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Bo BceM Mupe HeEyAOBICTBOPUTEIBHOE KaueCTBO BOJOCHAOXKEHUS U3
pacIpeneINTEIbHON CETH, HENOCTATOYHBIM CaHUTApPHBIM KOHTPOJIb M THUIMEHA
CUUTAIOTCS BTOPOM IOCJE IUIOXOI'0 IMTAaHHs CEPHE3HEHIIEH INPUYMHON IOTEpPU
HNOTEHIMAILHO 3/IOPOBBIX JIET XKU3HHU H3-3a cMepTu U Oone3nu [4]. Ilostomy Bcé
Oosbliasi  4acTh  HACEJNEHUs  MPEANOYUTAeT  YHoTpeOJsAiTh B KauecTBe
QIBTEPHATUBHOTO HUCTOYHUKA IUTHEBOM BOJBI — POJHHUKOBYIO Boay [l]. B cBssu ¢
ATHUM, LI€Tb pabOThI 3aKJI0YAIach B CIECAYIOIIEM:

1) ananu3 moKas3aTenell KadyecTBa POJHHKOBBIX BOJX C IOCTPOCHHEM
koHTpobHBIX KapT (KK) T2 XoremmHra, a TakKe IIOJIy4CHUE PErPECCUOHHBIX U
KOPPEJSIMUOHHBIX ~ 3aBUCUMOCTEH  MEXIYy XUMUYECKUMHU U (U3HUECKUMHU
NIOKa3aTeIsIMU OT BPEMEHU JIs IPOrHO3UPOBAHUS Kaue€CTBA POJHUKOBOM BOJIBI;

2) paccuuTaTh W TPOAHAIM3UPOBATH TIOKA3aTeNd pHCKa IS 3I0POBbA
HaceJieHUs T. FIBaHOBO OT ynoTpeOieH s pOAHUKOBOW BOJIBI.

OO0beKkTaMy MOHUTOPHHTA M HAIIMX HUCCICIOBAHUM SBISINCH 3 poaHuka. Jljis
aHaiu3a B IUIACTUKOBBIE EMKOCTH OTOMpanuch MpoObl POAHMKOBOH BOJBI B
cooTBeTcTBUU C [2] B 00BEME 5 1. MOHUTOPUHI POJHHUKOB MPOBOAUIICS
eXXeMecI4HO B TeueHue Bcero nepuoaa Haomoaenuit ¢ 2003 o 2015 rr. KonTponsb
KauecTBa POJHUKOBOM BOJBI OCYLIECTBISICA II0 CIEAYIOIIUM IIOKa3aTelsM:
0000mIEHHBIC, 00IIICe Co/IepKaHNuEe METAJIIOB, COJIEP)KaHNE aHUOHOB M KATHOHOB.

[lepBpiM 3TanmomM paboOThl  SBISUIOCH IPOBEAEHUE PErPECCHOHHOTO U
KOPPEJAILIMOHHOTO aHajin3a, a TAKXKE HAXO0XKACHUE IMAPHOW KOPPEISALHUH MEXIY
CONECPKaHUEM pPa3JIMYHBIX KOMIIOHEHTOB B POJHUKOBOM Boje TI. MBaHOBO.
Koaddurmentsr mapHoit Koppensiiuu ObUTH PaCCUUTAHBI MO aropuTtmy [6]. XoTum
OTMETUTh, YTO HU OJHA U3 MOCTPOEHHBIX PETPECCHN HE SIBISAETCS CTaTUCTHYECKHU
3HauuMOou. [IoaTOMy, K COKAJIEHNIO, IPOTHO3UPOBAHME 110 TAKUM 3aBUCHUMOCTSAM HE
MOXET OBITh peanu3oBaHO. B gaHHOM ciydae pa3yMHOM aJbTepHATHBOMN
CIVIAKMBAHUS BPEMEHHBIX PSIOB IOJIMHOMHUAIBHBIMU 3aBUCUMOCTSIMH SBIISIETCS
npuMeHeHue aganTuBHbIX Mojenei B ITITIT «Statisticay.

BropeiM 53Tamom paboThl SBWICA aHaIM3 W MOCTPOEHHE MHOTOMEPHBIX
KOHTPOJIBHBIX KapT T?-XoTennuura [3]. IIpumep aHanmm3a Takoil KapThl NMPUBEAEH
Hiwke (puc. 1). BhISBIEHO, YTO 3a MCCIIEAYEMbIH MEPHO KauyecTBO POJTHHUKOBOI
BOJbl HAXOAWUJIOCh B CTAaTUCTUYECKH HEYIPABISIEMOM COCTOSSHHHM, OTMEYEHO
HapylIEeHHE NpoLecCa.

B pabote ucnonb3oBanuch HopMaTHUBHAas B Poccun MeTOqMKa OLEHKU pHUCKA
JUTSL 3I0POBbsI HaceJieHUs! [5], ¥ METOIUUECKUE TOAXObI IS OICHKH pPa3IMYHbIX
DKOJIOTUYECKUX PUCKOB, NPEUIOKEHHBIE YYEHBIMU U3 [IOHEKOro HaMOHAIBHOTO
texuudeckoro yHupepcuteta (JAHTY) [7]. Ilo [7] paccuuThiBaroTCs BEPXHUM H
HVDKHUM IIpelieibl BO3MOXKHBIX PUCKOB, a 110 [5] pacCUMTBIBAIOTCS PUCK Pa3BUTHS
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JUTUTEIPHOM ~ (XpOHWYECKOW) HMHTOKCHUKAIMK  (YYUTBHIBAIOTCS  BEIIECTBA C
OpraHOJIENTHICCKUM u CaHUTAPHO-TOKCUKOJOTUYECKUM  JIUMUTUPYIOIIUM
npusHakoM Bpeanoctu (JI[IB), coemuueHus, oOgamaromue KaHIEPOTCHHBIMU
ceoiicteamu  (NO3, NH,", Na*, Ag", NiZ*, AP, CU,6y), M DPHUCK pa3BUTHUA
HEOMaronpusATHBIX OpTraHoJenTUYecKnX J(QekToB (B pacdyéTe YUHUTHIBAIOTCS
BeriectBa ¢ opranonentudeckum JIIIB, a mmenno CI, SO42', NO,, Zn*, Feo6us
Mn,s,). 3aTem OblTa mpoBeIeHa CPaBHHUTENIbHAS XapaKTEPUCTUKA ABYX MOAXOIOB
MyTEM TIOCTPOSHHUS TUCTOTPaMM, TIPUMEPHI KOTOPBIX MIPEACTaBICHBI Ha puc. 2-3.
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Puc. 1. KouTponsHas kapra T°-XOTe/UIHHTa yIHTHIBAIONIAS B3AHMOCBSI3b OOIIEr0
conepkanus xene3a u PH Boasl B poanuke 1. MiBanoBo (yi. Yensimesa)

R

0,16
0,14
0,12
0,10
0,08
0,06
0,04

0,02

0,00

Bpemsa roma
Puc. 2. 'uctorpammMa cpaBHEHHUsI OJTYYEHHBIX 3HAYCHUH pUCKa HA TIPUMEPE COACPIKaHUS
HuTpatoB B 2005r. B r. MIBaHOBO, napk «XapuHKa» MpU UCMOIb30BaHUH noaxoxaa [7] —
cronbert A u o [5] — cronben b
1 —3uma, 2 — BecHa, 3 — J1eTO, 4 — OCEHB
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Puc. 3. 'uctorpamma cpaBHEHUs MOIYYEHHbBIX 3HAUEHUI pUCKA HA IPUMEPE COAECpHKAHUSL
HutparoB B 2015r. B . IBaHOBO, Napk «XapuHKa» MPU UCMOJIb30BAHUH NIoaxoa [7] —
crosioenr A u o [5] — cronben b
1 —3uma, 2 — BecHa, 3 — 1€T0, 4 — OCEHb

[TonyuyeHo, 4To npu pacy€Te HUKHEH TPAHUIBI BO3MOXKHOTO PUCKA 3J0POBBIO,
e€ BEeJMYMHA OKa3alach OTPULATEIbHON — YTO HEBO3MOXKHO, TaK KaK BEJIWYMHA
pUCKa MOXET HaxOIWThCS TONbKO B uHTepBaize or 0 mo 1. CnepgoBatensHo,
IIPUMEHUTEIBHO K POJHUKOBBIM BOJAM, HE HMEET CMBICIA HMCIOJIB30BAaTh AITOT
MOIXOJ Il pacuéra HIDKHEW TpaHUIel pucka. OTMeTuM, 4To HabI0/1aeMoe
CHU)KEHHE PHUCKOB OT IEpPOPaIbHOrO YHNOTPEOJICHHS NAHHBIX BOJA HE IMO3BOJISIET
FOBOPUTh 00 HX JONYCTUMOM KayecTBe (COMOCTaBisAis BEIUYMHBI PHCKOB CO
ITKaJI0M D110M).

CornacHo pe3yapTaTaM BBINOJIHEHHOTO aHAJIK3a MOXKHO CAENaTh Psi/i BBIBOJIOB:

1. B xone ananuza mHOroMepHbix KK T? XoTe/UIMHra Ha BCeX rpadukax ObLIH
0oOHapyxeHbl cucTeMaTuieckue ckauku oceHbto 2010 r. u Becnoit 2011 u 2012 rr.,
CBSA3aHHBIE C BECEHHMM TIOJIOBOJIbEM U OCEHHUMHU TMaBOJKaMH (OOMIBHBIM
BbINa/ICHUEM aTMOC(HEPHBIX OCAJKOB).

2. Ucnonb3oBaHUE MOJMHOMHUAIBHBIX TPEH/IOB, OMUCHIBAIOIIMX CE30HHYIO
3aBUCUMOCTbH COJICP)KAaHUS PA3IMUYHBIX KOMIOHEHTOB OT BPEMEHH, B CHIIY MajbIX
00BEMOB BBIOOPOK HE MPEACTABISETCS BOZMOXKHBIM.

3. YpoBHM pucKa, paccuuTaHHbie 3a mepuoj 10 ner, Hayanu HE3HAUYUTEITbHO
najgaTh, YTO CBUJETEIBCTBYET O TEHJCHLMM YJIYUYIICHHUS HE TOJbKO KayecTBa
POJTHUKOBON BOJBI B OOBEKTaX MOHHUTOPUHTA, HO M COCTOSHUSI OKpPYXaromei
POIHUKHU CPELBL.
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OLHEHKA ACCUMWINPYIOUIEI'O IIOTEHIIUAJIA P. KAMBI B 30HE
JESITEJIBHOCTH MMAO «YPAJKAJIUN» 1JI51 PETYJIUPYEMOI'O
OTBEJAEHUSA CTOYHBIX BOJ
Boromouos A.B.), T y0epHaTopoBa T.H.?

'OIBYH T opHblll uncmumym Ypanovckoeo omoenenus PAH
Ilepmw, Poccus
whitewing85@mail.ru
2OI'BYH Hnucmumym 600nvix npobiem PAH
Mockea, Poccus
tatiana.ivp.ran@gmail.com

JUIsi OLEHKHM acCCUMWJIMPYIOIIEro MOTEHIMala BOAHBIX 00bekToB (p. Kawma,
Kamckoro Bapx.) B 30He nestenbHOCTH [TAO «Ypankamuit» A peryaupyemMoro
OTBEICHUS B HHUX CTOYHBIX BOJ| OBUIM pPAacCMOTPEHbl U TMPOAHAIU3UPOBAHBI
XApAaKTEPUCTUKNA TUAPOJIOTMYECKOIN0 M THUAPOXMMHMYECKOIO peXuma BOJHBIX
00BEKTOB, BBIIIOJIHEH PacueT CPeIHEMHOTOJIETHUX, MAaKCUMAIbHBIX, MUHUMAJIbHBIX
nokazaTesieil. ACCUMUIUPYIOIIEH CHOCOOHOCTHIO BOJIHOTO OOBEKTa Ha3bIBACTCS
CHOCOOHOCTh BOJHOTO OOBEKTa MPUHUMATh OINPEAEICHHYI0 MacCy BELIECTB B
elIMHUIly BpeMEHU Oe3 HapylIeHHs HOpPM KadecTBa BOJbI B KOHTPOJIHUPYEMOM
CTBOpE WJIM MyHKTE BOJOMOJb30BaHus [1]. COpOC CTOUHBIX BOA C MPEANPHUSITHI
[TAO «VYpankanuii» B p. Kamy (Kamckoe BOJOXpaHUIHUIIE) B HACTOAIIECE BPEMS
BEJIETCS B JBYX MecTax: B paloHe r. ConnkaMcka (psaoM ¢ ycTteeM p. UepHoil) —
Beimyck Ne O1 u mo [Ipomkanany (ObIBIINI YCTBEBOW y4acTOK pycia p. 3BIPSTHKH)
yepe3 OO0 «IIpomcTokm» T. bepe3Huku.

B niepByto odepenb ObLTH paccUUTaHbl MOTEHIUATBHBIE 00bEMBI 3aTPA3HAIOIINX
BELIECTB, KOTOpbIE paccMarpuBaeMblii BoaHbld 00BekT (p. Kama — Kamckoe
BOJIOXPAaHUJIUIIE) MOKET MPUHSATH 3a Bech rojl. Pacuer mpousBoauics no gopmysie:

W, =Q (Cuwi —C,i)-31536-107° (ThIC. T/TON), (1)

rae Wip i — Macca i-ro 3arpsi3HSIIOIIETO BEIIECTBa, KOTOPBIA pacCMaTpUBACMBIil
BOJIHBIN OOBEKT MOKET aCCUMUIIMPOBATH 33 BECh I'OJT;

Q — CpG,Z[HCFOIIOBOfI pacxona BOJAbI B paCCMATPHUBACMOM BOJIHOM 06’BGKT6;
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Cryii — IPEAEIBHO JAOMYCTUMAs KOHIIEHTPALUS i-T0 3arpA3HSIOMIETO BEIIECTBA;
Cypi— hoHOBas KOHIEHTpPALKU I-T0 3arpsA3HSIONIETO BEIIECTBA.

ITo pe3ynbTaTaM MpPOU3BEACHHBIX PACUETOB, U KaK MOKA3bIBACT MOCIEAYIOIINI
aHaJlu3, aCCUMIIMPYIOIIas CHocoOHOCTh p. Kambl mpu mpojBMKEHUM BHHU3 TIO
TeueHuto B mpenenax ConMkaMcKo-bepe3HMKOBCKOro Mpomysia IO  OJIHUM
3arpsi3HSIONIUNM BEIIECTBAM YMEHBIIAETCS (XJIOPUJIBI), TIO IPYTUM — MPAKTUYECKU
HE MeHsieTcs (MuUHepalu3alnus, HePTEHpOoAYyKThl), MO TPETbUM — Jaxke
HE3HAYUTENIbHO YBeNWYHMBaeTcs (Maruuif, cynbdarbl, Kajabluil). YMEHBIICHHE
ACCUMUJIUPYIONIEH CIMIOCOOHOCTU MPOUCXOAUT MO MpPUUMHE pa3rpy3ku B p. Kamy
MajblX pEK, MPOTEKAIOIIMX IO TEPPUTOPUU BepxXxHEKaMCKOro MeCTOPOKICHUS
KaduiHbIX W MarHueBblx cosei  (BKMKMC), wuMerommx TOBBIIICHHBIC
KOHIIEHTPALlUU XJIOPUJIOB M JPYTHX COMYTCTBYIOIINX Pa3pabOTKE MECTOPOKIACHUS
WHTPEIUECHTOB, KaK B Pe3yJbTaTe COPOCOB CTOYHBIX BOJl MPEANPUATHHI, Tak U
KOCBEHHOT'O CTUMYJIMPOBAHUSI €CTECTBEHHBIX MCTOYHMKOB. HeM3MeHHOCTh U Jaxe
HEOOJBIIOE YMEHBIICHHE COICPKAHUS OTAENbHBIX WHIPEIUEHTOB (YBEIUUYCHHE
ACCUMWJIMPYIOUIEH CIOCOOHOCTH) OOBSICHSAETCS yBeIMYEeHHUEM BOAHOCTH p. Kambl 3a
cYeT BHAJCHHS MpaBoOepeKHBIX MPUTOKOB, Tae BiusHue BKMKMC orcyrcTByeT
WM HE3HAUUTEIIBHO.

Tak, p. Kama (Kamckoe BomoXpaHWIMILE) MOKET YCHEIIHO aCCHUMUIMPOBATH
marauit (10 800 Teic. T/TOx), cynbdats (10 1,8 MaH. T/Tox ao r. bepesnuku u 1,6
MJIH. T/TOJ HWKE TOpOJia) M KalbIUil (COOTBETCTBEHHO, 10 3,5 m 3,4 MIH. T/TOJX)
ke B caMmble MaJOBOJHBIC Tojibl. UTO KacaeTcs MaKpOKOMIIOHEHTOB B cOpocax
BBICOKOMHMHEPAIM30BAaHHBIX CTOKOB (XJIOPUJOB, Kallusl, HATPHsl, Maruus) U oOuein
MUHEpaIu3alii, TO MOTEHIHAIbHAs BMECTUMOCTh p. Kambl gocTaTouHO Bennka
TOJIBKO B IMOBEPXHOCTHOM cjioe: 10 9 (7 Hmxke r. bepe3HuKn) MITH. T/TOJT XJIOPHJIOB
u 10 27 (24 Huxke ropojia) MIIH. T/TOJ TIO OOIIE Macce 3arpsi3HAIONIUX BEIIECTB B
CpeIHHME IO BOJHOCTH Tojbl, U A0 6 (4) MiH. T/Tox xnopuaoB u a0 19 (17) muH.
T/TOJI IO OOIIEH Macce 3arps3HSIIONINX BEMIECTB JaXKe B caMble MAJIOBOJHBIE TOJIBI.
Accumursiust HeTenpoaykToB B p. Kame mocturaer ToJbKo B MHOTOBOJTHBIE TOJIbI
okosio 370 (410) t/roa. B pe3ynbTaTe aHanu3a BBISIBJICHO, YTO B MPUIOHHBIX CIOSIX
HAOJII0/1aeTCsl CYIIECTBEHHAs KOHIEHTPAIMsI 3arps3HSIONINX BEIIECTB, TOITOMY B
MaJIOBOJHBIE TOJBI MOTEHIMATbHAS ACCUMIIIUPYIOIIast crocoOHOCTh p. Kambl B
MPUAOHHBIX CJIOSIX PE3KO MajaeT Mo MUHEpAIU3AlMUA U XJIOpUJIaM, HAUWHAs C JIET
70% o00ecneueHHOCTH, 10 KAJIBIHIO — ¢ JIeT 80% 00eCIeueHHOCTH.

B ouenr mamoBomHbie TOnaBI (Ooiee 95% o0OECIIEYESHHOCTH) ACCHMILISITUN
3arpsA3HAIKX BemecTs p. KaMoil B IpUIOHHOM Cilo€ HE IPOUCXOAuT. B cpennue
MaJOBOAHBIE TOABI (C TOAOBBIM CTOKOM Oonee 75% oOecneueHHoctu), p. Kama B
NPUAOHHOM CJIO€ HE MOXET aCCUMUIUPOBATH XJIOPUABL, @ BO3MOXHO W JIpyrue
COITYTCTBYIOIINE WHTPEANCHTHI, IO KOTOpbiM HaOmonenus llepmckuit [IIT'MC He
MPOBOJAUT. 3aTo MO cyiabdaTaM pe3KOro yMEHBIICHUS aCCUMUINPYIOIIEH
CIOCOOHOCTH B MIPHUIOHHOM CJIoe He HabmomaeTcs. Y HeTenpoyKToB, HA000pOoT,
ACCUMIIUPYIONIAsi CIIOCOOHOCTh B TIPUOHHOM CIIO€ YBEIMYMBACTCS, TaK Kak
He(TEPOYKThI, €CTECTBEHHO, KOHIICHTPUPYIOTCSI HAa IOBEPXHOCTH BOJIBI. TaK Kak,
s p. Kambl xapakTepHa CyliecTBEHHAass BHYTPUIO/I0BAasi HEPaBHOMEPHOCTh CTOKA,
OblJIa PacCMOTPEHA BO3MOXHOCTh OpPraHU3allMU PEryJIupyeMoro coOpoca CTOYHBIX
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BOJI B 3aBUCUMOCTH OT THUAPOJIOTUYECKOTO U TUAPOXUMHUYECKOTO PEKUMa BOJTHOTO
o0bekTa. DopMaNbHO TIPU HAIMYUH PETYIUPYEMOH EMKOCTH, CIIOCOOHOM
AKKyMYJIHPOBaTh cOpachlBaeéMble CTOKH B TEUYCHHE JIOCTATOYHO JUTUTEIBHOTO
POMEKYTKa BPEMEHHU, MOXKHO BBIJICIIHTH JBa TPEJCIbHBIX THIIA PETYIUPYEMOTO
(ympaBisiemoro) copoca:

1-#1 THD — JKEeCTKOe PEeryJIMpOBaHUE B 3aBUCHMOCTH OT THUIPOJIOTHYECKOTO U
THAPOXUMHUYECKOTO PEXHMMa BOJIOTOKA-TIPUEMHHUKA B CTPOTOM COOTBETCTBHH C
YCIIOBHEM:

Cesi
ot <1 :
CﬂﬂKi
2-i THm — CcOpOC C HEKOTOPHIM TIOCTOSHHBIM pacXoAoM B TEUYCHHE

ONPEIEIIEHHOT0 nepuoja 7, OpUEHTUPOBAHHBIA HAa MUHUMAJIbHBIA MECSIYHBIN
pacxon ¢ obecrnieyeHHOCTBIO 95% 3a paccmarpuBaemblii nepuon T. Ilpu 3tom
€IMHCTBEHHBIM PETYJIUPYEMBIM [TAPAMETPOM SIBJIIETCS allPUOPHO YCTaHABIUBaeMas
IPOJOJKUTENBHOCTh cOpoca 7' BO BpeMsi MPOXOKAEHHUS BBICOKMX PACXO/J0B BObI.

Jis 1-ro Tuma peryinupoBaHus ObUIM PAacCUMTaHbl MOTEHLUHUAIbHbIE OOBEMBI
3arpsI3HAIOIIMX BEUIECTB, KOTOphIe p. Kama MoXeT NpHUHATH 3a CYTKU 10 JaHHBIM
HAOJIIOIEHHBIX THAPOXUMHUYECKUX MPOO M PacXxoA0B BOJBI B JIeHb 0TOOpa MpOOHI.
PesynpraTel pacueroB mis p. Kamel B cTtBopax Huxke r. ConMkaMcKa M HHMXKE T.
bepesnuku npeacrapieHsl Ha puc. 1-2.
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Xnopuasl (H.r. ConHKaMcK (TI0B.))

Puc. 1. ITorennmanshas emxocts 3B B crBope p. Kama — Huxe r. ConmkaMmcka B
3aBHCUMOCTH OT 00€CIEUEHHOCTH CPETHECYTOYHOTO PAcX0/1a BOJIbI
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Jisg 2-ro Tuma perynupoBaHHsl ObUIM PAacCUUTaHBl MOTEHIMAIbHBIE O0BEMBI
3arpsi3HAIONIMX BELIECTB, KOTOpBIE paccMaTpUBaeMble BOAHBIE OOBEKTHI MOTYT
MPUHSATD 32 KXl Mecsll B TeueHue rojaa. Pacder npousBoauics no hopmyie:

N —6
Wi =Q; (Cppi —Ci) - N, -86400-107 (1/mecsim), (2)
rae Wigij — 00beM I-ro 3arpsA3HAIOIIETO BEIIECTBA, KOTOPBIH paccMaTpUBaeMblil
BOJIHBIM O0BEKT MOXKET aCCHMHUIIMPOBATH 3a - MeCHII;
Q; — cpenHuii pacxo BOJbI B pACCMaTpUBAEMOM BOJTHOM OOBEKTE 3a j-i Mecsll;

Cryixi — IPEETBHO NOITyCTHMAsi KOHIIEHTPAIHS i-T0 3arpsI3HAIONIET0 BEIeCTBa,;
Cij — GOHOBasI KOHLIEHTpALKS i-TO 3arps3HAIONIETO BEIIECTBA B j-OM MeCAIIE;
N; — uncno qHEH B j-oM MecsIIe.
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Mg (H. . BepesHiki (ToB.))
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= CynbhaThl (H. T. Bep e3sHHKH (10B.))

