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IIpencraBieH 0630p COBpeMEHHBIX MPEACTaBIEHUI O CYIIIHOCTU U cneluduke nuchy3HOro (paccessHHO-
ro) 3arpsi3HEHUs BOIHBIX 00beKTOB. DopMUpOBaHUE, IEpeMELLeHNE U TpaHCGhOpMalis BOOHBIX IOTOKOB,
00pa3yolIrxcsl Ha BOIOCOOpax B epUOIbl CHETOTasIHUSI U BhIITaAEHUSI THTEHCUBHBIX JOXIEBBIX OCAIKOB,
HACBIILIEHHBIX PACTBOPEHHBIMU U B3BEILIEHHBIMU BeIlleCTBAMU, — CJIOXKHBIII MHOIOMEPHBLIIA IIpolLiece, pac-
MpeaesieHHbI 0 TeppuTOopuU Bogocoopa. OCHOBHBIMU (hakTopaMu opMupoBaHus 1u¢hy3HOTO 3arpsi3-
HEHUS BOIHBIX OOBEKTOB SIBJISIETCSI B3aUMOAECMCTBHE KOMIUIEKCA TMAPOJOTMUYECKUX U T€OXMMUUECKUX
MPOLIECCOB, 3aBUCSIIIINX OT KIMMaTUYECKUX OCOOEHHOCTE TEPPUTOPUM U CTPYKTYPHI UCIIOJIb30BaHUS 3€-
MeJIb Ha Bogocbopax. Pa3zBuTre XMMUYECKOM MPOMBIIILIEHHOCTA U OMOTEXHOJIOTUI TIPUBEJIO K ITOCTYILIE-
HUIO B IPUPOIHYIO CPEAY HOBBIX, UyXKEPOIHBIX IS OUOTHI 3arpsi3HUTENCH, TPEOYIOIIUX HOBBIX CIOCOOO0B
KOHTPOJISI ¥ OYMCTKA UCTOYHUKOB M1 PY3HOTO U TOYCIHOTO 3arpsi3HeHus. B ropomax mpobiema nuddys-
HOTO 3arpsiI3HEHUS] BOMHBIX OOBEKTOB IIIMPOKUM CIEKTPOM 3arpsI3HSIONIMX BELIECTB CTOUT HanuboJjiee OCT-
po. OtMeueHo, uTo nuddy3HOE 3arpsI3HEeHNE BOIHBIX 00BEKTOB HE PETUCTPUPYETCSI U HE PETYIMPYETCS Iro-
CyIapCTBEHHBIMM BOJOX03CTBEHHBIMU WU IIPUPOIOOXPAHHBIMU BEAOMCTBAMU. DTO CBSI3aHO C HEOIIpe-
IIeJICHHOCTBIO “moTpeduTenss” nud@y3HOro cToka, CI0XHOCTHIO €0 MOHUTOPUHTA, HEIOHUMAaHUEM €ro
KJIIOYEBOM pOJIY B 3arpsi3HEHU BOIHBIX OOBEKTOB U3-3a HENOCTAaTOYHOI N3ydeHHOCTU MpoobaemMbl. Heoo-
XOJIMMa COBpeMEHHasi HaydHO 00O0CHOBaHHAsI CETb MOHUTOPUHTa JUM(dYy3HOro croka. BeimmoaHeH 0630p
MoJeJieit, pa3paboTraHHBIX KaK B Poccuu, Tak 1 3a pyoexkoM, UCIOJIb3YEeMBbIX JJIsI pacyeTa BbIHOCA 3arpsi3-
HSIIOIINX BEIIECTB B BOOTHBIE 00BEKTHI ¢ ncnoiab3oBaHreM I'MMC-TexHotorunii 1 pa3BUTHIX 6a3 faHHBIX. OT-
MedeHa HecOajlaHCUPOBAaHHOCTh CTEIIEHU Pa3paboTKU 0JI0KOB, OMUCHIBAIOLIMX ITEPEHOC BOJIbI, HAHOCOB U
XUMHWYECKUX BelecTB. [IpuBenersl mpumepsl padot MHcTutyTa reorpaduu PAH 1o mporpamme “O3mo-
posiyieHue Boaru” B obyactu MoaenupoBaHus 1 dy3Horo 3arpsisHeHus B bacceitHe YeboKcapcKoro Bo-
JIOXpaHUJINIIIA.

Kniouesvie crosa: muddy3Hoe 3arpsi3HeHUe, MaJible PEKH, TOPOICKast BOIHAs Cpea, MOIEIMPOBaHUE, MUTPAII-
OHHBbIE (POPMBI 3arpsI3HSIOLINX BEILECTB, IEPEHOC 3arpsi3HEHUI ¢ MUKPOYaCTULIAMU, KCEHOOMOTUKU
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OnHoli U3 HauMeHee U3YYeHHBIX TPOoOJieM B TU/l-
pOJIOrMM, BOTHOM XO3SIMICTBE M B 1IEJIOM — HayKaxX O
3emie IBIISIETCS ONMMCcaHue M opMaan3alus mpo-
HeccoB popMupoBaHus a1uddy3HOro (paccessHHOro
1 HUKEM HE KOHTPOJIMPYEMOIO) 3arpsiI3HEHUSI BOI-
HbIX 00beKTOB (JuddysHoe ..., 2020; DamieBcKas u
ap., 202006; AcuHckuit 1 ap., 2019). UMeHHO ¢ HUM
CBSI3BIBAIOT OTCYTCTBME KapAMHAILHOIO YIYYIIICHUS
COCTOSIHUST BOITHBIX OOBEKTOB I1OC/IE 3HAUUTEIHLHOIO
COKpallleHUSI TOCTYIJICHUS 3arpsI3HSIOIINX BEIIECTB
(3B) co cToyHBIMM BOZaMM OpeanpusiTuii (pukcu-
pyeMoe rocygapCTBEeHHOI BOOOXO351ICTBEHHOM cTa-
TUCTUKOI TaK Ha3bIBaEMOE TOUEUHOE 3arpsiI3HeHNE) B
pe3yabTaTe cIiana IIPOMBIIIIEHHOTO IIPOU3BOICTBA B
1990-x rogax B Poccuu. B mMupe B 3aBUCMMOCTH OT
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CTeTIeHU OYUCTKU COPOCOB OT TOUEUHBIX MCTOYHU-
KOB, C TU(MP(Y3HBIM 3arpsi3HeHUEM CBsI3aHO 10 60 u
6oJiee MPOLIEHTOB NocTyIuieHust 3B B BogHbIe 00beK-
o1 (Auddysnoe ..., 2020). B Poccun nepBoe Hayd-
Hoe 0000IIeHre POCCUICKUX padOT Mo MpobdiaeMaM
I @y3HOro 3arpsi3HeHHsI — BBISIBJICHUE €T0 POJIH,
omnpezeacHe UCTOYHUKOB, pa3paboTKa KOHLETIUN
[0 €ro MpeAoTBpallleHUI0 — OBLIM BBIMOJIHEHBI B
2018—2019 rr. B pamMKax rocy1apcTBEHHOI Mporpam-
MBI “O3noposiieHUe Boaru” BeayliuMu HaydYHBIMU
OpraHu3alUsIMU CTPAHbI IO PYKOBOACTBOM MHCTH-
TyTa BogHbIx npobiieM PAH (AuddysHoe ..., 2020).

Ymo maxoe dugpgpysnoe 3acpasnenue u Kax OHO
dopmupyemca? Kpyropopot BelIeCTB B IIPUPOAEC —
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HEOTbEeMJIEMbIA aTPUOYT CYIlIECTBOBAHUS XWU3HU Ha
3emiie. AHTPONOTEHHOE BO3IEUCTBUE MPUBOAUT K
HapylIeHUIO IIPOLIECCOB IIEpeHOCa BellleCTBA Ha IJ10-
6GaJIbHOM, PETMOHAJIBHOM WY JTOKAJIbHOM YPOBHSIX B
3aBMCUMOCTH OT MOIIIHOCTH, TUIIA U BPEMEHU CyIlle-
CTBOBAHUS UCTOYHMKOB 3arpsi3HeHMs. 3arpsi3HeHNUE
MOXET OBITb HE TOJIbKO ITPUBHECEHHBIM YEIOBEKOM
M3BHE (HarpuMmep, BHOC yIOOpEHM Ha MOJIsI, OTXO-
JIbl TIPOU3BOACTB, CBajJIKM), HO U BHYTPEHHUM, CBSI-
3aHHBIM C HapylIeHWEeM paHee “3aKOHCEPBUPOBAH-
HBIX”, TIPUPOOHBIX UCTOYHUKOB (HAIIpUMeEpP, B MPO-
mecce MOOBIYM IIOJIE3HBIX HCKomaeMbix). Kpowme
TPaIULIMOHHBIX, XapaKTEePHBIX IS IPUPOILI 3arpsi3-
HUTeJel (HampuMep, OMOreHOB — COeMHEeHM poc-
¢opa, a3oTa, Kajus) B pe3yJibTate OypHOTO Pa3BUTHUSI
XUMUUYECKON TTPOMBIIIIEHHOCTH M OGUOTEXHOJIOTHIA
MMOSIBUJIMChH 3arpsI3HSIONINE BElleCTBa, HE XapaKTep-
HBIC U YyXXEepOMAHEIC IJIsl IPUPOAbI, HE Y4aCTBYIOLIE
B €CTECTBEHHOM OMOTUYECKOM KPYrOBOPOTE (KCEHO-
ouotuku). K HUM OTHOCSTCSI, MIACTUKA U MUKPO-
IUIACTUKY, OOJBIIMHCTBO JIEKAPCTB, IICCTUIIMIBLI,
HedTenpoayKThl. i1 psiga 3TUX COeIMHEHN HeTlo-
HSITHBI ITyTU UX MIepeMEIIeHUs U ¢ha3bl UX COCTOSTHUS
B BOIHBIX 00beKTax (B pACTBOPEHHOM BUJIE, B YACTH-
LaxX WIX ¢ YaCTULIaMU HAHOCOB pa3HOM KPYITHOCTH),
CIOCOOHOCTh pearupoBaTh C JIPYTMMU BEllECTBAMU
BO BHEIIHEN cpele, MX OMOOOCTYIHOCTbD. 111 MHO-
IrMX BEIIECTB He pa3paboTaHbI HOIIyCTMMBIE HOpMa-
TUBBI TIPUCYTCTBUS B BOOTHBIX OOBEKTaX, HET 9KOHO-
MUYECKN TOCTYITHBIX TEXHOJIOTMM OYMUCTKM OT HUX
MUTHEBOI U CTOYHBIX BOI.

