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BBEJIEHUE

Bopna 3anumaer oco0oe MECTO Cpeau MPUPOJIHBIX OOTaTCTB 3eMIIH.
Ona He3zaMeHMMa. biaromaps mMHMPOKOMY paclpOCTPAHCHHUIO M MCKITIOYH-
TEJIHLHOM POJIK B IPHUPOE BOAA Bceraa Obliia, €CTh U OyIeT MePBOUCTOYHU-
KOM KHU3HH.

Boga — 310 310poBhe. OHa TTOMOTAET JIFOSIM BOCCTAHABIHMBATH CH-
JIBI, TIO3HABATh CaMOro Ce0sl M OKPYIKaIIyI0 cpeny. Boga >KM3HEHHO He-
o0xoIMMa M HY)KHA Be3Jie: B OBITY, CETHCKOM XO03SMCTBE M MIPOMBIIIIICHHO-
ctu. Boma HeoOxomuma opranu3mMy B OOJBIIEH CTEMEHU, YeM BCE OCTalb-
HOE, 32 UCKIIIOYCHHEM Kucioposa. CylHocTh BOAHOU npodsieMbl B Poccuu
3aKJII0YAETCA HE B HEXBATKE BOAHBIX PECYpPCOB B IIE€JIOM, a B MX HEPABHO-
MEPHOM paclpeeIeHU 0 TEPPUTOPHUHU.

[lo crenenu ecTtecTBEHHOTO OOECIIEUEHUS PEYHBIM CTOKOM TEPPHUTO-
PHIO CTPAHBI ICTIAT HA TPH 30HBI:

1.30Ha BBICOKOH BOJ0O0OOECIEUCHHOCTH (CEBEpPHBIC, CEBEPO-
BOCTOYHBIC U BOCTOUHBIE paBHUHHBIE palilOHBI 0KOJI0 48 % Bcel Teppuro-
puu PO, 80 % Bcex MOBEPXHOCTHBIX BOJAHBIX PECYPCOB CTPaAHBI).

2.30Ha cpegneii Bogoobecneuennoctr (LleHTpanbHBIN paiioH, TPO-
MBIIUIEHHBIM Ypan u Jap. — okoino 25 % teppuropuu, 18 % noBepxHOCT-
HBIX BOJHBIX PECYpPCOB).

3.30Ha HU3KOW BOJOOOECIEUEHHOCTH (YacTh 3aypalibs, IOT 3amna/-
Hoit Cubupu, IOxHoe [loBomkbe, 3aBomkbe U 1p. — 27 % TeppuUTOpui,
2 % BOJIHBIX PECYPCOB).

VYnenpHas BoaHAs 00ECIEYEHHOCTh HA OJHOTO JKUTEIS TaKXKe He-
paBHOMEpHa:!

— B cpearem o PO — 29,9 tric. M /TOI. YelL.;

— MockoBckasi 0071, — 1,6 ThIC. M /TOJLYEIL.;

— SKyTHs — Gosee 5 MiTH M’/TOJL.4el.



HepaBHOMEpHOCTh pEYHOTO CTOKA HEOIArONMpHUSATHO OTpaKaeTCs U
Ha MEPCIEeKTUBAX Pa3BUTHUS XO3SMCTBA CTPaHbl, Tak Kak Oosee 80 % oObe-
Ma OOIIEero CTOKa MPUXOIUTCA HAa MaJOOCBOCHHBIE M Majo3acejCHHBIC
paliOHBI.

OcTpoTa BOIHOM MPOOIEMBI 3aKITIOYAETCS HE TOJIBKO B HEAOCTATKE U
KaueCTBEHHOM HUCTOILEHUH BOAHBIX PECYPCOB B Pa3BUTHIX pailoHAX, HO U
MPUHAIJIC)KHOCTH YacTH pek K OacceiiHam BHYTpeHHUX BojoemoB — Kac-
MMUMCKOMY U A30BCKOMY MOPSIM.

[Ipo10Kat0T UMETh MECTO CYIIECTBEHHbBIE HEIOCTATKA B HCIOJIb30-
BaHWUH BOJIBI:

- coxpaHsieTcs AePUIUT BOIHBIX PECYPCOB (B OCHOBHOM H3-3a BBICO-
KOT'0 YPOBHS UX IMOTEPh U HEPAITMOHAIIBHOTO BOJIONIOTPEOICHUS);

- HEOOYCTPOEHHOCTh M TUIOX0€ TEXHUYECKOE COCTOSTHUE BOJIOXO3SIi-
CTBEHHBIX CHCTEM;

- HECOOII0IeHE HOPM BOJIONIOTPEOICHNS;

- OTCTaBaHUE CTPOUTEIHCTBA HOBBIX M PEKOHCTPYKIIMH JCHCTBYIO-
IIMX BOJIOOXPAHHBIX COOPYKEHUH U AP.

[ToaToMy Bce Gosiee BaKHYIO POJIb UTPaeT PalMOHAIEHOE MCTIOIB30-
BaHHE BOJIHBIX PECYPCOB, HEOOXOUMOCTh UX OXPaHBbI.



1. OCHOBHBIE ITOJIOKEHMUMSI.

Payuonanonoe ucnonvzosanue — 3TO BCECTOPOHHE HAYUYHO-
00OCHOBAHHOE MCIIOJIL30BAHHE BOJI, OOECIeYrBaIoIee OINTHMAILHO IIO-
ne3ubid 3 exT s o01ecTa B TEKYUIUH EPHOJT U B TEUCHHE NPUHSITOTO
Ieproaa PacueTHOM MEPCHEKTHBBI MPH 00sA3aTSILHOM COOIOICHHH BCEX
TpeOOBaHMI BOJHOTO 3aKOHOJATENIbCTBA. PalMOHAIbHOE MCIOJIB30BAHUE
BOJIbI — 3TO II€JIb ITPABOBOTO PETYJIMPOBAHUS BOAHBIX OTHOIIEHUH. Bompo-
Chl PAIIMOHAJIBHOTO HCIMOJIb30BAHUS BOJIbI PACCMATPUBAIOTCS NPU pa3Me-
IICHWH, TPOSKTHPOBAHUH, CTPOUTEIBLCTBE M DKCIUTYaTallid COOPYKCHHI.
PanmonanbpHoe MCIOIB30BaHHE BOJBI — 00SA3aHHOCTH BCEX BOJOIIOJIB30Ba-
tener. TpeOoBaHUS palMOHAIBLHOTO HMCIIOIB30BAaHUS BOILI yYCTAHOBJICHBI
IMPUMEHUTEIBHO K BUaM BOJIOIIOIb30BaHUS.

Booononvzosanue — mopsgok, ycioBuss u ¢Gopma HCIOIH30BaHUS
BOJIHBIX pecypcoB. B0O3M0XXHO HCHOJIb30BAHUE BOJbI 0€3 M3MECHEHUS €€
KayecTBA M ¢ M3MCHCHHMEM KaK KadecTBa BOJLI, TaK M BHIOBOI'O COCTaBa
PaCTUTEIIBHOTO M YKHBOTHOT'O MHPa BOJIHBIX O0OBEKTOB.

Cornacuo I'OCT 17.1.1.03-86 Bomomosib30BaHue KiIacCUPUITUPYET-
Csl TIO CJICTYIOIITUM ITPU3HAKAM:

- N0 yenaMm B8000NONb30BAHUS: XO3SIUCTBEHHO-TTUTHEBOE, MPOMBIIII-
JICHHOE, CCIIbCKOXO3SIMCTBEHHOE, /IS HYXKJ[ SHCPTeTUKH, PHIOHOTO XO35H-
CTBa, BOJIHOT'O TPAHCIIOPTA U JIECOCIUIABA, JIEYEOHOE U JIp.;

- no obvexmam 6000NOb306AHUSL. TIOBEPXHOCTHBIC BOIBI, IOI3EM-
HbIE BOJIbI, BHYTPEHHUE MOPS, TEPPUTOPHATBLHBIE MOPCKHE BOJIBI,

- N0 cnocoby UCNONBL308AHUSL 800bL: C U3BITUEM BOJBI €€ BO3Bpa-
TOM, C U3BSITUEM BOJIbI 0€3 BO3BpaTa, 0€3 U3bATUS BOJBI,

- N0 MeXHUYeCKUM YCA08UAM B000NONIL308AHUA: C TIPUMEHCHUEM
TEXHUYECKUX COOPYKECHUH, 03 MPUMEHEHHUS TEXHUYECKUX COOPYIKCHHH.

Paznuuaror:

- 0bwee 600onoav3osanue (OCYHMIECTBISIETCS 0€3 NMPUMEHEHUS CO-
OPYXEHUM WJIM TEXHUYECKUX YCTPONCTB, BIMSIOMIMX Ha COCTaB BO);

- cneyuanvHoe 8000N0b306atue (OCYIECTRISIETCS ¢ TPUMEHEHUEM Ta-
KHX COOPY>KEHHM; MOYKHO TAaK)KE OTHECTH TOJIb30BaHUE BOJHBIMUA OOBEKTAMH
0€3 MPUMEHEHHS YCTPOMCTB, HO OKa3bIBAIOIICE BIUSIHUE HA COCTAB BOJ);

- 0bocobnenHoe 8000n0ab308anue (BOJHBIE OOBEKTHI WJIM UX YacTh
MPEIOCTABIISIOTCS B ITOJIB30BAHUE OTICIbHBIX MPEIPUATHH, YIPEKICHHH,
OpraHu3aluii);



- coemecmuoe 8000nob306anue (BOJIHbIE OOBEKTHI HE MPEIOCTaB-
JISIFOTCSL B 000CO0JICHHOE MCITOIb30BaHNUE);

- nepsuyHoe 8000NOIbL308AHUE OCYUIECTBISAIOT MPEANPUsATUs, 00I1a-
Jarolre mpaBoM Ha 000CO0JICHHOE MOIb30BaHNE BOJAHBIMU O0BEKTAMU;

- BMMOPUYHOE B000NOJIL306AHUE OCYIIECTBIACTCS IO Pa3pEIICHUIO
MEPBUYHBIX BOJOMOIB30BATENCH.

B 3aBucumMoctu OT 1ieneld BOJIONONIb30BaHUS BCE UCTOYHUKHU BOJIO-
CHAOXKCHUS PA3ACISIOTCA HA IBE KATCTOPHUU:

1-s1 kaTeropusi — BOJHBIE OOBEKTHI, HUCIOJIb3yEMbI€ B KaueCTBE WC-
TOYHUKOB XO351CTBEHHO-ITUTHEBOT'O U MPOMBIIIIJIEHHOTO BOJOCHA0XKEHUS,

2-s1 KaTeropus — BOAHBIE OOBEKTHI ISl KYJIbTYPHO-OBITOBBIX TIEJIEH U
HaXOJISIIUECs B YEPTE HACEIECHHBIX ITyHKTOB.

Bomonorpebienue MoxeT ObITh O€3BO3BpPaTHHIM, TOBTOPHBIM U 000-
POTHBIM.

Boooxossiicmeennviti komniexc (BXK) npezncrasiser coboit coBo-
KYIMHOCTh Pa3JIMYHBIX OTPacied XO3sIIICTBA, COBMECTHO HCIIOIB3YIOIIUX
BOJIHBIE PECYPChI OJHOTO KpyrnHOro BojgHoro 0Oacceiina. BXK paccmatpu-
BAlOT KaK CJIOKHYIO BOJOXO3SHUCTBEHHYIO CHCTEMY, KOTOpas (QyHKIIMOHH-
PYET Ha OCHOBE HAYYHO-OOOCHOBAHHBIX JOJTOCPOYHBIX MPOTHO30B B OT-
HOILIEHUM TPeOOBaHUM, MPEABIBISEMbIX PA3JIMUYHBIMUA OTPACISAMH XO3SIH-
CTBa K KOJUYECTBY M KauecTBY Boj. [Ipu 3TOM OTpuUIIaTEILHOE BO3IEUCT-
BHME HA MPUPOJY JTOJKHO ObITh MUHHUMAaIbHBIM. BOT0X035MCTBEHHBINH KOM-
IJIEKC COACPIKUT Psii YHACTHUKOB:

- BOJOCHA0KCHHE;

- BOJIOOTBE/ICHUE;

- TUJIPOIHEPTETHKA,

- BOJIHBIM TPAHCIIOPT;

- ppIOHOE XO35HCTBO;

- BOJIHBIE pEeKpealny;

- 3JI[paBOOXPAHEHUE U JIP.

3arpockl pa3nuyHbix y4acTHUKOB BXK ynoBiIeTBOpSIOTCS HE BCeraa
MOJTHOCTBIO, TaK KaK TpeOOBaHUSI UX OBIBAIOT JOBOJIBHO MPOTHUBOPEUUBHI.
IIpn obocHoBanuu napamerpoB BXK y4uTBHIBaIOT TpHU CBA3AHHBIE MEXKIY
co00l 4acTH: MPUPOAHYIO, FIKOHOMHUYECKYIO, TEXHUYECKYIO.



llpupoonas yacmes 00YCHOBJIMBAET BO3MOXKHOCTHh (PYHKIIMOHUPOBA-
Hus u passutusa BXK, onpeaenser MOJIOKUTEIbHBIE M OTPULIATEIIBHBIC
CTOPOHBI €r0 BIUSHHS HA OKPYKAIOIIYI0 TPUPOIHYIO CPELY.

IKOHOMUYECKAsl 4ACMb YIUTBIBAET HHTEPECHI OTPACIIEH XO351CTBA U
OTZIENIbHBIX BOJOMNOJb30BaTeNe. Lleap ee COCTOMT B JOCTHKEHHUHM Hau-
oosbirero skoHoMudeckoro 3¢ dexra ot pynkuuonnpoanus BXK u mu-
HUMH3AIMU yIiep0a OT HEJOMONyYeHHSI BOJIL M HAHECEeHHs ymepoa BOA-
HbIM pecypcaM B Pe3yJIbTaTe MX 3arpsi3HEHUs, 3aCOPEHUSI U HCTOLLICHHS.
OTa 4acTh MO3BOJISIET TaK:Ke OOBEKTUBHO PaCTIPENEIsTh CYMMapHbIE Karu-
TaJbHbIC BJIOXKEHUS MPU CTPOUTEIBCTBE U IKCILTyaTAIIMH TEXHUYECKUX CO-
OpPY>KEHUHU.

Texnuyeckas yacmo ONPENEISET CUCTEMY B3aUMOCBSI3aHHBIX TEXHU-
YECKHMX PEIICHHUH 10 BO3BEACHHUIO M IKCIUTyaTallMH COOPYXKEHUN U 000py-
JOBaHUA, oOecrieunBaronux 3Q(PEeKTUBHYIO padOTy 3JE€MEHTOB CHUCTEMBI
KOMIUIEKCA B KOHKPETHBIX MECTHBIX YCIIOBUSIX.

bubanorpadus
Skosnes, C.B. PanuoHanbHOE HCIIOIB30BAHUE BOJHBIX PECYPCOB:
yueOHuk 1151 By30B / C.B. Skosines, U.B. IIpozopos, K.1. Banosa. — M.:
Bricmr. mk., 1991. — 400 c.

2. 3AT'PABHEHUE N'NIPOCO®EPBHI

2.1. XapaKkTepuCcTHKA 3arpA3HEeHUI U UX KiIaccuPpuranus

3acpsasnenue oxpyscaoweu cpedbt — U3MEHEHHE KauyecTBa CpEbl,
CIIOCOOHOE BBI3BaTh OTPULIATEIbHBIE MOCIEACTBHUS.

3arpsi3HEHUEM (B Y3KOM CMBICIIE) CUATAETCSI IPUBHECEHUE B KaKyO-
00 cpedy HOBBIX, HEXapaKTEPHBIX ISl HE€ PU3NUECKUX, XUMUYECKUX U
OMOJOTHYECKUX areHTOB WJIHM IPEBBIILICHHE €CTECTBEHHOIO CPEIHEMHOIO-
JIETHEr0 YPOBHSI 3TUX areHTOB. 3arpsi3HEHHE MOXKET UMETh eCMecmeeHHoe
U UCKYCCMBEHHOEe TIPOUCXO0XKIACHUE.

Knaccudukamus 3arpssaennii [1]:

1. Mexanuueckoe — 3arpsi3BHEHUE Cpelibl areHTaMH, OKa3bIBAIOIUMHU
JUIIb MEXaHUYECKOoe BO3JeHCTBUE 0€3 (PU3NKO-XUMHUYECKHUX MOCIEACTBUM

(mycop).



2. Xumuueckoe — U3MEHEHHE XUMHUUYECKHUX CBOWCTB CpEJlbl, OKa3bl-
BAIOIIMX OTPULATEILHOE BO3/ICMCTBUE HA YKOCUCTEMBI M TEXHOJIOTUYECKUE
YCTPOMCTBA.

3. Qusuueckoe — U3BMEHEHUE (PUBMYECKUX MAPAMETPOB CPEIbl: TEM-
nepaTypHO-dHEPTreTUIECKUX (TEIUIOBOE), BOJHOBBIX (CBETOBOE, ITyMOBOE,
AJIEKTPOMArHUTHOE | T.11.). [I[puMepamMu Takux 3arps3HEHUN MOTYT OBITh:

® TEIUIOBOE (TEpPMaJIbHOE): MOBBIIICHUE TEMIIEpaTyPbl CPEIbl, IJIaB-
HBIM 00pa3oM B CBS3U C IPOMBIILUICHHBIMU OTXOJIaMH Ta30B U BOJBI, B
MEHBIIIEH CTENEHU — TBEPABIMU OTXOJaMU (METAILTYPTHUECKUE IILJIAKH );

® CBETOBOE — HAPYILICHUE €CTECTBEHHOM OCBEIICHHOCTH MECTHOCTH
B pe3yJIbTaTe JACHCTBUS UCKYCCTBEHHBIX HCTOYHMKOB CBETA (3TO MPUBOIUT
K AaHOMAJIUSIM B )KU3HHU PACTEHUN U KUBOTHBIX);

® IIyMOBO€ — YBEJIIMUYEHUE NHTCHCUBHOCTH IIyMa CBEPX MPUPOTHOTO
YPOBHSI;

® JJICKTPOMAarHUTHOE — HM3MEHEHHUE DJICKTPOMArHUTHBIX CBOWCTB
cpeanl (OT JIMHUM 3JIEKTpoNepeiaun, paauo U TeJIEBUICHUS, paOOThl HEKO-
TOPBIX MPOMBIIIJIEHHBIX YCTAHOBOK M JP.) IPUBOAUT K TJI00ATBHBIM U Me-
CTHBIM Te0(pH3NICCKUM aHOMAJIUSAM M M3MCHECHHSAM B TOHKHX OHOJIOTHYC-
CKUX CTPYKTYpax;

4. PainalluOHHOE — MPEBBIILICHUE €CTECTBEHHOIO YPOBHA COJIEpIKa-
HUSI B CPEJI€ PAIMOAKTUBHBIX BEIIECTB.

2.2. Boxa B ouocdepe. I'maposiorudeckuii MUKJI

Boanas o6osi0uka 3emiin — rugpocdepa BKIrodaeT B cedst Bobl Mu-
POBOTO OKeaHa, TOBEPXHOCTHBIE BOJIBI PEK U 03€p, TPYHTOBBIEC BOJBI, BOLY
JICAHUKOB M CHEXKHOTO TTOKPOBa, aTMOC(HEPHYIO BIary.

Bona, ucnapsomiasicsi ¢ BOJIHOM IMOBEPXHOCTH, 00pa3yeT aTMochep-
HYIO BIIary, KOHJICHCAIUsl KOTOPOW MPUBOJUT K BBHIMAJACHUIO aTMOC()EPHBIX
OCaJIKOB. JTOT MPOLIECC COCTABIIIET OOIbULOU KPY2080POM BOJIbI, WU 2UO-
ponocuueckuul yuxn (puc. 2.1). Beiaensercss Manblii KpyroBopoT, B KOTO-
poM Bojia U3 aTMocdepbl BO3BpAIIaeTCsl Ha T€ PAlOHBI 36MHOU MTOBEPXHO-
CTH, TJIe¢ OHAa UCTIapUJIaCh.

Bopna sBnsierca HeoOxoaumoin yacteio Onocdepnl. OHa BXOJUT B CO-
CTaB BCEX XUBBIX OPraHuU3MoB U coctaBisieT 10 90 % ux Mmaccel. YHH-
KaJIbHbIEe (DU3UKO-XMMHUYECKHE CBOMCTBA BOJIbI OKA3bIBAIOT CYIIECTBEHHOE



BIIUsiHUE Ha ¢dopmMupoBaHre (UIMKO-XUMHUYECKUX MapaMeTpoOB CpEJIbl
KWU3HU. Tak, aHOMaJbHAs TEMIIEpaTypHas 3aBUCHMOCTb INIOTHOCTH BOJBI
00yCIOBIIMBAET MPOIECCHl UPKYISIMU BOJIbI, TEMIIEPATYPHYIO CTpaTU(U-
KalMio (CIOUCTYIO CTPYKTYPY BOJOEMOB) B JICTHUM M 3UMHHUUN MEPUOBbI,
MPEAOTBPALICHUE TPOMEpP3aHUsl BOJOEMOB. BBICOKAs TEIIIOEMKOCTh BOBI
o0ecreurnBaeT OTHOCUTENFHO HEOOJIBIIYI0 PA3HOCTh JHEBHBIX W HOYHBIX
TEMIIEPATyP, BICOKUE TEIUIOTHI IUIABJICHUS U UCIIAPEHUS — CTJIAKUBAHUE CE-
30HHBIX MEPEX0A0B. BhICOKOE 3HaUE€HHE MOBEPXHOCTHOTO HATSHKEHUS 00Y-
CJIOBJIMBAET JIEHCTBUE KAMLUIPHBIX CUJI, OJaroaapsi KOTOPbIM BOZa CIIOCO0-
Ha MOJIHUMATHCSI K OBEPXHOCTHU OT ITyOMHBI TPYHTOBBIX BOJI. BbhICcOKOE 3HA-
YEHUE UAJIEKTPUYECKOU MOCTOSHHOW BOJIBI JEACT €€ YHUBEPCAIbHBIM I10-
JIIPHBIM PACTBOPUTEIIEM, B CBSI3U C YEM B MPUPOJIE MPAKTUUECKHA HE CYLLIECT-
BYET YMCTOW BOJIbI, U BCS BOJA MPEJICTABIICHA UX PACTBOPAMH.

N

_— Ucnapeuus, yxons- Ucnapenus u3
IIME B KOCMOC L KOcMoca
- NN N
/ /‘% )’ “‘*\ g‘ />«-~—~.. » sapsmonm
‘ _ Ocaaku Ha 3eMHYIO Ocajaku Ha NOBEPXHOCTH
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M \ 65200 Kv® 502800 kv
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N 42600 km?

[Mon3zeMHBIHI
CTOK
2200 km?

[Tputok Pacxon Boabl
1 IOBEHUJIbHBIX @ Ha ruapara-
BO/JI LU0

[Tomanb 3K30pUYECKUX
cTOKOB 119 MaH km?

Puc 2.1. Cxema enobanvrnoeo 600noco yuxia [2]
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CTOKOB 3aMKHY-
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30 MaH KM?2
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oKeaHa
361 MaH kM?
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Jlnst kpyroBopoTta BOJbl B Mpejesax OMolleHO3a Hamboliee BaKHOE
3HaUYCHHE MMEIOT MPOLECChl epexBaTa, TPAaHCIIHPALNK, HHPUIBTPALMH U
CTOKa — COCTAaBJISIOLIME MaJIOro KpyroBopora. Bojma armocdepnsix ocan-
KOB MPEXK/E YeM IOIacTh Ha MOBEPXHOCTh 3€MJIM MEPEXBATHIBACTCS pac-
TeHusiMu. Biara, gocturimias nouBbl, IpOCauuBaeTCs B Hee (MPOLECC UH-
bunpTpanuu) win o0pazyeT MOBEPXHOCTHBIA CTOK. Boga, mocturaroias
TPYHTOBBIX BOJ, BKJIIOYAeTCA B MX cocTaB. [I03eMHBIM CTOK CBS3BIBACT
IIOYBEHHYIO BJIary C IOBEPXHOCTHBIMH BOJAMH M THIPOC(EPOil B LIETOM.
[TouBeHHas Biara MCHOJIB3YETCSl PACTEHHUSIMHU, & YacTh €€ IyTEM MCIlape-
HUSl pacTeHUsIMHU (TpaHCNUpalMi) BHOBb Momnagaer B arMocdepy. TpaHc-
MUpalusl PACTEHUSIMU BHOCUT CYLIECTBEHHBIN BKJIAaJ] B KPYrOBOPOT BO/IbI,
IpEeBbILIAs B HEKOTOPBIX pailoHaX MCMApeHHE CO CBOOOHOW MOBEPXHOCTU
BOJHBIX 00BEKTOB. KonuuecTBO BOABI, TPaHCHHPUPYEMOM paCTEHUSIMHU,
OOBIYHO BEJIMKO, IIPU 3TOM C YJIYUIICHUEM BOJOCHAOKEHUS TPaHCIIMPAIUs
ycunuBaetcs. Tak, HarmpuMep, oJHa Oepesa ucnapsier 3a JA€Hb 75 J1 BOJbI,
auna — 200 n. B IlIBenun BhIYMCIEHO, 4TO 1 ra €JI0BOro jeca Ha CyXou
rouse TpaHcmupupyer 3a rox 2100 M Boxbl, uTo paBHO 211 MM ocaiKoB,
TAKOM e JIec Ha BIAXKHOH mouse Tpancmupupyer 400 M° (SKBHBANECHTHO
378 MM 0OCaJiKOB).

Boaublii O0ananc pacteHud — BaKHEUIIUK (HakTOp MPOLYKTUBHOCTH,
O0COOEHHO B 3KOCHUCTEMax C HE3HAYUTEIbHBIM YBIA)KHEHHEM. 3HAUEHUE
BOJIbI 3aKJIFOYAETCS TAKKE B TOM, UTO OHA OCYIIECTBIISIET IIEPEHOC PACTBO-
PEHHBIX B HEH BEIIECTB KaK T€X, KOTOPbIE HEOOXOAUMBI OPraHU3MaM, TaKk
Y BO3MOYKHBIX 3arps3HUTENCH.

Bopa, BbInaaromas ¢ ocagkaMu, O4yuileHa mpu ucnapenuu. [losepx-
HOCTHBIA CTOK MOXKET OBITh CHJIBHO 3arpsi3HEH 4aCTULAMU TIOYBBI, IETPUTOM
U TNUTAIOUIMMKUCS MM MHUKPOOPraHU3MaMH, PAacCTBOPEHHBIMH BEIIECTBAMHU.
OpnHako B MPUPOIHBIX CUCTEMAX MOBEPXHOCTHBIA CTOK OTHOCHUTEIHLHO HEBE-
k. Bona, mpocauuBatoniascs B rpyHT, OTQHIBTPOBBIBACTCS OT T'Psi3u, ACT-
pUTa ¥ MUKPOOPraHU3MOB, a PACTBOPEHHBIC XHUMHUYECKUE BEIIECTBA MOTYT
copOMpOBATHCSA Ha YACTHIIAX MOYBBL. [Ipy MPOXOXKIEHUH BOABI Yepe3 MOUYBY
U TPYHT, B CBOKO OYEPE/Ib, IPOUCXOANUT BEIMBIBAHUE U3 HETO PaCTBOPHUMBIX B
BOJIE BELIECTB (BbIIIETIaurnBaHre). B OOJBIIMHCTBE CIy4aeB MHHEPAJIbI, BbI-
MBbIBa€MbIE B TPYHTOBBIEC BOJIbI B €CTECTBEHHBIX YCIIOBUSX, O€3BPE/IHbI, U BbI-
XOJIbl TPYHTOBBIX BOJ B BUJI€ POJAHUKOB IUTAIOT U MONOJHSIOT MOBEPXHOCT-
HBI€ BOJOEMBI BEICOKOKAYE€CTBEHHOMW IMPECHON BOJOM.
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Conu u npyrue pacTBOPUMBIE BEIIECTBA YHOCSTCA K MECTaM HCIa-
peHus (Mopsi, OKeaHbl, 0€CCTOYHBIE 03€pa) U HAKAIIUBAIOTCS TaM 10 Mepe
TOT0, KaK BOJIa HCTIAPSETCS.

B uenowm, cienyer OTMETUTbH, YTO OTJIWYME KPYroBOPOTa BOJIbI OT
[[MKJIOB, HAIPUMEP Yriepoaa U a30Ta, COCTOUT B TOM, YTO MOCJIECIHUE Ha-
KaIIMBalOTCA U CBS3BIBAIOTCS, 4 BOJIA MPOXOIUT MOYTH 0€3 MOTEPh, IKOCH-
CTeMa €XETOJHO HCIOIL3yeT Ha (OpPMHUPOBaHHE OMOMACCHI JIMIIH OKOJIO
1 % Boxpbl, BeINajaomie B BUje ocaakoB. OQHAKO B OTJEIbHBIX LHUKJIAX
KPYTOBOPOTa UMEIOT MECTO CYIIIECTBEHHbIE H3MEHEHHS KaueCTBEHHOTO CO-
CTaBa BOJIbl, 00YCIIOBIICHHBIE IMIABHBIM 00pa30M aHTPOMOTCHHBIM BO3/ICii-
CTBHEM Ha Ouocdepy.

IIpobremvt 6000onobL306aHUS

YuorpebiasieMas 4eJI0OBEKOM BOJIa Ha BpeMsl U3bIMAETCS U3 KPYTOBO-
poTa, IIPH ATOM BO3BpAIIACTCs 3arps3HEHHON. BO3HMKAOT MpoOiemMsbl, CBS-
3aHHbIE, BO-TEPBBIX, C OIPAHUUYEHHOCTHIO 3aIaCOB BOJIbl B MCTOYHMKAX,
BO-BTOPBIX, C HETATUBHBIMU MOCIEICTBUAMH JJIs SKOCUCTEM, PACIIOJIO-
’KECHHBIX HUKE M0 TEYCHUIO PEK M3-3a YMCHBIIICHHS CTOKA, B-TPEThHUX, C 3a-
TPSI3HEHUEM BOJIbI CTOYHBIMH BoJaMu. [Ipu xopoieit ourcTke BOABI U pe-
UUKJIN3AIUU YKa3aHHbIE TPOOJEMbl CHUMAKOTCS: OUYUILEHHAs! BOJIa MOXKET
UCITI0JIb30BaThCsI HEOTPAHUYEHHOE KOJIMYECTBO pa3 0e3 HaHeceHus yuiepoa
sKocucTeMaM. Takoe BOJOMOJIb30BAHUE HA3BIBAETCS BO3BPATHBIM, TAK KaK
BO/Ia IIPH ATOM HE TepsETCSl.

Wcnonb3oBaHue BOJABI AJi1 OPOUICHUS, HAIPOTHUB, SIBIsIETCS 0€3BO3-
BpaTHBIM BOJIONOTPEOJICHUEM, TaK KaK BOJIa B 3TOM CJIydyae BO3BpaIACTCs
B atMocdepy 3a CUET UCIAPEHHs] U TPAHCIHPANNN U HAa KAKOE-TO BpeMsI
TEPSETCS JJIsl DKOCUCTEM.

OcCHOBHBIE 3aIachl IMMPECHON BOBI MPEACTABICHBI HA PUC. 2.2, B TOM
yucie no Poccun B 1a6a. 2.1 u 2.2[2, 3].

[ToTpeOHOCTH B BOJIE 110 MEpPE POCTa HACETICHHUS, PA3BUTHUS POMBIIII-
JIGHHOCTH U CEIhCKOT0 XO3SIUCTBAa PacTeT, B TO BPEMsSI KaK BO3MOXHOCTHU
WCIIOJIb30BAHUS JIOTIOJIHUTEIIBHBIX TOBEPXHOCTHBIX HCTOYHHKOB BOJIBI
CTaHOBSITCA Bce Ooyiee OrpaHUYEHHBIMH IIPU TOM, YTO OHM Bce Oonee 3a-
rpsi3HA0TCA. UTOOBI OJIHOBPEMEHHO YBEIMYUTH BOJOCHA0KEHUE U TOBbI-
CUTh KaueCTBO IIPECHOM BOJBI, B MOCIEIHUE TOJIbI BCE 00OJIee MHTEHCHUBHO
UCTIOJIBb3YIOTCS TPYHTOBBIE BOJIBI.
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2.5¢ % |
HDCLHH}I Boaa '

97,5%
cojieHas
Bojia

I'nobasibHbBIE 3aITACHI BOABI

/ }[ 68,9% neIHUKH 1
MOCTOSIHHBIH CHEXHbBIN l
) NMOKPOB \
L ]

IO 9% npyrue, B TOM YMcCIe
movyBeHHas piaara, 6os0Ta

79 9% mpecHble

N ]
0,3% npecHble 03epa H ;.
IPYHTOBBIE pekH. TOABKO 3TH 3an4achl |

Z U BCYHAS Mep3Jo0Ta _[ BOJIBI BO300OHOBJISIEMBIE.

Puc. 2.2. I'nobanvHwvle 3anacvt npecHoti 600bl

Tabmuma 2.1
Ouenka BOJIHBIX pecypcoB Poccuu
Bopnbie 00beKThI (ICTOYHUK) OGBEM BOJBL, KM Hons, %
CpelHEMHOT0JIETHUN PEYHON CTOK 4270 8,42
Ozepa 26504 52,37
bonora 2500 4,94
Jlemuuku 17000 33,59
Hanenu u cHe:XHUKHU 28 0,05
[TonzemHbIe BOABI (TPOTHO3) 317 0,63
Utoro 50613 100
Tabmuma 2.2

CpCI[HCMHOFOJICTHI/IC 00BEMBI BOJBI B prnH@ﬁHlPIX 03¢Cpax

Poccurickon denepannn

O3epo OGBEM BOJIBI, KM
Barikai 23000,0
Jlamoskckoe 911,0
Omnexckoe 292.0
XaHka 18,3

12



Bo MHOrux pernoHax B HacToslilee BpeMsi BOAA paCXOAYETCsl CO CKO-
POCTBIO, TPEBBIIIAIONICH MpeaeNbl YCTOWIMBOCTH BOJIOCHAOXKEHHUS SKOCHU-
creM. [lepepacxoll BOIHBIX PECYpCOB IPUBOAUT K HEraTUBHBIM 3KOJIOIH-
YECKHUM MOCIEACTBUSAM.

3a00p MOBEPXHOCTHBIX BOJ, npeBbiatomuii 30 % cpeaHerogoBoro
CTOKa PEK, NPUBOJUT K XPOHHMUECKOMY HEAOCTAaTKy BoAbl. [Ipu orBONIE BO-
IIbl U3 PEKU MOKET MPOUCXOJUTH IEepEChIXaHue 00JIOT B OKPECTHOCTSIX H3-
32 OTCYTCTBHUSI HOJIMUTKH MABOJKOM, THOEIb 114U, HAPYIICHHE YKOCUCTEM.
IIpy cokpallleHHH PEeYHOro CTOKa YBEIMYHMBAETCS COJICHOCTh 3CTYapHEB
(mpuOpexHOM 30HBI MOpPEN U OKEaHOB B MECTE BMA/ICHUS PEKU), UTO BIIE-
4eT 3a coO00M M3MEHEeHMs B UX dKocucTeMmax. Takue e mpoOiemMbl BO3HU-
KaloT B OECCTOYHBIX BHYTPEHHHX o3epax. llepepacxoa rpyHTOBBIX BOJ
IPUBOAMT K MAJCHUIO UX YPOBHA U MCTOILLEHUIO MX 3allacoB, TaK KaK CKO-
pOCTh MOTPEOIEHHUS MPEBBILAET CKOPOCTh MOMOJHEHUS 3a11acoB, 0COOEH-
HO B pallOHaxX ¢ HU3KUM KOJUYECTBOM OCAJIKOB.

[Tanenue ypoBHSI TPYHTOBBIX BOJ, B CBOIO OY€pellb, COKpPAILAET KO-
JIMYECTBO BOJABI B TOBEPXHOCTHBIX BOJAOEMAX U MOKET IMPHUBOJUTH TaKKE K
IpocajikaM TI'PyHTa — MOCTEINEHHOMY OIIyCKaHHMIO IOBEPXHOCTH CYLIH CO
CKOpOCThIO 10 15-30 cMm/rof, 4TO CIIOCOOCTBYET pa3pylleHuo GhyHIaMeH-
TOB, JAOPOT, BOJONPOBOAHBIX U KAHAJIU3ALMOHHBIX CETEH.

IIpobnemul 3a2psa3neHUs NOBEPXHOCHHBIX 00

3arpsi3HEHUE MOBEPXHOCTHBIX BOJ B 3HAYUTEIBHOMN CTEIIEHU CBS3aHO
C JIEATENIbHOCTHIO MPOMBIILIEHHBIX MPEANPUATUH, HAMPABISIIOUIUX CBOU
cOpocChl B BOJIHbIE 00BbEKTH. He MeHee HHTEHCUBHO 3arps3Hser rugpocde-
Py ¥ COBPEMEHHOE CENbCKOE XO3MCTBO C MAaCCOBBIM COJIECPKAHUEM CKOTa,
UHTEHCUBHBIM BHECEHHEM YAOOpPEHH B IOYBY M HCIHOJb30BAHHEM
CPEACTB 3alUThl PaCTEHUN OT BpeAUTEsICH; ONpe/IeICHHBIN BKIIal B 0011Iee
3arpsi3HEHUE BOJ| BHOCAT U ObITOBBIC cOpOCHI (Tadi1. 2.3)

3arpsi3HEHUI0 TIOBEPXHOCTHBIX BOJ CHOCOOCTBYET 3HAUYMUTEIBHOE
YBEJIMUEHUE TTOBEPXHOCTHOTO CTOKA M YMEHbILIEHWE MHPUIbTPALUU, UTO
BBI3BAHO Pa3BUTHEM T'OPOJOB M CEIBCKOIO X035AKCTBA, CBEIEHUEM JIECOB U
OIYCTHIHUBAHUEM.
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B BOJIOEMBI [4]

Tabnuua 2.3
[TocTymieHue 3arpsa3HAIOMIMX BEIIECTB CO CTOYHBIMU BOJIAMH

COpoc B CTOUHBIE BOBI 1990r. 1995T. 2000 r. 2001 r.

B cocraBe cTOYHBIX BOJ COPOIIICHO:

CyJib(aToB, MIIH T 75,2 59,9 55,6 54,7
XJIOPUJIOB, MJIH T 52,9 3,7 2,7 2,6
aMMOHHMMHOI'O a30Ta, ThIC. T 55,0 8,6 7,3 7,7
00111eT0 a30Ta, ThIC. T 202,5 215,1 84,5 81,2
HUTPATOB, ThIC. T 151,8 57,6 41,3 42,7
KUPOB U MaceJl, ThIC. T 77,8/48,5| 179, 6/25,11208,5/15,2| 201,3/13,8
docdopa obmiero, ThIC. T 57,6 38,1 26,4 24.9
denomna, T 264,6 85,9 66,6 53,1
CBHUHIIQ, T 144.8 50,5 34,9 26,7
MECTUIIUAOB, T 16,1 1,5 2,7 4.8
pTYTH, T 13,9 0,6 0,2 0,2

3arpsi3HSIIOIIME BEIIECTBA, MOMAJAlolIUue B BOJIY, MPOSBIAIOT CeOs
N0-pa3HOMY B 3aBUCHMOCTH OT UX NpUpOoJbl. OpraHM4ecKrue COECIUHEHUS
IPUPOJHOTO MPOUCXOXKJICHHS 32 HEKOTOPHIM HCKJIIOUEHHUEM OBICTPO pas-
pyLIAOTCs MUKpoopranu3smMaMu. [Ipu 40CTaTOYHOM KOJIMYECTBE KHUCIOPO-
Jla MPOSBIIAETCS aKTUBHOCTh a’pOOHBIX MUKPOOPTaHW3MOB, IMUTAKOLIUXCS
opraHm4yeckuMH BemiecTBaMu. [Ipu 3ToM 00pa3yroTcsi YrieKHUCIbIi ra3 u
BOJIa, & TaKXkKe HUTPAThI, (hocdaThl, CyJIbPaThl U KUCIOPOIHBIE COSTUHECHUS
JIPYTUX 3JIEMEHTOB, COJIEPXKABILIMXCS B MCXOJHBIX BellecTBax. BrineneH-
Hble ocaTbl U HUTPATHI UTPAIOT OCOOYIO POJIb B U3MEHEHHH COCTOSHUS
BOJbI, TaK KaK SIBJISIOTCS 3JEMEHTaMH MHHEPAJIbHOIO NMUTAHUSA, JTUMUTH-
pyroImMu mpoiiecchbl (OTOCHUHTE3a. B ecTecTBeHHBIX BOAOEMAaX 3TH MOHBI
coJiepKaTcsi B MajbIX KOJIMYECTBAX U OTPAHUYMBAIOT POCT PACTCHUH U
IUTAHKTOHA.

Bricokoe copepxanue ¢gocdaroB M HUTPATOB B BOJE CIHOCOOCTBYET
YCWJIEHHOMY pPOCTY (PUTOIUIAHKTOHA, PA3MHOKEHUIO 300IUTAHKTOHA U BBIC-
e ¢ayHbl, KOTOpPbIE YMOTPEOJSAIOT KUCIOPOA Tpu Abixanud. C pocToMm
YKCJia JKUBBIX OPraHM3MOB, OCOOEHHO IUIAHKTOHA, MMEIOIIETO KOPOTKUMI
KU3HEHHBIN 1IUKJI, YBEJIMUMBAETCS KOJIMYECTBO ACTPUTA (MEPTBOIO OpraHU-
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YECKOTO BEIIECTBA), /ISl adpOOHOT0 pa3pylieHUs] KOTOPOTO TaKXe HeoOXo-
MM KHCIopol. B Takux yCIOBUSIX pacXo]l KUCIOPOAA HE BOCHOJHSIETCS €ro
IPOAYKIMEH B mporiecce ¢porocunTesa. [Iporncxoaur nepexon ot a3poOHOTO
COCTOSIHMSL BOJIOEMA K aHa’3poOHOMY. B oTCyTCTBHE KHCIOpOJa Pa3IoKEeHHE
OPraHWYECKOr0 BEIIECTBA MPOUCXOIUT B IIPOLIECCE KU3HEACATEIIbHOCTH aHa-
APOOHBIX MUKPOOPTraHM3MOB. B pe3ynbTaTte 1enoro psiaa B3auMOCBI3aHHBIX
npoueccoB Opoxxenus odpazyrorcst metad (CH,), yriekucielil ra3, Bosa, am-
muak (NH;) u cepoBomopon (H,S). Ilpu stom docdop, conepxaniuiics B
JIETpUTE, BHOBD BBIJIENACTCS B BOAY B Buie docdaron. Jledummr kucmopona,
a TaKke 00pa3oBaHHE TOKCUYHBIX MPOIYKTOB PEaKIUi aHa’POOHOTO OKHC-
JICHUSI TIPUBOJIAT K THOETN OOJBITMHCTBA BUIOB BOJJHOW YKOCUCTEMBI.

YciaoBuss B BOJOEME, XapaKTEPHU3YIOIIUECS HU3KUMH KOHIICHTpa-
musiMu pocaToB U HUTPATOB M BHICOKHUM COJICPKAHUEM PACTBOPECHHOTO
KHUCITIOPO/1a, HA3bIBAKOTCS 0JUCOMPOGHLIMU; YCIOBUSA, COOTBETCTBYIOIINE
BBICOKHUM KOHIEHTpaIusiM (pochaToB U HUTPATOB U HUZKOMY COJICPKAHHUIO
Kuciaopona — 2émpoguuimu. Ilepexon OoT oauUroTpo(HBIX YCIOBHHA K 3B-
TpOoHBIM paccMaTPUBAETCS KaK MPOIECC 26mpouzayuu 6000ema.