Puc. 2. Tlorennnansuas BMectTuMocTh 3B B p. Kame B paitone 1. OrypauHo B
3aBHCHUMOCTH OT 00€CIIEYeHHOCTH CPEIHECYTOUYHOTO PacX0/1a BOIbI

KonnenTpanuu paccuuTHIBAICH KaK CPEJIHHE MO JaHHBIM HaOJIOJEHHBIX
THAPOXUMUYECKUX MPOO B OMPENICICHHOM MECAIE 32 BECh MEpHo]l HAOM0IeHUH, a
pacxozsl 6panu kak cpenneMecsunbie 50% 1 95% obecrnieueHHOCTH 32 BECh MEPHO/T
TUAPOJIOTUYECKUX HAOIOICHUM.

Bonpmiolt wuHTEpEeC B ciydae OpraHu3al  peryaupyeMoro  cOpoca
NPEJICTABISIET TaKKe  MOTCHIMAJIbHAs BMECTUMOCTh  BOJHBIM  OOBEKTOM
3arps3HSAIONIMX BEIICCTB, €CIAM HMX COpachiBaTh TOJBKO B TIEPUOJ] BECCHHETO
MOJIOBOJIbS. DTOT TUI PETYIUPOBAHMS CXO0X CO BTOPHIM W3 BBINICTIEPEUNCIICHHBIX,
OJIHAKO He TpedyeT CTPOroro CIEKEHUsS 3a BOJHOCTHIO BOJOTOKA-TIPUEMHHUKA B
TEYeHHE BCEX MECAIIEB T0fla, a yCTaHaBIMBaeMasi MPOJOJKUTENbHOCTh copoca T
paBHa MPOJOIKUTEIILHOCTH BECEHHETO MOJIOBO/IbA.
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Jlis 3TOTO THNA PEryJIUpOBaHUS TakKe OBLUIM paccuMTaHbl MOTEHUHUATIbHBIC
00BeMBI 3arps3HSIONIMX BEIIecTB, KOTopheie p. Kama MoskeT MpuHSTH 3a Mepuoj
BECEHHET0 M0JI0BO/bsI. DopMyra JUIsl pacueTa UMEET CIeAYIOIUN BU:

Wi =W, (C i —C,y) 107 (TBIC. T), (3)
rae Wsp jj — 00beM I-TO 3arps3HSIONIETO BEIECTBA, KOTOPHIH paccMaTpHBaeMBIit
BOJIHBIH 00BEKT MOXKET aCCHMHIIMPOBATH 3a TIEPUO/T TIOJIOBOBS j-I'0 TOJ1a;
Wj— 06beM BOJIBI 3a MEPUOJL MOJIOBO/IbA j-TO I0OJIa B pACCMAaTPUBAEMOM BOJHOM
00BEKTE;

IIOJIOBOJBA J-TO I'oJa.

[Ipu »5TOM, KOHIIEHTpAllMM PACCUUTHIBAIIUCH KaK CpEeAHHE IO JaHHBIM
HAOJIOICHHBIX THAPOXUMHUYECKUX MPOO B MEPUOJ] BECEHHETO IMOJOBOJbS 332 BECh
nepuoj; HaOmrofeHuil. PesynmpTaThl pacuetoB s p. Kambl B cTBOpe HUXKE T.
Conmukamcka u B crtBope . OrypawHO TpeACTaBJIeHBI Ha puc. 3 u 4
COOTBETCTBEHHO.
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o I - -
0 10 20 30 40 50 60 70 8 90 100

Obecne4eHHOCTR, %
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== Marsuit == Munepamisaisa Cynbats

Puc. 3. Kpusas pacnpenenenus accuMmuiupytomieit cnocoonoctu p. Kama (Kamckoro
BOJIOXpAaHWINIIA) B CTBOpE HIDKE T. CoMMKaMcKa B IEPHUO/I MOJTOBOAbS

AHanmu3 TpPOW3BEIEHHBIX pAacueTOB IIOKAa3bIBAET, YTO ACCUMUIUPYIOIIAs
cnocoOHocts p. Kambr B Teuenme ronma HepaBHOMepHa. bombiie Bcero
3arps3HAIOIIMX BELIECTB MOXHO COpPOCUTHh B IHEPUOJ BECEHHETO I0JIOBObS,
MEHBILIE BCErO — B NepHOJ] 3UMHEN MexxeHu. HedrenponykTsl He moaiexar copocy
HU B OIMH U3 MECSIEB JUJIsl JAaHHOT'O BOJHOIO OOBEKTA.
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Puc. 4. Kpusas pacnpenenenus accumuinpymoiieit cnocoonoctu p. Kama (Kamckoro
BOJIOXpaHWiIMIIa) B paiione c. Open (OrypauHo)

Jlumepamypa

1. I'OCT 17.1.1.01-77. Oxpana npupoasl. I'uapocdepa. Vcnonb3oBanue u oxpana
B01. OCHOBHBIC TEPMUHBI U OTIPE/ICIICHUS.

2. OTder 0  HaydyHO-HMCCIENOBaTENbCKOW  paboTe  «IKOJIOT0-3KOHOMHUYECKOE
000CHOBaHUE 11€7€CO00pa3HOCTH peryiaupyemoro copoca mia [TAO «Ypankamuit»» 10
noroBopy Ne 1623/2016/51 ot 06.05.2016 r. C IIyOnu4yHbIM aKIIMOHEPHBIM OOIIECTBOM
«Ypankamuit». U3n-so UBIT PAH, 2016. 220 c.

OCOBEHHOCTHU KOPPEKTUPOBKM 3HAUYEHUM H/IC ITPU
BOJOOTBEJEHUU CTOYHBIX BO/I B KPYIIHBIE BO/IHBIE
OBBEKTbBI YEPE3 MAJIBIE BOJOTOKU, UCITIOJIB3YEMBIE B
KAYECTBE KAHAJIOB TPAHCIIOPTUPOBKU, HA IPUMEPE ITAO
«YPAJIKAJIUI».

I'y6epnaroposa T.H.', Boromo.i0B A.B.?

Y\@IBEYVH Hnemumym 6odnvix npobnem PAH
Mocxkea, Poccus
tatiana.ivp.ran@gmail.com
*@I'BYH I opublll uHcmumym Ypanockoeco omoenenus PAH
Ilepmw, Poccus
whitewing85@mail.ru

B Hacrosmiee Bpems  HoOpMmaTHBBI  JomycTuMbix  cOpocoB  (HZC)
YCTaHABJIMBAIOTCS COTJIACHO JAeHcTByrommen «Meroanke pa3pabOTKu HOPMATHBOB
JIOMTYCTUMBIX COpPOCOB BEIIECTB M MHMKPOOPTaHW3MOB B BOJHBIE OOBEKTHI IS
BOJIOIIOJIb30BaTeNen» [1], KOTOpas CONEPKUT psAll CYLIECTBEHHBIX HEIOCTATKOB.
YroObl moBBICUTH 3¢ ¢dexkTuBHOCTh pazpabotku HJIC ans Bomgomosb3oBateneit
HEO0OXOJIMMO 3TU HEJOCTATKH YYUThIBaTh. Tak, B Meroauke [1] He npexycMoTpeH
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MPAKTUYECKUI y4eT BHYTPUTOJOBOM, MEXI0J0BON M3MEHUYMBOCTH CTOKAa Ha (oHE
COBPEMEHHON TEHJCHIIMM W3MEHEHMsI KiIuMmaTa, 0OpH pa3paboTKe peXUMOB
PETryIMPYEMOT0 WJIA HEPEryJIUPYEMOT0 OTBEIEHHUS CTOYHBIX BoA. OTMETHUM, YTO
JaHHBIE KOPPEKTUPOBKM HE HapyIIaloT O0a30BBIX TMOJOXKEHUNU JeHCTBYIOIICH
Meroauku [1], He TpeOyercs BHeceHms u3meHeHuid B [1]. TpeOyroTcs numib
COOTBETCTBYIOIIME€ KOMMEHTAPUH U (W) JOoTOTHEHUs K [1].

Omun u3 Hamnbosee NPAKTUYECKH BaXXKHBIX BOMpocoB 1o paspaborke HIC
3aKJIIOYaeTCs B CIEIYIONIEM: KOI/a BOJOOTBEIEHHUE IPOU3BOAMUTCS B Majble
INPUTOKU KPYIHBIX BOJHBIX OOBEKTOB. B Hacrosmiee Bpemsi (QopMmanbHO HE
JIENNAeTCs PA3NIUUUN MEXY MOHATUEM «BOAHBIA OOBEKT» - MAKCUMAJIBHO HIMPOKOE
oTpejiesieHne, KOTOpOro aaercs B JedcTByronieM BomHom koxpekce (cratbs 1), u
«OXpaHAEMbIM BOJHBIM OOBEKTOM», KOTOpoe mmeercss B Meroauke [1]. B To xe
BpEMSl KPYIIHBIE JYXKH TaKKE MOJANATAIOT TOJ ONpEAesieHuE «BOAHBIA OOBEKTY,
XOTS HE MOTYT OBITh OXPaHIEMbIMU O0OBEKTAMHU.

HekoTtopble Masbie BOJOTOKH B HACTOSIIIEE BPEMsl SIBIISIOTCS TPAHCTIOPTHBIMU
KaHaJlaMd CTOYHBIX BOJl, OCOOCHHO B palloOHaX KPYMHBIX MPOMBIIUICHHBIX
KoMIulekcoB. Hampumep, oTBeneHue CcTOYHBIX BOJ JIoOeperkux OYHMCTHBIX
coopyxenu#t (3 MiiH. Ky0. M B cyTKH; ¢ KoHIa 2007T.; MOCTYIUICHHE CTOYHBIX BOJI
OCYIIECTBIISIETCS TOJIbKO 4epe3 BhImyck Ne 3) mpousBoauTcs B Manyio p. Ilexopky,
IZIE pacXxoJ PeKU B cpelHeM yBennuupaercs B 10 pa3 mocie BompoorBeneHus. Jlomus
OUMILICHHBIX CTOYHBIX BOJI B OOIIEM pacxoje peku cocrtaBisieT Oomnee 90%.
H3meHeHune cratyca 3TOW PEKM HE MPOU3BOAMIOCH, KOHTPOJb OCYIIECTBISETCS
UCXO/ W3 YCTAaHOBJICHHBIX HOPMATHUBOB U BOJIOEMOB PBHIOOXO35SHCTBEHHOI'O
Ha3HAYEHUSI.

CoBpemMeHHBIE M3MEHEHHs KiIuUMaTa B IIEPBYIO O4YEpeb OTPAKAIOTCS Ha
BEJIMYMHE MHUHUMAJIBHOTO 3MMHEIr0 CTOKAa, KOTOPBIM SIBISETCS JIUMUTHUPYIOLIUM
daxropom npu paspadotke HopmatrBoB HJIC. Umeercs psin uccnenoBanuii [2-4],
/i€ TTOKa3aHo, YTO 3a MOCJeJIHNE YETBEPTh BeKa MPOU30ILIO YBEIMUEHUE CPETHUX
3UMHUX TEeMIepaTyp BO3/yXa, BCIEICTBHE Yero HaOJI0JaeTCs CYIIECTBEHHOE
YBEJIMYEHUE MHHUMAJIbHOTO 3UMHETo crtoka. Tak B p. Kame oH yBennumics
npumepHo Ha 20%. B To ke BpeMsa TeppuUTOpHanbHbBIE OpraHbl Pocruapomera
OCTaBJISIFOT HEW3MEHHBIMU PACUETHbIE 3HAUECHHS MUHUMAJIbHBIX PAacXoOJl0B BOJBL.
Y4eT U3MEHUBIINXCA 3HAYCHUN MUHHUMAJIBHBIX PAcXO/0B IMO3BOJHI Obl 3HAYUMO
CHU3UTh PpACUYETHbIE JKOJIOTMUECKHE HAarpy3kM Ha BOJHBIE OOBEKTHl W
COOTBETCTBEHHO YBEJIMYUTH pacueTHble HopMaTuBbl copoca H/C.

C uncronp30BaHUEM METOJIOB MAaTEMAaTHYECKOTO MOJEIMPOBAHUS, HA OCHOBE
peanbHBIX THAPOJIOTHYECKUX M TUIPOXMMHUYECKUX XapaKTePUCTUK, B TOM YHCIIE
CTAaTUCTMUYECKHX XapaKTEPUCTHK MEKT0JI0BOM M BHYTPUTOAOBOW M3MEHUYMBOCTH
CTOKa, (bOHOBBIX XapaKTEPUCTUK HOPMHUPYEMBIX KOMITIOHEHTOB,
MOP(hOMETPHUECKUX nokasaresei, TEXHOJIOTHYECKUX XapaKTEPUCTUK
[UJIAMOXPAHWIMILL B 30He OTBeAeHHs cTouHbIX Boa [TAO «VYpankanuity,
npousBeneH pacuer HJAC nns perynupyemoro cOpoca CTOUHBIX BOJI, BKIIOYAS
JPEHAXXHbIE BOJbI, OUMIIEHHbIE CTO4YHbIE BOAbl bBOC, NHMBHEBBIE CTOKU C
UCIIOJIb30BAHMEM MaJIbIX BOJIOTOKOB B KauyeCTBE KAHAJIOB TPAHCIOPTHUPOBKU
crounbix Boja [IAO «VYpankamuit». Ouenka HJIC BeimosiHEHA sl pa3IMYHbBIX
TUIPOJIOTUYECKUX YCIOBUM M BOJOBBIIYCKOB TaKOro pojia CTOYHBIX BOJ Ha
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npuMepe KPYMHOTO MPOMBINUICHHOTO MPEANpUsATUS MO MepepadOTKH KaluiHO-
MaraueBbix pyn [TAO «Ypankamuity. s 3TUX meneid OblT MPOM3BEACH cOOp U
aHaJIU3 THJIPOJIOTUYECKUX, THIAPOXUMUUYECKUX U MOP(POIOTHUECKUX XapaKTEPUCTHK
BOJHBIX OOBEKTOB B 30HE JHesrenbHocTu npennpustuil [TAO «Ypankamuity, c
IIpeABAPUTEIBHBIM aHAIN30M CXEM OTBeAeHUs CTOUHbIX BoA [TAO «Ypankanuii».

C yyeToM METOAMKHM pacyeTa pPerrMOHaJIbHBIX IOKa3aTesied KadecTBa, KOTopas
ObuTa pa3zpaborana B [5], ycTaHOBIIEHBI MPUOPUTETHBIC MMOKA3aTEIN Ka4eCTBa BOIbI,
KOTOPBIMH CTQJIM MHUHEpalIM3allisl U COAEPKAHUE HOHOB Kallus, HATpUs U
XJIOPUAOB. DTH MOKAa3aTeNId MCHOJIb30BAIUCH i mocienyroumx pacuero HIC
JUISL peryjaupyeMoro copoca CTOYHBIX BOJ, BKJIIOYas APEHAKHbIE€ CTOYHBIE BOJIBI,
ounnieHHble ctoyHble BoJibl BOC (ucnonbs3oBanuck npu pacyerax HJIC B kauectBe
pa30aBIAIONINX CTOKOB), JTUBHEBBIE CTOKU C MCIOJIB30BAHUEM MajbIX BOJIOTOKOB B
KaueCTBE KAaHAJIOB TPAHCIOPTHPOBKM CTOYHBIX Boa [IAO «Ypamkanuii».
O060CHOBaHbI U OTKOPPEKTHUPOBAHBI PAaCUETHBIE 3HAUEHUS MUHUMAJIbHBIX PAacX0/0B
BOJbl B BOJIOTOKaxX — MPUEMHHUKAX CTOYHBIX BOJ, JIUMUTHUPYIOIINX YCTAHOBJICHUE
HAC.

OrpomMHOe 3HayeHWe [UIsl pElIeHHs IMOCTAaBIEHHOM 3amauu — Haubosee
3¢(HEeKTUBHOTO  OTBEJEHUS  BBICOKOMHUHEPAJIU30BAHHBIX  CTOYHBIX  BOJ  —
NpeJCTaBIsuI0  coOOM, B TEpBYIO OdYepelb, YCTAHOBJICHHE CYIIECTBEHHOTO
YBEIMYEHUSI 3MMHEr0 MUHHUMAJIBHOrO pacxonza p. Kamel. Tak, mo marepuanam
HaOMroeHn TeppuTopralibHOro oprana Pocruapomera 3a nmepuon 1881-1975 rr.
BEJIMYMHA MUHUMAJIBLHOTO pacxoda roaa 95% obecneueHHOCTH cocTaBisia ~ 138
M>/cek, ¢ 1976r. 1o HacTOsIIIIee BpeMs 9Ta BeudnHa cocTasisier ~ 160 m%/cek. ITpn
TOM, B pacyeTax, Kak IpaBHJIO, HCIOJb3yeTcd ImepBas BeauuuHa. JlaHHOe
YBEJIMYEHUE MUHUMAJIbHOIO CTOKA MMEET BECbMa CYUIECTBEHHOE 3HAUYECHHUE IS
pa3pabOTKM periaMeHTa OTBEACHUS CTOYHBIX BOJ.

[IpousBegeHa  HKOJNOro-3KOHOMHYECKass ~ OIlEHKAa  BapuaHTOB  cOpoca
MOCPEJICTBOM COMOCTABIIEHUS JEUCTBYIOIUX U pa3paboranHbix 3HaueHudd HJIC c
pacueToM M CONOCTaBJIEHMEM IUIATEKEH 3a HEraTUBHOE BO3JCHCTBUE Ha
OKPY)KaIOILIyI0 Cpely 3a COpOCHI 3arpsi3HSIONIMX BELIECTB B BOIHBIE OOBEKTHI.
PacyeTbl mpou3BeleHbl C Yy4e€TOM BCTYIUIEHUS B CHJYy HOBOTO IOCTAHOBJICHHS
[TpaButenbctBa P® ot 13 centsOps 2016r. Ne 913 «O craBkax miatel 3a
HEraTUBHOE BO3JEHCTBHE HA OKPYXKAIOLIYI0 Cpely W JONOJIHHUTENIBHBIX
K03 dULIHEeHTaX .

PacueTrsl mnaTexxeil OCYIIECTBISJIMCh Ha OCHOBE pa3pabOTaHHBIX HOBBIX
3Hauenuss HJIC npu ycinoBum, 4TO Mayible BOJOTOKHM SIBIIIOTCS KaHajlaMu
TPAHCIIOPTUPOBKM CTOYHBIX BOJI, @ OCHOBHBIMH BOJHBIMH OOBEKTaMHU -
NpUEMHHKAMHU CTOYHBIX BOJI ABJISAIOTCS KpymHble BogoToku — p. Kama u Kamckoe
BIXp., YTO €LIE pa3 MOATBEPKIAET SKOHOMHUYECKYIO BBIFOAY HCIOJIb30BaHUS
ACCUMWJINPYIOIIETO IMOTEHIMaIa KPYHHBIX BOJIOTOKOB-IIPEMHUKOB CTOYHBIX BOJ,
NP YCIIOBUU MCIOIB30BAHUS MAJIBIX PEK KaK KaHAJIOB TPAHCIIOPTHUPOBKHU CTOUHBIX
BoJl. CpaBHenue «HOBbIX» HJIC c peiictBytommmu HJIC cinyxutr B KauecTBe
HKOJIOTO-IKOHOMUYECKON OIIEHKH, KOTOpasi MOKET BBICTYNAaTh ONOPHOW Oa30i s
NOCIEAYIOIIEed  pealu3aluu  OpelaraéMoro  pelieHdus U [POSIBICHUS
IIPaBOTBOPUYECKON MHULMATUBBL. CpaBHEHHE I0Ka3ajo, YTO IPEBpAIICHUE MajbIX
BOJIOTOKOB-IIPUEMHUKOB ~ CTOYHBIX BOJl B KaHajbl TPaHCIOPTUPOBKH U
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HPKOHOMHUYECKH BBITOJIHO MPEINPUATHIO (CHU)KEHHE CYMM IUIATEKEH 3a HETaTUBHOE
BO3JICICTBUE Ha OKpyxatomyto cpeny npo 70-75% mnpu ycinoBuu, dYTO Yy
OPENNpUATUS HMMEITCS pa3pelieHuss Ha cOpoc), M CYHUIECTBEHHO CHUXKAET
TEXHOTECHHYIO Harpy3Ky Ha OKPYXaIOIIYI0 PUPOJHYIO CPENY.

C ucnosnb30BaHUEM MAaTEMATHYECKOTO MOJIEIUPOBAHUS POU3BEIEH pacyeT 30H
BO3MOkHOTO 3arpsizHenus p. Kambl (Kamckoro Bomoxpanwimmia) u p. SiiBbl B
3aBUCUMOCTH OT THIPOJIOTMYECKOTO pPEKMMa M XapakTepa OTBEICHHsS B HHX
YKa3aHHBIX CTOYHBIX BOJ uepe3 maible Bogotoku. HJIC paccumteiBamuch IS p.
Kambr (KaMckoe BOJOXpaHHWIIMIIE) KaK KPYIMHOTO BOJHOTO OOBEKTa-TpHEMHHUKA
CTOYHBIX BOJI, @ MECTOM BBIITYCKOB CIIY’KWJIA YCThbS MAJIBIX PEK, BIAJAIOIIUX B P.
Kamy (Kamckoe Bomoxpanunuiie): Yconku, Jleassl FOxHoit u 3eipsaku. B xome
npoBenieHHbIX pacyeToB HJIC, OblI0 BBISIBICHO, YTO p. BOTUM MOXET CIIyXHUTh B
KayecTBE KaHajla TPAHCIIOPTHUPOBKU CTOYHBIX BOJ B OoJyiee KPYIHBIM BOJOTOK — P.
Sy, a u3 Hee — B p. Kamy u Kamckoe Baxp. — ot BKIIPY-3. Jlanuslii BbIBOJ OBLI
MOJIydeH B XOJI€ TPOBEACHHS HCCIEIOBAHMM W MOXET BBICTYNATh Kak
pEeKOMEH/IalNsI, TOMYyCKAroIlasi albTepPHATUBHBIN BapuaHT cOpoca CTOYHBIX BOJ HE
TOJIBKO 4epe3 p. JIeHBy Kak KaHal, HO ¥ C IPUBJICYEHUEM APYTUX MaJIbIX BOJOTOKOB
KaK KaHaJlOB TpaHCHOPTHPOBKH. Paszpaborannbie 3nauenuss HJIC mnpuBeneHbl B

tabmumax 1-5.

Ta6auna 1. PacueTHple HOPMATHBBI IOIYCTHMOTO cOpOCa BEMIECTB (JIMMUTHUPYIOIIHNA

UHTPEIUEeHT — XJI0puabl) 1uist p. Kambl — Hike 1. Conukamcka ans BeimyckoB CKPY-1,2

(T/™mec.)
Becna JleTo-oceHn 3uma
Mecsibl
AV Vv VI VIl VIl IX X Xl XIT | 1 1

Munep 32976 | 283571 | 91470 | 50158 | 36326 | 39034 | 50158 | 38472 | 24252 | 18811 | 15927 | 14906

Kanuii 5411 | 46530 | 15009 | 8230 | 5961 | 6405 | 8230 | 6313 | 3979 | 3087 | 2613 | 2446
Hatpwuit 8143 70024 | 22587 | 12386 | 8970 | 9639 | 12386 | 9500 | 5989 | 4645 | 3933 | 3681
Xmopunsr | 19330 | 166224 | 53618 | 29402 | 21294 | 22881 | 29402 | 22551 | 14216 | 11027 | 9336 | 8738

Ta6auna 2. PacyeTHble HOpMAaTHUBBI JOIYCTUMOTO cOpoca BEleCTB (JIMMUTUPYIOIUN

UHTPEIMEeHT — XJIopuabl) A p. Kambl — Hike 1. Conmukamcka i BeimyckoB CKPY-3
gepe3 p. YCOJKy Kak KaHal TPaHCIIOPTHPOBKU CTOYHBIX BOJ (T/Mec.)

Becna JleTo-oceHn 3uma
Mecsupl
AV V VI VII VI IX X Xl XI1 | 1 1
Mumnep 17045 13264 | 6856 5831 5639 1730 | 3781 | 3652 | 1730 | 1730 | 1346 | 1410
Kannit 726 565 292 248 240 74 161 156 74 74 57 60
Harpuit 3619 2817 1456 1238 1197 367 803 776 367 367 286 299
Xnopumgsr | 10640 8280 4280 3640 3520 1080 | 2360 | 2280 | 1080 | 1080 | 840 880
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Ta6smma 3. PacueTHble HOPMATHBBI JOIYCTHMOTO cOpoca BemecTB (JIMMATHPYIOLIHIA
HHTPEAMEHT — XJIopHIbl) st p. Kamer — Hioke 1. CoMKaMCcKa JUTs BBITYCKOB B . JICHBY
BKPV-2, 3 (1/mec.)

