHUIO, YYAIleHUIO ITyJibca
U OBIXaHUSI, Pe3KOil cIab0CTU, TOJOBOKPYKEHUIO, MOSIBICHUIO CYIO-
por, a B TSDKEJBIX CIydasiXx — BO3HUKHOBEHHIO TEIJIOBOTO ydapa.
IIpn nepeoxyaXxneHUM BO3HMKAIOT IPOCTYIHBIC 3a00JeBaHUs, XpO-
HWYECKHE BOCITAJICHUSI CYCTaBOB, MBIIIII 1 JIp.

J1g uckInroueHus NepeuyrcaeHHBIX BhIIIe HETaTUBHBIX MOCICACT-
BUI1I HEOOXOAMMO IIPABWJILHO BBIOMpATh MapaMeTpbl MUKPOKJIMMATA
B IIPOU3BOJCTBEHHBIX ITOMEIICHUIX.

B oredecTBEHHBIX HOPMATUBHBIX JOKYMEHTAX BBEIECHBI ITOHSTUS
ONTUMAJbHBIX M JOIYCTUMBIX IapaMeTpPOB MUMKpoOKIuMmara. Onmu-
MANbHBIMU MUKPOKAUMAMUYECKUMU VCAOBUAMU SBJISTIOTCS TaKHE COdYe-
TaHMUsI KOJMYECTBEHHBIX MapaMeTPOB MMKPOKIMMATA, KOTOpPbIE NpU
JIJIATETBHOM W CUCTeMaTUYeCKOM BO3IEHCTBMHM Ha YeJloBeKa oOecIie-
YUBAIOT COXPaHEHUE HOPMAILHOTO (PYHKLMOHAJIBLHOIO M TEIUIOBOIO
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COCTOSTHMSI OpraHn3Ma 06e3 HaIpsoKeHUST MEXaHU3MOB TePMOPETYJIsI-
mun. OHUM obecreuynBaloT OLIYIIEHUWE TeIJIoBOro KoMdopra M Co3-
JIal0T TIPEAITOCHUIKM IJISI BBICOKOTO YPOBHS paOOTOCIIOCOOHOCTH.

Lonycmumbimu ycaosusamu SIBISIIOTCSI TaKNE COYETAHUSI KOJTUYECT-
BEHHBIX ITapaMETPOB MMKPOKJIMMATa, KOTOPHIE TIPHM IJIUTEILHOM W
CHCTEMaTHMYEeCKOM BO3JIEHCTBUM Ha YeJIOBEKa MOTYT BBI3BATh IPEXO-
JsIIe M ObICTPO HOPMAaTM3YIOIIMecs U3MeHeHUs (PYHKIIMOHATILHOTO
1 TEIIJIOBOTO COCTOSTHUSI OpraHM3Ma, COIPOBOXKIAIOIINECS HaIlpsiKe-
HUEM MEXaHU3MOB TEPMOPETYJISIUK, HE BBIXOIOSIIMM 33 IIPEACIbI
GU3NONOTrMYECKMX ITPUCIIOCOOUTEIBHBIX BO3MOXHOCTel. Ilpu sToM
HEe BO3HUKAET IMOBPEXICHWIN WJIM HAapyIIEHUH COCTOSIHUSI 3M0POBBSI,
HO MOTYT HaOJNIOmAThCSA YXYAIIEHUE CAMOUYYBCTBMSI M CHIDKCHHE pa-
00TOCIOCOOHOCTH.

B I'OCTe 12. 1.005-88 «Bo3ayx paboueii 30HbI. O0ILIME caHUTap-
HO-TUTMEHWYECKNE TpeOOBaHWS» TIPEACTABICHBI ONTUMAJIBHBIE U
JIOIyCTUMBIE TIapaMeTphl MMKPOKJIMMATa B IPOM3BOICTBEHHOM II0-
MEIIEHUN B 3aBUCUMOCTU OT TSDKECTU BBITTOJTHSIEMBIX PadOT, KOJM-
yecTBa U3OBITOUHOIO Teljia B MOMEIEHUU U ce30Ha (BpEeMEHMU Toja).

B cootBerctBum ¢ 3tiM 'OCToM pa3innyaroT XOJOTHBIN U Tepe-
XOIHBIN TIeproabl roma (CO CPeIHECYTOYHON TeMIepaTypoil HapyxXK-
Horo Bosayxa Hike +10°C), a Takke TEIUIBINA Mmepuoa roma (¢ TeM-
nepatypoir +10°C u BhIIE). Bce Kareropuy BBITTOTHSIEMBIX PadOT
ToApa3aesIsIIOTCA Ha: Jierkue (2Heprosarpathl mo 172 BT), cpemHeit
TsKecTr (3Hepro3aTparsl 10 172—293 Bt) u TsoKeable (3Heprosarpa-
TBl O6osiee 293 Bt). Ilo KonmmuecTBY M3OBLITOUHOTO TEIIa BCE IPOU3-
BOJICTBEHHBIE TOMEIICHMS ACNSITCS Ha TOMEIIEHUS C HE3HAYUTENhb-
HBIMU U30BITKAMU SIBHO# TerutoThl! (Q, 1 < 23,2JIK/M3-C) U MOMEILEHUS
CO 3HAYUTEJBHBIM M3OBITKOM $IBHOM Terumorhl (Qy . > 23,2JIx/M3.c).
ITpon3BoacTBEHHBIE ITTOMEIIEHUSI C HE3HAYUTEITbHBIMM M30BITKAMU
SIBHOIM TEIUIOTHI OTHOCSTCS K «XOJOIHBIM IIeXaM», a CO 3HAUNTE]Ib-
HBIMU — K «TOPAYUM».

B xauecTBe mpumMepa OIpeAeIMM OINTHMAJbHBIE W JOITyCTUMBbIC
rmapamMeTpbl MUKPOKJIMMATa Ha IMTOCTOSHHBIX PabOYMX MECTaX MCXOMIS
U3 CIEAYIOIIMX IToKa3aTeJiei: KaTeropusl paboT — TsoKelas, Mepruo
roga — XOJOMHBINA, TOMEIICHUSI — C He3HAUNTEIbHBIM M30BITKOM
SIBHOM TETLJIOTHI.

! SIpHas TemioTa — 3TO TEIUIOTA, MOCTYNAIOLIAA B MPOM3BOACTBEHHOE MOMELIEHUE OT
000pYIOBaHMSI, OTOMUTENBHBIX MPUOOPOB, COJTHEYHOTO Harpesa, JIOIe U IPYrux MC-
TOYHUKOB BO3ICMCTBUS Ha TEMITEPATypy BO3IyXa B 3TOM MOMEIICHHH.
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ITo TOCTy 12.1.005-88 HaxoguM CcleAyOIIue IapaMeTpbl MHUK-
pokJmMarTa:

Beauuuna napamempa
Ilapamemp
Onmumanvuas | onycmumas
Temneparypa Bosayxa, “C 16—18 13—19
OTHocHTENbHAs BIAXHOCTb Bo3ayxa, %  40—60 He 6onee 75
CKOpoCTb IBUKEHHUS BO3ayXa, M/C He 6onee 0,3  He 6onee 0,5

ITpy MOCTOSIHHOM TEMJIOBOM OOJYYEHUM YEJI0BEUECKOIro opra-
HH3Ma HaCTyIaloT HapylleHUs B AESATEJbHOCTU €ro OCHOBHBIX CHUC-
TeM U B TIEPBYIO ouepellb CepAeuyHO-COCYAUCTON U HEPBHON CHUCTEM.
ITpenenbHO OOMYCTUMBIN ypOBEeHb (HOpMUpPYEeMOe 3HAaueHWE) MHTEeH-
CUBHOCTU TEIJIOBOIO U3JIyUeHUsI NTpU OOJyYeHUN MOBEPXHOCTHU TeJsa:

50% u 6onee — 35,0 Br/m?
Ot 25 1o 50% — 70,0 Br/m2
He 6onee 25% — 100 Br/m?2

st mopmepxXaHUsT HOPMAaJbHBIX MapamMeTpoOB MUKpOKJIMMAaTa B
paboyeil 30HE NPUMEHSIOT CHEAYIOIME OCHOBHbIE MEPONPUSITUS:
MEXAaHU3ALMIO W aBTOMATU3ALMIO TEXHOJOTMYECKMX ITPOIECCOB, 3a-
IIUTY OT UCTOYHUKOB TEIJIOBOTO M3JIy4eHUsI, YCTPOWMCTBO CHUCTEM
BEHTUJISILMY, KOHAMLIMOHMPOBAHUS BO3yXa U OTOILICHMSI.

Kpome Toro, BaxkHOe 3HaUY€HHWE MMeEET TMpaBUIbHAS OpraHU3aLus
Tpyla U OTAbIxa PAOOTHUKOB, BBIMOJHSIOILIUX TPyAOoeMKUe padoOThl
WIn paboThl B ropsiuux uexax. s aTux KaTteropuii pabOOTHUKOB
YCTparBalOT CHEHUAIbHBIE MECTa OTObIXa B IOMEIICHUSIX C HOP-
MaJbHOM TeMIepaTypoii, OCHAILEHHbIX CUCTEMOW BEHTWJISLUMU U
CHaOXeHMS TTUThEBOM BOIOM.

Paccmorpum 0Oojiee moapoOHO TNEepeUMCIEHHBIE MEPOIPUSITUS.
MexaHuzauusi 1 aBTOMaTU3alMsl MTPOU3BOACTBEHHOIO Mpoliecca IMo-
3BOJISIIOT JIMOO Pe3KO CHU3UTh TPYAOBYIO HArpy3ky Ha paboTalolIunX
(Maccy mogHMMAaeMOro M IMepeMellaeMoro BpYYHYIO Ipy3a, paccTosi-
HUE TepeMellleHUs] Tpy3a, YMEHBILIUTb Mepexolbl, OOYCIOBJIEHHbIE
TeXHOJIOTUYECKHUM TIpOoLeccoM, U Ap.), 1M00 BOBce yOpaTh uesioBeKa
U3 MPOM3BOJACTBEHHOI Cpelbl, MEpPeIOXUB ero TPyAoBble (YHKUUU
Ha aBTOMAaTU3UPOBAHHbIE MallMHBLI U 00opynoBaHue. OQHAKO aBTO-
MaTu3alusl TEXHOJOTMYECKUX IIPOLECCOB TpedyeT 3HAYUTEIbHBIX
9KOHOMUUYECKUX 3aTpaT, YTO 3aTPyAHSIeT BHEAPEHUE YKa3aHHBIX Me-
pONpUSITUIA B MPOU3BOACTBEHHYIO TPAKTUKY.
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i 3alIUTBl OT TEIJIOBOTO M3JIyYeHUsS WCIIOIL3YIOT pa3nyHbIC
TETTOM30JIMPYIOIINE MaTepUalibl, YCTPAMBAIOT TETUIO3AIIUTHBIE 2Kpa-
HBl W CIIeIVaJbHbIe CUCTEMbl BEHTWISLMU (BO3MYIIHOE MyIIMPOBA-
Hue). [lepeuncieHHble BBIIE CPEACTBA 3AIUTHI HOCSAT 00OOIIaIolIee
TIOHSITUE MenAo3auummnsix cpedcme. TeIno3aluTHbIE CPENCTBa TOJIK-
HBI 00ecreYnBaTh TEIUIOBYIO OOJIydYeHHOCTh Ha pabo4yMx MecTax He 00-
nee 350 Br/M2u Temreparypy MOBEPXHOCTU OOODYIOBAHUS HE BHILIE
35°C npum Temriepatype BHYTpU McTouHMKa Terma 10 100°C 1 He Bbllle
45°C — mpu Temrepatype BHYTpY MCTOUYHHMKA Teruia Beire 100°C.

OCHOBHBIM TIOKa3aTejieM, XapaKTepu3yroIlnuM 3¢G@GeKTUBHOCTh
TETUTOM3OJIIIIMOHHBIX MaTepUAJIOB, SBISIETCS HU3KUM Ko3(pduimeHT
TEIJIONPOBOAHOCTUL, KOTOPKIN COCTABAET Ul OONBIIMHCTBA U3 HUX
0,025—0,2 Br/m-K.

st TeTTOM30JISIUKA MCTIONB3YIOT pa3jMdHbIe MaTepualibl, Ha-
IpuMep, acOSCTOBYIO TKaHb M KapTOH, CIIEIIMaJIbHBIE 0ETOH M KHUP-
MUY, MUHEPATbHYIO M IIUIAKOBYIO BaTy, CTEKJIOTKAaHb, YIJIEPOIHBIN
BOiOK M Op. Tak, B KadyecTBe TEIJIOU3OJSIIMOHHBIX MaTepuajoB
JJIST TpyOONIPOBOJOB ITapa M ropsiyeil BOIbI, a TakKxKe JJIsl TpyOoIIpo-
BOJIOB XOJIOOOCHAOXKEHUSI, MCITOJIb3YEMBIX B MPOMBILIICHHBIX XOJIO0-
IVJTBHUKAX, MOTYT OBITh MCITOJIb30BAaHBI MaTepHalbl M3 MUHEpPaJb-
HOM BaTHlI.

Teruro3almMTHBIE 3KpaHBI UCHONB3YIOT IJIS JIOKAJTW3ALUNA MCTOY-
HUKOB TETUIOBOTO M3JIy4YEeHUsI, CHIDKCHHST OOJTyYeHHOCTH Ha pabodymx
MecTaX, a TakKe JJIsI CHUKEHHUS TeMIIepaTyphl MMOBEPXHOCTEH, OKpPY-
Xawllux padoyee mMecto. YacTh TEIIOBOro M3JIy4eHUs] dKpaHbl OT-
paxaroT, a 4acTh MOTJIOIIAIOT.

sl KOAMYeCTBEHHON XapaKTEepUCTUKM 3allUTHOrO JIeHCTBUS
9KpaHa HCIIOJb3YIOT CIeAyIollMe MoKa3aTeanu: KpaTHOCTh ocyabiie-
HUS TETUIOBOTO TOTOKa (M), a TakkKe 3(PpDeKTUBHOCTb NEHCTBUS K-
paHa (n,). DT XapaKTepUCTUKHU BbIpAXKalOTCs CAEAYIOLIUMU 3aBU-

CUMOCTSIMU:
E _
m="L yun,=E8-E 100%,
) E,
rne E; u E; — MHTEHCHUBHOCTD TETUIOBOTO OOJyYeHMsT Ha paboyeM MecTe CO-
OTBETCTBEHHO [0 U I110CJIE€ YCTAHOBKU 3KpaHOB, Br/M2.

I Kos(ppuumeHT TeruonpoBOIHOCTA WK TEIIONPOBOAHOCTh () IOKA3bIBAET, KAKOEe
KOJIMYECTBO TEIIa MPOXOAUT 3a CUECT TEIIOMPOBOAHOCTH B €IMHMIy BPEMEHHU UYEpe3
eIMHUYHYIO IUTOIIAAb CTEHKU IPM PA3HOCTU TEMIIEpaTyp MeEXIYy ITOBEPXHOCTSIMU
creHKM oauH Tpamyc. B cucreme CH pasmeprocts Bt/M-K.
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Takum obpazom, mokazaTelb m OIpeAessieT, BO CKOJbKO pa3
MepBOHAYaJIbHbIM TEIUIOBOM IOTOK Ha paboyeM MecTe IIpeBbIllal
TEIUIOBOI MOTOK Ha paboyeM MecTe Iocje YCTAaHOBKM 3KpaHa, a Io-
KaszaTeslb M, — Kakas 4acTb M3 MEePBOHAYaJbHOIO TEIJIOBOIO MOTOKA
JIOXOIUT 10 pabouero MecTa, 3allMILIEeHHOro 3KpaHoM. DPdeKTus-
HOCTb T, JUISI GOJIBIIMHCTBA 3KPAHOB JIEKUT B mpeaenax 50—98,8%.

Paznuyator TemiooTpaxarouiye, TerUIONOmIoaole U Terio-
OTBOZSIILIME IKpaHbl. TeraooTpaxarolre 3KpaHbl W3rOTaBJIMBAIOTCS
U3 aJTIOMUHUS UM CTald, a TakKKe (OJbI'M UM CETKM Ha MX OCHOBE.
Termonornowamoue 3KpaHbl MPEACTABASIOT COO0 KOHCTPYKIIMM
U3 OTHEYIOPHOTO KUpIuya (TWMa IamMoTa), acOecTOBOro KapToHa
WK cTekJIa (Mpo3payHble 3KpaHbl). TenaooTBoasIIMEe SKPaHbl — 3TO
OJIble KOHCTPYKIIMU, OXJIAXKIaeMble U3HYTPU BOJOM.

CB0e0oOpa3HbIM TEIUIOOTBOASIIMM MPO3PAYHBIM SKPAHOM CITY>KUT
Tak Ha3blBacMasi BOJNsiHasl 3aBeca, KOTOPYIO YCTPauBalOT y TEXHOJO-
TMYECKUX OTBEPCTUH MPOMBILIJIEHHBIX MEeYel U Yepe3 KOTOPYIo BBO-
JSIT BHYTPb Ie4yeil MHCTPYMEHThI, oOpabaTbiBaeMble MaTepUabl, 3a-
TOTOBKU U Jp.

14.2. Cosaganne Tpebyembix mapameTpos
MHKPOKAHMAaTa B MPOH3BOJCTBEHHDIX
noMeIeHHsIX

g co3maHmst TpeOyeMBIX MMapaMeTpOB MUKPOKIMMATa B TIPOM3-
BOJICTBEHHOM TMOMEIIEHUU TPUMEHSIOT CHUCTEMbl BEHTWISILIUM U
KOHIWIIMOHUPOBAHMUS BO3MyXa, a TakKKe pa3IMYHBIE OTOIMUTEIbHBIC
ycTpoiicTBa. BeHTuassuust npencrtapisgeT coOOii CMeHY BO3ayXa B MO-
MeEIIeHNH, TIpeIHA3HAYCHHYIO MOIICPXMBATh B HEM COOTBETCTBYIO-
1I1e METEOPOJIOTUYECKUE YCIOBUS U YUCTOTY BO3AYIIHON Cpedbl.

BenTunammus moMelneHuin AOCTUTAeTCs yoaJleHWeM W3 HHUX Ha-
IPETOr0 WJIM 3arps3HEHHOrO BO3IyXa W MOJayeil YMCTOTO HApYKHOTO
Bo3ayxa. ITocKoNIBKY B MaHHOI TJiaBe paccMaTpuBaeM CUCTEMBbI BEH-
TWISLWU, TIpeaHa3HaYeHHbIe IS oOeclieueHUsT 3aJaHHBIX MeTeopo-
JIOTUYECKUX YCIIOBUIM, pPacCMOTPUM OOIICOOMEHHYIO BEHTWIISIIMIO,
KOTOpast OCYILIECTBJISIET CMEHY BO3JyXa BO BCeM MoMelleHUu. [pyrue
THITBI BEHTUJISIIIAM pacCMOTPEHBI Jajiee.

OO611e0OMeHHAsT BEHTWISLMS TpeIHa3HadyeHa IS MOIAepsKaHUs
TpeOyeMBIX TTapaMeTpOB BO3MYIIHOM Cpembl BO BCEM OObEeMe ITOMEIIe-
Hus. CxeMa TaKkoM CUCTEeMbl BEHTWISILIMU MpeacTaBicHa Ha puc. 14.1.
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st appekTMBHOM pabOTHI CUCTEMBI O0IIIEOOMEHHON BEHTUISLIMNA
MpY TIOJIEPXKAHUN TPeOYeMBbIX IapaMeTpOB MUKPOKJIMMATa KOJude-
CTBO BO3IyXa, IOCTYMNAIOWIEro B mnomelieHne (Lyp), MTOKHO ObITh
MPAaKTUYECKN PABHO KOJUYECTBY BO3MyXa, YAAISEMOTO U3 HEro (Lgy;).

\AA/
- «f 3 >
4 Sr
T A

Puc. 14.1. Cxema obueobmennoii 6enmuaauuu
(cTpenkaMu TTOKa3aHO HaIlpaBJIcHME IBVKEHUSI BO3IyXa)

KonmmyectBO mpUTOYHOro BO3Myxa, TpeOyeMOro ISl YmajJeHMS
M30BITKOB SBHOM TEIJIOTHI M3 momelleHUsS (Qysg, KIAX/4), ompene-
JIeTCS BhIpaKEHUEM:

_ Ous , (14.1)
Cpnp (tBblT - tnp)

rae: Ly, — TpebyeMoe KOJIMYECTBO MPUTOYHOTO BO3IyXa, M3/u; C — ynenbHas

TEIMJI0eMKOCTb BO3/yXa MPU MOCTOSIHHOM NaBieHuM, paBHas 1 kK/I/(Kr-rpan);

Pnp — TWIOTHOCTb MPUTOYHOTO BO3IYXa, KI/M3; tyr — TEMIIEPATYPA YAAISEMO-

ro Bosayxa, “C; f,, — TeMIiepatypa puTOYHOTO Bo3ayxa, °C.

p

st a¢ppexTMBHOrO ynaaeHus1 U30bITKOB SIBHOW TEIJIOTHI TeMIIe-
patypa MPUTOYHOIO BO3ayXa AOJKHA ObITh Ha 5—8°C HUXe TemIie-
paTypsl Bo3myxa B paboueit 30He.

KonmmaecTBo IpUTOYHOTO BO3MyXa, HEOOXOAMMOTIO IS YHaJeHUS
BJIaT'W, BBIIEJMBIIIEICS B ITIOMEIEHNY, PACCIYMTHIBAIOT IO (hopMyIie:

___ Gen , (14.2)
pnp (deIX - dl'[]JI/IT)

rme Ggr — Macca BOIAHBIX ITApOB, BBUIETIAIOIIMXCA B MOMELUEHUN, T/4; dyy iy
— cofiepXaHue BIark B YIaIseMOM M3 MOMEIICHHS BO3AYXE, I/KT; dypyr —
COlepXKaHMe BIArM B HAPYXKHOM BOBMYXe, I/KT; py, — TUIOTHOCTb MIPUTOYHO-
ro BO3myxa, Kr/m3.

Ly,

HpI/I OOJHOBPEMCHHOM BbLIACJIICHUW B IIPOMU3BOACTBEHHOM IIOMEC-
IEHWHN I1apOB BJIaru " U30BbITOUHOM TEIJIOTHI MOCIEA0BATEIbHO IIpo-
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BomAT pacyeT 1Mo dopmynam (14.1) u (14.2) 1 B KayecTBE MCKOMOTO
pe3yabTaTa UCIONB3YIOT 0OJbllIee U3 MOTYYeHHBIX 3HAYCHUIA.

[lo cmocoby mepemMewmeHusA BO3OYyXa BEHTUISI-
LIMST MOXKET OBITh KaK €CTECTBEHHOM, TaK M C MEXaHMYECKUM T00YK-
JIIeHrMEeM, BO3MOXKHO TakxKe COYeTaHHMe 3TUX IBYX criocooos. Ilpm ec-
mecmeenHol BEHTWISILIMM BO3MYX TMepeMellaeTcsl 3a CUeT Pa3HOCTU
TEMIIepaTyp B IIOMEILIEHUY 1 Hapy>XHOTO BO3IyXa, a TAKXKE B pe3ysb-
TaTe BETPOBOTO AaBiieHUs (meiicTBusl BeTpa). CHOCOObI €CTeCTBEHHOM
BeHTWJISILIMW: WHOWILTPALNS, TTPOBETPUBAHUE, adpamysi, ¢ MCIOIb-
30BaHUEM Je(IeKTOPOB.

Ilpu mexanuueckoli BEHTWISILIMU BO3MyX IIepeMelaeTcs C IIOMO-
IIBI0 CIHELUMAJbHBIX BO3MYXOMYBHBIX MAIlIMH-BEHTWISITOPOB, CO3-
JAOIINX OIpene/ieHHOe AaBJeHWE M CIIyXKAIluX UIST TIepeMelleHUsI
BO3lyXa B BEHTWISILIMOHHOW cetu. Yallle Bcero Ha IpakTUKE HC-
MOJIB3YIOT OCEBBIC M paguajibHble BEHTUISTOPHI.

ITo MmecTy AelicTBUS BEHTWISALUS ObIBaeT 0OILLICOOMEH-
HO#t 1 MecTHOU. ObujeoomeHHas BEHTUIALINASA 00eCcTIeYnBaEcT MOIIEP-
JKaHUe TpeOyeMbIX MmapaMeTpoB BO3AYIIHON Cpeldbl BO BCeM OObeMe
IIOMEILICHUsI, a MecmHass — B OIPENEICHHOI ero YacTHu.

Bosnyx, BcachiBaeMBlii BEHTUJISITOpAaMU M3 aTMOC(epbl, Mocie
OYMCTKM M TIOJOTPEBa MOCTYIIAeT B CIelIMaJIbHbIe KaHaJIbl, Ha3bIBac-
MbI€ BO3IYyXOBOJAMHU, U PA3BOAMUTCS IO MPOU3BOACTBEHHOMY ITOME-
meHnio. Takass BEeHTWISIUs Ha3bIBaeTCsT npumoyroi. HarpeTslit Bo3-
IyX W3 TIOMEIICHMS, COmepXKaIlluii BOMSHBIC ITapbl, OTBOOWUTCS W3
TTOMEIIEHUS C TTOMOIIBIO CUCTEMBI BBITSDKHOW BEHTUIISILIVIUL.

IIpuToyHast M BBHITSKHASI BETBb BEHTWJISILIMA MOTYT OBIThH OObe-
IUHEHBI, B 5TOM CJIydae CHCTeMa BCHTWISILIMU HA3bIBACTCS MPUMOY-
HO-6bimsxcHol. BoIpIlIoe paclpocTpaHeHHe Ha IIpaKTUKe ITOIyJmiIa
MIPUTOYHO-BBITSIKHAS BEHTWISLIMS C pelUpKyasuueil Bo3myxa. st
Hee XapaKTepHO MCIIOJb30BaHMWE YAaCTU BO3AyXa, yOalIseMOro U3 Io-
MEILCHUSI W TIPOIIECAIIer0 OYMCTKY B CHUCTeME IPUTOYHOM BEHTWJIS-
unu. [Ipy 3TOM pelMpKyJUpYOIIMA BO3IYyX pa30aBiIsIeTCsS YacThIO
CBEXEro BO3[yXa, IMOCTymalomero u3 atMocdepsl. Mcronb3oBanue
TaKOW CHUCTEMBbl BEHTWJISLIMM TO3BOJISIET CHU3UTH PacXoibl Ha OYM-
CTKY BO3IyXa, IIOCTYIAIONIETo 13 aTMocdephl, 1 Ha ero HarpeB B XO-
JIOMHOE BpeMs Tofa.

Kak yxe ckazaHo BBIlIE, IS CO3MAHMST TPEOYEMBIX MapaMeTpOB
MUKpPOKJIMMATa Ha OIpeJeJeHHOM y4acTKe MPOU3BOACTBEHHOIO IIO-
MEILEHUsI CIYXKMT MECTHasl IPUTOYHAs BEHTWISUMS. B ornumuwme ot
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0011IeOOMEHHOI MPUTOYHOM BEHTWJISIIMK OHA IIOJAET BO3MYX HE BO
BCE TOMEIICHMS, a JIMIIb B OrPaHUMYCHHYIO 4acTh. Pa3nmmyaroT cire-
OYIOLIUE YCTPOMCTBA MECTHOM INMPUTOYHON BEHTWJISILIMM: BO3OYIIHBIC
Iy ¥ 0a3MCHI, a TAKXKe BO3AYLIHO-TEIIOBBIE 3aBECHI.

Bozdywnbsie Oywu TIpUMEHSIIOTCSI IJIST 3allUTHl pabOTalOLIUX OT
BO3IECICTBUSL TEIUIOBOTO WU3JIy4eHUs MHTEHCUBHOCTHIO 350 Br/M2 1
O6onee. IlpuHUMNO AEHACTBUSI 3TOrO YCTPOMCTBA OCHOBAaH Ha 00IyBe
paboTalollero crpyeil yBIaXKHEHHOTO BO3IYIIHOIO MOTOKA, CKOPOCTh
Kotoporo cocrasisgeT 1—3,5 m/c. Ilpu aTOM yBeIMUMBAETCS TEIIO-
oTIaya OT OpraHM3Ma UYejloBeKa B OKPYXKAOIIYIO CPeLy.

B 6030ywnbix 0oazucax, mpencTapasIONIMX COOOM 4acTh TTPOU3BO/I-
CTBEHHOTO ITOMEIICHMSI, OTPAHUYEHHOIO CO BCEX CTOPOH IEPEHOC-
HBIMU IIEPETOPOIKAMU, CO3HAIOTCSI TPeOyeMble IIapaMeTphl MHKPO-
KJIMMaTa. YKa3aHHbBIE MCTOUHUKU UCIIOJIB3YIOTCSI B TOPSUYMX 1IEXax.

s 3aIImThsl JIIOIEH OT TMepeoXyIakKAeHUS B XOJIOAHOE BpeMs Toma
B JBEpHBIX ITpoeMax U BOPOTaxX YCTPAUBAIOT G030YUiHble N 8030YUIHO-
mennoevie 3agecyl. [IpUHINIT X PaOOTBI OCHOBAH HA TOM, YTO ITOX YT-
JIOM K XOJIODHOMY BO3IYIIIHOMY IOTOKY, TOCTYITAIOIIEMy B ITOMeEIIle-
HHWE, HampaBjieH BO3OYLIHBI TMOTOK (KOMHATHON TeMIIepaTyphl WIIN
MOJAOTPEThIN ), KOTOPBIN JUOO CHMXKAET CKOPOCTb M M3MEHSIET HarpaB-
JICHHE XOJIOAHOTO BO3MYIIHOIO IOTOKA, YMEHbIIAasl BEPOSITHOCTb BO3-
HUKHOBEHHUSI CKBO3HSIKOB B IIPOM3BOACTBEHHOM IIOMEIICHUU, JHOO
IMOJOTPEBAET XOJOMHBIN TTOTOK (B Cllydae BO3MYIIHO-TEIUIOBOM 3aBe-
cbl). Takue BO3AYLIHO-TEIUIOBBIE 3aBEChl YCTAHOBJEHBI HA BXOJaxX Ha
CTaHLIMM METPOIIOJIUTEeHA, a TaKKe B ABEPSIX KPYITHBIX Mara3uHOB.

B Hacrostiiee Bpemst il IommepXKaHus TpeOyeMBIX ITapaMeTpOB
MHUKPOKJIMMATa IIUPOKO TPUMEHSIOTCS YCTAHOBKM IS KOHIMIIMO-
HUPOBaHUS BO3ayxa (KOHIULMOHEPHI). KoHouyuoHuposanuem 6030yxa
Ha3bIBaeTCS CO3MaHUE U aBTOMAaTUYECKOE IOIACpKaHUE B IIPOU3BOI-
CTBEHHBIX MM OBITOBBIX ITOMEIICHUSIX He3aBUCMMO OT BHEIIHUX Me-
TEOPOJIOTUYECKUX YCJIOBUI ITOCTOSIHHBIX WJIM W3MEHSIOIINXCS I10
OIpeJeICHHOM MporpaMMme TeMIlepaTypbl, BJIAXKHOCTU, UYUCTOTHI U
CKOPOCTH IBIDKEHUS BO3IyXa, COUYETaHME KOTOPBIX CO3IaeT KOM-
(opTHBIE yCIOBUS Tpyda WX TpeOyeTcs T HOPMaJIbHOTO ITPOTEKa-
HUSI TEXHOJOTMYECKOTO Ipolecca. KoHaulimoHep — 3TO aBTOMATH-
3MpOBaHHAsl BEHTWISLIMOHHAsI YCTAaHOBKA, KOTOpas IMOJAEPKUBAeT B
TIOMEIIICHNN 3aJaHHbIC ITapaMeTphl MHUKPOKJIMMAaTa. DKCILUIyaTallvst
YCTaHOBOK 11 KOHAMIIMOHUPOBAHMUS BO3MyXa OOBITHO HOPOXKE, YeM
BEHTUJIIIIMOHHBIX CUCTEM.
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st mommepkaHWsI 3aJaHHOM TeMIlepaTypbl BO3AyXa B IIOMeIle-
HUSIX B XOJOOHOE BpeMSI Trofia MCIOJB3YIOT Pa3IMYHBIE CHUCTEMBI
OTOIJICHUS: BOISIHAS, TTapOBasi, BO3AYIIHAS 1 KOMOMHUPOBAaHHAS.

B cucremax 600snoe0 omonaenuss B Ka4eCTBE TEILJIOHOCUTENSI MC-
noyb3yeTcsl Boda, Harperas au6o go 100°C nubo meperperast BbIle
9TOI TeMIlepaTypbl. DTU CUCTEMbI OTOILJIeHUs] Haubosee 3¢h¢heKTUB-
HBI B CAHUTApPHO-TUTUEHNYECKOM OTHOIICHUU.

CucTeMbl napooeo omonieHus: VCIIONb3YIOTCSI, KaK IIPaBUJIO, B
MIPOMBIIIUICHHBIX IIOMEIIeHUsIX. TeIUIOHOCUTENIeM B HUX SIBJISIETCS
BOJISTHOM Map HM3KOT'O MJIM BHICOKOTO IaBJICHUSI.

B 6030yuwnbix cucmemax nius OTOILUIEHUS MCTIOJB3YeTCS HarpeThIi
B CIIELMaJIbHBIX YCTaHOBKax (Kajaopudepax) Bo3nyX. KomOuHuposa-
Hble cucmembl OTOIUICHHUS MCIIOJNB3YIOT B KauyeCTBE 3JIEMEHTOB pac-
CMOTpPEHHBIE BBIIIE CUCTEMbI OTOTUICHUS.

ITapameTpbhl MUKPOKJIMMATa B IIPOM3BOICTBEHHBIX ITOMEIICHMSIX
KOHTPOJIMPYIOTCS Pa3IMIHBIMUA KOHTPOJIbHO-U3MEPUTESIBPHBIMU TIPH-
oopamu. 11 m3MepeHUs] TeMIIepaTypbl BO3AyXa B IPOM3BOACTBEH-
HBIX TIOMEIICHMSIX MPUMEHSIOT PTYTHBIE (IS M3MEPEeHUsI TeMIlepa-
Typsl Boile 0°C) u ciupToBble (151 U3MEPEHUSI TeMIEpaTyphbl HUXE
0°C) TepmomMetpnl. Eciin TpeOyeTcsl IOCTOsSIHHAsI perucTpalust u3Me-
HEHUsI TeMIlepaTypbl BO BPEeMEHM, MCIIOJb3YIOT IPUOOpHI, Ha3bIBae-
Mble TepMmorpadamu. Hampumep, oTeuecTBEHHBIN IIpUOOP — TEpPMO-
rpad turma M-16 — perucTpupyeT M3MEHEHUE TeMIlepaTyphbl 3a OIl-
peneneHHbIN Tepuon (CyTku wiam Henemo). CyIlIecTBYIOT M ApPYTUe
YCTpPOICTBA IS M3MEPEHUs TEeMIIepaTyphl BO3IyXa, HalpuMep, Tep-
MOITapHI.

s m3MepeHUss OTHOCUTENIPHOM BIaXKHOCTU BO3IyXa HMCIIOJIb3Y-
I0TCSI TIPUOOPHI, Ha3bIBaGMbIC IICUXPOMETpPaMU M TUTPOMETpaMHM, a
IUIST PeTUCTPAIlMM M3MEHEHUS 3TOTO IapamMeTpa BO BPEMEHU CIIYKUT
rurporpad.

IIpocreitmmii ICUXPOMETP — 3TO YCTPOICTBO, COCTOSIIIEE U3 CY-
XOTr0 M BJIAXKHOTO TEPMOMETPOB. Y BIIAKHOIO TEPMOMETpa pe3epByap
00epHYT TMIPOCKOITMYECKONM TKAHBIO, KOHEIl KOTOPOIl OMyIIeH B CTa-
KaHYMK C TUCTWUIMPOBAHHOM Bomoil. Cyxoil TepMOMETp ITOKa3hIBaeT
TeMIIepaTypy BO3IyXa B IIPOM3BOACTBEHHOM ITOMEIICHWH, a BJIAXHBII
— 0OoJiee HM3KYIO TeMIIEpaTypy, TaK KaK MCITapsIOIIAsICsS ¢ TIOBEPXHO-
CTH BJIQXHOW TKaHW BOIA OTHHMMAaeT TEIUIO Y pe3epByapa TepMOMETpA.
CyIIecTBYIOT CIelIMaIbHbIE TIePEBOMHBIC TICUXPOMETPUICCKIE TaOJIu-
1IBI, TIO3BOJISIIONIME TI0 TeMIIepaTypaM CYXOIr'0 M BIaKHOTO TEPMOMET-
POB OIPENeIsITh OTHOCUTEIbHYIO BJIAXKHOCTD BO3IyXa B TIOMEIIICHUM.
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bonee cnoXHBIM 1O KOHCTPYKLIMM, HO U 00Jiee TOUHBIM SIBJISIET-
Cs TaK Ha3bIBAEMBbIM aCIUPALMOHHBIN MCUXPOMETP, KOTOPBIA TaKXKe
COCTOUT M3 CYXOro M BJIAXXHOTO TEPMOMETPOB, MOMEILUEHHBIX B Me-
TAJUTMYECKNEe TPYOKM M OOMyBAaeMBIX BO3IYXOM CO CKOpPOCTBIO 3—
4 M/c, B pe3yJabTaTe Yero ITOBBIIIACTCSI CTAOWIBLHOCTh ITOKA3aHUM
TEPMOMETPOB M MPAKTUYECKU YCTpPaHSIETCS BJIMSHUE TEIJIOBOTO W3-
nydyeHus. OnpenesieHNe OTHOCUTEIBLHOM BIAXKHOCTH OCYILECTBIISIETCS
TakKXe C MCMOJb30BAaHUEM IICUXPOMETPUUYECKMX TaOaUL. AcCHUpaLIU-
OHHEBIE TICUXpOMeTphl, HampuMep MB-4M wunmu M-34, Moryt OBITh
WCIOJIb30BaHbl JIJISI OAHOBPEMEHHOTO W3MEPEeHUsI B ITOMELIEHUU
TeMIlepaTypbl BO3AyXa U OTHOCUTEJIbHON BJIAXKHOCTH.

HpyruM ycTpOMCTBOM ISl ONpeAeieHUs] OTHOCUTEIbHOM BiaX-
HOCTU CJIYKUT TUTPOMETP, eHCTBUE KOTOPOrO OCHOBAHO Ha CBOMCT-
Be HEKOTOPBLIX OPTAaHWYECKMX BEIIECTB (OpraHMYecKuX MeMOpaH, 4e-
JIOBEYECKOTO BOJIOCA) YJIMHSATHCS BO BJIAXXHOM BO3[yXe M YKOpauu-
BaTbCd B cyxoM. M3Mepsist nedopmalivio YyBCTBUTEIbHOIO 3JIEMEHTa
(MeMOpaHBl WJIM BOJIOCA), MOXHO CYOWUTh O BEJIMUMHE OTHOCHUTEIIb-
HOl BJIAXHOCTH B IIPOM3BOICTBEHHOM ITOMellleHNU. [urporpads
3aMUCBHIBAIOT U3MEHEHMSI BEJIMUYMHBI OTHOCUTEIbHOM BJIAXKHOCTU Kak
¢yHkuuto BpemeHu. IlpumMepom Takoro rurporpada MOXET CIY>XKUTb
npubop Thma M-21, KOTOpBII OCYIIECTBISIET CYTOYHYIO WJIM He-
JIeJIbHYIO 3alMCh PETMCTPUPYEMOTro MapameTpa.

CKOpOCTh ABMXKEHMS BO3IyXa B IPOM3BOICTBEHHOM ITOMEIICHUN
n3MepsieTcsl IpudopaMu — aHEMOMETpPaMU.

Pa6ora Kpbl1bYaTOro aHEMOMETpa OCHOBaHA Ha U3BMEHEHUU CKOpPO-
CTU BpalleHMsI CIELMAJIbHOIO KoJjieca, OCHAILIEHHOTO aJlOMMHUEBBIMU
KPBUTBSIMU, PACITOJIOXKEHHBIMU TION YTJIOM 45° K TIOCKOCTH, TIepIIeHIN-
KYJISIpHOM ocu BpaleHus Kojeca. Och Kojleca COeIMHEHA CO CUYETIM-
KOM 000poTOB. IIpy M3MEHEHUN CKOPOCTH BO3AYILIHOIO MOTOKA M3Me-
HSIETCSI M CKOPOCThb BpallleHMsI KoJjieca, T. €. YBEeJIMUMBAETCsl (YMEHbIIa-
€TCsSI) YMCIIO OOOPOTOB 3a OMpeAeSICHHBIM IMPOMEXYTOK BpemeHH. [lo
3TOM MHPOPMALIMX MOXKHO OIpPENeIuTh CKOPOCTh BO3MYIIIHOTO MOTOKA.

KpblnbuaTble aHeMOMETPbl PeKOMEHIYETCSI TIPUMEHSITh ISl U3Me-
peHMsI CKOPOCTH BO3AYIIHOTO IMMoToka B mHTepBasie 0,4—10 M/c, npwu
ckopocTsix 1—35 M/c MpUMEHSIOTCS YallleuHble aHEMOMETPBI, B KOTO-
PBIX KpbLIbsl 3aMEHEHbI 4alueykaMu. IIprmepoM KpbLIb4aTOro aHe-
MoMetpa ciykut npuoop ACO-3 tun b, wameunoro — turm MC-13.

CylIecTBYIOT U Ipyrue MpUOOpPHI TSI U3MEPEHUSI CKOPOCTH JIBH-
>KEHMSI BO3yXa: LIapOBble WU LWIMHAPUUYECKNE KaTaTepPMOMETPHI U
TePMOAHEMOMETPHI.
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MHTEeHCMBHOCTb TETUIOBOTO M3JIYYEHHMSI B OTECYECTBEHHOM IIpaK-
THKE M3MEPSIOT aKTUHOMETpaMM, ACHCTBME KOTOPBIX OCHOBAaHO Ha
MTOTJIONICHUM TEIUIOBOTO M3IYYEHUS M PETUCTPALIU BBIICTUBIIEHCS
Temnja0Boi sHepruu. IIpocTeiiiinii TernioBoil NpUueMHUK — TepMomna-
pa. OHa TIpeacTaBIISIET COOOM 3JIEKTPUIYECKUIN KOHTYP M3 IBYX IIPO-
BOJIOK, M3TOTOBJIEHHBIX M3 pa3jiUYHbIX MaTepualioB (Kak MeTaylJIOB,
TaK W TOJYIPOBOJIHUKOB), HalpUMep MeAb—KOHCTaHTaH, cepedpo—
nauiaauii, cepedpo—BUCMYT, BUCMYT—CYpbMa, BOJb(paM—peHUid 1
Ip. JIBe MNPOBOJOKM M3 pa3MYHbIX MaTepuajoB CBapUBalOT WJIU
cnaMBaloT Mexay coOoit. TermaoBoe M3jlyyeHUE HarpeBaeT OJMH U3
cnaeB ABYX IMPOBOJOK, B TO BpeMsl KakK APYroil crail CIyXuT s
CpaBHEHUS U TOAIEPKUBACTCS TIpU MOCTOSTHHO# Temmepatype (7p).
DekTpUUecKasg cxema TepMoIlaphl IpeAcTaBieHa Ha puc. 14.2.

Puc. 14.2. Tepmonapa, cocmoawasn uz mamepuaia A u B

JBe mpoBOJIOKM M3 MarepuajoB A U B coCTaBISIIOT 3jeKTpuye-
ckuit KoHTyp. [Ipy HarpeBe OOHOTO M3 CITaeB TETUIOBBIM M3TyYEeHUEM
no temmepatypbl T Bo3HUKaeT TepMoDAC Vg, BenmumHa KOTOPOit
n3mMepsieTcss BoabTMeTpoM. TepmMoBD/IC B GONBIIIOM WHTEpBaJe TEM-
reparyp IpsiMoO TIporopuuoHanbHa pasHoctu 1T — Ty (tme Ty — TeM-
rnepaTtypa XoJOJHOIO CJIOSl TEPMOIIAPhI):

VaB = eag (T — Tp).

BennumHa epp HOCUT Ha3BaHue KoadduimeHnta 3eebeka st
BemiecTB A 1 B. BToT 3(pdeKT HA3BIBAIOT TEPMOIIEKTPUIECKUM WU
addexToM 3eebeka B yecTh ero otkpeiBareis (1821 r.). Muorma n
TepMoIiap COSAUHSIOT MEXIy COOOM IocenoBaTe/bHO, MoayJyasl npu
3TOM TePMOBJIEKTpUUecKyto 6arapeto. TepmoDIC 1 cOOTBETCTBEHHO
YYBCTBUTEJIBHOCTh 3TOTO TIpHOOpa B 7 pa3 BHIIIE, YeM Y OOBIYHOI
TepMoIlapbl, YTO MO3BOJSET M3MEPSATb TEIUIOBOE M3JIyueHME Majloi
WHTEHCUBHOCTH.



14. BnusiHne Ha OpraHu3m 4enoBeka MeTeoponorn4yeckux yCHOBMVI 267

B 0OCHOBY NpOMBILIJIEHHBIX MPUOOPOB MJIsI U3MEPEHUSI MHTEH-
CUBHOCTM TEIJIOBOTO WU3JIyUeHUsT — aKTMHOMETPOB — IIOJIOXKEH
MPUHLUI TePMO3JIEKTprUUecKoil Oataper. UyBCTBUTENbHBINA 2J1€MEHT
aKTMHOMETpa COCTOMUT U3 aJIIOMUHUEBOM IJIACTUHKM, HAa KOTOPOUl B
LIaXMaTHOM TIOpSIAKE PACIOJIOKEHbl 3a4yepHEHHbIE M OJiecTsiluve
ceKIMu. 3a4epHEHHbBIC TOJOCKM WHTEHCHUBHO ITOTJIONLIAIOT TEILIOBOE
U3JlyueHue, a OJiecTsdllMe OTpaxkaloT €ro, Mo3TOMY MEepBble M3 HUX
HarpeBaloTCsl 3HAUMUTEJIbHO CUJIbHEe, yeM BTopblie. ITonoXuTeabHbIe
cnay TepMomnap, COeAMHEHHBIE MeXay COo00l mocaea0BaTeIbHO,
MPUCOEIUHEHBI K 3aUePHEHHBIM IMOJIOCKAM aJIOMUHUEBOU (OJbru 1
HarpeBaroTCsl MojA BO3AEUCTBUEM TEIIOBOIO M3IYYEHUS! 3HAUUTEIbHO
CUJbHEEe, YyeM OTpullaTe/ibHble CIlau, MPUCOEAMHEHHbIE K OJiecTs-
UM 1ojockaM. ITon Bo3aeicTBMEM pa3HOCTU TeMMepaTyp BO3HUKA-
er TepMoDJIC, KoTOpast M3MEpPSETCS UYYBCTBUTENIBHBIM IIPUOOPOM,
OTIPafyMpPOBAaHHBLIM B eIMHULAX TerutoBoi paguauuu (Br/m?2).

ITpu OTKJIOHEHMM MapamMeTpOB MUKPOKJIMMATa OT BEJIMYUH, CO3-
Jaommx KoM@GOpPTHBIE YCIOBHUS, OOJblIOe 3HAYEHHE MMEET IIpa-
BUJIbHBIK BbIOOp crneuonexabl. [Tpu paboTre B MOMELIEHUSIX C TIOHU-
KEHHOM TeMmepaTrypoil Bo3lyXa HEOOXOAMMO MCHOJb30BaThb YTem-
JIeHHYI0 cneuoaexnay. s mepcoHana, 3aHSITOTO B TOpSUMX lieXax,
KCIOJIb3YIOT CMELOAEKIY, U3TOTOBIEHHYIO M3 MaTepuajoB ¢ HU3KOM
TeTJIONPOBOAHOCTHIO.

Kourpoabubie Bonpocor
000 00000OCGCOOEOGOONOEONOEONOIO

1. Yro Taroe Bo3iyx pabGoueii 30HbI?

2. Rakne ocHOBHbIE HOpMUpYeMble TOKasaTelnl MHKPOKJINMAaTa
BO3/LyXa padoueii 30HbI BbI 3HaeTe?

3. Yro ABiseTca ncTroyHNKAMU TEIIIOBOTO M3JIydeHu:?

4. Yro Takoe TepMoperyisisA 4eloBe4eckoro opranusma?

9. 13 RakmxX OCHOBHBIX MPOIECCOB COCTOUT TEIIOOTHAAYA YeoBe-
4ECKOr0 OpPraHu3Ma B OKPY:RaIyto cpemy?

6. Hak BiIuAIOT Ha YeJIOBEUECKUIT OPraHU3M TeMIepaTypa OKpY-
JKAIONIETO BO3YyXa, €r0 OTHOCHTENbHAA BIasKHOCTH M CKOPOCTH
ABIKRenns?

7. Rar BoiGuparor mapaMerpbl MHKPOKJINMATA B MPOHM3BOJICTBEH-
HOM IIOMCIILCHI/II/I?

8. Jlaiite onpenenenne NOHATHII «ONTUMAJIBHbBIE TAPAMETPbI MUK-
PORJIMMATA> H «IOIYCTUMbIE TapaMeTPbl MHRKPOKJIMMATA>.
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11.
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13.
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15.
16.

Paspnen 4. BesonacHocTb TpyAa

Rakue mMeponpuATHA MCIONB3YIOT JIIA TOJIEPKAHUA HOPMAJIb-
HBIX [IAPAMETPOB MUKPORJIUMAaTa B paboueii 3one?

Jaiite ompejeleHne NOHATHI «BEHTWIALMA BO3yXa» U <KOH-
JIMIIMOHUPOBAHNE BO3JLyXas.

Rak paccaurats KOIMYECTBO HPUTOYHOTO BO3jIyXa, Tpedyemoro
JUIST yaJdeHns n30bITROB SABHON TEIUIOTH W BJIATH W3 TIOMeTNe-
Husa?

Yr1o Takoe ecrecTBeHHas BEHTHIIANMA W BEHTWJIAIMA ¢ Mexa-
HIYECKUM TTOOY:KIeHnemM ?

I[ai/’l'rc OIlpCJ[CJlCHI/lC lIOHH'I‘Vlﬁ «llpM'I‘OlIHaH BEHTUWIALINA>, <«Bbl-
TAKRHAA BEHTHIANA> U «IPUTOYHO-BRITARHAA BEHTIILATIIA .
Yro Taroe BO3jylHbIE JYIIH, BO3AYIIHbIE 0a3UCHI, BO3JLYIIIHbIE
1 BO3JLYIITHO-TETLIOBbIE 3aBechi?

Karwne cmeremsl otoriennsa BuI 3Haere?

HazoBure npuGopsl 1 ycrpoiicTBa s U3MepeHusi MeTeopolo-
IHYECKUX YCIOBUIL.



Bosaencreue Ha oprannsm
YeAOBeKa BPEJAHbIX BEILECTRB,
coaep:KaIMXcs B BO3AyXe
pabouen 30HbBI

15.1. Bl/lll,bl BPE€JAHDIX BE€ILECTB

BhinosHeHNe pa3IMYHBIX BUAOB PabOT B IIPOMBIILIEHHOCTH CO-
MMPOBOXXIAETCS BBIIEJIEHWEM B BO3IYIIHYIO CPEIy BPEIHBIX BEIIECTB.
Bpeonoe sewecmeo — 3TO BellleCTBO, KOTOPOE B ClIydae HapyILICHMS
TpeboBaHMil 0€30MaCHOCTA MOXKET BBI3BATh MPOM3BOJICTBEHHBIE TPaB-
MBI, ITpoeCCUOHAIbHEBIC 3a00JICBAHMS WM OTKJIOHEHUS B COCTOSTHUM
3IOPOBbSI, OOHApPYXKMBaeMble KaK B Mpoliecce pabOThl, TaK U B OTHA-
JIEHHBIE CPOKU KV3HHM HACTOSIINX U TTOCIEAYIOIINX TTOKOJIEHWIA.

HauGonee GmaronpusTeH I ObIXaHUS aTMOC(EpHBI BO3IyX, CO-
nepxaiumii (% no oobeMy) azota — 78,08, kucimopona — 20,95, uHept-
HbIX ra3oB — (0,93, yrekucnoro raza — 0,03, nmpounx razos — 0,01.

HeobGxomnmMo obGpaniaTh BHUMaHWE W Ha COJAEpKaHME B BO3IYXE
3apSDKEHHBIX YacTWI, — WOHOB. Tak, Hampumep, U3BECTHO OJiaro-
TBOPHOE BJIIMSHHME HA OPTaHMW3M 4YeJIOBeKa OTPUIATEIBHO 3apspKeH-
HBIX MOHOB KHCJIOpOJa BO3IyXa.

Bpennrple BelnecTBa, BBIIEISIOIMECS B BO3AYX paboueil 30HHI,
M3MEHSIOT €r0 COCTaB, B pe3yJibTaTe Yero OH CYIIECTBEHHO MOXET
OTJIMYATHLCS OT COCTaBa aTMOC(EPHOTO BO3AyXa.

IIpy TpoBemeHWM pa3IUYHBIX TEXHOJOTMYECKMX IIPOILIECCOB B
BO3/YX BBIIE/ISIOTCS TBEPObIE W XUAKWE YACTUIIbI, a TaKXKe Iapbl U
raspl. I1apel 1 ra3el 00pa3yloOT C BO3IYXOM CMECH, a TBEpAbIe U XKUI-
K€ YaCTHIIbI — a3pPOIUCIIEPCHBIE CUCTEMbI — a3p030Jid. A3po304amu
Ha3bIBAIOT BO3AYX WJIM Ta3, colepxkallde B cebe B3BEIIEHHBIE TBEP-
JIble WJIN KUOKWAE YacTULBL. A3PO30JIM IPUHSATO OEIUTh Ha IbUIb,
IBIM, TyMaH. [1pITM MM OBIMBI — 3TO CUCTEMBI, COCTOSIIIINE W3 BO3-
JlyXa WV Ta3a W paclpelesIeHHBIX B HUX YacTUI] TBEPIOTO BEIIeCTBa,
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a TyMaHbl — CHUCTEMBI, 0Opa30BaHHBIC BO3AYXOM WJIM Ta30M M 4Yac-
THIIAMHU XUIKOCTH.

PasMmepbl TBepAbIX YacTUL TbUlel mpeBbimaloT 1 Mxm!, a pasme-
pbl TBEPAbIX YaCTUIl AbIMA MEHbIIE BTOro 3HauyeHMs. PaznuuaioT
KpyIHoAucnepcHyto (pa3Mep TBepAbIx yacTull Oonee 50 MKM), cpen-
HenucrepcHyio (oT 10 mo 50 MKM) M MeJKOAUCHEPCHYIO (pa3Mep
yactull MeHee 10 MKM) mbuth. PazMep XXMOKMX 4acTUll, 00Opa3yrolInX
TyMaHbI, OOBIYHO JIEXUT B Tipeaenax ot 0,3 1o 5 MKMm.

IIpoHnKHOBEHNE BpPEOHBIX BEIIECTB B OPTraHM3M YeJIOBEKa IPO-
HUCXOOUT Yepe3 AbIXaTeJbHble MyTHU (OCHOBHOM MYTh), a TaKXKe 4Yepes
KOXY M C NMUIIEH, €CJIM YeJOBEK MPUHMMAET €€, HaXoAsCh Ha pado-
yeM MecTe. JleficTBMe BTHUX BELIECTB ClEAyeT paccMaTpuBaThb Kak
BO3[EHCTBUE OIMACHBIX WJIM BPEAHBIX MPOM3BOICTBEHHBIX (PAKTOPOB,
TaK KaK OHM OKAa3bIBAIOT HEraTMBHOE (TOKCMYECKOe?) meiicTBME Ha
OpraHusM 4eyioBeka. B pesynbTaTe BO3meiCTBUSI 3THUX BEIECTB Y Ye-
JIOBeKa BO3HHMKAET OTpaBlieHNe — O0OJIe3HEHHOE COCTOSTHUE, TSKECThb
KOTOPOTO 3aBUCHUT OT TIPOAOJIKATEIBHOCTHA BO3IEHCTBMSI, KOHIIEH-
Tpaluy U BUAA BPEAHOIO BEIIECTBA.

CyluecTBYIOT pasjiMuHble KiaacCU(UKALMU BPEAHBIX BEILIECTB, B
OCHOBY KOTOPBIX ITOJIOXXEHO UX ACHCTBHE Ha YEJIOBEUYECKMI OpraHU3M.
B cootBetcTBUM ¢ Haubonee pacnpoctpaHeHHoil (nmo E.S. FOmuny u
C.B. benoBy) kinaccudpukainyein BpeaHble BelllecTBa AeISITCS Ha 111eCThb
IPYI: OOIIETOKCUUECKHUE, pa3apaxkaroliue, CeHCUOMIU3UPYIOLINE,
KaHIIepOTeHHbIe, MyTareHHbIe, BIUSIONIME Ha PEMPONYKTUBHYIO (Ie-
TOPOIHYI0) (PYHKIIMIO YEJIOBEYECKOT0 OpraHm3Ma.

Obuwiemokcuyeckue eeujecmea BbI3BIBAIOT OTPABJIEHHWE BCETO Opra-
HU3Ma. DTO OKCHUJ yIJIepoJa, CBUHEL, PTYTh, MBILIbIK U €r0 COeIM-
HeHMs1, OEH30J1 U Jp.

Pa3zdpaxcaroujue eujecmea BbI3BIBAIOT pa3ApakeHUE AbIXaTeJIbHO-
ro TpakTa M CIMU3UCTBIX O00JIOYEK YeJoBeyeckoro opraHusma. K
STUM BEIIECTBAM OTHOCSTCS: XJIOp, aMMMaK, Maphbl alleTOHA, OKCHUIBI
a3oTa, 030H W Psi IPYTUX BEILECTB.

Cencubunuzupyowue’ eewjecmea NEWCTBYIOT KaK ajlIepPreHbl, T.€.
NPUBOAAT K BOSHMKHOBEHMIO alIepruu* y yejoBeka. DTUM CBOICT-

I 1mxm (1 Muxpometp) = 1076 m.

2 TOKCUYHOCTb — SIIOBUTOCTb, CIIOCOOHOCTb HEKOTOPBIX XUMUYECKUX M OMOJIOTMYE-
CKHX BEIIECTB OKa3bIBaTh BPEAHOE BO3ICUCTBYE HA XKUBbIE OPTaHU3MBI.

> CeHCMOMIM3ALIMA — TOBBILEHNE PEAKTUBHON YyBCTBUTENBHOCTU KJIETOK M TKaHEH
YeJI0BEYECKOTO OpraHU3Ma.

4 Anteprusi — HeOOBbIUHbIE, HEHOPMAJIbHBIE, PEAKLIMU OPraHM3Ma, HAlPUMED IOSBJIe-
HUE CBITH.
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BOM 00J1agaioT (OpMalbIeIuI, pa3IMdyHble HUTPOCOCIMHEHUSI, HU-
KOTMHAMMUII, TeKCaxJIOpaH U Jp.

BoaneiictBue kauyepoeenHbix 6eujecmeé Ha OpPraHW3M 4eJIOBeKa
MIPYBOAUT K BO3HMKHOBEHMIO M Pa3BUTHIO 3JI0KAYCCTBEHHBIX OITyXO-
Jleil (pakoBbIX 3a0osneBaHuil). KaHLEpOreHHbIMU SIBJISIIOTCSI OKCHUIbI
xpoma, 3,4-0eH3NupeH, OepUJUIMA U er0 COeNUHEHMSI, acOeCT U Ip.

Mymaeennoie eewjecmeéa TIpA BO3ACHCTBMM HA OPTaHM3M BBI3bIBA-
10T M3MEHEHME HACJIeACTBEHHON MHMOpMauu. DTo pamroaKTUBHEIC
BellleCTBa, MapraHel, CBUHEIl 1 T.1.

Cpenu gewecmes, AUAIOWUX HA PenPOOYKMUBHYHO (DYHKUUIO Yenroee-
YeckKoeo opeaHusma, CiemyeT B IIEPBYIO ouyepeldb Ha3BaTb PTYTh, CBU-
Hell, CTUPOJI, MapraHell, psil paauOaKTHUBHBIX BEIIECTB U Ip.

[Ie1b, TIOMIagast B OpraHU3M 4YeJIOBeKa, OKa3biBaeT (PuOpOreHHOE
BO3IEUMCTBHUE, 3aKIIIOYAlOIIeecs B pa3apakeHUU CIM3UCTHIX 000JI0UYEK
IbIXaTeJbHBIX IyTei. Ocemast B JIETKMX, IbLIb 3aIepKUBACTCS B HUX.
[Ipu mauTe bHOM BOBIXaHMHM ITBUIM BO3HUKAIOT NPOdeCCHOHAIBHBIC
3a00J1eBaHMS JIETKUX — ITHEBMOKOHMO3BL. [1py BObIXaHWM MBLIN, CO-
Jepxaueil cBoboaHbiil nuokcua kpemHus (SiO,), pa3BuBaeTcsl Hau-
OoJyiee M3BecTHas1 (hopMa ITHEBMOKOHMO3a — CWJIMKO3. Ecim mmok-
CHI KPEeMHMSI HAXOOUTCA B CBSI3aHHOM C APYTMMH COCIUHEHMSIMU
COCTOSTHMM, BO3HHMKaeT MpodecCHOHaNIbHOE 3a00JIeBaHUe — CHJIMKA-
T103. Cpeny CUJIMKATO30B HamboJjiee pacIpOCTpaHEHBI acOecTo3, Iie-
MEHTO3, TaJIbKO3.

Hns Bo3myxa pa®odeil 30HBI ITPOM3BOICTBEHHBIX ITOMEIICHUI B
cootBercTBUM ¢ TOCT 12.1.005-88 ycraHaBnuBaloT OpeAciabHO O0-
nyctumble koHueHTpauuu (ITIK) Bpemnbix BewiectB. ITJIK Bbipa-
JKaTCS B MUJUIMTpaMMax (MT) BPEIHOIO BEIIECTBA, MPUXOISIIETOCS
Ha | KyOMYeCKMii METP BO3IyXa, T. €. MI/M3.

B cootBerctBUM ¢ ykazaHHbIM Bbille 'OCToM ycTaHOBJIEHBI
IMAK nns 6onee yem 1300 BpenHbIx BelecTB. Ellle mpuOAM3UTEIbHO
ast 500 BpedHBIX BELLIECTB YCTAHOBJICHBI OPUEHTUPOBOYHO Oe3ormac-
Hble ypoBHU BozaeiicTBusi (OBYB).

ITo TOCT 12.1.005-88 Bce BpedHble BellleCTBa IO CTEMEHU BO3-
IEWCTBUSI Ha OpraHM3M YeJIOBEeKa ITOAPAa3Ne/IIIOTCS Ha CIeAyIolue
Kiacchl: 1 — d4pe3BBIMAIHO OITacHBbIC, 2 — BBICOKOOIIACHBIC, 3 —
YMEpPEHHO OIlacHbIe, 4 — MajoonacHble. OIMacHOCTh YCTaHABIMBACT-
¢ B 3aBUCHMMOCTH OT BesmuumHbl 11K, cpemHeil cMepTenbHOI D036
1 30HBI OCTPOTO MJIM XPOHUYECKOTO ACHCTBUS.

Ecnu B Bo3myxe comep:KUTCs BPeIHOE BEIIECTBO, TO €r0 KOHIICH-
Tpalus He IOoJKHa npeBblath BeauuuHbl TTIK.
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ITpy omHOBpeMEHHOM MNPUCYTCTBUM B BO3AYLIHOK Ccpele He-
CKOJIbKMX BpeIHBbIX BelIeCTB, 00Jiagaroliux OJHOHAIPaBIeHHbBIM
JIeiCTBEM, JOJKHO COOJIIOAATHCS YCIOBUE:!

9 & 6 G
K, 14K, 1AKs 7 IIK,
rne Cy, G, C3, ..., C, — (hakTMUyeCcKue KOHILIEHTPALUU BPEIHbIX BELIECTB B
BO3IyXe paboyeii 30HbI, MI/M3;

K, II1K,, ILIK5, ..., [I/IK, — nipeneabHO NOMYCTUMbIE KOHLIEHTpa-

LMY 3TUX BEIIECTB B BO3MyXe paboueil 30HHI.

<1, (15.1)

IIpumepsl mpeaenbHO AOMYCTUMBIX KOHLEHTpALUMi pa3IndHbIX
BEllIeCTB TpeAcTaBieHbl B Ta0. 15.1.

Taonuua 15.1. Ilpenenasno qonmycTumMbie KOHIEHTPALMH
HEKOTOPbIX BPEAHBIX BEHIECTB

Ha3zeanue Xumuueckas 1K, Knrace Aepeeamnoe
seujecmea gopmyaa me/m3 | onacnocmu | cocmosnue

bensnupen (3,4-

OEH3MUPEH) CyHys 0,00015 1 TTapn
bepwinuii U ero coeau-

HeHMus1 (B TiepecueTe Ha

OepuILInil) Be 0,001 1 AsBpo30J1b
CBuHell Pb 0,01 1 Aspo30J1b
Xiop Cl 1,0 2 l'as
CepHas KuclioTa H»S04 1,0 2 ITapni
Xnopun Bomopoaa HC1 5,0 2 l'as
Jlnoxkcun azora NO, 2,0 3 las
CnupT METUIOBBII CH;0H 5,0 3 ITapsr
Okcupn yraepona CO 20 4 l'as
TonnuBHbIA OEH3UH Cs7Hy6 100 4 ITapni
AueTtoH CH3;COCH; 200 4 ITapni

15.2. Osaoposrenne BosaymmHoOH cpeabl

O310poBIIeHNE BO3MYITHOW Cpedbl JOCTUTACTCSI CHUKCHUEM CO-
JIepkaHUsI B HEW BpPEOHBIX BEIIECTB OO Oe30IMacHBIX 3HAYeHWU (He
npesblaoux BeauyuHbl TTJK Ha maHHOe BelIeCTBO), a TakXKe
oJiepKaHueM TPeOyeMBIX mapaMeTpOB MUKPOKJIMMATa B TIPOM3BO/I-
CTBEHHOM ITOMEILIEHUH.
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CHM3UTH comepkaHWe BPEIHBIX BEIIECTB B BO3myxe pabodeit 30-
HBI MOXHO, WCTOJB3YsI TEXHOJOTWYECKUE ITPOIIECCHl M 00OpymoBa-
HHME, IPY KOTOPBIX BPEIHBIE BEIeCTBa JUOO He o0pasyroTcs, b0
He TIoTaJaroT B BO3MyX paboueil 30HBI. Hampumep, mepeBon pasimd-
HBIX TePMHUYECKUX YCTAHOBOK M TleUell ¢ XMAKOIO TOIUIMBA, IIPHU
CXKUTaHUM KOTOPOTO 00pa3yeTcsl 3HAUMTEIbHOE KOJTMIECTBO BPEIHBIX
BEILIECTB, Ha 0oJjiee YMCTOe — Ta3000pa3sHOE TOIUIMBO, a eIlle JIydlle
— HCTIOJIb30BaHME JIEKTPUIECKOrO Harpesa.

Bospiioe 3HaYeHME MMeeT HaaeXHas TrepMeTH3amus 00opynoBa-
HUSI, KOTOpasi UCKIIIOYaeT ITOIagaHue Pa3IMYHBIX BPETHBIX BEIIECTB
B BO3IyX pabodeil 30HB WM 3HAYMTEJBHO CHIDKAaeT B HEM KOHIICH-
Tpauuio ux. s mommepxkaHuWs B BO3OyXe Oe30ITacHON KOHIIEHTpa-
LIMX BPEIHBIX BEIECTB MCIIOIL3YIOT PAa3IUYHbIE CHCTEMBl BEHTHUJIS-
unu. Ecim mepeuyricieHHbIE MEpPOIPUSITUS HE HAlOT OXUOIAeMBbIX pe-
3yJIbTaTOB, PEKOMEHAYETCSI aBTOMAaTHM3MPOBaTh ITPOU3BOJACTBO WM
MepeiTH K AMCTAaHIIMOHHOMY YIIPaBICHUIO TEXHOJOTWMYECKUMU IIPO-
meccaMu. B psme ciaydaeB ISl 3alIMTHI OT BO3AEMCTBUS BPEIHBIX Be-
IIECTB, HaXOMSIIMXCS B BO3MyXe pab0odeil 30HbI, PEKOMEHIYETCS HC-
MOJTb30BaTh MHAMBUAYAJbHBIE CPEICTBA 3alUTHI padoTaronmx (pec-
MMMPATOPhI, TIPOTUBOTA3bI), OMHAKO CJIEAYeT YIMTHIBAaTh, YTO IIPU 3TOM
CYILIECTBEHHO CHIKAETCs IMMPOU3BOAUTEIBHOCTh TPYya IIepcoHala.

YCTpoiicTBO M MPUHLUIT PabOThl 0011IEOOMEHHOM BEHTUJISILIMU, a
TakXe €€ MCIIOJIb30BaHWe ISl TIOAIepXKaHUS TpeOyeMBIX ITapaMeTpOB
MUKpOKJIMMaTa pacCMOTpeHbI B § 14.2.

B HeM MBI paccMOTpeand yCTPOMCTBO OOIIEOOMEHHOU BEHTUJISI-
LMK, TIpelHa3HAYeHHOW [JISI CMEHBI BO3IyXa BO BCEM IOMEIICHUM.
JBrXeHre BO3ayXa B 9TOM CHUCTEME IOCTUTAETCS 3a CUET MCIIOJIb30-
BaHUS CIELUMAIbHBIX BO3AYXOMYBHBIX MalllMH — BEHTUJISITOPOB. Ta-
Kas cucTeMa OOIIeOOMEHHON BeHTUJISILIMKA HOCUT Ha3BaHUE MEXaHU-
yeckoil. B psime ciayyaeB, 0COOEHHO B TOPSTYMX 1I€XaX U IMTOMEIICHUSIX
CO 3HAYUTEIHLHBIM M30BITKOM SIBHOH TEIJIOTHI, MOXET OBITh HMCIOJIb-
30BaH U JIPYroil TUIT OOLICOOMEHHOW BEHTWISILIMA — €CTECTBEHHAS.
[lepemerieHre Bo3mayxa IPY €CTECTBEHHON BEHTUJISIIMU JOCTUTAETCS
3a CUeT Pa3HOCTH TeMIlepaTyp B IIPOM3BOJICTBEHHOM ITIOMEIIEHUU U
Hapy>XHOTO BO3myXa (XOJOMHBIM BO3MYX BBITECHSET M3 IOMEIICHUS
TEIUIbIN), a TakXKe B pe3yibTaTe AEHCTBUS BeTpa (BETPOBOIO AaBie-
Hus). IIpocTeiiimm crnocodoM eCTeCTBEHHON BEHTUJISILIMU SIBJISIETCS
MPOBETPUBAHUE TOMEIIECHUI Yepe3 OKHa, (POPTOUKU WU (ppamyru.
Kpome Toro, Bo3myx MOXKET IOCTyMaThb B TOMELIEHUE U YAaIsSaThCs
M3 HEro yepe3 pas3jInyHbIe IIEIM M HETUIOTHOCTU CTE€H, OKOH | T.I.
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(uHuabTpaus Bozayxa). KpoMe Toro, ecrtecTBeHHasi BEHTUJISLIMS
MPOU3BOJCTBEHHBIX IMOMEIIEHUI MOXET OCYIIECTBJSTHCS C ITOMO-
LLIbIO CITeLMAJTbHBIX TEXHUYECKUX MPHUEMOB: adpallMeid U ¢ UCMOIb30-
BaHUeM aednekTopoB. Hanbonee yacTo misi CHUKEHUSI COOepKaHUS
BpEIHBIX BEIIECTB B BO3Ayxe paboueil 30HbI MUCIIOJb3YETCSI MEXaHMU-
yeckash BEHTWJISILIMSI, MHOIJA BO3MOXHO WCIIOJb30BaHWE BEHTWJISI-
LU, COCTOSILIEH U3 €CTECTBEHHON U MEXaHWYECKOM CUCTEM.

HeobxonnMoe Koau4yecTBO BO3AyXa, ITOJaBaeMOI0 B IOMeElleHNE
ISl CHUXXEHHUS CoAepXaHUsSI B HEM BPEIHBIX BEIIECTB A0 HOPMBbI,
MOXET ObITh ONpPEeAeIeHO U3 BhIPAXKEHMUSI:

G+ LupGnp = Ly qsmr » (15.2)
rne Ly, — TpebyeMoe KOJMYECTBO MOCTYMAIOIIEro (MPUTOYHOTO) BO3IyXa,
M3/4; Lygyr — Tpebyemoe KOJIMYECTBO YAANSEMOro (BBITSDKHOIO) BO3IyXa,

M3/u; gnp — KOHLIEHTpaLMs BPEIHOTO BEILECTBA B ITOCTYMAIOLIEM BO3IYXE,
MI/M3; Gur — KOHLEHTPALMsl BPENHOIO BEIUECTBA B YIAIAEMOM BO3IYXE,
Mr/m3; G — BBIIETAIOIIMECS B IOMELIEHUM C BHYTPEHHUM 00beMOM V (M3)
BpeIHBIC Taphbl WJIM Ta3bl, MT/4.

YuurbiBas, 4T0 Ly, = Ly, 1 0003HaYast KOJMYECTBO IIPUTOYHOTO
WIM yIalasgeMoro Bosmyxa uyepe3 L (M3/4), NepemnuiieM paBeHCTBO
(15.2):

G+ Lgup=L gy

OTcrofia HaXoIUM:

G

(quIT _QHp) ‘
Eciu HapyXHbI BO3IyX HE CONEPXKUT BPEAHOIO BelliecTBa (T. €.
€CIu gnp = 0), To hopmyna (15.3) ynpounaercs:
G

(15.3)

L=

qBLIT

PaccMoTpum Teneph, Kakue TpeOOBaHUS TIPEIBSBISIOTCS K KOH-
LHEHTPALMAM Gnp U Ggyyr. 1T OOeCTIeueHMs GE30MaCHO KOHILIEHTpa-
MM BPEAHOTO BELIECTBA B BO3MYLIHBIX BBIOpOCAX Gy < TTHK. Jlnst
co3naHus 3(PpPeKTUBHON CUCTEMBl BEHTWISILIUKA JOJIKHO COOIIOATh-
cs yenoBue gyp < 0,3 TIIK BpeqHoro BeuecTsa.