OpTpoduzamus, BooOIIe TOBOPS, MPEACTABISICT COOOM CCTECTBCH-
HBIM MPOLIECC CTAPEHUS BOJOEMA 110 Mepe MOCTYIUIEHUS] B HETO C NOBEPX-
HOCTHBIM CTOKOM HAHOCOB, COJICP’KalllX YaCTUIIbl OYBBI U JIeTpUT. [Ipo-
IIECC €CTECTBEHHOM ABTPOPHU3ANNHN MPOUCXOAUT MEJICHHO W MPUBOIUT K
MIOCTENIEHHOMY 3a00JIAYMBAHUIO BOJOEMOB, UTO IIPOSBIISIETCS B BHJIE CMe-
HBI SKOCHUCTEM B XOJI€ CYKIIECCHH. AHTPOIIOT€HHAs 3BTPOQHU3AIHs, BbI3bI-
BaeMasl YBEJIIMYEHHBIM MOBEPXHOCTHBIM CTOKOM, CMBIBOM C IIOJIEM BBICO-
KOKOHIICHTPUPOBAHHBIX MHUHEPaIbHBIX yI00peHUi, cOPOCOM B BOJOEMBI
HCOYUIICHHBIX CTOYHLIX BOJA, COACPIKAINMUX OPraHUYCCKUC BCUICCTBA, HUT-
patbl U docdarel, OTIUYAETCS OBICTPHIMU TEMIAMU NPOTEKAHUSI U UMEET
XapakTep KOJIOTHUECKOTr0 HapyIICHUs B MIpeeIie, MPUBOISIIETO K MOTHON
THOEIN BOIHON DKOCUCTEMBEI.

CyniecTBEHHbIE DKOJIOTMYECKHE TTPOOIeMbl BOSHUKAIOT MPHU TOMa1a-
HUU B BOJOEMBI TPYAHOPA3PYIIAEMbIX I YCTOWYUBBIX OPTaHUYECKHUX 3a-
IPA3HAIOMMX BemecTB. K HUM OTHOCATCS KOMIOHEHTHI HepTH u HedTe-
MPOJYKTOB, COCAMHEHUS TSKEIBIX METAIJIOB, a TaKXKE MHOTOYUCIICHHBIC
CUHTETUYECKAE OpPTaHWYECKHE COSTUHEHUS, IS Pa3pyIIeHUsS KOTOPHIX
MHUKpPOOpPraHU3MaM HE XBaTaeT MHOTHX crienuduieckux gepmeHToB (6uo-
JIOTUYECKUX KaTaJau3aTopoB).
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Hed1b MoxeT nonanath B MPUPOAHYIO Cpely Mpu OypeHUN CKBaXKWUH Ha
HEPTSIHBIX MECTOPOXKACHUSX, TIPH aBapUAX TAHKEPOB M yTE€UYKaxX B HEPTEIPO-
BOJIaX, IPY TPAHCIIOPTUPOBKE, MEpepadOTKE ChIPOM HEPTH, a TAKKE MPU OUU-
CTKE aBTOLMCTEPH OT HehTH U HedrenpoaykToB. [ uapododuas nedts 0Opa-
3yeT TOHKYIO TUIEHKY Ha MOBEPXHOCTH BOJBI, HA OTKPBITHIX BOJHBIX TTOBEPX-
HOCTSIX C TEYCHHEM BPEMEHH 00pa3yeTcsi AMYJIbLCUOHHBIN CIION «HEPTh — BO-
Jia», KOTOPBIN MPEMATCTBYET Ta3000MEHY MEXAY BOJONW U BO3IYyXOM. OTO
MPUBOAUT K TOMY, YTO JKUBBIC OPraHU3MBbI, HAXOISAIINECS MO/ 3TOU TICHKOH,
MOCTETNICHHO 3a/IbIXAI0TCS. Y MOPCKHUX NTHUI[ KOHTAKT ¢ HE(DTHIO MPUBOIUT K
CKJICBAaHHUIO ONIEPEHUs, OHU YTPAuMBaIOT CIOCOOHOCTh JCpKaThCsl HA BOJAE U
OBICTPO THOHYT OT MEepPeoXJIaKIeHN. PacTBOpUMBIE B BOJIE OKUCIICHHBIE KOM-
MIOHEHTHI He()TH MOTYT 00J1aJIaTh TOKCUYECKUM JICHCTBUEM.

Hedts B mpupomHOi cpeae moaBepraeTcss MHUKPOOHOJIOTHYECKOMY
pacnajy, B KOTOPOM Y4YacTBYIOT pa3iMuHbIe BUJbI OAKTEpHid, HO STOT pacra/y
MPOTEKAET OYECHb MEJUICHHO, TaK YTO He(Th B TEUCHUE HENEIb U MECSIICB
HAXOJMUTCS Ha MOBEPXHOCTU BO/IbI, JIETKOJIETY4YHE KOMIIOHEHTHI He()TH HcTa-
PAIOTCSI, 3arpsi3Hsisl aTMOC(EPHBINA BO3/IYyX, a MAJIOJIETy4Yle MEJJICHHO OKHC-
JISIFOTCST 1 00Pa3yroT CTYCTKH, OITyCKAIOLTUECS Ha JJHO BOJIOEMA.

[Ipn mpocaunBaHuM HEPTHU B MOUBY, HECMOTPS Ha OOJIBILIYIO BSI3-
KOCTbh, OHA MPOHUKAET B TPYHTOBBIE BOJBI U MOXKET PacCIpOCTPAHATHCS Ha
Oonbive pacctosiHus. Boga cTaHOBUTCS HENMPUTOAHON ISl MCIOJIb30Ba-
HnﬂrqniHonaﬂaHHHQUIHe®THIﬂ1106IIBOALL

OCHOBHBIE MCTOYHUKH AHTPOIMOTEHHOTO 3arpsi3HEHUS] TUIpOChephl
MIpeJICTaBICHBI Ha Ceayoliei cxeme (puc. 2.3).

CenbCKOX0341CTBEHHBIE IIpomsbllIEHHBIE beITOBBEIE CTOUHBIE
CTOKH CTOYHBIE BOIIbI BOJIBI

e

HUcToynuku aH-

ATMOC(l)epHBIe < TPONMOreHHOro 3a- > KapbepHLIe n
OCanKun IPA3HEHUA THAPO- aXTHBIC BOIIbI
/ e \

Pa[II/IoaKTI/IBHI)Ie OTXObI, 3aX0- q)I/IJIBTpaTI)I OT CBAJIOK TBEPIABIX
POHCHHEBIC B MI/IpOBOM OKCaHC OBITOBBIX U IIPOMBINIIICHHBIX
u FHY6OKI/IX maxrTrax OTXO0A0B

Puc. 2.3. Ucmounuxu aumponoecennozo 3azpsasnenus cuopocgepuol [1]
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3. BIUSIHUE OTPACJIEN XO3SIICTBA HA COCTOSIHUE
OKPYKAIOUMEN CPEJbBI POCCUMCKOU ®EJEPAIIUN

3.1. O61mas XapaKTepPUCTUKA CTPYKTYPbI NPOMBIIILIEHHOT 0
TeXHOreHe3a

AHTpOTIOTeHHOE 3arps3HeHue Ouocdepsl 10 OMPEIEICHHOTO IEPHO-
Jla CTIaXUBAJIOCh €CTECTBEHHBIMHU MPOIECCaMH, TTPOUCXOASIIMMU B OHO-
chepe, 0HAKO B TMOCIEIHUE ACCATUIICTUS MaciITaObl MpeoOpa3oBaTeb-
HOM JESITEIbHOCTH YeJIOBEKa HEM3MEPUMO BO3POCIH U JOCTHUTIIN TI00aTh-
HOTO ypoBHs. bruocdepa mocTeneHHo pa3pymaercs — OTPaBsSIOTCS aTMO-
cdepa 1 BOJI0EMbI, YHUUTOXatOTCA payHa u diopa.

Poct aHTpOomOreHHON HArpy3KH BBIPAXKAETCS B JIABUHHOM 3arpsizHe-
HUU aTMOC(depbl, MOPCKUX aKBAaTOPHI M MPECHOBOIHBIX BOJOEMOB, Hapy-
IIICHUHW TTOYBEHHOT'O IMOKPOBA M IEHHBIX JIAHMA(TOB, UCTOIICHUH B PSJIC
paliloHOB BOJIHBIX M JIECHBIX PECYPCOB, YMEHBIIIEHUN YUCICHHOCTHU JKUBOT-
HBIX. ATMOc]epa BO MHOTHX MECTaX 3€MHOTO Il1apa Bce OOJbIIE 3arps3Hsi-
eTCsl OKCHIaMH CEphbl M a30Ta, OKCHIIOM YTJIEpOJa, NMbUICBUIHBIMU YaCcTH-
maMu. B BOJ0€MBI B pEeKH HEMPEPBIBHO MOCTyMNaeT HePTh, HEQTEMPOTYK-
TBI, OTXOJIbI XUMHUYECKOHN MPOMBIIICHHOCTH ¥ APYTHX MPou3BoACTB. [lou-
BEHHBIN TIOKPOB OTPABJISIETCS] PA3JIMYHBIMU MECTUIIUAAMU, 3aCOPSIETCS ObI-
TOBBIMH ¥ TIPOMBITIUICHHBIMHA OTXOJIAMH.

[TpobGnema 3a1uThl OKpY’KaIOLIeH Cpeibl — OJJHA U3 BAXKHEHIINX 3a/1a4
COBPEMEHHOCTH. BBIOPOCH! MPOMBIIIITICHHBIX TIPEINPHITAN, SHEPTETHUECKIX
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CUCTEM B OKPYKAIOIIYI0 CPely JIOCTUTIIU TaKUX Pa3MEpOB, UTO B psJie paii-
OHOB, OCOOCHHO B KPYITHBIX MPOMBIIUICHHBIX IIEHTPAX, YPOBHHU 3arpsi3HEHUIA
CYILIECTBEHHO MPEBBIIAIOT AOITYCTUMbIE CAHUTAPHBIE HOPMBI.

OO0opy10BaHME W TEXHOJIOTHUM, MPUMEHSIEMbIE€ HAa OYMCTHBIX YyCTa-
HOBKaX, YCOBEPIICHCTBYIOTCS KpailHE MEIJICHHO, HEJIOCTATOYHO YyJaBIIU-
BAIOTCS BPEJHBIE BEUIECTBA, IPUYEM JAJIIEKO HE caMble onacHble. [1o gaH-
HbIM PocruppomMera ypoBeHb YJIOBA BPEIHBIX BEIIECTB Ha MPEANPUATHUSIX
IPOU3BOICTBA CTpoMaTepuanoB coctaBiseT 91,6 %, xumuyueckon u Hed-
texumuaeckor — 91,1 %, anexrposnepretuku — 84 %, IBETHOW METAJLITYp-
ruu — 82,9 %, nedrenoosiBaromieit — 3,1%, razosoi — 1,2 % [2].

B nocnennue Heckonbko aeT (¢ 1994 r.) B Poccun oTmedaeTcst CHU-
YKEHHE YPOBHS 3arps3HEHUS MPOMBIIIJIEHHBIX [IEHTPOB, HO 3TO CBSI3aHO HE
CTOJIBKO C YJIYUYIIIEHHEM MPUPOJOOXPAHHOMN JEATEIBHOCTH, CKOJIBKO B OC-
HOBHOM — CO CHaJOM IPOMBIIUICHHOTO MPOU3BOACTBA, 3aKPBITHUEM pPsiia
IPEANPUATAN, YMEHBLICHUEM YUCIIa MOLIHOCTEN 0 OXPaHE OKPYKAIOLIEH
cpenasl (Tadm. 3.1).

Tabmuma 3.1
BBoj B ieiicTBHE MOIIIHOCTEN IO OXPAHE OT 3arpsA3HEHUS BOIHBIX
pecypcoB u aTMocpepHOro Bo3ayxa [4]

Momnoctu
10 OXpaHe BOAHBIX | 1991 1.{19921.| 1993 | 1994 1] 1995 1.[19961.[ 1997 1|1998 r{ 1999 1.| 2000 T.
pecypcoB

CoopyxeHus U yc-
TaHOBKH JJIS1 OUU-

CTKU CTOYHBIX BO/,

MITH M’ B CyT. 1,3 07 {13 |14} 14 |08 | 1,0 ] 06 | 04 | 02

CucreMbl 060pOT-

HOT'0 BOJIOCHA0Xe-
HUS, MITH M B CyT. 3.9 1,4 59 | 1,8 22 109 119 | 27 | 07 1
'Y cTaHOBKU 1A
yJIaBIUBAHUS U
00e3BpeIKMBAHUS
BPEJIHBIX BEILECTB

W3 OTXOMSIINX ra-
30B, MJIH M razaBu | 8,4 5,6 43 | 5,9 7,5 6,3 | 3,1 1,2 | 3,8 3,1

OO0muii 00beM CTOYHBIX BOJ, cOpomieHHbIX B 1990 — 2001 rr. B mo-
BEPXHOCTHBIC BOJIHBIC O00BEKTHI P®, cOCTaBMI IO OTPACISIM: YKUIIMIIIHO-
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KOMMYHaJIbHOE X0351UCTBO — 12,9 %; mpombinuieHHOCTh — 35,2 %. B npo-
MBIIJIEHHOCTH MaKCHUMajbHas 101 cOpoca MpUXOAUTCS Ha JIEKTPOIHEP-
reTuueckuii kommiekc. CTOYHbIE BOJABI COpAchIBAlOTCS HEAOCTATOUHO
OUYMILIEHHBIMH, YTO MPUBOJUT K 3arpsI3HEHHUIO KaK MMOBEPXHOCTHBIX, TaK U
HOJ3EMHBIX BOJI.

OaHMM M3 OCHOBHBIX PEUIEHUI MO PE3KOMY YMEHBIIEHHIO cOpoca
CTOYHBIX BOJ| SIBJISIETCS CHM)KEHUE pPacXo/ia CBEKEW BOAbl — BHEIPEHHUE
obopoTHOTO BOJIOCHaOXKeHMs 48,8 %, cembckoe Xo3siMcTBO — 5,5-13 %
(Tabm. 3.2).

Tabsmra 3.2

O0BeM cOpoca CTOYHBIX BOJT B TOBEPXHOCTHBIE BOJOEMBI
3
110 OTPACIIAM YKOHOMHUKH, MIpA M~ [ 1]

OTtpacib HapOJIHOTO XO03AMCTBA 1990r. | 1995r. | 2000r. | 2001 .
[TpoMbIITIEHHOCTH 48,8 35,5 34,7 35,2
DNEeKTpOIHEPTETUKA 33,4 25,0 26,8 27,6
UepHas MeTautyprus 1,4 1,1 0,9 0,9
[[BeTHast MeTAILTYy pIrUsi 1,0 0,9 0,9 0,9

XHUMHU4ecKas u
He(TeXUMUIECKasi TPOMBIIIIICHHOCTh 2.9 1,8 1,9 1,8

MarmmHocTpoeHue 1
MeTatooopaboTka 2,4 1,8 0,8 0,6

JlecHas, nepeBooOpabaThIBarOIIAs
U TIEJUTIONI03HO-0yMaskHast POMBIIIUICH-

HOCTb 3,0 2,1 1,7 1,7

IIpombIIIIIEHHOCTH

CTPOUTEIIbHBIX MaTEPUAJIOB 0,3 0,2 0,2 0,2

CebCKOE XO03SMCTBO 13,0 10,2 6,9 5,5

Tpancnopt 0,3 0,2 0,3 0,3

KununHo-KOMMYHaIbHOE X03SIMCTBO 12,9 13,7 13,7 13,5
Jlpyrue oTpaciau 0,2 0,2 0,0 0,2

B mpoMmbIIeHHOCTH MakcHMalibHAsE J0JisA cOpoca MPUXOAWTCS Ha
AJIEKTPOIHEpPreTUUecKuil KoMiuiekc. CTOYHBIE BOJIbI COpPACHIBAIOTCSI HeE-
JIOCTAaTOYHO OYMIIEHHBIMH, YTO MPUBOAUT K 3arpsI3HEHUIO KaK MOBEPXHO-
CTHBIX, TaK U MOJ3EMHBIX BOJ.
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OpHUM W3 OCHOBHBIX PEIICHUH IO PE3KOMY YMEHBIISHHUIO cOpoca
CTOYHBIX BOJ| SIBJISIETCSI CHU)KEHHE PACXO0/a CBEKEW BOIBI — BHEAPEHHUE
00OpOTHOT'O BOJJOCHAOKEHMS.

B psae cinyyaeB npuMeHsieTCA 3aXOPOHEHUE KUJIKUX OTXOAO0B B IJTy-
OOKHME BOJIOHOCHBIC TOPU3OHTHI IIATQOPMEHHBIX apTE3UMAHCKUX Oacceil-
HoB. Hampumep, 3a nocinennue 30 jieT Ha Tpex MPEANPHUSATHUAX ATOMHOM
npombliieHHocTd P® B 1imy0oKo 3aneraromiyie MmiacThl — KOJUIEKTOPHI
yJajaeHo oKojo 46 MIH M KUJIKUX OTX0JI0B, coaepxamux 80 % paauo-
HYKJIUJO0B — IPOJYKTOB JIEJIEHUS ypaHa.

Cepbe3Hylo Mpo0sieMy MPEACTaBISIET cneu(PruKka MHOTHX OTpaciei
MPOMBIIUIEHHOCTH, YTO TPeOyeT MHAMBUAYATBHBIX MOIX0/I0B K PEHICHUIO
IPUPOIOOXPAHHBIX 3aaad. Hampumep, crienuduieckoe ASHCTBHE OKa3bl-
BAIOT MIPEANPHUITHS 0OOPOHHOTO KOMIUICKCA (3arps3HEHUE MOYB OCTaTKa-
MU KOMIIOHEHTOB PAaKETHOTO TOIJIMBA, HAKOTUICHHE TOKCUYHBIX B3phIBYA-
THIX BELIECTB U T.1.). Hike paccMOTpeHBI SKOJOTHYECKUE NPoOiieMbl He-
KOTOPBIX U3 OTpacel MPOMBIIIICHHOCTH.

3.2. DJIeKTpOIHepreTHKA

B Poccuiickoit ®enepaumun B 1993 1. OBUTO BBIPAOOTAHO
956,6 Miipa KBT 4 3JIEKTpPOSHEPTrUM, U3 HUX TEIIOBBIMH 3JIEKTPOCTAHLIMS-
MU — 662 muipx kBT 4, runposnexkrpoctanuusamMu — 175 mapa kBt 4, aTtom-
HBIMU JJIeKTpocTaHuusaM — 119 mupa kBtu. [2]. OcHOBHAs noisi SHEprun
IIPOU3BOJUTCS 32 CUET MEepepadOTKU TMPHUPOJHOTO OPraHOCOIAEPKAIIETO
ChIpbSl — raza, He)TH, TOPIOYMX CJIaHIIEB, TOpda, a TAKKE HUCIOIb30BAHUS
aTOMHOM SHEPTUM U SHEPTUU PEK MYTEM CTPOUTENHCTBA THUJIPOIICKTPO-
CTAHIUH.

OHepreTuka mnOTPeOSAET OOJIBIIOE KOJUYECTBO CBEXKEH BOJIbI
(~ 30 Mupz M° /rOfT) B TOIBKO 65-70 % ee SKOHOMUTCS 33 CYET HCIIOTIb30-
BaHMS BOJI00OOPOTA.

Bosbiiiast yacth BOJIBI UCTIOIB3YETCS HA OXJIAXKIECHUE Pa3JIMUHbBIX ar-
peraToB, a TakXke B cucTeMax rujposonoynaieHus TOLl, ncrnonp3yromux
TBEpPJI0€ TOIUIMBO — YTJIU, claHibl, Topd. Exeromno okomno 55 mpenmpu-
ATHII aTOMHOW 3HEPreTUKH COPAChIBAIOT 3arpsi3HCHHBIC BOJIbI, U3 HHUX B
0accetin Kacnuiickoro mops — 15, banruiickoro mopst — 7, UepHoro — 2,
apkTudyeckux mopeit — 27, Tuxoro okeana — 2. Kpome TOro, B BOJHBIE
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OOBEKTHl OTKPBITOW THUAPOrpadUIECKOd CEeTH MPEANPHUSATHSIMH aTOMHOU
sHepreTuku coOpaceiBatoTcs ~30 Thic. Ku pagmoHyKnmmmoB, U3 KOTOPHIX
99 % wuMmerT Tnepuoja moyiypacnajga OT HECKOJBKMX 4YacoB 0 | CYTOK.
COpacbiBaeMbIe PaIHOAKTUBHBIC H30TOIIBI I0CTaTOYHO OBICTPO paclagaroTcs
U TIPAKTUYECKU HE MPOCIEKUBAIOTCS B KOIMYEeCTBaX, npesbimatonux [1/1K B
BogoemMax (11O «Masik» ctadmibno nipesbimaet [TJIK — g0 10 TTAK !) [1].

TOLl cpenaneit momuoctu 3anumaet 200-300 ra, a miomaae MUIaKo-
u 3oJi00TBasia yepe3 10 mer skcryatauuu pocturaer 800-1000 ra. Co-
Jep’)KaHre MUKpPOAJIEeMEHTOB B 30iie TOL[ 3HAUMTENBbHO MPEBBIIAET UX
CpEeHEE CONEP)KAHUE B 36MHOM KOpE — HanmpuMmep, Mbliibsika — B 100 pas,
oepmust — B 60 pas [2].

MHOTro4HMCIEHHBIE 30J100TBAJIbI SABJISIOTCS UCTOYHUKOM 3arpsi3HEHUS
MOBEPXHOCTHBIX W TMOJ3EMHBIX BOJI, HAPUMEP, CHJIBHO 3arps3HEHbI MOJ-
3eMHbI€ BOJIbI B paiione 1. Kypcka, Huxxnero HoBroposaa u nip.(MCTOYHUKH
3arpsizHeHus — TOL).

I'uaposnekrpocranmuu (I'9C) — BTOpoit mo obmemMy 00beMy MOIII-
HocTH (mpumepHO 18 %) ucrounuk snekrposnepruu B Poccuu. B mupe Ha
nomto I'9C npuxonurcs 1o 25 %, a vanpumep, B Hopserun — 99 %, B bpa-
3w — 87 % Bced NMpou3BOAMMON 31eKTposHepruu. [lpu skcmtyaranuu
I'DC sxoHOMHTCS TOIIMBO (YCJIOBHOE), MPEAOTBpAIIacTCs BHIOPOC B aT-
Mocgepy 30J1bl, OKCUIOB CEPHI U a30Ta.

3apery1MpoBaHUe CTOKA MO3BOJIMJIO HAMPABUTHh BOAY HA OPOIIEHUE
MoJIeH, Ha BOJOCHA0XEHHE 3aBOJIOB U 3JEKTpOCTaHIUM. ['uapoy3isl ITuK-
BUJIMPOBAIM BO MHOTHX pailoHaX BeceHHHE HaBOAHCHHS. OIHAKO B TO e
BpeMsI BOJOXPAHWIHIIA TPUBEIIN K IMOCTOSHHOMY 3aTOIUJIEHUIO JIECOB U JIy-
TOB, HACEJICHHBIX MYHKTOB, MECTOPOXKICHHM TOJIC3HBIX MCKOIAEMBbIX, Ta-
MSATHHUKOB KYyJIBTYpPhl W JPYTUX OOBEKTOB. BomoxpaHwiwima H3MEHSIOT
JaHAMAPT U1 MUKPOKIMMAT OOIIUPHBIX MPUOPEKHBIX TEPPUTOPHIA.

['DC Gonbmioit MonHOCTH, MocTpoeHHble B Cubupu (bparckas, Casi-
Ho-lllymeHckas, Ycrb-Mnumckas u ap.), HCHOJIB3YIOTCS HE 00Jiee ueM Ha
50 %, HO TIPU MX MYCKE M CO3/IaHUM BOJOXPAHWJIUII OKA3aJIUCh 3aTOTUICH-
HBIMH MWJUIMOHBI KyOn4deckux MeTpoB apeBecunbl (boryuanckas ['DC na
Anrape — 2 mitH M, bpatckas I'DC — 40 mua M, Yers-Mimmckas I'IC —
20 MITH M’ ¥ T.1L.).
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ITocne nepekpeitus O6u miorunoit Hosocubupckoii 'DC u ob6pazo-
Bannsi HoBocuOWMPCKOTOo BOJOXpaHWIIMINA W3MEHWIIUCH THIPOTEOIOTHYE-
ckue ycnoBus O6u. B 30one bepackoro 3anuBa (akTUBHAs 30Ha OT/AbIXa HO-
BOCUOUPIIEB) aKTUBU3UPOBAJIOCH 3arpsA3HEHUE BOJBI U JHA, B TOM YHUCIIE
Mapa3uTapHbIMU U HMHQPEKIIMOHHBIMU MHUKPOOPTaHU3MaMU W BUPYCAMH,
YTO MpuBeno K Benbimke B 2004 1. psaga AeTCKUX MHQPEKITMOHHBIX 3a00J1e-
Banuil. [lpu crpourtennctBe Kpacnosipckoit I'2C sHepreTuku He mpesny-
CMOTpEIH PHIOONPUEMHUKHN M PHIOOXOBI B MNIOTUHE — B Pe3yJbTaTe Mpe-
KpPaTUJICSL HEPECT PHIOBI LIEHHBIX OPOJ B BEPXOBbsix EHuces.

HecmoTpsi Ha yXe NPOSIBUBIIMECS OTPULIATENIbHBIE MOCIEACTBHUA,
Poccust mo-npexxnemy tsaroteer k '9C — rurantam, UAYT AUCKYCCUHU O
ctpoutenbctBe Typyxanckoir I'DC Ha Hwxneit Tynrycke, KaTtyHckoit
I'DC B ropuom Ausrae [3]. X0TS BO BCEM MHUPE CEHYAC OTKA3bIBAIOTCS OT
CTPOUTEITHCTBA KPYIMHBIX, OCOOCHHO PaBHUHHBIX AJIEKTPOCTAHIINH, U Tepe-
XOJISIT Ha MEJIKUE OECIUIOTUHHBIC, KOTOphIe ObLIM MpuayMansl B Poccuu 60-
nee 40 ner Hazaa. Ha KonsckoM momyoctpoBe 17 HEOOMBIIMX 3IEKTPOCTaH-
WA, CTOSIIMX HAa MaJbIX PEKaX, HE3HAYUTEIHbHO Hapyllas OKPYKaroUlyro
cpenry, 00CCIICUNBAIOT JJICKTPOSHEPTUCH M CBOM, M COCCIHME PErHOHEBL. Bee
00BN BEC MPUOOPETAIOT AIbTEPHATUBHBIE HCTOUYHUKN YHEPTUH.

B pesynprare WHBEHTapu3aluWu, ITPOBEICHHOW Ha NPEAIPUATHIX
aTOMHOW SHEPreTUKH, Ha 34 mpeAnpUATHSX OTPACIH, BKIIHOUYas 8 3JIEKTPO-
CTaHIMW, UMEETCA 257 MECT XpaHCHHS U MOBEPXHOCTHOTO 3aXOPOHCHHS
paTMOAKTHBHBIX OTXOJOB, HA KOTOPBIX COCPEI0TOUeHO Gonee 405 MIH M
#KuIKkux U ~300 MIH T TBEPABIX OTXOAOB, CYMMapHasi aKTUBHOCTb KOTO-
peix npesbimaer 1000 maa Ku. Kpome Toro, B rimy00OKHX Te€OJIOTHIECKUAX
dbopmanusx cocpenoroueHo 6omee 1,01 mupa Ku xuakux orxonos [1].
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4. 3SAIIIUTA TUIPOCDEPHI
OT MNPOMBINIJIEHHBIX 3ATPSA3HEHUI

Bopa wrpaer pemaromiyro pojib BO MHOTHX IpOLECCAaX, MPOTEKAIO-
HIMX B MPUPOJIE U B OOECIIEUEHUHU KU3HHU YelloBeKa. B mpoMbIIUIEeHHOCTH
BOJY MCIOJIb3YIOT KAaK ChIPb€ U MCTOYHUK DHEPIUH, KAK XJIAJ0areHT, pac-
TBOPHUTENb, 3KCTPAr€HT, [Ji1 TPAaHCHOPTHUPOBAHUSA CHIPbS W MaTepHa-
J0B U 1Ip. Boay, UCHonp3yemMyr0 B IPOMBIIUICHHOCTH, NOAPA3AEIAIOT Ha
OXJIXKJAIOIIYI0, TEXHOJIOTMYECKYIO U dHEpreTuyeckyro: 65-80 % pacxona
BOJIbI B MPOMBIIICHHOCTH MOTPEOAETCS ISl OXJIAXKICHHS.

O pekTHBHOCTH UCITONB30BAHMS BOAHBIX PECYPCOB XapaKTEPU3YET-
Csl CJICHYIONIUMH KPUTCPUSIMH: YJIeTbHAsS HOpMa MOTPEOJSICHUS BOMABI JJIS
CO37aHUsl €IUHUIIBI TTPOIYKIIMH, TTOTPEOICHHE CBEXEH BOJIbI;, KOJTHYECTBO
BOJIbI, HaxXoJsmIecss B 00opoTe; ollee KOJIMYEeCTBO CTOYHBIX BOJ, cOpa-
ChIBA€MbIX B BOJIHbIA OOBEKT; 3alllUTa BOJHBIX OOBEKTOB OT AHTPOIOTCH-
HOW JIESITEIILHOCTH U JIP.

OCHOBOM BCEro KOMIUIEKCA MEPOIPHUATHU MO OXPaHE BOJOEMOB OT
3arpsi3HEHUS] CTOYHBIMM BOJIAMU SIBJISICTCS:

® CO3JaHHE W Pa3BUTHE 3aMKHYTBIX CUCTEM MPOMBILUIEHHOTO BOJO-
CHAOXKEHUS,

® MPUMEHEHUE MAJIOBOJHBIX U O€3BOJHBIX TEXHOJIOTUYECKUX MPO-
11eccoB U 3PHEKTUBHBIX CTIOCOOOB OYUCTKHA HAYAIBHBIX TOTOKOB CTOYHOM
BO/IbI C YYETOM MOBTOPHOI'O UX UCIOJIb30BAHUS.

Ha ocHoBanuu TpeOoBaHMM TEXHOJOTHYECKOTO MPOU3BOJICTBA HA KaxkK-
JIOW €ro CTaiuy ONpeAesstoTcs TPeOOBaHUs K KaUYECTBY BOJbI, HA OCHOBE KO-
TOPBIX MPUHUMAIOTCSI PELIECHUS MO0 METOJaM JIOKAJIbHOW M LIEHTPATIU30BaH-
HOM OYMCTKM CTOYHBIX BOJI, COCTaBJIAIOTCSA IIEPEYHU 3arps3HAIONIMX Be-
IeCTB, COPachIBAEMBIX B OTKPBITHIE BOJOEMbI K TOPOACKYIO KaHATU3AIIHIO.

Bonocoeperaromne MeponpusTHs pa3padaTbIBalOTCS B 3aBUCUMOCTH
0T (YHKIMOHAJIBHOI'O UCIIOJIb30BAHUS BOJBL: HAIIPUMED, 3aMEHa BOJSTHOTO
OXJIQXKJCHHUSI BO3AYILUHBIM, MPUMEHEHHUE CHUCTEM M COOPYKEHUU CyXOil
OYHCTKH Ta30B U ACHUPALMOHHBIX CHCTEM OT MbUIM, IPUMEHECHHUE IHEB-
MOTpaHcHopTa u T.1. I NCIIoNb30BaHMsI CTOYHBIX BOJ 0CO00€ 3HAUYECHUE
uMeeT 000CHOBaHUE TPeOOBAaHUM K COCTaBy TEXHOJIOTMYECKOM BObI. B 3a-
BHUCUMOCTH OT 3THUX TpeOOBaHUU MPUMEHSIOTCA PaA3JIMYHBIE CIOCOOBI U
YCTPOKMCTBA OUYUCTKHU CTOYHBIX BOJI:
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® MexaHWYeCKUe (PeleTKH, MECKOJOBKH, BEPTUKAIbHBIE U TOPU30H-
TaJbHbIE OTCTOMHUKU (pucC. 4.1), TPOLIEKUBAIOIIUE YCTAHOBKH, ITPOCTHIE U
cKopble GUIbTPHI (puc. 4.2);

e (pusuko-xumuieckue (pmotarus, aacopOuus (puc. 4.3), MOHHBIN
oOMeH U Ap.);

® XMMHUYECKUE (pearcHTHbIE);

® JJIEKTPOXUMHUYECKUE (PIEKTpOQIIOTAIUS, DICKTPOKOATYIISALINS,
JIEKTPOJIN3, TATHBAHOKOATYJISIIHS);

e MeMOpaHHBIC (YIAbTpaduiIbTpaIys, 0OpaTHEIN OCMOC U Jp.);

® TepMHUYECKHE (BbIApUBaHWC, AUCTHIUIALMS, C)KUTAHUE CTOYHBIX
BOJ);

® OMOXUMHYECKUE;

® KOMOWHHUPOBAHHBIE.
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Puc. 4.1. Omcmounuxu [2]: a — copuzonmanshsiii. 1 — 6x00HOU 10MOK, 2 —
omcmotuHas kamepa, 3 - 8bIXOOHOU JOMOK, 4 — NPUAMOK, 6 — ePMUKAILHBILL:
1 — yununopuueckas uacme, 2 — yeumpanoHas mpyoa, 3 - xcenob, 4 — Konu-
yeckas wacms, 8 — paduanvhulil: 1 — xopnyc, 2 — dcenod, 3 — pacnpeoenu-
menvHoe YCmpolcmeo, 4 — ycnokoumenvbHas kamepa, 5 — cKpebKogulil mexa-
HU3M; 2— mpyouamsiii, 0 — ¢ HAKIOHHbIMU HAacmuHamu: | — xopnyc, 2 —
nAACmMuHbl, 3 — WAAMONPUEMHUK
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Puc. 4.2. Cxema ckopozo
Ggunempa [2]: 1 — kopnyc ¢urempa,
2 — orcenoba 0nsa  pacnpedeneHust
Qunompyemou 600bi u 051 0MEOOA
NPOMBIGHOU,; 3 — OpPEHAadCHas cucme-
ma; 4 —omeoo GpurbmpoeanHHou 600bl,
5 — nooaua npomwvienoti 600vl, 6 — om-
600 2pA3HOU NPOMBIGHOU 600bl, 7 —
pacnpeodenumeinvbHulll Kapmau, 8 — no-
oaua oceem.isiemMoll 800bl

Puc.4.3. ununopuueckuii 0ouo-
apycuvili adcopbep [2]: 1,6 — nodaua
CMOYHBIX 800 U OMBEOEHUE OUUUEHHOLL
800bl, 2 — YUTUHOPUYECKAs. KOJOHHA,
3 — yeumpanvuas mpyoa c ougpgyso-
pom; 4— eopouka; 5— mpyoonposoo
0J151 nooauu copbenma, 7 — ccycmumeln
copbenma; 8 — blnycKk ompabomanHo-
20 copbenma,; 9 — pacnpedenumenbHasi
pewemxa

Hwxe mnpuBomsTcs NpuMepbl CHOCOOOB OYHMCTKA W KOMIIOHOBKHU
CXEM OYHMCTKU CTOYHBIX BOJI OT HauboJiee pacIpOCTPAHEHHBIX 3arps3HsIO-
IIMX BEIIECTB.

4.1. HeliTpanu3anusi CTOYHBIX BO/
Heumpanuzayus CTOUYHBIX BOJ IIPEJHA3HAYCHA JJISI BBIJICICHUS W3

HUX KHCJIOT, IIE€J0YEH, a TAKXKE COJIeU U MeTauioB. Henrpanuzanuwo ku-
CJIOT U UX COJIEW OCYIIECTBIISIIOT IIEJI0OYaMU WM COJISIMU CHJIBHBIX II[E-
JOYEeH: €KUM HATPOM, €KUM KaJIueM, U3BECThIO, U3BECTHSIKOM, J0OJIO-
MHTOM, MPaMOpPOM, MEJIOM, MAarHE3UTOM, COJIOM, OTXOJaMH IIEJoUel u
T. 1. Haubosee nemeBbIM U IOCTYITHBIM PEareHTOM JIJIsl HeUTpaau3aluu

KHUCJIBIX CTOYHBIX BOJ CUHMTACTCA I'MAPOKCHU KaJIbIIHUA (I/IJ'II/I ramiceHas mnu3-
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BecTh). JlIsi HelTpanu3anuy CTOYHBIX BOJI C COACPKAaHUEM INEIOUeH U
UX CcoJiell (CTOYHBIC BOJBI IEIUTIOI03HO-OYMaXKHBIX M TEKCTHUJIBHBIX 3a-
BOJIOB) MOKHO HCITOJI30BaTh CEPHYIO, COJSIHYIO, a30THYI0, (OCHOpHYIO
U JIPyTHUe KUCIOTHI.
Pacxon miemodeit (KUCIIOT) Uil HEUTpalU3allUM OMPEACISIOT 10
dbopmye:
G=K,-Q-a-C/B,
riae G — pacxoJ peareHTa Jyisl HeMTpaau3aluu, Kr/4;
K, — xoadunment 3amnaca (1,1);
O — 00BeM CTOYHOM BO/IHI, M/
a — yJIeTbHBINA pacxo peareHToB, KI/Kr ( Tad. 4.1);
C — KOHIICHTPALHS KUCIIOTHI WM MICIOYH, KI/M;
B — akTUBHOCTH peareHTa, B JOJIAX.
KomnuecTBo peareHTOB JI HEMTpaIM3allMy KUCIIBIX CTOYHBIX BOJI, CO-
JIEPIKAIINX COJIA TSHKETBIX METAJIOB, PACCYUTHIBAIOT IO (hopMyJIe:
G=(a-C+byCy+by Cot...+b, C)K,- Q- 100/B,
rae by...b, — ynenwHbIN pacxol peareHTa, Kr/kr Me (tabi. 4.2);
C...C, — xoHneHTpamusa Me, KI/M".

Tabmuna 4.1
TeopeTnueckui pacxo] peareHTOB ISl HEUTPAIM3allui KUCIIOT [2]
VY IenbHbBIN pacxo/l WEI0UH JJIsl HEUTpaaru3aluu
Pearenr KHCJIOTHI, KI/KT
H,SO, HCL | HNO3 | H3PO4 | CH3COOH | HF
CaO (okcua Ca) 0,57 0,77 0,44 0,86 0,47 1,7
I'mapoxcunpr:
Ca(OH)2 0,75 1,01 0,59 1,13 0,62 1,85
NaOH 0,82 1,09 0,63 1,22 0,67 2
KOH 1,14 1,53 0,89 1,71 0,94 2.8
KapOonartsr:
CaCO3 1,02 1,37 0.8 1,53 0,83 2.5
MgCO3 0,86 1,15 0,67 1,21 0,7 2,1
Na2CO3 1,09 1,45 0,84 1,62 0,89 2,63
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Tabmuua 4.2

VY nenbHbIN pacxoji peareHTa, HeoOXOAUMBIN IS y1aJICHUSI METAJIIOB[2 |

Pearenr, kr/kr
Mertann
CaO Ca(OH)2 Na2CO3 NaOH
7/n 0,85 1,13 1,6 1,22
Ni 0,95 1,26 1,8 1,36
Cu 0,88 1,16 1,66 1,26
Fe 1,32 1,9 1,43
Pb 0,27 0,36 0,51 0,38

Ha IMPAKTUKE HUCIIOJIL3YIOT TPU criocoba HeﬁTpaHHSaHHH CTOYHBIX BOJ:

- (uUABTPALMOHHBIA — TyTeM (UIBTPOBAHUS CTOYHOM BOJBI Yepe3

HaCalK1 KYCKOBBIX WJIHN 3CPHUCTBIX MATCPHUAJIOB;
- BOHHO-pCaFeHTHBIﬁ - ,Z[06aBJ'ICHI/IeM B CTOYHYIO BOAY pCarcHTa B

BUJIE PACTBOpPA WJIM CyXOro BelecTBa (M3BECTU, COJIbI MM IIUIaKa); HEUT-

PaTM3YIONIUM  PacTBOPOM
MOKET OBITh U IEJI0OYHASA
CTOYHAs BOJIA;

- TIOJIyCYXOM — TIepe-
MEIIMBAaHUEM BBICOKOKOH-
IIEHTPUPOBAHHBIX CTOYHBIX
BoJ (Hampumep, oTpabdo-
TaHHOTO TaJIbBAHUYECKOTO
pacTBopa) ¢ CyXuM pea-
reHTOM (MU3BECThIO, IIjia-
KOM) C TMOCJIEeAYIOIMUM
oOpa3oBaHUEM HEUTpaTb-
HOM TecTooOpa3HON Mac-
CBI.

Ha puc. 4.4 npen-
CTaBJICHA CXEMa HEWTpa-
JU3aIlliA CTOYHBIX BOJ H
oOpa3yromuxcsi Ipu 3TOM
OCaJKOB

Kucasie 17 2
CMoyHsle [~ 7 Peazenmel

fodsr

Ulenoynsie !
CMOYHbIE

Bodsr

A4

Y

Heampanuszoban-
Has Boda

Ocadok g 10 1

4

12
1, Waam

> o

Puc. 4.4. Cxema cmanyuu peacenmuotu netumpanu-
sayuu [4]: 1 — necxonoexa, 2 — ycpeonumens, 3 —
CKIa0 peaceHmos;, 4 — pacmeopHuill 6ax, 5 — 00-
3amop; 6 — cmecumens, 7 — Heumpanusamop, 8—
omcmotuiHuk, 9 — ocadkoyniomuumens, 10 — eaxy-
ympunemp, 11 — Hakonumenb 006€3604CEHHBIX
ocaokos; 12 — wnamosasn niouwaoka
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4.2. OrcrauBanme

OTcTanBaHue — MPOIIECC OCAKICHUS TPyOOIUCIIEPCHBIX MpUMecen
MoJ JIeUCTBUEM CHUJBI TsDKecTH. lIpocToe MexaHW4yecKoe OTCTauBaHHE
POU3BOAT B TECKOJIOBKAX, OTCTOMHHKAX M OCBETIMTEISIX Pa3IMYHBIX
KOHCTPYKIIUH.

O} heKTUBHOCTh OTCTAaMBAHUSI 3aBUCUT OT pa3Mepa U (HOPMBI dac-
THII, HAXOJISIIIUXCS B CTOYHON BOJIE, OT TUIOTHOCTH YaCTHI[ U BOJIbI, BpeMe-
HU U TUJPOJMHAMHYECKUX TTapaMEeTPOB OTCTAUBAHUs, TEMIIEPATYPHI U B3~
KOCTHU BOJibl, €¢ pH, KOHIIEHTpaIluu B3BEIICHHBIX YacTHUIl U Ap. OCHOBHBIM
napamMeTpoM, KOTOPBIA HCIOJIB3YIOT MPH pacdeTe OTCTONHUKOB, MOXKHO
HA3BaTh CKOPOCTh OCAXKIEHUS YaCTHII.