Ha Pycckoil paBHUHE, Ja U B APYTUX pErruoHax
Poccuu mpakTrdecku He OCTalIOCh TEPPUTOPUIA, HE
IMpeoOpa30BaHHBIX TOW WM WHOM XO3SIMCTBEHHOI
JIesITEIbHOCThIO. A 1epeHoc 3B OoT aHTPOIIOTeHHBIX
MICTOYHMKOB IO BO3IYXY 1 CyXO€ M BIaxKHOe (C ocaji-
KaMH1) UX ocaxaeHue u3 aTMocdepbl 3aTparuBaeT
MIPaKTUIECKHN BCIO MOBEPXHOCTh 3eMin. B mepuonpr
BECEHHETO CHETOTasHUS 1 BBIMAAeHUS OOMJIbHBIX
0OCaJKOB B TEIUIbI TTepro/ roga Ha Bogocbopax pex,
03ep, BOIOXPaHWINIL, (DOPMUPYIOTCSI TIOTOKM BOJIBI,
HaCHIILIEHHbIE pACTBOPEHHBIMU 1 B3BEIIEHHBIMU 3B,
KOTOpbIE Yepe3 ruaporpauyeckyio ceTh MOCTYHaIOT
B BOIHBIE OOBEKTHI U B 3HAUUTEJILHOU CTEIIEeHU 00Y-
CJIOBJIMBAIOT KQYECTBO BOJBI B HUX U UX 9KOJIOTUYE-
CKOE COCTOSTHHE.

Monumopune ouggpysnozo 3aepazuenus. B ornu-
Yyhe OT BOMHBIX PECYPCOB, aKKyMYJIUPOBAaHHBIX B
BOIHBIX 00BEKTaX, IIOTOKU BOOHI 1 IPYTMX BEIIECTB B
pa3HbIX hopmax, oopasyolimrecss Ha Bogocoopax, He
PETUCTPUPYIOTCSI U HE PETYJIUPYIOTCS HU OMHUM TO-
CyIapCTBEHHBIM BOIOXO3SIMCTBEHHBIM WM IPHUPO-
JI0OOXpaHHBIM BemoMcTBOM. HenocraTrouHoe BHMMa-
HUE K 9TOMY BUY BOTHBIX PECYPCOB CO CTOPOHBI TO-
CyIapCTBEHHBIX OPTaHOB YIIpaBJICHUsI OOYCIIOBJICHO
B TIEPBYIO o4Yepeab HEONpPEASIEHHOCThIO “TIOTpeOn-
TeJs1” 3TUX BOOHBIX PECYPCOB, UX PacCpPeIOTOUYEHHO-
CTBIO M IUCKPETHOCTHIO B IIPOCTPAHCTBE 1 BO BpeMe-
HU, YTO ONPEIEIAET TPYIHOCTH OPTaHU3aLlM1 MOHMU--
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TopuHra. @opMupoBaHue U IepeMelleHre BOIHBIX
TTOTOKOB, 00pa3yIolLIMXCs Ha BOJOCOOpax B MEPUOIbI
CHETOTAAHUA U BBITMTAIEHUS UHTEHCUBHBIX JOXIEBBIX
0CaJKOB, HACBIIIEHHBIX PAacTBOPEHHBIMU U B3Be-
IIEHHBIMU BEIIECTBAMM, — IIPOLIECC, pacIpeaeieH-
HEBII1 IO TeppuTOpUU Bogocobopa. OH oXBaTHEIBAET He-
OIHOPOIHYIO IO BEPTUKAJIMU TOJIIY ITIOYBOTPYHTOB
(HonroB, KoponkeBuu, 2010), oT mnOBEepXHOCTU
CKJIOHOB JIO IIOA3EMHBIX BOJI, B 3aBUCUMOCTHU OT TJIy-
OWMHBI OPEHUPOBAHMUS BOIHBIM OOBEKTOM. Ymcio
JIEMCTBYIOIIMX TOPU3OHTOB B (POPMUPOBAHUU CTOKA
BEILECTB C BOOOCOOpa OIpeaeisieTCs re0JIOTUNYeCKUM
U reoMop@dOJOrM4eECKMM CTPOEHMEM TEPPUTOPUH,
OCOOEHHOCTSIMU €€ MOYBEHHO-PACTUTEIBHOIO IT0-
KpOBa, METEOYCJIOBUSIMU CE30HA, a TaKXKe aHTPOIIO-
FeHHBIMU TpaHChOpMaLUIMU TEPPUTOPUHU, TIPUBO-
JSIIAMU K U3MEHEHUSIM e€CTECTBEHHbBIX MYTeil CTOKa
BOIHBI U BelllecTBa ¢ Bogocbopa. K mociennemy ak-
TOPY OTHOCSTCS: paclallika 1 MeJruopalus 3eMelb, B
TOM YMUCJIE JIECOMEJIMOPALIMS; OPOLICHUE; CO3MaHNE
HEPOHUIIaeMbIX [IOBEPXHOCTE: JOPOT, KPHILI, IIPO-
MBILIUIEHHBIX IJIOIIAA0K; CO30aHNe JUBHEBOM KaHa-
JIM3alMU, YCKOPSIONIeil CTOK ¢ BogocOopa; MpoKaa-
Ka TYHHeJIei; JOObIYa MOJIe3HBIX MCKOIAaeMbIX IIIaXT-
HBIM 1 KapbepHbIM MeTodaMu U np. Ha xaxinom u3
ypOBHel npouecc GoOpMUPOBAHUS CTOKA HEOTHOPO-
JIeH B IPOCTPAHCTBE U BO BpPEMEHHU.

HabaroneHus 3a oTaeIbHBIMUY CTAIMSIMU IPOLIEC-
ca (hopmupoBaHus U TpaHCHOPMALIUM CTOKA BOABI 1
IPYTUX BEIIECTB B PA3JIMYHBIX IPUPOIHBIX U aHTPO-
TOT€HHbBIX YCJIOBUSIX ObUIM BaXKHOM 3amadeil ceTu
BOMHOOAJIAHCOBBLIX CTAHIMK M CIIEIMAIM3UPOBAaH-
HBIX CTAllMOHAPOB, BXOISIINX B CTPYKTYpHI ITmapo-
MeTciyk0bp1 CCCP, MUHMCTEpPCTBA MEJIUOpALlUU U
BOTHOTO XO3SIMCTBA, CEJIbCKOTO XO3SMCTBa, JECHOM
MPOMBIIIUIEHHOCTH, HO, K COXAaJCHUIO, pa3pyllcH-
HOI 3a MOCJeqHUE OecATUIeTUs. MHOTHE YacTHbIE
MpPOLIECChI, BOCHOBHOM CBSI3aHHBIE C IIEPEHOCOM BO-
IIbI, OBITM M3YYeHBI JOCTAaTOYHO ImoapooHo. Ceitdac
BO3HMKJIa HACTOSITeJIbHasE HEOOXOIMMOCTb BOCCTa-
HOBJICHUSI CETU MOHUTOPUHTIA TUAPOJIOTrO-reOXuMHM-
YEeCKHX MPOILECCOB HA COBPEMEHHOM YPOBHE, C MC-
MOJIb30BAHUEM B TOM YHMCJIE aBTOMaTU3UPOBAHHOTO
000pyaoBaHMsI, CIIOCOOHOIO PETUCTPUPOBATH ITapa-
METPHI CPelbl C BBICOKOM CTEMEHbIO OUCKPETHOCTU.
B Poccuu cepbe3HbIii OMBIT MOJOOHBIX KOMILIEKC-
HBIX paboT ObUT peanui3oBaH Ha JlaimbHeMm BocToke
(I'apuman, Illamos, 2015).

B campix o0Omux yeprax mpouecc ghopmuposanus
ougpgbysznoeo 3aepaznenus na 6odocbopax BKIIOYAET B
cebs cnenytonue atanbl: 1. @opMuUpoBaHUE TTOBEPX-
HOCTHOTO CKJIOHOBOI'O, BHYTPUIIOYBEHHOIO U IIOI-
36MHOI0 CTOKa. 2. Dpo3us MOYBBI KaK CJIEACTBUE
pa3MbIBa BEPXHUX €€ CJI0EB TAIbIM 1/WIN TOXKIEBbIM
CKJIOHOBBIM CTOKOM. 3. HacklllieH1ie IT0TOKOB BOJIBI
3B, comepxamuMucs B CHEXKHOM ITOKPOBE, OCaaKax,
pacTUTEILHOM MTOKPOBE, B IOUBE U TPYHTAX, U UX ajl-
CcopOLIMM Ha YacTHULIAX CMBITBIX HaHOCOB. 4. TpaHc-
dopmalms ITOTOKOB BEIIECTB BOOOCOOPOM 3a CUET
Ne 1
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(])I/I3I/I‘ICCKI/IX, XUMHUYECKMX M OMOJIOTMYECKUX IIpo-
LHECCOB.

Daxmopot hopmupoeanus oughysnozo 3azpsazue-
Hus. TWIpOJIOro-reoXMMUYECKUE TIPOIEeCChl Ha BO-
JIocbopax 3aBHCIT OT MHOTHX pakTopoB. Hanboee
BaXXHbIMM W3 HUX SBJISIOTCSI METEOPOJIOTUYECKUE
YCJIOBUSI, TAKME KaK BBICOTA CHEXXHOTO TTIOKPOBA 1 3a-
Machl BOJbI B HEM Ha Hayajlo CHETOTasIHWS, UHTEHCHB-
HOCTbh CHETOTasiHUSl W BBINAAECHUS XUIKUX OCAIKOB.
3HaveHUsI 3TUX ITApAMETPOB HE OCTAIOTCSI ITOCTOSTHHBI-
Mu. B pesynbraTe 17100a1bHBIX U PETMOHATBHBIX W3-
MEHEHMIl KJiIMMaTa BO MHOTMX peruoHax Poccuu B
MocJiefHNe OeCATUICTUSI MPOU3OIUINA CYIIEeCTBEeH-
Hble UBMEHEHUS CTPYKTYPhI TUAPOJIOTMYECKOTO LIUK-
J1a Bomoc6opoB (dxamaioB u ap., 2015; @poos, Ie-
oprueBckuii, 2018). B 3uMHUit mepuon B pe3yiabraTe
MOBBIIIEHUS TEMIIEPATYPhI BO3AyXa B Psiic pETMOHOB
YMEHBIIWJIMCh BeJIMYMHA 3aIlacoB BOJbl B CHEre U
r1yoMHa MpoMep3aHusl TOYBBI, COOTBETCTBEHHO yBe-
JIMYWUJIUCh BOJOMPOHUIIAEMOCTh MEP3JI0ii TTOYBBI U
00bEM BIUTABLIEHCS 3a IEPUOJ CHETOTasIHUS BOBI.
B mepuon BeceHHero cHeroTassHUsT 3HAYUTEIbHO
YMEHbIIWIACh BeJIMUMHA TTOBEPXHOCTHOTO BECEHHE-
ro CKJIOHOBOTO CTOKa, a cjieioBaTesibHO, BbiHOCca 3B
TaJIbIM CTOKOM 1 CO CMBITOM MOYBOI1, a TAaKKe BECEH-
HEro IMoJIOBOMIbsI Ha pekax. BmecTe ¢ TeM pe3ko yBe-
JIMYWJICS TOA3E€MHBIN CTOK UM BBIHOC C HUM PacTBO-
peHHbIX BeuecTB (loaros u ap., 2021). IToatomy He
YUYUTHIBATh BIUSIHUE KIMMATUUYECKUX U3MEHEHUI Ha
¢dopMUpoBaHUE TUIPOJOTO-TEOXUMUYECKUX MPO-
1IeCCOB Ha BOJ0OCOOpax KPYIMHBIX BOTHBIX OOBEKTOB
yXKe HeJlb3s1.