Ecau B BO3myx pabGoueii 30HBI BBIIEISETCSI HECKOJIBKO BEIECTB,
He 00JIamalolIMX OJHOHAMPABIEHHBIM IECTBUEM, TO TpeOyeMoe KO-
JINYECTBO TIPUTOYHOTO BO3ayXa L HOJDKHO PACCUMTHIBATHCS IJIST KaXK-
JIOTO W3 3TUX BEIIECTB, MOCJE YEro BHIOMpPAIOT HAUOOJbllee U3 MO-
JIy4eHHBIX 3HaYeHui L.
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B ciyyae BbimeneHWs B BO3AyX pabouell 30HBI HECKOJIBKUX Be-
IIECTB, OO0JAmalOIINX OMHOHAIIPAaBJIEHHBIM IEMCTBUMEM (HAIIpUMep,
MapoB KWCJIOT), PacCUMTHIBAIOT MO ypaBHeHMIO (15.3) KoaudecTBO
BO3myxa, TpeOyemoe ISl pa30aBiIeHMST KaXKIOTO BEIIeCTBa 10 €ro
MpeAeIbHO JOIMYCTUMOM KOHIIEHTPAIlUM TP COBMECTHOM AeHCTBUM
BPEIHBIX BEILIECTB, a4 3aT€M CYMMUPYIOT MOJYYEHHbIE 3HaYeHus1 L.
CyMMa 3HayeHMi L M WMCIOJB3yeTCs ISl PacyeTOB BEHTU/ISIIMU B
3TOM CIIyyae.

Ecnm Hems3BeCTHBI COCTaB M KOHIICHTPAIWsI BBIOCISIONIMXCS B
BO3IMyX paboueli 30HBI BPEOHBIX BEIIECTB, MJISI OPUEHTUPOBOYHBIX
pacyeToB L MOXeT OBITh MCITOJTb30BaHO BBIpaXKEHMUE:

L=kV,

rae Kk — KpaTHOCTb BO3AyXOOOMEHa, MOKa3blBalolllasi, CKOJBKO pa3 B Teye-
HU€ Jyaca BO3IyX MEHSETCS B MOMELIEHUH, UL
V — 00beM BEHTHIMPYEMOIO MOMEILEHMSI, M3,

B xauecTBe mpuMepa NpuUBeIEeM PEKOMEHIyeMble 3HAUEeHUsT k 1JIs
CJIEAYIOLIUX TEXHOJOTMYECKUX MPOLIECCOB U MPOU3BOACTB:

YyacToK OKpacKu U CYyLIKM MallliH — 17
VYuacTok cBapku — 26
YyacTok peMOHTa 3J1eKTpO00OpYA0BaHUS — 15
Ky3neuHoe otnenenue —20
IToMellieHME OUMCTHBIX COOPYXKEHUIA - 8

J1st ymaneHusi BpeIHBIX BEILECTB Y MCTOYHUMKOB MX OOpa30BaHMSI
CIIY2KUT MECTHasl BBITA2KHasA BECHTUJIALIMA. Ucnonb3oBaHue yCTpOﬁCTB
MECTHOM BBITSXKHOU BEHTUIAAIUUN TTPAKTUYECKU ITOJTHOCTBIO ITO3BOJIA-
€T YOAJIUTDh IIbUIb 1 APYTru€ BpC€AHbLIC BEUICCTBA U3 IIPOMU3BOACTBEHHOTO
IMOMECIICHUI. YCTpOﬁCTBa MECTHOM BECHTUWJIALINU U3roTaBJIMBAaOT B BU-
JIe OTCOCOB OTKPBITOTO THUIIA U OTCOCOB OT MOJHbBIX YKPBITUIA.

OTCOCI)I OTKPbLITOTO THUIIA HAXOOATCA 3a IpeacjiaMu MCTOYHUKOB
BBIACJICHUSA BPCAHBIX BCLICCTB. 9TO BBITS2KHBIE 30HTDBI, BBITSAXKHDBIC
raHeJiu, OOPTOBBbIE OTCOCHI U APYTrMe YCTPOMCTBA.

OTCOCHI OT MOJHBIX YKPBITUI — 3TO BBITSKHBIE IIKADBI, KOXYXU
M BBITSDKHBIE KAMEPBI, a TAKXKE PsiA APYTUX YCTPOWCTB, BHYTPU KO-
TOPBIX HAXOOATCA MCTOYHUKHM BbIACICHUA BPEAHbBIX BCILIECCTB.

Mg 6onee >PdeKTUBHOrO yaajaeHUS M3 MOMEIIEHUI BpeIHBIX
BEILIECTB CHCTeMa OOILLEOOMEHHOM BEHTWJISIUMA OOBIYHO KOMOMHU-
pyeTCsl ¢ MECTHOI.

B NNpOU3BOACTBEHHOM ITIOMCECUIICHUU HCO6XO,[[I/IM IMOCTOSIHHBIN
KOHTPOJIb 3a COJAepKaHMEM BpPEIHBLIX BEIIECTB B BO3AyXe paboueit
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30HBI. OTOOp MPOO Ha ompeaesieHUe 3TUX BEIIECTB OOBIYHO ITPOBO-
T Ha paboyeM MecTe Ha YPOBHE IBIXaHUST PabOTaroIIEero.

g KOHTpOJIS 3ambUICHHOCTM BO3ayXa paboueil 30HBI MOTYT
OBITb MCITONB30BaHBI PA3TUYHBIE METOABl ((PUIBTpAalIMOHHEIE, CEIM-
MEHTALlMOHHbIE, 3JEeKTpUUeCcKUe) U ap. BecbMa mepcrieKTUBHBI HO-
BbI€ METOIBI M3MEpPEeHUS KOHIEHTPAIMW TIBIJIM B BO3OyXe pabouei
30HbI C MCIOJb30BAaHUEM JIa3epHOM TeXHUKU. B Halleil cTpaHe Hau-
bosiee pacmpocTpaHeH TPSAMON BeCOBOM (IpaBUMETPUUYECKUIT) METOM
M3MEPEeHNST KOHIEHTPALMKM TIBIIA B BO3ayxe pabdodeil 30HBI. OH 3a-
KJTI0YaeTcs B OTOOpe BCEM Haxomdsleiicss B 30HE AbIXaHWS THUIM Ha
crienraibHble a3po30jbHbie GUabTphl THa APA BII. Ot6op mpob
OCYIIECTBISIETCS C TTIOMOILBIO PA3TMYHBIX aCITMPaTOPOB.

OnpeneneHne KOHIEHTPALIMA BPEIHBIX BEIIECTB, MPUCYTCTBYIO-
IINX B BO3MyXE B BUIC MApOB U ra30B, MOXET TAKXKE OCYIIECTBIISTHCS
pPa3TMYHBIMU METOIAMU, HAIIpUMEpP C MCIIOIb30BAaHUEM ITEPEHOCHBIX
razoaHajusaropoB tuna YI'-1 wim YI'-2.

PaccMoTpyiM OCHOBHbIE WHAWBUAYaJdbHbIE CpPEICTBA 3alUUTHI,
MpeaHa3HAYeHHBIE [IJI1 3allUThl OPraHOB IbIXaHUS 4YeJoBEeKa OT
BPEIHbBIX BEILLECTB, HaXOMASIIMXCSI B BO3Ayxe paboyeil 30HbI. YKa3aH-
HbIE CPEICTBA 3AIUMUTHI ACIATCSI HA (PUIBTPYIOIINE U U30JIUPYIOIINE.

B guavmpyrowux ycmpoiicmeéax BAbIXaeMbIA UYEJIOBEKOM 3arpsi3-
HEHHBIM BO3MYX NPEIBAPUTEILHO (DUMIIBTPYETCS, 4 B UB0AUPYIOUUX —
YUCTBIM BO3MyX IMOAAETCS MO CIeUMaJbHbIM LIUIAHTaM K OpraHaM JbIxa-
HUS YeJIOBeKa OT aBTOHOMHBIX MCTOUYHMKOB. (DMIBTpYIOIIMMH TpHOO-
paMu (pecrMparopaMy W IPOTMBOIra3amMu) IOJIb3YIOTCS MPU HEBBICO-
KOM COIep>KaHUM BPEIHBIX BEIIECTB B BO3Myxe paboueil 30HBI (He 60-
nmee 0,5% 1o 00beMy) M MpH COACp:KAaHWM KHUCIOpoAa B BO3OyXe He
MeHee 18%. PecnivpaTopsl IpeqHa3sHayeHbl IJIST 3alUThI Y€JIOBEKa OT
NbUIM U AENITCS Ha (WIBTP-MAacKu, B KOTOPBIX 3aKpbIBarollas JULIO
YyeJIoBeKa MacKa SIBJISIETCS] OMHOBPEMEHHO (DMILTPOM, U MATPOHHBIE, B
KOTOpBIX JIULIEBasi Macka M (bUJIbTPYIOLLIMI 3JI€MEHT pa3aeeHbl.

OnuH u3 HauboJjiee PaCIpOCTPAaHEHHBIX OTEUECTBEHHBIX PECITM-
patopoB — OecknanaHHbii pecriuparop IIb-1 «Jlemectok» — mpen-
Ha3HayeH IS 3al0UThl OT BO3JAEHUCTBUSI MEJIKOAUCIIEPCHON M Cpeld-
HenMcriepcHoi TbLid. Paznuunble Momudukamum «Jlernectkas Mmpu-
MEHSIIOTCS [JIs1 3allMThl OT MbUIM, €CJIM €€ KOHLUEHTpalUsl B BO3AYXE
paboueii 30Hbl B 5—200 pa3 npeBbiuaet BenuuuHy TTJIK.

ITpoMbllIeHHbIE (PUABTPYIOIIME MPOTUBOra3bl MpeaHa3HAYEHbI
IUUIS. 3allIMThl OPTraHOB NIBIXaHMSI OT Pa3IMYHBbIX ra3oB W IMapoB. OHU
COCTOSAT M3 MOJYyMAacku, K KOTOPOU MOABENEH IIJaHT C 3aryOHUKOM,
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MIPUCOSAMHEHHBI K (PUIBTPYIOIIMM KOpOOKaM, HAIlOJHEHHBIM II0-
TJIOTUTENISIMA BPEIHBIX Ta30B WX MmapoB. Kaxmas kopoOka B 3aBU-
CHMOCTH OT IIOIJIOIaeMOTro BeIleCTBA OKpallleHa B OIIpenejeHHBII
uset (Taba. 15.2).

Tao6muia 15.2. XapakrepucTuka (QUILTPYIONIMX KOPOOOK
NPOMBIILIECHHBIX MPOTHBOTa30B

Mapxa | OmauvumenvHas Bewecmeo, om komopoeo npomueoeas
0Kpacka KopooKu 3quumaem
A KopuuHneBas OpraHuyeckue naphbl
B Kenras KucnorHble ra3bl
r XKenro-uepHas Ilapsl pTyTH
E YepHas MBIIBIKOBUCTBIN U (pochOpUCTBIii BOIOPO,
K Cepas AMMMAK U CEPOBOAOPO,
(6[0) benas Okcupn yraepona
M Kpachas Bce rasmsi, BKJItouasi oKcug yriiepoaa

Mzonupyrolne MpoTUBOTra3bl MPUMEHSIOTCS B TeX CIIydasx, KO-
ria colepxXaHue KHCIopoga B Bo3ayxe MeHee 18%, a comepxkaHue
BpPEIHBIX BelllecTB 0ojiee 2%. Pa3nnyaloT aBTOHOMHbIE U ILLIJIAHTOBBIE
MPOTUBOTa3bl. ABTOHOMHBII MPOTUBOTAa3 COCTOMT M3 paHIla, HAIoJ-
HEHHOTO BO3IyXOM WJIM KHUCJIOPOIOM, IIUTAHT OT KOTOPOTO COEIUHEH C
JINIIEBOM MacKoi. B IIAHTOBBIX M30JIMPYIOLINX IMPOTHUBOra3ax YMCTHIA
BO3MIYyX IOJAETCS 110 IIUIAHTY B JIMLIEBYIO MAcKy OT BEHTWJISATOpA, IIPUUEM
JUTMHA 1IIJITAHTa MOXET JOCTUTATh HECKOJIBKHX JECSITKOB METPOB.

KOHTpOJ\beIe BOIIPOCHI
0000000000000 00000

1. Yro Taroe asposomm?

2. HaI{OBbI OCHOBHbIE€ 1IYyTU ITPOHUKHOBEHUsA BPE/IHbIX BELIECTB B
opranmusM deyopexa?

3. Rak jpeiictByior BpejHbie BelecTBa Ha OpraHu3M 4eioBera?

4. Ilpencraspre KiIaccu(PURALIIO BPEIHBIX BEIECTB.

5. Yro Taroe puGporeHnoe jeiicTBIE MBLUM HA OPraHU3M YelioBera?

6. Jlaiire omnpejenenne IOHATHA <IIPEJEIbHO JOIYCTHMAsA KOHIICH-
rpauusy (IIR).



10.
11.
12

13.

14.
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Ragr obGecrieuntsb nojyiepskanne B Bo3jyxe 0€30MacHON KOHIIECH-
Tpamuu BPeHbIX BeliecTs?

Ilepeuncianre MHANBIIYATIbHBIC CPEICTBA 3alIUTHI OT BO3JECT-
BUsI BPEHBIX BEIIECTB.

Kak paccuurarh He0OXOIMMOE KOJMYECTBO BO3JyXa, IMOJlaBae-
MOTO B TOMEINEeHNe JUIs CHUZKEHUs COJlepsKanns B HeM Bpejl-
HBIX BEIECTB 10 HOPMbI?

Yro Takoe KpaTHOCTH BO3yx000MeHa?

Jlast 9ero cysKuT MecTHas BbITSsKHAA BEHTHIAINA?

Ragkne yerpoiictBa MecTHOIi BBITAMRHON BEHTHIAIUN Bbl 3Hae-
Te?

Kagk ocymecTBisiercsi KOHTPOJIb 3a COlEpPsRaAHNEM BPEIHBIX Be-
eeTB B Bo3jtyxe padoueii 30HbI?

Kagr yerpoensl (puibTpylomme n m3oJupyoime mpoTuBorasbl?
Kakosa oGaactb ux npumenenus?

Kak maprupyoores u oRpammbaiorest (PUIbTPYOIe KOpOOKH
OTeYeCTBEHHBIX (PUIBTPYIONHMX POTHBOTA30B?



HPOHBBOH,CTBCHHOC
OCBCILICHHC

16.1. OcnoBHbIe XapaKkTepHCTHKH
NPOU3BOJCTBEHHOTO OCBEIIEHHUS

[Ipon3BoOACTBEHHOE OCBEIIEHNE — HEOTheMJIEMBIN 3JIEMEHT yC-
JIOBUM TPYIOBOM AESITELHOCTU YesjloBeKa. I[Ipu mpaBUIBHO OpraHu-
30BAaHHOM OCBEILIEHUM pabodero MecTa oOecIleYMBaeTCsl COXpaH-
HOCTh 3pEHUS 4YeJIOBE€Ka M HOPMaJIbHOE COCTOSIHME €T0 HEepBHOI
CHCTEMBI, a TaKXe 0e30IMacHOCTh B TIpoliecce Mpou3BoacTa. [Tpous-
BOAUTEILHOCTh TPyJa M KAayeCTBO BBIITYCKAEMOU MPOMYKIUM HaXO-
JSITCST B MIPSIMOI 3aBUCUMOCTH OT OCBEILICHMUSI.

BuauMelii CBET — 3TO 3JIEKTPOMArHUTHBIC BOJHBI C JUIMHOW BOJI-
Hbl oT 770 1o 380 Hm!. OH BXOOWUT B ONTUYECKYIO OOJIACTb IEKTPO-
MAarHUTHOTO CITEKTpa, KOTOPBIM OTrpaHWYeH MIMHAMK BojaH oT 10 mo
340 000 am. Kpome BHOMMOTrO CBeTa B ONTUYECKYIO OOJIACTH BXOIUT
yabTpaduoneroBoe nanydeHre (MIUHBI BoiaH ot 10 mo 380 HM) U WH-
dpakpacHoe (TeruoBoe) uznydeHue (ot 770 go 340 000 HM).

C ¢usnueckoil TOYKM 3peHUs 000N MCTOYHUK CBETa — 3TO
CKOIUIEHWE MHOXXECTBa BO30YKIEHHBIX WJIM HEIMPEePBIBHO BO30YX-
JaeMbIX aToMOB. Kaxabiii OTHEeNbHBIM aTOM BelleCTBa SIBIISIETCS Te-
HEpaTOPOM CBETOBOM BOJIHEIL.

C pu3nonornuecKoil TOYKU 3peHMST CBET SIBIISICTCS BO30yIUTEIEM
opraHa 3peHHs 4YeJoBeKa (3pUTEIbHOTO aHaiau3aTopa). YemoBeue-
CKMI I1a3 pa3jinyaeT CeMb OCHOBHBIX LIBETOB M 00Jie€ COTHM MX OT-
TeHKOB. [Ipubnm3uTeabHbIe TPaHUIBI IJIUH BOJH (HM) U COOTBETCT-
BYIOIIIME UM OIIyIIeHUs (LIBeTa) CICOYIOIIeE:

380—455 — duoneroBbiii 540—590 — xenThiit
455—470 — cuHuUi 590—610 — opaHKeBbIi
470—500 — romy6oit 610—770 — KpacHbI

500—540 — 3eyeHblit

"1 uM (1 Hanometp) = 1079 M.
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Haubonbias 4yBCTBUTENIBHOCTh OPTaHOB 3PEHMS YeJIoBeKa IpH-
XOJUTCS Ha W3JIYYEHUE C JUIMHOW BOJHBI 555 HM (KEATO-3€JIEHbII
LIBET).

BBenmeM OoCHOBHBIE CBETOBBIE BEJIWYMHEI, TTO3BOJISIONINE KOJTMYE-
CTBEHHO OITMCAaTh BUAMMOE M3TyYeHUE.

YacTp Jy4uCTOro IIOTOKA, BOCIpPMHUMAaeMasi OpraHaMu 3peHUs
YeJI0BEKa KaK CBET, HA3bIBAETCS CBEMOBbIM HOMOKOM, O0O3HAYAETCS
OykBoit @ u usMepsiercss B moMeHax (iM). C dusmyeckoil TouKu
3pPEHMSI CBETOBOM IOTOK — 3TO MOIIMHOCTH BUAWMOTO W3JTyYEHUS,
T.€. CBETOBasi dHEPTUs, U3Tyyaemasl 110 BCEM HaIIpaBJIEHUSIM 3a elu-
HuLy BpeMeHU. Ho Tak Kak m3MepeHHe CBETOBOTO IOTOKA OCHOBBI-
BaeTCsI Ha 3pUTEIbHOM BOCIIPUSATHU, TO CBETOBOM MOTOK — BEJTMUM-
Ha He TOJIbKO (pu3mueckasi, HO 1 GU3NOIOrnIecKasl.

IIpocTpaHCTBEHHYIO TIJIOTHOCTH CBETOBOTO MOTOKA HAa3bIBAIOT CU-
A0l céema N U3MEPSIOT B KaHaenax (km). OHa XapakTepu3yeT HepaB-
HOMEPHOCTh PacIpOCTPaHEeHUsI CBETOBOIO IMOTOKAa B MPOCTPAHCTBE U
OIIpenessieTCsl BhIPpakKeHUEM:

1-92 (16.1)
dQ
rae d® — CBETOBOM TOTOK, MCXOMASIIIMA OT MCTOYHUKA CBETAa U PacCIpo-
CTpaHH}OHlI/Il})ICﬂ PaBHOMEPHO BHYTPU SJIEMEHTAPHOI'O TEJIECCHOTIO
yria;

dQQ — BenMYMHA QJICMCHTApHOI'O TCJICCHOIO yrja.

EnuHuueid Mepsl TE€JIECHOIO yIa SIBJSIETCS TEJIECHBIN Yroj, BbIpe-
3ar0lMid U3 cdepbl (C UEHTPOM B BEpIIMHE YIJIA) IJIONIAalb, PaBHYIO
IUTOLIAAM KBaapaTa, MOCTPOEHHOro Ha paauyce. Takol TeaecHbI
yroJl Ha3blBalOT cTepaauaHoM (cp). ITonHbIA TeaecHBIM yroa BOKPYT
TOYKM paBeH 47 cp, MOTOMY CUJIA CBETA TOYEYHOTO MCTOYHMKA:

-2
4r

Cnenyoniasi CBETOTEXHUYECKas BEJIMUYMHA — 3TO OCBELEHHOCTb.
Ocsewennocmopio TOBEpXHOCTU E Ha3bIBaeTCs BeJIUYMHA, U3MepsieMast
OTHOIIICHHEM CBETOBOIO IOTOKa d@, Mamarlinero Ha IOBEPXHOCTHb
dsS, K BeIMYrHe MOBEPXHOCTHU d.S, T. €.

=92 (16.3)
ds

OcBelleHHOCTb U3MepsieTcsl B Mokcax (JK). OcCBelleHHOCTh MO-
KeT ObITh BbIpaKeHa M 4epe3 Cuay cBeTa. Tak, IJIs1 TOYEYHOro Mc-
TOYHMKA CBETA:

(16.2)
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I cosa
F = — (16.4)
r
rie / — cuia cBeTa B HalpaBJIEHWM OT MCTOYHMKA Ha JaHHYIO TOYKY IOBEPX-

HOCTH;

r — pPaCcCTOAHMUEC OT CBECTUJIbHUKA OO ITOBEPXHOCTU,

o — YIroJI MEXAy HOPMaJIbIO ITOBEPXHOCTU W HAIIPABJICHUEM CBETOBOI'O I1O-
TOKa OT UCTOYHUMKA.

SApKOCTb MCHONb3YeTCS Ml XapaKTepPUCTUKM MPOTSIKEHHOIO M C-
TOYHMKA CBeTa, 00/aJalollero CBeTslleiicsl MoBepxXHOCThiO dS. Ap-
Kocmb TIPOTSKEHHOIO0 MCTOYHMKA cBeTa L orpenensieTcsl OTHOLIEHM-
€M CWIbl CB€Ta B JaHHOM HampaBjieHUM dl K TMOBEpXHOCTU MCTOUYHMU-
Ka, BUAMMOM MO 3TOMY HampaBjeHUIO, JIMOO OTHOLLEHWEM CBETOBOIO
rnmoroka d® K IMPOU3BEICHUIO TEJIECHOTO yIia dQ, BHYTPU KOTOPOTO
MU3y4yaeTcs MOTOK, HA BUAUMYIO MOBEPXHOCTh MCTOUYHMKA CBETA:

o (16.5)
dS-cose dQdS-cosoe
[I€ @ — Yroj MexXay HOPMalbio K CBETSLUEHCS MOBEPXHOCTU M IJa30M Ha-
omonarens.

SpKoCTb n3MepseTCa B KI/M2.

KpoMe IepeunciieHHbIX BbIIE CBETOTEXHUYECKUX BEJIMYMH M C-
MOJIB3YIOT  KO3hpuuuenm ompaxcenus, XapaKTepU3YIOLIMHA CIOCO0-
HOCTb TTOBEPXHOCTU OTPaXaTh IMaJalolINil Ha HEe CBETOBOM IOTOK:

D
_ otp
p= o (16.6)
nang
rme (DOTp— OTpaXkKEHHBIN OT MTOBEPXHOCTU CBETOBOM MOTOK;
an — Tajaloluii Ha TTOBEPXHOCTh CBETOBOM MOTOK.

Kak cnenyet u3 onpeneneHusi, p — 6e3pasMepHasl BeIUYMHA.

PaCCMOTpCHHHC CBETOTEXHUYCCKMUE BECIIMYMHBI OTHOCATCSIA K KO-
JINYECTBEHHBIM TTOKA3aTeIsIM MPOU3BOICTBEHHOTO OCBEIIl€HUS.

PasnmuuaroT ciemyiolnne BHIOBI IPOM3BOACTBEHHOTO OCBEIICHUS:
€CTeCTBEHHOE, MCKYCCTBEHHOE M COBMEIleHHOe. EcmecmeenHoe OC-
BEIICHNE OCYIIECTBIISICTCS 3a CYET NPSMOTO M OTPaXKeHHOTO CBeTa
HeGa. C (pU3MOJOrMIeCcKOl TOYKM 3peHMsT €CTECTBEHHOE OCBellcHME
HauboJiee OiaronpusiTHO IJs1 yejaoBeKa. EcTecTBeHHOE OCBelleHUEe B
TEYCHUE OHA MCHACTCA B JOCTATOYHO ILIMPOKMUX IIpE€acjax B 3aBHUCU-
MOCTH OT COCTOSTHUASI aTMOcdephl (00J1aYHOCTD).

PasznmuuaroT 60KOBOE €CTECTBEHHOE OCBEIIEHHE — Yepe3 CBETO-
Bble MpoeMbl (OKHAa) B HapyXXHbIX CTEHAX M BEpXHEE €CTECTBEHHOE



2 82 Paspnen 4. BesonacHocTb TpyAa

OCBeIIIeHNE, TTPU KOTOPOM CBETOBOM ITOTOK ITOCTYITAeT Yepe3 CBETO-
BbI€ TIPOEMBI, PACITOJIOXEHHBIE B BEpXHE 4YacTh (KpHILIE) 3MaHUS
(aspallMOHHbIE U 3eHUTHbIE (poHapu u T.4.). Eciu ucnonb3dyercs: oba
BHUIA OCBEIIEHUsI, TO OHO HA3bIBAETCSI KOMOMHUPOBAHHBIM.

g XapakKTepUCTUKN €CTECTBEHHOTO OCBEIICHMST HCIIONBb3yeTCs
Koagguyuenm ecmecmeennoti oceewennocmu (KEO):

keEo=L 1004, (16.7)
E,
rae: E— OCBCLHICHHOCTDb Ha pa6oqu MECTE, JIK;

Ey — OCBeLIEHHOCTb Ha ynuLe (IIPU CPEIHEM COCTOSIHUM OOJaYHOCTH), JIK.

Benuuunsl KEO nist paznnyHbIX NOMEIIEHU JiexaT B Mpeaeaax
0,1—12%.

Hckyccmeennoe OCBELIEHUE OCYILIECTBISIETCS QJIEKTPUYECKUMU
JlaMIaMyd WiM npoxektopamu. OHO MOXET ObIThb OOILLMM, MECTHBIM
WIKM KOMOMHUpOBaHHBIM. OO01Iee MpeaHa3HAYEHO ISl OCBEILICHMS
BCEro MPOU3BOACTBEHHOIO MOMEIIeHUsI. MeCTHOE MpU HEOOXOAUMO-
CTU JOIOJHSET 00l M KOHLEHTPUPYET AOMOJHUTENbHBIA CBETO-
BOM MOTOK Ha pabouux Mectax. CoyeTaHMe MECTHOTO M OOLIEro OC-
BEIIEHUST Ha3bIBAlOT KOMOMHUPOBAHHBIM.

Ecnu B cBeTsioe BpeMsl CYTOK YpPOBEHb €CTECTBEHHOIO OCBElle-
HUS HE COOTBETCTBYET HOPMaM, TO €ro JOMOJHSIOT UCKYCCTBEHHBIM.
Taxoil BUa OCBEllEHUSI HA3bIBAIOT COBMEULEHHBIM.

ITo pyHKUMOHAILHOMY Ha3HAYEHUIO PA3IMYAOT CIAEAYIOLINE BU-
JIbl UICKYCCTBEHHOI'O OCBELICHMUS: pabouee, aBapuiitHOE, PBaKyallMOH-
HOE, OXPaHHOE U JIEXYPHOE.

16.2. Cosaanne Tpebyembix ycAoBui
ocBellleHus1 Ha pabouem mecre

st co3maHus HaWIy4IIMX YCJIOBMIl IS BUICHMS B IIpolecce
Tpy#a paboume MecTa OOJDKHBI OBITh HOPMaJbHO OCBEIIeHBI. Tpe-
OyeMBIil YpOBEHb OCBEILIEHHOCTU B IIEPBYIO OYEpelb OIIpEHesseTCs
TOYHOCTBIO BBHIIIOJIHSIEMBIX PaOOT M CTEIIEHbIO OIACHOCTH TPaBMUPO-
BaHUs. [T XapaKTEpUCTUKM TOYHOCTH BHIIIOJIHSIEMBIX PabOT BBO-
IUTCS TIOHATHE OOBbEKTa pas3IMyeHMS — 3TO HaMMEHBIIUI pa3Mep
paccMaTpUBaeMOIo IpeaMeTa, KOTOPbIii HEOOXOAMMO pa3IMYMUTh B
npouecce padbotel. Hampumep, Ipy BBIIOJIHEHUM YEPTEKHBIX PadOT
O0BEKTOM pa3IMUCHUsT CIYKUT TOJIIMHA CaMOM TOHKOW JMHUU Ha
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yepTexke, Npu padboTe ¢ meyaTHOM JOKYMEHTalMel — HauMEeHbIIUM
pa3Mep B TEKCTe MMeeT TOYKa M T.II.

Bonbiioe 3HaueHme MMeeT XapakTep (oHa, HA KOTOPOM pac-
CMaTPUBAIOTCS OOBEKTHI, T. €. IIOBEPXHOCTH, HEIOCPEIACTBEHHO TIPH-
Jlerawllleit K 0ObeKTY pa3IMyeHusl, U KOHTPACT 00beKTa C (hOHOM,
KOTOPBIN OTPEAeIsieTCs] COOTHOIIEHNEM SIPKOCTEN paccMaTpUBAEMbIX
o0bekTa U (oHa.

KonnyectBeHHO (DOH MOXKET ObITh OXapaKTepu30BaH KO3(huLm-
€HTOM OTpaXXeHHUsI p CBETOBOTO ITOTOKA OT IMOBEPXHOCTH, OOpasylo-
meir ¢oH. 3HaueHue p Jjexut B mpenmenax 0,02—0,95. Eciu oHo
npesbinaer 0,4, To oH HazbIBaeTcs cBeTIbIM, Tipu p = 0,2—0,4 —
cpenHuM, ipu p < 0,2 — TEMHBIM.

KoHnTtpacT o6bekTa ¢ hoHOM (K) ompenensiercs 1Mo opmye:

K = M , (16.8)
Ly,

tne Ly v Ly — APKOCTb COOTBETCTBEHHO (POHA U OOBEKTA.

[Ipu K > 0,5 KoHTpacT 00beKTa ¢ (DOHOM CUUTAETCS OOJBIINM,
npu K = 0,2—0,5 — cpennum, nipu K < 0,2 — Manbim.

bosbllioe 3HaueHUEe MMEET TakKe PaBHOMEPHOCThb pacmpeaesie-
HUS SIPKOCTU Ha paboueil MOBEPXHOCTU, OTCYTCTBME Ha HEl pe3KMX
TeHEeU, MOCTOSHCTBO BEJIWYMHbI OCBEILIEHHOCTM BO BPEMEHMU U DSl
JIpyrux (pakTopoB.

Bce snekTpuyeckue 3J€MEHThl OCBETUTENbHBIX YCTAHOBOK JIOJIK-
Hbl OBITb BJIEKTPO-, MOXApPO- U B3PbIBOOE3ONACHBIMU, 3KOHOMUY-
HBIMU U JTOJTOBEYHBIMMU.

st co3naHuss MCKYCCTBEHHOTO OCBELUEHUSI MPUMEHSIIOTCS pas-
JIMYHbIE 3JEKTPUYECKME MCTOUHMKU CBETA: JIaMIIbl HaKaJluMBaHUSI U
pa3psiiHble MCTOYHUKM cBeTa. Kparko paccMOTpUM OCHOBHbIE ITa-
paMeTpbl BJEKTPUYECKUX MCTOYHUKOB cBeTa. K uywuciay Haubosee
BaXXHbIX M3 HUX OTHOCSTCS IOKa3aTeju, XapaKTepu3ylollue U3aydye-
HUE, DJIEKTPUYECKUI PEeXXUM U KOHCTPYKTUBHBIE TTApAMETPHI.

N3znyyeHue 3JeKTpUYECKUX MCTOYHMKOB CBETa XapaKTepu3yeTcs
CBETOBBIM TOTOKOM, CHJIOM CBeTa (CHJION M3NTy4YeHHs), DHEpreTuye-
CKOI (CBETOBOIT) SIDKOCTBIO M €€ pacIpefesieHUueM, paclpeacaecHueM
M3JyYEeHUS] MO CHEKTPY, a TAKXKe UBMEHEHUEM 3TUX BEJUYMH B 3aBU-
CUMOCTH OT BpeMeHM paboThl Ha IlepeMeHHOM Toke. [ly1s1 xapakre-
PUCTUKM 1IBETA WU3JYyYEHUSI OCBETUTEJIbHBIX JIaMIl JAOIOJHUTEIbHO
BBOJISITCSI 1LIBETOBbBIE MMapaMeTphI.
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DIEKTPUUECKUN PEXUM XapaKTepU3YyeTCs MOIIHOCTBHIO JIAMITHI,
pabouynMM HampsDKeHWEM Ha JIamIle, HaIlpsDKEHUEM ITMTaHMS, CHIION
TOKa W POIOM TOKa (IOCTOSIHHBINM, MEPEMEHHbIN C OIpeaeeHHOMI
4acTOTOl U Ap.).

K KOHCTpYKTMBHBIM TlapaMeTpaM JIaMIT OTHOCATCSI WX radapuT-
Hble U TIPUCOCAMHUTEIbLHBIC pa3Mephbl, BBEICOTA CBETOBOIO ILIEHTpA,
pa3Mephl M3JTyJalollero csera, popMa KOJIObI, €€ ONTUYECKUE CBOM-
cTBa (IMpo3payHasi, MaTUPOBaHHAasl, 3epKaJIM3MPOBaHHAS U T.1.), KOH-
CTPYKIIMS BBOAA W JIp.

K sxcmmyaTallmOHHBIM TapaMeTpaM 2JIEKTPUYECKUX HMCTOIHM -
KOB CBeTa OTHOCATCS 3(P(GEKTUBHOCTh, HAOEXKHOCTh, SKOHOMHY-
HOCTb U JIp.

Ahpexmuenocms UICTOUHUKA CBETA OIpPEIEIIeTCS KaK dHEPreTH-
YeCKMM KIII TIpeoOpa3oBaHUs DJIEKTPUUECKON DHEPIrUU B ONTHYE-
CKOe M3JIydeHHe, TaK U d(GGEKTUBHBIM KII JaMIIbl, KOTOPHIA TIpei-
CTaBysieT COOOM MOJII0 BHEPIMU ONTUYECKOIO M3IyYeHMS, IIpeBpa-
maemMytlo B 3¢G@EKTUBHYIO JSHEPTUIO NpPUEMHHMKa (YeJIOBEYECKOTO
rmasa), T. €. 2(pdeKTUBHAs DSHEPrus MNpUEeMHUKa (YeJIOBEYECKOIO
rjlaza) mpejacTaBisieT cOOOM Ty 4acTb SHEPIUU ONTUYECKOIO M3JTydye-
HMSI, KOTOpasl BBHI3BIBAET B 3PUTEIBHOM aHaJM3aTope 4YeIoBeKa
oIpeaeeHHBIE OIIYIIECHUS.

Haodescnocms MCTOYHMKOB OINTHUYECKOTO M3TYYEHUS XapaKTepu-
3YIOT TIOJTHBIM CPOKOM CIIY>KOBI MJIU TIPOHOJIKUTEIIBHOCTBIO TOPEHMUS
Y TIOJIE3HBIM CPOKOM CJIYXKOBI, T. €. BpeMEeHEM 3KOHOMUUYECKU IIieie-
coo0pa3Hoi 3KcIuTyaTaunu JaMmIiiel. OOBIYHO 3a 3Ty XapaKTePUCTUKY
BBIOMpAIOT BpeMsi, B T€UYE€HHE KOTOPOTO CBETOBOM IIOTOK, M3jIydyae-
MBIi JIaMIIOH, U3MeHsieTcs1 He GoJiee ueM Ha 20%.

HMcroyHnky cBeTa MaccOBOro IPUMEHEHMST TOJDKHBI 00J1amaTh
IKOHOMUYHOCIBIO, 32 KOTOPYIO OOBIYHO IPUHUMAIOT CTOMMOCTH HX
SKCILTyaTallid, OTHECEHHYIO K OJHOMY JIIOMEH-4acy.

g ocBelleHUsT TIPOU3BOJACTBEHHBIX TTOMEIIEHUIN MCITOIb3YIOT
JINOO JIaMITbl HaKaJIMBaHUs (MCTOYHUKU TEIJIOBOIO WU3JYyUYEHMUS), JIU-
00 pa3psiaHbIE JIAMITbI.

K npeumyiiiecTBam JlaMIl HaKaJIMBaHUS CJIeIyeT OTHECTU MPOCTO-
Ty MX W3TOTOBJIEHUS, YAOOCTBO B AKCIUTyaTallMd. DTHU JIaMITbl BKIIIO-
4aloTcs B JIEKTPUYECKYIO CETh 0€3 MCITOJB30BaHUS KaKUX-JIM00 I0-
MOJHUTEbHBIX YCTPOHCTB. OCHOBHbIE HEAOCTAaTKM — HEOOJbLION
CPOK CIIyXOnbI (~2,5 ThIC. U) U HEBbICOKasA cBeTooTnaya. Kpome toro,
CIIEKTpP JIaMIT HaKaJIMBaHUs, B KOTOPOM IIpeo0JIafaloT KEIThle U
KpacHble Jy4u, 3HAaUYUTEJbHO OTJIMYAeTCsl OT CIEeKTpa eCTeCTBEHHOIO
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(COMTHEYHOTr0) CBeTa, YTO BHI3BIBAET MCKAXKEHME LIBETOINEpenayn U He
MO3BOJIIET UCMOJIb30BaTh JaHHbIE JIAMITbI JJISI OCBEICHMST TeX paborT,
IIJIST KOTOPBIX TpeOyeTcsl pa3TudeHNe OTTEHKOB I[BETOB.

Hna ocsellleHUsT TIPOU3BOACTBEHHBIX ITOMEIIEHUII B HacToslIee
BpeMsI MCHOJIb3YIOT JaMIlbl HAaKAJIUBAHUS CIEAYIOLIMX TUIIOB: BaKy-
ymubie (HB), razonamonmnennble oucnupanbhbie (HBK), pedmnek-
TopHble (HP), saBasioniyecss nammnaMu-cBeTUIbHUKAMU (4ACTh KOJIObI
TaKOM JIaMITbl MOKPBITA 3€PKaJbHBIM CJI0EM), oOnanamonie O00blIoi
MOIIIHOCTBIO KBapleBbie rajoreHHsie gamnsl (KI') u ap.

PazpsinHble 1aMMmbl TakKe 1IMAPOKO MPUMEHSIIOTCS ISl OCBELLIEHUS
IMPOU3BOACTBEHHBIX MoMeleHni. 1o cpaBHEHMIO ¢ JIaMITaMM HaKaJI-
BaHUS OHM OOJIaalOT ITIOBBILIEHHOW CBETOBOW oOTmayei, OOJIbLINM
cpokoM ciayxk0bl (mo 10 000 ). CnekTp MX U3Iy4yeHUs] OJIU30K K
CIIEKTPY €CTeCTBEHHOTO CBETa.

K HempocTaTKkaMm paspsiiHbIX JIaMIl B MEPBYIO ouyepelb CAeayeT OT-
HECTU MYJbCALMIO CBETOBOIO MOTOKA (IMEPUOIMYECKOE €ro MU3MeEHe-
HUe npy paboTe JaMIibl), YXYIIIAIOLIYIO YCJIOBHUS 3PUTEIBLHOU pado-
Thl. IS cTabuav3aluyd CBETOBOIO MOTOKAa HEOOXOOAMMO HMCHOJIb30-
BaTh JOMOJNHUTENBbHYIO armapatypy. ChneunanbHBIe ITyCKOBBIE
YCTPOMCTBA MPUMEHSIOT IJIs BKJIIOUYEHUs pa3psaHbiX jJamil. Kpome
TOro, 3TH JIaMIIbl IIpU pabOTe MOTYT CO3[aBaTb PaaMOMNOMEXM, IJIs
MoAaBJIeHUsI KOTOPBIX YCTaHABIMBAIOT (PpUIAbTpEl. Bce 310 mpuBoauT
K TOBBILIEHUIO 3aTpaT MPM MOHTaXXe OCBETUTEJbHON CETH M3 pas-
PSIIHBIX JIAMIT 110 CPAaBHEHUIO C JJaMIlaMU HaKaJIMBaHUS.

M3 pa3psimHbIX UICTOUHUKOB CBeTa HAa MPOMBIIUIEHHBIX MPeapy-
STUSIX IIUPOKO TPUMEHSIIOT pasjMyHble JTIOMUHECLICHTHBIE JaMIIbl
(JII), myromeie prytHBIe nammel (JAPJI), pedaexTopHBIe myroBbie
PTYTHBIE JJaMIIbl ¢ oTpaxatoium cioeM (I PJIP) u psan npyrux.

3a pybGexxoM pa3paboTaHbl U UCIIOIb3YIOTCS IS OCBEILCHUST KOM-
MaKTHbBIC JIIOMUHECLIEHTHBIE JIaMITbl. OCOOEHHOCTBIO 3TUX Pa3PSIHBIX
JJaMI SIBJIIETCSl TO, YTO OHM MpeaHa3HAuyeHbl ISl HEeMmOoCpeACTBEHHOM
3aMEHBbI JIaMIT HaKaJWMBaHMs, TaK KaK CHAaOXEHbl CTAaHAAPTHBIM pPE3b-
OOBBIM IIOKOJIEM M MOIYT BBOPAYMBATLCS B 3JNEKTPUUYECKUI TATPOH,
Kak OOBIKHOBEHHbIC JIaMIIbl HakaauBaHus. KoMmakTHbIe JIIOMUHEC-
LIEHTHBIE JIaMITbl Mal0T OOJIBIIYI0 3KOHOMHUIO 3jIeKTposHepruu. Co-
BpeMEHHbIE pa3psiAHbIe MICTOYHUMKU CBETa IOCTEIIEHHO BBITECHSIOT U3
obuxona JaMnbl HaKaIMBaHUs. B pa3BUTBIX CTpaHaX Mypa pa3psiIHbIC
JIaMITbl CO3/1al0T 60Jiee TTOJIOBUHBI CBETOBOTO IMOTOKA W TIpe/Ioaraer-
csl, 4TO B OydylueM 3Ta JoJisi OyaeT Bo3pacTaTh.

HMcroyHMKM cBeTa pacrnosiaraloTcs B CIeLMaJbHON OCBETUTENIb-
HO# ammapaType, OCHOBHasl (YHKIIMSI KOTOpOi — mepepacripeaene-



2 86 Paspnen 4. BesonacHocTb TpyAa

HUE CBETOBOIO ITOTOKA JAMIbl C LIEJbI0 MOBBIIEHUS 3()HEKTUBHO-
CTU OCBETUTEJbHON yCTaHOBKM. KOMIUIEKC, COCTOSIIMI W3 UCTOY-
HUKA CBETa M OCBETUTEJIBHON apMaTyphl, Ha3bIBAIOT CBETUJILHUKOM
WA OCBETUTEIBLHBIM TTPUOOPOM.

HopMmupoBaHmne OCBEIIEHHOCTH IIPOM3BOIUTCS B COOTBETCTBUU
co CHull 23-05-95 «EcTecTBeHHOE M UCKYCCTBEHHOE OCBELLECHUE».
B cooTBeTCTBUM C JaHHBIM HOPMATUBHBLIM JOKYMEHTOM B 3aBUCHMO-
CTU OT CTEINEeHU 3PUTEbHOTO HAIpsKeHUsT Bce pabOoThI AENSITCS Ha
BoceMb paspsnoB (I—VIII) u yeTsipe mompaspsna (a, 6, B, T).

dnsa onpeneneHuss BEJIWYMH HOPMUPOBAHHOIO €CTECTBEHHOIO M
HUCKycCTBeHHOro ocBelleHus: no taba. 1 CHulla HeoOxogumo 3aaaTh
HaVMMEHBIIIMI pa3Mep 00beKTa pa3IMuyeHMs], a TaKKe XapaKTePUCTH-
Ky (oHa U KOHTpacT obobekTa ¢ (hoHOM. IIpeanosoxum, BBIITOJHSI-
eTcs pabora cpegHeit TouHocT. @parment Tabdn. 1 CHulla mig ato-
To ciyyas mpeacTaBieH B Tabm. 16.1.

PaGoTta cpenHeil TOYHOCTHM XapaKTepU3YeTCs TEM, 4YTO pa3Mep
HaMMEHBIIIETO OOBEKTa pas3MueHus JeXUT B Tipemenax ot 0,5 mo
1 MM. YcroBuMcs, 4TO B Mpollecce 3pUTeNbHOM paboThl ()OH U KOH-
TpacT oobekTa ¢ poHOM cpeaHuil. I1o 3TMM HaHHBIM MOXHO Ompene-
JIUTh paspsia U mompaspsia 3putenbHoil padotsl (IVB), a takke HoOp-
MMPOBAHHBIC BEJIMYMHBLI OCBellleHMs. [Ipy MCKycCTBEHHOM OCBEIICHUH
BEJIMYMHA KOMOWHMWPOBAHHOM OCBELLIEHHOCTH JODKHA COCTaBJISITh
400 nk, a oomeir — 200 ak. CoorBerctBeHHO BennuuHa KEO npu
BepXHEM WJIM KOMOMHMPOBAHHOM €CTeCTBEHHOM OCBEILIEHWM IOJIKHA
ObITh paBHa 4%, a npu 60koBOoM — 1,5%. AHajoruyHble XapaKTepu-
CTUKHM TIPU COBMEILIEHHOM OCBellleHun cocTasar 2,4 u 0,9%.

[nsa ompeneleHrs] HOPM OCBELIEHHOCTH MOXHO BOCHOJIb30BaTh-
ca u tabn. 2 CHulla, ¢pparMeHT KOTOpPOIi IpuBeaeH B Tabm. 16.2.

B omnmuune ot ta6m. 16.1 mia omnpenesieHNUs HOPM OCBEILIEHHOCTH
HEOOXOAUMO 3aJaTh XapaKTepUCTUKY IoMelleHus. IIpeamnonoxum,
Hac MHTepecyeT HOpMa OCBELIEHHOCTH B y4yeOHOUl aymutopuu By3a. I1o
ta6n. 2 Cumlla 23-05-95 (tabn. 16.2) Haxomum, YTO OCBELICHHOCTBH
JIOCKM B ayOuUTOPUU TIPM MCKYCCTBEHHOM OCBEIICHWM JODKHA COCTaB-
Jiatb 500 JIK, a OCBEIICHHOCTh Ha padOyMX CTOJIaX M IapTax, pacrojo-
KeHHbIX Ha BbicoTe 0,8 M oT ypoBHd 1ona, — 300 nk. CooTBETCTBEHHO
BesmunHa KEO momkHa cocTtapisith 1,5% mpu G0OKOBOM OCBEIIEHUH U
4% — npu BepXHEM WM KOMOMHUPOBAHHOM OCBEILICHUM.

Kpome mnepeuucinenHbix mapamerpoB, B Taba. 2 CHulla mnpen-
CTaBJIEHbl TaKM€ KayeCTBEHHbIC ITOKA3aTeJaM MPOU3BOACTBEHHOIO OC-
BellleHUsI, KaK IoKa3aTejlb OUCKoMdopTa U KO3 UIMEHT ITyJibca-
LIMU OCBEILICHHOCTH.
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Ta6nuia 16.2. HopMbl ecTeCTBEHHOT0 U HCKYCCTBEHHOTO
ocsemennsa (mo CHull 23-05-95, Taoa. 2)

Ilrockocme, (ZZ’}% ZCZZ__ Ecmecmeennoe
HOpmuUupoearue sewenue oceeuleHue
No oceeuieHHocmu
n/n ITomewjenue u KEO — 6vi- | Ocgewen- KEO, %
coma naocko- | yoeme pabo- Bepxnee wn
cmu Hao noAoM, | yyx nogepx- KOMBUNDO- boko-
M Hocmell, JIK GaHHOE 6oe
24 | O61eo6pa3oBaTeIbHbIC

LIKOJIBl M 1IKOJIbI-
WHTEPHATHI, Mpodec-
CUOHAJIbHO-TeXHUYEC-
KUe, CpeaHue CIelm-
aJibHbIE W BbICIIWE
yyeOHbIE 3aBEICHUS
KnaccHble KOMHaTHI,
ayIuTOpUu, YIYeOHbIe
KaOMHETHI, JabopaTo-
puu, J1aOOPAHTCKUE:
a) Ha pocke (cepeauHa) |B — Ha gocke 500 — —
0) Ha pabouux cTojax u
naprax I —10,8 300 4 1,5

Il pumeuuanu e. [lnockocts I' — ropusoHrtanbHass, B — BepTuKaibHasl.

OnpenenuB nmo CHull 23-05-95 HopMaTUBHYIO BEJIMYUHY OCBE-
IIEHHOCTU B IMOMELIEHUU TPU MCIIOJb30BAHUM IJEKTPUYECKUX KC-
TOYHMKOB CBeTa, HEOOXOAMMO pacCUMTaTh OOIIYI0 MOIIHOCTb 3JeK-
TPUYECKOM OCBETUTEIbHOM YCTAHOBKM.

Hna pacueta HMCKYCCTBEHHOTO OCBELIECHUSI MPUMEHSIOT METO.
CBETOBOT'O IOTOKA, TOYEYHBIM METOd W METOH YAEeJIbHOW MOIIHOCTH.
PaccmoTrpuM B KadecTBe mpuMepa pacueT ¢ IIPUMEHEHHEM MeTona
CBETOBOI'O IIOTOKA, KOTOPBI MCIIOIB3YeTCs ISl OIpelcaeHrs oOle-
IO PAaBHOMEPHOI'O OCBEIICHUS Ha TOPU30HTAIbHOM ITOBEPXHOCTH.

CBEeTOBOI1 ITOTOK OT JIaMITbl HaKaJWBaHWUS WM TPYIIIBL pa3psii-
HBIX JIaMII, 00pa3yIOlIUX CBETUJIBHUK, PaCCUMTHIBAIOT 110 (hopMYyJIe:

_ 100E,,Szk ’ (16.9)
Nn

rae @, — CBETOBOI MOTOK JIAMITBI WJIM TPYIIIIBI JIaMII, M; N — YHCIIO CBe-
TUJIBHUKOB B TOMEIIEHUU, WIT.; F,; — HOPMHUpPOBAHHAsI MUHUMAJIbHAs OC-

I
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BELIEHHOCTD, JIK; S — IUIOIAAb OCBEILAEMOTO TOMELIEHUs, M2, 7 — KO3(-
GUUMEHT MMHMMAIbHOH OCBEIIEHHOCTH, PAaBHBIA OTHOWEHWIO Ecp/Emin,
3HAYeHWE KOTOPOTO AJIs JIaMIT HaKaJluBaHUs cocTasiseT 1,15, a misa momu-
HeCUeHTHBhIX JlaMn —1,1; k& — Koa(pdUUMeHT 3araca, COCTaBJSIOLINMI ISt
JamMT HakaymuBaHus 1,3—1,6 u i pa3psioHbIX Jamn — 1,4—1,8; n — Koad-
(pULIMEHT MCITOIB30BaHUS CBETOBOTO IMOTOKA JIAMIT (CIPaBOYHbIEC TaHHEBIE).

PaccunraB mo ¢opmyrne (16.9) cBeToBoi MOTOK JaMIbl @, IO
CIpPaBOUYHUKY TMOAOMparoT OJMXKAKIIYI0 CTAaHAAPTHYIO JlaMIly, IOcCJie
YETO OIPEACISIOT 3JICKTPUYECKYI0 MOIIMHOCTh BCEM OCBETUTEIHLHOM
CHUCTEMBI.

st mpaBUIbHON OpraHM3aluuy padouyux MeCT B MPOM3BOICTBEH-
HOM TOMEILEHUU TpeOdyeTcs MPOBOAUTH pacyeThl KO3(hGULIMEHTOB
ecrecTBeHHOI ocBellleHHOCTU. KEO paccumThiBaloT mpu OOKOBOM

OCBEILLEHUU (eg) WM TIDU BEPXHEM (e, ), UCIONB3Ys CIEdyIOLINE

BbIpA>XKCHMA:
o6 _ et e Rinty. (16.10)
p k3
o = [813 + 8cp(r2ktb _1)]10 , (16.11)

p k3
IIe € U &3 — cooTBeTCTBEHHO reomerpuueckuit KEO B pacueTHoii Touke
npu G0OKOBOM WUJIA BEPXHEM OCBEIUCHUU; ¢ — KOIGDMULIMEHT, YUUTHIBAKOLIUAMI
HEPAaBHOMEPHYIO IPKOCTb 00J1ayHOro Heba; &;; — reomerpuyeckuit KEO,
VUUTBHIBAIOIIUI OTpak€HUE CBETa OT MPOTHUBOCTOSAIIMX 3AaHMi; R — Ko3(-
(bULIMEHT, YYUTHIBAIOIIMI OTHOCUTEIBHYIO SIPKOCTh MPOTUBOCTOSIIMX 31a-
HUM; g, — cpenHee 3HavyeHue reomerpudeckoro KEO; ru ry, — Koapdu-
LIMEHTHI, yuuThiBatouime nosbiieHne KEO u3-3a oTpaxeHusl OT MOBEPXHO-
CTeil moMeuleHus; g — OOIMi KO3 UIMEHT CBETONMPOMYCKaHMS; k; —
KO2GbOUIIMEHT 3armaca, HaxoAgIuics B npenenax 1,2—2,0; kg, — koabdurm-
€HT, YUUTHIBAIONINI TUT (hoHAPSI.

Bce BenmmuuHBI 1 KO3G@UIIMEHTHI, BXOASAIINE B IIPEACTaBICHHBIC
dopmynnl mis onpeaeneHuss KEO, onpeaensitoTcsi B COOTBETCTBUU
co CHulI 23-05-95.

It m3MepeHusT OCBEIIEHHOCTH B ITPOM3BOICTBEHHBIX ITOMEIIle-
HUSIX TIPUMEHSIOT TIPUOOpPHI, Ha3blBaeMbIe JIIOKcoMeTpamu. B oteue-
CTBEHHON IIpakTHKe HamOoJiee YacTO IMPUMEHSIOT JIOKCOMETPHI Ma-
pok 10-16, 10-116, K0-117. Dt npubopbl U3MePSIOT (POTOTOK, BO3-
HUKAIOIIW B IIETM CEJEHOBOTO (hOTORJIEMEHTa W COSMTUHEHHOTO C
HUM U3MEPUTEHOTO MpHOopa Mo BIMSHUEM ITafalollero Ha 9y B-
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CTBUTEJIbHBIN CJIOM CBETOBOro moToka. Yem Oosibllie CBETOBOI IMO-
TOK, TEM CWJIbHEE OTKJIOHSIETCS CTpeJika IMproopa OT HYJIEBO TOUKM.
ITpubop rpagynpoBaH B JIIOKCAX.

g m3MepeHUs SPKOCTH HCIOIB3YIOT TTPOMBIIUIEHHO BHIITYC-
KaeMbiit sipkoMeTp thma PITY.

K cpenmctBaM MHIMBHIYaJBHOM 3alllUTHl OPraHOB 3PEHUST OTHO-
CATCA pa3NIMJHBIE 3allIUTHBICE OYKW, IIUTKM W IIeMBl. Bce oHHU
JTOJDKHBI 3allUINATh OpraHbl 3peHMST OT YIbTPadMOIETOBOTO W WH-
dpakpacHOTO M3TYyYECHHUI, TTIOBBIIIEHHON SIPKOCTH BUAWMOTO M3Tyde-
HUS U psaa APYrux (akTopoB. YKazaHHbIE CPEACTBA 3allUThl CHAO-
KEHBI CIELUMATbHBIMIA CBETO(PUIBTpAMHU, KOTOpPBIE ITOAOMpPAIOTCS B
3aBHCHUMOCTHU OT XapaKTepa U MHTEHCUBHOCTHU M3IYYCHHS B COOTBET-
crBun ¢ 'OCT 12.4.080-79. Tak, HanipuMep, IJISI Ta30- M DIJIEKTPO-
CBapIIMKOB WCITOJIB3YIOT CBeTOMWILTPEI THHa I’ m D, miud 3aimTh
IJ1a3 paboTaloIMX Y CTaJeIIaBMILHBIX M JTOMEHHBIX TTeueil — CBe-
toduasTphl IT u JI.

Kourpoabubie Bonpocor
000 00000O0OGDOGCONOGOOGNOEOSNOIO

1. Oxaparrepusyiite 0CHOBHbIE CBETOBbIE BEJIMYHHBI.

2. Rakune BUBI TPOM3BOJICTBEHHOTO OCBEIEHHA BbI 3HaeTe?

3. Yro Takoe roappunuent ecrecrserroro ocseienus (KEO)?

4. Rarkne pasHOBHJIHOCTH MMeeT NCRYCCTBEHHOE ocBelieHme?

. OxaparrepusyiiTe HCTOYHUEN NCKYCCTBEHHOTO OCBEIEHNA.

. Raxr HOopMupYyeTes Mpou3BoOiCTBEHHOE OcBelenHue?

. Rar paccunrbiBaercsi cBETOBOii MOTOK OT JaMIlbl WIN TPYIIIbI
nami?

8. Rar u3mepserca ocBemeHHOCTh B IIPOU3BOJICTBEHHOM TIOMEIIIe-

13171004

NS ot



Balgn'ra OT IIIyMma,
YABTpPa~- H HH(PPaA3BYKa,
BU6pauun

17.1. [enictBue myma, yabTpa- U HHppasByKa,
a Tak:ke BUGpauuu Ha OPraHH3M 4YeAOBEKa

DKCIUTyaTalysl COBPEMEHHOTO IPOMBILIJIEHHOIO O0OpYIOBaHUSI
U CPEACTB TpPaHCIOPTAa COMPOBOXIAECTCS 3HAYUTEIbHBIM YPOBHEM
1ymMa U BUOpalMM, HETaTUBHO BIUSIOIIMX HAa COCTOSIHHE 310POBBS
pabotatomux. C TOUKM 3peHUs] Oe30MacHOCTU Tpyda IIyM U BUOpa-
LIMS — OJHM M3 HauboJjiee pacnpOCTPaHEHHbBIX BPEIHBIX MPOU3BOJ-
CTBEHHBIX (PaKTOPOB Ha MPOU3BOACTBE, KOTOPHIE TIPU OMpeneIeHHbIX
YCJIOBUSIX MOTYT BBICTYIIaTh KaK OIMAacHBbIe MPOU3BOJACTBEHHbBIE (hak-
Topbl. KpoMe 1IyMOBOTO M BMOPAllMOHHOTO BO3AEUCTBUS, BPEIHOE
BJIMSIHME Ha 4yejioBeKa B Mpollecce Tpylda MOTYT OKa3biBaTh MH(ppa-
3BYKOBbBIE€ M YJIbTPa3BYKOBbIE KOJeOaHUSI.

PaccmoTpuM OCHOBHBIE (U3MYECKHME XapaKTEPUCTUKU IIIyMa,
BUOpaLMH, yAbTpa- U MH(PPA3ByKa.

Illym — >TO coyeTaHWE 3BYKOB pa3iUYHOM 4YaCTOTbl U MHTEH-
cuBHOCTU. C (PU3MOJOTMYECKON TOUKM 3PEHMSI LIYMOM Ha3bIBalOT
JM000I HexkeJlaTebHbIA 3BYK, OKa3bIBAIOIIUIA BpPeAHOE BO3IEUCTBUE
Ha OpraHu3M 4YeJoBeKa.

3BYKOBbIE KOJiIeOaHUsI, BOCIPMHUMAEMble OpraHaMM cliyXa 4esio-
BEKa, SBISIOTCS MEXaHWYECKMMHU KOJEOaHUSIMU, PaCHpOCTpPaHSIIO-
IIMMUCS B YIIPYrou cpene (TBepAOii, XXUIKOM UM ra3000pa3Hoil).

OCHOBHBIM TNPU3HAKOM MEXaHWYECKMX KOJeOaHUM SIBISETCS MO-
BTOPHOCTb Mpoliecca ABUXEHUS Yepe3 OMpPEAEEHHbI MPOMEXYTOK
BpeMeHU. MUHUMAaJIbHBIIA UHTEPBaJl BpEeMEHM, Yepe3 KOTOPBI Ipo-
HUCXOIUT TOBTOPEHUE NBVKEHUS Tejla, Ha3bIBAIOT nepuodom Koaeba-
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Huit (T), a oOpaTHYIO eMy BEJIMYMHY — 4YacTOTOM KojebaHuii (f). Dt
BEJIMYMHBI CBSI3aHbI MEXKAY COOOI MPOCTBIM COOTHOIIEHUEM:

1
f=7, (17.1)

roe f/ — vacroTa KonebaHuii B repuax (I'1);
T — nepuon KojiebaHUI B CEKyHJax, C.

Takum obpa3om, yacToTa KojebaHUll ompeaesseT YUcao Kojebda-
HMH, IMpou3olenmmx 3a 1 cekyHmy. EquHuia naMepeHns: 9acTOThl —
repu (T'u), 1 Tu=1 cL.

It XxapakTepuCTUKM KOJIEOAHWI WCIIONB3YIOT TaKKe UUKAUYe-
ckyro wacmomy (o, c¢’l), KoTopasi omnpenenseTcss Kak 4ucio Kojeda-
HU, TPOMCXOAIIIMX 3a 21 CEKyHI. Mexay OObIYHOM M LIMKIWYe-
CKOI YacTOTaMU CYIIECTBYET CIICAYIOIAsl CBSI3b:

o=2mnf. 17.2)

[uknryeckas yacToTa M mepuoid KoJjieOaHUi CBSI3aHbI ClIEAYIO-
LIMM COOTHOLIEHHUEM:
o=2n/T . (17.3)
OgHuM 13 HamboJiee YacThIX BUIOOB KOJIEOAHWI, CYIIEeCTBYIOIINX
B MpPUpOJE, SIBJISIIOTCS rapMoHuYeckue kKonedbaHus (puc. 17.1), onu-
CbIBaeMbl€ YypaBHEHUEM:

X=X, Cos(wt+(p0), (17.4)

IIe X — CMEIIeHME Tesa OT MOJIOXKEHUS] paBHOBECHSI,
® — LUKJIMYECKasl 4acToTa KoJieOaHUIA;

t — Bpems.
YA

MakcuMmanbHOoe  3Haue-
HHME CMEUIEHUsI OT IOJIOXe-
7 HUs paBHOBecUS (X;,) Ha3bl-
X, \ /\ BaeTCsl aMIUIMTYAOW KoJjeba-
v » Hus. Bemnuuna, crosiias
t TIOA 3HAKOM KOCHHYca, Ha-
2 3bIBaeTcsl (ha3oil rapMoOHU-

YECKOTo KOJIeOaHUs:
Puc. 17.1. Iapmonusueckue xosebanus p=0f+¢,. (17.5)

®aza KoysebaHU @) B HAYaJIbHbIII MOMEHT BpeMeHM ¢ = () Ha3bI-
BaeTcsl HavyalbHOI (pa3oil. Pasza KojaebaHUsS XapaKTepU3yeTcsl BeJIv-
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YUHOU U HarpaBJICHUEM OTKIIOHCHUS KOJIeOaHUS OT IIOJIOKEHUS
PaBHOBECHA B 3aBUCMMOCTH OT BPEMECHU.

KonebaHnus B ynpyroii cpeae He OrpaHMUYMBAIOTCS LIEHTPOM BO3-
OyxneHus1 3Tux Kosebanuii. KoneOmolmecss 4acTUIBI Cpeabl Mepe-
JafOT CBOIO BHEPIHMIO coceaHUM dactumaM. [Ipoirecc pacmpocTtpaHe-
HUS KoJjiebaHMIW B yINpyro cpene HasbiBaeTcsl 6oqarnou. Kaxnas us
YaCTHUIl Cpedbl MPU 3TOM KOJEOJIETCS OKOJIO ITOJIOKEHUST YCTOMUM-
Boro paBHOBecus. [IoBepXHOCTh, KOTOpass OTHOEINSIET KOJEOTIOIIecs
YacTUIILI OT YAaCTHII, TMOKa €lle¢ He NMPUIICAIINX B KoJiebaTeIbHOe
IBVDKEHWE, Ha3bIBalOT (PpoHTOM BOJHBI. COBOKYITHOCTh TOYEK, KO-
JieOmonMxcsl B OJAMHAKOBBIX (pa3zax, oOpasyeT BOJHOBYIO IOBEpPX-
HocTh. Bce Touku (ppoHTa BOJHBI MMEIOT HyJeByio (asy. Orcrona
clieyeT, 4To (PPOHT BOJHBI TIPEACTABIIsSIET COOOW OMHY M3 BOJHO-
BBIX TTOBepXHOCTel. PPOHT BOJTHBI PACITONIOXEH MEPIECHINKYIISIPHO
K HalpaBJI€HUIO pacnopocTpaHeHus1 BojHbl. [lo ¢opme ¢dpoHTa
BOJIHBI pa3inyaioT Iuiockue um chepuueckue (puc. 17.2). Paccrosi-
HHUE MEXAy ABYMsS COCEAHUMU HaCTULaAMHM, HaXOOALIMMHUCA B OOU-
HAKOBOM pPEXHNME OBMXKXEHHUA WU B OI[I/IHaKOBOﬁ (1)2136, Ha3bIBACTCSA
JumHo# BoiHBI A. Ha puc. 17.1 mpencraBieHO Trpaduyeckoe u30-
OpaxkeHHe TapMOHMYECKMX KoJieOaHMII M TakKe IOKa3aHa IJIMHA
BOJIHBI.

Puc. 17.2. Buost 6oan: a) niockas; 6) cghepuneckas

HMcTouyHnK 3BYKOBBIX KOJieOaHUI, BO3OYKIAIOLINUN HA0CKUE 6041-
Hbl, TIPEICTABIISIET COOOM IIJIOCKYIO TTOBEPXHOCTh, pasMep KOTOpPOit
CYLIECTBEHHO OOJIbllie JJIUHBI BOJHBI. DPOHTHI 3TUX BOJIH PacHoio-
>KE€HBI TIapajuIeNIbHO TJIOCKOCTU BO30YXICHUS.
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Cpepuueckas 6oana co3maeTcsl MaJICHBKUM T10 CPaBHEHUIO C JIJIH-
HOM BOJIHBI BO30yauTENeM KOJeO0aHM — TOYEYHBIM HMCTOYHHUKOM
3BYKOBbIX KosiebaHuil. IIpu ouyeHb OoJiblIOM (OECKOHEYHOM) yaalie-
HUM MCTOYHMKA 3BYKOBBIX KOJieOaHUM chepuyeckue BOJIHBI MOTYT
YaCTUYHO CTAHOBUTHCS IJIOCKUMU.

Tun pacopocTpaHsolelicss B 3BYKOINPOBOASIIEM MaTepualie
BOJIHBI 3aBUCHUT OT €ro BMJA U Pa3MepoB, a TakKxKe OT JAJIMHBI BOJIHBI.
PaccmoTpuM BaXKHBIN C NPaKTUYECKONM TOUYKM 3pEHMUS CJIydail pac-
MPOCTpPaHEHNS 3BYKOBBIX BOJH B HEOIPAaHUYEHHBIX CpelaX, pa3Mepbl
KOTOPBIX 3HAUMTEIbHO OOJIbllie JIMHBI BOJHBI. B 3THX cpemax pac-
MPOCTPaHSIIOTCS MPOAOJbHBIE U MOMEpeuyHble BOJHBI. B mpoaoiabHOI
BOJIHE MEHSIIOTCSI MECTaMM 30HbI CXaTusi (00JIaCTU C TMOBBILIEHHBIM
JaBJIeHWEeM) M 30HBI PACTSLKeHUS (00JacTH C MOHVKEHHBIM JaBIie-
HueMm). IloaTomMy apyroe Ha3BaHME STHX BOJH — BOJIHBI CXATHS
(BoJIHBI AaBieHus ). s 3TUX BOJIH HampaBlieHUE KOJeOaHMsl YacTHUll
COBIIAIA€T C HaIlpaBJEHMWEM paclpoCTpaHeHUsl BOJHbI. B mpupome
TaKoOi TWUM BOJH PaclpOCTpaHSIETCS B TBEPAbIX, XXKUAKUX U razo00-
pa3HbIX cpelax, HalPUMEpP CJBbILIUMBIN 3BYK B BO3IYyXE.

s monepeyHbIX BOJH HampabjieHWe KoJiebaHus 4acTull Mep-
MMEHAVKYJISIPHO HAMPABJICHUIO PACIIPOCTPAHEHUST BOJTHBI. DTH BOJHBI
TakKXXe HOCSIT Ha3BaHUE CIABUIOBBIX BOJIH, TaK KaK BBI3bIBAIOT B 3BY-
KOIIpOBOISAIIEM Marepuane caBur. OHUM MOTYT pPacIPOCTPAHSATHCS
TOJBKO B TBEPIAOU Cpele.

Ckopocth V pacnpocTpaHeHUs KoyieOaHWiII B IPOCTPAHCTBE Ha-
3BIBACTCSI CKOPOCTHIO BOJNHBI. CBSI3b MEXIY IUTMHON BOJIHBI A, CKO-
POCTBIO BOJIHBI V' 1 mepuonom KosnebaHust T 1aeTcsl BbIpaXKeHUEM:

r=VT, (17.6)
oTkyga V = % . 17.7)

YuureiBasi, YTO 4yacToTa KoJjiebaHMs CBsI3aHA C IEPUOAOM COOT-
HoireHreM (17.1), CKOpPOCTb BOJHBI MOXHO BBIPa3UTh Yepe3 4acTo-
TYy: V=Af.

CKopocTh pacnpocTpaHEHHUsI 3BYKOBBIX BOJH B razoo0pa3HoOit
cpele (MaeajbHBIN ra3) onpeaessieTcsl BhIpaXkKeHUEM:

Crasz\lX(P/p) > (17.8)
rome X — mokaszarellb aguabarbl (ITOCTOSHHAS BEJIMYMHA, JJIS BO3OyXa paB-
Hag 1,41);
P — naBneHwue rasa;
p — IJIOTHOCTh rasa.
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ITo coBpeMeHHBIM M3MEpPEHUSIM CKOPOCTh 3BYKa B BO3IyXe IIPU
HOPMaJlbHBIX yCJIOBUSX paBHa 331 m/c. B Tabm. 17.1 mpuBeneHBI
CKOPOCTH PAacCIIPOCTPAaHEHMST 3BYKOBBIX BOJH B Pa3IMYHBLIX BEIECT-
Bax IpU KOMHATHOM TeMIeparype.

Tao6muima 17.1. CKopocTh pacupocTpaHeHHs MPOIOJIbHBIX
U MoNepevHbIX BOJH ISl Pa3IMYHBIX BeIleCTB

Bewecmeo Ckopocms pacnpocmpanerusi 604H, M/c
IIpoodoabhbix Ilonepeunvix
AIOMIHUIA 6320 3130
CsuHel 2160 700
Keneszo 5900 3230
Menn 4730 2300
Huxkenn 5894 3219
Hunk 4120 2350
KBapueBoe crTekiio 5570 3520
Boma (273K) 1481 —
Boznyx 331 —

3BYKOBbIE BOJIHBI II€pEHOCAT 3Hepruro. IS XapaKTepUCTUKH
CpPEIHEro MOTOKA SHEPTUM B KaKOW-TMOO TOUKE Cpelibl BBOAST MOHSI -
THE WHTEHCUBHOCTU 3BYKa — 3TO KOJUYECTBO 3HEPTUU, MEPEHOCU-
MO€ 3BYKOBOU BOJIHOM 3a €AWHUILY BPEMEHU Y€pPE3 CAUHUILY TUIOIIA-
I TIOBEPXHOCTU, HOPMaJIbHOM (pacrojioxkeHHoi 1moa yrioMm 90°) k
HaIpaBJIEeHUIO pacnpoCTpaHEeHUs1 BOJHbI. MHTEHCMBHOCTb 3ByKa Bbl-
paxaeTcsl ClenyroluM odpa3oM:
2
P
p-C
roe I — MHTEHCUBHOCTb 3ByKa, Br/M2;
P — 3ByKOBOE NaBjieHue (Pa3HOCTb MeXIy MIHOBEHHBIM 3HAUeHHEM TOJI-
HOIO JaBJIEHUs] M CPEIHUM 3HAueHUEM AaBJICHHUsI, KOTOPOe HabJIo-
JIaeTcsl B cpefie MPU OTCYTCTBUM 3BYKOBOTO ToJist), I1a;
p — IUIOTHOCTb CPEMbI, KI/M3;
C — cKopocTb 3ByKa B cpefie, M/C.

(17.9)

Cuna BO3IeHCTBUST 3BYKOBOM BOJHBI Ha 0apabaHHYIO IEPEIOHKY
YeJIOBEUECKOI'0 yXa M BBI3BIBAEMOE €10 OIIYIIeHUE TPOMKOCTH 3aBH-
CAT OT 3BYKOBOTO NaBJieHWsI. 3BYKOBOE MABJICHWE — 3TO IOIOJHU-
TeJIbHOE JaBJICHME, BO3HUKAIOIIEE B Ta3e WM KUIKOCTU IIPU HaXo-
KIEHWHW TaM 3BYKOBOI BOJIHBI.
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B mpupone BenmmumHBI 3BYKOBOTO OABJICHUS W WHTEHCHUBHOCTHU
3ByKa, TeHepUpyeMble Pa3TUYHBIMUA MCTOYHUKAMM IIIyMa, MEHSIOTCS
B LIMPOKMX Tpeenax: 1mo aasieHnio — g0 108 pas, a mo mHTeHCUB-
Hoct — 10 1016 pa3. B coorBercTBum ¢ 3akoHOM Bebepa — DexHe-
pa TPUPOCT CHJIBI OIIYIICHUS] aHajaM3aTopa YejoBeKa, B TOM YKCIie 1
CITyXOBOTO, TIPOITOPILIMOHAJICH JIOTapru(pMy OTHOLICHUS SHEPTUM ABYX
CpaBHMBaeMbIX pasmpaxkeHuii. [losToMy I XapaKTepUCTUKU YPOB-
HS IIyMa WCIIOIB3YIOT HE HEMOCPEICTBEHHO 3HAYeHUST WHTEHCUBHO-
CTH 3ByKa W 3BYKOBOTO HAaBJIEHUsI, KOTOPHIMU HEYIOOHO OIIepUpO-
BaTh, a WX Jiorapu(pMUIecKre 3HaYeHUs, Ha3bIBaeMble YPOBHEM WH-
TEHCUBHOCTH 3BYKa WJIM YPOBHEM 3BYKOBOTO JABJICHUSI.

Ypoeenv unmencusenocmu 36yka onpenensioT mo Ghopmye:

L - 101g]i, (17.10)

0
rae L; — ypoBeHb MHTEHCUBHOCTU B neuubenax (nb);
I — VHTEHCUBHOCTb 3ByKa, BT/M2;
Iy — VHTEHCHBHOCTb 3BYyKa, COOTBETCTBYIOIAsl TOPOTY CJIBIIINUMOCTHU
4enoBevyeckoro yxa (ly — mocrosinHas Beauuuna; Iy = 1012 Br/m?2
Ha yactote 1000 I'm).

YenoBeueckoe yx0, a TakKe MHOIME aKyCTUYECKHe MpUOOpHI
pearupyioT He Ha MHTEHCMBHOCTb 3BYKa, a Ha 3BYKOBOE [aBJICHHE,
ypOBEHb KOTOPOTO OIpeaesieTcs: Mo dopmyiie:

P? P
L,= 101g[?02) =20 1g(F0] , (17.11)

rne P — 3BykKoBoe namieHue, [la;
Py — noporosoe 3BykoBOe naBieHue (Py — MOCTOSIHHAs BeIU4MHa, Py =
= 2 . 10—5 Ila Ha yacrore 1000 I'm).