Becna JleTo-oceHb 3uma
Mecsipl
AV Vv VI VII VI | IX X Xl XI1 | 1 11
Musep 2968 | 1421 | 1180 1344 622 | 634 | 913 | 850 | 875 | 685 | 444 | 748
Kannit 179 86 71 81 38 38 55 51 53 41 27 45

Harpunii 693 332 275 314 145 | 148 | 213 | 198 | 204 | 160 | 104 | 175
Xnopunel | 1682 | 805 669 762 352 | 359 | 518 | 482 | 496 | 388 | 252 | 424

Taoauua 4. PacueTHble HOPMaTHBBI IOIYCTUMOTO cOpOca BELIECTB (JIUMUTHUPYIOIIUHA
MHIpeaueHT — xaopuabl) 1 p. Kamsl — Huxe r. Conukamcka st BKPY-4 — p. 3bipsika

(T/™mec.)
Becna Jleto-oceHn 3uma
Mecspl
v \V VI VII VI IX X Xl XI1 | 1 11

Munep | 245986 | 248002 | 135091 | 72586 | 47383 | 42342 | 50407 | 40326 | 33269 | 35285 | 27220 | 30244

Kannii 48997 | 49399 | 26908 | 14458 | 9438 | 8434 | 10040 | 8032 | 6627 | 7028 | 5422 | 6024

Harpmii | 68692 | 69255 | 37725 | 20270 | 13232 | 11824 | 14076 | 11261 | 9290 | 9853 | 7601 | 8446

Xnopuasr | 153532 | 154791 | 84317 | 45305 | 29574 | 26428 | 31462 | 25169 | 20765 | 22023 | 16989 | 18877

Tab6auna 5. PacueTHble HOPMATHUBBI JOYCTUMOT0O cOpOca BEUIECTB (JTMMUTHPYIOIIUN
UHTPEIUEHT — XJIOpHabl) i p. Sitel — 1. Bononun Kamens miis BKPY-3 — p. Bonum

(T/™mec.)
Becna Jleto-oceHn 3uma
Mecsibl
AV \Y VI VII VI IX X Xl XI1 | 11 11
Musnep 1812 867 720 821 379 387 557 | 519 | 534 | 418 | 271 | 457
Kanmii 162 776 | 645 | 735 34,0 34,7 | 499 | 46,4 | 47,8 | 37,4 | 24,3 | 40,9

Harpuit 439 210 | 174 | 199 919 | 938 | 135 | 126 | 129 | 101 | 65,6 | 111
Xtopust 1020 488 | 405 | 462 214 218 | 314 | 292 | 301 | 235 | 153 | 257

Jlumepamypa

1. Mertoauka pa3pabOTKM HOPMAaTHUBOB  JIONYCTUMBIX COpOCOB  BEIIECTB U
MHUKpPOOPTraHU3MOB B BOJIHbIE OOBEKTHI /ISl BOAOIOJB30BaTENEH, YTBEpKICHHAs! IPUKA30M
MIIP Poccun ot 17.12.2007 Ne 333.

2. Jlapo C.A. Kamtoxupeii WM.JI. ®usnueckue mnporecchl W 3aKOHOMEPHOCTH
(dopMHpOBaHHUs 3UMHETO U BECEHHETO CTOKa peKk OacceliHa Bosirn B yClOBHSX M3MEHEHUS
kiaumara // Bogasie pecypebt. 2012. Ned. C. 74-84.

3. Ocunosa H.B., ®wmmnnosa M.A. OueHka pacueTHbIX 3HAYEHUN TUAPOIOTHUECKUX
XapaKTEpUCTUK METOAOM COBMECTHOro aHayim3a Kpunkoro-MeHkenst B HECTalMOHAPHBIX

ycnoBusax // Bogaoe xo3siictBo Poccun: npoGiemsl, TexHomoruu, ynpasienue. 2016. Ne 3.
C. 69-80.

145




4, Jlenuxun A.Il.,, Mupomnnuyenko C.A TexHorenuole Bo3aeicTBUS COIMKAMCKO-
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96.

S. Otuer o HUP mno noroBopy Ne 4244/2014 ot 03 oktabps 2014 r. «Pa3paboTtka u
YCTaHOBJICHHE PETHOHAIBHBIX HOPMATHUBOB KadecTBAa BOJBI U BOJHBIX OOBEKTOB
Conuxamcko-bepesnukoBckoro npomysnay. 2015. 81 c.

OLEHKA DKOJIOI'MYECKOI'O COCTOSHUA ITPYAOB
HA BA3E I'NC - TEXHOJIOTUH
(HA IPUMEPE IIPYJIOB BOPOHEKCKOWM OBJIACTH)
JasbimoBa H.C.
@I'EOY BO Boponesicckuti 20cy0apcmeeH bl yHugepcumem

Bopomneorc, Poccus
Russial307@yandex.ru

HocroBepHast uHbopMamyss 00 HSKOJIOTHYECKOM COCTOSHUU HCKYCCTBEHHBIX
BOJHBIX OOBEKTOB HEOOXOAUMa ISl IIeJIe MOHUTOPUHTA M YIPaBJICHUS BOJIHBIM
x03scTBOM. C 1eNbl0 00eCrieueHrss COBPEMEHHOTO PEIICHUs TaHHOM MpoOIeMbl
Obuta paspaboraHa cTpykTypa U co3mgan moayis [MIC mpynoB Boponexckoit
oOyiactr. PacueTsl BBIMOMHSUTUCH ¢ TpuMeHeHneM porpamm MS «Windows 2010y,
MS «Word 2010», MS «Excel 2010», «MaplInfo 9.0». Kaprorpaduueckoii 0CHOBOI
JUIsL oL (POBKH MPYAOB TOCIYKHIIH Tororpadudeckue kapTel Macirrada 1:200 000
[1].

Ha mepBoMm nstane Onimu co3manbl ciou mnpynaoB — «llpyasl Boponexckoit
oOnacTu», nanee ompeneieHbl KOHTYpPhl BOAHBIX OOBEKTOB M aBTOMAaTUYECKU
MPOCUMTAHBl IUIOMIAM BOJHOTO 3epkaia npyaoB [2]. Kaprorpadmuueckas Oaza
nanHbix (BJl) Bkirowaer cnoil mpynoB € KJIACCOM Pa3MEPHOCTH MO TIJIOIIATU
BOJTHOTO 3€pKajia, CJIoi OacceiiHOB MPUTOKOB p. JlOH, ClIoil TPUPOIHBIX 30H
(Jlecoctemnp, cTemb), CIOW MYHHUIMNAIBHBIX PAMOHOB, CIIOH 3SKOJOTMYECKOTO
COCTOSIHUSI.

B kauecTBe T71aBHOTO OLIEHOYHOIO MpU3HAKa HCHOJIB3YETCS «IKOJIOTMYECKOe
cocTostHUEe» TIpynoB [3], Oasupyromieecs Ha CTagud WX Pa3BUTHS MU CTEIEHb
HEOJIaroNnpusITHOTO BJIMSIHUS BOJOEMOB Ha mpwierawomue danamadTtel. B
HKOJIOTMUECKOM  COCTOSIHMM TpYyAOB paccMmarpuBatorcs 4 kijacca: 1 -
OnmarompusiTHOe; 2 - ManoOiaronpusTHoe; 3 - HeOmarompusTHoe, 4 - OYCHBb
HeOnaronpusitHoe. HWudpopmarnust 00 HSKOIOTHYECKOM  COCTOSHUM — TPYIOB
Boponexckoit ob6mactu u3 [3] Oputa BHecena B bJ[ TMC. Amnanormunas
uH(popMalUs, OTCYTCTBYIOWIAs JUIsl psjia MpyaoB, Oblja BOCIOJHEHA B Ipoliecce
HAIIMX TIOJIEBBIX HcclieqoBanuii. CBOJHBIE CBEIEHUS OTpakeHbl B TaOmme 1.
OcCHOBBIBasICh Ha JaHHBIX Tabmuubl 1, claeayer OTMETUTh, YTO Haubosee
OJaronpusTHbIE MO SKOJIOTMYECKUM IOKa3aTeNsiM  SIBISIIOTCS  OacceHbl  pek
bonsmas Bepeiika, Boponex, TomyueeBka, Benyra, Mkopen, burtior, Xomep;
IIEPEXO/THOE COCTOSHME OT ONaronpusaATHOM SKOJOTMYECKOW CHUTyalluu K
HeOnmaronpusTHONW TmpociexuBaeTcss B Oacceiinax pek Capma u Kasumnka. Ilo
KOJIMYECTBY BOJHBIX OOBEKTOB M HMX JKOJOTHYECKOMY COCTOSHHUIO Haunbosee
OJlaronpusiTHBL JJi1 HaceJdeHusi OacceilHbl MPUTOKOB IepBoro mnopsiaka p. JoH:
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butior, Xomep, TonydeeBka. B mx 0OacceilHaXx COCpeIOTOUYECHO JOCTATOYHO
00JIbIIIOE KOJUYECTBO MCKYCCTBEHHBIX BOJIOEMOB, HacuuThiBaromee ot 170 — 410
equnull. Haumenee komdoptsl Oacceitnbl p. Capma u Kasunka. B nmaHHbIX
OacceliHax cOCPeIOTOYEHO HEJOCTATOUYHO OO0JIBIIOE KOJMYECTBO BOJHBIX OOBEKTOB
C MaJibIM 3aI1acoOM BOJIbI B HUX, XOTS 9KOJIOTUYECKOE COCTOSIHUE TIPYI0B BHICOKOE.

Ta6auna 1. Dkonornyeckoe coOCTOsTHUE MPYAOB B OacceiiHax u MexxOacceifHOBBIX
MPOCTpaHCTBAX pek Boponexckoit obnactu

Ne HaszBanue Gacceiina Kon-Bo OueHouHble OaJLITBI
B I'TUC BOJIHBIX 1 ‘ 2 ‘ 3 ‘ 2
00T.eKTOB B KonnyecTBo BOAHBIX
OacceitHe OGLCKTOR

1 Bonbmras Bepeiika 11 11 0 0 0
2 Benyra 54 50 1 0 3
3 Hesuna (Kpachas /[eBuma) 33 26 4 1 2
4 Boponex 109 70 27 4 8
5 XBOpoCTaHb 45 39 3 1 2
6 Hesuna (Huxuss [leBuiia) 3 0 1 2 0
7 [Torynanp 18 6 12 0 0
8 Tuxas CocHa 5 4 1 0 0
9 Hkopen 105 75 24 2 4
10 butror 401 217 115 |50 19
11 Ocepenp 83 60 10 10 3
12 Ka3zunka 3 3 0 0 0
13 Yepnas Kanursa 31 22 2 6 2
14 MamMoHOBKa 22 17 0 4 1
15 Boryuapka 52 26 1 22 3
16 TonyueeBka 170 139 13 14 4
17 Xorep 316 187 58 42 29
200, Mex0acceHHOBBIE 120 96 8 9 7
300 IIPOCTPAHCTBA

Utoro 1581 1048 280 | 167 |86

B xnaccu¢ukanuu npeacTtaBiaeHsl MPYyAbl C Pa3HOW OLEHKON HKOJIOTHYECKOTO
COCTOSIHUSI, HO TIPEOOJaJAIOMIUMK CPEIU HUX SIBJSIOTCS TPYJbI OJIArONPHUATHOTO
HKOJIOTUYECKOTO COCTOSIHUSI C OLICHOYHBIM 0aJIJIOM, paBHBIM 1.

Jlanee OLEHMBAIOCh SKOJOTMYECKOE COCTOSIHUE MPYAOB B MYHHMIMITAIBHBIX
obpazoBaHusix obOmactu. Hamuume mnpyaoB ¢ HaieXalmuM KadecTBOM BOJIBI
ompenenseT YpoBeHb KOMGMOPTHOCTH TPOKHUBAHHUS CEJIIBCKOTO HaceineHus. Ha
OCHOBAHUU aHaIM3a IKOJIOTHYECKOTO0 COCTOSIHUSL MPYJOB BBISIBUIHU, UTO Hanbosee
OJaronpUsATHBIMH B SKOJIOTHUIECKOM OTHOIIIEHUH, a, CIIEA0BATEILHO, KOM(POPTHBIMH
JUIsL IpOKMBaHUA sBIAOTCS AHHUHCKUH, KanayeeBckuii, [Tlanunckuii, TanoBckui,
Cemunykckuil, TepHOBCKU, DPTUIBCKUI MyHUIMIIAIIbHBIE palloHbl. B Ha3BaHHBIX
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aJMUHHUCTPATUBHBIX 0Opa3oBaHusx co3faHo 514 (32,5%) npynoB, sKoJOTHYECKOE

COCTOAHUC

KOTOPBIX

OLICHNBACTCA

OayoMm,

OJlaronpusiTHOE COCTOsIHUE (Ta0I. 2).

paBHBIM 1,

Ta6auna 2. DK0JI0rH4eckoe COCTOSTHUE MPYI0B B MyHULIUIIATBHBIX 00pa30BaHUAX

O3Ha4Yaromunm

Ne s Hasanwue paiiona, Koa-Bo BOIHBIX 00BEKTOB, O1eHo4HbIE OAJLIIBI

' | ropoxackoro okpyra* PacIoJIOKEHHBIX B 1 | 2 \ 3 \ 4

C MYHUITUTIATBHBIX KomdecTBo BOJHBIX

00pa3zoBaHMIX 00BEKTOB

11 | AHHUHCKHUI 148 101 29 13 5
18 | boGpoBckuii 45 25 10 3 7
32 | boryuyapckuii 43 27 0 11 5)
13 | bopucormeockmii* 12 12 0 0 0
24 | ByTypinHOBCKHIA 47 33 6 5 3
29 | BepxHeMaMOHCKHUI 18 14 0 4 0
3 | BepxnexaBckuii 76 41 25 7 3
25 | BopoOneBckuii 54 42 9 2 1
12 | I'pubanOBCKUI 72 46 11 7 8
26 | KamaueeBckuit 110 97 5 6 2
21 | KameHnckuit 10 9 0 1 0
31 | KanremupoBckuit 25 5 0 18 2
9 | Kammpckuit 48 41 4 2 1
17 | JluckuHCKuit 8 8 0 0 0
6 | HuwxueneBUIKui 32 26 4 1 1
8 | HoBoycmaHCKHi 35 26 3 1 5
20 | HoBoxomepckuii 65 30 14 16 5
27 | OnpxoBaTcKui 5 3 0 2 0
16 | Octporoxckuii 3 2 1 0 0
23 | [TaBnoBcKmit 26 19 1 6 0
10 | IlanuHCKUI 150 78 45 22 5
30 | IMerpomaBioBCKuit 58 48 1 9 0
14 | lloBopuHCKUH 50 31 2 6 11
22 | llogropeHckwii 7 5 0 0 2
2 | Pamonckuit 16 16 0 0 0
15 | PenbeBckuii 12 3 9 0 0
28 | Poccomanckuit 16 10 3 2 1
1 | Cemuykckuii 61 57 1 0 3
19 | TamoBckuit 117 73 32 7 5
5 | TepHoBckuit 86 55 14 13 4
7 | X0oX0nbCKUM 20 12 4 3 1
4 | DpTUILCKUN 106 53 43 6 4
Htoro 1581 1048 | 280 | 167 | 86

K oueHp HEOIarompusITHOMY 3KOJOTHYECKOMY COCTOSHHUIO OTHECEHBI TPYIbI B
[ToBopunckoMm (11 emunun), I'pubanoBckom (8 eaunwmi), boopoBckom (8 equHmMIT)
paionax. Mx Bcero 27 wmu 1,7% ot obmero uucia npynoB. Ilo cBoemy
X0351iICTBEHHOMY HAa3HAYEHHIO - 3TO MPYAbl-OTCTOMHUKHU, NMPYAbl — HAKOIUTEIH, C
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OOJBIIUM COAEPKAHUEM 3arpsI3HAIOIIUX BeUlecTB B Boje. K OnaronpusaTHbIM 1O
kKoM@opTHOCTH oTHOCATCS BepxuexaBckuii, [Tlanunckuii, TanoBckuii, TepHOBCKHUI,
Cemumnykckuid  paiionsl. Haummenee OnarompusTHble B OTOM  OTHOIICHUHU
OnwxoBatckuii, Octporoxckuii, Iloaropenckuii, boOpoBckuii MyHHUIIUIIATbHBIC
pationsl. B utore u3 31 MyHHIMIaapsHOTO 00pa3oBaHus 9 mMMeroT Hawmydime, 15
cpeHMe U 8 HAUXYAIINE 0 KOM(POPTHOCTHU MPOKUBAHUS YCIOBHUSI.

Knaccudukamonnslif aHanu3 10 MNPUPOAHBIM 30HAM I[IOKa3ajdl uYTO: B
JIECOCTENHON 30HE HaubobllIee KOJUYECTBO IMPYIOB HMEET OJIaronpusTHOE
sKojoruyeckoe  cocrosaue  (67,6%), a BelMUMHA TOPYIOB C  OYEHb
HEOJIaronpusTHBIM 3KOJIOTHYECKUM COCTOSTHUEM COCTaBisieT 5% OT o0Iiero uucna.
Oxkazasioch, 4TO B CTEMHOW 30HE, KaK W B JIECOCTEIHOM, Mpeo0nafaioT Mpy.bl,
HaxoJAIIHuecs] B OJaromnpusTHOM SKOJOTHYECKOM cocTossHuH (63%), U uUX J0JIs
COITOCTaBUMa C JIECOCTEITHOM 30HOM (TabI. 3).

B crennoit 30He m0ns8 MPYyAOB C OYEHb HEOJATOMPUSTHBIM IKOJIOTUYECKUM
COCTOSIHMEM BeJMKa U coctaBisieT 9,4 %.

Ta6auna 3. OueHka HK0JIOTHYECKOT0 COCTOSHUS MIPY/OB 110 IPUPOIHBIM 30HaM

30Ha Jlecocrenn Crensb
Krnaccel 1 2 3 4 | Uroro 1 2 3 4 Hroro
Kon-Bo BomoemoB | 940 | 252 | 147 | 71 | 1410 | 108 | 26 | 21 | 16 171
% ot obmiero xon-8d 67,6 | 17 [{10,4| 5 100 63 15,2 |12,4]| 9,4 100

[Tpumenenne I'MIC no3onmio 6osee yeTko U 3PGEKTUBHO AaTh MPEICTABICHUE
00 9KOJIOIMYECKOM COCTOSIHMM TpynoB Boponexckol 001acTH, 3KOJIOTHYECKOro
COCTOSIHMSL TpydoB B OacceiiHax MpUTOKOB 1-ro mopsaka p. JoH, B
MYHUIUOAIBHBIX O0pa30BaHUSAX OOJACTH, OLIEHUTh 3KOJOTMYECKOIO COCTOSHHUS
IPYA0B MO IPUPOTHBIM 30HAM.

Jlumepamypa
1. ATtnac. Boponexckas oomacte. Omck: OMmckas kaprorpad. padpuka, 2003.56c¢.
2. HaebimoBa H.C. Ilpumenenue ['MC-texHonoruii B pacuerax yIeIbHOU

aKBaJIbHOCTH (OOBOJHEHHOCTH) TeppUTOpUNl BopoHexckol 0061acTu 3a cueT CO3AaHus
HCKYCCTBEHHBIX BoJ0eMOB // I'eonmH(opmalioHHOe KapTorpadupoBaHHe B peruoHax
Poccun: marep. Bcepoc. Hayu.-ipakT. KoH(. Boponex: Uctoku, 2009. C. 70-74.

3. Muxuno B.b., Jo6por A.M. JlanamadTHO-PKOIOTHYECKHE OCOOCHHOCTH
BOJIOXpaHWIHI U NpyoB Boponexckoi obnactu. Boponex: M3n-Bo Boponex. roc. nen
yH-Ta, 2000. 185 c.
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O EHKA AHTPOIIOT'EHHOM HAT'PY3KH HA MAJIBIE
BOJOTOKH BOPOHEKCKOM I'OPOJICKOM ATJIOMEPAIIUA
Hedenona E.T'.

Boponesicckuii cocyoapcmeentulil yHusepcumem
2. Boponeorc, Poccus
nefedovaeugenia@rambler.ru

Masnble BOJOTOKH, COCTaBISIOIIME OCHOBY Oojiee KpYNHBIX pPEK, Hauboisee
ySI3BUMBl K HW3MEHEHUSIM Cpelbl, OOYCIOBJIEHHBIM KaK IpPHUPOJHBIMH, TaK U
aHTpoIOreHHbIMU  (aktopamu. B Boponexckoil ropoiackoil —arsiiomepanuu
aHTPOIIOTEHHAsI HAarpy3ka Ha BOJOTOKM BECbMa pa3HOOOpa3Ha M MHTEHCUBHA, YTO
BBI3bIBAET HEOOXOAMMOCTH TIIATEILHOTO aHallW3a IOCJEJICTBUNA XO3SHCTBEHHOTO
BO3JCHUCTBUS HAa PEKM U HMX BOJOCOOPHI JJIS BBISBICHHS OCHOBHBIX IPHUYUH
YXYALIEHUS UX COCTOSTHUS.

B kaudectBe o00bekTa wucclieqoBaHUI ObUIM BBIOPAHBI JBE Malble pPEKH,
Haxo[suuecss B Ipenenax BoOpoHEKCKOH arjiomMepalMd M HUCIIBITHIBAIOIINE
Pa3IM4YHYIO 10 XapakTepy aHTPONOTreHHYI0 Harpys3ky. P. Ilecuanka — jeBplil IPUTOK
p. BopoHex, orpe3aHHbIi B yCTheBOM yacTh Boponexckum BomoxpanwmimeM. Ha
IOPOTSKEHUU MouTu 2/3 ruaporpaduyeckoil UMHBI (IpexHAs anuHa 17,5 kM)
BOJOTOK IIPEKPATHUJ CBOE CyIllecTBOBaHME. JlJIMHA JEMCTBYIOIIETO BOJOTOKA
cocrasiisieT 4 kM [1]. P. Ilecuanka nmpoTekaeT NOJHOCTBHIO B IIPOMBIIIEHHON 30HE
ropoja, OTJIMYAIOLIEHCS TOBBIIIEHHOM  3arpsA3HEHHOCTBIO  aTMochepbl U
npeobiasaHueM 3are4yaTaHHbIX TeppuTopuil. BOmu3um BomoToka MpPOXOAUT
aBTOMArucTpallb ¢ KPYTrJIOCYTOUHBIM OXKUBJIEHHBIM IIOTOKOM MamuH. P. TaBpoBka —
JEeBBIM NPUTOK p. BopoHexk, B Hacrosmee Bpemsi Blajgaer B BopoHexckoe
Bojioxpanuiuine. ['maporpaduyeckas JiMHa BOJIOTOKa cokpatuiack ¢ 12 km ao 7,4
KM BCJIEJICTBHE PYCJOBBIX MpPeoOpa3oBaHMl aHTPOIMOICHHOTO IMPOUCXOXKACHUS B
BepxoBbe [l]. Pexa pacnonoxkeHa B OpuUropojie, e aHTPOIOreHHas Harpyska
NPOSIBIIAETCS TMPEUMYILIECTBEHHO B BHJIE€ CEIbCKOXO3SMCTBEHHOW N€ATEIbHOCTU
CaJIOBOJTYECKUX KOONEPATUBOB M YACTHBIX JIOMOBJIAJCHUN KUTEIEH MHUKPOpPAOHA
MacnoBka. CnuB DOPOAYKTOB JKHU3HENEATEIBHOCTHM C YAacTHBIX IIOJIBOPHMA
OCYLIECTBIISIETCSI B Majiblii BOJOTOK. Kpome TOro, pexa sBisieTcsi IPUEMHHUKOM
crounblx Bog OOO «JleBoOepekHbIE OYUCTHBIE COOpYXKEeHHs». I3HauanmbHO
NPUPOJHBIE YCIOBUS B OacceiiHax 3THX BOJOTOKOB OBIIM BECbMa CXOXH, a
TUIOIIAIM BOJAOCOOPOB 00enx pek okoio 131 kM2, DTO JienaeT BoIOpaHHBIC BOIHbBIE
O0OBEKThl OYEHb YIOOHBIMU JJIi CpaBHEHUS MX OTKJIMKAa Ha BO3JCUCTBHE
AHTPOIIOTEHHBIX (PAKTOPOB.

