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AHHOTaumA: C UeNbio U3YYeHUs BAMAHUA aHTPOMOreHHOM Harpyskun Ha
BOAOCOOpPbI pek Bonoroackoi 061acTu M yCTaHOB/IEHMA 3aBUCUMOCTU XU-
MWYECKOro COCTaBa BOA, OT MUCTOUHMKOB 3arpA3HeHMA Ha pekax bacceiHa
BepxHei CyxoHbl NpoBeAeH 0TOOP rMAPOXMMMIECKMX Npob. s Bogo-
CHOOPHbIX TEPPUTOPUIA pPaccinTaHa NAOTHOCTb HAaCENEHUSA, OCyLLEeCTBe-
HO aBTOMAaTU3MPOBAHHOE M BU3yasibHOE AeWNPPUPOBAHNE OCHOBHbIX
aeMeHTOB NaHawadTa. Mpu gewndprMpoBaHUM BblgeNeHbl: neca, Ha-
CeNleHHble MYHKTbI, CEIbX03YroAmMa U ApyrMe TepPUTOPUN, U3MEHEHHbDIE
XO35ICTBEHHOW AeATeNbHOCTblo. OBHapyXeHO yBEe/MYEHME KOHLLEH-
TPaLMW 3arpA3HAIOLLMX BELLECTB B BOAOTOKAX C NPUOAUKEHMEM K 06-
NAacTHoMy LeHTpPY. OCBOEHHOCTb BOAOCOOPOB MEHSNACh B 3aBUCUMOCTM
OT XapaKTepa naHawadrta u 6amsoctn K r. Bonorge. C npubavkeHmem
K ropoay Ha Bogocbopax pacTeT NAOTHOCTb HaceseHun, YBEINYMBALOT-
€A OTHOCUTE/NbHbIE MIOLWAAN HAaceNEHHbIX MYHKTOB U CebX03yroani, a
[0N5 N1ecoB ymeHbluaeTcs. [oKkaszaHa NoNoXKMTeIbHaA KoppensuMoHHas
3aBUCUMOCTb coaepaHua ¢ochaToB U OTHOCUTENbHOM NAOWAAN Cellb-
X03yroaui. MNaBHOW NPUYMHOI NOCTYNIEHMA 3arPA3HAIOLLMX BELLECTB B
BOAOTOKKN bacceilHa BepxHelt CyxoHbl ABAAETCA Ha/MyMe Ha Boaocbo-
pax HaceNeHHbIX MYHKTOB M BbICOKOW MIOTHOCTM HaceneHus. Npu Takux
ycnoBuAxX HabtogaeTcs NoBbILWEHHOE COAEPKAHME B BOAE HATPUS, X/10-
pa, a30TCOAEP KALLMX COeaMHEHUI, MEPMAHTaHATHON OKUC/IAEMOCTH.
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BsegeHue

Boaocbop —3To YacTb 3eMHOM NOBEPXHOCTH,
OTKy4a BOAa NOCTynaeT K BOAHOMY OOBLEKTY.
CornacHo 6accenMHoBOMy noaxoay, Ntoboin Bo-
AOTOK CnedyeT pacCMaTpMBaTb KakK COCTaBHYHO
4acCTb CMCTEMbI «BOA0COHOP — BOAHbIN OOBEKTY.
B HacToAwee Bpems 3Ta KOHLENUMA NOAyYnna
lWMpOKoe npusHaHue (Tkaués, bynatos, 2002;
AHgpunaHosa, 2005; NeaHos, Ma3sypkuH, 2007;
AcnHckmin, 2009). C pasHOMN CTENeHb UHTEH-
CMBHOCTM B 3aBMCMMOCTM OT Ce30Ha roga ¢
Tepputopun Bogocbopa NPOUCXOAUT BbIHOC
BELWEeCcTBa B BOAHbINM 06beKT (CopokuH, 1956).
Hdonsa «BogocbopHoM» coctaBasatolen B ¢pop-
MWPOBaHUKN KayecTBa Bog Bonoroackoi obna-
ctn coctasnaeT 50 %, a B oTaenbHbIE roabl — A0
70-80 % ([oknag,..., 2012). OcHoBHas YacTb Be-
LLLeCTB NOCTyNaeT B NepmMos, BECEHHETO NaBoOA-
Ka 1M B nepuog poxaen ([pabkosa, COPOKUH,
1979). NocTynneHne BELWECTB aHTPOMNOreHHOro
NPOUCXOXKAEHMUA MOXKET NPUBOAUTb K TaKUM
HeraTMBHbIM MpoLeccam, Kak 3auieHue, 3a-
KucneHue, aBTpodpumpoBaHue n ap. Konmyectso
nocTynarowmx B Bogocbop BeL,ecTs 3aBUCUT OT
XapaKTepa M CTeneHW aHTPOMOreHHOM Harpys-
KM Ha Boaocbop.