JInst yCKOpeHus mpoleCCOB OTCTAaMBAaHUS B CTOUHYIO BOAY J100aBJIs-
10T koarysstHTel — Aly(SOy)s , FeCls, FeSO4 u dpnokynsiutel (ITAA) — Toraa
3TO OyAeT yke pusuko-xuMuueckuii mpouecc [6]. baarogaps stomy noc-
TUTAeTCsl OCBETJICHUE BOJIbI U CHM)KEHUE KapOoHATHOM kécTkocTh Ha (0,7 —
1 Mr-sKB/J1 ¢ OTHOBPEMEHHBIM TOBBIIICHHEM HEKAPOOHATHOU KECTKOCTH:

Alz(SO4)3 + 6H20 = 2A1(OH)3 + 3H2804,

HQSO4 + Ca(HCO3) = C&SO4 + 2H20 + 2C02T,

H,S0, + Mg(HCO;) = Mg SO, + 2H,0 + 2CO,T.

[Ipu w3auIIHEH METOYHOCTH MEPEeXO0a THAPOKCHIA B BOIHBIM OKCH/T
MOXKET 3aJIepKUBaThcs, a mpu HepgoctaTke menodn Al(OH); He oOGpazyer-
csi. B aTOM ciydae HaJ0 MOBBICUTH MIENOYHOCTH BOJibl. HeoOxoqumMyto 1o-
3y IIEJIOYHOTO areHTa ONpeaeysioT o GopmyJie:

D, = K(lDK — I +1) mr/m,
e

rae Dy — KOJIMYECTBO IIEI0YH, T00aBIIeMOe JIJIsl TTOAIICIauuBaHUS BOJIBI,
MI/JI;

K — koanmduecTBO ménodu, B MI/I, HCOOXOIUMOM JJIs IOJIICIaYnBa-
HHUsA BOJbI Ha 1 Mr-sks/m: mis ms3Bectd — 28 wmr/ia, NaOH — 30-40 mr/n,
N32C03 — 53.

¢ — DKBHBAJICHTHAsI Macca KoaryJjsHTa (0€3BOJHOI0) B MI-3KB/JI, paB-
Has 1711 Al (SOy); — 57, FeCly —54, Fey(S04); — 67;

Dy — MakcuMalibHas 103a 0€3BOJHOTO KOAryJIsHTa, MI/JI;

I — MuHUMAaIbHAS MIEIIOYHOCTh BOJBI, MT-3KB/II (I MPUPOTHBIX
BOJI = KapOOHATHOM XECTKOCTH);
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PexoMeHnyembie 103kl KOAryisiHTa JJis oOpaOOTKH BOJIbI B 3aBUCH-
MOCTH OT €€ MyTHOCTH MpUBEACHBI B Ta0. 4.3.

Tab6muna 4.3

]1033 KOaryJisiIHTOB B 3aBUCHMMOCTH OT MYTHOCTHU BO/JbI

Conepxxanue B HyO B3BelIEHHBIX Jlo3a 6e3BogHOT0 Aly(SOy4); mmu FeCls,
BEIIIECTB, MI'/JI MI/n

100 25-35
101-200 3045
201400 40-60
401-600 45-70
601-800 55-801
801-1000 60-90
1001-1400 65-105
1401-1800 75-115
1801-2200 80—125
2201-2500 90-130

[Tpumep 1

OnpenenuTh HEOOXOAUMBIE 03Bl pearcHTa I IOIICTauYMBaHMS
BoJibI ipu €€ MyTHOCTH 700 Mr/im u ménounoctu Il = 1,7 mr-sks/n. Mak-
cuMaibHas 103a AlL(SO,); (Dg) = 75 Mr/m.

HeoOxomumbie 10361 peareHTa s MOIIeIauBaHys BOIBI COCTABSIT:

raniéHou U3BECTU.

D, = 28(% 75-1,7+1)=17,4 mr/x.

N32C031

D, = 53(% 75-1,7+1)=33 mr/m.

Eciu Dy, M1 Doy TIONTyHaTCS ¢ OTPUIIATEIBHBIM PE3YyJIbTaTOM, MO/I-

IIeJIaYMBaHUs HE TpeOyeTcsl.
[Ipumep 2

Mytaoctb 200Mmr/m, 1] = 2Mr-skB/1, Dy = 40 Mr/m.

Dx= 28(%40—24—1) =—8,4 mr/m.

[Ipu BBICOKOH IBETHOCTHM MaKCHMasbHasl J03a KoaryJsHTa (B Iepe-
cuéte Ha 0e3BoaHbIN Aly(SO4);) paBHa
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Dx = 4\/ﬁ MI/J1.

1 — uBetHocth H,0O, B rpagycax nmo Co-Pt- mikase.

[Tpumep 3

OnpenenauTh 103y KoaryJsiHTa npu MyTHocTu 100 Mr/i u uBeTHO-

ctu 90°.
[To Ta0m. 4.3
Dy = 25-30 mr/m.

1o nBeTHOCTH TpeOyeTcst OoJiee BHICOKAs /1032

Dk = 4./90 = 38 mr/i.

4.3. CopOuusi 1 HOHHBIA 00MEH
CopoOyuro PUMEHSIOT JIJIi OYUCTKU CTOYHBIX BOJI OT PacCTBOPHUMBIX
npumeceil. B kauecTBe COpOEHTOB HCIOJB3YIOT JIO0BIE METKOIUCTIEPCHBIE
Marepuaiibl (30J1y, Topd, ONMWIKU, NIJIAKH, TJIMHY); HauOosiee 3hPeKTUB-

HBI COPOEHT — aKTUBUPOBAHHBIN yroiib. Pacxon copbenta

m = Q(cy— ¢/,

o 3 9
rae ¢ — pacxoj CTOYHOM BOJIbI, M/C; ¢y ¥ ¢, — KOHIIEHTPAIINM NPpUMECEN B

. . . 3
WCXOJHOM M OYHIIEHHOW CTOYHOM BOJIE, KI/M”; @ — yAeiabHas cOpOmus, xa-
PAKTEPU3YIOIIAs KOJIMYECTBO MPUMECEH, MOTJIOMIAEMBIX €IUHULIEH MACChI

¥ Y ] 1

n A A ’; Al Al

.l T . C 1T T
a co, , 0)

Ay Az

9

Puc. 4.5. Texnonocuueckas cxema uOHOOOMEH-
HOU OYUCMKU CMOY. 600: a — OOHOCMYNeHYa-
mas ouucmka, 6 — OYUCmKa ¢ 08YXCMYNneHua-
MbIM AHUOHUPOBAHUEM, 8 — OYUCMKA C NPoMe-
JHCYMOUHOU  Oecazayuell U O08YXCIYNEeHUAMbIM
anuonuposanuem, K — kamuonumosuviii counomp;
A — anuonumosniii punemp, J[ — ockapbonusa-
mop; I1b — npomesicymounwiti bax
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copOeHTa, KI/KT.
Honoobmennyro ouucm-
Ky TIPUMEHAIOT 1Ji1 00eccomu-
BaHUSI M OYKMCTKH CTOYHBIX
BOJl OT HOHOB METAJUIOB U
npyrux npumecei (puc. 4.5).
O4HCTKY OCYHIECTBIAIOT HO-
HUTAMU — CHUHTETHYECKUMU
MOHOOOMEHHBIMU  CMOJIAMH,
M3TOTOBJICHHBIMU B BUJE T'pa-
Hya pazmepom 0,2...2 mm. Ho-
HUTBI U3TOTOBJISIIOT U3 HEpac-
TBOPUMBIX B BOJI€ MOJUMEP-
HBIX BEIIECTB, MMEIONIUX Ha
CBOEH MOBEPXHOCTU ITOJIBUK-
HBIM MOH (KaTUOH WJIM aHUOH),



KOTOPBIM TPHU OMNpPE/ICTEHHBIX YCIOBUSX BCTYINAeT B PEaKIUI0 OOMEHa C
MOHAMU TOT0 K€ 3HaKa, COACPKAIIUMUCS B CTOYHOU BOJE.

Pa3nuuaroT CHIILHO- U CIaBOKUCIOTHBIE KaTHOHUTHI (B H' ™ mm Na' —
dbopme) U ClIbHO- U Cc1a000CHOBHBIE aHMOHUTHI (B OH™- miu coieBoit
dbopme), a TaKIK€ HOHUTHI CMENIAHHOTO AEHCTBUA.

NoHOOOMEHHYIO OUMCTKY pEeanu3yIoT MOCJeI0BaATEeNIbHbIM (DUIBTPO-
BAHMEM CTOYHOW BOJbI YEpPEe3 KATUOHHUThI M AHWUOHUTHL. [Ipu KOHTakTe
CTOYHOMW BOJbI C KATHOHUTOM B BOJOPOAHOM (popMe mMeeT MecTo 0OMCEH
KaTHOHOB PaCTBOPEHHHIX B BOJie cojlei Ha H -HOHBI KATHOHHMTA B COOTBET-
CTBUM C YPABHECHHUEM PEAKLINU

n[KJH + Me"" = [K],Me + nH",
rae K — «ckener» (panukain) katTuoHuTa; Me — U3BJIEKaeMbIil U3 CTOUYHOU
BOJIbl KATMOH METAJLJIa; 1 — 3apsij KathuoHa. [Ipu 3ToM umeeT MecTo yBeu-
YEHUE KUCIOTHOCTU CTOYHOM BOJBL.

[Ipy KOHTaKTEe CTOYHOM BOJIbI C AHUOHUTOM B T'HIAPOKCUIILHOU (op-
M€ MPOUCXOTUT 00OMEeH aHMOHOB KHCIOT Ha OH -MOHBI aHMOHHWTA B COOT-
BETCTBUHU C YPABHEHUEM PEAKIINH

m[A,JOH + A" =[A],,A + mOH,
rae A, — «ckenet» (pagukai) aHUOHHUTA; A — U3BJIEKAEMbId U3 CTOYHOU
BOJIbl aHUOH; M —3apsJl aHHOHA.

B 3aBucumocTH OT BU/Ia U KOHLIEHTPALIMU NPUMECENH B CTOYHOM BO-
ne, Tpedyemoit 3pPEeKTUBHOCTH OYMCTKH MCTIOJIB3YIOT PA3INYHBIC CXEMBI
MOHOOOMEHHBIX YCTAaHOBOK. J[Ji1 OYHCTKM CTOYHBIX BOJ OT AaHHOHOB
CHJIBHBIX KMCJIOT MPUMEHSIOT TEXHOJIOTUYECKYIO CXEMY OJHOCTYIEHYATO-
ro H-xarnonupoBanus u OH-aHMOHMpPOBaHUS C UCIIOIB30BAHUEM CHUIIb-
HOKHCIIOTHOTO KaTUOHUTA U C1a000CHOBHOIO aHuoHUTA (puc. 4.5, a). Jlns
Oosiee ri1yOOKONM OYMCTKH CTOYHBIX BOJ, B TOM YHUCJE OT COJIEH, MpHUMe-
HAIOT OJIHO- WM JByXcTyneH4aToe H-kaTHOHMpOBaHUE HA CUIIBHOKHC-
JOTHOM  KaTMOHUTE C IMOCIEAYKOIMM  AByXcTyneHyaTteiM  OH-
AHUOHUPOBAHWEM Ha ciabo-, a 3aTéM Ha CWILHOOCHOBHOM AHUOHUTE
(puc. 4.5, 0).

[Ipu copepxannu B CTOYHOM BO/IE OOJBIIIOTO KOJUYECTBA TUOKCH 1A
yTIEPOJia M €r0 COJICH MPOUCXOIUT OBICTPOE HMCTOIICHUE €MKOCTH CHIIb-
HOOCHOBHOI'O aHHWOHMTA. /[ yMEHBIIEHUS HCTOLICHUS CTOYHYK) BOXY
MoCJie KAaTHOHUTOBOTO (DMIIBTPA JAETA3UPYIOT B CIICHUAIBHBIX JIera3aTopax
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¢ HacaJKoi u3 kosel Pamura unu B Apyrux annaparax (puc. 4.5, g). Ilpu
HEeoOXoauMOoCTH oOecreunBath 3HadeHue pH = 6,7 U OYUCTKH CTOYHOU
BOJbl OT AaHMOHOB CJIA0BIX KHUCJIOT BMECTO aHUOHUTOBBIX (PUIBTPOB BTO-
pO# CTYNEHU UCHOIL3YIOT (DUIIBTP CMEIIAHHOTO JEHCTBUS, 3arpy>KaeMbli
CMECHIO CHIIbHOKHACIIOTHOTO KATUOHHUTA U CUIIbHOOCHOBHOT'O AaHUOHUTA.

Knaccugpuxayus cmounvix 600 B NPOMBIIIUIEHHOM BOJOCHA0KEHUU
MO3BOJISIET BHIOpaTh Hanbosee 3PpeKTUBHbIE METOABI OUUCTKH. CTOUHBIE
BOJIbI KaK PECypC MPOMBIIIUICHHOTO BOJAOCHA0KEHUSI MOKHO MOAPA3ACIIHUTh
Ha HECKOJIBKO I'PYIN B 3aBUCHMOCTH OT MX HCIOJb30BaHMS JJISI BOJOIOI-
TOTOBKH:

1. Crounbie BOABI ¢ MUHEpaiIu3aluen a0 3 KF/M3, HE COJIEpIKaIUE
OpraHUYEeCKHUX COEIMHEHMU JMOO0 cojaepiKauue COEIUHEHMs, KOTOpbIe
MOXXHO YJaJIUTh COpOIMeN Ha pa3audHbIX copOenTax (ruapokcuanl Al, Fe,
AKTUBHUPOBAHHBIN YTrOJib, IOJUMEPHBIE CMOJIbI, LIEOJTUTHI U JIP. MAaTEpPUAIIbI
C Pa3BUTOM MOPUCTOCTHIO U MOBEPXHOCTHIO). Tlociie ouncTku oT OpraHu-
YECKUX BEIIECTB CTOUHBIE BOJBI MOKHO 00€CCOIMBATH METOAAMHU TTOJTHOTO
oOMeHa.

2. CTtounbple BOABI ¢ MUHepanu3amuert ot 3 go 10-15 kr/m. Jlias
00€CCOJIMBAHUS TAKUX CTOUYHBIX BOJI PUTOHBI METOIbI JIEKTPOAUATI3A U
oOpaTtHoro ocMoca (MemOpaHHas TexHuKa). Ho NMpUMEHSTh 3TH METOIbI
MOHO TOJILKO TMOCJI€ OYUCTKH BOJBI OT OPraHUYECKUX BEIECTB, KATHOHOB
xéctkoctu (Ca, Mg) u Fe. Ot MeToabl B OTEYECTBEHHOM MPOMBIILUICHHO-
CTH HAIUIM MPUMEHEHHUE B YCTAHOBKAX MalOW W CPEAHEN NMPOU3BOIUTEIb-
HOCTH.

3. CTouHbIe BObI ¢ MUHepanu3arueii Goxee 15 xr/v’ (Goree 15 1/m):
o0eccoyiMBaHUE BO3MOKHO TOJIBKO TEPMUYECKUMHU METOJIaMH, HO 3TO JIOPOTO.

4.4. OuncTKa BoAbI ¢ MOMOLIBIO MOPUCTHIX MeMOpaH

K meMOpanHbIM MeTOaM paznenieHus: oTHocsTcs (puc. 4.6.):

— 00paTHBIN 0CMOC;

— yapTpadrIbTpaIus;

— HCIIApeHHe Yyepe3 MeMOpaHy;

— IAaju3;

— 3JIEKTPOANAIIN3;

— muddy3Hoe ucnapeHue yepe3 MeMOpany.
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MukpodunbTpanus

YasTpadusTparus

OOpatHbIii
0CMOC

Hcnapenue uepes

MeMOpaHy
Juanus
DIEeKTpOoraIu3
- - 2 -1 1
107 107 10 10 10° 10
d, MM

HU3SKOMOJIEK)YJIsIpDHble BbICOKOMONEKYISIPDHbLE MUKpodacmuybvl
eeuecmea eeuecmea

Puc. 4.6. Obracmu npumenenus memoOpaHHvLx Memooo8 pa30eneHus.
8 3a8UCUMOCIIU OM JUAMempa 4acmuy

B nmo6oM m3 »THX mIponeCCoB paCTBOp IPHUBOAUTCA B COIIPUKOCHO-

BEHHE C MOJIYIIPOHUIIAEMOI MeMOpaHoil ¢ 0JTHOM €€ cTOpoHbl. Benenctpue
OCOOBIX CBOMCTB MOJYIPOHUIIAEMbIX MEMOpaH MpOIUIEeANIas 4epe3 HUxX

cMech oborariaercs (00eHIEeTCs) OJTHUM U3 KOMIIOHEHTOB.

I[JISI pasaciICHUA KUAKUX CUCTEM U OYHMCTKH IIPOMBIINIJICHHBIX CTOY-

HBIX BOJI MPEXKJE BCEr0 MOTYT OBITh HCIIOJB30BaHBI OOPATHBIH OCMOC H

ynbTpaduibTpaiius. OCHOBHbIE MPEUMYIIIECTBA ITUX METOJIOB:

— MPOCTOTA aINMapaTypHOro 0(PopMIIEHUS;

— BO3MOYKHOCTh Pa3/ICJICHUs PACTBOPOB MPH HOPMAJIBHOW Temmepa-

— BBIACIICHUC ICHHBIX KOMIIOHCHTOB,
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— OJIHOBPEMEHHAsI OYKMCTKA BOJbl OT OPraHUYECKUX, HEOpraHU4e-
CKHUX U OaKTepUaIbHBIX 3aTrPs3HEHUH.

IIporekanue npouecca 6e3 U3BMEHEHHs (Pa30BOr0 COCTOSIHUS MPUBO-
AT K HU3KUM SHEPreTUYECKUM 3arpatam, B 10-15 pa3 Mensble, yuem npu
JUCTUJUISIITUY.

VYcraHoBKa BKIIFOYAET JIBA OCHOBHBIX DJIEMEHTA:

1) ycTpoicTBO Uil CO3AaHUS AABIEHUS KUAKOCTH (HACOC);

2) paznmenuTenbHas sSUCHKa C 3aKPETUICHHBIMU B HEH MOYyIpPOHUIIAC-
MbIMA MeMOpaHaMu (B IPOMBIIUIEHHBIX YCTAHOBKaX — 3TO MHOI'OCEKIIHOH-
HBII anmnapar, 00ecreynBaroMil HEOOXOIUMYIO IOBEPXHOCTh MEMOpaH).

[IpoBeneHne mpouecca nIpu TEMIIEPATYPE OKPYKAOUIEH Cpeabl 0CO-
OEHHO BaXXKHO JUIsI pa3/ielIeHUs] HETEPMOCTOMKHUX PaCTBOPOB.

HenocraTtku:

— IIOBBIIIIEHHOE JTaBJICHUE B CUCTEME;

— SIBJICHUE KOHIEHTPAMOHHON ToJsipu3aluu (yBEJIMYEHUE KOHIICH-
TpalMK PaCTBOPEHHOT'O BEIECTBA y MOBEPXHOCTH MEeMOpaHBI BCIEACTBHUE
IPEUMYLIECTBEHHOTO MEPEHOCA PACTBOPUTES Yepe3 MEMOpaHy).

Hanbonee mepcrekTHBHON 0071acThI0 HCIIONB30BAHUS OOpPAaTHOTO
OCMOCa U yJIbTpauiIbTpaluu ABJIETCS 00pabOTKa BOJIbI IPH BOJOMOArO-
TOBKE, ITyOOKOM OUYHUCTKE CTOYHBIX BOJI, HAIPUMED:

— ONPECHEHHUE MOPCKUX M COJIOHOBATBHIX BOJ C ILEJIbI MOTYyUYECHHS
IIPECHOW MUTHEBOM BOJBI;

— OUMCTKAa CTOYHBIX BOJ, oOpa3yroumxcs HOpH MeTamioo0paboTke,
TpaBJICHUH, OKPaCKe, HAHECCHUH rajlbBAHNYECCKUX TOKPBITHH;

— MOJIy4YEHUE 0CO00 YMCTOM, AEMUHEPATTU3OBAHHOU BOABI JJIs SJICK-
TpOHHOﬁ HNPOMBINIICHHOCTH, IIPOMBITIIJIICHHOCTH ITOJIYIIPOBOJHHUKOB H IP.

Xapaxmepucmuxa obpamnoco ocmoca u yibmpauibmpayuu, 08u-
HCyuas cuia npoyecca

Memoo obpamnoco ocmoca 3akiaodaeTcsi B QUIBTPOBAHUU PACTBO-
POB TO/1 JIaBJICHHEM 4Yepe3 NOTyNPOHUIIaeMble MEMOpaHbI, IPOITYCKAIOITUE
PacTBOPUTENb U TOJTHOCTHIO MJIM YACTUYHO 3aJIEPKUBAIOIINE MOJICKYJIBI
7100 MOHBI PACTBOPEHHBIX BemlecTB. Eciau pacTBOp M pacTBOpHUTENb pas-
JICJICHBI MOJYIPOHUIIAEMON TEPEropoIKOW, TO MPOUCXOJUT CAMOIPOU3-
BOJIBHBIN IIEPEXO]I paCTBOPUTENS B PACTBOP. DTO SIBICHHE HA3bIBAETCS OC-
mocom (puc. 4.7, a). JlaBneHue, npu KOTOPOM HACTyNaeT pPaBHOBECHE
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(puc. 4.7, 6), Ha3pIBaeTCsA ocmomuyeckum. ECIM cO CTOPOHBI pacTBOpa
PWIOKUTH JaBJICHUE, MPEBBIMIAIONINE OCMOTUYECKOe, TO TEPEHOC pac-
TBOpUTENST OyJIeT OCYIIECTBISATHCS B OOpaTHOM HampaBiieHWH (OTCIO/A
TEPMHUH «OOpaTHBIM OCMOC»), a PACTBOPEHHOE BEIIECTBO 3aJICPKUBACTCS
TM00 YaCTUIHO, TUOO MOHOCTHIO (puc. 4.7, 8).

H,O p-p H,O p-p H,O p-p
> > «—
Boma H; O Boga H; O poga Hi O
_ +— «—
a) P« 0O)P=mn B)P>1

Puc.4.7. Cxema 603uuxHoseHus 06pamuozo ocmoca
(r=pqH — ocmomuueckoe oasnenue)

JIBrkyliasi cuia oOpaTHOro ocMoca B cllydae MJeajJbHOW MOJTyIpo-

HUIIaeMON MeMOpaHbI ONpeeIsIeTCS
AP=P- T,
rie P — noBbllieHHOE (paboyee) JaBieHUE HaJl paCTBOPOM;
7| — OCMOTHYECKOE JIaBJICHUE PACTBOPA.

Ha mpakTrke HE CyIIECTBYET HICATBHBIX IMOIYIMPOHUIIAEMBIX MEM-

OpaH, ¥ KaK0e-TO KOJTUYECTBO pacTBOpa MPOXOAUT UYepe3 HUX
AP=P- (TEl- TEz):P- ATE,

IJIe T, — OCMOTHYECKOE AaBjeHUEe (UIbTpaTa, MPOIIEAIIETO Yepe3 MeM-
Opany.

PabGodee naBieHue B OOPATHOOCMOTHYECKUX YCTAHOBKAX JOJDKHO
OBITH JTOCTATOYHO OOJBIITUM, MOCKOJBKY WX MPOU3BOIUTEIHLHOCTh OIpEc-
JISIETCS IBYDKYIIIEH CHUIION MPOIecca — Pa3HOCTHI0 MEXTY PaOOUUM U OCMO-
THYECKUM [JaBJICHHSMHU, OHO Hocturaet 6,85-7,85 MITa (70-80 krc/cm”).

Vaempagunempayus — npouiecc MEMOPAHHOTO pa3ICiCHUs], a TAKKe
(bpakIMOHUPOBAHUS U KOHIICHTPUPOBAaHUS pacTBOPoB. OH MPOTEKAET MO
JENCTBUEM PA3HOCTH JIaBJIICHUM 110 00€ CTOPOHBI MEMOPaHHBI.
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YaerpadgunsTpayio B OTJIIMYME OT OOPaTHOTO OCMOCA UCHOJIb3YIOT
JUISl pa3liesICHUs] CUCTEM, B KOTOPBIX MOJICKYJISIpHAs Macca PacTBOPEHHBIX
KOMIIOHEHTOB HAMHOI'O OOJIbIIIE MOJIEKYJIIPHOM MACChl pacTBOpUTENs. Tak
KaK OCMOTHYECKOE JIaBJICHUE BRICOKOMOJIEKYJISIPHBIX COEAUHECHHI MaJlo 10
CPaBHEHUIO C pPadOYMM JABJICHUEM >KHUJIKOCTH, TO YIbTpaduibTpaiuio
0GBIYHO IPOBOIT IIPH HEBBICOKKX AaBieHmsix 0,3-1 MIIa (3-10 kre/em?).

BHenine o00OpartHbIi OCcMOC MW yJIbTpauiabTpalus aHaJIOTHUYHbI
dbunsTpoBaHUIo yepe3 MeMOpanbl. OgHAKO TIpH GUIBTPALMH TPOIYKT OT-
KJIQJIBIBAETCS B BUJIE OCajJika Ha (PuiIbTpe, a mpu 0OpaTHOM OCMOCE U YIIbT-
padbunpTpanuu 00pa3yroTCsa JIBa pacTBOpa, OJMH M3 KOTOPBIX OOOTarieH
PaCTBOPEHHBIM BEILIECTBOM.

Mexay AByMsl paccMaTpUBaEMbIMU METOJIaMU MHOTO OOIIEro, B 4a-
CTHOCTH, B O0JacTH KOHCTPYKIMHU arrmapaToB. Ho cyiecTByeT W 1emblid
psan oty (tadm. 4.4).

Tabnuua 4.4
CpaBHeHHE 00paTHOT'0 OCMOCA U YIbTpauiIbTpaIuu
CpaBHHBaeMbIC Xa- OOpatHBbIit 0ocMOC VY bTpaduabTparus
PaKTEPUCTHKHU
[Tpunaraemoe 10-100 kre/cm” 0,7-7 krc/em”
JIaBJICHHUE 1-10 MIla 0,07-0,7 MIlIa
OcMoTHUYECKOE HMeeT OOJIBIIIOE 3HAUECHUE He umeet 3nHauenus

JAaBJICHHUC pa3aciIsac-
MOT0 pacTBOpa

Haznauenue Paznenenune pactBopoB Paznenenne pactBopoB Be-
HU3KOMOJIEKYJISIPHBIX Be- | IIIECTB C MOJIEKYJIIPHOM Mac-
mectB M<500 coit M»>500
Matepuan MmeMOpaHbI Nwmeet 3nauenue [IpakTruecku nro6ou
MexaHun3m pazaene- CuroBoii + ¢puznKo- OOBIYHO YUCTO CUTOBOM
HUS XUMHUYECKOE BO3JICUCTBIE

DHeprusi Ipu paslieIeHU OOpaTHBIM OCMOCOM A (TaKk e, Kak u
yIbTpauIbTpalneil) pacXoayeTcss B OCHOBHOM Ha CO3/JaHHUE JIaBJICHUS
WCXOJHOM XKMJIKOCTH U Ha €€ MpOoJIaBIMBaHUE Yepe3 MeMOpaHy

A=AAA,,
rae A; — TEOPETUYECKHUE 3aTPAThl SHEPTUU;
A, —paboTa Ha ckaThe >KUAKOCTH (TaK Kak BOJA MPAKTUUYECKH HECHKU-
Maemasi, TO €10 MOKHO MpeHeOpeub);
A, —paboTa Ha IPOAABINBAHUE KUIKOCTH.
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A, =APYV,
rae AP — nepenaj gaBjieHUs Ha MeMOpaHe;
V — 00BbeM NpoaaBIUBaEMOM KUJIKOCTH.

PaGora Ha mpomasiuBanne 1 m° H,O, Hampumep, mpH IaBieHHH
P=49 MIIa (50 xrc/em”) cocrasisier Beero 4,9 MJIx (1,36 kBt 4), mmo-

TOMY TEOPETUUYECKHM pacxo]i SHEpruu Ha 0OpaTHOOCMOTHUYECKOE pasfe-
JICHUE HEBEJIMK M MPUOIMKAETCS K MUHUMAJIbHOW TEPMOJIMHAMHYECKOM
pabote pazneneHus. PeabHbIN pacxo]i SHEPrUuu Mpu OOPaTHOM OCMOCE U
ynbTpaduibTpanuu coctapiusiet 2-2,5 kBt-4 Ha 1 M> OUHIICHHOH BOJIbI.
Cenekmusrnocms U NPOHUYAEMOCHb MEMOPAH
Cenexmusnocms ©,%

e=21"": 100=|1-22 |100,
X X
TJI€ X1, X; — KOHLICHTPALMsI PaCTBOPEHHOTO BEIIECTBA B UCXOJHON CMECH U
bunsTpare;
( — YacTO Ha3bIBAIOT KOA(P(HUIIMEHTOM COJIe3aIepKaHUs, WU MIPOCTO
coJie3aJiepKaHueM MeMOpaHbI.
IIponuyaemocms (Mnu yaenbHas MPOU3BOIUTENBHOCTh) G
G= V/Fr,
riae V — o0beM, ToJlydaeMblil B IUHUIYY BPEMEHH T C €IUHUIIBI pabodeit
MOBEPXHOCTH MeMOpanbl F. G= [11/M°-4 wiu 1/M>-cyT.].

OcHOBHBIMU (aKkTOpamu, BIHUSIONIUMU Ha CKOPOCTb U CEJIEKTHB-
HOCTb MIPOIIECCOB OOPATHOTO OCcMOca U yabTpadUIbTpaIuK, SIBISIOTCS pa-
Oouee naBiieHHWE, TUIPOJIUHAMHUYECKHE YCJIOBHUS B afapare, Mpupojia u
KOHIICHTpAaIMs pa3AeisieMoro pacTBopa, TeMIeparypa u TUIl MEMOpaHBbI.

B kayecTBe KpUTEpHs BSI3KOZJIACTUUYHBIX CBOMCTB MEMOpPAHBI, a Clie-
JIOBATEIbHO, U CPOKa €€ CIY>KObI MOKET CIY>KUTh IUIOMIAb METIU TUCTE-
pe3uca, onuckiBaeMoil kpuBoi G=f(P) mpu mociie10BaTeIbHOM yBeJInYe-
HUU P OT HyJA 10 HEKOTOPOTrO 3HAYEHMS], & 3aTEM CHIKEHUS JTABJICHUS B
oOpaTHOM MOCeI0BaTeIbHOCTH (pHuC. 4.8).

UeMm Oosiee xecTkasi CTPYKTypa y MeMOpaHbl, TEM MEHBIIYIO ILJIO-
uaap OyJeT UMETh NeTis ructepesuca. s Takoil MeMOpaHbl XxapakTepHa
MOBBIIICHHAS CEJIEKTUBHOCTH U 00Jiee BHICOKas YCTOMYUBOCTh B padbore. Y
MeMOpaHbl C OOJIBIION IJIOIIA/bIO METIU TUCTEPE3UCa 3HAYEHUE CEJIeK-
TUBHOCTH TIPU HENPEPHIBHOW pabOTE CHUXKAETCSI 3HAUUTEIBHO OBbICTpEE.
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Jlnst MeMOpaHBI ¢ JKECTKOCTBIO CTPYKTYPBI MPH BSI3KOM XapaKTepe
TEUEHHS CYIECTBYET JIMHEHHAS 3aBUCHUMOCTH ITPOHUIIAEMOCTH OT JBHIKY-
ICH CHITBI TIpoIiecca, HalpuMep, IS CTEKJITHHBIX MEMOpaH.

G, /My

30

20

10

5 6 7 8 Milla
Puc. 4.8. Ilemns cucmepezuca G=f (p)
0/15 AYemamyenioni03HoU Memopanbl

Konyenmpayus pacmeopennvix éewyecme B pa3ieisieMOM pacTBOPE —
OJIMH U3 OCHOBHBIX (PaKTOPOB, ONMPEIEIISIONINX HE TOJBKO XapaKTEPUCTUKU
npoliiecca 00paTHOro ocMoca U yJIbTpauiIbTpalud, HO U CaMy BO3MOXK-
HOCTb MCIIOJIb30BAHUS 3TUX METOJIOB Pa3JICICHUS.

VYBenuueHrne KOHIIEHTPAIlMM PAacTBOPEHHBIX BEIIECTB MPUBOAUT K
NOBBILICHUIO BA3KOCTU U OCMOTHYECKOTO JIaBJICHHSI PACTBOPA, YTO CHUXKA-
eT 2(QPeKTUBHYIO ABIXKYIIYIO cuily npouecca. C yBeIMYEHUEM KOHIICH-
Tpallu YMCHbIIACTCA TOJIIIWHA CJIOA CBSI3aHHOU BOJIbI Ha IMOBCPXHOCTHU U
B Opax MeMOpaHsbl, 0C1a0EBAIOT CUJIbl B3AUMOJICUCTBUS MEX/1y HOHAMHU U
MOJIEKyJaMH BOJbl B pacTBOpax HEOPraHMUYECKHUX BEIIECTB, YTO MPUBOIUT
K CHW)KEHUIO CEJIEKTMBHOCTU. Kpome TOro, 4acto BO3HUKAIOT U JAPYIHE
oco)kHeHus npouecca. Cmemnarores 3HaueHust pH B KUCIIy0 Uy menoy-
HYIO0 Cpeay, YTO YCKOpSET T'MAPOJIN3 MOJMMEPHBIX MeMOpaH. Bo3MoxkHO
00€e3BOKMBaHWE HaOyXaroIIMX MEeMOpaH, CONMpPOBOXKIAIoIIeecs HeoOpaTH-
MBIMU HW3MEHEHUSMHM UX CTPYKTYpbl. B KOHUEHTPUPOBAHHBIX pacTBOpax
OpPraHUYEeCKUX COCIMHEHHI MOXET MPOUCXOJUTh PACTBOPEHUE MEMOPAH.
Ha MeMOpane MoOryT BBINaaTh B 0CAJJ0OK MajJOPaCTBOPUMBIE COJIA WU 00-
pPa30BBIBATHCS TEJIE00PA3HBII CJIOW BBICOKOMOJEKYISIPHBIX COEAMHEHUH,
YTO HapylLIaeT HOPMaJIbHYIO paboTy armaparos.
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OOpatHbIil 0cMOC MOXKET IP(HEKTUBHO KCIOIB30BATHCS MPU KOHLIEH-
TpaUUsIX IEKTPOIUTOB, HE MPEBBIIAIOIINX JJISI OJJHOBAJICHTHBIX COJIEH 5-
10 %, nns nyxBaneHTHBIX — 10-15 %, nns MmHOTOBasIEeHTHBIX — 15-20 %.

JlJ1s1 pacTBOPOB OPraHWYECKUX BEILIECTB ATOT JAUAINIA30H IOPa3JIo LIHUpE U
3aBHCUT OT Pa3MEPOB MOJIEKYJ U CTEIIEHN B3aUMOJICHCTBUS BELIECTBA C MEM-
Opanoil. B ciyuyae MCIIOJIb30BaHMS aAlETATICIUTIOJIO3HBIX MEMOpaH pabouunii
JTUATIa30H KOHIEHTPALMI HE JOKEH BBIXOUTH 32 Ipeaeiibl 3<pH<8.

BnusiHue mnpupoabsl pacTBOPEHHBIX BEIIECTB 3aKIOYAETCs B Clie-
TYIOIIEM:

— HEOpPraHWYECKHUE BELIECTBA 3aJICPKUBAIOTCS MEMOpaHAMHU JIydllie,
YeM OPTaHUYECKHUE C TOU K€ MOJIEKYJISIPHOM MAacCOu;

— BEIIIECTBA, KOTOPbIE MOT'YT OOpa30BBIBATH CBSI3U C MEMOpaHOM,
HarpuMep BOJOPOJHYIO CBS3b, 3aJICPKUBAIOTCS MEMOpaHOW TeM JIydIlle,
YeM MEHEE ITPOYHA 3Ta CBA3b.

4.5. Ounctka HedrecoaepKalIMX CTOYHBIX BOJL

B Hacrosiliee BpeMmsi CYILECTBYIOT JIBE OCHOBHBIE MPOOJIEMBbI: cOOp
HeTEMPOIYKTOB U OUMCTKA BOJABI MPU PO3JIMBE UX HA BOJHOW aKBATOPUU;
OUYHCTKA CTOYHBIX BOJ NPOMBIIIJICHHBIX TPEATPUATUHM.

«MupoBoil pekop1» Mo 3arps3HEHHI0 OKeaHa He(ThIo, 3aPUKCHPO-
BaHHBIN KHuroi pekopnos I'mHHECa, NpUHAIIEKUT MEKCHUKE: B pE3ysIbTa-
TE aBapuu B MEKCHKaHCKOM 3aJMBE B HIOJe-aBrycre 1979 r. B Boqy BbLIM-
sock 535 ThIC. T HePTH, MUaMeTp HePTIHOTO TsATHA JOCTUT 640 KM, JTHK-
Buaauus aBapuu crowna 131,6 muH gon. CHCTEMATHYECKH TPOUCXOIAT
aBapuiiHbie pa3nuBbl HeGTH B Poccum, morepu HedTH U HEPTEIPOIYKTOB
3a CYET aBapUMHBIX CUTYaIIMil JOCTUTAIOT Oosiee 5 MIIH T.

IIpn nukBHUOanUM pa3nuBa HEPTH CIEAYET BBIICIUTH ABE TJIABHBIC
3a7a4u: ObICTpasi IUKBHUIAIUS PA3JIMBa 32 CYET MAKCUMAIbHOTO OrpaHuYe-
HUS pacIpoCTpaHeHUs: HePTH Ha BOIHON MOBEPXHOCTH (OOHBI, MTOKAPHBIE
KaTepa, HalpaBJISIIOLIME BOJHBIE CTPYHM B HYKHOM HampaBieHHH); cOOp
paznuTor HEDTH C MOCIEAYIONICH JUKBUAAIIMCH payKHOW TIIeHKH (Hed-
TECOOPIIMKHN — IIEHTPOOEIKHBIE, BCACHIBAIOINE, IOPOTOBBIE U APYTHE HED-
TEJIOBYILIKH).

C6op HedTH C MOBEPXHOCTU BOJbI MOXKHO OCYILIECTBISTH C IOMO-
HIbI0 XMMHMYECKHUX METOJIOB, KOTOpBIE TMPEANOIAraroT HCIOIb30BAHUE
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[TAB — nucnepreHToB, 00JIaAOIIMX SMYJIBTUPYIOIIMMU CBOMCTBAMHU, a
TaKXe MCTI0JIb30BAaHUE COPOSHTOB, TaK KaK BCE MEXaHUYECKHE YCTPOUCTBA
CTaHOBSTCS HeA(P(HEKTUBHBIMU TP TOJIIIMHE TUICHKH HE)TU MeHee 1 MM.

OKOHYATEJIbHYIO0 OYUCTKY BOJIHOW MOBEPXHOCTU OT OCTABIIUXCS pa-
JTY>KHBIX TICHOK II€JeC000pa3HO OCYIIESCTBIATh MHUKPOOHOIOTHICCKUMU
METOJIaMH, C HCIOJIb30BAaHUEM CICIHAIBHBIX MHUKPOOPTaHW3MOB, 00JIa-
JTAFOIIHUX BBICOKOBBIPAKEHHOW OKHUCIMTEILHON aKTUBHOCTBIO.

CrocoObl  OYHMCTKH TNPOMBIIIJICHHBIX He(TecoaepKammux CTOKOB
MIpUBEICHBI B TA0II. 4.5.

Tab6muna 4.5

Kiaccudukamus crmoco6oB ourcTKH HEDTECOACPKAITAX BOT
u gocturaeMas 3pQPeKTUBHOCTS [2]

Cnoco0 ouncTku Jlonyctumast JHocturaemas [Ipumeuanue
HavaJlbHAs KOH- |TJIyOWHA OYMCTKH,
HeHTpanus Hed- MT/TT
TENpPOYyKTOB B
CTOKax
1. Mexaunueckut He ouuraer ot
(oTcTanBaHue) >1000 40-1000 SMYJIbTUPOBAHHBIX
IIPOJIYKTOB
2. ®usuko-
XUMHYECKUM:
-baoramus 200 20-50 CreneHb OYUCTKH 3a-
BUCHT OT YCIIOBUU
droTanuu
-KOaJECUEHIUS 100 10-15 YactuyHo  ouwMIaer
OT AMYJIbTUPOBAHHBIX

IpUMecen
- ajicopOuus 100 1-3 Ounmaer ot 3MyJib-

TUPOBAHHBIX HedTe-
MPOIYKTOB  (Tociie
IIPEABAPUTEIIBHON
OUYHCTKH)

- XUMUYECKUN 50 1-10 [Tpumensiercs B coue-
TaHUM C QUIBTpaLIUEH
Y OTCTaUBaHUEM

3.buoxumMuueckuit 100 1-100 OO6s3aTenpbHOE TpE/I-
(c mOMOITBI0 A3POOHBIX BapUTEIbHOE OTCTaH-
MUKPOOPTaHU3MOB) BaHHE, OYHIIACT OT
AMYJIBTUPOBAHHHBIX
He(pTenpOIyKTOB
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HexoTopbie cxeMbl OUUCTKU He(dTECOAepKAIUX CTOKOB MPUBEICHBI
Ha puc. 4.9.

=i 4
——

O

Puc. 4.9. Komnnexc 10KanbHOU OYUCMKU HPOU3BOOCTNBEHHBIX
cmounvlx 800 [1]: I — snexmpoxoazynayuoHHas YCmMaHosKa,
2 — 271eKmpoGIOMaAYUOHHASE MAUUHA, 3 — OBYXKAMEPHbLL OM-
CMOUHUK, 4 — namponuslli puibmp, 5 — OVHKep-HaAKOnumensb
0caoka u neHHo20 NPooykma, 6 — nooaua HeoUUUjeHHbIX CIoY-
HBIX 800; 7 — 0MBOO OYUUICHHBIX CIOYHBIX 600

Kak BUIHO M3 IPUBEAECHHOTO PUCYHKA, OYMCTKA HedTecoaep kammmx
CTOKOB — JIOCTaTOYHO CJIOXKHas MpobiemMa, TpeOyrolias MPUMEHEHUs] KOM-
OMHUPOBAHHBIX TEXHOJOTHM, BKIIOYAIOIIMX MEXaHW4yeckue, (Gpu3nko-
XUMUYECKHE U OMOXUMUYECKUE METO bl OUMCTKH.

4.6. buosiornyeckasi O4YUCTKA CTOYHBIX BOJ [6, 7]

MeTtoa 6MOTOTUYECKOM OYMCTKH TMONYYUI IMIUPOKOE PaCIpOCTpaHe-
HUE U1 OYUCTKU OBITOBBIX M MPOMBIIUICHHBIX CTOYHBIX BOJ XUMHUYECKUX
IPOU3BOJACTB. DTOT METOJI OCHOBAH Ha CIIOCOOHOCTH MHUKPOOPraHU3MOB
UCIIOJI30BaTh B KAYECTBE MUTATEIBHOIO CyOCTpaTa MHOTHE OPTaHUYECKHE
COEIMHEHUS, COJIEP>KAIIMECs] B CTOUHBIX BOAAX.