CBs13b MEXAY YPOBHEM HMHTECHCUBHOCTU M YPOBHEM 3BYKOBOTO
JaBJICHUS OIIPEACISACTCA CICAYIOIINUM BbIPAXKECHUEM:

2
L :IOIg(i]:]OIg[IﬂpOCO/H]ZpC =10lg £~ +101g{M}:
Iy By pC

PoC
=L, +101g{%}, (17.12)

rae pg M1 Cy — COOTBETCTBEHHO IUIOTHOCTh CPEAbl U CKOPOCTh 3BYKa TpH
HOPMAaJIbHBIX aTMOC(epHBIX ycloBusx, T. €. nipu ¢t = 20 °C u
Py = 105 Ia;
pu C — IUIOTHOCTH CpPeIbl U CKOPOCTh 3ByKa B YCIOBUSIX M3MEPEHMS.
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ITpu pacnpocTpaHeHUM 3ByKa B HOpPMaJbHbIX aTMOC(EPHBIX YyC-
JnoBusix Ly = Lp. ITpu pacueTax ypoBHS lllyMa MCIOJb3YIOT BEIUUUHY
WHTEHCUBHOCTH 3BYyKa, a IJIT OIEHKW BO3ICHCTBHUS IIIyMa Ha YeJo-
BeKa — YPOBEHb 3BYKOBOTO IABJICHUS.

YenoBeueckoe yXO BOCIPUHMMAET KaK CIBIIIMMEBIE KOJeOaHM,
snexampe B npeaenax oT 20 go 20 000 ru. 3ByKoBOil a1Mana3oH IIpu-
HATO TIOApa3nesiaTh Ha HM3KodacTOTHBIM (20—400 r1), cpemHedac-
toTHbIA (400—1000 ri) u BeicokoyacToTHBIN (cBbie 1000 rir). 3By-
KOBBIE BOJIHBI ¢ YacToToi MeHee 20 Il Ha3BIBaIOTCS MHMPA3BYKOBBIMMU,
a ¢ gactoramu 6osee 20 000 r — yaeTpa3BykoBeIiMU. MHDpa3ByKo-
BbI€ M YJIBTPa3BYKOBBIE KOJIEOAHMSI OpraHaMM CcJliyxa 4ejoBeKa He

BOCIIPUHUMAIOTCSI.
YbTpa3ByKOBOI AMANa30H YaCTOT JNEJMUTCS Ha [1Ba MOIAMANa3o-
Ha — Hu3kovactoTHbii (20—100 xI'm) m BbicokowyacToTHbIN (100

k[11—1000 MTI'1r). YnbpTpa3Bykn BechbMa CHJIBHO ITOTJIOLIAIOTCS Tra3a-
MU 1 BO MHOIO pa3 ciabee — XMAKOCTSIMU. Tak, Hampumep, Kodd-
(GUIIMEeHT TMOTJIOIICHUS YIbTpa3ByKa B BO3Myxe IPUOIM3UTENIEHO B
1000 pa3 Oosblie, YeM B BOJe. YJIBTPa3BYKM IPUMEHSIOTCS B IIPO-
MBIIJICHHOCTH IS KOHTPOJIBHO-U3MEPUTENBHBIX Ieneit (medekTo-
CKOMUSI, U3MEPEHME TOJIIIMHbI CTEHOK TpyOONpOBOJOB M Jp.), a
TaKKe IS OCYIIECTBIICHUS W MHTEHCHU(PUKAIIUM Pa3TINIHBIX TEXHO-
JIOTUYECKUX MPOLIeCCOB (OYMCTKA JeTalieil, cBapka, Iaiika, apo0Je-
HUE U T.1.). YJIbTPa3ByKU YCKOPSIIOT MPOTEKaHUe MpoleccoB audady-
31U, PACTBOPEHUSA M XUMNYECKUX PEAKIINA.

MHudpa3Byk — 3TO 001aCTh aKyCTUUYECKUX KOJeOaHUM B auana-
3oHe Hmke 20 ', B mpon3BoACTBEHHBIX YCIOBUSAX MH(PPa3BYK, Kak
MMPaBWJIO, COYETAETCSA C HM3KOYACTOTHBIM IIIYMOM, a B PsIIE CIIydacB
M C HM3KOYACTOTHOM BuOpammeit. McrouyHukamm wuH@pa3Byka B
MIPOMBIIIJIEHHOCTU SIBJISTIOTCS KOMIIPECCOPBI, OU3eJIbHBIC IBUTATE-
JIN, BEHTUJIATOPBI, PEAKTUBHEBIC ABUTATEIN, TPAHCIIOPTHHIE CPEICT-
Ba U JIIp.

XapakTepuCTUKaMU YJbTPa3BYKOBbIX U MH(Pa3ByKOBbIX KoJjeba-
HUIA, KaK W B CJTy4ae 3BYKOBBIX BOJIH, SIBJISTIOTCS YPOBEHb MHTEHCHB-
Hoctu (Bt/M2), ypoBens 3BykoBoro nasneHus (ITa) u yacrora (I'm).

PaccmorpuM, Kak AEWCTBYIOT 1IyM, YyJAbTpa- W HUH@Pa3ByK, a
TakKe BHOpAIIAS Ha OPraHMU3M YeJIOBeKa.

3ByKM OYEeHb OOJBIION CHIIBI, YPOBEHb KOTOPBLIX ITPEBBIIIACT
120+130 nb, BBI3BIBaIOT OOJIEBOE OLIYIIEHWE W MOBPEXKICHUS B CIIy-
XOBOM armrapare (aKkycThdyeckas TpaBma). B tabm. 17.2 mpencrasie-
HBI YPOBHU Pa3TNYHBIX 3BYKOB.
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Taonuia 17.2. YpoBHH pa3M4HBIX 3BYKOB B 3aBUCHMOCTH
OT HCTOYHUKA IIyMa M PACCTOSTHHS

Hcmounuk Ypoeens
Paccmosnue, m
wyma wyma, 0b
Kunasg komHata — 35
Peub cpenHeit rpoMKoCTH 1 60
MauHomnucHoe 610po — 65
Mertannopexyiune CTaHKU Ha pabouem mecte 80—96
JAn3eabHbIl TPY30BUK 7 90
ITueBmonepdopaTop 1 100
PeakTuBHBIN nBUTATENb 25 140
BricTpen u3 apTWLIepUiiCKOrO Opyaus 1-2 160—170

Pa3priB 6apabaHHBIX MEPEIOHOK B OpraHax CiIyxXa yejoBeKa Ipo-
WCXOIUT TION BO3INEHCTBMEM IIlyMa, YPOBEHb 3BYKOBOTO HaBJICHUS
KOTOPOTro cocrtaBisieT ~ 186 n1b. BosneiicTBre Ha opraHu3M 4eoBeKa
1IyMa, ypoOBeHb KOTOPOro okono 196 nb, mpuBeaeT K MOBPEXIACHUIO
JIETOYHOI TKaH! (ITOPOT JIETOYHOTO ITOBPEXICHMS).

OmHako He TOJIBKO CUJIbHBIE IIIyMBI, IIPUBOMISIINE K MTHOBEHHOM
[JIyXOTe WM TIOBPEXIECHWIO OPTaHOB CJIyXa YeJIOBeKa, BPEIHO OTpa-
JKAIOTCSl Ha 3J0pOBbe M paboTocnocobHocTu mwoaeit. Ilymbl HeOO b-
110} MHTEHCUBHOCTH, nopsiaka 50—60 1BA!, HeraTUBHO BO3NEICTBYIOT
Ha HEPBHYIO CHCTEMY YeJIOBEKa, BBI3BIBAIOT OCCCOHHUIIY, HECIIOCOO0-
HOCTb COCPEIOTOUYNTHCS, YTO BEIAET K CHIDKEHHIO ITPOM3BOMMTEIbH O-
CTH TpylIa U TIOBBIIIAET BEPOSITHOCTh BO3HMKHOBEHUSI HECYACTHBIX
cIyJaeB Ha Ipou3BoacTBe. Ecim I1IyM IOCTOSIHHO NeiiCTBYyeT Ha 4e-
JIOBEKa B IIpoIiecce TPyda, TO MOI'YT BO3HUKHYTH Pa3IW4YHbIC IICUXM-
YeCKUe HapyLIEeHUSI, CepACYHO-COCYINCTHIE, KEJyI0YHO-KUIIEeYHbIE
1 KOXHBIEC 3a00J1eBaHMS, TYTOYXOCTb.

IMocnencTBust BO3AEHCTBUS IyMa HEOOJBIION WHTEHCHUBHOCTU
Ha OpraHM3M 4YeJIoBeKa 3aBUCIT OT psma (pakTopoB, B TOM YHCIIE
BO3pacTa U COCTOSIHUS 3I0POBbsI pabOTAIOIIETro, BUAA TPYIOBOM e -
TEJTBbHOCTH, TICUXOJOTUIECKOrOo M (PU3MIECKOTO COCTOSHHUS YeIOBeKa
B MOMEHT JIEACTBUSA 1IymMa U psaaa apyrux ¢akropos. Lym, npous-
BOAMMBII CAaMMM YeJIOBEKOM, OOBIYHO He 0eCIOKOUT ero. B oTimmume
OT 3TOrO IIOCTOPOHHHWE IMYMBl YacTO BBI3BIBAIOT CUJIBHBINM pasmpa-

I' B 1BA BbIpaxaeTcs ypoBeHb LIyMa, 3aMEPEHHBIA MO IKade A IIyMoMmepa, KOHCT-
PYKILIMS ¥ TIPUHIUIT paboThl KOTOPOTO M3JIOXKEHHI Jajiee.
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Xaroluii a¢pexT. Eciu cpaBHUBATh IyMbl ¢ OMMHAKOBBIM YPOBHEM
3BYKOBOTO JaBJICHUS, TO BEICOKOYACTOTHEIE IyMbl (f > 1000 I'r) 60-
Jiee HeTIPMSITHBI IS YesoBeka, yeM Hu3kovactotHble (f < 400 I'm). B
HouyHoe BpeMs 1ymM ¢ ypoBHeM 30—40 nbA saBisgeTcs cepbe3HBIM
Gecnokos M (GHakKTOpOM.

IIpm TTOCTOSTHHOM BO3IEMCTBUHU IIIyMa Ha OpPTaHM3M 4YeJIOBeKa MO-
I'YT BO3HUKHYTH MATOJIOTMUECKNE M3MEHEHMS, Ha3bIBaeMble IITYMOBOM
00J1e3HBI0, KOTOpast SIBJISIETCS MPO(eCCHOHATBHBIM 3a00IEBaHMEM.

MHppa3Byk Takke OKa3bIBaeT HETATMBHOE BIMSHHE HA OpPTaHbI
cJlyxa, BBI3BIBas YTOMJICHHE, YYBCTBO CTpaxa, TOJIOBHBIE OOJM M TO-
JIOBOKPYKEHHUS, a TaKXKe CHIKAET OCTPOTy 3peHus. OCoOeHHO He-
OaronpusATHO BO3ACHCTBME HAa OpraHM3M uejloBeKa MH(PPa3BYKOBBIX
KoJiebaHuit ¢ yactoroit 4—12 I'.

BpenHoe Bo3meiicTBHe yabTpa3ByKa Ha OPraHM3M YeJIOBEKa BHI-
paxaeTrcsl B HapylIeHWU OEATEIbBHOCTA HEPBHON CHUCTEMBI, CHIKeE-
HUU 0O0JIEBOM YYBCTBUTEIBHOCTH, W3MEHEHUM COCYAMCTOTO IaBie-
HHUS, a TaKXKe COCTaBa M CBOWCTB KpOBU. YJbTpa3ByK Mepenaercs
MO0 4epe3 BO3AYILIHYIO cpeay, JUOO KOHTAaKTHBIM IyTeM Yepe3
XKMAKYI0O M TBEpAYIO cpedy (neiictBue Ha pyku paboraroinux). KoH-
TaKTHBIM ITIyTh Tepemaud yJIbTpa3ByKa HambOoJiee OITaceH IS opra-
HH3Ma 4YeoBeKa.

PaccmoTrpuM Bo3aeiicTBUe BUOpallMM Ha OpraHM3M YeJIoBeKa.

Bubpauus — 3T0 COBOKYITHOCTb MEXaHUUYECKUX KoJjieOaHUM, Tpo-
CTEMILIMM BUIOM KOTOPBIX sBJIsIIOTCS rapmoHnyeckue. B TOCTe 24346-
80 «Bubpaumsa. TepMuHBI U OIpeneeHNsS» BUOpaALIMST ONpeaeseTcs
KaK ABKEHWE TOYKWA WJIM MEXaHMYeCKON CHUCTeMBI, IPU KOTOPOM
MMPOVCXOAUT TI0OYEPETHOE BO3pacTaHME M YOBIBAaHWE BO BpPEMEHU
3HAYEHUU Mo KpaliHel Mepe OJHOIM KOoopauHaTbl. BUOpaluio BbI3bI-
BAalOT HEYPaBHOBEIICHHBIC CIJIOBBIE BO3ICWCTBUS, BO3HUKAIOIINE
mpu paboTe pa3aMYHBIX MAlIMH W MexaHu3MmoB. [Ipumepom Takmx
YCTPOMCTB MOTYT CIYXWTh Py4YHBIE TMepdopaTopbl, KPUBOIIMITHO-
LIATYHHBbIE MEXaHU3MBbl U OPYIUe, AETAIU KOTOPBIX COBEPIUAIOT BO3-
BpaTHO-MOCTyNaTeJibHble ABMXKEeHUsI. BubOpalnio TakKe CO3Jar0T He-
YpaBHOBEIIEHHBIC BpalalOIINecs MEXaHU3MBI (3JIEKTPOIpEeIn, pyd-
Hble 1UIM(OBaJIbHbIE MalllMHbI, MeTa/io00pabaThiBalOlIe CTaHKMU,
BEHTUJISITOPBI M T.I.), 4 TAKXKE YCTPONCTBA, B KOTOPBIX IBVKYIIHECS
JleTaJii COBEPLIAIOT YyIapHble BO3JAEMCTBUS (3y0yaTble Mepeaayu,
MOAIIMIHUKU U T.4.). B NPOMBILIJIEHHOCTA TaKXe WCIOJIb3YIOTCS
crielrabHbBIe BHOPAIIMOHHBIE YCTAHOBKM, B YaCTHOCTU, IPHU YITJIOT-
HEHMU OCTOHHBIX cCMeceil, pu APOOJCHUU, U3MEITbYEHUU W COPTH-
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POBKE CHIITYyYMX MaTepUaJiOB, MPU pa3rpy3Ke TPAHCIOPTHEBIX CPEICTB
U B pAe OPYTUX CIydaes.

Eciu BubOpupyroniasi cucremMa COBeplIaeT rapMOHMYECKUE KOJie-
6anug (17.2), To WIS ee OMUCAHMST UCITOJIL3YIOT CIEAYIOIINe Xapak-
TEPUCTUKU:

e aMIUTUTYIy BHUOpOIEpeMEIeHMs, T. €. HauOOJIbIlIee OTKJIOHE-
HHE KOJIEOTIOMIECS TOYKM OT TOJIOKEHUST paBHOBECHS, Xy, M;
KO0J1e0aTeIbHYI0 CKOPOCTh, MM BUOPOCKOPOCTh, Vi, M/C;
YCKOpEHHME KoyebaHuii, Wi BUOPOYCKOPEHUE, dpy,, M/C2;
nepuoj kojaebanui, T, c;
4YacToTy KoJiebaHUM, f, TII.

Ecnu BuOpamyu HMMEIOT HECUMHYCOMIAJIbHBINA XapakTep, TO HX
MOXHO TpPeICTaBUTh B BUAE CyMMbl CMHYCOWIAJIbHBLIX (rapMOHUYE-
CKHX) COCTaBJISIOIIMX C IIOMOIIBIO pasioxXeHus B psn Pypee.

3HaueHUs] BUOPOCKOPOCTU U BUOPOYCKOPEHMS ISl Pa3IMyHbBIX
HMCTOYHMKOB M3MEHSIOTCSI B OYeHb ILIMPOKUX IIpeiesiaX, II03TOMY,
KakK ¥ I 1Iyma, yaoOHee MOoJIb30BaThCs UX JOTapuMUUYECKUMU Xa-
pakTepucTukamu. Tak, jJorapudmMuUyecKuili ypoBeHb BUOPOCKOPOCTU
(MM MPOCTO YPOBEHb BUOPOCKOPOCTU) OMpenesseTcs mo gopmyie:

L - 201g§, (17.13)

0

rae L, — ypoBeHb BUOPOCKOPOCTH, Ab;
V' — konebGaTenbHasi CKOpOCTb, M/C;
V) — moporoBoe 3HaueHUE KOJIeOATETbHOW CKOPOCTH, CTAaHAAapTU30BaH-
HOe B MexXayHapogHoM Maciurade (Vy = 5-1078 m/c).

[To anajgorum norapupMUIECKUil YPOBEHb BUOPOYCKOPEHUSI MO-

KET ObITh ONpeAeseH CIeAYIOIUM 00pa3oM:
L,=20lg%, (17.14)
%
rne L, — ypoBeHb BUOpOyCcKOpeHus, 1b;
a — ycKopeHue KosebaHuii, M/c2;
ap — TIOPOTOBOE 3HAYECHME YCKOPEHUsT KOJebaHUii, CTAaHIapTU30BaHHOE B
MEXIYHapOIHOM MaciuTabe (ay = 3 - 1074 M2 /¢).

HeobxonuMo pasziauuarh oOOLIyl0 M MeCTHyH BuOpauuu. OO1iast
BUOpaLMsl AEWCTBYET Ha BEChb OpPraHM3M B 1I€JIOM, a MECTHasg —
TOJBKO Ha OTIAEJbHBbIE YAaCTU €ro (BEpXHUE KOHEYHOCTH, ILICYEBOM
MOsIC, COCYAbI Cepala).

ITpu BozmeiicTBUM 0OOIUE BUOpauMy HaOIIOJAIOTCS HapylleHUe
CEPIICYHOMN NIEATEIbHOCTH, PACCTPOMCTBO HEPBHOW CHUCTEMBI, CIIA3MBbI
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COCYIOB, M3MEHEHMS B CyCTaBaxX, MPUBOISIINE K OTPaHUUYCHUIO TTOM-
BIDKHOCTU. Ecim 4yacToThl KojebaHus paboymx MECT COBIIamaloT C
COOCTBEHHBIMU YacTOTAaMM KOJIeOaHWIT BHYTPEHHHMX OPTraHOB YeJo-
Bekal! (sgBleHME pe30HaHca), TO BO3MOXHO MEXaHMYECKOE IOBPEX-
JIleH1e JaHHBIX OPTAaHOB BILIOTH IO pa3phIBa.

ITpu nmeiicTBMM Ha pyKM pabOTalOIIMX MECTHOW BMOpauuu (BUO-
PUPYIOIINI WHCTPYMEHT) IIPOMCXOAUT HapylIeHWe YyBCTBUTEIHHOCTH
KOXM, OKOCTEHEHWE CYXOXWINHI, TOTepsl YIPYTOCTH KPOBEHOCHBIX
COCYIOB M YYBCTBUTEIIBHOCTY HEPBHBIX BOJIOKOH, OTJIOXKEHUE COJICH B
CycTaBax KHUCTEW pyK W TaJbLEB W [PYIMe HETATUBHBIE SIBJICHUS.
JnmurenbHOe BO3AEHCTBHE BHOpALIMK TIPUBOIUT K TTPOdECCUOHAIBEHO-
My 3a00JieBaHMI0 — BUOpaAllMOHHOU 00je3HU, 3PdEeKTUBHOE JiIeueHre
KOTOPOU BO3MOXHO JIMIIb HA HAYaJIbHOU CTAAWM €€ Pa3BUTHSI.

PaccmoTrpuM Temeph BONPOCHI, CBSI3aHHBIE C HOPMHUPOBAHUEM
1yMa, uH¢pa- 1 yJIbTpa3ByKa, BUOpalvu.

IIym HOpMUpYyeTcst Ha paboumx Mectax cormacHo 'OCTy 12.1.003-
83 m CH No 3223-85 «CanurtapHble HOPMBI IOITYyCTMMBIX YpPOBHEH
IIymMa Ha paboumx Mectax». B yKa3aHHBIX HOPMATHMBHBIX JTOKYMEHTaX
MpeAyCMOTPEHBI IBa METOAa HOPMUPOBAHMS IIIyMa: IO MPEAcTbHOMY
CIIEKTPY IIyMa M TI0 MHTETPAITHLHOMY TOKA3aTeNI0 — SKBUBAJICHTHOMY
ypoBHIO 1iyMa B 1bA. BbiOop MeToga HOpMUPOBaHUS B MEPBYIO OYe-
penb 3aBUCUT OT BPEMEHHBIX XapaKTepucTHK Imyma. [lo atmm xapak-
TEPUCTUKAM BCE IIIYMBI TOIPA3NC/ISIOTCS Ha ITOCTOSHHBIC, YPOBEHb
3ByKa KOTOPHIX 3a 8-4acoBOi paboumii AeHb M3MEHseTCcs He 0Oosee
yeM Ha 5 n1bA, U HEINOCTOSIHHbIE, aHAJIOTWYHAsI XapaKTepUCTUKa KO-
TOPbIX U3MEHSIETCS 3a pabouuii AeHb Oosee yeM Ha 5 nBA.

HopMmupoBanme 1Mo mpemeslbHOMY CITEKTpY IIIyMa SIBIISIETCS OC-
HOBHBIM TSI TIOCTOSTHHBIX LIIYMOB. [Ipedenvhbili cnekmp wyma — 3TO
COBOKYITHOCTb HOPMATHUBHBIX 3HAUEHWI 3BYKOBOTO IaBJICHMS Ha
CJEeIYIOIIMX CTAaHAAPTHBIX CPEeIHEreOMETPUUYECKUX YacToTax: 63, 125,
250, 500, 1000, 2000, 4000 u 8000 I'. B Ta6n. 17.3 mpenacraBieHbI
JIOITyCTUMBIE YPOBHM IIIyMa Ha pa3IWYHBIX paboYMx MecTax.

CokpanieHHO TIpedeibHbBIE CIIeKTpBl IymMa obosHavatorcs [1C
(TIpenenbHBIN CIEKTP) C YKa3aHWEM JOIMYCTUMOTO YPOBHSI 3BYKOBOTO
nmapierus Ha gactore 1000 I'm, marmpumep: T1C-45, T1C-55, T1C-75 n
nop. TlocTossHHBIN IIyM Ha paboOYMX MecTaxX He JOJDKEH IIPeBBIIIATh
HOPMUPOBAHHBIX ypoBHel, npencraBieHHbIX B [OCTe 12.003-83.

I JIns GoNbIUMHCTBA BHYTPEHHUX OPraHOB YeJOBEKa 4acTOThI COOCTBEHHBIX Koyeba-
HMit coctaBistior 6—9 I
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Taonuua 17.3. JlomycTAMble YPOBHH LIyMa
(pparment Tabmmupl u3 'OCT 12.003-83)

Ypoenu 38yko60e0 daeaenus, 0b, 6 okmaenvix no-| Ypoeuu
A0Cax co cpedHezeoMempuuecKuMy 4acmomamu | 36yKa u

(Tu) IKeuea-

Pabouyue mecma JNeHmHble
YpOBHU

63 | 125 | 250 | 500 [ 1000 {2000 | 4000 | 8000 36yKa

(0bA)

1. TloMelleHuss KOHCT-
pPYKTOpCKMX Ol0po, pac-
YETYMKOB, TPOrpaMMU-
CTOB  BBIYMCIUTEIbHbIX
MalllMH,  JlabopaTopuit
IUISI TEOPETUUYECKUX pa-
00T U 00pPabOTKM 3KC-
MepUMEHTAIbHBIX JaH-
HBIX, TIpUeMa OOJbHBIX
B 3/paBITyHKTax 71 | 61 | 54 | 49 | 45| 42 | 40 | 38 50
2. TlomeleHust yrpas-
JieHusl, pabouyre KOMHa-
ThI 79 | 70 [ 68 [ 58 | 55 | 52 | 50 | 49 60
3. IomMeuieHust Jabopa-
TOpUA [JISI TIPOBEICHUS
BKCMEePUMEHTATbHBIX

paboT, TOMeIIeHUsT IJIst
pa3MelIeHNST  IIIYMHBIX
arperatoB BbIYMCIIUTEIb-
HbIX MAlLIMH 94 | 87 | 82 | 78 | 75 [ 73 | 71 | 70 80

CylecTByeT M Ipyroil MeTon HOPMHUPOBAHUS IIIyMa, YCTaHaBIM-
BalOIIMI TIpeIeTbHO TOMyCTUMbIE YPOBHM KaK MOCTOSTHHOTO, TaK U
HeTmocTOsTHHOTO 1tyMa. OH OCHOBaH Ha M3MEpPEHWH IyMa IO CTaH-
JapTHOM 1ukase A mymomepal. Dra mikansa MMUTHPYET YaCTOTHYIO
YYBCTBUTEJIBHOCTh UEJIOBEUECKOr0 yxa. YPOBeHb IIyMa, U3MEPEHHBIN
no mkaie A 1mymomepa, obo3HayaeTrcsd AbBA. IlocTosiHHBIE IITYMBI
MPEOITOYTUTEIHHO XapaKTepr30BaTh 110 TIpeAeIbHOMY CIIEKTPY IIIyMa,
a HENOCTOSTHHBIE — TOJBKO B NBA.

PaccMmoTtpum, Kak ompenensioTcs mpeneibHble 3HaYeHUs WHdpa-
3ByKa. Yale Bcero B YCIOBUSX MPOM3BOACTBA MH(PPA3BYK COUYETAET-

I Kak crieayeT U3 Ha3BaHMs, LIyMOMEPOM HA3bIBAIOT MPUOOP U U3MEPEHMs LIyMa.
YcTpoiicTBo 3Toro mpubopa onucaHo B § 17.2.
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cs C HU3KOYACTOTHBIM IITyMOM U BuOpamueil. Kak u B ciydyae 1ryma,
MHOPa3BYK U3MepPSIETC ITyMOMEpPaMM.

HNHubpas3ByKk mompasnaesercsl Ha ITOCTOSHHBIN, YPOBEHb 3BYKO-
BOTO JaBJieHUs KOTOPOTO, M3MEPEHHOro IO CTaHAZAPTHOM IIIKaje
«JIWHEelHas» lLIyMoMepa, u3MeHsieTcsl He Oojee yem Ha 10 nb 3a
BpeMs HaOmoneHus: 1 MUH, U HEIIOCTOSIHHBIN, aHaJOTMYHas XapakK-
TEPUCTUKA KOTOPOTO M3MeHseTCsI He MeHee 4yeM Ha 10 n1b 3a ToT ke
nepron HaGmoaeHus. 1 TOCTOSTHHOro MH(Mpa3ByKa HOPMUPYETCS
ypOBEHb 3BYKOBOI'O JaBjeHMs] Ha yacTtorax 2, 4, 8, 16 u 31,5 'y, a
IUIST HEIIOCTOSIHHOTO — OOIIWiI ypOBEHb 3BYKOBOTO HaBJEHUS IIO
CTAaHIAPTHOM I1IKaje «IMHelHas» yMmoMepa, nb. IlpeaenbHo mo-
IyCTHMBbIC YPOBHU MH(MpPa3ByKa, YCTaHOBJICHHBIC «[ UIMeHUMYECKUMM
HOpMaMM MH(}pa3BykKa Ha pabouynx MecTax», MoKa3aHbl B Taba. 17.4.

Taonuuma 17.4. IlpeneanHo JomycTAMBIE YPOBHH HH(Pa3BYKa
Ha paboYmx MecTax

Yposnu 36yK06020 dasnenus, 0b, na cpedne- | Obwuil yposers 36yK06020 das-

eeomempuueckux yacmomax (Iy) JAeHUsl, U3MepeHHbII No wKaie
B 4 2 16 315 «AuHeuHas» uwiymomepa, 0b
105 105 105 105 102 110

JloImycTUMBI ypOBEHb YJIbTPa3ByKa HOPMHUPYETCSI B COOTBETCT-
Bun ¢ TOCTom 12.1.003-83 u CanurtapusiMu Hopmamu Ne 2282-801.
Bech yapTpa3ByKOBOI IMara3oH 4YacTOT NPUHSITO ITOApa3aeisiTb Ha
HU3KOYACTOTHBIN ¢ yacToToil Kojiedbanmii 1o 100 kI’ 1 BeIcOKOYacC-
toTHbI (oT 100 mo 1 000 000 xI'm). HwmskouacTOTHBIE KoJieOaHMS
pAaCIIPOCTPAHSIIOTCI KaK BO3AYIIHBIM, TAK U KOHTAKTHBIM ITyTeM, a
BBICOKOYACTOTHBIE — TOJIBKO KOHTAaKTHBIM. JIJIT HM3KOYaCTOTHBIX
YIBTPa3BYKOBBIX KOJIEOAHMII B COOTBETCTBUM C Ha3BaHHBLIMM BHIILIE
HOPMATUBHBIMM HOKYMEHTAaMM YCTAHOBJIEHBI CJICHYIOIIME ITPEeAciib-
HbI€ 3HAYE€HMS 3BYKOBOI'O JABJIEHUSI HA pabOYMX MECTax:

I TlonHble Ha3BaHMS 3TUX HOPMATUBHBIX A0oKymMeHToB: TOCT 12.1.003-83 «CCBT.
VibrpasByk. OO6iue TpeboBaHus OesomacHocT» U CH No 2282-80 «CanHurtapHbie
HOPMBI M TIpaBWJIa TIpH paboTe ¢ 00OpyIOBaHMEM, CO3MAIOIIMM YJIBTPa3ByK, Mepesia-
BaeMbIil JIOKAJIbHBIM TyTeM Ha PYKH pabOTAIOIIX».
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Cpednezeomempuueckas Yposens 36yK06020
uacmoma, Ty daenenus, 0b
12,5 80
16,0 90
20,0 100
25,0 105
31,5—100,0 110

Ecnm ynprpa3BykoBble KOJIeOaHUs MepenaloTcs Ha PyKH U ApyTHe
YacTH TeJla paboTaIIMX KOHTAKTHBIM ITyTEM, TO YPOBEHb 3ByKOBOTO
JlaBJIeHUs He JoJKeH TpesbiiaTth 110 ob.

Kak yxe ckazaHO BBIIIE, pa3IMyYamT OOIIyH BHOpaIMIo, Iepe-
JAIOLIYIOCSl Yepe3 OMOpPHbIE IMOBEPXHOCTU Ha TEAO CUMASIIEro WJIU
CTOSIIIIETO YeJIOBeKa, M JIOKAJbHYIO0 (MECTHYIO), TMepenalolIyocs Je-
pe3 pyKu JejoBeKa.

B 3aBUCHMMOCTM OT MCTOYHMKA BO3HMKHOBEHUS BBIIEISIOT TPHU
KaTeropuy BUOpaIIUN:

e TpaHCIOPTHAT;

e TPAHCIOPTHO-TEXHOJIOTMYECKA;

e TEXHOJIOTMYECKas.

BubGpauuio HopmupyoT B cootBercTBuu ¢ 'OCTom 12.1.012-78
«CCBT. Bubpauusg. Oo6uue TpedboBaHUsI 6€30MACHOCTU», a TaKXKe B
cootrBeTcTBUM ¢ CH No 3044-84 «CaHuTapHble HOpMBI BUOpaLUu
pabouux Mect» (obias Buopaumsi) 1 CH Ne 3041-84 «CaHutapHbie
HOPMBI M TIpaBWja MHpv paboTe ¢ MallMHaMU U OOOpYIOBaHUEM,
CO3IAIOIIMMU JIOKAJIBHYIO BUOpalnio, Iepedalollylocsl Ha PyKU pa-
OOTaIOLLIMX».

M kaxmoit M3 TpexX KaTeropuili BHOpalliy HOPMHUPYIOT BeJI-
YUHBI BUOPOCKOPOCTU M BUOPOYCKOPEHUsI KaK B JTMHEWHBIX €IUHU-
nax (M/c u M/c?), Tak u B norapupmuueckux (1B) B 3aBucHUMoOCTH
OT 4acToThl BuOpaunu. OO1Iass BUOpauuss HOPMUPYETCST B IMAIA30-
He yactoT 0,8—80 I';, a MecTHast (JiokajibHasI) — B AMAaIla30HE 4ac-
Tor 8—1000 I'l. OOGBIYHO BUOpaLUs BKJIIOYAET KAaK TOPU3OHTAJIb-
HYIO, TaK ¥ BEPTHKAJIbHYIO COCTAaBJISIOLINE, IIO3TOMY IIpH €€ HOp-
MMPOBAaHMU YYMTHIBAIOT HaIlpaBlieHUWe HeWcTBUs BuOpamuu. Ilpm
5TOM MUCIIOJIB3YIOT Clemylollie o0O3HaueHUs: Z — BepTUKAJIbHas
oCh, a X 1 Y — ropu3oHTajdbHBIe ocu. B Tab6m. 17.5 u 17.6 npen-
CTaBJIEHbl IPUMEpPHl HOPMHUPOBAHUS KaK OOIel, TaK M JIOKAJIbHOMI
BUOpaLInU.
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Tao6mnuma 17.5. Jlomycrumbie ypoBHH 00mmIeii BuUOpanum Kateropud 1
(dbparmenT Tabmm 13 OCTa 12.1.012-78 u CH 3044-84)

Cpeal-teeeOMem— ﬂonycmuﬂ’lble 3HAYCHUA ﬂonychMble BHA4YeHUA
puueckas uac- eubpockopocmu 6UBPOYCKOpeHUs]
moma, f /102 0B /e b
Z | xy| z | xv| z | xy]| z | xv

1,0 200 63 | 132 | 122 1,12] 04 | 71 | 62
2.0 700 35 [ 123 | 117 | 08 | 04 | 68 | 62
4.0 2532 | 114 | 116 | 056| 08 | 65 | 68
8.0 13| 32| 108 | 116 | 0.56| 1.6 | 65 | 74
16,0 11| 32| 107 | 116 | 1.12] 35| 71 | 80
63 1| 32 | 107 | 116 | 450|1250] 83 | 92

Taonuua 17.6. JlonycTuMbie YPOBHHU JIOKAJIBHOWH BUOpAIUM
(mo TOCTy 12.1.012-78 u CH 3041-84)

Cpedueceomempuue- Lonycmumvte 3nauenus no ocaim Z, X, Y
cxas uacmoma, Iy Bubpoycxopenus Bubpockopocmu
m/c? 7)) m/c ob
8 1,4 73 2,8 115
16 1,4 73 1,4 109
31,5 2,7 79 1,4 109
63 5,4 85 1,4 109
125 10,7 91 1,4 109
250 21,3 97 1,4 109
500 42,5 103 1,4 109
1000 85,0 109 1,4 109

17.2. OcHoBubie meToabl 60pb6DI C MIyMOM,
uHdpa- U yAbTPasByKoM M BHOpanuen

PaccMoTpuM OCHOBHBIE MeTOAbl OOPLOLI C LIYMOM, MHGppa- u
YABTPa3BYKOM, a TaKXKe ¢ BUOpalueii.

PaznuuHble MexaHW4yecKue, adpoaMHAMHUYECKHe M BJeKTpoMar-
HUTHBIC SIBJICHUS SIBJISIIOTCS MPUYMHOM BO3HUKHOBEHUS IIyMOB. Me-
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XaHUYECKHMEe IIyMbl BO3HUKAIOT TpU paboTe pasiuyHbIX MALIUH U
MEXaHW3MOB 1 BbI3BaHbl TPEHUWEM M COYAAPEHUSIMU COCTABJISIOLLIMX
UX AeTajieid, ymapHbIMUA MpoOLieCCaMM, MCMOJb3YEMbIMU B MPOU3BOJ-
cTBe (KOBKa, LITAMIIOBKA) M PSAOM Apyrux (akTopoB. A3poarHaMu-
YyecKre W TMApOAMHAMUYECKHE 1IyMbl BO3HMKAIOT TMPU TEYEHUU ra-
30B U KUIKOCTEH. DJIEKTPOMArHUTHBIC IIYMBI OOBIYHO COIIPOBOX-
JlaloT paboTy pa3lIMUYHBIX 3JEKTPUYECKMX YCTaHOBOK. Ilepeuncium
OCHOBHbIE€ CITOCOObBI, UCIIOJb3yeMble IJIsI CHUXXEHUS 1lIyMa B IPOU3-
BOJICTBEHHBIX TTOMEILIEHUSIX.

HaubGonee palvoHalbHBIM CIIOCOO YMEHbIIECHUS IIyMa — CHU-
>KeHME 3BYKOBOM MOIIHOCTM €ro MCTOYHHMKA (MalllMHbI, YCTAaHOBKMU,
arperata v T.A.). YPOBEHb 3ByKOBOI MOIIHOCTH (L,) pacCUMTHIBAETCS
Mo ciaenylilein popmyJe:

L,= 10 LgP/P,, (17.15)
rne P — 3ByKoBas MOILIHOCTb, BT;

Py — moporosas 3ByKOBasi MOIIHOCTh, paBHas 10—12 Br;

L,— ypoBeHb 3ByKOBOU MOIIHOCTH, 1b.

BTOT cnocod OOpLOBI C IIYMOM HOCUT Ha3BaHUE YMeHbUleHUs
wyma 6 UcmouHuke e2o 603HUKHoeerHus. CHUXEHHE MeXaHUYEeCKUX
LIYMOB [OCTUTraeTcsl: yaydylleHHMeM KOHCTPYKLUMU MalllMH U Mexa-
HU3MOB, 3aMEHOI aeTajieil M3 MeTaNIMYEeCKUX MaTepuasioB Ha ILIa-
CTMAacCoOBbIe, 3aMEHON yIapHbIX TEXHOJOTMYECKUX IIPOLECCOB Ha
OesynapHble (HarpuMep, KJIeNKy PEKOMEHJIYEeTCsl 3aMEHSITh CBApKOI,
LITAMIOBKY — MpPEeCcCOBaHMEM U T.I.), IPUMEHEHUEM BMECTO 3yOua-
TBIX Tlepeaay B MalllMHAaX MU MeXaHuW3Max IpyTMX BUIOB Iepenayd (Ha-
MpUMep, KJIMHOPEMEHHBIX) WIM UCIIOJb30BaHMEM 3y0UaThIX Mepenad,
He M3AAIIIUX T'POMKUX 3BYKOB (Hampumep, MpU UCIIOJb30BAHUU HeE
MPsIMO3YOBIX, 2 KOCO3yObIX WIM LIEBPOHHBIX 1IECTepPeH), HAaHECEHU-
€M CMa3KM Ha TPYIIMeCS ACTaIU W PSIOM IPYTUX MEPOTPUSTHIA.

BPpeKTUBHOCTL HEKOTOPbIX M3 MEPEYUCICHHBIX MEPONPUSITUN
M0 CHUXKEHUIO YPOBHS 1LlIyMa MpeAcTaBlIeHa HUXe:

Meponpusmus CHuicenue yposns wyma, 0b
3aMeHa OpsSIMO3YObIX IIECTEPEH ILEB-
POHHBIMU 5
3ameHa 3yOuaToil Inepemadyd Ha KJIM-
HOpPEMEHHYIO 10—15

3aMeHa  METaJUIMYECKUX  KOPIYCOB

MalllMH Ha MJIaCTMacCOBBIE:
B 00J1aCTU BBICOKMX YacTOT 7—15
B 00JIACTU CPETHUX YaCTOT 2—6
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Kak yxe ckazaHO BbIIIEe, a39pOAUHAMUYECKHAE W TUAPOINHAMMIYE-
CKME IIYMBI COIPOBOXIAIOT TeUCHWE XMIKOCTH WM Ta3za. DTU IIy-
MBI TaKXKe BO3HUKAIOT MPW PaboTe BEHTUIIATOPOB, KOMIIPECCOPOB,
ra3oBBIX TYpOMH, JBUTATeJIeil BHYTPEHHEro CropaHusl, IMPU BBHITYCKE
rmapa Wiv Bo3dyxa B aTMoc(epy, MpH BpallleHMHM BUHTOB caMOJIETa,
Impu paboTe HACOCOB IJI MEPeKayKM XUAKOCTEH 1 Jp.

g yMeHBIIEHUS aspOoAMHAMMYECKUMX M TUIPOAMHAMUYECKUX
IIYMOB PEKOMEHIYIOTCS CHUXEHUE CKOPOCTH OOTEKaHUs Ta30BBLIMU
WIM BO3AYLIHBIMUA NOTOKAMM MPEISTCTBUM, YIy4dllIeHHE adpojguHa-
MWKHU TeJl, paboTalolINX B KOHTAKTE C ITOTOKAMM; CHIDKEHHE CKOPO-
CTU UCTEUEHMSI Ta30BOM CTPYM U YMEHBIIEHUE ITUAMETpa OTBEpPCTUS,
U3 KOTOPOIO 3Ta CTPYsS MCTEKAET; BBIOOD ONTUMAIBLHBLIX PEXMMOB
paboTHI HACOCOB ISl TIepeKauMBaHUS XKUIKOCTEH; TTpaBUILHOE TIPO-
eKTUPOBaHUE M BKCIUIyaTallusl TUAPOCUCTEM M P JPYIUMX Mepo-
npugatuii. YacTto He ygaeTcsl yMEeHbBIINUTh a3pOJMHAMMYECKUE LIYMBbI
B UCTOYHMKE MX BO3HMKHOBEHMS, ITOSTOMY IPUXOIUTCS MCIOIL30-
BaTh Ipyrue MeETOmbl OOpPHOBI C 3THUMHU IIyMaMu (MCITOJIb30BaHUE
3BYKOM3OJISAIINY MCTOYHNKA, YCTAHOBKA TIIYIIUTENICH).

st 0oprOBI ¢ IIyMaMHM 3JIEKTPOMAarHMTHOTO ITPOMCXOXIEHUS
pEKOMEHIyeTCsl THIATEIbHO YPaBHOBEIIMBATH BpAIAIOIIMECs IeTalIn
BJIEKTPOMAIINH (POTOp, MOMIIUITHUKHN), OCYIIECTBIISTH TIIATEIHLHYIO
NPUTUPKY WIETOK BJIEKTPOJABUTATENICH, IPUMEHATh IUIOTHYIO ITpec-
COBKY MaKeTOB TPaHC(HOPMATOPOB U T.A.

CrenyommM crIocoOOM CHIDKEHUS IIIyMa SIBIISIETCS UBMEeHeHUe Ha-
npaeneHHocmu e2o uznyvenus. DTOT CIIOCOO TPUMEHSETCS B TOM CIy-
yae, Korga paborarolliee yCTPOMCTBO (MallliHa, arperaTr, yCTaHOBKA)
HaIpaBJIeHHO M3JIydaeT InyM. IIpmMmepoM Takoro ycTpoicTBa MOXET
CIIyXXWTh TpyOa mist copoca B atMocepy cxkaroro Bo3nyxa. IlpaBuiib-
HOE pacIIojIoXKeHUEe 3TOi TpYyOhl IpeAcTaBiieHo Ha puc. 17.3. Hampas-
JIeHHasI 3ByKOBasi BOJIHA JOJDKHA OBITh OpUEHTHUPOBAaHA B IPOTHUBOIIO-
JIOXXHYIO OT pabodero MecTa WIr XXWJIOTO CTPOCHUSI CTOPOHY.

Ecim Ha TeppuTopumM NPEeAIIpUSATUS PACIIONOXKEH OAWH WIM He-
CKOJIbKO IIMYMHBIX IIEXOB, TO MX PEKOMEHAYETCS COCPEHOTOUNUTH B
OIHOM-JIBYX MeCTaX, MaKCUMAaJbHO YHaJe€HHBIX OT OCTaJbHBIX IIPO-
n3BoAcTB. IIpy pacriojiokeHny NpeAaIrpusaTUs Ha TEPPUTOPUU TOpoaa
LIIYMHBIE TIPOU3BOACTBA JOJKHBI HAXOAWUTHCS Ha 3HAUMUTEJILHOM ya-
JICHUM OT XUJIBIX TOMOB. DTO MEpOIPUATHE IT0 00phbde ¢ ITyMOM Ha-
3BIBACTCS PAUUOHANLHOU NAGHUPOBKOL NPEeONPUAMUL U UeX08.

Cnenyromunii crmocod 6OpbOBI C IIIYMOM CBSI3aH C YMeHblleHUuem
38YK0B0Il MOWHOCMU NO NYMU PACNPOCMPAHEHU wyma (38YKOou30as-
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yus). TlpakTU4ecK 3TO IOCTUTAETCS MCIIOJIb30BAHMEM 3BYKOM3OJIM-
PYIOLLIMX OTpakKAeHUIA, 3BYKOM30JIUPYIOLIUX KaOUH U MYJIbTOB YIpaB-
JIEHUSI, 3BYKOU3OJIUPYIOIIMX KOXYXOB U aKyCTUUECKUX 3KPAHOB.

a) 0)
2 PM 1 PM
% )

Puc. 17.3. Pacnoaosxcenue mpyowt 041 cocamozo 603oyxa ¢ ammocgepy:
a) npasuavroe; 6) nenpasuavioe (PM — pabouee MecTo)

K 3BYKOM3OIMPYIOIINM OTPaXIACHUSIM OTHOCSTCS CTEHBI, Iepe-
KPBITHSI, TIEPETOPONKM, OCTEKJICHHBIC IIPOeMBbI, OKHa, nBepu. Oc-
HOBHas KOJWYECTBEHHAS XapaKTepUCTUKa 3(h(MEKTUBHOCTH 3BYKO-
M30JIMPYIOIIUX CBOMCTB OTrpaxmeHuili — KO3(pOUIIMEHT 3ByKOIIPOHU-
HaemMoctd t (Oe3pa3mepHasi BeJMYMHA), KOTOPbI MOXET ObITb
paccuyuTaH 110 cieAyloiei popmyire:

r:izh, (17.16)
Inaa Pl'la)l

e Iyp ¥ Iy — WHTEHCUBHOCTH TIPOIIENIIEr0 4Yepe3 OrpaxieHue W Ma-
JIAIOILETO 3ByKa, Br/M2);

Prp 1 Pray — 3BYKOBOE [IaBIIEHWE MPOIIEMINErO Yepe3 OrpaxiacHue u

nagarouiero 3BykKa, IMa.

Hcrnonw3yercd m apyras BelW4YMHA, Ha3blBacMasl 3BYKOM3O0JIM-
pyloleid cnocoOHocThio orpaxaeHust (R, n1b). OHa HaxoguTcs U3
CJICIYIOIIETO BhIPAXKEHMSI:

R=101gL. (17.17)
T
JInsl TIPaKTUYECKUX PAcyETOB 3BYKOM3OJIMPYIOILEH CIOCOOHOCTH
OIHOCJIOMHBIX OTPAaXACHUI pUMeHseTCsT PopMyJIa:
R=20 Lg (my) — 47,5, (17.18)

rae my— Macca 1 M2 orpaxkaeHus, Kr;
f — uyactora 3ByKa, Il
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M3 dbopmyner (17.18) ciaemyer, 4TO 3BYKOM3OIMPYIOIIAsT CIIOCO0-
HOCTh KOHCTPYKLIMM TEM BBIIIE, 4YeM OOJBIIEe €€ ITOBepXHOCTHAs
IUTOTHOCTD (YeM TsDKejee MaTepHasi, M3 KOTOPOrO M3TOTOBJIEHA KOH-
crpykuust). KpoMme Toro, 3ByKOM3OIMPYIOIINAE CBOMCTBA OTpakKIeHUS
BO3PACTAlOT C TOBBIIIEHWEM YacTOTHl 3ByKa. OOHAKO TOJIB30BATHCS
dopmymnoit (17.18) mrsg pacuera R ciemyeT co 3HAUMTETBHOM IOJIEH
OCTOPOXXHOCTH, TaK KaK B HEW HE YYTEHO BIUSHHE XXECTKOCTU U pa3-
MepOB orpaxaeHus. s KoppeKTHoro pacyera R HEOOXOOUMO II0JIb-
30BaThCsl METOAMKAMM, U3JIOKEHHBIMU B CIIELIMANIBHOM auTeparype!l.

B xayecTBe MarepmasioB IS 3BYKOM3OIMPYIOIINX OTPaKICHUN
PEKOMEHAYETCS MCIIOJIb30BaTh OETOH, KeJIe300€TOH, KMPIHNY, Kepa-
MHUYecKre OJIOKM, IepeBSHHBbIC TOJIOTHA (IJisI M3TOTOBJICHUS IIBE-
peit), CTeKJI0 U T.A.

3BYKOM30JHUPYIOIIMMH KOXYXaMH OOBIYHO TIOJIHOCTBIO 3aKphIBa-
I0T H3Aalollee IIyM YCTPOHCTBO (MalllMHY, arperar, yCTaHOBKY
u T.1.). KoxXyXy M3roraBIMBaioT M3 JIMCTOBOTO MeTaula (CTajlb, IIO-
paJlOMUHUI U T.0.) WK IactMacchl. Kak M B ciyyae 3BYKOW30JIM-
PYIOLIUX OrpaxaeHui, Koxyxu Ooyiee 3(P(HEeKTUBHO CHUXKAIOT ypO-
BEeHb IIIyMa Ha BBICOKMX YacTOTaX, YeM Ha HU3KUX. Tak, Halpumep,
CTAJIbHOI KOXYX C pa3sMepoOM CTeHKM 4X4 M M TOJNIIMHON CTEHKU
1,5—2 MM obecrieunBaeT CHUKEHME IIyMa Ha yactore f = 63 ' Ha
21 nb, a Ha yacrore f= 4000 I'uy — Ha 50 nb.

3BYKOM3OIMPYIOIIEe KaOWHBI IPUMEHSIOT IJII pa3MEILleHUS
IIyJIETOB yIpaBJIeHUs UM pabouyMx MeCT B IMYMHBIX IexaX. Mx wm3ro-
TaBJIMBAIOT U3 KUPIIMYa, OETOHA U MOJOOHBIX MaTepUalloOB WJIM U3
METAJUINYECKUX TTIAaHETIEH.

AKyCcTHUYeCKHE 3KpaHbl MPEICTaBISIOT CO00N KOHCTPYKUMIO, U3-
TOTOBJICHHYI0O W3 CIUIOIIHBIX TBEPOBIX JIMCTOB (METAaJUIMYECKUX
U T.I.) TOJWUAHOK 1,5—2 MM, C MOKPBITON 3BYKOMNOIJIOIIAIOIUM Ma-
TEPUAJIOM TIOBEPXHOCTHIO. DTU 3KpaHbl YCTaHABIWBAIOTCS Ha ITyTH
pacrpocTpaHeHHsI 3ByKa. 3a HAMM BO3HHMKAaeT 30HA 3BYKOBOIl TEHM.
OcHoBHOI1 aKkycTu4eckuii 3(pdekT (CHUKEHUE YPOBHS 1lIyMa) HOCTU-
raeTcsl B pe3yJbTare OTPaXKeHUs 3ByKa OT STUX KOHCTPYKIIMIA.

B mpon3BomCcTBEeHHBIX ITOMEIIEHUSIX YPOBEHDb 3ByKa CYIIECTBEHHO
TOBBIIIAETCA M3-3a OTPaXXCHUs IIyMa OT CTPOUTEIbHBIX KOHCTPYK-
Mt 1 obopynoBaHus. ISl CHYDKEHMSI YPOBHSI OTPaxKCHHOTO 3BYyKa
MPUMEHSIIOT CIIEIUATbHYI0 aKyCTMYECKYI0 00pabOTKYy ITOMEIEeHUs C

I XopowuM mocobueM mis pacueTa MOXET CIYXUTh CHeLUaIbHbIl CIPaBOYHMK
«CpencrBa 3aluThl B MammHoctpoeHuu»/ [lox pen. C.B.Benosa. — M.: MaiuuHo-
cTpoenue, 1989. — 368 c.
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KCIIOJIb30BAHUEM CPEACTB 3BYKOMOIJIOIIEHUSI, K KOTOPbIM OTHOCSTCS
3BYKOITOIJIOLIAIOLINE OOJMIIOBKM WM IUTYYHbIE 3BYKOIMOIJIOTUTEN.
Kak cneayer uM3 HaszBaHUsI 3TUX MaTepualioB, OHM HE OTpaxaroT
yM, a noriowaloT ero. Ilpu 3ToM KonebarenbHast SHEPrUsl 3BYKO-
BOI BOJIHBI TEPEXOAUT B TEIIOBYIO (IMCCUITMPYET) BCIECICTBUE TIO-
Tepb Ha TpeHue B 3ByKomorjotutese. s 3BYKOMOIJIOLIEHUS WUC-
MOJIL3YIOT MOPUCThIE MaTepUaibl (T. €. MaTepuaibl, 00JagaloLIUe He-
CIUIOLIHOM CTPYKTYpOM), TaK KaK MOTepU HAa TpeHUE B HUX HauboJjee
3HauuTesbHbI. (M Hao00OpOT, 3ByKOU30IMPYIOLIMe KOHCTPYKIIUU, OT-
paxarolye 1IyM, U3roTaBJIMBAIOT M3 MACCUBHbBIX, TBEPAbIX U ILJIOT-
HBIX MaTepUayioB).

KonnuecTBeHHOI XapaKTEepMCTUKON 3BYKOITOIJIOIIAIOIIMX MaTe-
puanoB sBasgeTcs KO3(P@MUUMEHT 3BYKOIOTIOIIEHUS o, KOTOPbI OM-
penensieTcsl BhIpaXkeHUeM:

E
o=l _p o Fon (17.19)
El_laﬂ, Enaﬂ

rae Ep,; — Majaroolias 3ByKOBasi SHEPIUs;
Eorp — TIOTJIOLIIEHHAS 3BYKOBAsl SHEPTHS;
Eorp — OTpaxeHHas 3ByKOBas HEPIU.

3BYKOMOTJIOMIAIOIIMMU HAa3bIBAIOT MaTepuUayibl, Y KOTOPBIX Be-
quuvHa o npeBbimaer 0,2. [IpuMepoM 3TUX MaTepuasoB MOTYT
CIYXWUTh TUINTBI U MaThl U3 MUHEPAJIbHOW BaThl, 06a3aJbTOBOTO U
CTEKJISTHHOTO BOJIOKHA, aKyCTUYECKUE TUITUTHI C 36pHUCTON WU BO-
JIOKHUCTOM CTPYKTYpO#l TuIa «AKMUTpaH», «AKMHUHHUT», «Cuiak-
op» U Ap.

IITy4yHble 3BYKOMOIJIOTUTEIN TMPEACTABISIIOT CO0OI OOBEMHbBIE
3BYKOTMOIJIOIIAIOIIME Tejla, W3rOTOBJIEHHBIE B BUIE KOHYyca, Kyba,
MapasuiefieNnunena U MoABelIeHHbIE K MOTONKY MOMEIIEeHUS.

OcTaHOBUMCS Ha CIIOCO0aX 00pbObI C AIPOOUHAMUMECKUM ULYMOM.
Hnst 3TOro WMCHONB3YIOT YCTPOWCTBA, HA3bIBA€MbIE MIIYIIUTEISIMU
myma. Paznuyator aGcopOLMOHHbBIE, PEaKTUBHBIE U KOMOWHUPOBAH-
Hble TIYIIUTENW. B mepBoM U3 HUX 3aTyXaHUE a3pOJWHAMUYECKOTO
1IymMa TMPOMCXOAUT B TOpax 3BYKOMOTJIONIAMOIIMX MaTepuajioB, 3a-
MOJTHSIOIIUX TIYIIUTENb.

PeakTuBHBIE TIYIIUTENN OTPAXalOT 3BYKOBYIO SHEPTUIO OOpPAaTHO
K UCTOYHUKY. B KOMOWHUPOBAHHBIX DIYIIUTENSIX CHUXEHUE IIymMa
JIOCTUTAETCS 32 CUET COUETAHUS TOTJIOIIEHUS U OTPAXXEHUS 3BYKa.

HexoTtopsie criocoObl 3aujums: om uH@pazéyka aHAIOTUYHBI CITO-
cobam 3amuThl oT 1myMa. K HUM clieayeT OTHECTU CHUXEHUE YPOBHSI
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nH@pa3ByKa B €ro MCTOYHUKE, YBEJIWUEHUE SKECTKOCTU KOJeOIo-
IINXCA KOHCTPYKLWIA, TPUMEHEHUE TIIYIIUTEIeH PEeaKTUBHOTO THIIA.
Bmecrte ¢ TeM Takue U3BECTHBIE METOJbl OOPbOBI C LIYMOM, KaK 3BY-
KOM3O0JISILMsI M 3BYKONOIJIOLIeHne, Mao3d@dEeKTUBHLI Npu MH@pa-
3ByKe. 3HauMTebHO Oosiee >((PEKTUBHBINA moaxon — Oopnda ¢ MH-
¢ pa3ByKOM B MCTOYHUKE €TO BOZHUKHOBEHUS.

Kaxk m3BecTHO, OMTHUM M3 OCHOBHBIX IPOMBIIUICHHBIX MCTOYHM-
KOB MH(}pa3ByKa SIBISIOTCS pa3INYHbIe TMXOXOMHBIE MAIMHBI, YHUC-
JIO paboumx IIMKIIOB KOTOPBHIX He mpeBbiaeT 20 B CeKyHOy (IBHMTa-
TeJIM BHYTPEHHETO CropaHMsI, KOMIIPECCOPhI, BEHTUJISATOPHI U T.I.).
Ecnu cyimecTtByeT TexHWYeCKash BO3MOXKHOCTDH TOBBIIIEHUSI OBICTPO-
XOTHOCTH 3TUX MAIIIMH, TO BO3MOXHO OOECITIeUNTh IEepPeBOJ MaKCH-
MyMa MX 3BYKOBOW MOIIIHOCTM B JMAIA30H CIBIIIMMBIX YacTOT, TO-
cJIe Yero TIPUMEHSIOT ONMCAHHBIC BBIIIE METOIBI OOPBOBI C IIIYMOM.

Hnst cHuscenus unu uckaroueHus pedHoeo 6030elicmaus Yabmpasey-
Ka, Tiepefaloerocss BO3MYIIHBIM ITyTeM, YIbTPa3BYKOBbIE YCTAaHOBKU
pEeKOMEHIyeTCsl pa3MelllaTh B CIELHAIbHBIX TMOMEILICHUSIX, WCITOJb-
3y IUIST TIPOBEIECHUSI TEXHOJOTMYECKUX IPOIECCOB HAa HUX CUCTEMBI
JUCTaHLIMOHHOIO yIpaBieHus. boiblioil a¢hdekT maetT aBToMarusa-
LU 9TUX YCTaHOBOK.

bosiee 3KOHOMWYHBIN COCOO 3alIUTHI OT BO3NEHCTBUS YJIbTpa-
3ByKa 3aKJII0YaeTCsl B MCITOJIb30BAHUM 3BYKOU3OJIUPYIOIINX KOXYXOB,
KOTOPBIMU 3aKPBIBAIOTCS YJIBTPA3BYKOBBIE YCTAHOBKH, MM 3KPaHOB,
pacmoiaraolIuxcs Ha MyTH pacpoCTpaHEeHUS yAbTpa3ByKa. DTH 3K-
paHBI M3TOTaBIWBAIOT M3 JINCTOBOW CTaJIW WU JIOPATIOMUHUS, Tjia-
cTMacchl (reTMHakca) Jubo M3 croelualibHOM pe3uHbl. Hampuwmep,
MMPUMEHEHNE KOXYXOB Ha HEKOTOPHIX YJIBTPa3BYKOBBIX YCTaHOBKAX
[TO3BOJISIET CHU3WUTH YPOBEHD YiIbTpa3Byka Ha 60—80 nb.

OcHosHble MemoOdvl 3auumsl om eubdpayuu IeAITCS Ha IBe 0O0Jb-
L€ TPYIIIIHI:

e CHMXEHME BUOpallM¥ B UCTOYHUKE €€ BOZHUKHOBEHMUSI;

e yYMEHbIIEHNE MapaMeTpoOB BUOpALMM IO IIyTU €€ pacipocTpa-

HEHMSI OT UCTOYHMKA.

J7ns1 Toro 4To0bl CHU3UTHh BUOPAIMIO B UCTOYHUKE €€ BOZHUKHO-
BEHMSI, HECOOXOAMMO YMEHBILIUTh ACHCTBYIOIIME B CUCTEME MEPEMEH-
Hbl€ CWIbl. DTO AOCTUTAETCs 3aME€HOM AMHAMMUYECKMX TEXHOJOrMYe-
CKMX TIPOLIECCOB CTaTMYECKMMHU (HampuMep, KOBKY M IUTaMIOBKY
PEKOMEHAYETCSl 3aMEHSITh TPECCOBAaHUEM, OINEpaldio yIapHOW MpaB-
KU — BaJblIOBKOM, MHEBMAaTUYECKYIO KJENKY — CBapKOW U T.I.).
PexomeHayeTcsl Takke TIIATEbHO BBIOMpaTh pexXUMbl pabOThl 000-
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pyIoBaHUS, YTOObI BUOpauusi ObLla MUHMMaIbHOUW. bBosblioit 3g-
dekT maer TiiaTeabHas OaJlaHCHMPOBKA BpalllaloIIUXCS MEXaHU3MOB,
MPUMEHEHUE CIeLMabHbIX PEAYKTOPOB C HU3KUM YpPOBHEM BUOpa-
WA U IPYTUE MEPOIIPUSITHSI.

BaxxHo, 4TOOBI COOCTBEHHBIE YACTOThHI BUOpallMM arperara WJin
YCTAaHOBKM H€ COBMNaJaiyd C YacTOTaMU II€PEeMEHHBIX CHUJI, BbI3bI-
BalolMX BUOpaiuio. B mpoTHBHOM cilyyae MOXET BOZHUKHYTh Pe30-
HaHC, B pe3yJbTaTe Yero pe3kKo YBEJIMUYUTCS aMIUIUTyAa KoJeOaHMI
(BuOpoIepeMeleHe) YCTPOMCTBA, YTO MOXET MPUBECTU K €ro Io-
JIOMKe WJIM pa3pylieHuto. MCKIIOUUTb pe30HaHCHbBIE PEXUMBI pado-
Thl OOOpPYIOBaHUS U TEM CaMbIM CHU3UTb YPOBEHb BUOpALU MOXHO
JIMOO MyTeM M3MEHEeHMsSI MacChl U XKECTOKOCTU BMOpPUpPYIOLIEH CUC-
TeMbl, TMOO YCTaHOBJIEHMEM HOBOTO pexkrMa paboThl arperara.

Crhenyommii MeTOJ, 3alllMThl OT BUOpaLlMM Ha3bIBaeTCd BUOPO-
nemipupoBaHrieM (BUOPOIOTIOLIEHUEM), TTOJ KOTOPbIM MOHWMAIOT
MpeBpallleHne dHEePTUM MEXaHUYEeCKUX KoJieOaHUM CUCTeMBbl B TEIl-
JIOBYIO. DTO JOCTUTAETCS MCIOJH30BAHMEM B KOHCTPYKIMSIX BUOPH-
PYIOILLIMX arperaToB CIielMaJdbHBIX MaTepuaaoB (HalpuMep, CILJIaBOB
CUCTEM MeJlb—HMKEeJb, HUKEJb—TUTaH, TUTAH—KOO0aJbT), NPUMEHE-
HHEM JBYXCJIOMHBIX MaTepUaloB TUIIA CTajb—aJllOMUHUI, CTalb—
Medb. Xopollel BUOpoaeMII(PUPYIolIeld CIOCOOHOCThIO 001a7aoT 1
TpagWUIIMOHHBIE MaTepHalibl. TUIACTMACCHI, AEpPEeBO, pPe3rHA. 3HA4M-
TeJIbHbI 3(@EKT AOCTUraeTcsl NMpU HaHECEHUM Ha KojeOroliuecs
JleTaii BUOpOMOIIOMIAIIUX NOKPhITUi. TTpuMep Takux MOKPBITUM
— Ppas3jMyHble YOpYropsi3KWe MaTepualibl, TaKue, KakK IijiacTtMacca
WINA pe3rHa, a TakxKe pas3imyHble MacTuku. M3BeCTHBIMM BUOPOIIOT-
JIOLIAIOIUMU MaCTUKaMM SIBJISIOTCSI TaK Ha3biBaeMble «AHTUBUOPU-
TBD» («AHTUBHOPUT—2», «AHTUBUOPUT—3»), WM3TOTaBIMBacMble Ha
OCHOBE 3MOKCHUIHBIX CMOJIL.

BubGporauienue, uiu JUuHaMUYECKOE TallleHue, KojebaHuil aoc-
TUTaeTCs B TMEPBYIO Ouyepelb YCTAHOBKON BUOPUPYIOIIMX MAallMH U
MEXaHM3MOB Ha NpPOYHbIE MacCuMBHBIE (PyHaameHThl. Maccy dyHaa-
MEHTa PacCUMTHIBAIOT TakKMM OOpa3oM, 4YTOObI aMILIMTyda KoJieba-
HUi1 ero mogolBhl Obl1a B npenenax 0,1—0,2 MM, a 11 0cob0 Bax-
HBIX coopyxeHuit — 0,005 Mm.

Ecnu xakoit-nmubo arperaT KoJjeOJieTcsl ¢ omnpeaesieHHON 4acTo-
TOM, TO CHU3UTh €ro BUOpalLIMIO MOXHO YCTaHOBKOI Ha arperar Iu-
HaMUYECKOIro BUOpOracuTessi — CaMOCTOSTEbHOU KoyiebaTeabHOM
cuctembl, objiajarollieit Maccoit m u KecTKocTbio ¢. Ilpu aTom s
BUOpaLIMM 3alMIaeMOro arperara ero 4acrora KoyiebaHuit f M Jac-
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TOTa KoJebaHWii BUOporacuTens fj JOJDKHBI HAaXOOUTHCS B CIEIyIO-

IeM COOTHOUICHUUN:
|
_ q/ _
fo = (TJ\’A =f. (17.20)

3aKkpeIUIeHHbI KeCTKO Ha 3alllMIlaeMOM arperare BUOporacu-
TeJIb KoJIeOJIeTCsl B MPOTUBO(dAa3e ¢ OCHOBHON YCTAaHOBKOM, B pe3yiib-
TaTe 4ero CHUXKaeTcs ypoBeHb BUOpauuu. OgHAKO OH IEMCTBYeT Ha
ornpeneaeHHONH ((PUKCUPOBAHHOI) 4YacTOoTe KOJeOaHWI, COOTBETCT-
BYIOILIE/I pe30HAaHCHOMY pexuMmy padotbl. Ilpy M3MeHeHUM 4YacTOThI
KoJie0aHUI OCHOBHOM YCTAaHOBKM PE30HAHC MEXIy Heill U BUOpora-
CHUTEJIeM TIpOIIaflaeT, B pe3ysbTaTe pe3Ko CHuxkaeTcs 3(p(PeKTUBHOCTh
€ro paboThI.

HoctaTouHo 3(deKTUBHBIM CITIOCOOOM 3alllUThI SIBJISIETCS BUO-
POMBOJISIIINS, KOTOpas 3aKJII0YaeTCs B YMEHBIIEHUHN Tepeaaun KoJje-
0aHus OT BUOPUPYIOILIETO YCTPOMCTBA K 3alllMI[aeMOMYy OOBEKTY II0-
MeILIeHUEM MEXIY HUMM YIIPYTUX YCTPOMCTB. DTU YCTPOMCTBA HA3bI-
BaloTCsl BuUOpousojggTopamMu. DPGEKTUBHOCTL BUOPOM30JISITOPOB
xapaktepusyetrcsa Koadduumentom mepemaum (KIIT), koTopwrit pac-
CUMTHLIBAETCS IO ceayolleit popMye:
FmOCH

KII = , (17.21)
FmMaLH
roe Fo.y — aMmIUIMTyOa CWIIbl, MepelaBaeMoil Ha HECYIIY0 KOHCTPYKIIUIO;
Fyam — AaMmIUUTya TepeMEeHHOW CWIIbI, CO3aBaeMOi BUOPHUPYIOIINM

arperaTom.

B xaudecTtBe BHOpPOM3OJATOPOB HCIIOJIL3YIOT MPYKWUHHBIE OIOPHI
00 YIIpyrue MPOKIAIKU U3 Pe3WHBI, MPOOKMU 1 T.0. Bo3MoxxHO mc-
MOJIb30BaHNE COYETAHMSI ITHX YCTPOMCTB (KOMOMHUPOBAHHBIC BHO-
POUBOJISITOPHI).

s yMeHbLIEHWS BUOpallMM PYYHOIO MHCTPYMEHTA €ro py4YKu
BBITIOJTHSIIOTCSI C MCITOJIb30BaHWEM YIIPYTHX 3JIEMEHTOB — BHOPOM30-
JIATOPOB, CHIDKAIOIIMX YPOBEHb BUOpALIMH.

PaccMoTpeHHBIE BBIIIE METOABI 3aIUTHI OT IfymMa, WH(ppa- u
VJIbTPa3ByKa, a TAaKXe OT BUOpALIMU OTHOCSTCSI K KOJUIEKTUBHBIM Me-
TOIaM 3allUTHI.

K cpenctBaM MHIMBHMIYaJIbHOM 3allIUTHI OT IIIyMa OTHOCSITCS TIPO-
THBOIIYMHBIC BKJIQIBIIIM, HAYITHUKM W IieMbl. [IpoTHBOILIyMHBIE
BKJIQIBIIIIM BCTaBJISIIOT B CIYXOBOM KaHal M IEPEeKphIBAIOT ero. B 3a-
BUCUMOCTHA OT YaCTOTHl OHM 0O0€CIIeUMBAIOT CHIDKEHHME YPOBHS IlymMa
Ha 5—20 nb. MIXx u3rotaBiMBalOT M3 CHELMAIBHOTO YJIbTPATOHKOIO
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BOJIOKHA, a TaKXKe M3 PEe3WHBI WU 300HUTA. DTO Haubosee IelleBbie
1 KOMIAKTHBIE WHIWBUAYaJIbHBIE CPEICTBA 3alllUTHI CiIyXa 4YejIoBeKa,
OIHAKO OHM MOTYT BBI3BAaTh pa3dpakeHNEe CIIyXOBOTO MPOXOAa.

AKYCTMYECKME XapaKTePHCTUKKN TIPOTUBOIMYMHBIX HAyITHUKOB
O0osiee 3¢phEeKTUBHBI, YeM BKJIaibIIei. B 3aBUCMMOCTM OT 4YacTOTHI
OHU 00ecIeYMBalOT CHIDKeHMe InyMa Ha 7—47 nb. HaubGonee >@-
(eKTUBHO HAYITHUKK OOECIIEYMBAIOT 3aIUTHI HA BEICOKMX YaCTOTAaX.

IIpu oueHb BBEICOKMX YpOBH#AX Imyma (6osee 120 nb) mpumeHSIOT
IIJIEMBI.

B xadecTBe MHAMBHUAYAJIBHBIX CPEACTB 3aIUTBI OT KOHTAaKTHOTO
JIEeNCTBUS yABTPa3ByKa MOXHO PEKOMEHIOBATh NPUMEHEHUE CITeIN-
aJIbHBIX WHCTPYMEHTOB C W30JIMPOBAHHBIMU PyYKaMH (TTOKPHITHIMU
IMOPUCTON PE3WHOIN MM MOPOJIOHOM), a TaKKe MCIOIb30BaTh PE3M-
HOBBIE TIEpYATKMH.

K cpemctBaM MHOIWBMOYATbHONM 3alIMTBI OT BUOPALIMA OTHOCSITCS
CrieMabHbIC PYKABUIIBI, TIEPUYATKM U TPOKIAAKHU. g 3alIuTel HOT
HUCIOJb3YIOT BUOPO3AILIUTHYIO 00yBb, CHAOXEHHYIO MPOKJIaAKaMu U3
YIpYyrogeMnupyolInx MaTeprajioB (IJTACTMACCHI, PE3WHBI WM
Boitoka). C 1enbio TpopUIaKTUKY BUOPALIMOHHON 0OJIE3HU MepCo-
Haja, paboTalllero ¢ BUOpUPYIOLIUM 000OPYAOBaHUEM, HEOOXOIUMO
CTPOTO COOJIONATh PEXXUMBI TPyJa M OTAbIXa, Yepedys MpH 3TOM pa-
Ooume omepaln, CBI3aHHBIE C BO3ICHCTBMEM BHOpaln, n Oe3 Hee.

st u3aMepeHusl YpoBHS 1iyma, UH(Mpa- U yabTpa3dByKa, a TakxKe
BUOpALIMM WCITOJIB3YIOT Pa3IMIHBIE MPUOOPHI, MO3BOJISIONINE OIIpe-
JIeJIATh OCHOBHBIE XapaKTEPUCTUKUA BHOPOAKYCTUUECKUX (PAKTOPOB.
IMpuHunMaabHag cxema LiyMoMepa IpejcTaBiieHa Ha puc. 17.4.

Puc. 17.4. Cxema wmymomepa
(1 — usaMepurteabHbIT MUKPO(DOH; 2 — YCUIUTENb; 3 — aHaIU3aTOP
yacToThl (huibTp); 4 — AETEKTOP; 5 — PErucTparop)

B 1mymoMepax HCIIONB3YIOT KOHIEHCATOPHBIC WM IThe303JIeK-
TpUYECKHE MUKPODOHBI, Mpeodpasymollne 3BYKOBbIE KOJIEOAHMS B
3JIEKTPUUYECKHE, KOTOPBIC 3aTeM YCHUJIMBAIOTCS, TIPOXOIAT Yepe3 Kop-
peKTupylole (QUILTPHI M BHIIPIMUTEIb W ITOCTYIIAIOT Ha IIPUOOpP
— PETHUCTpaTop.
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Cpeny OTeUeCTBEHHBIX MPUOOPOB UISI MU3MEPEHMS LIyMa MOXKHO
yka3atb BIIIB-003, mmo3Bossiomnii TpoBOANTE U3MEPEHUS B YacTOT-
HoMm amamaszoHe 10—20 000 I'm (ypoBeHb M3MepsieMOTO 3ByKa 25—
140 nb), m IIBK-1c ¢wiptpamu DPHD-2 (ypoBeHb H3MEPSIEMOTO
3Byka 30—140 nb B wactorHoMm mmamaszone 2—40 000 I'm.). Kak cre-
JIyeT M3 MX YaCTOTHBIX XapaKTePUCTUK, 3TH IPUOOPHI 3aXBaThIBAIOT U
MH(PPaA3BYKOBOW JUAIa30H.

Kourpoabubie Bonpocor
000 00000OCGCOGONOGEOGNOGOEOGNOEONOIO

1.

10.

11.

Jaiite onpejeneHue IMOHATHIT <ITyM», <«YJIbTPasByK», <«HH(pa-
3BYK», «BHOpAIis».

Rarumu usndecknMu mapaMeTpaMn XapakTepusyercs 1ym?
Raxkumn usndecknmMmn mapaMerpaMy XapakTepH3YIOTCH YIIbT-
pasBykoBbie 1 nH(Pa3ByROBbIe KoJdedanus?

