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Paspgea I

METOIOHUKA PACHETA BbIHOCA OPTAHUYECKHX,
BHOTEHHBIX BEHIECTB H NMECTHIUJ0B PEKAMH

1. O6wue noaoacerus

Oprannueckie H GHOTeHHHE BellecTBa HMeEIOT BeCbMa BaxKHOe 3HA-
YeHHe B T€OXHMHH H 5KOJIOTHH. B coBpeMeHHHIH nmepHOA GBICTPO BO3-
pacTaeT BCECTOPOHHEe 3HaueHHe NECTHIHIOB,

CTOK pacTBOpeHHBIX BeIeCTB pasfeseTcs Ha CTOK OPTaHHYeCKHX
H HeOpraHHUYeCKHX BelllecTB. [locnensuit moipasjenserci Ha CTOK
IJIaBHBIX HOHOB, MHKDO3JIEMEHTOB M OHOTeHHHIX BellecTB. [Ipu Hapy-
IIeHHH eCTeCTBEHHOIO COCTOSHMA PeK H ¥MX (acCcefHOB UPOHCXOJHT OJ-
HOBpPEMEHHO CTOK OPraHH4eCKHX H HeOPraHHYeCKHX 3arpa3HAIOUIHX Be-
IIeCTB, B TOM YHCJe TAaKHX, KOTODHE IPH €CTeCTBeHHOM (OpMHpOBa-
HHH COCTaBa B BOZAX NPakKTHUECKH OTCYTCTBYIOT, KaK, HalpEMep, Hec-
THIEIEL

VisyueHne croka pPacTBOPEHHHX BEIIECTB NPOBOIUTCA C HEJNBIO IO-
JYYEHHSA €ro KOJWUECTBEHHHX XapPaKTePHCTHK, KOTOPhle HaXOAAT Teo-
peTHUeCKOe H HIHPOKOE NPAKTHUECKOe HpPHMeHeHHe B NPOTHO3KPOBA-
HHH KauecTBa BOJL BOAHHX OOBEKTOB C LEJNBIO €r0 JaJbHEHIIeEro pe-
TYJHPOBaHHSA; NPH KOJHUECTBEHHOH OLEHKE 3arpsA3HAIONIHX BeIeCTB,
BHHOCHMHIX DeKaMH; B onpejefieHHH OHOJOTHYECKOH NPOAYKTHBHOCTH
BOZOEMOB H BOXOTOKOB; HPH COCTaBJEHHH 0ajlaHCOB XHMHYECKHX Be-
1eCTB MOpeH H PeyHHIX 6acceRHOB.

ITocTyniienne XEMHUECKHX BeIeCTs B MODPS H BHYTPEHHHE BOJOEMH
TIPOMCXOJHMT, IVIaBHLIM 06pasoM, 6Jarojapa BHIHOCY HX C PEYHEIM CTO-
goM. PelieHne MHOI'MX KPYIHBIX HayyHHX H IPaKkTHUeCKHX 3aZad, B
TOM YHCJe [0 OXpaHe BOJ, HEBO3MOXHO 6e3 JaHHHX O CTOKE PACTBO-
PEHHBIX OpPraHHYECKHX, OHOTSHHBIX BellIeCTB H HECTHNHAOB. EakHoe
3HaueHHe MO3TOMY NPHOGPETA0T BONPOCH pPa3pabOTKH MCTOJEKHA Dac-
gyeTa BBIHOCA peKaMH YKa3aHHBIX BellecCTB. O}IH&KO A0 HAaCTrodAlero
BPeMEeHH OHH OCTaloTCH OJHHMH H3 HaHMeHee H3YueHHHX B T'HAPOXH-
MHH, MeTO}IHKa pacuera BhlHOCa OPraHHYeCKHX H OHOTeHHBIX BEIIECTE
PeKaMu IIOYTH HE paspa60TaHa, IS MEeCTHUUIOB TaKOd METOJHKH HET
BOOOGILE.
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Bce 310 mpenonpenesnio MOCTAHOBKY TeMH [0 METOJHKe pacueTa
BHHOCa C PEYHHIM CTOKOM OpraHHYeCKHX, GHOTEHHHX BeIeCTB U Ilec
T A0B. OCHOBHBlE MOJIOXKEHHS NPOrPpaMMH PabOT COCTABJIEHH B
T'mnpoxuMuueckoM HMHCTHTYTe. IJlaBHad lless HCCJeJOBaHHE 3aKJo-
yajJach B PaspaGoTKe METOAHKH pacueTa BHIHOCA OPraHHYEeCKHX, GHO-
FeHHBIX BeIleCTB H IECTHIHIOB HAa OCHOBAHMM NMOAPOOHHX JABYXJIETHHX
HaOJofeHHHA 32 5THMH BellleCTBAMH B 3aMBIKAIOUIMX CTBopax 12 pek
CCCP, pacnojoxeHHEIX B pasiHYHHX (H3HKO-reorpaHuecKHX YyCJIO-
BMSIX.

B pabore npuHuMaJH yuacTHe COMCHOJHHTENH IO TeMe Ha CIeIylo-
wux pekax: I'XU — [on, Yup; Ceseproe YI'KC — Cepepuasn [IBuna;
YI'KC Jlatsuiickoit CCP — pyu. Bensewmure; Ilpasomxkckoe YITKC —
Csusira; ¥I'KC Moagasckoii CCP — JIrectp; KpacrHoapckoe YITKC—
EcaynoBka; Hpkyrckoe YTKC — Kyzna; ¥IT'KC Vkpausckoit CCP —
Kanemuyc; YI'KC T'pysunckoit CCP — Kums-Xpamu; YI'KC Asep-
6afinxanckoit CCP — Kypa; CAHUHM — Cripnapes.

O6uiee pykoBOACTBO paGoTofl ocymecTBaAr [HIPOXHMHYECKHH HH-
CTHTYT.

Kaxnas us pek, BHGpansas [Js HaGNIOAEHHH, B 1leJIOM PacnoJyo-
KeHa B OXHOPOAHBIX reoMOp(ONOTHYECKHX YCIOBHAX ¥ B ORHOH reo-
rpaduyeckoii 30He. B GaccefiHax pek pa3sBHTO HHTEHCHBHOe CeJbCKOE H
TaK¥e JIeCHOe X03iHCTBO.

Creop Ajs HabGmonenH#t BHOpaH, Kak OPaBHJIO, 3aMHKAOIHM H
HaXOAHUTCs BhIllle BO3MOMKHOTO BJIMSHHS Mops. Mckaiogamnoch Gauskoe
pacnosioXeHHe MACCHBHBIX MCTOYHHKOB 3arps3HeHHs, TaK KaK CTBOD
0 BO3MOXKHOCTH JOJK€H OHITH CTBOPOM IIPAKTHUECKH IHOJIHOTO CMe-
IWeHHs,

Ot6op nmpo6 BOALI IPOBOAHMJICA TOYETHHIM CHOOCOGOM eXeleKagHO
Ha aHaJH3 OPTaHHYeCKHX H OHOTGHHHIX BeIleCTB H eXeMeCAYHO Ha
aHaaus necTUUHJOB. OGUlee KOJHYECTBO NPOO B CeUeHHH peKH IpH
KaXIOH CbeMKe OTOMPAJOCh B 3aBHCHMOCTH OT €ro miomazu [5]
COCTABJISIO OT ONHOM XO JAecaTH. ToukH 1yst or6opa mpo6 BOAH pac-
NpenessIuCh PAaBHOMEPHO HO ceueHnio pekd. Ilpm ruaybune pekH J0
5 M 0oT60p Mpo6 OCYIHECTBJSJICA TOJBKO H3 IIOBEPXHOCTHOIO TOPH30H-
Ta, npu ray6une or 5 10 10 M — H3 NOBEPXHOCTHOTO H NPHJOHHOIO
TOPH30HTOB, NpH IIyGuHe Gojee 10 M, KpOMe TOro, H3 IPOMEKYTOUHO-
ro cpeasero ropusonra [8]. YuHTHBAaJHCH H3MEHEHHS CEUCHHS! PeKH
no ¢asaMm BOLHOTO pPexHMa.

Onpenenenne  XIIK, NNHT NNOz—’ NNOa_’ Pp034— H TeCTHIHIOB

BHIIOJIHAJOCH coriacHo Pyxosoactsy [9].

Merouueckue peKOMEHAAIMH CONepKaT OCHOBHEE IIOJIOXKEHHS IO
NpOBelleHHI0 HaG/IONeHHHA Ha 3aMBIKAIONIHX CTBOpax pek, o6paboTke
[OJIYYEHHBIX MaTePHAJIOB, PacueTy BHIHOCA M OlleHKe IOTPeIlHOCTH Bhl-
HOoca GHOTEHHHIX BELIECTB — a30Ta, HUTPHTOB, HHTPaTOB, Qocdopa,
¢ocdaros, opranuyeckux Bemects no XIIK, a Takxe HeCTHIHIOB.

PexoMeHZaUMA COCTaBJeHH B OTAeJe HDPOTHO3HPOBAHHS XHMHYe-
CKOro cOCTaBa MOBEPXHOCTHHIX BoA cyumu I'XH nokTopom reorpaduue-
cKHX Hayk npodeccopoM M. H. TapacoBeiM, KaHIHAATOM Te0JIOrO-MH-
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Hepanornueckux Hayk M. A. Kproukoenm (HHMH), xaugugatom
ceabckoxossifictBeHHBIXx Hayk M. Il. CMHDHOBBHIM M KaHIHZAaTOM XH-
muvecknx Hayk A. C. IeMueHKo.

2. Teopetuueckoe u 3KCnepumMenTarsroe 060cho8aHe
pacueTa 8vIKOCA OP2AHUYECKUX, OUOEHRbLY BeU4eCT8
u necruyudos pexamu

B rezpoxuMmud BIepBble HadaJH H ITHPOKO NPOBOJHJIH pacdeT BH-
Hoca pexamu IiiaBHHX HOHOB [1—3]. OnHuM #3 LIMPOKO H3BECTHBIX
H HCIOJB3YeMHX CIOCOGOB pacuetra BHIHOCA SIBJAETCA OlpefeseHHe
ero no ¢opmyae

j=t

rae R, — BHHOC MOHOB HJIH HX CYMMH 3a IOJX, 71 — YHCJIO PACYETHBIX
HmepuoxoB, Q; — oGbeM CTOKA BOAH 3a j-H pacyeTHH# mepuox, C; —
cpefHsA apH(pMeTHYeCKas KOHIEHTPAUHS HOHOB HJIH HX CyMMH 3a j-H
pacyeTHHH NMEPHOA.

Hcnonp3oBanne AJsi pacyera BHHOCA BelllecTBa BEIpaxeHds (2.1)
IpaBOMEPHO TOJBKO IPH HAJHMYHH JOBOJBLHO TECHOH CBA3H MEXIY €ro
KOHIIEHTpaluel u pacxonoM Boxbl. OfHAKO Takas CBS3b JJIsi GHOreH-
HEHIX, OPTaHHYECKHX BelleCTB U NEeCTHIHJIOB elle IJIOXO0 H3ydYeHa H dac-
T0 He BHABJAAercd. IIpuH 3arpssHeHHH PeK 3THMH BelleCTBAMH Hapy-
maroTcss H 6e3 TOro yKasaHHBIe JOBOJBHO clabhle cBA3H. B Tagom
cyuae KOHIIEHTpAIMS BEIIeCTB B BOAAX MOXeT PacCMaTPHBAThCA Kak
cayuaiinas BequuuHa, Clefyer NmOSTOMY HaXOJHTb He CBSI3H ee C OT-
LEeNbHEIME (aKTOpaMH, a BePOSATHOCTb NOSIBJIEHHS TOH MJH HHOH KOH-
IIeHTPALHH BellleCTB H BEIOHPATh IJIs1 pacyeTa HX BHHOCA NEPHON Bpe-
MEHH, KOTOPHI CTaTHCTHYeCKH obecneueH HalJIoJieHHsSIMH. B KOHKperT-
HOM CTBODE PEKH pe3yJbTaTh HabJIOJZEeHHH MOXKHO CYHTAaTh PaBHOTOY-
HHMH [PH YCIOBHH MX NPOBeJeHHs OJHHMH H TeMH xe MeToxamH. H3-
BECTHO TakXe, YTO B IOBePXHOCTHHIX BOAaX GOJBIIMHCTBO XHMHUYECKHX
KOMIIOHEHTOB, B TOM UYHCJe H paccMaTpHBaeMHle, He3aBHCHMH. DBce
3TO NO3BOJISIET MPUMEHSTh MJIsi pacyeTra BHHOCA [JaHHHIX BellleCTB Me-
TOIB MaTeMaTHYECKOH CTATHCTHKH.