Jpyrum, He MeHee BaxKHBIM (DAaKTOPOM, OO0YCIOB-
JIMBAIOIIUM OUHAMUKY M1 UHTEHCUBHOCTb 3THX IIPO-
IIECCOB, SBIISIETCS CTPYKTypa 3eMJIEIIOJb30BaHUS,
CJIOXKMBIIIAsIiCSl HA BogocOopax — IUIONIaab U paclo-
JIOXXEeHHE Ha BOJOCOOpaxX Yroauii ¢ pa3HbIMU BUAAMU
MOACTWIAIOIIECH MOBEPXHOCTH, SIBJISIOIIMXCS HCTOY-
HUKaMU TTOCTyIUIeHUsT 3B 13 BepXHUX CJIOEB IOYBHI; 32
CcYeT BHOCA yIOOpeHUIA, pa3BeNeHMS CKOTA, II0NagaHusI
Ha BOOOCOOP OTXOIOB Y€JIOBEYECKOI KM3HEAESATEIb-
HOCTH, TIPOMBILIJIEHHOTO mpou3BoAcTBa U ap. Ilpo-
CTpaHCTBeHHas JaHamadTHasI CTpyKTypa BOIOCOO-
pOB, T.€. COOTHOILIEHME Pa3HBIX BUIOB IOACTUJIAIO-
1LIe# TTOBEpXHOCTHU (JIECOB, IOJIeii, 3aCTPOMKU, JOPOT
W JIp.) HE OCTaeTCs IIOCTOSIHHOM BO BpeMeHU. MeHsI-
€TCS MCIIOJIb30BaHME TeppUTOpPUM. B ceBepHBIX peru-
oHax Poccum 3a0pachIBaloTcss M 3apacTaloT JecoM
HaceJIeHHBIC IIYHKThI U CEIbCKOXO3SIMCTBEHHBIE 10~
ns1. B GmaronpusITHBIX 1T 3eMJICACIASI PETMOHAX,
HanpuMmep, B Kypckoil ob61acti — MpOTHUBOIIOJIOX-
HEII1 IIPOLIECC — paclaxmuBaeTcs BCe, BIUIOTH 10 000-
YUH OOpor (CoOCTBEHHBIE HAOIIOACHUSI aBTOPOB).
MoaupuuupyroTcs arpoTeXHOJIOTUU, MEHSIIOTCS BU-
Ibl ¥ COpTa BhIpalIUBacMbIX KyIbTyp. IlosBusiorcsa
HOBBIE HACEJeHHbIE ITyHKTbI, HPOMBIIIJICHHBIE,
CEJIbCKOXO3SIICTBEHHBIE, pEKPEAIllMOHHbBIE U JPYyTUe
00BbeKThl. Bo MHOTUX ClTy4asix, 0COOEHHO B HanboJiee
MNepPCIEeKTUBHBIX IS CEJIbCKOTO X035 CTBA paiioHaXx,
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a TaKoKe B 30HaX CAaHUTAPHOM OXpaHbI BOTHBIX 00BeK-
TOB 3TO IIPOMCXOIUT 3a CYET CHYKEHUSI TUIOLLIAIN JIe-
coB. [IpakTuuecku IIOBCEMECTHO Ha I0re CTPaHbI OT-
MeYeHa Aerpamalus 3alldTHRIX Jecorojioc. Bee ato
CHMKAET CTEIIEHb YCTOMYMBOCTH JIAHAIAMTOB K PO-
CTY aHTPOIIOTeHHBIX HAarpy30K M MOXKET IIPUBOIUTH K
YBEJIMYEHUIO 00beMa ITOTOKOB 3B B BomHBIE 00BEK-
ThI, CIIOCOOCTBYSI YXYIIIIEHUIO Ka4eCTBa BOJIbI B HUX.
O1acHOCTB IIPEACTABIISIOT ITOCTYIUICHUE C Bomocoopa
coequHeHMI a3oTa n (pochopa — OMOTEHHBIX JIEMEH-
ToB (bD), B HaMOOIBIIIEH CTEIIEHM OTBETCTBEHHBIX 3a
3BTpO(pUpPOBaHNE BOTHBIX OOBEKTOB, OCOOEHHO C 3a-
MEIJICHHBIM BOTOOOMEHOM, TAKMX KaK BOTOXPAHWIIM-
ma (Yasinsky et al., 2020). B 1o ke Bpemsi He Bech 00beM
3B, dopmupyromuiicss Ha Bogocoope nubhy3HbIM
IMyTeM, IOCTHIaeT pycel M 3aMbIKAIOIIUX CTBOPOB
pek moctynaet B BomoxpaHuiumia (I'omocos, 2003;
JInteun, 1998; Behrendt and Opiz, 1999). 3naun-
TeJIbHAsI €T0 YaCTh PETyJIMPYETCS U yIAep>KMBaeTCs ca-
MUM BOJIOCOOPOM U PA3JIMYHBIMU 3BEHBSIMU TUAPO-
rpacpuueckoit cetu (oBparaMu, GajKaMu, HOoMMaMu
u 1p.). OgHako pa3paObOTaHHBIE METOIbI OIEHKU
BEJIMUMHBI TIpUTOKa 3B B BOOHBIN 00BEKT HEeaOCTAa-
TOYHO YYUTHIBaIOT 31O siBjieHue (Konnparwes, IlIMma-
koBa, 2019). MI3amMeHeHrEe CIIOXUBIIEHCS CTPYKTYPHI
3eMJICTIOIb30BaHUSI MOXKET MPUBECTU KaK K ycujie-
HUIO, TaK U COKpallleHuIo MoToKoB 3B, mocTymnaio-
II1X ¢ BogocOopa. DTO MOBJIEYET 3a COOOI M3MEHe-
HUE Ka4eCcTBa BOAbI U TpaHCGhOpPMAalIMIO BOTHBIX MacCC
BOIOEMOB-TIPUEMHUKOB B 3aBUCMMOCTHU OT CE30HOB
roga 1 MOpPOMETPUIECKNX XapaKTePUCTUK IPUHI-
MaloIIMX CTOK BOOHBIX 00BEKTOB. IloaTOMY BakHa
OllcHKa IIpolieccoB IiepeHoca 3B mpu pasanvyHbIX
CLIEHAPUSIX 3€MJIEIIONIB30BaHMSI. DTO ITO3BOJIUT BbI-
OpaTh ONTUMaJIbHbIE BapMaHThl COLMAIbHO-3KOHO-
MUYECKOTO Pa3BUTUSI TEPPUTOPUIl BOIXOCOOPOB C
Y4E€TOM BO3PaCTAOIIMX TPEOOBAHUII K COCTOSIHUIO
OKpYyXarollei cpeapl, B TOM YMCJIE U BOTHBIX pECyp-
COB.

Ocobennocmu oughghyznozo 3azpaznenus 6 20pooax.
Hawub6oiee octpo npobdiieMa olieHKM 00beMa 1 COCTa-
Ba 3B nipu nndpy3HOM 3arpsI3HEHNN BOTHBIX O0OBEK-
TOB CTOUT [IJIs1 ypOaHU3UPOBAHHBIX TeppuTOpuUit Poc-
CUHU. DTO BbI3BAHO OTCYTCTBHEM I'€03KOJOTNUECKOTO
MOHMTOPHUHTIA IaXe B KPYIMHBIX TOPOAAX CTPAHbI.

[Ipobiema oLleHKU BAUSIHUS YpOAaHU3UPOBAHHbBIX
TEPPUTOPUI HA TUAPOJIOTUYECKUI U TUAPOXUMUYE-
CKUIi pexkMbl BOTHBIX O00BEKTOB BO3HUKJIA CHayasa
3a pyoexxoM B 1970-e roapbl, a BBITIOJHEHHBIE K TOMY
BpeMeHU paboThI ObLIU BIIEpBbIe 000011eHbI B (KyTI-
pusiHOB, 1977). Insa psina ropogoB (Mocksbl, Kyp-
cka, TBepu u npyrux) ObLI BEIIOJIHEH OONBIION 00b-
€M DKCIIEpUMEHTAIbHBIX UCCIEOBAHUA, TTOCBSIIEH -
HBIX OlLIEHKaM BOJHOTO 0OajlaHca, ero CTPYKTYphl U
BEILECTBEHHOTo 0OMeHa MIJIsl pa3JIMYHbIX TUIIOB MO/~
CTWJIAIOIIE TOBEPXHOCTU, OOpAa3yIOIIUX TEPPUTO-
puto roponoB (I'opauH, Kupnuunukona, 1993; Ku-
taeB, 1993, 1995; KoponkeBuu, MenpHuk, 2015;
JIbBoBUY, YepHbieB, 1983; YepHoraesa, 1976). 3a
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pybexoMm ucciieoBaHUsl B 00J1aCTU TUAPOJOTUU YP-
0aHM3UPOBAHHBIX TEPPUTOPUI OBLIN HAIIPABJICHBI B
1IeJIOM Ha pa3paboTKy MaTeMaTUYeCKMX Mojelieit
MPOLIECCOB, (POPMUPYIOIIMXCS U MPOTEKAOLIUX Ha
roponackux Tepputopusx (Muxaitinos, 2000).

IMTocmencTBuss coBpeMeHHOI ypOaHM3alnMd OKa-
3bIBAIOT CYIIIECTBEHHOE BIWSIHUE Ha W3MEHEHUE
CTPYKTYPBI THIPOJIOTMYECKOIO M TCOXMMHYECKUX
LIIKJIIOB BOTOCOOPOB BOTHEIX 00heKTOB. MMeHHO st
TEPPUTOPUI TOPOJIOB XapaKTEPEH CaMblii 3BHAUUTE b-
HEBI1 aHTPOIIOTeHHBIN IIPECCUHT Ha BCE KOMIIOHEHTHI
OKpYyKalolleil cpeabl, ONpeaeasiolinii KaK CTeleHb
TpaHchoOpMaLMM UX (PU3NYECKUX CBOMCTB, TaK U
00BEMBI 1 pacIINPEeHHYIO, II0 CPaBHEHUIO ¢ HeypOa-
HU3MPOBAaHHBIMU TEPPUTOPUSIMU, HOMEHKIIATYypy 3B
(OAproriHa u np., 2014; 3uHoBbeB U ap., 2019; Mu-
xaiinos, 2000). PocT mioiianu ropoaos U pacnoyio-
KEHHBIX BOKPYT HUX JaYHBIX M KOTTEIXKHBIX ITOCE-
KOB MIPUBOAUT K YBEJIMUECHUIO TUIOIIAIN BOTOHEIPO-
HMIIa€MbIX YYaCTKOB (Iopor, Kpbili). Pacter moms
CJ1a0OBOAOIIPOHUIIAEMBIX YYaCTKOB — HaIlpuMmep,
TOYBbI CKBEPOB U TOPOJACKUX TAa30HOB 3HAYUTEIHLHO
OTJIMYAIOTCS I10 BOAOIIPOHUIIAEMOCTY W YPOBHIO 3a-
IrPSI3HEHUS OT HeypOaHM3UPOBAHHBIX TeppUTOpUii. B
1IeJIOM B TOpOaax CYIIECTBEHHO CHUXXAIOTCSI WH-
(GuIbPTpaMOHHBIE CBOMCTBA ITOYBEI, UTO, KaK CJICI-
CTBHE, IIPUBOAUT K YBEIUYECHUIO CJIOSI IIOBEPXHOCT-
HOT'O CKJIOHOBOTO CTOKa M BBIHOCY 3HAYMTEJIBbHOTO
KOJIMYeCTBa pa3InYHbIX 3B B BOmHBIE OOBEKTHI KaK B
IIEpHOa BECEHHETO ITOJIOBOIIbSI, TAK M BO BPEMsI BbI-
MajgeHUs CUJIbHBIX JOXIEN B TEIJIbIM NEPUOMI roaa.