B HacToAwee BpemaA pa3paboTaHbl MeToan-
Ku (KnemeHtoBa, lenHure, 1995; CKOpHAKOB,
1999; YepHbiwes, 2011; KypraHosuy, Wanu-
KoBcKkMi, 2014), no3sonsAoLWME KONMUYECTBEH-
HO paccyMTaTb AHTPOMOreHHYK Harpysky Ha
BOAOCOOP NO KOMNAEKCy NoKa3aTenen. B 6onb-
WMHCTBE CNy4aeB OHW NMPUMEHAIOTCA ANA 30H
C PasBUTbIM CE/IbCKMM XO3ANCTBOM M BbICO-
KOM CTeneHblo Aerpagauum semenb. Tepputo-
pua Bonoroackoir 061acT OTHOCUTCS K 30He
puckoBaHHoro 3emnegenuns (MpupogHoe...,
1970), noaTomy ANA OUEHKU aHTPOMOreHHoM
Harpyskn HeobxoaMmo MCNoab30BaTb Apyrue
KpuTepun. Bca obnactb pacnonoxeHa B 30He
TaWrn, roe OCHOBHbIM TUMOM PACTUTE/IbHOCTU
asnatotca neca (Mpupoaa..., 2007). CooTtBeT-
CTBEHHO, BaXKHEMLINM NOKa3aTesiemM CYUTAETCA
obneceHHocTb Bogocbopa (AnabuHa, COPOKUH,
1983). Mpu gone necos meHee 60 % Hapyla-
eTCA 9KO/I0rMYeCcKoe paBHOBECME TEPPUTOPUN
(Peimepc, 1994). 3ab60/104eHHbIE TEPPUTOPUMN
TaKXKe OTHOCATCA K eCTeCTBEHHbIM NaHAwad-
Tam, WX NpUCYTCTBME Ha Bogocbope cylue-
CTBEHHO B/IMAET Ha MOHHbIA cocTaB Bog (Ca-
BuyeB, 2005). C OTKPbITbIX TEPPUTOPUIA CMbIB
BelLecTBa npoucxogut 6Hosee WMHTEHCUBHO,
yem ¢ obneceHHbIx. Cenbxo3yroama ABAAOTCA
dakTOpOM HebnaronpuATHOro BO3AENCTBUS
(CopokuH, 1983; bopwucos, 2006). Hanbonbluee
HeraTMBHOE B/IMAHME HA KAYeCcTBO BOJL, OKA3bl-

BAeT MOBEPXHOCTHbIA CTOK C 3aCTPOEHHbIX U
NPOMbILWAEHHbIX TeppuTopui (Muumnb, 2013).
Opyrnm BaxKHbIM NoOKasaTenem ABNAETCA NAOT-
HOCTb CeNbCKOro M ropoACKOro HaceNeHUAa Ha
Bogocbope (KopoHkeBuy u ap., 1995; AHapua-
HoBa, 2005). B uenom Kayectso Boj B BOAHOM
0b6beKTe sABNAETCA MHAMKATOPOM 3KONOrMye-
CKOrO COCTOAIHWE TEPPUTOPUU CYLUWN, KOTOPYHO
oxBaTbIBaeT ero sogocbop.