OTCyTCTBHE CBSI3H MeXJy KOHIEHTpalHed XapakKTepH3yeMbIX Be-
IECTB H PacXOfOM BOAHL, JHGO Ciaaboe ee NpOABJEHHE, IO3BOJSET HC-
MOJIb30BaTh CleLyloUylo GopMyJIy:

G=QC, 2.2

rae G — BHIHOC BemiecTsa 3a rog, Q — o6meM CTOKa BOABI 3a IO,
C — cpenusia apudMeTHyecKasi KOHIEHTPAIUsA BellecTBa 3a IO
Ipumenenne ¢opmyant (2.2.) ANs pacyera BEHIHOCA BellleCTBa MO-
KeT, OAHAKO, MPHBECTH K OMHGOYHHIM PE3yJabTaTaM, eCld OmpejeseH-
Has CBH3b MeXAY PacxXoliOM BOJH H €ro KOHIEHTpauueil B JeHCTBH-
TeapHOCcTH HMeeT MecTo [10]. CmenmasbpHO mpOBeleHHBIE B XOJAe BHI-
MOJIHEHHS Hacroslle pabOTHl HCCIeNOBAHHA Ha PfAlde PeK MN3BOJIHIH
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YCTaHOBHTb, YTO B OTHOCHTEJBHO DEAKHX CJAyyasX MeKAYy pacXxoAoM
BOABl M KOHIEHTpalue#l OHOTeHHBIX W OPTaHUYECKHX BellleCTB BHISB-
Jasietcst ciafasi 3aBHCHMOCTs — KO3 @UIHEHT KOPPEJIUUH He MPeBbl-
wraer 0,40—0,55. IIpu 3TOM, /sl OJHOrO W TOrO K€ BellleCTBa B pas-
JHYHBIX DeKax TMOCJAeIHUH MOXKeT HMETb NOJIOXHTeJbHOe M OTpHNa-

TeJbHOE 3HAUEHHE.
YTo6H WCKIIOUHTL BO3MOXHBIe OLTHOKH pacueTa BHIHOCA BelleCT-

Ba M B TeX CJyYafx, KOIJa pacXos BOJAH., H er0 KOHUEHTpauHs sB-
JAIOTCA 3aBHCHMBIMH BEJHUHHAMH, AJS pacyeTa BhIHOCA BelleCTBa B
TeyeHHe roga G B DPHHIUMIE MOXKHO HCIIOJNb30BAaTh GOPMYTIy

G=n(QT+rsqgach @.3)

rie # — WHCIO PAacueTHHIX HEPHOZOB B IoAy, Q — cpeiHHii 00beM
CTOKa BOAH 3a pacueTHBIE mepuon, C — cpefHsAs apHdMeTHUecKas
KOHLEHTpalL(ksl BeIleCTBa 3a TOT 3Ke NEPHOA, I — KOo3(h(HIEeHAT Koppe-
JAIHEE MeXIy o0beMOM CTOKa BeJbl W KOHIEHTpalueHd BellleCTBa 32
pacueTHH# [epHON, O, —— CPeIHee KBaJPATHYECKOE OTKIOHEHHe
06beMa CTOKa BOJH 34 pacyeTHH NEepHOX, O¢ — CPelHee KBajpa-
THYECKOE OTKJIOHEHWE KOHUEHTPALMH BellecTBa 3a TOT XKe IepHOL.
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Prc. 2.1. XapakTep 3aBUCHMOCTH MeXJy KOHIERTpauuehk
P o B PacXoNOM BOXH JUI OGHOA H3 PeK
POy

Onuaxo H3-3a HEJZOCTATOUHON HaJeXHOCTH ONpeneseHHs kKo3bhdu-
LYEeHTA KODpeNsnuH ECHeJCTBHEe CPaBHUTeNPHO HeOOJbLIOro 4HCJIa
THAPOXMMHYECKEX CLEMOK B TORy 3Ty ¢opMyay HCIOAb30BaTh 3a-
TpyEHuTeNbHO. [ToaTOMy B OOBIYHOH NpaKTHKE 3HAYHTENbHO HaTeXK-
Hee BHAUAJEe BHIUHCIMTH BHIHOC BELIECTBEA OTHAENbHO IS NEPHOIOB TO-
JOBOIBE H MexeHH no ¢dopmyne (2.2), a sarem, CYMMHpYS NOJydeH-
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Hble pe3yJbTATH, [IOJYYHTh 3HageHHe NOJ0BOTO BHHOCA. B aToM cay-
yae OrpaHMueHHe Ha HCHOJb30BaHHe GopMyJdH (2.2) cHMMaercs, Tak
KaK B Npefejax KaxkJOTO BHAeJEHHOTO NepHOZa CBS3b MEXIy pacxo-
JOM BOJH M KOHIEHTpalHeH BelllecTBA HE yCTaHOBJeHA. KlimocTpaun-
eff CKa3aHHOrO MOXKeT CJAyXHTb pHC. 2.1, Ha KOTOpOM JJsI ONHOH M3
HCCITeOBAHHEIX peK CBA3b MEXAY PacxofioM BOAL H KOHIeHTpalHei
BeleCTBA B TeueHHe Iofa XapakTepusyercs ko3 ¢dHIMEeHTOM Koppess-
uuu 0,5, B To BpeMsl Kak OTZHeNbHO B NOJIOBOJAbEe W MeXeHb 3Ta CBS3b
OTCYTCTBYET.

CienoBaTe/bHO, pacyeT BBIHOCA BellleCTBa C IOMOUIBIO  (HOPMYJIH
(2.2) pasnmenbHO N IEPHOJOB IOJOBOAbA H MeXeHH JOCTaTOYHO Ha-
JeXeH U B TOM cJydae, KOI'Zla pacxoj BOJAH H €ro KOHIEHTpalHs sB-
JIFIOTCS 3aBHCHMBIMH BeJHUHHAMH.

2.1. Oyenkxa docroseprocTU pacyera
8LIHOCH Bew,ecT8a

B ofuiem ciygae mpu HCIOJNB30BaHHM (OpMYHAsl (2.2) OTHOCHTENB-
Has ommOKa pacdeTa BBHIHOCA BellleCTBA JOJXKHA COCTaBHTb IO
A. C. Ye6orapeny [11]:

sG=Vsz+s§, 2.4
rie S, — OTHOCHTeNbHas OWKOKA pacdeTa BHIHOCA BeleCTBa 3a pac-
YeTHeI!l epHOA, S, — OTHOCHTe]bHAs OMIHOKa ONpele/]eHHs. BOAHOIO
croka*, S, -— OTHOCHTe/NbRAS OIIHOKa pacyera CpefiHeldl KOHHIEHTpa-
IIMH 32 paccMaTpHBaeMbIl MePHOJ.

Omubga omnpefeseHHs CpejHed KOHIEHTPAaUWH DBellleCTBA CKJaJgH-
BaeTcs H3 CJEeAYIOIIHX OCHOBHBIX 3JEeMEHTOB. DTO, BO-NCPBHX, OIIHOKA
NnOZCYeTa CpefHeH KOHHIEHTpAlluH BellleCTBA B CEYEHHH DCKH, KOTOpas
33aBHCHT OT HEP4BHOMEDHOCTH pacIpefle/IeHH BEIUECTBA II0 CEUEHHIO
PeKH W YHCcHa IPOaHaJIH3HPOBAHHHIX Npo6. BTopuM ciaraeMeiM obluei
OoUrHGKH KOHIEHTpAIMH BelleCTBa sBJsSeTCd omubKa, BO3HHKAIONIAs!
BCJEACTBHE TOrO, UTO CpPefHAS KOHUEHTPALHs BellleCTBA B CEYECHHH
peKH, onpelelleHHas MO NaHHBIM i-H THIPOXHMHYECKOH CBEMKH H pac-
NpOCTPaHeHHAs Ha BeCh i-H pacyeTHHH IepHOJ, HEJLOCTATOYHO TOYHO
XapakTepu3yeT HAEHCTBHTENbHYIO CPEIHIOI KOHIEHTPAUHIO BelleCTBa
34 9TOT NMepuoA. Dra omubka 3aBHCHT OT H3MEHUYMBOCTH CPeAHEH KOH-
LEHTPALHK BellleCTBa B pacyeTHOM CTBOPE PEKH BO BDeMEHH H OT YHC-
Jla THIPOXHMHYECKHX CHEMOK.

IIpeoGpasyst dopmyay V. Kpambaitna u ®. Ipeiibuna [6] gmas
OIIEHKH OTHOCHTEJbHOH OLIHOKH, moJydaeM

1(o , v
SK = 7 V5 -+ T , (2.5)
rie S, — OTHOCHTeNbHasi OMIHOKa CpefHefl KOHIEHTPALHH BEIIECTBa,

* OrHOCHTENBHAS OMHMOKAa ONpejelieHHs BOJHONO CTOKA B KakIOM KOHKDETHOM
CJyyae 3aBHCHT OT YCJIOBHH, AETAJbHOCTH HAGMIOLEHHHA M NPEACTABJSETCS COOTBET-
creyromamM YTKC.
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N — YHCJIO THADOXMMHYECKHX CBeMOK 32 DacCueTHHH NepHOd, v, —
OTHOCHTeJIbHAsi omHOKa BpPeMeHHOTO pAfa CPeJHHX KOHIEHTpAlHH Be-
IeCTBa B CEYEHHH PEeKH, v, — CPeNHAsA OTHOCHTe/bHAf OWHOKA exH-
HHYHOTO ONpeJeJieHHs KOHIEHTPAIlHH BeellcTBa, £ — UHCIO IIpo6 B
CeYeHHH DeKH.

SIBnsigicy Ge3pa3MepHOH BeJNHYHHOH, vy, XapakTepH3yeT H3MeHEHHE
cpeJHell KOHLIEHTPALlHA BellleCTBA Ce4eHHS DEKH B TeueHHe PaCYETHOro
nepHoaa

(2.6)

w
ole

rie 6, — CPeJHsA KBHajpaTHYeCKas ommOKa BPEMEHHOTO psiia Cpei-
HHX KOHIEHTpauHuil B ceyeHHH pekH, C — CpelHAs KOHIEHTPAlHs Be-
IIeCTBA 33 PacyeTHHH MepHOX.

Hau6osnee yno6Ho o, onpenenarh #3 GopMyas

o=V 0522 e

rie # — 4HCJO THAPOXMMHUECKHX CBeMOK 34 pAacueTHHH NepHOJ,
C; — cpeXHsia KOHLEHTDALHs BelleCTBA B CEYeHHH DEKH IIO JAHHBIM
j-% THIPOXHMHUYECKOH CHEMKH.

Cpexnsis OTHOCHTeNbHAS OMHOKAa eJUHHYHOrO OIpeJeseHHS KOH-
LeHTpalHy BellecTBa XapaKTePH3yeT CpefHee OTKIOHeHHe (B JAOJAX
eIMHUILl HIK B NPOIEHTAX) KAHHBIX OJHOM HPOGEl OT PeatbHOH cpel-
Hejl KOHIIEHTPALHH BellecTBa B ceueHuH pekd. Ilo [4] cpemssas oTHo-
cuTesNbHas OolHGKA €IMHHYHOTO OIpefeNeHHus BelliecTBA HaXOAUTCS

n3 opMynl

Vo

Vc = '———.E—‘, (2.8)
raie n — 4YHACJAO0 THAPOXHMHYECKHX CbEMOK, (’C ~— CpeAHAA KBaapaTH-
yeckasg owHOKa eZHHHYHOTO onpeneJieHuss KOHIOEHTpalHH BeElecTBa B
CEUEHHH DEKH, C — CpeHAsA KOHLIEHTPaHuA BellecTBa 3a pacquHHﬁ
nepHuoa.

Cpe;u{}o;o KBaJApaTHYECKYIO 01HH6Ky €IUHUYHOTO OIpenesaennss KOH-
IeHTPalHHu BeIleCcTBa B CEUEHHH DEKH Oc HaXOAuM aHaJOTHYHO (bop-

myae (2.7):

©2.9)

1 2 (ECy)
— — _ il
%= k—l(z'ci ‘T)»
rae k — uyncao npo6 B ceueHnd pekd, C; — KOHUEHTPAUHs BeleCTBA
1o JAHHBEIM i-TO OHpelelieHHs .
CpenHAs KBajgpaTHueckas OMHOKA eNYHHYHOTO OIpefeseHHS KOH-
LleHTpallyd B CeYeHHH DeKH OOYCJOBJeHa, BO-NeDBHIX, HEPaBHOMEPHO-
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CTBIO pacIpejeseHHs BellecTBa B CEYEHWH H, BO-BTODHX, IIOrperl-
HOCTBIO aHaj@3a. B CBSA3H CO CPAaBHHTEJIBHO BBHICOKOH TOYHOCTBIO aHa-
JIMTHYECKHX METOJOB, JOCTHTHYTO! B IOC/IE/HEE BPeMsl, aHAIHTHIECKAs!
MOTPElIHOCTh He OKAa3HBAET CYIIeCTBEHHOI'O BJHSIHHS Ha (OpMHpOBa-
HHe CpelHedl KBaAPaTHYeCKOH OMMOGKH €IMHHYHOTO OUPeJes]eHHs KOH-
HeHTPanuH. B OCHOBHOM OIIKGKA eIHHHIHOrO ONpeJe/leHHs] KOHIeH-
TPALMH CBS3aHA C HEPABHOMEDHOCTBIO PacmpefielieHHs BellleCTBa B ce-
YEHHH DEKH,

B pesyabraTe HCC/eI0OBAHUH, NPOBEJEHHbIX HA Psle PeK, YCTaHOB-
JIeHO, YTO OIMGKA eIHHHYHOTO ONpejeNeHHsi KOHLEHTPanuu OHOTeH-
HBIX BeINECTB M NEeCTHIHAOB COCTABJSET B OTHOCHTEJNHHOM BHIPaKeHHH
B cpesHeM 50% (or 10 xo 160%). D10 3HAYHTENbHO IPEBHIIAET IO-
IPEIIHOCTh aHA/IH3a, He NPEBHIIAONIYIO, HalpHMep, AN NNos- 59%.

IIpn oTHocHTeabHON oOWIHOKE, CBA3AaHHOK € HEPABHOMEPHOCTHIO
pachpefie/leHHs] BellleCTBAa B CeyeHHH pekd, paBHO# 509 u morpemso-
CTH aHanusa 5 COOTBETCTBYIONIME OLIKGKH B aOCONIOTHOM BHIpaze-
gun gocrurator 0,5 C; v 0,05 C; . [TosTroMy ommubKa eJHHHYHOrO OI-
pefesieHns KOHIEHTPALMA B CeYeHHH PEKH COCTaBJISAET

sc =}/ (0,5C) + (0,05C)¢ = 0,502C,

uin Beero Ha 0,29% Goubine, yeM §e3 yduera mOrpeIIHOCTH aHAJH3a.