HecmoTps Ha TO, 4TO B KaXI0M KPYITHOM TOpoJie
OpraHM30BaHa JIMBHEBasi KaHaJIu3alus, Tajlble U
JloX7AeBble BOJIbI, C(hOPMUPOBAHHbBIE HA TEPPUTOPUU
ropo/ioB, HACHIIIIEHHbIE B3BECHIO PACTBOPEHHBIX U
B3BCIIIECHHBIX XMMWYECKUX BEIIEeCTB, 03 OUYUCTKU
MOCTYNAaIOT B BOAHbIE 00beKThl. CUTYyalMsT OCTOXKHS -
€TCsl COCTOSITHUEM JIMBHEBOI KaHanu3auuu. Jlanexko
He Bceraa ropoAcKUe Cy>KObl CITIOCOOHBI Ha €€ MpOo-
YUCTKY, HEOOXOAUMBIM PEMOHT U 3aMEHY, YTO MpHU-
BOJIMUT K yTeuKaM B TTOA3EMHBbIE€ BOJIbl, TOATOIJIEHU-
sIM U 3arpsI3HEHUIO JTUBHEBOTO CTOKA. YIauyHbIe HC-
KiouyeHus peaku. Hamprumep, B MockBe yopaHHBII
CHET Ha IMyHKTaX CHEroTasiHUsI CMEIIMBAETCS C TeTl-
JILIMU CTOYHBIMU Bogamu 2KKX 11 B maTbHEHUIITUM IO~
CTyIIaeT Ha TOPOJCKMUE OYHCTHbIE COOpyXeHus. B
JIIPYTUX KPYITHBIX TOpoAax, pacrojioXXeHHbIX B Oac-
ceitHe Bojru, cTok U3 JUBHEBOI KaHalIM3alluu Ha-
MPsIMYIO, TIpaKTUYEeCKU Oe3 OUMCTKH, TOCTyMHaeT B
MaJible PeKM TOPOJOB U CO CTOKOM 3TUX PEK B BOJO-
xpanunuina Bomkcko-Kamckoro kackama. Hu oobe-
MbI 3TOTO CTOKAa, HU Macchl BbIHOca 3B B pa3Hble 10
BOJIHOCTU TOJbl, HU UX BJIMSIHHWE Ha Ka4eCTBO BOJbI
PEK 1 BOAOXpPaHWIMIL, MPUHUMAIOIIUX CTOK OT TO-
POICKUX UCTOYHUKOB 3arpsi3HeHUs1 — HEU3BECTHBI B
CBSI3U C MPAKTUYECKU TMOJHBIM OTCYTCTBUEM TMAPO-
JIOTUYECKUX TIOCTOB U JAHHBIX O TTOKA3aTesIX XUMMU -
YECKOTO COCTaBa BOAbI TOPOJICKUX BOJHBIX OObEKTOB.
HewusBecTHa Takxe po.b B 3arpsi3HEHUU BOJHBIX 00b-
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€KTOB MuUKpo4acmuy, B TOM 4MCJI€ MUKPOILIACTUKA,
o0JiafaouX BBICOKOM CITOCOOHOCTHIO K aJICOPOLIK
" nepenocy 3B n3-3a GONBIION yIeIbHOM IUIOLIAAN
MOBEPXHOCTHU.

Mexny TeM IIPOSKTUPOBAaHHE OYHMCTHEIX COOpPY-
KEHU 1 TJTAaHMPOBaHUE BOIO- U IPUPOI0OXPAaHHBIX
MEePOIPUATUIL HAa TEPPUTOPUU TOPOJA HATIPSIMYIO 3a-
BUCUT OT TOYHBIX OLIEHOK BU1a U OOI1IEro 00beMa Bbl-
HOCa, B TOM 4McJIie MUKpodacTuliamu, 3B ¢ mmoBepx-
HOCTHBIM CKJIOHOBBIM CTOKOM B TIEPUOIbI OTTENEIei
B 3UMHMUI1 IIEpHUOJ, BECECHHETO CHETOTasHUS U B pe-
3yJbTaTe BBITAACHUS OOXIACBBIX OCAOKOB B TEILIBIA
nepuon roga (Pekomenganuu ..., 2014). Kpome Toro,
Takas MH(GOopMaLs HeoOXoaumMa IJIsk OLCHKHU BKJIa-
JIa TOYEYHBIX U TU(PPY3HBIX NICTOYHUKOB B (pOpMU-
poBaHMe KauyecTBa BOJbI BOAOXPAHWIMNII — UCTOYHU-
KOB BOJOCHAOXEHUSI HACEJIEHUSI W Pa3IUYHBIX OT-
pacneit xo3siictBa. UHTEepecHBIe pe3ysIbTaThl ObLIN
MoJy4eHbl ¢ ydyactueM aBTopoB B 2020—2021 rr. B
pamkax rporpaMmmbel PO®U “Muxkpomup” Ha Tep-
putopuu Hixaero Hosropona. BriepBbie oj1st MaibIx
PEK ¥ MOA3eMHBIX BOJ KPYITHOTO ropoja IoJydeHbl
OLIEHKM BKJIaJla MUKPOYACTUII B IIEPEHOC BEIIECTB C
TeppuTOpUHr Topona. B mepuon neTHe-oceHHEN Me-
keHu 2020 r. He MeHee MOJIOBMHBI CYMMAapHOTO Ie-
peHoca npuopuTeTHBIX i1 Hikxero Hosropona 3B
(He(TEeMPOAYKTOB, CUHTETUYSCKNX MOBEPXHOCTHO-
aKTUBHBIX BEIECTB, Xeje3a, MapraHiia) OCyllecTB-
JIsIeTcsl B3BecsIMU. B yCTBSIX TOPOACKUX peK IpUMep-
HO YE€TBEPTh MHTETPAJILHOIO ITIOTOKA CBsI3aHa C Iepe-
HOCOM MUKpoyacTuiiamu pazmepa 0.22—2 MKM (1151
XKene3a — OKOJIO TpeTH). BHI3 o TeYeHUIO K YCThIM
pEeK yMeHBbIIaeTcs o repeHoca 3B vactunamu 60-
Jiee 2 MKM U YBeJTMUMBaETCS JOJISI IepeHoca YacTUIA-
Mu B nuana3oHe 0.22—2 Mxm. [lonayueHbl npedeapu-
meavHble 6b1600bL 0 3HAYMUIMEAbHOU 3a2PA3HEeHHOCMU
6cex 20podCcKuUX 800HBIX Cpel, 6KAIOUAsL NO03eMHble 60~
Ovl, wacmuuamu mMukponiacmura. 3arpsisHeHue 1o -
3€MHBIX BOI aBTOPBI CBSI3BIBAIOT C BO3MOXHBIMU
yTeyKaMy U3 JUBHEBOI KaHalu3allMd W KaHaIu3a-
mun 2KKX cTOYHBIX BOm OT CTUpPAJIbHBIX MAalllMH, C
aBTOMOECK, ¢ gopor (Slcunckuii u ap., 2021).

OTCyTCTBHE COBPEMEHHOIO TMIPOJIOTO-TeOXUMU -
4eCKOI0 MOHUTOPUHTA B rOPOIAaxX HE TMTO3BOJISET HAYY-
HO-00OCHOBAHHO YIIPaBJISITh TOPOICKUAM XO3SIIACTBOM,
B TOM 4YMCJI€ B HauboJiee CIIOXHBINA 3MMHE-BECEHHUIA
Iepuor rofia, pean30BbIBAaTh IIPUPOHOOXPAHHYIO T10-
JIATUKY JUIS YIYUYIIEHUS KAUYeCTBA OKPYKAIOLLEH Cpebl
W XKW3HU HaceJleHUsl B ropoaax. Takoil MOHUTOPUHT
IOJIKEH BKJIIOYATHh KOHTPOJIb METEOPOJIOTMUYECKOTO
pexXxuMa B pa3HbIX YacCTIX KPYITHOro ropoaa, Tuapo-
JIOTUYECKOTr0, THAPOXUMUIECKOTO U TUAPOOUOIOTrHU-
YE€CKOI'0 PEXKMMOB MaJIbIX PEK, O3€P U APYTUX BOOHBIX
O0BEKTOB B UepTe ropopda, IepuoaudecKuii aHaaus
po0 IIOYBBI U PACTUTEIBHOCTU IJISI OIpPEIe/ICHUS
CTEIIEHU HAKOIUIEHU B HUX BPEIHBIX BEIIECTB, OCY-
LLIECTBJISAITh MOCTOSIHHBIE HAOJIIOACHUS 3a CHEXKHBIM
MTOKPOBOM M €T0 XUMHUYECKUM COCTABOM — KaK MC-
TOYHUKOM ITIONOJHEHUS BONOM 1 3arpsi3HEHUS] BOII-
Ne 1
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HBIX O0OBEKTOB TOPOOAOB 1 BOIOEMOB, Kyda CTEKalOT
BOJIbI, (hOpMUPYIOIIIMECS HA TEPPUTOPUN YpOaAHU3U-
pPOBaHHEIX TEPPUTOPUIA B BECEHHM Ilepuon. Bax-
HBIM 3TaIlOM TaKOTO MOHMTOPHMHTIA SIBJISICTCS Opra-
HM3auus coopa, XxpaHeHUsI, 0OpabOTKM, aHaIu3a U
000011IeHrsT MOJYYEeHHBIX JAaHHBIX, Haubojee mep-
CIIEKTUBHBIM METOIOM KOTOPOTO SIBJISIETCS CO3MaHNe
pernoHanbHbIx TUC.

