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Annomayusa. Llerv uccne0osanusi — NOGbluleHUe MOYHOCMU U HAOEHCHOCMU OnpedeeHls
HOPMAmMuBo8 npedenbHO-00NYCmMUMOl KOHYEHMPayuu 3a2pA3HAIOUUX 8EUJeCINE 8 6OOHBIX 00BEKMax
peunvix 6acceiinog. Oyenka npo6oOUMCs C Y4emoM B00HOCMU U HETUHEUHOCMU NpoYeccos
3a2pA3HeHUs. MemoOOM NOCIPOCHUS TOLUCIUYECKOU Pe2PeCCUOHHOU MOOCTU.

Knrwoueswie cnosa: sazpsazuenue, n06epXHOCMHbLE 800bl, PEUHOU 6ACCeliH, NPedenbHO OONYCIMUMAs
KOHYeHmpayusi

METHOD FOR DETERMINING THE STANDARD FOR THE MAXIMUM
PERMISSIBLE CONCENTRATION OF POLLUTANTS IN THE
CATCHMENT AREAS OF RIVER BASIN WATERSHEDS
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Abctract. The purpose of the study is to increase the accuracy and reliability of determining
standards for the maximum permissible concentration of pollutants in water bodies of river basins.
The assessment is carried out taking into account water content and non-linearity of pollution
processes by constructing a logistic regression model.

Key words: pollution, surface water, river basin, maximum permissible concentration

AKTYyaJbHOCTh. B HacTosIee BpeMsi XMMUYECKHH COCTaB IOBEPXHOCTHBIX BOJ
peuyHBIX 0OacceffHOB B 3HAYMTENBHOW CTeleHH (GOPMHpPYETCs II0[ BIHSHHEM
aHTPOIOTeHHBIX (akTOpoB. BogocOopHas TeppuTOpUs pedyHbIX OacCEHHOB SBISETCS
[IPOCTPAHCTBEHHBIM 0a3MCOM JUISl HACEJIEHHUS U XO3SHCTBEHHOW NEATENIbHOCTH, YTO
00YCIIOBIIMBAET CHIILHOE 3arpsi3HEHNE BOJbI, COpackIBaeMOil B BOZONCTOYHUKH TIOCTIE
UCIIONB30BAaHUS ~ Ha  KOMMYHA&IBbHO-XO3SHCTBEHHBIC,  IPOMBIIIICHHBIE U
CEIIbCKOXO03SIHICTBEHHbIE HYXKIbI.

TTonnepxanue G1aronpuATHOTO 3KOJIOTHYECKOTO COCTOSIHUS PEUHbIX 0acceiiHOB B
YCIIOBUSX pa3BHUBAIOILEHCA XO34HCTBEHHOW NEATENbHOCTH M POCTa HAceleHHs Ha
YPOBHE, HE IPECTaBIIOIEM OIACHOCTD /ISl )KH3HU U 3/I0POBbSI HACCICHHS, CII0XKHAs
3agaya. C OmHOW CTOpOHBI, TpeOyeTcst IIOCTOSHHBIM KOHTPOJIb KadecTBa
ITOBEPXHOCTHBIX BOJ, C IpyTroi - HEOOXOJUMBI HaJJeKHbIE METOBI U CIIOCOOBI OLICHKH
KauecTBa IIOBEPXHOCTHBIX BOJ, 00ecIedBaoIue 000CHOBaHHOCTD U IOCTOBEPHOCTh
NPOTHO3UPOBAHHMS, PELICHHUS HAYYHBIX M MPAKTHYECKUX BOJAOXO3SIMCTBEHHBIX 3a/1au.

Heap wuccief0BaHUs - TOBBILEHHE TOYHOCTH W HAJEKHOCTU OIpPEICICHUS
KayecTBa MOBEPXHOCTHBIX BOJ HAa OCHOBE HOPMHUPOBAHUS IPEeIbHO-IAOIYCTUMOM
KOHIIEHTPAIINH 3arps3HAIONINX BEIECTB B PEUHBIX OacceiHax ¢ yueToM BOAHOCTH, a
TaKKe rnpoiiecca TpaHchopMauu 1 0OMeHa BEIECTB B BOJAOTOKAX.