Lenb paboTbl — OLLEeHKa aHTPOMNOreHHoM Ha-
rpy3Kun Ha Bogocbopbl peK u BbiiBNEHME B3au-
MOCBA3M XMMMYECKOro COCTaBa BOA, U OCHOB-
HbIX NCTOYHMUKOB 3arpA3HEeHUA.

Marepuanbi

Ob6beKkTom wuccnegoBaHua nocayxmam 1
cpegHAs (nnowapb Bogocbopa ot 2000 go
50000 km?) n 5 manbix (nnowaas Bogocbopa Ao
2000 KMm?) pek, sBastowmxca nputokamm p. Cy-
XOHa pa3Horo nopagka: Bonorga, /locta, Jlyx-
Ta, Kombsa, YepHbint LUnHrapb, benbin LUnHrapb
(puc. 1). BogoToKm pacnonoXKeHbl B npegenax
Tpex naHawadros: 1) MNpUCYXOHCKaA HU3UHA,
2) BO3BbllWeHHOCTb ABHWra, 3) Bonoroacko-
lpA3oBeLKas BO3BbIWEHHOCTb (MakcyToBa,
2006).

Mpobbl ANs rMAPOXMMUYECKOTO aHaN3a OT-
6upanmcb ogHOKpaTHO B OKTAbpe 2013 r. Ha 10
cTBOpax: 5 Ha peKke Bonorga 1 no ogHOMYy Ha
Masibix peKax (puc. 1). Ha peke Bonoraa ctBopbl
HaXoAUNUCb B BEPXHEM TeYeHWM, B BOAOXpPa-
HUAMLLE, A0 ropoaa, B LEHTpe ropoaa, Huxe
ropoga. lna onpeaeneHna NAOTHOCTU Hacene-
HMA MCNONb30BaNCL AaHHble nepenucen 2002
1 2014 rr. PaboTa ¢ NpocTpaHCTBEHHOMN UHPOPp-
maumen ocywectsnanacb B ArcGis n Quantum
GIS. Ucnonb3oBanucb paHHble Shuttle radar
topographic mission (SRTM) (Jarvis et al., 2008),
CHMMOK Landsat 8: LC81780192014200LGNOO
(USGS Global Visualization Viewer, 2015) n ma-
Tepuanbl KapTorpaduyecknx cepsucos Google
n AHaeKc.

MeToabl

AHanus ruapoxmmmnyeckmx npob nposoaunn-
€A B AKKpeaAnTOBaHHOM ucnbiTaTeNbHON nabo-
paTopun PepepanbHOro rocyaapcTBEHHOMO
yupexaeHua focysapCcTBEHHOMO LLEeHTpa arpo-
XMMUYECKOM cnyxbbl «Bonoroackuii» (Prey
FUAC «Bonoroackuit») (aTrectaT aKkpeauTa-
unmn Ne POCC RU.0001.21M408).

MocTpoeHne BoAOCOOPHbLIX HacceliHOB U
y4yacTkoB B6accemHOB A0 CTBOPOB NPOBOAUNOCH
MHCTpymeHTamn rpynnbl  Hydrology ArcGis
Ha ocHoBe AaHHbix Shuttle radar topographic
mission (SRTM) (Jarvis et al., 2008). NonyueH-
Hble MOJINTOHbI BOAOCOOPHbIX HacceMHoB Kop-
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Puc. 1. Tepputopua nccnegoBaHunii 1 ctBopbl oT6opa Npob: 1a — p. Bonorga B BepxosBbax; 16 — p. Bonor-

Aa B BOAOXpaHWnuLLe, 18 — p. Bonoraa Beiwe ropoaa; 1r — p. Bonoraa B ueHTpe ropoaa; 14— p

. Bonorpa

HUXKe ropoaa; 2 — p. Jlocta; 3 — p. Jlyxta; 4 — p. KombAa; 5 — p. YepHbiii LLnHraps; 6 — p. benbint LnHrapb