Hcnonbs3oBaHne OHMOJIOTMYECKOIO0 METOJA OOYCJIOBIEHO €ro JOCTO-
WHCTBAMH: BO3MOKHOCTBIO YJIaJsiTh M3 CTOYHBIX BOJ| pa3HOOOpa3HbIE 3a-
TPS3HSIONIME BEIIECTBA, MPOCTOTOM ammapaTypHOro o(opmMiieHHs; OTHO-
CUTEIIbHO HEBBICOKMMU 3KCIUTyaTallMOHHBIMU pacxojgamu. K HemocraTtkam
METO/Ma CIEAyeT OTHECTH OOJbIINE KamuTalbHbIE 3aTpaThl, HEOOXOIH-
MOCTb CTPOT'OTO COOJIFOJIEHUS] TEXHOJIOTHYECKOTO PEeXUMa OYUCTKH, TOK-
CUYECKOE JECUCTBHE HA MUKPOOPraHU3MbI PsAAa OPTaHUYECKUX U HEOpra-
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HUYECKUX COEJIMHEHUI, HEOOX0IMMOCTh pa30aBIeHUsI CTOYHBIX BOJI B CIIy-
4yae BBICOKOW KOHIEHTPALMU MPUMECEH.

[Iporiecc u3bATHUS U MOTPEOIICHUS MHUKPOOPTaHU3MAMHM OpraHuye-
CKUX IPUMECEH CTOYHBIX BOJ COCTOMT B OCHOBHOM M3 TpEX CTaJIui: Mac-
CONEPEHOCAa OPraHMYECKOr0 BEHIECTBA M KHUCJIOPOAA U3 KUAKOCTHU K TO-
BEPXHOCTH KJIETKHW; Tu(Py3un BElecTBa U KUCIOPOAA Yepe3 MOITYHENnpo-
HUIIaEMYyI0 MeMOpaHy KJIETKM M MeTaboiu3Ma AU(QGyHAUPOBAHHBIX Be-
HIECTB, COMPOBOXKAAIOIICTOCS MPUPOCTOM OHMOMACCHI, BBIJICIICHUEM DHEP-
UM, IUOKCUAa yriepoaa u T.4. [Ipouecchl mepeHoca u copouu opranuye-
CKHMX BEIIECTB MHUKPOOPTraHU3MaMH CYIIECTBEHHOTO 3HAYEHUSI B MEXaHU3-
M€ OHMOJIOTMYECKON OYMCTKH CTOYHBIX BOJ HE UMEIOT. OCHOBHAs pOJIb
MIPUHAJIJIEKUT MPOIECcCaM PEBPACHUS BEIIECTBA BHYTPU KJICTKH.

B pesynprare 3THX mpeBpameHuil GOpMUPYIOTCS OMOIEHO3b MHK-
POOPraHu3MOB, COCTaB KOTOPBIX 3aBHUCUT OT XapakTepa MpUMECe CTou-
HBIX BOJ, HCXOJIHOTO MTOCEBHOTO MaTepuaia U yCIOBUN MPOBEACHUS MPO-
1[eCCa OUYMCTKU CTOYHBIX BOJI.

bro1ieH030M a’pOTEHKOB SIBIACTCS AKTUBHBIA WJ. AKTHUBHBIA W —
9TO0 aM(pOTSPHBIN KOJUION I, HMCIOIIMI B MHTEpBaje 3HaueHuid pH=4 — 9
oTpuuarenbHbiil 3apsan. IloBepXHOCTh KONOHMI OakTepuii, 00pa3yronIuX
XJIOIIbSI aKTHBHOTO MiIa, jocturaet 100 M” Ha | r cyxoro wia.

AKTUBHBIN HJI TIPEJICTABIISIET COOON CJIOKHBIM KOMIUIEKC MHKPOOP-
TaHW3MOB Pa3HBIX CHUCTEMATHYECKUX TpyIN (Hampumep OakTepuil, mpo-
CTEHIINX TPUOOB, TUUYMHOK HACEKOMBIX H Jp.), MEKTY KOTOPHIMH CKJIA]IbI-
BAIOTCS OIPEJICICHHbIC B3aUMOOTHOIICHHUSI: CUMOMOTHYECKHE (000010110~
JIE3HBIC) WU aHTAaroHUCTUYEeCKue (BpaxaeOnsie). Camasi MHOTOUHCIICHHAS
rpyrina MUKpOOPTaHU3MOB B aKTUBHOM Hiie — Oaktepuu. Yncio ux koseo-
nercs ot 10° 1o 10" xierox Ha 1 T cyxoro mia. U3 akTHBHOTO HMiia BbIIe-
neHo 6onee 100 mrammoB OakTepuit.

buonienozom Ounosiornueckux GUILTPOB siBsieTcs OuoruieHka. OHa
MPEJICTaBIIsIeT COOON CIM3UCTBIE OOpacTaHus Ha Hacajke OuopUILTPOB
tomuHOM 1-3 MM u Oonee. B Ouoruienke OnodunbTpoB HaOIIOmaeTCS
OoJbllle pa3HOOOPA3HBIX MpEICTaBUTENIEH MPOCTEUIINX, KOJOBPATOK, Yep-
Bel. [ maBHOE JieHicTBYIOIIEE HA4YalI0 aKTUBHOT'O MJ1a OMOIJICHKH — OaKTEpPHH.

MHorue Buibl OaKTepuil, y4acTBYIOIIUE B MPOIECCE OYUCTKU, MOTYT
B pe3yJsibTaTe aJanTtaiuyd WHAYIUPOBaTh HOBBIE criennduyeckue GpepmeH-
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ThI, YTO TO3BOJSICT OKUCIATH UMH OOJBITUHCTBO BHOBbH MPOU3BOJIUMBIX
IIPOMBIIIJIECHHOCTHI) OPTaHUYECKHUX BEIIECTB.

OcHogHble napamempsl Hpoyecca OUOXUMULECKO20 OKUCTEeHUS]

CxopocTh OMOXMMHUYECKOTO OKUCIICHHUS! 3aBUCUT OT KOHIIEHTPAIIUU
OpPraHUYECKUX 3arps3HEHUM M UX CIIOCOOHOCTH OKHUCIATHCS B JTaHHOM
nporecce. CKOpocTh mpoliecca OMOXUMHUYECKOTO OKMCIICHUS BO3PACTAET C
YBEJIMUCHUEM KOHIIEHTPALMK CyOCTpaTa U aKTUBHOTO Wia. B cBsi3u ¢ 3ThM
npu TIyOOKON OYMCTKE KOHIICHTPUPOBAHHBIX CTOYHBIX BOJ B PEaKTOpPE
MIOJTHOTO CMENIEHUsI, TJEe TMOJJCPKUBACTCS HHU3Kas KOHIIEHTpalHs CyO-
cTpaTa, Helb3si 00€CIEeYUTh BBICOKMX CKOPOCTEH OKUCIeHUs. JlJisi MOBBI-
IICHUSI TTPOU3BOUTEIHLHOCTH TPOIIECC 11eTIeCO00pa3HO JIEIUTh Ha CTaduu.
Ha nepBo#l cTagun OCYIIECTBIAETCAS OYMCTKA CTOYHBIX BOJ C MOJJIEpiKa-
HUEM JOCTaTOYHO BBICOKMX KOHIIEHTpalui cyOcTpara, 00eCeUMBaIOIUX
BBICOKYIO CKOPOCTh OMOXMMHYECKOTO OKuciaeHus. Ha mepBoii ctaauu Bo3-
MOXHO TJIyOOKO€ OKHUCIJICHHE OCTAaBIICHUCS YacTH OPraHUYECKUX BEIECTB
IIPY MEHBIINX CKOPOCTSIX OKUCIICHUS.

OKCIEPUMEHTAIbHO YCTAHOBIIEHO, YTO HEKOTOpPHIE OPraHUYECKUE
BEIIIECTBA HE MOABEPraroTcsi Onosiorudeckon nectpykuuu. Hanbonee npo-
CTBIM 3KCIEPUMEHTAIBHBIM METOJIOM OIPECICHUS JOCTYITHOCTH BELIECTB
OMONECTPYKIIMU SIBIIAETCS OIpeeeHUe OMOJIOTHYECKOro IMOTPeOIeHUS
kuciopoga (BIIK). Eciu BIIK = 0, To BelecTBO OTHOCUTCS K KaTErOpuu
OMOJIOTUYECKU HEOKUCIISIEMBIX.

B a»poOHBIX yCIOBHUAX CKOPOCTh PEAKIIUU OKHUCJICHHS BO3pPACTACT C
YBEJIMUCHUEM KOHIICHTpaIuu cyo-
crpara. TUNWYHBIA BUJ DTOWU 3a- M2 Od(z4)
BUCUMOCTH Tpaduuecku Tmpe-

vmax

cTaBJyieH Ha puc. 4.10.

[Ipy ManmpIX KOHUEHTpAUUAX — [—————5
(obmacte 1) CKOpPOCTH OKHCICHHS
NPAKTHYCCKH JIMHEHHO 3aBHUCHT OT
KOHIICHTPALIMK CyOCTpaTa U MOXKET ,
OBITH OIMCaHa ypaBHEHUEM BHUJIA

V:V S(KS-FS), S. m2 Os/n

max Puc. 4.10. 3asucumocmsv cxopocmu pe-

n

FHGO V' = cKopocTh  peakuuu, aKyuu OKUCNeHUs. Om KOHYEeHmpayuu
MT

2. Yo — MaKCHMaJbHas cybcmpama (oxucisemvix ewjecms)
rxyg
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02
Xy
Ks— KOHCTaHTa HACBIIIEHUS, YUCICHHO paBHAs CKOPOCTHU PEaKIMU B KOH-
1€ TUHEHHOM 00siacTH (3HaueHue K ONpeessitoTCs SKCIIEPUMEHTAIBHO);
[Ipu Gonee BbICOKMX KOHILIEHTpauusx cyocrtpara (obnacts II) cko-
pPOCTb pEaKIMu OKHUCICHHS OOpaTHO MPOIMOPLHMOHATIbHA KOHIIEHTPAIUH
cyOcTpaTa 1 MOKET ObITh OMKCaHa ypaBHEHHEM BHUIA

V=v_K'/S,

CKOPOCTh PEaKIIUH, ; § — xoHnentpamus cyocrpara mno BIIK o ;

rne K's — koncranTa HACBIIIEHHS CyOCTPATHOTO HHTUOMPOBAHMUSI.

[Ipn GmoOJIOrMYecKOil OYUCTKE CTOYHBIX BOJ TOPMOKEHHE CKOPOCTH
OKHCJIEHUSI OPTaHUYECKUX BEUIECTB MOXKET OBITh BBI3BAHO CAMHUM CyOCTpa-
TOM (OOJIBILION €ro KOHUEeHTpanuen). Takoe TOpMOKEHHE HOCUT Ha3BaHUE
cyOcTpatHoro uaruOupoBanus. [IpuurHa ero mosiBACHUS 3aKIIOYAETCS BO
B3aUMOJICHCTBUHU CyOcTpaTa ¢ MPOMEKYTOUYHBIMU MPOYKTaMHU OKHUCIICHUS
1 00pa30BaHUM HEAKTUBHBIX KOMILIEKCOB.

OnTumanbHON TEMIIEpaTypoil AJisi a3pOOHBIX MPOIECCOB, MPOUCXO-
JSIIUX B OYUCTHBIX coopyxkeHusix, cuuraercs 20-30 °C. Ecau Temmnepa-
TYpPHBIA PEXKUM HE COOTBETCTBYET ONTUMAIBHOMY, TO POCT KYJbTYpHI U
TaK)K€ CKOPOCTh OOMEHHBIX MPOLECCOB B KJIETKE 3aMETHO HUKE MAKCH-
MaJbHbIX 3HaYeHu# (puc. 4.11). Haubonee HebmaronpusTHOE BIUSHUE HA
pa3BUTHE KYJbTYphl OKa3bIBa€T pe3KOe HM3MEHEeHHe TemmepaTryphl. [lpu
a’3pOOHON OYMCTKE BIMSHHE TEMIIEPATYpPbl YCYTyOJIAeTCs €llle BCIAEACTBUE
U3MEHEHUS PACTBOPUMOCTH KUCIOPOAA.

a, %
80

60 /
] /
AT

5 10 15 20 25 30 35 T,°C

I\

0

Puc. 4.11. Temnepamypnas 3a8ucumocms aKMmuHO20 Uld
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Biusinue kucioposia Ha mpolecc OMOXMMHUYECKOTO OKUCIECHUS 3aBU-
CUT OT KOHILIEHTPALIMM OKHUCIsIEMBbIX BemiecTB. C yMEHBUIEHMEM KOHIICH-
Tpauuu cyOcTpaTa BIUSHHUE KOHUEHTPALUU KHACIOPO/Ia 3aMETHO CHHUKAET-
Csl, MOATOMY MAaKCHUMAaJbHOE IOBBIIIEHUE CKOPOCTH OHOXMMHUYECKOIO
OKHCJIEHHS 3a CUET YBEIMYEHUSI KOHIIEHTPALMH PaCTBOPEHHOI'O KUCIOPOIa
BO3MOJKHO TIPU HEMOJHOW OYMCTKE KOHILIEHTPHUPOBAHHBIX CTOYHBIX BOJ
1100 HA HAYAJIBHBIX CTAJUSIX MHOTOCTYIIEHYATHIX CXEM.

OaHMM U3 BO3MOXKHBIX NyTeH HHTEHCU(UKAIMU pabOThl OHMOJIOTHYE-
CKHX OUHCTHBIX COOPYKEHUN CUMTAETCS MOBBIIICHUE KOHIEHTPAIIMN MUK-
poopranuzmoB. CKOpPOCTh OMOXMMHYECKOIO OKHCIEHHS MPAMO IMPOMNop-
IMOHAIhHA KOHIIEHTPALIUHA CYXOTO BEIeCTBA MUKPOOPTAaHW3MOB B BOJIC B
nuanaszone 1-7 r/n. [lpu nanpHeiieM yBeJIMYEHUH KOHLIEHTPAllUM MUKPO-
OpPraHU3MOB UX aKTHUBHOCTb CYIICCTBEHHO CHMKAETCS, YTO MOXET OBITH
CIIEICTBUEM YXYILIEHUS MacCOOOMEHa, HEJ0CTaTKa KUCIOpOAa WU yrHe-
TEHUS UX KU3HEIEATEIIbHOCTU MPOAYKTaMU MeTadoJIu3Ma.

OaHuM U3 METOJOB MHTEHCU(PUKALUU MPOIECCOB OMOXMMHUYECKOTO
OKMCJIEHUS SBIJISIETCS pas/ielieHre npouecca Ha ctaauu (ctynenu). Ha mpo-
1ecc OMOXMMHYECKOTO OKuciieHHus BiauseT pH Boael. bakrtepum nydiie
Pa3BUBAIOTCS B HEUTpaJIbHON WM cradoienouHon cpeae. st 00abiuH-
CTBa IPUOOB M JpOXoKei Oojiee OyaronpusTHa ciabokucias cpeaa. OnTu-
MaJbHbIN MHTEpBan pH paboThl OMOJIOrMYECKUX OYHCTHBIX COOPYKEHHU
cocTtasisieT 6,5-7,5, HO CTOYHYIO BOAY IIOAABaTh HA OYMCTHBIE COOpYXKe-
HUs MOkHO ¢ pH = 6,5-8,5, Tak kak B nmpoiiecce pabOoTbl MUKPOOPTraHU3MOB
00pa3yroTcs KUCIble MPOAYKTHI, CHUKaromue pH.

ConeconepkaHue CTOYHBIX BOJ, MOCTYMNAIOIIMX HA OYUCTHBIE CO-
OpY>KEeHUSI, HE JOJIKHO TMPEBbIIIATh 5-6 /1. J1Jisi HOpMaIbHOTO MPOXOXKIe-
HUS TIpoliecca OMOXMMHYECKOW OYMCTKHA CTOYHBIX BOJ B BOJZIE€ JOJIKHBI
MPUCYTCTBOBaThL OMOTEHHBIC JIEMEHTHI (a30T, Pocdop). Mx coaepxanue
3aBucuT OT BIIK BOBI, MOCTyIAKOIIEH HA OUUCTKY:

C, =58,/100, C, =S§,/100,

rae C, — KOHILIEHTpals yCBOSIEMBIX COCIMHEHHUM a30Ta B IepecyeTe Ha
a30T, Mr/i1; Cyp — KOHLEHTpaLUs yCBOSEMBIX CoelMHEHUH ocdopa B nepe-
cuete Ha dochop, mr/a; Sy — BIIK,o, CTOUHOM BOJBI, MOCTYMNAIOMEH Ha
ouncTKy, Mr O,/
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HNcTouHnKOM OMOTEHHBIX PJIEMEHTOB CIIY>KAaT ObITOBBIE CTOYHBIC BO-
Ibl, YIOOpEHUs WIH IPYrue pacTBOPUMBIE COJHU, COAEpKaIIUe a30T WU
dbocdop. Konrenrpaiusi B3BEMICHHBIX BEIIECTB B CTOYHBIX BOJAX, MOCTY-
NAKMIKUX Ha OMOJOTMYECKUE OUYMCTHBIE COOPYKEHHS, HE JOJKHA IPEBbI-
mate 100 mr/m.

Buonocuueckue gpunompoi

B nocnegnue roasl 3aMeTHO BO3pOC MHTEpeC K OMO(UIbTpaM B CBS-
31 C pa3pabOTKOM MX HOBBIX 3P(PEKTHUBHBIX KOHCTPYKLMI C miacTMacco-
BOM 3arpy3Ko#, C BpalllalOIIMMUCS OMOJUCKaMH, a TAKXKE C TPUMEHEHUEM
pasnuuHbIX OuoTeHkoB. [1o cpaBHEHHIO C adpOTCHKaMU OMODUIBTPHI Me-
HEE DHEPrOE€MKH, OHU PEHTAOENBbHBI Il 00pabOTKH CpaBHUTEIBLHO He-
OOJBIINX KOJIMUECTB CTOYHBIX BOJI.

buodunbpTp cocToMT M3 KopIilyca, BOAOPACIPEACIMTEIBHOTO, Ipe-
Ha)KHOTO M BO3AYXOpaCHpeNeIUTEeNIbHOTO YCTPONCTBA U OJIOKa 3arpy3Ku
(puc. 4.12). Tlpoxoas yepe3 3arpy30uHbld Marepuai, 3arpsS3HEHHasl BOJa
OCTAaBJISIET HA HEM HEPACTBOPEHHBIE MPUMECH, a TAKXKE KOJUIOUIHBIE U pac-
TBOPCHHBIC OPraHUYECKUE BEIIECTBA. 3arpsi3HEHUs COpOUpYIOTCA Ouno-
IUICHKOM, TOKPBIBAIOIIEH TMOBEPXHOCTh 3arPy304HOI0 Marepuaia. Mukpo-
OpraHu3Mbl, 00pa3yrollue OMOIUIEHKY, OKUCISIOT OPraHUYECKUE BEIIECT-
Ba, B pe3yJIbTaTe Yero YBEJIMYMBAETCS Macca aKTUBHON OUOIJIEHKH B Tele
¢unpTpa. OmepTBeBIIAsA U OTpabOTaBIIAs OMOIJIEHKA CMBIBAETCS IMPOTE-
KaromIeil CTOYHOM BOJAOU U BBIHOCUTCS M3 Tella OnoduibTpa.

buornenka cocTout, TIaBHBIM 00pa3oM, U3 OaKTepHil, MPOCTEHIITNX
rpuOOB, MUTAIOLIMUXCA COACPIKAIMMHUCS B CTOUYHBIX BOJAAX OPraHUYECKUMU
BellleCTBaMU. B HUX Tak»e MOTYT NPUCYTCTBOBAThH WJIOBBIEC YEPBH, TUUMH-
KU MyX U JIPyru€ MUKPOOPraHW3Mbl. B Tyt morogy COJIHEYHBIM CBET
CIIOCOOCTBYET POCTY BOJOPOCIICH HA TOBEPXHOCTHU 3arpy3Ku (GUIBTPA.

buonoruyeckuii ciou, XOTd U 0YEHb TOHKHH, SBJISICTCS aHa3POOHBIM
B CBOEH BHyTpeHHeH yacTu. [1oaToMy HECMOTpsI Ha TO YTO OHOJIOTHUYECKOE
(¢uIpTpOBaHUE HA3bIBAIOT a3pOOHBIM MPOLIECCOM, OHO MO CYIIECTBY IMpe-
CTaBJIIET COOOH CMECh a3pOOHOTO U aHA3POOHOTO MPOIECCOB.

[lo KOHCTPYKTUBHBIM OCOOCHHOCTSIM 3arpy304YHOIO Marepuasa BCe
CYIIECTBYIOMINE OMO(PMIBTPHI MOKHO Pa3IeIUTh HA JIBa BUJA: C 00bEMHOM
U TJIOCKOCTHOM 3arpy3koil. buopuibTpel ¢ 00beMHOMN 3arpy3Koi JENATCs
Ha CJIEIYIOLME TPYMIbI: KarnejabHble, UMEIOUINE KPYMHOCTh (pakiuil 3a-
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rpy3ouHoro marepuana 20-30 MM, BBICOTY cJiOsl 3arpy3ku 1-2 m: OamieH-
HbIE, UMEIOIIME KPYITHOCTh (hpakiuii 3arpy3ouHoro Mmarepuaia 40-60 MM u
BBICOTY CJIOSl 3arpy3kd 8-16 M; BBICOKOHArpy>Kaemble€ C KpPYIHOCTBIO
dbpakiuii 3arpy3ouHoro marepuaiia 60—80 MM U BBICOTOM CJOSI 3arpy3KH

2—4 M.

/ 1
/
N\

N\

I 2
|
TN o Booa
T e
|
|
i
3 i 3
i
|
i
Bo3dyx EI i Oqu;ggl;Hag
B

i N/
[

Puc. 4.12. [lpunyunuanvras mexuonocuueckas cxema Ouo-
Qurompa: 1 — peaxmugnwlii opocumenv;, 2 — noOaOwUll
mpyoonposood; 3 — 610K 3a2py3Ku

BricokoHarpyxaemble OHMOPWIBTPBI MOTYT OOECIEeYuBaTH JIOOYIO
3aJJaHHYI0 CTEMEHb OYHUCTKU CTOYHBIX BOJI, ITOATOMY IPUMEHSIOTCS Kak
JUIS YaCTUYHOM, TaK M IS MOJHOM MX OUYMCTKH. KauecTBO OYMIIIEHHOHN BO-
IIbI TS IPAKTHYECKUX IeIel OICHUBAIOT 0OBIYHO 110 TToKa3aTeto BITK oy,
(3a 30 mHeili), a B pacyeTax IOJHOE OKHCIICHHE BOJbI IPOM3BOJUTCS IO
BIIK o, = 15 Mr Oy/11.

Meton pacdyeta OMODUIBTPOB OCHOBAaH Ha OMNPEICICHUH OKHCIIH-
TeabHOM MontHocTH (OM) B rpaMMax KUCJIOpoAa B CYTKH, KOTOPask MOXKET
OBITH TIONTYyUeHa C 1 M 3arpy3ouHoro marepuaina ajis cHKeHUs BITK o
CTOYHOM XUAKOCTH 10 15 Mr O,/

OM =(S,-S8)/V,,
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rae OM — OKHCIUTEbHAs MOIIHOCTD, I' BITK/(M'/cyT); Vi — 06beM 3arpy-

304HOTO MaTepHasa, HeOOXOMUMBIH ISt OUYMCTKU | M’/CYT CTOYHOM BOJIBL,

M°; So— BIK ;o MOCTYNAIONMMX HA OYUCTKY CTOUHBIX BOA, T Oy/M; S —

BIIK o, BBIXOISIIMX CTOYHBIX TTOCIE OUYUCTHBIX COOPYKECHUM, T 02/M3 .
3Has CYTOYHOE KOJMYECTBO CTOYHBIX BOJA () W OKHCIUTEIBHYIO

MOIIIHOCTb, MOYKHO OIPEAEIUTh O0UIMI 00bEM 3arpy304HOr0 MaTepHuaa:

V=0(S,-S)/OM,

e Q — pacxoJl CTOYHBIX BOJI, M /CYT.

ABDPOTEHKH MPEACTaBIAIOT COOOM OTKPBITBHIE amnmaparbl (xesne3o0e-
TOHHBIE WJIM METaJUTMYECKHE), CHAOKEHHbBIE CTCIHATIbHBIM 000pY/10BaHH-
€M JUIsl TI0JIaYd BO3JyXa U MOJAJICPXKAHUS aKTUBHOIO WJIa BO B3BEIICHHOM
coctosiun. COBpEeMEHHBIE adPOTEHKH — TMOKHE B TEXHOJOTHYECKOM OT-
HOILICHUHM COOPYXXEHUS, OHM YCHEIIHO IPUMEHSAIOTCS I IIOJHOM M Yac-
TUYHOW OYMCTKH MHOT'MX BHJIOB ITPOU3BOJICTBEHHBIX CTOYHBIX BOJI B IIH-
POKOM AMana3oHe KOHLIEHTPaLUH 3arpA3HEHUN U PaCX0J0B CTOYHBIX BOJI.

ABPOTEHKH MOXHO KJIacCCU(PUUUPOBATh MO CIEAYIOUIMM OCHOBHBIM
pU3HAKaM:

- IO TUJIPABIIMYECKOMY PEXKUMY (a9POTEHKHU-BBITECHUTEIH, a9POTEH-
KH-CMECUTEIIM U a3POTEHKHU ITPOMEXYTOUHOT0 TuIa) (puc. 4.13);

- IO cocO0y pereHepalryd aKTUBHOIO Wia (C OTIEIBHO CTOSIIUMU
pereHeparopamMu U COBMEIIEHHBIE);

- TI0O Harpy3KaM Ha aKTUBHBINA W (BBICOKOHArpy>KaeMble, OOBIUHBIE U
HU3KOHArpyKaeMaie);

- 10 KOJIMYECTBY CTYNEHEH OYUCTKHU (OJHO-, ABYX- U MHOTOCTYIIEH-
4aThie);

- [10 PEKUMY BBOJIa CTOUHOM JKUJIKOCTH (IIPOTOYHBIE U KOHTAKTHBIE C
NIEPEMEHHBIM Pa0OYUM YPOBHEM);

- TI0 KOHCTPYKTHBHBIM MpU3HAKaM (IIPSIMOYTOJIbHBIE, KPYTJIbIe, KOM-
OMHUPOBAHHBIC, TPOTUBOTOUYHBIEC, NIAXTHBIC, (PUIBTPOTECHKH, (PIOTOTEHKH
M 2Ip.);

- 110 TUIY CHUCTEM a’paluu ( ¢ MHEBMAaTUYECKUMH, MEXAaHUUYECKUMHU,
TUJPOIMHAMUYECKUMH M THEBMOMEXaHUYECKUMHU a3paTOPaMu).

ITpu pacdere a’pOTEHKOB BCEX CHUCTEM HEOOXOIMMO YUYHUTHIBAThH
(akTOophl, OKa3bIBAIOLIME BIUSHUE HA CKOPOCTh IMPOIECca: 103y Mia, KOH-
LEHTPALIMIO 3arPSI3HEHUM B UCXOJHOU U OUMIIIEHHON BOJIE, KOHIICHTPAIIHUIO
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PacTBOPEHHOTO KHUCIIOPOJIa, & TAK)KE CKOPOCTh OKHUCIICHMS 3arpsi3HEHUN U
aKTUBHOCTh MUKPOOPraHu3MoB wia. Kpome Toro, ciemayer olieHuBaTh ruj-
POAMHAMHYECKYIO CTPYKTYPY IMTOTOKOB B COOPYKEHHSIX.

OvuuweHHasi
Boda _ T 1 gooa
T 1
Ha 7
oyucmky :“

AKMUBHbIU un UN36bImoYyHbIl

aKmueHbIU ur

a
OyuuweHHas
Boda C 1 ] g800a
% 2
Ha 7
o4uCmKy C 2 Lb-———l____
AKMUBHbIU .
un UN36bIMOoYHbIl
aKmueHbIU ur
6
AKMuUBHbIU un
=T~ T~ 1777
Booa N T I R
N
Ha VIV by by iy y M366IMOYHBIL
1 L L 1 1 ~N 9
oYyucmky S\ @KmueHbIU un
I >
|
1 |
|
|
\ \ Y Y \ \ G\ OyuweHHas
Wnoeas cmech goda
8

Puc. 4.13. Cxemst pabomol aspomenkos [8]: a — ¢ cocpedomoueHHbiM NOCMYNIeHUeM
cmokog: 1 — aspomenku, 2 — omcmouHuKy, 6 — ¢ cCOCPeOOMOYEeHHbIM HOCMYNIeHUEM
CMOK08 U aspayuell 6038pamnoo ura. 1 — aspomenku, 2 — peecenepamopul, 3 — om-
CMOUHUKU, 8 — C PACCPEOOMOUECHHBIM BNYCKOM U GbINYCKOM CMeCU CHOYHOU 800bl U
akmuenoco una: 1 — aspomenk-cmecumens, 2 — OMCMOUHUK

BIIK ;0. CTOYHBIX BOJI, ITIOCTYIAKOIINX HA OYMCTKY B a3POTEHKAX, HE

noskHo nipeBbimath 1000-1200 mr O,/n g IBYXCTyNEeHYaTOW CUCTEMBI U
500 mMr Oy/n1 — 11t OAHOCTYTIEHYATOM.
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CHayana OpMEHTHPOBOYHO OINPEAEIAIOT MPOJOILKHTEILHOCTD adpa-
LMK CMECH CTOYHBIX BOJ U UPKYJIUPYIOIIETO WIIA 1, , U:
S, —S
e A=A
o, (1= A),

ap

rae Sy — BIIK o, mocTynarorieii B a3poTeHK Bojibl, M Oy/11; S — BIK o
OYMILEHHOU BOABI =15 Mr O,/1T; 04,p — 032 HUJIa (B @9POTEHKAX-CMECHTEISX
0e3 peredepanuu — 3 1/11; ¢ perenepanuei — 2-4,5 1/11), A — 30JIbHOCTD HJIa
B JIOJISAX €IUHMIIEI, TpuHuMaeTcsa 0,3; 7 — CKOPOCTh OKHCJICHUS 3arpsi3He-
Hu — mr BITK/r 4.

CreneHb NMPKYJSIIMA aKTUBHOTO Mjia R B a3pOTEHKaX PacCUUThIBA-
eTcs 1o popmye

o

ap

R= :
1000/J -,

rjae J — WioBbIM MHACKC, cMT.

WnoBelli WHIEKC OIIEHUBAET CIOCOOHOCTh WJIA K OCENaHUuI0 U
npeacTaBisier co0oi 00beM aKTUBHOTO Wila MOCJE OTCTauBaHUS B TeUe-
Hue 30 MuH mwioBoil cmecu o0bemMoMm 100 My, oTHECeHHBIHN K 1 T cyxoro
BeniecTBa wia. [I[py HOpMaTbHOM COCTOSIHUM aKTUBHOTO WJIa €T0 UIIOBBII
uHjekc umeet Bennuuny 60-150 mr/n. s onpeneneHHOro niioBoro vH-
JeKca HE0OXO0AMMO 3HATh Harpy3Ky Ha 1 r 0€330JIbHOTO BEIlleCTBa Wjia B
CYTKH.

OGBbeM COOCTBEHHO a3pOTEeHKa Vy, M

V,=t,(0+U).
O6BeM pereneparopa Vy, M°
V,=t,U.
O6mHii 06BEM a3pOTEHKA U PEreHEPaTOPa, M :
V=V+V,

rae: £, 1, — BpeMsI IPEOBIBaHUS CTOYHON BOJBI B a9POTCHKE U PEreHeparo-
p€ COOTBETCTBEHHO;

U — 00beM LEPKYIHPYIOLIETr0 aKTHBHOTO HIIa, M .

buoxumMuyeckas 04McTKa CTOYHBIX BOJI MMPUMEHSIETCSI OOBIYHO B CO-
YeTaHUM C MEXaHWYeCKOW M (hU3MKO-MEXaHWYECKOM, Yallle BCEro Ha I0-
CleJTHEN CTaauu.
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4.7. DJIeKTPOXUMHMYECKASl OYUCTKA CTOUHBIX BO/JI

B nocnennue roasl UHTEPEC K ANEKTPOXUMHUUECKUM METOJaM 3HAUH-
TEJIBHO BO3POC, MOSABUJIUCH CEPUMHBIE OYMCTHBIE YCTAHOBKU C HCIIOJIB30-
BaHMEM J3JIeKTpoin3a. Hambosiee MEpCNeKTUBHO NPUMEHEHHE METOOB
AJIEKTPOJIN3a B COUYETAHUM C JIPYTUMU (PU3HUKO-XUMHUYECKUMH METOJaMH
OUYMCTKH TMPU CO3JIAaHUM 3aMKHYTBIX CUCTEM BOJOIOJIL30BaHus. B mporec-
Ce DJIEKTPOXUMHUYECKOW OYHMCTKHA CTOYHBIX BOJ YIAETCS OJHOBPEMEHHO
YTHWIM3UPOBATh OTHEIbHBIE KOMIIOHEHTHI CTOYHBIX BOJ. DTO HECOMHEHHOE
JOCTOUHCTBO METOJI0B JIEKTPOXUMUYECKOU OUMCTKH.

OcHOBHBIE HETOCTATKH:

- OTHOCUTEJIbHO HU3KAasl MPOU3BOJAUTEIIBHOCTh OUUCTHBIX allapaTos;

- BBICOKAsi CTOMMOCTD 3JICKTPOIHEPTHH.

O} PeKTUBHOCTh MCIIONB30BAHMS DAJIEKTPUUECTBA HA YJAJICHUE WU
BBIZICJICHUE TOTO WJIM MHOTO 3arps3HUTEN XapaKTepU3yeTcCs 8bIX000M NO
moxy B KOTOpBIN olpenenser, Kakas J0Js OOIIEro KOJWYEeCTBa dIEKTPH-
4yecTBa (g 46n,) 3aTPAUCHA HA JJAHHYIO DJIEKTPOJIHYIO peakuuto (g 1). OObiu-
HO B; BbIpaxatoT B MpoOIEHTaxX:

B: = (gi/g061.)100 %.

[lo Tumy peakiuu, oOecreunBarOIIeH yaaleHUe 3arpsI3HUTENS, DIIEK-
TPOJIMTHIECKHIE METOJIBI KIAaCCU(PHUITUPYIOT HA aHoOHble ( OKUCIUTEIbHBIC)
U KamooHbvle (BOCCTAHOBUTENbHBIC). OD(PQPEeKT ymameHus 3arpsi3HIIONINX
KOMITOHEHTOB UJIU UX 00€3BPEKUBAHUS MOXKET ObITh MPUHIIUITHATHHO JTOC-
TUTHYT NPHU CIAEAYIOMMNX XapaKTEPHBIX HAINPABICHUAX TECUEHHS IJIEKTPO/I-
HBIX PEAKIIUN:

1) peakumu, COMPOBOXKAAIOIMIUECS OKUCIUTEILHON ECTPYKIUEH 3a-
TPSI3HAIONINX KOMIIOHCHTOB;

2) peakiuu, MPOAYKTHl KOTOPBIX SBJISIIOTCS MEHEE TOKCHYHBIMU, YEM
HCXOJTHBIE KOMITOHEHTHI,

3) peakiuu, CONMPOBOXKIAIOIINECS BBIICICHUEM METAIOB WM 00pa-
30BAHHUCM IIJIOXO paCTBOPUMBIX COGI[HHCHHI;'I;

4) Hen30EeKHO MPOTEKAIOIINE PEAKIIMU PA3JIOKEHHUS BOJIBI ¢ 00pa3o-
BAaHMEM ra3000pa3HbIX BOJIOPOJIA U KUCIOPOA.

Koneunble nmpoayKThl pa3ioKeHHs] BOJBI — 3TO BCErAa KUCIOPOJ U
BOJIOPOJI, XOTSI MEXaHU3M MOXET ObITh Pa3HBIA U OMPEACNACTCS 3HAUCHU-
em pH BobI, OABEpraromencs IeKTpoIn3y.
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IIpu pH<7 H;0" +2e =H,+ OH (ua karoze),
H,0 -2 e=1/20,+ 2 H' (1a a”O1E).

IIpu pH>7 2H,0 +2 e =H, + 2 OH (ua katoze ),

20H -2e =12 O, +H,0O (na anoze).

AHOJIHOE€ OKHUCJIEHHE BOJIbI COMPOBOXKIAETCS MOSIBICHUEM Ha TO-
BEPXHOCTH DJIEKTPOJIa aTOMapHOT0 KHUCJIOPOja, 00Jagaroero BHICOKUMHU
OKHUCJTUTENHHBIMU CBOMCTBAMHU U CIIOCOOHOTO K B3aMMOJICUCTBHIO C KOM-
MOHEHTaMU CTOYHBIX BOJA. KaTo/HOEe BOCCTaHOBIIEHHE BOJBI O0ECIIEUUBACT
CYLIECTBOBAHME Ha IOBEPXHOCTH HJIEKTPOAA aTOMApHOr0 BOAOpOAA —
CHWJILHOTO BOCCTAHOBHUTES.

Cnedyem nomnums! [losiBIIeHHE MajbIX KOJMYECTB BOJOpOJa B ra-
30BOM (paze, KOTOphIE TPYIHO YTHIM3UPOBATH, CIIOCOOCTBYyeT oOpa3oBa-
HHUIO B3PHIBOOMACHON CMECH. YUUTHIBAsI 3TO, IPUOETAIOT K MEepaMm, MPersiT-
CTBYIOILIMM 3TOMY SIBJICHUIO : pa30aBICHUIO BbIJCISIONINXCS Ta30B.

3Ha4YeHUs] PABHOBECHBIX MOTEHIIMATIOB 3JIEKTPOIOB OYAYT TaKXeE OIl-
penensiteest pH Boibl

F y=-—0,059 *pH,
F o, =+1,23-0,059*pH.

AHOJIHAs1 SJIEKTPOJUTHYECKAsT OYMCTKA MPOBOJUTCS C LIEIbK) OKHUC-
JIEHUSI TOKCUYHBIX OPraHUYECKUX U HEOPraHUYECKHX COEAMHEHUM 1O He-
TOKCUYHBIX U JJISI OCYIIECTBJICHUS TJIYOOKON JECTPYKIIUU 3arpsI3HSIIOIINX
KOMIIOHEHTOB ¢ 00pa3oBaHueM HeUTpainbHbIX Tra3oB CO,, N, u Apyrux.

CyTh aHOAHOTO OKHCJICHHUS: OPTAaHMYECKOE BEUIECTBO aJCOPOUpPYeT-
CS Ha MOBEPXHOCTH AHOJA M OTHACT BJEKTPOHBI C OJHOBPEMEHHOW WU
MIPEAMIECTBYIOUIECH CTAAUECH NETUIpATALINY:

RH - e=R*+ H+.

JlanpHenue npeBpalieHus paaukaiga OINPENENsaiOTC €ro peaxuu-
OHHOMW CIIOCOOHOCTHIO.

CHnupThl OKUCIISIIOTCA JIETKO 10 CXEME

RCH,0H — RCHO — RCOOH — R-R + CO..

TpynHee BCEro OKUCIHSIOTCS KETOHbI. ApOMaTHYECKUE YIJIEBOJAOPO-
JIbI OKHUCJISIIOTCS JIeT4Ye, YEM COOTBETCTBYIOIINE aln(aTHIECKUe CoOeauHe-
HUS:

®enon — CO, + CO + H,0.
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JInst ocylecTBICHUST JIEKTPOXUMUYECKUX Peakiuid OOJIbIIMHCTBA
OpPraHUYECKUX COEAUHEHUN TPEOYIOTCS BBICOKHE IOJIOKUTEIBHBIC TTOTCH-
LAAJIbI, YaCTO MPEBBIIIAIOIINAE MOTEHIMAT Pa3JI0KEHUS BOJIBI.

JIns yCKOpeHus: 3JIEKTPOXUMUYECKHX PEAKUUi B BOAY J00aBISIOT
XJOPUA-UOHBI, TIpu 3ToM Bhiensiercs Cly. Peakius npoTtekaer B ABE cTa-
JUU:

Cl' e ---Clyy,

Clyy + CI' — e =Cl,.

C aT0i1 peakiueld OyneT KOHKypHUpPOBATH MPOIECC pa3psga MOJIEKYI
BOJIbI ¢ oOpazoBanuem O,. O0paTumblii noteHMan peakuuu ¢ Cl” 3aBucut
OT KOHIICHTPAIINH XJIOPUJI-HOHOB

Fep=+1,3-0,059-1g CI.

Brigenstomuiicss Ha aHO/E XJIOp PacTBOPSIETCS B BOJE C 00pa3oBaHU-
€M XJIOPHOBATUCTON KHCIOTHI

Cl, + H,O + HCIO + HCIL.

B mienounoii cpene (pH=7-10) 006pa3zyroTcsi HOHBI THITOXJIOPUTA

HCIO + OH =H,0 + CIO".

[Ipu pH=7-8 B pacTBOpe omHOBpeMenHO npucyTcTBYIOT HCIO 1 mo-
bl ClO". PactBopumocts Cl, B Boie 3aBuUcUT OT cojaepxkanusi B Hell ClI” u
TemriepaTypbl. C MOBBILIEHUEM TEMIIEPATypPbl paCTBOPUMOCTH XJIOpa B BO-
ne camxkaercst. Monsl Cl- BBICTYarOT CBOEOOPA3HBIM KaTaJIM3aTOPOM MPO-
uecca okucieHus. OKHUCISIONmAss CIOCOOHOCTh HEKOTOPBIX COEAUHECHUI
KHUCJIOpOJa U XJIOpa IPUBEICHA HUXKE.

Coenunenue OxucnurenbHbIM noTeHnyal, E B
0N 1,9

0O, 1,96

Cl, 1,36

HCIO 1,5

ClO 0,9

ClO, 0,5

Kunemuka npoyecca snexmpoxumuieckozo OKUCIeHus

ITporiecc 0UnCTKH BKIFOYAET B ¢€0s1 psIJl OCIENOBATENbHBIX CTaIHI:

1 — moxgBOA pearupyronMx 4acTUll K dJIEKTPOY;

2 — COOCTBEHHO AJIEKTPOXMMHUYECKASI PEAKIUS JIEKTPOHHOTO Iepe-
X0/a;
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3 — O0TBOJ MPOJIYKTOB AIEKTPOJAHON PEAKIIUU B OOBEM PacTBOPA,

4 — XUMUYECKHE PEaKIuu B 00beMe pacTBopa.

N3BecTHO, UTO MpU HAIWYMHU psAJla MOCIEI0BATENIbHBIX CTAUN JIH-
MUTHPYIOLIEH CTaJuel CyMMapHOro Ipolecca BBICTyNaeT Haubojee 3a-
MEJIJIEHHAS CTaJus, Yane Bcero 1-1 unm 2-4.

Bwvibop mamepuana snexkmpooos

[Ipupoma Marepuana »3JIEKTPOIOB, €ro MOJANOTOBKAa OKA3bIBAIOT
OoJbIIIOE BIMSIHUE HA HAMpaBJICHHE W X0 peakuuii. OOume mpasuia npu
BBIOOpE Marepuaia:

1. YcroiunBOCTh 31EKTPOJA B Mpolecce 00pabOTKU U BOBMOKHOCTh
JUTUTEIBHON SKCIUTyaTalUu.

2. IlpoayKThl pa3pyllieHHUs 3JIEKTPOJOB HE JOJDKHBI 00J1a/laTh TOK-
CUYHOCTBIO.

3. BrIcokast 37IEKTpOIIPOBOIHOCTD U MEXaHUYECKASI IPOYHOCTb.

4. OtHOcUTeNbHAS JOCTYHOCTh U OTHOCHUTEIBLHO HEBLICOKAsI CTOU-
MOCTb MaTepHania.

AHOObL

B kadecTBe aHOIIOB HMCIOJIB3YIOT MaTepHalbl, KOTOPbIE B BOJHBIX
pacTBopax 00J1aJatl0T YCTOMYMBOCTBIO MPU MOTEHLUMAIAX BBLACICHHS KH-
CJI0poJa.