Marepuaibl 1 MeTOABI HccIeoBaHus. CyliecTByeT O0NIbIIOe KOJIUIECTBO paboT
B Poccun, Ilonsmie, Benrpun, I'epmannii, Yexun n Cnosakuu [1-4,11,12], roe Ha
OCHOBE THJIPOXUMUYCCKUX HHAMKATOPOB MPEAJIOKEHBI pa3InuHble HWHTErpajibHbIC
KOJINYECTBEHHbIE WHIEKCHI JJIsI OLEHKH KayecTBa MOBEPXHOCTHBIX BOJA B PEYHBIX
Gacceiinax. Cpenyu HuUX: WHIEKC KadecTBa Boabl (/KB), MHACKC 3arpsi3HEHHs BOJIBI
(M3B), wHIEKC 3arps3HEHHOCTH BOJBI C TIIONpaBKOil Ha BoAHOCTh (HMKB¥),
KOMOMHATOPHBIH HMHAEKC 3arpsisHeHHOCTH (KZ3B) W ynenbHbI KOMOMHATOPHBIH
uHAeKc 3arpsisHeHHoCTH (VKU 3B).

B MHpPOBO#H MpakTHKE AJS ONpPEEICHHUs KaueCTBa MOBEPXHOCTHBIX BOJ PEYHBIX
0acceliHOB HCIOJIb3YyeTCS HMHAEKC 3arpsi3HEHUs] BOJbBI, NPEICTaBIAIONIMN CO00i
cpeanioro  jomo mpessimenud [IJK; mo cTporo JIMMHTHPOBAHHOMY —4HCIY
WHUBUYaIbHBIX WHTPEAUCHTOB, XapaKTEPU3YIOUIMX HX YPOBEHb OMACHOCTH IPH
BOJIOTIOJIb30BaHMH [1]:

u3B; = ¥V ((Ci/IAK,)/Ni], (1)
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rae: C; - comepkaHHe i-Or0 XMMHUYECKOTO 3JIEMEHTa (MI/JI), BXOIIEr0 B COCTaB
paccMaTprBaeMBIX BEIECTB IIPH OICHKE KauecTBa MOBEPXHOCTHHIX BOa; N - 4ucio
XUMHUYECKUX  DJIEMEHTOB, HCIIOJB3YE€MBIX JJI1 OLIGHKM  KaudecTBa; Hﬂ](i-
HOPMHPOBAHHASl BENWYMHA CONEPKAHMS XUMHUYECKHX OJJIEMEHTOB B COCTaBe
MMOBEPXHOCTHBIX BOJ, COOTBETCTBYIOLIMX TPEOOBAHUSIM pPHIOOXO3SHCTBEHHOIO H
XO3SMCTBEHHOI'O BOJIOTIOJIb30BAHUS.

B Poccuiickoii ®epepanuu  UisE  OLEHKH 3arps3HEHHOCTH  CTOYHBIX U
MMOBEPXHOCTHBIX BOJ MCHOJIB3YIOT KOAPQUIMEHT NpeesbHON 3arpss3HEHHOCTH BOJIBI
(Ksi), SIBISTIOLIHIACS OHOM M3 MoAM(UKANNN HHIEKCA 3arpsi3HeHust Bousl (M3B;) [7]:

Kusi = (1/N) - XV (C;/IIK,) — 1 = U3B; — 1. )

Ha ocHoBanmm wuHAekca 3arpsi3HeHHs BOAbl (/3B;), AN OLEGHKUA CTEHCHU
Sal“prHeHI/ISI BOJOTOKOB 6I>IJ'I npezmomeﬂ HHIOCKC S’al"pﬂSHeHI/Iﬂ BOJEbI C HOHpaBKOﬁ Ha
BOJHOCTE [8]:

* N
U3B; = U3B; - K = (1/N) - XY (C; * Qpan/THAK; - Q).  (3)

rae: Qgax— haxTuyeckuii pacxoy BOAbL PEKH (32 MEPHOJ ONPEIEICHUS OKA3ATENs),
Qcp- CPEIHEMHOTOICTHHI PACXOLI.