Fig. 1. Research area and sampling points: 1a — upper reaches of the Vologda river; 1b — Vologda river
in the water basin; 1c — Vologda river up to the city; 1r — Vologda river in the center of the city; 1d
—Vologda river below the city; 2 — Losta river; 3 — Luhta river; 4 — Kom'ya river; 2 — Chernyi Shingar'

river; 2 — Belyi Shingar' river

PCKTUPOBAJIUCH IO H3OJUHHAM penbe(ba n THu-

nporpaduyeckon cetm Tonorpaduyeckmx Kapt
MmacwTaba 1:100000. danbHelrwan obpaboTka
BCEX AaHHbIX AMUCTAaHLMOHHOIO 30HAMPOBAHMUA
3eman (433) npoBoamMaacb TO/ILKO B pPamKax
3TUX FpaHuL,

Ona OUEeHKM aHTPOMOreHHOM Harpysku Ha
BOAOCOOPLI PEK PACCUUTLIBAIUCDE NAOTHOCTb
HaceNeHnsa 1 NNoLWaaAN TEPPUTOPUIA C Pa3HbI-
MW BUAAMM XO3ANCTBEHHOW [eATEeNbHOCTM.
OcywecTtBnanca aHanms 33 nytem aBToMaTu-
4eCKOro 1 BM3yasibHOTo aewmndpupoBaHums.

ABTOMaTU3MpPOBaHHaA Knaccuoukauma 33
nposBogunacb WHCTpymeHTom «WM3oknactep»
(IsoCluster) n3s naketa ArcGis meToaomM Mak-
cMmanbHoro nogobus (Maximum Likelihood
Classification) (HekoHTponupyemas Knaccu-
¢ukaums..., 2015). O6bpaboTke noagepran-
ca cHumok LC81780192014200LGNOO (USGS
Global Visualization Viewer, 2015) (2-i, 3-i n
4- KaHanbl) paspeLleHme KoToporo 6blsio yBe-
nmMyeHo fo 15 m 3a cyeT NaHXpomMaTU4ecKoro

KaHana B cpeae ArcGis. Mocne Knaccuduka-
umm Ha 20 Knaccos nuUKcenn € OAMHAKOBbIMU
NnoKasatenamm ob6veaAnHANUCH B FPYNMbl C BU-
3yaZlbHOM KOPpPEKTUpOBKOM no agpyrum [33.
BusyanbHoe aewmndpmpoBaHMe NpoBOAM/IOCH
Ha OCHOBEe M306paXKeHN MaKCMMaNbHOrO pas-
pelweHus cepsucos Google Earth n AiHaekc. Mo
MO3aMKaM CHUMKOB B nporpamme Quantum
GIS cTpounnucb BEKTOpPHble NOAUIOHbI /1eCOB,
CenbX0o3yroamnii, HaceneHHbIX NYHKTOB. B Kaye-
cTBe 60/10T MCMONb30BANNCH NONUTOHbI, PaHee
NnoAroToB/IEHHbIE COBMECTHO WM. B. ®MunoHeHKo
n . A. dunmnnosbim (PunoHeHko, dunun-
nos, 2013). NpoBoannocb conocraBneHue pe-
3yNbTaTOB AeWNPPUPOBAHUA KOCMOCHUMKOB C
AaHHbIMU, MONYYEHHBIMWU B XO4E 3KCMeAnuuni
2010-2013 rr.

Ana oueHKN B3aMMOCBA3U COAEPHKAHUA XU-
MUYECKMUX 31eMeHTOB B BOAAX BOAOTOKOB U
3K0/IOMMYECKOM Harpy3Kku Ha Bogocbop 6bin nc-
NoNb30BaH meTog, Koppenaumn MNMupcoHa.
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Pe3ynbTatbl