OTHOCHTeNIbHYIO OIIHGKY pacueTa BHHOCA MoJaydaeM H3 (opMy.asl
(2.4). YMHOXas BEHOC BemecTBa G Ha OTHOCHTEJBbHYK OMHOKY BH-
noca S,, noJyuaeM 3HaUeHHe OIIHGKH pacyera BHIHOCA 3a pacCMaTpH-
BaeMBI#l MepHOL B aGCOJIOTHOM BHPaKeHHH

AG=+GSg, @.10)

A6comoTras omuGka pacdera BHHOCA BemlecTBa 3a TOA AG o,
npencrasiaser co6oil cyMMy aGCOJIIOTHHIX OMHOOK ero BHHOCA 3a He-
puoAH moaoBogbst AGyu MexeHH AGy :

AGrop :VA G% 4+ AGE. 2.11)

OrHocuTenpHast omlm6Ka pacuera BHIHOCA BelecTBa 3a Iof  pac-
CYHTHIBAeTCA IO HopMmyJie

A Grox
S, = — 2.12
Crox Grox ' ¢ )
rae AG,,, — alcomoTHas omuOKa pacueTa BHHOCA BellleCTBA 3a
rofi, Gro; — BHHOC PEKOIO BellecTBa 3a IO,

2.2. Onpedesenue uacrorsl Habarodenuil
0.5 pacyera 8bIHOCA BeulecTsa
¢ 3a0aKHOL TOYHOCTbI0

Onpenenende 4yacTOTH HabJIOJEHHNA B CEYeHHH PeKH H BO BpPeMeHH
JUIS TIOJNYueHHs 3HAUeHHs BHIHOCA BelleCTBa C 3aJlaHHOH TOYHOCTBIO
aBJsiercs ob6paTHO# 3ajaueft. C 3TO# HeJbl0 NPeABAPUTENbHO OIpene-
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JfeTCs JAOMyCTHMasl OTHOCHTeJbHas OMHMOKa pacyeTa CpefHed KOH-
HeHTpAlAH BellleCTBa 3a PaCCMATPHBAEMHIH NMEPHOX

sc=Vs5—sb. .13

BesunrH v, (OoTHOCHTeNpHAs ommGKa BpAMEHHOIO PAAa CPeIHHX
KOHIIEHTpalMi) M V. (CpeJHsis OTHOCHTeJbHass OImHOKAa eJHHHYHOTO

| k
1\

+ o
T T 1

[ yegz2 gs 06 46 %10
oL L L 1 | 1 B | 1 | I 1 ' n
50 52 54 56 58 60 62 64+ 66 68 70 "5 =14
[ I B 11 ! ! 1 1 L ! !
d8 40 42 44 46 48 SO0 52 54 56 VJ =12
L 1 1 1 L 1 1 - 1 i 1 ]
26 28 d0 d2 J4 J6 J8 40 42 44 46 Ji 70
1 1 [ L I [ R 1)
16 1§ 20 22 24 26 28 30 J2 J4 I I8 )’d =08
Ld 1 1 | L 1 | I B | I ! J

w1z w76 8 20 22 24 26 28 J &{fﬂ,i

Puc. 2.2. Homorpamma JJist ONpEACIenHs YuCaa OPO6 B CEYEHHH PeKH k2 M 9HCaa THA-
POXHMHUECKHX CbEMOK 7 IPH TOUHOCTH pacueTa cPeQHHX KoHuemrpaugmi 20%

onpesieeHHs KOHIeHTpanwd) p (opmyne (2.5) sBasiorcs mo CBOeH
CyTH OIeHKAMH H3MEHUHBOCTH KOHIIEHTPAUH{ BellecTBA BO BPEeMEHH
g npocrpanctse. Mcxons H3 TpeGyemoll TOYHOCTH pacdeTa CpenHed
KOHIIGHTPAl[WA BEIeCTBA H 3HAS 5TH XaPaKTePHCTHKH PeKH HO HPOBe-
JeHHHM paHee HabJ/lioJeHHSIM, MOXKHO, 33[aBasfch YHCJIOM NPO6 BOMIM
B CeYCHHH PEKH k, OIpelelHTh HeOGXOIHMOe UHCJIO CHEMOK 7 3a pac-
YeTHEI mepHOX BpeMeHH, H Haobopor. Hanpumep, 0pxn TOYHOCTH pacde-
Ta cpeiHeil KoHueHTpanuu BemecTBa 20% u 3HaueHEAX YV, H V¢ CO-
orsercTBenHo 0,6 u 0,4, npHHEAB faJjee KOJHUECTBO NPO6 B CEYEHHH pe-
KH paBHHM 4, H3 ¢opmyan (2.5) ompezenseM WYHCIO CheMOK 1 A
pacueTHOro neproja passoe 10.

Jns srofi ke menw yxoGHee MNONB30BATHCA HOMOTPaMMaMHu
(puc. 2.2, 2.3, 2.4). OHm HOCTPOEHH AJs TOYHOCTH pacuera cpenHeir
koHuentpanun semecrsa — 20, 30, 50%. Ilo ocu opiHHAT OTJIOXKEHO
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KOJIHYeCcTBO Npo6 B CEUEHHH PeKH k, a MO OocH abecuucc B PasHBIX Mac-
wraGax COOTBETCTBYIOIIHE v, 3HAUEHHs YHCJIa THAPOXHMHUYECKHX Cbe-
Mok n. Kaxpnas XpuHBas Ha HOMOrpamMMe COOTBETCTBYeT ONpefelieHHO-
My 3HAYEHHIO V.

£
0
39
8
6
.l
il
|
Al
LA :

T

-
T

L2 04 46 48 ey
a ] ] J I ] ] 1 I | 1 |
22 24 26 28 0 Vg%
| —| I ! 1 | { 1 1 1 ]
6 8 20 22 24 Yp=i2
| | - I 1 1 L] ] 1 ]
12 74 16 18 20:{,;/,0
L | 1 { H | | | 1 1 |
8 0 2 4 16 V=08
L | ! | 1 1 | | ! 1 J
4 6 8 70 2 Wp=gf

Puc. 2.3. HomorpamMma Ans ompefeleHHsi 3uCJa NPOG B CeUeHHH PEKH R K uucnia
FHAPOXHMHYECKHX CBEMOK £ HDH TOYHOCTH pacueTa cPeiHHX KoHmenTpauuit 30%

O6patuMcs K XaEHBIM IPHBEJEHHOrO Bhile mpumepa. Ha wOoMmo-
rpamme (puc. 2.2) BHIOHpaeM KPHBYIO, COOTBETCTBy©OMmYy0 v.=0,4.
Haxonum Ha 3TOH KPHBOH TOUKy ¢ opAuHaToii k=4. Abciucca 3TOH
TOUKM, OIpeleneHHas IO mKalke v,=0,6, ykaspBaeT Ha YHCIO THAPO-
XHMHYECKHX CBEMOK # B pacZeTHOM HNepHOLE.

[IpHMeHeHHe 5TOr0 CPAaBHHTENBLHO HECJHOXKHOro crmocoba ompepeie-
HUS 9acTOTH 0T6Opa NMPo6 BOJAH BO3MOIKHO, €C/IH 3apaHee H3BECTHH
[I0Ka3aTeqH H3MEHUHMBOCTH KOHLEHTDALHM BewiecTBa B peKe — OTHO-
CHTe/bHAS OMIHOKa BPEMEHHOTO pPAJa CPelHHX KOHUEHTpauu# v, H-
CpelHAs OTHOCHTENbHAs owWNOKa eJHHHYHOrO ONpeleJieHHS KOHIEH-
TPalUK V.. SHAUHTEJNBHO CIOXKHEe HAMETHTh HEOOXOZUMYIO YacTOTy
HaGJIONleHHH Ha peKe C HEH3BECTHHIMH XapaKTEPHCTHKaMH H3MEHUHBO-
CTH KOHIEHTpauuy BemecTBa B Boge. HauGosee HaZeXHHM SBHJIOCH
OH npoBeeHHe HAOJIONEHHH C TAKOH MOJHOTOH, KOTOPAsl MO3BOJIHIA B

11



TeyeHHe TOJa OLEHWTh H3MEHUYHBOCTh KOHLEHTPALMH BEIeCTBA C Mak-
CHMaJIbHO BO3MOXKHOH TOYHOCThIO (HaNpHMep, IPOBeleHHe TPEX Chbe-
MOK B Mecsl]). 3aTeM MOXKHO pPaNHOHAJH3HPOBATh HaGIIOLeHHUS,
YMEHBIIHB YHCJO IPO6 B CEYeHHH M UHCJO CHEMOK B FOAY MO HE0OXGC-
auMoro muHuMyma, OfHAaKO TaKoH IyTb AJsg CeTH HepealieH u3-3a
GoJIBINMX 3aTpaT TPYHA M CPEACTB IIPH OpPraHH3allMd M I[POBEJEHHH
pabor.

~ [ B + Y ) ~ @ *
T T T T T T T 1

Puc. 2.4. HomorpaMMa ana onpefelieHHs UHCHa Npo6 B ceyeHHH PeKH k2 H  YHCJAA
CHAPOXHMHYECKHX CHEMOK 1 NPH TOYHOCTH pacyera cpefHHX KoHuenrpaumi 50%

TakuM 06pa3oM, BO3HHKaeT 3aJaua NpeJBAPHTeNbHON NPHOIHXKEH-
HOM OLEHKH H3MEHUHBOCTH KOHIEHTPAlKH BEIIeCTBA B CEYEHHH PEKH
H BO BPEMEHH, T. €. HeOGXOLUMO OIPeLeNHTb OTHOCHTEJbHBE OIHOKH
V¢ H v, IO npoBejennss HaOmogedud. C aToli Hesbio Ohljla H3YYeHA
H3MEHUYHBOCTb KOHIEHTpAIHH OGHOTEHHBIX H OPTaHHYeCKHX BelleCTB H
MECTHIHAOB B BOJE DPsJia PeK, PACIOJIONKEHHHX B Pa3JHUHBIX (HSHKO-
reorpa¢uueckux ycaopuax (taba. 2.1). Jlas GHOreHHHIX H OpraHHYe-
CKHX BeLIeCTB BHISBJIEHH CIEAYIOIHEe 3aKOHOMEPHOCTH.

12



Tabauya 2.1

Cpeaxsia OTHOCHTEAhHAS OINHOKA €JMEHYHOrO ONpeAeNeHHst KOHUEHTPanuH (ve)
H OTHOCHTCHBbHAA OWHOKA BPEMEHHOTO PAJAA CPEAHAX KOHUEHTpauMil (vg)
Jas 12 A3y"eHHBIX pex

v v
Hurpenuent £ z
npelea KoaebGamuil cpennee npexex xoxeGasui I cpennee
XIIK 0,1—0,4 0,26 0,2—0,7 0,36
+ 0,2—0,6 0,38 0,56—1,3 0,87
NHy4
_ 0,3—1,5 0,65 0,6—1,8 1,18
NOg
_ 0,1—0,6 0,30 0,2—1,3 0,83
N03
0,1—1,0 0,40 0,5—1,5 1,15
PO3~
a-IXIIT 0,4—1,5 0,92 0,2—1,4 0,92
1-IXAr 0,5—1,7 0,97 04—1,4 0,93

IMMpumevwanane TalnuUa cOcTaBieHa Ha OCHOBAHHH o6pPaGOTKH MATEPHAZOB IO BCEM
HSYYCHHLIM DeKaM.

VsMeHY¥BOCTD KOHLEHTPALUMH GHOreHHHX BEIUECT3 BO BPEMEHH v,
6osiee BHICOKAsH, YeM B CEUEHHMH DEKH v.. JlJIsf OpraHHYeCKHX BeUIECTB
(onmpenenennnx 1o XITK) 3TH SHaueHHSA NPAaKTAYECKH OJHHAKOBHL.

Hau6onee BrICOKHMe 3HAYeHHS] H3MEHUYMBOCTH vy H V. XaPaKTePHHI
JIJIf a30Ta HETPUTOB — cooTBeTcTBeHHO 1,2 H (0,7,

VaMenunBOCTE BO BpeMeHH KOHIEHTPAllHM a30Ta HHTPATOB YCTY-
[aeT M3MEHYHBOCTH a30Ta HATPHTOB, B CEUCHHH PEKH NN03— pacnpe-

JeJleH DaBHOMepHee IO CPaBHeHHIO ¢ Apyrumu ¢opmamu asora. as
a30Ta HHTPAaTOB XapaKTepHO CPaBHHTEJbHO YCTONYHBOE COOTHOLIEHHE

OTHOCHTENBHEIX OKO0K KOHLEHTpalHH (f =3i), paBHOe B CcpeiHeM
Vg

0,40; nns ceBepHHIX pek oHO cocraBisieT 0,25; Jas I0XKHHX peK B 06-

JIaCTSX C HHTEHCHBHHIM CeJbCKHM X03fficTBOM Bospacraet jo 0,5—0,6.

Takum ob6pasoM, L/ HEH3YUeHHOH DEKH CJelyeT IVIAHHPOBATH Ta-

KYI0 49acToTy HabJamoleHHH, KOTOpasg NMO3BOJHUT C 3aJaHHOH TOYHOCTBIO

paccuuTaTh BHHOC NNO? . B cBoo ouepenb OHZ OKaxeTcs AOCTATOY-

HOH AJsl JIOCTOBEPHOIO pacyeTa BBHIHOCA OCTAJbHHX (OpPM as3oTa, Ko-
TOPHIE IO M3MEHYHBOCTH OJH3KH K a30Ty HHTPATOB, 32 HCKJIOUYCHHEM
N NO - Onnako nocjexHee He HMEET CYIIECTBEHHOTO 3HaYeHHs, Tak

KaK NNO; COLCP2KHTCH B BOJAX B 3HAYHTEC/JBHO MEHDBIIHX KOHIECH-

Tpanuax. Hurpare HauboJiee YCTOAYHBH B BOAHOM Cpelle B Ha HX JO-
JII0 IPHXOAMTCH MOAABJRIOLIAA JACTh BHIHOCA PeKaMH a30Ta.