RaroBo pefictBue myma, yabTpa- m HH(ppPa3ByKa, a Tar:ke
BUOpAIN HA OPraHnu3M 4ejoBera?

B uem 3armiouaercs HOpMUpoOBaHHe NIyMma, yJibTpa- u uH(pa-
3ByKa, a Takske BuGpanmmn?

IlepeuncanTe ocHOBHBIE METOBI 3alUTHI OT BO3IEHCTBUA TIMTY-
Ma, yaprpa- n uHdpasByka, BHOpAI.

Yro Taroe 3ByROM30IAIMA, 3BYROLOLIONIECHTE ?

Yro rakoe BUGpou3oAIs?

Yro Taroe raynmrenu myma? s 3aniuThl OT RaKUX IIIyMOB
"X HCMOIB3YIoT?

IlepeuncimTe WHAMBHYAIbHbIE CPENCTBA 3AIMUTBI OT MIyMa,
VIbTpasByKa 1 BHOpAIum.

Kakumu npuGopamu uamMepsiior miym, yibrpa- u nadpasByk, a
Tarske BUOpanuio?



Jamura

OT 3AEKTPOMATrHUTHDIX
IIOAE€H H Aa3€PHOro
H3AYyYEHHS

DJIEKTPOMAaTHUTHBIE BOJHBI BO3HUKAIOT TIPUM YCKOPEHHOM IIBU-
JKEHUW 2JIEKTPUIECKMX 3apsIoB. DJIEKTPOMArHUTHBIE BOJTHBI — 3TO
B3aMMOCBSI3aHHOE PAaCIPOCTPAaHEHME B IPOCTPAHCTBE M3MEHSIOIINX-
Cs NMEKTPUIECKOT0 M MarHUTHOro mosieil. COBOKYITHOCTb 3TUX IIO-
Jiel, Hepa3phIBHO CBSA3AHHBIX IPYI C IPYTOM, Ha3bIBAETCS 94eKmpo-
MaeHumusim nosem. HecMOTpsT Ha TO, YTO IJIMHA 3J1€KTPOMArHUTHBIX
BOJTH M MX CBOMCTBa pa3JIMYHbI, BCE6 OHU, HAUMHAs OT PAIMOBOJIH U
3aKaHYMBas raMMa-u3JydeHHeM, — ONHON (PU3MYECKOM IPUPOIHI.
HccnemoBaHHBIN B HACTOSIIIEe BpeMsl MUAarna3oH 3JeKTPOMAarHUTHBIX
BOJTH COCTOMT M3 BOJIH C JJIMHAMU, COOTBETCTBYIOIIMMHU YACTOTaM OT
10300 1024Tu. ITo Mepe yObIBaHMS [UIMHBI BOJHBI B JAMANa3OH
BKJIIOYAIOTCS PaIMOBOJHBI, WMH(ppaKpacHOE W3IyYeHWE, BUIMMBII
CBeT (CBETOBBIC JIYy4YM), VJIbTpadUOJETOBOE WM3IydyeHHE, PEHTTCHOB-
CKO€ M3JIyYeHNe 1 TaMMa-M3JTydeHUe.

HMcTouyHnkaMu 3J€KTPOMarHUTHBIX IIOJIeHl SIBJISTIOTCS aTMocdep-
HOE 3JIEKTPUYECTBO, KOCMUYECKHE JyIM, M3JTydeHHe COJIHIIA, a TaK-
K€ MCKYCCTBEHHBIE MCTOUYHMKH: pPa3IMIHblE TE€HEepaTophbl, TpaHC-
(opmaropsl, aHTEHHBI, Jla3epHBbIE YCTAHOBKM, MUKPOBOJIHOBBIC ITC-
Y1, MOHUTOPBI KOMITBIOTEPOB 1 p. Ha mpeanpusTusx nCTOYHMKaMU
3JIEKTPOMArHUTHBIX TIOJIEH ITPOMBIIIUIEHHOM YacCTOTHI SIBJISIIOTCST BBI-
COKOBOJIbTHbIE JUHMU 3aekTponepesay (JIDII), usMmepurenbHbie
MpUOOPHI, YCTPOMCTBA 3alUTHI M aBTOMATUKM, COCIUHUTEIHHBIE
IMAHB 1 1Op. B 3aBMCMMOCTH OT JUIMHBI BOJHBI 3JIEKTPOMArHUTHOE
U3JIydeHUe AENST Ha psij Auana3oHoB (Tabj. 18.1).
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Taonwuia 18.1. /lnana3oHsl 3IeKTPOMATHATHBIX W3JIy9eHHIA
B 00J1aCTH paguovacToT

Homep Juanaszon Juanaszonst |  Coomeemcmeyiouee mempuye-
duanaszona yacmom * OAuH 60aH ** cKoe nodpaszoeneHue

5 30—300 Kr  104—103 m KutoMeTpoBble BONHBI (HU3KHUE
yactoTel — HY)

6 300—3000 Kru 103—102 M TexroMeTpoBble BOJHBI (Cpef-
Hue yactoTel — CY)

7 3—30 MI' 102—10 M  JleKaMeTpOBbIE BOJIHBI (BLICOKHE
yactoTtel — BY)

8 30—300 MTI'u 10—1 M  MeTpoBbie BOJIHbI (OUYEHb BBICO-
kue yactotel — OBY)

9 300—3000 1—0,1 M euuMeTpoBbIe BOJHBI (yJIbTpa-

MTI'n BbICOKHUE YacToThl — YBY)

10 3—30 I'Tu 10—1 cm  CaHTMMETpOBBIC BOJIHBI (CBEpX-
BbicOKME YyacToTel — CBY)

11 30—300 I'Tig 1—0,1 cM MuUIIMMETpPOBLIE BOJIHHBI (Kpaii-

He BbIcoKMe yacToThl — KBY)

* [IpencraBieHHbIe B TaOJIMIE AUAMIA30HBI YaCTOT BKIIIOYAIOT BEPXHUE TPEAe/Ibl U UC-
KJTIOYAIOT HUXKHUE.

** TlpencraBiieHHbIE B TAOJWIIE AMAIMMA30HbBI JUTMH BOJIH BKJIIOYAIOT HIDKHUE TIPEETBl U
HCKJTIOYAIOT BEPXHUE.

CKOpOCTh pacIpoCTpaHEeHUsI 3JIEKTPOMArHUTHBIX BOJIH B BaKyy-
Me He 3aBUCUT OT JJIMHBI BOJHBI ¥ paBHa: C = 2,997925 - 108 m/c.

DJIeKTpOMarHuTHasI BOJIHA, PACIPOCTPAHSISICh B HEOrpaHWYeH-
HOM TIPOCTPAHCTBE CO CKOPOCTBIO CBETa, CO3MAeT IEePeMEHHOE 2JIeK-
TPOMAarHUTHOE II0JIe, KOTOpPOE€ CIIOCOOHO BO3AEMCTBOBaTh Ha
3apsSDKEHHbIE YAaCTUIIBI W TOKM, B Ppe3yJabTaTe€ Yero IMpPOUCXOAUT
npeBpallieHre SHEPIMU IOoJisl B JApyrue Buabl oHepruu. Kak yxke
CKa3aHO BHIIIE, TTEPEMEHHOE 3JIEKTPOMArHWTHOE TI0JIe IIPEACTaBIIsIeT
c000if COBOKYITHOCTh MArHUTHOTO M 3JIEKTPUUYECKOTO ITOJIEA,
KOJIMYECTBEHHOM XapaKTepUCTUKOMN KOTOPBIX SIBJISTIOTCS
HAIPSDKEHHOCTh 3JIEKTPUUYECKOTO Mot £ (pa3MepHOCTh — BOJIBT Ha
MeTp, W1, COKpallleHHO, B/M) 1 HanmpsoKeHHOCTh MAarHUTHOTO ITOJIS
H (pasMepHOCTL — amIlep Ha MeTp, WIH, COKpalleHHO, A/M).
Bennuunbl £ v H — BeKTOpHbIE, MX KOJEOaHUsI MPOMUCXOASAT BO
B3aMMOIIePIICHANKYISIPHBIX TUIOCKOCTSIX.

ITpu pacnpocTpaHeHuu B Bo3ayxe Wiu B Bakyyme E =377H.
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IInotHocTh moTOKa sHepruu (/) MoxeT ObITh 3amucaHa (B BEK-

TOpHOU (opMe) Kak [ = EH . DTV BeIMYMHBI ITOKA3BIBAIOT, KAKOE
KOJIMYECTBO BHEPrMM MpoTeKaeT 3a | ¢ uepe3 IUIOLIAAKY, PacHoyo-
SKEHHYIO TIepIICHIUKYJISIPHO IBVKCHUIO BOJHEL.

Ecnu cdopmupoBaBiIasicss 3JIEKTPOMarHWTHas BOJIHA MMeEET
chepnyeckyo ¢popmy, TO CIIpaBEIJIMBO CIAEAYIONIEe PaBEHCTBO:

P =5 E?
I=—"5=FEH=—n0, (18.1)
4nr 377
rae Pycr — MOLLIHOCTb UCTOYHMKA U3JTyuyeHusl, BT;
r  — paccTOsIHME OT MCTOYHUKA U3TYYEHUSI, M.

Otcioga MOXHO OIIPEIeIUTh HAIPSLKEHHOCTh 3JEKTPUYECKOIO
oJist Mo opmyJe:

£ =330 e (18.2)

,

HauunHast oT MCTOYHMKA M3IIy4eHUs BCIO 0O0JIAaCTh pacIpocTpaHe-
HMSI 3JIEKTPOMArHUTHBIX BOJIH TIPUHSTO YCJIOBHO paslessTh Ha TpHU
30HBL: OJMKHIOW, MPOMEXYTOUHYI0 W JajbHIOW. Pammyc OnukHei
30HBI TIPUOIM3UTEILHO COCTABISET 1/6 BOMHBI OT UCTOUYHMKA M3JTyde-
HMS, a JajbHsIS 30Ha HAUMHAETCS HA PACCTOSIHUU, PaBHOM IIPUMEPHO
6 IIMHAM BOJIH; ITPOMEXKYTOUHAsA 30HA HAXOMUTCSI MEXIY HUMMU.

IlepeMeHHBIE 3JIEKTPOMArHUTHBIE IIOJNS CIIOCOOHBI OKa3hbIBaTh
HeTaTUBHOE BO3ICHCTBME HAa OpPTaHM3M YeJOBeKa, IMOCIEACTBHUS KO-
TOPOTO 3aBUCAT OT HANPSIKEHHOCTH 3JIEKTPUYSCKOTO M MAarHUTHOIO
MOJIeii, 9acTOThl M3JIy4eHUsI, IJIOTHOCTH IIOTOKA SHEPTHUM, pa3Mepa
00JTyJaeMOil TTOBEPXHOCTU Tejla YeJIOBeKa M WHIMBUAYAJIbHBIX CITO-
coOHOCTe#l ero opraHm3Ma. TKaHM 4YeJIOBEYECKOIO OpraHm3ma IIO-
[JIOLIAIOT 3HEPIMIO 3JIEKTPOMATHUTHOIO TOJsA!, B pe3ynbraTe 3TOro
MIPOMCXOAUT HArpeB Teja 4YesioBeka. MIHTeHCHMBHee BCEro 3JIEKTPO-
MarHWTHBIC TOJISI BO3ACHCTBYIOT Ha OpraHbl M TKAHU C OOJIBIINM CO-
IepXKaHWEeM BOIBI: MO3T, XeJNYIOK, XKEIYHBII M MOYEBOM Iy3BIPb,
rmouyku. [lpy Bo3meiicTBUM 3JIEKTPOMArHMTHOIO M3IIyYeHMsST Ha IJa3a
YyeJIOBeKa BO3MOXHO IMOMYTHEHHME XpycTajauKa (KarapakTa).

Kak wu3BecTHO, uenoBeYeCKMiA OpraHu3M oO0JIalaeT CBOWCTBOM
TEPMOPETYJISILUHY, T. €. IMOIIepPKaHUS MOCTOSHHOM TeMIIepaTyphl Te-

I TpoBonsmye 21eKTPUYECKUIA TOK TKAHM YETOBEYECKOTO OpPraHu3Ma (KMIKHE CO-
CTaBJISIIOLIME TKAHEl, KPOBb M T.[.) HarpeBalOTCsl B pe3y/ibTaTe BOSHUKHOBEHUS! B HUX
BUXPEBBIX TOKOB, & HETPOBOJSIIMUE, T.€. AUDIEKTPUKU (XPSIIM, CYXOXWIAS U T.JO.) —
B pe3ysbTaTe BO30YXXIAaeMbIX 2J€KTPOMAarHUTHBIM MOJEM KOJeOaHMiT MOJIEKYJ TU3JIeK-
TpUKa C MOCJIEeNYIOIIeN UX MOoJspu3aleii, MPOUCXOASILUX C BbIICJIEHUEM Terlia.
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Ja. Ilpu HarpeBe 4e0BEYECKOro OpraHu3Ma B 3JIEKTPOMArHUMTHOM
T10JIe TIPOMCXOOUT OTBOJ M3OBITOYHOM TEIIOTHI IO TJIOTHOCTU ITOTO-
ka sHeprun I = 10 MBr/cM2. D1a BelMumMHa HA3LIBAETCH MENA0EbIM
nopoeom, HaUMHAs C KOTOPOTO CUCTEMA TEPMOPETYJISIIUM He CIpaB-
JISIeTCS ¢ OTBOIOM T'€HEepUPYEMOIo TeIlia, IMPOUCXOIUT IMeperpes op-
raHu3Ma 4YejioBeKa, YTO HEraTUBHO CKa3bIBa€TCsS Ha €ro 3M0POBbE.

BoaneiicTBue 31€KTPOMAarHUTHBIX TOJEH € MHTEHCUBHOCTHIO,
MEHbIIIEH TEIIOBOTO MOpOora, Takxke HeOe30MMacHO ISl 3M0POBhS Ue-
JjoBeka. OHO HapyiaeT MYHKUUU CEepACYHO-COCYAUCTONM CUCTEMBI,
YXyOIIaeT OOMEH BEIIECTB, MPUBOIUT K M3MEHEHUIO COCTaBa KPOBHU,
CHIMDKaeT OMOXMMUYECKYI0 aKTUBHOCTb O€JKOBbIX MoJeKyd. Ilpu
JIJIATETBHOM BO3IEHCTBMU Ha PabOTAIOLIMX 3JIEKTPOMArHUTHOTO W3-
JIy4eHUsl pa3IMYHOM 4YacTOTbl BO3HMKAIOT TMOBBILLIEHHAsI YTOMJIsIe-
MOCTb, COHJIMBOCTh WJIM HapylleHWe CHa, O0Ju B 0O0JlacTH cepilia,
TOPMOXKEHUE pedIeKCOB U T.I.

IIpouzomreaime mon AeMCTBHEM 3JIEKTPOMArHUTHBIX TOJIeH Hapy-
LLIEHWSI B OpraHM3Me O0paTHMBbI, €CIM B HEM HE MPOM30LLIO IaTOJIOrMU-
YeCcKUX U3MeHeHui. JIisi 3Toro HeoOXoaAMMO MO0 MPEeKPaTUTh KOHTAKT
C U3JIy4YeHUEM, MO0 pa3paboTaTh MEPOMPUSITHUS I10 3allUTe OT HEro.

IIpu Bo3meiicTBUM HAa OpPraHM3M YEJIOBEKa IMOCTOSTHHBIX MarHUT-
HbIX W 3JIEKTPOCTAaTUYECKUX TOJIE C MHTEHCHUBHOCTbBIO, IMPEBbILLIAIO-
el 6e3omacHbIii ypOBEHb, MOTYT Pa3BUTbCSl HApYLLIEHUS] B JESITENb-
HOCTU CEPAEYHO-COCYAUCTONM CUCTEMBbI, OPraHOB AbIXaHWS U MUILEBa-
peHMsI, BO3MOXHO M3MEHEHME COCTaBa KPOBM U IIp. DJIEKTpUUYECKUE
MoJIsI MpOMBbILITIeHHOM YacToThl (f = 50 I'll) BO3aeiCTBYIOT HA MO3T U
LIEHTPAIbHYIO HEPBHYIO CHUCTEMY.

Mexay 4eloBEeKOM, HAXOASAIIMMCS B TAKOM IT0Jie M 0bjagalolum
OIpeNeICHHBIM TIOTEHIIMAJIOM, M METaJUIMYECKUM TIPOBOTHUKOM C
MEHBIIMM MOTEHLIMAJIOM MOXET BO3HUKHYTb BJEKTPUUYECKUI 3apsim,
TIPUBOASIINI K CYIOPOXHBIM COKPAILIEHUSIM MBIIII WJIM UHBIM, 00-
Jiee TSDKeNIbIM ToclieacTBUsIM (cM. 1. 20).

ITpenenbHO mOMyCTUMBbIE YPOBHM OOJlydeHMsI B JAMalia3oHe pa-
nnoyactor omnpeneistiorcss [OCTom 12.1.006-84 «DneKTpoMarHuT-
HbI€ T0JId paanoyacToT. JlomycTMMble YPOBHM Ha pabo4yux MecTax U
TpeboOBaHUS K MPOBEACHMIO KOHTPOJISi». B COOTBETCTBUM C 3TUM
HOPMATUBHBIM JTOKYMEHTOM YCTAaHOBJIEHA IIpedeIbHO IOIyCTUMAast
HAaMpsLKEHHOCTD asiekTpuyeckoro mnoist (Ey;, B/M) B nnamaszone 0,06
—300 MI'u u mpenenbHO OOMYyCTHMMAasl 3HEpreTUUYecKasl Harpyska 3a
pabouuii OeHb [QHErm , (B/M)2-.4]. Mexny STUMU BeIUMYUHAMU

CYHICCTBYET cjeayrouiad CBA3b:
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SHp
- 18.3
o (18.3)

rne T — BpeMs BO3AECUCTBUSI B TCUECHUE pa60l{er0 OHA, 4.

s vacror 0,06—3,0 MT'w: £, = 500 B/wm, IHp, = 20 000 (B/m)2 4
Hns vacror 3,0—30 Ml Epy = 300 B/m, OHp =~ = 7000 (B/M)2u
st yacror 30—300 MI'm: E; = 80 B/m, SHp, = 800 (B/m)2u

IIpenensHO gomycTMas HaNpsDKEHHOCTh MATHUTHOTO TIONS B ITHa-
masoHe 4actor 0,06 — 3 MI'm B COOTBETCTBMU C Ha3BaHHBIM BBIIIE
I'OCTom pomxHa coctaiate Hy; = 50 A/M. Mexny 3Toil XapakTepu-
CTUKOM W TIpEIeNbHO TOIMYCTHMON SHEpPreTUUecKoil Harpy3Koi 3a pa-
Oouuii geHb [ DH Hig > (A/M)2-4] cyLIECTBYET ClIEAYIOLIAS 3aBUCUMOCTD:

oH
Hpy = 1/% , (18.4)

rne T — BpeMs Bo3aeiicTBus, 4 (BenuuuHa HDH, Hyyy HE MOJDKHA MPEBBILIATH

200 A/M2.

IIpenensHO MOITyCTUMBIE YPOBHU BO3MEWCTBUSI MOCTOSTHHBIX Mar-
HUTHBIX TI0JIel HOpMUpPYIOTCS B cootBercTBUM ¢ CH No 1742-77.
Hampsxkennocts Takoro nonst (H) He momkHa mpesbimatbh 8000 A/M.

DJIeKTPUIECKHE TTOJISI MPOMBIIIIEHHOM 9aCTOTH HOPMUPYIOTCS B
cootBercTBUU ¢ I'OCTom 12.1.002-84 «DnekTtpuueckue IOJsT MPo-
MBIIIUIEHHOM 4acToTHl. JlomycTrMble YPOBHU HAIIPSLKEHMS U TpeboBa-
HMS K TIPOBEICHUIO KOHTPOJISI Ha paboumx MecTax». B cooTBeTCTBUM C
3TUM HOPMATMBHBIM IOKYMEHTOM IIPENEIbHO IOMYCTUMBIM YpPOBEHB
HaNPsSDKEHHOCTH  3JieKTprdeckoro moist (E) coctasister 25 000 B/M.
Kpome Toro, oroBapuBaercs JOIMycTUMoe BpeMsi nipedbiBanHust (7, 4) B
3JIEKTPUYECKOM TI0JIe C Pa3IMYHON HapPsIKEHHOCTHIO;

El_[[[ =

E, B/Mm o 5000 B/m 5000—20 000 B/m Ot 20 000 oo 25 000 B/m

T, 4 B teuenue  Bbruuciusior no ¢opmyne 1/6
a00y4ero JaHs
P T = % -2

B Hameil ctpaHe pa3paboTaHbl TakxKe TMTMEHMYECKME HOpMaT M-
Bbl JIJISl 3JIEKTPOCTATUUYECKUX MOJIEH, JIEKTPUUECKUX TOJiel auarna-
30Ha 4yacToT 1—12 k[, MarHUTHBIX TOJIEl TIPOMBILIJIEHHOM 4YacTo-
T (50 I'n) m mp.
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PaccmoTpuM ocHogHbie memodsl 3auumer om 21eKMPOMACHUMHbBIX
usayyenu. K HUM clemyeT OTHECTM pallMOHAJIbHOE pa3MelleHue 13-
Jlydaroluux M o0JydyamlIuMX OOBEKTOB, WCKIIOYalolllee WJIM Ocjad-
JISTIolee BO3IACHMCTBME M3TYYEHUS Ha TIEPCOHAN; OTpaHMYeHNEe MecTa
1 BpeMEHU HAaXOXIECHUS padOTaIINX B 3JIEKTPOMATrHUTHOM IIOJIC;
3allIuTa pacCTOSTHUEM, T. €. yaajleHue pabodyero Mecra OT MCTOUYHHUKA
BJIEKTPOMATHUTHBIX M3IIy4eHUI; YMEHbBIIIEHNE MOIIHOCTA MCTOYHUKA
M3TYyYCHUI; WCIOJIb30BaHUE TTOMIOMIAIOIINX WA OTPaXKAIOIINX K-
paHOB; MPUMEHEHWE CPEACTB WHINBUIYAIHHOW 3alllUTBI U HEKOTO-
pBIe Ip.

M3 mepeynciieHHBIX BBILIE METOIOB 3alllMTHI Yallle BCETO MPUMeE-
HSIOT SKpaHUPOBAaHWE WM pabOYMX MECT, WM HEITOCPEIACTBEHHO
WCTOYHWKA W3TyYeHMs. Paznmyaior oTpaxarolye W ITOTJIOLIAOIINe
sKkpaHbl. [lepBBle M3roTaBIMBAIOT U3 MaTepHaJOB C HU3KUM 3JIeK-
TPOCOITPOTUBJICHNEM, Yallle BCETO M3 METAJUIOB WJIM WX CIUIAaBOB (Me-
JIU, JIATYHU, aJIOMUHUS U €ro CIuiaBoB, cTajiu). BecbMa 3(p(eKTUBHO
1 BKOHOMHWYHO MCITOJIb30BaTh HE CIUIOIIHBIC 3KpPaHbl, a M3TOTOBJICH-
HbIe M3 TIPOBOJIOYHOM CETKM WJIM M3 TOHKOM (TommmHoit 0,01—
0,05 MM) aTIOMUHMEBON, JAaTYHHON WM LUMHKOBOU (hOJbIu. XOpo-
1Ieil 3KpaHUpYIOlIeld CHOCOOHOCThIO 00J1aJal0T TOKOMPOBOISILINE
Kpacku (B KayeCTBEe TOKOIIPOBOISIIMX 3JIEMEHTOB MCITOJIB3YIOT KOJI-
JIOUTHOE cepedpo, MOPOILIKOBBIN TpaduT, caxy M Ap.), a TAKKE Me-
TaJUTMYECKNE TIOKPHITUSI, HAaHECEHHBIE Ha IMOBEPXHOCTh 3aIlIMTHOTO
MaTepuana. DKpaHbl JOJLKHBI 3a3¢MJISAThCS.

3alIuTHBIE OeHCTBUS TaKMX SKPAHOB 3aKJTIOYAIOTCS B CIICAYIOIIEM.
Ilonm meiicTBMEM 3JIEKTPOMATHUTHOTO TIOJISI B MaTepualie SKpaHa BO3-
HHUKAIOT BUXpeBBIe TOKU (TOKM DyKo), KOTOpBIE HABOIST B HEM BTO-
pUYHOE ToJie. AMITIUTYIa HABEASHHOTO IO MPUOIU3UTEILHO paBHA
aMIUTUTYIE SKpaHUPYeMOro TI0JsA, a a3kl ITHX IOJIEH ITPOTUBOIIO-
JIoxHBI. [ToaToMy pesybTHpylolliee Mojie, BO3HUKAIOIEe B pe3ysbTa-
Te Cynmeprno3ulnu (CIOXKEHUs) ABYX PACCMOTPEHHBIX IOJIei, OBICTPO
3aTyxaeT B MaTepuajie 5KpaHa, IIPOHMKAs B HEr0 Ha Majyio TITyOuHY.

DDDEeKTUBHOCTL NeCTBUSA 3KpaHa, Wi 3¢G¢GEeKTUBHOCTh DKpa-
HUpoBaHUs (P), MOXET OBITh paccurTaHa 1Mo GopMyJie:

1
5=20 (18.5)
1 b
rae /) — IUIOTHOCTb IOTOKA SHEPTMM B JAHHOM TOUYKE IIPU OTCYTCTBUM K-
paHa Br/m2;
| — IUIOTHOCTb MOTOKA 3HEPTUU B TOI X€ TOYKE MPU HATUYMM IKpa-

Ha, Br/m2;
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WM BbIpaXeHa B JeLuoesax:
9= 101g%, 1. (18.6)

Hanpumep, 3aMKHYTBI 3KpaH, CBapeHHbI M3 JIMCTOBOW CTanu
HEIpepbIBHBIM 1IBOM, HMeeT 3(D(HEKTUBHOCTb SKPAHMPOBAHUS B
auanaszoHe yactoT 0,15—10 000 MI'u npumepno 100 ob.

Hpyroit BUI 3KpaHOB — momioliaiwlnve. X aeicTBre CBOAUTCS
K TOIJIOIICHUIO 3JIEKTPOMArHMTHBIX BOJH. DTU 3KpaHbl M3rOTaBIIM-
BalOTCS B BUIE 2JACTUUYHBIX M KECTKMX IEHOILIACTOB, PE3MHOBBIX
KOBPMKOB, JIMCTOB IMOPOJIOHA WIM BOJIOKHUCTON ApeBEeCUHbI, 00Opa-
0OTaHHOM cHelMaJIbHbIM COCTaBOM, a TakXe 13 (eppOMarHUTHBIX
wiactTuH. OTpakeHHasi MOILHOCTb M3JIYYEHMSI OT 3TUX 3KPAHOB HeE
npeBblnaeT 4%. Hanpumep, paguonoriomaonii Matepuain «JIya»,
MU3TOTOBJICHHBI M3 APEBECHBIX BOJIOKOH, B AMara3oHe IJIMH BOJH
n3nydenus 0,15—1,5 M nMeeT oTpakeHHYI0 MOIIHOCTE 1—3%.

CylIeCTBYIOT U APYTUe TUIIbI 9KPaHOB, HAllpUMep, MHOTOCJIOMHbIE.

DKpaHaMy MOTYT 3allUIIATLCSI OKOHHbIE MPOEMbl M CTEHbI 3[a-
HUI U COOPYXEHMI, HaXOMSLIMXCS IO BO3IEHCTBUEM B3JIEKTpOMar-
HutHoro usnydyeHusi (OMMU). CrpourenbHble KOHCTPYKUUU (CTEHHI,
MepeKpbITUSl 3JaHUI), a TakKXkKe OTAEJOYHble MaTepHaibl (KpacKu
Y T.A.) MOTYT JIMOO MOIJOWATh, JIMOO OTpaxkaThb 2JIEKTPOMAarHUTHbIE
BOJIHBI.

s 3awumsr om anekmpuueckux noaei npoMblUACHHOU 4acmombl,
BO3HUKAIOLIMX BAOJb JMHUIA BBICOKOBOJBTHBIX BJeKTpornepeaay
(JIBIT), HeobxoauMoO yBelIMUMBATh BBICOTY MOABEcCa MPOBOJOB JM-
HUIi, YMEHbIIATh PACCTOSIHUE MEXIy HMMM, CO3JaBaThb CAaHUTApHO-
3alIUTHBIE 30HBI BAOJb Tpacchl JIDII Ha HaceleHHOU TeppuUTOPUU
(tabn. 18.2). B aTuUX 30HAX OrpaHUYMBAETCS JIUTEBHOCTh PabOT, a
TakKe 3a3eMIISIIOTCSI MAlllMHbBI U 000pydOBaHUE.

OcoObIM BHUAOM 3JIEKTPOMAarHUTHOIO M3JydeHUs SIBISIeTCS Ja-
3epHOE U3TyYeHUE, KOTOpOEe TeHEepUpyeTcsl B CHELUMATbHBIX YCTPOi-
CTBaX, Ha3bIBAEMbIX ONTMYECKMMU KBAHTOBBIMU Te€HepaTOpamMu WU
JlazepaMu. DTU YCTPOMCTBA LIMPOKO MPUMEHSIIOTCS B Pa3IUYHBIX 00-
JIACTSIX HAayKM M TEXHUKU, B TOM 4YHUCJe IIs1 00pabOTKM pa3IUYHBIX
MaTtepuanoB (MOJlydeHHWe OTBEPCTUI, pe3Ka U T.O.), B MEIMLMHE
(TIpoBeneHre pa3IMYHbIX Oomepaluii), B CUCTeMaxX CBI3M ISl Mepena-
YYd CUTHAJOB MO JIa3epHOMY JIyuy, IUISI U3MEPEHUsI PaCCTOSIHUM, IS
MOJydeHUsI 0ObEMHBIX M300paXKeHUN MpeaMeTOB — TrOJIorpaMM U B
psine Apyrux obJacTei.
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Taonmnuuma 18.2. Pa3mepsl caHUTAPHO-3AIMUTHBIX 30H BIOJb
BbICOKOBOJIbTHBIX JiHHi (0 CH Ne 2963-84)

Hanpsxcenue | Paccmosuue om npo- | Hanpsocenue evi- | Paccmosinue om
6bICOK0BONbMHOU eKuuU Ha 3eMaI0 COK080MbMHOU | npoexuyuu na 3em-
AuHUU, KB Kpaunux ¢as nposo- AuHUU, KB A0 KpaiuHux ¢az
008, m npoeooos, m

1150 300 (55) 220 25

750 250 (40) 110 20

500 150 (30) 35 15

330 75 (20) Ho 20 10

It pumMeEedYyaHUeEe. 3Ha‘-I€HI/I$I, NpeaACTaBJICHHBIE B CKO6KaX, JOIIyCKalTCA B I10-
PAOKE UCKIIKIOYEHUS IJIs1 CEJILCKOW MECTHOCTH.

PyOuHoBBIE 5Tazepbl M3JIy4alOT B ONTUYECKON 4YacTU CIIEKTpa.
JAnuTeTbHOCTh MMITYJIBCOB COCTaBISIET OT HECKOJbKUX MMJLIMCE-
KyHA (MC) IO COTeH HaHOCEeKyHH (HC). DHeprusi OJHOTO MMITyJIbca
MOXET JOCTUTaThb COTEH JXKOYyJei MPU MOIIHOCTH B COTHU MEraBaTT
(IMBTt = 10°Bt). B Hacrosuiee BpeMs pa3paboTaH SN ONTUYECKUX
KBAHTOBBIX T'€HEPATOPOB, HCIOJB3YIOIIMX Pa3IUYHbIE ONTUYECKUE
cpennl ((GTOPUCTBIN KaJblWii, BOJb(hpaMaT Kajabliusl, pa3IUdHbIe ra-
36l U Jp.). DTU JIa3epbl MOTYT paboTaTh KaK B UMITYJIbCHOM, TaK U B
HETPepPbIBHOM peXrMax.

JlazepHoe u3IyyeHUE — 3JIEKTPOMArHUTHOE U3JIydeHUE, TeHepU-
pyeMoe B auamna3oHe BoyiH 0,2—1000 MxM. DTOT auara3oH ASIUTCS
Ha clieayolre 00JacTu CIIeKTpa B COOTBETCTBUU C OMOJOTUYECKUM
neiictBueM JazepHoro jayda: 0,2—0,4 MKM — yabTpaduoseTroBas 00-
nactb, 0,4—0,75 — Bugumas, 0,75—1,4 MKM — OMMXKHSIST UHGppa-
KpacHas, cBhoille 1,4 MKM — manbHsIsI MHPpakpacHas obnactb. Han-
0oJiee 4acTO MCIIOJB3YIOT B TEXHMKE Jla3ephbl C JJIMHAMM BOJIH, MKM:
0,34, 0,49—0,51, 0,53, 0,694, 1,06 u 10,6.

Bo3zneticTBue u3nydyeHus Jia3epa Ha OpraHU3M 4esIoBeKa 10 KOHIIA
He u3ydyeHo. [Ipu paboTe jga3epHBIX YCTAHOBOK Ha OpPraHMU3M UeJIoBe-
Ka MOIYT BO3IEMCTBOBATb CIEAYIOIIME OMAcHble W BpPEOHbIC IMPOU3-
BOACTBEHHbBIE (haKTOPBI: MOIIHOE CBETOBOE M3AyYEeHME OT JaMI Ha-
KaykKu, MOHU3UpYIOIllee M3JIy4YeHUE, BHICOKOYACTOTHBIE M CBEPXBBICO-
KOYAaCTOTHbIE BJICKTPOMArHUTHBIE II0JI, WHGPAKpacHOe U3IyYeHUe,
1IyM, BUOpalus, BO3HUKAIOIIME TIpY padoTe Ja3epHbBIX YCTAHOBOK, U Jp.

IIpu Bo3meiicTBMU JIa3epHOTO U3JIy4eHUs] Ha OpraHu3M uejioBeKa
BO3HUKAIOT pa3iMyHbIe Ouosornyeckue 3PPeKThl, KOTOPbIE 3aBUCIT
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OT SHEPICTUYCCKNX M BPEMCHHBIX IMapaMETPOB U3JIYYEHUA U B IICP-
BYI0 O4Yepelb OT SHEPreTUYECKOM 3KCHO3ULMU B MMITYJbCE, IJIWHBI
BOJIHBI M BpPEMEHM BO3JEICTBUS JIa3epHOr0 M3JTydeHMsI, BUIa OOJIy-
YaeMo# TKaHU YeJIOBEYECKOTO OpraHM3Ma M psama IpYyrux (akTopoB.
DHepreTuyeckast 5KCHO3MILMSI MOXET ObITh paccyuTaHa 1o (GopMyiie:

H= Ey, (18.7)

rae H — sHepreTryeckasi 3KCIO3UIINS;

E. — oHepreTuyeckasi OCBELIEHHOCTb (OTHOUIEHWE SHEPIUU U3IY4YEHUS,
Majapllel Ha pacCMaTpUBAEMBIA YYaCTOK MOBEPXHOCTU, K €ro
IUIOILIAIN);

t — BpeMsl BO3IEUCTBHUS JIa3€PHOTO U3JIyYCHUS.

Takum oOpa3zoMm, ¢ (PU3NUECKON TOUYKU 3PEHUs] SHEpreTuyecKast
SKCIMO3ULIMS — 3TO OTHOIIEHME DHEPTrUM M3Iy4YeHUs, TMajarolieil Ha
paccMaTpyUBaeMblil Y4aCTOK TTOBEPXHOCTH, K IUIOLIAAA 3TOTO y4acT-
Ka, YMHOXEHHO€ Ha IJIUTEbHOCTb OOJyYeHMs.

Paznuuaior nepBUYHBIE U BTOPUYHBIE OMoNornyeckue 3heKThl,
BO3HUKAIOIIME MO OEUCTBUEM Ja3epHOro uaaydyeHus. IlepBuuHbie
U3MEHEHUS TPOMCXOISIT B TKAHSX YeJOBeKa HEMOCPEICTBEHHO ITOJ
JEeNCTBUEM W3IyYeHUsT (OKOTM, KPOBOU3IUSIHUS M T.1I.), a BTOpHUY-
Hble (TTOOOYHBIE SIBIEHUSI) BBI3BIBAIOTCSA Pa3IMUYHBIMM HAPYIIEHUSIMU
B YEJIOBEYECKOM OpraHu3Me, Pa3BUBIIMMMUCS BCICACTBUE OOJIYYECHMUSI.

Hawnbosiee 4yBCTBUTENIEH K BO3IECUCTBUIO JIA3€PHOTO W3JIyUYECHUS
a3 yejgoBeka. BozdeiicTBMe Ha HEro Ja3epHOro M3MYyYEHMST MOXKET
MPUBECTU K OKOraM CeTYaTKU M Jaxe K moTepe 3peHus1. OmacHo Io-
MajaHue JIa3epHOro Jiydya M Ha KOXY UeJIoBeKa, B Pe3yJbTaTe Yero Mo-
I'YT BO3HUKHYTh OXOT'M PA3IMYHON CTETIEHU TSIKECTU U Jaxe OOyIiu-
BaHUe KoxXu. JlazepHble Jy4u BBICOKON WMHTEHCUBHOCTU MOTYT BBI-
3BaThb HE TOJIbKO TMOBPEXICHMSI KOXM, HO M IMOpaxkKeHHE pa3InyHbIX
BHYTPEHHHUX TKaHEW M OpPraHoB YeJOBeKa, YTO BbIpaXkaeTcsl B BHUJE
KPOBOMBJIUSIHUI, OTEKOB, a TaKXKe CBEPThIBAHUS WJIM pacliaga KpOBH.

HopMupoBaHue j1a3epHOTro M3JIy4eHUs TTPOU3BOAST B COOTBETCTBUM
¢ CH Ne 2392-81 «CaHuTapHble HOPMBI U TpaBUjia YCTPONCTBA U DKC-
ITyaTaluu JiazepoB». OCHOBHBIM HOPMUPYEMBIM MapaMeTpOM SIBIISIETCS
anepeemuueckas sxcnosuyus (H, JIx/cm?) obnydaeMbIX TKaHE 3a oIpe-
JIeJIEHHOE BpeMs BO3IEWCTBUS JIa3epHOTro M3nydyeHus. Eciu Hopmupye-
Mas BenmunHa H (MpeneabHO NOIyCTUMBIN YpOBEHb) HE MPEBBILLIEHA,
TO y paboTalollyX IMOA BO3AEHCTBHEM JIA3ePHOTO0 M3IyUeHMUS] He OymyT
BBI3BIBATLCSI MEPBUUHBIC U BTOPUYHBIC Ouonornueckue 3dpdextnl. Be-
JIMYMHA TpeAebHON 3HEepreTUYeCKOM 3KCITO3UIIMK 3aBUCUT OT JJIMHBI
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BOJIHBI JIA3€PHOI0 U3JIYYCHUA N JIUTCJIBHOCTU €TI0 BOSI[GVICTBI/IH Ha pa-
ootatoniero. IIpumep Takoro HOpMUPOBAHUS IS JIA3EPHOTO M3IYyYEHUST
¢ JumHoi BosHBI oT 0,2 1o 0,4 MKM npenctasieH B Tabdi. 18.3. Oo1ee
BpeMsI OOJTydEHUSI B 5TOM CJIydae COCTABJISET paboumii 1eHb. DHEPreTu-
yecKasl SKCHO3UIMS HOPMUPYETCSI Ha POTOBUIIE TJ1a3a U KOXe.

Taonuua 18.3. IIpeaenbHo J0MYCTHMBIA YPOBEHb JIa3€PHOTO
H3JIydyeHus (FHepreTHYecKoil IKCIO3UINHN)
¢ nymnoii Bosmbl 0,2—0,4 Mkm (yabpTpadmoseroBas 001aCTh)

Jauna eoanst aaseprozo | Dnepeemuue- | Jauna eoanvt aaseprozo | Iuepeemu-
UBAYHeHUs, MKM cKas 3KCno3u- UBAY4eHUs, MKM yeckas 3Kc-
yus, no3uyus
orc/cm? Jlorc/cm?
Or 0,200 1o 0,210 1-108 Cspiire 0,290 mo 0,300 1-1073
Cspiire 0,210 go 0,215 1-1077 Cspiire 0,300 mo 0,370 1-1074
Csoiue 0,215 no 0,290 1-10°6 Csblute 0,370 2.1073

[IpenenbHO AOMYCTUMBIE YPOBHU JIa3epHOTO M3IydeHUs (PHepre-
TUYECKON 3KCIO3UIIMH) OTHOCITCS K ArHaM BoJiH ot 0,2 mo 20 MKM.
Kpome Ttoro, B CaHumTapHbIX HOpMax i mmmH BoixH ot 0,4 mo
1,4 MKM yCTaHOBJIEHBI TPEIEIbHO IOITyCTUMBIE YPOBHU SHEPreTHye-
CKOHM O3KCITO3MLIMM CeTYyaTKu mia3a. I BUOMMOI 4YacTH CIEKTpa
(0,4—0,75 MKM), KpOME pacCMOTPEHHBIX XapaKTePUCTUK, IOIOTHU-
TeJIbHO HOpMUpYeTcs dHeprus udnydenus (Q, JIK) Ha ceTyaTrke rjasa.

K OCHOBHBIM Ko41€KMUBHBIM Cpedcmeam 3auumsl Om AA3epHO0 U3-
AYYeHUs: OTHOCSITCS TIPUMEHEHME 3alllUTHBIX SKPAHOB U KOXYXOB; HC-
MTOJIb30BaHNE TEJIEBU3MOHHBIX CHCTEM HAOJIONEHHUS 3a XOIOM TEXHO-
JIOTMYECKOTO TIpoliecca ¢ MCMOJb30BAaHMEM Jia3zepa, a TaKkKe CUCTEM
OJIOKMPOBKM M CUTHaNIM3allUM; OrpaxkAcHue Ja3epHO-OINaCHOM 30HHI,
pa3Mepbl KOTOPOM OIpeAessIiOT WM PacYeTHBIM, WM SKCIIEPUMEH-
TaJbHBIM ITyTeM. ClemyeTr 3alllUIaThCsl HE TOJIBKO OT IMPSMOro M3Jy-
YeHMS JIa3epa, HO M OT PacCesTHHOTO M OTPaXKeHHOTO M3TyYeHUIA.

HamnpsokeHHOCTh ITOCTOSTHHOTO MArHUTHOTO TOJISI MOXET OBITh M3-
MepeHa oTedyecTBeHHbIMU Tpubopamu I1I1-8 mnum Pd-4355. MarnurHoe
TT0JIe TPOMBIIIICHHOM YacTOThI MPH HAIpsLKEHHOCTH A0 15 KA/M u3-
MEPSIOT OTeYeCTBEeHHBIM mpubdopoM ['-79, a B auamazone yactot 0,01—
30 MI'u — mpubopamu I13-15, I13-16 u [13-17. Tpu nocienHUX HpU-
06opa MOTyT OBITh PEKOMEHIOBAaHBI W IS M3MEPEHUST HAMPSDKEHHOCTH
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sJIeKTpUYecKoro nojyig B auanasoHe yactor 0,01—300 MI'n. [lna usme-
peHUsl IJIOTHOCTU ITOTOKA SHEPIUU 3JIEKTPOMATHUTHOIO IOJIsI MpUMe-
HSIOT oTedecTBeHHBIe TIpubopsl 113-9, I13-18, 113-19 u I13-20, koTto-
phle TIepeKphIBAIOT YacTOTHBIN auamna3oH 0,3—400 [T,

st u3aMepeHust XapaKTepUCTUK JIa3€PHOIO M3JIy4EeHUs IPUMeE-
HaoTCsa mo3uMeTpsl Tia UJIA-2M u JIAM-2. IlepBoiit obecrieun-
BaeT U3MEpPEHUE MapaMeTPOB JIA3€PHOrO U3JIyYeHUsI B CIIEKTPaTbHbIX
mnamnasonax 0,49—1,15m 2—11 MKM, OH maeT mpsIMble ITOKa3aHUsI
U3MepsieMbIX TMapaMeTpoB mpu pabore Ha miauHax BojiH 0,53; 0,63;
0,69; 1,06 u 10,6 mxm. Ha ocranbHbix miuHax BoaH (0,49—
1,15 MKM) mo3uMeTp obecIieynBaeT KOCBeHHBIE n3MepeHus. [1puGop
JIAM-2 npenHa3HadeH 1 ONpeaeeHUsT apaMeTpOB JIa3epHOro 13-
JIy4UeHUsI B CIEKTpajdbHBIX nmamazoHax 0,49—1,15u 2—11 MKwm.
[IpssMble U3MepeHUsI 3TOT JO3MMETP OCYILECTBIISIET Ha AJMHAX BOJH
0,53; 0,63; 0,69; 0,91; 1,06 u 10,6 MKkMm.

st undusudyansroll 3awumosl 0m 31eKMPOMASHUMHOR0 U3AYHEHUS.
MPUMEHSIIOT CHeLMaibHble KOMOMHE30HbI U XaJlaThl, U3TOTOBJIEHHbIC U3
META/UTM3UPOBAHHOM TKAHU (SKPAaHMPYIOT 3JIEKTPOMArHUTHBIE TI0JIST), a
JUISl 3allUTHI OT AEMCTBUS Jiazepa OOCTy:KMBAIOLIMI MEPCOHA JOJLKEH
paboTaTh B TEXHOJIOTMYECKMX XajaTax, U3rOTOBJICHHBIX M3 XJI0IMYaTo0y-
MaXKHOM WK OsI3¢BOM TKAHU CBETIO-3€JIEHOrO WM rojyboro 1seTa.

st 3aliuThl 1a3 OT BO3AEICTBUS 3JIEKTPOMArHUTHOTO M3JIyde-
HUs TIpUMEHSIOT oukm Mapku 3I15-90, crekia KOTOPBIX ITOKPHITHI
mrokcumoM ooa (SnO,), obIagaroIMM TTOMYTIPOBOTHUKOBBIMA CBOM-
CTBaMU; MapKU CTEKOJI, IIPUMEHSIEMBIX [UISI 3aLUThI IJ1a3 OT BO3ICH-
CTBUS JIa3€pPHOTO M3JIydeHMs, TIpeIcTaBJIeHbl B Tabi. 18.4.

Taomnuuma 18.4. Mapku CTeKoJ, NpUMeHsIeMble
B NPOTHBOJIA3EPHBIX 0YKAX M CBETOGHIBLTPAX

Jauna

60HbL

Aaasepio-1. 48 0,51 0,53 0,69 0,84 1,06 1,54 10,6

20 uzny-
uenus,
MM

Maprxa OC-12 OC-12 (C3C-21 C3C-21 C3C-21 C3C-24 BC-I15
cmexaa OC-13 OC-13 (C3C-22 C3C-22 C3C-22 C3C-25
C3C-24 C3C-26

IIpumeuanue OC — opanxeBoe crekio; C3C — cuHe-3eneHoe ctekiio; bC —
OeclLBETHOE CTEKIJIO.
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Kounrpoabubie Bonpocor

1. I[ai/’l'rc orpejiejieHue NMOHATUA «IJICRTPOMArHuTHOE I10J1e».

2. Rakumn (usnaecknMH mmapaMeTpaMn XaparTepusyercs dliek-
TPOMATHUTHOE n3iydeHue?

3. Rarne McTOYHNKM DJIERTPOMArHUTHBIX Toleil BbI 3HaeTe?

4. RakoBo jeiicTBre HIeRTPOMATHUTHBIX TOJNEi HA OpPraHu3M de-
JoBera?

9. Yro Takoe HopMuUpoOBaHUe HIEKTPOMATHUTHBIX TOJeii?

6. IlepeuncimTe m oxapakrepusyiiTe OCHOBHBIE METOJIbI 3AIUTHI
OT JJICKTPOMArHuTHbIX I/ISJIy‘{CHVlﬁ.

7. Rak renepupyercs jazepHoe u3iryderne?

8. OxapaxkrepusyiiTe BozjeiicTBue Jazepa HA OpPraHn3M YeJOBeKa.

9. Rar nopmupyercs nazepHoe usiayuenue?

0. RakoBbl MeTOJIpI 3aNIUTHI OT JA3E€PHOTO M3IydeHuns?

1. RakoBbl MHIMBHyalbHblE CpefCcTBA 3allUThl OT BO3JeiicTBUA
DIIEKTPOMATHUTHOTO W JIA3€PHOTO NBITydeHuii?

12. Kakumun npuGopamMu H3MEPSIOT DIEKTPOMArHNTHOE W JIazepHoe

u3JydeHns?



Jamura
OT MOHHU3HPYIOIIHNX
H3AYYEHUH

19.1. OcHnoBHbIe xapakTepHCTHKH
HOHH3HPYIOIIUX H3AYYeHHH

HMoHu3upyonmMu Ha3blBalOT U3TYYEHUsI, B3aUMOJEUCTBUE KO-
TOPBIX CO CPENOi MPUBOAUT K OOPA30BAHUIO DJEKTPUUECKUX 3apSIIOB
pa3IMYHbIX 3HAKOB. MICTOUHMKM 3TUX M3JYyYEHUU IIUPOKO MCIIOJb-
3YIOTCSl B TEXHUKE, XUMUU, MEIULIMHE, CEIbCKOM XO3SMCTBE U APY-
rMX 00JacTsX, HalpuMep, NpyM U3MEPEHUU TUIOTHOCTH MOYB, OOHa-
PY>XEHUM TeuYeil B ra3onpoBOJax, UBMEPEHUU TOJIIMHBI JIUCTOB, TPYO
U CTEepKHEH, aHTUCTAaTUYECKON 0OpabOTKEe TKaHEU, MoJuMepr3aluu
IUIaCTMACC, PAAWAllMOHHON Tepanuu 3J0KaYeCTBEHHBIX OIyXOJIe U
np. OnHako ciaenayeT MOMHUTh, YTO UCTOYHUKM UOHU3UPYIOIIETO U3-
JIyYEHUS TPEACTABISIOT CYUIECTBEHHYIO YIpO3y 3J0POBbIO U XKWM3HU
WCTIOJIB3YIOIINX UX JIIOAEH.

CyllecTBYIOT Ba BUIA MOHU3UPYIOLIUX U3TYYCHUI:

e KOPHYCKYJSPHOE, COCTOSIIIEE M3 YACTHUILl ¢ MAacCoil MOKOsI, OT-
JM4YHOM oT Hyna (anbda- m Oeral-usnyyeHne M HeWTpOHHOE
U3JIydeHue);

e 3JICKTPOMarHuTHOE (ramma(y)-u3jaydeHue U PEeHTTeHOBCKOE) C
OYEHb MAJION VIMHON BOJIHBI.

PaccMoTprM OCHOBHBIE XapaKTEPUCTUKU YKa3aHHbBIX U3yYEHUIA.

Anvgpa(o)-uzayuenue peacTaBiasgeT cobOil MOTOK siaep Teausi, 00-
JIaTAoIIMX OOMBIIOKA CKOPOCTBIO. DTU spa MMEIT Maccy 4 U 3apsin
+2. OHM 00pasyloTcsl Mpu paavoOaKTMBHOM pacmaie saep Wid Mpu
siIepHbIX peakuusix. B Hacrosiuee Bpemss usBectHo Oojiee 120 wc-

1
B JIMTEpATYpE NPUHATO 0003HavYaTh aIIb(I)a— U OeTa-4acCTULBI C TTOMOLIBIO COOTBETCT-
BYIOLIUX I'PEYECKUX 6yKB — o-4YaCTULbI U B—qacmum.
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KYCCTBEHHBIX M €CTECTBEHHBIX ajb(a-pagrnoakKTUBHBIX SAEp, KOTO-
pBle, UCITycKasl aabga-4acTUIly, TEPSIOT 2 TPOTOHA 1 2 HEHWTpOHA.

DHeprus anbda-yacTUL, He NPEBbILIAET HecKoNbKUX Ma3Bl. U3-
Jlydaemble aiab(a-dyacTULBI OBVKYTCS TPAKTUYECKH TPSIMOJIMHEITHO
co ckopocThio mpumepHo 20 000 km/c.

Ilon nmnuHOI mpobera YacTMIIBI B BO3MyXe WM IPYTUX Cpemax
MPUHITO Ha3blBaTb HAMOOJIbIIEE PACCTOSIHME OT MCTOYHMKA W3JIyye-
HUsI, TIpU KOTOPOM €llle¢ MOXHO OOHApYKUTh YAaCTHUIy OO €€ IOTJIO-
1IeHusl BewecTBoM. JIiMHa mpoOera 4yacTULbl 3aBUCUT OT 3apsia,
MAacChl, HA9aJIbHOW DHEPTMU M CPEIbl, B KOTOPON IPOUCXOIUT IBH-
KeHue. C Bo3pacTaHUEM HayaJlbHOM SHEPIUM YacTULbl U YMEHbIle-
HUEM IUIOTHOCTH Cpeabl JIMHA mpobera yBenuumBaercs. Ecim Ha-
yajibHasi HEPIusl U3Tyv4aeMbIX YacTULl OMMHAKOBA, TO TSKEJble Jyac-
THIBI 00JagaloT MEHBIIMMM CKOPOCTSIMM, dYeM JieTkue. Ecmm
YacTULbl ABMXKYTCS MEIJEHHO, TO MX B3aMMOACHCTBME C aTOMaMU
BelllecTBa cpenbl 0ojee 3((HEKTUBHO M YaCTHULIBI OBICTpEe pacTpadm-
BalOT MMEIOLIMICS Y HUX 3arac SHEPTuMu.

HnmuHa mpobera aiabda-dyacTull B Bo3ayxe oObIdHO MeHee 10 cM.
Tak, Hanpumep, anbda-yacTuubl ¢ 3Heprueit 4 MsB obnagatoT ajiu-
HOIi mpobera B BO3ayxe IPUMEPHO B 2,5 cM. B Boge MM B MATKUX
TKaHsIX YeJOBEYECKOIro TeJla, IUIOTHOCTb KOTOPBLIX Oojiee 4eM B
700 pa3 mpeBbIIAeT IUIOTHOCTb BO3Ayxa, UIMHA IHpodera anbda-
YaCTULL COCTaBJISIET HECKOJIbKO NECSTKOB MUKPOMETPOB. 3a CUET CBO-
eil OoJbIIOK MacChl MpPYM B3aMMOJAECHCTBUM C BELIECTBOM ajibda-
YaCTHUIIbI OBICTPO TEPSIIOT CBOIO BHEPIUIO. DTO OOBSICHSIET UX HU3KYIO
MIPOHMKAIOIIYIO CITIOCOOHOCTh M BHICOKYIO YAEJIBHYI0O MOHU3AILNIO: TIPU
JIBUXXEHUHU B BO3AYLIHOM cpeie anbda-yacTvia Ha 1 ¢cM CBOEro ImyTu
o0pasyeT HECKOJBKO JECSATKOB THICAY Tap 3apsoKeHHBIX YacTUI —
HMOHOB.

bema-uznyyenue mnpenctaBiasieT coOOl MOTOK 3JEKTPOHOB (B~ -
U3JTy4eHue, WM, 4Yalle BCEero, MpoCTO B-U3JIydeHUe) WU IO3UTPO-
HOB (BT -M3nydyeHKe), BOZHMKAIOLIMX MPU PAaIMOAKTUBHOM pacraie.
B Hactosiee BpemMst n3BecTHO 0Koyio 900 GeTa-pagmoaKTUBHBIX U30-
TOIIOB.

Macca 6Gera-yacTull B HECKOJIbKO JECSITKOB ThICSY pa3 MeEHbIie
Macchl anbda-yacTul. B 3aBUCMMOCTU OT MPUPOAbl NICTOYHUKA OeTa-

I M3B — emunnua sHepruu (Mera-3JIeKTPOH-BOJIBT), MPUMEHseMas B aTOMHOW M
anepHoit ¢pusuke. IMaB = 10° 3B (anekTpoH-BosbT). JJIs epeBona 3HaueHuit SHep-
ruu u3nydeHus B cucteMy CU mosb3yloTcs CIeAyOIIMMU COOTHOIIEHUSIMU: 1
3B = 1,60206 - 10719 Ixx; 1 M3B = 1,60206 - 10713 Ix.
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MU3JYYEHUI CKOPOCTh 3TUX YacCTUIL MOXET JexaTb B npenenax 0,3—
0,99 ckopocTu cBeTa. DHepruss OeTa-yacTWI] He IPEBBIIAET He-
CKoJIbKMX M5B, agiauHa mpoGera B BO3Ayxe COCTaBjsIeT IMPUOIU3U-
tenbHO 1800 cM, a B MATKMX TKaHSIX 4YEJIOBEYECKOTO Tejaa ~ 2,5 CM.
ITpoHukalolias cmocoOHOCTh OeTa-4yacTULl Bhllle, YeM alb(a-4yacTUIL
(13-3a MEHbIIMX Macchl U 3apsiaa). Hanmpumep, 1jsi HOJTHOTO MOIJIO-
IIEHXs TOTOKa OeTa-4yacTull, 00JaJaloIMX MaKCUMaIbHON dHEpruei
2 MaB, TpeOyeTcsl 3alLMTHBIM CAOW adOMUHUS TOJIIMHOM 3,5 MM.
Honuzupyiolast crnocoOHOCTb OeTa-U3IydeHUs] HUXKe, 4deM ajibga-
u3slyueHus: Ha 1 cM mpoOera OeTa-yacTull B cpele oOpa3yeTcsl He-
CKOJIbKO JECSITKOB Iap 3apsiKeHHBIX HOHOB.

Heiimponnoe uznyuenue peACTaBaseT cOO0M MOTOK SAEPHBIX Yac-
TUL, HE MMEIOLIMX 3JeKTPUYECKOro 3apsiza. Macca HeiTpoHa mpu-
011M3UTENBbHO B 4 pa3a MeHblUe Macchl anbda-yactul. B 3aBucuMO-
CTU OT BHEPIUM Pa3UyaoT MeIJCHHbIe HEUTPOHBI (C SHEprueil me-
Hee 1 KaBl), HeiiTpoHBI TpoMexyTouHbIX 3Hepruii (ot 1 go 500 K3B)
u ObicTpble HeiTpoHb!l (0T 500 Ka3B no 20 M3B). Cpean MenjieHHbBIX
HEHTPOHOB pPa3IMYalOT TEIUIOBbIE HEWTPOHBI C JHEPrueil MeHee
0,2 »B. TemnnoBble HEHTPOHBI HAXOASATCS IO CYILIECTBY B COCTOSIHUU
TEPMOJUHAMUYECKOTO PABHOBECHUS C TEIJIOBBIM JBUXXEHUEM aTOMOB
cpennl. Hanbonee BeposiTHass CKOPOCTb ABUXKEHUSI TaKWX HEHTPOHOB
IIpY KOMHATHOU TemItepatype cocrasisier 2200 m/c. IIpu HeympyroMm
B3aMMOACHCTBUU HEUTPOHOB C SApaMU aTOMOB CpeAbl BO3HUKAET
BTOPUYHOE M3JIYyYEHUE, COCTOSIILECE U3 3aPSLKEHHBIX YACTUIL U raMMa-
KBaHTOB (ramma-usiaydyeHue). [lpu ynpyrux B3auMOJEWCTBUSIX Heil-
TPOHOB C SIApaMM MOXET HaOJI0JaThCsl OObIYHAS WOHM3AaLMsl BElle-
ctBa. [IpoHuKaloiass cnocoOHOCTb HEMTPOHOB 3aBUCUT OT UX DHEP-
TMUA, HO OHA CYLIECTBEHHO BbILIE, YeM Yy alibda- WM OeTa-4acTULI.
Tax, miuHa npobera HEUTPOHOB IMPOMEXYTOUHBIX SHEPIUil COCTaB-
JIsieT oKoyio 15 M B BO3aylIHON cpene U 3 ¢cM B OMOJIOTUYECKOI TKa-
HU, aHaJOTMYHbIE MoKa3aTeau IJis1 OBICTPbIX HEHTPOHOB — COOTBE-
ctBeHHO 120 M u 10 cm. Takum obpa3om, HEUTPOHHOE U3Iy4YeHUE
00y1amaeT BBICOKOM MPOHMKAIOLIEH CHOCOOHOCTBIO M MpPEACTaBIsIeT
IUISL 4eJloBeKa HauOOJbIIYI0 ONACHOCTh M3 BCEX BUIOB KOPMYCKY-
JIIPHOTO M3Jy4yeHUsl. MOIIHOCTb HEMTPOHHOIO IMOTOKA M3MepsieTcs
IUIOTHOCTBIO TIOTOKA HEUTPOHOB (HEHTp./cM? - ¢).

Tamma-uziyuenue (y-u3aydeHUE) MNPEACTABIsIET COOOUM 3JIEKTpPO-
MarHUTHOE W3JyYEHUE C BBICOKOW 3HEPIrMEM W C MAJIOM JUIMHOW

11 KaB (xu10-31mektpoH-Bonbst) = 103 3B.
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BOJHBI. OHO MCIyCKaeTcs NMPU ANEPHBIX MPEBPAIIEHUAX WM B3au-
MoxeiictBum 4vactuil. Beicokas sHeprust (0,01—3M»3B) u wmamas
JUJIMHA BOJIHBI OOYCJIOBJIMBAET OOJBIIYI0 NPOHMKAIOIIYIO CIIOCO0-
HOCTb TaMMa-M3Iy4eHHsI. ['aMMa-JTydn He OTKIIOHSIIOTCS B JIEKTPH-
YEeCKMX M MAarHMTHBIX TIOJSIX. DTO M3IIydeHUWe o00amaeT MEHBIIei
MOHU3UPYIONIEH CITIOCOOHOCTBIO, YeM ajiba- 1 OeTa-u3JIydyeHue.

Penmeenoeckoe uznyveHue MOXET OBITh TIOJIY4EHO B CITCIIMAJIBHBIX
PEHTTeHOBCKMX TpyDax, B YCKOPHUTEJISIX 3JEKTPOHOB, B Cpele, OKPY-
Kalle MCTOYHWK OeTa-u3nydeHusi, W Op. PeHTreHOBcKMe Jyum
MIPEICTABISIOT CO0OM ONWMH M3 BUAOB 3JCKTPOMATHUTHOTO HM3JIyYe-
HUsI. DHEPIUS ero OOBIYHO He IpeBbiaeT 1 MaB.

B kadectBe mpuMepa oOIpeneavM IJIWHY BOJHBI y-U3JTYYEHUS C
sHeprueit 0,048 MaB.

Hcnonb3ys u3BecTHoe cootHowenue 1 3B = 1,602 - 10719 Ix,
BBIPA3UM 3HEPIUIO y-M3TYyYSHUS B JKOYJISX:

1,602-107"°(JTx)

1(B)

DHeprus y-u3TyIeHUs OMPEAeIsIeTCs CIeayIomei (GopMyIIoii:

E:hv:%, (19.2)

E =0,048-10"°(B) =0,077-10" Ix . (19.1)

rae h — nocrogHHad wiaHka (h = 6,626 - 10734 JIx-c);

V — 4acTOTa KBaHTa 3JIEKTPOMATHUTHOU SHEPrUu, TII;

¢ — ckopocThb cBeTa (¢ ~ 3,00 108 m/c);

A — IJIMHA BOJIHBI, M.
6,626-107 Ix -¢-3,00-108m - ¢!

0,077-107" Ix

PeHTreHoBckoe u3nyyeHME, KaK M TamMMa-uU3IydeHue, oOjamaeT
MaJIOi MOHU3UPYIOLIEH CIMOCOOHOCTbIO W OOJIbIIOW MIyOMHOW Mpo-
HUKHOBEHMUS.

PaccMoTpuM OCHOBHBIE TMOKa3zaTedd W EIUHHUIBI HU3MEpPEeHUs,
MpUMEHSIEeMbIe JJISI XapaKTePUCTUKUA HOHU3UPYIOLIUX W3TYYEHUM.
Kaxk yxe ckazaHo BbIllle, NMPU pacnajae sSaep aTOMOB €ro MPOAYKThI
BbLIETAIOT C OOJIBIIOK CKOPOCThIo. BeTpeuass Ha cBoeM IyTu Ty WU
WHYIO Mperpagy, OHU MNPOU3BOIMIT B €€ BEILECTBE pa3jiMUHbIC U3ME-

A =0,26-10""% = 2,6HMm.

I Haunnas ot mimHbl BoHbl 2-1072 HM B CTOPOHY KOPOTKMX [UIMH BOJIH PAaCIIONOXE-
HBI TaMMa-JIy4Y¥, BO3HMKAIOIIKE MPU PaTMOaKTHBHOM pacliaje aToMoB. Takum o6pa-
30M, 3JIEKTPOMArHMTHBIC M3IYYEHHUs Pa3TMYHOrO IPOUCXOXKICHUS B 3TOWM 00J7acTH
JUTMH BOJIH MEPEKPBIBAIOTCS, M MX Ha3bIBAIOT TaMMa-U3TydeHHEeM MIM PEeHTI€HOBCKUM
M3JIyYEeHUEM B 3aBUCUMOCTH OT MCTOYHHKA.
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HeHus. BoapeiicTBue mM3aydeHMsI Ha BEIIECTBO OyIeT TeM OOJIblIe,
yeM OoJibllie pacrajoB MPOUCXOAUT B €IUMHUILY BpeMeHu. [Ins xa-
pPaKTepPUCTUKU YMCJIa PACITaZioB BBOAUTCS MOHATHE axmusHocmu (A)
PaanoOaKTUBHOTIO BEUIECTBA, IO KOTOPBIM IMOHUMAIOT YUCJIO CaMO-
MMPOM3BOJIBHBIX SIIEPHBIX TIpeBpallleHuit dN B 3TOM BelleCcTBEe 3a
MaJiblii TIPOMEXYTOK BpPEeMEHU df, NeJeHHOE Ha 3TOT IPOMEXYTOK
BpEMEHU:

_dN
Codr

Enunuueit uamepenusi aktusHoctu sisisietcss Kropu (Ku), coot-
serctByouag 3,7 - 1010 qnepHbix npeBpawmenuii B cexyHmy. Takas
AKTUBHOCTh COOTBETCTBYET aKTMBHOCTM 1 T pamus-226. ['opas3mo pe-
Ke UCMOoJb3yeTcsl eAMHULIA aKTUBHOCTU Oekkepesb (bK)

1Ku=3,7-10""Bk .

A (19.3)

g xapakTepUCTUKKM BO3ACHCTBUS MOHM3UPYIOIIETO M3IyYCHUS
Ha BEIIECTBO BBEACHO ITOHSATHE MO3BI M3IydeHUS. J[030i uznyyeHus
Ha3bIBAaeTCAd YacTh DHEPIUU, TepemaHHas M3IydeHHEeM BEIeCTBY WU
noryoleHHass uM. KoanuyecTBEHHOI XapaKTepUCTUKOW B3aMMOJIEii-
CTBUSI MOHM3UPYIOLIETO WM3IyYeHUS U BEIIeCTBa SIBISICTCS H0210-
wennas dosa uzayuenus (/[), paBHass OTHOIICHWIO CPEeIHEN 3HEepruu
dE, nepenaHHON MOHM3MPYIOIIMM M3JTy4eHUEM BEIIECTBY B DJIEMEH-
TapHOM 0ObeMe, K Macce 00JIydeHHOro BellleCTBa B 3TOM obbeMme dm:

p-9E (19.4)
dm

IMornomeHHast g03a SBISETCSI OCHOBHOW NO3UMETPUUYECKON Be-
JuuyuHoil. B cucteme CH B KauecTBe eAMHUILBI MOTJIOLIEHHON J03bI
npuHaT rpeir (I'p). 1 I'p cooTBeTCTBYeT MOIJIOLIEHUIO B CpeaHEM
1 JIXX 2Hepruyd MOHU3UPYIOLIEro M3JIyYeHUS B Macce BelleCTBa, paB-
Hoit 1 kr, 1. e. 1 I'p = 1 JIxx/kr!.

o HenaBHero BpeMEHHM 3a KOJMYECTBEHHYIO XapaKTepUCTUKY
TOJbKO PEHTIeHOBCKOr0 M raMma-u3JIyueHUsI, OCHOBAHHYIO Ha HX
WOHU3UPYIOLIEM AEWCTBUM, IPUHUMANACh IKCHO3UYUOHHAA 003a X —
OTHOILLIEHWE TMOJIHOIO JJIEKTpUYecKoro 3apsina dQ HMOHOB OJHOIO
3HaKa, BO3HUKAIOIIMX B MajJOM O0bEME CYXOro BO3dyxa, K Mmacce
BO3ayxa dm B 3TOM o0beMe, T. e.

! Panee B KauecTBe eIMHUIIBI TIOIIOLIEHHOM 103bI McToab30Bacs pad (pa). OH cooT-
BETCTBOBAJI MOMIOLIECHUIO B cpeaHeM 100 apr.
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_90 (19.5)
dm

EmuHuieir sKcImo3numoHHoM 1036l B cucteMe CH sIBisieTcsT Ky-
joH Ha kunorpamm (Kii/xr)!l.

11 OLleHKM BO3MOXKHOIO yiep0a 340pOBbsl IIPH XPOHUYECKOM
BO3IEUCTBUM MOHU3UPYIOIIETO M3JIydeHHUsI IIPOM3BOJIEHOTO COCTaBa
BBEJEHO TOHSITUE 3IKeuUsdreHmHOU do3bt (H). DTa BenuumHa omnpeje-
JIIeTCSl KaK IIPOM3BEIEHME ITOINIONICHHON O3Bl /[ HAa CpedHMil KO-
> dUILIEeHT KauecTBa M3TydeHns: Q (Oe3pa3MepHBIil) B JaHHOI TOU-

Ke TKaHM YeJI0BEYEeCKOIo Tea, T. €.:
H=D-Q. (19.6)
EmuHuneir skBuBajeHTHOM mo3bsl B cuctemMe CU sBisgercs 3u-
Bepr? (3B). B Tabn. 19.1 npencrapieHbl CBEAEHUS O BEIMYMHAX
koadduimenta Q.

Ta6nuuna 19.1. 3uavenns Q Ais PasTHIHBIX
BUJIOB M3JIy4eHHS

Buo uzayuenus é
PenTreHoBCKOE M3TyYeHUE 1
DJEKTPOHBI U MO3UTPOHBI, OeTa-U3TydeHue 1
IIporoHsl ¢ aHeprueit MmeHble 10 MaB 10
Heilitponsl ¢ sHeprueit MmeHbie 20 MaB 3
Heiirponsl ¢ sHeprueit 0,1—10 M»>B 10
Anbda-uznyyeHue ¢ sHeprueit Menbine 10 MaB 20
Tsxenble sigpa oTnayu 20

CylecTByeT ellle OJHA XapaKTepUCTUKA HMOHU3UPYIOLLIETO U3Jy-
YEHUSI — MOuHOCmb 0036l X (COOTBETCTBEHHO MOIJIOLIEHHOM, 9KCMO-
3ULIMOHHOW WM 3KBUBAJIEHTHOI), TMpeACTaBisdiolias coboil mpupa-

I BHecucTeMHOIl eIMHMLEH O3Bl PEHTTEHOBCKOTO M TraMMAa-M3JydeHUs SBJISeTCS
peHTreH (p) — [103a M3JIyYyeHMs, TP KOTOPOW CyMMAapHbIN 3apsifi MOJIOXUTETbHBIX
WM OTPULIATENILHBIX MOHOB, o6pasylommxcs B 1,293 - 1076 kr Bosmyxa, pasen 0,33 - 1079
KYJIOHOB. DTO COOTBETCTBYeT o6pazoBanuio 2,08 - 10° map omHOBaJEeHTHEIX MOHOB B 1 cM3
BO3/yXa IpY HOpMaNbHBIX ycaosusx (7 = 273 K, P = 1,01325 - 105 [1a) u cesa3aHo ¢
3aTparoii sHepruu okoso 87 - 107 JIx/xr; 1P = 2,58 - 1074 Ku/xr = 0,88 pan.

2 CyluecTByeT crneuyuanbHas eIMHULA SKBUBAJIEHTHOMN J103bI — OUOIOTMYECKUl SKBU-
BaJIeHT peHTreHa (63p). 1 69p — 3TO KOJIMYECTBO 3HEPIUU JIIOOOro BUAA MU3Iy4eHUS,
TMOIJIOLEHHOTO B OMOJIOrMYECKOM TKaHU, OMOJIOrMYecKoe JecTBUE KOTOPOTO dKBUBA-
JICHTHO JeMCcTBMIO 1 paj peHTreHOBCKOro Win ramMmMa-usiaydenus; 1 38 = 100 6ap.
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IEHNAE OO3bI 32 MaJbli IIPOMECXYTOK BPEMCHU a’x, OCJICHHOC Ha 3TOT

MPOMEXYTOK df. Tak, MOIITHOCTb 3KCITO3ULIMOHHOM 103kl (X unu W,
Kn/kr-c) cocraBur:

Xow =X (19.7)
dt

AHQJIOTUYHO PacCUMUTHIBAIOT MOIIHOCTL morjiomieHHon (I'p/c)
WJIN 9KBUBAJICHTHOM (3B/C) H03.

buonoruyeckoe AeiCTBME PACCMOTPEHHBIX M3JIYYeHUIH Ha opra-
HU3M 4YeJIOBeKa pa3inyHo.

Anbpa-JyacTulibl, MpPOXoAs 4Yepe3 BEIIeCTBO U CTAJKUBAasICh C
aroMaMy, WOHM3UPYIOT (3apskaloT) MX, BbIOMBasi BJEKTpOHbI. B
peIKUX caydasxX 3TH YacTHULIbl MOMIOILIAIOTCS SApaMU aTOMOB, Iepe-
BOJISI MX B COCTOSIHUE C OOJblleil sHeprueil. ta U30bITOUHAST SHEP-
T'MSI CITOCOOCTBYET IIPOTEKAHUIO PA3IMYHBIX XMMHMYECKUX pPeaKIIUi,
KOTOpble 0e3 O0JydyeHUs] He WAYT WIW UAYT OYeHb MEIJIEHHO. AlJlb-
(a-uznyyeHre MNPOU3BOAUT CHUJIBHOE [EUCTBME HAa OpPraHUYeCKue
BEIIIECTBAa, M3 KOTOPbIX COCTOMT YEJOBEUYECKMI OpraHusM (KUphbI,
Oenku U yrieBoAbl). Ha cau3ucTbix 000J0YKaX 3TO U3JTYUYEHUE BbI-
3bIBAET OXOTY U APYTUE BOCIIAIUTEIBHBIE TTPOLIECCHI.

Ilon peiicTBueM GeTa-u3Iy4eHUN MPOUCXOOUT paauoiu3 (pasio-
JKEHME) BOABI, coaepxalleiics B OMOJIOTMUYECKUX TKaHSX, ¢ 00pas3o-
BaHWEM BOIOpOMda, KHUCJIOpoaa, Tepokcuma Bomopoma H,O,, 3aps-
sxeHHBIX yacTull (moHoB) OH™ 1 HOZ.I1poayKThl pa3inoskeHUsT BOILI
00J1a1al0T OKUCIUTEJbHBIMU CBOMCTBAMU W BBI3BIBAIOT pa3pylICHUE
MHOI'MX OpPraHMYECKMX BEILIECTB, U3 KOTOPBIX COCTOST TKaHU YeJIo-
BEYECKOro opraHu3ma.