Paspabomka pacuemuuvix memoouk, modeauposamue
npoyeccoé dughgpysHoeo cmoka

K Hacrosiinemy BpeMeHU pa3paboTaHO OoJibIioe
YMCJIO IMHAMUYECKUX Y JMHAMUKO-CTOXAaCTUUECKMX
MoOJieJIeil, JOCTaTOYHO TTOJHO U C BBICOKOM TOYHO-
CTBIO ONMUCHIBAIOIINX TIPOLECCH (HOPMUPOBAHUS
TUIPOJIOTMYECKMX MPOIECCOB, B TOM YMCJIE M pa3-
JIMYHBIX BUAOB CTOKa Ha Bogocobopax (I'yces, Haco-
HoBa, 2010; Konnpatwes, IlImakosa, 2019; MoToBu-
noB, I'enbdan, 2018; SAcunckuii, I'yces, 2003 u ap.).
Yto KacaeTcsl 3po3uHU MOYBHI, TO HauboJiee U3BECT-
HO€ YyHMBEpcajbHOE YpaBHEHHE BPO3UU IIOYBBI
(USLE) u ero mogudukanuyu npuMEHUMBI TOJIHKO
JIJISl OLIEHKMW CpEeAHE MHOTOJIETHE BEJIMYUHBI 10X~
nesoii aposuu (Yanos, 2021). JloxneBoit CKIOHOBBIH
CTOK B JISTHMI Ieproa BO3HUKAET JOCTATOYHO PEI-
KO, BOCHOBHOM Ha IJTOIIAAU TUAporpadudecKuii ce-
TH, XOTSI, KOHEYHO, IIPU BBIITaJAcHUM CUJILHBIX OCa-
KOB, CKJIOHOBAsI 9p03MsI 0COOEHHO B IOKXHBIX paiio-
Hax CTpaHbl, MOXET OBbITh BeChbMa 3HAYUTEIbHOIM.
CoBpeMeHHbIC MOAEIN BOTHOM 3PO3UH IIOYBEI ITPE/I-
CTaBJISIOT COOOM JajibHEIIee pa3BUTHE THAPOMEXA -
HUYECKOTO IIoaxola K 3ToMy IIpoleccy. Monenb
JIOKIEBOI 3pO3UM 1 32 IEpU O CHETOTasTHUS OITMCHI-
BaeT 3pO3UI0 ITOYBHI KaK CIIyYalHBIM IIpomecc 3a
MHOTOJIETHUI TIeproa. PaccuuThIBaeTCsl CTOK BOIBI,
OTPBIB 1 ITIEPEHOC ITIOTOKOM BOIBI ITOYBEHHBIX YACTHUILI
JUISI OTHOPOIHOTO CKJIOHA C IIPOM3BOJILHBIM ITPOdU-
JIEM, T.€. C TIOCTOSIHHBIMU (OIMHAKOBBIMM) MOYBEH-
HBEIMHU ITapaMeTpaMM BIOJIb CKJIOHA, PACTUTEIbHBIM
IIOKPOBOM M IIPOTUBO3PO3NOHHBIMU ITprueMamu (Cy-
xaHoBckuit, 2009). OmHaKo 3T MOAEU, TO3BOJISIO-
III1ie OLIECHUBATh 3PO3UIO0 ITOYBbI 32 MHOTOJICTHUIA I1e-
puomd, JOCTaTOYHO CIOXHBIE M TAKXKe TPEOYIOT HaJlM -
yus creauduyeckoii mHdopManuu 00 O0OBEKTe
ncciienoBaHusi. [ToaToMy BOonpoc ux MpUMEHUMOCTHU
B 3a7a4ax OILIEHKM! 3PO3UM IOYBBLI IIPH pacdyeTax Xa-
pakTepucTHK BhIHOca 3B ¢ Bomocbopa TpebyeT mo-
IMOJTHUTEILHBIX CHeUaIbHbIX UCCICAOBAaHMUI U pa3-
paboTK1 MOAEIN 3TOro Mpoliecca, ageKBaTHO OTpa-
Xaromieif ero CymHocTb. B 3Toif  cBSI3M B
HacTosIIIee BpeMs IIPEAIIOUYTEHUE OTHAECTCS XOPOIIO
M3BECTHBIM SMITMPUYECKUM 3aBUCUMOCTIM D = (YY),
rme ® — caoit CMBITOM MOYBBI (MM); Y — CJIOi cTOKa
(mm) (bobposutikas, 1977; SAcunckuii u ap., 2007).

Yto KacaeTcs OLIeHKM KOHIIEHTPAIIMY OMOTEeHHBIX
3JIEMEHTOB B CKIIOHOBOM CTOKE U B CMBITOM BOIHBI-
MU ITOTOKAMU TOYBE, TO OAHA U3 IEPBBIX TAKUX Me-
TOOMK MX pacyeTa IUISI CeIbCKOXO3SIICTBEHHbBIX I10-
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JIeit OblIa pa3paboTraHa ele B cepeanHe 80-X romoB
npouuaoro seka B CCCP (YysaH u ap., 1985). IIpak-
TUYECKOE IPUMEHEHNE 3TOM METOAUKM OBLJIO caeiia-
HO IIpM HCIOJb30BAaHUM (PUIMKO-MaTeMaTHIECKOM
MOJEJIN, MO3BOJISIONIEH pacCUUTHIBAaTh BBIHOC OMO-
reHHbIX 3JieMeHTOB (N, P 1 K, KT) ¢ ToBepXHOCTHBIM
XKUIKMM CTOKOM U CTOKOM HaHOCOB C BomIocOopa
p. Benecwr (6acceitn 3amagHoii JIBUHBI) B 3aBUCUMO-
CTU OT YKJIOHA CKJIOHOB U APYrux reoMopdoioruyue-
ckux xapakrepuctuk (Hazapos, 1993; Hasapos,
JleoHos, 1999).

B mocnenHue rombl BO BCEM MUpPE BBIIOJIHEHO
MHOTO WCCJeIO0BaHUI, TIOCBSIIEHHBIX pa3paboTKe
MoJeJieil ¥ anIapaTHBIX IPOTPaMMHBIX CUCTEM IS
pacdeTta BeIHOca 3B ¢ Bomocbopa, Ipu peleHnN pas3-
HOOOpa3HBIX 3ajady, AeTallbHble 0030pbl KOTOPBIX
npuseneHbl B (Muxaiinos, 2000; Konnpatees, [1Ima-
KoBa, 2019; Li, 2014). OnHoii 13 ITOCIeAHNX MOaeIei
BbIHOCA OMOTeHHBIX 3JIEMEHTOB, pa3pabOTaHHBIX 3a
pyoexxom, saBisieTcss moneiab SWAT, npenHa3HadYeH-
Has 111 Cay>XOBbI CeTbCKOXO3SIMCTBEHHBIX MCCIIEIO0-
BaHuii CIIIA u ucnonbdyemass B 13 eBporeiickux
crpanax (Arheimer and Olson, 2003). D10 pu3nKo-
MaTeMaTh4ecKasi MOJIEeJIb C IIOIy-pacipeae e HHBIMU
rnmapaMmeTpamu, TMpenHa3HauyeHHas IJIsl OLIEHKU BbI-
Hoca OMOreHHBIX 2JIEMEHTOB CO BCETO BomocOopa.
Jlasg pacdeTa cToKa OMOTEeHHEBIX 3JIeMeHTOB B SWAT
HICIIOJIb3YIOTCSI SMITMPUYECKHUE 3aBUCUMOCTU MEXIY
pacxoaoM BOIbI, CTOKOM HAHOCOB M KOHIIEHTPAIIMSI-
MU XHUMHWYECKMX BJIEMEHTOB. B HamOoiiee IOmMHOI
JIUHAMUKO-CTOXacTUUecKoir moaean MHcTutyTta
ozepoBeneHusa PAH (IL_LM) oy ouleHKY 3HaYSHUIA
KOHIIEHTpAallM OWOT€HHBLIX 3JIEMEHTOB (0OIIETo
a3oTa 1 ob1iero ¢gocdopa) UCIOIb3YIOTCS pe3yabTa-
Thl HAaTYPHBIX MCCJIEIOBAaHUIL IO COAep:KaHUIO pac-
TBOPEHHBIX IIpUMeceii B MOYBEHHOM BOJIE WJIM IIep-
BUYHOM pydeiikoBoii cetu (KoHapatees, [lImakoBa,
2019). /11 ouleHKM BhIHOCA OMOTE€HHEBIX 2JIEMEHTOB,
aIcOpOMPOBAHHBIX HAa YaCTUIAX CMBITHIX HAHOCOB,
rcrob3yercs: uzorepma OpeitHanmnxa u ee Mogudpu-
kauuu (PameBckas u ap., 2020a).

Brinoc 3B ¢ eopodckoii meppumopuu B0 MHOTOM
00YCJIOBJIEH TTPOIIECCOM MX HAKOIIJICHUS MEKIY BBI-
MameHreM CTOKODOPMHUPYIOIITUX JIMBHEBBIX OCAIKOB.
Yewm OoJibllie BpEMEHU TPOIILUIO C MOMEHTA BhITIaIe-
HUS TTOCIEMHUX 0CaIKOB, TeM OOJIbIIe TTBUTH, Mycopa
1 CBSI3aHHBIX ¢ HUMU 3B akkymymupyercs Ha yauiax,
TpOTyapax 1 Kphblllax 1oMoB. [1JIst onrcaHusi Ha3BaH-
HBIX [IPOLIECCOB MPENJIOKEH MOOeAbHbLE RO0X00, TIOJTY-
YUBIIMI Ha3BaHUe ‘“Haxonaenue/cmoie” (“Build-
up/Washoff”’), cornacHO KOTOpOMY Ha YpOaHU3UPO-
BaHHOH (ceMmTeOHOIi) TeppuTOpuM HakoreHue 3B
ITPOUCXOIUT ITPOTIOPIIMOHATIEHO BPEMEHHM, OTHEIISIIO-
1IeMy MOMEHT pacyeTa OT MOCAEeAHETO CTOKOBOTO CO-
6biTust (Chen and Adams, 2006; Gander, 2007
Shaw et al., 2010; Wang et al., 2011). “HakoruieHue”
B MOJIEJISIX TAKOTO TUIIA SIBJISIETCSI MHTETPUPOBAaHHO
XapaKTePUCTUKOM U TToApa3yMeBaeT Bce pa3HoOOpa-
31€ MPOLECCOB, IPOUCXOISIIMX HA TEPPUTOPUU BO
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BpeMsI CyXOii MOrobl, BKIII0Yast yoopKy ynuil. M3-3a
HEBO3MOXXHOCTHU (DU3MUECKOro 0OOCHOBAHUST MOJe-
JIM HAaKOIUICHUSI OHA, KaK IIPaBWIO, UMEET SIMITUPU-
YeCKyl0 OCHOBY. Bo3MmoxHocTM 650Ka Mopeau
“cMBIB” TOpa3no mmupe. 31eCch MOXET UCITOJIL30BaTh-
Ccs MNpaKTHUYEeCKU BECh apCceHal TUIPOJIOTrMYEeCKUX
MoJelieil — OT ABMIIMPUIECKUX IO (PU3UKO-MaTeMa-
Tuyeckux. KoHuenuus “HakoIuieHHe,/CMbIB” Hallljla
CBOE BOILUIONIEHME B U3BECTHOM OPUTHMHAJIBHOI Bep-
cun KoMIibloTepHoit Momenn SWMM (Gironas et al.,
2009; peanuzanusa B Poccuu — (bojaros u ap., 2003,
2020)).