B kucnbix pactBopax 3TO NOTEHIMANBI MOJOXHUTENbHbIE (+1,23B ), a
B mienovnsix + 0,4 B. B 370l 0051aCTH MOTEHLIMATIOB YCTOMYMBBI Tpadur,
OKCH/JIbI HEKOTOPBIX METAJIOB, a TAK/KE€ METAJUIBI IJTATUHOBOU TPYTIITHI.

OObIuHO TpadUTOBBIE FIEKTPOAbl MU3rOTABIMBAIOT MYTEM IPOKAJIH-
BaHMsI U3MEIbYEHHBIX YIJIEPOJUCTHIX MaTEPHAIOB (aHTpaIuTa, KOKca, Ka-
MEHHOYTOJIbHOM cMoJibl). OOXHI — B TpU CTaauud TIPU TEMIIEpaType
2400 °C ¢ momydeHHEM MCKYCCTBEHHOro rpaduTa ¢ KPHCTAILIMYECKOI
cTpyktypoil. Hemoctatok rpadura — nopucrtas ctpykrypa. O0bem mop —
10 25-30 %. Jiigs yMEHBIICHUS OP OCYLIECTBIISIIOT HPOIKUTKY aHOJIOB pa3-
nUYHbIMUA Matepuasiamu. K HeocTtatkaM cieayeT TakKe OTHECTH MEJIJICH-
HOE pa3zpylieHue 3a cuet okucienus rpaduta 10 CO, u CO.

M3 OKCHMIOB METAIIOB Yallle BCETO MCIONB3YIOT MarHETUT — JBOW-
HOU okcuj xene3za FeO.Fe,O; (mojiyyaroT U3 MIMXThI, MPEICTABISIONICH
IpUpoaHbIN MarHeTut). Yem Oonbie conepxkanue Fe,Os, Tem 00mbIie me-
XaHHUYCCKasd IMPpOYHOCTDb JIMTOI'O MArHe€TUTaA.
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B Hacrtosmiee BpeMsi 04eHb TPOYHBIC aHOJIBI MOTYYarOT Ha OCHOBE
TUTaHA : Ha MMOBEPXHOCTh METAJJIa HAHOCST CJIOW BBICIIUX OKCHIOB pyTe-
HUS WIK KOOajabTa, OKCHJbI MOJYYalOT IyTEM TEPMHUYECKON 00paboTKH
(mpu 360-400 °C ) kapOOHATOB MM HUTPATOB METAILIOB, HAHECCHHBIX HA
IMOBEPXHOCTh Me.

[Ipu 3TOM €1O# OKCUIOB COCTABIISIET MUKPOMETPHI.

Kamoowi

TpeOoBaHus K HUM C TOYKH 3PEHHUS YCTOMYMBOCTH MEHBIIIE, YeM K
aHonaMm. OCHOBHOM TMOKa3aTeslb — BEJIMUMHA MEPEHANPSKEHUS TTPU BbIe-
neanu H, _ nyp
Martepuan Pt Fe Ni Zn Pb C Cu
AIEKTPOJIa

Ny, B 0,35 | 0,7 0,63 1,3 1,47 | 1,1-1,34 | 0,8

[lepenanpsbkeHue ny, MPU BBICICHUU €r0 Ha Pa3IUYHBIX AJICKTPO-
Jax MpUBeIeHO BhImIe. [0 BenwmamHe Ny, SIEKTPOTHBIC MaTepUAIBI pa3e-
JIIFOTCS HA 2 TPYIIIbI:

— obnagaronire HU3KuM ny, (Fe, Ni u ap.);

— o0najaroIue BEICOKUM Ny (Zn, Tpadut u ap.).

Ecnu Beqymiyro posib UrpaeT aHOIHBIN MPOLiece, TO €CTh JEeCTPYKIUS
3arpsI3HUTENCH, U3 COOOpaKCHHU YHEPTreTUUYECKUX 3aTpaT BhIOMpAIOT Ma-
TepHuabl MEPBOU TPyNIbl. ECIM mpu OYKMCTKE CTOYHBIX BOJ MpeobagacT
KaTOJHBIN Tpoliecc (Beiaenenrne Me u ap. ), 1eaecoo0pa3Ho UCTIOIb30BaTh
AJIEKTPO/Bl C BBICOKUM TIEpPEHANPSDKCHUEM TP BBIACICHUU BOJIOPOJA.
Breime yxe orMedanack HH3Kas MPOU3BOIUTEIBHOCTH JJICKTPOIU3EPOB,
O0COOEHHO C TIOCKUMU JJICKTPOJIAMH.

Jliist yBenWueHusT MHTEHCHUBHOCTH TIPOIIECCOB W3BJICUCHUS IICHHBIX
KOMITOHEHTOB W3 CHJIbHO Pa30aBIICHHBIX PAaCTBOPOB HCIOIB3YIOT 00beM-
Hble 91eKkmpoosbl. [IpuHUn paboThl JIEKTPOIU3EPOB C TAKUMHU DJIEKTPO-
JaMH 3aKJII0YaeTcss B TOM, YTO IOJBEpPraeMblii 00paboTKe pacTBOp Mpo-
MyCKalOT 4epe3 KaHaIbl B TeJI€ OOBEMHOT0 JIEKTPOa, TOTSHITHAT KOTOPO-
ro MOAJECPKUBAIOT HA YPOBHE, OOECIIEUMBAOIIEM MPOTEKAHUE MPOIECCa C
MaKCUMaJbHO BO3MOXKHOW CKOPOCTBIO, TO €CTh NP MPEACIbHOU CHIIC
muddysuorHoro Toka. IMeroTcs Tpu THma OOBEMHBIX AJIEKTPOJIOB: IIja-
CTUHYAThIC; 00BEMHO-TIOPUCTHIC; TICEBI00KHUKEHHBIE.
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TpexmepHblil KAMOO NAACMUHYAMO20 MUNA

OTOT 3MEKTpoi NpeAcTaBisier coOoi OJOK M3 IIIACTUH, PaCIOJIo-
KEHHBIX NEPIECHIMKYISPHO aHOAY; IJIACTHHBI Pa3JesIeHbl 1aiidaMu TaKUM
0o0pa3zoM, 4TO MEXAY COCCOHUMU IJIaCTUHAMHU OCTAETCs 3a30p AJiA MpoTe-
KaHHs pacTBOpa B HANpPaBII€HUH, NMEPHEHAUKYISIPHOM MPOTEKAHUIO HIIEK-
TPUYECKOTO TOKA.

YcnoBust mogOMparOTCss TAKUM 00pa3oM, 4TOOBI OBLIIO BO3MOYKHO TTO-
ay4yaTb Me B mopoikooOpazHoit gopme. Me ynansitoT U3 HUKHEH 4acTH
anmapara, T1e OCaKIAI0TCA YacTHUIlbl, OTOPBABUIMECS OT Karoda MoJ Aei-
CTBHEM CHJI TAKECTH.

Ob6vemHo-nopucmole 31eKmpoobl

DTO HACBIMHBIE AMEKTPOABl U3 U3MEIBYEHHOTO AJICKTPOIPOBOAHOIO
maTepuana ( rpanys Me , yacTull Wid BoJOKoOH rpadura). Karoauslii snek-
TPOJ COCTOUT U3 KaMephbl, K OOKOBBIM MephOpHUPOBAHHBIM CTEHKaM KOTO-
pOil mpuxaT ciiod yrierpadUuToBoro Marepuania, CiaysKamero 1eKTPOIOM.
BosoknucTsie yrierpauTroBbie MaTepHasibl IMOJYYalOT MPOKAIUBAHHEM
TEKCTUJIbHBIX MAaTEPHUaJIOB HA OCHOBE BUCKO3BI.

OOpabatbIiBaeMblii PacTBOP, MPOXOJS MEKIY YIVIEPOAHBIMH HUTSIMU
B HaINpaBJICHUH, NapajIeIbHOM MPOTEKAHUIO 3JEKTPUUECKOI0 TOKA, MOJ-
BEPracTcs DIICKTPOJIN3y. Meraul, OCaXIEHHBIM Ha TAaKOW BJIEKTPOMI, NPU
BO3MOYXHOCTH TIOJIBEPTaeTCs MPSMOil MJIaBKE BMECTE C OCHOBOM.

llcesooooicudicennvle anekmpoovl

OTO MOJBUKHBIE CIION 3JIEKTPOIPOBOJAHOIO TUCIIEPCHOIO MaTepraia
(Me, rpadura), KOHTAKTHPYIOILLKE C PACIIOJIOKEHHBIMU B 00BbEME CJI0SI TO-
KocOOpHUKaMU. /luameTp oTBepcTuil B TOKOCOOPHHUKE MEHBIIE JUAMETPA
4aCcTHUIl MOJABMKHOTO cjiost. CKOpPOCTh JABMXKEHHSI MMOTOKA TAaKOBa, YTO OC-
HOBHAs Macca 4acCTHUIl HUPKYJIUPYET OT BEPUIMHBI CJIOS K OCHOBAHUIO, TO-
CTOSIHHO KOHTaKTUPYS C TOKOCOOPHHUKOM.

Yemanosku ons anexmpoxumuueckoi 04ucmKu CIo4HbIX 600

Dnekmponuzepsvl — yCTPOHUCTBA, B KOTOPBIX MPOU3BOISAT T€ HIIA UHBIE
IIPOIIECCHI ANEKTPOXUMHUUECKOTO BO3/ICHCTBHS HA BOJHBIC PACTBOPBI.

ITon nelicTBHEM AJIEKTPUYECKOrO TOJSI MOJIOKUTEIBHO 3apsKEHHBIE
MOHBI MUTPUPYIOT K OTPHULIATENILHO 3apsKEHHOMY 3JICKTPOAY — KaToAy, a OT-
PHLIATETIHHO 3apsHKEHHBIE HOHBI — K MOJIOKUTEIILHOMY AJIEKTpoy — aHoAy. Ha
ANIEKTPOJIaX MPOUCXOIUT TIEPEX0]] AMMEKTPOHOB. Katoy oTnaer »1eKTpoHbI B
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pacTBOp, U B TIPUBJIEKTPOTHOM MPOCTPAHCTBE MPOUCXOJIST MPOLECCHI, CBSI3aH-
HBI€ C MPUCOEIMHEHUEM 3JIEKTPOHOB K PEarupyromyM 4acTULaM — 80CCHIA-
HoGNeHue. B TPHUAHOMHOM TPOCTPAHCTBE MPOTEKAIOT MPOIECCHl MEpPEeHOca
AJIEKTPOHOB OT PEATUPYIOLIUX YACTHIL K JIEKTPOIY — OKUCACHUE.

WNHorna »neKkTpoasl pa3feisioT MOMYIPOHUIIAEMOM MEeperopoaKoi
(mmadparmoit). Torna noctynaroinasi Ha 06padbOTKy Bojia JMO0 MOC/IEI0Ba-
TENBHO MPOXOAUT KXY UX JBYX 00pa30BaBIIMXCS Kamep, JTUO0 UPKY-
JUPYET B OAHOU MX HUX.

B 3aBucuMocTy OT mpupoAbl IPOLIECCOB, MPOTEKAIONIUX B TAKUX afl-
napatax M 00€CIEeUMBAIOIINUX W3BJICUCHUE WM OOE3BPEKMBAHME 3arpsi3-
HSIOIIMX KOMIIOHEHTOB, 3JIEKTPOJIU3EPHI Pa3IesioT Ha CIASAYIONINE TUIThI:

- 3JIEKTPOPIOTATOPHI;

- DJIEKTPOKOATYJIATOPHI;

- BIEKTPOAUAIN3ATOPBI;

-3JIEKTPOIU3EPHI IJIsl IPOBEACHUS PEAKINII OKUCIICHHS U BOCCTAHOB-
JICHHUSL.

[Tpu pacuere NEKTPOIU3EPOB ONPEAEISIOT:

- TIOJIE3HBIA 00BEM AIIEKTPOIH3EPA;

- IOBEPXHOCTH IEKTPOJIOB;

- Harpy3Ky Io TOKY;

- pacxo YHEPTrUu Ha 00pabOTKY BOJIBI.

Jlst pacueTa HEOOXOAMMBI CIICIYIOIIUE OCHOBHBIC TAHHBIC!

- pacxo/i CTOYHOM BOJIBI;

- o011ee colep)KkaHue MUHEPAIBbHBIX COJIEH W 3arpsi3HSIOMIMX KOM-
IIOHEHTOB B HEl;

- BpeMsi 00pabdOTKHU BObI.

O0BeM FIEKTPOIH3Epa OMPenesioT Mo Gpopmyie

Van— Q.t,
e O — pacxoJ CTOYHOMN BOMIBL, M'/C; ¢ — BpeMs 06paboTKH, C.
Harpysky 1o ToKy HaxoJsIT OpUEHTUPOBOYHO U3 BBIPAKEHUS

I1=g.C,B.0 /1,
IIe g — TEOPETUUYECKOE KOJIMYECTBO INEKTPUUECTBA, HEOOXOAUMOE IS
00e3BpEeKMUBAHUS WJIM OYHUCTKH OT 3arPSI3HUTEIIS U OMPEALSIAEeMOE 10 3aK0-
ny ®apanes; B, — BbIX0JI 110 TOKY, 10JH €., C, — UCXOAHAs KOHIICHTPAIIUS
3arpsA3HSIOLIETO KOMIIOHEHTa B CTOYHOM BOJIE.
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Obwas nosepxHocms anekmpooos S =V [ 2d, rae d paccrosiHue Me-
KTy DJIEKTPOJIAMHU.

Ecnu u3 npeaBapUTENbHBIX 3KCIEPUMEHTOB W3BECTHBI BBIXO/I IO TO-
Ky U YJeJIbHasl CHJIa TOKA, TPUXOIAIIAsACA Ha €JUHUILY TTOBEPXHOCTH DJIEK-
TpoJa ( TJIOTHOCTh TOKA) , TO MOBEPXHOCTh JEKTPOJOB MOXET OBITH OIl-
peneneHa u3 Boeipaxenust S = I/ j, rae I — oO1iast Harpy3ka 1o TOKy Ha ari-
rapare, a j — INIOTHOCT TOKa, a/M".

Pacxon sHeprum Ha 2JIEKTPOXMMHYECKYIO OOpabOTKYy — OCHOBHAs
BEJIMYMHA, ONPEIENAIoNnias SKCIUTyaTallUOHHbBIE 3aTpaThl HA YCTAHOBKHU U
MX KOHKYPEHTOCTIOCOOHOCTh. Pacxos sHepriu W oObIdHO OTHOCAT K 1 M’
OYHMIIAEMOM BOJBI WM K €UHHUIIE MACChl U3BJIEYEHHOTO BellecTBa. W or-
peneNsieTcsl HamnpsHKEHUEeM Ha JJIEKTPOJax, PACCTOSHHEM MEXIy HHUMH,
YACIBbHBIM CONPOTHBJICHUEM W JPYTHUMH XapaKTepHUCTHKaMU 00padaThI-
BAEMOU BOJIbI

W=gq,,.U,
TJIE ¢»; —KOJHYECTBO JIEKTPHUUECTBA, 3aTpaueHHOe Ha 06paboTKy 1 M Bo-
11, U —HanpsKeHUE Ha AJICKTPOJIM3EPE.

OOmiee HampsDKEHUE Ha anmaparax dSJIEKTPOXMMHUYECKON OUHMCTKU
BOJbI CKJIAJBIBAETCS M3 TEOPETUUYECCKOTO HANPsDKEHUS, MEepPEHANPSHKCHUS
Ha PJIEKTPOAaX, KOHLEHTPALMOHHON MOJISPU3alNK, HaJCHUS HaNPSKEHUS
B DJICKTPOJIUTE, HA AuadparMe, JeKTpoaax U KOHTAKTaxX

U=E,— E; _+na-+nk+ dEy + dU,,+dUd + dU, + dU,, B,
rae E, — E; — TeopeTudyecKkoe HampsiKeHUE, paBHOE pa3sHOCTH TePMOIMHA-
MUYECKUX (00paTUMBbIX) MMOTEHIIMAJIOB aHO/Aa U KaTO/a;

na v nk — nepeHanpspKeHUe Ha aHOJIE U KaTOoJIE;

dE cony — KOHIICHTPALMOHHAS TTOJISIPU3AITHS

dU,, — majieHne HaIPsKEHU B 3JIEKTPOJIUTE;

dUd — nagenue HanpspkeHus Ha nuadparme Ui MeMOpaHe;

dU; n dU, — najieHre HanpsDKeHHS Ha AJIEKTPOJax M KOHTAKTaXx.

4.8. PannonaibHOE MCNO/Ib30BAHME BO/BI
PanyoHaneHOE MCIONB30BaHUE BOJHBIX PECYPCOB HA IPOMBIIUIEHHOM
OPEINPUATHH XapaKTepU3yIoT cieayomue haktopsl [6, 13]:
— 00beM MPUMEHEHUs! O€3BOJHBIX TEXHOJOTWH (JAeT BO3MOXHOCTH
COKpaTUTh MPUMEHEHHE BOJIbl U YMEHBILIUTh KOJUYECTBO CTOUHBIX BOJ);
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— pa3MellleHne MPOU3BOJACTBA, OOECIEUMBAIOIIEE MOCIEA0BATEIIBHOE
MHOTOKPAaTHOE HCIIOJIb30BAaHUE BOABI B TEXHUYECKOM IIPOU3BOACTBE (CO-
KpalleHUE UCIIOIb30BaHUSI CBEXKEMN BOJIbI);

— YPOBEHb COBEPIIICHCTBA METOJIOB JIOKAJIbHOM OYMCTKU CTOYHBIX BOJI
(CokpailaeT KOJIMYECTBO 3arpsi3HEHUI B CTOUHOM BOJIE);

— pa3zereHue BOJIOXO3SUCTBEHHOW CHUCTEMBI Ha TPYIIbI JOKAIbHBIX
3aMKHYTBIX CHUCTEM TEXHUYECKOTO BOJIOCHAOXKEHUS, IMO3BOJISIOIIUX OCYIIe-
CTBUTh OYMCTKY CTOYHBIX BOJ] B COOTBETCTBUU C TPEOOBAHUSIMH 0OOOPOTHOTO
BOJOCHA0KEHHUSI, BKJIIOUAsl CAHUTAPHO-TUTUEHUYECKUE M TEXHOJIOTUYECKHE
MOKa3aTenu;

— ONTUMU3AIMS TTPOLIECCOB BOI00OECTICUCHHS M BOJIOOYUCTKH (TI0/1a4a
U pacripe/iesIeHUe BObI 111 TEXHOJIOTHYECKUX OTepaluii MpoOu3BOACTBA, pe-
reHepamus oTpabOTaHHBIX PACTBOPOB, U3BJICUCHHE M3 CTOYHBIX BOJ U YTH-
JU3alMs EHHBIX OTXOJ0B, CO3/JaHNE JIOKAJIbHBIX CUCTEM 00OPOTHOTO BOJIO-
cHa0xeHust, 00paboTKa 00OPOTHOM BOJIbI, 00€3BPEKUBAHUE OCAIKOB U JIP.);

— IIOJIHOTA UCIOJIb30BaHNa BP mpOMBIIUIEHHOTO y371a, BKIFOUAKOIIETO
MPUMEHEHUE CTOYHBIX BOJ TOpOJia W MNPOMBIIIICHHBIX MNPEANPUSITANA Ha
3eMJIEACTBYECKUX MOJIAX JJIsl OPOILICHUS U APYTUX 0ObEKTaXx.

CtpykTypa BOJOCOEperalmmux MEPONPUATUA TpeACTaBiIcHa Ha
puc. 4.14.

IIpomsblnuieH-
Hononuau- HO€E BOJO- Cogep- besBoanbIe 1
ToBepxHo- [—| TeIbHBIC cHa0xeHue IIEHCTBO MAaJIOBOJHEIE
CTHBIN cTok [1 | HCTOYHMKH | TEXHOJIO- MIPOIIECCHI
rui
—— DKOHOMHOE II0-
TpeOIeHnE BOIBI
Jloounienue Coxparue- Cokparienue p
TOPOJCKUX T T y;[eJILH06r0 BO-
CTOYHBIX BOJ JIOIIOTPEOIEHUS
TpebneHus p YBennueHne enu-
CBEXCU |—| HUYHBIX TIPOU3BOJICT-
D BOZLBI BEHHBIX MOITHOCTEMN
IIaXTHBIE BOJBI | besorxonnoe
06 pecypcocte- ABTOMaTH3anUIg
o OpPOTHEIC pexeHue IPONECCon 1
sona CHCTEMEBI BO- | yTIpaBITeHHs
JIOCHAOKEHUS

Boprba ¢ Hemporu3BoI-
CTBEHHBIMH PacX0JaMu
BOJIBI M yTE€UKaAMHU

Puc.4.14. Cmpyxmypa 6o0docbepezarowux meponpusimuii
8 NPOMBLULIEHHOM 8000CHAOMCEHUU
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[ToaToMy HEOOXOAUMO KapAMHAILHOEC M3MEHEHHE TEXHUUYECKUX CXEM
IIPOM3BOICTBA, IIIMPOKOE BHEAPEHNUE MAJIOBOJIHBIX M OC3BOIHBIX CXEM, a TaK-
K€ CO3JIaHUE 3aMKHYTBIX, O€30TXOJHBIX IHKIOB TO3BOJUT OJHOBPEMEHHO
PEIIUTh JIBE BaKHEHINIME 3a7a4i: YMEHBIIICHUE YJICITBHOTO BOJONOTPEOICHUS
Y 3alUTa ITPUPOIHBIX BOJHBIX CUCTEM OT 3arpsi3HCHUS UX TTPOMBIILICHHBIMUA
crokamu. Ha puc. 4.15 nipencraBieHbl OCHOBHBIE CXEMbl OOOPOTHOTO M TI0-
BTOPHOI'O HCITOJIb30BAHUS BOJIbI B IPOMBIIILJIEHHOM BOJIOCHAOKEHHH.

Quonmn TQ o Qe
e o I o Ou |
Y
Qr=Qo5+Qc6+Qo6
Qror=Qos+Qco Qos

a) obopomnas

Q6Bl Q6B2
Qn T T Qcﬁ
e || M J| m J os |
QH=ZQ6B+Q66
0) nogopomnas Qo1 Qo2
QHOH Y Ou T QC6
Hc |1 | om | Ou

A

QH=Q6B+QC6+Q06 oo

8) KOMOUHUPOBAHHASA

Puc. 4.15. Cxemvl 8000CHAbOMCEHUS NPOMBIUIEHHBIX NPOU3BOOCHIE.
On — pacxo0 600vi nocmynaioweti Ha npeonpuamue;, g, — 00vem
6e36036pamHo nomepsHHOU 600bl (ucnapenue u m.n.);, Qs — 00vem
cbpacwigaemoii 800bl;, Oy — 06vem 0bopomuoil 600bl;, Qo — 006veM
ceediceti 600bl HA nOOnumKy obopomnoti cucmemvl; U, — ucmounux
ceedxcerl 6oovl; 11, 111, 112 — npomsiuwnennoe npouzsoocmeso, Ou —
OUUCHBLIE COOPYHCEHUS.
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Buenpenue o00OpOTHOrO BOJOCHAOXKEHUS CYIIECTBEHHO 3KOHOMUT
pacxojl CBEKEW BOJBI, CHIKAET COPOC 3arpsI3HSIONINX BEIIECTB B MOBEPX-
HOCTHBIE BOJIOEMBI.

Oxpana 6000emo6 om 3a2ps3HeHUsi CMOYHbIMU 800AMU

OCHOBOM BCEro KOMIUIEKCAa MEPONPUATHHA MO OXpaHE BOJOEMOB OT
3arpsi3HEHUS] CTOYHBIMU BOJIAMU SIBIISIFOTCS:

— CO3/1aHHE U PA3BUTHEC 3aMKHYTBHIX CHUCTEM MPOMBIIUICHHOTO BOJIO-
CHAOKEHMUS,

— MIPUMEHEHHE MAJIOBOJAHBIX M OE€3BOJHBIX TEXHOJOTHYECKUX MPO-
1eccoB U d(PGHEKTUBHBIX CIIOCOOOB OUYUCTKU HAYaJIbHBIX TTOTOKOB CTOYHOM
BOJIbI C YUE€TOM ITOBTOPHOI'O X MCIIOJIH30BAHUS.

Ha ocHoBanum TpeOOBaHMI TEXHOJOTMUECKOTO MPOM3BOJCTBA HA
Ka)KJIOM €ro CTajuu OmpeAcisitoTcs TpeOoBaHUs K KauecTBY Bojbl. Ha oc-
HOBAaHUU TPEOOBAHMI K KAUE€CTBY HCIOJb30BAHHOW BOJLI MPUHUMAIOTCS
pelIeHud M0 METOAaM JIOKAJIbHON U LEHTPAIU30BAHHOW OYHUCTKH CTOYHOU
BOJIbI, COCTABJISIOTCS TIEPEUHH 3arPs3HAIONINX BEIIECTB, COpachIBA€MbIX B
OTKPBITHIE BOJOEMBI U TOPOJICKYIO KaHATU3AITHIO.

Yenosus copoca cmounwvix 800 6 6000embl

JlomycTuMblli cocTaB cOpPachIBAEMBIX CTOYHBIX BOJI PACCUMUTHIBAIOT C
ydyeToMm TpebGoBanmii «[IpaBmi oXpaHbl MOBEPXHOCTHBIX BOI». Pacuer mo-
MyCTUMOUN KOHIIGHTPALIUM MPUMECEH B CTOYHBIX BOJaX, COpACHIBAEMBIX B
IIPOTOYHBIEC BOJIOEMBI, TIPOBOSAT B 3aBUCUMOCTH OT IIPEO0JIaTarOIero BU-
J1a IpPUMECEN CTOYHBIX BOJ U XapaKTEPUCTUK BOJIOEMA!

CCT. < C<I> +n (HI[K — Cq)),
rae Ce, u Cy — KOHIEHTpaUs 3arps3HAIOIIEro BEIleCTBa B CTOYHON BO-
Jie ¥ B PAacUeTHOM CTBOpE JI0 cOpoca B HEro CTOYHBIX BOM, T/M; 1 —
KpaTHOCTh pa30aBJeHUs CTOYHBIX BOJ B Bojie BojgoeMa. boisiee moapoOHO
3TH BOMPOCHI paccMOTpeHbl B paznene S. [IJIK 3arpsa3ugiommx BemecTn
MPUHUMAIOTCA B 3aBUCUMOCTH OT Ha3HA4YEHHS BOjoeMa (PhIOOXO3SUCT-
BEHHOTO, XO3SMCTBEHHO-TIUTHEBOTO M KYJIbTYPHO-OBITOBOIO Ha3Hade-

HUs1) — TadII. 4.6.
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Tabmuua 4.6

HpCI[CJ'H)HO AOITYCTHUMBIC KOHLCHTPpAIINH BPCAHLIX BCIIICCTB

B BOJ € BOAHBIX 00BEKTOB XO3SHCTBEHHO-ITUTHEBOIO

U KYJbTYPHO-OBITOBOTO BOJOMOJIb30BaHMUS [ 8]

Knace IIpenensnO Kiace [IpenensHO
JOTTY CTUMast JIOTTy CTHMast

BemectBo omnac- BemectBo omac-

HOCTH KOHIIEHTpa- HOCTH KOHIIEHTpa-

LML, MI/JI LML, MI/JT

AmMMuak Harpuit II 200,0
(o azory) 11 2,0 HedrenpoaykTsr v 0,1
AmMoHUS cynbdar
(o azory) 111 1,0 Hukenn 111 0,1
AKTHUBHBII XJIOp 11 OTcyT. HuTtpatel (NOs) 11 45,0
Aneron III 2,2 Hutpursr (NO3) II 3,0
benzon II 0,5 PryTh I 0,0005
Jnxmopatan II oay 0,02 CBuHeIn II 0,03
Kemeszo 111 0,3 Cemen II 0,01
Kanmuit II 0,001 Cxununap v 0,2
Kanponakram v 1,0 denon v 0,001
Kobanbt II 0,1 Xpom (Cr') I 0,5
Kpemumii II 10,0 Xpom (Cr6+) 11 0,05
Mapraneng II1 0,1 uux II1 1,0
Menn 111 1,0 OTUJICHTTIUKOJIb 111 1,0

4.9. OxpaHa nNOBePXHOCTHBIX U MOA3€MHbIX HCTOYHUKOB
BOJIO0CHA0KeHHUs HaceJieHusi Poccuy nuThbeBoM BOOM
Ouyenka ucmounuxos. Poccus sSBIsieTcs ogHOM U3 Hanbojee odecrie-
YEHHBIX BOJHBIMU pecypcamu CTpaH, pacnojaras ooisiee yeM 20 % mupo-
BBIX 3aI1aCOB MPECHBIX NOBEPXHOCTHBIX U TOA3EMHBIX BO/I.
CpeTHEMHOTOJIETHUE PECYpPChl PEUYHOTO CTOKa Poccuu COCTaBISIOT

4262 kM / . 10 % MHPOBOTO PEYHOTO CTOKA, U3 KOTOPBIX ~ 90 % IpHXo-
mutcs Ha Oacceiin CeBepHoro JlemoButoro m THXOro OKeaHOB, Me-
Hee 8% — Ha Oacceitn Kacnmiickoro n A3zoBckoro mopeit, ~ 2 % — Ha Oac-
cerH YepHOoro mMops.

I1o BOZ00GECIIEYeHHOCTH Ha OHOTO skutens (~78 m/cyT.) Poccns 3a-
HUMaeT BTopoe MecTo B mupe (nocne bpaswnmmn). [Iporno3neie 3anachl moi-
3EMHBIX BOJ OLICHHBAIOTCS B 360 KM/T., U3 KOTOpBIX 28,4 KM/T. — pas3BenaH-
HBIE 3aI1achl VIS XO3IMCTBEHHO-ITUTHEBOIO BOIocHAOXKeHu s [7, 9, 10].
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B Poccum cBbiiie 2,5 MitH pek, 0onee 2 MilH o3ep, 6osiee 300 ThiC.
BOJOXpaHWINII, 37 KPYIMHBIX CUCTEM MEK0acCeMHOBOIO Tepepacnupeiese-
HUs CTOKOB. Pacrnosiaras TakuMu 3HAYUTENBHBIMU BOJHBIMH pECYpPCaMH U
WCIIOJIB3YSl UMb OKOJIO 3 % PEYHOro CTOKa €XXeronHo, Poccus B psne pe-
THOHOB HCTBITHIBAET OCTPHIN neduiuT B Boje (Tak, B HanboJjiee pa3BUTHIX
Y 3aCEJICHHBIX [EHTPAIBHBIX U FOKHBIX peruoHax cocpenoroyeHo a0 80 %
HaceJIeHUs: U Bcero ~8 % BOJHBIX PECYPCOB, K TOMY K€ XapaKTEPU3YHO-
HIMXCSl HU3KUM Ka4eCTBOM BOJI, OCOOCHHO MOBEPXHOCTHBIX). [TpakTuuecku
UCYEpIIaHbl BOZMOKHOCTH O€3BO3BPATHOrO0 BOJOOTOOpa B OacceiiHax pek
Hon, Tepek, Ypain, Ucers, Muacc u ap.

Knaccuguxayus  3aepsasnumenei  uUCmMoYHUKO8 NUMbEBO2O B000-
CHabceHus. 3arpsi3HEHHE UCTOYHMKOB MMEET MPUPOJIHOE U aHTPOIIOreH-
HO€ MPOUCXOXK/ICHHUE.

[Ipupoanbie 3arpsA3HUTENH.

Boja moBepXHOCTHBIX MCTOYHUKOB HE SIBJISIETCS XMMHUYECKU YHUCTOM
U COIEPKUT PA3IUYHBbIC MPUMECH. XapaKTep 3TUX MPUMECEH 3aBHCHUT OT
psna GakToOpoB, TAKUX KaK:

— MUTAaHAE UCTOYHUKOB;

— IIOYBEHHO-T'€OJIOTHYECKHUE YCIOBHS;

— KJIMMAaTHYECKHUE U IPYTUE IPUPOIHBIE YCIOBHUS;
— XO34MCTBEHHAs JIEATEIbHOCTh YEJIOBEKA.

1. I3 mpupoaHbIX MEXaHUYECKUX IPUMECEN BOBI CIENYET OTMETUTD
YaCTHUIIbI MIECKA, TJIMHBI, W4, CMBIBAEMbIC C OEPETrOB U MOJHATHIC TEUCHUEM
co JHa BojoeMOB. KoHIleHTpalus TakKuX YacTHI JUIsl Pa3IMuHbIX MOBEPX-
HOCTHBIX BOJIOUCTOYHHUKOB HEOJMHAKOBAa U JaXE IJI OJHOTO MCTOYHHUKA
MOKET MCHATLCA B 3aBMCUMOCTH OT BPCMCHH IO4a. HGOHHH&KOB& " KpYII-
HOCTb yacTuIl. Tak, j1s paBHUHHBIX MECT OCHOBHAsI Macca 4acTUIl OOBIIHO
umeeT KpynHocTh MeHee 0,01 MM (KOHILIEHTpalusi 4yacTHul] KoieOaeTcs oT
HesHauuTeabHbIX 10 300 — 500 mr/n B maBOAKOBBIM niepuond). Boasl rop-
HBIX PEK XapaKTEPU3YIOTCS 3HAYUTEIbHBIM COJIEpKaHUEeM 00Jiee KPYITHbBIX
YaCTHII, a UX KOHIeHTpanus goxoauT a0 20-30 r/m.

KpymHble 4acTHUIBI IPH CHOKOMHOM COCTOSTHUM MOTYT OCAXKAAThCs, a
gactuibl MeHee 0,01 MM 00pa3yroT ycTOHUMBBIC B3BECH, IS UX OCaXK[e-
Husl Tpedyercs Oosee AIUTEIbHOE OTCTAUBAHUE U NIPUMEHEHHUE CIienalb-
HBIX KOAryJsIHTOB.
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2. BaxxHyl0 poJib B OLIEHKE MPUPOJIHBIX BOJ UI'PAIOT T'YMUHOBBIEC Be-
IIECTBA, IIPUIAIOIINE BOJE JKEITO-3€JIEHYIO, JKEITO-KOPUYHEBYIO OKPACKY,
TO €cTh 00YCIIOBIMBAIOT LIBETHOCTh BOJIbl. B cOCTaB ryMHUHOBBIX BEIIECTB
BXOJSIT BBICOKOMOJIEKYJIAPHBIE COEUHEHMS, 00Pa3yIOIMEC U3 IPOAYKTOB
Pa3NOKEHUS PACTUTEIBHBIX M JKUBOTHBIX OPraHU3MOB (WMJIM HEMOCPECT-
BEHHO B CaMOM BOJE, WIX NEPEXOJALIME B HEE U3 TOP(PSIHOrO U IOYBEHHO-
ro rymyca). ' YMHMHOBBIE COEAMHEHUSI Pa3IUYarOTCs 110 CBOMM CBOWCTBaM,
OJIHHA HaxXOJATCS B BOJE B BHJIE KOJJIOWIOB, IPYTHE — B PACTBOPEHHOM BH-
ne. Oco0eHHO 00JBIIOE KOJMYECTBO TYMUHOBBIX BEILECTB COIEPIKUTCS B
BOJIE PEK CEBEPHOU M cpelHel nosiockl Poccun, mpoTekarmux no Topdsi-
HBIM [10YBaM.

3. B NOBEpXHOCTHBIX BOJAX OOUTAIOT PA3IUYHbIE MUKPOOPTaHU3MBI,
B TOM 4HuCJIie OAKTEPUHU, KOTOPHIE MOTYT SIBUTCSI IPUUUHON pacHpocTpaHe-
HUSL MTHPEKIMOHHBIX 3a00JIeBaHUN (KOJNM-MIATOT€HHAs MAlI0YKa, XOJIEPHBIH
BUOPHUOH H T.II.).

4. Ha opranonenTudeckue CBOMCTBA BOJIbI OKa3bIBACT OTPHULATENb-
HOE BJIMSHHE «UBETCHHUE» — MaCCOBOE Pa3BUTHE BOJOPOCIEH (IHATOMO-
BBIX, CUHE-3€J€HBIX U ApYyTux). OTMHpas, BOAOPOCIN BBI3bIBAIOT IOSIBIIE-
HUE HENPUATHOTO THWJIOCTHOTO 3anaxa. CHIbHBIN 3amax NpUAarT BOAE U
HEKOTOpPBbIE MHKPOOPTraHU3MbI, HAIIPUMEp IUIECHEBBIE I'PUObI, aKTUHOMH-
LETHI U JIp.

5. OUTOIIAHKTOH BBI3bIBAET OCJIOKHEHHE B padOTE BOJONPOBOAHBIX
CTaHIMI: OH IUIOXO 3aJIePKUBACTCS B OTCTOMHUKAX M OCBETIUTENAX, IIO-
TOMY BBIHOCHUTCS Ha (PUIIBTPBI, 3aWJIMBAET UX, YTO BBI3BIBAET HEOOXOIM-
MOCTb YaCTBIX MPOMBIBOK (PMIIBTPOB M CHUXKAET MPOU3BOJUTEIBHOCTH BO-
JIOOYMCTHBIX COOPYKEHUM.

6. Bona 3arps3HsaeTca KpyNHBIMU NPUMECSIMH PACTUTEIBHOIO U KH-
BOTHOT'O MPOUCXOXKACHUS (BETKH, LIeMa, KPYyMHas pblOa, )KUBOTHBIE), YTO
IPUBOJUT K 3aCOPEHUI0 BOA03a00pHBIX cucTeM. lIpumecu opranndeckoro
MIPOUCXOXKACHUS, 3aJEPKUBASICh HA BOJOOYUCTHBIX COOPYKEHHUSIX, MOTYT
PE3KO YXYALIUTh UX CAHUTAPHOE COCTOSIHUE.

7. Bona siBnsieTcs XOpOIIMM PAaCTBOPUTENEM M IIPU KOHTAKTE € IOY-
BaMHM, IPYHTAMH, TOPHBIMH NOPOAaMH 0OOOTraniaeTcss MUHEPaJbHBIMU CO-
JISIMH, TI03TOMY B COCTaB BOJBI MOT'YT BXOAHUTh CaMble pa3HOOOpa3HbIE XU-
MHUYECKHUE COCIMHEHUA.
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Taxum 006pa3zomM, TOBEPXHOCTHBIE BOJIbI IIPEJACTABIISIIOT COO0H CIOAKHYIO
CHCTEMY M MOTYT OBITh BECbMa Pa3HOOOpa3HbI IO COCTaBY U cBoMcTBaM. OJI-
HAKO BIMSTHUE GHMPONOSEHHO20 3A2PAZHEHUS SIBISIETCS OITPEICIISFOIIM.

Bonbl ocHOBHBIX pek crpanbl — Bosru, lona, Kyb6auu, Oou, JleHsl,
[Ieqopbl — OLIEHUBAIOTCA KaK «3arpsi3HEHHBIC», BOJIBI UX NPUTOKOB — OKH,
Kawmsi, Tomu, Upteita, Tobona, Muacca, cetn, Typbl u peku Ypai — Kak
«OYeHb 3arpsizHeHHbIe». Tonbko 1 % BOJbBI MOBEPXHOCTHBIX UCTOYHUKOB
MUTHEBOTO BOJAOCHAOKEHHUSI COOTBETCTBYET HOPMATHBY NEPBOTO Kilacca
KauecTBa JJIsl MUTHEBBIX BOJI03a00POB, YTO TAPAHTUPYET MPHU CYIIECTBYIO-
X TEXHOJOTHAX BOJOMOJTOTOBKH JIOCTHKEHUE TPEOYEMbIX TTOKa3aTeIeu
KauecTBa JJIsl MUTheBOU BOJIBI (TIpuil. 4).

PaifoHbl ¢ MCTOYHHMKAMU MOA3EMHOIO0 MUTHEBOTO BOJOCHAOKEHUS
pacrnpe/iesieHbl Ha TPU TPYIIIbI:

1) paiioHbl, B THAPOTEOJOTUUECKUX Pa3pe3ax KOTOPHIX BBIAEISIOTCS
TOPHU30HTHI C MPECHBIMU BOJAAMH, B €CTECTBEHHBIX YCIIOBHSX MOJHOCTHIO
OTBEYAIOIIUMHU TPEOOBAHUSAM K KaueCTBY MUTHEBOM BOJIbI;

2) paiioHbl, A€ COEpKAHUE KAaKUX-IMOO MUKPOKOMIIOHEHTOB B IIpe-
CHBIX TMOJ3EMHBIX BOJIaX NPEBBINIAET YCTAHOBJIECHHBIC IPEAECITBHO-
JONYCTUMBIC KOHIIEHTpaluu (TaKuX KOMIIOHEHTOB, Kak eJe3o0, (top,
Maprasell, MbIIIbSK U JIp.);

3) paiioHbl ¢ MPAKTUYECKU MOJIHBIM OTCYTCTBHUEM IPECHBIX TMO3EM-
HbIX BOJ (JIMOO MOBBIILICHHAs MUHEpaIu3alus, J100 MOBbIIIEHHAS 00Ias
KECTKOCTD ).

HeoOxoaumMo OTMETHTH, YTO MOBBIINIEHHOE COJCPKAHUE XKejle3a U
MapraHiia, IMOBBIIICHHAs MUHEpalu3alus U 00Ias >KECTKOCThb, a TaKkKe
MOHMXEHHOE cojJiepKaHue (PTopa He ABISIOTCA MPETSITCTBUEM K UCIIONB30-
BAHUIO TAKUX BOJI, TAK KaK MPU OIPUMECHEHUU COBPEMEHHBIX METOJO0B OUH-
CTKH Ka4eCTBO BOJABI MOXKET OBITH JOBEACHO 110 TpeOyeMbIx HopM. B TO ke
BpeMsi JUJIsl psijia APYTUX MUKPOKOMIIOHEHTOB TaKasli TEXHOJIOTHSI OYUCTKHU
HE pa3zpaboTaHa.

Cepbe3Hyr0 mpoOJIEMy TPEACTABISACT MEXHOCEHHOE 3AacpPs3HEeHUe
HOO3EMHBIX 800.

Brigensror Tpu Ki1acca 3arps3HEHHUS:

I xilacc — HE3HAUUTENBHO 3arpA3HEHHBIE MOJ3EMHbBIE BOJbI, B KOTO-
PBIX coliepKaHue 3arpsi3HsAImMX BemecTB coctapimaer 1 — 10 ITJIK neza-
BHCHUMO OT IUIOIIAJIA 3arpsI3HCHUS;
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IT knacc — 3arpsi3HEHHBIC TTOJ3EMHBIE BOJIbI, COJICPXKALIME TPUMECH
ot 10 mo 100 ITAK mpu rtoniaau 3arpsi3HeHUsT MEHee 3 KMZ;

IIT x1acc — o4eHb 3arpsA3HEHHBIE MOA3EMHbIC BOJIbI, B KOTOPBIX CO-
nepskanue 3arpsizastomux eniects 0osnee 10 ITJIK npu miomanu 3arpsi3-
HeHus Goree 3 KM®, a Takke BOJbI ¢ 3arpsisHeHueM Gosee 100 ITJIK Hesa-
BHCHUMO OT TUIOLIAAH 3arPsI3HCHHUS.