I1s HeM3yueHHON PeKH DPH OHpeleJIEHHH 4YacTOThl HaGJiofeHHH
HEO6X0AUMO XOTS Obl NMPHUOJM3HTEJbHO OLEHHTb H3MEHYHBOCTb B Te-
deHHe Tofa KOHIEHTDAUMH BellleCTBa, T. €. ONPeNe/]HTh OTHOCHTENb-
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Hylo OlIHGKY BPEMEHHOrO psila KOHIEHTPAUHH vy, B 3THX ueasx Mo-
I'yT OHITE HCHOJbL30BaHBl SMIHDHYECKHE COOTHONIEHHA MEXIY OTHO-
CHTEJbHBIMH OIXMOKAMH KOHUEHTPAIHH f.

Kak norasann HaGJIOJeHHS, OTHOCHTE/IbHEE OIHOKH eNHHAYHOTO
onpelesneHuss KOHIEHTDALHH, BBHIYMCICHHHE IO JAaHHHM COCeJHHUX BO
BPEMEHH CBeMOK, He3aBHCHMH Mexay coGoi. [loaToMy OpHeRTHpO-
BOYHOE NpeJCTaBjeHHe 06 OTHOCHMTE/bHOH cpelHeH olHOKe eJHHHYHO-
I'o ONpejJie/IeHHs KOHUEHTPAlHKM 32 I'OfA MOXKHO NOJYYHTb MO J3HHBIM
JBYX—UeThpeX CHEMOK, BHIIOJHEHHHX C HHTEDBAJIOM B HECKOJBKO
CYTOK.

H3MeHUHBOCTE KOHLIEHTPALMH BelleCTBA B CEYEHHH V. MOXKHO OI-
PEAEIMTh JOBOJLHO GBICTPO; IJIST 3TOrO JOCTATOYHO INPOBECTH OAHY
THAPOXHMHUYECKYIO CheMKy. ECJH BBHINOJIHATL YeTHIPe CheMKH C HHTep-
BaJaMH B HECKOJBKO CYTOK, HAaJeXHOCTb pe3yJbTaTOB BO3pacTeT
BaBoe. OTHOCHTENbHYI0 OMIMOGKY BPEMEHHOTO pAfa CPeJHHX KOHIEH-
Tpauui onpenesisieM B3 GOPMYIH

Vg = 2% 2.14)

f 4
ras f — smnupHuecknit xosdduunent, pasawi 0,40.

JJisi ceBepHBIX pek (TyMHAHBIE 30HH) | CHHIKaeTCsl B CpPellHeM XO
0,25, nns woxublX pek (apuaubie 30mH) Bospacraer 1o 0,5—0,6.

BriocnenctBHy Npy HAKOIJIEHMH MaTepHaja uyacToTa HabmaiofeHHH
BO BpeMeHH M N0 CTBOPY peKH GyReT ONTHMH3HpOBaHa. TaxuM o6pa-
30M, TMpPHMEHEHHEe MPeJIOXKEHHOH MEeTONMKH MO3BOJseT OOOHTHCH Oe3
HepBOHayaJJbHBIX BEChMa AeTaNbHBIX HaGMIOLeHHH.

ITo cpaBHennio ¢ GHOTeHHBIMH OPraHHYeCKHe BENIECTBA OTJIHYAIOT-
csl MeHbIEH H3MEeHUYHBOCThIO BO BpeMeHH. OTHOCHTe/bHBIE ONIHGKH
BpeMeHHOTro psafla cpenunx kKouuentpamuii XIIK kone6miorcs B mpene-
nax 0,2—0,7, cocraBassg B cpexaneM 0,36. B cBA3W ¢ 3THM INOJHOTA
HabJnIoONeHu#, NpelHasHAYeHHAS [ JOCTHXKEHHS ONpelesIeHHOH TOY-
HOCTH pacuera BHIHOCZ OHOTeHHBIX BeNieCTB, OGecleyHBaeT AOCTATOU-
HYI0 TOYHOCTb pacyeTa BHHOCA TaKKe H OPraHHUECKHX Beinects. Jlas
BBIUHCJIEHHST opranuyeckoro Bemmectsa no XIIK cieiyer mocaexndi
YMHOXKHTH Ha K03 duument 0,75 [3].

ITo cpaBHenHI0 ¢ GHOTEHHHIMH BelIECTBAMM NECTHIMIB OTJIHYAIOT-
csi GonbIIeH M3MEHUHBCCTBIO B CedeHHH pek. OTHOCHTe/pHHE OIMHOKH
eNHHUYHOro Habmojenus KonuenTpaunu v, Aas8 a-I'XIT xonebiaorcs
B npenenax 0,4—1,5, a mas y-I'XII' — 0,5—1,7; orHOCHTe/abHEIE
OIIHOKH BPEMEHHOTrO pAla CPeJHHX KOHUEHTPAUH# v, BapbHPYIOT CO-
otBercTBerHO or 0,2 jo 1,4 ¥ ot 0,4 fo. 1,4.

B cBasu ¢ Goaplileli H3MEHIHBOCTHI KOHIEHTpAlM# BceX paccMmar-
DHBaSMbIX HHIDEJHEHTCB, OCOGEHHO BO BPEMEHH, NPK NJIAHHPOBAHHH
J4CTOTH HaOJIONeHHH Ha HEH3YUEHHBIX pPeKax PeKOMeHAyeTCs HpHMe-
HATH CpeJHYe 3HAYeHHS V¢ B Va.

LA TOro 4TOGH YCT2HOBHTS, KaK MEHSIOTCS NOKa3aTesHd H3MEHYH-
B0CTH V. H v, BO BPEMEHH. OT OJHOTO KaJIeHJapHOrO rofa ¥ JApyromy,
6BIO TPOM3BEJEHO COMOCTaBJeHHE OTHX DOKasaTenefi 3a 1979 n
1980 rr. B peavarTaTe aHajiH3a OBIIO YCTAHOBJIEHO, 4TO HaHGOJbIIeH
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YCTORYHBOCTRIO BO BPEMEHH XapaKTePH3YeTcd v, IJsd NNo-a— . Cpen-
HAS pas3HuLa 3HAYeHHH v, AJIA NNo; 3a 1979 u 1980 rr. cocrasnas-

er 11%. HauGosnee pe3ko MeHsleTCA OT TOfa K rofy B3HaueHHe v, AJA
NNO; u XIIK — coorserctBeHHo 20%. PasHuna B 3HAYeHHAX WV,

ois N NHf H XTIIK 3a sTu rogHl cocTaBiseT B cpenuem 13%.

CpaBHeHHe NOKasaTenell v, H v, 3a Pa3JHuHble IEPHOJAH BpPeMeHH
MO3BOJHJIO CHeJaTh BHIBOJK, HMEIOIIHE CYIECTBEHHOe IPaKTHUECKOe
3HauYeHHe. YCTAHOBJICHO, UTO COOTHOIUEHHE f==v, /v, , ONpeJejeHHOe IO
JaHHEHM HabaojeHuii 3a 4—6 Mec, sABJASeTCI JOCTATOYHO TOYHOH
OLIEHKO# 3TOTO COOTHOLIEHHS, PACCYHTAHHOIO JJI BCEro roja B LIEJOM.
Kosdduuuentsl KOppeasinud IJs FOAOBHIX 3HaueHH# [ H 3HaveHn# f
3a 4—6 Mmecsues Kodebmiores or 0,8 mo 0,95 (NNo—3 ) NNOE’ Ppoi——,

a-I'XIT, y-I'XIIT'). B ob6mem ciydae MOXHO TPHHATH, 4TO 3HAYEHHS
f 3a rox u 3a nepuox 4—6 Mec paBHHL

Orciofia BO3HHKaeT BO3MOXKHOCTb ONePAaTHBHOH ONTHMH3ALMH CETH
Ha6Jio/ieHH BO BPEMEHH M NPOCTPAHCTBEe HA peKax, Ile TakHe HCCJe-
JOBaHHs IPOBOAATCA BHepBHle. HampmMep, ecim mocje HeCKOJbKHX
MecsAleB Ha6uiofeHuii GyJeT YCTAHOBJEHO, Y4TO [ CYIIECTBEHHO OTJIH-
qaeTcss OT fo, ONpeJeNeHHOTO MO JAHHBIM YeTHpeX MNpeBapHTEJbHBIX
CHEMOK, MOXHO BHECTH COOTBETCTBYIONIHE KOPPEKTHBH B YHCJO IPOG
B CEYeHHH PEKH HJIH B YHCJO 3aIJIaHHPOBAHHHX CheMOK B rofay. B pe-
syapTare GyneT oGecrnedyeHa IUIOTHOCTb HAGJIONEHHH, NOCTATOUHAS MAJIS
HaMeueHHOH TOYHOCTH pacyeTa BEHIHOCA XHMHYECKHX BeIECTB.

8. Pexomendayuu no pacuery 8blHOCA OP2AHUHECKUX,
buoeennolx sewjecTs U necTuyudos
HQ UBYHEHAbIX peKax

Ha ocHOBaHHH H3/IOXEHHEIX BHIIIE TEOPETHUECKHX IMPEeAINOCHJIOK H
PE3YJbTATOB NPOBELEHHHX SKCIEDHMEHTAJBHEIX HaOJIOJACHHH HHXKe
NpHBeleHa KpaTKas MOC/TIe0BaTeJbHOCTh pacueTa BEIHOCA OpraHHUe-
CKAX, GHOTeHHHX BeIlleCTB H NeCTHIHIOB, a TaKkKe METOJHKA OLEHKH
TOYHOCTH pacuera. Meronnka or6opa pelpe3eHTATHBHHIX IPO6 BOAH
H3/I0XKeHA B METOIMYECKHX yKalaHHAX [8], a MeToo#Ka HX aHajlH3a—
B Pykoroacrse [9].

3.1. Pacuer svinoca geujecrea
U OyeHKa e2o GoCcTO8EePHOCTU

IList opranudecKux H OHOTeHHHX BellleCTB B I'OJOBOM IHKJe BHIe-
JASIOTCA MEPHOAH IOJIOBOAbS M MEXeHH. BHHOC BeImIeCTB paccuH-
THBAETCH PasfeNbHO IJs KaxkIoro nepuoia. ITo naHHHBIM Kakao# THI-
POXWMHYECKOH CHEMKH Ompe/ielisiercsi CpeiHee apH(MeTHuEeCKOe 3Ha-

YeHHe KOHIIEHTDANMH BellecTBa C;B CeYeHHH PEKH 10 GopMye
‘C'j—_——;-z Ci, @.1)

rae & — uucio npo6 B ceueHHH pekH; C; — KOHILEHTPAlHs BellleCTBA
N0 JanHHM {-# mpoGH.
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Jlnst Kax0ro BHIEJEHHOTO PacyeTHOro Ieproja (IOJOBOIbe M Me-
JXKeHb) HAXONHTCs CpefHee apH(bMeTHYeCKOe 3HaueHHe KOHIEHTpamui
BeulecTBa no dopmyae

c=11xg, @.2)
n

e n — YACJO THADOXHMHYECKHX CBeMOK 3a DpaCYeTHHH IepHOJ,
C; — cpefHAS KOHIEHTPAllHs BelIeCTBA B CEYCHHH DEKH IO pe3ylb-
TaTaM j{# CheMKH.

ITo dopmyne (2.2) ompezeiseTcss BHHOC BellleCTBa JJISI  KaXJIOro
M3 BBIJEJEHHHX PacueTHHIX IEePHOJOB.

3a Bech pacueTHHH IepHOJ BHIHOC BeIECTBA DPEKOH IOJydaloT
CYMMHpDOBaHHeM pe3yJbTaTOB HOJCUETa BHIHOCA BellleCTBA 3a OTAe/b-
Hble BHIJeJeHHBIE ePHOLHL.

IIpu pacuere BHHOCZ H OMIKOKH BBHIHOCAa NECTHUHJIOB, COIVIACHO
IPOBEJeHHHM DaHee HaGJIOJEHHSAM, B pe3y/bTaTe CPaBHHTEJbHO Ma-
JIOTO YyHCJa ChEMOK B TOZY IO CPaBHEHHIO C APYTHMH paccMaTpHBae-
MEIMH HHTDeJHEHTaMH BHIJeJIEeHHEe OTAeJbHHX IEPHOJIOB B oAy Hele-
J1ecoo6pasHO; pacyeThl CAeAyeT BECTH B IeJ0M 32 IO

Onenka JOCTOBEPHOCTH pacyeTa BHIHOCA BeIUECTBAa IPOM3BOAMTCH
caepylonum o6pa3oM. PaccunThiBaeTcs cpelHAs  OTHOCHTeJbHas
owHOKa eIHHAYHOTO Olpe/ie/leHHs] KOHIEHTPAIMH BelleCTBA B CeYeHHH
pekH v, (s KaXRoH THAPOXHMHUECKOE CBHeMKH IO ¢opmyre (2.9)
HaXOAUTCA CpPejHAs KBaJpaTHuecKas OIIHOKA ¢IMHHYHOTO ONpeaese-
HASL KOHLEHTPAaUuM BeINeCTBA o, CPEIHAS OTHOCHTeNbHadA ommbKa
€IHHHYHOTO ONpeje/ieHHs KOHIEHTPAllMH BellleCTBA PaCCUHTHIBAETCSH
no ¢opmyne (2.8)). 3arem BhHUHC/AfETCA OTHOCHTENbHAS OIIHOKA Bpe-
MEHHOIO pAJa CPeXHHX KOHUEHTpalHu# v, (cpelHAs KBajApaTHueCKas
omn6GKka BPEMEHHOTO psiia CPeJHAX KOHIEHTPalHH o, ONpeJensercs
u3 dopmyanl (2.7), OTHOCHTeJbHAs OUIMOKAa BPEMEHHOIO psfa CPeJHUX
KOHIIEHTpauu# Haxoxutesd u3 dopmyast (2.6)). Hanee Buluucaserca oT-
HOCHTeJbHAsi OIIHGKa cpelHed KOHIEHTPAlHHM BeleCTBa 3a pacuer-
HEH mepHOZ Sg u3 ¢opMyan (2.5). OTHOCHTeNBHyI0 OIIHOKY pacyera
BHIHOCA BelleCTBAa 3a pacCMaTpPHBAEMLIH NepHOJ HosaydyaeM H3 ¢op-
myast (2.4). Ilocie storo maxomurcs abconoTHAas omxbKa pacuera
BBIHOCA BeIeCTBAa 3a pacueTHH nepuon us dopmyan (2.10). Hanee
onpenensiercs afcosoTHas omKMOKa pacueTa BHIHOCA BeleCTBAa 3a TOX
MyTeM CYMMHPOBaHHS aGCONIOTHEIX OIMOOK pacyera BHIHOCA 3a BHIAE-
JeHHble mepuonanl (2.11). I, HakoHen, HaXOLHTCA OTHOCHTEJbHAS
omn6Ka pacueTa BEHHOCA BeliecTBa 3a rof H3 dopmyanl (2.12).