Mogenu tumna “HakOIUIEHUE/CMBIB” CTajiu HUC-
MOJB30BATHCS TIPU PEIIEHUU 33024 MOJEIINPOBAHUS
KayecTBa BOJIbl YpOAHU3UPOBAHHBIX TEPPUTOPUM C
KOHIIa CEMUIIECATBIX TOA0B npouuioro Beka. Co Bpe-
MEHEM aKIEHTHI Pa3BUTHUS PACCMATPUBAEMOTO HAy4-
HOTO HAIIPaBJIEHUS U COBEPIIEHCTBOBAHUSI COOTBET-
CTBYIOLLIETO MAaTEMATUYECKOTO arrnapara CMECTUIIUCH
B CTOPOHY CO37aHUs MacIiITaOHbIX MoaenabHbIX [T MC-
OPUEHTUPOBAHHBIX KOMIUIEKCOB IS PEIICHUS WH-
JKEHEPHBIX 3ala4 BOJOOTBEAEHUS C TOPOACKHUX TEP-
putopun. KpynHeiilieil eBponeicKkoii pa3padboTKoi
B YKa3aHHOM HaripasjieHuU sgBisieTcs monenb MIKE

URBAN, Bxozngmasg B cemeiictso moneneir MIKE'.
OcnoBHoe npenHazHadyeHrne MIKE URBAN — rum-
paBIMYECKUIT pacueT ceTeil BOIOCHAOXKEHUS Y BOIO-
orBeageHus. B CIIIA 31 ¢pyHKIIMM BBITIOJTHSIOT MO-
nean StormCAD, FlowMaster u HAMMER, Bxonsi-
e B KOMIUIEKC MOICITMPOBAHUS W SKCIUIyaTalluy
Hapy>XHBIX ceTeii BOJOCHAOXEHMS W KaHaJIW3alluu

Bentley Systems?. ECTb ONBIT BHEIPEHUS B OTEYE-
CTBEHHYIO TIPAKTUKY TEPEYMCICHHBIX 3apyOesKHBIX
WHXKEHEPHBIX Mozeleil BOMOOTBEIeHUS C TePPUTO-
pun KpymnHbIX roponoB (bopucos, 2009). OnHako B
IIeJIOM NIpYMEHEHNEe MaTeMaTUIeCKUX MOJIeNeit st
oTHX meneit B Poccmy orpaHMdYeHO eTWHUIHBIMH
MpuMepaMy, HECMOTPSI Ha TO UTO MOJIEJIMPOBaHUE
KayecTBa BOIBI YpOAHM3MPOBAHHBIX BOIXOCOOPOB
pasBuBaeTcs yxe 6ojyee 50 net (American ..., 1969;
Avellaneda et al., 2009; Sutherland and McCuen,
1978; Terstriep et al., 1990).

Konuyenmyanvuoie mpyonocmu mooeauposanus
ougghy3noeo 3aepsa3Henus

K coxaneHuto, B COBETCKUX U POCCUICKUX UCCIIE-
TMIOBAHMSIX MPAKTUIECKN HE OBLIIO KOMIUIEKCHBIX 9KC-
MeprMeHTabHBIX PabOT, TOCBSIIEHHBIX PA3HBIM ac-
nekraM opMUpoOBaHU TP EPY3HOIO 3arpsI3HEHUS.
PedHbIM W B MeEHbBIIIEl CTENIEHU IMOBEPXHOCTHBIM
CKJIOHOBBIM CTOKOM 3aHUMAaJWCh TUAPOJOTU, MPO-
IeccaMyu 3po3uu — TreoMOpPdOIIOTH U 3PO3UNOBENIHI,
XUMMYECKIM CTOKOM — T€OXUMUKM pa3HbIX HAaIlpaB-

1 https://www.mikepoweredbydhi.com/products (mata obpaiiie-
Hust 04.03.2022).

2 https: //www.bentley.com/ru/solutions/stormwater-modeling-
and-analysis (mara oopamenus 04.03.2022).
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JIEHW. DTUM OOBSICHIETCS HecOalaHCUPOBAaHHOCTh
BPEMEHHOIO M IIPOCTPAHCTBEHHOI'O MacllTaboB, a
TaK:Ke CTeIIeHU pa3pabdOoTKM MaTeMaTUYECKOTO arllia-
paTa IjIsl OnKrCcCaHUs pa3HbIX 0JIOKOB (hOPMUPOBAHUS
nuddy3Horo 3arpsi3sHeHUS: (GOPMUPOBAHUS CTOKA
BoAbl, GOPMUPOBAHMSI CTOKA HAHOCOB U (DOPMUPO-
BaHMS CTOKA XMMHUYECKMX BemlecTB. [uapoguHaMu-
YeCKUE MOJIEJIM CTOKa COCEICTBYIOT C OMIIUPUIECKI-
MU 3aBHUCUMOCTSIMM, OINMUCHIBAIOIIUMU IIPOLECCHI
5PO3UM 1 XMMUYECKOTO CTOKa. B OjioKax pacuera xu-
MHYECKOT0 COCTaBa XXHJIKOTO CTOKAa M CTOKa HAHOCOB
B CBSI3U CO CJIOXKHOCTBIO OIMMCAHMS Y (hopMaIn3aluu
IIPOLECCOB MX (DOPMUPOBAHMS UCIOIB3YIOTCS JINOO
SMIUPUYECKIE 3aBUCUMOCTH MEXIy KOHIIEHTpAallr-
smu 3B, pacxomoM Boabl 1 00beMaMU HAHOCOB, JIM00
BOOOIIIe TaHHbIE HATyPHBIX U3MEPEHMI1, HE 001ana-
I0llIMe YHUBEPCAJIbHBIM XapakTepoM. B pacueTHBIX
TUIPOXUMUYECKMX METOAUKaxX [ajJeKo He BCerma
YUYUTHIBAIOTCS (POPMBI CyllIECTBOBAHMSI BEIIECTBA B
BOMHOI cpene (BUI XUMUYECKOTO COCIMHEHUS, CTe-
IICHb OMOMOCTYITHOCTU 3arpsI3HSIONIETO BelllecTBa U
COOTBETCTBEHHO €r0 TOKCMYHOCTH). OYeHb 4acToO HE
OLICHMBAIOTCS BO3MOXKHOCTH COpOLMYU/IecopOnmn
3B, ero mepexonbl U3 TOHHBIX OTIOXXECHH M B3Be-
IIEHHBIX 1 JOHHBIX HAHOCOB B pacTBOPEeHHEBIE (hop-
MBI 1 HA000poT, TpaHchopMalius coctaBa 3B B pe3yiib-
TaTe XMMWYECKNX PeaKIii, BO3ACHCTBUS OMOTHI U TIp.
B GonbimHcTBe MOzAeneit BOoOIIe He YIUTHIBASTCSI, UTO
caMMM BOJOCOOPOM M €ro ruaporpadmnyeckoil ceThio
MOIIOIIAIOTCS 3HAYMTEIbHbIE 00beMbI 3B.

C10XHOCTb TIpolieccoB (OPMUPOBAHUS 1 TPAHC-
¢dopMalLIy CTOKA BOIBI U CBSI3aHHbBIX C HUM BEIIIECTB
B pa3IMYHBIX reocucremMax (jecax, CeJIbCKOXO3SIii-
CTBEHHBIX IIOJISIX C pa3HbIM BUJIOM ITOICTUIAIONIEH
MMOBEPXHOCTH, CEIUTEOHBIX TEPPUTOPUSIX U IP.) U HA
BogocOOpax M OTCYTCTBME MOHUTOPUHIA IPUBEIU K
TOMY, UTO JIO HACTOSIIEero BpeMeHu B Poccum Her
o(UIIMAIFHO YTBEPKICHHBIX METOIOB pacyera aud-
¢y3HOrOo croka 3B. UMeHHO TTO3TOMY IIJIST OILIEHKH
00BEeMOB BOABI M pa3HOOOpa3HbIX 3B, moctynarmoimmx
C BOOOCOOpPOB B BOOHBIE OOBEKTHI, MCIIOJIb3YIOTCS
pacyeTHBIE METOAbI, pa3paboTaHHbBIE HA OCHOBE CIIe-
LIMAJILHO ITOCTaBJIEHHBIX ITOJIEBBIX 3KCIEPUMEHTOB
(KongparteeB, 2007; KonnpateeB, IlImakoBa, 2019;
Muxaiinos, 2000; Xpucanos, Ocuros, 1993; SAcun-
cKuit u ap., 2020).

B HOBOI1 Bepcuu noayamnupuueckoil aanowagpm-
Ho-2udpoaozuueckoi modeau Hucmumyma eeoepaghuu
PAH (JITM HTI'PAH) nist KaxXaoro THIIA HOACTUIAI0-
IIeli TTOBEPXHOCTU Ha BogocOope, BKIIOYAst OBPaXK-
HO-0aJIOUHYIO CETh, OCYILIECTBJISIETCSI pacyeT BECeH-
HETro CKJIOHOBOI'O CTOKA I10 CBSI3SIM C peYHBIM CTOKOM
BECEHHEIO ITI0JIOBOIbSI, MOAIIOBEPXHOCTHOIO CTOKA
(“BepXxoBOIKMN ), TOA3€MHOIO CTOKA, a TAKKE pacyeT
3PO3UU MTOYBHI 110 CBSI3SIM C BEJIMUMHON CKJIOHOBOTO
CTOKa 1 BBIHOCA C 3TUM CTOKOM OMOT€HHBIX JIEMEH-
TOB — IIyTeM 3aJaHUsI UX KOHILIEHTpaILlUii, MOJyYeH-
HBIX 110 9KCIIEPUMEHTAILHBIM U JINTePAaTYPHBIM TaH-
HbiM (Yasinsky et al., 2020). KoHueHTpauus 3Tux
Ne 1
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Puc. 1. Biok-cxeMa pacyeTa CToKa OMOreHHBIX 3JIEMEHTOB C BOI0COOpa B 1aHAIIA(THO-TUAPOJIOrMYeCcKoit Moaeau MHcTuTyTa

reorpacdun PAH.

2JIEMEHTOB B CMBITOM TAJILIMU BOJIaMU ITOYBE 3a1a€T-
¢ MO0 MO HAHHBIM arpoXMMHYECKMX aHaJIl30B
BEPXHUX CJIOEB IIOYBHI, JIUOO IO JaHHBIM EmuHoro
l'ocymapcTBeHHOro peecTpa MOYBEHHBIX PECYpCOB

Poccun?®. TIpeanonaraercs, 4To B OCTaJIbHbIE TIEPUO-
bl TOJAbl BBIHOC O3TUX BEIIECTB OCYIIECTBIISIETCS
TOJIBKO TIOA3E€MHBIM CTOKOM, BEJIMYMHA KOTOPOTO
paccuMThIBaeTCs MyTEM pacujieHeHUsl ruaporpadosn
pPEYHOrO CTOKa, a KOHLIEHTpAallMs 9TUX BEILIECTB 3a/1a-
eTcsl TI0 JaHHBIM XMMMYECKOTO aHajiu3a IMpob, OTo-
OpaHHBIX B 3UMHUI MEPUOI, C UX KOPPEKTUPOBKOI
10 JIMTepaTypHbIM UCTOUHUKAM. B Moienu yunutoiBa-
IOTCSl JAaHHBIE BONOXO3SIMCTBEHHON CTaTUCTUKU
(dpopma otuetHocTH 2-TII (Bomxo3)) o coOpocax cTou-
HBIX BOI MPEANPUSATUI. YUUTBIBAETCS TPSIMOE aH-
TPONOTE€HHOE BO3/EHCTBUE Ha BOAOCOOpP — TMOCTYII-
JIeHUe OUOTEeHHBIX BEILECTB, CBSI3aHHbBIX C AeSATENb-
HOCThIO uenoBeka. B Tekymieit Bepcum JITM sT0
BHECEHHE Ha CEeJIbCKOXO3SIMCTBEHHBIE TOJISI MUHE-
PAILHBIX U OPraHUYECKUX yIOOpEeHMIi, a TaKxkKe T0-

3 http://egrpr.esoil.ru/ (mata obpamenus 04.03.2022).
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nagaHue HeOUMIIEHHBIX OTXOIOB XXKU3HEIESTeIbHO-
CTU HaceJIeHUsI B BOIHYIO cpeny (puc. 1).