B Poccuiickor ®denepanuu BBISIBIEHO U JOCTOBEPHO OXapaKTepU30Ba-
HO Oosiee 2000 y4acTKOB TEXHOT€HHOTO 3arps3HEHHUS MOA3EMHBIX BOJI, B TOM
gucne 1940 yuactkoB (74 %) Ha Tepputopum eBpomneiickoi yactu Poccuu,
~700 yuactkoB (26 %) Ha azuatckoil yactu Poccuu. KadectBo sTux noazem-
HBIX BOJI HE cooTBeTcTBYeT TpeboBanusM CanlluH 2.1.4.559 — 96. Ha yua-
CTKaX OOHApy>XEHO TOBBIIIEHHOE COJEp)KaHUE CYyIbh(ATOB, XJIOPUJIOB,
He(TempoaAYKTOB, (DEHOJIOB, Keje3a, MapraHiia, TSUKEIbIX IBETHBIX METall-
JIOB, Psifla OPraHUYECKUX BEIIECTB [2].

B nepuon ¢ 1985 nmo 2000 rr. Ha Tteppuropun Poccum BBISIBICHO
okoio 500 Bo103a00pOB, B KOTOPBIX HAOIIOAAETCS MOCTOSHHOE WA SITH-
30[IMYECKOC 3arps3HEHUE MOA3EMHBIX BOJ, HO B OOJIBIIIMHCTBE M3 HUX 3a-
TPSI3HEHHE OTMEUYaeTCs JIMIb B OTAEIBHBIX CKBa)XMHAX. bounblias 4actsb
Takux B0J03a00poB Haxoautcs B Camapckoii, [lenseHckoil, OpeHOypr-
ckoii u CBepIsIoBCKO# obJacTsax, XabapoBCKOM Kpae U Jp.

YyacTKu 3arpsi3HEHUs], YrPOXKAKIUe IEHTPATU30BAHHOMY BOJIO-
cHaOKeHUIO, BBIABICHBI B paiioHe roponoB Ilewopa, Kamyra, TonbsarTu,
Camapa, Coi3panb, [laturopck, Hanpuuk, FOxuo-Caxanunck, OpeHoypr,
Open, Yura u gp. (3to cocrabiser 5 — 6 % oOuiero oobema MoJ3EMHbBIX
BOJI, HCIIOJB3YEMBIX I XO3SHCTBEHHO-IIUTHEBOIO BOA03a00pa). OCHOB-
HbIE TIOKA3aTeJId BOJIOTOIL30BaHUS PUBEICHBI B Ta0II. 4.7.

[loBbIlIeHHAs 3aTrPsA3HEHHOCTH BOJbI MOBEPXHOCTHBIX U MOJ3EMHBIX
HMCTOYHUKOB B 3HAYUTEIBHON MEpe CO37acT TPYJHOCTH B MOJTOTOBKE BO-
Ibl U TIOJIaY€ €€ HACEJICHUIO B COOTBETCTBUM C YCTAHOBJIEHHBIMA HOPMATH-
BaMH Ka4eCTBa MUTHEBOU BOJIBI.

Ouucmka 800bl NUMBbEBO2O HASHAYCHUS

Haubonee pacnpocTpaHeHHas cxema OUYHMCTKH BOJIbI BKIIIOYAET Clie-
JYIOIHUE ONEPALINU:

— (ubTpoBaHue (Yepe3 PeUHOM MECOK, IEOJIUT, YT0JIb) WIH OTCTau-
BaHWCE,
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— MEPBUYHOE XJIOPUPOBAHHUE;

— pCarcHTHasi 06pa60TKa BOJbI C IIPUMCHCHHUCM KOAI'YJIIHTOB U OT-

ctauBaHue (Wau GUIBTPOBAHUE);
— BTOPUYIHOE XJIOPHPOBAHUE.

Taomuma 4.7

OcHoOBHBIE TTOKa3aTENIN BOAOTIOTPEOJICHHUS U BOJIOOTBEICHUS
o o 3
1o Poccuiickon ®@eneparuu Ha 2000 r., Mita M~ [ 1]

Hcnonb30BaHo (BOCIIPOU3BOJICTBO) BOIbI

3
OO0BeM, MJIIH M

3a00p BOABI U3 BOAHBIX 00BEKTOB

8 MoM quciue:

MOBEPXHOCTHBIX

MOJI3€MHBIX

3abop u3 o6111ero Bo103ab0pa 118 Iiepepacipeaeie-
HUS CTOKA

Hcnonp30BaHue MpecHON BOIbI

8 MoM uucie:

X035IMCTBEHHO-TTUTHEBBIC / IPOU3BOJICTBEHHBIC HYXIbI
U3 HUX:

MUTHEBOI'0 KauecTBa

Ha opolleHne U OOBOJTHEHHE
CEJIbCKOXO031ICTBEHHOE BOJOCHA0KEHNE

JIpyTrue BUJIbI UCIIOJb30BaHUs (IIPYI0BOE PHIOHOE XO-
3SIUCTBO M T.II.)

DKOHOMHUS BOJIbI 32 CYET 0OOPOTHOI'O U TOBTOPHO-
IMOCJICIOBATESILHOTO BOJOCHAOXKEHU, %0

[ToTepu npu TpaHCTOPTUPOBKE

be3Bo3BpaTHOE BomonoTpediaeHue

BonooTBenenre B moBEpXHOCTHBIE BOJHBIE OOBEKTHI,
W3 HUX: 3aTPSA3HEHHBIX

8 MoM ucie:

0e3 OUHUCTKU

HEJOCTATOYHO OYUILIEHHBIC

HOPMATUBHO YHUCThIE (0€3 OUUCTKH)/HOPMATUBHO
OYUIIICHHBIE

MOIIHOCTH OYHUCTHBIX COOPYKEHUU

85940

69074
12126

8000
61771,4

13585,7/33635,3

3741,5
9319,2
1378,2

3853

77
8464
11300
54800
20700

5100
15600

31700/2500
30368
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Xnop (TUMOXJIOPUTHL U JAp. XJIOPCOAEpXKAIIUE AreHTHI) SIBISICTCS
CWJIBHBIM OKUCJIUTENIEM, JE€3UH(PEKTaHTOM U Je3oAopaHToM. OIHAKO mnpu
HAJIMYUHU B BOJIE OPraHUYECKUX COEAUHEHUU XJIOPUPOBAHHE MPUBOJUT K
00pa30BaHUIO BBICOKOTOKCHYHBIX XJIOPOPraHUYECKUX COCAMHEHMI, B TOM
YHUCJIe TUOKCUHOB.

[IpoBeneHHbIe B MOCieAHEe BpEMsI OOIIMPHBIE UCCIEAOBaHUS MOKA-
3aJid, YTO CYHIECTBYET CTATUCTUYECKU JIOCTOBEPHAsS CBSI3b MEX]y KOHIICH-
TpalMend XJIOPOPraHUYECKUX COCIUHEHUM B NUTHEBOW BOJE U YACTOTOU
CJIy4aeB OHKOJOTUYECKUX 3a00I€BaHU HACEIECHUS.

B cBs3u ¢ 3TUM BO BceM MUpeE MPOBOAMUTCS paboTa Mo 3ameHe, Mo
KpanHeu Mepe, Ha NEPBUYHOM CTaAUK OKUCJICHHS XJIOPA HA SKOJOTUYECKH
YUCTBIE OKUCIUTENH (030H, epokcu Bojgopoaa, KMnOy).

CHmwKeHne KOHIEHTPAIIH XJIOPOPTAaHUYECKUX COCTUHECHUMA B THTh-
€BOM BOJIE BO3MOXKHO MyTe€M COpOIMH, MEMOpPaHHOW OYMUCTKH U T.A., HO
HauOosee 3PGEeKTUBHBIN TpUEM — BOOOIIE UCKIIIOYUTh XJIOPUPOBAHUE Ha
NEpPBOM CTaAWM OKHUCIEHUS, 3aMEHUB XJOPHUPOBAaHUWE HA O30HHUPOBAHHE,
00paboTKy mepokcugaoM Bojopoaa u ap. IlposeaennsiMu B Bal'VY uccre-
JOBaHUSMH TIOKa3aHO, uTo npuMeHenue H,O, — mambomee 3¢ eKTHBHBIN
CIOCO0 OYUCTKH, HampuMmep BoJbl peku Hepinb, B KOTOpOH conepkaTcs He
TOJILKO TYMHUHOBBIE BEILIIECTBA, HO U JOCTATOYHOE KOJIMYECTBO MOHOB JKEJIe3a
U MEJI1, UTPAIOIIMX POJIb KaTalI3aTopa B IEPOKCHTHON OYHCTKE BO/IBL.

YuuteiBasi BCe BO3pacTaroliee 3arpsi3HCHNE MOBEPXHOCTHBIX MCTOYHH-
KOB, JJISl TIOJATOTOBKM BOJIbI MUTHEBOIO Ha3HA4YCHHUsI TPeOyeTcsl MPUMEHEHUE
KOMOWHHUPOBAaHHBIX METOJOB OUYMCTKH: MEXaHUIECKUX + (PH3UKO-XUMHUICCKUX
+ OKHCITUTENNBHBIX; MEXaHUIECKUX + (DU3MKO-XUMHUUECKUX + HOHOOOMEHHBIX;
MEXaHUYECKUX + (PU3NKO-XUMHUYECKUX + MEMOpPaHHBIX U T.J.

OnHa U3 CXeM OYMCTKM BOJBI NMHUTHEBOTO HA3HAYECHHA IPHUBEJICHA HA
puc. 4.16. Boaa nocie Bog03ab0pa MpoXOAUT CMEIIMBAHUE C KOATYJISIHTaAMH,
OTCTaUBAaHUE B TOPU3OHTAILHBIX OTCTOMHHUKAX, IEPBUYHOE OKUCIIEHUE C TIPH-
MEHEHHEM MEPOKCHAA BOJIOpPOJA, (PMIBTPOBAHHE B CMEMIAHHBIX (PUIBTpaX,
XJIOPUPOBAHHE HETIOCPEACTBEHHO Tiepei COPOCOM B pe3epByap YHCTOM BOIBL.

Hckimouenne cOpoca 3arpsi3HEHHBIX CTOYHBIX BOJI, 3alllUTa TPYHTO-
BBIX M TIOJI3EMHBIX BOJI OT MPOHUKHOBEHHS (DUIBTPATOB OT CBAJIOK U MOJIH-
TOHOB — BIIOJIHE PEILIaeMble 3aJauM IJisi COBPEMEHHOTO YPOBHS Pa3BUTHUS
HAyKW U TEXHUKH.
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Puc. 4.16. Cxema ouucmku 600bl NUMbEEO2O HA3ZHAYCHUU

bubauorpadguyeckuii Cnucoxk

1. Anexcees, C. B. BonooTBeneHE W OYMCTKA CTOYHBIX BOJ: yueO-
Huk juis By3oB / C.B. Anekcees, FO.B. Boponos. — M.: ACB, 2002. —
704 c. —ISBN 5-93093-119-4.

2. Tpughonosa, T. A. llpuknannas 3Konorus: yueOHOe mocoOue asis
By30B / T.A. Tpucdonona, H.B. Cenuanosa, H.B. Mumenko. — M.: Aka-
nemripoekt: Tpamunus, 2007, — 380 ¢. — ISBN 5-8291-0502-0.

3. Angheposa, JI. A. 3aMKHYTBIE CUCTEMBI BOJHOTO XO3SIMCTBA IPO-
MBIIIUJICHHBIX MPEANpUsITUN, KOMIUIEKCOB U paiioHoB / JILA. Amndeposa,
A.W. HeuaeBa. — M.: Crpoiinznar, 1984. — 272 c.

4. Poouornos, A.M. TexHuka 3aluThl OKPYKaIOIIEH cpelibl: yYeOHUK
st By30B / AWM. Poguonos, B.H. Kinymun, 1.C. Topouemnuko. — M. :
Xumus, 1989. — 512 c. —ISBN5-7245-0195-3.

5. 3anonvckuii, A. K. KoarynssHTel U (DJIOKYJISIHTBI B IIPOIIECCAX OYH-
ctku Bojbl / A.K. 3anmonsckuii, A.A. bapan. — JI. : Xumus, 1987. — 208 c.

6. Kosanesa, H.I'. buoxuMudeckasi O4MCTKAa CTOYHBIX BOJ MPEAIPH-
atuil xumudeckor npombinieHHoctd / H.I'. Kopanesa, B.I'. KoBanes. —
M. : Xumus, 1987. — 160 c.
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7. Ilanun, B.®. Dxonorust nns uwxeHepa / B.®. Ilanun, A.U. Ce-
yuH, B.JI. ®enocoBa. — M.: Hoocdepa, 2001. — 284 c.

8. OuucTka NpPUPOIHBIX M CTOYHBIX BoJ / moxa pea. JI. JI. Tlaans. —
M.: Beicm. mk., 1994. — 336 c.

9. Poccust B OKpy:KaroleM MHUpEe. aHATUTHYECKUN €KETOMHUK / TI0JT
obmr. pexa. H.H. Mapdenuna. — M. : MHOIITY, 2003. — 335 c.

10. Cemun, B.A. OCHOBBI pallMOHAIIBHOTO BOJIOIOJIB30BAHUS U OXpa-

HBI BOAHOM cpenbl: yued. mocooue it By30B / B.A. Cemun. — M.: Bricm.
mk., 2001. —320 ¢c. — ISBN 5-06-004179-4.

5. MOHUTOPHUHI BOAHBIX OBBEKTOB

5.1. UcTopus pa3BuTHs CJIy:KO0bI HAGIOACHU I

K nauvanmy XX cToJIeTHSI POCCUHCKUMHU THIPOMETEOPOJIOraMHy ITPOBO-
JIUCh METeoposiornyeckue HaOmrojeHus Ha 1416 craHuusx, MOpCKUe — B
121 nynxkre, ruaponoruueckue — B 1134 nmynkrax. CeTh HaOJIIOAEHUM pac-
110JIarajach y>Ke He TOJbKO B €EBPONEHCKON YacCTH CTpaHbl, HO U B 3aKaBKa-
3pe, Cubupwu, JlanbHem Bocroke, Cpenneit Azun. Ho Mexay TeM Kak eu-
Has rOCY/IapCTBEHHAsl CUCTEMa MeTeopoJiornueckas ciyx0a Poccuu toraa
emie He Obuta chOopMHUpOBaHA M CYHIECTBOBAJA JIMIIb B BUIE OTIEIbHBIX
CTPYKTYP, OTHECEHHBIX K BEICHUIO PA3JIMYHBIX BEJOMCTB.

B 1921 r. mereoponoruueckas ciayx6a PCOCP Bkiouana B ceds
I'maBHyr0 (usmueckyro obOcepBaToputo B HapogHoMm kommccapuaTte mpo-
cBeuieHus u ee ¢unuansl B [laBnoscke, ExarepunOypre, Tamkenre, Wp-
KyTCKe, A3pPOJIMHAMUYECKUA MHCTUTYT B KyunHO M OCHOBHYIO METEOpO-
noruyeckyto (reopusudeckyro) cetb PCOCP. B Beaenue ['maBnoit ¢uzu-
YecKor 00cepBaTOpUU OBUTM OTHECEHBI BOMPOCHI METOJINYECKOTO0 PYKOBO-
JICTBAa M KOOPJIWHALIMM METEOPOJOTHYECKUX HAOIIOACHUN JPYTUX y4pex-
JIEHUW U BEJIOMCTB, BEJICHNUE €TUHOMN ISl CTPAHbBI CITY>KOBI TIOTObI, CBSI3b C
aHAJIOTUYHBIMU CITy)K0amu cTpad Mmupa. B 3ToM e rony B coctaB [ 1aBHOM
¢usnueckoit obcepBaropuu ObLI TEpelaH BOCHHO-METEOPOJIOTHYECKUN
otzei u3 Hapoanoro komuccapuara 1o BOSHHBIM JI€JIaM.
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K 1941 r. runpomereoposiornueckas ciiyx0a B CTpaHe IpeACcTaBisia
co00il OOJBIIYI0 HAYYHO-ONEPATUBHYIO CHUCTEMY, KOTOpas OOBEAMHsIIA
pecnyONMKaHCKUE M MECTHBIE YIPABJICHHUS, HAay4YHO-HCCIIEIOBATEIbCKUE
YUPEKICHUS, BBICIINE U CPEJHUE CHIEHHUATIbHBIC 3aBEACHUS, ONBITHBINA 3a-
BOJA TuiapomereonpudopoB, Oonee 200 omepaTUBHBIX OPraHOB CIYKOBI
IIPOTHO30B MOTObl U BOJHOIO PEXHUMa B KPYMNHBIX ropojax, okono 2700
TUAPOMETEOPOJIOTHYECKUX M CIELUUATU3UPOBAHHBIX CTAaHIUNW U OoJee
9000 mocToB, U3AATENBCTBO THAPOMETEOPOTIOTUUECKOMN JIUTEPATYPHI U P
Ipyrux yupexnaenuil. B stor mepuon B cmyx0e padorano oxono 30000
CIIEUATUCTOB.

3HauuTENbHBIA yHIepO HaHecha TuapomeTeocityxoe Bropas mupo-
Bas BOMHA — ObUIO YHUUTOXKEHO 0K0JI0 3900 nmoctoB u cranuuii. [loaTomy
IJIABHOM 3a/layeld MOCJIEBOCHHOIO0 NEPHOJIa CTOSUIO MOJIHOLIEHHOE BOCCTa-
HOBJICHHE JIEATEIbHOCTH CIIYXObl 1 U3BMEHEHHE IPUOPUTETOB B HaIpaBJie-
HUM OOCIY)XKMBaHUS HYXKJ HapOJAHOro Xo3siMcTBa W HacenieHus. Ilocne
1945 r. ycwimnoch BHUMaHUE K OOCTYKUBAHHUIO CEIBCKOTO M BOJHOTO XO-
35UCTBA, THAPOTEXHUYECKOTO CTPOMTENLCTBA, TI'PAXKJAHCKOM aBHAlUH,
MOPCKOTO MapoXO0/CTBAa U psAha IPYTUX Pa3BUBAIOLIMXCS OTpaciael HapoI-
HOT'O XO3fMCTBAa, JajbHEWIIEE Pa3BUTHE IMOIYYWIM HAy4dHbIE HCCIEAOBa-
Hus. PanmonanusupoBaiach ruipOMETEOPOIOruiecKas CeTb, OHa pa3BUBa-
Jach B TaKMX MaJOWU3YUYEHHBIX pailoHaxX cTpaHbl, Kak JlanpHuili BocTok,
Cubupb, ApKTHKA.

B 1956 r. Obina opranr3oBaHa MeEpBas COBETCKas aHTapKTHYECKas
AKCIIEIULIMS, KOTOPAas MOJIOKMJIa HAa4aJl0 CUCTEMAaTHYECKUM BCECTOPOHHUM
uccnenoanusiM Anrapktuku. [lepegaua B 1963 r. B Benenune I'YI'MC pa-
00T MO U3YYEHHUIO THAPOMETEOPOJIOTUUECKOT0 PEKUMA U 0 THIPOMETEO-
POJIOTMYECKOMY OOECTICUEHHUIO0 MOPEIIABAHUS U aBHALIMM B palloHax ApK-
THKH U AHTapKTUKH CIIOCOOCTBOBaja MalibHEUILIEMY DPAa3BUTHIO CIUHOM
TUAPOMETEOPOJIOTUUECKOM CETH CTPAHBI.

HaunOonbiiero pa3BuTusi rTuIpOMETEOPOJIOTMUECKas CIIyx0a CTpaHbl
nocturiia K cepeaune 80-x ronoB XX Beka. Torma B ee BeI€HUE BMECTE C
BOIIPOCAMH Te€O(PU3NYECKOr0 U THIAPOMETEOPOIOTrHYECKOr0 00eCIeueHUs
BCceX oOyacTel AesITeIbHOCTH TOCY/1apCTBA U HACEJIEHUs ObUIM BKIHOUYEHBI
TaK)K€ BOIPOCHI CO3/IaHMSI CUCTEMBbI HAOJIOJCHUM 3a U3MEHEHHUSIMU IpH-
pOllHOﬁ Cpeabl, B TOM YHCJIC MOHHUTOPHHIOM €C 3arpiA3HCHMUA. Hauunas c
ATOrO MEPUOAA, CIyk0a 3aHsUIaCh CO3/IaHUEM TOCYIApCTBEHHON CHUCTEMBI
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HaOJI0/ICHUH U KOHTPOJIS 3a COCTOSIHMEM IPUPOIHON Cpejibl Ha OCHOBE
VCIIOJIb30BAaHNSI HOBEMIIMX PE3YIbTATOB HAYYHO-TEXHHUUYECKOI'O IPOrpec-
ca, BKJIIOYasg MAcCCOBBIM IIEPEXOJ Ha MCIIOJIb30BAHUE BBIYUCIHUTEINBHON
TEXHUKU U COBPEMEHHble MH(POPMALMOHHBIE TEXHOJIOTMU. B HacTosiee
BpeMs CTallMOHapHasi ceTh HaOMoieHn cocTouT U3 1700 mMyHKTOB U OXBa-
THIBAET KPYIIHbIE BOJHbIE OOBEKThI CTPAHBI.

Cmpykmypa monumopunea 600HuIX 00bekmog. OAHOU U3 BaXKHBIX
COCTaBHBIX YaCTE€W CUCTEMbI I'OCYJAPCTBEHHOI'O0 MOHUTOPHUHIA OKPYXKaro-
LIEH TPUPOJHON CPENBI SIBJISETCS TOCYJAPCTBEHHBII MOHUTOPHHT BOJIHBIX
00BbekToB. OH BKJIIOYAET B c€0S MOHUTOPHHT:

- IOBEPXHOCTHBIX BOAHBIX OOBEKTOB CYIIIU U MODS;

- MOJI3€MHBIX BOJAHBIX 0OBEKTOB;

- BOJOXO3MCTBEHHBIX COOPYKEHUMN U CUCTEM.

I'ocynapcTBeHHBIIT MOHUTOPHUHT BOJHBIX OOBEKTOB BeneTcs MuHH-
CTEPCTBOM MPUPOJHBIX pecypcoB, DenepanbHOM CiIy>K00H rUIpOMETEOPO-
JIOTUA ¥ MOHUTOPHUHTA OKPY>KAIOIIEH Cpebl (10 MOBEPXHOCTHBIM BOJHBIM
00BeKTaM) M JIPYTUMH CICIHAIBHO YIOJIHOMOYCHHBIMH OpraHaMu B 00-
JIACTH OXPAHBI OKPYHKAKOLIEH CPEBI.

['ocyaapcTBEHHBIT MOHUTOPUHT BOJHBIX OOBEKTOB OCYIIECTBISAETCS
Ha €IMHON TeOMH(POPMAILIMOHHOW OCHOBE B LEJISAX COBMECTUMOCTH €ro
JAHHBIX C JAHHBIMHU APYTUX BUJOB MOHUTOPHHIA OKPYKAIOIIEH CPEIbI.

5.2. I'ocypapcTBeHHbIIi BOJAHbINA KaJacTp

INocynapctBennbiit BoaHbl KagacTp (I'BK) sBasercss cuctemarusu-
POBAaHHBIM CBOJIOM JaHHBIX O BOJHBIX PECYpCaxX CTPaHbl, BKIIOYAOLIMI
KOJIMYECTBEHHbIE M KAYECTBECHHbBIE MMOKA3aTEU, JAHHbIC PErUCTpPallUU BO-
JIOTIOJIL30BATENEH U y4yeTa ucnosb3oBanus Boj. Benenne ' BK PO Bo3zno-
)KeHO Ha dDenepalibHOE areHTCTBO BOJIHBIX PECYpCOB (MOCTAHOBJIEHHE
IIpaButenbsctBa PO o1 16.06.04 Ne 262). B 2003 r. Beimien npukas Pocru-
apomera «O co3gaHuu MHOOPMAITMOHHO-AHAIIMTUYECKOTO IIEHTpa IO Be-
JICHUIO TOCYJIApCTBEHHOI'0 BOJHOIO KajaacTtpa 1o pazaeny «lloBepxHOCT-
HBIE BOJIBD.

OcHoBHas 3amada 'BK — obecnieuenre HapogHOTO XO03MCTBA HEOO-
XOJIMMBIMHA JaHHBIMH O BOJIHBIX PECypcCax, BOJHBIX OOBEKTaX, PEKHME,
Ka4E€CTBE U MCIIOJIB30BAHUU MPUPOJIHBIX BOJ, @ TAKKE BOJOMOJIB30BATEIIAX.
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B T'ocynapcTBeHHBI BOJHBIA KaJacTp MOIJICKAT BKIKOUYECHHUIO BCE BOJBI
€IMHOTO TOCYAapCTBEHHOTO (hOHA:

- JICTHUKH U TOJ3EMHBIE BOJBI;

- BOJIbI PEK, 03€p, BOJOXPAHUIIUIL U JPYTHUX MOBEPXHOCTHBIX BOJIO-
€MOB U BOJIHBIX HCTOYHUKOB, BKJIFOUYAsl KAHAJIbI U IIPY/IbL;

- BHYTPEHHUE MOPS U IPYTHUE BHYTPEHHUE MOPCKHE BOJIBL;

- TEPPUTOPHUATILHBIC BOJIBI.

OcHOBHBIE TpeOOBaHUS K THAPOXUMUUYECKON CETH MPUMEHUTENBHO K
rOCY/IapCTBEHHOMY YYETY BOJI SIBJISIFOTCS CJIC/TYIOIIHE:

- YeTKasl CBSI3b MEX]y CEThIO CTBOPOB ITYHKTOB HAOJMIONCHUM U pa3-
MEIIEHNEM Ha HUX BOJOIONb30BaTeNel (0COOEHHO C BOJIOEMKHUMHU MTPOU3-
BOJICTBAMU;

- TOCTaTOYHas MOJIHOTA MIPOCTPAHCTBEHHOTO OXBAaTa BOJHBIX OOBEK-
TOB CEThIO HAOJIOACHUN, KOTOPhIE 00ECIIEUNBAIOT TMOJYYEHUE COOTBETCT-
ByIOIIe MHPOpPMAIIUU O KayecTBE 3a0MpaeMbIX BOAOIIOIH30BATEIISAMHU TTO-
BEPXHOCTHBIX BOJI, a TAKXXE JaHHbIX 00 U3MEHEHUM KadyecTBa BOJbI B pe-
3yJIbTaTe BOAONOJIb30BAHMS;

- IOCTaTOYHas 4acTOTa HAOJIFOJACHU BO BPEMEHU;

- YeTKasl CBSA3b IMEPEYHs ONMPEHEISIEMBIX 3arps3HSIOIINX BELIECTB U
MoKaszaTesiel 3arpsi3HeHHs] B BOJHOM OOBEKTE cO crneru(uKoil cocTaBa
CTOYHBIX BOJI, KOTOpPbIE COPACHIBAIOTCS B BOAHBIM OOHEKT OCHOBHBIMH BO-
JOTI0JIb30BATEIISIMHU.

[TyO6nukyemas yacth ['0Cy1apCTBEHHOTO BOJHOI'O KaJ1acTpa BKIIHOUA-
eT B ceOst:

- TIOBEPXHOCTHBIE BOJIbI (PEKH M KaHAJIbI; 03€pa U BOJOXPAHUIUIIA;
KaueCTBO BOJ CYIIIH; CEJIEBbIC MOTOKM; JEAHUKH, MOPS M YCThSI PEK);

- MOJI3EMHBIE BO/IbI;

- UCTI0JIb30BAHUE BOJL.

Kaxip1id pa3en coOCTOUT U3 TPEX CEpUil:

- KaTaJloKHbIE JaHHbIE (Pa30BOEC U3JAHUEC);

- €KETO/IHbIC JAaHHBIC (€KETOAHOE U3/IaHHE);

- MHOTOJIETHUE JIaHHBIE (M3J1AF0TCSL OJ[MH pa3 B 5 JIET).

Opeanuzayus nHadooenut. KauecTBO MOBEPXHOCTHBIX BOJI B CHCTE-
Me ['CMOC KOHTpOJHUPYIOT B COOTBETCTBUU C IPABUJIAMH, YCTAHABJIU-
BAIOIIMMU €IMHBIC TPEOOBAHUS K TIOCTPOCHUIO CETH MOHUTOPUHTA BOJIHBIX
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O0OBEKTOB, MPOBEJACHUIO HAOIIOICHU U 00paOOTKH MOIYyYaeMbIX JaHHBIX.
B ocHOBe Opranuzali¥ M KOHTPOJS 3aJI0XKEHBI CIIEAYIOLIIME OCHOBHBIE
IPUHIMIIBL. KOMIUIEKCHOCTh M HMX CHCTEMAaTH4YHOCTh, COIVIACOBAHHOCTH
CPOKOB X IIPOBEICHUS C XapaKTEPHBIMU I'MIPOJIOTHYECKUMU CUTYaLUAMU,
ONpeJICIICHUE TOKa3aTeNIed KauecTBa BOJbI €IMHBIMA METOAAMHU. DTO JOC-
TUraercsi Ojarojapsi mporpamMmmaMm KOHTPoJist (1o (hU3WYECKUM, XUMHYe-
CKUM, TUAPOOHOJIOTHYECKUM M THUJPOJOTUYECKUM TMoKazaTessM). [lpu
3TOM PYKOBOJCTBYIOTCSl CJICAYIOIIMMH METOJUYECKHMMH MaTepUaIaMU:
«PyKOBOACTBO IO ME€TOAAaM THIPOOMOJIOTMYECKOIO aHAIN3a MOBEPXHOCT-
HBIX BOJ W JIOHHBIX OTJIOXKEHUI», «PyKOBOACTBO MO0 XUMHYECKOMY aHaJu-
3y IOBEPXHOCTHBIX BOJ cymm», «[IpaBuiia oXpaHbl TOBEPXHOCTHBIX BOJ OT
3arpsi3HEHUS] CTOYHBIMU BOJAMW» U JIp.

[epBsiii 3Tan opranu3zanuu padboT 1Mo HAOIIOIEHUIO U KOHTPOJIIO Ka-
YecTBa MOBEPXHOCTHBIX BOJ — BBIOOP MECTOMOJIOKEHUS MyHKTOB KOHTPO-
ns. Ilpu 5TOM IMyHKTBI KOHTPOJISE OPTraHU3YIOT MPEXKIE BCErO Ha BOJOEMAX
¥ BOJIOTOKAX, UMEIOIIHUX OOJBIIOE XO35UCTBEHHOE 3HAUCHHE, a TAKXKE MOJ-
BEPKEHHBIX 3HAYUTEIBHOMY 3arpsi3HCHHMIO CTOYHBIMM Bojamu. Ha Hesa-
I'PSI3HEHHBIX CTOYHBIMHU BOJAMH BOJOEMAaX M BOAOTOKAX MM MX Y4aCTKax
CO34at0T IMyHKTHI (POHOBBIX HAOMIOJEHUU. B MyHKTax KOHTpOJIS OpraHu-
3YIOT OJIMH HJIM HECKOJIBKO CTBOPOB C YYETOM I'MIPOMETEOPOIOTMUECKUX U
MOP(OJIOTHUECKUX OCOOCHHOCTEN BOJAOEMA MJIM BOJIOTOKA, PACIIONIOKEHUS
UCTOYHHUKA 3arpsi3HCHUA, C YUYE€TOM KOJIMYeCTBa, COCTaBa M CBOMCTB cOpa-
CBIBAEMBIX CTOYHBIX BOJ, 4 TAKXKE MHTEPECOB BOJIOINIOJIB30BATEIEH.

[lepeyeHr HaOIIO1a€MbBIX MHIPEAUEHTOB U MOKAa3aTelu KauyecTBa BO-
JIbl OTIPEACIIAIOTCS TJIaBHBIM 00Pa30oM COCTaBOM M 0OBEMOM CTOYHBIX BOJI,
UX TOKCUYHOCTBIO M TPEeOOBaHUSIMHU, MPEABSIBISIEMBIMU CO CTOPOHBI IO-
TpebuTeneil Boabl. JTO OOYCIOBIMBACT HEKOTOPOE DPA3JIMYHE MPOrpamMm
HaAOJIIOJICHUA NIl Pa3HbIX IMYHKTOB CTallMOHapHOM ceTu. O0s3aTeIbHBIMU
JUIsL BCEX ITYHKTOB SIBJISIIOTCS OIPENEIICHUS TEMIIEpaTypbl BOABI, B3BELICH-
HBIX BEILECTB, MUHEPAIU3alMH, IBETHOCTH, pH, pacTBOPEHHOr0 KHCIOpO-
na, BIIKs , XIIK, 3amaxa, riiaBHbIX MOHOB, OMOI€HHBIX KOMIIOHEHTOB, a
TaKK€ PaCIpOCTPAHECHHBIX 3arPA3HAIONINX BEIIECTB, TAKUX KaK HEPTEIPO-
IYKTBI, (PEHOJIbI, IECTULIA/IbI, COCTUHECHUS TSKEIBIX METAJUIOB U JP.

Bce nmyHKTHI cTallMOHapHON CEeTH HAOMIOACHUN IMOAPA3IENsIOT Ha
4eThIpe KaTeropuu (st o0ecreyeHus: OrnTUMalibHONH UHPOPMAIIMKU O Kaye-
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CTBE BO/Ibl, /I OUEHKU U3MEHEHUS YPOBHSI 3arpsi3HEHUS U OLEHKH 3P eK-
TUBHOCTH MEPONPUATUI IO OXPAHE OKPYKAOIIEH CPEebl):

— K IIEpBOM KaTErOpUM OTHECEHbI ITyHKTHI, pacnoJiararoliuecs Ha
BOJHBIX OOBEKTAX WM MX Y4YacTKaX, MMEIOIUX 0C000 BaKHOE HApOJIHO-
XO35IiCTBEHHOE 3HAYECHHME, BKJIOYAs YCTHEBBIE YYACTKH, 3aMBIKAFOIIUE
CTBOPbl OCHOBHBIX KPYIIHBIX PEUHBIX OacCEMHOB, MECTa HEPECTUJIUI] U
3UMOBHH LIEHHBIX MTOPOJ PHIO;

— KO BTOPOM KAaTErOpHUM OTHECEHBI ITYHKTHI, PAaCHOJIOKEHHBbIE Ha
BOJHBIX OOBEKTaX: B pailOHE MPOMBIILIEHHBIX TOPOAOB U paboyux mocei-
KOB, HACEJICHHE KOTOPBIX HCIIOIB3YET BOAY /Jisl MUTHEBBIX U XO34UCTBEH-
HO-OBITOBBIX HY’KJ; Ha y4acTKaX MacCOBOTO OTJbIXa HACEJCHHUS U T.I., a
TAK)K€ IMMyHKThI Ha MOIPAaHUYHBIX CTBOPAX PEK, BTEKAIOUIUX HA TEPPUTOPHUIO
P® u3-3a pyOexa uiu BRITEKAIONINX 32 MPEAEIbl HAIlell CTpaHbl; MyHKTHI
Ha 3aMBIKAOIINX CTBOPAaX PEK, MO0 KOTOPBIM COCTABISFOTCS BOJOXO3SIMCT-
BEHHBIE 0aJaHChI U T.1I.;

— K TPEThEN KaTEropuy OTHECEHBI MYHKTHI, PACIIOJI0KEHHbIE HA BOI-
HBIX 00BEKTax, IJIc BO3/ICUCTBUE HA KAaUYE€CTBO BOJAbl HOCUT YMEPEHHBIH U
c1aObIi XapakTep;

— K YETBEPTOM TpyIIe NPUHAMIEHKAT IMYHKThl CTALMOHAPHOW CETH
HAOIIOAECHUN HA BOJHBIX O0OBEKTaX, HE MOABEPKEHHBIX MPSIMOMY BO3IEH-
CTBUIO 3arpsI3HEHUI Ha Ka4eCTBO BOJIbI («(OHOBBIE» YUACTKH).

B 3aBHCHMOCTH OT KaTe€ropuM ITYHKTOB pa3JIMYalOTCs U CPOKH Ha-
omoneHui. Ha myHKTax mepBOM KaTeropuH HAOJIOIECHUS MPOBOMST €Xe-
JHEBHO IO COKPAILEHHOW MPOrpaMMe€ U €KEIEKaJHO — MO IOJIHOW mpo-
rpaMMme; Ha IyHKTaX BTOPOW KAaTErOpHH €KEJHEBHO BEAYT TOJIBKO BH3Y-
aJIbHOE HAOJIIOJIEHUE, a TOJIHOE — €KEMECAYHO; HAa MyHKTaX TPETheH Kare-
ropuyd HAONIOJIEHHS €XKEMECAYHbIE MO COKpPAIIeHHOW MNporpaMme, a Io
MOJIHOM MpOorpaMMe MX TPOBOJAST B OCHOBHBIE THJIpoJiorHyecKue (assbl,
KaK W Ha ITyHKTax YE€TBEPTOM KaTeropuu. B COOTBETCTBHM C METOIUYE-
ckumu ykazanusimu ['ockomrugpomera (1984) nokazarenu, KOTopbie 1ee-
co00pa3Ho OmpeessTh B palloHaX BO3ACHCTBUA CTOYHBIX BOJ HEKOTOPHIX
MpEINPUATHN, BKIIOYAIOT 10 70 HaHMEHOBaHUI.

CrnenyeT OTMETUTh, YTO CHCTEMa KOHTPOJISI, OCHOBaHHAs Ha audde-
PEHIIMPOBAHHOM ONPE/ICIEHNN KOHIIEHTPAIIMU BPEHBIX BEIIECTB U COIMOC-
taBieHuu ux c¢ I1JIK, manoaddextruBHa, Tak Kak BO MHOTHUX CIIy4asiX IpH
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ycraHoBiieHun [IJIK yduThIBaeTCs TONBKO NPSAMOE TOKCUKOIOTHYECKOE
BO3/ICHCTBUE U UTHOPUPYIOTCS CYIIECTBYIOIINE KOCBEHHBIE (DAaKTOPHI, OT-
BETCTBECHHBIC 32 BO3MOKHBIE OTHAJEHHBIE mocneAcTBus. Kpome Toro, He
YUYUTBHIBACTCS, YTO peajbHas HKOJOTMYECKasi CUTyalUsi HE OTPa)KaeT HC-
TUHHOM KapTUHBI BO3ICHUCTBHS, TaK KaK U30JIMPOBAHHOIO IEHUCTBUS 3a-
IPSI3HAIONINX BEIIECTB HE CYIIECTBYET — ACHCTBYET BCS cymma (paKTOPOB,
B3aUMOJICHCTBHE KOTOPBIX APYT C JAPYTOM MOXKET YCHJIMBATh WJIH OCIa0-
15Tk 3¢ dekT Kaxnoro. K Tomy ke B HacTosilee BpeMsi YCTaHOBJIECHO OKO-
go 1000 TTAK BpeaHbIX BEHIECTB JJIS BOJHBIX OOBEKTOB XO35HWCTBEHHO-
MUTHEBOTO U KYJIbTYPHO-OBITOBOTO BOJOMONIB30BaHus U okosio 700 TTJAK
3B st pplO0OXO3SIICTBEHHBIX BOJAOEMOB, B TO BpEMsI KaK YHUCJIO 3arpss-
HSIOUIMX BEILIECTB AaHTPOMOTE€HHOTO MPOUCXOXKAECHUS B BOJOEMAX U BOJIO-
TOKAX MPEBBICKIIO | MITH HANMEHOBAHUH.

Jlist HaOmroAeHUST ¥ KOHTPOJIS 32 3arpsI3HECHHEM TTOBEPXHOCTHBIX BOJI
CYIIM MCIIOIb3YETCS CE€Th, COCTOAIIASI U3 CTAIlMOHAPHBIX CHEIUATU3ZUPO-
BAHHBIX CTAHIMA U BPEMEHHBIX JKCHEIUIIMOHHBIX ITyHKTOB. BpeMeHHbIN
IMIYHKT MOXET CO3JaBaThbCs ISl THAPOJOTHYECKOrO0 HAOJIOAEHUS 3a He-
CKOJIbKUMH CTBOPaMHU — MOIMEPEUHBIMU pa3pe3aMu Yepe3 BOJHbBIN OOBEKT,
Ha KOTOPOM TPOBOJISATCS HAOIIIOICHUS.

Bce nyHKTBI cTaliioHapHOM ceTH 00s13aTEIbHO COBMEUIAIOTCS C THAPO-
JIOTUYECKUMHU MOCTaAMU, Ha KOTOPBIX MU3MEPSIIOT PacXo BO/JIbI, WM C y4acT-
KaMH, KOTOpPBIE 00€CTIEYeHbI PACYETHBIMH THAPOJIOTUUECKIUMH JTaHHBIMU.

I'paduk orbopa mpoO BOJIbI 3aBUCUT OT BAXKHOCTH ITyHKTA HAOJIO/e-
HUS I HAPOJHOTO XO35IMCTBA U U3BMEHYMBOCTH OIMPENEIAEMBIX BEIIECTB.
Eciu Ha BOAHBIN 00BEKT BO3JEHCTBYET MPEANPUITHE, Y KOTOPOTO B TeUe-
HHE rojia MPOU3BOJICTBEHHBIN IIUKJI JIOCTATOYHO CTAOMJIEH, TO CPOKH MPO-
BEJICHUS HAOJIOACHUN B OCHOBHOM ONPENEIAIOTCS THIAPOJIOTUUECKUM pe-
xuMoM. [Ipu HecTtaOminbHOM XapakTepe padOThl MPOMBIILIEHHOTO MPe-
OPUATHS 4aCTOTa KOHTPOJISI 3aBUCUT OT PEKUMA IMPOU3BOJICTBA.

[Ipu Hanmmuuu OOJIBIIOTO MEPEUHS BEIIECTB, ISl KOTOPHIX YCTaHOB-
nensl [1JIK, HaGmroneHne B mepByIO ouepe/ib MPOBOINUTCS 32 TEMHU BEIECT-
BaMH, BHIOPOC KOTOPBIX HOCUT MACCOBBIN XapakTep (HEPTENpOayKThI, (e-
HOJIBI, IETEPTeHTHI, HEKOTOPHIE METAJUIBI, 0CO00 TOKCHYHBIC BEIIECTBA H
T.4.). Takke HaOMIOICHUIO MOTYT TOJJICkKaTh TEMIICPATyPHBIA PEXKUM
BOJTHOI'O OOBEKTAa, MUHEpATU3AIMs, COJICP’KAHUE B3BEUICHHBIX BEIIECTB,
LBET BOJBI U T.II.
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O cOCTOSTHUM 3KOCUCTEMBI TO3BOJISIIOT CYJAUTh THAPOOHOIOTMYECKUE
METO/Ibl aHaJIh3a YPOBHEH 3arpsi3HEHUs] TOBEPXHOCTHBIX BOJ, OCHOBY KO-
TOPBIX COCTaBIISAIOT HAOJIIOEHUS 32 3000€HTOCOM, 300IUIAHKTOHOM, (puTO-
TUTAHKTOHOM, MaKkpo(uTamu.

CrnenyeT MOOYEPKHYTh, YTO TPATULUOHHBIE METOJIbI HAOIIOACHUN U
KOHTPOJII HEOTIEPATUBHBI U, KPOME TOI'0, XapaKTEPU3YIOT COCTaB 3arpss-
HEHUU O0OBEKTOB TOJHLKO B MOMEHT 0TOOpa mpob. K tomy sxe madbopatop-
HBbIC aHAJIU3bI IOCTATOYHO MPOJIOJDKUTENbHBI (BKIIIOYAsi BpeMsl Ha JOCTaB-
Ky B JabopaTopuio). DT MeToabl 0coO0eHHO HedI(D(PEKTUBHBI B IKCTpe-
MaJbHBIX CIIy4asX, a TAK)KE B TeX CIyvasix, KOTJa 3arps3HCHUE 3HAUYNTEb-
HO I10 00BbEMY.