C uenpio BBIABIEHUS aHTPOIIOI€HHOM HArpy3Kd Ha MaJlble BOJOTOKH C ampens
2015 no aBryct 2016 rr. aBTopoM padboThI ObLIT MPOBEIEH OTOOP U aHANIKU3 MPoO Ha
CoJlep)KaHME  pPACTBOPEHHOTO  KHUCIOpOJa, OpraHWYecKux  BemecTB (10
NepMaHTaHATHOW OKHCISIEMOCTH), KaTHOHAa aMMOHUs, (ocdopa oOmiero, xenesa
oOwiero [2]. 3a OCHOBY JUIsl OLICHKH aHTPOIIOI€HHOM HAarpy3Kd Ha MaJlble BOJOTOKU
Oblna B3aTa Meroauka P 52.24.819-2014. CornacHo 3TOMYy JOKYMEHTY, MTOKa3aTelb
AHTPOIIOTEHHOM HArpy3KHM pacCUMTHIBAETCS Ha OCHOBE CpPEJHEro 3HAaueHUus
KO3 pHUIHEeHTa KOMITIEKCHOCTH [4].
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OrpanudeHHoe KOJIMYECTBO OTIpeeIIIeMbIX KOMITOHEHTOB u
HENPOJOJKUTENbHBIN  pAl  HAONIOJEHUN BBI3BIBAET HEOOXOIUMOCTH Ooiee
OCTOPOXXKHOM HMHTEPHpETAIMU IMOJTYyYEHHBIX pe3ynbTaToB. [lo3TOMY BBISIBIEHHBIE
OCOOCHHOCTH  QHTPOMOTEHHOM  Harpy3Kd  TOKa  paccMaTpHUBAIOTCA  Kak
OpUEHTUPOBOYHBIE M MOTYT KOPPEKTHPOBAThCSA IO Mepe TMOIy4YeHUs HOBOU
MH(OpPMALIUU B X0JI€ UCCIIEIOBAHUS.

BriOpannble a5ig  aHanu3a TMATh KOMIIOHEHTOB, XapaKTEpPU3YIOT —oOIiee
COCTOSIHUE JKOCHCTEMBbl BOJOTOKAa C TOYKM 3pPEHHUS IMPOLECCOB MPOIYKIUH-
nectpykuuu [3]. DTo MO3BONSIET paccMaTpUBaTh PACCUUTAHHBIA Ha MX OCHOBE
MoKa3aTesib aHTPOIOIEHHON HArpy3Kd B KayeCTBE MHTETPAIbHOTO HWHIUKATOpa
COCTOSIHUSI pEK KaK MECTOOOUTaHUs BOJHBIX OPraHW3MOB. Pacuer ypoBHS Harpys3ku
JUIsi 000UX BOJOTOKOB IO OJAMHAKOBOW METOJUKE OOECIEUYMBAET COMOCTABUMOCTH
MOJIYYEHHBIX PE3YIbTATOB MEXAY co00il. B ToXke BpeMs aBTOp mpeAroiaraeT, 4To
Majoe YHCJIO AaHAIM3UPYEMBIX KOMIIOHEHTOB TMIOBBIIIAET PHUCK YBEIUYCHUS
MOTPEIIHOCTH pacyeTa: MoKa3aTellb aHTPOIIOTEHHON Harpy3Kd, pacCUYMTaHHBIN 10
ATOU METOJIMKE, MOXKET OKa3aThCs 3aBBIIIICHHBIM.

B yctee (Touka 1) u ucroke (touka 2) p. Ilecuanka cpenHee 3HaAYCHUE JOTU
aHTPOTNIOTEHHOM Harpy3ku coctasisieT 0,6, 4TO MO3BOJISIET XapaKTepU30BaTh €€ KaK
BBICOKYI0. Ha paznmuunbix ydactkax p. TaBpoBKa, COTJacHO pacyeTaM, Harpyska
HeoanHakoBa. Tak, B ycThe p. TaBpoBKa (Touka 3) ee cpeHee 3HAUCHUE PaBHSICTCS
0,37, a B uctoke (Touka 4) — 0,42, 4T0, TEM HE MEHEE, MO3BOJISIET OIICHUTh HArPYy3KY
B o0eux Toukax Kak yMmepeHHyr. B MacnoBckoMm 3aroHe (Touka 5) cpemHee
3HaUEHHE paccMaTpuBaeMoro nokasarens paBHsercs 0,53 (BbIcOKas Harpy3Ka).

AHanmM3 YacTOThl TOBTOPSEMOCTH OTIEIbHBIX JIHAMa30HOB aHTPOMOTEHHOMN
HArpy3KH TPEJCTaBISIET 0COOBI MHTEPEC, TaK KaK Cpe/IHEee 3HAUYCHHE BCIIEIICTBUE
BBICOKON HEOJHOPOAHOCTH TAHHBIX MOKET UCKAXKATh PEealIbHbI YPOBEHb HArpy3KH.
Pe3ynbTathl pacueToB 4acTOT MOBTOPSIEMOCTH MPEICTABIICHBI Ha Tpaduke (puc.).
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Puc. Yactora noBTOPSAEMOCTH IPpaJalivii TOJIM aHTPOIIOTEHHON Harpy3kH B TOYKAX
HaOII0AeHUS

B wucroke wu ycree p. Ilecuanka HauOoJbIIEH  MOBTOPSEMOCTHIO
XapaKTepu3yeTcss [uana3oH BBICOKOW aHTpomoreHHoW Harpy3ku. CymmapHas
4acTOTa I'paJalliii BEICOKOM M OYEHb BBICOKOW HATPY3KH JOCTUIAET B YCThE PEKU
82,4 %, a B ucroke — 75 %. B 11e1oM OT BEpXHETO TEYEHUSI K HUKHEMY IIPOUCXOAUT
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YXYAIIEHUE COCTOSHUSL BOJOTOKA, OOYCIIOBICHHOE YCHUJICHHEM Harpy3Ku. MoOxHO
CKa3aTb, 4YTO CpEJHEE 3HAYEHUE pPACCMATPUBAEMOIO I[IOKA3aTeIsl XOpPOIIO
COTJIACYETCs C JaHHBIMU YacTOT MOBTOPSIEMOCTEH.

Ha p. TaBpoBka, HampoTHB, MpeoONalalOUMU SBJISIOTCS TeEpBbIE J1Ba
auarna3oHa. B TOM duucie B HMCTOKE PEKH NPEBATUPYIOT CilIydyald Mayon
aHTpornoreHHou Harpy3ku — 41,2%, a B yctbe — ymepeHHo — 41,2% (nonsa manou
Harpy3kd B 3TOM TOYKE HMKE M JOCTUTaeT Toyibko 35,3 %). Bmecte ¢ Tem, cymma
ATUX JABYX JMANa30HOB B TOYke 3 gocturaer 76,5%, a B ucroke — Bcero 64,7%.
Kpome TOro, cymmapHas 4actoTra MOBTOPSIEMOCTH BBICOKOM W OYEHb BBICOKOU
Harpy3Kku B UCTOKe peku (29,4%) Briiie, ueM B ycThe (17,6%). [loaTomy, HECMOTps
Ha MpeolialaHrie B UCTOKE JUarna3oHa, COOTBETCTBYIOIIETO Maloi aHTPOIIOTeHHOU
Harpy3ke, CpeJHee 3Hau€HHWE pacCMAaTPUBAEMOrO IIOKa3aTelsli B ITOM IYHKTE
HaO0JIIOIeHNH BbIlIE, 4YeM B ycThe. C ATOW TOYKHM 3PEHHUS, OT BEPXHETO TEUEHHS K
HIDKHEMY TTPOUCXOIUT CAMOOYHUIIIEHUE PEKH.

B MacnosckoM 3aToHe, corjiacHO Tpaduky, MNpeodIagaronM SBISETCS
MHTEpBaJl yMepeHHOW Harpy3ku — 41,7%, kak U B yCThEBOM 30HE BHaJarOUIEH B
Hero p. TaBpoBka. OHaKO CyMMapHasi 4acTOTa MOBTOPSIEMOCTH CIIy4aeB BBICOKOM
U OYEHb BBICOKOW AHTPOIOIE€HHON HArpy3Kd B 3aTOHE COINOCTaBUMa C 3TOH
BEIMUMHON W Takxke pocturaet 41,7%. DTo mpuBOAUT K TOMY, 4YTO, COIJIACHO
CpeHEMY 3HAUYCHHMIO pacCMAaTPUBAEMOTO TIIOKa3aTelis, Harpy3ka Ha BOJIOTOK
OKa3bIBa€TCSl BBINIE, YE€M B TpaHHUIAX MPeoOIaJArONIEro aUama3oHa YacTOTHI
MOBTOPSIEMOCTH.

B 3aknroueHre MOXKHO OTMETUTh, UTO YPOBEHb aHTPOIIONEHHOM HAarpy3Ku Ha p.
Ilecuanka Kak B UCTOKE, TaK U B YCTHhEBOM YACTH BhIIIE, YeM Ha p. TaBpoBKka. IT0,
BEpOSITHEE BCEro, O0YCIOBICHO TEM, YTO MEPBHIN BOJIOTOK XapaKkTepusyercs Oomee
BBICOKOW CTETEHbI0 MPeoOpa3oOBaHHOCTH BOAOCOOpA, MOBBINICHHBIMH YPOBHSMU
3arps3HEHUS BO3yXa, UCTOIICHHEM U 3arpsi3HEHUEM MUTAIOIIMX €r0 MOJ3EMHBIX
BOJIOHOCHBIX TOPU30HTOB. B TO e BpeMs, HECMOTps Ha HAJTMYKE OPraHU30BaHHOTO
BOJOOTBENCHUSI B p. TaBpoBKa W 3HAYUTEIBHYIO CEJIbCKOXO35HCTBEHHYIO
OCBOCHHOCTH €€ 0acceiiHa, ypoBEeHb aHTPOIIOTEHHON HArpy3KH, COTJIACHO pacyeTam,
37€Ch TOpa3fg0 HHUXKE. ITO TO3BOJAET MPEANON0XKUTh, UYTO 3HAYUTEIHHOE
MOJIOKUTETTFHOE BIUSHUE HA CaMOOYMINAIOIIYI0 CIOCOOHOCTh peKH U  ee
YCTOMYMBOCTh K HEraTUBHOMY BO3ICHCTBUIO OKAa3bIBAECT HAJIUYUE €CTECTBEHHOM
pacTUTENBHOCTH B TPHOPEKHONW 30HE W Ha BOJOCOOpPE, MEHBIEe YTHETCHHE
BOJIHBIX KOCHCTEM.

Jlumepamypa
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C MEXJ. ydacTuem, NpuypoueHHoW K 145-nmetuio CeBacTonoNIbCKOM OHMOIOrHYecKOi
cTaniuu «Mopckue OMOJOTHYECKHE MCCIIENOBAHUS: JTOCTHKEHHUS U MEPCHEKTUBBL: B 3-X
tomax». CeBacrononb: DKOCU-T'unpodusuka, 2016. T. 3. C. 73-76.
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4. P 52.24.819-2014 Ouenka aHTpONOT€HHON HArpy3Ku Ha pEYHbIE YKOCUCTEMBI C YUETOM
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OLHEHKA XUMHNUYECKOI'O COCTABA BOIbI 'OPOJACKHUX PEK
M O3EP I0KHOM YACTHU PECHYBJUKHU KAPEJIUA
CaykoBckuii 3.I/I.1, MengBenen A.C.l, HoBunkuii ﬂ.l“.l’?’, MaxkapoBa E.M.%,
CrIpoeixko E.B."®
Y Unemumym zeonoeu Kapenvckoeo nayunozo yenmpa PAH,
2HHcmumym 800mubix npoonem Cesepa Kapenvckozo nayunozo yenmpa PAH
3Hemp03aeodckud 20Cy0apCmeeHH bl YHUBepCcumem
Ilempo3sasoock, Poccus

slukovsky87@gmail.com

Ha teppurtopun Pecny6nuku Kapenun HacuuThiBaeTcst OKojo 26,7 ThIC. peK U
61,1 teic. o3ep. IIpeobnanaroiiee 3HaUEHWE MMEIOT Majble BOJHBIE O0BEKTHI, B
YaCTHOCTH, peKU JUITMHOU 10 10 KM cocTaBistoT 0Kosio 95% oT oluiero yucia Bcex
BOJIOTOKOB pernoHa [2]. FOxnas yacte PecnyOnuku Hambonee pa3BUTa C TOUKH
3peHUsl 5KOHOMUKHU, MPOMBIIUICHHOCTH U UHPPACTPYKTYpHI. 3/1ech HaxoauTcs 9 u3
13 ropomoB naHHOro cyObekTta Poccuiickoit ®enepannu, 4YTo 0€3yCIOBHO
CKa3blBa€TCd HAa BOJHBIX OOBEKTAaX, PpACIOJOXKEHHBIX BOJIM3M WIM Ha
ypOaHU3UPOBAHHBIX TeppUTOpHUsX peruoHa [1, 4]. Takue BOJOEMBI MEpPECTAOT
BBIMOJIHATh HE TOJIBKO PEKPEAllMOHHYI0O M PHIOOXO3WCTBEHHYIO (YHKIHMH, HO U
MOTYT CTaTh NPUYMHON YXYALIEHUS KAauecTBa BOJIbl CBOMX BOJONPUEMHHUKOB —
KpynHbIX o3ep U pek. [lomoOHbie mpoOaeMbl MacIITAaOHOTO 3arps3HEHUS] MaJbIX
BOJIHBIX OOBEKTOB PEryJSIpHO MOJHUMAIOTCS KaK Ha MUPOBOM ypoBHe (CTOKrosibM
1992r.), tak m Ha ypoBHe Hamed ctpanbl ([lapmamenTckue cnymanus B
®enepansaoM Cobpanun PO B 2003r. [3]). Cumraercs, 4To AJg ONTUMHU3AIUU
MOHUTOpPUHIA MaJIbIX PEeK HEOOXOAMMO KOMILJIEKCHOE HCIIOIb30BAHUE PA3TUYHBIX
METO/JIOB, TaKHX KaK T'MJIPOXUMUYECKUE, THJIPOOHOTIOrHYECKHUE "
TOKCHUKOJIOTHYECKHEe HaOmoaeHUs [6].

Ilens manHOM pabOTHI — OIEHUTh AKTYaJbHOE COCTOSTHUE XUMHYECKOTO COCTaBa
BOJIbI MaJIbIX PEK M 03€p, pPacHoJOKEHHBIX B Tpex roponaax PecnyOnuku Kapenun
(ITerpo3aBoack, Mensexberopck, CyosipBu).

Marepuajinbl u MeToabl ucciaenoBanusa. OT6op nMpod BOJbI MPOU3BOJIMICS B
Te4eHHne BeceHHe-yeTHero nepuoaa 2016r. Ha 10 BogHBIX 00BEKTaX, MOKA3aHHBIX
Ha kaprte (puc. 1). CamblM KpynOHBIM W3 MNPEICTABICHHBIX TOPOJOB SIBIISIETCS
[TeTpo3aBoack, agMUHUCTpaTUBHBIN 1eHTp PecnyOnuku Kapenus, uncieHHOCTBIO
277 thic. yenoBek. Bropoit mo BenuuuHe — r. Measexberopcek (14 ThiC. uenoBek),
HAXOJSIIIHMICS B CEBEPO-3araiHoi okoHeuHOCTH bombiioit ryosr [ToBeHenkoro 3ai.
Onexckoro o3epa. [I'. Cyospsu, pacnonoxenHelid B 140 kM 3anagHee
[Terpo3zaBojacka Ha Oepery OJHOMMEHHOTO 03€pa, MMEET YHCIEHHOCTh 9 ThIC.
yenoBeK. Bce wuccienoBaHHble Majble 03€pa M BOJOTOKH XapaKTEpU3YIOTCA
PEKpEalMOHHBIM 3HAY€HHWEM JUIi MECTHOTO HaceleHHs (OTAbIX, pbiaiika), mpu
ATOM, pyciia pek U 6epera BoJI0EMOB 3axJIaMJIEHbI TBEPABIMHU OBITOBBIMU OTXOJAMH.
Bce usyuennsie peku llerpo3aBoacka u Menpexberopcka BragaroT B OHExXCKOe
03., SIBJISIOIIEECS BTOPBIM 110 BEJIMYMHE BOJI0EMOM EBpombI.
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AHaIUTHYECKHE MCCIIeIOBaHUs BBIMOIHSIINCH B aHAJIUTHUYECKOW J1abopaTropuu
Wuctutyta reonorun Kapensckoro nayunoro nentpa PAH (r. [lerpo3aBojck) npu
MIOMOIIIM Macc-CIEKTpOMETpa ¢ HMHIYKTHBHO cBsizaHHoW 1uiasmoi  (ICP-MS).
AxTyasbHas KHCIOTHOCTh U EN-moTeHIman Bopl U3MEPSIINCh C UCTONIb30BaHHEM
pH-meTpa-mMummuBonsT™MeTpa  PH-420 W CTEKISIHHOTO  KOMOWHHUPOBAHHOTO
anektpoaa DCK-10611.
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Puc. 1. Kapra-cxema pacrnonoxeHus 00beKToB Hccieqoanus B 2016r.

PesyabTaTel m ux ooOcy:xkaenue. Boxasl p. Jlococunku (r. IlerpozaBojick)
XapaKTepu3ylTcs HEUTpanbHOU U cinadomenoynol peakuueit (PH ot 7,04 o 7,91).
AHanoru4Hasi KapTrHa HaOt01aeTcss M Ha 000MX METPO3aBOJICKUX 03€pax, OJHAKO
netoM PH Boxbl MoxkeT Bo3pactath 10 8,48 (03. UerhlpexBepcTHOE). B mmpokom
Jana3oHe KOJICONIOTCSl 3HAYEHUSI aKTyalbHOW KHCIIOTHOCTH BOABI p. Hernmuaku —
ot 4,80 3a ropoaom u 10 7,95 B npuycThEeBOW 30HE MeEpe]l BHAJACHUEM B 03€PO.
Maisie BogHBIE 00BEKTHI TOPOI0B MeaBexberopcka u CyospBU XapaKTEPU3YIOTCS
cnabolenouHon peakiue Boabsl (auamnazoH 3HadeHwit ot 7,70 mo 8,20). Takas
peakius BOJHOW Cpeabl TOPOJCKUX TOBEPXHOCTHBIX BOJ  0OyCIIOBIEHa
AQHTPOIIOTEHHBIM BO3/IEUCTBUEM, BBI3BAHHBIM IIONAJaHUEM B BOAY PA3IUUYHBIX
peareHTOB, HCIOJNB3YEeMbIX 3WMOW JJIi TIOCBIMIKK JIOPOT W  TPOTyapoB.
UccnenoBanusa PH noHHbIX oTinoxeHuM pek r. Ilerpo3aBojicka Takke HMEIOT
HEUTPAILHYIO W CIA0OMIEIIOUHYI0 PEaKIMI0 M0 CPABHEHHIO C KHCIBIM (DOHOBBIM
YpOBHEM, CBOMCTBEHHBIM BCEMY PETHUOHY [5]
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[ToBepxHocTHbIe BOabl PecmyOmumku Kapenuun ¢GopMHpYIOTCS B YCIOBHSAX
TPYIHOPACTBOPUMBIX KOPEHHBIX MOPOA BanTHIICKOTO ImMHUTa M XOPOIIO MPOMBITHIX
YETBEPTUYHBIX OTJIOXKeHHi. Haumbonee pacnpocTpaHeHbl TUIPOKAPOOHATHBIE
KaJIbIIMeBbIe BOJBI, mpuueM Ca TOCTymaeT B BOJY BCJCACTBHE BBIBETPHUBAHHS
CHUJIMKATHBIX M QJTIOMOCHJIMKATHBIX TopoA [2]. B M3yYeHHBIX TOPOJCKUX BOJHBIX
00BbeKTax cojiepKaHue 3TOro anemeHTta konednercs ot 0,9 B p. Hernunke go 21,5
Mr/n B 03. UeTbipexBepcTHOM (Meauana — 5,8 mr/im). OTMedaeTcsi BHICOKUNA YPOBEHb
Koppensamuu  Mexay KoHieHTpamusmu Na u Ca B Bomax pek W o3ep T.
[Terpo3aBoacka (puc. 2) W Apyrux ypOaHU3WPOBAHHBIX BOJHBIX OOBEKTaX, YTO
noareepxaaet hakt csa3u Ca C CHITMKATHRIMU MHUHEPATHHBIMA 00pa30BaHUSIMH.

20000
= 15000 o
= 060
£ 10000 c°
<
< 5000 ©
0 ]

0 5000 10000 15000 20000
Na, MKI/J

Puc. 2. CBsI3b KOHIICHTPAIIMI KBNS U HATPUS B TIOBEPXHOCTHBIX BOJIAX PEK U 03€p
r. [lerpo3aBojcka (Pecnybnuka Kapemnmst)

Conepxanue Na 1o BceM ropojCKuM BOJHBIM OOBEKTaM cOCTaBisieT 3,4 mr/i
(mo menmane), HauOOJIbIIEE 3HAYCHHE OTMEYAETCS B BOJE MPHUYCTHEBOW 30HBI P.
Hernunaku (15,1), HaumeHnbiiee — B Bojie 03. MbutbHOTO (T. MenBexneropck, 0,5).
HNHTepecHo, 4TO 03. MBUIBHOE 10 CPAaBHEHHIO C OCTaJIbHBIMHU TOPOJCKHUMU
BOJIOEMaMH H BOJOTOKaMH «O€JHO» W MHOTUMH JPYTHMH XHUMHYECCKUMH
sanementamu (Mg, P, Cr, Mn, Fe, Co, Ni, Cu). Coxepkanue TsOKEIBIX METAJLJIOB B
BOJaX HW3Yy4aeMbIX OOBEKTAaX HAXOAUTCS HIDKE MPeAeTbHO-I0MYCTUMBIX
KOHIIEHTpAllui, 3a UCKIoueHneM Fe, dro cBs3aHO CcO crnenuuKoil BOX
Kapenbckoro pernona, KoTopble UMEIOT MOBBIIIEHHOE COJIEPKAHUE ITOTO JIEMEHTa
Hapsaay ¢ Mn. B uccnenoBaHHBIX B TaHHOW paboTe BOJHBIX 00BbEKTaX HaUOOJbIIIEe
conepkanue Fe ycranoBneno B Bojae o03. Kaitnunckoro (r. Cyospsu), rae
KOHIIEHTPAIIUs ATOTO0 MeTayia TocTuraet 2,3 Mr/n npu meauane 0,6 Mr/im mis Bcex
M3Y4YEHHBIX PeK U 03ep Tpex ropoaoB Kapemnuu. HTepecHO OTMETUTH TakXe, 4TO
03. KaiinuHckoe xapakTepu3yeTcs BBICOKMM 3HAUY€HHMEM KOHIeHTpairuii P B Boje
(132-146 MKr/;m) ¥ HEBBICOKMM IOKAa3aTeJIeM OKHCIUTEIbHO-BOCCTAHOBUTEIBHOTO
norennuana Eh (84,5-92,7 mMB), uro MoOXeT OBITh CBS3aHO C HAYMHAFOIIMMHMCS
mpoiieccaMu IBTpOHUKAIIMU U BOCCTAaHOBIEHUs Fe, Omaromaps yemy B JOHHBIX
0CaJIKax BIOCJEJCTBUM 00pa3oBbIBacTCS MUHEpasl BUBUAHHUT Fe3(PO,4),;*8H,0. Ilpu
3TOM, B 03. KaiilmaHOBCKOM, Takke pacnosiokeHHoro B I. CyosipBH, cojepkKaHHUE B
Bojie Kak Fe, tak u P 3amerno mensbiue (0,74 mr/nm — Fe u 25 mkr/a — P), a Eh-
MoTeHIMal Koebercs B paiione 245-251 mB.
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B Bogax pex roponos Ilerpo3zaBoacka u MenBexberopcka Hado1aeTcst oomas
TEH/ICHIUS] YBEIMUYEHHUS] OCHOBHBIX KOMIIOHEHTOB Xumudeckoro cocraBa (Ca, Na,
K, Mg u 1p.) OoT OpuUropoJHbIX pailOHOB K YCTbIO, YTO CBUJIETEIBCTBYET O
3HAYUTEIbHOM  BJIMSHMHM  IIOBEPXHOCTHOTO CTOKAa C  ypOaHM3MPOBAHHBIX
BOJI0cOOpHBIX TeppuTopuil. Hampumep, B Bogax p. Buuku xonuentpanus Na B
NPUYCTHEBOM 30HE YBEJIMYUBAETCS B 2,8 pa3 10 CpaBHEHMIO C (POHOBBIM pailoHOM, a
Ca — B 1,5 pa3 (puc. 3). AHajoruuHble 3aKOHOMEPHOCTH HAOIIOMAIOTCS M TIO
npyruM pekaMm. Takum o6pa3om, Tropojckas cpelJa OYEBMJIHO BIHUSET Ha
TpaHC(HOPMALIUI0 XHMHUYECKOIO COCTaBa IIOBEPXHOCTHBIX BOJ MalbIX BOJHBIX
00bekTOB 10kHOW 4yactn PecnyOnmuku Kapenuu, 4ro MOXKET CKa3bIBaThCsA Ha
KU3HEJEATENBHOCTH OPraHW3MOB, HAaCEIAIOIIMX MCCIEIOBAHHBIE PEKM U 03€pa.
Heo6xonuM mNOCTOSIHHBIH MOHUTOPUHI OOO3HAYEHHBIX BOJHBIX OOBEKTOB,
YUMTBIBAsI UX PEKPEALMOHHYIO 3HAYMMOCTD JUIsl TOpOACKuX kurened Kapemnu [1].