M3meHeHne kayecTBa BO/bI B IPUPO/JIE MPOUCXOAUT B 3aBUCUMOCTH OT Pacxoja, ¢
€ro yBEJIMYCHHEM MPOINOPLHUOHAIBHO YMEHBINACTCS KOHLEHTPALMS 3arps3HAIOLINX
XUMHUYECKHX 371eMeHTOB. C Apyroil cTOpOHBI, 1oJ JSHCTBHEM TpaHchHOpManuu u
oOMeHa BelIeCTB B BOAOTOKaX, KOHIIEHTPALM XUMHYECKUX 3JIEMEHTOB yMEHbIIAeTCs
BCErJa C 3aMeUIAIOIICHCA CKOPOCThIO COOTBETCTBEHHO IPHHIMITY HEIMHEHHOCTH
IPUPOAHBIX NIPOLECCOB (CAMOOYHUILEHIE IPUPOJHBIX BOA), H3-3a UET0 NPeII0KEHHAs
¢dopmyina (3) TepseT cBOI MaTeMaTUIECKUI CMBICII.

Takum 00pa3oM, MOXXHO CKa3aTh, YTO OINpEAEJeHHE HOPMAaTHBa MpEAEIbHO-
JIOILYCTUMOI KOHIIEHTPAIUH 3ar pA3HAIOIIUX BEIIECTB B BOJOTOKAX C HCIOIb30BAHUEM
HHJIEKCa 3arps3HeHust Boabl (M3B;) 1 MHIEKca 3arpsi3HEHHs BOJBI C TONPaBKOM Ha
BOAHOCTh (#3B]) IOCTPOGHO Ha OCHOBE JUHEHHON 3aBHCHUMOCTH. IlomydeHHas
BEJIMYMHA SBISIETCSI 3aBBIIICHHOH, HE OTPakaeT PEaJIbHOTO YPOBHS JOIyCTUMON
KOHIIEHTPAIMH 3arPsA3HAIOIINX BELIECTB, €CIIU YYUTHIBATh IIPOLECC TpaHCHOPMauy U
00MeHa BEIECTB B BOLOTOKAX.

PesyabTaThl uccaenopanusi. CorinacHO NMPUHLIMIYY JIMMHTHPYIOIIETo (akTopa,
WM 3aKoHa MHHHMyMa JlnOuxa [6], HOpMHpPOBaHHE COAEPKAHMS BEIIECTB IO
JMMUTHPYIOIEMY HpPU3HAKY BPEJHOrO BO3JAEHCTBHS HA OpPraHM3M YEJIOBEKA B
YCJIOBUSIX aHTPOIOI€HHOT'O 3aTrPA3HEHUS BOJHBIX 00BEKTOB OCYILIECTBIACTCS O JBYM
IpU3HAaKaM: 10 BenuuuHe Kod(pdumuenta BomHoctH (Kp;) Kak OTHOIIECHUS
thaxTIyeckoro pacxona Bomsl (Q;, M’/c) k cpeaHemuoronerHemy (Qcp, M/c), u 1O
ko dunmenty npenenbHOM 3arpssHeHHOCTH (K(;), WM MHIEKCY 3arps3HEHHOCTH
BoIbl (#3B), KOTOpBIi pAacCUMTHIBAETCA Kak Cymma MpuBeeHHBIX K IIJK;
(bakTHYEeCKUX 3HAYCHUI OCHOBHBIX IOKa3arelieil kauecTBa BoAbI (C;).

Kosddpunnent BognocTn:
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Kp; = cp/VVi 4),

rae: Wep— CpesHEMHOTOIETHUH 00BEM CTOKa, kM>; W;- dakTudeckuii 06beM CTOKa,
KM’

KosddunmenT 3arpszaennoctu Bogsl (K ;;), MOXKET OBITH MONy4YeH Ha OCHOBE
pemieHns auddepeHaIbHBIX  YPAaBHEHUH, ONUCHIBAIOUIMX THUIPOXUMUYECKHE
HU3MEHEHHS.