OcobeHHOCTbIO BOAOTOKOB Bonoroackoi 06-
NAacTU ABNAOTCA CE30HHble KonebaHusa cocTa-
Ba BOAbl (MYTHOCTb, LBETHOCTb, LLE/I0YHOCTb,
YKECTKOCTb). [MpUpoaHbIM reHe3ncom TeppuTo-
puK onpeaenseTca BbICOKOE COAEpPrKaHUe Ke-
nesa, Meau U UMHKA. ITO ABNEHUE HOCUT ¢o-
HOBbIM XxapakTep (Adoknag..., 2012). BaunsaHue
aHTPOMOreHHOro 3arpA3HeHns Hambonee cub-
HO MPOABNAETCA B MEPUOL 3MMHEN U NeTHe-
OCEHHEN MeXKeHM, Korga YpoBHM B BOAOTOKAX
AOCTUTAOT MMHUMANbHbIX 3HAYEHWUI, @ TaKXKe
B Nepunoa nogbema BeCEHHEro nosioBoabsA, Kor-
[a NPoOUCXOAUT UHTEHCUBHOE TasHUE CHEXHO-
ro nokposa (PuneHko, 1966).

M3yyeHHble BOAOTOKM XapaKTepusytoTca
3HAYMTE/IbHBbIM PAa3MaxoM BOAOPOAHOrO MOKa-
3atena Bog (pH = 6.9-9.1). B p. Bonoraga 3Ha-
4yeHuA pH cuAbHO BapbUpPyIOT, U B LLENOM MNPO-
CNEeXMBAETCA TEHAEHLMA K €r0 YBEIMYEHMIO NO
Mepe ABUXKEHUA OT UCTOKA K YCTbO: BEPXOBbA
peKkn (1a) — peakums cpeabl HeMTpPanbHasn, BO-
AoxpaHuauwe (16) n ueHTp ropoaa (1r) — cna-
b6ouenoyHan, HUXKe NAOTUHbI (1B) M HUXKe ro-
poaa (14) — wenouyHada. Bo Bcex manbix peKax
3HaYeHna pH MMEeIT CXOXKMe BEeINYMHbI, a
BOZbl XapaKTePU3YHOTCA KaK HelMTpaibHble. ITO
cBuaeTenbCcTByeT O cnaboit 3abonoyeHHOCTH
nx BoaocbopoB M OTCYTCTBUM NPAMOrO BAUS-
HUA 60/10T Ha AaHHble BOAHblE 06BEKTHI (CM.,
Hanpumep, Punmnnos, 2014).

Mo knaccudukaumm AnékumHa (1970), Boapl
B MCCNEeAO0BaHHbIX PeKax OTHOCATCA K rmapo-
KapboOHAaTHOMY Kjaccy rpynnbl KanbLua Mo-
BbILUEHHON MWHepanusaumMm. HaumeHbluan
MWHepannsauma oTmedyeHa B pekax Jlocta m
YepHbint LWnHraps (Tabn. 1), Hanbonblias — B p.
Bonorga B BogoxpaHunuue (16). B aHMoHHOM
Komnsekce npeobnagatoT rnapoKapboHaTthl,
YTO AB/IAETCA XapaKTepHOM yepTon Bcen Bono-
roackom obnactu (dPuneHko, 1966) 1 TaexxHoM
30HbI B uesnom (Kutaes, 2007). MoBbiweHHOE
coaepKaHue X1o0pnaoB oTmeyaeTcs B p. Bonor-
[la HUXKe ropoga.

LlBeTHOCTb ABNAETCA MOKasaTesiem Hanu-
4yma B BOAE TPYAHOPACTBOPMMbIX 'YMUHOBBIX U
byNbBOBbIX KMUCNOT, @ TaK»Ke Kenesa. Mo WKa-
ne M. A. doptyHaToBa (1959), uccnegoBaHHble
BOAOTOKM Ha BONbLUMHCTBE CTaHLMIA OTHOCATCA
K onmrorymosHbim. Peka Bonorga B Bogoxpa-
Hunuwe (16) n Huxke ropoaga (1a) v p. Jlocta
— Me300/IUTOryMO3HbIM.