HeiicTBMe raMMa- M PEHTT€HOBCKOIO M3JIyUeHUId Ha OMOJIOrhye-
CKMe TKaHM OOYCJIOBJIEHO B OCHOBHOM OOpa3ylOLIMMUCS CBOOOI-
HBIMU 3JIeKTpoHaMu. HelTpoHbI, mpoxoast uepe3 BElLeCTBO, TIPOMU3-
BOJAT B HEM HambOoJiee CUIbHbIE M3MEHEHUS MO CPAaBHEHUIO C JIpYy-
T'UMU UOHU3UPYIOIINMH U3ITYYCHUSIMMA.

Takum obOpazoM, OUMOJIOTHYECKOE NEUCTBUE MOHU3UPYIOLIMX W3-
JIyYEHUI CBOOMUTCS K M3MEHEHUIO CTPYKTYPbl WJIM pPa3pylLIEHUIO pa3-
JIMYHBIX OPraHWYECKUX BeElIeCTB (MOJEKYJ), M3 KOTOPbIX COCTOMUT
OpraHu3M YejioBeKa. DTO MPUBOAUT K HAPYLICHUID OMOXUMMYECKUX
MPOLIECCOB, MPOTEKAOLIMX B KJIETKAX, WM JaxXe K UX rubenu!, B pe-
3yJbTaTe Yero MpOMCXOIUT MopakeHue OpraHu3Ma B LIEJIOM.

1 . .
Buonornyueckoe neiicTBue MOHUBUDPYIOIINUX M3JIYYCHHUH 3aBUCUT OT 4YHUCIIA 06[)330-
BaBLLUUXCS T1ap MOHOB, KOTOPOE ONPENEIISIETCS MOMIOLEHHON SHEPTUEN U3TYyYEHUS.
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Paznuyaror BHelIHee M BHyTpeHHee oOyiydyeHue opraHusma. Ilog
BHEIMHUM OOJTydYeHUEM IOHUMAIOT BO3AECHCTBUE HA Op-
TFaHW3M WMOHU3WPYIOIINX M3IIYYeHUI OT BHEIIHMX IO OTHOIIEHUIO K
HEMY MCTOYHMKOB. BHyTpeHHee 0oO0Jy4yeHMUE OCYLECT-
BIISICTCA PAgWOAKTUBHBIMU BEIIECTBAMM, IOIABIIUMU BHYTPH Opra-
HU3Ma 4Yepe3 IbIXaTeJbHbIE OPTraHbl, XKEeIyIOYHO-KUIIEYHBI TPakKT
WIN 4epe3 KOXHBIE TTOKPOBBEL. MCTOYHMKM BHEILIHETO M3TyYeHUs —
KOCMUYECKUE JIyUM, €CTECTBEHHbIE PaJMOAKTUBHbIE MCTOUHUKU, Ha-
xongiuuecss B atMocdepe, Bole, MOYBe, MPOAYKTax NMUTAHUS U Jp.,
WCTOYHUKMU ajiba-, OeTa-, raMMa-, pEeHTT€HOBCKOTO U HEWTPOHHOIO
U3JIyYEHUIi, UCTIOJIb3YyEMbIE B TEXHUKE M MEAULIMHE, YCKOPUTEIU 3a-
PSDKEHHBIX YacTHII, SIACpPHBIE peakTophl (B TOM UYMClIe W aBapyuM Ha
SIePHBIX peakTopax) W psii APYTHX.

PagvoakTuBHbBIE BellECTBA, BbI3bIBAIOLLIME BHYTPEHHEE OO0Jyuye-
HUE OpraHM3ma, IIOIMaJalT B HEro Ipu IpUeMe IMHUILHN, KypeHUH,
MUTbE 3arpsi3HEHHOM Boabl. ITocTymieHue paauMoOakKTUBHBIX BEILECTB
B UEJIOBEYECKU OpraHU3M 4epe3 KOXY MPOUCXOAUT B PEIKUX Clyda-
X (ecay KoxXa MMeeT IOBPEXICHUS WM OTKPBITEIE paHbl). BHYT-
peHHee o0JydyeHue opraHu3ma IJUTCS OO0 TeX Iop, MoKa paauoak-
TUBHOE BELIECTBO HE pacmaieTcs WJIM He OydeT BbIBEJEHO M3 opra-
HM3Ma B pe3yJbraTe IIPOLEecCOB  (PU3MOJOTUUECKOrO0 OOMEHa.
BHyTpeHHee obJiyueHHe OIacHO Te€M, UTO BbI3bIBAET JJIMTEIbHO HeE3a-
>KMBAIOLIKE SI3Bbl PA3JIMUHBIX OPTaHOB U 3JI0KAYE€CTBEHHbIE OITyXOJIU.

ITpu paboTe ¢ pagMOaKTUBHBLIMM BElECTBAMU 3HAYUTEIbHOMY
00ydeHHUI0 moABepraloTcs pykud ornepatopoB. Iloa aeiictBueM uo-
HU3UPYIOILIUX U3JIyYEHUN pa3BUBAETCS XPOHUYECKOE WU OCTpOe
(IygeBO# OXOT) TIOpaXXeHHe KOXHU PYK. XpPOHMYECKOE ITOpaKeHHe
XapakTepU3yeTcsl CYXOCTbIO KOXM, ITOSIBJEHWEM Ha Hell TpelliuH,
MU3BA3BICHUEM U ApYyrMMH cuMnToMamu. [Ipu ocTpoM mopaxkeHUM
KHUCTEe pYK BO3HUKAIOT OTE€KW, OMEpPTBJIEHME TKaHEM, $3Bbl, Ha
MecTe 00pa3oBaHUSI KOTOPBIX BO3MOXHO pPa3BUTHUE 3J10KAYECTBEH-
HBIX OITYXOJICH.

ITon BaMsSHMEM MOHU3UPYIOIIMX M3JIYYEHUI Yy 4yeJioBEeKa BO3HU-
KaeT JydyeBas Ooyie3Hb. Pasnmmuaior Tpu cremeHu ee: mepBas (JIer-
Kas), BTopast U TPEThs (TsiKenas).

CumMnroMamMu JIydeBOil 00JIe3HU TEepPBOI CTENEHU SBJSIOTCS Cla-
00CTb, TOJIOBHBIE 0OJIM, HapylleHWe CHA W alllleTuTa, KOTOpble YCH-
JINBAIOTCSI Ha BTOPOM CTanuu 3abojieBaHUsI, HO K HUM JOMOJHUTEb-
HO TIPUCOEIMHSIOTCS HapylleHUs B AESTebHOCTU CEepIeYyHO-COCY-
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JUCTOM CUCTEMBI, M3MEHSETCS OOMEH BEIIECTB M COCTaB KpOBHU,
MPOUCXOAUT PACCTPOMCTBO MUILEBAPUTEIbHBIX OpraHoB. Ha Tperbeid
cTaguy OOJIe3HM HAOMIOAAIOTCS KPOBOU3IUSHUS U BBHIMIaJeHUE BO-
JIOC, HApYILIAETCS OESITEIbHOCTh LIEHTPAJIbHOM HEPBHOM CUCTEMbI U
MOJIOBBIX 3Kejie3. Y Jojaeit, mepeHeclInx Jy4eByo 00Jie3Hb, MOBBIIIA-
€TCSl BEPOSITHOCTb Pa3BUTUS 3JI0KAYECTBEHHBIX OIMyXOJiel U 3abosie-
BaHMII KPOBETBOPHBIX OpraHoB. JlyueBast 0ojie3Hb B OCTPOil (Tsike-
Joii) ¢opMe pa3BUBaeTCsl B pe3ysbTaTe OOJy4eHUs OpraHu3Ma
OOJBIIMMHM 103aMY MOHU3UPYIOLIUX M3JIYYEHUI 32 KOPOTKUHI IMPO-
MEXYTOK BpeMeHHU. OmacHO BO3AEHCTBHE Ha OpPraHM3M uesioBeKa U
MaJjiblX 03 paaualuu, TakK KaK OpU 3TOM MOTYT MPOM30UTU Hapy-
IIeHWE HACIEeICTBEHHOM WMH(MOpPMALUM YeJOBEUYECKOro OpraHM3Ma,
BO3HUKHYTb MyTauuu!.

HwxHuit ypoBeHb pa3BUTUS JIETKOW (hOPMBI JIydeBO 00JIe3HU
BO3HUMKAET IPU 3SKBUBAJEHTHOUW [103€ OOJYyYeHUS] TPUOIU3UTETHHO
1 3B, Tsxenas ¢opma JydeBOil 0oJie3HM, IMPU KOTOpO# Iorubaer
MOJIOBUHA BCEX OOJYYEHHBIX, HACTYMAET MPU SKBUBAJICHTHOU 03¢
oOnyuenust 4,5 3B. 100%-HbIii cMepTETbHBINA MCXOM JIy4eBOil 0oJie3-
HU COOTBETCTBYET KBUBAJICHTHOM J03¢ oOmyyeHus 5,5—7,0 3B.

B HacTosiiiee Bpemsi pa3paboTaH psi XUMWUYECKHX IIperapaToB
(TIpOTEKTOPOB), CYILIECTBEHHO CHMXXAIOIIUX HEraTUBHBIN 3(h¢heKT
BO3JEMCTBUS MOHU3UPYIOLLETO U3JTyYEHUSI HA OPraHUu3M YEJI0BeKa.

B Poccuu npeaenbHO AOMYCTUMBIE YPOBHU WOHU3UPYIOIIETO
00JTly4eHUS U TPUHLUIBI paauallMOHHOKW O€30MacHOCTU perjlaMeH-
tupyiorcss «Hopmamu paguanuonHoii 6e3omacHoctu» HPB-76,
«OCHOBHBIMU CAHUTAPHBIMU MpaBUJIaMU PaOOTHI C pagUOAKTHBHBI-
MU BELIECTBAMU W JPYTMMW MCTOYHUMKAMU HMOHU3UPYIOLIUX HU3Jy-
yeHuit» OCII172-80. B cOOTBETCTBUM C 3TUMM HOPMATUBHBIMU J10-
KyMEHTaMW HOPMbI OOJIy4EHUSI YCTAaHOBJIEHBI s CIAEAYIOLIUX TPeX
KaTeropui JInil;

e Kareropusi A — IepcoHayl, MOCTOSIHHO WJIM BPEeMEHHO pabo-

TAOIIUA C UCTOYHUKAMU UOHU3ZUPYIOIIUX U3ITYUYCHUN;

e Kareropusi b — orpaHumuyeHHasl 4acTb HaceJIeHUsI, KoTopas IO
YCJOBUSIM pa3MellieHUs] pabouux MeCT WM MO YCJIOBUSIM MpPO-
>KMBaHUsI MOXET MOABEpPraTrhbCcsl BO3AEHCTBUI0 MCTOYHUKOB U3-
JIydeHUs;

! MyTaHI/IH — PE3KOE HACJICACTBEHHOC M3MEHCHUE OPraHM3MOB, MCHAIOLICEC UX OC-
HOBHBIC ITPU3HAKH.
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e kareropusi B — HacejleHue cTpaHbl, pecnyOIuKu, Kpas U

obsnacTu.

Hna nmui kaTeropu A OCHOBHBIM JTO30BBIM TIPENESIOM SIBJISIETCS
UHOUBUDYANbHAA IKBUBANEHMHAS 0034 BHEUIHe20 U BHYMPEHHe20 U3Ny-
yeHuss 3a 200 (3B/TOm) B 3aBUCHUMOCTU OT PaJuMOYyBCTBUTEILHOCTHU
OpraHoB (KpUTUYECKHE OpraHbl). DTO MpenesbHO AOMyCTHUMAas 103a
(ITJO) — Hambonbliee 3HaUYCHUWE WHAWBUIAYAJTBbHON SKBUBAJICHTHON
O3Bl 3a TOI, KOTOPOE IMPU PABHOMEPHOM BO3IECHCTBUM B TEUCHME
50 yeT He BBI3OBET B COCTOSHMU 3IOPOBbS IepcoHaja HeOJaromnpu-
SITHBIX U3MEHEHUI, 0OHAPYKMBAeMbIX COBPEMEHHBIMU METOJAMMU.

[ns mepcoHana Kateropum A MHAWBUIOyaTbHAsT SKBUBAJECHTHAS
no3a (H, 3B), HakoIUleHHass B KPUTUYECKOM OpraHe 3a BpeMs
T (neT) ¢ Havajma mpodecCHUOHAIbHON pabOThI, HE MOJKHA TIPEBBI-
1IaTh 3HaYeHwus, onpeaeasemoro no dopmyne: H = I - T.

Kpome Toro, mosa, HakoruteHHass K 30 rogaM, He OOJDKHA TIpe-
Beimath 12 TTIJI.

Hns kareropunm b ycraHoBiaeH mnpeaen no3bl 3a rog (IT,
3B/rom), Mom KOTOPBIM MOHWUMAIOT HaMOOJIbIee CpelHee 3HAYCHUE
WHIVWBUIYAJbHOM 3KBUBAJEHTHOMU OO3bI 32 KAJCHIAPHBIA TON Yy KPHU-
THUYECKOI TPYIbI JUI, NP KOTOPOM paBHOMEpPHOE OOJIyYeHHE B
teyeHue 70 JeT He MOXKET BBI3BaThb B COCTOSIHUM 3IOPOBBsl HebOaro-
MPUSATHBIX U3MEHEHU, OOHAPYKMBAEMBIX COBPEMEHHBIMU METOJAMU
B Ta6n. 19.2 nmpuBeneHsl OCHOBHBIC JO30BBIC IpeAeIbl BHEITHETO U
BHYTPEHHEr0 OOJYYECHUI B 3aBUCHMMOCTH OT PaIMOYyBCTBUTEIHLHO-
CTH OpPTaHOB.

19.2. 3amura or geHcTBHA MOHM3HPYIOIIUX
HU3AyYEHUH

OcHOBHBIE IIPUMHIUIIbI pa,Z[HaHI/IOHHOﬁ 0e30IMaCHOCTU 3aKJIo4ya-
I0TCA B HCIIPEBBIIICHNM YCTAHOBJICHHOI'O OCHOBHOI'O JO30BOI0 IMPECac-
Jla, NICKJIIOYCHHMHN BCAKOIO HEO0O0OCHOBAaHHOTI'O O6J'[y‘{CHI/IH 1N CHUXKCHHUUN
JO3bI U3JIYYCHHUA OO0 BO3MOXKHO HM3KOI'O YPOBHA. C uenblo peaaimnia-
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Taonuima 19.2. OcHoBHbIE 3HAYEHHS TO30BBIX MPEIEIOB
BHEIIHET0 W BHYTPEHHET0 00JIydeHuMit

Ipynna OpeaHbl U mKaHu T ons TIJIT ona
Kpumuue- uen08e4ecK020 OpPeaHu3Ma Kameeopuu | Kameeopuu
CKUX A, 38/200 b, 38/200
0peanos
1 Bce Teno, roHaabl (1OJ0OBbIE OpraHbl),
KPaCHBIN KOCTHBII MO3T 0,05 0,005
2 JI1060i1 oTmenbHBIN OpraH, Kpome TIo-

HaJ, KPacHOrOo KOCTHOTO MO3ra, KOCT-
HOM TKAaHW, IIUTOBUIHOW 3Ke€JIe3bl, KO-
XU, KUCTEHU, MPEAIUICUUA, JIOABDKEK W1

cron 0,15 0,015
3 KoctHasi TKaHb, IIMTOBUAHAS Xeesa,

KOXHBI MOKPOB, KUCTU, MPEATIIeUbs,

JIOONBIKKU U CTOIIBI 0,30 0,03

LMY 3TUX OPUHLUIIOB Ha IPaKTUKE 0053aTeIbHO KOHTPOJIUPYIOTCS
JI03bl OOJIydeHUsI, MOJYyYEeHHbIe MEePCOHAJIOM IpU pabdoTe C UCTOY-
HUKAMM MOHM3UPYIOLIUX U3IYYeHHUM, paboTa MPOBOAUTCS B CIELI M-
aJlbHO OOOpPYIOBAaHHBLIX IOMELIEHUSIX, MCHOJb3YeTCsl 3alluTa pac-
CTOSTHMEM M BPEMEHEM, IPUMEHSIOTCS Pa3JIMYHbIE CPEICTBA KOJIEK-
TUBHOW U MHAWBUIYAJILHOMN 3aIllUTHI.

s ompeaeneHUs] UHAWBUAYANbHBIX 103 OOJIydeHUs MepcoHasa
HEOoO0XOAUMO CUCTeMAaTUYECKU MPOBOAUTh PaAUMALMOHHBIN (HO3UMeET-
pUYECKUII) KOHTPOJb, 00bEM KOTOPOTO 3aBUCUT OT XapakTepa pabo-
Thl C PagUOaKTUBHBLIMU BelllecTBaMu. Kaxmgomy omeparopy, MMeEIo-
IEMY KOHTAaKT C MCTOYHMKAMM WOHU3HMPYIOIIMX W3IYyYCHMIA, BbIIa-
eTcsl MHIVBUIYAIbHBIA 103UMeTp! U1 KOHTPOJISL MOJIYYEHHOH 103bI
raMma-usiydyeHuii. B momelneHusix, rae NpoBoAUTCS paboTa C¢ pa-
IMOAKTUBHBIMUA BellleCTBAMM, HEOOXOIMMO OOECIEeUYUTh W OOLIWiA
KOHTPOJIb 32 MHTEHCUBHOCTbIO Pa3UYHBIX BUIOB M3AYyYEeHUI. DTU
MOMEILEHUs NOJDKHBI ObITh M30JIMPOBAHbI OT MPOYMX MOMEIIECHUIA,
OCHAIIEHbl CUCTEMOM NPUTOYHO-BBITSIXKHON BEHTWISLIMUA C KPaTHO-
CThIO BO3AyxooOMeHa He MeHee nisaTh. OKpacka CTeH, MOTOJKa U
IBEepel B 3THUX ITOMEIICHUSX, a TakKXKe YCTPOMCTBO II0JIa BBIINOJIHSI-

1 .
YCTpOVICTBO JTO3UMETPOB OIMMCAHO HMXKE.
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JOTCSI TAKMUM O0pa3oM, YTOOBI MCKJIIOYMTh HAKOIIEHME pamrdoOaKTUB-
HOM TBbIIM M M30eXaTh IOIJIOLIEHUS PaAuMOaKTUBHBIX a3pO30Jiei,
MapoB M >KMAKOCTEW OTAEJOUYHbIMM MaTepuajamu (OoKpacka CTeH,
JIBEPE M B HEKOTOPBIX CJydyasiX MOTOJKOB IOJIKHA TMPOU3BOAUTHLCS
MacJsSHBIMM KpacKaMu, TOJIbl TTOKPbIBAIOTCS MaTepuajamMy, He BIM-
THIBAIOIUMMU  XKUJAKOCTU, — JIMHOJEYMOM, IOJUXJIOPBUHUIOBBIM
IUTacTUKaToM M np.). Bce crpouTenbHBIE KOHCTPYKLIHMU B ITOMEIIe-
HUSX, TOe MPOBOAUTCS paboTa C paailOaKTHBHBIMMU BelECTBAMU, HE
JIOJDKHBI MMETh TPELIMH W HECIUIOIUHOCTEW; YIVIbl 3aKPYIJISIIOT IJIst
TOro, 4YTOObl HE JOMYCTUThb CKOIUIEHUS] B HMX PaJWOaKTMBHOU MNbLIN
u obyierunth yoopky. He MeHee ogHOoro pasza B Mecsl] IIPOBOIST T'e-
HepaJibHYI0 YOOpPKY ITOMEIIEHUM C 00s13aTebHBIM MBITHEM TOpSUEi
MBIJIBHOM BOJIOW CTE€H, OKOH, ABEpeil, Mebeau u obopynoBaHus. Te-
Kyllasi BjaxkHasi yoopKa MoMelleHUI TPOBOIUTCS €XEAHEBHO.

11 yMeHblIeHUsT OOJydeHHMsI MnepcoHajia Bce pabOThl ¢ 3TUMU
WCTOYHMKAMU MPOBOIST C MCIMOJb30BAHMEM JJIMHHBIX 3aXBaTOB WJIU
Jepxkateneil. 3aluTa BpeMeHEeM 3aKiIio4yaeTcss B TOM, 4TO paboTy C
pPaIMOaKTUBHBIMU MCTOUHMKAMU MPOBOAST 3a TaKOW IMEpUoJ] Bpeme-
HU, YTOOBI J03a OOJyYyeHMs, MOJydyeHHasi IePCOHAJIOM, HE IIPEBbI-
1iajia npeaejabHO JOMYCTUMOTO YPOBHS.

Koanexmuenvie cpedcmeéa 3auiumsvl OT MOHUBHUPYIOUINX H3JTyde-
Huii pernameHtupyorca ['OCTom 12.4.120-83 «CpencTtBa KOJUIEK-
TUBHOM 3allIUTHI OT MOHU3UPYIOIINX U3mydeHuit. OO0IIre TpeOoBaHMS».
B cooTBeTcTBUM ¢ 3TUM HOPMATUBHBIM JOKYMEHTOM OCHOBHBIMU
CpeICTBaMM 3alllUThl SIBISIIOTCS CTallMOHApHbIE W TepeaBUKHBIE
3alllMTHbIE 3KpaHbl, KOHTEMHEPHI IJISI TPAHCIIOPTUPOBAHUS U Xpa-
HEHUS UCTOYHUKOB MOHU3UPYIOLIMX M3JTYyYeHUM, a TakxKe IJIs cOo-
pa U TPaHCIOPTUPOBKMU PaAMOAKTUBHBIX OTXOAOB, 3alllUTHBIE CEM-
&bl 1 OOKCHI U AP.

CraniMmoHapHble M TMEpeIBUXKHBIC 3alllUTHBIE 2KpaHbI IpeaHa-
3HA4YEHBbI JJIsI CHUXXEHMSI YPOBHSI M3JydeHUS Ha paboyeM MecTe 10
JONMyCTUMON BenuuuHbl. Eciu paboTy ¢ MCTOYHMKAMU MOHU3U-
pYIOIIMUX M3JyYEHUI MPOBOIMIT B CIIELIMAJIbHOM MOMEILIEHUU — pa-
Ooueil kamepe, TO 3KpaHaMU CJIyXaT €€ CTEeHbI, IM0J U MOTOJOK, U3-
TOTOBJIEHHbIE M3 3alLIMTHBIX MaTepualioB. Takue 3KpaHbl HOCST Ha-
3BaHME CTallMOHapHbIX. [ ycTpoiicTBa MNepeaBUXKHBIX SKPaHOB
WCIIOJIb3YIOT Pa3fMyHbIE LIUTHI, MOTJOILIAIINE WIKM OCaadsolne
U3JIy4eHUe.

DKpaHbl U3TOTaBIMBAIOT U3 Pa3IMYHBIX MaTepuaiaoB. Mx Tomiu-
Ha 3aBUCUT OT BMJA MOHU3MPYIOILLIETO U3JIyUeHUsI, CBOMCTB 3alLMTHO-
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ro MaTepyajia 1 HeoOXOOMMOI KpPaTHOCTHU OCIaOJIeHUsT M3TydeHUs k.
Bennunna k mokasbIBaeT, BO CKOJBKO pa3 HEOOXOAWMO ITOHM3UTH
SHEpPreTMYeCcKre IToKa3aTean U3IydeHHnsI (MOLIHOCTb 3KCITO3UIIMOH-
HO# 103bl, MOMIOIIEHHYIO A03y, IUIOTHOCTh MOTOKA YacTULl U Jp.),
YTOOBI TOJYYUTh JOMYCTHUMBIE 3HAYEHUS TIepEeUMCIIEHHBIX XapakTe-
puctuk. Hampumep, mig ciydast TOTJIOMIEHHON MO3BI k BBIpaXkaeTcs
CJIEIYIOIIMM 0O0pa3oM:

k==, (19.8)

rae D — MOIIHOCTh ITOIJIOLIEHHOM T03bI;
Dy — nmorycTUMBIiA YpOBEHB MTOTJIOMIEHHON O3bI.

g coopyXeHUsl CTallMOHAPHBIX CPEICTB 3alMThl CTE€H, Mepe-
KPBITUIA, MOTOJKOB M T. M. UCMOJIBb3YIOT KUPIUY, OETOH, GapuToOe-
TOH M 0ApUTOBYIO ILITYKATYPKY (B MX COCTaB BXOOUT CyJbdar Oapus
— BaSOy). 9T Matepuaibl HaleXXHO 3allMIIAIOT MePCOHaNT OT BO3-
NEUCTBUSI TaMMa- U PEHTTEHOBCKOI'O U3IY4YECHMSI.

dns co3gaHus NEpeABUXHBIX SKPAHOB HCIOJb3YIOT Pa3MYHbIE
MaTepuanbl. 3alIuTa OT ajdb(a-u3IydeHHsT TOCTUTAeTCs MPUMEHEHU-
€M BKpaHOB M3 OOBIYHOTO WJIM OPraHMYECKOTo CTeKJa TOJIIUHOM
HECKOJIbKO MUJUTUMETPOB. [O0CTaTOYHOM 3alllMTOi OT 3TOro BUAa U3-
JIyUeHUS SBJISIETCS CJIOM BO3AyXa B HECKOJBKO CaHTUMETPOB. Jliist
3alIUTHl OT OeTa-MU3IyYeHUsT SKpaHbl M3TOTABIMBAIOT U3 AIOMHHMUS
WM T1acTMacchl (opraHmyeckoe ctekio). OT raMma- U PeHTTEHOB-
CKOro u3nydyeHus 3(PEOEKTUBHO 3allUIIAIOT CBUHEL, CTajlb, BOJb(D-
pamoBble criaBbl. CMOTPOBBIE CUCTEMbI M3rOTABJIMBAIOT U3 CIELIM-
aJIbHBIX TIPO3PAYHBIX MAaTepuajoB, HalpUMep, CBUHIIOBOTO CTEKJIA.
OT HEHTPOHHOIO M3JIYyYEeHUS 3allMIIAIOT MaTepuasbl, ColepKallue B
cocTaBe BojgopoJ (Boda, mapaduH), a Takxke Oepusiuii, rpadur, co-
eqMHeHus1 6opa U T.A. BEeTOH TakxKe MOXHO HCIOJb30BaTh IS 3a-
LLIUTBI OT HEATPOHOB.

3alUTHBIE ceidbl MPUMEHSIIOTCS ISl XpaHEHUS! HMCTOYHUKOB
ramMmMa-usiaydyeHus. OHM M3roTaBJIMBaIOTCS U3 CBMHLA W CTaJu.

Hnst paboThl ¢ pamvOaKTUBHBIMM BEIECTBAMU, OOJIaJAIOILIMMU ajlb-
¢a- 1 O6eTa-aKTMBHOCTbIO, UCITIOJIB3YIOT 3allIUTHBIE TI€pYATOUHbIE OOKCHI.

3allUTHBIE KOHTEHHEPHl U COOPHUKHU IJiI PaguOaKTUBHBIX OTXO-
JIOB M3rOTaBJIMBAIOTCI U3 TE€X K€ MaTepUaIOB, YTO M dKPaHbl — Op-
FaHUYECKOTO CTEKJA, CTAIU, CBUHLA U AP.
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IIpn mpoBemeHnn paboOT C MCTOYHUKAMM MOHU3UPYIOIINX M3ITY-
YyeHMii omacHasg 30Ha! JoKHA OBITH OrpaHMYEHa IPELyNpPeXIaro-
IIUMU HAIITACSMU.

IMpuHIMn geiicTBUS TTPMOOPOB, MPEeTHA3HAUYCHHBIX IJIST KOHTPOJIS
3a TIEPCOHAJIOM, KOTODPBI TTOABEPraeTcs BO3IECUCTBUIO MOHM3UPYIO-
IIUX W3Ty4eHW, OCHOBAaH Ha Pa3IMYHBIX 3(deKTax, BO3HUKAIOIINX
MIpY B3aUMOIEUCTBUU 3THUX MU3Iy4eHUI ¢ BelnecTBOM. OCHOBHBIE Me-
TOIBI OOHAPYXKEHUS M U3MEPEHUST PATMOAKTUBHOCTH — WOHMU3ALMS Ta-
32, CUMHTWUISLMOHHbBIE U oToXuMUUeckre Metonbl. Hanbosee yacto
WCTIONB3YeTCST MOHM3ALMOHHBIA METOI, OCHOBAaHHBIM Ha W3MEpPECHUM
CTeTNIeHW MOHU3AIUN CPEIbl, Yepe3 KOTOPYIO TPOIIIO U3TydeHHE.

CyuHmuanayuoHHble Memodsl PETUCTPALIMNA M3TYIEHUI OCHOBAHBI
Ha CITOCOOHOCTM HEKOTOPHIX MaTepUalioB, ITOIJIONIAS SHEPTUI0 MOHU-
3UPYIOLLET0o M3JyYeHus, IpeBpalliaTh €€ B CBETOBOE u3aydyeHue. I1pu-
MepOM TaKOro Marepuaja MOXeT CIYXKHTh Cyabdpua mmHka (ZnS).
CUMHTWUISILIMOHHBIN CUETYMK IIPEJCTABIIET CO00il (hOTORIEKTPOH-
HYI0 TpYOKY C OKOILUKOM, MOKPBITbIM CYJIb(uaoM LiuHKa. I1pu momna-
JAaHWW BHYTPb 3TOM TPYOKM M3TyJ4eHUs] BO3HMUKAET cjlabast BCITBIIIKA
CBeTa, KOTOpas NPUBOAWT K BO3HMKHOBEHHIO B (DPOTORJIEKTPOHHOM
TPYOKE WMMITYJIBCOB B3JIEKTPUIECKOTO TOKA. DTU MMITYJILCHI YCUIMBA-
I0TCSI M TIOACYUTBIBAIOTCS.

Domoxumuueckue memoodst, VIIM METONBI aBTOpagnuorpadpuu, ocHO-
BaHbI Ha BO3IACUCTBUMM pagdOaKTHBHOIO oOpa3la Ha cjiaoil (oTo-
SMYJIbCUHU, COAEPXKAIIUI rajoreHuabl cepedbpa. YpoBeHb paJuOaKTHB-
HOCTU 00Opaslia OLIEHUBAIOT ITOC/Ie TIPOSIBJIEHUS TIJICHKMU.

CylIecTBYIOT W JpyTHe€ METONBl OIpedeicHNUsS WOHU3UPYIOIINX
M3IyYeHUI, HallpuMep KaJIOpUMETPUUIECKHE, KOTOPhIE OCHOBAHBI Ha
M3MEpPEeHUM KOJMYECTBA TEIUIa, BBIAESISIOIIETOoCs MPU B3aMMOICHCT-
BUU U3JIYYCHHMS C TIOIIONIAIOIINM BEIIECTBOM.

ITpuGope!l MO3MMETPUUYECKOTO KOHTPOJIS ACNSITCS Ha IBE TPYIIIIHL:
JIO3UMETPHI, MCIOJIb3yeMbIe UISI KOJIMYECTBEHHOTO M3MEPEHMS MOIII-
HOCTUA JO3BI, M PagdOMETPhl WIM WHANKATOPHI M3IIy4eHUs, IpPHUMe-
HsSIEMBIe [IJIs1 OBICTPOTO OOHAPYKEHUS paguOaKTUBHBIX 3arpsS3HEHUIA.

M3 oreyecTBEeHHBIX NPUOOPOB IPUMEHSIOTCS, HallpuMep, J03U-
mMeTpbl Mapok JPI'3-04 u JIKC-04. IlepBblii MCTIONB3YyETCS TSI M3-
MEpeHHUs] TaMMa- U PEHTIeHOBCKOTO M3IYYeHMSI B IHMAIla30HE IHEp-

1 .

OmacHasi 30Ha — 3TO IPOCTPAHCTBO, B KOTOPOM BO3MOXHO BO3IEiCTBHE Ha pabo-
TAIOILIETO OMACHOrO M (MJIM) BPEIHOTO MPOU3BOACTBCHHBIX (DAKTOPOB (B TAHHOM CIIy-
yae — MOHUBHMPYIOIINX U3TyYCHMIA).



342 Paspnen 4. BesonacHocTb TpyAa

ruii 0,03—3,0 M»B. Illkama mpubopa TporpagynpoBaHa B MHKpPO-
peHTreH/cekynnmy (MkP/c). Bropoit mpnbop MCIioab3yeTcs I u3Me-
peHMus1 TamMma- U OeTa-u3JIyyeHUs] B DSHEPreTUYEeCKOM Juaria3oHe
0,5—3,0 M»B, a Takke HEHTPOHHOTO M3IIyUeHUSI ((KECTKHE U TEIIO-
Bble HelTpoHbl). Illkana mpubopa mporpagyupoBaHa B MUJJIMPEHT-
reHax B yac (MP/4). IIpOMBIIIIEHOCTh BBIITYCKAET TaKKe OBITOBBIC
JTO3MMETPBI, TIpeIHA3HAUYCHHbBIC IUIST HACEJICHMSI, HarIpuMep, ObITOBOIM
nosumerp «Mactep-I» (npenHazHauyeH [Jisi MU3MEpPEHUs M03bl raMMa-
U3Ty4YeHus ), no3uMmeTp-pagromeTp obiToBoit AHPU-01 («CocHay).

K cpenctBaM MHAMBUAYATBHONM 3aIllMTHl OT MOHU3UPYIOIINX W3-
JIYYEHUId OTHOCUTCSI CIIeLOJeXKIa — XaJlaThl, KOMOMHE30HbI, IOIY-
KOMOWHE30HbI M IIAITOYKM, M3TOTOBIIEHHBIE M3 XJIOMYATOOYMAaXKHOM
Tkanu. [Ipy 3HAYUTENTBHOM 3arpSA3HEHWU IIPOU3BOICTBEHHOIO ITO-
MEIICHUST PaIMOaKTUBHBIMM BeIlleCTBAMM Ha CITEIOAEXIy M3 TKaHU
JTOTIOJTHUTEILHO HAIeBAIOT TJIEHOUYHYIO OfexXay (HapyKaBHUKH, OpIO-
Kd, GapTyK, Xajar ¥ T.I.), M3TOTOBJICHHYIO M3 IacThka. Kak yxe
CKa3aHo BblllIe, JJIS1 3alllUThl PYyK CJIEAYET UCIO0JIb30BaTh MPOCBUHIIO-
BaHHBIC PE3WHOBBIC TTEPUYATKH.

B Tex cayyasx, Korma IpUXOOMTCS paboTaTh B YCIOBUSX 3HAUM-
TEJIbHOr0 paauallMOHHOTO 3arpsi3HeHusl, ISl 3alllMThl IepcoHalia
VICTIOJTB3YIOT TTHEBMOKOCTIOMBI (CKadaHAPHI) U3 TIJIACTMACCOBBIX Ma-
TepuaJoB C IMOJAAYBOM IO T'MOKMM lIJaHraM BO3[1yXa WJIM CHaOXeH-
HbIe KHUCJIOPOIHBIM armaparoM. s mommepKaHUs HOPMAaJIbHBIX
TeMIlIepaTypHbIX YCJIOBUM B cKadaHApe pacxol BO3ayXa JOJXKEH CO-
ctaBiaAth 150—200 j/MuH.

s 3alIUTEl OPTaHOB 3PEHUST OT UIIYUYCHUS TIPUMEHSIOT OUKU CO
CTEeKJIAaMU, COAepKAlMMU CITeluaabHble m00aBKM (¢ocdaT Boiabdpa-
Ma WJIM CBHMHEII), a TIpA paboTe ¢ MCTOYHMKAMM ajibda- M O0eTa-usiy-
YEeHHW I71a3a 3aliMIIAaT IUTKAMU U3 OPTaHMYECKOIO CTeKJIa.

Eciu B Bo3nyxe HaxomsITCSl paaudOaKTUMBHBLIE a’3pO30JiM, TO Ha-
JIeSKHBIM CPEICTBOM 3alllUTHl OPTAHOB NBIXaHUS SBJISIOTCS pecriapa-
TOPHI U TIPOTUBOTA3HI.

Kourpoabubie Bonpocoi
000 00000OCGOGOEOGEONOGOEONOEONOIO

1. HazoBure BUAbI MOHM3UPYIOIIUX UBIYYEHHHI M UX OCHOBHbBIC
(busnueckue xapakrepucTHRU.

2. HaszoBure ocnoBHbIE eIUHUIIbI U3MEpPEHUA HOHU3MPYIOIWUX U3-
JyueHuii.



19. 3aWMTa OT MOHN3NPYIOLLMX U3NYYeHUI 343

3.

e
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Yro rtaroe morioneHHas, HSKCHO3UINOHHAA U HKBUBAJIEHTHAA
JI03b1 U3TyYeHus?

Oxaparrepusyiire GHoIOrnYecKoe JeiicTBIEe MOHU3HPYIONINX
N3ITydeHnii Ha OpraHusM veloBeka.

Rakumu JlokyMeHTaMil perJaaMenTHpYIOTCsA YPOBHHI 00 ydeHnii?
KaroBbi c110co0bI 3a1uThl OT HOHUBUPYIOMUX N3ITydeH i ?
RaroBbl MHIMBHyalbHBIE CPECTBA 3alUTHhl OT HOHU3UPYIO-
HIMX U3JIydeHuii?

Rakuvun nipubopamu usMepsiioT HOHNBNPYIOIe naiydenis?

. Yro Taroe MHIMBHUyaJbHbBIE JO3UMETPHI?

N3 kaknx maTepraioB M3roTaBINBaiOT HKPAHbI JUIA 3aIlATHI OT
NOHMBUPYIONINX U3ITydeHUi ?



darekrpobesonacHocTb
M MOAHHE3AIUUTA 3JaHHH
H COOPY:KE€HHH

20 . 1 . OCHOBHble IIOHATHA

DJIeKTpUIeCKre YCTaHOBKM, MPUOOPHI M arperarbl IITMPOKO pac-
MPOCTPaHEHBI B Pa3IMYHBIX OTPAC/ISIX TEXHUKU U B ObITy. IIpm pabdo-
T€ ¢ HUMM HEOOXOIMMO cOO0J0aaTh TpeOOBaHUS 3J1eKTpOoOe30MacHo-
CTH, KOTOpBIE TPEACTABISIOT COOOM CHUCTEMY OpTaHM3AIlMOHHBIX M
TEXHUYECKUX MEPONPHATUN M CPEACTB, OOECIeUMBAIOIINX 3aIUTY
JIIOJIell OT BPEIHOTO M OTIACHOTO BO3MEMCTBUS 3JMEKTPUIECKOTO TOKA,
SJIEKTPUYECKON OYTH, 3JIEKTPOMArHUTHOIO IIOJSI M CTaTUYECKOIO
3JIEKTPUYECTBA.

HamoMHMM HEKOTOpbIe OCHOBHBIC ITOHSITHSI, MCITOIb3yeMbIe IIPU
OIMCAHUM DJIEKTPUYECKMX SBICHUM. DIEKTPUUSCKUM TOKOM Ha3blI-
BalOT BCSIKOE YIOPSIOYCHHOE NBIDKCHWE HOCUTENeH 3apsmoB. B me-
TaJutax HOCUTEJISIMU 3apsIIOB SIBJISTIOTCST DJIEKTPOHBI — OTPHUIIATEIBHO
3apsKeHHBIE YACTUIIBI C 3JIEMEHTApHBIM 3apsIoM. 3a HaIlpaBJIeHUE
3JIEKTPUUYECKOI0 TOKa YCJIOBHO IPMHUMAETCS HampaBIeHUe, MPOTH-
BOITOJIOKHOE HAIIPaBJIEHUIO IBIDKEHHWS OTPHUIIATEIbHBIX 3apsaoB.
Cuoil ToKa i Ha3bIBaIOT KOJWYECTBO DJIEKTPHYECTBA dg, IPOXOIsi-
1ee Yepe3 MoIepevyHoe ceueHne MPOBOMIHUKA 32 OECKOHEYHO MaJIblil
MIPOMEXYTOK BpeMeHU df:

Y (20.1)
dt

Ecnam 3a mio0bie paBHBIE IIPOMEXYTKM BPEMEHM 4epe3 IToIeped-
HO€ CEeUeHHe IPOBOIHMUKA IIPOXOISAT OXMHAKOBBIC 3apsibl, TOK Ha-
3BIBAIOT TIOCTOSIHHBIM (110 BEJIMYMHE W HAIIPaBJICHUIO) 1 0003HAYAIOT
oyksoii 1. 3a equHuuy Toka B cucteMe CH nipunsar ammnep (A).

IlepeMeHHBIM Ha3bIBAaeTCSI TaKOM TOK, CHMJIA WUIM HaIlpaBJICHUE
KOTOPOTO (MM U TO W APYroe) U3MEHSIOTCA BO BpeMeHU. TOKU, U3-
MEHSIIOIIMECS TOJBKO I10 BEJIWYMHE, HA3BIBAIOTCSI ITYJIbCUPYIOIIMMM.
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Ha pwuc. 20.1 npencraBieHbl rpa@yKy 3aBUCUMOCTH BEJTWMYWHBI TOKA
OT BpeMEHM [JIs1 TpeX BUAOB TOKa. B mpakTmke Hamboiee 9acTo MC-
MOJIB3YIOT MEPEMEHHBIN CUHYCOUIAIBHBINA TOK.

Puc. 20.1. 3asucumocmo eeaununvt moxka om epemeHu:;
| — MOCTOSIHHBIN TOK; 2 — MEpPeMEeHHbII CUHYCOUIAIbHBIN TOK;
3 — myJbCUPYIOLIUI TOK

DNeKTpUUECKOM JYyroii Ha3bIBAIOT JJIUTEJIbHBIA CaMOCTOSTEb-
HBIM 3JICKTPUYECCKUU pa3psa B Tazax, MOANCPXUBAIOLIMICSI 3a CUET
TEPMOSJIEKTPOHHOM 3Muccuu! ¢ OTpULIATENBLHO 3apSKEHHOTO 3JIEK-
TpolIa — Karoja.

CraTnyeckoe DJJIEKTPUUECTBO — 5TO COBOKYITHOCTDL SIBJICHMIA,
CBSI3aHHBIX C BO3HUKHOBEHHWEM, COXpaHEHMEeM U penakcauueinn (oc-
JabJeHneM) CBOOOTHOTO 3JIEKTPUUYECKOIO 3apsiia Ha MOBEPXHOCTU U
B 00beMe AMDIEKTPUUECKUX U TTOJYITPOBOIHUKOBBIX? BELIECTB, Ma-
TepuasoB, U3AEIUN UM Ha U30JIMPOBAHHBIX MPOBOJHUKAX.

Moanueszawyuma — 3TO cucTeMa 3alllUTHBIX YCTPOUCTB U MEpO-
MPUITUN, TPUMEHSIEMbIX B MPOMBILLIEHHBIX U TPaXXIaHCKUX COOpY-
JKEHMSIX JJIS1 3alllMThl UX OT aBapuu, MOXapoB IMPU MOMaJaHUNd B HUX
MOJIHUM. MoOTHUSI — OCOOBIM BUA MPOXOXIAEHUS 3JEKTPUUECKOro TO-
Ka 4yepe3 OrpoMHbIE BO3AYLIHbIE MPOMEXYTKU, UCTOUHUK KOTOPOro —
atMocepHBI 3apsia, HAKOIJICHHBINM IPO30BBIM 00JIaKOM.

ITopaxxeHue 37eKTpUUECKUM TOKOM OpraHuM3Ma uyejloBeKa HOCUT
Ha3BaHUE 31eKkmpompaséms.. Ha NpoOU3BOACTBE UYMCIO TpPaBM, BbI-

I TepMO31eKTPOHHOI 3MMCCHEN HA3BIBAIOT BLIXOM 3JIEKTPOHOB U3 MeTajla Moj Aeii-
CTBMEM TEIUIOBOTO JBIIKEHUS (MIPU Harpene).

2 JIusneKTpMKaMy Ha3bIBalOT BELIECTBA, MPAKTUYECKM HE TPOBOASILME 3JIEKTPMYECKO-
ro TOKa, a MOJYINPOBOAHMKAMU — GOJIIION KJIACC BEIIECTB, COMPOTUBICHHE KOTOPHIX
M3MEHSIeTCSl B IIMPOKMX MpeiesiaXx M B OYCHb CHJIbHOM CTEIEeHM YMEHBIIAeTCs C I10-
BBIIIEHUEM TEMITEPaTypHI.
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3BAaHHBIX SJICKTPUYECCKUM TOKOM, OTHOCUTCJIBHO HEBEJIUKO N COCTaAB-
et 11—12% ux obiero 4mnciaa, OOHAKO U3 BCEX CIAy4YaeB TPaBM CO
CMEPTEJIBbHBIM HMCXOOOM Ha OOJJIO JJICKTPOTpPaBM IIPUXOAUTCSA HaU-
6osbliee KoaudyectBo (mopsinka 40%). o 80% Bcex ciydaeB mopa-
KEHUA JIEKTPUIYECCKUM TOKOM CO CMEPTEJIBbHBIM HMCXOOOM IIPUXOINT-
csl Ha BJIEKTpOycTaHOBKM HampskeHueMm 1o 1000 B (B mepByio oue-
penb padortaroinx non HanpsokeHuem 220—380 B).

ITpoxonmst yepe3 opraHM3M 4YeJIOBeKa, SJIEKTPUIECKUI TOK OKa3bI-
BacT TEPMUUECKOE, DIICKTPOIUTUUYECKOE M OMOJIOTMYECKOe ACHCTBIE.
IlepBoe 3akimioyaeTcss B HarpeBe M OXKOTax pa3jIMYHBIX YyacTeidl U yda-
CTKOB Tejla 4YelloBeKa, BTOpOe — B M3MEHEHMU cOcCTaBa (pa3joxke-
HH€) U CBOWCTB KPOBM M APYTMX OpraHMYeCcKux Xuakocteit. buono-
rMYEeCKOe NEeHCTBUE 3JIEKTPUUYECKOrO0 TOKA BBIPAXKAECTCS B pasaparke-
HUM U BO30YXIEHMM KMBBIX TKaHEeW opraHu3dMa M B HapylleHUU
IIPOTEKAaHUsA B HEM pPa3IMYHbBIX BHYTPCHHUX 6I/IOBHGKTpI/I‘-IeCKI/IX
npoueccoB. IIpuMepoM TakKuMX HapylleHUH MOXET CIYXUTb IpeKpa-
IIeHWE TIpoIiecca AbIXaHUsS M OCTAHOBKA Ceplia.

DIeKTpOTpaBMbl TIPUHATO ACIUThH Ha oOIlIKMe (3JIeKTpUYECKUe
YZ[apI)I) N MECTHBIC, IIOA KOTOPBIMU ITOHUMAIOT YETKO BBIPA>KCHHDBIC
MECTHBIC ITOBPCXKICHUA TKaHen OopraHmi3mMa, BbI3BAHHDLIC BOSZ[GVICTBH—
€M 3JICKTPUYECKOTO TOKA WM DJIEKTPUUECKO Ayru. MecTHBIe 3JIeK-
TPOTPABMbI — 3TO JJICKTPHUUYECCKHNE OXKOI'M, SJICKTPUYCCKMNE 3HAKU Ha
KOXK€, METauIM3alisd KOXMH, MCEXaHUYCCKUE ITOBPCXKIACHUA U IJIEK-
TpooGTAIbMUS.

9 JEKTPUUECECKHUEC O0XKOTIMU BBI3bIBAIOTCA IIPOTCKAHUEM
TOKa Yepe3 TeJI0 YeI0BeKa, OCOOEHHO MPU HEIMOCPEeICTBEHHOM KOH-
TaKTe Teja C JIEKTPUUECKUM IIPOBOAOM, a TaKXKe MO BO3IACHCTBU-
€M Ha TeJIO YeJIOBeKa 3JIeKTPUUYeCKOM 1ytTh (1yroBO M 0X 0OT),
TeMIlepaTypa KOTOPOM JTOCTUTaeT HECKOJbKMX TBICSIY TPamgyCoOB.
[TpubausuTenbHO 2/3 BCeX 2JIEKTPOTPAaBM COIPOBOXKIAETCS OXKOTa-
MU.

Ha xoxe B Tex Mmecrax, rie IMpoXoaw 3JEeKTPpUYECKUIA TOK, IO-
SIBJISIIOTCSI  3JIEKTpUYECKME 3HaKM, IpelICcTaBisiolIne coOoi IIsiTHa
Ceporo WM OJIETHO-KEJITOTO LIBeTa. DTU IISITHA, KaK IIPaBUJIO, M3Je-
YUBAIOTCSI, ¥ C TEYEHUEM BpPEMEHM IIopaxkeHHasi Koxa IpuoOpeTaeT
HOpMaJbHBIM BUA. Takue 3HaKMW BCTPEYaIOTCS MPUMEPHO Y KaxKI0ro
TISITOTO TTOJYYMBIIIETO 3JIEKTPOTPABMY.

ITon neiicTBUeM 3JEKTPUUECKOW AYTM B BEPXHUE CJIOU KOXM Ue-
JIOBEKA MOTIYT IMPOHUKHYTb MEJIKUE PACIVIaBJICHHBIC YaCTULIbI METaJI-
na. Takas aeKTpoTpaBMa HOCHUT Ha3BaHME M eTaJJM3allUU
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KO XMW ¥ BCTpeyaeTcs MPUOIM3UTEIBHO y KaXIOro HECSITOTO II0-
CTpanaBIIero.
J{OBOJIBHO pPEAKO MOTYT BO3HMKHYTh M EXaHMUYECKMUE
MOBpEeXOeHUS OPraHOB M TKaHEH 4eloBeYecKoro Tteia (pas-
PBIBBI KOXHW WM Pa3INIHBIX TKAaHEH, BBIBUXM, IEPEIOMbI KOCTel M
Ip.) B pe3yiabTaTe CYOOPOXHBIX COKPAIEHWI MBI, BBI3LIBAEMBIX
JIEUCTBUEM TOKA.
Eme omHuMM BHIOM MECTHOM  3JIEKTPOTPABMBI  SIBJISIETCS
31eKTpoodTanbMusgd — BO3HMUKAWIIEE IOH HeHCTBUEM
VIBTPa(MOJIETOBOTO M3JIYYCHUST BJIEKTPUUYSCKOM OYyIM BOCHAJICHHE
HapyXHBIX o0oyiodyek m1a3. B psge ciydyaeB jedyeHue 3TOro Ipodec-
CHOHAJIBHOTO 3a00JIeBaHMS SABJISIETCS CJOXHBIM U JUTUTEITLHBIM.
Bonee Tpetn Bcex 37eKTPOTPAaBM IMPUXOAUTCSI HA DI EKTP U -
YyeCKHUUW yJIap, HOI KOTOPHIM MOHUMAIOT BO30YKICHHE XXKMBBIX
TKaHe#l opraHm3Ma JJIEKTPUIECKUM TOKOM, ITPOXOISAIINM UYepe3 Hero,
COIIPOBOXKIIAIOIIEECS CYIOPOKHBIMUA COKpaIlleHUsIMU MbIii Tena. 1o
TSDKECTH TIOCTIEACTBUN BJICKTPOYIAPHI AEIATCS HA YeThIpe CTEIeHU!:
e MepBasi — CYAOPOXHOE COKpallleHWe MBI 0e3 MOTEPU CO3-
HaHWUS;

e BTOpasl — CYIOPOXHOE COKpallleHHE MBIIIL ¢ MOTepeil Co3Ha-
HUSI; ObIXaHUE U JeSITeIbHOCTh Ceplla COXPAHSIOTCS;

e TPEThbSl — IOTEPSI CO3HAHMS, HapYLIEHUE CEPACYHOU NEesITeNb-
HOCTH U JIbIXaHWSI WX TOTO U APYroro;

e yeTBepTasl — KJIMHUYECKasT (MHUMAas) CMEPTh, T. €. OTCYTCTBUE
JbIXaHUSI X1 KPOBOOOpAIEHUSI.

Cnenyer pa3nuyaTh MOHSTHE KIMHUYECKON (MHUMOI) M OUOJIO-
rmyeckoil (MCTUHHOM) CMepTU. Y 3I0POBBIX JIOAEH, MOABEPTIINXCS
BO3ICHCTBUIO 3JEKTPUYECKOTO TOKa, IJIUTEIbHOCTb KIMHUYECKOM
cmepru! cocrasnsier 7—8 MMHYT. 3a 3TOT NEPUOL CPEACTBAMMU CO-
BpeMEHHOW MeAULIMHBI (peaHruMallvsi) BO3MOXHO OXUBJIEHUE opra-
Hu3Ma. B Oojee mo3gHME CPOKM B KJIETKaX M TKaHSIX OpraHuM3Ma
BO3HUKAIOT HeoOpaTMMble M3MEHEHMs, T. €. HACTyHaeT OMOJornye-
ckas (MCTUHHAasI) CMEpPTh.

IMocnencTBus aeMcTBUS TOKA Ha OpraHM3M UeJIOBeKa 3aBUCSIT OT
CUJIBI TOKa (OCHOBHOU (haKTOp), MJIUTETHLHOCTU €ro AEUCTBUS, poja
M 4YacTOThl TOKa, MYTM TOKA B TeJie 4YeJoBeKa WM WHAUBUAYaIbHBIX

1'V yenoBeka B COCTOSAHUU KIMHUYECKON CMEPTU HAOGIIONAETCS OTCYTCTBUE IBIXAHMS
1 octaHoBKa cepana. OH He pearupyeT Ha 0OJieBble pa3IpakUTeNIM, a 3payky ero Ijia3
(paciMpeHHBIe) — Ha BO3MEHCTBHE CBETA.
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CBOMCTB 4YesjoBeKa. BaxkHOI xapaKTepUCTMKOM, ONpeaeIsIolei uc-
XOll BO3JAEUCTBUSI TOKa, SBISIETCS DJEKTPUYECKOE COMNPOTUBJIECHNE
TeJla YeJIoBEKa, KOTOPOE SIBJSIETCS CYMMOI CONMPOTUBIEHUSI KOXU U
CONPOTUBJIEHNSI BHYTPEHHUX TKaHeil. TOK, Mpoxoasiiuii yepe3 Teso
yesoBeKa (lye;, A), YCIOBHO OIPEHEsIOT o 3aKkoHy OMa:

V:
P (20.2)

qell
e Vi, — NPUIOKEHHOE HAIPSKEHUE;
Rye; — COTIPOTHBIICHME Tesa YemoBeka, OM.

1

()

[nsa pacyeToB 0OBIYHO MPUHHUMAIOT, YTO Rye; = 1000 Om. OcHOB-
HOE€ COMNPOTUBIICHUE PACIPOCTPAHEHUIO TOKA OKAa3bIBAECT KOXa 4YeJo-
Beka. B ToM ciyyae, ecnyd Koxa MOBpPEXIEHA, YBJaXHEHA WU 3a-
IpsiI3HEHA TOKOIPOBOASIIEH MNbUIbIO (META/UIMYECKOW WM YIJIEpOMd-
HOI1), COTIPOTUBJICHUE TeJla YesloBeKa MoXeT ObITh 1 Hrke 1000 Owm.

Kak yxe ckazaHO Bbllll€, OCHOBHbIM (pU3MYECKUM (PAKTOPOM,
BBI3bIBAIOILIMM TSXKECTh BJIEKTPOTPABMBI, SIBJSIETCS CUJIa TOKA — KO-
JIMYECTBO BJIEKTPUUYECTBA, MPOXOISIIETO YEPE3 TEAO YEJIOBEKA B €11~
HuULy BpeMeHU. [IpuHATO pa3inyarh TpU CTYIIEHM BO3AEUCTBUS TOKa
Ha OpraHu3M YeJi0BeKa U COOTBETCTBYIOLLIME UM TPU MOPOTOBBIX 3HA-
YeHUsI: OLIYTUMOeE, OTIyCKallee 1 PUOPMIIISIIMOHHOE.

IToka cuyia ToKa HE AOCTUIJIA OLLYTUMOTO 3HAYEHMSI, YEJIOBEK HE
YyBCTBYeT ero Bo3aeicTBMs. Eciu uyesioBeK Momnaj Moj BO3AEHCTBUE
TepEMEHHOT0 TOKa MPOMBIIUIeHHON YacToThl (f = 50 I'1), oH Hauu-
HaeT OlUyllaThb MNPOTEKAaIIIU Yyepe3 Hero TOK, KOrja €ro 3HauyeHue
pocturdeT 0,6—1,5 MA. 111 TOCTOSIHHOTO TOKa 3TO ITOPOTrOBOE 3HA-
yeHue cocrtaBiissteT 6—7 MA. O LIy TU M bl I TOK BBI3BbIBAET y 4Ye-
JIoBeKa Mayioboie3HeHHbIe (MM 0e300J1e3HEHHBIC) pa3apaxkeHus, u
YEJIOBEK MOXET CaMOCTOSITEJIbHO OCBOOOAUTHLCS OT MPOBOJA WU TO-
KOBEIYIIEH YacTU, HAXOASILEHCS IO, HAIPSIKEHUEM.

Ecnu cuia nepeMeHHOro TOKa, MPOTEKAIOIIETO Yepe3 OpPraHu3M,
coctapisier 10—15 MA u Gonee, a moctosiHHOro — 50—70 MA (wm
bosiee), TO TaKMe TOKM HA3BIBAIOT HE OTMY CKa o Il U M 1, TaK
KaK OHM BbI3BIBAIOT HEMPEOAOJMMbIE U OOJIE3HEHHbIE CYIOpPOXKHBIE
COKpalllgeHUsI MBI PYK MpYM KacaHUM MMM (3axBaTe) TOKOIPOBO-
JSIIUX YacTeld WM MPOBOAOB. YelOoBEeK HE MOXET CaMOCTOSITEIbHO
pa3XaTh PyKy U OCBOOOJIMTHCSI OT Bo3aeicTBUs ToKa. IIpu moBsIle-
HUM CWIBI TIEPEMEHHOTO TOKAa TPOMBIIIJIEHHOM YacTOTHI 10 25—
50 MA 3arpymgHsSeTcs WM Jaxe IpeKpallaeTcss TPOLEecC MbIXaHWs
(TIp1 BO3IEHCTBMUM 3TOTO TOKA B TeUEHUE HECKOJBKMX MUHYT).
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OuUOpUANAUMOHHEB MW Ha3bIBAaIOT TOKH, BBI3LIBAIOIINE
OBICTpPBIE XAaOTWYECKHWE M Pa3sHOBPEMEHHBIE COKpPAILEHUS BOJOKOH
cepleuyHol MbIlIIbl ((PUOpUILT), B pe3yjabTaTe 4yero cepiale TepsieT
CIIOCOOHOCTh TIepeKaumBaTh KPOBb, B OpraHU3Me IIPEeKpallaroTCcs
MpoLEeCcChl KpOBOOOpallleHUsT U AbIXaHWUS U HacTyrnaeT cMmepTh. Ilpu
BO3ICHCTBUU TIEPEMEHHOTO TOKa IPOMBILIJIEHHOW YacTOTHI BEJIMYM-
Ha IMOPOroBoro (UOPMUISIIMOHHOTO ToKa cocrtaBmsgeT 100 MA (Tipu
MPOIOJKUTEIFHOCTA Bo3aeiicTBusa 6osee 0,5 ¢), a 11 IMOCTOSTHHOTO
Toka — 300 MA mpu TO# Xe MPOAOJKUTEIHHOCTH.

CrerieHb TTOpaXkKeHUsS 2JIEKTPUUYECKMM TOKOM 3aBHUCHUT TaKKe OT
pola M 4yacToThl Toka. IlepeMeHHBII TOK ¢ yacToToit oT 20—100 I'ix
Hamboee omaceH I 4yenoBeka. Toku ¢ yactoToit Beire 500 000 I'q
MOTYT BBI3BaTh JIMIIIb TEPMUYECKME OXOTHM M HE OKa3BIBAIOT pasapa-
JKAoIIEero MeMCTBUS Ha TKaHW OpraHm3ma. M3BecTHO, UTO mpu Ha-
npseKeHusx, npesbiaiommx 500 B, Hanbosee omaceH ITOCTOSIHHBIN
TOK, a TIPY MEHBIINX HAIIPSDKEHUSIX — TIePEMEHHBIN.

Yem OoJsbliie BpeMsi BO3IEMCTBUSI TOKa, TeM CHJIbHee OyaeT mo-
paxkeHre M TeM MEHBIIe BEPOSITHOCTh BOCCTAHOBJICHUS >XKNU3HEHHBIX
¢yHkuii opranusma. B Tta6n. 20.1 mpeacrtaBieHbl 3HAYEHMST IIpe-
JIeJTbHO JTOMYCTUMBIX YPOBHEH HAIpsKEHUsS W TOKa B 3aBUCUMOCTH
OT IPOIOKUTETLHOCTH BO3IESHCTBUS HA OPraHU3M YeJIOBEKa.

Taonauua 20.1. IIpeaesbHO TOMYCTHMbIE YPOBHH
HanpszKeHUsl ¥ TOKa

Pood moxa | Hopmupyemas IIpedeavro donycmumele yposHu, He boaee,
eeaUMUHA npu npoOOANCUMENbHOCIU 8030€liCmeUs moKa, ¢
0,01—(0,1]0,2(0,310,4{0,510,6{0,7/0,8]0,9(1,0] Cs.
0,08 1,0
Ilepemen- Hamnpsixkenne, B 650 500 250 165 125 100 85 70 65 55 50 36
Helit 50 ' Tok, MA 6
Ilepemen- Hampstkenue, B 650 500 500 330 250 200 170 140 110 100 100 36
woiit 400 I'm Tok, MA 8
IMocrossH- Hanpsokenue, B 650 500 400 350 300 250 240 230 220 210 200 40
HBIi1 Tok, MA 15

CylecTBeHHOE BIUSIHUE Ha TSKECTh MOPaXCHUS YeIOoBeKa 3JIeK-
TPUUECKUM TOKOM OKAa3bIBAET MYyTh, IO KOTOPOMY OH pacIpOCTpaHsI-
eTcsl B opraHmaMe. Tak, OmacHOCTb MOPAXKEHUST pe3KO yBEIUUMBACT-
Cs, ecli Ha TyTH TOKa OKa3bIBAIOTCS MO3T, CEPILe WU JIETKUe.
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Ilenbs Toka yepe3 TeJio yesloBeKa 3aBUCUT OT MECTA €ro MPUKOCHOBE-
HUS K OTOJIEHHBIM MPOBOAAM WJIM TOKOBeaylluM 4dacTsMm. Haubonee
XapakTepHbl CleAaylolde Lenu: PyKU—HOTUM, pyKa—pykKa U pyKa—
TYJIOBUIIIE.

K wHouBMaoyanbHBIM KauyecTBaM 4eIOBEKa B IMEPBYIO ouepedb OT-
HOCUTCS COCTOSIHME €ro 310pOBbsl, OOYYEHHOCTb MPaBUJIbHOW U
Oe3omacHOl paboTe Ha 2JIEKTPOYCTAHOBKAX (C MPUCBOCHHEM COOT-
BETCTBYIOILEN KBaJIU(PUKALIMOHHON TPyINbl) U Ap.

YcnoBus, B KOTOPbIX paboTaeT 4yesloBEK, MOTYT yBEJMYMBATh WU
YMEHBIIIATh OMACHOCTb €T0 IOPaXKeHMST BJIEKTPUYECKHMM TOKoM. K
HUM OTHOCSITCSI CBIPOCTD, BBICOKas TeMIlepaTypa BO3Ayxa, HAINYNE B
IMOMEIIEHUSIX TOKOIIPOBOMMAIIEH TIBIIM, XUMHWYECKU aKTUBHON WU
OopraHuyeckoi cpeabl v ap. s yyeTa ycaoBuUii, B KOTOPbIX Haxo-
IUTCS pabOoTaIONINii, BCE TMOMEIIECHUS TPUHSITO IEIUTh IO CTEIeHUN
OINMACHOCTU MOpaxk€HUsI TOKOM Ha TPpU KaTeropuu: 0e3 MOBBbILLIEHHOM
OIMACHOCTHU, C TMOBBILLIEHHOU OMAaCHOCTbIO, 0CO0O OIacHLIE.

IlomemieHnaMn ©0e€e3 MOBBIIIEHHOW OMAaCHOCTH
Ha3bIBalOT Cyxue (C OTHOCUTEJIbHOW BJIAXKHOCTBIO BO31yXa, HeE IIpe-
Bhilaolieii 60%), Ge3MnblIbHbIE, ¢ HOPMAJIBHON TEeMIIEpaTypoil BO3-
JlyXa U C W30JUPYIOIUUMU (HAampUMeEp, AepeBIHHbIMM) monamu. K
HUM OTHOCSITCSI SKWJIBIE TIOMEILIEHUS W TaKue IIPOU3BOACTBEHHEIC
MTOMEIIEHMS, KaK liexa MPUOOPHBIX MPEANPUITAN U Paano3aBOHOB,
JlabopaTopuM, KOHCTPYKTOpCKHUE O10pO, 3aBOOYIIpaBiIeHUE, KOHTOP-
CKME TIOMEILEeHUS U JIp.

st moMeleHUMidi ¢ MOBBIIMEHHONW OMAaCHOCTDHIO
XapaKTepHO HaJuuue OJHOIO U3 CIAEAYIOLIMX YCIOBUI: CHIPOCTD (MO-
MEIIIEeHUSI Ha3BIBAIOT CHIPBIMU, €CJIM OTHOCUTEJbHAas BIIAXKHOCTH B
HMX TIpeBbIIIACT 75%); TOKONPOBOISILAS IMbIIb (MeTaUIMYecKasl, yr-
JiepoJiHasl U T.[.); TOKOIMPOBOMSIIME TOJbl — METaJUInUeCKue, 3eM-
JISTHBIE, KeJIe300eTOHHBIE, KMPIIMYHEIE, BBICOKAs TeMIlepaTypa, -
TeJabHO npesblaiomias 35°C uam kpatkospeMeHHO 40°Cl; BozMoX-
HOCTb OJHOBPEMEHHOTO MPUKOCHOBEHUSI K METAJUIMYECKUM ACTAISIM
U KopIlycaM 3JeKTpOoOOOpYIOBaHUsI, KOTOpble MNpU MOBPEXICHUU
MU30JISILIMM MOTYT OKa3aTbhCsl MOJ HampsikKeHrWeM, 1M 3a3eMJIEHHbIM Me-
TAJUIOKOHCTPYKIIMAM. [IprMepoM Takmx MOMEIIEeHUIT MOTYT CITYKUTh
JIECTHUYHBIE KJIETKA Pa3IMYHBIX 3MaHWN C TOKOIPOBOMSIIMMHU I10-
JlaMM, 1ieXxa MeXaHMYecKoil o0pabOTKM MaTepuasoB, CKJIAJACKHUE He-
OTaIJIUBaeMble TIOMEIICHUS U JIp.

I [TomeleHnsa ¢ Takoii TeMIepaTypoil Ha3bIBAIOT XAPKUMHU.
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Oco0O0 omacHBE NMOMEIIECHMUS XapaKTePUIYIOTCS
HaJWYMEM OJHOIO M3 CJEAYIOIIMX YCIOBUIA; 0cobasi ChIpOCThb (CTEHHI,
ITOJT ¥ TIOTOJIOK TaKMX TOMEIIEHWI TTOKPBITHI BJIATO; OTHOCUTEIb-
Hasl BJAXXKHOCTb BO3ayxa B HuX Onm3ka K 100%); Hanuuue Xumuue-
CKM aKTHMBHOMU (arpecCMBHBIE Ta3bl, Maphl, XXUIKOCTH) WM OpraHM-
YyecKoM (IUieceHb M T.A.) Cpedbl, KOTOPhIE pa3pyllamolle AeUCTBYIOT
Ha 3JIEKTPOM3OJISILINIO M TOKOBEAYIINE YACTU DIIEKTPOOOOPYIOBAHMSI.
ITpy Hanmuum ABYX WM 0oJjiee YCJAOBUI IOBBILIEHHON OMAacCHOCTHU
(HampuMep, BBICOKas TeMIiepaTypa M TOKOIIPOBOISINAS IBLIb) B ITO-
MEIIEHUN €ro CJeAyeT OTHOCUTBh K 0c0o00 omacHbIM. [Ipumepom Ta-
KHAX TOMEIIEHUI MOTYT CIYKUTh MOMEILICHUS] TaJbBaHWYECKUX IIe-
XOB, MOEUHBIC OTIEJIeHUs, 3aMKHYTBIe METANTMUYeCKNE €MKOCTH, B
KOTOPBIX IPOU3BOIUTCS paboTa, 1 Jp.

YeaoBeK MOXET MOJYYUTh 3JEKTPOTPABMY B CIEOYIOIINX CITydasx:

e 1Ipu IByX(a3HOM IMPUKOCHOBEHUHU, T. €. IPU OJHOBPEMEHHOM
MPUKOCHOBEHUM K IBYM (pazaM CeTH MepeMEeHHOI0 TOKa;

e TIpU JABYXIIOJIOCHOM MPUKOCHOBEHMU, T.€. TIPU OJHOBPEMEHHOM
MPUKOCHOBEHUM K JABYM ITIOJIOCAM CETU MOCTOSIHHOTO TOKa;

e IIpU TPUOJMKEHUM Ha OIlACHBbIE PACCTOSIHUSI K HEU30JUPO-
BaHHBIM TOKOIIPOBOJSIIMM YacTsIM, HaxOMSIIMMCSI TOA Ha-
MPSKEHUEM

e B pesyjbTaTe IIPUKOCHOBEHUSI K 000Ji0uKe (KOpHycy) 3JeK-
TpoOOOPYIOBaHUS, OKa3aBIIeHCs MO HAMPSKEHUEM

e B pe3yibTaTe MOIAJaHUs IO HaIpsDKeHMWE llara B 30HE pac-
TeKaHUs TOKa;

e TIpY NOINAJAaHUM IO HAIpsKEHWE MPU OCBOOOXICHUHU YeJI0-
B€Ka OT BO3JEHCTBUS TOKA;

e TIPU BO3ACHCTBUU aTMOC(EPHOro 3JIEKTPUUYECTBA, IPO30BLIX pa3-
PSIOB M CTAaTUYECKOTO BJICKTPUYECTBA WIN 3JIEKTPUUECKON AyTH.

Toxk, mpoxonsiiuii yepe3 TeJao YeaoBeKa (TOK MOpaXkeHUs ), 3aBU-
CHUT OT HANPSDKEHUS M CXeMBI IMUTAaHUs 3JIEKTPOYCTAHOBOK, COIPO-
TUBJICHUS 3JIEMEHTOB BJICKTPUUYECKONW CETHM U YCJIOBUM BKIIOUYEHUS
yeJIoBeKa B 1ieNb ToKa. PaccMOTpUM 3TU BOIIPOCHI MOApPOOHEE.

Bce 371eKTpoyCTaHOBKU YCJIOBHO JEJISIT Ha paboTarollue Iojd Ha-
npsekenneM go 1000 B u Beie 1000 B. Ecau yctaHoBKM paboTtaioT
o HanpspkeHreM Bbiie 1000 B, To mpukocHOBeHME K TOKOIPOU3-
BOISIIMM YacTIM OINAcHO B JIIOOBIX ycioBusx. [Ipu skcrutyatauum
YCTAHOBOK, paboratoiux mon HampstkeHueM go 1000 B, yenoBek
MOXET OBbITh MOpakeH TOKOM B pe3yJibTaTe CIy4aliHOrO MPUKOCHO-
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BEHMSI K TOKOIIPOBOMSIINM YacTSIM WM KOPITyCcaM 3JIEKTPOOOOpYyHI0-
BaHUs, OKa3aBIIMMMUCH T104 HAIIPSAKEHUEM IIPpU 3aMbIKaHMU Ha HUX
TOKA.

Yamre Bcero ayeKTpoycTaHOBKM HampstbkeHmeM mo 1000 B pabGo-
TAIOT OT YETHLIPEXIIPOBOAHBIX CETEN C IIYX03a3eMJIEHHOW HEHTpasbiol.

DNeKTpUUECKUE CETU C INIYX03a3eMJIEHHOM HENTpajbio MCITOJIb-
3YIOTCSl IIJII TIMTAHUST OCHOBHOM MAacCCHI 3JIEKTPOYCTaHOBOK, pabo-
taroiux non HanpsokeHuem 380/220 B (smekTpomBUTaTeIM, OCBETH-
TeJbHbIE TPUOOPHI, YCTAHOBKU 3JIEKTPOHArpeBa, OBITOBasl 2JIEKTPO-
amnrmnaparypa U 1p.).

ITpu noBbIIEHHBIX TPeOOBaHUSIX O€30MAaCHOCTU WCIIOJb3YIOT Ce-
TH C U30JMPOBAHHON OT 3eMJIU HelTpaibpio. OHU MCIONB3YIOTCS ISt
MUTaHUSI BJIEKTPOYCTAHOBOK, pabOTalILIMX I10J HaMpsKeHWeM 110
1000 B, Ho ropa3go MeHee pacIpoCTPaHEHbI, YeEM IMPEIbIIYIINE.

ITpu paboTe ¢ 37eKTpOyCTAHOBKAMU BO3MOXHO IPUKOCHOBEHUE
OIepaTopoOB K TOKOBEAYIIUM YacTsM obopynoBaHus. Haubosee yac-
TO BCTPEYAIOTCS JIBE CXEMBI BKJIIOUEHUS YeJOBEKa B BJIEKTPUUYECCKYIO
ceTh: AByx(a3Hasi — MNPUCOCAMHEHHNE YeJloBeKa K IBYM IIPOBOJIAM WU
omHo(da3Has — BKIIOYEHME YeJIOBeKa MEXIY ITPOBOIOM U 3eMJICH.

Tok, mnporekamluii Yepe3 TeJao 4YeJoBeKa IIpu AByX(da3HOM
BKJIIOUEHWM, HE3aBUCUMO OT peXmma HelTpanm (IJIyxo3a3eMJIeHHasI
WM U30JIMPOBAHHAsSI), MOXET OBITh PACCUMUTAH T10 3aKOHY Oma:

v
Lyen = =, (20.3)
Ruen

rae Viyy — JMHERHOE HaNpsDKEHUE ceTH, B;
Rye;;, — conpoTusieHue tena yeaoBeka, OM (Rye; = 1000 Om).

Hns cetn ¢ mmHEMHBIM HanpsbkeHreM 380 B Tok mopakeHus1 cocta-
BUT: Iy = 380 B/1000 Om = 0,38 A = 380 MA. DTOT TOK, 06€3yCIOBHO,
cMepTesieH IS YeJloBeKa, TakK KaK BeIMYMHA (GUOPUIUISILIMOHHOTO TO-
Ka coctaBiuser Bcero 100 MA. Ha mpakTtuke ciayyam AByx(a3HOTO
BKJIIOYEHMST YEJIOBeKAa B DJIEKTPUYECKYIO CEThb ITPOUCXOMST TOpPa3Io
pexe, 4eM OofaHO(a3HOro BKJIKOUYEHHUS, U MOTYT MPOUCXOAUTh MpHU 3a-
MEHE TUIABKUX IIPEAOXPAHUTENIEH, B CIy4ae MPUKOCHOBEHUSI K IBYM
MPOBOAHMKAM C MOBPEXICHHON U3OISALMEN U B PSIE OPYTUX CIy4YaeB.