5.3. Buabl Ha0/I101eHUI 32 Ka4eCTBOM MOBEPXHOCTHBIX BOJL

CymiecTByromas CUCTeMa MOHUTOPUHTA BKIIFOYAET B ceOs1 HAOIIOIe-
HUS 32 YPOBHEM 3arps3HEHHOCTH MOBEPXHOCTHBIX BOJ 10 (PU3UYECKUM,
XUMHYECKUM, THAPOJOTHYSCKUM M THAPOOHOJIOTHYECKHUM ITOKA3aTelIsIM B
PEKUMHBIX MYHKTaX; HAOMIOJCHUS, TIPEAHA3HAUYCHHBIC ISl PEIICHUSI CIie-
IMAJIFHBIX 3a/a4.

JInst ocyllecTBiIEHUS ATUX HAOIIOJCHUN HEOOXOIUWMBbI MpeaBapH-
TeJIbHbIC HAOII0ICHUS U MCCIICAOBAaHMS HAa BOJHBIX O0OBEKTaX WU HUX yda-
CTKaX M CUCTEMaTHYE€CKHUE HAOIIOJICHUS] Ha BOJHBIX O0OBEKTaX B BHIOpAH-
HBIX ITyHKTaX.

OcHoBHBIC 3aJ]a4¥ CUCTEMATHYCCKUX HAOIIOACHHI 3aKIIOYAIOTCS B
CJICAYIOLIEM:

- oOecIieueHne X03IMCTBEHHBIX OPTraHOB 1 3aMHTEPECOBAHHBIX Opra-
HU3AIUA CUCTEMATH4YeCKOr nH(popMalue U MPOrHo3aMyu U3MEHEHHUS TH/I-
POXMMHUYECKOTO PEeKMMa U KauyecTBa BOJBI BOJJOEMOB U BOJOTOKOB, a TaK-
e IKCTPEHHOUN MHPOpPMAIEH O PE3KUX U3MCHEHUSX Ka4eCTBa BOJIbI;

- CUCTEMATHYECKOE IMOJy4YeHUE OTACIbHBIX U OCPEIHEHHBIX BO Bpe-
MEHH U MIPOCTPAHCTBE JJAHHBIX O KAUECTBE BOJIbI.

K 3amauam crienmanbHbIX HAOIIOIEHUI MOKHO OTHECTH:

- ONpEJNICJICHUS BIIMSHHUS HAKOIUIEHHBIX 3arpsA3HSIONIMX BENIECTB B
JIOHHBIX OTJIOKCHUSIX Ha KAUECTBO BOJHI;

- COCTaBJICHHE OAJTaHCOB XMMHYECKHUX BEIIECTB BOJOEMOB MJIH YyUa-
CTKOB BOJJOTOKOB;
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- YCTAQHOBJICHME OCHOBHBIX 3aKOHOMEPHOCTEH MPOIECCOB CaMOOYH-
HICHUS;

- OlICHKa BBIHOCA XUMHYECKMX BEIIECTB C  KOJUIEKTOPHO-
JPEHAXKHBIMHA BOJIAMH;

- OIICHKa BBIHOCA XMMMUYECKHX BEIIECTB U€pEe3 3aMbIKAIOUIUNA CTBOP
peK u ap.

[Topsimox npoBeaenus Hadmoaenuit onpeaensercs ['OCT 17.1.3.07-82
u Mertoanueckumu ykazanusamu (Pl 52.24.309-2004). Pexxumubie HaOIO-
JICHUS 32 3arpsi3HEHUEM MTOBEPXHOCTHBIX BOJ CYIIU MO0 XUMHUYECKUM, (u-
3UYECKUM W OMOJIOTMYECKUM TIOKa3aTeNIsIM OCYIIECTBISIOT ONEpaTHBHO-
IPOU3BOJICTBEHHBIE ToApa3aenenuss Pockomruapomera B pamkax OOrie-
rocynapctBeHHoOM ciyx0bl HaOmogeHuit (OI'CH) 3a 3arpsisHeHueM mpu-
poanou cpenbl. OcHoBHBIMU 3a1adyamu OI'CH sBisrores:

- obecrieueHre HAONIOJEHUS 32 3arpsI3HEHUEM MMOBEPXHOCTHBIX BOJI
CyIu 1Mo GU3NIECKUM, XUMUYIECKAM B OHOJIOTHYECKAM TOKA3aTEeIIsIM;

- MPEIOCTaBIEHNE TOCYJAPCTBEHHBIM OpTraHaM M 3aWHTEPECOBAHHBIM
OpraHu3alMsIM CUCTEMaTHYCCKON MH(POPMAIIMU U TTPOTHO30B O 3arpsi3HECH-
HOCTH BO;

- OKCTpeHHAast HHPOPMAIUs O PE3KUX U3MEHEHUSX 3arPsI3HCHHOCTH.

Ha ocHOBe peXMMHBIX HAOMIOAECHUN MPOBOAUTCS OLIEHKA COCTOSHUA
MTOBEPXHOCTHBIX BOJI CYIIIA B TOCYJAPCTBE C YYETOM YCTAaHOBIICHHBIX HOPM
KauecTBa BOJbI, @ TAKKE BBIABJICHUC TCHIACHIIMA M3MCHCHHUS CTCTIICHHU 3a-
TPSI3HEHUSI TOBEPXHOCTHBIX BOJ.

OO0si3aTenpHasl mporpaMMa HaOJIOICHUN TPeAyCMaTpPUBACT OIpeie-
JIEHUE CIIEIYIOIINX XapaKTEPUCTHUK:

- FHPONIOTHYEKHX: PACXOM BOBI, M /C; CKOPOCTh TEUCHHS, M/C (IIpH
OMOPHBIX M3MEHEHHUAX pacxoja Ha BOJOTOKAax) WJIH YPOBEHb, M (Ha BOJO-
eMax);

- THAPOXMMHYECKUX: BHU3YJbHbIE HaOIOJEHUs; Temieparypa, °C;
IIBETHOCTh, B Tpajaycax; MpO3pavyHOCTh, CM; 3amax, Oamner, pH; oxucmu-
TEJILHO-BOCCTAHOBUTEIbHBIN ITOTEHIIMAN, MB;

- KOHIIEHTpaIMs PAaCTBOPEHHBIX B BOJE Ta30B: KUCIOPOJA, TUOKCHU A
yriaepoja, Mr/i;

- KOHIIEHTpAIIs B3BEIIIEHHBIX BEIIECTB, MI/JI;
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- KOHIICHTpALMS IIHMPOKO PACHPOCTPAHCHHBIX 3arpsi3HSIONIMX BeE-
IIECTB — COEIMHEHUIN METAJUIOB, HETENPOIYKTOB, JIETy4uX (HE€HOJIOB, MI/II;

- KOHIEHTpalusi OMOTeHHBIX 3JEMEHTOB: MOHOB aMMOHMs, (ocda-
TOB, KPEMHMsI, HUTPUTOB U HUTPATOB, KeJie3a 00111ero, Mr/I;

- KOHIIEHTpAIIUS TJIaBHBIX MOHOB: XJIOPUAOB, CYJIh(}HaTOB, THAPOKAP-
OOHATOB, KAJIbLIMS, MarHus, HATPHUsl, KaJus, CyMMa HOHOB, MI/J;

- XuMHueckoe norpednenne kuciopoaa (XIIK), mr/i;

- Onoxummuveckoe norpediaenHue kucaoposa 3a 5 cytok (BIIKs), mr/m.

HecMmotps Ha 1o uto B Poccuu ruapobronoruueckuii aHajiu3 cocTosi-
HUSI BOJHBIX SKOCHCTEM HMEET JaBHHUE TPAIUIIMH, CYIIECTBYET MHOTO TpO-
OJIEMHBIX MOMEHTOB B OPTraHU3allMd W OCYIIECTBIEHHU BOJHOTO MOHHTO-
pUHTa, BKJIOYAsi pa3pabOTKy TOYHBIX METOJOB aHAM3a MO (PU3MYECKUM U
XUMHYECKUM TTOKa3aTelsIM, a TAaK)Ke 10 MHTETPAIHLHON OIIEHKE KauyecTBa BOJ.

BaxxHo pemmuTh mpoOiaeMy KOHTPOJIsS KauecTBa MOBEPXHOCTHBIX BOJ
10 THAPOOMOJIOTMYECKUM TIOKA3aTeNIsIM C TOYKH 3pESHHs 00eCTICYeHUS BO3-
MOXXHOCTEH TPSAMON OIEHKH COCTOSHUS BOJHBIX SKOCHCTEM, HCIIBITHI-
BAaIOIIMX Ha ce0e BPEIHOE BIMSIHUE aHTPOMOTCHHBIX (PAKTOPOB.

[Iporpamma HaOMFOACHUH 1TO OHOJIOTHIECKUM TIOKA3aTeIsIM BKIIFOYa-
eT B ce0s onpe/ielieHue CIeayOMNuX MoKa3aTeNIe:

- 110 300IJIAHKTOHY:

0011[ast YMCIEHHOCTh OPraHU3MOB, IK3/M;

YHCIICHHOCTh OCHOBHBIX TPYIII, 9K3/M ;

ob1riast GroMacca, Mr/M’;

0011ee YMCII0 BUOB;

YHUCJIO BUJIOB B TPYIINIE;

OromMacca OCHOBHBIX TPy, MI/M;

MacCOBBIC BHUJBI U BUJIBI — WHIUKATOPHI CapoOHOCTH (HAaUMEHOBA-
HUE, TPOLICHT OT OOIIEH YMCICHHOCTH, CAalPOOHOCTB);

- 110 3000€HTOCY:

001I[as YHCIEHHOCTh OPraHU3MOB, IK3/M;

YHCIICHHOCTh OCHOBHBIX TPYIIIL, OK3/M’;

obrast Gromacca, /M ;

KOJIMYECTBO TPYMII MO CTaHJAPTHOU pazOopKe;

001IIee YHCIIO BUOB;

YHCJI0O BUIOB B I'PYIIIC,
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GuoMacca OCHOBHBIX IPYIIIL, I/M';

MacCOBbIE BHJIBI U BUABI — WHIUKATOPHI CAalpOOHOCTH (HAMMEHOBA-
HUE, IPOIEHT OT OOIIEeH YMCICHHOCTH, CAaPOOHOCTH);

- 10 PUTOIUIAHKTOHY:

001I[ast YMCIEHHOCTh KIeToK, 10° kn/em’ (Kkia/mi);

YHCIICHHOCTb OCHOBHBIX Tpyr, 10° ki/em’ (kir/min);

ob1Iast GroMacca, MI/IM

0011ee YHMCII0 BHJIOB;

YHUCJIO BUJIOB B IPYIIIIE;

GHoMacca OCHOBHBIX IPYIII, MI/IM ;

MacCOBbI€ BHUJIBI U BUABI — WHIUKATOPHI CAalpOOHOCTH (HAaMMEHOBa-
HUE, MPOLEHT OT O0IIeH YMCIEHHOCTH, CAIPOOHOCTH);

- 110 epU(PUTOHY:

001IIee YHCII0 BUJIOB;

MacCOBBIE BHIbI, 4aCTOTa BCTPEUAEMOCTH, CAallPOOHOCTB;

- 10 MUKPOOHOJIOTHYECKHM MOKA3ATEISIM:

ob1ee KommuecTBo 6axtepuii, 10° kn/em’ (k1/mi);

KOJTHYECTBO canpoduTHEIX GaxTepuii, 10° ki/eM® (ki1/mi);

OTHONIIEHUE OOIIEero KOJW4YecTBa OaKTEpUl K KOIMYECTBY Campo-
(bUTHBIX OaKTEpUi;

- 110 HHTEHCUBHOCTH (POTOCHHTE3a (PUTOIUVIAHKTOHA M J1eCTPYK-
MU OPraHNYeCKOro BellecTna:

WHTEHCUBHOCTh (POTOCHHTE3a, MT/(JI'CyT.) B MEPECUETE Ha KUCIOPO/T
WIH YTIIEPO/I;

JECTPYKIUS OPTraHWYeCKOr0 BEMIeCTBa, MT/(JI'CyT.) B TEepecdeTe Ha
KHUCTIOPOJI UJTH YTJIEPO/I;

OTHOIIIEHHE MHTEHCHUBHOCTH (DOTOCHHTE3a K JECTPYKIUU OpraHude-
CKOT'O BEIIECTBA;

cojiep>kaHue Xjiopoduiiia, MKI/JI;

110 UHTEHCUBHOCTHU MOTPEOJIEHUSI OPraHUYECKUX BELIECTB, MKT/(J1-4)
B [I€pECUETE Ha YTIIEPOS;

M0 AaKTUBHOCTH IenoyHoM (¢docdarazpl U 3cTepa3 CecToHa,
MKM/(J1-9) anbdanaTona;

- 10 MakpoduTam:

IPOEKTUBHOE MOKPHITHE OMBITHOM ruromanky (100 m);
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XapakTep paclpoCTpaHEHUs! PACTUTEIBLHOCTH;

00IIIee YMCII0 BUIOB;

npeoOIagaouue BUIb;

- 10 TOKCHKOJIOTHYECKHUM TOKA3aTeJIsIM:

OMOTECTUPOBAHUE OCTPOM M XPOHHUUYECKONW TOKCHYHOCTH Ha nad-
HUU MarHa, Bpems ruoenu 50 % nadHuil npu SKCIIOHUPOBAHUU B HCCIIE-
JyeMOU BOJIE;

OMOTEeCTUPOBAHHUE HA BOJOPOCIAX, U3MEHEHUE O0IIEeH YUCIEHHOCTH
KJ1eToK Ooiiee ueM Ha 50 % mpu SKCIOHUPOBAHUM B UCCIIEYEMOM BOJE.

Takum o0pa3om, mporpamMma TUAPOOHMOIOrHYECKOIO0 MOHUTOPHUHIA
IIPECHOBOJIHBIX JKOCHCTEM IMpeaycMaTprBaeT HaOJIOACHHUS MO BCEM OC-
HOBHBIM TOJICHCTEMaM: (PUTOIJIAHKTOHY, Makpo(uTaMm, 300IJIaHKTOHY,
3000eHTOCY, MHUKpOdope. [Ipr 3TOM MyHKTHI THAPOOHOIOTHIECKUX Ha-
OJtOICHUI BHIOUPAIOT B COOTBETCTBUH C OOIIMMHU MPUHIIUIIAMU UX pa3Me-
IICHUS M KOHTPOJS B CHUCTEME HAIMOHAIBLHOTO MOHHMTOPHHTA COCTOSHUS
okpyKaromiei cpeapl. [log 0ocoOeHHO THIATEIBHBIM KOHTPOJIb OEpPYyT BOJ-
HbIC OOBEKTHI MJIM UX YYACTKH, MOJIBEP>KCHHbBIC 3HAYUTEIILHOMY 3arps3He-
HUIO, 111 (POHOBBIX HAONIOACHUH — C HAWUMEHBINCH aHTPOIOTCHHOW Ha-
rpy3koii. B OOJIBIIMHCTBE MYHKTOB HAOMIOJCHUN THIPOOHOIOTHYECKHE
poObl OTOMPAIOT Ha JIBYX U O0Jiee CTBOpaX, IPHU ITOM YUUTHIBAIOT KaK Io-
PU30HTAJIBHOE, TaK M BEPTUKAIBHOE PACIIPOCTPAHEHHUE 3arPA3HEHMUSI.

bacceitHoBbIe (TeppuTOpHaIbHBIE) OPTaHbl KOHTPOJHUPYIOT U KOOP-
TUHUPYIOT MOHUMOPUHS B0O0O0XO3AUCMBEHHBIX CUCMEM U COOPYICEHUN.!
THAPOTEXHUYECKUX COOPYKEHHH IUIOTHH, THAPOY3JOB, HAKOMUTEIEH
CTOYHBIX BOJI, MEJIMOPATUBHBIX CHUCTEM, BOJ03a00PHBIX M BOJIOCOPOCHBIX
COOPYKEHHM, a TaKkKe 32 Ka4eCTBOM M KOJIMYECTBOM CTOYHBIX BOJ, cOpa-
CHIBAEMBIX B BOJHBIE OOBEKTHI; 3TU OPraHbl YYaCTBYIOT TAK)K€ B MOHHUTO-
PUHTE TIPU DKCTPEMATbHOM 3arpsi3HECHUU BOJIHBIX OOBEKTOB JIJIsi Olepa-
TUBHOI'O OTMOBEIICHUS O 3arpsI3HEHUH HIKEIeKAIIMX BOA03a00pOB MUThE-
BOT'O BOJIOCHAOKEHMS, TIPOTHO3UPOBAHUS PACTTPOCTPAHEHUS 3arPSI3HCHUS U
€ro BIIMSHMS HA COCTOSIHUE BOJTHOTO OOBEKTA.

Monumopune 3azcpazuenus mopeu. Mopckue CTaHIMM HaOMIOJIEHUS 32
YPOBHEM 3arpsi3HCHUSI TTOJIPA3ICISIIOT Ha 3 KaTerOpUH B 3aBUCHMOCTH OT Ha-
POTHOXO3MCTBEHHON 3HAYMMOCTH BOAHOTO 00bekTa. B koHiie 70-x rr. XX B.
CCTb KOHTPOJIA OXBATbiBalla BCC BHYTPCHHHUC M OMBIBAIOIIKMC MOPSA U CO-
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crosina u3 60-70 cranumii nmepBoit kareropuu, 570-600 ctaHumMii BTOPOWM
kareropud u 1000 — 1100 craHnuii TpeTheN KaTErOPUH.

B 1985 r. coznana Ilporpamma KOMIIJIEKCHOTO IIOOQJIBHOIO MOHU-
topunra Muposoro okeana (MOHOK). UccienoBanus mno 3Toil mporpam-
M€ TPOBOJAT B Pa3HbIX KIMMATHYECKUX 30HAX OKEaHa, OTJIMYAIOUIUXCS
IPOJYKTUBHOCTbIO JKOCHCTEM M OCHOBHBIMH 3aKOHOMEPHOCTAMHM MX
(GYyHKIIMOHUPOBAHUS, a TAKXKE YPOBHEM AaHTPOIOTCHHOM HArpy3KH (UM-
nakTHbele U (OHOBBIE paiioHbl). HeoOxoaumoe ycioBue MpoOBEICHUS HC-
CJIEIOBAHMI 1O 3TOI MPOrpaMMe — UCIOIb30BaHUE CTAHAAPTHBIX METO/IOB,
MO3BOJISIOIIMX TOJYYUTh COMIOCTABUMBIC PE3YJIbTaThl.
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6. OHEHKA TEXHOI'EHHOM TPAHC®OPMAILIUU
IKOCHUCTEM MAJIBIX PEK METOJAMU
IKOJIOI'MYECKOT'O MOHUTOPHHT A [1]

[Tpobnema sKONOrMYeCKOr0 MOHUTOPUHTA PEK, SBIIAIOIIUXCS OCHOB-
HBIMU MYTSIMU aKKYMYJISAIMU U TPAH3UTA 3arPSA3HAIOLIMX BEILIECTB, SBIISET-
Csl BECbMa aKTyaJbHOM JUISI HHIYCTPUAIBHBIX PETMOHOB, K KOTOPBIM OTHO-
cutcsi BmaguMupckas o01acTs.

Pexa Kina3pMa — ocHOBHAst BojiHas apTepusi BiaguMupckoii o6macti.
KauectBo Boapl B p. Kisizbma gopMupyeTcs o BIUSHUEM HECKOJIBKUX
(GaKkTOpOB: 3HAYUTEIHLHOTO HETATUBHOI'O BO3JIEUCTBHUSI MPOMBIIIIEHHBIX
npeanpusaTiii MockoBcKo# 00JacTH B BEpXHEM T€UEHUHU PEKH; cOpoca He-
JOCTATOYHO OYMIIEHHBIX CTOYHBIX BOJ MNPENNpUATHAMH Bragumupckoit
001acTH; CMbIBA 3arpA3HAIOLINX BEUIECTB MOBEPXHOCTHBIMU U JINBHEBBIMU
CTOKaMU € TEPPUTOPUHU BOAOCOOPHOro OacceitHa.

[1o maHHBIM TUAPOXUMUYECKOIO MOHUTOPUHIA B MOCIEHUE IECATH-
nerust p. KisizpMa Oblia moJBep:keHa CUIIbHOMY aHTPONOTEHHOMY 3arpsi3-
HEHHIO HAa BCEM CBOEM IPOTSKEHUH. KaduecTBO BO/IBI B PEKE U €€ MPUTOKAX
XapaKkTEPU30BAIOCh OT «3arpsA3HEHHOW» J0 «4YpPE3BBIYAMHO IpsA3HOM». K
XapaKTEepPHBIM 3arps3HUTEISIM OTHOCSTCS OMOTEHHBIE 3JIEMEHTHI, HedTe-
NPOJIYKTHI, TSKEJIbIE METaJIbl, 0OCOOCHHO Meb U IHMHK. [Ipu sToM Haubo-
nee BbIcOKHME KpatHOcTH npesbiieHus [IJIK nabmiomatorcs B cTBOpe Ha
rpanuie ¢ MoCKOBCKOM 00JIacThi0, HUXKE TIO TEYEHUIO KauyeCTBEHHBIN CO-
CTaB PEKH YJIYYILAETCS 32 CUET CAMOOYHMIIEHUS U pa3daBieHus Oosiee vuc-
THIMHU BOJAAMH IIPUTOKOB.

3HAUUTENBHOE KOJIMYECTBO 3arpA3HSIONIMX BELIECTB IIOCTYIIAET B
Kis3emy B uepre r. Bmagumupa ¢ Bogamu ee nputoka — p. PrieHu, UCIIBITHI-
BAalOUICH 3HAUMTENBHYIO TEXHOT€HHYIO Harpy3ky. [lnmomiane Oacceiina p.
Priens cocraimsier 273 KM’, U3 HHX OKOIO 55 KM (wm 20 %) 3aHMMaer
r. Bmagumup. 77 % tuiomnaau r. Biagumupa Haxoautcst B 6acceline p. PrieHs.
baccelin noasepraercss MHTEHCHUBHOMY aHTPOINOI€HHOMY BMELIATENILCTBY B
I0)KHOH, YCTBEBOM YaCTH, a TAKXKE B IIpeiesiax npuToka p. CoIbIIIKa.

BomootBeaeHue ucnoib30BaHHBIX BOJ B OacceitHe p. Priens ocye-
CTBJISIETCSI B KaHanu3auuio r. Biaagumupa u B peku OacceliHa p. Pressb.
[ToctynaroT BoJbl TMOO HEAOCTATOUHO OYHIIEHHBIC, MO0 OHU cOpachIBa-
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10TCsl 0€3 ouncTKU. B p. PrieHb HEMOCPEACTBEHHO WIIM YEPE3 BIAJAOIINE
OBPKKH B MOCJEIHUE TOJIbl COPACHIBATIN CTOKH IOCJIE JIOKAJIBHBIX OYHCT-
HBIX COOPYXEHHWM NPOMBINUICHHbIE npeanpustus ropoaa: OAO HIIO
«Marneton»; OAO «BOM3»; OAO «Onekrporpudop»; OAO «BT3»;
OI'VII BIIO «Toumam; komOuHaT «Termmmunasiiin; TOL; OAO «Baagu-
mupaHepro», OIl «TemnoBeie cetn». B ncroke p. Coapliika UMEIOTCS OUH-
CTHBIE COOpYyKeHHs NBYyX nruiedadpuxk — «lOpbesenkoit» u «llenTpans-
HOW». BO BpeMsi BECEHHHUX MAaBOJKOB W JIOXK/IEH MPOUCXOAUT 3arps3HEHUE
Bogoxpanwmia p. CoapIIka CTOKaMH ¢ NPUIIETAIONIEN TEPPUTOPUH Y aAB-
TOMOOMIBLHOM MarucTpanu Mocksa — Hiwxauit HoBropo.

XUMUYECKUE aHAJIU3bl KAYECTBA BOJI CBHUJAETENBCTBYIOT O TOM, YTO
KOHIICHTpAIlMU 3arpsi3HSIONINX BEIIECTB B pekax OacceitHa p. PrieHs mpe-
BeimaroT [1JIK s peiboxo3sicTBeHHBIX BogoeMOB B 2 — 30 pa3 1o xkelie-
3y, TSOKEIBIM MeTallllaM, HePTenpoyKTaM U JIp. U C TEYCHUEM BPEMEHHU HE
YMEHBIIIAIOTCS.

B03MOXXHOCTD OLIEHKM W3MEHEHHH, NPOUCXOASAIINX MOJ JIEUCTBUEM
TEXHOTCHHBIX (PAKTOPOB, JACT KOMIUIEKCHOE HCIIOJIb30BAHUE METOOB
HKOJOTUYECKOI0 MOHUTOPHMHIA: XMMHUYECKOTO aHajiu3a BOABI U JTOHHBIX
OCa/IKOB, U3YUYEHHUS BUJOBOTO Pa3HOOOpa3usi B SKOCUCTEME, UCCICTOBAHUS
MHUKPO3JIEMEHTHOTO cocTaBa TuIpoOUOHTOB. lleHHyio nHdpopmaimio o xa-
paKTepe 3arpsi3HCHUSI MOXKET JaTh TAKXKE MCIOJIb30BaHUE METOJOB JHC-
TAHIIMOHHOTO 30H/IMPOBAHUS.

[IpoBe/lecHHOE W3y4YEHHWE TPAH3UTHOTO 3arpsi3HEHUS TEPPUTOPUU
OacceitHa p. PrieHb ¢ HMCMONB30BaHUEM JAaHHBIX KOCMO(POTOCHEMKH IMOKa-
3aJ10, 4TO BJ0JIb JIOJAUHBI p. PIeHbh POXOIUT OCHOBHOE HANPABIICHHUE Pac-
MPOCTPAHEHUsI 3arPsI3HSIONINX BEIIECTB BHIOPOCOB MPOMBIIIIIEHHBIX MPE/I-
npusThil T. Bragumupa ¢ BO3AyIIHBIMUA MacCaMU M OCAXKIAEHUE OCHOBHOM
MacChl 3arpsi3HEHUN MPOUCXOAUT Ha BOJOCOOpHOM TeppuTopuu p. PricHs.
ATtmMmocdepHoe 3arpsa3HeHre, TaKUM 00pa3oM, YCyTryOJIsieT 3arpsi3HEHUE pe-
KU CTOUYHBIMH BOJaMU MPOMBIITUICHHBIX TPEANPUITHH.

[TonydeHHblE JaHHBIE THAPOXUMHUYECKOTO MOHUTOPUHTA P. PrieHs Ha
BCEM €€ MPOTKCHUM MOKA3BIBAIOT 3HAYMUTEIBHOE YXYAIICHHUE KadyecTBa
BOJIbI B UepTe I'. Biiagumupa U MakCUMaJIbHOE 3arpsAi3HCHUE MIPU BIAJICHUU
B p. Kisizpma. O0 3TOM CBUACTENBCTBYET YBEIMUECHUE JIEKTPOIPOBOIHO-
CTH BOJIbI ¥ PE3KOE€ MOBBIIIIEHUE KOHIeHTpaui xene3a (I11), meau, nunka
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Y XJIOPHUJIOB. Y POBEHB 3arpsi3HEHUs XapakTtepusyercs npesbienuemM 11K
ISl BOJIOXO35UCTBEHHBIX BOJI0EMOB 110 Meau B 80 — 100 pa3, nuHKy — B 2 —
30 pas3, xenesy (III) — B 8 — 15 pa3 (tadmn. 6.1).

3arpsi3HeHue BOJibl p. PlieHb NPUBOJUT K 3aMETHOMY CHUYKEHUIO BH-
JIOBOT'0 pa3zHooOpa3us dayHbl peku (Tadm. 6.2). Kimacc kadecTBa BOJIBI 110
OMOTUYECKOMY MHJIEKCY COOTBETCTBYET « 2 » — « 3 » 3a MpejenamMmu ropoia
Brnagumupa u nanee uamensiercs 10 « 4 » — « 5 » B 4yepTe ropojia u yCThe

PCKH.
Tabmauna 6.1
Pe3ynbTaThl XMMHUECKOTO aHAIN3A U U3MEPCHUS
AJIEKTPOIPOBOJHOCTH BOABI peKu PrieHb
Howmep Mecto oT6opa mpobh: Cu2+, Zn2+, Fe’ ", | CI, | Pnexrpompo-
CTBOpa MTI/II Mr/in | mr/a | mr/n | BomgHOCTB, C,,
1 Hcrok p. Priens,
1. Tap6aeBo 0,0003 | H/o 0,10 (4,0 0,020
) VYeree p. Crepuiiika,
noc. CanoBbIi 0,0005 | H/o 0,09 |[7,5 0,040
3 VYerbe p. Coppliiika,
rmoc. CHOBHIIBI 0,01 H/0 0,125 |39 0,037
4 p. Priens,
rmoc. CHOBHIIBI 0,001 (0,01 0,30 |20 0,040
p. Prienn, a/moct
5 Tpaccel MockBa —
Hwxuuit Hosropon | 0,005 | v/o 045 |25 0,046
6 p. Prienn, a/mocr yi1.
®pynse, r. Bmagumup | 0,01 0,03 (0,50 |25 0,051
7 VYcrbe p. Priess,
r. Bmagumup 0,10 0,30 1,50 |67 0,087
Tabmuna 6.2
Bunoroe paznoob6paszue paynsi p. PieHn
Homep Mecto otbopa [IpencraButenu pedHoi GpayHsl
CTBOpa TUAPOOHOHTOB
1 Ucrok p. Priens, ['yOka (peunast 60/sra), TMUNHKH PydYEeHHU-

1. Tap6aeBo KOB (THIpoIicHXa, puakoduiia, HEHPEKIUICUC),

3aTBOPKU, JIMYMHKH CTPEKO3bI (eAKA), TUIHH-

KH MoIIIeK, 0e33y0Ka, rmepioBuIia, ryoka (o3ep-
Has 0ojsTa)
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OxoHuanue T1ad. 6.2

Howmep Mecto oTb0pa .
[IpencraButenu peunoit GpayHbl
CTBOpaA TUAPOOHUOHTOB
2 Yerbe p. Crnepunika, ['yOka (peunas 60/sra), IIOCKHE MUSIBKH
noc. CaoBbIit (ynuTtkoBasi), uepBeoOpa3HbIe TUABKY (Majas u
OoJibIast T0)KHOKOHCKHUE), TIPY/IOBUK KaTyIITKa,
0e33y0OKka, mepIoBUIla, TUIUHKH KOMapa-
3BOHIIA (MOTBLIB), TUYUHKH pydeiiHUKa (aHa-
Oomus)
3 VYerbe p. Coppiika, ['y6ka (peunast 60/sTa), TMUNHKH PydIeHHU-
noc. CHOBHIIBI KOB (puakoduiia, HeUPEKIUIICUC, aHA0OIHS),
JUYUHKYU CTPEKO3bI (JIe/IKa, KPacOTKa)
4 p. Pnens, noc. CHOBH- ['yOxa (peunast 6osra), TMIUHKA PyIeHHU-
1bl, HUXe ycTbd p. Co- KOB (puakoguiia, HEUPEKIUIICUC, aHAOOIHS ),
JIBIIITKA JMYUHKA CTPEKO3HI (Je/iKa, KpacoTKa), IJIo-
CKHE TTUSBKU
5 p. Priens, a/mocT Tpaccel JInuMHKY py4eHUKOB (TUApPOIICUXa, aHA0O0-
MockBa — Huwxnuiit HoB- |  1ms1), TMUMHKY CTPEKO3bI (€11Ka), IPYIOBUK
ropoJ Karymika, 6e33y0OKa, mepsoBuia, ryoka (peunas
0ojra), 3aTBOPKHU
6 p. Priens, a/moct UepBeobOpa3Hbie MUABKH (Masast 1 O0JbIas
yi1. @pyHze, r. Bnagumup JI0’KHOKOHCKHUE), JINYUHKU MOIIEK
7 VYcerbe p. Priens, JInunHKY KOMapa-3BOHIIA (MOTBUIb), TUYUHKH
r. Bnagumup MOIIIEK

[TockombKy M3BECTHO, YTO TEXHOTCHHOE 3arpsA3HEHHUE MPAKTHICCKU
BCET/Ia IPOSBIISIETCS B HAKOIUICHUH 11€JI0TO Psifia XUMHUECKUX DJIEMEHTOB B
pa3MYHBIX O0BEKTaX OKPY’KaoIIeH cpeabl U OMOTe, ¢ LIEJIbI0 OIpeelie-
HUS YPOBHSI HAKOIUICHMSI TSDKEIBIX METAUIOB OBLIO MPOBEIECHO HCCIIEIO-
BaHME MHUKPORJIEMEHTHOTO COCTaBa TUAPOOMOHTOB B p. Priensb, a Takke B
p. Kisizeme BhIe U HIDKE ropoja Brnagumupa.

Tak, B rusipoOuoHTax p. PreHs ObLT HCCIEIOBAH MUKPOIJIEMEHT-
HBIN COCTaB OECIO3BOHOYHBIX MHIAUKATOPHBIX OPraHU3MOB, OOHAPYKHU-
BacMbIX B CTBOPaX, U pacCUYUTaHbl KO3 PHUIIUEHTH HAKOIICHHUS JJICMEH-
TOB B rujipoOnoHTax (tadmn. 6.3). B meiaom moirydeHHBIC TaHHBIC CBHJIC-
TENbCTBYIOT 00 yBEIMYEHUU KOIP(PHUIMEHTOB HAKOIJIEHUS C POCTOM
KOHIIEHTpAILIMU 3arpsi3HUTENs B peuHor Bojae. OJIHAKO peakuus pasyind-
HBIX THJPOOMOHTOB HA YBEJIMYECHUE COJCPKAHUS TSIKEIBIX METAJJIOB B
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BOJIC€ HEOJIMHAKOBA. /[JIsI OJHUX MHAMKATOPHBIX OPraHu3MoB (0e33yOKu,
MEePIIOBUIIBI, IPYJOBUK-KATYIIIKA) HaOIIOgaeTCsl yBeauueHne korhpuum-
€HTOB HAKOIUJICHUS MO MEPE MOBBIIICHUS KOHIIEHTPAIIMU MOJUTIOTAHTA B
cpede 10 OMpeAeeHHOTo Ipeesia, MPEBhIIIeHHE KOTOPOro AeiaeT cpe-
Iy HETPUTOJHOM NJis CYyIIECTBOBAHUS JAHHOTO BHUJA; JJA APYTUX THI-
poOuoHTOB (OOJbIass W Majias JOXKHOKOHCKHE THUSIBKH) (DUKCUPYETCS
YPOBEHb 3arpsi3HEHUs] CPeJlbl, MPU KOTOPOM MPOUCXOJUT yMEHBIIICHHE
ko3 duImeHTa HAaKOIICHUS TOKCUKAHTOB, YTO, BEPOSITHO, CBUACTEIbCT-
ByeT 00 aJanTallMOHHBIX BO3MOXKHOCTSX I BBIKMBAHUS BHUAA B yCJO-
BUSIX BBICOKOTO 3arpsi3HEHHS CPEIbI.

Tabmuma 6.3

KoadpuuumenTsl HaKOMIeHUS XUMUYECKUX JIIEMEHTOB B THAPOOMOHTAX

Copepxanue xumuue- | KoagdpuuueHTt HakomieHus
CKHX DJIEMEHTOB B TEJIE K=C,/C;, Mr/ mr

Howmep Bun TUAPOOUOHTOB, MI/KI

cTBopa | THAPOOMOHTA L3 [ o2 [ ZnZ | CT | Feo' | o | 7znZ | CT
+

1 be3zyoOka
MepJIOBUIIA 15 [0,06] 0,26 |0,55| 170 | 210 - 0,1
2 To xe 53 10,34 0,81 | 14 | 530 | 680 - 1,9
5 To xe 330 | 1,5 | 53 | 91 | 1900 | 390 | 52000 | 2,8
2 [TpynoBuxk
KaTyIlka 17 | 1,5 | 1,9 14 | 170 | 3060 - 1,9
5 To xe 428 | 33 12 | 140 | 2500 | 8300 | 12550 | 4.4
2 bonbuias u ma-
J1ast JIO)KHOKOH-
CKHE IHUSABKU 350 | 6,8 | 23 9,5 | 3500 | 1300 - 1,2
6 To xe 860 | 84 | 230 | 110 | 1150 | 1050 | 3600 | 2,0

HakomieHne TspKeIbIX METAUIOB B OpraHU3MaxX THAPOOHMOHTOB OII-
penensieTcst CIOKHBIMH MPOIIECCAaMU UX MOTJIONIEHUS, PacTIpeIeTICHuUs, Jie-
TOKCUKAIMU 1 BbIBeAcHU. HabmrogaroTcss 3HaUMTEIbHBIE Pa3Inuns Kak B
HAKOIJIEHWH METAJUIOB B OpraHu3Max phI0 pa3HBIX BHJIOB, TaK U B pa3iiny-
HBIX OpraHax M TKaHSX PbIO OJHOTO BHJIA, YTO, OYEBHIHO, CBSI3aHO C pa3-
JUYHBIMA YCIIOBUSIMU OOWUTAaHUS, OCOOCHHOCTSIMHU MHUTAHUS U OCOOEHHO-
CTAMU MeTabonu3Ma. BHe 3aBHCMMOCTH OT BHJa MPEUMYIIIECTBEHHOE Ha-
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KOIIJICHUE MEIH MTPOMCXOIUT B TIEUEHHU PHIO, HAKOIICHUE ITUHKA TTPOHUCXO-
JTUT KaK B MIEYCHH, TaK U B ’KaOpax U yelrye, HUKeIb U CBUHEI] IIPEUMYIIIe-
CTBEHHO JCMOHUPYIOTCS B uelrye. XapaKTepHO OTCYTCTBUE HAKOILJICHUSI
XpoMa B OpraHax M TKaHSX pbIO Jja)ke IPU BECbMa BBICOKOM €T0 COJIeprKa-
HUU B a0MOTUYECKUX Cpejiax, He OOHAPYKHUBAETCS TaK)KE 3aMETHOTO HaKO-
IIJICHUS B MBIIIIAX U OpraHax pblo KaJMHusl.

[TonyuyeHHble HaMU pPE3yJbTATHl OMPENCICHUS COJEpPKAHUS TSKE-
JBIX METa/IOB B oOpa3iiax peid u3 p. Kisizpma (Tabmn. 6.4) cBuaeTEnbCT-
BYIOT O HEBBICOKOM B IIEJIOM COJEPKAHUU TSHKEIBIX METAJJIOB B MBIIII-
1ax pbl0, HE MpeBblIatoIIeM B 0onbmnHCTBE ciydaeB [IJIK nist ppiOHbIX
MIPOTYKTOB.

Tabnuua 6.4

ConepxaHue TSHKEIbIX METAJUIOB B OpraHax U TKaHSIX Jiela,
OTJIOBJIEHHOTO B p. Kisizsbma (MI/KT ChIpOI Macchl)

Dne- Tkanu Brime Huxe
MEHT 1 OpTaHbl r. Bnagumupa r. Bnagumupa
Cu”™ | Mbiumps 0,58 0,81
Ileuens - 13,0
Kabpsr 24 .4 0,61
Yewmrys 1,54 -
Zn" MBI 1,85 3,34
Ileuenn 17,5
Kabpsr 304 8,50
Yewrys 30,6 -
Nitt MepI11bl 1,62 0,43
Ileuens - 1,92
Kabpsl 3,7 4,20
Yemrys 4,43 -
Pb* MBI 0,52 0,57
ITeuenn - 1,22
Kabpsr 3,33 1,72
Yemys 5,30 -
cd™ MBIIIIIBT 0,056 0,041
ITeuenn - 0,157
Kabpsr 0,259 0,108
Yemrys 0,323 -

«-» — OTCYTCTBHE JIaHHBIX, OrpemHocTs aHanmu3a + (5 — 10) %
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CpaBHEHHE COJIEpKAHUSI TSDKEJIBIX METAJJIOB B OpraHax M TKaHsIX
OJTHOBO3PACTHBIX PHIO, OTJIOBJIEHHBIX Ha Pa3IMUHbIX yuacTkax p. Kissbma,
MTOKAa3bIBAET, YTO B TOUKAX 0TOOpa npod BhIIIE U HUXKE ropoaa Bragumupa
0 TEYECHUIO PEKM Pa3HULA B COACPKAHWUU TSDKEIJIBIX METAJUIOB B THAPO-
OMOHTaxX HE3HAYUTENbHA. YUMUTHIBAsl JOCTATOYHO OJHOPOIHBIM XapakTep
dboTon300pakeHUs BOJHON MOBEPXHOCTH Ha KOCMOCHHUMKAX, MOJTYYEHHBIX
Py JAUCTAHIIMOHHOM 30HAUPOBAHHUM, MOKHO 3aKJIIOUHTh, YTO XapaKTep
3arps3HEHUS JAHHOTO y4eTa PeKU B OOJBIIEH CTETIEHH OIMPEAeNIeTCs TeX-
HOT€HHOM HArpy3Koil B BEpPXHEM €€ TEUYEHUH, YEM HEIMOCPEICTBEHHBIM
BIIUSIHUEM TOPO/IA.

IIpoBenenHbie HCCIeNOBaHUSA MO3BOJISIIOT CIIENATh BBIBOJ, YTO OCO-
OCHHOCTH TEXHOTEHHOTO 3arpsi3HEHUS PEK, BBISIBIICHHBIE METOJIaMU XUMHU-
YECKOTr0 aHajn3a BOJBI, MPOSBIISIOTCS B M3MEHEHHH BHIOBOTO pa3HOoOpa-
3usl peuHOl (hayHbI, HAKOTUICHUHU psifia TSOHKEJBIX METaVIOB B OpraHu3Max
TUAPOOUOHTOB, a TAKXKE HAXOAT OTPAXKEHUE B UBMEHEHUM XapakTepa (o-
TOM300paKESHHS BOJHON MOBEPXHOCTH HA KOCMOCHUMKAX.

KoMIuieKCHOE MCTIOIB30BAHUE METOI0B THIPOXUMHYECKOTO, OMOII0-
TUYECKOTO M AUCTAHIIMOHHOTO MOHHUTOPHHIA ITO3BOJISIET OLICHUTH TEXHO-
TE€HHYIO Harpy3Ky Ha BOJIHbIE SKOCUCTEMBI U CTENEHb UX JETPaJIalliu.
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BOITPOCHI 1 3AJAHUA 151 CAMOKOHTPOJIA
U CAMOCTOSATEJBHON PABOTHI

1. JlaitTe knaccudukanuio 3arpsi3HeHUN OKPYKalollei cpebl.

2. CXxeMaTUYHO TOKXKUTE OOJBIION KPYTrOBOPOT BOJBI (THIPOJIOTH-
YECKUH IUKN).

3. /I3 dero cKIIaibIBAtOTCS 3armachl MPECHOW BOABI?

4. OueHuTe BOJIHbIE pecypchl Poccun.

5. Kak Bsl nonumaete nporiecc 3BTpodu3aiuy BogoemMa?

6. Kakve OCHOBHBIE MCTOUYHHMKHU AHTPOIOTE€HHOI'O 3arpsi3HCHUs TH/I-
pocdepsl Bel MoxeTe Ha3BaTh?

7. Bo10X 035 CTBEHHBIN KOMITJIEKC ¥ IEPCIIEKTUBbBI €r0 Pa3BUTHSI.

8. Kimaccudukariust BOomoaIs30BaTeIeH.

9. Bopoxo3siicTBeHHbIH OanaHc u ero coctapisitomue. Buast BXB.

10. KakoBpI OCHOBHBIE MCTOYHUKH TEXHOI'E€HHOI'O 3arpsA3HEHHS OKPY-
JKaroLIen cpeanl?

11. Kakoi#t ymiepd okpy»karouied cpejie HaHOCSAT MPEANPUITHS TOII-
JIMBHO-YHEPre€TUYECKOTO KOMIUIEKCA, MPEANPHUITHSA YEPHOU U [IBETHOU MeE-
TaJUTypryuy, ra30BOU U APYrUX OTpaciiel MPOMbBIIIIEHHOCTH?