3.2. Ilpumep pacuera svinoca sewecréa P po3-
U OYEeHKU TOYHOCTU pacyera

Jns cTBOpa peku C rofoBeIM 00beMOM cTOKa Boan 14,0 kM® GHIIH
npoBefeHs 30 TMAPOXMMHYECKAX CheMOK B TeUeHHe KaJIeHJapHOTO Io-
na. B roay BhesnsioTcs ABa pacyeTHHX NePHOZA: NMEPHOA NOJOBOAbSA
(11 rugpoxuMHUECKHX CheMOK) H mepHof MexeHH (19 cpeMok). Ian-
Hble THAPOXHMHYECKUX CHEMOK 32 HepHOJ MNOJOBOAbs NpHBEJEHH B
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A

Tabauya 3.1

Ucxoanple panHbie H BCIIOMOTaTedbHLIE mapamerpel JJs# pacycra BHHOCA P p03_ M oOpelic/iends TOYHOCTH pacuera
4

HabmofeHasle KOHIEHTPAUE B PA3NIAUHNX TOUKAX CEUYECHHT PEKH, MT )X
k
I

Cpe-
MKa

2C

Ilara i

zczlﬂ
e s e s | s ‘\u

1 81V 1979 0,060 0034 0,120 0,177 0,224 0,113 0,126
2 201V 1979 0,075 0,019 0,029 0,018 0,016 0,046 0,017
10 12 III 1980 0,049 0,027 0,054 0,055 0,068 0,062 0,070
11 25 III 1980 0,170 0,138 0066 0,103 0,073 0,101 0,101

0,854  0,1300 0,00430 0,1220  0,0149
0,220 06,0098 0,00048  0,0314  0,0010
0,385 0,0224  0,00021 0,0550 0,0030
0,752 0,0886 0,00131 0,1074  0,0115

NN NN

Tabauya 4.1

PacyeT OTHOCHTENLHOHR CpelHeR OMMOKH eJJHHHUHOTO ONpENeseHnsl KOHNeHTpauud N Jas opAcH #3 HeHdyuenawx pex CCCP

O3

HabmoneHnsie XOHUEHTPAUHH [V,

Cremxa|  lara (Mr[1) B mpo6ax IO CeveRHEo p:ﬁ?’ A iC, zc? o T;
1 p 3 4
1 111980 0,47 0,30 0,44 0,37 4 1,58 0,6414 0,0058 0,395
2 3 11980 0,15 0,32 0,43 0,29 4 1,19 0,3939 0,0133 0,298
3 5 1 1980 0,34 0,28 0,20 0,24 4 1,06 0,2916 0,0036 0,265
4 1 VII 1980 0,39 0,27 0,41 0,20 4 1,27 0,4331 0,0100 0,318

2=0,0327 X=1,276




rabauue 3.1. Jng nepuoja MeXeHH NaHHBIE aHAJOTMUYHHIE H IOITOMY
B TabJHLe He NPHBOISATCS.

Brnoc Ppoz- olpefessieTcsl pasfesJpHO A KaXkIOro pacyeTHo-
ro mepuona. Hrxe npusesieH pacueT BHHOCZ JUIS IEPHOAA IIOJIOBOABS
(o6beM cTOKa BOZH 3a 3TOT meproj, Q=38,9 km3, omu6xa pacuera BOJ-
HOT'O CTOKAa SQ=7% ).

Jns xkaxnofi rHIPOXHMHYECKOH CHEMKH CpPellHee 3HadyeHHe KOH-
uenTpauun C; B CEYSHHH PeKH ompejensercs no dopmyae (3.1):

5y 0,060 + 0,0347+ 40196 0 190 e/

PaccunTnBaeTcs CpefHss KOHUeHTpauus Fpod— 11 PacueTHOro
TepHOAa MONOBOIbA (3.2):

T 0,122+ o,oaulj Lo 00074 _ 0 0504 r ) = 0,0524-10° 1Ko,

BriuncisieTcss BHIHOC 32 IIEPHOJ, IOJIOBOJBS Ppoiz—@-z)’
Gy = 0,0524.10%-8,9 = 0,4664- 10° = 466,4 T.

Pacuer BHHOCAZ 32 [EPHOJ MEXEHH OCYIIECTBJSETCS AHAJOTHIHBIM
o6pa3om — 146,4 T.
Brinog Ppoi—- 3a rojJ COCTaBJsET

Grox = 466,4 -+ 146,4 = 612,8 .

OnpenenieHHe TOYHOCTH pacyera BHIHOCA Ppo3—~ NPOH3BOAHTCH

crenyomum o6pa3oM, PaccuuTHBaeTCs CPEAHSsT OTHOCHTENbHAS OUIHG-
Ka eJHHHYIHOTO ONpeleNeHHsI KOHLUEHTPAalLHH Ppoi—' B CeUeHHH pEeKH:

BHUHCJISETCS CyMMa KBaIpaToB KOHUEHTpauui B mpobax Ajs Kax-
JIO CBEMKH B OTJAEJIbHOCTH

T C% =0,060% 40,0343 + ... + 0,126 = 0,13,

paccYHTHBaeTcsd KBaApaT cpefHefl KBaApaTHUeCKOR OIIMOKH €fH-
HUYHOI'Q® OMPENS/ICHUS KOHUGHTPAUHE AJA KaXaok cbeMku (2.9):
1 0,8542
ug-.: 7]:- (0,13 —‘—7—‘) =0,0043,
BRIYHCJISETCS CPENHSsS] OTHOCHTeJbHAsi OMKOKA eMHHYHOTO OIpefe-
JIeHHMs KOHIeHTpaumu (2.8):

_ V(0,043 4000048 + ... +0,00181)¢ 11 _ 0,633.

Ve
0,0524*

* 0,0524 — cpennss KOHUEHTPAUHS Ppoi— (C) sa pacueTHH# TEPHOA.
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Janee ompenensieTcsi OTHOCHTeJbHAasl oWHOKa BPEMEHHOro psiaa
CpeIHHX KOHIEHTpauul vyt

pacCuUTHIBAETCSI CPelHss KBaJgpaTHueckas OHmHOKa BpEMEHHOIO
psiia CpelHHX KOHIeHTpauui (2.7):

1 0,5766%
c,,:l/“ 1(00411-- T >_o,033 Mr/a,

BHIUHCHsIETCA OTHOCHTEJNbHAS OIIHOKAa BPEMEHHOTO psiia CPERHHX
KOHIeHTpanu# (2.6):

0,033
=" 0,63
vp = 0,0524 0,631.
3areM pacCUMTHIBAETCH OTHOCHTENbHAR OIIHOKA Ofipelie/ieHHs! KOH-
neHTpanuy Beiectsa (2.5):

Sg= —I-(o 6312

0,6332
"—_' = 3=
m 7 ) 0,203 = 20,3%,

Onpenensercs OTHOCHTeNbHAasd OMHOKAa BBHIHOCA BellecTBa 3a IEPH-
ol monoBoabs (2.4):
Sq=1/0,2037 40,077 =0,215=21,5%.
Ilocne asrtoro ompefensieTcs abcounorHas omuOka BHHoca AG, 3a
nepuoj, nosoBoAbs (2.10):

21,5
8 Gy = 466,4-— = =100,3 1.

AnasnoryyHo Haxojurcs abcodaioTHas omuOKa BHIHOCA PPOZ— 3a

nepuox Mexenn — 28,8 T.
A6comorsas ommbKa pacuera BhiHOca P PO3— 3a TOJ COCTaBaseT

(2.11):
A Grog = /100,37 1 28,82 = 104,4 .

OtHocuTenbHas omHOKa pacyera BHHOCA Ppo§1 — 3a rox cocTas-

aser (2.12):
104,4
= "—‘_,_' = = 0 .
Strox = g1 5 = V170 =17.0%
4. Pexomendayuu no nposedenuro Haba00enul
HQ HEUBYHEHHOIX peKax

Brauaje ¢ yueroM OWHOKH pacyera BOXHOI'O CTOKA ONpelesieTcs
JONyCcTUMasi OTHOCHTeNbHas OMOKa cpelHell KOHIEHTPAlHH BeIECT-
Ba, HcxousA us ¢opmyns (2.13). 3aTeM Heo6XOAHMO HaHTH CpPELHION
OTHOCHTEJIbHYIO OMHOKY €JHHHYHOIO ONpeHesIeHHS KOHIEHTDAIlHH Be-
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LecTBa V. (C MHTEPBAJOM B HECKOJLKO CYTOK BBINOJHSAIOTCH YeThIpe
THAPOXHMHUYECKHE CHEMKH ¢ OTGOPOM OT TpeX A0 AeCATH HPo6 BOILI
B KaXIOH B 3aBHCHMOCTH OT IJIOLIa/J IIONePEYHOro ceyeHus peku [5],
N0 JaHHBIM KaXIOH THIPOXHMHYECKOH CheMKH HaxoLHTCH M3 (opMy-
Jaul (2.9) cpennas KBajipaTuyeckas OMIHOKa eXHHHIHOrO ONpejeseHHs
KOHILEHTpallHy BelleCTBa ., CPpefHAT OTHOCHTe/JbHAas OIIHOKA elHHHY-
HOTrO ONpeJe/ieHHs KOHUEHTPAUHH v., BEUHcIsgeTcs no popmyae (2.8)).

3areM HaXOIWTCS OTHOCHTeJbHas OIMOKAa BPeMEHHOTO pafa Cpen-
HHX KOHLEHTpauuii v, u3 Qopmyan (2.14). 3nauenne kKoadHuIHeHTa
npUHAMaeTcst B cpeXxHeM paBHBIM 0,4, AJs ceBepHHX peK (ryMHAHbIe
30mm) 0,25, 1J1s 10XHEX pek (apuaHble 30H8) — 0,55.

Jlanee, ucX0as M3 IOJNYYEHHBIX 3HAUEHHHA V. M v,, HEOOXOJHMOH
TOYHOCTH pacyeTa CpeJHed KOHIEHTPalHH W 3alaBasfChb KOHKPETHHIM
9HCJIOM NPO6 B CEYEHHH PeKH R, ¢ HoMolibio ¢opmyas (2.5) am6o mo
HOMOTpaMMmaM Ha pHuc. 2.2, 2.3, 2.4 onpegeisieTcsi KOJHYECTBO T'HIpPO-
XHMHUYECKHX CBEMOK 1 B TOJy.

[MnanupoBanue yacToTH HAGJIOJEHHH A pacueTa BHHOCA NECTH-
0B (o-TXIIT u 9-IXIT') npousBoZATCA aHAJOTHYHEIM 06pasoM.
OIHaKO OTHOCHTENbHEIE OWIMOGKM ONpele]sSioTCs He IO NpelBapHTesb-
HBIM CBEMKaM, a IPHHHMAIOTCS HCXOJS M3 MX CPEJHHX BeJHuuH (Ha-
npumep, mis y-I'XUT v.=1,0, v;=0,9).

4.1. IIpumep onpedesernus 4acroro. KAbAOO0eHUL
048 pacHera 8bIHOCA OPeARULECKUX
u buoeenHblx seuecTs

Hcxoanere naunnie. Peka pacmosiokeHa B cpefiHeR nojoce eBpo-
neiickoit yacru CCCP; mo maHHBIM rugposoroB omu6Ka pacyera BOA-
Horo croka cocraBasier 40%; TpebyeMas TOYHOCTb pacyeTa BHHOCA
BemectBa — 50%. Mcxons u3 dopmyan (2.13) BHuHcAseTcs Oony-
CTHMasi OTHOCHTeJIbHas OIUGKA CPefHeli KOHIEHTPAUHH BelIeCTBa

Sx= 0,57 — 0,4 = 0,3 = 30%.

BBINOJIHAIOTCS YeTHpe THIPOXHMHYECKHe CHEMKH JJIs OlpejeieHHs
KOHIEHTPAIHH NNoa—. B ceueHmn pekH OTGHpAOTCA uYeTHIpe MPOGHL

HHTepBas BpeMeHH MeXJAy CheMKaMH JBOe CYTOK. PesyibTaThl aHa-
JIN30B TpHBeAeHH B TabGaune 4.1. Pekomennyemas AJist HHTPATOB yac-
TOTa HaGMIONEHHWH NpejJjaraeTcsi H JJf OCTaJbHHX OHOreHHHIX Be-
IIECTB, & TAKXe JJf OPraHHYECKHX BeLIeCTB.

Jns BHIYHC/EHHS CpelHel KBAaJPaTHYECKOH OIIHOGKH eIUHHYHOrO
onpefe/ieHHst KOHUEHTpAuUuH Nyoj-  DACCUMTHIBAIOTCA CyMMa KOH-
LeHTpallMil BellecTBa % C; M CyMMa KBaJpaTOB KOHIEHTpalHi Belle-
cTBa ¥ C? MO NaHHHIM KaxJoll MHIPOXMMHUeCKOl chemkH. Hampuwmep,
s ceeMkH Ne 1:

LCjy=0,47 + 0,30 + 0,44 + 0,37 = 1,58;

£}y =0,477+0,30° + 0,442 4 0,37 = 0,6414.