BonocOop peuHbix OacceifHOB Kak TeocHcTeMa o00JagaeT OOIIeCHCTEMHBIMU
cBoiicTBamMH.  XapakTepHa  HEJIMHEMHOCTh  NPHUPOJIHBIX  IPOLECCOB,  TIIe
TpaHcopmanust 1 0OMEH 3HEepruil U BEeIeCTBOM HJET BCerja ¢ yMEHbIIarouencs
CKOPOCTBI0, @8 FHTCHCHBHOCTh BPETHOTO BO3JICHCTBHS Ha )KUBOI OPraHU3M B YCIIOBHSX
YBEJIMYCHUS aHTPOIIOTCHHOTO 3arps3HEHUSI BOJHBIX OOBEKTOB 3aMEIUIETCs 33 CUET
ajlanTanuy. 3aBUCUMOCTh KO QHIIMEHTA PeAeIbHON 3arpsa3HeHHOCTH BOabl (K 5;),
OT MPUBEACHHOTO MHJAEKCA 3arps3HeHus Boabl (#3B;) npuOIMKEHHO ONMUCHIBACTCS
ypaBHeHueM [5,9,10]:

dKrBi/dHB’BL- =k- Kn3i. (5)

Pentenue 3TOr0 ypaBHEHUs ONpenersieTcs BHIOOPOM aHAIUTHUECKOTO BBIPAKEHUS
k * K 13, IIUPOKO PacmpoOCTPAHEHO B MPAKTHKE MHAPOXMMUYECKUX PACUETOB C YUETOM
HEJIMHEHHOCTH HPUPOJHBIX MPOLIECCOB IPH OLEHKE BPEJHOTO BO3AEHCTBUS BOJ Ha
OpraHu3M, KOTOPOE OIHCHIBACTCS YKCIIOHEHIIMANBHON (QyHKIMEH:

Kusi = (1/N) - X1'[1 — exp(—H3B))]. (6)

rae: K.~ kKo3(pGuiuenT npeaensHo-10Iy CTUMOM KOHIEHTpauy; K- kosdduiuent
BOJIHOCTH; K ;- Koo huumeHT npenenbHoi 3arpsa3HeHHOCTH BOJIBL; Q;-(hakTH4ecKuii
pacxox Bomsl (MY/c); Qcp - CPEAHEMHOTOJIETHUN PACcXOJ BOJIBI (M3/c); U3B; - uaaekc
sarpssuenus Bomsl: M3B; = C;/IJIK;; C; - (aktndeckas KOHLEHTpauus (-ro
unrpeauenta, [IJJK; - TpeAENbHO-AONYCTUMAs KOHLEHTPAUUsA —HMHIPEIMEHTA,
COOTBETCTBYIOIIAS HA3HAYCHUIO BOJTHOTO 0OBEKTA.

Maremarndeckuii M (QU3MYECKUH CMBICT MOJYYEHHOTO OSKCIIOHEHIHAIBLHOTO
yYpaBHEHHs Uil OLCHKH KAauecTBa IOBEPXHOCTHBIX BOJl CBOAUTCS K OIMCAHHIO
CIIOHTAHHOW CYKIIECCHM - €CTECTBEHHOI'O IMIpOoLiecca, IPOXOMSIIEr0o B BOJHOM
9KOCUCTEME IPU AHTPOIIOTEHHOM BO3/ICHCTBUM U XapaKTEPU3YIOLIErocs CBOWCTBOM
HEJMHEHHOCTH.