Hogas Bepcus JII'M mcnonb3oBajachk B paboTax
Nucturyra reorpadun PAH mo nporpamme “O3m0-
poBjieHue Boarn” B TOM 4uciie 17151 OLIEHKU:

— CYMMAapHBIX IOTOKOB OMOTI€HHBIX 3JIEMEHTOB,
noctymnapmux B Yebokcapckoe BOOOXpaHWINIIE, C
€ro MecTHoro Bogoc6opa (ruromans 130000 km?) u ¢
BOIOCOOPOB €ro MPUTOKOB Pa3HBIX ITOPSIIKOB,

— poau 1ud@yY3HBIX U TOUCUHBIX KOHTPOJIUPYE-
MBIX MUCTOYHUKOB B (P)OPMUPOBAHUM TTOTOKOB 3B c
Bogocbopa YebokcapcKoro BOJIOXpaHUJIMIIA,

— BKJIaJa TIPUPOIHBIX M aHTPONOIeHHBIX (paKTo-
poB (TaHAIahTHON CTPYKTYPHI U ITPSIMOTO aHTPOIIO-
TeHHOro BO31eiicTBUSI) B (DOPMUPOBAHUE ITOTOKOB
3B ¢ Bogocbopa YeboKcapcKoro BOTOXpaHMINIIA,

— pOJIM TTOBEPXHOCTHOTO CKJIOHOBOTO U TTOA3EM-
HOTO CTOKa, 3pO3MHU Ha BOAOCOOpEe 1 CTOKA HAHOCOB
B hopmMupoBanuu neperoca 3B ¢ Bogocbopa Yebok-
CapCKOro BOJOXPaHWIMIIIA.

HcxonHas nHGoOpMaLS U pe3yJbTaThl PacueToB
Ha MOJEJM JIeNIM B OCHOBY pa3paboTaHHOM permuo-

Nel 2023
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Puc. 2. THTEHCUBHOCTb BHIHOCA MHUHEPATBLHOTO a30Ta OT AUMdY3HBIX MCTOYHUKOB C TTOIBOAOCOOPOB GacceiiHa p. KymabMbl

(rutomanb Bomocoopa 3220 KM2), KT/Ta B TOII.

HameHOI TMMC. Hekotopble molydeHHBIE pe3yJibTa-
Thl MpuMeHeHust JII'M nipuBeneHbl Ha puc. 2—4.

CunbHoit ctopoHoii JITM sBisgeTcss MaKCUMaIb-
HBI y4yeT JaHmmadTHON CTPYKTYpHI Bomocoopos. K
HegoCTaTKaM CJIeIyeT OTHECTU BBIHYXIEHHOE HC-
MOJIb30BaHUE psifia DMIIMPUYECKUX 3aBUCUMOCTEM,
YTO MOXET HECKOJbKO CHU3UTh TOYHOCTb PACUETOB
ctoka 3B c BomocOopa. B 3Toii cBSI3M TMpenmnosaraer-
csl, 4TO B OymymieM B oTaenabHbIe Ojioku JITM Oymyt
BKJIIOUEHBI OoJiee cTporue GU3nKo-MaTeMaTuIecKue
MOJIEeJIU TUAPOJIOTO-TeOXMMUUECKUX MPOLIECCOB. DTO
MO3BOJIUT IMTPOBOJAUTD PACUEThI ITUX ITPOLIECCOB U TTO-
ToKOB 3B ¢ BOmocO0opoB c OOJIbIIEH TOYHOCTHIO, B
TOM YHKCJIe MPU 3aJaHUU Pa3IMYHBIX ClICHApUEB U3-
MEHEHUS KJIMMaTa, B COOTBETCTBUMM C NaHHBIMU O
MPOTHO3UPYEMBIX Pa3HBIMHA METOJaMU BeEJIWUYMHAX
0CaIKOB U TeMIlepaTypbl BO3AyXa W MPOTHO3UpYe-
MbIX U3MEHEHHI B cCTEMax 3eMJIETIOJIb30BaHUS.

B 1menom HE0OGXOIMMO OTMETUTH, UTO COBPEMEH-
HBIIl 3Tan pa3BUTUs METOIOB pacdyeToB BhiHOca 3B
BEILECTB ¢ BOAOCOOpa B BOAHbIE 0OBEKThI OCHOBBIBA-
eTcsd Ha pa3paboTKe HOBOIO MOKOJIEHUS MojeJeit
TUIPOJOTUYECKOro LIMKJa ¢ ucnoab3oBanuem 'MC-
TEXHOJIOTUI U pa3BUTHIX 0a3 HJAaHHBIX. DTU MOACIU
WCHONB3YIOTCST [JIsI OIMCAHUs IIPOLECCOB IUKIIA,

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

MPOTEKAIOIINX B pa3HbIX BPEMEHHBIX MacliTabax u
JIJIsT BOOOCOOPOB pa3HbIX MPOCTPAHCTBEHHBIX pPa3Me-
poB. OTHOBPEMEHHO C 3TUM OCYIIIECTBIISIETCS pa3pa-
0oTKa Mozeseil Tajoil U TOXIEeBOH BOJHOU 3p0o3uu
nouBbl. Pa3zpaboTka ruipoiornueckux Moaesieit, Mo-
JIeJied BOOHOW 3PO3UM U BBIHOCA XUMUYECKUX BeE-
IIECTB BEJAETCS B HACTOSIIIIEe BpeMsI TTapajuie/ibHO, U
OHU HE BCErJa CoueTalTCs APYT C IPYTOM B pellieHU U
3a;a4, CBsS3aHHBIX C OlleHKoii BbIHOca 3B. Heco-
MHEHHO, 4YTO B OJuKaiileM OyaylieM Ha OCHOBE
BHEJIPEHUSI COBPEMEHHBIX CHUCTEM MOHUTOPUHTIa
MPOM30MAET yCTpaHEHUE IKJIEKTUYHOCTU MOAX0oaa K
npoobjieMe olleHKM BhiHOca 3B ¢ Bomocbopa mytem
pa3pabOTKM HEKOTOPBIX OOOOIIEHHBIX MOIENCH
(koMIUIeKca Mojeneii) (opMUpoBaHUs TUAPOJIOTO-
TeOXMMUUYECKUX TpoleccoB Ha Bomocbopax. OHu
MO3BOJISIT PACCUMTHIBATh HE TOJIBKO MX XapaKTepu-
CTUKU, HO U MapaMeTphbl MOTOKOB 3B, mocTymnalommx
¢ Bomocbopa U OOYCIOBIMBAIOIIMX KAaYeCTBO BOJIbI
BOIHBIX OOBEKTOB.

I1pu pa3paboTke >3TUX MozAeJIeii HeOOXOOINUMO pe-
IIUTh HECKOJIbKO OCHOBHBIX 3a7a4, HauboJiee NMOJTHO
pacKphIBaIOIIUX CyTh Ipoliecca nuddy3HOro 3arpsi3-
HEHMSI BOIHBIX O0BEKTOB, B TOM YHCJIE CACIYIOIINE.
Ne 1
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Puc. 3. Bxiian mugdy3HBIX M TOYEUYHBIX ICTOYHMKOB B BBIHOC MUHEPaJIbHOIO a30Ta ¢ ITOABOIOCOOPOB bacceitHa p. KyabMbl
(Tutomanb Bogocbopa 3220 KMZ), T/TOI.

1. ¥Xxe yrmoMuHaBIIAsICS BHIIIE pa3pabOTKa MoOIe-
JIeli TaJIol U moXneBoit apo3un 1mouBbl. HecMoTpst Ha
TO, 4TO B PELIIEHNH 3TOi1 IPOOJIEMbI JOCTUTHYTHI CYILIe-
CTBEHHBIC PE3YJIbTAThI, 3aKII0UAIOIINECS B pa3padoTKe
du3IecKr 000CHOBAHHBIX MOIEei pydeifKoBOI 3p0-
31M, OTPhIBAa MOYBEHHBIX YaCTHUIl M TPAHCIIOPTUPYIO-
meit cnocoobHoctu moToka (CyxaHoBckuid, 2019;
IIImakoBa, 2021), BXoasiiiye B HUX MapaMeTPbl TPYI-
HO OIIpeAesisTh Ha IpakKTuke. BeposiTHO, UMEHHO
IIO3TOMY B HacToslliee BpeMsl IJISI OLIEHKU O0ObeMOB
5pPO3UY MOYBHI M AKKYMYJISIIMKM HAHOCOB IIIMPOKO
HCIOJIb3YIOTCS a3POKOCMUYECKIE CHUMKH, BKITIOYasT
CHUMKM C OECHWJIOTHBIX JIeTaTeJIbHbIX allllapaToB
(BITJIA) ¢ pa3anyHbIM MPOCTPAHCTBEHHBIM paspe-
menueM u I'MC-texrHonorun (Kunkun u np., 2021;
IIpocTpaHCTBEHHO-BpeMEHHBIE ..., 2019). OcHOBHas
npo0biieMa — MHTeTrpalus y>Ke pa3padoTaHHBIX MOJIE-
JIEld 3pO3MU IOYBHI U MX MOAMG(DHUKALIMKN B MOACIU
mddys3Horo BerHoca 3B ¢ Bomocbopa B BOTHEIE 00b-
€KThI, a TaKXKe pa3paboTKa CIIeLIMaIbHOM I'MIPOJIOTO-
reorpauyeckoii Momean 3pO3UM ITOYBBI, C OTHOMN
CTOPOHBI — PU3NUECKN 0OOCHOBAHHOI, C IPYTOif — C
JIOCTaTOYHO MPOCTO OIPeaessIeMbIMU TTapaMeTpPaMU.
HaubGosee nmepcrieKTUBHBIM MyTeM pa3pabOTKM Ta-
KO MOJIENU SIBJISETCsl IPOBEAeHUE KOMIUIEKCHBIX
MOJIEBBIX 3KCIIEPMMEHTAJIbHBIX WCCICIOBaHUIT Ha
000pPYIOBaHHBIX COBPEMEHHBLIMU IIPHUOOPaMU BOIO-
cOopax, MO3BOJISIIOIIUMMU PETUCTPUPOBATH OBICTPO-
MpPOTEKAIOIINE MPOLECChl B COUETAHUN C UCHOIb30-
BaHueM CHUMKOB ¢ BITJIA, kocMuUYecKux anmnapaToB
u 'NMC-texnonoruit. TMC-cucreMsbl JOTXKHBI BKITIO-
yaTh 0a3pl JaHHBIX, COAepKalllie BeChb Habop Heo0-
XOOMMBIX MCXOIHBIX JAHHBIX [TMIPOMETEOPOIOTUIE-
CKUX, TEOXMMHUYECKNX, BKII0O9asi MyTHOCTb ITOTOKOB
Ha BogocOope M B BOJOTOKE M HEOOXOAMMBIX IS pac-
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yeTa mapaMeTpoB BOOCOOpa, pyUYEeMKOBOM CETHU U JIp.
(T'apuman, Ilamos, 2015; Acunckuit u op., 2021)].
MeTtonuyeckoii OCHOBOUW TaKOiWl MOAEIU MOTYT SIB-
JISITbCST (DUBUKO-CTATUCTUUECKUE 3aBUCUMOCTH TUTIA
Q = 1(B), S = f(Q), rne Q — pacxom Boabl B pycie
MUKpopyuelika; B — mupuHa Mukpopydeiika, HoTo-
Ka, S — MyTHOCTb ITOTOKA.