Yamre Ha TpakTHUKe BCTpedaeTcsl ogHoga3zHOe BKIIOYEHHE 4Yello-
BeKa B 3JIEKTPUUECKYIO ceThb. B 3TOM ciyuyae TOK mopaxeHus lye; 3a-

I HeiiTpanbio Ha3biBaeTca HeTpajibHas TOYKAa MCTOYHMKA MUTaHUsA (reHeparopa,
TpaHchopMaTopa).
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BUCUT OTTOTO, 3a3eMJIeHa HEWTpajab MCTOUHMKA TOoKa wiu HeT. Eciau
YyeJIOBEK IMPUKOCHETCS K (Pa3HOMY IPOBOAY C HapyLIEHHON W30Jsi-
LMEH TIPY 3a3€MJICHHOU HEUTpAIM, TO YEPE3 HETO MPOMUAET TOK, OII-
peneasieMblid BBIPAKEHUEM:

Vo Vo

I ~ >
Rqen + Rn + Ro6 + RO Rqen + Rn + R06

(20.4)

yen —

rne Ve — dasHoe Hanpsixenue!, B; R, — CONPOTMBIEHME y4acTKa IOJa,
HMMEIOLIETO COMPUKOCHOBEHUE CO CTYMHSIMU HOT, OM; Ry.; — CONpOTHBIIE-
HUe Tesna yenoBeka, OM; R, — compoTtusieHue obysu, Om; Ry — compo-
TUBJICHUE 3a3eMJIcHMST HelTpanu, OMm.

PaccunTaem BeIMYMHY TOKa MOpakeHMS IS CIydasi, KOrma de-
JIOBEK CTOMT Ha MOKPOM MeTajiinuyeckoM mnoiy (R; = 0) Bo BiiaxHO
o0yBu (R, = 0), no ciaenytoieid popmyJe:

Vo _Vi/v3 380/43 220
R 1000 1000

1 =

wen = =022A=220MA. (20.5)

4yea qei

DTOT TOK SIBJISIETCS] OTIACHBIM, TaK KaK CYIIECTBEHHO IPEBBIIIACT
YpPOBeHb (UOPUIIISILIMOHHOIO TOKA.

PaccmoTtpuMm Tenepb, Kak onpeaensieTcss TOK nopaxeHus (lye;) B
BJIEKTPUUYECKUX CETSIX C M30JMPOBAHHOM HEWTpaibio Ipu omHODa3-
HOM BKJIIOYCHUM dYejioBeKa B ceTh. Eciam ceTb mMeeT HeOOJBIIYIO
MPOTSDKEHHOCTh M €MKOCTBIO TTIPOBOIOB OTHOCUTEIHHO 3€MJIM MOXKHO
npeHeopeub, ly; MOXHO paccuuTaThb 1o (opmye:

W

— e 20.6
3Rqen + RI/I3 , ( )

Iqen =

rae RI,B — COIIPOTUBJICHUEC U30JIALIMUU IIPOBOIAOB, Owm.

Ecau comnpoTuBieHne U30SIIMNA CTPEMUTCS K HYIIO (OTOJICHHBIS
MPOBO/A), TO TaHHOE BBIPAXXKEHME CBOAUTCS K IpenplayiemMy (lye; =
= Vip/Ryen), 1 TOK mopaxenus (npu Vi = 220 B 1 Rye; = 1000 Om)
coctaBut 220 MA. PaccMOTpUM, KakK BJIUSIET COMPOTUBJIEHUE U3OJISLUAU
Ha Iye;. IlycTh conporusiaeHue u3onsiuuu Mano (R,; = 3000 Om). To-

I MazHoe HampskeHMe — 3TO HANPSDKEHME MEXIY HayaJaoM M KOHLIOM OIHOM 0OMOT-
KU MCTOYHUKA TOKa (TpaHcdopmaTopa, TeHepaTtopa) uiand Mexny (ha3HbIM U HYJIEBbIM
nposogamu. CyllecTByeT CleAylollas CBsA3b MeXIy JMHeiHbM (V) n dasnbim (V)

Vo Vo
HanpspkeHusmu: V; = —=——

N RER
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3220
31000+ 3000
TaK Kak TpeBbILIAeT BEIUUYUMHY (PUOPUTISSLMOHHOTO TOKA.
Ecnu COIIPOTUBJICHUEC M3OJIAIMN MMECT 0O0JILIIIOE 3HAUEHUE (Ha—
npumep, R,; = 300 000 Om), TO
I 3.220
1131000+ 300 000

T. €. OINACHOCTh TOpaXXeHUs 3JEKTPUYECKUM TOKOM 3HAYUTEJTbHO
YMEHbBIIAETCS.

M3 npeacTaBieHHOro mpuMepa CileayeT, YTO U30JSIUS TOKOIPO-
BOJIOB SIBJISIETCSl OMHOM M3 OCHOBHBIX Mep 3JIEKTPO3allUTHI.

B npou3BOACTBEHHBIX YCIOBUSIX BO3MOXHBI ClIydan oOpbIBa BJIeK-
TPUYECKHUX TIPOBOMOB Y TMAaACHUS MX Ha 3eMJII0 WM HapylleHue N30-
JISUu Kabenst, Haxondierocss B 3emie. IIpu 3ToM BOKpyr Jo0oro
MPOBOAHMKA, OKa3aBIIErocs Ha 3eMJIe WIM B 3eMiie, o0pa3yeTcsl 30Ha
pacTrekaHusl TokKa. Eciy yegoBeK OKaxeTcsl B 3TOM 30He U OyAeT CTO-
SITb Ha TOBEPXHOCTU 3eMJIM, UMEIOLIEH pa3IuYHbIEe 3JIEKTPUYECKUE
MOTEHIMAbl B MeCTaX, INe PACHOJIOXEHbI CTYIHMU €ro HOTI, TO IO
JUTMHE 1l1ara BO3HMKAaeT 1aroBoe Hampstkenue Vy, (puc. 20.2). Iaro-
BbIM HAMNpPSDKEHUEM WIM HaIlpsSLKeHUEM 1ara Ha3bIBaeTCsl HarpsiKe-
HHUE MEXIy NBYMsI TOYKAMU LM TOKa, HAXOMSIIMMUCSI Ha PacCTosi-
Huu wara (0,8—1,0 M), Ha KOTOPBIX OAHOBPEMEHHO CTOMT YEJIOBEK.

oA Ly =011A=110MA. DTOT TOK TaKXe OIACEH,

=0,002A=2MA , (20.7)

Puc. 20.2. Cxema 603HUKHOBECHUA WA206020 HANPANCCHUA:
1 — DJIEKTpUYCCKas CCTh, 3 — YEJIOBEK, HaXOISIIUMACS MO AEUCTBUEM 1IarOBOrO Ha-
TIPSAPKEHUAA,; 2 — To4YKa magcHus IMpoBoJa Ha 3EMIIIO
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Hanpsixkenue wiara Vy, onpenensiercst mo opmyiie:
V= Ul — U, (20.8)

rne Ul — morteHuman B TOYKE KACAHUS 3€MJIM OJHOI HOTM yeloBeka, B;
Ul — noreHuyman B TOYKE KaCaHWs 3¢MJIM BTOPOM HOTU 4eJioBeKa, B.

Haubonbimii SJIQKI'pI/I‘IeCKI/Iﬁ IIOTCHIIMAJI BOBHHUKACT B TOYKE CO-
IIPUKOCHOBECHUA ITpOBOAA C 3emyieil. OnmacHOCTb IIopaK€HuUsA 4Y€JI0BCKa
IIaroBbIM HAIIPSLKCHUEM ITOBBLIIIACTCA IO MEPE HpI/IGJ'II/DKeHI/I}I YECJI0BC-
Ka K MECTY 3aMblKaHMsA IMPOBOAA HAa 3€MJ/IIO U IIPpU YBECJINMYCHMMU BEJIN-
YMHBI 1Iara. HpaKTI/I‘-I€CKI/I HanpsLKCHUE 1Hara 1magact g0 HyJIdd Ha pac-
crostHur 20 M OT TOUKU MafgeHUs IIpoBOAA. BbIxomuTth U3 30HBI Iopaxe-
HuyA CICayeT MCJIKMMMU 1LIaraMu. 3alyTHOEe JEHCTBHE OKa3bIBAET O6YBB,
obamaroasl N30MSIIUOHHBIMU CBOICTBaMU, HaItpuMep pE3nHOBasA.

20.2. 3a1gnTa YE€AOBEKaA OT INOPazKE€EHUA
JAEKTPUUYECKHM TOKOM

bezonacHocTh Ipu paboTe C 3JIEKTPOYCTAHOBKAMM OOECIIEUMBAETCS
MPUMEHEHUEM Pa3IUYHbIX TEXHUYECKUX M OpraHM3alMOHHbIX Mep. OHM
pPEJIAMEHTAPOBAHBI ACHUCTBYIOIIMMUA TIPABUIAMU YCTPOMCTBA BJIEKTPOYC-
taHoBOK (ITYD). TexHuueckue cpencTBa 3alllUThbl OT MOPAXKEHUs 3JIeK-
TPUUECKUM TOKOM JEJISITCS Ha KOJJIEKTUBHBIE M WMHAWBUAyaldbHBIC, Ha
CpeACTBa, MpeayNnpexaalole TPUKOCHOBEHUE JIOAEH K dJIeMEHTaM ce-
TH, HAXOMSIILIMMCS TIOH HampsDKEHWEM, M CPeACTBa, KOTOphbIe 00ecIeum-
BalOT 0E30MaCHOCTb, €CJM MPUKOCHOBEHME BCE-TaKW MPOU3OIILIO.

OCHOBHBIE CITOCOOBI U CPEICTBA 21eKMpPO3aAUjUNbL;

e U30JISILMSI TOKOIPOBOISIIMX YacTeld U €€ HEeINpepbIBHbIA KOH-

TPOJIb;

e YCTAHOBKa OTpaguTEIbHBIX YCTPOUCTB;

e TIpeaylnpeauTeIbHass CUTHAIU3ALMS U OJJIOKUPOBKY;
HCIIOJIb30BaHME 3HAKOB 0O€30MacHOCTU M Mpemynpexkaaroinx
IJIAKaTOB;

VICTIOJIb30BaHME MaJIbIX HAMPSKEHUIH;
9JIEKTPUUYECKOe paslesieHue CeTel;
3alIUTHOE 3a3eMJICHUE;

BbIpaBHMBaHUE MMOTEHILIMAJIOB;

3aHYJICHUE;

3alIUTHOE OTKJTIOUEHNE;

CpeACTBa MHAWBUAYAIbLHOU 3JI€KTPO3ALINTHI.
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M3onmsumst TOKOMPOBOISIINX YacTell — OmgHa M3 OCHOBHBEIX Mep
anekTpobde3onacHocTh. CornmacHo I1YD comporusieHne M3OMSLUA
TOKOITPOBOISIINX YaCTe SIIEKTPUUECKUX YCTAHOBOK OTHOCHUTEJIBHO
3eMJIM IOJDKHO ObITh He MeHee 0,5—10 MOwm!. Pasnuuator pabouyio,
JIBOIHYIO U YCWICHHYIO pab0odyI0 M30JISIINIO.

Paboueit Ha3pBaeTcs u30JILMS, OOeCIleUMBalIas HOP-
MaJIbHYIO pabOTy 3JIEKTPUYECKOM YCTAaHOBKY M 3aIUTy IepCcoHaa OT
MTOpaXXEHUS DJIEKTPUUECKUM TOKOM. JIBO M H a g WM30JIAIUS, CO-
crostiasi u3 pabodeil M JOMOJHUTEIbHOM, MCIIONL3YEeTCS B TEX CIIy-
yasgx, Korga TpeOyeTcs 0O0eCIeunTh IMOBBIIICHHYIO 3JIEKTpoOe3omnac-
HOCTb 00OpydOBaHUsI (HAMpUMeEp, PYYHOrO BJIEKTPOMHCTPYMEHTA,
OBITOBBIX DJIEKTPUUYECKUX MTPUOOPOB U T.4.). CONMpoTUBJICHNE TBOM-
HOM M3OJISIUMU JOKHO OBITH He MeHee 5 MOw, uto B 10 pa3 mpe-
BBIIIIA€T CONPOTHUBIIEHME OOBIYHOI paboueii. B psae ciydaeB pabo-
YYI0 M3OJISIUAI0 BBHITOJTHSIOT HACTOJBKO HANEXHO, YTO €€ DJIEKTPO-
COIIPOTUBJICHUE COCTaBIsieT He MeHee 5 MOM M TIoTOMy OHa
obecrieunBaeT TaKyro Xe 3alllUTy OT ITOpaxKeHUsI TOKOM, KaK U JBOWM-
Hasg. Takyio M30JLMI0 Ha3blBalOT YCHUJIEHHOMW paboueit
U30JISILUCH.

CyllIecTBYIOT OCHOBHBIE U JOIOJHUTENbHBIE W30JUPYIOIINE
cpeactBa. OCHOBHBIMM HAa3bIBAlOT TAaKME 3JIEKTPO3ALIUTHBIE CPEACT-
Ba, M3OJISILIMS KOTOPHIX HAlIEXKHO BBIIECPKUBAET pabouee HaIpsbKe-
HUe. JlonmoMHNUTENbHBIE 3JIEKTPO3AIIUTHEIE CPEICTBA YCUIMBAIOT U30-
JISILIMIO YeJIOBEKa OT TOKOITPOBOMSIIMX YacTeil u 3emau. B Taodm. 20.2
MIpUBEACHBl OCHOBHBIC CBEIEHHUS 00 M3OJHUPYIOLIMX 3JIEKTPO3aIINUT-
HBIX CpeICTBax.

HewnszonupoBaHHbBIE TOKOIIPOBOISIINE YACTU 3JIEKTPOYCTAHOBOK,
paborarolux MoJ JIOObIM HaIMpPSLKEHUEM, TOJKHBI ObITh HaJeXHO
OTpaXIeHBI MM PACIIONOXEHBI HA HEAOCTYITHOM BBICOTE, YTOOBI MC-
KJIIOYUTH CIy4YaiiHOe NPHUKOCHOBEHUE K HMM delioBeKa. KOHCTpyK-
TUBHO OTPaXICHWS W3TOTABIMBAIOT M3 CIUIOLIHBIX METaUTMYeCKUX
JINCTOB WJI METANINYECKUX CETOK.

1 mipenynpexxaeHuss 00 ONacHOCTH TTOPaKEeHUST SJICKTPUUECKUM
TOKOM HCIIOJIb3YIOT Pa3jNYHbIe 3BYKOBBIE, CBETOBBIE M IIBETOBBIC CHUT-
HAJIM3aTOPhI, YCTAaHABIMBAaEMBlE B 30HAX BUIWMOCTH UM CJIBIIIMMOCTU
nepcoHama. KpoMe Toro, B KOHCTPYKIHUSIX 3JIEKTPOYCTAHOBOK IIPEIy-
CMOTpPEHBI OJIOKMPOBKM — aBTOMATMUYECKHE YCTPOMCTBA, C ITOMOIIBIO
KOTOPBIX MperpaxaaeTcs IMyTh B OMACHYIO 30HY WM MPeAOTBpaIaloTCs

1 IMOM = 106 Om.
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Taonauma 20.2. Knaccupukamus d30Mpy0mumx
QJICKTPO3AIUTHBIX CPEACTB

Buo Haumenosanue npumensemoix cpedcme
NpU HANPAICEHUU I1eKmpPoyCmanoeku, B
do 1000 ceviue 1000
OcHoB- W3zonupytouiye mrtanru, udonu- OrnepaTUBHBIC U U3MEPUTEIIbHBIC
HbIE pyIollIe ¥ TOKOM3MEPUTENbHBIE IITAaHTH, U30JIUPYIOIINE U TOKO-
KJIEIIH, TUIJIEKTPUYECKUE TIep-  MU3MEPUTEIbHbBIE KIEIH, yKa3a-
YaTKU, UHCTPYMEHT C U30JIMPO- TEJIM HAMPSDKEHUS, U30JUPYIO-
BaHHBIMM PYKOSITKAMM, yKasaTe- M€ YCTPOICTBA U MPUCITOCO0-
JI HaTIPSDKEHUST JICHUST TS pPEMOHTHBIX paboT
Hormon- JAusnexkTpuyeckue Tajoliu, - JuanekTpuyeckue mepyaTku U
HUTENIb- DJIEKTPUUECKHUE PE3MHOBBIC KOB- OOTHI, TMANIEKTPUICCKUE Pe3U-

HbIC

PUKU, U30JIUPYIOILIKE MOICTABKU

HOBBIC KOBPHUKM, M30JIUPYIOILINEC

ImoaCTaBKnN

HeNpaBWIbHbBIE, OMAacHbIe AJIs1 YejioBeKa NeicTBUs. BlIoKMpoBKM MOIyT
OBITb MeXaHWYecKHe (CTOMOPHI, 3alleNIKU, (DUTYpHbIE BBIPE3bl), 3J1€K-
TPUYECKHE WIKM 3JIeKTpoMarHuTHbe. s mHbopMaLyy mepcoHaia oo
OIACHOCTU CJIyKaT TMpeaylpeauTeSIbHbIe MIaKaThl, KOTOPblE B COOTBET-
CTBUM C Ha3HAUYECHUEM JIEJISITCS Ha MpelocTeperalolme, 3anpeliaolime,
paspeniaroliye M HarioMuHalolue. Yactu odbopynoBaHus, peacTaB-
JISIIOLLME OITACHOCTD ISl JIIoAeii, OKpalllMBalOT B CUTHaJbHbIC 1IBETa
M Ha HUX HAHOCAT 3HaK Oe3zomacHoctu!. KpacHbIM LIBETOM OKpallu-
BalOT KHOIKU Y pblYary aBapuiHOIO OTKIIIOYEHUSI DJIEKTPOYCTAHOBOK.

[na yMmeHbIlIeHWSI OMAaCHOCTU MOpaXKeHWsI TOKOM Jiofeii, pabo-
TaIIMX C MEePEHOCHBIM 3JEKTPOUHCTPYMEHTOM M OCBETUTEJbHBIMU
JIaMIlaMU, MCIIOJIb3YIOT MaJloe HamnpsbKeHue, He TpeBbiiaioliee 42 B.
B psage ciyyaeB, Hampumep, Npu padboTe B METANIMYECKOM pe3ep-
Byape, IJid MUTaHUs PYYHbIX MEPEHOCHBIX JIAMIT HCIOJb3YIOT Ha-
npskeHue 12 B.

[ns moBbllIeHMST 6€30MaCHOCTU MPOBOASAT 3JEKTPUUECKOE pa3-
JeJleHue ceTeil Ha OTIeJIbHbIe KOPOTKHE 2JIEKTPUYECKU He CBS3aH-
HbIe MEXIYy COOOIl y4aCTKU C IIOMOILbBIO pa3essiolux TpaHchOop-
MaTopoB. Takue pazaeseHHbIe CEeTU 00JIamaloT MaJloil €eMKOCTbIO U
BBICOKMM COIPOTUBJIEHUEM M30Jsauuu. PazmenbHoe mnuTaHMe HC-
MOJIB3YIOT MpU PaboTe C MEePEHOCHBIMU 3JEKTPUUECKMMU TpUbdopa-

1 B coorBerctBum ¢ TOCToM 12.4.026-76 «LIBeTa curHaIbHBIE M 3HAKM GE30IMaCHOCTU.
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MU, Ha CTPOUTEJIbHBIX IIOLIAAKAX, MPU PEMOHTAX Ha 3JeKTPOCTaH-
LUSIX U Ap.

ITpu 3aMBIKaHUSIX TOKA HA KOHCTPYKTUBHbIE YAaCTU BJIEKTPOODOO-
pynoBaHUS (3aMbIKaHWE Ha KOPITYC) Ha HUX MOSIBJSIOTCS Hampsike-
HUSI, JOCTATOUYHBIE [JIs MOpaxKeHUs JIoAeH MM BOZHUKHOBEHMS I1O-
kapa. OCyIIeCTBUTD 3alIUTy OT MOPAXKEHUS JCKTPUISCKUM TOKOM U
BO3ropaHUsl B 3TOM CJIydae MOXHO TpeMsl MyTSIMM: 3allUTHBIM 3a-
3eMJICHUEM, 3aHYJIEHMEM U1 3allMTHBIM OTKJIIOUEHUEM.

Sawumuoe 3azemieHue — DTO TpeAHAMEPEHHOE COEAMHEHUE C
3eMJIell WM €€ SKBUBAJIEHTOM METANIMYECKMX HETOKOBEAYIIMX Yac-
Teil 37eKTPOOOOPYIOBaHUSI, KOTOPhIE B OOBIYHOM COCTOSIHUM HE Ha-
XOISITCS MOJA HAIPSKeHUEM, HO MOTYT OKa3aTbCs IOJ HUM MpU CIy-
YailHOM COEIMHEHUU UX C TOKOBEAYLIUMM YACTIMU.

Eciu npousoliuio 3aMblKaHUE U KOPITYC 3JIEKTPOYCTAHOBKU OKa-
3aJicsl MOJ HampsKEHUEM, TO MPUKOCHYBIIUICS K HEMY UYeJIOBEK I0-
nagaeT Moj HampsKeHUe MPUKOCHOBEeHUs ( V), KoTopoe omnpenes-
€TCsl BhIpaXKEHUEM:

Vap =V =V (20.9)
riae V, — mojiHOoe HaIpsDKeHMe Ha KOPITyce 3JIEKTPOYCTaHOBKH, B;

Vi — TOTeHLAa TIOBEPXHOCTH 3eMJIM WM Tojia, B.

Takum o00pa3oM, HaIpsLKeHUEM MPUKOCHOBEHMSI Ha3bIBaeTCsl
HaIpSDKEHUE MEXIy ABYMsI TOUKaMM LIEMU TOKa, KOTOPbIX OJHOBpE-
MEHHO MOXET KOCHYTHCSI YeJIOBEK.

PaccmoTpum cxeMy nedCTBUSI 3allIMTHOTO 3a3eMJIEHUSI Ha TIpU-
Mepe Tpex¢a3HOl CeTH ¢ U30JUPOBAaHHON HeuTpasbio (puc. 20.3).

Ecnn 4enoBeK NMPUKOCHETCS K 3a3€MJIEHHOI 3JEKTPOYCTaHOBKE,
HaxoJsIlIeics Mo HampsoKeHUMeM, TO OH IomnajeT Mo HampsiKeHue
MIPUKOCHOBEHMUSI, OIpenessseMoe Mo opmye:

Vip =np Ry, (20.10)
TOE Oy — KOS(MMUIMEHT HATPSKEHUsI TIPUKOCHOBEHMS MM TIPOCTO KOahdu-
LIMEHT TIPUKOCHOBEHNS (0yyp < 1 M 3aBUCHUT OT BUZIA 3a3eMIIUTENs);

I; — TOK 3aMbIKaHUS, A;
R3 — COINIPOTHUBJIICHUEC 3allIUTHOI'O 3a3€MJICHUA, Om.
Tok, mpoxomsInuii 4epe3 TeJO 4YeJIOBeKa, ITOIABIIETO ITOA Ha-
MPSKEHWE TTPUKOCHOBEHMS (L’?eJT , A), COCTaBUT:
V.
L, =—= (20.11)
R‘{CJ’[ + RC

rae R. — COIpOTHBIEHHE PAcTEeKaHUIO TOKa B 3eMJie, 3aBUCSIIEEe OT YIEJbHOIO CO-
MPOTUBJICHUSI 36MJIK U COTMIPOTUBJICHUS MOIOIIBBI O0YBU uesoBeka, OM.



20. OneKkTpobEe30NacHOCTL M MOMNHME3ALMTa 34aHNIA U COOPYKEHNI 359

Puc. 20.3. Cxema pabombot 3amumnozo 3azemieHus:
Ry; — compoTuBIIeHUE U3OJSLMU KaXI0W U3 (a3 OTHOCUTEIBHO 3eMJIU

Ecnu 4enoBeK HaXOmMTCS B YCIOBMSIX BBICOKOM BJIAXKHOCTU
(R. — 0), npenpiayiryio GOpMya1y MOXHO YIIPOCTUTD:
Vip
. (20.12)
R‘{CJ’I
Paccunraem 15, mis ciyvas, ecm I, = 4 A, R, = 40M u O =
0,4 (KOHTYpHBII 3a3eMJINTEND):
A 0444 64B
1000 1000 Om

DTOT TOK Oe30IaceH [Jis YesioBeKa, TaK KaK He IpeBbIllaeT 3Ha-
YyeHUs1 HeoTmycKarouiero Toka (10 MA).

Takum o00pa3oM, MPUHLMIT OEUCTBMSI 3ALIUTHOTO 3a3eMJICHUS
3aKJIIOYAETCSI B CHIDKEHUM OO O€30ITaCHBIX 3HAYCHUI HaIpsDKeHWA
MPUKOCHOBEHUS (M HAIpPsDKEHUST 1Iara), BBI3BAHHBIX 3aMbIKAaHUEM
Ha KOpIyc.

3alIUTHOMY 3a3¢MJICHHUIO (3aHYJICHMIO) IOABEPraloT MeTaJlInde-
CKH€ 4YacTU BJICKTPOYCTAHOBOK M OOOpYHOBAaHMSI, OOCTYIIHbIC MIJISI
MPUKOCHOBEHUS YeJIOBeKa M He MMeEIOoLIUe IPYIvMX BUIOB 3alllUThI,

A
I‘{BJ'I

~

=0,0064 A = 6,4 MA . (20.13)
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HaIlpuMep, KOpITyca »BJEKTPUUYECKMX MAaIllMH, TpaHCHOpMaToOpoB,
CBETMJILHMKOB, KapKachl pPacCIpeleTUTEIbHBIX IIWTOB, MeTaJuTnye-
CKMe TpyObI M 00OJOUYKM 3JIEKTPOIIPOBOAOK, a TaKXKe METaJUTMYECKIUE
KOpITyca TIEPEHOCHBIX 3JIEKTPOITPUEMHUKOB.

O0g3aTeJIbHO 3a3eMJISIOT BJIEKTPOYCTAHOBKM, paboTalroliye o[
HanpsokeHreM 380 B m BhbIIIe TTepeMeHHOr0 TOKAa M MUATAIOIINECS OT
WCTOYHMKA TIOCTOSTHHOTO TOKa ¢ HampsbkeHneM 440 B u Bhlle.
Kpome Toro, B nmomelileHusIX NOBbIILIEHHON U 0CO0O0I OMacHOCTHU 3a-
3eMJISIIOT YCTAHOBKM ¢ HampsbkeHueM otT 42 nmo 380 B mepemeHHOro
toka 1 oT 110 mo 440 B mmocTostHHOTO TOKa.

3azemasniouwiee ycmpoiicmeo — 5TO COBOKYITHOCTb 3a3eMJIATENST —
METAJUIMYECKNX ITPOBOAHUKOB, COIPUKACAIOIINXCSI C 3eMJiei, 1M 3a-
3eMIISTIOIIMX TMTPOBOIHUKOB, COSAMHSIONINX 3a3eMIISIeMbBIE YacTH BJIeK-
TPOYCTAaHOBKHM C 3a3eMJIMTeJIeM. B 3aBUCMMOCTM OT B3aMMHOTO PacITo-
JIOXKEHMST 3a3eMIIMTENIe M 3a3eMIISIEMOTO OOOpYIOBAaHUS pPa3InyaroT
BBIHOCHBIE M KOHTYpHBIC 3a3eMJIsIolIne ycrpoiicTBa. IlepBble M3 HUX
XapaKTepU3YIOTCS TEM, UTO 3a3¢MJIUTEIM BBIHECEHBI 3a MPEIEIbl TUIO-
aAKW, Ha KOTOPOIl pa3MelleHO 3a3eMiiseMoe O0OpyaoBaHUE, WU
COCPENOTOUYCHBI Ha HEKOTOPOI YacTh 3Toi 1omanku (puc. 20.4).

2\-L |L |\L |

[ —¢ 3

[ [

Puc. 20.4. Cxema 6virHoCHO20 3a3eMACHUSA:
1 — 3a3EMJINTCIIN, 2 — 3a3CMJIAIOIIME ITPOBOJAHUKMU; 3 — 3asemMirsIEMO€e 060pyl[OBaHI/IC;
4 — TIPOU3BOJICTBEHHLIC 3JaHUSA

KontypHoe 3azemistioiee ycrpoiictBo (puc. 20.5), 3a3emiaurenu
KOTOPOTO PacIoJiaraloTcsl 1Mo KOHTYpY (IepUMeTpy) BOKPYT 3a3eM-
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JIieMoro o0opydoBaHUsI Ha HeOOJIbILIOM PacCTOSIHWMM JApYyr OT Apyra
(HECKOJIbKO METpPOB), OOeCIeuMBaeT JYYllyK CTeNeHb 3alllUThl, YeM
TIpeAbIayIIee.

o

| ™~ 1
_l_T L
[~

Puc. 20.5. Cxema KoHmypHozo 3a3emMAeHUA:
1 — 3a3EMJINTECIIN, 2 — 3a3EMJIAIOIINUE TTPOBOIHUKH 3 — 3asemursieMoe
obopynoBaHue; 4 — MPOU3BOICTBEHHOE 3IaHUE

3azemunTe I OBIBAIOT MCKYCCTBEHHBIEC, KOTOPBIE MCIIOIb3YIOTCS
TOJIBKO IIJIsI HeJIei 3a3eMJIeHUsI, U €CTeCTBEHHBIE, B KA4eCTBE KOTO-
PbIX UCHOJB3YIOT HaXOASIIUECs B 3eMJie TpyOONpoBOAbl (32 UCKIIO-
YyeHHeM TPYyOOIPOBOAOB TOPIOYMX KMIAKOCTEH WM Ta30B), MeTaj-
JINYECKNE KOHCTPYKIIUM, apMaTypy XKeJe3006 TOHHBIX KOHCTPYKIINIA,
CBUHIIOBBIE 000JIOUKM Kabeneil u np. McKycCTBeHHBIE 3a3eMJINTEIN
M3TOTAaBIMBAIOT M3 CTAILHBIX TPYO, YTOIKOB, IMPYTKOB MJIH ITOJIOCO-
BOW TKaHMU.

TpeboBaHMsI K COINPOTUBJICHUIO 3allMTHOIO 3a3eMJIEHUS perjia-
MeHTupyiotcs I1YD. B moboe BpeMs roma 3TO CONPOTHBJIICHUE HE
JIOJDKHO TIPEBBIIIATE:

e 4 OM — B yCTaHOBKax, paboTalUIMX IOJ HAMNPSKEHUEM [0

1000 B; ecam MOIIHOCTL MCTOYHMKA TOKa COCTaBIISIET
100 kB-A 1 MeHee, TO CONMPOTUBIEHUE 3a3eMJISIOIIETO YCTPOIi-
ctBa MoxeT pocturatb 10 Owm;

e 0,50M — B ycTaHOBKax, paOoTalolIMX IOJ HampskKeHUeM

Boilie 1000 B ¢ a¢pdpekTuBHO 3a3eMIIEHHOM HEUTpasblo.

Haubonbliiee conpoTrBIeHUE 3a3eMIISIIOLEro ycrpoicTsa (R, OMm)

He IOKHO OBITH Gomee 250/1; (Ho He Gomee 10 OM) B ycTaHOBKax
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HamnpsbkeHneM Boimie 1000 B ¢ m3onmmpoBaHHOI HeiTpanbio. [lpu
HCIIOIB30BAaHNN 3a3eMIISIONIETO YCTPOMCTBA OTHOBPEMEHHO IS yC-
TaHOBOK HarmpskeHneM mo 1000 B, R He gommkHO OBITH Oonee 125/1;
(HO He Gonee 4 mwam 10 OM cOOTBeTCTBEHHO). B 3Tnx dopmynax I, —
TOK 3aMbIKaHMS Ha 3eMJIio, A.

Sawumuoe 3anynenue TIpeAHA3HAYCHO IS 3aIIUTHI B TpeX(a3HBIX
YeThIPEXIIPOBOAHBIX CETSX C TJyX03a3eMJIEHHOI HeulTpasnbio, pado-
Tatolux nona HamnpsbkeHueM o 1000 B, Tak kak B 3THUX CETSIX MUC-
MOJIb30BAHME 3aALLUMTHOIO 3a3eMjeHUsI HeapdeKTuBHO. OOBIYHO 3TO
cetu 220/127, 380/220 u 660/380 B.

PaccmoTpuM neiicTBre 3alllMTHOTrO 3aHyjleHus1 mojapodHee. Ilycthb
nMmeeTcss TpexdaszHas TPeXIpOBOAHAS CeTh, paboTarollas IToH Ha-
npsekenueM g0 1000 B ¢ 3azemienHoii HeitTpanbio (puc. 20.6).

13
Y Y Y —= PN ®aza
Vi
_FYW\ L 3 (I)a3a

Puc. 20.6. Cxema mpexgpasnoti mpexnpoeoonoii cemu
do 1000 B c 3a3emaennoli Helimpaivio

Ecin B Takoit cxeme omHa u3 a3 OymeT 3aMKHyTa Ha KOPITYC
3JICKTPOIIPOBOIKHM (IIOKa3aHa Ha CXeMe MOJHMEOOpa3HOM CTPENIKOI),
TO BeJMuuHa TokKa (/;, A), MpOTEKaLEero B CeTU, ONMPEAeTUTCI U3
cJemyolIeii 3aBUCUMOCTH:
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Vo

= 20.14
RO + R3 ( )

3

rne Vg — dasHoe Hampsxenue, B;
Ry — conmpotuBieHue 3azemMiieHUs1 HelTpanu, Om;

R, — conpoTuBieHUe KOpITyca 3NEKTPOYCTAaHOBKU, OM.

IIpu sTOM Ha Kopmyce 2JeKTpOYyCTaHOBKM BO3HMKAET HaIlpsike-
HUe oTHocuTeNlbHO 3eMuu (Vy), ompenensiemoe clieaywolleii hpopmy-
JIOH:

R

Ve R Vo 2SR
0 3

(20.15)
Paccuntaem BelMUYMHY TOKa KOPOTKOTO 3aMbiKaHUs ([, A) st
sHayeHuit Vo =220 Bu Ry = R; = 4 Om:
220 4
I,=—"—=275A u V, =220.——=110B.  (20.16)
(4+4) 4+4
Tok KopoTKOro 3aMbIkaHUsl I, MOXET OKa3aThCsl HENOCTATOYHBIM
JUIST cpabaThIBaHUS 3alllUThl, U JIEKTPOYCTAHOBKA MOXET HE OTKIII0-
yuThcsa. Koprmyc a7eKTpoycTaHOBKM HAxXOAWTCS TOJ OMAacHbIM Ha-
npsokeHueM. Eciu yesoBek ciyyailHO MPUKOCHETCSI K KOPIYCY 3JIeK-
TPOYCTAaHOBKM, HaxXONsIIelcs TON STUM HaMpsKeHUEeM, TO TOK,
MPOTEKAIOLIMI Yepe3 TeJIO YeIOBeKa, COCTABUT:
N O'“1'[p13R3 _ OLI'[pVK

I~ , (20.17)
“ R‘{CJ’[ R‘{CJ’I

rae Otnp — KOS(I)(I)I/H_[I/ICHT Hanps>kKCHUA IIPUKOCHOBCHMA.

Ecmm oy, = 1u Vg = 110 B, 10 Ly = 110/1000 = 0,11 A =
110 MA. DTOT TOK mpeBbIlIAeT 3HaYeHUE (UOPUIISILIMOHHOIO, MO-
3TOMY SIBJISIETCSI CMEPTEIbHO OMacHBIM. TakKuM 00pa3oM, 3aIUTHOE
3a3eMJIEHHE B 3TOM CJIydae He oOecIieuyrBaeT HaIeKHOW 3allWTHI Je-
JIOBEKa, ITO3TOMY MCITOJIB3YIOT He 3a3eMJICHUE, a 3aHyJIeHUE.

3auynenuem Ha3bIBAIOT CITOCOO 3AIIUTHI OT IMOPaXKeHUSI TOKOM aB-
TOMaTUYECKMM OTKJIIOUCHHUEM ITOBPEXICHHOTIO YyJacTKa CeTHM M OJI-
HOBPEMEHHO CHIDKEHMEM HAaIIPSDKEHHMS Ha KopIrycax 00OpymOBaHUS
Ha BpeMsi, ITOKa He cpaboTaeT OTKIIOYAIOIIMI armapar (TUTaBKue
MpeIOXpaHUTeNId, aBTOMAThl U Ap.). 3aHyJeHHe — 3TO IIpemHame-
pPEHHOE COeIMHEHNE C HYJIEBBIM 3alllUTHBIM ITPOBOTHUKOM METaJllH-
YECKUX HETOKOIIPOBOISIIMX YacTell, KOTOPhIE MOTYT OKa3aThCs IO
HanpstxkeHueM (puc. 20.7).
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Puc. 20.7. Cxema pabomot 3anyaenus:
1 — Hy/neBOW 3alIMTHBIN MPOBOAHUK; 2 — cpabaThIBa€MbIN 2JIEMEHT 3allUTHI;
3 — TTOBTOPHOC 3a3€MJICHUEC HYJICBOI'O ITPOBOJA

ITpoBomHuk (1), KOTOPHIN COEOMHSIET 3aHYJsIEMble YacCTU 3JIeK-
TPOYCTAaHOBKHU C IJIyX03a3eMJIEHHOM HEWTpajabHOI TOYKOU OOMOTKHU
TpaHchopMaTopa, Ha3bIBalOT HYJIEBbIM 3alIMTHBIM. HazHaueHue 31o-
ro MPOBOAHMKA 3aKJIIOYAETCS B CO3MaHMU JJIsI TOKA KOPOTKOro 3a-
MbIKAHUS 3JEKTPUUYECKON LIEMU C MaJIbIM 3JEKTPOCOMPOTHUBIEHUEM
(e o6o3HaueHa Ha pucyHke mudpamu I — I — III — IV — V),
YTOOBI JaHHBIM TOK ObUI JOCTATOYEH JJi OBICTPOTrO OTKJIFOUEHUS TMO-
BpEXACHMUSI OT CETU. DTO MOCTUTAETCS cpabaThbIBaHMEM »3JIeMEHTa
3alIATBl CETHM OT TOKAa KOPOTKOTO 3aMbIKaHWs (Ha PHUCYHKE 3TOT
BJIEMEHT 0003HadYeH UUPPoit 2).

Hens 3anynenus I — II — III — IV — V umMeeT ouyeHb Mayoe
aJIeKTpUUYecKoe corpoTtunieHne (momu Om). ToK KOpOTKOTo 3aMbl-
KaHMs, BO3HUKAIOIIUN MPU 3aMBIKAHUM Ha KOPITYC Y TPOXOMSIINI
MO LENU 3aHYJEHUs, JOCTUTaeT OOJIbIIOro 3HauyeHUsl (HECKOJIbKMUX
COTEH aMmIiep), 4To obecreyrBaeT OBICTpOE M HalIeKHOe cpabaThiBa-
HUE BJIEMEHTOB 3alllUTHI.

st ycTpaHeHMs1 OMacHOCTU OOpbiBa HYJIEBOTO IMPOBOAA YCTpau-
BalOT €ro MOBTOPHOE MHOTOKpaTHOe pabouee 3a3emMjeHUE uyepe3 Ka-
xaeie 250 M.
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OcHOBHOe TpeboBaHME 0E30MAaCHOCTH K 3aHYJIECHUIO: OHO IOJIK-
HO o0ecrneynBaTh HajeXXHOe M OBICTpOe cpabaThIBaHUE 3alIMUTHI. JIis
5TOT0 HEOOXOIMMO BHITIOJTHEHHE CIICAYIOIIETO YCIIOBUS:

Iy > k Loy, (20.18)

rae o — HOMMHAJIbHOE 3HAYEHUE TOKAa, MPU KOTOPOM MPOMCXOIUT cpada-
ThIBAHUE 3JIEMEHTA 3allUThI;
k  — xoadduuyeHT, XxapakTepu3yIolnii KpaTHOCTh TOKa KOPOTKOTO 3a-
MBIKAHUSI OTHOCUTEJbHO HOMUHAJIBHOTO 3HAYeHHUsI TOKa, MPU KO-
TOPOM CpabaThIBaeT JEMEHT 3alUThI.

Bpemst cpabaTbiBaHUSI 3JIEMEHTOB 3allMThl 3aBUCUT OT CHMJIbI TO-
Ka. Tak, 11 IIaBKYX MpeloXpaHuTeSei U TeIJI0BbIX aBTOMATOB IpU
k = 10 BpeMst cpabaTeiBaHMsI mpegoxpaHutenst coctasiusier 0,1 ¢, a
npu k = 3—0,2 c. DIeKTpOMAarHMTHHI aBTOMATUYECKUI BBLIKIIOUA-
Tellb obectounBaeT ceTh 3a 0,01 c¢. CornacHo TpeboBaHusMm I1YD B
MOMELIEHUSIX ¢ HOPMaJbHBIMU YCJIOBUSIMU K TOJKEH HAXOOUTHCS B
npenenax 1,2—3, a Bo B3pBIBOOMACHBIX TOMEIIEHNSIX — k = 1,4—6.

Eiue onHa cucTema 3allMThl — 3auumHoe OmKaAo4eHue — 3TO 3a-
LIUTA OT TMOpaxkKeHUsl 2JIEKTPUUYECKUM TOKOM B 3JIEKTPOYCTAHOBKAX,
paboraromux nona HampstkeHueM go 1000 B, aBromatuyeckum OT-
KJII0UeHueM Bcex (a3 aBapUMitHOro ydyacTKa CeTd 3a BpeMms, JOMYCTH-
MOE€ 10 YCJIOBUSIM 0€30IMacHOCTU 151 YeIOBeKa.

OcHOBHasl XapakTepUCTHKa 3TOH CHUCTeMbl — OBICTpOACHCTBUE,
OHO He A0JKHO mpeBbiaTh 0,2 ¢. IlpyHIMNO 3al0UTHl OCHOBAaH Ha
OrpaHUYEHUM BPEMEHM IPOTEKaHUs OMACHOIro TOKa 4epe3 TeJo ye-
JoBeka. CylleCTBYIOT pa3jMYHbIe CXEMbl 3allMTHOIO OTKINOUYEHMS,
OllHa M3 HMUX, OCHOBAaHHAsl Ha MCIIOJb30BAaHMM pejie HampsLKEeHUs,
npeacrapieHa Ha puc. 20.8.

ITpu 3ambikaHuM (pa3HOTO MPOBOAA HA 3a3eMJICHHBIA WM 3aHY-
JICHHbBI KOPITyC 2JIGKTPOYCTAHOBKM Ha HEM BO3HMKAET HaIpsiKeHHE
koprnyca V.. Eciu oHO mpeBbllIaeT 3apaHee YCTAaHOBJIEHHOE Mpe-
JEJbHO IOIyCTUMOE HampskeHue Vi pon (T. e. ecom Vi > Vi pon),
cpabaTbhiBaeT 3alllMTHOE OTKJIoYalolllee ycTpoicTBo. CxeMa paboTaeT
CJIeAyIoLIUM 00pa3oM.

BcneacTBue pa3HOCTH MOTEHLMAIOB MEXAY KOPITYCOM BJIEKTPO-
YCTAaHOBKM [ 1 3eMJjieli BO3HMKAeT TOK [,, KOTOPBIA, MPOXois uyepe3
penie 5, 3aMbIKaeT ero KOHTAaKThl, MoAaBasl MUTaHUE Ha OTKJIIOYalo-
myo karyuky 3. [log BAMSIHMEM BO3HUMKILIETo 3J€KTPOMArHUTHOIO
MOJIsI BHYTPb HEE BTITMBAETCS CEPIEUYHUK 4, BbI3bIBAsI OTKJIIOUEHUE
aBTOMAaTMYECKOI0 BhIKJIIOUaTess 2, U yCTaHOBKA 00ECTOYMBAETCSI.
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Puc. 20.8. Cxema 3amumnozo omgao4erus:
1 — KOpIIyC 2JIEKTPOYCTAHOBKM; 2 — aBTOMATMYECKUI BBIKJIIOYATEb;

3 — OTKIIIoYAIOIIAs KaTyIIKa; 4 — CepIeYHMK KaTYLIKK; 5 — peJle MaKCUMAJIbHOIO
HAMNPsDKeHUsT; Ry — CONpPOTUBIICHHE 3alUTHOTO 3a3¢MJICHHMsT; I; — TOK 3aMblKaHust; I,
— TOK, TIPOTEKAIOLIUIT Yepe3 pesie; Ry — CONPOTUBIEHKE BCIIOMOTATENLHOIO
3a3eMJIEHUS

3alUTHOE OTKJIIOYEHUE PEKOMEHAYETCSl IPUMEHSITh:

e B MepeABMXKHBIX YCTaHOBKax HampspkeHuem no 1000 B;

e JIJI1 OTKJIIOYEHUS 3JIEKTPOOOOPYIOBaHUS, YAAIEHHOTO OT HC-

TOYHUKA TTUTAHUS, KaK JOMOJHEHUE K 3aHYJIEHUIO;

e B 3JIeKTpUGULIUPOBAHHOM MHCTPYMEHTE KaK HOIOJHEHHE K

3alIUTHOMY 3a3eMJICHMIO WU 3aHYJICHHUIO;

e B CKAJIBHBIX M MEP3JIBIX TPYHTAX MPU HEBO3MOXKHOCTHU BBITION-

HUTb HEOOXOAUMOE 3a3EMJICHUE.

PaccMoTpyM KpaTKo opearu3ayuoHubie Meponpusmus, obecnevi-
saruue 0e30nacHy0 IKcnayamayuio nexmpoycmanosox. K HUM 0OT-
HOCSTCSI o(pOpMJIEHHE COOTBETCTBYIOILIMX pabOT HapsiAOM WJIM pac-
MOpsKEHUEM, JOIyCK K paboTe, Haa30p 3a IMpoBeAeHHUEM padoT,
CTpPOroe COONIOACHNE peXruMa Tpyda W OTIbIXa, MEPEXOIOB Ha Ipyrue
paboThl U OKOHYaHUS padoT.

Hapsimom mist mpoBeneHUsT pabOThl B 3JIEKTPOYCTAHOBKAX Ha3bI-
BalOT COCTaBJICHHOE Ha CIIeIMaJlbHOM OJIaHKe 3amaHue Ha ee 0e30-
racHoe TIPOU3BOJCTBO, OIpelessIoniee CoaepXKaHue, MECTO, BpeMs
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Havajia 1 OKOHYaHMs padoThl, HEOOXOAMMBbIE MEpPHl 0E30MacHOCTH,
cocTaB Opuraj M JiMl, OTBETCTBEHHBIX 32 0€30MaCHOCTb BHIMTOJIHEHUS
pabor. PacnopsibkeHueM Ha3bIBalOT TO XK€ 3aJaHue Ha Oe3omacHoe
MPOM3BOJCTBO PabOThl, HO C YKazaHUEM COJep>KaHUs pabOThl, MeC-
Ta, BpeMEHU U JIKL, KOTOPbIM MOPYYEHO €€ BbIMOJIHEHMUE.

Bce paboTbl Ha TOKOMPOBOASIIMUX YACTSIX 3JIEKTPOYCTaHOBOK IO/
HaIpsDKEHUEM WM CO CHSATHMEM HaMpsDKEHUs BBIMOJHSIIOT MO Hapsay,
KpOME KpaTKOBPEMEHHBIX paboT (MpOdOKUTEIbHOCTbIO He 0oJiee
1 4), TpeOyroLINX ydyacTus He OoJiee TpeX YeJIOBeK. DTU PaOOTHI BhI-
MOJIHSIOT MO PACHOPSIKEHUIO.

K opraHuzalluOHHbBIM MEPOMNPUATUSIM TaKXKe OTHOCITCS O0yuye-
HU€ MnepcoHajla MpaBUJbHBIM IpUeMaM paboOThl ¢ MPUCBOCHUEM pa-
00THUKaM, OOCIYXMBAIOILIUM 3JEKTPOYCTAHOBKM, COOTBETCTBYIOLLIMX
KBIM(PUKAIMOHHBIX Tpymni. CBemeHUST O KBATM(PUKAITMOHHBIX
rpyIIax mepcoHaia npencraBieHsl B Tadm. 20.3.

B psine ciyyaeB CylleCTBEHHYIO OIMACHOCTb JJIs yeJioBeKa Mmpe-
CTaBJISIET cmamu4eckKoe 31eKmpu4ecmeo, 1ol KOTOPbIM MOHUMAKOT
COBOKYITHOCTb $SIBJI€HUI, CBSI3aHHBIX C BOZHMKHOBEHHEM, COXpaHe-
HUEeM U peyakcauuein (ociaabjieHueM) CBOOOJHOIO 3JIEKTPUYECKOTO
3apsiia Ha TIOBEPXHOCTU U B 00bEME JIUBJIEKTPUUECKUX BEILECTB, Ma-
TepuasaoB, U3NEJWK WJIM HAa M30JMPOBAHHBLIX MpoBoaHUKax. ITpote-
KaHWE pa3IMYHbIX TEXHOJOTMYECKMX IIPOLECCOB, TaKWX, KakK W3-
MeJIbueHue, paciblieHue, (PUIbTPOBaHKE U IPYTrue, COIMPOBOXIAETCS
2JIEKTpU3alield MaTepuaJioB M O0OpYyIOBaHMS, NMPUYEM BO3HMKAIO-
IIUA HAa HUX BJCKTPUYECKUMN MOTECHIIUAT JOCTUTACT 3HAUYCHUN ThICSIY
1 JeCcITKa ThICSY BOJIbT. Bo3meicTBHE CTaTUUECKOTO 3JIeKTpUYECTBa
Ha OpraHu3M uYejioBeKa IPOSBISETCS B BHUIE CJIA0OrO IJIUTEIbHO
MPOTEKAIOIIEro Toka JuO0 B (opMe KpaTKOBPEMEHHOIro paspsiia
yepe3 TeJIo 4YesloBeKa, B pe3ysibTare yero MOXET IPOU30UTH Hecua-
CTHBIM CJlyvyai.

BpenHoe Bo3zaeiicTBMe Ha OpraHuM3M YejloBeKa OKa3blBaeT U
anekmputeckoe noae nogviuleHHol HanpsaxcenHocmu. OHO BBI3BIBAaET
(GYyHKIIMOHAJIbHbIE M3MEHEHMS LIEHTpaJbHOU HEPBHOM, CEpAECYHO-
COCYIMCTON M HEKOTOPBIX IPYTMX CUCTEM OPraHu3Ma.

3awumy om cmamu4ecko2o 31eKmpu4ecmea OCYILECTBISIOT 10
JIByM OCHOBHBIM HAIIpaBJIEHUSIM: YMEHbIIEHUE TEeHepa-
Il UK BJIEKTPUYECKUX 3apsjioB U YyCTpaHEeHUE 3apsag0B
CTaTUYECKOTO 3JeKTpuuecTBa. g peaiusaluu MepBOro HampaBiie-
HUSI HEOOXOAWMO MpPaBUJbHO MOAOMpPATh KOHCTPYKIIMOHHBIE MaTe-
puajbl, U3 KOTOPbIX M3rOTAaBIMBAIOTCS MAallMHBI, arperatbl U Ipoyee
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TEXHOJIOTUYECKOe O0OpyJOBaHME. DTU MaTepHajabl IOJLKHBI OBITh
c71a00 2IEKTPUIYIOIINMHUCS WM HedJIeKTpu3yommmucs. Hampumep,
CUHTETUYECKMI Marepuaj, coctodiuit Ha 40% u3 HeitoHa u 60%
JaKpoHa, He 3JEKTPU3YyeTCsI NpPU TPEHWU O XPOMHMPOBAHHYIO II0-
BEPXHOCTb.

Taomnuuma 20.3. KBainpukanumoHHbie rpynmnbl MepcoHaa,
00CTyKMBAIOILEr0 3JEKTPOYCTAHOBKHI

Ipynna CneyuanvrHocmo, Cmaxc pa- Heobxodumvie
npogheccus bombl Ha 3HAHUS
anekmpoyc-
ManoeKax
V  Macrep, Texnuk, ui- He meHee CxeMbl U YCTPOICTBO 000OpY-
JKEHEp €O clelMalb-  TOoJIyronaa JIOBaHUsl, TTpaBUJia OKa3aHUsI
HbIM 00pa30BaHUEM, MOMOILM MOCTpaAaBlIEMy OT
3JIEKTPOMOHTED, 2JIEK- BO3IEUCTBUS JIEKTPUUYECKOTO
Tpocyecapb TOKa, 00yyeHue mepcoHaia
0e301acHbIM MeToJaM paboTaM
IV~ Hauunaroummii uuxe- He meHee — DieKTpoTexHUKA, IpaBUjia
Hep, TEXHUK, orepa-  roja MepBOii MOMOILU, TTpaBUia
TUBHO-PEMOHTHBII 0e30IMacHOCTH, YMEHHUE CBO-
nepcoHan 0OJIHO MPOU3BOAUTH MEPEKIIO-
YEHUsI
I To xe He menee  DieMeHTapHbIe 3HAHUS JIE€K-
rnoJjyroaa TPOTEXHUKHU, MpaBua 6e30-
MacHOCTH
I MoHTep, 2/1eKTpUK OnuH Mecs DieMeHTapHOe 3HAKOMCTBO C
3JIEKTPOYCTAaHOBKOM, TIPEM-
cTaBJicHHE 00 OIMAaCHOCTH, OC-
HOBHBIE MEPbI MTPEAOCTOPOXK-
HOCTH
| — — OTCcyTCTBUE JIEKTPOTEXHUYE-

CKMX 3HAHUM U TIpeicTaBlie-
HUI 00 OMMacHOCTU

I[)'IS[ CHATHA 3apAa0B CTATUYCCKOIO JJIEKTPHUYECTBA C IOBEPXHO-
CTHU TEXHOJIOI'MYCCKOIO O60py,I[OBaHI/I$I €ro 00s13aTeIbHO 3a3eMJISIOT.
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KpoMe mnepeumnciieHHBIX CIIOCOOOB 3alldThl OT CTaTMYECKOIo
BJIEKTPUYECTBA OONBIIOE 3HAYCHHE MMEET CHIDKCHME YIETBHOTO TI0-
BEPXHOCTHOTO 3JIEKTPUUYECKOTO COIPOTUBJICHUS TepepadaThIBaeMbIX
MaTepuagaoB. DTO MOCTUTAETCS ITOBBIIMICHHEM OTHOCUTEIHLHOM BiaX-
HOCTHU B IIOMEIIECHMHU, TIe IMPOU3BOIUTCS 0OpabOTKA IOIJIOLIAIOIINX
BOIY MaTepuajoB (IpeBeCHHBI, Oymara, XJ0Im4aToOyMaxKHOM TKaHU U
Iop.), 10 65—70%, HaHeceHMEM Ha MX ITOBEPXHOCTb CIELMAIbHbIX
AHTUCTATUYECKUX COCTABOB, BBEIEHMWEM B COCTAaB TBEPIBIX IMIJICK-
TPUKOB DIJIEKTPOIIPOBOIAIINX MaTepranoB (rpadura, yrIepoaHBIX
BOJIOKOH, QJIIOMWHUEBON Tyaphl U T.1.). CyIIeCcTBYIOT W IpPyrue Me-
TOABI 3AIIUTHI OT CTATUYECKOTO 3JIEKTPUICCTBA.

20.3. Moanuesamura

BaxXHBIM BOIIPOCOM 3JICKTPOOE30IIaCHOCTH SIBJISIETCSI 3alllMTa OT
yaapa MOJIHMI, WX MOJIHUE3AIluTa.

MoaHusT — 3TO OCOOBIN BUI IPOXOXKIECHUS 3JICKTPUYECKOIO TO-
Ka 4yepe3 OrpOMHBbIC BO3HYIIHBIE ITPOMEXYTKU, MCTOYHHUK KOTOPOTO
— aTtMoc(epHBIi 3apsi, HAKOIICHHBII TPO30BEIM 00JIaKOM.

Paznuyalor Tpy TUIIa BO3OCHCTBMSI TOKA MOJHUM: IIPSIMOK ymap,
BTOPMYHOE BO3ICHCTBUE 3apsida MOJHMH M 3aHOC BBICOKUX ITOTCH-
LMaNoB (HAIpsLKeHUs) B 3maHus. [lpu mpsiMoM paspsiie MOJHUU B
3MaHUE WIM COOPYXEHUE MOXET IIPOM30MTU €ro MEXaHU4eCKOoe WIN
TepMUYecKoe paspylieHue. [locnenHee MPOSIBISICTCS B BUAC ILIaBlIe-
HUSI WIM JaXe MCIIApeHMS MaTepHalloB KOHCTPYKLMHU. BropmuHoe
BO3IEMCTBUE pa3psla MOJHMU 3aKJIIOYAETCS B HaBCICHUU B 3aMKHY-
THIX TOKOIIPOBOMSIINX KOHTYpax (TpyOOmpoBodaX, 3JEKTPOIIPOBOI-
Kax M IIp.), pacIlOJIOXEHHBIX BHYTPHU 30aHUM, 3JIEKTPUICCKUX TOKOB.
DTH TOKM MOTYT BBI3BaTh MCKPEHUE WM HAarpeB METaUIMYeCKMX
KOHCTPYKIIMI, YTO MOXET CTaTh IPUYMHON BO3ZHUKHOBEHUS IIOXKapa
WY B3pbiBa B IIOMEIICHUSIX, IJI¢ MCIOJb3YIOTCS TOPIOYME WM B3PbI-
BOOITacHBIEC BelllecTBa. K 3TUM Xe MOCeACTBUSAM MOXET IIPUBECTH U
3aHOC BBICOKMX IOTCHLMAJIOB (HAIPSDKEHMS) I10 JIFOOBIM METajUIo-
KOHCTPYKIMSIM, HAXOISIIMMCS BHYTPYW 3IaHUNM U COOPYKCHMIl IOI
IECTBUEM MOJIHUU.

Hnst 3almThl OT AEMCTBUSI MOJHMM YCTpaWBalOT M OJHHU € -
OTBOAHB (TPOMOOTBOABI). BDTO 3a3¢MJICHHBIE METAUIMUECKUC
KOHCTPYKIIMM, KOTOPBIE BOCIIPMHMMAIOT yIap MOJHHUU U OTBOIAT €¢
TOK B 3eMiIi0. PasnmyaioT cTepXHEBBIE M TPOCOBHIE MOJHUEOTBOIBL.
Mx 3ammTHOE IeiicTBUE OCHOBAHO HAa CBOMCTBE MOJIHMI ITOpaXKaTh
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LIIMTHOE JEMCTBME OCHOBAHO HA CBOMCTBE MOJHMI ITopakaTb HanOo-
Jiee BBICOKME M XOPOILIO 3a3¢MJIEHHbIE METAJUTMYECKUE KOHCTPYKIIMH.

MoHUEOTBOIbI XapaKTePU3YIOTCS 30HOM 3allUThl, KOTOpasl OIl-
penensieTcsl Kak 4acTb MPOCTPAaHCTBA, 3allUILEHHOrO OT yaapa MOJ-
HUM C ONpeAeeHHON CTEeNeHbl0 HaAeXHOCTU. B 3aBUCUMOCTU OT
CTeNeHU HaAEXHOCTU 30HbI 3alllUThl MOTYT OBITb ABYX TUMOB — A
u b. Tun 30HbI 3alMTHl BHIOMPAOT B 3aBUCMMOCTH OT OXUIAAEMOIO
KOJIMYECTBA TTOPaXXKeHUI MOJHUEH 3MaHWi M COOpyXeHMit B Tof (V).
Ecnu BennuvHa N > 1, TO NpUHUMAKOT 30HY 3alllMThl TUIa A (cTe-
MeHb HaAEXHOCTU 3alllMThl B 3TOM CJydyae€ COCTaBJIsSIET HE MeEHee
99,5%). Ilpu N < 1 npuHUMAIOT 30HY 3allUMThl THUNA B (cTeneHp Ha-
JIEXHOCTH 3TOM 3alIUTH — 95% 1 BEILIE).

PaccmoTpuM, Kakyio 30HY 3aliuThl oOpa3yeT CTepXXHEBOM OT-
JIEJTBHO CTosInii MoHueoTBoxn (puc. 20.9).

/ <" x Puc. 20.9. 3ona 3awgumot 00unounozo
CMepIHCHeB020 MOAHUCOMBO0A:
I — TpaHWIIa 30HBI 3aLUTH Ha YPOBHE
BBICOTHI 00BEKTa; 2 — TO XK€, Ha YPOBHE
2 3eMJIM; I — BBICOTa MOJIHMEOTBOIA; Ay —
BBICOTa KOHYyCa 3alllUTHI; /iy, — BBICOTA
3aIUIIAEMOTO 00BEKTa; Iy — PaTUyC 30-
1o HBI 3alIUTHl Ha YPOBHE BBICOTHI OOBEKTA;
1y — pamuyc 30HBI 3alIUTHl 0OBbEKTa Ha

\& j YPOBHE 3eMJIK

Kak cnemyer u3 pucyHka, 30Ha 3allUTHI JUIsI JAHHOTO MOJIHUEOT-
BOJa TIpeACTaB/sIeT coO0M KOHYC BBICOTOM /iy C paalyCcOM OCHOBAHMSI
Ha 3emiie ry. OOBIYHO BBICOTA MOJHMEOTBOAA (4) He TIpeBbIIIACT
150 M. OcTanbHBIE pa3Mepbl 30HbI B 3aBUCMMOCTU OT BEJIUYHUHBI (A,
M) caenytoiue (ta6ma. 20.4):
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Taonuia 20.4. [TapameTpbl 30HBI 3aUIMTHI I MOJTHAEOTBOIA

Beauuuna napamempa oan

11 ,
apamwemp, m Sono! 1 o 5
Hy 0,85 h 0,92 h
o (1,1 — 0,002 h) h 1,15 h
ry (1,1 — 0,02 A)(h — hy/0,85) 1,5(h — hy/0,92)

CylIecTBYIOT TaKxXe 3aBUCUMOCTH, IIO3BOJISIONINE, 3adaBasich
pa3MepaMy 3alluiaeMoro oobekra (A, W r), ONPEACINTh BEIMUYUHY
h. DTa 3aBUCUMOCTB 11 30HBI b mMeeT BUI:

h = (rx+ 1,63hy)/1,5. (20.19)
JIJ1s1 MOJTHUEOTBOAOB IPYTMX TUIIOB 3aBUCHMOCTH MHBIE.

20.4. Oxasanue nepso nomoiu
NopazKeHHOMY DAEKTPHUECKHM TOKOM

PaccMoTprM OCHOBHBIE BOIPOCHI, KaCalOLIMECs] 0KA3AHUS Nepeoll
HOMOWU Om B030elicmeUs INeKmpu4ecKko2o moka. ITa MoMollb COCTO-
WUT M3 JABYX 3TAIlOB: OCBOOOXIEHME MOCTPAJaBIIETO OT BO3MEUCTBUS
3JIEKTPUYECKOTO TOKA U OKa3aHUE €MY TEpPBOW MOMOIIIN.

Ecnu yenoBeK MPUKOCHYJCS K TOKOMNPOBOMSIIEH YacTU DJEKTPO-
YCTAHOBKM Y HE MOXET CaMOCTOSITEJIbHO OCBOOOIMTHLCS OT BO3AEICT-
BUSI TOKA, TO IMPUCYTCTBYIOLIMM HEOOXOAMMO OKa3aTb €My MOMOIlb.
Hnsg atoro cieayer ObICTPO OTKJIIOUMTbL 3JIEKTPOMPOBOIKY C ITOMO-
IO BBIKJIIOYATENSI, pyOMIbHMKA M T.0. Ecau ObICTpO OTKIIOUUTH
3JIEKTPOYCTAHOBKY OT CETM HEBO3MOXHO, OKAa3bIBAIOIIMKA TOMOIIb
JIOJKEH OTAEJMTb IMOCTpaAaBllIero OT TOKOIpoBoasduieid yactu. Ilpu
9TOM CJeIyeT MMEThb B BHUAY, YTO 03 MPUMEHEHUSI HEOOXOIAMMBIX
MEP MNPENOCTOPOXHOCTU HEJb3d MPUKACAThCA K YEJIOBEKY, HaXOHs-
1eMycsl B LIETIM TOKA, TaK KaK MOXHO CaMOMY MOIIACTh ITOJ Hamps-
KeHue. JleicTBOBaTh CAeAyeT TaKUM 00pa3oM.

Ecnu nocrpagaBimMii mornaj Moji JEUCTBUME HaMpsDKEHUS 110
1000 B, TOKOMpOBOASIIYIO YacThb OT HEro0 MOXHO OTIEJUTb CYXUM
KaHATOM, MaJIKOXM WJIM JOCKOM WM OTTSAHYTb IIOCTPaJaBIIETro 3a
OCXKIy, €CIM OHa cyxas. Pyku oKa3bIBalolIEro IMOMOIIb CJeAyeT
3aLLUTUTDL JUBJIEKTPUUYECKMMU MepyaTKaMyd, Ha HOTU HEOOXOIUMO
HaleTh PEe3UHOBYIO OOYBb WJIM BCTaTh Ha MU30JMPYIOLLYIO MOACTABKY
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(cyxyro nmocky). Ecnu mepeducieHHble Mepbl He OaM pelyjbTaTa,
JIOMYyCKAaeTCsl MepepyouTh MPOBOJ, TOMOPOM C CYXOW JEPEBSIHHOI py-
KOATKOW WU Mepepe3arb €ro APYIMM MHCTPYMEHTOM C M30JIMPOBaH-
HBIMU PYYKaAMMU.

ITpu HanpsokeHuu, npebbimawpiiem 1000 B, nuuna, okaswiBaio-
1IKe TIOMOlb, JOJKHBI paboTaTh B IMBJEKTPUUYECKUX TepyaTKax u
00yBM U OTTIIMBaTh ITOCTpPaiaBIEero OT IPOBOJAA ClELMaJIbHbIMU
WHCTPYMEHTAMM, TpeIHa3HAauYeHHBIMU [IJiI JAHHOTO HAIpsSKEHMS
(luTaHroi wiu Kjiewamu). PekoMeHayeTcsl TakKe HaKOPOTKO 3aMK-
HYTb BCE MPOBOAA JUHUU BJIEKTpoIliepeaauyu, HabpoCUB Ha HUX CO-
€IMHEHHBIN C 3eMJIE IIPOBO/I.

ITocne ocBoOOXAEHMST TTOCTPAAABIIErO OT BO3AEUCTBUS JIEKTPU-
YeCKOro TOKa €My OKa3bIBalOT JOBPaYeOHYI0 MEIUILIMHCKYIO TTOMOILlb.
Eciu noay4yuBLIMiA 3JIEKTPOTPAaBMY HaXOAUTCS B CO3HAHUU, €MY He-
00XonuMO O0ecrneuYuTb MOJHbIA MOKOW A0 MNpUOLITHSL Bpaya WU
CPOYHO JIOCTaBUTbh B JieueOHOe yupexjaeHue. Eciu yenoBeK moTepsii
CO3HAHMWE, HO IObIXaHME U paboTa cepila COXPaHWINUCh, MOCTPaLaB-
LIeTO YKJIaAbIBAlOT Ha MSATKYI0 MOACTUJIKY, PacCTErMBAIOT MOSIC U
ofexay, obecrieurBasi TEM CaMbIM MPUTOK CBEXEro BO3ayXa, U JaloT
HIOXaThb HalATBIPHbIM CIUPT, OOPBI3TMBAIOT JIMLIO XOJIOJHOK BOIOM,
pacTupaloT U COrpeBaloT TeJjo.

ITpu peakoMm M CyIOpOXHOM, a TakKXKe yXyIlIalolleMcsl IbIXaHUU
MOCTpajaBllieMy IeJaloT MCKYCCTBEHHOe nbixaHue. IIpu oTcyTcTBUU
MPU3HAKOB KM3HU MCKYCCTBEHHOE JIbIXaHWE COYETAlOT C Hapy>KHbIM
MaccaxeM cepaua.

B zaxiiroueHue raaBbl yKaxkeM, YTO M3MEPEHUS YPOBHSI TOKa, Ha-
NPSIKEHUsI, COMPOTUBIEHUSI, MOLIIHOCTU U APYTUX MapaMeTPOB CETH,
OCYLLIECTBJISIEMbIE C 1IeJIbI0 obOecrieueHrs1 6€30MacHOCTU PabOTaKOLINX
Ha 3JIEKTPOYCTaHOBKAX, MPOBOASIT C MCIOJb30BAHUEM OOBIYHBIX aM-
IIEPMETPOB, BOJBTMETPOB, OMMETPOB, BATTMETPOB U APYTUX IMPHOO-
poB. KOHCTpyKIIMM, TPUHLMUIBLI pabOThl, 00JACTH IPUMEHEHUS U
METOJMKHA W3MEPEHUI COOTBETCTBYIOLLUX 3JEKTPUUECKUX BEJIMYMH
paccMaTpuBaloOTCs B Kypcax (PU3MKU U 3JEKTPOTEXHUKMU.

Kounrpoabubie Bonpocor
000 00000OC0COGEOGONOOGNOEONOIO

1. Rakoe jieiicTBue OKa3bIBAET JIERTPUUYECKUIT TOR HAa OPrannsm
qenoBera?
2. Yr1o Taroe daAeRTPOTPaBMBI?
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10.

11.

12.

14.
15.
16.

RaroBsl mpuauisl daekTpoTpaBMaTnaMa ?

. Or raknx c])amopor; 3aBUCUT HUCXOJl TOPasKEHUsA IJICRTpUiEC-

CKRIIM TOKOM?

. OxaparrepusyiiTe gormycTuMble YPOBHH HANPAMKEHU 1 TOKA.

Hepe‘II/ICHI/ITe OCHOBHbIE€ cllydanl BRJIIOYE€HU:A Y€/IOBERA B 9JIER-
TPOCETD.

. Uro Taroe marosoe nanpssrenue?

ITepeuncimme OCHOBHBIE CIMTOCOOBI M CPEICTBA DIEKTPO3ATIHTHI
U oxXapaktepusyiite ux.

RaroBa wiaccuuraima MPOU3BOJICTBEHHBIX IOMEIIEHiT 110
CTETIEHN OMACHOCTHN TOPasReHNA DIERTPIIECKIM TOROM ?

Yro Taroe 3amuTHOE 3a3eMIieHHE W RaK € €r0 MOMOIIBIO OCY-
HIECTBIACTCA 3alUTa YeIOBEKa OT MOPaskeHUA DICKTPUUYECKUM
TOKOM?

Yro rtakoe saHylleHHe U KAKOB NPHHIMUII O0OCCTICYEHUsT DIIEK-
TPOGE3OMAaCHOCTH ¢ €r0 MOMOIIHIO?

Yro Takoe 3amuTHOE OTRIIOUEHNE W KAKOBBI TPHHINIBI €TO
paboTbi?

HaszoBute wHamBmWIyaJbHbIEe cpefcTBa 3aliUThl OT TOPayKeHM
DNERTPUIECKAM TOKOM.

Yro Takoe MoaHNEOTBOJ?

Rarune Tumbl MOTHIEOTBOIOB CYIIECTBYIOT?

Yro Tarkoe 30Ha 3amUTLI MOJIHINEOTBOIA?



besonacuoctp
paborbl 060pysoBaHus
I0J JAAaBAE€HHUEM BbIIlIe
aTMoOc(epPHOro

IIpu ocymiecTBIeHNM Pa3IMYHBIX TEXHOJOTUIECKMX IIPOLIECCOB,
MPOBEACHUN PEMOHTHBIX paboT, B OBITY U T.II. IIIMPOKO pacIpoCTpaHe-
HBl Pa3IMYHBIC CHUCTEMBI IOBBIIICHHOTO HABJICHUS, K KOTOPHIM OTHO-
CUTCS CIlenylolliee 00OpPYyIOBaHME: TPYOOIIPOBOIBI, OAJUIOHBI M €MKOCTHU
IUIS. XpaHEHUsT WIM TIePEBO3KM CXKaTbhIX, CKVDKEHHBIX M PAaCTBOPCHHBIX
ra3oB, IapoOBble 1 BOISHBIC KOTJIBI, Tasroabaepbl 1 ap. OCHOBHOM Xa-
PaKTEpUCTUKOM 3TOr0 OOOPYIOBAHUS SIBISIETCS] TO, YTO NABJICHME Tasa
WIM XUIKOCTA B HEM IIpeBHIIIaeT arMocdepHoe. DTo 00OpymIOBaHUE
MIPUHATO Ha3bIBaTh COCYIaMU, paOOTAOIIMMM ITOI JABJICHUEM.

OcHoOBHOe TpeOOBaHME K 3TUM COCYIaM — COOA00eHUe UX eepMemut-
HOcmuy Ha TIPOTSDKEHUM BCEro Mepuoia SKCIUTyaTalMH. IepMeTMYHOCTh
— 3TO HEIPOHUIIAEMOCTb XMAKOCTSIMHU U Ta3aMU CTEHOK M COCIMHEHMIA,
OTrPaHUYMBAIOILMX BHYTPEHHVE O0OBEMbI COCYIOB, paOOTAIOIIMX O/ 1aB-
neHneM. Kpome 3THX cOCyIoB TpeOOBaHUSI IO T€PMETUYHOCTH 00s13a-
TEJIbHBI ¥ IS BAKYYMHBIX YCTAHOBOK M 000pya0oBaHus! .

JIto0bIe cocynpl, paboTarollue o JaBJeHUeM, BCeraa IIPeacTaB-
JITIOT cOOOM MOTEHIIMAJBHYIO OIACHOCTh, KOTOpAs IPH OIPEHCICH-
HBIX YCJIOBUSIX MOXET TPaHC(OPMUPOBATHCS B SIBHYIO (popMy M IIO-
BJIeUb TsDKEJIbIe IociencTBus. Pasrepmermsanms (IoTepsi repMeTHY-
HOCTHM) COCYAOB, paOOTalolMX IOJA OaBJICHMEM, AOCTATOYHO YacTo
COITPOBOXIAETCSI BOSHUKHOBEHHUEM JIBYX I'PYIII OIIAaCHOCTEHA.