Ca, mxr/n  ONa, MKI/a

BUK-1

((or) BYK-3

BUK 2
(ropoxn)

(veTee)
Puc. 3. I'ucrorpamma pacnpeneneHus coaepKaHus Kanblus U HaTpUs Boje p. Buuku

(r. MenBexberopck) oT yCI0BHO-(POHOBO 30HBI K YCTBIO

Bnazooaprnocmu. Hccrnedosanue gvinonneno npu (uunancosoil noodepiicke PODU 6 pamxax
Hayunoeo npoexma Ne 16-35-00026 mon_a.
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OLHEHKA COBPEMEHHOI'O COCTOAHUA BOAOOBECIIEHEHHOCTH
HACEJIEHUS POCCUMCKOM ®EJEPAIIMA MUTHEBBIMHU
MHNOJA3EMHBIMHU BOJAMHU
YerBepukona A.B.

OI'BYH Uncmumym 600nbix npodiem Poccutickou akaoemuu HayKk
Mockea, Poccus
4etverikova.anna@gmail.com

[TonzeMHble BOIBI B OOJIBIIMHCTBE PEruoHOB Poccuu SBIAIOTCS OJHUM U3
OCHOBHBIX (B psge ciaydyaeB — €IUHCTBEHHbIM) MCTOYHHUKOM IHUTHEBOIO
BoJocHaOeHus HaceneHus. Jlons moa3eManix Boa B XIIB Poccun coctaBmser 45%
[1], 9TO HEYAMBHUTENBHO, TaK KaK OHU UMEIOT PsiJi CYIIECTBEHHBIX MTPEUMYIIECTB MO
CPaBHEHHMIO C IOBEPXHOCTHBIMU BoJamu. Iloa3emHble BOJABI B OOJBIIMHCTBE
CIIy4aeB XapaKTepu3yloTcs 0osiee BBICOKUM KaueCTBOM U JTy4YlIeH 3alUIIEHHOCTHIO
OT 3arpsi3HEHUs U 3apakKCHUs 10 CPABHEHUIO C MOBEPXHOCTHBIMHM BOJIaMU; MEHEe
NOJBEP)KEHbl ~ MHOTOJETHUM U CE30HHBIM  KOJEOAHHSM, CBS3aHHBIM  C
KJIMMATUYECKOW IMKIMYHOCTBIO M BOJHOCTBIO OTAENBHBIX JIET; Kak IPaBHIIO,
UMEIoT 0oJiee NIMPOKOE pacIpocTpaHeHue. BaxeH U 3KOHOMUYECKUN acreKT: BBOJ
B OKCIUTyaTalyilo0 BOJ03a00pOB MOA3EMHBIX BOJ MOMET OCYIIECTBISATHCS
MOCTETIEHHO MO0 Mepe pocTa MOTPEOHOCTH B BOJE, B TO BPEMsl KaK CTPOUTEIHCTBO
TUAPOTEXHUYECKUX COOPYKEHHUH (KaHAJIOB, MPY0B, BOJOXPAHUIIHIL U JIp.) TpeOyeT
KPYITHBIX €IMHOBPEMEHHBIX 3aTparT.

Bonoob6ecnieuennocts Hacenenus Poccuiickoit ®enepanuy  MOA3EMHBIMU
BOJIAMH OLIEHHUBAETCS COIOCTABICHHEM HMMEIOUIMXCS JAaHHBIX MO0 pa3BelaHHbIM U
YTBEPKIEHHBIM 3KCILTyaTallMOHHBIM 3aracaM IMPECHBIX IOA3EMHBIX BOJ Ha
01.01.2015r. [2] m paccunTaHHON MOTPEOHOCTH HACEICHUS B XO3SHCTBEHHO-
ObITOBOM U NUTheBOM BojaocHaOxkeHuu (XIIB). [Motpe6HocTh Hacenenus B XIIB
paccUMTHIBAETCS HA OCHOBAHMHM HOPM BOAOIMOTPEOICHUS U KOJIMYECTBA HACEIICHUSI.
®enepasibHbIE HOPMBI YJIEIBHOTO BOJONOTpEOIeHUsT peraaMmeHTupyrorcs CBoaoM
ITpaun 31.13330.2012. «BonocHabxxenue. HapyxHsblie cetu u coopyxenus». [Ipu
ATOM, KOHKPETHOE 3HAUY€HHE HOPMBI YJEIBHOTO XO3SHCTBEHHO-OBITOBOIO U
OUTHEBOTO BOJOMOTPEOJICHUS! TPUHUMAETCS Ha OCHOBAHMM TOCTaHOBJICHHUU
OpPraHOB MECTHOM BJIACTH B CiTydae ux Hammuus [3].

B pesynbraTe mnpoBeNEHHBIX PacyeTOB YCTAaHOBJIEHO, YTO HAaceJeHHE BceX
dbenepanpHbIX OKpyroB Poccuiickoit ®enepanmd  1OCTaTOYHO 0OECIEUEHO
NPECHBIMH TIOJA3EMHBIMH BOJAaMH B IIepecuyere Ha ojaHoro xutens (puc. 1).
HanbGonee obecrieueHHbIMU YTBEP/KIECHHBIMH 3allaCaMy MPECHBIX MOJI3EMHBIX BOJ
apisitorest LlenTpanbHblil enepanbHbIl OKpYr, a HauMeHee OOeCIEeYeHHbIMH —
CeBepo-3anagnpiii  (enepasibHbli  OKpyr. (OOECHEUYEHHOCTh OJHOTO KUTEIS

157


mailto:4etverikova.anna@gmail.com

YTBEpKIICHHBIMU 3allacaM¥ MMOA3eMHBIX BOj Kojebnetrcs oT 306 n/cyt. (CeBepo-
3anagHeiid denepanbHbI OKpyT) 10 988 n/cyT. (anpbHEBOCTOUHBIN (eaepaTbHBINA
okpyr). IlpuBeneHHOE CpaBHEHHE YTBEP)KICHHBIX 3aMaCcOB IMPECHBIX TOJ3EMHBIX
BoI W moTpeOHOCTH HaceneHus B XIIB maer ocHoBanme cienath BBIBOJ O
BO3MOKHOCTH TPEKPAIIEHHUS MTOMCKOBO-Pa3BEIOYHBIX PabOT W M3YUYCHHS yCIOBHIA
(dbopMHpOBaHUS 3aITaCOB MOA3EMHBIX BOJI, TOCKOJIbKY CBHICTEILCTBYET 00 M30BITKE
3armacoB MOJ3eMHBIX B0 B Poccuu u moTHOM OJaronoyiyduu B OIEHKE MEPCIEKTHB
WX MPAKTHYECKOTO UCITOJIb30BaHUSI.

30000,0 “37348,7

25000,0 A

20000,0 A 16912,8

15000,0 -

12945,2

9722,6

10000,0 - 7360,8
5000,0 - 3456,1 |1 3460,4

Tbic. M3/cyT

0,0 T T T T T
ueo G0 HOPO0 CKPO neoo pole]

B 3anacbl nog3emHbix Bog Ha 01.01.2015

MotpebHocTb HaceneHua dpegepanbHbiX oKpyros B XMNB

Puc. 1. CpaBHeHMe pa3BelaHHBIX 3al1aCOB MOA3EMHBIX BOJI U IOTPEOHOCTH HACEICHUS
¢benepanbHbIX OKpyros B XI1B

Takoe yTBepKIeHHE ABISIETCS NPUHIUIIMAIBHO HEBEPHBIM, TaK Kak
IIPEBBIIICHUE YTBEPXKIACHHBIX 3allacOB IIOA3EMHBIX BOJ HAJ MX HCIOIb30BAHUEM
CIPABEAJIUBO TOJBKO ISl KPYITHBIX TEPPUTOPHI — (heIepalbHBIX OKPYTOB U CTPaHbI
B 1esioM. [Ipu aToM, He yunThiBaeTcs OOJbIIas HEPaBHOMEPHOCTh B pacipeieIeHUU
peCypcoB  IOJ3EMHBIX  BOJ, KOTOpast ~ IpOSIBIAETCA  INIpU  OLEHKE
BOI000€CIIEUeHHOCTH TIOJI3EMHBIMU BoJIaMu cyObekTOB Poccuiickoit denepanuu, a
TaKkKe OTHeNbHBIX TroponoB. Hampumep, Bomoroxackas, JleHuHrpanckas,
Actpaxanckas, Kypranckas, Owmckas, UYensOunckas o6mactu, PecmyOnuku
Kapemusa, KapauaeBo-Uepkeccnsas, VYamyprus wu UYyBamms  HEIOCTATOYHO
oOecrieyeHbl YTBEP>KICHHBIMU 3arlacaMy MOA3EMHBIX BOJ (puc. 2).
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Puc. 2. CpaBHeHue pa3BelaHHbBIX 3aM1aCOB MOA3EMHBIX BOJI M TOTPEOHOCTH HACEIICHUS
cyonektoB P® B XIIB

JUisi OIIeHKH 00ECIeueHHOCTH HacesIeHUs] TOPOJOB YTBEPKJICHHBIMHU 3aIlacamMu
MOJI3EMHBIX HAMH BBEJICHBI TPHU Tpajanuu: 1) «HaaekHO 00eCIeUeHHBI» - TOPOI,
JUIsl KOTOPOTO 3amachl MOA3EMHBIX BOJ MPEBBIMIAIOT MOTPEOHOCTh B MOJ3EMHBIX
BO/Iax OoJiee yeM B 2 pasa, 2) «J0CTaTOYHO 00ECTIE€UEHHBII» - TOPOJI, UIsl KOTOPOTO
IPEBBIIIEHUE 3aM1aCOB MOA3EMHBIX BOJ] HaJl MOTPEOHOCTHIO — He Oojiee ueM B 2 paza
U 3) «HeoOeCIeUeHHBII TOpOo/I, B KOTOPOM YTBEPKICHHBIC 3aMachl MOI36MHBIX BOJI
MmeHnblie norpedHocTH [4]. 13 113 ropomos P® ¢ Hacenenuem creimie 250 Thic. Yerl.
(77 roponoB ¢ HacenernueM oT 250 go 500 TeIic. yen. u 36 rOpoJOB C HACEJICHUEM
cBbimie 500 ThIC. Ye) K KaTerOpHH «HE0OeCIeYeHHBIX) 3armacamMy MOJA3EMHBIX BOJ
oTHOCcATCA 25 roponoB — MockBa, Cankt-IlerepOypr, Actpaxanb, PoctoB-Ha-/lony,
HaGepexnnie Yennsl, Mxenck, [lepms, [lensza, Yassnosck, ExarepunOypr, Omck,
Uensabunck, Yebokcapsl, CraBpomosnb, Hwxauit Tarwn, Bomkckwmii, Kypraw,
Uepenosen, Axyrck, Crepnaurtamak, IlerposaBoack, HoBopoccuiick, Taranpor,
Cumpeponions u  CeBacromosib. CriexyeTr OTMETUTh, 4YTO  KOJHUYECTBO
YTBEP)KJEHHBIX 3allacoB TMOJ3EMHBIX BoA Juisi ropoaoB Cumdbeponons wu
CeBacTonosib NPUBOJUTCA MO pe3yiabraraM oueHok 1980x romoB B CBs3U C
OTCYTCTBHMEM COBpPEMEHHBIX AaHHBIX. OcTajgbHBIE TOpPOJIa OTHOCATCS K KaTeropuu
«HAJIEKHO» U «JJOCTATOYHO» 00ECIIEUEHHBIX 3amacaMy MOA3EMHBIX BOJI.

[IpuBeeHHBIE OLIEHKM XapaKTEPU3YIOT, B OCHOBHOM, OOLIYIO CHUTYalUIO C
00€eCMeYeHHOCThIO CpPEeHUX U KPYMHHBIX TOpofoB Poccun yTBEpKIEHHBIMU
3amacaMy IOJ3EMHBIX BOJ, T.K. HECMOTpPsS Ha pa3BeJAaHHbIE M YTBEP)KICHHbIC
3amachkl MUTHEBBIX IMOJ3EMHBIX BOJ JJII MHOTUX KPYIHBIX U CPEJHUX TOPOJOB,
OCBOEHHE ATHUX 3aI1acoB JI0 CUX IOp HE HayaTo. Takum oOpa3om, MOKa3aHo, YTO MPU
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OIICHKE COBPEMEHHOI'0 COCTOSHHS BOJ000ECIIEUeHHOCTH HaceleHus Poccuiickoit
denepaiii  TUTHEBBIMH ~ TTOJ3€MHBIMH ~ BOJAMH  HEOOXOJWMO  IPOBOJHTH
cieayrolue paboThl:

— cOOp W aHaJau3 JIaHHBIX MO COBPEMEHHOM YHMCICHHOCTH HACEJICHHS C yUYEeTOM
pe3yJIbTAaTOB MOCIEIHEN EPENUCH HACETICHHUS;

— aHAJIN3 peXuUMa PabOThl NEUCTBYIONIMX LEHTPATU30BAHHBIX B0/103a00POB
MOJA3EMHBIX BOJI, BKJIIOYasi M3MEHYMBOCTb IMPOU3BOJIUTEILHOCTH BO/103a00pPOB 3a
MEepUOJ] WX OKCIUTyaTallu¥, Pa3BUTHE JACHPECCUOHHBIX BOPOHOK, HM3MEHUYHUBOCTH
KauecTBa BOJbI, aHajguW3a B3aUMOJCHCTBUS HCCIEAYyeMOro Bojo3abopa ¢
MOBEPXHOCTHBIMU BOJAMHU U BoAaMu 0oJiee TIIyOOKHX BOJOHOCHBIX TOPU30HTOB U
Jip. UHPOPMAIIHH;

— cbop wHpopManu 00 YTBEPXKIACHHBIX JKCILTyaTallMOHHBIX 3aracax
MOJ3EMHBIX BOJI KPYITHBIX BOJI03a00pPOB C YKa3aHMEM KOJIMYECTBA M KadyecTBa
OLICHMBAEMbIX 3aIlacoB, UX KATETOPUW, PEKOMEHJAIMN IO SKCIUTyaTalluk W JaThl
YTBEPKICHHUS;

— ompeneneHrne MOTPeOHOCTH HACENICHHs B BOJIE XO3SKWCTBEHHO-OBITOBOTO U
MUTHEBOTO HA3HAYCHUSI C YIETOM YTBEPKICHHBIX HOPM BOJIONIOTPEOICHNUS;

— CpaBHEHHE YTBEPKJICHHBIX 3alacoB TOJ3EMHBIX BOJ C IOTPEOHOCTHIO
HaceneHus B Boae i XIIB. VYka3zaHHbIe peKOMEHAAIMHU I1eJeco00pasHo
WCIIOJIb30BaTh 1L ONPEACJICHUS  HANPABICHHOCTH JaJbHEHIIUX HAy4HO-
HCCIIEA0BATENIBCKUX U MTOMCKOBO-Pa3BEAOUYHBIX padoT.

Jlumepamypa
1. I'ocynapcTBeHHbI A0kiIax «O COCTOSHHUM U HCIOJIb30BAaHUHM BOJHBIX PECYPCOB
Poccuiickoit deneparuu B 2014 r.». M.: HUA-TIpupona, 2015 270 c.
2. WNudopmannonsslii 6romerens OenepanbHOro areHTCTBa 1o HeJPONOIb30BaHUIO O
COCTOSTHUM HeJlp Ha TeppuTopun Poccutickoit @enepamuu B 2014 1. Beim. 38. M., 2015.
3. Cson Ipasun 31.13330.2012. «BonocHabxxenue. Hapy)XHbIe CeTH U COOPYKEHHSI.

Water supply. Pipelines and portable water treatment plants, akryamusupoBaHHast
penakuus CHull 2.04.02-84.

4. 3exuep U.C., KapumoBa O.A., YerBepukoBa A.B. CoBpemeHHOE COCTOSIHHUE U
MEPCIIEKTHBA MCITOIb30BAHMS TMPECHBIX TMOA3EMHBIX BOJ JJISI BOJOCHAOKEHHs TOPOo0oB //
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MPOBOOTBOP U AHAJIN3 ITIJIEHOK OPTAHUYECKHUX BEHIECTB HA
IMOBEPXHOCTHU BOJbI
Kazanuesa U.B., Mopo3os U.A., [TonoTHsHKo., H.A. 3yeB B.K.
Tocyoapcmeennwiii ynusepcumem «/{yona»
2. [lyouna, Mockoeckas obonacmo, Poccus
KazantsevalrinaVladimirovna@mail.ru

Ha mnoBepxHOoCcTM pasfena MexAy cpeJaMH IpOTEKaeT OOJbIINHCTBO
BOXHEUIIMX OHOJIOTMYECKUX UM XUMHYECKUX IpoueccoB. lloBepxHOCTHBIN
Mukpocsioil npupoanbix Box (IIMIIB) mpeacraBiser coboif Kak pa3 Takyro
NIOBEPXHOCTh pasnena. OHa 3aHMMaeT okoyio 71% moBepxHOCTH 3€MHOrO LIapa Hu,
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HECMOTpPST HAa HE3HAYUTEIBHYI TONIMHY (He Oomee 1 MM) W OTCyTCTBHE
BPEMECHHOW W CTPYKTYPHOW CTaOWMJIBHOCTH, aKKyMyJIUpyeT B ceOe BaKHEHIIHe
nporeccbl OOMEHBI OPraHMYeCKOr0 W HEOPraHMYecKOro MaTepuaia, Ta3oB,
BOJISTHBIX TIAPOB, TEIUTA U DHEPTUU MEXy BOAOH 1 atMocdepoii [1].

Lenp wiccnemoBaHmii: pa3paboTKa HOBOTO METOJIa ONPEACTICHHS OPTaHUIECKOTO
BEIIECTBA B BHJE IUICHKHM HEPTENPOIYKTOB Ha TIOBEPXHOCTH BOABL. MeTron
BKJIIOYAET CTaJui0 MpoO0ooTOOpa © ompenenaeHus ¢ wucnoib3oBanuem HWK-
criekTpockonuu. Hamm mpesaraercs HOBBIN crmocod mpoOooTOopa IUICHOK Ha
OCHOBE 30H7a [2] (pHC.), OCYIIECTBIISIOMUICS ¢ TOMOIIBIO MIEPEeHOCa TUICHKH Ha
BHYTPEHHIOIO  IIOBEPXHOCTh LMJIMHAPUYECKOTO 30HAA (MOZOOHO  METOxy
Jlearmiopa-brnomkeTT), IS Ka4eCTBEHHOTO M KOJWYECTBEHHOTO  aHAIIN3a
OPraHUYECKHX TUICHOK C BOJHBIX MMOBEPXHOCTECH.

] /2 1. Tlonblif LUAKHAP;
] 2. Pucku s onpeneneHusi 00beMa KHIKOCTH;
i 3. Tlpeun3noHHBIA BEHTHIIb,
s ) 4. HakoHEYHUK;
1 5. OTKpBITHII KOHEI TPYOKH;
. 6. IIpoOka U3 MHEPTHOTO MaTepHuaa.
-

Puc. 3o (mpoO00TOOPHHK)

[lepen mpumeHennem mNpPoOOOTOOPHUK (30HI) ISl yAAJNEHUS TOCTOPOHHUX
OpPraHWYECKHMX BEIIECTB MPEIBAPUTEIHHO MOIBEPTAIOT OTXKUTY B TIEYH B aTMOc(epe
Bo3ayxa. OTOOp MPOOBI MPOMCXOAUT C MOBEPXHOCTH BOJBI M3BECTHOM ILIOIIAJIH,
onpezenseMol BHYTPEHHHM cedeHueM mnpobootrOopHuka. Ilpu morpyxeHuu
npo00oTOOpHIKA B BOJHYIO CpPEIy BOJAA, a TAKKE OPTaHUYECKOE BEIIECTBO B BHJIE
IUIGHKU TIOCTYNMAl0T BO BHYTPEHHIOI dYacTh mNpoboorOopHUKa. Heobxomumbrii
0o0beM MpOOBI OTOUPAIOT, PETYIUPYS €ro C TMOMOIIBI0 BEHTHIS HAa BHEIIHEH
MOBEPXHOCTH MpoO0oTOOpHWKA. [l oOcakIeHWs OpraHuYecKod TUICHKH,
HaXOJAIICHCS B MPOOOOTOOPHUKE, HA €r0 BHYTPEHHIOI TTOBEPXHOCTH MPUKPHIBAIOT
BEHTHJIb U HAYMHAIOT MEIJICHHO HM3BJIEKaTh MPOOOOTOOPHHUK M3 BOJBI TaK, YTOOBI
YPOBEHb BOIBI B TPOOOOTOOPHHMKE OBLT BBINIE YPOBHS TIOBEPXHOCTH BOJBI, C
KOTOpOH oTOMparoT mpoOy. [Ipu 3TOM OTKPBITHI KOHEN MPOOOOTOOPHUKA MOXKET
OCTaBaThCSl TOTPYKEHHBIM B BOAHYIO (azy. CKOpPOCTh TMepeMelleHUs] BepXHeu
TpaHUIlBl BOJIBI BHYTPU MPOoOOOTOOpHMKA MOXKET BapbupoBaThecsi oT 10 mo 300
MM/MHUH ¥ 3aBUCHT OT TOJIIUHBI OMPEACTAEMON TUICHKH Ha MOBEPXHOCTH BOJIBI.
3areM ero 3aKphIBAIOT MPOOKOH M3 MHEPTHOT'O MaTepraa.

Ilepen HawasioM aHajM3a OPraHWYECKOrO BelIlecTBa IPOOKY OTKpPBIBAIOT,
BOAHYIO (a3y u3 OTOOpaHHOM CMeCH YAAISIOT, MOAHUMAas MPOOOOTOOPHHK
BEPTUKAJIbHO HAJ E€MKOCTbIO OTKPBITBIM KOHIIOM BHHM3. BeHTWIb MeIJIeHHO
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NPUOTKPHIBAIOT Ha HEOONBIIYI0 BEIMYMHY, B pe3yjibTare 4Yero BojaHas ¢asza
0TOOpaHHON NpOoOBI BBITEKAET M3 HWKHEro KoHua. Ilo mMepe CHMKEHUS YypOBHS
BOJbl B IPOOOOTOOPHUKE IUIEHKA M3 OTOOPAaHHOM NpOOBI OCAXKIAETCS Ha €ro
BHYTPEHHEN IOBEPXHOCTH.