* Hnpgexkc B cko6Kax O3HaYaeT HOMEP THAPOXUMHYECKOH ChEMKH.
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Ananornuno paccuuteiBarores XC; v ZC} ans BTOpo#, TpeThel H

4eTBepTOH CBHeMOK.
Brluncasercs KBajpaT CpelHeH KBaJApaTHYECKOH OWHOKH eAHHHY-
HOTO OIpefe/ieHHsl KOHUEHTPAaUMH IJs KaXzno# cheMkd (2.9):

1,58

1
2 =—3—(o,e414— )=0,0058.

OnpenensieTcsi cpeliHee 3HaueHHe KOHUEHTPAUHH IO CEYEHHIO MJIS
Kaxznoh cremku (3.1):

a Takxke CpejlHee 3HaueHHe KOHIeHTpauuH C B CeYeHHH MO JaHHBIM
BCeX YETHPEX CheMOK (3.2):

= — 9,395 + 0,298 + 0,255 -+ 0,318
4

Buiuncasiercss CpeIHsis OTHOCHTeJIbHAs OIIHGKa eJUWHHYHOTO Onpe-
JleJIeHHs1 KOHIEHTPAlMH v, IO pe3yJbTaTaM YeTHpeXx cbeMoK (2.8):

=0,319.

1/_1.(0,058 40,0133 -+ 0,0036 + 0,01)
= 0,319

Omnpepjengercs mpejnosaraeMasi OTHOCHTeJbHasi OmIH6Ka BpeMeH-
HOTO psifa CpelHHX KOoHIeHTpammit (2.14):
vy =0,283:0,4 = 0,708,

=0,283,

Ve

I71st Ko dunuenta f mpuHATO CpefHee 3HauenHe, pasHoe 0,4,

HiMest xapaKTepHCTHEH V. H Vs MOXHO HaHTH uyacroTy HaG6Jjmone-
HHH [/ TOYHOCTH pacueTa CpelHeH KOHIEHTPaUHH BelleCTBa C IO-
MOIIBI0O HOMOI'PaMMBl Ha pHC. 2.3 (B CeueHHH INTaHHPYeTCH, HalpHMep,
oTOHpaTh ueThipe NPOGH; Ha HOMOrpaMMe BbIOHpaeTCs KpHBasg, IO-
cTpoeBHas aas v.=0,4; Ha KpHBOH HaXOJAWTCA TOYKA C OPAHHATOH ye-
ThHIpe; abcuucca STON TOukH Ha ImKaje v, =0,8 paBra 7,55, ¢ okpyrie-
HHeM o GOJbIIero IeJoro psfa SHaueHHS YHCJIO ChEeMOK B ToAy HpH-
HHMaeTcsl paBHHM 8).

4.2. ITpumep onpedenerusn wacroro. Habr00eRUlL
0aa pacuera goinoca necruyudos (y-I'XIIT)

Tpe6yemas TOYHOCTH pacuyera BhHOCA 50%, OTHOCHTe/bHAs OLIKG-
Ka pacuera BojHoro croka 40%. Brumcisercs gomycTHMas OTHOCH-
TeJbHas omwmnOKa cpelHell KOHIEHTPaluH semecrsa (2.13):

Sk =V 057 ~0,4 =0,3=30%.

B KauecTBe HCXOAHHIX NAHHHX IIPH NJIaHHPOBAaHHH Hab6JIOJeHHMI
IJs mocaeRyolero pacuera sBhiroca p-I'XLIIT npuHHMaroTcsi Openro-
JlaraeMble OTHOCHTeJbHbE OWHOKH v, =1,0 1 v; =0,9 (Taba. 2.1).

Tak kak Ha HoMorpamMme (pHC. 2.3) OTCYTCTBYeT miKaJa v, =0,9,
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TO AJIsI NOBHILIEHHS HAaJeXXHOCTH pacueTa Bh6upaeTcs Oauxkakias
Gonbliasi o 3Haueuuio v, = 1,0 wkana.

Uncsio cbeMOK B TOAY olpelelsercd Kak abcuucca Takof TOUKH Ha
KpHBOH v, =1,0, y KOTOpO# opAuHaTa paBHa YHCJY Npo6 B CeueHUH
pexn. Hanpumep, eciii oT6HpaTh B CEUCHHH PEKH TPH NIPOOH, TO CO-
OTBETCTBYIOIllee UYKUCJIO CHEMOK B oAy Ho wmkajge wv,=1,0, cocraBur
14,6 cremxu. Takum o6pasoM, IpUHHMaeTcsl NATHAAUaTb CheMOK B ro-
Iy TpH uHcJe NPO6 B CeYEeHHH, PABHOM TpEM.
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Paspea II
METOJHKA PACYETA BBIHOCA MHKPO3JAEMEHTOB PEKAMH

B peuHHIX BOZaxX, €CJH OHH He TOJBEPKEHH 3HAYMUTEIbHOMY 3a-
TPSA3HEHHIO, MHKPO3JeMeHTH OOGHYHO HAaXORATCS B HH3KHX KoJebiro-
UIUXCS KOHIEHTpPAUMAX MNMOpSAJAKA eJHHHL, JeCATKOB U B HEKOTODHIX
cayyasix coteH MKr/i. OJHaKO, BCIEACTBHe CBOel OHOJIOTHYECKOH aK-
THBHOCTH, H B TaKHX KOHIEHTPAUHIX MHUKpO3JieMel, Tl OKAa3HBAalOT 3HA-
YHTENbHOE BJHMSHHE HA TPOIECCH XKU3HEIEATEJbHOCTH TI'HAPOOHOHTOB
H SIBJIAIOTCS OJHOH M3 XapaKTePHCTHK KayeCTBa BOJHI IIPH ee HCIOJIb-
30BaHHH B pa3juyHbIX Lesix. C 3THM CBA3aHa HeoOXOJHMOCTb HCCJe-
JOBaHHS MHUKDO3IJIEMEHTOR B DEYHHIX BOJax AJf HakKOIJIEHHS CBejle-
HHA 0 UX CCJEepI3KaHWH B 3aBHCHMOCTH OT (DM3HKO-reorpaduvecKuHx yc-
JOBH# peunsix GacceitHoB. OJHHM H3 IIPHEMOB OIEHKH HHTEHCHBHO-
CTH MPOIECCOB HNOCTYMJIEHHS M MHIPAIlHH MHKPO3JIEMEHTOB B DPeYHHX
BOLAX ABJAETCA H3yUeHHe BHHOCA MHKDO3JIeMEHTOB PeYHBIMH BOJAMH.

V3sygenne BHIHOCZ MHKPO3JIEMEHTOB PEeYHBIM CTOKOM HMeeT 60Jb-
1ioe NPHKJIAJHOe 3HaueHHe H HeOOXOXHMO I/ PAa3BHTHS TeOXUMHH H

22



HayYHBIX OCHOB T'HAPOXHMHH. CBeleHHS O BBEIHOCE MHKPO3JEMEHTOB
pekaMu B MOpCKHe GaccefHBl MO3BOJIAT MOJYYaTh HaygyHO OGOCHOBaH-
HEle JaHHEE O MacuITabax MHIPAlUH MHKPO3JIEMEHTOB Ha Cyllle H B
MOpAX, 06 HHTEHCHBHOCTH IIPOLIECCOB XHMHUYECKOH JeHYyJalllH Ha BO-
poc6opax pex u Ap. B mocieanee BpeMs GOJbLIOe BHHMaHHe yjeJsieT-
Cfl KOMIJIEKCHOMY H3YYeHHIO H HCIOJb30BAHHIO IPHPOAHHX 6OraTcrs
B WenbdoBoH 30He Mope#. DTo TpebyeT BCECTOPOHHEIO H3Y4YeHHs BHI-
HOCa pPeKaMH XHMMYECKHX BelIeCTB, B TOM YHCJe H MHKDO3JEeMEHTOB,
JlaHHEE O peYHOM CTOKe MHKDO3/JIeMeHTOB HeOOXOAHMME AJIf pasfiHy-
HBIX OTpac/ell HapOLHOIO X03s#CTBA: IPH pelIeHHH BOIPOCOB 31paBO-
OXpaHeHHusl, pbl6Opa3BeleHHs, BO3LEJNEIBAHHSA CeJbCKOXO3SHCTBEHHBIX
KyJBTYpP, OXpaHbl IPHPOAHEIX BOJ OT 3arpA3HeHHs H Jp.

Merouueckie BOIPOCH pacyera BEHIHOCA XHMHUYECKHX BeIECTB H,
B YaCTHOCTH, MHKPOSJIEMEHTOB B JIHTEPATYPe OCBeLleHH HeIOCTaTOYHO
[1—4, 6—13]. IlpuueM, B OCHOBHOM DPacCMaTPHBAIOTCS BONPOCH O
MeTOJHKe pacyeTa BHIHOCA BOOOIle PacTBOPeHHHX BelllecTB [1—4, 6,
7], a He KOHKPETHO MHKDO3JIEMEHTOB, HMEIOIUX ClelH(pHYeCKHE 0CO-
6eHHOCTH. B cBfI3H ¢ 5THM BO3HHKJA HeOGXOAMMOCTh B paspaboTKe Me-
TOAHYECKHX DPEKOMEHIAalMil MO pacueTy BHIHOCA MHKDPO3JIEMEHTOB pey-
HEIM CTOKOM.

B 3aBECHMOCTH OT HOJHOTHL HCXOZHOrO MaTrepHaJa IO COxepxKa-
HHIO ¥ PEXHUMY MHKDO3JIEMEHTOB B DeYHOH BOJe IpejfJjararorcs cle-
AyIOU¥e METOAH pacueTa BHHOCA MHKPO3JIEMEHTOB DEUHBIM CTOKOM:
IPSIMOM, KOPPEeJSIIHOHHBN H KOCBEHHHIE.

B HacTosIIMX pPEeKOMeHJALMAX H3JIOXKEHH TaKXKe CIOCOOH pacyera
CpeJHEMHOIOJIETHErO BEIHOCA MHKDPO3/IEMEHTOB OTAEJbHEIMH DeKaMH H
pacuera CyMMapHOrO BEIHOCA MHKPO3JIEMEHTOB PeKaMH C TePPHTODHH
CCCP B mopckue 6accefiHbl. MeToauyecKne pPeKOMeHAALHH MO pacue-
Ty BHHOCA MHKDO3JIEMEHTOB DEuHBIM CTOKOM CJelyeT NPHMEHATb Ha
cerh OTCHK mnpu opraHM3alUH CHCTeMaTHYeCKHX HaOJMIOfeHHH IO
CreluHaJsbHOH MPOrpaMMe OIEHOK BHIHOCA BEILECTB PEYHHIM CTOKOM B
Mopckre OacceliHbl. OHH MOryT GBITH HCHOJB30BAHHL B APYTHMH Be-
JOMCTBAMH IPH HAKOIUIEHHH XOCTAaTOYHO NpeJCTABHTEJbHOTO MaTe-
pHaja 10 COAEPIKAHUIO MHKDO3JIEMERTOB B 3aMHIKAIONIHX CTBOPax pex.

Meroznueckue peKOMeHAallMM IO pacyeTy BHHOCA MHKPO3JIEMEH-
TOB PEe4HBIM CTOKOM COCTaBJeHH B JabopaTopuu npoleccop HopMHPO-
BaHHs XMMHYECKOI'0 COCTaBa IPHUPOJHHIX BOJ B YCJOBHSX aHTPOIOreH-
HOIO BO3/eHCTBHA KaHAWIATOM XuMuyeckux Hayk I'. C. KoHoBaJOBHM
H KaugugatoM reorpaduuecknx Hayk B. M. KopeHesoil.

1. Pacuer cToKa MUKPOSAEMEHTOB NPAMbIM METOOOM

Ot6op nmpo6 npH H3YYeHHH CTOKA MHKPO3JIEMEHTOB PEKOMEHAYEeTCSH
[POBOAMTH B 3aMbIKaIOIEX CTBOPaX peK B OCHOBHLIE 'MAPOJIOTHYECKHE
(asl, [last paBHUHHHIX DeK, HanpHMep, TakHMH dasamu Oyayt: 1) xo-
Hell 3HMHeH MexXeHH; 2) NOABEM BeCeHHETO NIOJIOBOAbSA; 3) IHK IIOJO-
BOIBSA; 4) KOHel IOJIOBOAbS; D) JeTHAs MexeHb; 6) N0XaeBOH maBo-
JIOK B JIETHE-OCEHHUH Nepuoj; 7) HayaJo 3UMHEH MeXXeHH.
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Ecna Ha peke HaGMORAIOTCA APYrHe XapakTepHble T'HAPOJIOTHYe-
ckue ¢assl, NpoObi BOAB NOJXKHE OHTb OTOOpaHB IPHMEHHTENBHO K
HHM, HO o0lee HX KOJHYECTBO HOJKHO OHITh He MeHee 6 nmpo6 B roay.
Ot6op npo6 BoAH sIBJASIETCH BaxKHeHlled yacTblo ee HCCJefOBaHHs, OT
KOTOPOH 3aBHCHT TOYHOCTb HOJYYaeMHX pe3yJbTaToB. B Hacrosliee
BpeMsl TPYAHO HaHTH peyHOH GaccefiH, He NMOJBEpPIKEHHBIH B TOH HJIH
HHON Mepe aHTPONOTeHHOMYy Bo3jeficTBHIO. ONHaKO liesbl0  pacuera
CTOKAa MHKDPO3JIEMEHTOB $§IBJS€TCS OLleHKa BEIHOCA XHMHUYECKHX B€
IIeCTB €O BCero peyHoro GaccefiHa mo 3aMblKaiomeMy crtopy. [losto-
MY DIPH OLIEHKe BHIHOCA MHKDO3JIeMEHTOB C peuHoro 6accefiHa Heo6xo-
JHMO 3aMBIKAIOIUiA CTBOP, rie OTOHpPAlOT NMPOGH BOAH, BEIOHpATb C
T3KHM YCJOBHEM, YTOOH OH He OB B 30He HENOCPeJCTBEHHOrO aH-
TPONOreHHOr0 BJIHSIHHS, OCOOEHHO NOCTYMJIEHHS CTOYHBIX BOA. IlyHKT
or6opa npo6H I0JKeH OBITh PACHOJOXKEH [0 BO3MOXKHOCTH OJHXKe K
YCTbIO PeKH, HO B palioHe, He NOJBepXKEHHOM BJHSHHIO HaroHa MOp-
ckoli BOJH. BuGpaHuBIl NMyHKT XO/KeH obGecneyuBaTbest HabJrone-
HHSIMH IO PacXOAY BOAHL

IlpsiMo#t MeTOn pacueTa BHIHOCA MHKPOJIEMEHTOB PEUHHIM CTOKOM
pPeKOMeHyeTcsl IPHMEHATh IPH HAJNHYHH Pe3yJbTaTOB HeNOCPeICTBEH-
HOTO OIIpeJie/IeHHsl COJEPXKaHHA MHKPO3JeMEeHTOB B PedyHBIX BOJAAX, HC-
noab3ysi GOpMyay IJis pacyera HOHHOro croka [1—3]:

Rm=W(_:_v (Ll)

rae W — o6beM BOLHOrO CTOKA 3a pacueTHHH mnepuon, km3;, C —
CpeXHsAsl KOHIEHTPAUHs XHMHYECKOTO 2JeMeHTa 32 PaCYeTHHIH NepHOZ,
MKT/J1.