IlepBast u3 HUX CBs3aHa C B3PBIBOM COCyla WIM YCTAaHOBKH,
paborTarollieil ITon maBieHreM. B3phIBOM Ha3bIBAIOT OBICTPOIPOTEKAIO-
Ui TIpoliecc (PM3NIECKNX Y XMMUYECKUX MPEeBPallleHUii BEIECTB, CO-

I BakyyMHBIM Ha3bIBalOT 00OPYIOBAHME, B KOTOPOM pa3jIMYHbIE TEXHOJIOTMYECKUE
MPOLIECCHl MPOTEKAIOT B Cpelie pa3peXeHHbIX ra3oB. C GU3MYECKOW TOYKHU 3PEHUST K
pa3pekeHHBIM OTHOCSITCSI Ta3bl, HAXOMSINUECS MPU CTOJb MalbIX JaBJICHMSIX, YTO
CPEIHSS JJIMHA CBOOOMIHOIO Mpobera WX MOJICKYT COM3MEpHMa C JIMHEHHBIMU pa3Me-
pamu TOro oGOpyIOBaHMsI, B KOTOPOM 3TH Ta3bl HAXOMATCS.
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MPOBOXAAIOLIMIACSI OCBOOOXAEHUEM OOJIBIIOTO KOJIMYECTBA SHEPTMU B
OrpaHUYEHHOM O0BEME, B PE3yJIbTaTe KOTOPOIO B OKPYXKAIOILEM MpO-
CTPAHCTBE OOpasyeTcs W PaclpOCTpaHseTcs yaapHas BojHal, croco6-
Has co3aaTh Yrpo3y >KM3HU W 3M0poBbI0 oaei. IIpu B3pbiBe MOXKET
MPOM30MTH Pa3pyllICHUE 30aHUSI, B KOTOPOM pPACIOJOXEHbI COCYIbI,
paboTatolye Moja JaBIeHUEM, WM €ro YacTeid, a TakKe TpaBMUpPOBa-
HME TMEPCOHAIA PA3JIETAIOIIMMUCS OCKOJIKAMU O00OPYIOBAHMSL.

BTopasg rpynma omacHOCTei 3aBUMCUT OT CBOMCTB
Be€ 1€ CTB, HAXOMIIIMXCS B OOOpPYIOBaHWUM, PabOTAIOIIEM IO JIaB-
JeHueM. Tak, oOCTyXMBAIOLIWI MEPCOHAT MOXET MOJyYUTh TEpMUYE-
CKHME OXOTM, €CIM B pa3repMeTU3MPOBABLICICSI YCTAHOBKE HAXOAWINCh
BellIECTBA C BLICOKOW WJIM HU3KOM TemrepaTypoil. Eciiu B cocyne Haxo-
JIAJTUCh arpecCUBHBIE BELIECTBA, TO padOTaIOLIME MOTYT MOJYyYUTh XW-
MMYECKHUE OXXOIW; KPOME TOrO, MPU 3TOM BO3HMKAET OMACHOCTb OTpPaB-
JIeHUs1 nepcoHata. PagualiMoHHas ONMacHOCTb BO3HUKAET MpPU pasrep-
METU3ALMM YCTAaHOBOK, COACpXalllMX pPA3JIMYHbIE PaadOaKTUBHbIE
BellecTBa. TakuM 00pa3oMm, [jis1 obecrieueHust 6e30MacHOCTU MePCOHa-
Jla, 0OCIY>XKMBAIOILIETO COCYIbl MOJ JABJEHWEM, BECbMa BaXKHO, YTOOBI
aKcnaAyamupyemoe 000py008anue COXPAHAN0 2ePMEMUHHOCb.

PaccMoTpriM OCHOBHBIE BMIbI COCYIOB M amIaparoB, paboTraro-
LIMX O AABJIECHUEM.

Tpybonpoeods: — 3TO YCTPOWCTBA IS TPAHCTIOPTUPOBKY KUAKOCTEMH
u rasoB. [lo cymiectBytomiemy 'OCTy 14202-69 Bce XKMIKOCTU U Ta3bl,
TPaHCIIOPTUPYEMbIE MO HUM, pa30MThl Ha AecaTh rpynmn. s onpene-
JIEHMSI BHUJA BEIIECTBA, TPAHCIIOPTUPYEMOIO MO TpyOOIpoBoOAaM, UX
OKpAalllMBAIOT B COOTBETCTBYIOLIME 1IBETA (OMO3HABATEIbHASI OKPACKA):

Bona — 3eJIEHbII
I1ap — KpacCHBII
Boznyx — CUHUI

I'a3bl roproure U Heroprouue — KeNThbIi
Kucnots — OpaHXeBblii
lenoun — (uonetoBblit
XKuakoctu roproyre M Heroprovue — KOPUYHEBBI
ITpouue BelecTBa — cepbiit

Kpome omo3HaBaTeIbHONM OKpacKd Ha TPyOOIPOBOABI HAHOCST
KpacKoil mpeayIrnpeauTesIbHble (CUTHAJIbHbIE) 1IBETHBIE KOJIbLIA:

' ViapHoii BOJIHOI Ha3bIBAaeTCs PACIPOCTPAHEHHUE B Ta3000pa3HOM, XKUIKOM WM TBEpIOii
cpefie MOBEPXHOCTH, Ha KOTOPOM MPOMCXOMUT CKAYKOOOpa3HOE MOBBILIEHUE NABJICHUS,
COMPOBOXIAIOIIEECS] UBMEHEHNEM TUIOTHOCTU, TEMIIEPATypbl W CKOPOCTHU JIBVMKEHUS Cpe-
JIbl. DTa MOBEPXHOCTh HA3bIBAETCSI MOBEPXHOCTBIO B3PbIBA MJIM CKAYKOM YIUIOTHEHUSI.
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1Lleem nanocumoeo Tpancnopmupyemvie geuecmaa
Ha mpy6onpoeod Koavua
KpacHsrit — B3apbiBoomacHble, OrHeomacHble, JErKOBOC-
TUTAMEHSTIOIIUECS
3eneHblit — be3onacHble WM HEHTpaJIbHBIE
Kentblii — ToKcuuHble WJIM WHOW BUI OMNACHOCTH, Ha-

MprUMep TIyOOKWiI BaKyyM, BBICOKOE IaBJe-
HMe, HaJluuKie pagualniu

KonnyecTBo CUTHAJIBHBIX KOJIEL OIIpeIesIsieT CTEIeHb OITacCHO-
ctu. barsowst — 3TO cocymbl I TPAHCIOPTUPOBKUA M XpaHEHMS
CXXaThIX M pacTBOpPeHHBIX Ta3oB. Paznuuaiot (cormacHo 'OCTy 949 -
73) 6annonnl manoin (0,4—12 i), cpeaneit (20—50 1) u Oonbloi
(80—500 1) BMecTuMoOCTHA. B 3aBUCHMMOCTH OT comepsKalMXcsl Ta30B
OaJJIOHBI OKpAlllMBAalOT B COOTBETCTBYIOILIME CUTHAJIbHBIC 1IBeTa, a
TaKXKe Ha MX MOBEPXHOCTh HAHOCSIT HAIIMCh, YKa3bIBAIOILIYIO BUI T'a-
3a, a B pse ClydyaeB — OTIIMYUTEIbHBIC TOJOCH (Tabm. 21.1).

B BepxHeil yacTh KaXaoro CTajbHOro 0aIOHA BBIOMTHI CIICAYIOIIME
TMAHHBIe: TOBAPHBIN 3HAK MPENNPUSATHSI-U3TOTOBUTEINS; naTa (Mecsm 1
rO/I) M3rOTOBJIEHUS (ITOCIEAHETO WCIBITAaHWS) W TOHA CICAYIOIIEro Mc-
MbITAHUSI; BUI TEPMOOOPAOOTKM Marepuana OajljioHa; pabouee U IMpoo-
Hoe ruapaBiamyeckoe napieHue, MIla; eMKocTth OaitoHa, JI; Macca
6amnoHa, kr; kieiiMmo OTK; o60o3HaueHre NEMCTBYIOILIETO CTaHAapTa.

Kpuoeennsie cocyder TipemHa3HAYeHBI IS XpaHEHUSI W TPAHCIIOP-
TUPOBKHU PA3TMYHBIX CKIDKEHHBIX Ta30B: BO3Ayxa, KUCJIOpOAA, apro-
Ha u gp. B coorBerctBnm ¢ 'OCTom 16024-79 E MX BBHITyCKaloT
1IeCTH TUmopasMepos; 6; 3; 10; 16; 25 u 40 1. Dtn cocymbl MapKupy-
10TCs caenyoimM obpazoM: Hanpumep CK-40 — cocyn KpuoreHHbI
eMKocThio 40 1. CHapyxXu MX OKpallMBaIOT cepeOpucTOi Wi Oenoit
SMAaJTbI0 M TIOCEPeANHE HAHOCAT OTIMUMTENIBHYIO TTOJIOCY C Ha3BaH M-
€M CXKIKEHHOTO Ta3a, Haxozsiuerocs B cocyne. KpoMe paccMoTpe H-
HBIX COCYIOB IUISI XpaHEHUs OOJIBIIMX KOJMYECTB CKIDKEHHBIX Ta30B
VCTIONB3YIOT CTallMOHApHBIE pe3epByaphbl (00bemoMm 1o 500 TwIC. T 1
Oosee), a AIs1 UX MEPEBO3KU — TPAHCIIOPTHHIE COCYIbl (LIMCTEPHBI),
UMelolue o0beM A0 35 ThIC. JI.

Tazeonv0epor TIpemHa3HAYeHBI UISI XpaHEHWS W BbITAYM OOJIBIIMX
KOJIMYECTB CKAThIX Ta30B, OTACICHUS OT HMX MEXaHMYECKUX IIpUMeceit
U Ipyrux lejeil. Paszimyaror rasroipaepbl BRICOKOIO M HHU3KOTO JIaBJIe-
HUsl. B TiepBbIX M3 HUX CKATBIN Ta3 HAXOMUTCS IO OOHUM U3 CJIEY FOLIX
naBneHuit: MeHee 25; 32 u 40 MIla. T'asroibaepbl HU3KOTO JaBJICHMS
paccyMTaHbl Ha GONBILONH 0ObEM XPaHUMBIX razos: 10°—3.107 .

Taonuma 21.1. IIBera okpacku 6aJJIOHOB
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la3 Llgem okpacku | Texcm madnucu Lleem Llsem

bananona Haonucu noaocwl

Aot YepHbiii Aot XKenteiit  Kopuune-

BBII

AmMmuaxk Kenrorii AmMmuak YepHbiit —

Apron TtexHude- YepHblit Apron texHuue- CuHUIL Cunuit

CKUM CKUM

AueTtuneH Benwbrii AueTtuneH Kpacubiii —

Byran Kpachbrit Byran Benwrii —

Bonopon Temno-3eneHslii Bomopon KpacHbrit —

Boznyx YepHbiit Cxartblit Bo3nyx benblii —

Kucnopon TI'onyGoii Kwucnopon Yepuoit —

VYrnekucnora YepHbiit VYrnekucnora Kenteii  —

Xiop 3allUTHBII — — 3eneHblit

Hpyrue roproune KpacHbiii HaumenoBanue benbiii —

rasbl rasa

Hpyrue Heropio- YepHblit HaumenoBanue ZKentelii —

YUE Ira3bl rasa

Kpome paccMOTpeHHBIX T€pPMETUUHBIX YCTPOWCTB M YCTAaHOBOK
IPUMEHSIOT TAKXE aBTOKJIABBI!, KOMIIPECCOPBI?, KOTJIL.

B Hameit crtpaHe obOecrieueHue 0e30MacCHOCTU pPabOTHI repMme-
TUYHBIX YCTPOUCTB perjiaMeHTUPYETCS] HOPMATUBHBLIM JOKYMEHTOM:
«IIpaBuna ycrpoiictBa U 0e30MaCHON B3KCIUIyaTallMyd CTalMOHAPHBIX
KOMIIPECCOPHBIX YCTAHOBOK, BO3AYXOMNPOBOAOB 1 Ta30MpOBOAOB» U
ap.

PaccmoTpum Tenepb OCHOBHBIE MPUYUHBI, TMPUBOASAIIME K pas3-
repMeTu3aluy COCyI0B, paboTamlIMX Mon AaBiaeHueM. VX MpuHSTO
JIeJINTb Ha 3KCIIyaTallMOHHbIE U TEXHOJIOTUUECKUE.

IlepBoii 3KkcrIyaTalMOHHOW TMPUYMHOW pa3repMeTU3aluu SBJ SI-
eTCsl 006pa3oeanue 83pblBOONACHBIX cMecell, COCTOSIIIX U3 TOPIOUMX Ta-
30B, MApOB WIM XUAKOCTEH M oKUcauTess. [IpuMepoMm Takux cMme-
ceil MOTYT CIYyXUTh aleTWJIeH U KUCIOPOJA, BOAOPOA U KUCIOPO.,
rnmapbl 3TUJIOBOTIO COUPTA U KUCJIOPOI U AP.

B3pbiBoONacHbIE CMeCU <«TOpHOYee—OKUCIUTEIb» MOIYT BO3TrO-
paThCs M B3pBIBAaTbCS, €CAM MUMEETCSI MHULIMATOP (MCTOYHUK) 3aXK M-
raHusi, B Ka4eCTBE KOTOPOIO MOXKET BBICTYNUTb BJEKTpUYeCcKasi MC-

| ABTOKJIaBbI — TepMETHUYHbIE YCTAHOBKM, NMpeJHA3HAYEHHLIE IS TPOBEACHUS pa3-
JIMYHBIX TETUIOBBIX U XMMUYECKHX TTPOLIECCOB IO/ MOBBIIICHHBIM JAaBJICHUEM.

2 Komrnpeccopbl — YCTPOICTBA [ TOJYYEHUs CXATOTro BO3AYXa JaBIEHUEM CBbILIE
3.10° Ia.
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Kpa (Hampumep, BO3HUKAlOIAsi B pe3yjibTaTe HAKOIUIEHUS CTaThye-
CKOI'O 3JIEKTPUYECTBA), MCKPbl OT Ta30- M 3JEKTPOCBAPKU, MCKPHI,
BO3HUKAIOLIKWE OT yJapa CTAJIbHBIX MPEAMETOB, HArPETHIE Teja U JIp.
CyluecTByeT TakKe pPsiil CaMOBOCIUIAMEHSIIOLIUXCS CUCTEM, UIST KO-
TOPBIX He TpeOyeTcss MHUIMATOP 3axkuraHus. [Ipumepom Takux cuc-
TEM MOTYT CIYXUTb HATPUI WM KaJduil, KOTOpble MPU HOPMaJTbHOM
TeMIlepaType B3pbIBAIOTCS IMPU COMPUKOCHOBEHUU C XJIOPO(POPMOM.

dng mpemnoTBpallleHUs] B3PBIBOB CJEAYEeT MCKIKYaTb BO3MOX-
HOCTb OOpa3oBaHUS CUCTEM <«TOPHOYEE—OKUCIUTENb», MPEaoTBpa-
1IaTh MHULMMPOBAHUE TOPEHUSI, a TaKKe 0O0ecleuyMBaTh JOKaJIM3a-
LIMIO oyara ropeHus.

McknwouyuTp oOpa3oBaHMUE B3pbBOOMAac-
HBIX CMECE€MW B CUCTEME «TOPIOYEE—OKUCIUTEIb» MOXHO Clie-
IYIOIIUMHA MyTSIMU. Bo-TepBbIX, MAaKCUMaJIbHO OrpaHWYMBATh KOH-
LIEHTPALIMIO TOPIOYEro BeIIeCTBA B CMECH C OKHUCIUTEIEM, YTOObI B
9TOM cHUCTeMe He 00pa3oBbIBalach B3pbIBOOIIACHas cMmech. Bo-
BTOPbIX, PEKOMEHIYETCS N00aBISITh K B3PHIBOOMACHBIM CMECSIM «TO-
ploYyee—OKUCIUTEb» UHEPTHbIE KOMIIOHEHTHI, Ha3biBacMble (hjerma-
TM3aTopamu. IIpuMepoM TakuX BELIECTB MOTYT CIY>XMTb a30T U yI-
JIGKMCJIBIA Tra3. OTU BELIECTBA HE YYACTBYIOT B PEaKlMU TOPEHUsT U
CIOCOOHBI €€ TOPMO3UTb.

s Toro yToObl MpeJOTBPATUTh MHUILMUPOBA-
HME mpouHmecca TopeHMUs, HEOOXOMMMO HEUTpaIru30BaThb
WCTOYHUKU 3KUTaHMS. DTO AOCTUTAETCsl 3a3eMJIEHHEeM 000pymoBa-
HUS U1 UCKIIIOYEHMS BO3MOXHOCTWM HAaKaIUIMBAaHUS CTaTAYECKOIO
3JICKTpUYECTBA, NPUMEHEHUEM OE3MCKPOBOro (HE MAIOILIEro MCKpP B
Mpoliecce dKCIUTyaTallMy) UHCTPYMEHTA U APYTUMU MEPOIPUSITUSIMU.

JJoxanu3anmuio oyara ropeHHus NPUMEHSIOT, €CIU
CYLIECTBYET BEPOSTHOCTb OOpa30BaHWSI B3PHIBOOMACHOW CMECU U
MMEETCS MHUIIMATOP 3aXuraHus. B 5ToM ciyyae MCIOJb3YIOT OTHE-
B3PbIBOIPETPAAUTEIN, KOTOPbIE OTPAaHUYMBAIOT OYar rOpeHus B Ipe-
JleJiax OIpeAesICHHOro armapaTa WM ra3olpoBoja, COCOOHOIO BbI-
JiepxaTb nocieAacTBus ropeHus. [lepenaua ropsiueil cMecu B Ipyrue
anmnaparbl, TAKUM 00pa3oM, MCKIIIOYAETCS.

Bropas skcrulyaTauMOHHas TpUYMHA pasrepMeTU3allMu YCTaHO-
BOK M ammapaToB, paboTaolIMX MO JaBJIEHUEM, — 9TO TaK Ha3blBae-
MbI€ TMOOOYHBIE MPOILECCHI, MPOTeKalolle B HUX M IPUBOMSILLIME K
MOCTENEHHOMY M3MEHEHUIO U Pa3pylIEHUI0 KOHCTPYKIIMOHHBIX MaTe-
pUaioB, U3 KOTOPBIX 3TU YCTAHOBKU U3roTOBJEHbI. [IpriMepamMu Takux
MPOLIECCOB MOTYT CIYXKWUTh KOPPO3MsI CTEHOK araparoB, oOpa3oBa-
HYE HAKWIM Ha CTEHKax KOTJIOB, YMEHBIIEHWE MPOYHOCTHBIX CBOMCTB
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MaTeprajJoB YCTAHOBOK W Ap. s TOro 4toObl MCKIIOUUTH BIUSIHUE
MOOOYHBIX MPOLECCOB, HEOOXOAMMO CBOEBPEMEHHO W KayeCTBEHHO
MIPOBOINTHL MPOGUMIAKTUYECKHE U PEMOHTHBIE pabOTHI COCYIOB, pabo-
TalOIIMX MO JABJAECHMEM, a TakKe MPaBUIbHO X 3KCILUTyaTUPOBATh.

Texnonoeuueckue npuuuHbl pazeepmemu3ayuy — 3TO Pa3IUYHbIE
JedeKThl (TPEeIIHbI, BMSTUHBI, 1e(eKThl CBAPKU M [Ip.), BO3SHUKILINE
MpU M3TOTOBJICHUM, XPAaHEHUM M TPAHCIIOPTUPOBKE COCYIOB, pabo-
TaIOIIUX MO/ IaBJICHUEM.

g cBoeBpeMEHHOIro OOHapy:KeHUsI 3TUX Ae(EKTOB MPUMEHSIIOT
pa3IMyHble METOIbl KOHTPOJISI: BHELIHWI OCMOTpP COCYAOB U alrapa-
TOB, paboTalOIIMX IOJ JaBJIeHHUEM, Hepaspyllalollie METOIbl KOH-
Tposisi (JIIOMUHECLIEHTHbIE, YJIbTPA3BYKOBbIE U PEHTICHOBCKUE METO-
IIbl), TUAPABAUYECKUE MCIBITAHUS COCYAOB, MEXaHWYECKHUE MCITbITAa-
HUSI MaTEpUaJiOB, M3 KOTOPBIX M3TOTOBJICHBI COCYIBI, 1 JIp.

Mepbl 6€30MaCHOCTU TIPU 3KCILTyaTallMd ra30BbIX OAJJIOHOB:

e Ta30Bble OAJUIOHBI HEOOXOAMMO XPAaHUTHh B BEPTUKAIBLHOM IIO-

JIO)KEHUU B MPOBETPMBAEMOM ITOMEIIEHUN WIM O] HaBeCaMU.
Hx cnenyer 3aluMiaTh OT AEWCTBUSI MPSIMBIX COJTHEUHBIX JIy-
yeil U ocaakoB. BalsIOHbl He JOJDKHBI XpaHUTBCSI HA PacCTos-
HUU MeHee 1 M OT paaumaTtopoB OTOIUIEHMSI U OJMKe 5 M OT
OTKPBITOTO OTHSI;

HEJIb3s1 TIEPEHOCUTh OA/UIOHBI Ha IJleyax WIM pyKaMu B 00XBar;
9KCIUTyaTUPOBaTh MOXHO TOJbKO HCIIpaBHble OamnoHbl. Mx
HalO YCTaHaBIMBATb BEPTUMKAIbHO HAa MECTE IPOBEICHUS pa-
00T M HamEeXXHO 3aKPEIUIATh IJIS MPEeIOXpaHeHUs OT IaaeHUS.
YcTaHOBIEHHBIN OAJJIOH [OJKEH OBbITh HAEeXHO 3allIMIIEH OT
BO3IECHCTBUSI OTKPBHITOTO OTHsI, TEIJIOBOTO M3JIyYeHUSI U TIPsi-
MBbIX COJIHEUHBIX JIy4eil.

Konrpoabubie Bonpocoi

1. Jlaiite onpejenenne MOHATHS «COCY], paboTAIONMII O] aBie-
HITeM>.

Rakue Bujibl cocyioB, paboTaiommx noj JaBlieHueM, Bbl 3Haere?
Yro Takoe curHajbHas OKpacka TPyoOIpOBOIOB?

Ilepeancimre nBera oKpackn OAITOHOB.

KakoBbl OCHOBHbBIE YCJIOBHsI 0€301ACHOIT DKCIUTyaTaum cocy-
JIOB, padoTalomux Moj| gaBiennem?

Kak HeoOXoimMo XpaHuTh M TPAHCIOPTUPOBATH COCYJIbI, pado-
Taloniue mojx aapieHnemM?

U N

o



[lo:xapuaa u B3pbiBHAS
6e3onacHocTb

22.1. OCHOBHble IOHATHA

Iloscapom Ha3BPIBaIOT HEKOHTPOJIMPYEMOE TOpPEHME, pa3BUBAIO-
1eecs BO BpeMEHHM M IIPOCTPAHCTBE, OMACHOE IS JIIoAeii MU HaHO-
cslIee MaTepUaNbHBIA yiiep6. [loxcapnas u 63pvieHaAs 6e30naACHOCHb
— 9TO CHCTEMa OPraHU3allMOHHBIX U TeXHUYECKUX CPEACTB, HAIIpaB-
JIeHHas Ha NMpo@UIaKTUKY W JUKBUIALMIO ITOXApOB U B3PHIBOB.

Iloxapbl Ha MPOMBIIUICHHBIX MPEANPUATHSAX, HAa TPAHCIIOPTE, B
OBITY IIPEICTABJISIOT OOJIBLIYIO OMACHOCTh IJIST JIFOAEUH M HMPUIMHSIOT
OTPOMHBINM MaTepHUalibHBIN yiiepO. [1o3ToMy Bompochl obecreueHus
MOXapHOI 1 B3PBIBHOM 0€30ITaCHOCTH MMEIOT TOCyIapCTBEHHOE 3Ha-
YeHHE.

PaccmoTpyM  U3MKO-XMMHUYECKHE OCHOBBI IIpoliecca TOPEHMUSI.
lTopenue — 31O ClI0XHOE, OBICTpOIIpOTEKalollee (PUNMKO-XUMHUIECKOE
MpeBpallleHNe BEIICCTB, COIPOBOXIAIOIIEeCs BBIICICHUEM TeIla U
ceera. [IprMepOM TaKMX DK30TEPMHUUECKMX peakLuil! ropeHus mo-
JKET CIIyKWTh B3aMMOJICHCTBME yIJIepoaa, BOIOpOoIa M MeTaHa C KH-
CJIOPOMIOM:

C+0, = CO, + 383,5 KII:X/MOIb; (22.1)
2H, +0O, = 2H,0 +517,7 xx/M0Jb; (22.2)

CH,4 + 20, = CO, + 2H,0 + 882,0 k[lk/mMonb.  (22.3)

Takum obpasom, Ml MpOTeKaHMs IIpoliecca TopeHUst TpeOdyeTcs
HaMuue Tpex (aKTOpOB: TOPIOUEro BeIeCTBa, OKUCIUTENS] U MC-
TOYHMKA 3aXkKUTraHus (MMIMyibca). Yaille BCEro OKUCIUTENEeM SIBIISIET-
Csl KMCJIOPOJ, BO3[AyXa, HO €r0 POJib MOTYT BBIMOJHSITE U HEKOTOPBIE
JIpyTHhe BelllecTBa: xJiop, ¢Top, OpoM, itod, okcuabl azota u ap. He-

1 9K3OTC])MI/I‘{60KI/IMI/I Ha3bIBalOT XUMUYECKUE PEAKIIMU, IIPOTEKAOIIME C BLIACICHUEM
TEIIA.
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KOTOpBIC BelllecTBa (HampuMep, CXaThIii alleTWIeH, XJIOPUCTHIN a30T,
030H) MOTYT B3pBIBaThCS ¢ 0Opa3oBaHMEM TeIUla M IlaMeHu. Iope-
HHe OOJIBIIMHCTBA BEIIECTB IPEKpalllaeTcsl, KOrma KOHIICHTpAIIvs
Kuciaopoaa mnoHmxkaercs ¢ 21 go 14—18%. Hekortopnie BelecTsa,
HaIIpuMep, BOIOPOM, ITWICH, alleTUICH, MOIYT TOpeTh IPH COAep-
JKaHUM Kucaopoaa Bo3ayxa 10 10% u meHee.
HMcToyHnkaMy 3aKWTaHUST MOTYT CIYXWTh CIyJ9ailHble HCKPBI
Pa3IMYHOTO TIPOUCXOXACHUS (JIEKTPUUECKUE, BO3HUKIINE B pe-
3yJIbTaTe HAKOIIEHUSI CTATUYECKOTO 3JIEKTPUUIECTBA, MCKPHI OT Ta30-
1 2JICKTPOCBApPKM M T.I.), HAarpeThle Tejla, MEPerpeB JIEKTPUIeCKUX
KOHTaKTOB M Ip.
Pazmuyator momHOe M HemojHOe ropeHue. Ilpoliecchl ITOJTHOTO
TOPEHMST TPOTEKAIOT IPY M30BITKE KMUCIOPOJa, a MPOAYKTaMU peak-
LMK SIBJISTIOTCST BOAA, TMOKCUIBI CEPhl M yIiiepona, T. €. BelllecTBa, He
CIIOCOOHBIE K HajJbHEHIeMy OKuciaeHHuio. HemonaHoe ropeHue mpo-
HMCXOIUT TIPU HEZOCTAaTKe KMCIOPONa, MPOAYKTaMH pPEaKIMUi B 3TOM
cyJae SIBJISIIOTCSI TOKCUYHBIC M Topioure (T. €. CIIOCOOHBIE K Jallb-
HeiillIleMy OKHCJIEHUIO) BellleCTBa, HAIpUMeEpP, OKCHI yIaepoaa, CIHp-
THI, aJIBAETUIBI, KETOHBI 1 JIP.
B 3aBUCHMOCTM OT CBOMCTB roproyeil cMecu ropeHue ObiBaeT ro-
MOT€HHBIM M TeTeporeHHbIM. [IpM roMOoreHHOM TOpeHMHM Toplodee
BEILIECTBO M OKMCIIMTEIb MMEIOT OJMHAKOBOE arperaTHoOe COCTOSTHUE
(HampuMep, CMech FOPrOYEro raza M Bo3ayxa), a MpU TeTeporeHHOM —
BellleCTBa IPM TOPEHUY MMEIOT TpaHWUIly pasneia (Halpumep, rope-
HHME TBePABIX WM XUAKMX BEIIECTB B KOHTAKTE C BO3IYXOM).
Ilo ckopocTu pacmpocTpaHeHHMs ITaMEHM pasinyaloT CIemylo-
1€ BUIBI TOpeHU: nedaarpallioHHOe (CKOPOCTh PacIpoCTpaHEeHUsI
IJIJaMeHU — JECSITKM METPOB B CEKYHNY), B3pBIBHOE (COTHU METPOB
B CEKYHIy) U JIETOHALMOHHOE (ThICSIYU METPOB B CeKyHay). s mo-
JKapoB XapaKTepHO nedrarpalliOHHOE TOpPEeHUE.
ITpuHaTO paznuuaTh OegHbIE U OOraThle TOpIOYME CMECU B 3aBU-
CHMOCTH OT COOTHOIIIEHUSI TOPIOYEro M OKMcIuTessa. bemHbie cMecu
coJepxaT B U30OBITKE OKHUCIUTENb, a OoraTble — roprouee.
[Ipoiiecchl BOSHUKHOBEHMSI TOPEHUS CIICAYIOIINE:
e BCIIBIIIKa — OBICTPOE CrOpaHUE TOpIoYell CMECH, HE COIIPOBO-
JKaarolieecss 00pa3oBaHUEM CXATHIX Ta30B;

e BO3rOpaHME¢ — BO3HMKHOBEHHE TOPEHUS IOI ICHCTBHEM MC-
TOYHMKA 3aKUTaHUS;

e BOCIUIAMCHEHHE —  BO3TOpaHue, COITPOBOXIAIOIIEECsI
MOSIBJICHUEM IUIaMEHU,
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e CaMOBO3TOpaHMEe — SBJIEHWE PE3KOIro YBEJIWYEHUsS CKOPOCTHU
9K30TEePMUUYECKMX PEeaKIMil, MPUBOIAIICe K BOZHUKHOBEHUIO
TOpEHUs BEIEeCTBA MPU OTCYTCTBUM MCTOYHMKA 3a>KUTAHUS;

e CaMOBOCIUIAMEHEHHE — CaMOBO3TOpaHMe, COIPOBOXIAIOIICECS

MOSIBJICHUEM ILIAMEHMU.

B3pbiB — upe3BblUaiiHO OBICTpOE XMMUYECKOe (B3pbIBUATOE) Ipe-
BpallicHWE, COMPOBOXIAIOLIEECS BbIAEICHUEM SHEPTrMU M 00pa3oBa-
HMEM CXaThIX Ta30B, CIIOCOOHBIX IIPOM3BOAUTH MEXaHUIECKYIO
pabory.

Ilpy noxape Ha momell BO3MEUCTBYIOT CJEAYIOIINE OIACHBIC
(akTOpBl: TOBHIIICHHAS TEMIIEpaTypa BO3Myxa WIM OTICIBHBIX
MPEAMETOB, OTKPHITBHIA OTOHb M MCKPHI, TOKCMYHBIC MPOAYKTHI CrO-
paHus (HampuMep, yrapHbIi Ta3), IbIM, ITOHIDKEHHOE COIepXKaHUe
KHCJIOpOAa B BO3IyX€, B3PHIBBI U AP.

OlLleHMM TOXapHYIO OITACHOCTH (ITOXKApOOITACHOCTh) Pas3IMYHBIX
BEILIECTB M MaTePHUAJIOB, YUUTHIBAasI MX arperaTHOE COCTOsIHUE (TBep-
Joe, KUIKOe MM razoodpasHoe). OCHOBHBIC MOKA3aTeIM ITOKapHOMI
OITACHOCTM — TeMIIepaTypa CaMOBOCIUIAMEHEHUs M KOHIICHTpAIlv-
OHHBIE TIpeIesbl BOCTUIAMEHEHMSI.

Temnepamypa camosocniamenenus — MUHUMAJIbHAS TeMIlepaTrypa
BellleCTBa WJIM MaTepuaja, IMpH KOTOPOil IIPOMCXOAUT Pe3KOe YBEJIM-
YEeHME CKOPOCTH 32K30TepMHUYECCKMX peakIlvii, 3aKaHYMBaOIIeecs
IUTAMEHHBIM TopeHreM. OTiInYmMe 3TOTo Mmpollecca OT MpoIriecca BO3-
rOpaHMs 3aKJII0YaeTCs B TOM, YTO IIPM IIOCJIEIHEM IIPOIecCce 3aropa-
€TCSI TOJIbKO ITOBEPXHOCTh BEIIeCTBa WJIM MaTepuajia, a IpH CaMoO-
BOCIUIAMEHEHMH TOPEHHE IIPOMCXOAMT BO BceM oObeme. IIporecc
CaMOBOCIUIAMEHEHMST IIPOUCXOIUT TOJIBKO B TOM CJIydae, €CJIM KOJIu-
YECTBO TEIUIOTHI, BHIIEISIEMOE B MPOIECCe OKMCICHUS, IIPEBBICUT €¢
OTIa4Yy B OKPYXAIOIIYIO CPemy.

CMecH TOpIOYMX T'a30B, ITapOB U IBUIM C OKUCIUTEIEM CIIOCOOHBI
TOpPETh TOJIBKO TIPM OIPENEJICHHOM COOTHOIICHWM B HUX TOPIOYETO
BelllecTBa. MUHUMAJIBbHYIO KOHIICHTPAIIMIO TOPIOYEro BEIeCTBa, P
KOTOPOM OHO CIIOCOOHO 3aropaThCsl M PacIpOCTPaHSTh IUIaMs, Ha-
3BIBAIOT HUNICHUM KOHUCHMPAYUOHHBIM npedenom eocniamererus. Hau-
0OJIBIIYI0 KOHIIEHTpAIlMIO, IPM KOTOPOM eIlle BO3MOXHO TOpeHUeE,
Ha3bIBAlOT BEPXHUM KOHIIEHTPALIMOHHBIM TPEAEIOM BOCILUIaMEHE-
Hus1. O0IacTh KOHLIEHTPAIIMA MEXIY STHMU IIpeneiaMy IIpeACTaBIs-
eT coboil obaracmv ochaameHeHUs.

3HayeHWsT HIDKHETO M BEPXHEro IIPENeioB BOCIUIAMEHEHUST He
SIBJISTIOTCST TIOCTOSTHHBIMM, @ 3aBHUCSIT OT MOIITHOCTUA MCTOYHMKA BOC-
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IUTAMEHEHMUS, COAEPXKAHUsI B TOproYeil CMECU MHEPTHBIX KOMITOHEH-
TOB, TEMIIEPATypPbl U JAABJICHUS TOPOYE CMECH.

KpoMe KOHIIEHTpallMOHHBIX PAa3dyaloT U TeMIIepaTypHblE Mpe-
Jeabl (HUXKHUAM M BEPXHUIA) BOCIIJIAMEHEHMSI, TOA KOTOPbIMU MOHU-
MAalOT TaKyde TeMIIepaTypbl BEIIECTBA WIM Martepuaia, MpUu KOTOPBIX
€ro HachblllCHHbIE TOPIOYME Mapbl 0OPa3ylOT B OKUCIMUTEIbHON Cpene
KOHUEHTPAllMU, PaBHbIE COOTBETCTBEHHO HWXHEMY U BEPXHEMY
KOHUEHTPALMOHHBIM MpeaesiaM paclipoOCTPaAaHEHUS TIJIAMEHU.

Temnepamypa eocnaameHneHuss — 3TO MUHUMAaJbHAsl TeMIlepaTypa
BEIIECTBA WJIM MaTepuana, MpU KOTOPOW OHU BBLICJSIOT TOprOYUe
napbl M rasbl ¢ TaKOi CKOPOCTbIO, YTO MPU HAJTUYMU UCTOYHUKA 3a-
JKMIaHUSI BO3HMKAET ycToiuumBoe ropeHue. Ilocie yaaneHust 3Toro
MCTOYHMKA BELIECTBO MPOAOJIKAET TOpeThb. TakuM 00Opa3oM, TeMmrie-
paTtypa BOCILJIAMEHEHUS XapaKTepu3yeT CIIOCOOHOCTb BEILIECTBA K
CaMOCTOSITEJIbHOMY YCTOMYMBOMY FOPEHMIO.

Temnepamypa eécnviuiku (tze;) — 9TO MUHUMAaJbHasl TeMmeparypa
rOpIOYEro BEIIeCTBa, MPU KOTOPOM Hal €ro MOBEPXHOCTbIO 00pa3y-
IOTCSI Mapbl WM Tasbl, CIIOCOOHBIE BCHBIXHYTh OT MCTOYHMKA. CKO-
pocTh 00pa3oBaHUS TOPIOYMX TAa30B MPU BCIBILIKE €1Ie HEA0CTATOY-
Ha JJ151 BOBHMKHOBEHUS TUIAMEHMU.

TemmepaTypa BCHBIIIKM UCIOAb3YETCS IIST XapaKTePUCTUKU BCeX
TOPIOYMX XMIKOCTEH Mo moxapHoi omacHocTu. ITo 3ToMy mokaza-
TEJII0 BCE TOpIOYMe XXUAKOCTU HEJSATCS Ha JBa Kijacca: JerKoBOCILIa-
MeHsiiomuecss  (JIBXK), K KOTOpbIM OTHOCITCS XKMIKOCTH C
TeMIlepaTypoii BCHbIIKKA A0 61°C (GeH3MH, aleTOH, 3TUJIOBBIA
cnupt u ap.) u ropwouue (ITK) ¢ Temneparypoii BCHBILIKHW BbILIE
61°C (macno, Ma3yt, (hopMajIvH U Ap.).

Tewmrmepatypa BoCIZIAMEHEHUSI, TeMITepaTypa BCIIBIIIKHU, a TaKKe
TeMITepaTypHBIE TIPeAeIbl BOCTUIAMEHEHMS OTHOCSTCS K ITOKA3aTeIsIM
MoxxapHo# ormacHoctd. B 1abm. 22.1 mpencraBieHbl 3TU MMOKA3aTen
JIJIST HEKOTOPBIX TEXHUYECKHNX MTPOIYKTOB.

ITbutM MHOTMIX TBEpABIX TOPIOUMX BEIIECTB, B3BEIICHHBIE B BO3-
Jiyxe, o0pa3yloT ¢ HUM BOCIIaMEHSIOIIMECS cMecu. MUHUMAaJIbHYIO
KOHIIEHTPAIIWIO TIBIJIA B BO3AyXe, MPU KOTOPOM MPOMCXOINUT €€ 3aro-
paHue, Ha3bIBAIOT HIDKHUM KOHIICHTPALIMOHHBIM IIPEACIOM BOCILIA-
MeHeHMsT TbUh. [loHATHE BepXHEro KOHILIEHTPAIMOHHOTO IIpeaesia
BOCIUTAMEHEHUSI IS MBI HE TIPUMEHSIETCs, TaK KaK HEBO3MOXHO
€03[aBaTh OYEHb OOJIBIINE KOHILEHTPAIMNA ITBUIM BO B3BEIICHHOM CO-
crostHuK. CBeeHMSI O HWXXHEM KOHIICHTPAllMOHHOM IIpeieie BOC-
mameHenus: (HKIIB) HekoTophIx TbUIel TIpeacTaBiIeHbl B Ta0l. 22.2.
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Taonuira 22.1. IToka3aTequ noKapoB3pbIBOONACHOCTH
HEKOTOPBIX TEXHUYECCKHUX INPOJAYKTOB

Hasseanue Temnepamypa | Temnepamypa | Huscnuii kon-| Bepxnuti kow-
MmexHu4ecKoeo BCNbIUKY camosocnaa- | ueHmpayuon- | yenmpayuon-
npodykma (taer), °C | menenus (icp), | noiti npeden HbLLL npeden
°C eocnaamene- | gocnaameHe-
Hus, % no Hus, % no
o00semy 00semy
Bensun A-66 -39 255 0,76 5,0
Bensun A-70 —34 300 0,79 5,16
Kepocun KO-20 55 227 0,6 —
Kepocun KO-25 40 236 0,9 —
MasyT TOIOYHbII 140 380 — —
Macino TpaHc-
¢dopmatopHoe 135—140 270 0,29 —
VYait-cniupt 33—36 250 0,7 5,6

Taonuma 22.2. HuKanii KOHIEHTPANMOHHBIA Tpemes
BOCIUIAMEHEHHSI HEKOTOPBIX MbLIEi

Topiouas noinb HKIIB, /M3
IMonucrupon 25
IMonunponuneH 32,7
IMommatnaen 12
LupkoHwuii 40
Turau 60
Maruui 25
AJTOMUHUI 10
XKene3o BoccTaHOBIEHHOE 66

Kpome paccMOTpeHHBIX XapaKTepHCTHK II0XapOONacHOCTU Be-
IIECTB M MaTepUajioB, MCIIOJB3YETCS TOHSTHE TOPIOYECTH BeEIleCTBa
WM MaTepuana, T. €. MX CIIOCOOHOCTH K ropeHuo. Ilo atomy mpu-
3HaKy BCE BEIECTBa NEJSTCS Ha Toproume (Cropaembie), TPYIHOTO-
proune (TpyaHOCropaemble) U Heroprouue (Hecropaembie).

l'oprourMy Ha3bBIBAIOT TaKWe BEIIeCTBA M MaTepuajibl, KOTOpPHIE
TIPOMIOJIKAIOT TOPETh M TIOCIIe YIaJeHWs UCTOYHMKA 3akuraHus. Tpyn-

HOCropacMbI€ BCIICCTBA CMHOCOOHBI

BO3roparbCdad Ha BO3AYyXC OT

MCTOYHHMKA 3aKUTaHUA, HO IIOCJIC €ro YAAJICHUA CaMOCTOATCIBbHO I'O-
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PETb HC MOTIYT. HCI‘OpIO‘{I/Ie BCLICCTBA 1 MaTc¢purajibl HC CMOCOOHBI To-
PETb Ha BO3OYyXC. ,Z[J'ISI KOJIMYECTBEHHOM XapaKTCPpUCTUKMU TOPIOYCCTU
BCIICCTB 1 MAaTCpUAJIOB MCIIOJB3YIOT NOKA3amelb 60320paemocmu B:

B===, (22.49)
Oy
rae O, — KOJUYECTBO TEIUIOTHI, MOJTYYEHHBI OT UCTOUHUKA MOMKUTAHUS,
O, — KOJWYEeCTBO TEIUIOTHI, BBIAEISIEMON 00pa3loM TpU TOPEHUU B

npouecce UCIbITaHUA.

Ecnu Benunuuna B 6onee 0,5, To Marepualibl OTHOCIT K cropae-
MbIM, AJs1 TpyaHocropaemblx B = 0,1—0,5, a mi1s1 HecropaeMbix — B
meHee 0,1.

OCHOBHbIMU NPUHUHAMU NONCAPO8 HA NPOU3600cmee SIBISIIOTCS Ha-
pYILIEHUE TEXHOJIOIMYECKOro peXuMa paboThl 00OpymOBaHUS, HEHC-
MPaBHOCTh 3JIEKTPOOOOPYIOBAaHMSI, ILIOXas MOATOTOBKA OOOpYyIOBa-
HUSI K PEMOHTY, CaMOBO3TOpaHWE pPa3IMYHBIX MaTrepuajoB W Ap. B
COOTBETCTBUU ¢ HopMaTuBHBIMM mokyMeHTamu (I'OCT 12.1.044-84
«[ToxapHas 6e3omacHocT» M I'OCT 12.1.010-76 «BspriBobe3omnac-
HocTh. OOIIMe TpeOOBaHUSI») BEPOSTHOCTh BOSHUKHOBEHMS ITOXKapa
WIM B3pbIBA B TEYEHWE rojga He JOKHA mpesbliath 1076 (omHoii
MIUIMOHHOI). [IJ1s1 IpenoTBpallleHus MOoXapoB U B3PBIBOB HEOOXO-
IMMO HCKJIIOYUTH BO3MOXHOCTh OOpa30BaHMUs TOproYeii M B3PHIBO-
OITACHOM Cpenbl W MPEOOTBPATUTh MOSIBICHME B 3TOM Cpeie MCTOY-
HUKOB 3aXKUTaHUS.

IIpy mpoeKTUPOBAaHUU IIPOMBIIUICHHBIX IPEINPUATUAN CemayeT
YUUTBIBaTh TpeOoBaHMUSI TMoxapHOi ©Oe3zomacHoctu. Heobxomumo,
YTOOBI MCIIOJb3YeMbIC CTPOUTEIbHBIE KOHCTPYKIIMM OO0Jamaaud Tpe-
OyeMOII OTHECTOMKOCTBIO, T. €. CIIOCOOHOCTBIO COXPAHSThH ITOA Ieii-
CTBMEM BBICOKHMX TeMIIepaTyp Iloxkapa CBOM paboune (QYHKIIUM, CBSI-
3aHHBIC C OTHEIIpeTpaXmalolleil, TeIUIOU30JMPYIOIIeH MM Hecyllei
CMOCOOHOCTHIO.

OrHernperpaxnaioniasi CIIOCOOHOCTh CTPOUTEIbHBIX KOHCTPYKIIMIA
XapaKTepu3yeT MX CTOMKOCTh K 0Opa30BaHUIO TPEIIMH WM CKBO3HBIX
OTBEPCTHIA, Yepe3 KOTOPhIe IMPOHUKAIOT IIPOMYKTH TOPSHMS WM IIaMSL.

Termmonzonupymoiiass cIoCOOHOCTh KOHCTPYKIIMHM 3aBUCHUT OT MX
CIIOCOOHOCTH K IIporpeBy. MHOTIMe CTPOMTEIbHbIC MaTepUaIbl IIOXO
MNpoBOIAT TeIuio (00JamaloT HU3KOM TEIJIONPOBOAHOCTHIO). BDTO
OOBSICHSICTCSI TEeM, YTO OHU MMEIOT IOPUCTYIO CTPYKTYpPY, IIpHUYeM B
X s4YeiiKax 3aKJIIOUYeH BO3AYX, TEIUIOIPOBOIHOCTh KOTOPOIO Maja.
OrHEeCTOMKOCTh I10 TEIUIOM3OJIMPYIOLIEH CIIOCOOHOCTU XapaKTepu3y-
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€TCsl TIOBBbILLIEHUEM TeMIlepaTypbl B J1000 TOuKe Ha HeoOorpeBae-
MOJ MMOBEPXHOCTU KOHCTPYKIMU 60os1ee yeM Ha 190°C mo cpaBHEHMIO
C ee TIepBOHAYAILHON TeMIlepaTypoil (10 Harpena).

ITotepst Hecylllelt CMOCOOHOCTH CTPOUTEIBbHOM KOHCTPYKLMU Xa-
paxkTepusyeTcsl ee oOpylIeHUeM WJIU TTPpOrudom.

KonnyecTBEHHO OrHECTOMKOCTb CTPOUTEIbHBIX KOHCTPYKIIUMA
XapaKTepU3YIOT Hpedesom OcHecmolikocmu, T. €. BpeMeHeM (B yacax
WJIX MUHYTAaX), 10 UCTEYEHUU KOTOPOrO CTPOMUTEIbHAsI KOHCTPYKIMS
TEPSIET HECYILYIO WM OTPaXAAIOIIYIO0 CITOCOOHOCTB!.

[ moBbILIEHUSI OTHECTOMKOCTU 3JaHUM U COOPYKEHUI UX Me-
TAJJIMYECKUE KOHCTPYKLIMM OIUTYKATypUBAIOT WM OOJIMLIOBBIBAIOT
MaTepuajiaMM C HU3KOM TeIJIONPOBOJHOCTbIO, HAllpUMeEpP, TMIICOBbI-
MU TUIMTaMU. XOpolnii 3(pdeKT JaeT OKpalllMBaHUE META/UIMYECKUX
A OEpPeBAHHBIX KOHCTPYKUMN CHEUUAIBHBIMUA OTHE3AIUTHBIMU
Kpackamu (Hampumep, tumna BIIM). JIxs 3ammmThl gepeBSHHBIX KOH-
CTPYKLMIA OT OTHSI MX TaKXe OLUTyKaTypWBalOT WJIM TMPOMUTHIBAIOT
aHTUNUpeHaMu? (Hanpumep, GOCHOPHOKUCILIM MIA CEPHOKUCIIBIM
aMMOHMEM U JIp.).

CyluecTBeHHOE 3HAYeHWE MMEET 30HMPOBAHUE TEPPUTOPHUIA, KO-
TOpOE 3aKJIYaeTcs B TPYNNUPOBAHUM Ha TEPPUTOPUM MpPenrnpu-
SITUMA, LIE€XOB W YYACTKOB C MOBBILICHHOM ITOXAPHOM OMAaCHOCTHIO B
OIpeJieIeHHbIX MecTaxX (C ITOABETPEHHON CTOpoHbl). Kpome TOTO,
HEoO0X0AUMO YUYUTHIBATh penbed MecTHocTU. Hampumep, ckinaabl u
pe3epByaphl C roploYMM HaAO pacrojaraTb B HU3KHX MeECTaX, YTOObI
MpYM BO3HUKHOBEHUM IlOXKapa pas3lMBLIASICS Toproyasi XUIKOCTb He
MoOIJIa CTeKaTh K HU3JIEXAIIUM 3IaHUSIM U COOPYKEHUSIM.

M1t TOro 4roObl OrOHL IIPY MOXKAape HE PacIpOCTPaAHSIICI C Of-
HOTO 3[aHHW$ Ha OPYroe, UX PacCloJlaraloT Ha OIPENEJIEHHOM pac-
CTOSTHMU IPYT OT Apyra. DTO pacCTOSIHME HA3bIBAIOT ITPOTHUBOIIOXKAP-
HbIM pas3pbiBOM. ISl pasjiMYHbIX KATeropuil 3JaHU MPOTUBOIO-
>KapHBIE pa3pbIBBEI COCTABISIOT 9—18 M.

st 3a1dThl OT MoXapa B 3JaHMSIX YCTpauBalOT MPOTUBOMNOXKAp-
HbIE TIPerpaibl, T. €. KOHCTPYKLIMU C HOPMUPYEMBIM MPEAEIOM OTHEe-
CTOMKOCTH, TIPEISITCTBYIOLIME PACIIPOCTPAHCHUIO OTHS W3 OIHOM
yacTu 31aHusl B Apyryro. K aTum mperpagaM, MMeEIOIIMM Hpeaea or-

! TToTeps orpaxnanolleil clocCOGHOCTY — 3TO 0Opa3oBaHME B HECYLIMX KOHCTPYKLIMSAX
TPElINH, Yyepe3 KOTOphIe B COCETHUE MOMEILICHUSI MOTYT MPOHUKATh MPOIYKTHI TOpe-
HUSI ¥ TJIaMsl, WIM TPOTPEB CTPOMTEIBHBIX KOHCTPYKILIMIA IO TaKMX TeMIIepaTyp, MpHh
KOTOPBIX BO3MOXHO CAMOBOCITIAMEHEHNE BEIIECTB B CMEXHBIX ITOMELICHUSX.

2 AHTUNIMPEHBI — 3TO XMMUYECKME BELIECTBA, PUAAOILNE IPEBECHHE HETOPIOYECTD.
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HECTOMKOCT He MeHee 2,5 4, OTHOCSTCSI CTEHBI, MEeperopoaku, IIe-
PEKPBITHS, IBEPH, BOPOTa, OKHA U IIp.

IIpy TpPOEKTUPOBAaHMU M CTPOUTEILCTBE HEOOXOOWMO TIPEIy-
CMOTpPETh MYTH 3BaKyalluy padOTaOIINX, T. €. IyTH, BeAylIue K 3Ba-
KyallMOHHOMY BBIXOIYy Ha CJIyJail BOSHUKHOBEHMS IToXapa. 3maHus
1 COOPYXEHUSI MOJDKHBI OBITh CHAOXKEHBI YCTPOMCTBaMM, IpeaHa3Ha-
YEHHBIMU IS YAQJIEHUS AbIMa IPM ITOXKape: aspallMOHHBIMU (hOHaA-
psSMU, CIIeIIMaIbHBIMKM IIMOBBIMU JIIOKAMU U JIp.

22.2. OCHOBHble criocobbI1 Tymi€HHus1 MozKapoB

PaccMoTpyM OCHOBHBIE CIIOCOOBI TYILIEHUS IIOXKAPOB M IIPHME-
HsIEMbI€ TIPY 3TOM OTHeracuTebHbIE BEllEeCTBa.

Hna TyleHus: moxkapa MCIOJb3YIOT CIeaylollue CpeicTBa: pas-
OaBJieHVEe BO3[yXa HEroplouyMMM Ta3aMM 10 TaKUX KOHLIEHTpalLuii
KHCIOpoAa, IIPU KOTOPBIX TOpEeHNUe IpeKpalllaeTcs; OXJIaXkIeHue oJya-
ra ropeHusl HUXe OIpeaeeHHONW TeMmepaTyphl (TeMIiepaTyphbl rope-
HUs); MEXaHWYeCKMUI CpPbIB IUIAMEHM CTpyeil KUAKOCTH WJIM Tasa;
CHIDKEHHE CKOPOCTH XMMWYECKOI peakluy, MpOTeKalollell B ILIa-
MEHU; CO3IaHue YCIOBUM OTHEIpEerpaxkaeHus, IMPpU KOTOPBIX ILIaMsI
pacIIpOoCTpaHseTCs Yepe3 Y3KUe KaHabl.

Oenezacumenvibimy Ha3bIBAIOT BElllECTBA, KOTOPBIC TP BBEACHUU
B 30HY CropaHMsl IpeKpaiuapT ropeHue. OCHOBHBIE OTHeTaCsIIUe
BellleCTBa 1 MaTepHaJibl — 5TO BoAa UM BOISHOM mHap, XMMUYECKast 1
BO3IYIIHO-MEXaHWYeCKasl IIeHbI, BOIHbIE PAaCTBOPHBI COJICH, HETOpIO-
Yyye rasbl, TaJJouA0yIJIeBOJOPOIHEIC OTHETaCUTEIbHBIE COCTABbI U CY-
XM€ OTHETyIIAI1e ITOPOLIKH.

Haunbosnee pacrpocTpaHEeHHBIM BelECTBOM, IPUMEHSIEMBIM IS
TylIeHWsI ToXkapa, sBisieTca B o O a. OHa CHMXKAeT TeMIlepaTrypy
ouara ropenusi. Ilpu Harpese mo 100°C 1 nuTpa BoAbl MOIJIOIIAETCS
npubmusnuteabHo  4-105 JIK  TeIuloTel, a TIpU UCHAPEHUU —
22-10° Ix. BomgHoit map (u3 1 1mMTpa Bombl 0OpasyeTcs OKOJIO
1700 n mapa) mpemnsiTCTBYyeT OOCTYITy KUCIOpOAa K TopsilieMy Bellie-
cTBy. Bona, mogaBaemast K o4yary ropeHusl moj OOJIbIIVM JaBIeHUEM,
MeXaHWYeCKM COMBAeT IUIaMsl, YTO OoOJyieryaeT TylleHue Toxkapa. Bo-
Iy He TPUMEHSIOT IJIs TYIIEHMS IIEJTOYHBIX METaI0B (HAaTpus, Ka-
JMsT), KapOwmma Kajblusl, a TakKe JIETKOBOCIUIAMEHSIIOIINXCS U TO-
PIOYMX KUAKOCTEM, TUIOTHOCTh KOTOPBIX MEHBIIE TUIOTHOCTH BOJIBI
(0eH3WH, KepOCHMH, alleTOH, CIUPTHI, Macja W [p.), TaK KaK OHHU
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BCIUIBIBAIOT Ha ITOBEPXHOCTh BOIBI M TIPOAOJIKAIOT TOPETh Ha IIO-
BepxHOCTH. Boma XOpoIllo MpOBOAUT 3JEKTPUYECKMII TOK, MO3TOMY
ee He HCHOJB3YIOT IS TYIIEHUS 3JIEKTPOYCTAHOBOK, HAXOMSIIIXCS
o/ HanpsDKeHWeM (3TO IIPUBOIUT K KOPOTKOMY 3aMBIKAHUIO).

BomnsHo#l map MOXHO IPUMEHSATh IS TYIICHUs psiaa
TBEPABIX, XUAKUX U Ta3000pa3Hbix BellecTB. Haunbonbimii a¢pdext
OT IIPUMEHEHMS BOISHOTO ITapa JOCTUIAeTCs B IOMEIICHUSIX, 00beM
KOTOpBIX He TpeBbiaer 500 M3, a TakKe Npu Mmoxapax, BO3HUKILNX
Ha HEeOOJIBIIMX OTKPHITHIX IUIOIIAIKAX.

XHMMHUUYECKHNEe M BO3OYINIHO-MEXaHUUYCCKUEC
e H bl | IPUMEHAIOT I TYLUEHUs TBEPALIX U XUIKMX BEILIECTB, HE
B3aMMOJICHCTBYIOIINX ¢ Bomoii. OmMHOI M3 OCHOBHBIX XapaKTePHCTUK
STHX IIEH SIBJISICTCSI MX KPaTHOCTh, T. €. OTHOIICHUE o0beMa IeHBI K
00BeMy ee KUIKOI (asbl.

BosznynrHo-MexaHMYecKyIo IeHy I0Jy4YaloT B CIEIHUAIbHBIX IIEHO-
oOpasymoInX almapataXx ¢ KCIOJb30BaHUEM IIeHOOOpa3oBaTeseit
(ITO-1C, IT10-6K, ITO-3A, « CAMIIO» u ap.). PazmuyaioT BO3MyIIHO-
MexaHndeckyto neHy Huskoil (o 20), cpenneir (20—200) u BbICOKOI
(cBoie 200) kpatHocTU. Bo3ayliHast meHa, MojiydeHHasl IeHoo0pas3o-
parejeM I1O0-1C 1 HEKOTOpBIMU APYTMMM, TPUTOAHA IJIA TYLIEHUS
HekoTopbIx JIBXK u I'’XX (cnuproBs, anieToHa, 3¢(pupoB u 1p.).

XyuMudecKasl ImeHa oOpasyeTcs IIpU B3aMMOICHCTBUU PAaCTBOPOB
KUCJIOT U IIIeJIoYeil B MPUCYTCTBUU MeHOOOpa3oBaTesss. OHa COCTOUT
M3 BOMHOTO pPacTBOpa MUHEPAIBHBIX COJIeH, IeHOooOpa3oBaTesia U
ITy3bIPbKOB YIJICKUCIOro Tra3a. Ee cToMMOCTh BbIIIe, YeM BO3OYIIHO-
MEXaHWYECKOI IIEHBI, MO3TOMY MCIIOJIb30BaHUE XMMHUYECKOM IICHBI
P TIOXKAPOTYIICHNM MMEET TeHACHLMIO K cokpalleHuio. [Ipu Ty-
IIEHUHU T10XapOB IICHOM ITOKPBIBAIOT TOpsIIye BEIICCTBA, IPEIATCT-
Bysl TeM CaMbIM IIOCTYIUICHHIO TOPIOYMX Ta30B M IApoOB K o4ary ro-
pPEHMUSI.

I[lpumMeHeHe M HEPTHBIX U HETOPIHYHMX Tra3o0B
(aproH, a3or, raJouAMpPOBaHHbBIC YIJICBOIOPOILI U MIp.) OCHOBaHO Ha
pa30aBIIeHNH BO3MyXa M CHIDKCHUM B HEM KOHIICHTpaIlUM KHUCIIOpOoaa
0 3HAYCHMI, IIPA KOTOPBIX TOpeHME MpeKpalnaercs. Tak, yriaeKuc-
JIBIA Ta3 (AMOKCHU YIJIepoAa) MCIIOIb3YeTCs IS TYLICHUS TOPSIINIX
ckiagoB JIBZXK, akKymMyJasSITOpHBIX CTaHLIMI, 3JEKTPOOOOPYIOBAHMUS,
reyeid u ap. Ero Heab3sk MpUMEHATh IUISl TYIICHUS IIEJIOYHBIX U Ie-

1 .
IleHoit Ha3bIBalOT HECOJHOPOAHYIO CHUCTEMY, COCTOALLYIO U3 KUIAKOCTH U paCIIpeac-
JIEHHBIX B HEWl Iy3bIPbKOB BO3yXa WJIM rasa.
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JIOYHO3EMEJIbHBIX METAJUIOB, TJICIOIIMX MAaTepUaJloB M HEKOTOPBIX
npyrux. s TyllleHus 9TUX MaTepuajoB JIydllle TTPUMEHSITh aproH, a
B HEKOTOPBIX CIyJasx M a30T. BHICOKMMU OrHeracUTeIbHBIMU CBOI-
CTBaMM O00JIafal0T ¥ TaJIOMIVPOBAHHBIE YIJIEBOXOPOIBI (XJIAIOHBI,
OpPOMMUCTBIN 3TUI U 1p.).

K 4yncny XWMOAKWUX OTHETracHUTENAbHBX BE-
Il € CTB OTHOCATCS BOMHBIE PACTBOPHI HEKOTOPHBIX COJIEH, HAIpH-
Mep, OMkKapOoOHaTa HaTPUsI, XJIOPUCTOTO KaJIbIUsI, XJIOPHMCTOTO aM-
MOHMSI, aMMUadYHO-¢ochopHbIX cojiel u ap. Mx nmeiictBue npu Ty-
IIEHWX TI0XKapa OCHOBAaHO Ha o0OOpa3oBaHUM Ha ITOBEPXHOCTH
rOpAILIEero Marepuaja M30JUMPYIOLIUX IJIEHOK, BO3HUKAIOLIUX IIPU
HMCTIApeHUM U3 PACTBOPOB COJIEHl BOABI. DTU IUICHKU IIPEISITCTBYIOT
TMPOHMKHOBEHUIO KUCJIOPOIa K ITOBEPXHOCTHM TOPSIIEero Marepuala.
Kpome Toro, Ha mcrapeHue BOIBI 3aTpayrBaeTCsl 3HAYMTEIbHOE KO-
JIMYECTBO TEIUIOTHI, YTO MPUBOIUT K MOHIDKEHUIO TEMITepaTyphbl Oda-
ra ropeHus. Ilpu pas3noxkeHnr HEKOTOPHIX COJIE B pe3ysIbTaTe rope-
HUST B BO3IYXE BBIACIISIOTCS HETOPIOYME ra3bl, CHUXKAIOIINE KOHIICH-
TpalMIO KMCIOPOA.

[TopomkKoBbhE& OTHETACUTEJIbHB & COCTaBBHI
MIPEISITCTBYIOT IOCTYIUICHUIO KMCIIOPOAa K ITOBEPXHOCTH TOPSIIETO
Marepuaiga. MX WMCIONB3YIOT I TYIIEHWS HEOOJBbIINX KOJUYECTB
Pa3IMYHBIX TOPIOYMX BEIIECTB M MaTepHajoB, MPU TYIIEHUU KOTO-
PBIX HENb3d MPUMEHSTh OPYTHE OTHECUTENbHBIE cpeacTBa. IIpume-
pPOM 3THX MaTepuajoB MOIYT CIYXUTb XJIOPWALI Kajus W HaTpus,
MOPOIIKKA HA OCHOBE KapOOHATOB Y OMKApOOHATOB HATPUs U KaJlusl.

CpencrTBa IOXapOTYIIEHUST TTOAPA3NEISIIOT Ha TEpPBUYHBIE, CTa-
LIMOHApHbIEe U NepeABUKHbIE (ITOXKapHble aBTOMOOUJIN).

[TepBuUYHBE CPEeACTBA MCHOJB3YIOT I JUKBUIAIIUN
HEOOJbLIMX IMOXapoB M 3aropaHusi. VX OOBIYHO MPUMEHSIOT 10
MPUOBITUS TIOXXKAapHOM KoMaHAbl. K MepBUYHBIM CpeACcTBAaM OTHOCSIT-
Cs TIEPEIBIDKHBIE W PYYHBIE OTHETYIIMTENM, IIEPEeHOCHBIE OTHeracu-
TeJIbHbIE YCTAHOBKY, BHYTPEHHME ITOXApHbIE KpPaHbI, SIIUKU C IIeC-
KOM, acOeCTOBBIC ITOKpPBIBaJIa, IIPOTUBOIIOXAPHBIE IIUTH ¢ HAOOPOM
WHBEHTAps U Ip.

PaznuuaroT pyuyHble orHeryimurteau (mo 10 1) ¥ mepeaBuKHbIE
(cBbIle 25 ). B 3aBUCMMOCTU OT BUAA OTHEraCUTEJIbLHOTO CPEACTBa,
HaXOJSIIEeT0oCs] B OTHETYIIMTEJISAX, OHU AEJISITCS Ha XUIAKOCTHBIE, YT-
JICKUCJIOTHBIE, XUMHWYECKNE TICHHBIC, BO3MYLIHO-TICHHBIE, XJIAJOHO-
BbIE, MMOPOIIKOBBIE M KOMOWMHMpPOBAaHHBIE. KMIKOCTHBIE OTHETYIIH-
TEJIW 3aroJIHEHBI BOAOI ¢ J00aBKaMM, YIJIEKMCIOTHBIE — CXKIDKEH-
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HBIM TVUOKCUIOM YIJIepOaa, XMMHUIECKIE TIEHHBIE — pacTBOPAMU KH-
CJIOT U 1leJlouelt, XJaJoHOBble — XJIaloHaMu (HarpuMep, Mapok
114B2,13B1); mOpOIIKOBBEIE OTHETYIIMTEIN 3alOJIHEHBI ITOPOIIKO-
BbIMU cocTaBaMM. OTHETYIIMTEIN MapKHPYIOTCS OyKBaMu, XapakKTe-
PU3YIOILMMU BUJI OTHETYLIMTENsl IO paspsay, U uudpoii, odo3Ha-
yarollei ero o0beM B JIUTpaXx.

Pasznmuuaror cienyromiye BUABI YIVIEKUCIOTHBIX OTHETYIIUTEIEH:
pyunsie — OVY-2A, OY-5, OY-8 u nepeasmxabie — OY-25, OY-80,
OY-400. Bt OTrHETYIIMTENN WCITOJIB3YIOT IJiS TYLICHWSI 3aropaHuit
HEKOTOPBIX MAaTEPUAJIOB M BJIEKTPUUYECKMX YCTAHOBOK, PabOTarOIINX
rmon, HanpsokeHreM go 1000 B.

M3 xuMudyeckux IEeHHBIX OTHETYILIMTENe HaumboJjiee pacipocTpa-
HeHbl Ha npakTtuke OXII. VX IpuMeHSIOT WIS TUKBUOALIMN 3aropa-
HUI TBEPABIX MATEPUAJIOB M TOPIOYUX XKUAKOCTEH (ITpU MaJIBIX TIJI0-
LLIASIX TOPEHUST).

BoznymrHo-TieHHBIE OTHETYIINTENM Mapkupytorcs kak OBIT (Ha-
npumep, pyarabie OBIT-5 n OBII-10). Ux UCTIONB3YIOT IJIST TYIICHUS
zaropanuii JIBZK, T'’K, GosibluMHCTBA TBEPAbLIX MaTepualioB (Kpome
MeTaioB). VX Henb3sl MCIONb30BaTh IJI TYIICHHST DJIEKTPOYCTAHO-
BOK, HaXOMAILIMXCS IO HAIIPSDKEHUEM.

XJ1aIOHOBBIC OTHETYIIUTEIN MapKupyioTcsd Kak OX (Hampumep,
0X-3, OX-7) mm OAX-0,5 (B a3p030IbHOI YCTAaHOBKE).

ITopomkoBeie OoTHeTyIIUTEMn MapKupyiooTcss kak OIIC (Hampu-
mep, OITC-10). Yx ucrmonb3yoT mist TyleHus metamuios, JIBXK, 12K,
KPEMHUMOPraHMYECKNX MaTepHajoB, YCTAHOBOK, pabOTAIOIIMX IO
HanpspkeHuem no 1000 B.

KoMmOuHupoBaHHbele orHerymmTenu (Hampumep, tiamna OK-10)
WCIONB3YI0T 1 TyleHus ropsux JIBXK u I'’K. Mx 3apstkaror no-
poikoBeiMU cocTaBamMu [1CB-3 u BO3ayIIHO-MEXaHUUYECKOM MEHOI.

CramuvMoOHaApHBIE YCTaHOBKM IpeaHa3sHAYeHBI [IJIs
TYIIEHUSI TIOXAPOB B HayaJbHON CTaAWM WX BO3HMKHOBeHMSA. OHHU
3aITyCKalOTCS aBTOMAaTUYECKM WM C IIOMOIIBIO OUCTAHIIMOHHOIO
yrIpaBjieHUsl. DT YCTAHOBKM 3allpaBIISIIOTCS CIEAYIOIIMMHU OTHETY-
IIAIIUMU CPEICTBAMM: BOJIOM, TIEHOM, HETOPIOYMMU Ta3aMM, TOPOIII-
KOBBIMM COCTaBaMU WJIA TTapOM.

K aBTOMaTtMuecKuM yCTaHOBKAM BOISIHOTO ITOXKAPOTYIIEHUS OT-
HOCSITCSI CIIpPUHKJICPHBIC U ApeHYEpHBbIE YCTAaHOBKU. OTBEpCTUSI, Ue-
pe3 KOTOphIe BOIA MOCTYIIaeT B ITOMEIICHUE TIPU ToXKape, 3aItasHbI
JIETKOIIJIABKUMHM CIUIaBaMHW. DTHU CIUIABHI TUIABATCS TIPU OIpeaesIeH-
HOI TeMIiepaType M OTKPBIBAIOT AOCTYIT pacliblisgemMoii Boge. CBeme-
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HUS O TeMIlepaType BCKPBITUS CIPUHKIICPHBIX TOJOBOK IIPEICTaBIIE-
HBI B TaOd. 22.3.

Taonuuma 22.3. XapakTepucTHKa CNPHHKJIEPHBIX I0JOBOK

Temnepamypa 6cKpvimus 204060K | Ileem oxpacku
72 —
93 benbrit
141 CuHuit
182 KpacHbiit

Kaxmas ronoBka opolllaeT MOMEIIEHWE W HaxXOmguUleecss B HEM
060pyI0BaHue TUIOLIAALIO 10 9 M2,

B Ttex cimyyasx, Korma IeiiecooOpa3sHO MOIaBaTh BOLY Ha BCIO
IJIOIIAnh ITOMEIIEHUs, B KOTOPOM BO3HUK IIOXap, IIPUMEHSIOT
IpeHYEPhI, KOTOPHIE TaKXke IMPEACTaBISIIOT Co0Ol crucTeMy TpyO, 3a-
TOJTHEHHYI0 BOIOI, OOOpYIOBAaHHYIO PAaCIbLIATEILHBIMUA TOJIOBKA-
MH-ApeHYepaMu. B HUX B OTJIMYME OT CIIPUHKIJIEPHBIX T'OJJOBOK BBI-
XOJIHbIE OTBepCcTUs Misl Boabl (auametrpom 8, 10 u 12,7 MMm) mocTo-
SIHHO OTKpPHITH. CHpUHKJIEPHBIE TOJOBKM IIPUBOMST B NEHCTBUE
OTKpBIBAaHMEM KJIarlaHa TPYIIIIOBOIO IEMCTBUSI, KOTOPHIA B OOBIYHOE
BpeMsl 3aKphIT. OH OTKPBIBACTCS aBTOMAaTUUYECKU WJIM BPYIHYIO (TIpH
3TOM MHaeTcsl CHTHal TpeBorwm). Kaxkmas CIpUHKIEepHas TIOJIOBKa
opoiaer 9—12 M2 miowmanu nona. Puc. 22.1 oObscHsET, Kak pabo-
TaeT cXeMa aBTOMATHMYECKOIO ITOXKapOTYIIEHMSI.

Puc. 22.1. Ilpunuyunuaivhas cxema agmomamu41ecko2o nOMNCapomyuleHusA:
| — eMKOCTb JUIA XpaHCHUS OTHETYIIAIICro BEIIECTBA, 2— 060pyZ[OBaHI/Ie JUIS rmoaa-
YU OTHETYLIALIETO BELICCTBA, 3 — cucTeMa BKITIOUYEHHUS noJgayu OrHeTyliammx BeE-
1ecTB; 4 — yCTpOMCTBO OOHApyXeHMsI ToXapa; 5 — YCTPOMCTBO IOJaYy OTHETYILA-
1LIETO BEIleCTBa K oYary 3aropaHus (Hampumep, CIIPUHKIEpHAs U IpeHYepHas rojioB-
KM); 6 — ouar 3aropaHusi
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Cucrema paboTaer ciaeaylolIuM ob6pa3oM. IloxapHbIii maT4uK
(M3BellaTeNb) pearupyeT Ha TOsiBJieHME JbiMa (IbIMOBOI u3Bella-
TeJib), Ha MOBBIIIEHNE TeMIIepaTypbl BO3AyXa B MOMEILIEHUU (Terio-
BOI1 M3BeIaTellb), Ha U3JIydeHNe OTKPHITOTO TJIaMeHM (CBETOBOM W3-
Bellaresib) U T.0. U MOAAET CUTHAJ BKJIOYEHUSI CUCTEMbI MOJAYU Or-
HETYIIAIIMX BEIIECTB, KOTOPbIE MOJAIOTCS K O4ary 3aropaHusi.

IToxxapHble gaTyvMkud (M3BELIATENIM) MOTYT OBIThb KakK py4YHbIE
(rmoxapHble KHOMKHW, YCTaHaBJIMBaeMble B KOpUIOpax MOMEIIEHUN 1
Ha JIECTHUYHBIX ILJIOLIAAKax), TaKk U aBTomatudeckue. IlocnenHue,
KakK Y€ CKa3aHO BbIlle, MOAPa3AesoTCsl Ha TEIJIOBbIE, IbIMOBBIE U
CBETOBBIE.

Tunel ucnonab3yeMblx Ha TpakKTUMKE TEIUIOBbIX M3BelllaTenei
MpeaCTaBIeHbl B Ta0. 22.4.

Taonuua 22.4. OcHOBHbIE XapaKTePUCTUKH
TEIJIOBBIX M3Belareei

Xapa/cmepucmuica uszeeuwiamen: Tun uszeeuiamens

ATI | UTM | TOCT |MM105-2/1

Temnepatypa cpabaTeiBanus, °C 72 70+£7 50,70,90 70+%7
ITpomoIKUTEIBHOCTE  CpabaThi-

BaHMs, C, He OoJjee 120 120 60 120
3ammmaemas miomanb, M2 15 15 25 15

B AbpIMOBBIX M3BELIATEISIX MCHOJB3YIOT BA OCHOBHBIX cHOco0a
oOHapyXeHUsI ObIMa — (DOTORJIEKTPUIECKMI W pPaTrMOM30TOITHBIM.
Tak, merMoBeie oTosnekTpuueckne (MADP-1M) m moayrpoBOIHM-
koBble (JIWTI-1) neiicTByIOT Ha MpUHLKIIE pacCeMBaHMsS YacTULIAMU
IbIMa TEIUIOBOTO M3Iy4YeHUs. Pamron3oToIHbIe M3BEIIaTeNd IbhIMa
(PU-1) ocHoBaHbl Ha 3ddekTe ocaabaeHNUs MOHU3ALUUN MEX3JeK-
TPOMHOTO IIPOMEXYTKA 3apSOKeHHBIMM YAaCTUIIAMM, BXOISIIMMU B
coctaB apiMa. OmWH NOBIMOBOM M3BeIIaTelb YCTAHABIMBAETCS Ha
65 M2 3ammniaeMoii miomwan. MMeTcs KOMOMHMPOBAaHHbIE W3Be-
watenu (KM), pearupyoliye Ha TEIJIOTY U IbIM.