[Ipu 3aKpbITOM BEHTHIIE Y€pe3 OTKPBITHIA KOHEI| B MPOOOOTOOPHUK HAIUBAIOT
U3BECTHBIH OOBEM  pPACTBOPUTENS, IO3BOJISIIOIIETO IEPEBECTU IUIEHKY C
MOBEPXHOCTH MPOOOOTOOPHUKA B pPAcTBOp (B JaHHOW paboTe HCIONIb30BAICS
TeTpaxJopMeTaH). 3akKpblBalOT KOHEL MPOOKOHM U MPOBOAAT AKCTPAKLHUIO
opranndeckoil IieHku. [locie mpo6ooTOopa ¢ MOMOIIBIO 30HJa OPraHUYECKHUX
BELIECTB (YMCTBIX U CMecel), HaXOAAIIMXCsl Ha TPaHULE pa3jesia BOJa-BO31yX B
BUJI€ IUIEHOK, MPOBOAWIM aHAJIUTUYECKHE HCCleoBaHUs pacTBopoB Ha UK —
®dypre cnektpomerpe IRPrestige-21  (Illuman3y, Snonus). B kadectBe
pacTBOpPUTENSI OPraHMYECKOT0 BEUIECTBA ObLI BHIOPAH TETPAXJIOPMETAH, MOCKOIBKY
ero MK-criektp (3aBHCHMOCTB MPOMYCKAHKS B % OT BOJNHOBOTO YHCIA B CM ') He
MEIAeT ONPEIEIICHUIO APYTUX OPraHMYECKUX BEIECTB.

bruta cienana momeITKa IpUMEHEHHs 30HAA Ul TPoO00TOOpa reKcaHa B BUJE
IUICHKH C TIOBEPXHOCTH BOABI. llomydeHHBIE AKCIEpUMEHTATBHBIC TaHHBIC
NO3BOJIWIIN CJENaTh BBIBOJ, YTO 30HJ MOKHO MCIIOJIb30BaTh Ul KaueCTBEHHOI'O
aHalM3a JIaHHOTO BEIIECTBA, OJIHAKO KOJUYECTBEHHO OIPENEIUTh COJEp KaHue
JAHHOTO YTJIEBOJOPOJA B TOJYYEHHBIX pacTBOpax HE YAAJOCh, YTO, BEPOSTHO,
CBA3aHO C €ro OOJbIIONW JIeTy4yecThl0. AHANU3 pacTBOpa MOJEIbHOW CMeEcH
u300KTaHa, OeH3onma u rekcana (I'CO 7248-96), oroOpaHHOW C BOJHOM
MOBEPXHOCTH B BHUJAE IUICHKM C MPUMEHEHHEM 30HJa, TaKXKe MOATBEPIUII
BO3MOXHOCTh MPUMEHEHHUS 30HAa JJI1 KaYECTBEHHOTO OMPEEICHHs] OpraHUuYeCKUX
COCIHCHUM.

[Tocne mpumeHeHus 30HAa Mpu MpodooTOope mieHkn 6eHsznna AM-92 ¢ BoaHOM
MOBEPXHOCTU MO pe3ylbTaTaM CIHEKTPaJbHOrO aHajau3a ObUIM TOJTY4YEeHbI
WJICHTUYHBIE  CIHEKTpajdbHBbIE XapaKTePUCTHKH, 4YTO W 0e3 NpUMEHEHHUs
npoO0OTOOpPHHUKA, YTO JOKA3bIBACT TMOJHBIA MEPEHOC OCHOBHBIX KOMIIOHEHTOB
OpPraHWYecKOM TIEHKU Ha MOBEPXHOCTh 30H/1A.

Taxxke ynanoch MOJAYyYUTh yIOBIETBOPUTEIbHBIE PE3YNIbTAThl KOJTMUYECTBEHHOTO
OTIpEJICJICHUs CIIOKHOM cMecH Ha mpumepe O6eH3uHa metonoM MK-crnekrpockonuu
nocje NPUMEHEHUs 30H/1a, SKCIIEpUMEHTaIbHasi KOHIEHTPAIUs pacTBopa OeH3MHA B
TeTpaxjopMmeTaHe coctaBuia 5.7 + 3 %, Torma Kak pacueTHOMY 3HAYEHHUIO
cootBetcTBYET 7.0 %.

[IpoBeneHHble HCCIEAOBAHUS MOJITBEPIMIM BO3MOXHOCTh HCIOJIb30BAHHS
30HAa i1 MpoO0OTOOpa IUIGHOK CMeceld OpPraHMYeCKHUX BEIIECTB C BOIHOM
MOBEPXHOCTHU ISl MOCJTEAYIONIEr0 KaueCTBEHHOTO M KOJIMYECTBEHHOTO aHallu3a,
CJIEIOBATENBHO, TaHHBINA CII0CO0 MPOO0OTOOPa MOKET MPUMEHSTHCS, B TOM YHUCIIE U
B MOJIEBBIX YCJIOBUAX, B MPOIECCE SKOJIOTMUECKOTO MOHHUTOPHUHTA IPUPOTHBIX BOJ,
HaTpuMep, TIPU OLIEHKE YPOBHSI UX 3arPS3HEHHOCTH HEPTHIO U HEPTETIPOTYKTaMH.

Jlumepamypa
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N3YYEHUE UBSMEHYUBOCTHU ®OPM TPAHCIIOPTA
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Mocrosckuti 2ocyoapcmeennwiii yrusepcumem umeru M.B. Jlomonocosa
Mockea, Poccus
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Ceroansi, mpyu HU3yYEeHUH XMMHUYECKOTO COCTaBa BOJHBIX OOBEKTOB, OCHOBHOE
BHUMaHUE YIENSIEeTCs] KOHIIGHTPAIMSIM MHKPOIJIEMEHTOB B BOJIHBIX PacTBOpaXx.
OnHako UX BBICOKOE COMIEPKAHWE XAPAKTEPHO W I B3BEIICHHBIX M BIEKOMBIX
HAHOCOB. OTH Tpu (HOPMBI  HAXOKICHUS  MHUKPOIIEMEHTOB  TOCTOSHHO
B3aUMOJICUCTBYIOT MEXKTY COOOM.

Lenr pmanHoi paboThl - u3ydeHHE (OPM HAXOKIAEHUS U TpaHCHopTa
MHUKPODJIEMEHTOB B BOAHBIX 00BEKTaX, a TAKXKE MPOIIECCOB U YCIOBUN UX MUTPAIITU
Mexay dSTumMua  ¢opMaMu. B 3agaum  BXOOMJIO HCCIIEJJOBaHHE IPOLIECCOB
MOCTYIUICHHSI MaTepuaia B PEKU PENpe3eHTaTUBHOTO OacceiiHa, BIUSHUS Ha HHUX
dbakTopoB (popMUpOBaHHUS CTOKA BOABI MU HAHOCOB, & TAKXKE€ MPOIECCOB MUTPAIUU
MHUKPODJIEMEHTOB B CHCTEME BOJa - B3BEIICHHBICE HAHOCHI - BIIEKOMBIE HAHOCHI.
OueHMBaINCh  KOHUEHTpPAllMU  MHUKPOAJIEMEHTOB B pa3HbIX  4acTAX
perpe3eHTaTUBHOTO OacceiiHa B pas3Hbie (pa3bl BOJHOTO PEKMMa M MX MOTOKH BO
Bcex popmax nepemMelieHus.

NudopmanioHHO#t OCHOBOM palOTHl TOCITYKHUIU PE3YJIbTaThl JKCIEAUIIAN
MI'VY B Gacceiin p. Cenenru B 2011-2013 rr. B xone skcnienuiinii ObUIH MOJTYYIEHBI
CBEJICHUSI O THAPOJIOTO - TUAPOXUMHUUECKUX XapakTepucTukax Boja p. Cenenra u eé
NPUTOKOB 3a pas3Hble a3kl BOJHOTO PEXHMa, YCIOBHO HA3BaHHBIX JIETHEH
MexkeHbto (utoHb 2012r.), neTHHMU MaBOAOYHBIN Tepuon (urojb-aBryct 2011r.),
CraJ| JIETHEro MaBoJo4YHOro nepuoa (ceHtsopp 2013r.). B xoae sxcnenunuii 6niia
otoOpana 481 mpobGa BOABI, BIEKOMBIX U B3BCIICHHBIX HAHOCOB, KOTOPHIE
aHAJIM3UPOBATIUCh METOJIOM MAacCC-CIIEKTPOMETPUM C HMOHU3ALMEH B HHAYKTUBHO
cBsi3anHoi aproHoBoi 1iazme (MCII-MC) u aTOMHO-DMUCCHOHHBIM METOJOM C
WOHU3AIMEN B WHIYKTUBHO CBsizaHHOU aproHoBoi miasme (MCII-AD). B pabote
paccMmaTpuBaiuch KoHleHTpanuu d1emerToB Be; B; V; Cr; Mn; Fe; Co; Ni; Cu; Zn;
As; Mo; Ag; Cd; Pb; Bi; Th; U; Zc; W; Al; Hg; Se, kotopsie npessimaroT [1]IKB B
pa3HBIX YacTsax OacceifHa.

XapaKkTepucTHKa THAPOJIOTUYECKUX YCIOBUH B pa3HbIe CE30HBI MPOBOAMIACH HA
OCHOBE OIIEHKM BOJIHOCTH peK B rmepuoa mnpoboordopa. Hcmonb3oBancs
ko3pdurmeHtT BoaHocTH QIi/Qcpl, XapakTepusyroIMii CTENeHb OTKIOHCHHUS
bakTHUeCKuX pacxoioB BoAbl Q B i-X cTBOpax HAONIOJEHUN OT CPEIHETOJIOBBIX
pacxonoB BoAael Qcp Ha JaHHOM YydYacTKe peKu. MakcumanbHas BOJHOCTH
CBOMCTBEHHA BEPXOBbSIM MPUTOKOB p. CeleHru B NEpHO]l Hauala JIETHUX MMaBOJIKOB
u OacceliHaM pek Xapa U XaH-TOJ B MEPUOJI OKOHYAHUS MABOJKOB, YTO CBSI3aHO C
CUWJIbHBIMU J0XISIMU B paCCMaTpUBAEMbIe ITEPUOIBI.
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OreHKka TEXHOTCHHOW TpaHCPOpMAIMK yCJIOBHM TpaHCIOpTa HAHOCOB
MPOBOJMIIACH HAa OCHOBE pacueTra II0 ypaBHEHHUIO pacxojma HaHocoB H.M.
MakxkaBeeBa. CMoJIeTUPOBAaHHBIE PACXOJbl B3BEIICHHBIX HAHOCOB JUIS (DOHOBBIX
CE30HHBIX YCIOBUU (DOPMUPOBAHHUS CTOKA HAHOCOB JJISI Ka)KIOTO CTBOpa MOJEIH
COOTHOCHJIUCh C M3MEPEHHBIMU (PAKTHUUYECKHMMHU PacXoJlaMH B3BEIICHHBIX HAaHOCOB,
YTO TMO3BONWIO paccuuTaTh kodpduuuent Rmoo/Repaxm, xapaxrepusyromuii
CTEIIeHb TEXHOT'CHHOM TpaHC(HOPMAIIMH CTOKA B3BEIICHHBIX HAHOCOB.

HaubGonee BBICOKHE 3HAYCHMUS, XapaKTepU3YIOIIHE nepen30bITOK
TPaHCIIOPTHPYEMOT'O MaTepuaja B MOTOKe, HAOJIOJalMCh B pailloHEe pa3paboToK
pocceimHOr0 30510Ta B OacceitHe p. Tyynm (Rmoo/Rgpaxkm = 150-206) B mepuon
MeXeHU. Breicokne kod(hduimeHThl OTMEuYeHbl B OacceiiHax pek Xapa
(Rmoo/Rppaxm = 50-130) u Bopoo (Rmoo/Rpaxm = 10-35), uTo Takke CBA3aHO C
TOPHOAOOBIBAIOIICH JEATCILHOCTHIO B ATHX OacceiiHax. HamMmeHbIMe 3HAYCHUS,
YKa3bpIBAIOIIMEC HAa  HEJOCTATOYHYIO  HACBHIMICHHOCTH  IIOTOKA  HAHOCAMH,
HaOMIOJAIOTCSI B BEPXOBbIX peK, B CKAIBHBIX pyclax HE HapyIICHHBIX
AHTPOIIOTEHHOM AesITenbHOCTRIO (R1oo/Rpaxm = 0,01-0,05).

CornacHo pe3yibTaTaM XHMHYECKOTO aHajgu3a Mmpo0, B COCTaBE BIECKOMBIX U
B3BCIICHHBIX HAHOCOB MCKJIIOYUTEIILHO BHICOKH KOHIIeHTpaluu Fe u Al. B cocrase
B3BECH NPEHMYIIECTBEHHO MUTPUPYIOT Takue AeMeHThl kKak Be, B, V, Cr, Mn, Co,
Ni, Zn, As, Cd, Pb, Bi, Th, U, Zr, Hg. Oau akTMBHO COpOHPYIOTCS TOHKHMU
B3BCIICHHBIMA 4YaCTUIIAMH M 00pasyloT OpraHOMHUHEpAIbHBIC KOMILICKCHIL.
Conepxanne W, Se, Mo, AQ Bblllle B COCTaBEe BIICKOMBIX HAHOCOB. B MOHTOJIbCKOM
yacTu OacceiiHa oTMedaeTcs yMeHbleHue coaepskanus Be, B, Co, Ni, Cu, Mn, Ag,
Pb, Th, U, As, Mo, Cd, Bi, W, Hg. /Inarna3on u3MeHeHus1 KOHIEHTpanui Fe Bo
B3BCILICHHBIX HAHOCAX B pa3HbIe (pa3pl BoJHOTO perkuMa coctaBmit 24584 Mkr/t; Al -
1498 mxr/r; Mn - 1734 mxr/t; Cu - 37,5 mxr/t; Mo - 1,7 mkr/t; Pb - 16,4 mxr/r; Th -
11,84 mxr/r; Hg - 0,125 Mkr/r. B pacTtBopéHHO# popMe OTMEUAINCh CIICTYIOIINE
muamna3onsl: Fe - 961,1 mxr/i; Al - mxr/m; Mn - 67,19 mkr/i; Cu - 4,39 mxr/it; Mo -
2,51 mkr/m; Pb - 1,53 mxr/m; Th - 4,29 mxr/m; Hg - 0,045 Mxr/i.

beimn  paccunTaHBl MMOTOKM MHKPOAIJIEMEHTOB B CHCTEME BOJIa - B3BECh -
BJICKOMBIC HAHOCHL. JUJII 9 pENpe3eHTATUBHBIX CTBOPOB. MHTCHCHBHBIC MOTOKH
MHKPOIJIEMEHTOB BO BCeX TPEX (hopMax TpaHCIOpPTa HAOIIOIATUCh B 3arpA3HEHHBIX
6acceiinax p. Tyyn (mo 217 r/c). [IoTOkM yBemTUYHMBAIOTCS OT CKalbHBIX PYCEN C
HEBBIPAXKCHHBIM CTOKOM HAHOCOB B BEPXOBBAX PEK, IIe Mpeo0JiagaeT IMepeHoC
MHUKPO3JIEMEHTOB B pacTBOpEéHHOM opme (80-90%), Kk yCThIO, TJIe BO3pacTaeT A0
MHUKPOJIEMEHTOB, IEPEHOCHMAsi B COCTaBE B3BEIICHHBIX HAaHOCOB (90-95%).

B pacnpeneneHun moiiei MUKpPORJIEMEHTOB 110 MHTEHCHBHOCTH MUTPAllMH B
pa3HBIX (opMax TpaHCIOpPTa B pa3Hbie (a3bl BOJAHOIO peXHMa HaOJOIaeTCs
3HAYUTENIbHAs HEOAHOPOAHOCTh. Tak, rpymma snemento Cu, Cd, Mo, Zn, B, Se, W
BO BCE paccMarpuBaeMbIe (pa3bl BOJHOTO PeKMMa MUTPHUPYET MPEUMYIIECTBEHHO B
pactBopéHHO (popme (75-80% oT o0OmEro mMOTOKa KaXXJIOTro DIIEMCHTA).
Mukpoanementet  Ag, Hg, Bi nmpencraBneHbl  cOpOMPOBAHHBIMH WM
TPYJHOPACTBOPUMBIMH arperatamu, MepeHOCHMBIMHM BO B3BecH. B 3Toil dopme ux
nonst cocrapisier 70-100% ot obmiero moroka. B mepuos maBogKOB HAYMHAIOT
YBEJIUYUBATBHCS TOTOKM B3BEIIEHHBIX YaCTUIl B pe3yJbTaTe BO3pacTaHUs
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TPAHCIIOPTHPYIOIMIECH CITOCOOHOCTH TOTOKA. JloJs ATHUX

50% (puc. 1).

MOTOKOB BO3pacTaeT Ha 40-

100%

80%

6l

40y

MEXEHD

100%

800

0%

40%

1B0Z0K

BBseech
" Pacteap

BBnzKombe

W 0%

0% 0%

Be B V' Crhinfe Coli CuZnAshloAg CdPb Bi U W Hg Se Be BV Criinfe Co i CulnAshoAg CdPb Bi U W Hg Se

Puc. 1. VI3MeHeHre TOTOKOB MUKPOAJIEMEHTOB B 3aBUCHMOCTH OT (ha3bl BOJAHOTO PEXKUMA
i p. Tyya (Boie r. Yian-batop)

YBenuuuBaeTcsi MOTOK MHUKPOIJIEMEHTOB B COCTaBE BJIEKOMBIX HaHOCOB. Mx
MOCTYIUICHHE CBSI3aHO C PYyCIOBOM 3po3ueil. Bo Biekomoit popme nabmromaercs
yBeandenue neperoca Be, Cr, Se, Ag (1m0 20-30 % ot obOmero moroka). OmxHako, B
OCHOBHOM OHO CBOWMCTBEHHO y4aCTKaM IT'OPHOPYIAHBIX MECTOPOXKICHU.

B kxauyecTBe CTAaTUCTHYECKH JOCTOBEPHOIO MHCTPYMEHTA BBISBICHHS Y4aCTKOB
PEK CO CXOJIHBIMHU YCJIOBUSAMH (OPMHUPOBAHUS XUMUYECKOTO COCTaBa BOJ WJIU
HAHOCOB OBLI MCIIOJIB30BaH KJIACTEPHBIM aHayim3. [ pa3HBIX y4acTKOB pPEK €ro
pe3yabTaThl OBUIM COMOCTaBICHBI cO 3HaueHHsIMH Rwmom/Rpakr u  Qi/Qcepi.
[Tony4yeHHble MpUMEPHI BBIICTIEHUSI TPYIIIIUPOBOK JIJIsi B3BECH I PA3HBIX CE30HOB
MOKA3BIBAIOT CHEIUPUICCKUE YCIOBHS (HOPMHUPOBAHUS XUMHUYECKOTO COCTaBa
B3BEIICHHBIX HAHOCOB TPU PA3HBIX THIPOJIOTUYECKUX YCIOBHUIX (pHC. 2).

B 2011r. pacmnpenenenue TO4YeKk oTOOpa TPOO B3BEIMICHHBIX HAHOCOB
MOKA3bIBAET 3HAYUTEILHOE OTJIMYNE KOHIICHTPAIIUA MUKPOIJIEMEHTOB B BEPXOBbBSIX
p. Tyyn (Beimie Ynan-baropa) u p. Epoo oT octanbHbIX. Boabl pek UMEIOT HU3KYIO
mytHOCTb (1-8 r/M°). Kooddpummert Ruod/Rpaxm pasen 0,9 u3-3a HELOCTATOYHOMN
MYTHOCTH BOJIbI, BCJICJICTBUE MPOTEKAHHS TO CKaJIbHBIM TPYIHOPA3MBIBAEMBIM
pyciam.

[To MHKpO3IEMEHTHOMY COCTaBy BOJ, OTOOpaHHBIX B wuroHe-utone 2012r.,
MOJKHO BBIJICTUTH JIB€ OOJIBIIUX TPYIIIBI: TOYKK TpobooToopa B3 - S1 u T7 - O1.
[MoppazneneHne wmaccuBa TOYEK HA OTH TPYNIBl  OOBSICHSIETCS BIHSHUEM
BBIMAIAONINX J0KICH [ IEPBOM TPYIIbI U OTCYTCTBUEM JIOXKIEH 11l BTOpoil. B
pe3ynbTare Ui MEepBOW TPYMIBI XapaKTepHBI OOJiee BBHICOKHUE PACXOJbI BOABI U
kodppunuentel Qi/Qcp M COOTBETCTBEHHO Oo0Jiee BBICOKHE KOHIIEHTPAI[UU
B3BCIICHHBIX YACTHII, YTO OIpEaessieT OOJbIIee CONEpKaHUE MHKPOAJIEMEHTOB.
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Touka T7 orauuaercss cambiM HH3KUM TokazateneM Qi/Qcp (0,07) uro mo3BossieT
BBIJICJINTH €€ B OTJIEJbHBIN KIIacTep.
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Puc. 2. JlengporpaMMbl KJIACTEPHOTO aHaJIM3a TOUEK 0TOOPA MPOO B3BEIICHHBIX HAHOCOB B
2011- 2013rr. (Pexu: T - Tyym; B - Bopoo; HR - Xapa; Er - Epoo; O - Opxos; S -
Cenenra; H - Xan-rom, Sh - [llapeis-romn)

K rpynnupoBkaM C BBICOKOM CTEINEHBIO AHTPOIIOIE€HHOM HAPYLIEHHOCTH
oTHocutcs Touka B3 B Oacceitne p. bopoo. BiusiHue MectoposxieHuit mposBisieTcs
B MIOCTYIUIEHUH OO0JIBIIOTO KosnyecTBa B3BecH (Ruood/Rpaxkm paBHo 4).

Jns 2013r. 3HauMTENbHBIE OTIMYMS XapaKTEPHBI JJII BEPXHETO TEUYEHUS P.
Tyyn, rie cHoBa HaOJIIOAAIOTCS JOCTATOYHO HU3KHE MOKA3aTeld MYTHOCTH BOJIbI
OpU JOCTATOYHO BBICOKMX KOHLEHTPALMsIX MHUKPOIJIEMEHTOB U3-32 HH3KUX
pacxosoB BoJbl. Beiienstorest Touku oToopa mpob Huxe T. Ynan-barop Ha p Tyymn,
IIOCKOJIbKY Ha HUX CKa3bIBACTCs BIMSIHUE OUYHUCTHBIX COOPYKEHHUM YI1aH-bartopa.

MEJKOMACIHITABHASI OLUEHKA 3AIIUIEHHOCTHU NOJA3EMHBIX
BOJ OT 3ATPA3HEHUSA HECOPBUPYEMbBIMU BEIHLIECTBAMHU HA
POCCHUHUCKOM TEPPUTOPUU BACCEMHA PEKHU 3AITAJTHASI IBUHA
Pynenko E.J., Beroycosa A.Il.

@I'FYH Hncmumym 6o0omuwix npobrem Poccutickou akademuu nayx
Mocxkea, Poccus
helenalenaru@gmail.com

ITo mepe pocta o0miero o0bEMa 3arpsA3HAIONIMX BEIIECTB, MOCTYMAOIIUX B
OKPYXKAIOIIYI0 CpeAy, pojib MOA3EMHBIX BOJ|, BKJIIOYasi TPYHTOBbIE, KAK OCHOBHBIX
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KU3HEOOECTIEUNBAIOIINX CUCTEM PETHOHOB IOCTENEHHO OyIeT BO3pacTaTh.
[logzemMHble BOJBI MMEIOT TEHACHUMIO K 3arpsA3HEHUI0 M HUCTOLICHUIO, O YeM
CBUJCTEIBCTBYIOT JAHHBIC MOHHUTOPHUHTA I1B OI'VITI
«UAPOCIIELI'EOJIOI'MS». B  cBiA3W ¢ 3TUM, AaKTyaJbHOH  SIBIISIETCS
pervoHanbHas MeJKoMacIiiTaOHas OILEHKA 3allUIIEHHOCTH IMOA3EMHBIX BOJ OT
3arpsisHeHus. OreHka 3amuiieHHocTd noa3eMubix Boj (IIB) ot 3arpsisHenus
ABJISIETCS. HEOOXOAMMBIM 3TallOM MPOTHO3a BOJI00OECTICUEHHOCTH PErHOHOB, T.K.
OHa XapaKTepu3yeT OMAaCHOCTh 3arps3HeHus [IB B yclnoBUSAX aHTPONOTEHHBIX
Harpy30K Ha BOJIOHOCHBIE TOPU30HTHI. {151 TEppUTOPUM pa3HBIX PETMOHOB CTPAHBI
(Cmonenckas, TBepckas u IlckoBckas o0nacTu) OHa MPOBOAMWIACH B MacuiTade
1:1500000, BxirOYas OIEHKY MPHUPOAHOTO TIOTCHIIMANIA 3aIlllMTHOM 30HBI U
3amuieHHocTy [IB oT 3arpsi3HeHus HEUTPaJbHBIMU 3arPA3HAIOIIMMU BEIIECTBAMU.
OCHOBHBIE METOJIMYECKHE TTOJIOKEHHUS, KOTOPHIE CIEyeT YUUTHIBATh MIPH OIICHKE U
KapTUPOBAHUU 3alMIICHHOCTH TPYHTOBBIX BOJA OT 3arpsA3HEHUs Pa3IUYHOTO
macitaba, mpexacrasicHbl B [1-5]. MenkomacimitabHas olieHka Oasupyercss Ha
KaueCTBEHHBIX IOJX0JIaX, HO B PsJ€ CIIy4aeB IMPUMEHSIOTCS MNPOCTHIE PACUETHI
WHTCHCUBHOCTH MUTpAllMd HEUTPAIbHBIX  3arps3HSIONIMX  BEIIECTB  Yepe3
3alIUTHYIO 30HY, a TaKX€ SKCIEPUMEHTAIbHbIE JaHHBIE O CKOPOCTH MHUTPALUU
3arpsA3HSAOIINX BEIIECTB MPU OLEHKE 3alUIIEHHOCTH MOA3EMHBIX BOJ.