2. BaxHoii 3amayeii, TECHO CBSI3aHHOM ¢ paspa-
OOTKOII MoOIeell IepeHoca BEIIeCTBa C MOTOKaMU
BOIbl HA BOJIOCOOpE U B pycCJie BOAOTOKA, SIBJISIETCS
OllecHKa KoJMn4ecTBa M cocTaBa 3B, amcopbupoBaH-
HBIX Ha YaCTUIIAX MOYBBI Pa3HOIO I'PaHyJIOMETpUYIE-
ckoro pasMmepa. IIpu 3ToM IepeHoC 3arpsi3HeHUIA B
BOMHOI cpele OCYIIECTBIISIETCS KaK B PacTBOPEH-
HOM, TaK M B 3HAYMTEJILHOM CTEIICHU B TBEepI0Oii (pase
CO B3BELIIEHHBIMU M BJIeKOMbIMU HaHocamu (Kacu-
MOB U 1p., 2016). IIpobiema olleHKN 00beMa U CO-
craBa 3B mpu mnddy3HOM 3arpsa3HEHMM BOTHBIX
00BEKTOB BaxkHa Kak I ypOaHU3UPOBAHHBIX TEp-
PUTOPUIA, TaK IJIsI IPYTUX BOmocObopoB. OgHAKO, KaK
y2k€ TOBOPMJIOCHh, UMEHHO [JIsl TEPPUTOPHIA TOPOIOB
XapaKTEepEeH CaMblii 3HAYUTENbHbIIX aHTPONOTEHHbIN
IIPECCUHT Ha BCE KOMIIOHEHTHI OKPY:KaIOWIeii Cpebl
(BO3myX, MOYBOIPYHTHI, IIOBEPXHOCTHHBIE 1 IIOA3E€M-
HBIE BOJBI), OIPEIESIONINNA KaK CTeeHb TpaHCcdop-
Maluy UX PU3NIECKUX CBOMCTB, TaK U OOBEMbI, 1
pacmupeHHsblii cnektp 3B. IIpu 3TOM ruaposkoiio-
TMYECKUI MOHUTOPUHI 3a COCTOSIHMEM BOOHOM M
OKpYyXalolleil cpeabl B KPYIHBLIX ropogax Poccuu
MPaKTUYSCKU OTCYTCTBYET U €r0 HEOOXOIMMO CO3/1a-
BaTh [IJIs1 HAYYHOTO 0OOCHOBAHUSI MEPOIIPUSITUIA 110
YIIPaBJICHUIO TOPOICKUMU TEPPUTOPUSIMU.

3. Paspaborka 3aBUCHMMOCTEI, ITO3BOJISIIOIINX
pasaenbHO OLIEHWBATh PEAYKIINIO NOTOKOB 3B ¢ BO-
nocbopa M B peuHoi ceTr. B HacTosIiee BpeMs nc-
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MOJIB3YIOTCSI 0000IIIeHHASI 3aBUCUMOCTD, MHTETPajlb-
HO YYMUTHIBaIOIIasl CHIDKEHUE 00beMa 3THUX ITOTOKOB
BOOOCOOpPOM M pycsioM camoro BojgoToka (Konmpa-
theB, llImakoBa, 2019). Ha mmyTtu ot rpaHuibl BOIO-
cbopa a0 pyciia moxomuT He 6oyee 20% HaAHOCOB,
CMBIBae€MbIX C BOJ0OCOOpa B IPOIIecCe 3pO3UHN IMOUBHI
(HYanos, 2021). CK10HOBBIH CTOK, (DOPMUPYIOIIUICS
Ha BogocOoOpax B IIEpUOI JOXACBHIX IABOAKOB U IIPU
CHEroTastHuM, OOYCJIOBIUBAIOIINII CMBIB TIOYBBHI,
CHMKAETCS B 3aBUCUMOCTH OT UX AJuHEL. [1pu BbIma-
JIEHUM JTOXIEBBIX OCAIKOB CHIDKEHIE 00beMa CKIIO-
HOBOTO CTOKAa Ha CKJIOHAaX 3HAYMUTEIbHON MIMHBI
00YyCJIOBJIEHO OOJBIIION BEPOSITHOCTHIO ITOSIBIICHUS
3HAYUTEJIBHOTO KOJIMYECTBA YYACTKOB C BBICOKOM
WHQUWIBTpALIMOHHOI cmocoOHOCThIO MoYBHI (I'yceB,
1982). I1pu cHeroTassHUM CHUXXEHHE 00beMa IOBEPX-
HOCTHOTO BECEHHEIo CKJIOHOBOIO CTOKa CBSI3aHO C
BBICOKOIl TIPOCTPAHCTBEHHOM HEOTHOPOIHOCTBIO
CHEXKHOTO MOKPOBa — BEPXHUE YYaCTKM CKJIOHA C TOH-
KMM CJIOEM CHETa HaXOIsITCs, KaK IIPaBWIO, B MEP3JIOM
COCTOSTHMU, & HIDKHUE €T0 YYaCTKU, OKPBIThIC 3HAUM -
TeJIbHO 00Jiee MOIIIHBIM CJIOEM CHera, — B TaJIOM COCTO-
STHAM 1 CITOCOOHBI BIIMTHIBATh 3HAYNTEIbHBIE 00bEMBI
cHeroBoit Boabl (AcuHckuit, 1994). CHuXeHue no-
TOKa CMBITOII ¢ BomocOopa u ¢ abpas3ueii Geperos
MOYBHI U Apyrux 3B B pyciie pek 00yCIOBICHO UX JIe-
IMOHUPOBAHUEM B M3JIyYMHaX, Ha IIOMMaxX M OPYyTUX
y4acTKax, IJe CKOPOCTb BOJIbI CHUXKAETCS, M1 00pasy-
FOTCSI 3aCTOMHBIC 30HBI, B KOTOPBIX IIPOMCXOOUT OCa-
XaeHue sToro marepuana. Mcnonab3oBaHue 0600-
IIIEHHBIX 3aBUCUMOCTEN PEAYKIIMU TTOTOKOB CMBITOM
no4Bbl ¥ 3B He MO3BOJISIET B ITIOJTHOM MEpEe PACKPHITh
1 B KaKOI-TO Mepe y4eCThb MEXaHU3MbI 3TOTO SIBJIC-
HUSI, UTO MPEACTABISICTCSI BAXKHBIM TIPU TIJTAHUPOBa-
HUY pa3IUYHbIX IPUPOHAO- U BOJOOXPAHHBIX MEPO-
MIPUSITUIL HAa BOTOCOOpax.

EcTtecTBeHHO, TIepeunCIIEHHBIMU BBIIIIE 3adadyaMu
He OTpaHUYMBAETCS CIMCOK MEPCIICKTUBHBIX HAIIpaB-
JICHU KOMIUIEKCHBIX MCCIIEAOBAaHUI MaJIOM3y4YeHHOTIO
npouecca 1uP@y3HOro 3arps3HEeHUST BOTHBIX OOBEK-
ToB. TpeOyeT majlbHENIIero COBEPIISHCTBOBAHUS CXe-
MBI pacyeTa BOJOOTAAYM M OOpa3oBaHMSI CTOKa IIpU
JIOXIIEBBIX OCAIKAX 1 CHETOTAasIHUM, IIPY KOTOPHIX Ha-
YyyHaeTcss oO0pa3oBaHUE MUKPOPYYEHKOBOM CETU U
HEMOCPEACTBEHHO 3PO3MOHHbBIN CMBIB, a TaKXe BITU-
TBIBAaHUSI BOIbI, OCOOCHHO B MEP3JIYIO B IIOYBY, C y4e-
TOM O0Opa3oBaHMSI TaK Ha3bIBAEMOIO ‘“‘3aIIMpPAarOILETO
cnost” (Kamoxnsiit, [TaBnoBa, 1981). Heobxonum ydet
arpoOXNMHUYECKOTO COCTOSTHUS TIOYBBI TP OLICHKE IIe-
peHoca 3B CKIIOHOBBIM CTOKOM M 3pO3MEil IOYB.
BaxxHbIM TIpencTaBiisieTcss HaydHOE€ OOOCHOBaHUE
MEPOIIPUSITHI 110 CHIDKCHUIO YPOBHS IM((HY3HOTO
3arpsI3HeHMsI C BOOTOCOOPOB BOOHEBIX 00BbeKTOB. B Ha-
cTosiiiee BpeMsl mpobiaema aud@y3HOTro 3arpsi3He-
HUSI BOMHBIX OOBEKTOB HAXOMUTCS Ha HadyajJbHOM
CTaguM CBOETo u3ydeHus. TpeOyeTcs 3HaYUTEIbHEIC
YCUJIMSI YUEHBIX Pa3HBbIX CIeLUabHOCTE, 00bean-
HEHHBIX €IMHON 1IeJIbI0 M MOHMMaHUEM €€ BaxKHO-
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CTH, 9TOOBI JOCTUTHYTDb 3HAYUTC/IbHOI'O ITpOrpecca B
PEIICHNU €€ OCHOBHBIX 3a1a4.
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The Current State of the Problem of Assessing the Characteristics of Water Bodies

Diffuse Pollution in Lowland Watersheds
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A review of modern ideas about the nature and specifics of diffuse pollution of water bodies is made. The for-
mation, movement, and transformation of water flows formed in watersheds during periods of snowmelt and
rainfall saturated with dissolved and suspended substances is a complex multidimensional process distributed
over the catchment area. The main factors in the formation of diffuse pollution of water bodies is the interac-
tion of a complex of hydrological and geochemical processes, depending on the climatic features of the terri-
tory and the structure of land use in watersheds. The development of the chemical and biological industries
has led to the entry into the natural environment of new pollutants alien to the biota, requiring new methods
for monitoring and cleaning sources of diffuse and point pollution. In cities, the issue of entry and pollution
of water bodies with a wide range of pollutants, including microplastics, is most acute. Suspension micropar-
ticles carry a significant proportion of priority pollutants for large cities (surfactants, oil products, heavy met-
als). It is noted that diffuse pollution of water bodies, which forms on various types of the underlying surface
of watersheds, is not registered and is not regulated by any state water management or environmental depart-
ment. The main reasons for this are the uncertainty of the consumer of diffuse runoff, the complexity of or-
ganizing its monitoring, and the incomplete understanding by state water authorities of its key role in pollu-
tion of water bodies due to insufficient scientific knowledge of the problem in Russia. The necessity of devel-
oping a modern scientifically substantiated network for monitoring diffuse runoff is noted. A review of
modern models developed both in Russia and abroad, used to calculate the release of pollutants into water
bodies using GIS technologies and advanced databases, is made. In a number of cases, an imbalance was not-
ed in the degree of development of blocks describing the transfer of water, sediment and chemicals. Examples
of the work of the Institute of Geography of the Russian Academy of Sciences in the modeling of diffuse pol-
lution in the basin of the Cheboksary reservoir under the program “Improvement of the Volga” are given.

Keywords: diffuse pollution, small rivers, urban water environment, modeling, phases of the state of pollut-
ants, transport of pollution with microparticles, xenobiotics
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