IIpx 3TOM CTOK MHKpPO3JIeMeHTOB R, BHIpaXaeTcs B TOHHax 3a
pacueTHH# nepuoa. O6beM BOAHOrO cTOKAa (KM3) cllellyeT PpaCCUHTHI-
BaTh 1o ¢opmyie [4]:

_ W=28,64.-10-5Q T, (1.9
roe Q — cpexHHI pacxon BOXH 3a pacueTHHIH mepHoA, M3/c; T — Bpe-
Msi, CyTKH.

YCTaHOB/IEHO, YTO KOHIEHTPalliss MHKDO3JIEMEHTOB B BOJZE DEK H3-
MeHsieTcsl BO BpeMeHH. [lyig HEKOTODHX peK IpOCJeXkKHUBaercs 3HauH-
Masi KOPPeJNsIHOHHAs CBA3h MeXJAy KOHIEHTpalHell OTJAeJbHBIX MHK-
PO3JIEMEHTOB M pacxojaM# Bojibi, OJHAKO H IIPH OTCYTCTBHH TaKOH
CBA3H NpefieJiBl H3MeHeRHH H CpeJHHEe YDPOBHH KOHIEHTpalu# MHKPO-
3JIEMEHTOB 3aMeTHO DAa3jIHyaloTCs B 3aBHCHMOCTH OT HauboJee KOH-
TPAaCTHHIX T'HAPOJOTHUEeCKHX (a3 — MaBOAKa M MeXeHH. B cBssH ¢
9THM pacyer CTOKa MHKDO3JEMEHTOB B oAy HeOOXOMHMO IPOBOAHTH
OTHAE/JbHO B OCHOBHBIE I'HADOJIOTHYECKHE MEePHOAH — MeKeHHble U MNa-
BojikOBble. CTOK MHKPO3JIEMEHTOB 3a I'0J| MOJYy4aeTcs CyMMHPOBaHHEM
CTOKA 3a 9TH MEPHOJIHL.

Pacuer cTOKa NPAMHM METOJOM HEO6XOAHMO BHIOJHATH CJAeLyIO-
mwuM o6pasoM. BEINHCATh W3 CIPABOYHBIX THAPOJOTMYECKHX MaTepHa-
JIOB CpelHeMecsuHble PACXOJR BOJBI IO NYHKTY THAPOXHMHYECKHX Ha-
Guronenui. IIpu OTCYTCTBHM CBeJeHH# MO pacXoAy BOABL B NYHKTE THI-
POXHMHUYECKHX HaOJIOZeHH} ciefyeT B3ATb PaCXOAH MO Guusiexallle-
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MY nyHKTY. BoaHBIH CTOK 32 TOX PasfeJsilOT Ha XapaKTepHbe THAPO-
Jiornyeckue $assl B 00beAUHSAIOT B ABa NepHoAa: 1) MeXeHHHH (JeT-
HASL H 3UMHsSI MeXeHb); 2) MepHOJ NOJOBOJbS H NMaBOJAKOB (BeCeHHee
II0JIOBOJbE, NABOAKH B JIeTHE-OCEHHHH [epPHOJ H B NePHOJ SHMHHUX OT-
Tenesel).

KpurepreMm no BHIJENEHHIO MaBOJKOB CUHTAIOT YBeJHUYEeHHe IIpH-
MEpHO B [Ba pas3a pacxoia BOJH, XapaKTEePHOTO AJf KOHLIA 3HMHeH
MeXeHH. YCTOHUHBOe YReJIHUeHHe PAacXOJOB, IPH KOTOPHIX OTMedaercs
CHHXKEHME MHHEpaJH3alud, MPHHHMAIOT 3a Hayaao NoJaoBoies [3].

3a HayaJo JieTHeH MeXKeHH NPHHMMAlOT MHHHMYM pacxoja, mocJe
KOTOPOro moJbeM BOJABI NpeBHILIaeT He OoJiee yeM B JBa pa3a Pacxoj
BOJZbI, OGRIUHEIA A5 KOHIIA 3HMHEH MeXKeHH.

Brigenenne rEApOJOrHueckHx (a3 AjA pek ¢ HapylieHHHM THIpPO-
JIOTHYECKHM DEXHMMOM CBSI3aHO C 3HAUHMTEJbHBIMH TPYJHOCTSIMH, TaK
KaK OHH ¥ TaKHX DeK He YeTKO BHIPaxKeHH. B 3ToM ciayyae peKOMeH-
JIyeTCsl BHIAENATH NMEpPHONbl HH3KHX M TIOBHILIEHHBIX PacXOJO0B.

Boaublii CTOK cjefyeT pacCYHTHIBATL IIOMeCAYHO 10 (opmyJe
(1.2), 3aTeM CyMMHPOBAaTb €ro 3a MePHOJAB MOJOBOAbS (M TMAaBOAKOB)
U MexeHH. BOIHBIA CTOK 3a roj HOJY4aloT CyMMHDOBaHHEM BOJHOIO
CTOKa 3a [Ba YKa3aHHBIX MepHoza. [lasee HeOOXOAHMO PpacCUHTATH
cpefHHe apHdMeTHueCKve KOHIEHTPAllMH MHKDOSJIEMEHTOB B HepPHOX
[OJIOBOAbS M PaslesIbHO MeXEHH. Y MHOXKEeHHeM CPeJHHX apH{MeTHue-
CKHMX KOHIEHTpaluii Ha BOAHHBIH CTOK B IEPHOAEB! NOJIOBOAbA H MeXeHH
PACCYMTHIBAIOT BHIHOC MHKDO3JIEMEHTOB B 3TH HepHOAH (cM. Ghopmyay
1.1). CymMupoBaHHeM 3THX BeJHUYHH NOJy4YalOT BHIHOC MHKDO3JeMeH-
TOB PEYHHIM CTOKOM 3a TOJ.

[lorpelwHocTs MPSIMOro MeTOJAa pacyeTa BHIHOCA MHKPO3JeMEHTOB
He npesuiaer 30%. OHa 3aBHCHT OT NOrPelIHOCTH ONpefesIeHHs] MHK-
POsJIeMeHTOB, HaxoAdllelcsa B npexenax 20% [5], u namepenus pacxo-
Ila BOJEHI, IOrPELIHOCTh KOoTOpo# cocraBaser 10%.

2. Pacuer CcTOKQ MUKDPOINEMEHTOB
KOPPeAAUUOHHbIM METOGOM

KoppensiuyoHHBI MeTOZ pacyeTa BBHIHOCA MHKPO3JEMEHTOB peu-
HBIM CTOKOM OCHOBAaH Ha HMCIIOJIb30BAHHH 3aBHCHMOCTH BeJHYHH KOH-
neHTpaLu# oT pacxojoB Bogbl C=f(Q).

MareMaTHKO-CTATHCTHUECKOH O0OPaGOTKOH pe3yJbTaTOB aHalH3a
YCTaHOBJIEHO HaJHuHe AJIsi HEKOTOPHIX PeK YCTOHYHBOH KOPPE/ISAUHOH-
HOH CBSI3H MeXJIy KOHIleHTPaLied MHKDO3JEMEHTOB H pacXojaMH BO-
Ibl, KOTOpasi OUMCHIBAETCS YPaBHeHHSIMH perpeccuu (raba. 2.1). Irtu
ypaBHEHHST MOrYT OBITh HCIIOJNb30BaHBI AJS pacueTa KOHUEHTpauui
HEKOTOPHIX MHKPO3/JIEMEHTOB H pacyeTa BHHOCA MHKPO3JeMeHTOB (6o-
pa, MapraHiia 4 BaHaJHs) TOJbKO 1/ peK, yKasaHHHX B Taba. 2.1,
IIPH OTCYTCTBHMH De3yJbTaToOB aHalH3a BOIBEl Ha CONAEPXKaHHE MHKpPO-
3JleMeHTOB, B JaHHOM cjyyae AJs BHINOJIHEHHs pacueTa BHIHOCA MHK-
possemenTOB (6Opa, MapraHua, BaHaAus) DeyHbHIM CTOKOM KOppeJs-
LUOHHBIM METOAOM HeOGXOZHMO HMETh TOJbKO 3HaueHHS pacXoJ0B BO-
Jbl. FMiMest pacxonnl BOIBl 32 KaKOH-TO INepHOA, PAaCCUMTHIBAIOT Cpel-
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HIOIO KOHUEHTPAUHIO MHKPO3JEMEHTOB 33 3TOT NepHOJ, MNOACTABAAA
3HAaYeHHS PacXo[oB B ypaBHeHue. Takum 06pa3oM pacCuMTaTbh MOXKHO
CPeHIO0 KOHIEHTPAUHIO 3a JIIo60H NepHol BpeMeHH — Mecsll, THLPO-
Joruyeckywo ¢asy, rog. Pacxox/eHHe MeXIY De3y/ibTaTaMH Ompeje-
JIeHHsI H pacueTa COZepXKaHusa Gopa, MapraHiia H BaHalusi B yKa3aH-
HHIX peKax HaXxofurca B mpefenax 36Y (rabx. 2.1). Buroc MHKpO-
5J1eMeHTOB 32 PacyeTHHIE IIEPHOJ NOJIYyYyaloT YMHOXEHHeM HX CpPelHHX
KOHIeHTpanuit Ha BoIHHH cToK (cM. dopmyay 1.1.).
Tabauya 2.1

3aBHCHMOCTh MEXJLY KOHNEHTpanaek MHKPO3ACMEHTOB
H pacxonaMé BOXH

PacxoxXeBHS MexLy
Pexa Ypasrenne pesyabTATAMH aHANH3A
K pacuera, %

Hrectp B=83—0,02Q 26
Jou B=193-—0,05Q 12
Amynapes B=100—0,03Q 32
Kamuatka B=103—0,04Q 16
3anaauas [Buna Mn=13+0,017Q 32
Cupaapsa V=13+0,006Q 36

HamnpaMep, uMes cyTOuHble PACXOXBl BOJABL, MOMKHO, €CJIH 3TO HeoO-
XOZHMO, DAaCCYHTaTh CTOK MHKDO3JEMEHTOB 3a OTAeJibHbie FHJAPOJIO-
raueckre (ase. Pacyer He06XOOMMO BHINOJHATH CJeLylOUHM obpa-
3oM. [TocTpouTe ruzporpad mo CyTOUHHIM pacxofaM, 3aTeM BOJHHIH
CTOK pa3feNuTb HA BeCeHHHH, JieTHe-OCEHHHN H 3MMHHH NepHOAHL. Be-
CeHHHH NepHOJ Pa3feJHTh HAa TPH (asbl: HayaJo NOABEMA YPOBHA BO-
Abl, 06GJIaCTH TMHKA ¥ CNaja TOJOBOJABS, a JieTHe-OCeHHHH Ha (asw ma-
BOJKOB H MEXKEHH.

Ilpu paszmenenun rupporpada Ha rHApoJOrHYecKHe HasH PYKOBOX-
CTBOBATbCS TEMH Ke KDHTEDHSMH, YTO H IIPH pacyeTe NPAMBIM MeETO-
noM. 3a Hayajo 3HMHeHl MeXeHW NPHHATb NeHb YCTaHOBJEHHS JeJo-
cTaBa. 3a KaXkJu NepHOJ PacCyHTaTh CPelHecyTOuHHH pacxon. He-
NOJIb3yS ypaBHEHHE pEr'pecCHH, PACCUHTATh CPEJHIO KOHIEHTPalHuio
MHKDO3JIEMeHTOB 10 CpPe/(HHM PacxXoAaM BOAbl B BEIIEJCHHEIE MEPHO-
JAH. B mepuox pe3Koro M3MeHeHHs PacxofoB (IOJOBOAbe, OCOGEHHO
IHK) peKOMeHIyeTCs pAaCCYATATh CPENHIOI0 KOHIeHTPAIHIO 32 Kaxible
CYTKHM. 3aTeM HaHTH Cpe/llHeB3BELICHHYIO BeJIHUHHY KOHIEHTPAalHH 3a
moJIoBO/IbE MO (hopMyJe

T= CiQi+CQs+ ... +CnlQn
Qi+ Qi+ ...+ 0Qn
rae 1, 2, ..., n — nopsakoBHe HOMepa cyToK, C # Q — cpeiHHe 3Ha-
YeHHS] KOHIEHTPalHi 3JIEMEHTOB H PaCXOZOB BOJBI 32 CYTKH.
CTOK MHKPO3JIEMEHTOB 3a KaXX/JBH IIepPHOA CJAeAyeT PacCYHTATb IO
dopmyae 1.1.
Takum 006pasoM, KOppeJsILHOHHHIA METOJA pacyeTa BhIHOCA 60pa,
MapraHilia H BaHaJus peYHHIM CTOKOM I03BOJIAET IIPH OTCYTCTBHH Nps-
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MOTro onpefe/eHHs] MHKPO3JeMeHTOB PacCYHTATh MO H3BECTHHIM PacxXo-
LaM BOLBl BHIHOC MHKDO3JIEMEHTOB DeKaMH, YKa3aHHHIMH B Taba. 2.1.