CxeMaTuyeckasi KapTa 3allMTHOW 30HBI TOJYyYaeTCs] IMYTEM HAJOKECHUS
MOYBEHHON KapThl, OTOOpa)arolield CTPOCHHE MEPBOTO YPOBHS 3AIUTHOW 30HBI
[4-5] (32 ocHOBY OBUIM TPHHSATHI TOCYJApCTBEHHBIC IMOYBEHHBIC KapThl [/]) H
KapThl, XapaKTepU3YIOIIME CTPOCHHE BTOPOTO YPOBHS 3aIIMTHOM 30HBI (ITyOWH
3aJIeTaHUsT W HWHXXEHEPHO-T€OJOTUYECKOTO CTPOCHHS 30HBI aspanuu). s
MOCTPOCHMSI KapThl TIyOWHBI 3ajeranus TpyHTOBbIX Bon (I'B) mcmonb3oBamuchk
W3/IaHHbIE TUporeosorundeckue kaptol [8]. st XapakKTepUCTUKUA BTOPOIrO YPOBHS
3aIMTHOW 30HBI UCIOJIb30BAIMCH U3JaHHBIE KapThl YETBEPTUYHBIX OTJIOKEHUHU [9],
Ha KOTOPBIX OBLIM OOOOIIEHBI CBEICHHUS O JUTOJIOTHU, BOJHO-(DU3UYECKUX H
buIbTPAIMOHHBIX CBOMCTBAX MOPOJ 30HBI a’pallii MO BCEM TE€HEPaIU30BAHHBIM
JUTOJIOTO-TEHETUYECKUM KOMILIekcaM. Ha kapTe BBIJENSIOTCS TUIOBBIE YYacCTKH,
XapaKTEePU3YIOIIHECs OMPEACIICHHBIM CTPOEHHUEM TEPBOTO U BTOPOTO YpPOBHEH
3aIIUTHOW 30HBI, U TIIyOuHOU 3aneranus ['B. 3arem ObLIM OmpeneneHbl KaTeropuu
JUTSL XapaKTePUCTUKH MTPUPOAHOTO MOTEHIIMANA 3AIIUTHON 30HBI U €€ CIIOCOOHOCTH
3ammTUTh ['B 0T 3arps3HeHus 1000ro Tuma (pagfuoHyKIUAO0B, TSHXKEIBIX METAJIOB,
HUTPATOB W JIp.). 3amuieHHbix [1B B mpupoae B Hacrosiee Bpemsi MPaKTHYECKU
HET, O 4YeM CBHUJCTEIIbCTBYET HAJU4YME HUTPATHOTO 3arpsi3HCHHUS B TITYOOKHUX
BOJIOHOCHBIX TOPU30HTAaX, a TAK)XE CYIIECTBOBAHUE «OBICTPBIX» MyTEH MHUTpaIiu
€CTECTBEHHOT'0 M TEXHOTCHHOTO MTPOUCXOXKACHUS.

BoisieneHbl TUIIBI TOYB € YYETOM JIMTOJIOTUYECKOTO CTPOCHHS, KOTOPBIM ObLIU
MPUCBOEH Bec OT 1 10 9 mo creneHu HapacTaHUsl COACPKaHUSI TyMyca U yIIyUIICHUS
COpOIIMOHHBIX CBOMCTB MOYB. [ eHeTHUYECKHE TUIIBI TOPOJ] TeHEPATU3UPOBAHBI B /1B
TUMA 1O JUTOJIOTHYECKOMY CTPOCHHIO, C O0O0O3HAYEHHWEM Beca II0 CTENeHU
yXyAIIeHUs GUITBTPAIIMOHHBIX U COPOIIMOHHBIX CBOMCTB MOPOI.

Boigenienbl mHTEpBaNbl IIyOMH, KOTOPHIM OBLI MPHCBOECH CBOMl BeCc MO Mepe
yBenudenus riryounsl (puc. 1): 0 — 1M (1); 0—-3 M (2); 3 -5m (3); 5- 10 m (4); 10
— 20 M (5). g KaxXJ10ro THUIOBOI'O y4acTKa paccuuThIBasica cymMMapHblid Bec. [1o
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CYMMAapHBIM BECOBBIM MOKA3aTeJIIM YCTAHOBJICH 3aIlIMTHBIN MOTEHIMAJ 3alUTHOU
30HBI: 3 — 7 — cnmalwlii 3amUTHBIA ToTeHIMan;, 8§ — 12 — cpegHuil 3amMTHBIN
noreHnuan; 13 — 16 — BeICOKMIA (CWIBHBIN) 3aIUTHBIN moTeHmuar, 13 — 16 —
HEOJIHO3HAYHBINA 3alUTHBIM MOTEHIMAI OT cIab0ro 0 BBICOKOTO Jisi TOP(SHBIX
nouB. Brwijenenne 3TON KaTeropuu CBSI3aHO C HEOJHO3HAYHBIMU COPOIMOHHBIMU
cBoiicTBaMu TOppsHUKOB. Ilo maHHBIM OIHMX HccheAoBarenedl OHM 00JanaroT
HAauMEHBUIEH, a M0 JaHHBIM JPYrUX - HauOoJbLIEH COPOLMOHHOW CIOCOOHOCTBHIO
M0 OTHOIIEHUIO K Pa3IMYHBIM 3arpsI3HSIOIIUM BEIIECTBAM.

[Io BBIOENEHHBIM  KaTEropusiM  3alIUTHOTO  IMOTEHIMalla  MOCTPOCHA
CXeMaTUYecKasl KapTa 3alllUTHOW 30HBI Ha POCCUICKON TeppuTOpun OacceiiHa peku
3amagnas JlBuama B wmacmrabe 1: 1 500000. Ha Hambonbineli dYacTu
KapTorpagupyeMoil TEppUTOPHH 3alllUTHAas 30HA XapaKTepU3yeTcs CpeIHUM
3allIUTHBIM MOTEHIIMAJIOM, B JOJIMHAX PEK WU MPUJIETAIONUM K HUM TEPPUTOPHUSIM
3alIUTHBIA TOTEHIMAN YXYAIIAeTcs A0 ci1aboro, a TEPPUTOPUU C BBICOKUM H
HEOJIHO3HAYHBIM 3alUTHBIM MOTEHIINAIIOM UMEIOT OTpaHUYEHHOE
pacnpocTtpanenue. Kapra 3amuTHoO# 30HBI sSBIsieTCS 0a30BO I MOCTPOCHUS KapT
3aIIMIIEHHOCTH U YA3BUMOCTHU ['B K 1I0OBIM 3arps3HSIOIINM BEIIIECTBAM.

CxeMaTuyeckasi KapTa 3allMIIEHHOCTH TPYHTOBBIX BOJ OT 3arpsi3HeHHs
HEHTPaJbLHBIMH 3arps3HAIONIUMU BemlecTBaAMH. J[J1 OIIGHKH BO3MOXHOTO
MaKCUMAaJbHOTO 3arps3HEHUs] TPYHTOBBIX BOJI HEUTPATbHBIMU 3arps3HAIONIIMU
BenecTBamu (3B), KOTopbie HE COPOUPYIOTCS MOYBAMH M TIOPOJaMU 30HBI adpallvu,
CJIelyeT BOCIOJB30BaThCA CaMOW MPOCTOM MoOeNbio mepeHoca 3B — mopenbro
MOPITHEBOTO  BBITECHEHHUS, KOTJla  WHTEHCUBHOCTH  JIBIDKEHUS  (DpoHTa
UHPUIBTpYIOIIEHCS BIaru yepe3 3allUTHYI0 30HY COBIAJIa€T ¢ MHTEHCUBHOCTHIO
murpanuu 3B. 3amunienHocts ['B oT 06010 3arps3HsIONIero BEmeCcTBa 3aBUCHT
OT BpPEMEHHU JOCTHXKEHUS (POHTOM 3arpsi3HEHHBIX WHOUIBTPAIMOHHBIX BOJ
BOJIOHOCHOTO ropu3oHTa (i,). BpeMs mnpoxoaeHHs pacTBOPEHHBIM B BOJE
HEeCOpOUPYEMBIM BEIIECTBOM TOJIIM MOYB M MOPOJ 30HBI a’pallid MOIIHOCThIO M

BBIYMCIISUIA C UCTIOJIb30BAaHUEM MOJIEIIM TOPITHEBOTO BHITECHEHUS [3]:

t, = Moo (1)

v
r7ie U, M/CYT — CKOPOCTb MTPOCAYMBaHUsI HHOUIBTPAIIMOHHOTO MOTOKA [6]:

U=%3,/W2k¢ , )

€ — ecTecTBEHHAs BIAYKHOCTh MOPO/T (B AOJSAX €IUHUIIBI),
En —0THAS BIArOEMKOCTH MOPO/T (B TOJISIX €TUHUIIBI);
W — uHQuIbTpallnioOHHOE MUTAaHUE, M/CYT;

K 4 — ko3 duirenT GuapTpanum, M/CyT.

Kapra 3amumennoctu I1B or 3arps3HeHus (puc.) cTpowsiack IyTEM pacyeTa
BpeMenu (1,) /U1 KaXJ0ro THUIOBOTO y4acTKa, BBIICICHHOTO Ha KapTe 3aIllUTHON
30HbI. K HEHTpalIbHbIM 3arpsi3HAIOIIUM BEIIECTBAM MOTYT ObITh YCIIOBHO OTHECEHBI
MaKpOKOMIIOHEHTBI, HUTPAThl U He()TEPOTYKTHI.
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CXEMATUYECKASA KAPTA 3ALUULLEHHOCTMU
NOA3EMHbIX BOA OT 3ArPA3HEHUA
HEUTPAJIbHbIMW 3ATPA3HAIOLLIUMU

BEWECTBAMU HA POCCUNCKOWU TEPPUTOPUU
BACCEWHA P. SANAOHAA OBUHA
MacwTab 1:1 500 000

o
is
2 YcnoBHble 0603Ha4YeHus

CTeﬂeHb 3aWMIWEHHOCTU NOA3EMHbIX BOA

- (1-120) - He3awWMWEHHbIE
|:| (120-240) - cnabosalmLéHHble
o Topoa

Puc. Cxemarnueckas KapTa 3allAIEHHOCTH TIOJJ3MHBIX BOJI OT 3arpsi3HEHUS
HEHUTPaTbHBIMU 3arPSI3HSAIONIMMHI BEIIECTBAMU HA POCCHIICKOM TeppuTOpuu Oacceiina
p. 3amannas /[Buna

[To uatepBanam BpeMenu (t,) ycTaHaBIMBAIUCh KaTErOpHH 3aliuiiecHHOCTH [1B
OT 3arpsi3HeHUs HEUTPaIbHBIMU 3arps3HAIOIIMMU BellecTBaMu (puc.):

1 - 120 cyT. — He3alUIIEHHbIE TI0/I3EMHBIE BObI;

120 — 240 cyrt. — cnabo 3amuIleHHbIE;

240 — 360 cyT. — cpeaHe 3alUIICHHBIE;

6o1ee 360 cyT. — YCIOBHO 3allUIIICHHBIC.
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Boi6oowi

YcnoBus 3amuiieHHOCTH [1B oT 3arps3HeHns HEHTpaTbHBIMH 3aTrPA3HSIOIIMMHI
BEIECTBAMU Ha U3y4aeMoun TEPPUTOPUA ClemyeT OTHECTH K
HEY/I0BJICTBOPUTEIBHBIM.

[ToTennnan 3amuMTHONW 30HBI HAa H3y4YaeMOW TEPPUTOPUHU SBIAETCS SIBHO
HEJOCTATOYHBIM, YTOOBI MPEISITCTBOBATh NMPOHUKHOBEHHUIO JTHUX BEIIECTB 4epe3
3alIUTHYIO 30HY B I1B.

Crenens 3ammuineHHOcTH [IB OT 3arps3HeHHs TOKCHYHBIMH 3arps3HSIOIIMMU
BEIIIECTBAMHU MOKET OBITH OIICHEHA JIPYTMMH METOJaMU IIPU MCCIEIOBAHMUAX OoJiee
KkpynHoro Macurta6a (1:100000, 1:200000).
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OCOBEHHOCTU ®OPMUPOBAHUSA ITOJA3EMHBIX BOJ HA
TEPPUTOPUU PSA3AHCKOM OBJIACTH
Msrkosa K.I'.
T'ocyoapcmeennoe 6100xcemnoe 0opazosamenbHoe yupeldcoeHue blCuLle2o
obpaszosanus Mockoseckoti oonacmu « Ynueepcumem «/{yonay,
2. /Iyoua, Poccus
Kristina3286@yandex.ru

Ponp moazemMHBIX BOA B HOPMaIbHOM (PYHKIMOHUPOBAHUU XO3SIHCTBEHHOTO
KoMIUIekca Ps3zaHckoi obnactu (puc. 1) upe3BbiuaitHo Benuka. [Ipaktuuecku Bce
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ropojia, KpynHble 1 MeJIKUe HacelleHHbIe MyHKThl 00eCIeYMBAIOTCS BOIOM 3a CUET
MOA3EMHBIX BOJOHOCHBIX TOpPU30HTOB. MckinroueHue cocrtaBisier r. Ps3asb,
obecnieuenne kotoporo Bojaod Ha 80% OCHOBaAaHO Ha MOBEPXHOCTHOM CTOKE .
Oxu. Ps3anckast o01acTh - 0JfHa U3 cambIX 00ECIIEYEHHBIX BOJHBIMU PECYpCaMH.
['unporpaduueckas cetb o0nmacTH mnpezactaBieHa OacceiiHamu pexk Oka u J{oH.
Teppuropus pacnosnoxxeHa B mpezesiax IByX CTPYKTYp MEPBOTO MOPSIKA: HA FOTO-
BOCTOYHOM KpblJIe MOCKOBCKON CHHEKJIM3bI U B CeBEpO-3amagHoi yactu PszaHo-
CaparoBckoro nporuba [1].

B rumgporeonornyeckoM OTHOILIEHUM TEPPUTOpUS OOJACTH HAXOAUTCS B
OCHOBHOM B Tipeziesiax MOCKOBCKOr0o apTe3MaHCKOro 0acceiiHa, 0XBaThIBAOILETO €€
3amajHyi0 ¥ IeHTpajbHyl0 YacTu. HeGomnplme 4acTu TEPpUTOPUU K BOCTOKY OT
Okcko-l1{nuHckoro Bana oTHocsTcs K Bonro-Kamckomy m Cypcko-Xomnepckomy
apTe3uanckuM Oaccetinam. OCHOBHBIMU BOJOHOCHBIMU TOPU30HTAMHU, CIIYKAITUMU
JUISL LeTied XO3SMCTBEHHO-TIUTHEBOTO BOJOCHAOXKEHHS, SBISIIOTCS KaCHUMOBCKUM
(Csksm), momonbcko-mstukoBekuii (Copd-mc), kamupcekwii (CoKs), OKCKO-TapycCKuid
(C,0k-tr), 3aBoimkckmii (Dszv) [6].

OcCHOBHBIE TUJIPOTEOJIOTUUECKUE 3aKOHOMEPHOCTH TEPPUTOPUH OMIPEHCIISIIOTCS:
PACIIOJIOKEHNUEM €€ B 30HE COWICHEHUS! TPEX KPYIHBIX TEKTOHUYECKUX CTPYKTYp:
MockoBckon cuHEKIM3bl, Bosro-Ypansckon u BopoHexckoi aHTeknu3. B
OCHOBHOM, BCE€ MECTOPOXXJICHHS TOJ3EMHBIX BOJ C YTBEPXKICHHBIMH 3aracaMu
COCpEeIOTOYEHBl B Ps3aHM W B aJMUHHCTPAaTHBHBIX palOHaxX B 3aIlaJHOMN
(MpOMBIIUIEHHON) YacTu oOsactu. XO3SHUCTBEHHO-NIUTHEBOE BOJOCHAOXKEHUE
HaceJIeHusT 00JIacTH, 3a WCKIIOYCHHEM Ps3aHM, OCYIIECTBISETCS IMOJHOCTHIO 3a
CYET MOJI3EMHBIX BO/I.

Haunbonpmmii mHTEpEC I Ielei XO3SHCTBEHHO-IUTHEBOTO BOJOCHAOKCHUS
NPE/ICTABIISAIOT COBPEMEHHBIC M IPEBHHE aJLTIOBHAIbHBIC oTiiokeHus (a [V, a 1I-111),
IIMPOKO pacnpocTpaHeHHble B jaoiauHax pek Oxu, Mocksbl, Kusaszemsl, IIpsl,
Cynoras! u ap. B roro-3anagnoit vactu Meniepckoit HU3MHBI 10 J1eBOOepexkbio Ok
MIMpYHA TIEPBOM UM BTOPOW HAJANMOWMEHHBIX Teppac gocturaet 25 - 30 kM. OGmas
MOIITHOCTh 3THUX OTJIOKEHHH cocTaBisier 6 — 10 M 1o JoiamHaMm pek, Mo JA0JIMHAM
Oxu u Kmsazembl — g0 20 u Oonee M. OcCHOBHass NpUYMHA MOTEPb BOJIBI
X0351CTBEHHO-IUTHEBOIO HA3HAUEHHUsI MPU TPAHCIOPTUPOBKE Ha MPEANPUATUAX
KUJTUITHO-KOMMYHAJIBHOTO XO35IMCTBA - M3HOIIEHHOCTh BOJONPOBOJHBIX CETEU U
obopynoBanus. KadecTBo apTe3maHCKOW BOABI MO XUMHYECKHM TIOKA3aTelsM B
MOJA3EMHBIX HMCTOYHUKAX HE COOTBETCTBYET CTAaHIAPTy IO COJIEPKAHUIO >Keme3a,
dbTOopa M YACTUYHO COJIEH KECTKOCTH, YTO OOYCIOBJICHO MPHUPOJHBIM COCTABOM
BOJIbI (puC. 2).
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Puc. 1. Pacnionoxenue myHKTOB HaOIIOCHU 3a MOA3EMHOM ruapocdepoil Ha
Tepputopun Psizanckoii o0mactu

Xumuyeckuii coctaB moazeMHbIX Boja Ps3anckoii o6aactu. OcobeHHOCTH
Te0JIOTO-CTPYKTYPHBIX, THAPOTEOJIOTHYECKUX W (PU3UKO-TeorpaduuecKux yCIOBUI
OMPENENAI0T TUAPOXUMUUYECKUN PEeXUM TOA3eMHBIX BOj obOmactu. [lo maHHBIM
rOCYapCTBEHHOTO ydeTa BOJ, B 00JacTu HKcIulyatupyerca Oonee 3,5 ThIC.
B0/103a00pHBIX CKBakMH. KadecTBO MOA3eMHBIX BOJ, B OCHOBHOM COOTBETCTBYET
I'OCT 2874-82 «Boma mnutheBas», OJHAKO B psjJ€ BOJ03a00POB BBISIBICHO
NPEBBILIEHUE HOPM MPENIEIbHO-JOMYCTUMBIX KOHUEHTPALMNA MO Xeye3y o0liemy,
Mar"uio, Maprasily u HuHKy [6].

[logzemHble BOABI MEPBBIX OT TOBEPXHOCTH BOJOHOCHBIX TOPHU30HTOB
XapaKTEpU3YIOTCs IOBBILEHHBIM cojepxkanueM oOmero xenesa. ITIIK,,s = 0,1
mr/n [3]. Conepxanue xenesa koneodnercs B npenenax 0,05-4,5 mr/n. Uckmtouenue
coctaBisiioT 1982 u 1990 rr., korna Obt0 OOHaApYkeHO 8,6 MI/II, YTO BO3MOXKHO
CUMTATh CIIy4YailHbIM SIBIGHUEM B CBSI3M C 3aJMOBBIMU COpOCAaMHU CTOYHBIX BOJI.
Taxxke k Hauboyiee pacHpOCTPAHEHHBIM 3arps3HAIONIMM  BEIIECTBaM,
KOHLIEHTpauuu KoTtopbix mnpeselmanu  [IJIK, ortHOcATCS — a3zorcopeprkainue
coeauHeHus (puc. 3).

A3oTocoaepkaime BemecTBa (HUTPATHI NO*, HUTPUTHI NO? u aMMOHHitHBIC
comn NH4") moutu Bcerma MpUCYTCTBYIOT BO BCEX BOJAX, BKIIFOYAs TOJ3EMHEIE
(puc. 3-5), ¥ CBHUICTEILCTBYIOT O HAJIWYMK B BOJIC OPraHUYECKOrO BEIIECTBA
KUBOTHOI'O MPOUCXOXJeHus. PaccMaTpuBaemasi Tpynma HOHOB HaXOAMWTCS B
TecHOM B3auMOCBs3U [4]. Tak, 3HaUeHHS] aMMOHUMHOIO a30Ta B MOJI3€MHBIX BOJaX
koJsiebanuck ot 0,05 1o 0,6 Mr/i.
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Puc. 5. KoHnenrpanus HUTpUT-HOHA B TOA3EMHBIX BoJax Psizanckoii o0macti

Konnentpanust HUTpaT-uoHa B TMOJ3E€MHBIX Bojaax Ps3aHckoit obOiiactu He
MPEBBIIAJIA MPEACIbHO JONYCTUMBIX KOHLUEHTpaluu. Jnama3oH W3MEHEHUH
coctaBui 0,2 — 5,9 mr/n. Xnopuasl NPUCYTCTBYIOT IMPAKTUYECKH BO BCEX BOJAX.
[TJK xmopunoB B Boge nutheBoro kauectsa — 300 - 350 mr/xn [2]. U3 rpaduka (puc.
6) ciaenyer, uto npesbimenuit [1JIK ve BosBieHo. Cynbdater (puc. 7) monagamT B
M0JI3EMHBIC BOJIBI B OCHOBHOM TP PACTBOPEHUU THUIICA, HAXOISAIIETOCS B IIACTaX.
ITJIK cynsdaToB B Boge nmuTheBoro kadectsa - 500 mr/m [3].
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Puc. 6. Konuenrpaius Xja0pua0B B OJI3eMHbBIX BoAax Ps3aHckoil obnactu

B ocHOBHOM, 3arpsi3HeHUE OA3EMHBIX BOJ CKOHIEHTPUPOBAHO B EHTPAIbHBIX
U 3alaJiHbIX paiioHax o0jacTH. ['TTaBHBIM HMCTOYHHUKOM 3arpsi3HEHUS TOJ3EMHBIX
BO/I SIBJISIETCSI IPOMBIIIEHHBIN, CEIbCKOXO3MCTBEHHBI 1 KOMMYHAJIbHBIA CEKTOD
XO03SI1ICTBa, U3y4a€MOTr0 PErroHa.
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Puc. 7. Konnenrpanus cynb}aToB B M0oJI3eMHBIX BOAax Ps3aHcKol oOmacTu

Oco0eHHOCTH  pe:XUMa  MNOA3eMHBLIX  Boa  Ps3anHckoid  obGiaacTm.
Meteoponoruueckue Qaktopbl (Ocagkd, HWCIApeHHe, TeMmIeparypa BO3AyXa,
aTMoc(epHOe JaBiIeHHWEe) — SBISIOTCS OCHOBHBIMU B (DOPMUPOBAHUU pEXKHUMA
MOA3eMHBIX BOJ. OHU BBI3BIBAIOT CE30HHBIC U T'OJIOBBIE (MHOTOJIETHHUE) KOJICOAHUS
YPOBHS, a TAaKK€ M3MEHEHHs] TeMIlepaTypbl U pacxoja IpyHTOBBIX BoJ. IluTanue
BOJIOHOCHBIX TOPU30HTOB MPOMCXOAUT 32 CUET HHQPUIBTPALUU aTMOC(HEPHBIX
0CaJIKOB, BCIIEACTBHE Yero, KojebaHHe ypOBHEH MOA3EMHBIX BOJ HOCUT CE30HHBIN
xapaktep [5]. B OCHOBHOM, CKBaXHMHBI C POCTOM YpPOBHS T'PYHTOBBIX BOJ
pacnoyioKeHbl BOJM3M MEJKUX BOJHBIX OOBEKTOB MO YJAJIEHUI0 OT OCHOBHOTO
BopoToKa pP. Oxu. CKBaXuHBl C T[OHMKEHUEM YPOBHS TIPYHTOBBIX BOJ
PacHoJiOKEeHbl HEMOCPEJACTBEHHO BOJM3M KPYIHBIX BOJOEMOB M peK, JUOO Ha
HE3HAYUTEIbHOM yJaJ€HUU OT HUX. BoOJOHOCHBIE TOPHU3OHTHI SBISAIOTCS
UCTOYHUKOM LIEHTPAJIM30BAHHOTO BOJOCHAOXKEHMS HACEICHUS W TPEANPHUITHH.
HapymeHnHocTh pekrMa MOA3€MHBIX BOJI YETBEPTHUYHBIX OTJIOKEHUN ONpeneseTcs
UCKJIIOYUTENBHO PEXUMOM BOJ0OTOOpa. MHTeHCHBHas »SKCIUTyaTanus OKaszaia
3HAUUTENbHOE BIUSHUE Ha MPOLECCHl BOAOOOMEHA TAaHHOTO PETHOHA.