CurHay OT MOXapHbIX M3BELIATEEl MepemacTcsl Ha ITOXKapHbIe
CTaHIIMM, Hambojiee pacmpocTpaHeHHble n3 HuXx — TJ10-10/100
(TpeBOXHas1 JiydeBasi onTuueckasi) U «Komap — curHan 12 AM»
(KOHLIEHTpaTOop MaJjioii BMecTUMOCTM). B KauectBe Tmepe -
OIBUXHBX CPEACTB MOXAapPOTYyIIeHMWS HCIOIb3YIOT-
Cs TIOXXKapHble aBTOMOOMIIA (aBTOLMCTEPHBI 1 CITCIIMATIbHEIE).
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Konrpoabubie Bonpocor

1
2.
3

Yro mpejcrasiser coboii mporece ropenns?

RakoBbl pasHOBHIHOCTH TOpPEHMA M MX XapaKkTepucTurn?
HakoBbl OCHOBHBIE IMORA3aTEIM MO:KAPOONACHOCTH BEUIECTB U
mMarepuaion?

RaroBpl XapakTepucTHRA MaTepuajioB MO roprouecTu?

Yro npejcrapisier coboii Kiaccnuranus NponusBojaCcTB 110 10-
skapHoii onacuoctu?

Yro Takoe OrHECTONROCTH CTPONTEIHHON KOHCTPYRITHM?

Rakue cyniectByloT orueracurelibHble BelecTna?

Yro mpescraBuasior coboii aBTOMATHYECKUE CHCTEMbI TYIIEHUs
mosrapa?

HaszoBuTte THIIBI XUMIYECKUX OTHETYINTENE.

HaszoBute THNBI NOKaApPHBIX M3BeInareseii  NMPUHIUIBI UX pa-
OOTHI.



Ocnognbie Tpe6oranus
6esonacHocTH

K IPOMBIIIAEHHOMY
06opyaoBanuio

[Ipu mpoeXTHpOBaHMU W M3TOTOBJICHUM MAaIMH X 000pYIOBaHMS
HEeoOXOIMMO YYMTHIBaTh OCHOBHBIC TpeOOBaHMWS 0€30MacHOCTU IJISt
00CITy>KMBAIOIIETO MX IIEPCOHAjIA, a TakKe HaIexXKHOCTbh M Oe3oIiac-
HOCTb 9KCILUTyaTallii 3TUX YCTPOICTB.

IIpu mpoBedeHMM pa3IMYHBIX TEXHOJOIMYECKMX IIPOLIECCOB Ha
MPOM3BOICTBE BO3HMKAIOT OMNACHBIC 30HBI, B KOTOPHIX Ha paboTalio-
IIMX BO3ICHCTBYIOT ONAacHbIe M (MJIM) BPEIHBIC ITPOM3BOICTBEHHEIC
dakTopbl. [IpumepoMm Takux (aKTOpPOB MOTYT CIYKWTh OINACHOCTb
MEXaHWYECKOTO TPaBMHMPOBAaHUS (IIOJyYeHHE TpaBM B pe3yJIbTaTe
BO3IEUCTBUSA ABVDKYIIMXCS 4YacTeld MalllMH M O0OpyIOBaHMS, IIepe-
IBUTAIOIIMXCS M3OEIWiA, IMamalollMX C BBICOTHI IPEAMETOB M Ip.),
OITACHOCTh TIOPaXKEHMSI SJICKTPUYCCKUM TOKOM, BO3IEHMCTBHUE pa3-
JIMYHBIX BUIOB M3MYYCHUS (TEIIOBOTO, 3JIEKTPOMArHUTHOTO, MOHM-
3UpYIOLLIEro), MH(ppa- 1 yIpTpa3ByKa, IiyMa, BUOpallMy U T.1.

PasMepbl omacHOli 30HBI B IPOCTPAHCTBE MOIYT OBITh ITIE€PEMEH-
HBIMM, YTO CBSI3aHO C IBWDKCHHEM YacTeil 000pyIoBaHUS WIM TpaHC-
MOPTHBIX CPEICTB, a TakkKe C IepeMellecHHeM IepcoHana, Jrubo
ITOCTOSTHHBIMH.

Kak yxe ckazaHo Bbilie (1. 13), mist 3al0UThl OT BO3AEUCTBUS
OIIACHBIX M BPEOHBIX IIPOM3BOACTBEHHBIX (DAKTOPOB MCIIOJIB3YIOT
CpeICcTBa KOJUICKTMBHOM W WHIWBUAYaJbHON 3alllUTHL. 31eCh pac-
CMOTPUM OCHOBHBIC CPEICTBAa KOJJICKTMBHOM 3alllUTHI, KOTOPHIC Ie-
JIATCS Ha OrpamuTebHBIe, IIPEHOXpaHUTCNIbHBIC, OJIOKMUPYIOIINUE,
CUTHAJIM3UPYIOIINE, CUCTeMbl MUCTAHIIMOHHOIO YIIPABJICHUS Malll-
HaMH1 1 000OpyIOBaHUEM, a TakKKe CIICHMaIbHBIC.

OepadumenvHolmu cpedcmeamu 3auyume!, WIM OTPAXKICHUSIMU, Ha-
3BIBAIOT YCTPOWCTBA, TIPEISITCTBYIOIIME TIIOSBICHMIO 4YEJIOBEKa B
omacHoil 30He. OTpaXmeHHsI MOTYT OBITh CTAllMOHAPHBIMU (HECheM-
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HbIMM), TIOABMKHBIMU (ChEMHBIMU) U MEpeHOCHbIMU. [IpakTuuecku
OTpaXkIeHMsT BBITTOTHSIOTCS B BUAE PA3IMIHBIX CETOK, PEIETOK, 3K-
paHOB, KOXYX0B M nap. OHU MOJDKHBI MMETh TaKWe pa3Mephbl U OBITh
YCTaHOBJICHBI TaKUM OOpa3oM, YTOOBI B JIIOOOM CiIyyae MCKITIOYUTH
JIOCTYII YeJIoBeKa B OITACHYIO 30HY.

IIpu ycTpoiicTBe OrpakmeHWit MODKHBI COOJIONATHCS OIpeme-
JIEHHBIE TPeOOBaHMUS:

e OrpaxaeHUs AOKHBI OBITh JTOCTAaTOYHO IIPOYHBIMHM, UYTOOBI
BBIICPKMBATh YAapbl YacTUIl (CTPYXKH), BO3HUKAIOIIUX IIPHU
00paboTKe NeTayieil, a Takke CIyJailHoe BO3IEMCTBUE OOCIy-
>KMBAIOIIETO TIePCOHaa, M HAaIeXKHO 3aKPEeTUICHHBIMH;

e OIpPaXICHUS M3rOTABIMBAIOTCS M3 METAUIOB (KaK CIUIOLIHBIX, TaK
M METAIUIMYECKMX CETOK M PeIIeTOK), IUIacTMacc, AepeBa, IIpo-
3payHbIX MaTepUAJIOB (OpraHMIeCKOe CTEKIIO, TPUILICKC 1 Ap.);

e BCEC OTKPBITHIC BpalllalolIdecs W IBMXKYIIUMECs YacTd MalllMH
JIOJDKHBI OBITH 3aKPHIThI OTPaXKICHUSIMU;

e BHYTPEHHSISI IOBEPXHOCTb OrPaXICHMII TOJLKHA OBITh OKpa-
IIeHa B sIpKME ILBeTa (SIPKO-KPacHBIA, OpaHXKeBBHI), UYTOOBI
ObLIO 3aMETHO, €CJI OTPaxXICHUE CHSITO;

e 3ampelnraeTcs paboTa CO CHITHIM WIM HEUCIIPABHBIM OTpakie-
HUEM.

Ilpedoxpanumenvhbie ycmpoiicmeéa — 3TO TaKue YCTPOWCTBa, KO-
TOpbIE aBTOMATUYECKU OTKJIIOYAIOT MAIMHBI WJIM arperatbl Ipy Bbl-
X0Jie Kakoro-aubo mnapamMerpa oO0OpyAOBaHMs 3a Tpeaeibl OOIYCTHU-
MBIX 3HaY€HUM. DTO 3BEHO pa3pyllaeTcs WJIM He cpabaTbiBaeT IpU
OTKJIOHEHUU PEXUMA 3KCIUIyaTaluu OOOPYIOBaHUSI OT HOPMAaJIbHO-
ro. OOIIer3BECTHBIN MPUMEpP TAaKOrO 3B€HA — IUIABKMUE 3JIEKTpUYE-
CKMe TpeaoxXpaHuTean («IpoOKu»), MpeaHa3HAYeHHbIE IS 3allUThI
BJIEKTPUUYECKON CeTH OT OOJIBLIMX TOKOB, BBI3BIBAEMBIX KOPOTKUMU
3aMBIKAHUSIMU U OYE€Hb OOJIBIIMMU Teperpy3kamMu. Takue TOKM MO-
IYT MOBPEIUTH 3JIEKTpoarniaparypy M M3OJISLMIO TIPOBOJOB, a TaKXKe
MpUBeCTH K moxapy. IlnaBkuii mpenoxpaHuTelb ACHCTBYET CIEAYIO-
UM 00pa3oM: TOK IMPOXOAUT Yepe3 TOHKYIO MPOBOJIOKY (IIABKYIO
BCTaBKY), C€YeHHE KOTOPOH pacCUMTaHO Ha OIpeldeeHHBbI MaKCH-
MasibHBIN TOK. [lpu meperpyske MpoBOJOKa PACILIABISIETCS, OTKIIIO-
yasi HEUCIIPABHBIM WIN MeperpyKeHHbI TOKOM y4acTOK CETH.

[IpumepamMu yCTPOMCTB 3TOr0 THUIA MOTYT CIYXKUTb: Ipeaoxpa-
HUTEJbHbIE KJIallaHbl W pa3pbIBHbIE MeMOpaHbI, YCTaHaBIWBaeMbIe
Ha cocylbl, paboTalolliMe MOI IaBlIeHMEeM, IS MpPeIoTBpallCHUS



396 Paspnen 4. BesonacHocTb TpyAa

aBapuu; pasJIMYHble TOPMO3HbIE YCTPOMCTBA, MO3BOJSIONIME OBICTPO
OCTaHOBUTb ABMXKYILMECS 4YaCTU OOOPYIOBAHUSI; KOHLEBbIE BBIKIIO-
yareJiu U OrpaHUYMTENM MOAbEMA, MPEIOXPaHsIolIMe ABUXKYIIUECS
MEXaHU3Mbl OT BbIXOJa 3a YCTAHOBJIEHHbIE MpPEeAebl, U Jp.
baokupoeounsie ycmpoticmea WCKIOUAOT BO3MOXHOCTb MPOHMK-
HOBEHMSI YeJIOBEKa B OIMACHYIO 30HY WJIM YCTPaHSIIOT OMacHbIi hak-
TOp Ha BpeMsl MpeOblBaHUS 4YejloBeKa B onacHoul 30He. ITo mpuHLM-
My JEMCTBUS pa3iMyaloT MeXaHUYECKUE, BJIeKTpudyeckue, (GoToaJeK-
TpUYECKME, paJuallMOHHbIE, TUApaBIMYEeCKUEe, IMMHEBMaTU4YeCKue u
KOMOMHUPOBaHHbIE OJIOKMPOBOYHbIE YCTPOMCTBA.

[IIupoko M3BECTHO MpUMEHEHHE (POTORIEKTPUUECKUX OJIOKHUPO-
BOYHBIX YCTPONCTB B KOHCTPYKIIMSIX TYPHUKETOB, YCTAHOBJICHHBIX Ha
BXOJaxX CTaHUMi meTponoauTeHa. ITpoxoa yepe3 TYpHUKET KOHTPO-
JIUpyeTcsl CBETOBLIMU JiydaMu. IIpu HeCaHKLIMOHUPOBAHHOM TOMBIT-
Ke TpoxoJa Yepe3 TYPHUKET YeJIOBeKa Ha CTAHIUIO (He IMpeabsaBicHa
MarHuTHasi KapTouka) OH IepeceKaeT CBETOBOM IOTOK, Magarolluii
Ha ¢QortosnemeHT. M3MeHeHMEe CBETOBOro IIOTOKAa JaeT CUTHaJl Ha
M3MEPUTEIbHO-KOMaHJIHOE YCTPOMCTBO, KOTOPOE MPUBOAUT B JIEUCT-
BUE MEXaHM3Mbl, IepeKpbiBaloliue npoxod. IIpu caHKIIMOHUPOBAH-
HOM IIpoX0jie OJOKMPOBOUYHOE YCTPOMCTBO OTKJIKOYAETCS.

Paznuunble cuenasuzupyrowue ycmpoiicmea NpeaHa3HAYeHbl MJISI
MHGOpPMALIMA TIepCoHajla O paboTe MalllMH M 00OpYydOBaHMS, I
MpeaynpexXaeHus] 00 OTKIOHEHMSIX TEXHOJOTMUECKUX MapaMeTpOB OT
HOPMBI WJIM O HEMOCPEACTBEHHON yrpose.

ITo criocoOy mpencraBiaeHusa MHAOPMALIMKM Pa3iMyarOT CUTHAJIM-
3allMI0 3BYKOBYIO, BU3YyaJIbHYI0 (CBETOBYIO) U KOMOMHUPOBAHHYIO
(cBEeTO3BYKOBYI0). B ra30BOM X03SIICTBE MCITOJIB3YIOT OOPALIMOHHYIO
(110 3amaxy) CUTHaJIM3allMi0 00 yTeuke Tra3a, MoIMellIdBas K Ta3y
MaxXHYyILIXE BEleCTBA.

B 1IyMHBIX yCIIOBUSIX PEKOMEHIYETCSI UCIIOJIb30BaTh BU3YaJbHYIO
CUTHAJIM3alIMI0, KOTOpash BKJIIOUAET pa3jIMyHble HMCTOYHUKU CBeETa,
CBETOBbIE Ta0JIO, LIBETOBYIO OKpacKy M T.A. [Jis 3ByKOBOU CUTHaIU-
3allMM UCTOJIb3YIOT CUPEHbI WM 3BOHKM.

B 3aBucMMOCTM OT Ha3Haue€HMUsI BCE€ CHUCTEMbl CUTHAIM3aLUU
MIPUHSTO JIeJIMTh Ha OIEpPaTUBHYIO, MPEAYNPEIUTEIbHYIO U OIMO3Ha-
BareJbHYI0. OmepaTU BH A CUTHAIM3ALUMS TIPEACTABISIECT UH-
dopmalrio 0 MPOTEKaAHUM PA3IMYHBIX TEXHOJOTMUYECKUX TPOLIECCOB.
HJ1st 3TOro MCHOJIb3YIOTCSl pa3jidyHble M3MEpUTENIbHbIE MPUOOPHl —
aMIlepMeTpBI, BOJIBTMETPBI, MAaHOMETPHI, TEPMOMETPHl W Jp.
IlpenynpeauTenabHas CUTHaIU3aLMs BKIIOUYAETCS B CIy-
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yae BO3HMKHOBEHMSI OMACHOCTHU. B yCTpoIiCTBe 3TOM CHTHAIW3ALIMU
HCTIONIB3YIOT BCE IIEPEUYMCIICHHBIC BBIIIE CIIOCOOBI TMPEACTaBICHUS
nH(pOpMaLMN.

Ono3HaBaTedAbHAas CHUTHUM3ALUMSI CIYyXWAT UIST BBIIE-
JIeHUsT HanOoJiee OIMACHBIX Y3JIOB M MEXaHM3MOB ITPOMBIIUIEHHOTO
o0opynoBaHMs, a Takke 30H. B KpacHBIN IIBET OKpaIllMBarOT CHTI-
HAJIBHBIC JIAMITOYKH, IIPEAyIpeXaalommne o0 ONacHOCTH, KHOIKY
«CTOII»», TIPOTUBOIIOKAPHBII MHBEHTAPh, TOKOBEAYIIIWE IMUHBI 1 JIp.
B xenTelii — 3J€MEHTHl CTPOMTENbHBIX KOHCTPYKIINI, KOTOPhIE MO-
TYT SIBISITbCS TIPUIMHON ITOJYYeHUsI TpaBM II€PCOHAJIOM, BHYTpM3a-
BOJICKOM TpPaHCIIOPT, OTPaXKAEHMS, yCTaHaBIMBaeMble Ha TpaHUIIAX
OINacCHBIX 30H, W T.O. B 3eJeHbIli IIBET OKpaIlIMBAIOT CUTHAJIbHBIE
JIaMIIbI, JBEPU 3BaKyallMOHHBIX M 3alaCcHBIX BBIXOIOB, KOHBEHUEpHI,
poJIbraHTu M Apyroe obopymoBaHue. [IpuMeHeHne OomoO3HaBaTEIHLHOM
OKpacKHM pa3jiuuyHbIX 0aJJIOHOB PacCMOTPEHO B 1. 21.

Kpome oTmumTebHON OKpacKu, MCIIONB3YIOT U pa3aInyHbIe 3HA-
KM 0€30MaCHOCTU, O HEKOTOPbIX M3 HUX YIMOMSIHYTO B I. 21. OTu
3HAKM HAHOCIT Ha IIMCTePHBI, KOHTEHHEPHI, JIEKTPOYCTAHOBKU M
JIipyroe o0opyaoBaHue.

Cucmembl OUCMAHYUOHHOR0 YNPAGAeHUs OCHOBaHBI Ha MCITOJIB30-
BaHUU TEJICBU3MOHHBIX WJIM TEJIEMETPMUECKUX CHCTEeM, a TaKXkKe BU-
3yaJIbHOTO HAOJIIOMEHUSI C YOAJeHHBIX Ha JOCTaTOYHOE PaCCTOSTHUE
OT OIACHBIX 30H YYaCTKOB. YIIpaBjieHue paboToit 000pydoOBaHUS U3
0e30ITacCHOT0 MecTa ITO3BOJISIET YOpaTh MEePCOHAT M3 TPYIHOMOCTYII-
HBIX 30H M 30H IIOBBIIEHHON oOmacHOCTH. Yale BCEro CUCTEMBI
MVCTAaHIIMOHHOTO YIPAaBJICHUs HUCIIOJL3YIOT IIpYU paboTe C paaroak-
TUBHBIMU, B3PBIBOOIIACHBIMH, TOKCUYHBIMU u
JIETKOBOCIUIAMEHSIOLIMMUCS BEILIECTBAMU WM MaTepUAIaMU.

B psge ciayyaeB MpUMEHSIIOT CIIeIIMaibHBIE CPENCTBa 3allUTHI, K
KOTOPBIM OTHOCSITCS JIBYPYYHOE BKJIIOUEHHME MAalIMH!, pasniuyHbie
CHCTEeMbI BEHTW/ISIIIUU, TAYIIATEIN IIyMa, OCBETUTEIbHbBIE TTPUOOPHI,
3alIMTHOE 3a3eMJICHUE W DS Op.

B Tex ciywasx, Korma He IpemryCMOTPEHBI KOJUIEKTUBHBIE CpPEIl-
CTBa 3alllThl pabOTaMILIMX WM OHU HE AT Tpedyemoro agdexTa,
MpUOeraroT K WHANBUAYAJIbHBIM CPEIACTBAM 3alllUTHI, KOTOPHIE pac-
CMOTPEHBI B MPEIABIAYIINX TJlaBax.

I IBypyuHOe BKIIFOUEHHME MAIMH U OOOPYJOBAHMSI OCYLIECTBISIETCS BYMSI PYyKOSITKA-
MM TIOCPENCTBOM [BYX ITyCKOBBIX OPTaHOB, YTO MCKIIIOYAET CIYYAHBINA 3aIlyCK 3TUX
YCTPOMCTB.
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Kourpoabubie Bonpocor
000 00000OCGCOGONOGEONOEONOEONOIO

Yro Takoe onacuasa zona?

Oxapakrepusyiite OrpajUTejbHbIe CPEICTBA 3AIMUTHI.

Yro Takoe mpeaoxpaHuTeIbHbIC, OJORUPYIOINNE W CUTHAINSH-
pyromue yerpoiictBa?

Jlits 9ero MEmosba3yloT cucTeMbl JMCTAHITMOHHOTO YIIPaBIeHUA
IIPOUBBOJICTBEHHBIMU TTIpoIeccamu ?

Yro Taroe ABYypyYHOE BRIOUEHIE MATINH 1 000pyI0oBaHms?



O6ecneuenne
6e3onacHoctu npu pabore
C KOMIIbIOTEPOM

B Hacrosiee BpeMs KOMIbIOTepHasl TEXHMKA LIMPOKO MPUMEHSI -
eTcsl BO Bcex 00JacTsIX AesaTesibHOCTU uesoBeka. [Ipu pabote ¢ Kom-
MbIOTEPOM UEJIOBEK IOABEPraeTcsl BO3ASHCTBUIO psila OMACHBIX U
BpEAHBIX IPOM3BOACTBEHHBIX (PAKTOPOB: 3JICKTPOMArHUTHBIX IT0JIEit
(nmuanaszoH paguouactoT: BU, YBY u CBY), undpakpacHoro u mo-
HU3UPYIOLIETO U3JIyYeHW, llymMa U BUOpallMU, CTaTUYECKOTO 3JeK-
TpUYECTBA U OP.

Paborta ¢ KOMIIbIOTEPOM XapaKTepU3YeTCsI 3HAUUTEIbHBIM YMCT-
BEHHBIM HAIpsDKEHUEM M HEPBHO-3MOLMOHAIIBHOII Harpy3Koil oIle-
paToOpoOB, BHICOKOM HAIIPSLKEHHOCTBIO 3PUTEIBHOM pabOThl MU JOCTa-
TOYHO OOJIBIIION HATPY3KOM Ha MBIIIILI PYK IIpY paboTe ¢ KIaBHATy-
poit DBM. Bbonblioe 3HaueHUE MMeeT palMOHaJAbHAs KOHCTPYKIIUS
M PaCIIOJIOXEHHUE 3JIEMEHTOB pabo4yero Mecra, YTO BaXXHO IS IIOJI-
JepXaHUsl ONTUMAJILHOM paboueil mossl! yenoBeka-oneparopa.

B mnporiecce paboThl ¢ KOMIIBIOTEPOM HEOOXOAMMO COOII0AATh
MpaBWIbHBINA PEeXUM Tpylda U OTAbIXa. B MpOTMBHOM ciydae y Iepco-
HaJla OTMEYalOTCsl 3HAUMTEIbHOE HaMpsKeHHe 3pUTEJbHOro armapara
C IPOSIBJIEHUEM Kajl00 Ha HEyIOBJIETBOPEHHOCTb pabOTOM, rOJIOBHBIE
00JI1, pa3apakKUTEIBHOCTh, HApYILIEHWE CHA, YCTAJIOCTh M OOJIe3HEH-
HbIE OLIYIICHMS B IJ1a3ax, B IMOSICHUIIE, B 00JIACTH ILIEU U pyKax.

PaccMoTpyM OCHOBHEIE TpeOOBaHUS K IIOMEIEHUSIM, TOe ycTa-
HOBJICHBI KOMITBIOTEPBI. B 3aBUCMMOCTH OT OpMEHTALIMM OKOH PEeKO-
MEHIyeTCsI CIeAyIolasi OKpacka CTCH U I10JIa IIOMEIeHUS

e OKHA OPMEHTUPOBAaHBI Ha IOI — CTEHBI 3€JIEHOBATO-T0JIyOOTo

WY CBETJIO-TOJYOOTO 1LIBETa; MO — 3€JIeHBII;
e OKHAa OPMEHTHPOBAHBI HAa CEBEP — CTEHBI CBETIO-OPAaHKEBOIO
WIM OPaHXeBO-KeJITOTro 1IBETA; MOJI — KPaCHOBATO-OPAHXKEBBIIA;

I PaGouas nmosa — mosoXeHHe Tejla 4YeloBeKa B Ipolecce Tpyaa. HauGonee pacripo-
CTpaHECHHBIMU PAOOYMMU TO3aMU SIBJISTIOTCS O3Bl «CTOSI» U «CUIIST».
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e OKHa OpPHEHTHMPOBAHBI HAa BOCTOK — CTEHBI KEJITO-3€JEHOTO
1IBETA; MOJI 3eJIeHBII MM KPaCHOBAaTO-OPAHKEBHII;

e OKHa OpPHMEHTHMPOBAHBl Ha 3amam — CTEHBI KEJITO-3€JICHOIO
WM TOJy0OBaTO-3€JIEHOTO IIBeTa; IT0J — 3CJICHBI MM Kpac-
HOBaTO-OPaHXEBBIA.

B momerieHnsIx, roe HaxXOOUTCSI KOMITBIOTEpP, HEOOXOmMMMO 00ec-

MEYUTh CICAYIOLINE BeIUMYMHBI KO3 GULIMeHTa OTpaxXeHus1, %:

Jlia moronka — 60—70
st cteH — 40—-50
Jnst moma — 30
15 npyrux moBepxHOCTEN

u paboueit Mebenu —  30—40.

OcBelleHUe TMOMEIIEeHUI BBIYMCIUTENbHBIX LEHTPOB JOJIKHO
OBITh CMEILIAHHEIM.

IIpu BbIMONHEHMM PAOOT KAaTeropuu BHICOKOU 3pUTENbHON TOY-
HOCTM (HaUMeHbLIUK pazMep oObekTa paszaudeHus 0,3—0,5 mm)
BeJMYMHA Ko3(pduuueHta ecrectBeHHoro ocpelieHus: (KEO)
JIOJKHA OBITh He Huxke 1,5%, a mpu 3puTeabHONM padoTe cpenHeit
TOUYHOCTU (HAaUMEHbIIMK padMmep obbekTa paznuueHus 0,5—1,0 mm)
KEO momxen 6biTh He Huxke 1,0%. B KauecTBe UICTOYHMKOB HUCKYC-
CTBEHHOTO OCBCIIECHHUS OOBIYHO MCIIOJB3YIOTCS JIIOMHHECIICHTHEIC
namnbel tuna JIb wnm JIPJI, koTtopbie momapHO OOBEAUHSIIOTCSI B
CBeTWIBHUKU. DTU CBETWJIBHUKU AOJDKHBI PacIIojlaraThCs Haa pa-
OOYMMHM ITOBEPXHOCTSIMA B PaBHOMEPHO-IIPSIMOYTOJIBHOM IOPSIIKE.
TpeboBaHMS K OCBELIEHHOCTH B ITOMEIICHMSX, INI€ YCTAHOBJICHBI
KOMIIBIOTEPHI, CJCAYIOLIMe: MPU BHITOJIHEHUM 3pUTEBbHBIX padoT
BBICOKOM TOYHOCTM OOIlasi OCBEUICHHOCTb HOJDKHA COCTaBIISITh
300 nk, a koMOuHupoBaHHast — 750 JK; aHAJIOrMUYHbIe TpeOOBaHUS
MIPU BHIMOJHEHUU paboT cpenHeir TouHoctu — 200 u 300 1K coot-
BETCTBCHHO.

BerauciuTenbHas TeXHUKA SIBISIETCS MCTOYHMKOM CYIECTBEHHBIX
TEIUIOBBIICICHMI, YTO MOXET IIPMBECTU K MOBBIIICHUIO TEMIIEpaTy-
PHl U CHIDKEHUIO OTHOCHUTEIIPHOI BJIAXHOCTM B MOMeIeHUM. B mo-
MEILEHUSX, TAe YCTAHOBJIIEHbI KOMIIbIOTEPHI, JHOJKHEI COOIIOMAaThCS
olpeneleHHbIe MapaMeTpbl MUKpOKIuMara (tadiu. 24.1).

O0BeM ITOMEILEeHNI, B KOTOPBIX pa3MelleHbl pAOOTHUKM BBIYMC-
JIUTEJILHBIX LIEHTPOB, He HOJKeH ObITh MeHblue 19,5 M3/yenoBeka ¢
y4eTOM MaKCHMAaJbHOTO 4HMcjia OJHOBPEMEHHO paboTalolluX B CMe-
Hy. HopMBl momaum cBexero Bo3dyxa B IMOMELIEHUs, Te pPacIiojo-
JKeHBbI KOMIIbIOTEPHI, IPUBEACHBI B Ta0a. 24.2.
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Taonuua 24.1. [TapameTpbl MUKPOKIMMATA
ISl TIOMEINEeHHid, T/ie YCTAHOBJIEHbI KOMIIBIOTEPBI

Ilepuoo eooa Ilapamemp mukpoxaumama | Beauuuna
XononHblid U me- TemnepaTypa Bo3ayxa B MTOMEIICHUU 22—24°C
PEXOIHbII OTHoCUTEeIbHAs BIAXKHOCTD 40—60%

CKOpOCTb IBMKEHUS BO3MyXa Ho 0,1 m/c
Tennbiit Temneparypa Bo3ayxa B MOMELIEHUU 23—25°C

OTHOCUTEIbHAS BJIAXHOCTb 40—60%

CKOpOCTb IBMXKEHUS BO3IyXa 0,1—0,2 m/c

Taonuua 24.2. Hopmbl nogauu cBeXero Bo3ayxa B MoMeUIEHUs,
r1e pacnoJioKeHbl KOMIbIOTEPbI

Xapakmepucmuka Obsemublli pacxod
nomeujeHus nooasaemoeo 6 nomeuyeHue
ceedce20 6030yxa, M3 /Ha
00H020 Yeno8eKa 6 4ac

0O6beM 1o 20 M3 Ha yenoBeka He menee 30
20—40 M3 Ha yenoBeka He menee 20
Bonee 40 M3 Ha yenoBeka EcTtecTBeHHass BEHTUISALIUS

IMomenienne 6e3 OKOH M cBeTOBBIX (poHapeii  He menee 60

g mogayy B MOMEILLIEHUE BO3/yXa MCIOJb3YIOTCS CUCTEMBbI Me-
XaHWYECKOW BEHTWUJISILMU U KOHAULIMOHUPOBAHWUS, a TaKXKE eCTeCT-
BeHHasi BEHTUJISILIUSL.

YpoBeHb liIyMa Ha paboyeM MeCTe MaTeMaTUKOB-IIPOrpaMMUCTOB
1 OIEepaTOpOB BUAECOMATEpUaIoB He NoJrKeH npesbliaTh 50 n1bA, a B
3ajlax o0paboTKM MHMOpPMALMM Ha BbIUMCIMTENBLHBIX MalllMHAX —
65 nBA. Ing CHUXXEHUs YPOBHs IlIyMa CTEHBI U MOTOJIOK IOMellle-
HUiA, TA€ YCTAHOBJIEHbl KOMIIBIOTEPHI, MOJKHBI ObITh OOJMIIOBAHBI
3BYKOITOMIOIIAIOIINMU MatepuanamMu (cM. T71. 17). YpoBeHb BUOpa-
LIMM B TIOMELLEHUSIX BBIYUCIUTENbHBIX LIEHTPOB MOXET OBbITh CHUXKEH
MyTeEM YCTAaHOBKM OOOpYIOBaHUS Ha cCHelualbHble (DYHIAMEHTHI U
BUOPOM30JIITOPHI.

YcraHOoBJIEHO, YTO MaKCHMMajibHas HaIpsK€HHOCTb 3JEKTpUYe-
CKOM COCTABJISIIOLIECH 3JIEKTPOMATHUTHOIO TOJIST JOCTUTAETCS Ha KO-
XKyxe nucruies. JlonmycThmble 3HaY€HUsT MapaMeTpOB HEMOHMU3UPY IO-
LIKUX DBJIEKTPOMAarHUTHBIX M3JIyYEeHUI OT MOHUTOpA KOMIIbIOTEpa
MpeAcTaBIeHbI B Ta0d. 24.3.
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Taonuia 24.3. JlomycTumMbie 3HAYEHHS TAPAMETPOB
HEHOHM3MPYIOIIUX 3JEKTPOMATHUTHBIX U3JTydeHHii
(B coorBercTBUM ¢ CanlluH 2.2.2.542-96)

Haumenosanue Lonycmumvie
napamempa 3HA4eHus

HarmnpsikeHHOCTh 371eKTPOMAarHUTHOTO TIOJIS IO 3JIEKTpUYe-

CKOH cocTaBsiolleil Ha paccTosiHUM S50 CM OT MOBEPXHO-

CTH BUJIEOMOHMTOpA 10 B/m
HampsikeHHOCTD 3JIeKTPOMAarHUTHOTO TIOJISI IO MAaTHUTHOM
cocraBsolleil Ha pacctostHUM 50 CM OT TTOBEPXHOCTU BU-
JIEOMOHUTOpA 0,3 A/m
HarmpsikeHHOCTh  3JIEKTPOCTAaTUYECKOTO TIOJSI HE TOJIKHA
TIPEBBIIIATE:

IIJIST B3POCJIBIX T1OJIb30BaTeleit 20 xB/M
JUIA JeTEW JOLIKOJBbHBIX YUYPEXKACHUN U ydalluXCs
CPEIHUX CIelMaIbHbIX U BBICIIMX YUeOHbBIX 3aBEACHUI 15 xB/M

MakcHMaIbHBI YPOBEHb PEHTICHOBCKOTO M3JIyYeHHMsI Ha paboueM
MecTe ollepaTropa KOMIIbloTepa OObIYHO He MpeBbilaeT 10 MKO3p/4, a
MHTEHCUBHOCTD YJIBTPa(HOJIeTOBOT0 U MH(MPAKPACHOTO U3IyYeHU OT
SKpaHa MOHMTOpaA JIeXUT B nipeaenax 10—100 mBr/m2.
BoJNBIIMHCTBO YYEHBIX CYMTAIOT, YTO KaK KPAaTKOBPEMEHHOE, TaK
U JJINTEJIbHOE BO3ICHCTBUE BCEX BUIOB M3IYYEHUSI OT 3KpaHa MOHU-
TOpa HE OITACHO IJIsI 3I0POBbS IIEPCOHANA, OOCIYXMBAIOLIEIO KOM-
npioTepbl. OTHAKO MCYEPHBIBAIOIIMX JAHHBIX OTHOCUTENIBHO OIlac-
HOCTUA BO3ICHCTBHMS WM3IYyYeHHS OT MOHHMTOPOB Ha pabOTaMOIIUX C
KOMITBIOTEpaMM He CYIIECTBYeT M MCCIIEHOBAHMS B TOM HaIlpaBiie-
HUU IIPOJOJIKAIOTCS.
11 CHYDKEHMSI BO3NEMCTBUS IEPEUYUCICHHBIX BHIOB M3JIy4eHUS
Ha OIIEPaTOPOB KOMIIbIOTEPOB PEKOMEHIYeTCS IPUMEHSITh MOHUTO-
pPHl C TOHIXEHHOM M3JIyJaTeJIbHOM CIOCOOHOCTBIO, YCTaHABIMBATh
3alllUTHBIC 2KpaHbl, a TakKXe COOIIONATh perlaMeHTUPOBAHHBIE pe-
KMMBI TPYJA U OTAbIXA.
TpeboBaHMs K OpraHM3aluyd pabovYero MecTa olepaTropa:
e BBHICOTA CTOJIA C KJIaBMATypOll JOJKHA COCTABIATh 62—88 cM Haf
YPOBHEM CTOJIa; a BbICOTA KpaHa (Haf rmojnoM) — 90—128 cwm;

e pAcCCTOSIHME OT 3KpaHa J10 Kpas croja — 40—115 cm;

e HAKJIOH 3KpaHa — OT —15 go +20° Mo OTHOIIEHUIO K HOP-
MaJIbHOMY €TO TIOJIOXKEHHIO;
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e TIOJIOXEHNE CIIMHKM Kpecia oleparopa JOJKHO O0eCIeYrBaTh
HaKJIOH TeJla Hazanm oT 97—121°.

KnaBuatypy ciemyer menaTh OTHENBHOM OT 3KpaHAa U ITOABIIK-
HOM. Ycuive HaXwMa Ha KJIaBUINM MOJDKHO JieXaTh B IIpelesax
0,25—1,5 H, a xon ximaBuiueir — 1—5 MM.

Cy1iecTBeHHOE 3HAUYe€HUE IS IIPOM3BOIUTEILHOM M KaueCTBEH-
HOM pabOoTHl Ha KOMITbIOTEPE MMEIOT pa3Mephl 3HAKOB, INIOTHOCTh MX
pa3MelIeHnsI, KOHTPACT M COOTHOIIEHHUE SIPKOCTEH CMMBOJIOB M (po-
Ha 2KpaHa. Ecim paccrosiHue ot IJ1a3 oreparopa 10 3KpaHa IUCTLIes
coctapisier 60—80 cM, TO BBICOTa 3HaKa HO/DKHA OBITb HE MEHee
3 MM, ONTHMAajJbHOE COOTHOIICHWE INMPUHBI M BHICOTHI 3HaKa CO-
cTaBisieT 3 : 4, a paccTosgHue Mexny 3Hakamu — 15—20% ux BbICO-
Tbl. COOTHOLIEHUE SIPKOCTU (poHA ZKpaHa U CUMBOJOB — OT 1 : 2—
1:5m01:10—1: 15.

B T1abn. 24.4 mpencraBieHbl CBEAEHUSI O perjaMeHTHPOBAHHBIX
repephiBax, KOTOpble HEOOXOAWMO OeNaTh IpU padoTe Ha KOMIIbIO-
Tepe, B 3aBUCMMOCTU OT IPOIOJDKUTEIbHOCTU paboueil CMEeHbI, BU-
JIOB U KaTteropuii tpymosoii aesareabHoctu ¢ BAT! u TIDBM2? (B co-
orBerctBuu ¢ CanlluH 2.2.2 542-96 «['uruenuyeckue TpeGOBaHUS K
BUICONMCIVICAHBIM ~ TepMHUHAJaM, II€PCOHAJIBLHBIM  3JIEKTPOHHO-
BBIYMCJIUTEIFHBIM MaIllMHAM M OpTaHU3alliKl paboT»).

Taonuua 24.4. Bpems perjaMeHTHPOBAHHBIX NepepbIBOB
npu padoTe HA KOMIbIOTEpE

Kameeopuss | Yposenv Haepysku 3a pabouyro cmeny CymmapHoe epems
pabomst ¢ BAT npu eudax pabomwt ¢ BAT pe2nameHmupo8anHblX
uau I[I9BM nepepvieos, MuH
Ipynna A, | Ipynna b, | Ipynna B, Ilpu Ilpu
Koauwecm- | Koauvecm- yac &-uacoeoii | 12-uacosoii
60 3HAK08 | 80 3HAKOB cmeHe cmeHe
| no 20 000  go 15 000 no 2,0 30 70
11 no 40 000 mo 30 000 1o 4,0 50 90
111 mo 60 000 mo 40 000 1o 6,0 70 120

ITpumeuanue. BpeMmd mepepblBOB JaHO MpU COOMIONEHUM YyKa3aHHbIX CaHu-
TapHbIX NpaBui U HOpM. [Ipu HecooTBeTCTBUM (QakTUUECKUX YCJIOBMII Tpyaa TpeboBa-
HUsiM CaHUTApHBIX MPAaBWJI U HOPM BpeMsl periaMeHTUPOBAHHBIX MEPEPHIBOB CIEAYET
yBemuuTh Ha 30%.

' BAT — BUICOMUCILIEHHDIA TEpPMUHAIL.
2 [IDBM — nepcoHalbHas 3J1€KTPOHHO-BLIYMCIUTEIbHAS MallUHA.
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B coorBercrBun co CaulluH 2.2.2 546-96 Bce Buanl TpPydOBOW
JIeSITeIbHOCTH, CBSI3aHHBIE C MCIIOb30BAaHMEM KOMITBIOTEpA, pasie-
JISTIOTCST Ha TPY TPYIIIIBL:

e rpynna A — paboTa MO CYUTHIBAHUIO MHGpOPMALIMU C IKpaHa

BAT wniu II9BM c npeaBapuTesibHbIM 3alpOCOM;

e rpynna b — paGota 1o BBoay MH(pOpPMALIUU;

e rpymnna B — TBopueckasi paboTa B pexxume auanora ¢ 3BM.

DDDEKTUBHOCTD TEPEPHIBOB IOBBILIAETCS MpPU COYETAHUU C
MPOU3BOJICTBEHHOW TMMHACTUKOM.

KOHTPOJ\beIe BOIIPOCHI

1. HCpClII/ICJII/l'I'C OCHOBHbBIE€ oOllacHbl€e M BpeHbIC TIPON3BOJICTBEH-
Hble (parTophbl, JieiicTBYIONIe HA OllepaTopa KOMITbIOTEpA.

2. KakoBbl TpeGoBaHUsI K OCBEINEHHUIO B MOMENEHUSAX BbIYHCIN-
TeJILHBIX TIEHTPOB?

3. HakoBbl mapameTpbl MUKPORJINMATA B MOMEINEHUAX, 7€ ycTa-
HOBIEHBI KOMITHIOTEPHI?

4. Rar opranusyercs pabouee MecTo oreparopa Kommbiotepa?

5. RakoBbl TpeGoBaHusi K KiaBuatype Komibiorepa?

6. KakoBbl peskuMbI Tpyjla M OTjJbIXa Hpu padore ¢ KOMIIbIOTe-
pom?
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O6ecneuenne 6esonacHocTu
*KH3HEAEeATEAbHOCTH

B Ype3BbIYaUHbIX
CUTYALIMAX

25 . 1 . OCHOBHbIe IIOHATHA

CyIIeCTBYIOT pa3jIMYHbIE OIpENeSIeHUST TTOHITUS «dIpe3BbhlYaiiHast
cutyamusi». Hanbosee 9acTo upeszgviuaiinyro cumyayuto OIPEACIISIIOT
KaK HapylleHWe HOPMaJbHOW KM3HM M NESITeJIbHOCTH JIIONeH Ha
00BbEKTE WM ONpPENEEHHON TeppuTopuun (akBaTopuul), BbI3BaHHOE
aBapueil, KaracTpodoif, CTUXMIHBIM WJIM 3KOJOTUIECKUM OeICTBU-
eM, SMUAEMUENZ, SMU300THEI3, SMUdUTOTHER?, a TaKKe BOEHHBIMU
NEWCTBUSIMU UM TIPMBEIIEe WJIM MOTYIIEe IPUBECTH K JIIOACKUM U
MaTepuaJbHBIM TIOTepssM. Upe3BblyaliHasi CcHUTyalldss MOXET OBITh
TakXke OIlpefesieHa KaK BHEIIHE HEOXWIaHHas, BHE3aITHO BO3HU-
Kaiomass oOCTAaHOBKA, XapaKTepHU3YIOIIAsCsS HEONpPeaeIeHHOCTHIO,
CTPECCOBBIM® COCTOSIHUEM HACEIEHUS, 3HAUYUTENBHBIM COLMAIBHO-
3KOJIOTUYECKMM M 3KOHOMMYECKHMM YIIEPOOM, IIPEXIe BCErO Yeso-

I AKBaTopusi —BOIHOE TIPOCTPAHCTBO, OTPAHMYEHHOE ECTECTBEHHBIMM, WCKYCCTBEH-
HBIMM WIH YCJIOBHBIMU IPaHULIAMM.

2 DnuaeMus — MacCOBOE TPOTPECCUPYIOILIEE BO BPEMEHM M MPOCTPAHCTBE MH(pEKLIN-
OHHOE 3a0oJieBaHMe JIoJei (B Mpenesax OLHOIO PerMoHa), YPOBEHb KOTOPOrO 3HauM-
TEJIbHO TIPEBBIIIAET OOBIYHO PETMCTPUPYEMBbIl HA NTaHHOW TEPPUTOPUU YPOBEHB 3a00-
JIEBAEMOCTH.

3 Dnm300THS — OZHOBPEMEHHOE PACIPOCTPaHEHME MH(PEKLIMOHHOTO 3a60NeBaHUs
cpean OOJIBLIOrO YMC/Ia OAHOTO M3 MHOTMX BUIOB XKMBOTHBIX, YPOBEHb KOTOPOIO 3Ha-
YUTEJIBHO TPEBBIIAET OOBIYHBIA YPOBEHb 3a00JIEBaHUS, XapaKTEPHBIUA ISl JTaHHOM
MECTHOCTH.

4 DnMGUTOTUA — IIUPOKOE PACIPOCTpaHeEHNE MH(MEKIMOHHONW OONIE3HN PacTEeHMId, B
MEPBYIO OYepeb CEebCKOXO3SIICTBEHHBIX CTPYKTYP, Ha OOLUMPHON TEPPUTOPUU B Te-
YeHHe OTpeNeIEHHOTO BPEMEHH.

5 Crpecc — COCTOSIHME TCUXMYECKOW HAINPSKEHHOCTH, BBI3BAHHOE TPYAHOCTAMM,
OMACHOCTSIMM, BO3HUKAIOIIEE Y UETOBEKa MPU PEIICHUU BaKHOU IS HETO 3a/1auM.
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BEUECKMMM XKEPTBAMU, W BCJIECACTBHE 3TOIO0 HEOOXOOUMOCTBHIO OBICT-
poro pearnpoBaHus (TIPUHATHAS PEIICHWI), KPYIMHBIMHU JIIOICKUMU,
MaTepuaJbHBIMU U BPEMEHHBIMU 3aTpaTaMd Ha TIPOBEICHUE SBaKya-
LIMOHHO-CITACaTeIBHBIX PabOT, COKpaIlleHWe MAaCIITa00B U JIMKBUIALINIO
MHOTOOOpPa3HBIX HETAaTMBHBLIX TOCJEACTBUI (pa3pylIeHU, MOXapoB
" T.0.). AMEpUKaHCKHE WCCIIEIOBATEIM OIPEIeISTIOT Ype3BhIYaiHYIO
CUTYyalIMI0 KaK HEOXWIAHHYIO, HETPEABUICHHYIO OOCTAHOBKY, Tpe-
OyI011IyI0 HEMEIJICHHBIX NEWCTBUI.

IloHgTHe Ype3BbIYAHONM CUTyalMU CBSI3aHO C TAKUMM MOHSITUSI-
MU, KaK «OIaCHOCTb»! 1 «puck»2.

Hnsg Toro 4yToObl OMpeaenuTb, OTHOCUTCS JIM JTaHHAs CUTyalusl K
Ype3BBIYAfHOM, pa3paboraH psa KputepueB (tadn. 25.1). B tabauie
MnpeAcTaBieHbl 18 mapamMeTpoB, NAOIIUX KAaYECTBEHHBIE OIMUCAHUS
paccMaTpUBaeMbIX KPUTEPHEB.

IIpencraBiaeHHble B Tabjaulie KpUTEpUU 0O0JadalOT CBOMCTBOM
CHCTEMHOCTH, T. €. TOJIbKO HaJW4yuhe OJHOBPEMEHHO BCE MX COBO-
KYMHOCTH MO3BOJISIET KBaJTU(MULMPOBATh CUTyalMIO KaK 4pe3Bbluaii-
Hy10. OTCyTCTBHE XOTSI OBl OMHOTO KPUTEPUS yXKe He ITO3BOJISIET 3TO-
ro caenarh.

IIpuBeneM mpuMepbl MCHOJNB30BAHUSI JTAaHHBIX KputepueB. Ilpen-
MOJIOXKUM, YTO IPOM30IIIa KaTacTpoda Ha MacCakMpPCKOM TpaHCIOpP-
Te (aBMALIMOHHOM, XEJIE3HONOPOXHOM, aBTOMOOWIBHOM W Ap.), TO-
BJIeK1Ias 3a Co0Oi yenoBeyeckue XepTBbl. OmHaKo 3Ta KaracTpoda
HE MOXET ObITb MpM3HAHA YPE3BbIYAHHON CUTyallMeil, B YaCTHOCTH,
MOTOMY, YTO HE OTBeYaeT €l ¢ TOUKM 3PEHMSI COLMAIbHO-
TICUXoornyeckoro Kpurepusi. CTpeccoBOe COCTOSTHHE WCITBITHIBAIOT,
KaK MpaBUJIO, OCTaBLIMECS B XKMBBIX YYACTHUKM, UX POICTBEHHUKHU U
ponCcTBeHHUKHN moru6imx. OcTaJbHOEe HaceJIeHHe ITPOJ0JIKaeT J0CTa-
TOYHO CHOKOMHO MOJIb30BaThCSI TPAHCIOPTHBIMM cpeacTBamMu. Kpome
TOTO, Takasg KaracTpoda 3a4acTyio He BJIeYeT 3a COOOM LIETIN TSKEITbIX
BTOPUYHBIX, TPETUYHBIX U APYIMX MOCJIEACTBUI. DTO O3HAYAET, UYTO
OHa HEe OTBEYaeT M creunduIecKoMmy (CeIbMOMY) KPUTEPUIO YPE3BHI-
YaliHbIX cUTyaluii. Pe3loMupys BbIIEU3T0XEHHOE, CIEAyeT CKa3aTb,
YTO pacCMOTpPEeHHas KatacTpoda KacaeTcsl OrpaHMUYEHHOTO KpyTa JIuII,
«PUCKHYBIIVX» WCIOJb30BaTb UMEHHO 3TO TPAHCIIOPTHOE CPEICTBO, U
HE MOXET XapaKTepH30BaThCsl KaK Upe3BblYaiiHas CUTYyaIlusl.

I OnacHocTbIO Ha3bIBAIOT Pas3/IMYHLIC ABJICHUA, IMPOLIECCHI, 00BEKThI, CITOCOOHBIE B
OIIPEACICHHDBIX YCIOBUAX HAHOCHUTDH yLuep6 310POBbIO Y€JIOBEKA WJIM MHBIM €ro LEH-
HOCTsAM, a TaKXKE MPEACTABIAIOLIIMNE YIPpO3Yy MJId XKMU3HU YEJIOBEKA.

2 PucK — KOJMYECTBEHHAS OLICHKa OIMIaCHOCTHU.
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Taonuima 25.1. Kpurepun upe3BblYadHBIX CUTYAIHA
(mo b.H. Ilepdpupneny) [15]

Ao Tun Homep
napa- Kauecmeennoe onucanue Kpumepusi
n/n Kpumepus Mempa
1 2 3 4
1 BpemeHHoIi1 1 BHemiHsI1 BHE3ammHOCTb, HEOXUIAHHOCTH BO3-
2 HUKHOBEHUS
BricTpoe pas3BuTHe COOBITUII (C MOMEHTa BO3-
HUKHOBEHUSI YpEe3BbIYAHON CUTYallK)
2 CoumaabHO- 3 YeoBeyeCKMe KEPTBLI, SMUAEMUM, MyTareHes!,
9KOJIOTHYE- TepaToreHes? y 4eJloBeKa U XKUBOTHBIX
CKUA 4  DNM300TUH, MACCOBBIN MaaeX CKOTa
5 BbiBOoa 13 BOCIIPOM3BONCTBA 3HAYUTEIBHON YaCTU
MIPUPOAHBIX PECYPCOB, CEIbCKOXO3SIMCTBEHHBIX
Yroauil U KyJIbTyp
3 CouuanbpHo- 6  CrpeccoBble COCTOSIHUS (CTpax, IEMPEeCCUH, MCUXO0-
TICUXOJIOTH - COMAaTUYECKUE CUMITOMBI, (pOOUM3, TTAHUKA U T.IL.)
YyecKui 7 Jecrabuauzanusi MCUXOJOTMYECKOM YCTONYUBO-
CTH HaceJIeHUsI B MIOCTKPU3UCHBIN MEepUO
4 CouualbHO- 8 OCTpOKOH(IMKTHOCTh, B3PbIBOOIIACHOCTh
MOJIUTHYE- 9  VYcwieHue BHYTPUITOJIUTUYECKON HaMPSIKEHHO-
CKUM CTH, IIMPOKUNA BHYTPUIIOJUTUYECCKAN PE3OHAHC
10 VYcwineHue MeXAyHApOOHOW  HAIPSKEHHOCTH,
LLIMPOKUIA MEXAYHAPOAHBIA PE30HAHC
5 BDkoHoMUHYe- 11 3HauWTeNbHBI SKOHOMUYECKMI yiepd B ne-
CKHUi1 (BKJTIO- HEXXHOM M HAaTypaJIbHOM BBIpaKeHUU
yasg TexHU- 12 Bbixom u3 CTposl LeJAbIX MHXKEHEPHBIX CUCTEM U
KO-2KOHO- COOpYXEHUI
MMYECKUI) 13 HeoOxomMMoOCTb 3HAYUTENbHBIX MaTepUaTbHbIX
3aTpaT Ha BOCCTAaHOBJIICHME U KOMIIEHCALIMIO,
co3faHue creuuaibHbIX (OHIOB  (CTPaXOBBIX
14  HeghxomnMoCTh MCIIOJIb30BAHUSI OOJIBIIOTO KO-

JIMYECTBA Pa3HOOOPA3HON TEXHUKH, B TOM UYMCIE
KauyeCTBEHHO HOBOW, [JIs1 TpPEJOTBpAILEHUST CHU-
Tyaluuu U JUKBUAALMU €€ MOCIeACTBUI

I MyrareHes — BO3HMKHOBEHME MyTAllMU, T.€. PE3KUX HACIEACTBEHHBLIX U3MEHEHMIt
opraHusma. [1poucxoaut moja neidcTBUEM MyTareHOoB — (haKTOpOB, BbI3bIBAIOLIUX MY-
Taluuio (HarpuMmep, paaioaKTUBHBIX BEIIECTB).

2 TeparoreHe3 — BO3HMKHOBEHWE aHOMAlMii B Pa3BUTUM XMBBIX OPraHU3MOB B pe-
3yJIbTaTe BO3IEHCTBUS OCOOBIX BEILIECTB — TEPATOTEHOB.

3 ®obust — 60sI3Hb, HEHABUCTD.
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Oxkonuanue mabn. 25.1

1 2 3 4

6 Opranusa- 15 HeomnpeneneHHOCTb CUTYallMu, CIOXHOCTb TMPUHSI-
LIMOHHO- TSI peUIeHUH, MPOTHO3UPOBAHUSI X012 COOBITUIA
yIpaBJieHYe- 16  Heo0xomuMOCTb OBICTPOTO pearupoBaHust (IpH-
CKMIA HSITUSI PeLICHUIT)

17  HeoOxomuMocCTh NpHUBIEUYEHUSI OOJBLIOTO 4YHMCa
Pa3HBIX OpPraHW3alMi W crenuraaucToB. Heobxo-
JTUMOCTh MAacCIITAOHBIX 3BaKyallMOHHBIX U CITaca-
TEJIBHBIX pabOT, BKJIIOYAsl CKOPYIO MEIULIMHCKYIO

MOMOIb
7 Cneuuduue- 18 MHoOro- u pa3HOIJIAHOBOCTb TOCJIENCTBUM, MX
CKUi (MyJIb- LIEITHOM XapakTep (HaIpHUMep, pa3pylleHHe O00b-
TUTITUKA- €KTa BCJICACTBHME B3pbIBa, BO3HUKHOBECHME ITOXKa-
TUBHBI) POB, BBIXOI M3 CTPOSI KOMMYHUKALIMiA M3-3a TO-

KapoB M T.O.; 3aJ€pXKa B Pa3sBUTUM WJIM OTKa3
OT TIPOJOJDKECHMSI COOTBETCTBYIOIICH HaydHO-
TEXHUYECKOU TTPOrPaMMBI M T.II.)

PaccmorpuM Temeph TpaHCIIOPTHYIO KatacTpody, IIPOM3OIIe -
IIYIO C KeJIe3HOAOPOXHBIM COCTaBOM, IIEPEBO3UBIINM OIIACHEIE TP Y-
3bl (B3pHIBYATHIC, arPECCUBHBIC MM SIOBUTHIE XUMHMYECKHE BEIICCT-
Ba). IlpemmoioxuMm, 4YTo B pe3yibTaTe KaTacTpO(bl IIPOM3OILIET
B3pbIB. B 3TOM ciyuae Imox meiicTBUE TaKOro Iopaxkarolero (axro-
pa, Kak yaapHasl BOJIHa, ITOIIaJl M JOCTATOYHO INMMPOKWM KPYT JIWII,
«HE CBSI3aHHBIX» C MCTOYHMKOM pHCKa (KeJIe3HOMOPOXHBIM TpaHC-
MOPT), a TaKKe U 3HAYMTEJIbHOE YMCIIO COOPYXKEHUIA, MpeXae BCero
KWIBIX OO0MOB. TakuMm o0pa3oM, BO3HHUKIIAS B pe3yjbTaTe KaTacT-
podBI cUTyalrsi COOTBETCTBYET BCEM KPUTEPHSIM, IIPEACTaBICHHBIM
B TabJ. 25.1, 1 MOXeT ObITh OmnpeAeseHa KaK Ype3BbluaiiHasl.

AMepUKaHCKHE MCCIeI0BaTeIM YKA3bIBalOT, YTO IIPOMBIILIICHHBIC
aBapyMM IIPEeBPAIAIOTCS B Upe3BBIYAMHBIC CUTyallUM B TOM Ciydae,
€CJIM BBI3BAaHHBIC MMM ITOC/ICOYIOIINE HEeraTMBHBIE COOBITHSI YTPOXKa-
10T CYIIECTBOBAaHMIO COLIMAJIBHOI CTPYKTYphI oOlecTBa. B cBsI3M ¢
3TUM OCOOBIII MHTEpeC MPEACTABISICT PACCMOTPEHHE «CITEeM(pUIECKO-
ro», WIX MYJbTUIUIMKATUBHOTO, KPUTEPUS. DTOT KPUTEPUI BBIAEIISIET
OIHY M3 IVIABHBIX XapaKTEPHBIX YepPT YPE3BBIYAMHBIX CUTyaIlUii: MHO-
TOIIOPSIIKOBOCTh M pa3HOOOpa3ue IOCICACTBUII — COIMAIbHBIX, I10-
JINTUYECKUX, DKOJIOTMICCKUX, SKOHOMUYCCKUX, TICUXOJOTMYECKUX.

Bo3bMmeM B kauecTBe npumepa aBapuio Ha YepHoObuibcKO ADC. B
pe3y/bTaTe aBapuyd TMOTMOMM OECSITKM W ObUIM TOCHUTAIM3UPOBaHBI
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cotHn monaeit. Ilpuinioch 3BaKyrpoBaTh COTHU THICSY TpaXkIaH M 3a-
TpaTUTh Ha JIMKBHUIALIMIO ITOCJICICTBHI aBapuMy 3HAYMTENIBHBIE Cpell-
ctBa (B TIepBBIE UYETHIpE TOIa TIOJIe aBapuy OBUIO 3aTpadyeHO
10,5 mapa.  py6.!). Hekotopble U3 COOTBETCTBYIOLIMX HAy4HO-
TEXHUYECKUX TIPOTpaMM, CBSI3aHHBIX C Pa3BUTHEM SIIEPHOM SHEPreTH-
K1, OBUIM 3aTOPMOXKEHBI MM BOOOILE OTMEHEHBI (B OTHOIICHUM PeakK-
topoB PBMK-1000). beiimn pa3paboTaHbl HOBBIE TTOAXOABI K pa3Meliie-
Huio ADC, a Takke K TOATOTOBKE KampoB Wi MX oocimyxkuBaHms. [le-
pEUMCIICHHBIC MEPONPUATHSI TTOTPeOOBAI OT TOCYAApCTBA 3HAUMTETIBHO
VBEJIMIUTD pacxon (PMHAHCOBBIX M MaTePUAIBHBIX PECYPCOB HA 3TH LIEJTH.

Hammume Bceif cOBOKYITHOCTH TtapaMeTpoB (Bcex 18), KauecTBeH-
HO OIMCHIBAIOIINX KPUTEPUU, HE SIBISETCS HEOOXOMMMBIM IS OIpe-
JieJIeHUsl CUTyallud KakK 3KCTpeMajbHOW. B Toil MM MHONM KOHKpeET-
HOIf OOCTaHOBKE HEKOTOPblE M3 HUX MOIYT OTCYTCTBOBaTh. Harpu-
Mep, B cIydyae KaTacTpOo(PUUIECKOTo 3arpsI3HeHUS] OKPYXKAIOIIEH Cpeb
TOKCUYHBIMM BeIlIeCTBAaMU (MECTULIMIAMM, TSKEIBIMUA MeTaJllIaMA |
Ip.), TMapamerp 7 (mectabmim3anuysi ICHXO(MU3NOJIOTMYECKON YCTOM-
YUBOCTH B IMOCTKPU3UCHBIN TIEPUOI) MOXKET OTCYTCTBOBATb.

PaccMoTpyM OCHOBHBIE TTOCTIEACTBUS UPE3BBIYAHBIX CHUTYallWiA.
3a nocnennue 20 JeT OoT HUX Ha 3eMJie mocTpanajio dosnee 1 Mipa de-
JIOBEK, B TOM YHCJIE€ CBBILIE 5 MJIH MOru0/JI0 Win ObUIO paHEHO, a Ha-
HECEHHbI MaTepUalibHbIK yIIEpO MCUMCSIETCS TPUIJIMOHAMM JI0JU1a-
poB. 3a yKa3aHHBIN MepHoJ IT0 SKOJOTUISCKUM MPUIMHAM TTOKUHYIN
pOIHBIE MeCTa M CTajli OeXeHlIaMU MWIJIMOHBI Jionei. B Hacrosiee
BpeMsI B MHUpPE UYMCJIO TaKMX OeXXeHIIeB TpeBbIlIacT 10 MJIIH YesloBeK,
TOrga KakK YWCIO TPagWIMOHHBIX OeXeHIIeB (KepTB BOOPYKEHHBIX
KOH(MJIMKTOB 1 pEerMOHAIBHBIX BOIH) — Oosee 13 MJTH YeJloBeK.

BecbMma TSDKENBI TIOCTCACTBUSI CMUXUIIHbIX Oedcmeuli, KOTOPBIMU
HA3BIBAIOT OITACHBIC NMPUPOIHBIC SIBICHMSI WIIM TIPOLIECCHI, HOCSIINE
Ype3BBIYAMHBINA XapaKTep W TPUBOASIINE K HApPYIIEHUIO MOBCEIHEB-
HOTO YKJIaJa XM3HU 3HAYUTEIBHBIX TPYIII HACEJICHMS, delloBeue-
CKMM 3KepTBaM, a TakKKe YHUUYTOXEHHMIO MaTepPUATbHBIX LIEHHOCTEIA.
K ctuxuitHeIM OeICTBUSIM OTHOCSITCSI HAaBOTHEHUS, 3€MJICTPSICEHUS,
3aCyxH, BYJIKAaHWUYECKasl JESATeIbHOCTb, MAacCOBBHIE JIECHBIC IIOXKApHI,
CWJIbHBIE YCTOMYMBBIE MOpO3bl U Ap. Hambomibluit Bpem NMPUHOCIT
HaBogHeHus1 (40% obiuero ypoHa), yparanbl (20%), 3eMieTpsiCeHUsI
u 3acyxu (1o 15%). Ocranbhble 10% 001Iero ypoHa IpUXOISTCs Ha
OCTaJIbHBIE BUIBI CTUXUITHBIX O€ICTBUIA.

1
B nmenax tex jer.



412 Paspen 5. bezonacHocTb B l-Ipe:iBI:I‘-IaI:;IHI-.»IX CUTyauuax

B kayecTBe mpuMepa paccCMOTPHUM ITOCTIEACTBUS 3eMIICTPSICEHMS,
mpowm3oleainero B Apmennn B KoHie 1988 r. B pesynbrate 3emiie-
TpsiceHns mocTtpanaio 550 ThIC. YelloBeK, M3 HHMX IOTMOJIO 25 ThIC.
yesloBeK. Bblo moTepsHo 8 MaH M2 Xuibs, 0€3 KpoBa OCTaJIOCh
514 teIc. yenoBeK. Hapyimnack cBsI3b ¢ 121 oTaeaeHueM CBsI3U, OBI-
JIO BbIBeAeHO M3 cTpod 50 aBTrOoMaTMUeCKMX TeJIe(POHHBIX CTAaHLIWIA
(ATC) m cucrema omnoseweHus. Ilepectamm ¢GYyHKIIMOHNPOBATH
170 mpOMBIIIUIEHHBIX TIPEANPUSITHN, BBILLIO M3 cTpost 102 kKM KaHa-
JIM3ALIMOHHBIX CeTeil, ObLI0 HapylleHO BogocHabxeHue B 11 Hace-
JIEHHBIX TyHKTaX. M3 965 HaceleHHBIX ITyHKTOB Ha TEPPUTOPUU
pecryosimky noctpagaiio 173, a 58 HaceJeHHBIX ITyHKTOB ObLUIO pas-
PYILIEHO ITOJTHOCTBIO.

3a mocnenHue 20 JeT OT CTUXMUHBIX OCACTBUII B MUpE TOCTpa-
Jnanxo B obmieit cimoxHoctu 6osee 800 mutH denoBek (cBbiiie 40 MTH
YeJI0OBEeK B rom), morndiyo mopsnka 140 TeIC. 4elmoBeK, a eXeroaHbIN
MaTepUabHBIM YLIEpO OT CTUXMUMHBIX OCACTBUIA 3a 3TOT IIEPHOI
cocTtaBuia He MeHee 100 mupa nost.

Bonbinyio omacHOCTh MPEACTABISIOT TEXHOTEHHBIC (TeXHOJIOTH-
yeckue) Karactpodbl!, KOTOPblE BOSHMKAIOT BCJIEACTBAE HAPYLIECHUS
TEXHOJIOTUYECKOTO TPOoIecca MW BHE3AITHOTO BEIXOAA M3 CTPOST Ma-
IIMH, MEXaHU3MOB U TEXHMYECKUX YCTPOMCTB BO BpeMsI MX SKCIUIya-
Tauuu. K TexHOreHHbIM KatacTpodam OTHOCSTCS pa3/MYHble aBa-
pUK? Ha MPOMBILUIEHHBIX ¥ 3HEPreTUYECKUX OOBEKTAX, a TaKXkKe Ha
TPaHCIIOPTE, pacTeKaHWe IO TMMOBEPXHOCTH TTOYBHI M BOMBI TOKCHY-
HBIX XHMIKOCTEH 1 He(PTEIIPOAYKTOB 1 Jp.

Cpeny Hanboiee ONMACHBIX TEXHOTCHHBIX (TEXHOJOTMYECKMUX) Ka-
TacTpod caemyeT yKaszaTh aBapuM Ha DHEPreTUYECKUX OOBEKTax,
npexae Bcero Ha ADC; manee CIeAylOT XUMHYECKUE TPEATIPUSITHS,
BBIITYCKAIOLIME TECTULMABIS, TepOMLMAb?, MUHEpaJbHbIE yrobpe-

I Kartactpopa — KpynHas aBapusi, TOBJeKIIas 3a cO0Oil YelOBEUYECKUE XKEPTBbI,
yiepO 3M0POBBIO JIIONCH M pa3pyllcHUE WM YHUYTOXKEHHE OOBEKTOB U JPYTMX MaTe-
pUATbHBIX LIEHHOCTE! B 3HAUMTEIbHBIX pa3Mepax, a TakKe MpUBeIlias K Cepbe3HOMY
3arpsI3HCHUIO OKPYKAOIIEeil Cpembl.

2 ABapusi — ONACHOE TPOMCIIECTBME B TEXHUYECKOI CHCTEME HA MPOMBILLIEHHOM,
SHEPreTUYECKOM WJIM TPAHCIIOPTHOM OOBEKTE, CO3Maloliee Yrpo3y XKM3HU WIH 310PO-
BBIO JIIOJIEil ¥ TIPUBOJISIICE K HAPYIICHUIO TEXHOJOTUYECKMX MPOIIECCOB, Pa3pyLICHUIO
yKa3aHHBIX 00BEKTOB, a TAKXKe HAHOCSIIEee Bpell OKPYXaloIlIel cpefe.

 TlecTLUABI — COOUPATENbHbIA TEPMUH, OXBATHLIBAIOLIMIA BCE XMMUYECKUE BELIECT-
Ba, MCIOJIb3yeMbIe [UIsT OOPHOBI C Pa3IMYHBIMU BUIAMM BPEIHBIX OPraHU3MOB.

* TepOMLIUABI — XUMMYECKME BELIECTBA (WIM UX KOMIIO3WLIMM), UCIIOJIb3yeMble MIJIsI
GOpBOBI ¢ HEXXENATEIPHON PacTUTETBHOCTHIO.
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HUs, TJIACTMACCHI; TPAHCTIOPTHBIE aBapuu (IpU MEPEBO3KE OMACHBIX
rpy30B); He(TSIHbIE pa3JuBbLl MPU IPOPHIBE TPYOOIPOBOAOB M [Ip.
Oco00e MecTo B 3TOM psily 3aHMMaeT pa3pylleHue mioTuH. [1o cBo-
UM TOCJIEICTBUSM OHU MOTYT OBbITh 0OJiee OMAacCHbIMM, YEM aBapuu
Ha ADC. Crenyer, 0OgHAKO, TTOOYEPKHYTh, YTO pagUallMOHHBIC W XM-
MMUYECKHE Topaxawolue (HakTopbl, BO3ZHUKAIOIIME MPU aBapusiX Ha
ADC U XMMHUYECKMX TMPEANPUITUSIX, 00JaJaloT MOJTOCPOYHBIM WU,
YTO OCOOEHHO OMNACHO, CKPBITBIM (JJATEHTHBIM) BO3AEWCTBUEM Ha
OpraHu3M 4YeJOBEKa, a TaKXKE OKAa3blBalOT HEraTMBHOE BO3JCHCTBUE
Ha 340pOBbE OYIYIIMX MOKOJEHUIA.

25.2. Kaaccugukanusa upesBbIuaHHbIX CHTyalHH

CyLIeCTBYIOT pa3iIudyHble KiIacCU(UKAIUM YPE3BBIYAMHBIX CH-
tyanuit. Hanbosee yacTto 3a ocHOBaHUE KiacCH(UKAIIKM BRIOMPAIOT
XapaKTep BO3HMKHOBEHUs (T€HE3MC) 4Ype3BbIYAMHON CUTYaLVU.
OyeHb YacTO 4Ype3BHIYAHBIE CHUTYyallUM XapaKTEPU3YIOTCSI B OTHO-
IEHWM UX I peagHaMepeHHOocTu. [lpu TakoM monxozne Best
COBOKYITHOCTh paccMaTpMBaeMBIX CHUTyalldil pacIagaeTcsl Ha JBa
0OJIbLINX TUIIA: npedHamepeHHble U HenpeoHamMepeHHble Upe3BblualiHble
curyanuu. [IpoucxoxnaeHne Ype3BbIMAHON CUTyalluM MOXKET TaKXKe
paccMaTpHMBaThCS B OTHOIIEHMH €€ € CTEeCTBEeHHOCTH. [lpu
5TOM MOAXOIE BCE YPE3BbIYANHBIC CHUTYAllUW ITOAPA3NEISIIOTCS Ha TpU
TUTIA: UCKYCCMBEHHO20 NPOUCXONCOCHUS, UAU AHMpoOnoeeHHvle (BKIIIOYast
TEXHOTCHHBIC), ecmecmeenHoeo (IIPUPOTHBIC) U CMEUAHHO20 NPOUCXOMNC-
OeHus1, uau npupooHo-anmponoeeHHvie. B tabi. 25.2 npeacTaBiaeHbl TUIIbI
Ype3BBIYAMHBIX CUTyallMii. B ocHOBaHMe MX KIIACCU(IMKAILIU ITOJIOXKE-
HBI TaKKe IpU3HAKK, KaK IPeIHAMEPECHHOCTb M €CTECTBEHHOCTb.

IIpu ximaccupukanuy IO IPU3HAKY <«IIPEIHAMEPECHHOCTh» BCS
COBOKYITHOCTh paccMaTpMBaeMBIX CUTyalldil pacIagaeTcsl Ha JBa
OOJIBLIMX THIIA: IIpeIHAMEPeHHbIE M HEIpPeIHAMEPEHHBIC YpPe3BbI-
yalfHble CUTyalluud. B mepBbIii M3 Ha3BaHHBIX THIIOB BXOIST COLIM-
aJIbHO-TIOJINTUYECKKEe KOH(MIMKTHI, a B IIOCIACIHUI — TpU Kjacca
Ype3BbIYAMHBIX CHUTYyalldii (CTUXMIHBIE OEICTBUSI, TEXHOI'CHHBIC
(TeXHOJIOTMYECKNE) KaTtacTpodbl U «KOMOWHHPOBAHHEBIE» YPE3BBI-
YalfHbIe CUTYallHN).

Ecim 3a ocHOBY KiaccuduKaumy Oepercs IPU3HAK «ECTECTBEH-
HOCTB», TO aHTPOIIOT€HHBIC UYPe3BbIYAHBIC CUTYalluU BKJIIOYAIOT B CeOsI
COLIMAJIBHO-TTOJIMTIYECKIE KOHMIMKTHI ¥ TEXHOTEHHBIE KaTacTpOQHI,
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BTOpO# TUIl (IPUPOAHBIE Ype3BblUaliHblE CUTyallMM) BKJIIOYAET CTH-
XUMHbIE OEACTBUSI, U, HAKOHEL, MOCIEIHUIA — KJIaCcC Ype3BbIYAHbBIX
cCUTyalluii «KOMOMHUPOBAHHOI0» BO3HUKHOBEHMUSI.

BaxHasi xapakTepucTuKa 4pe3BblUaliHbIX CUTYyallMiA — TEMIIbl MX
dopmupoBanusa (pazputust). I[lo MpPpOAONXKUTENbBHOCTH
(OT HEmNmocCpenCTBEeHHON MNPUUYMHBI BO3HMKHOBEHUSI 4Ype3BblYaiiHOM
CUTyallUM 10 €€ KYJbMWHALlMOHHOM TOYKW) BCE CUTyallMUM MOXHO
pa3geauThb Ha «B3PbIBHbIE» U «ILIaBHbIE». [1poaoIKUTENLHOCTD pas-
BUTHUS YPE3BBIYAMHBIX CUTYyallMi IIEPBOTO THUIMA COCTABJISIET OT HE-
CKOJIbKMX CEKYHJ A0 HECKOJbKMX 4acoB. IIpuMepoM Takux 3KCTpe-
MaJIbHBIX CUTyalMid MOTYT CIYXWUTb CTUXUHHbIE OEICTBUSI U HEKOTO-
pBle BUOBI TEXHOTeHHBIX KaracTpod (aBapum Ha KpymHbIXx ADC,
TOC, razo- m HedTenmpoBogax, a TaKKe Ha XUMWYECKHMX IIPEIIIpH-
ATUSX).

ITponoXUTEeNbHOCTb Pa3BUTUSI UPE3BbIYAMHBIX CUTyalluii BTOPO-
ro TUIIA MOXET MCUYUCISATbCS HECKOJbKUMM AecaTwieTus Mu. Takas
cuTyaumsi Bo3HuKIa B 1978 r. B paitoHe kanHazna JlaB (r. Hmarapa-
®onc, CIIA). C 1942 o 1953 rr. dunman u3BecTHOM HePTEXUMU-
yeckoi Kopropamun «OkcumeHTan IlerponeyMm» MpoM3BOOMII 3aXO-
POHEHHE OIAaCHBIX OTXOAOB, COAEPXKAILUUX AUOKCHUH U €lle MpUMEp-
HO 200 ssmoBuTBIX BemnecTB. CHyCTS 4YeTBEPTb BeKa OHM IIPOCOYU-
JIMChb Ha MOBEPXHOCTb, IOM