Pacxoxlenne MeXJAy pe3yJbTaTaMH I'OJOBONO CTOKa MHKpO3Je-
MEHTOB, DAaCCYMTAHHOTO IIPAMHM H KOPPeJALHOHHBIM MeTOJAaMH, cOoc-
Tasaser ot 4 no 439%.

3. Koceerinvie MeTodbl pacuera cTOKA MUKPOINEMERTOB

KocBeHHEIe MeTOABI pacyeTa CTOKa MHKDO3JEMEHTOB NPHMEeHSIOTCH
IIPH OTCYTCTBHH CBeJEHHH O KOHLEHTPAUHsAX MHKPOIJEMEHTOB B BOJe
peK, AJs KOTOpOH HEeOGXOAHMO IOJYYHTb XOTH OBl OPHEHTHPOBOUYHHIE
JlaHHBblE TI0 CTOKY MHKDO3JIeMEHTOB.

Pacuer BHINOJIHAETCA CJASLYIOIHUM 06Pa3oM.

Ilog6upaercs peka-aHaJor, H3ydeHHAas B OTHOLIEHHH COAEPXKaHHSA
MHKDO3JIEMEHTOB H HX CTOKa, GacCelH KOTOpOH pPacloJIOXeH CpaBHH-
TeJBHO B TeX XKe (DH3HKO-reorpadHuecKHX YCJOBHAX H CXOJAHHIX YyC-
JIOBHSIX aHTPOIOTEHHOTO BJHSHHS, UTO H HeH3ydeHHas peka. Moayian
CTOKA 3THX peK MOMXKHH GHTH COMOCTABHME MeXny coboi. Ilpeamo-
JaraeTcs, 4TO 5TH PeKH GJH3KH IO YCJIOBHAM (DOpMHPOBAHHS XHMHue-
CKOr'O COCTaBa H YPOBHH KOHLEHTPAaOHH MHKDO3JEeMEHTOB B MX BOJe
NPHMEDHO OIHOTO INOpsALKa. 3aTeM, SKCTPANOJHpYyeTcs CTOK MHKpO-
3JIEMEHTOB DeKH-aHaJora Ha HEH3YUeHHYI0 peKy IPOHOPLHOHAJbHO
BOJHOMY CTOKY NOCJIeLHEeH,

Pacuernas ¢opmyna

R, W,

Ruy= Wi

s @3.1)

rie Ry — CTOK MHKpPO3JeMeHTOB pekH-aHajora, T, W, u W; — obbe-
MEH BOJHOI'O CTOKa COOTBETCTBEHHO DEKH-aHAJOra M HEH3YYeHHOH pe-
KH, KM3,

JpyraM npueMoM KOCBEHHOTO pacdeTa SBJAETCS SKCTPaNoJslHs
TIoOKa3aTesas CTOKa MHKPO3JEMEHTOB IPONOPIHOHAJIBLHO IVIOMIAA¥ BO-

nocbopa.
Pacger CTOKa MHKDOSJIEMEHTOB Ry, NPOBOZHTCS N0 GHopMyJe
R,, =Py Fa, 3.2)
rie Py, — mokasaTenb CTOKa peKH-aHajdora, T/km? Fp; — miowlanib

BOXOCGOpa HEH3YUEHHOMH PEKH, KM2.

MeHbie pacXoX/eHHS NO CPAaBHeHHIO ¢ NPSAMHM MeTOAOM IIOJy-
YalOTCS NPH pacueTe CTOKa MHKDO3JEeMEHTOB KOCBEHHBIM METOJOM IO
3HayeHHIO BOJHOTO CTOKa.

4. Pacyer cpeOHemrO201eTHE20 CTOKA MUKDOIACMEHTOB

Pacuer CpenHEMHOTOJIETHETO BHIHOCA MHKDO3JEMEHTOB  PEYHBIM
CTOKOM MOXHO IPOBOJHTDL HECKOJbLKHMH CIOCO6aMH.

ITepsbili cnocob. BEHOC MMKPOIJIEMEHTOB PEUHBIM CTOKOM, PacCuH-
TaHHBH 32 KaX[blif TOJ, CIELyeT CyMMHDOBaTb, 3aTeM DasfeNHTh Ha
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KOJIMYECTBO JIeT, T. €. HalTH cpelHee apudMeTHUeCKOe M3 3HAYeHHH
BHIHOCZ MHKPO3JIEMEHTOB 3a DsiJ JIeT.

Ryt Ry oo 4Ry

Rm cp. MHOT = ’
n

4.1

rae Rps Rp,» Rm,— CTOK MHKDO3JIEMEHTOB 3a KaxXJHl TOX; 1 — KO-
JIHYECTBO JIET.

3T0oT CcNoco6 HeO6XOJAMMO NPHMEHATh IPH JOCTAaTOYHOM obecreye-
HHH JaHHBIMH HCCJEJOBaHHA.

Bropoii cnoco6 (menee Tourwvil). PekoMeHIyeTCsS NPHMEHATh NpH
MaJioM KOJHYecTBe AaHHHIX 3a rof. B aToM cayyae CTOK 3a KaXAHH
roJ McCJIe[IOBaHHS He PaCCYHTHIBAETCH.

Heo6xo1uM0 paccyuraTh CPENHIO KOHIEHTPAUHIO MHKpPO3JeMeH-
TOB 3a PSiA JIeT, KaK CpeJXHEB3BEIIEHHYIO [0 BOJHOMY CTOKY 3a KaX-
Abf rox mo GopMyae Takoro ke BHAA, Kak (2.1), roe B ZaHHOM ciay-
uyae Cy, Cy, ..., C, — cpeiHHe 3HAUEHHS KOHIEHTPAUMH 3a KaXKAnlH
rox; Qy, Qg ..., Q, — cpelHue pacXoAbl BOABI 32 KaxKJAHH rof.

CpelHeMHOTrOJIETHHE pacXofi BOAHL CJelyeT DAacCYHTaTb KakK Cpef-
HeapHMeTHYECKOe 3HaUeHHe PAacXOJ0B 3a PAX JeT.

CpenHeMHOrOJIeTHHI TOJOBOH CTOK MHKDPO3JIEMEHTOB DacCYHUTHIBA-
10T YMHOXKEHHEM CcpeIHeMHOTOJIeTHUX KOHIEHTpalui 3a rof Ha cpelHe-
MHOTOJIETHHH BOZHHIH CTOK.

Tperuii cnocob. PekoMeHayeTcss NPHMeHATh AJs pacueTa BHIHOCA
6opa peYHBIM CTOKOM, KOHLEHTPalHsi KOTOPDOTO HAXOJMTCH B TeCHOH
CBSI3H C PacXOZaMH BOIH, ¢ LIeJbIO NOJyYeHHsS CBeJeHHH o BHHOCE 60-
pa peKaMH B OCHOBHHIe THAPOJIOTHYecKHe ¢a3n u Gojiee YTOUHEHHHIX
CEeJlleHHHl O TOJOBOM CTOKe 3a DA JeT.

Pacuer Heo6X0IMMO BHINOJHATH CAeAyOIHM o6pa3om. Paccynrarts
cpefHeMecsYHble PAaCXOAH BOJH 3a DS JieT HaOMOJEeHHR Kak cpelHe-
apudMeTHUeCKHe BeJHUHHBL. 10 9THM KaHHHIM HOCTPOHTH THApOrpad.
Brigenuts Ha rugporpade mepHoOAH NMOJOBOAbS (H IABOAKOB) H Me-
JKeHH. PaccuHTaTh cpeiHFe BeJHYHHH PacXoZOB BOAH 33 3TH IepHO-
JH ¥ 3aTeM BORHHIE crok o dopmyae (1.2).

KoHueHTpallun MHKPO3JIeMEHTOB 3a DAL JeT PacCUHTATh Kak Cpel-
HeapH(MeTHYECKHe BEJHYMHH 33 IEPHOAH TOJOBOAbS (H IIaBOJKOB)
H MEXEHH,

PaccunTaTh cpeJHeMHOTOJIETHHA BHHOC 60pa peKoll 3a HEePHOAH
nmoJnoBOAbS B Mexen: (cMm. dopumyay 1.1). CpenHeMHOroJeTHHH BH-
HOC 6Opa peYyHHM CTOKOM 8a TOX CAeIyeT HOJYUHTb CYyMMHDOBaHHEM
CpeZHEMHOTOJIETHEr0 BHHOCA 60pa 3a NepHOX MEXEHH H NOJIOBOAbS.

5. Pacuer cToKQ MUKPOINEMERTOB
¢ reppuropuu CCCP 8 mopckue bacceiirbt

BuHOC MHKDO3/IeMeHTOB, PAaCCUHTAHHHMA AJA OTACAbHHX DPEYHHX
GacceifHOB, NMO3BOJISIET PACCYUATATh BHHOC MHKPOJEMEHTOB PeKaMH C
Tepputopur CCCP B Mopckne 6accefign. [Ipu saTom Heo6X04uMO, 4TO-
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6bl GBI M3yYeH BBHIHOC MHKPO3JEMEHTOB KPYUHHMH DeKaMu, BOXHBIA
CTOK KOTOPHIX COCTaBJfieT GOJBUIYIO 9aCTh BOJHOTO CTOKa B MOPCKOH
Gacceitn (70—80%).

Pacuer BumosHsieTcs cnenyiouiuM obpasoM. HenaerTca monymiesue,
4YTO HEH3Y4YeHHHe PEKH HaHHOI'O MOPCKOro 6GacceifHa XapakTepH3YIOTCS
TaKO#i XKe cpeldHell KOHIEHTpalHeH MHKPO3JIEMEHTOB, 4TO H H3y4YeH-
HBlE,

Heo6xoauMo paccuHTaTh CyMMAapHEH BOAHBIE CTOK H BHIHOC MHK-
PO3JIeMEHTOB BCEMH H3yueHHBIMH peKaMH MOpCKoro GaccefiHa, 3artem
II0 CyMMapHOMY CTOKY DeK PacCYHTaTh BHHOC MHKDO3JEMEHTOB B MOp-
CKOll Gaccelin TPONOPLHOHANbHO 06MEMY BOZHOMY CTOKY B Mope. Ilpu
pacyeTax HaHHbIE [0 BOZHOMY CTOKY B MOpPS MOXHO 6paTh H3 KHHIH
K. I1. Bockpecenckoro [14].

TouHOCTh pacyeTa BHHOCA MHKPO3JEMEHTOB MOXHO OLUEHHTb Clle-
AylomuM obpaszom [15—17]. Heobxonumo paccumTars OmHOKE pacue-
Ta BHHOCA MHKDO3JEMEHTOB 3a IePHOA HOJOBOAbA M MeXeHH Sg

OT/AeJIbHO 10 hopMyie

Srp=V () + (S,) » 6.1)

rie S, — OTHOCHTeNbHAas omHuGKa pacuera cpeiHell KOHIEHTPAUHH 3a
pacCMaTpHBaeMBIl NepHOX,S, — OTHOCHTeJbHAas oOUHOKa oOmnpene-

JIEHHsI BOJHOIO CTOKA.
OTHocuTenbHas ommMOKa pacuera cpefiHedl KOHIeHTPAllMH 3a pac-
CMaTpHBaeMHI NEepPHOL DPACCUHTHBAETCS CICAYIOIIHM OOpa3oM.
1. Cpennsisi apuMeTHUeCKasi KOHIEHTPAIMSl 32 paCUETHHH IEPHOJ

= CitCt ... +Ca
n

2. Cpennsis KBajpaTHdecKasf OMHOKa OJHOTO 3HaveHHs H3 paAxa

KOHLeHTPpaunH
c:l/_l__)](E_C)?.
n—1 J

3. OTHocHTe/MbHAA CpefHSs KBafpaTHuecKas omHOKa OXHOIO 3Ha-
9eHHs U3 psAja KOHIEeHTpalHH

Sc= _57100% .
c

4. OTHOCHTe/IbHAS cPefHSs KBajpaTHuecKas ommbKa CpeJHed KOH-
HEeHTPAUHH PAfa KOHUEHTPANui

)= Sc 100%.
yn
OTHOCHTeNbHAsi OWEGKa ONpefeseHHs] BOLHOTO CTOKAa He PacCul-
trBaetcs. [To ganusiM YTI'KC oxa He npesnimaer *10%.
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ITocne BBIYnCIEHHA OTHOCHTENbHOH OIIHOKH pacyeTa BHIHOCA MHK-
POSJIEMEHTOB S,  3a IepHOJ TOJOBOJbSL H MeMXeHH 1o hopmyre
m

(5.1) paccunThiBaloTcs aGCOJIOTHHE NOTPEIIHOCTH BHIHOCA MHKPO3Jie-
MEHTOB 3a IePHOALI IIOJIOBOABS H MeXeHH

R S
A R pon = —o” "R mon ¢, 6.9
100
R S
ARmuem=_mﬂ_Rﬂ_1M%, (.9)
100

A6comoTHyI0 OIMGKY pacueTa BHHOCAZ MHKDO3JEMEHTOB PeYHBIM
CTOKOM 3a I'Of BHUHCJAAIOT o dopMye

ARmron=VARmnoJx+ARmmem- 6.4

OTtHocuTeBHYIO OuUIMOKY pacuera BHHOCA MHKPOIJIEMEHTOB 33 IOJX
paccuHTHIBaOT IO dopmyie

= ARm rox 1009 5.5)

Rm rox Rm TOX
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