Takum 00OpazoMm, KOIPPUIHMEHT NpenebHO-I0MYCTUMON 3arpsi3HEHHOCTH BOZbI
(Knpsi) MOXKHO IIPEICTaBUTh, KaK Hpowu3BelcHHe Kodpduuuenta BogHocth (Kp,) n
KodpUIMEeHTa TpeneNbHOl 3arps3HeHHocTH Boabl  (K,;), KOTOpoe uMeer
CIeIyOIINA BUIT:

1
Knu:«xi =Kp Ky = (Vch/VVL) : 525\;1[1 - eXp(_I/BBi)L (7
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rae: Wep— CpelHEMHOTOJIETHUI 00BEM CTOKa, kM>; W;- dakTudeckuii 06beM CTOKa,
KM,

IIpu sTom crenyer oTMeTuTh, 4to K03 duuueHt Boanoctu (Ky) 1 ko3pduunent
npenenbHOi 3arpssHeHHocTH (Kp;) SBIAIOTCA IMOKA3aTeNsIMU KOJMYECTBEHHO WU
KayeCTBEHHO XapaKTepU3yIOIIMMH BJIMSHHE HM3MEHEHHS pacxoia BOIbl H
TpaHchopMan OOMEHa BEIIeCTB, & COBOKYIHOCTb HX, 3a cueT KoddduiumeHta
npefeabHo-aonycTuMol  koHuentpanun  (Kpn,;), 1O3BOINAET  OIpenenuTh
OJTHOBPEMEHHOE JICHCTBUE NBYX IPUPOIHBIX MPOLECCOB C BBICOKOH TOYHOCTHIO M
JIOCTOBEPHOCTHIO.

Maremaruueckass MOJAENb JUIA  OIpeAeieHus Kod(h(HuuueHTa IpeaeibHo-
JIOIyCTMMO# 3arpsi3HEHHOCTH BOABI (K ,5;) MMEET psZl NpeMMyLIECTB. MoJienb, Bo-
NIEPBBIX, YYUTHIBAET OJHO W3 TIJIABHBIX CBOWCTB TI'€OCHCTEMBl - HEIMHEHHOCTD
MIPUPOJHBIX MPOLECCOB, BO-BTOPBIX, Ja€T BO3MOXKHOCTh OICHKH KadecTBa dYepes
okasateinb /3B, B-TpeThUX, NOBBIIIAET TOUHOCTh U HAJAEKHOCTh YCTAHABIUBAEMBIX
HOPMAaTHBOB,

B-4ETBEPTHIX, II03BOJIAET MOBBICUTh M YTOYHHUTH TpPaHMILy 3arpsA3HCHHS Kak
IIPEAEIbHO- 10Ty CTUMON KOHIIEHTPALUH 3arPA3HAIOIINX BEIIECTB, U, B-IISTHIX, YIeCTh
BOJHOCTb PEK PEUHBIX 0acCEHHOB.

Takum 00pa3oM, NpeIoKeH crocold OnpeeseHus HOpMaTuBa IpelesIbHO-
JOIIYCTUMOH KOHIIGHTPAllMM 3arpsi3HAIOIIMX BELIECTB B IIOBEPXHOCTHBIX BOJAX
peuHoro OacceiiHa ¢ y4eToM 3arps3HEHHs, ONPEACIIEMOro Ha OCHOBE aHalInu3a Npod
BOJIbI, OTOOpAaHHBIX MO CTBOpPaM Ha BojocOopax OaccelHOB peK, M OIpeAeIeHHs
cpenHeil BHIOOPOYHOM KOHIEHTpPALMK 3arps3HSIONIMX BELIECTB, YTO IO3BOJISET
onpenenuts I1JIK 3arpsa3Hsrommx BewecTB C Y4€TOM BOJHOCTH M HEIMHEHHOCTH
MIPOLIECCOB 3arpsi3HEHHsS Ha OCHOBE MOCTPOCHMS JIOTUCTUYECKOH PerpecCHOHHOM
MO/JIETIM OLIEHKH KaueCcTBA MOBEPXHOCTHBIX BOJ.