12.Yt0 O3Ha4aeT TEPMUH MNOPENEIBHO-IOIYCTUMAs KOHUEHTPALHS
(ITAK)?

13. Ilepeuncnutre HOpMAaTUBHBIC TPEOOBAHUS K KAYECTBY BO/JIbI.

14. B yeM CylIHOCTh METOJJOB HOHOOOMEHHON OYHUCTKH BOJIbI?

15. Pacckaxkute 0 MeXaHHMYECKHX METOJaX OYHMCTKM BOAbl. Kak oHu
HCTIOJIB3YIOTCS?

16. [lepeuncnure GU3MKO-XUMHUUECKHAE METOJIbI OUMCTKU BOJIBI.

17. Kakuie MeToapl OMOXUMUYECKOM OYMCTKHU BOIbI BhI 3HaeTe?

18. KakoBbI OCHOBHBIE HAITPABIIEHHSI PALIMOHAIBHOIO BOAOIOIB30BAHNUS ]

19. HazoBuTe 25IEKTPOXUMUYECKUE METO/IbI OUUCTKHA CTOYHBIX BOJ.

20. IlepeuncinnTe OCHOBHBIE CTAJIUU MOATOTOBKH BObI MUTHEBOTO Ha-
3HAYEHUSI.

21.B uyem 3akimrodaeTcs HEWTpanu3alus CTOYHbIX BoA? Ha3oBute oc-
HOBHBIC PEArcHThI, NPUMEHSICMBbIEC ISl HEUTpAIM3allMi KUCIBIX U HIEI0Y-
HBIX CTOYHBIX BOJI.

22.Kak paccuuTarh CTENEHb OYUCTKHA CTOYHBIX BOJ?
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23. lns Kakux Uejed NMPUMEHSIIOT KOAryJasiHThl U (IIOKYJISIHTBI MPU
OUYMCTKE CTOYHBIX BoA? HazoBuTe Hambomee pacnpocTpaHEHHBIE Koary-
JISTHTBI.

24.Kakue METOJIbl OYMCTKH BOJIbI C TMOMOIIbIO MOPUCTBHIX MEMOpaH
Bri 3Haere?

25.HazoBute HaumbOosiee 3P (EKTUBHBIE METOAbl OYUCTKH HEPTECO-
JepKaIuX CTOYHBIX BOJI.

26. KakoBbl pUPOJIHBIE 3arpsI3HUTENN UCTOYHUKOB MUTHEBOTO BOJO-
CHaOKeHUS?

27.Kakve «IKOJOTUYECKH YHMCTHIC» OKHUCIUTEIN MOXXHO TMPUMEHSTH
IIPU OYUCTKE BOJIbI TUTHEBOTO Ha3HAYEHUSA?

28. Kakue mokaszarenu XapakTepHU3YIOT BOAONOTPEOJEHUE U BOJOOT-
BeaeHue no Poccuiickon Penepanun?

29.4Y10 Takoe «IKOJOTMYECKUNA MOHHUTOPUHT» M YTO MOXKET OBITh
00BEKTOM PKOJIOIMYECKOI0O MOHUTOPHUHTA?

30. KakoBbl 3a71a41 9KOJIOTHYECKOTO MOHUTOPUHTa?

31.Kak noapazaensercss MOHUTOPUHT MO MaciuTaly HaOIoAeHUN H
xapaktepy 00001eHus: napopmaruu?

32. KakoBbI cCICTEMBI MOHUTOPUHTA 110 METOJIaM HAOJIOACHUSA?

33.B yeMm 3akiro4aeTcsi CyThb JUCTAHIMOHHOI'O HKOJOTHYECKOIO0 MO-
HUTOpPHUHTA?

34. Kak kiaccu(puumpyroTcsi CUCTEMbl MOHUTOPUHTA?

35. KakoBbl OCOOEHHOCTHM KOMIUIEKCHOTO 3KOJIOTHYECKOTO MOHHTO-
puHra?

36. Jlns xakux meneit co3gana [mobanpHas cucreMa MOHUTOPHHTA OK-
pyxatoieit cpeasl ([CMOC)?

37.KakoBbl 3amaun EQuHON TOCYIapCTBEHHOM CHCTEMBI 3KOJOTHYE-
ckoro MoHutopusra (EI'CoOM)?

38.Kakue oCHOBHBIE 3a/laud JOJKHA peliaTh aBTOMATHU3UPOBAHHAS
CHUCTEeMa MOHUTOPHUHTA 3arPsSi3HEHUSI OKPYKAIOIIEeH cpejibl?

39. KakoBsl 3a/1aun MPOM3BOJACTBEHHOTO U OOIIIECTBEHHOTO JKOJIOTH-
YECKOro MOHUTOPHUHTA?

40. YTo Takoe «TO4EUHBI MOHUTOPUHI»?

41.Yro ob6o3navaror I[1JIC, IT/IK? Kak paccuurtars I1J1C?
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42.KakuMy METOIMYECKUMH YKa3aHUSIMHU PYKOBOJCTBYIOTCS IPU Op-
TraHU3alUU MOHUTOPHUHTA BOJHBIX OOBEKTOB?

43. Kak opraHu3oBaHa CTal[MOHApHAs CE€Th HAOIIOJACHUH KayecTBa Io-
BEPXHOCTHBIX BOJ?

44.B yem 3aKit0yaeTcsi THIPOOMOIIOTMYECKUI MOHUTOPUHT BOJIHBIX
KOocUucTeM?

45. Kak oCcyIiecTBIIIeTCS MOHUTOPUHT 3arpsi3HEHUS] MOpEei?

46. Kak paccuuThIBa€TCsl MHAEKC 3arpsi3HEHUS IOBEPXHOCTHBIX BO?

47. Kakue 3a1aun pemarTcsa METOAAMHU SYKOTOKCUKOJIOTHH ?

48. Kakue BelecTBa OTHOCAT K DIKOTOKCUKAHTaM (KCEHOOMOTHKAM)?

49. Kakoe BO3JEHCTBHE Ha OpPraHU3Mbl OKAa3bIBAIOT 3arps3HSIONINE
BelecTna’

50. B 4em 3aKkI04arOTCAd KaHLEPOTCHHBIE CBOWCTBA TSHKEIBIX METAJ-
J0B?

51. KakoBbl 0COOCHHOCTH TpaHCHOPMALMU TSHKEIIBIX METAJJIOB U UX
COEIMHEHMI B PA3JIMYHBIX Cpenax?

52.Kakue OpraHM4ecKue COCAMHEHUS OTHOCATCA K CYNEPTOKCHUKaH-
TaM, KaKOBbI UX XUMHUYECKHE OCOOEHHOCTH?

53. KakoBbl OCOOEHHOCTH TOKCHYECKOTO BO3JEHCTBHSI HA OPraHU3MBbI
CYIEePTOKCHUKAHTOB?

54. Yto Takoe OMOTECTUPOBAHUE U KAaKUE OPTaHU3MbI UCIIOJIB3YIOTCA B
KayecTBe OMOTECTOB?

55. B ueM 3aKiIr04aroTcs NPEeUMYyIIEeCTBA )KUBBIX HHIAUKATOPOB?

56. Kakue nokasatesid perucTpupyoTCs y pa3audHbIX OMOTECTEpOB?

57.Kak MOXHO ONpeNeNuTh MOHIATHE «OMOpa3HOOOpa3ue» U 4To Ta-
KO€ MOHUTOPUHT OMOpa3HooOpasusi?

58. Kak opranusyercs MOHUTOPHHT Oropa3zHoobpasus?

59. B 4eM CyTh 3KO0JIOrM4ECKOTO0 HOPMHUPOBAHMS?

60. KakoBbI 11eJ11 MEIMKO-IKOJIOTUYECKOTO PaHOHUPOBAHUS ?
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HPUJIOKEHUSA

Hpuaoxenue 1

O01mue 3aKOHOMEPHOCTH pa30aBIeHUs
%
cTtouHbIX BoA. Pacuer IIJIC

PazbaBiieHne CTOYHBIX BOJ — MPOIECC CHUXKEHUSI KOHIICHTpaIui 3a-
ICPA3HAIOIINX BEUIECTB B BOAOTOKAX M BOAOEMAX, MPOTEKAKOIIAN BCIIEICT-
BUE IIEPEMELINBAHNS CTOYHBIX BOJI C OKPYKAIOIIEH BOJIHON CPELOM.

NHTeHCUBHOCTH Mpoliecca pa30aBiieHUsI KOJUUYECTBEHHO XapaKTepH-
3yeTcsl KpaTHOCThIO pa30aBieHUs 71, KOTOpas paBHA OTHOIICHHUIO CyMMBI
(pacxos10B CTOYHOM BOJIBI g M OKPY>KaroIer BOAHOM cpeibl () K pacxoy
CTOYHOHU BOJIBI

- 0+4q., (1)
9
VI OTHOILIIEHHEM M30BITOYHBIX KOHIIEHTPAIMI 3arps3HEHUI B MECTE BBIITyCKa
K aHAJIOTUYHBIM KOHLEHTPALMAM B pACCMAaTPUBAEMOM CEYEHUHU BOAOTOKA!
e C,—C, ’
C-C,
ryie Ce;— KOHIIGHTPAIUA 3arPA3HAIONIMX BEIIECTB B CTOYHON BOJE , T/M ;
C; — KOHIEHTpAIM 3arps3HAIOIINAX BEIIECTB B BOJOEMAX JO BBITyCKa

(2)

CTOYHBIX BOJL, T/M’;
C — KOHIIGHTpAIlUs 3arpsA3HSIONINX BEIICCTB CTOYHOM BOJIBI B pac-
CMaTPUBAEMOM CEUCHHH BOJOTOKA IOCIIE BBITYCKA CTOYHBIX BOX , I/M .
J171s1 BOMOTOKOB BhIpakeHue (1) 3amuchIBaeTCs TAaK)KE B BUJIE

n: y ) QB + QCT
9er
rae Y — Oe3pasMepHblii KOd((DUIIMEHT CMeIIeHHs], TTOKAa3bIBAIOIINN, KaKas

b

4acTh PACYETHOTO Pacxoja BOJOTOKA YYACTBYET B CMEIICHHUH, TTPU 3TOM Y<1;
. 3
(O — pacueTHbII pacxo] BOJIOTOKa, M™/C.

" Meronuka pacuera mpeenbHo-1omycTuMbix copocos ( IT1JIC) BemecTs B BOJI-
HbIE 0O0BEKTHI CO CTOYHBIMU BoJiaMu. — M.: ['ockomMuTeT Mo oxpane npupojsi, 1990. —
113 c.
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Pacripoctpanenue npumeceil NMpOUCXOIUT B HANPABICHUU TOCHOJ-
CTBYIOLIUX TE€YEHUW, U B 3TOM K€ HAIPaBICHUU KPATHOCTh pa30aBlCHUS
UMeeT TEHACHIMIO K yBenudyeHuto. Tak, B HaUaJIbHOM CE€YEHUU (B MECTe
BBIITyCKa) KpaTHOCTh pazodasnenus n,= 1(Q = 0 wm C = C,, a 3aTeM 1o
Mepe YBEIUYEHHUS PACXOA0B JKUIAKOCTH KOHIICHTPAUs MIPUMECU CHUKACT-
csl, a KpaTHOCTh pa3daBieHus pacTeT. B mpejene, korja B Mpolecc nepe-
MEIIMBAHMS BOBJIEKAIOTCSI BCE BO3MOKHBIE I JAHHOTO BOJHOTO OOBEKTa
pacxobl BOJbI, HACTYIAET MOJIHOE NIEPEMEIINBAHUE. B yCIIOBUSX MOTHOTO
MEPEMEIINBAHNS KOHIIEHTPAlUs 3arps3HSIONIMX BEIIECTB CTPEMHUTCS K
dbonoBoi, T.e. C—C,.

Y4acTok BOAOEMA WM BOJAOTOKA OT MECTA BBIITYCKA CTOYHBIX BOJI 10
CEYEHUs, TI€ MTPOU30MIET UX MOJIHOE NMEPEMENINBAHUE, YCIOBHO Pa3leiis-
10T Ha TPH 30HBI:

l-s1 30Ha — HayanbHOE pa3daBiieHHE. 37ECh MPOIECC pa30aBICHUS
MIPOUCXOINUT BCJIEACTBUE YBEIUYECHUS OKPYXKHOW CKOPOCTH IKHUJIKOCTH
TypOYJIEHTHBIM CTPYWHBIM TIOTOKOM, OOpa3yHOIIUMCS TPU HCTCUCHUU
CTOYHOM BOJBI U3 OrOJIOBKA BBINTYCKAa. B KOHIIE NEpBOM 30HBI PA3HOCTH
CKOPOCTEN CTPYWHOTO MOTOKA M OKPYXKAIOUIEN CPENIbl CTAHOBUTCS HE3HA-
YUTEJIBHOM.

2-s1 30Ha — OCHOBHOE pa3baBieHue. CTeneHb pa30aBICHUS B 3TOU
30HE ONPEENAeTCS UHTEHCUBHOCTBIO TYpOYJIEHTHOTO OOMEHA.

3-1 30Ha — B 3TOM 30HE pa30aBJ€HUsS CTOYHOW BOJbI NMPAKTUUYECKU
HeT. CHUKEHHE KOHUEHTPALMN 3arpsA3HAIONIMX BEIIECTB MPOUCXOIHUT B
OCHOBHOM 3a CYET IIPOLIECCOB CAMOOYMILEHHS BOJBI.

[IycTe KOHUEHTpaLyMs 3arpsi3HAONIMX BemecTB B 1-M cTBope paBHa (),
BO BTopoM — C,, Tipu 3ToM C > C,. Torna HayalbHOE pa30aBlieHUE COCTABUT:

OT MECTa BBIITyCKa JI0 IEPBOT0 CTBOPA

nH: CCT — CB . (2)
Cl - CB
OcHoBHOE pa30aBiieHUE 1y OT IEPBOTO 1O BTOPOTO CTBOPA
C -C
ny=——=, 3
"c,-c, ©)
a oburee pazbaBieHUe Ha OOIIEM yYacTKe
n=Sa=C (4)
CZ - CB
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Pemias ypaBaenue (2) orHocurenbHo (Ce; — C;), a ypaBHeHue (3) oT-
HocutenbHO (C; — C;) ¥ MOACTaBIsAA pe3yJbTaThl B ypaBHeHUE (4), TOIy-
YUM: N=Hy" No.

Takum oOpa3zoM, pemuTh 3aady O pa30aBICHUU CTOYHOW BOJBI B
BOJOTOKE WJIH BOJOEME — O3HAYaeT OMNPEACIUTh KOHIIEHTPALMIO OJHOTO
WIM HECKOJBKHUX 3arpsA3HSIONIMX BEIIECTB B JIIOOOM TOYKE JOKAIBHOM 30-
HBI BOJJHOTO 00BEKTa, MOABEP>KEHHOM BIUSHUIO CTOYHBIX BOJI.

[Ipu 3TOM HYXHO:

1) ycTaHOBUTH KapTUHY PacHpOCTpPaHEHUS 3arps3HSIONINX BELIECTB
B BOJOTOKE IOJ] BIMSHUEM COpOCa CTOYHBIX BOJI C YYETOM T'MIPOJIMHAMMU-
YeCKHUX (DaKTOPOB;

2) BBISIBUTH BJIMSIHUE €CTECTBEHHBIX (PaKTOPOB Ha MPOIECC pa3daB-
JIEHUS C LEJbI0 HAWJIYYIlEer0 MCIOJIb30BaHUS MECTHBIX YCJIOBUU JJIsI €r0
peryJIupoBaHus;

3) omnpenenuTb BO3MOKHOCTh INPUMEHEHHUS HCKYCCTBEHHBIX MEpPO-
IPUATUHN JJ1sI ”HTCHCU(UKAITUN pa30aBiIeHUs CTOYHBIX BOJI.

Daxmopul, onpedensruiue npoyecc pazbasnenus cnoYHblx 600

8 B0OOMOKAX U 8000EMAX

Pa30aBiieHHE CTOYHBIX BOJI B BOJOTOKAaX OMPEACISETCS KOMILUICKC-
HBIM BIIUSIHUEM CIIEIYIOIIUX TPEX MPOLECCOB:

— pacrnpe/ieJieHle CTOYHBIX BOJI B HAUAJIbHOM CEYEHUU BOJOTOKA, KO-
TOPOE 3aBUCUT OT KOHCTPYKIIUU BBIITYCKHOTO COOPYKEHUS;

— HavyajabHOE pa30aBJIEHUE CTOYHBIX BOJ, MpOTEKAroUIee MO JACUCT-
BHUEM TYpOYJIEHTHBIX CTPYH;

— OCHOBHOE pa30aBiieHWEe CTOYHBIX BOJI, OMPEACIISIONIEECS THIPOIH-
HAMHYECKUMHU TIPOIIECCaMH BOJOEMOB 1 BOJIOTOKOB.

Bce dakTopsl u ycnoBus, XapaKTEepHU3YIOIIUE Mpoliecc pa3doaBeHus,
MOXHO Pa3/IEIUTh HA JIBE TPYIIIIbIL:

l-51 epynna — KOHCTPYKTUBHBIE M TEXHOJOTMYECKHE OCOOEHHOCTHU
BBIITYCKA CTOYHBIX BOJ| (KOHCTPYKIIMS BBIITYCKHOTO COOPY>KEHUS;, YHCIIO,
dbopma U pazMepsl BBITYCKHBIX OTBEPCTUI; PACXOJl U CKOPOCTh BBIMyCKae-
MBIX CTOYHBIX BOJ; TEXHOJOTHS U CAHUTAPHBIE MOKA3aTEIN CTOYHBIX BO/I
(¢pusmueckue CBOMCTBA, KOHIICHTPALIUS 3arPSI3HSAIONINX BEIIECTB U JIp.);

2-s epynna — TUAPOMETEOPOIOTUUECKIE OCOOEHHOCTH BOJOEMOB U
BOJIOTOKOB (XapakTep JBM)XEHHUS BOJIHBIX MAacCC; MPUYMHBI, BBI3BIBAIOIIUE

96



ATHU JBUXKEHHUS (CTOK, BETEP, TEMIEpaTypa, MIOTHOCTh U T.J.; MOP(OJIOTH-
YECKHE XAPAKTEPUCTUKH PyCiia BOJOTOKA WM JIOKA BOJOEMA; CTEIICHBb
MIPOTOYHOCTH BOIOEMA; COCTAB M CBOMCTBA BOJHOM CPEIbI).

Hampumep, U3 paktopoB nepBoi rpynimbl yCTAHOBIEHO, YTO pa30aB-
JIEHHWE MpOTeKaeT 0oJiee MHTEHCUBHO IPH PACCEUBAIOIINX BBIMTycKax. M3
(bU3NYECKUX CBOMCTB CTOYHOM BOJIbI HaMOOJIbIlIEEe BIUSHUE Ha pa3daBlie-
HUE OKa3bIBAIOT HaYaJIbHAS IUIOTHOCTH M TeMIIepaTypa, MpuyeM He uX ao-
COJIFOTHBIE 3HAYEHMS, a PA3HOCTh MEXY MapaMeTpamMy CTOYHOM BOJbI U
OKPY’KaroIIEW BOJIHOM CPEIbI.

N3 (pakTopoB BTOPOI TPYIIIHI CYIIECTBEHHOE 3HAYCHHE UMEIOT BTOPHY-
HbIE TEYCHUS, KOTOPhIE UMEIOT MECTO, HAIIPUMEP, HA MOBOPOTE pycia, KOrjaa
MOTOKY JIBMXKYTCSI HE TOJIBKO B OCHOBHOM, HO X OOPaTHOM HAIIPaBJICHHUU.

Pacuem npedenvro-oonycmumozco copoca (I1IJIC) ons 600omokoes

IJC = Crpce ql, r/d,
rae Crc— KOHLEHTpalus IPUMECH B CTOYHOU BOAAX, IIPU KOTOPOU B KOH-

KPETHBIX YCJIOBUSAX BOJOOTBEJCHHS HE MPEBBINIAIOTCS HOPMBI KauecTBa
BOJIbI B PACUCTHBIX (KOHTPOJIBHBIX) CTBOPAX, I/M ;
ql — MAKCHUMAJIbHBIA YaCOBOM PacXo0]l CTOYHBIX BO/I, M/,

PacuetHbie CTBOpPHI 7151 BOAHBIX OOBEKTOB XO35IMCTBEHHO-ITUTHEBOTO
U KyJIbTYpHO-OBITOBOTO BOJOMOJIB30BaHUSI HAXOIATCA B 1 KM BBIIIE TIO Te-
YEHUIO OT OJIMKAMIIIETO MyHKTa BOJOTIOJIb30BAHUS.

JIist OOBEKTOB PHIOOXO3SHUCTBEHHOTO BOOIIOIB30BAHUS PACUCTHBIC
CTBOpHI pacrnojyiaratorcsi He nanee yeM B 500 M oT cTBopa cOpoca CTOUHBIX
BOJI.

Crpc=n-(ILAK; — Cy:) + Cy,
IJIe 1 — KPaTHOCTh 00I111eT0 pa30aBICHUS;
n = ny'ny (ny — KPaTHOCTh HAayaJbHOTO pa30aBJIEHUS; Ny — KPATHOCTh
OCHOBHOTI'O pa30aBJIeHUs; IIPU PEIICHUHU 3a7a4 IpUHUMAaeM ny=1);
Cpi — (OHOBas KOHLEHTpAIUs IPHUMECH B BOAHOM OOBEKTE BBIIIE
cOpoca CTOYHBIX BOJ, I/M

o= q+v-Q,
q
- -
1+Q[a%
q
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rae Y— Kod(PQUIIMEHT CMEIICHUS;

¢ — PacxoJ] CTOUHOMN BOJIBI, M/C;

O — pacxoja BOAbI B BOJIOTOKE, M /c (MUHUMaNIBHBIN pacxon 95 %-it
00eCIeYeHHOCTH NI HanOoJjiee MAJIOBOJHOTO MeECSIa THAPOIOTHIECKOTO
roaa);

¢ — paccrossHue 10 (hapBaTepy OT CTBOpA BBHIITyCKa CTOYHBIX BOJ JI0
pPacyeTHOTO CTBOPA, M;

a— K03 (PHUIMEHT, YIUTHIBAIOITUI THAPABIMYCCKHAC YCIOBHS CMEITICHHS

D
a =@ { 3}—, @ — ko3pPUITHEHT U3BUIMCTOCTH PEKU;

¢=1/ 0y, ({np — PACCTOSHUE OT CTBOpA BBINYCKA CTOYHBIX BOJ JI0
pacueTHOro CTBopa 1o npsAamoi), { — ko3 HUIMEHT, YIUTHIBAIOIINI yCII0-
BUSI BBITyCKa cTO4HBIX BOA (§ = [ — BoImyck y Oepera win { = 1,5 — Beimyck
B CTpexeHs); D — xodbouiment TypoyneHtHON aubbysun, M/c;
D=V h)/200, tne Ve, — cpeqHsisi CKOPOCTb TEUEHUS PeKH, M/C; A, —
CpelHsisi rinyOMHa peKM Ha Y4YacTKE OT CTBOpa BBIMYyCKa JO pPacyeTHOIrO
CTBOpA, M.

JI1s IpUOGIIKEHHBIX pacyeToB mpuHuMaioT D = 0,005 m*/c (cpeanue
YCIIOBHS CMEIICHHs, paBHHHHBIE pekn); D = 0,02 M°/c (MHTEHCUBHbBIE yC-
JIOBHSI CMEILICHUS, TOPHBIE PEKH).

Pacuem xonyenmpayuu C, 6 npou3so1bHOM cCmeope
YpaBHeHHE MaTepUaIbHOTO OajlaHCa MPUMECH
Cerq=Cp (7O1q)-Cyv- Q.
o 'q+C¢) -0 .
v0+q
Y — KO3(pPUIIMEHT CMEIICHUSI Ha YY4acTKE OT CTBOpPA BBIMTyCKa CTOY-
HBIX BOJI /IO PACYETHOI'O CTBOPA.

3

Orcropa: Cy= /M

OnpedeﬂeHue npuopumemHsblx 3dcPAHAIOWUX 6eulecme
U UCIMOYHUKOB UX C6DOCCZ
HpI/IOpI/ITeTHBIG 3arpsA3HAIOIMNC BCHICCTBA MOZKHO OIPCACINTL II0

MaKCUMaJIbHOH BenmunHe oTHoImeHus XC,,/ITIK;
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2Cp, Cec, —C,,

MK, -C,, — (IAK, = C,)n,,
_ Cer, —C,,
py
Ny,

rnej— 1,2, 3....n — HOMEp UCTOYHHUKA.

[IpropuTeTHBIE UCTOYHUKHA COpPOCA YCTAHABIMBAIOTCS IO BEIMYMHE
ornomenus C,;/IIJK;, rne C,; — KOHLIIEHTpanus i—i MpUMeCH, cOpachIBac-
MO#i j—M MCTOYHHKOM B pacdeTHoM ctBope, r/m°; I1JIK; moxer 6bith TTJIK
-1 TpUMeCH B BOJOTOKE XO3SMCTBEHHO-TIMTHEBOTO W KYJIBTYPHO-
OBITOBOTO HAa3HAYCHUS WJIU PHIOOXO3SHCTBEHHOTO0 Ha3HAYEHUS OCHOBHOTO
BOJIOTOKA, T/M .

Wctounuku ¢ C,;/ IIJK; < (0,05+0,1) n3 nmanpHeHmMX pacdyeToB
MO>XHO WCKJIIOUNTH (HE3HAYUTEIBHBIM BKIJIAJl B 3arpsA3HCHUE PacYeTHOTO
CTBOpA).
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Ipuioxenue 2

BpeMeHHbIe MeTOAMYECKHE YKAZAHUSA
10 KOMIUIEKCHOI OLleHKe KayecTBa
*
MOBEPXHOCTHBIX M MOPCKHX BOJI

1. Pacuem unoexca 3aepsznenHocmu 600 (M3B) 1jisi TOBEPXHOCTHBIX
BOJI TIPOBOJIUTCSI TOJIGKO 1O CTPOTO OTPaHWICHHOMY KOJMYECTBY HHIPEIIH-
CHTOB. Pe3yibTaThl aHAIM30B MO KaXJIOMYy M3 TOKa3aTejeH OCPETHSFOTCS
(ompenensieTcs cpeaHeaprupMeTHIecKoe 3HaueHue). Yucao aHaiau3oB IS
OTIpeNIeICHHSI CPEHETO 3HAUSHUS JOJDKHO OBITh He MeHee 5. Eciu B pacuete
cpeaHeapru(pMeTHIECKOro PUHUMAINCH 3HAYCHWSI, BHIXOSIINE 3a TPEICIbI
OOBIYHOTO psija HaOMIoJeHU (B pe3ysbTaTe aBapuiHOro cOpoca 3arpss-
HSIFOIIUX BEIIECTB), B TEKCTE JOJIKHA OBITh COOTBETCTBYIOIIAsI OTOBOPKA.

Pacuer 3B npooautcs no popmynam:

S
ITAK,
6
rae 6 — cTporo JMMUTHPYEMOE KOJMYECTBO MOKa3areseid (MHIPEAUEHTOB),

Oepymmxcs s pacu€ra, BKIOUYas MOKAa3aTeIN: PACTBOPEHHBIA KUCIOPO.
u BIIKs, nmeronue HanboapIIne 3HAYEHUS HE3aBUCUMO OT TOTO, MPEBBI-

maroT onu 111K nnu Her;
S
K,

4
rae 4 — cTporo JUMUTHPYEMOE KOJUYECTBO MOKa3aresiei (MHIPEeAUEHTOB),
Oepyluxcs g pacuera, BKIIOYAas PAaCTBOPEHHBIN KHUCIOPO, UMEIOIIUX
HauOOJIBIITNE 3HAUYCHHUSI HE3aBUCUMO OT TOro, mpeBbimaroT oHu 1K wimn
Het. Jlist Mmopckux Boj pacuer M3B mpoBOAAT HE MO OTAEIBHBIM CTaH-
UM, a [0 paiiloHaM KOHTPOJISL.

JIns mpencraBieHUs KauecTBa BOJ B BUJIE €IMHOM OLICHKM MOKa3a-
TEJIM BRIOMPAIOTCS] HE3aBUCUMO OT JUMHUTUPYIOUIET0 IPU3HAKA BPEIHOCTH,
IIPU PABEHCTBE KOHUEHTPALMKA MPEAIIOYTCHUE OTAACTCS BEIIECTBAM,
MMEIOIINM TOKCUKOJIOTHYECKUI MPU3HAK BPEIHOCTH.

— 3B 1151 1OBEpXHOCTHBIX BOJ =

b

— W3B mi1st Mopckux BOJ =

9

* (V)
Mertoandeckrue peKOMeHIauu 1o GopMaTn30BaHHON OIICHKE KadecTBa TO-
BEPXHOCTHBIX M1 MOPCKHUX BOJI MO THAPOXUMHYECKUM MokazaTensiMm. — M.: ['ockoMmmeT-
posiorun, 1988.
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Y4uuThiBas, 9TO MOKa3aTellb OMOXUMHYECKOTO TOTPEOTICHUS KHCIIO-
pona (BIIKs) siBisieTcst MHTErpalbHBIM MTOKa3aTeIeM HaJudus JICTKOOKHC-
nsiembix oprannueckux BemecTB (ILJIK mis BITK nmonnoro — 3 Mr O,/n), a
TaK)Xe TO, YTO C YBEJIMUCHHUEM COJEP KaHUS JIETKOOKHCIISIEMBIX OpraHuve-
CKHX BemecTB (yMEHBIICHHEM COACPKaHUS PACTBOPEHHOTO KHCIIOPOJA)
Ka4eCTBO BOJ CHMXkaeTcs Oonee pesko, IIJIK mis aTux mokaszareneit npu-
HUMaeTcs chenytomas (tadi. I12.1).

Tabnuua I12.1

[Torpebnenne kucnopoaa (bIIKs5)

Benuuuna mr O,/n npuHuMaeTcs

3a [TJIK
J1o 3 mr O/1 BKIIIOYHTEIIBHO 3
bonee 3 no 15 mr O,/n 2
Csrite 15 mr O,/n 1
1 paCTBOPEHHOTO KUCIIOPOa Bemuuuna mr O,/m,
TP COJICPXKAHUU, MT/TI: IPUHUMACTCSI 32 HOPMATHB
Caeliie 6 6
Menee 6 10 5 12
Memnee 5 o 4 20
Menee 4 no 3 30
Menee 3 1o 2 40
Menee 2 no 1 50
Menee 1 10 0 60

CrerneHb MPEBBINICHUS KOHIIEHTPAIIMM PACTBOPESHHOTO KHCIOPO/a
Haj [1/IK paccuuteiBaercs o dopmye: 11/[K/cooeporcanue
[Tpumep pacuera (Tad:. 112.2)

Tabnuua [12.2
Pe3ynbraTsl HaOII0ICHUN
HaumenoBanue KoHuentpauuu n
BelecTBa (mokaza- | cpeaneapudmernyeckue B [1JIK PHMCHATHC
TEJIsT) 1985 r. 1986 1. 1987 1.
Azot ammonwniiaei | 1,1 0,9 12,0
A30T HUTPUTHBII 3,0 1,1 8,0
HedrenpomykTs 2 6 0,5 B pesyinbrare aBapuitHOro
cOpoca MakcuMabHas
KOHLIEHTpAIHs TOCTUTIIa
ypoBHs 28 [1/IK

DeHOJTBI 3 2 4 4
PacTBOpeHHBIN KH-
cIopon 0,75 2,19 4,44 4,44
BIIK; 2 3,5 6 6

UTOI'O | > 11,854 | 15,69 34,9 34,9
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KoHiieHnTparuysi paCTBOPEHHOr0 KUCJIOPO/a MO rojilaM pacCYUTHIBACT-
Csl CIIEIYIOIIUM O00pa3oM.
CpenneronoBas KoHIleHTpanus B 1984 r. coctaBmsna 8 mr/im.

Pacuer g =0,75.

B 1986 r. cpenneronoBasi KOHIIEHTpAIUsI CHU3WIACK J0 5,5 M/,

12,0

Pacuer 5 =2,19.

B 1987 r. coaepkanue pacTBOPEHHOTO KHUCIOPOAA CHU3ZUIOCH O
4,5 mr/m.

Pacuer 2 _

4,44,

b

BIIKs B 1985 r. paBusnock 4 mr O,/in, B 1986 T. yBenuM4mioch 110
7 mr O,/11, B 1987 1. yBenuuuiaock 10 12 mr O,/m.
PacyeT cooTBeTCTBEHHO

s 1985 . g =2, s 1986T. % = 3,5, s 1987 . % = 6.

15,69 _ 34,34

= 2,61 I/I3B1987 = 5 = 5,82

I/I3B1985 = ,6 = 1,99 H3B1986 =

2. Yuem 6oonocmu npu pacueme MU3B. JlaHHBIN pacyeT UMEET Orpe-
JICJICHHbIE HEJOCTATKU U JOMYLIEHUS, OJHAKO IPU €ro €IuHOOOpa3HOM
MPUMEHEHUU OIIMOKK OyIyT HE CTOJIb BeNMKU. [IpeaBaputensHO omnpene-
asiercs Ko3(P(GULUMEHT OTHOUIEHUSI (PaKTUYECKOr0 CPEeIHEr040BOr0 pacxo-
J1a K CPETHEMY MHOTOJIETHEMY PacXoay

Q(baKT

Qcpez[HeMHoronemﬁ

K:

3ateM monydeHHyro BenumuuHy M3B yMHOXaem Ha kod(pdumueHT
BojiHOCTH. Hanpumep, BogHocts B 1985 1. coctapnsina 185 M3/c, B 1986 .
150 m’/c, B 1987 r. — 100 M’/c; cpeaneromosoii pacxomq — 90 m’/c. IIposo-

AWM paCUYCThI:

185 150 100
Kiggs = — =2 Kiggs = — =1 K57 = — =1,11.
1985 90 9057 1986 90 9667 1987 90 s

N3Bggs = 1,99-2,05 = 4,07, N3Bogs = 2,61 * 1,66 = 4,33,
N3Bgg7 = 5,82:1,11=6,46.

N3B c yuetoM BogHOCTH OyieM 0003HAYaTh 3BE3I0UKOU I/I3B*1985.
VYuer Boanoctu npu pacuere 3B npoBoauTcst 00s13aTe€NbHO.
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3. B penkux cinydasix, Korja HaOMtOJaeTCs HapyIICHUE HOPM Kaye-
cTBa BoJ 1o mokazatento pH, B pacuer U3B (konuentpanuu cpenneapud-
metnueckue B I1/IK) moacraBnstorcs cieayronmuye BETHYHHbI:

npu BenuuuHe pH ooitee 8,5 10 9 u MmeHee 6,5 106 -2,

0onee 9 10 9,5 umMenee 6 g0 S5 -5,
ooxee 9,5 u menee 5 — 20.

B pacuer M3B MOHO BKIIFOYaTh BEJIMYMHY NPEBBIIICHUS HOPM Ha
B3BCIICHHBIC BEIIECTBA, YTO MMEET 0coboe 3HaueHue st KoibiMcKoro
YTKC. IIpu 3TOM cienyeTr MeTh B BUY, UTO PacueT, KOTOPBIA MPUBOIUT-
Ci HUXKE, MPUEMJIEM TOJIBKO I B3BEUICHHBIX BEIIECTB €CTECTBEHHOTO
IIPOUCXOKICHUS (B3MYyYHBAaHUE BOABI B pe3yJibTaTe pabOTHI Jpar, 3eMCHa-
panoB u T.1.). CTreneHb MNPEBBINICHUNA KOHIEHTPAIMI B3BEIICHHBIX Be-
mectB Haa [IJIK paccuurthiBaeTcs cieayroniM oOpa3oM: KOHIIEHTpAIUU
nemarca Ha 111K, 3a xkoTopyro NMpUHUMAETCA CpeIHEE MHOTOJIETHEE CO-
JepKaHre B3BEIICHHBIX BEILECTB 3a TUJPOJIOTHYECKYHO (Da3y, yBeInyeH-
Hoe Ha 30 %, B mepuoa KOTOPOM IMPOU3BOAMICS OTOOP IP0oO, 3TH OTHOIIIE-
HUSI CKJIAIBIBAOTCA U JIEJISITCA HA KOJWYECTBO ITPOU3BEICHHBIX 3aMEPOB,
MOJTy4YEHHAs BEJIMYMHA UCIIOIb3yeTcs 1t pacuera M3B.

Hanpumep, cpeaHsiss BelIMYMHA MYTHOCTH B TMOJIOBOJBE paBHA

140 mr/n, mpu otbope mpod nosrydeHa BenuunHa — 320 mr/J.

320 .
Pacuer ———— = 1,9. B MexeHHblll niepuos CpeHsiss MyTHOCTb

0+28
COCTaBJISIET 25 MI/1, B OTOOpaHHOU MpoOe KOJIMYECTBO B3BELIECHHBIX Be-

mectB onpeaeneHo 300 mr/.
300

Pacuer 5545 = 10. B pacuer 3B BkiItouaeTcss BeJuurHa (KOH-
+

1,9+10

nentpanuu cpeaeapudmerudeckue B [1JIK), papnas =35,95.

VYuer BoaHocTu Tipu pacuere V3B mo B3BEHICHHBIM BEIIECTBaM HE
MIPOBOJAUTCH.

4. Kpumepuu 3azcpasHennocmu 600 no V3B v xpuTepuu yiaydlleHUs
(YXyAuieHus) KayecTBa BOJ.

JInst mpoBeAEHUST CPAaBHEHUS U OINPEACIICHUS JUHAMUKH W3MEHEHUs
KauecTBa BOJI UCIIOIb3YIOTCS IaHHbIE, TPUBEJAEHHBIE B Ta0. [12.3.
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Tabmuua I12.3

N3mMmeneHue Benu-

Kiace yuHbl 13B B mpo-
KauectBa | TexcToBOE omucanue Bennunna 3B LIEHTax I ompe-
BOJIbI JeJeHUsl TEeHECHIIUN
KauyecTBa BOJ
J11s1 TOBEPXHOCTHBIX BOJL
I OueHb yncTas Menee unu pasHo 0,3 100
II Uuncras bonee 0,3 no 1 bonee 50
III YMepeHHo rpsizHas bonee 1 o 2,5 bonee 30
v 3arpsi3HEHHAs boinee 2,5 no 4 bonee 25
\% I'psasnas bonee 4 no 6 Bbonee 20
VI OueHb rps3Has Bbonee 6 no 10 bonee 15
VI Upesbluaiino rps3Has | bonee 10 Bbonee 10
JIg MOpCKuUX BOJI
I OueHb yncras Menee unu paBuo 0,25 | 100
II Yucras bonee 0,25 no 1 bonee 50
III YMepeHHO rpsi3Hast bonee 1 no 2 bonee 30
v 3arpsi3sHEeHHas bonee 2 no 4 bonee 25
A% ['psiznas bonee 4 10 6 boinee 20
VI OueHb rps3Has bonee 6 o 10 bonee 15
VI UpesBbruaiino rpssHas | bonee 10 bonee 10

Ilpumeuanue: pu nepexoae KadecTBa BOJbI B JIPYroil Kiacc IMpo-

OEHT N3MCHCHUA BCIINYUHEI N3B we YUYHUTBIBACTCA.

Pacuer usmenenus Benmuunbl 3B npoBoaUTCS B IPOLIEHTaX
(3B985-113B9g6) / 13B9g5-100.
CpaBHenue BenuuuH 3B, nmogy4eHHBIX B KAUECTBE MpUMEpPA, C JaH-
HbIMU Ta0J1. [12.3 nokassiBaet, uto 3B ¢ yuerom BojgHOCTH, paBHBIM 4,07,

B 1985 r. OTHOCHUT AaHHBIA BOJHBIA OOBEKT K TpsizHbIM (V Kiacc), B

1986 . Boga BoJHOTO 0OOBEKTAa OCTajdach B TOM K€ Kilacce TPSA3HBIX BOJI-
HBIX 00BEKTOB, pasHocTh Mexay M3B mo romam cocrasusier 9,6 % (me-
Hee 20), T.e. KaYeCTBO BOJI OCTAJIOCh Ha MPEKHEM YPOBHE.
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IIpuioxenne 3

KoHueHTpanum 3arpsisHsIl0IIMX BelecTB.
Enunauubl usmMmepeHus

KoHuenTpauu 3arps3HsomMX BOAHYIO Cpely BELIECTB OOBIYHO
IPUBOJIATCS B CICAYIONINX €IUHUIIAX:

r/n (r/1M’) ¢ COOTBETCTBYIOUIMMH NpucTaBkamMu M- (107)
MuKpo- (10 ©); Moub/1 (MONB/IM’) ¢ TEMH XKe HPUCTABKAMH; IIPOLCHTHI
MaccoBble (%) unu npomuinie (%0) — COOTBETCTBEHHO TPaMMbl BEILIECTBA
B 100 r (%) wnm B 1 kr (%0) pactBopa;

ppm — MUUTUTPAMMBI BEIIECTBA B KUJIOTPaMME HCCIIEyeMOro pac-
TBOpA; JJIs1 TPECHOW BOABI MOXXHO CYHTaTh, 4YTO 1 ppm COOTBETCTBYET
1 mr/m;

ppb — MuKporpamMmbl BellecTBa B 1 KI' MCCIIEyeMOro pacTBopa; s
npecHo# BoabI | ppb cooTBeTCTBYET 1 MKI/II.
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IIpuioxkenne 4

I'uruennyeckue TpEﬁOBaHI/IH K Ka4Y€CTBY NMUThEBOU

Boabl o CAHIIuHYy 2.1.4.559-96

Mqu06u0ﬂ02M‘i€CKu€ U napasumoJiocuvecKkue nokasameniu

IToka3zarens Hopmarus
TepmoTonepanTHbie KoMMpOpMHBIE OaKTepUn
P P Pop PHH, OrcyrcTBHE
yucino B 100 mn
O6mme xonmudopmubie 6akTepun, yucio B 100 M OtcyTcTBHEC
OO011ee MUKPOOHOE YHCIIO, YUCIIO 00Pa3YIONINXCS KOJOHUH OaK-
Iil P pasyrom He Gonee 50
Tepuii B 1 M
Komudaru, uncno 6xsmkoo6pasyronmx enuaui (bOE) 8100 mu OrcytcTBHE
Crioph! cynb(pUTpe Ty IUPYIOMIUX KIOCTPUIHH, Yrcio criop B 20 Mt OtcyTtcTBUE
[ucTtel nsaMOmmid, guciio muct B 50 mi OtcyTtcTBUE
Opeanonenmuueckue nokasamenu
3amax, Oauibl 2
[TpuBkyc, 6amib 2
[{BeTHOCTB, rpanycel Pt-Co-mikansl 20 (35)
MytHocTh, EM® (enuHuiia MyTHOCTH 110 OpMa3uHy) WIH Mr/am’ 1.5(2)
(110 KaoJIMHY) ’
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