[IpakTudeckuit wHTEpeC i Iielied BOJOCHAOKEHUS HMMEIOT BOIOHOCHBIC
TOPU30HTHI M KOMIUIEKCHl 30HBI AKTHBHOI'O BOJOOOMEHa, NpPUYpPOUYEHHBIE K
YETBEPTUYHBIM,  ME30-KalHO30MCKHM,  KaMEHHOYTOJbHbIM W  JCBOHCKUM
otnoxxeHusaM. [log3zeMHble BOJIbI UETBEPTUUHBIX OTJIOKEHUH (pUC. 8) MPEACTaBIAIOT
c000#i CIIOKHO OCTPOSHHBIN KOMIUIEKC OOBOJHEHHBIX OOJOTHBIX, AJTTIOBUAIBHBIX,
JICTHUKOBBIX W  BOJHO-JICAHUKOBBIX OOpa30BaHUN, TMPAKTUYECKU CILIOIIHBIM
YEXJIOM  TMEPEKPBIBAIOIIMX  ME3030MCKME M MAaJCO30MCKHE  OTJIOKEHHS.
UerBepTUYHBIE BOJOHOCHBIE TOPU30HTHI OTJIMYAKOTCA MO JINTOJIOTMYECKOMY
COCTaBy BOJOBMEHIAIOMIMX TMOPOJ, BOJAOOOMIBHOCTH M  MOJBEPNKEHHOCTU
TEXHOT€HHOMY 3arps3HeHuto. OHM HaxoJsATCs B 30HE aKTHMBHOTO BOJOOOMEHa,
OCHOBHBIM UCTOYHUKOM MHUTAHUS ITHX BOJ SIBJISIFOTCS aTMOC(epHBIE OCAIKH.
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Puc. 8. 3menenne YPOBHS I'PYHTOBBIX BOJ B UCTBCPTUUYHBIX OTIIOKCHUAX

KOpcko-menoBo#t BOJOHOCHBIN KOMIUIEKC (puc. 9) SKCIUTyaTUpPyeTCs 3a4acTylo
COBMECTHO C UETBEPTHUYHBIMU OTJIOXKEHUSMU. BojoBMemaomme moposl
MIPEJICTABICHBI MEPEMEKAIOIIMMHE, HEBBIICPKAHHBIMHA I10 TPOCTHUPAHUIO, CIIOSMH
KBapIIEBO-TJIAYKOHUTOBBIX TECKOB M TJWH, C TPOCIOSIMHU TJIMH, aJeBPUTOB,
AJIEBPOJIUTOB W TECYAHUKOB. MOIIHOCTH OOBOJHEHHOW TOJIIU KOJeOIeTcs OT
nepBeix MetpoB A0 50-100m. FOpcko-MenoBble BOJOHOCHBIE KOMILICKCHI
OTHEJSAIOTCS OT HIDKENIEKAIIUX  BBIJICPKAHHBIM 110  MOIIHOCTH  KEJIJIOBCH-
kuMMmepupkckuM  (J2k-km) Bomoymopom. Boabl mpecHble, TuapokapOOHATHEHIE,
KaJIbIIMEBBIC WIIM KaJbIIMEBO-MarHUeBble, ¢ MuHepanusamnuei 0,2-0,7 r/n. s Box
KOMILJIEKCa XapaKTEpHO MOBHIIIIEHHOE coqiepxkanue Maprania (1-3 I1J1K) u xenesa.

3.9 4
3.7 1 * L 2
L 2
3.5 4
0 __._._-—-—-—-"""'_'_H_._._'
33 - [ W
I
L —T e
3.1 - — |
*
29 - * . .
a7
2.5
s} o - 0 (=} (= — (o ag} =t W
= = = [e=) [e=) — — — — — —_
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=]
o1 o1 (| (| (| [} [} [} [} [} [}

Puc. 9. U3mecHeHNE YPOBHA I'PYHTOBLIX BOJ B FOPCKUX OTIIOKCHUAX

[Ton3emHbIe BOJBI KaMEHHOYTOJIbHBIX OTIOKeHUU (puc. 10) pacnpocTpaHeHbI
IIOYTU IOBCEMECTHO HA OIMCHIBAEMOW TEPPUTOPHUM M OTCYTCTBYIOT TOJBKO B
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oceBoil 4Wact Boponexckoit anTexnu3el (OpioBckas obOmacts). B mpemenmax
MockoBckoro Ab k HUM MPUYPOUYCHBI OCHOBHBIE IKCILUTYaTAIIHOHHBIC BOJIOHOCHBIE
TOPU3OHTBI M KOMIUIEKCHI: TKelnbcko-accenbckuit  (Czg-Pla), kacumoBckumii
(Csksm), momonbcko-mstukoBekuii (Copd-mc), kammpekuit (Coks),) anekCHHCKO-
tapycckuii (Cial-tr), 606pukoBcko-Tynbckuii (Cibb-tl) 1 mManeBcko-HIbHYEBCKHIA
(Ciml-il). OnHm sABIAOTCS OCHOBHBIMH HCTOYHHKAMH BOJOCHAOKCHUS IS
Mockosckoi, Kanyxkckoit, Bnagumupckoii, Cmonenckoii, Tynbckoil u Ps3zaHckoit
oOnacreii. Bce mepeuncieHHbIC BOJJOHOCHBIE TOPU30HTHI M KOMIUIEKCHI Ha OOJBIICH
YaCcTH TEPPUTOPUHU HAJICKHO M3OJUPOBAHBI OJUH OT JAPYroro W Pa3INYarOTCS IO
YCIIOBUSIM MTUTAHUS, XapaKTepy IPCHUPOBAHUS U PEKUMY TTO3EMHBIX BOJI.

50 +
48 - T
¢ 4 *
44 - T~
\ 0
e ?’\’\ ¢
40 - T
*
38 - ™
: . *
36 *
— ag] W [ [=\) — ~ U] r (=)} — [ag} Wy
(=2} (=2} (=2} (=2} (=2} [e=) [e=) [e=) [e=) = — — —_
(=3} (=3} (=3} (=3} (=3} <= <= <= <= <= <= <= <=
— — — — — -1 1 1 1 [} [} [} (o]

Puc. 10. 3menenne ypoBHs TPYHTOBBIX BOJI B KAMEHHOYTOJIbHBIX OTJIOKECHHSIX

Kaxk BuaHO U3 npeacraBieHHbIX Tpa@ukoB 1 — 9, ¢ kaxABIM TOJOM TPOUCXOTUT
MOHUKEHUE YPOBHS TPYHTOBBIX BOJA. M3MeHeHue ypoBHS B mpesaenax oOiacTu
CBA3aHO B OCHOBHOM ¢ KojebaHWeM OO0BEMOB BOJOMOTPEOICHUS IS
X035ICTBEHHO-TIUTHEBBIX HYXK/ M YTEUEK MPHU TPAHCIIOPTUPOBKE.

3axnrouenue

OOme 3aKOHOMEPHOCTH (OPMHUPOBAHUS MOJ3EMHOTO CTOKAa Ha H3ydaeMOu
TEPPUTOPUN  SBJISIOTCS CIICJICTBUEM BIMSHHUS TPEX NPUPOJHBIX (HAKTOPOB:
KIIUMAaTHYECKUX  OCOOCHHOCTEH, penbeda  MECTHOCTM H  CTPYKTYpPHO-
THIPOTEOJIOTHYECKOTO CTPOCHHUSI.

[To maHHBIM OMPOOOBAHUS TIOJ3EMHBIX BOJ| IO HAOJOJIATEIHHBIM CKBOKMHAM
Psi3anckoit o0nacTv, MOXHO cliejaTh BBIBOJ O TOM, YTO CYIIECTBYET TEHICHIIHS
W3MEHCHUS TUAPOXMMHYECKOTO CTOKa. B HaOmroAaTenbHBIX IMYHKTaX KadecTBO
MOJI3EMHBIX BOJ Ha OOJBIICH YacTH HW3y4aeMOW TEPPUTOPUU B OCHOBHOM
COOTBETCTBYET HOPMATHBHBIM TPEOOBaHMSAM. YXY/IICHHE KauyecTBa IOJ3EMHBIX
BOJI HAOJIFOMAaeTCs HEMOCPEICTBEHHO BOJM3M KPYIMHBIX HACEIEHHBIX ITyHKTOB,
TaKWX Kak T. Ps3aHb.
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W3ydyeHne TMOA3EMHOIO CTOKA M OIpENeleHHe €ro KOJMYECTBEHHOM
XapaKTEePUCTUKU MOXKET OOECHEeYUTh YCIEIIHOE pEeIIeHUE psiia XO3SHCTBEHHBIX
3aJ]1a4, CBSI3AHHBIX C KOMIUIEKCHBIM MCIOJIB30BAHUEM M OXPAHOM BOJHBIX PECYPCOB,
LIEJICHANPABICHHBIM  YIIPABICHUEM IIOBEPXHOCTHBIM U TOA3EMHBIM CTOKOM,
IPOTHO3UPOBAHUEM MHHHMMAJIBHBIX PAcXOJ0B PEK I THIPOIHEPreTUYECKOTOo
IPOEKTUPOBAHUS, CYIOXOJCTBA, JIECOCIUIABA, HWPPUTrallid, BOJOCHAOKEHUS W
JIPYTUX OTpaciaed HapOIHOI'O XO35MCTBa.
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KOpHEH CHCTEeMBI TPaHCIIEHICHTHBIX YPaBHCHHUI.

JluHaMHKa pacTBOPEHHBIX B BOJIE KHCJIOPOJAa M OPTaHMYECKOrO BEIIecTBa MpHU
YCJIOBUM OTCYTCTBUS MIOCTYILJICHUS B BOJHBIA O0BEM OPraHUKH U KUCIOpPOJAa U3BHE
ONHUCHIBACTCSA CIACIYIONIMMU YpaBHEHUsIMHU [1]:

w_ . c

at C.

w©__ c 1)
dt °c,

rae t — Bpems; L — KoHIEHTpanus pacTBOPEHHOI'O OPraHMYECKOI'o BEIECTBa,
BBIpQKCHHAsT B KHCIOPOAHBIX enuHumax; C — KOHIEHTpaumus pacTBOPEHHOTO
kuciopoga; Cs — KOHIEHTpalusi KUCIOPOTHOTO HACHINICHUS; Ko— KOHCTaHTa
CKOPOCTH OMOXMMHUYECKOTO MOTPEOICHHS KUCIOPOIa.

VYpaBHenust (1) ompeaensioT MPOLECCH, MPOUCXOJALINE B aHAIU3UPYEMOIl
npoOe BOJbI, MOMEUIEHHOW B TE€pPMETHYHYIO (UTOOBI HMCKIIOYUTH MOCTYIUIEHHE
KHCJIOpO/ia U3 aTMOC(EPHOTo BO3/lyXa) U TEMHYIO (UTOOBI UCKIIIOUUThH (DOTOCHHTE3)
KOJIOY TpU ONpEIEeNICHUH BEIUYHMHBI OMOXMMHUYECKOro MOTPEOICHUsS KHUCIOpOAa.
(3ameTuM B ckoOKax, uTo cucteMa auddepeHunanbHbIX ypaBHeHuit (1) onuceiBaet
TaK)K€ M MPOLECChl OMOXMMUYECKOTO MOTPEOIEHUS KUCIOPOJa B MOKPBITHIX JIbIOM
pEUHBIX pyciax u BojoeMax). Pemenue cuctemsl (1) npu HauanbHBIX YCIOBHSIX

L(O):LO’ C(O):CO ) (2)

rne Lg u Cyp - HavanpHble 3HAYEHUS KOHIICHTPAIMH pPaCTBOPEHHOIO
OPraHMYECKOr0 BEIIECTBA M PACTBOPEHHOTO KHUCJIOPOJA, COOTBETCTBEHHO, UMEIOT
BUJI:

C,L,| 1—exp| k, COC_LOt

X(t)= TR @)
L, —C, exp ko%t

S

3neck BBefieHa HoBas nepemenHas X(t):
X(t)=C, -C(t) (4)

Hcnonb3oBanue HTOW MepeMeHHON OOyCIOBIEHO TeM, 4YTO B MpPAaKTHUKE
MOHHUTOPHHIA KadyecTBa BOJ OOLIENPHUHATO MyOJHUKOBATh B TUIPOXUMHUYECKUX
oTd4eTaX He KOHIEHTPALMIO pacTBopeHHoro kucimopoxa C(t)=C; (pesymbrar
TUAPOXUMUYECKOTO M3MEpPEHHUsI), a CBSI3aHHYIO C HEW BEIMYUHY X(ti):Xi*,
Ha3bIBaEMYyl0 «OHMOXMMHUYECKOE NOTpeOJIeHHe KHCIopoAa 3a WHKYOAallMOHHBIH
nepuoj; BpemeHu tp» u ompenensemyro paBeHcTBoM (4). (Otmerum, uto Lo -
OnoxuMHYeckass TOTPeOHOCTh B KHUCIOpone, a Ky - KOHCTaHTa CKOpPOCTH
OMOXUMHUYECKOTO MOTPEOICHUS KUCIOPO/Ia).

IMocTanoBka o6paTHoii 3agaun. Ilapamerpsr Ly u kg B cucreme (1), (2) u,
cienoBarebHo, B pemeHuu (3) — (4) sBIAIOTCS anpuopy HEM3BECTHBIMH. J[iist ux
ompeneieHus TPeOYIOTCS OSKCIIEPUMEHTANbHbIE H3MEpPEHHs] OHOXMMHUYECKOTO
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noTpeOJICHNsT KUCIOpOJa OJHOM M TOM K€ MpOOBI BOJBI JUISl Pa3HbIX IEPHUOIOB
HWHKYOaIuu

X(t)=X/,i=1L.,N (5)

rae N — 4uciio TUAPOXUMUYECKUX U3MEPEHU (paBHOE YHCTy WHKYOAI[MOHHBIX
nepuooB). O4eBUAHO, YTO MOCKOJIBKY HCKOMBIMU SIBISIOTCA ABa mapamerpa (Lo u
Kg), TO umciIO M3MepeHud IOKHO ObITh He MeHee nByX (N> 2), Tak kak B
IPOTUBHOM cilydae oOpaTHas 3ajada OyJneT UMETh OECUMCICHHOE MHOXKECTBO
pelIeHUI.

AHanuthueckoe perieHue oOpaTHoM 3amaun cuctemsl (3) — (5) It 4acTHOTO
cilydast IBYX THAPOXUMHUYECKHX u3Mepenuit (N=2), korjia OTHOIIICHHE UX MTEPHOIOB

t2

HUHKYOAIMK paBHO IBYM ( E =2 ), ObLTO TTOTy4YeHo B pabore [1]:

— XTZ(CO_XzT)
2C, X, = XZ=CoXyy

ko — CS(ZCOXT_XT2 _Cosz) In XT(CO_XZT) (6)
T(CO_XT)(ZCOXT_XTXZT_COXZT)) CO(XZT_XT) '

KonnuecTBeHHbIt M KadecTBeHHBIH aHanmu3 ¢Gopmyn (6), a Takke TaOIUIIbI,
HIOCTPOCHHBIE 110 3TUM (popMyJiam, IPUBEACHKI B padote [2].
L # 2
t1
paboTaroT», TOITOMY BO3HHKAeT HEOOXOJUMOCTh B METOJUKE OIPEACTICHHS
3HaueHu Lo u Ky mns obmero cioydas. ChopMynupyeM MOCTaHOBKY OOpaTHOMU
3aa4il IS TIPOM3BOJBLHOTO HaOopa JKCIEPUMEHTAIbHBIX H3MEpeHuil Buma (5)
CIIeayIomUM 00pa3oM: OrpeaeiuTh 3HaueHus Lo u Ko Tak, 4ToOBI TeopeTHuecKas
kpuBas (3) Hambomee OJM3KO MPOXOAWJIA OT SKCIEPUMEHTAIbHBIX TodeK (5). B
KauyecTBE KpHUTEepUs TMPUMEM MHHHUMYM CYMMBbI KBaJpaTOB OTKIOHCHHM
AKCIIEPUMEHTAIBHBIX TOUEK (5) OT TeopeTudeckor kpuBoii (3):

N 2
3 =X = X(t;, Ly, k)] — min @)

i=1

B cinywae, xorna wm N>2, ¢opmynsl (6) u Tabmuubl [2] «He

Anroputm perienus 3agaun (3) — (5), (7) METOIOM TPaJUEHTHOIO CIyCcKa W
npuMepsl pemeHus s cnydas N=4 npuBeneHsl B padote [3]. AHanu3 4nucIeHHOTO
peIICHHUS, TIOTYYEHHOTO B paboTe [4] METOI0M rpaJMeHTHOrO CITycKa JJIsl 4aCTHOTO

t

2= .

ciry4das N:2, t 2, IMMoKasaj, 4TO YHUCJIICHHOC PCIICHHUC MOXHO C JOCTAaTOYHOU
1

TOYHOCTBIO MPUOJIM3HUTH K AHAIUTUIECKOMY pereHuio (6).

B nanHoii paboTe B KauecTBe aJbTEPHATHBBI «TPATUEHTHOMY CITYCKY»,
IIPEAIAraeTCs «YUCICHHO-aHAJIUTUYECKUA METOA UTepauui», CyTb KOTOPOTO
COCTOMT B CleAyloUeM. BoOCHNOap30BaBIIMCh CBOMCTBOM HENPEPHIBHOCTU U
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nuddepeniupyemMoctd GyHKIHoHana (7), moTpedyeM BBITOJIHEHUS HEOOXO0IUMBIX
YCIIOBHI SKCTpEMyMa:

a_,
oL,
a3 : (8)
a_
N3 (7) c yuerom (3) momyuum
a . x OX (i, Lo, ko) | _
GLO_ZiZ:;‘{[Xi X(tiiLO’kO)] oL, }—0,
: 9)
ﬂ_ . L aX(twl—o’ko) _
. _2%:{[xi X () Ly, ko)) e }_o.

Cucrema (9) conepXHUT 1Ba TPAHCLICHICHTHBIX YPAaBHEHUS U JIBE HEU3BECTHBIC
BenmunHbl: Lo w Ko Takum oOpazom, pemieHHe OJKCTpeMalbHOM —3a/aud,
chopmynupoBanHoit cootHomeHusMu (3) — (5), (7), cBOOUTCS K HaXOXKICHUIO
KOpHEHN CUCTEMbI TPAaHCUEHAEHTHBIX YpaBHEeHUI (9).

JUisg pelieHuss NOCTaBJIEHHOHM BbILIE OOpaTHOM 3aJayd BBIYMCIMM YacTHBIE
npousBojHbie (9) ¢ yderom (7). UToObl He 3arpoMoXkaaTh TEKCT JOKJIada
«UTMHHBIMHY» (hOpMYyJIaMH, BBeJleM HoBbIe 0003HaueHus: L = Lo, k =k, C = Cy,
S=C;.

B BbIOpaHHBIX 0003HAUEHUAX ypaBHEHUE (3) 3aMUIIETCs CIEAYIOIUM 00pa3oM:

X(i) = C*L*(1-Y(i)) / (L-C*Y(i)) , (10)

rjae | — HOMep AKCIEpHMEHTa M0 M3MEPEHHI0 OMOXHMHUYECKOro MOTPeOIeHuUs
kuciopoza; t(i) mepuon wuHKyOarmu I-ro SKcrepuMeHTa (MPOJIODKUTEILHOCTD
HaXOXKJIeHusI TpoOsI BobI B kos10e); Y (i) = exp(k*t(i)*(C-L)/S).

Wcnonw3ys (10), Halizem 4yacTHBIC TPOU3BOIHBIC!

aél(_i_):C*(S*(C*Y(i))-L)*(Y(i)-l)-L*kt(i)*(C*Y(i)'|—)+'—*(5+'—*kt(i))*(Y(i)'
)/2()
%k(l) = CHLHK (i) *(C-L)*(CHY ()-L*(Y ()-D)- L)/Z(), )

rne  Z(i)= S*(C*Y(i)-L)**2.
Jlanee opraHu3yeTcsi HTEPAllMOHHBINA MpoIiece, PparMeHT alropuTMa KOTOPOTro
Ha si3bIKe «Python 2» nmpuBoauTCS HUXKE:

from math import *
def solve(XE, M, n, t, LO, kO, C, S, gL, gk, epsilon):
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LO, kO =[0] * M, [0] * M

Sumk, SumL =[0] * M, [0] * M

X, Y=[.1

dXk, dXL =[], []

for j in range (1, M+1):

L, k = LO[j-1], kO[j-1]

for i in range(1, n+1):

Y .append(exp(k*t[i]*(C-L) / S))

X.append(C*L*(1-Y[i]) / (L-C*YTi]))

dXL.append(S*(C*Y[i]-L)*(Y[i]-1)- L*k*t[i]*(C*Y[i]-L)+
L*(S+L*k*t[i])*(Y[i]-1))

Z =S*(C*Y[i]-L) ** 2

dXL[i] = C*dXL[i]/Z

dXK[i] = (C*L*t[i]*(C-L)*(C*YTi]-L*(Y[i]-1)-L)) / Z

SumL[j] = SumL[j]+(XE[i]-X[i])*dXL][i]

SumkK{[j] = Sumk[j]+(XE[i]-X[i])*dXK[i]

LO[j] = L+gL*SumL[j]

KO[j] = k+gk*SumkK[j]

If abs(SumL[j])+abs(Sumk[j]) < epsilon:

return L, k.

3aknouenue

OTJI&IIO‘-IHBIC paC‘-IéTBI, BBIIIOJIHCHHBIC 110 ITPUBCACHHOMY BBIIIC AJITOPUTMY IJIA

t

yacTHOTO ciy4as N=2, f: 2 , TIOKa3aJIi, YTO YUCICHHOE UTEPAIlMOHHOE pelIeHNe
MOJKHO C JIOCTATOYHOM TOYHOCTHIO MTPUOIU3UTH K aHATTUTHIECKOMY petieHuto (6).

CpaBHeHHE pe3yJIbTATOB YUCIEHHOTO PELICHUS 110 UTEPALTUOHHOMY aJITOPUTMY
C pEIICHUEM MO aJrOPUTMYy TPaJUEHTHOrO CIycka [3] moka3ajio, YTO CYIIECTBYET
HEKHIl «OpOr TOYHOCTWUY», HE TO3BOJISIONINNA JOOUTHCS CKOJb YTOJHO OJM3KOTO
coBmajieHus. BeposTHO, ATOT (akT OOBICHSAETCS TeM, 4YTO TpeOOBaHHE «CKOJb
YrOAHO OJM3KOT0» COBMAJACHUS IBYX NPUOIMKEHHBIX (YHCIEHHBIX) pEIICHHMA
SBJISIETCSI HE BIIOJIHE KOPPEKTHBIM B Cllydae, KOT/1a TOUHOCTh «3TaJTOHHOT0» METO/1a
¢duKkcupoBaHa.

B mporiecce oTnanku npemniaraeMoro MeToja ObLTH UCTIOJIB30BaHBI HEKOTOPHIC
QITOPUTMUYECKUE DJIEMEHTHI (HE BOIIECAIINE B MPUBEACHHBIA BHIIE (PparMeHr),
MO3BOJISIONINE YCKOPUTHh UTEPAIIMOHHBIN TTPOIIECC.
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