BoiBoabl. Ha ocHOBe 3aKOHOB NpHpPOIONOIBb30BaHUs «Bce CBs3aHO cO BceM» U
«DU3UKO-XUMHUYECKOTO €IMHCTBa», a Takke CBOMCTB «HennHelHOCTH MPUPOIHBIX
IIPOLIECCOBY, TAe TpaHchopMauus U OOMEH SHEepruei M BEeLIeCTBOM HJIET BCerja C
3aMeUIAIoNIeiCS CKOPOCThIO, pa3paboTaHa MeToauKa (crnoco0) OLEHKH KayecTBa
IIOBEPXHOCTHBIX BOJ PpEYHBIX OacceliHOB, XapaKTepHU3yIOWasics CIEIYyIOIUMU
MpU3HAKAMHU:

- Haauuuem Oelicmeusi UAU COBOKYNHOCMU Oelicmeuil — COBOKYITHOCTb
B3aMMOJICHCTBUS, BO-NIEPBBIX, IMHAMUKU pacxolia BOJBI, IJE€ C YBEIHMYCHHUEM
KOJIMUECTBEHHOTO 3HAYCHHS TPSIMO MPOMOPIHUOHAIBHO YMEHBIIAETCS KOHIICHTPAIIHS
XMUMHYECKHX OJJIEMCHTOB, a C YMCHBIICHHEM [ICHCTBHS pacxoja  BOJBI
[IPOTOPIIMOHANEHO YBEJIIMUMBACTCS X KOHIIEHTPALUs, BO-BTOPBIX, TpaHCHOPMALMU 1
oOMEHa BEIIECTB B BOJOTOKAX, KOIZa KOHLEHTPAIMd XUMHYECKHUX 3JEMEHTOB
YMEHBILIACTCSI € 3aMEIUIAIONICHCS CKOPOCThIO W3-3a HEJIMHEHHOCTH IIPHPOIHBIX
MIPOLIECCOB CAMOOYHIIICHHS;

- NOpAOKOM NPOMEKAHUA 63aUMOO0elCmeusi 60 6peMeHu - OJHOBPEMEHHOE
B3aMMOJICHCTBHE  IIPU  NIPONOPLUOHAIBHOM  B3aUMOAEIHCTBUM  pacxoja H
KOHILICHTPAIIMH ¥ SKCTIOHEHIIMAILHOM - TpaHc(opMalui U 0OMEeHa BELIECTB;

307



- UCNONIB30BAHUEM HATNYPHBIX OAHHBIX - IS OLIEHKN Ka4eCTBa IOBEPXHOCTHBIX BOT
HCTIOJIb3YeTCS KOHLEHTpAIMs XUMHYECKHUX 3JIEMEHTOB, OTOOpPAaHHBIX IO CTBOPAM,
PacHoJIOKEHHBIM Ha Y4aCTKE PEUHbIX 0AaCCEHHOB.
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COBPEMEHHbBIM T'MJPOXUMHUYECKHUU PEXHUM TEPPUTOPUU
BOJOCBOPA B HU30BbSX PEKU CBIPJIAPbBSA

Mycradaes JK.C., IOKTOp TeXHHYECKHUX HAYK

Mycragaesa M. B., PhD

'AO «HcTuTyT reorpaduu 1 BOAHOM 6€30MaCHOCTIY, T. AnMatsl, Kasaxcran
2I0xn0-Ka3zaxcTaHCKuii rocy1apCTBEHHBIH yHUBEPCHTET, T. IIbiMKkenT, Kazaxcran

Aunomayus. B pabome ompadgicenvl cospemenvie 2UOpOXuMUYecKue NOKA3amenu 600bl HA
meppumopuu 6000c6opa 6 Huzosve pexiu Cbipdapbu 6 NPOCMPAHCMBEHHBIX U BPEMEHHbIX ACNEKMaX
no eudponozuueckum nocmam ILllapoapa, Keisvinopoa u Kasanwl. B nacmosujee épems 800Hbvle
pecypcol 6 Huzosbe peku Cuipdapbs N0 XUMUYECKUM — NOKA3AMENAM, HeCMOmps —Hd
C1abOBLIPANCEHHBIIL  OMPUYAMENbHBIL  MPEeH), He NPpueoOHbl OJis  XO035UCMEEHHO-NUMbEEO20
6000CHADICEHUS.
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