MepmaHraHaTHaa OKMCNSeMOCTb  CBUAe-
TEeNbCTBYET 006 WMHTEHCMBHOCTU MNPOAYKLMOH-
HbIX NpOLEccoB BHYTPU BogoemoB. Ha Bcex
CTAaHUMAX Kpome p. Bonoraa HWXKe NNOTUHBI

(16), pek NyxTta n benbin LLMHrapb 3HaYeHue
NepmMaHraHaTHOM OKWUC/NIAEMOCTU MNPEeBbILAOT
caHuTapHo-anugemuonormyeckme NAK (Can-
MuH 2.1.14.1074-01). Hanbonbluad KOHLEH-
TpauuA oTmeyeHa B peke Bonorga Huxe ropo-
Aa (1a).

dochop ABNAETCA OCHOBHbIM JAUMUTUPYIO-
WMM KOMMOHEHTOM B yc/ioBMAX Bonoroackom
obnactn (bopucos, 2004). Hanbonbline KoH-
ueHTpauum docdopa oTmeyeHbl B peKkax Jlo-
cTa, Jlyxta n Kombsa, Ybn Boaocbopbl B 3HAYU-
TE/IbHOM CTeneHu pacnaxaHbl. KoHUeHTpauum
HUTPAT-MOHOB N HUTPUT-UOHOB B HONBLUNHCTBE
CTBOPOB HM3KWE, B TO BPEMA KaK KOHLLEHTpa-
LUMA aMMOHMI-MOHA BbICOKaAA.

N3 Bcex uccnefoBaHHbIX pek Hanbonbluas
NAOTHOCTb HaceneHusa (120 yen./km?) Habnto-
AaeTcs Ha Bogocbope p. Bonoraga (tabn. 2), npu
3TOM OHA YBEe/IMYMBAETCA Ha YYacCTKax BOAO-
cbopa BHM3 no TeveHuto (ot 1.8 go 130.5 yen./
KM?). HaMmeHblUas NJOTHOCTb HacefneHusa oT-
MeyeHa B Bogocbopax pek YepHbi LUnHrapo n
Kombsa. Bogocbop p. YepHblint LLUKMHrapb nonHo-
CTbHO PAcnofioXKeH B npeaenax MpucyxoHcKo
HU3MHbI, 3a60N104YEHHDbIN penbed KOTOPOU He
NO3BONAET pacnosiaratb 34ecb KpynHble Ha-
ceneHHble NyHKTbl. Bogocbop p. benbint LLnH-
rapb, rpaHuyawmn ¢ sogocbopom p. YepHbin
LLnHrapb, pacnonoKeH yxe B npegenax apy-
roro TMna naHawadTa u asnsetca bonee npu-
BNEKATe/IbHbIM AN MPOXKMBAHMA HaceneHus.
Bogocbopbl pek Kombsi 1 JlyxTa pacnonoxeHbl
B OTAaNEHUM OT 061aCTHOrO LeHTpa. YacTb Bo-
pocbopa p. Jlyxta pacnosiorkeHa B npeaenax
r. [pA3oBLA M ero OKpecTHoCTel, 4To obecne-
YMBAET BbICOKME MOKa3aTeNn NJOTHOCTU Hace-
neHua. Hambonbliee 3HavyeHMe NAOTHOCTU Ha-
CeNleHmA cpean BCeX MaJiblX PeK OTMEYEHO Ha
Bogocbope p. Jlocta. OTmeyvaeTca TeHAEHUMA
yBeNIMYEeHMA NNOTHOCTM HaCeNeHuA Npu npwm-
6AMKEHUN K 0BNACTHOMY LEHTPY.

ABTOMaTU3MpPOBaHHOEe AewmndpupoBaHme
NO3BONMNO BbIAENUTb CAeAylolmne KaTeropmm
3eMe/ib: BOA0eMbl, 061eCeHHble y4acTKM (B TOM
YMCcNe WMCKYCCTBEHHble HacaXAeHusa), OTKPbI-
Tble Y4acTKM (B TOM Yncne BepxoBblie 6onoTa u
3a/IMBHble Nyra), 30Hy Hanbosee NJOTHOM 3a-
CTPOWKM (ToNbKo ana sogocbopa p. Bonoraa).

MyTem BU3yanbHOro aewndpmnpoBaHma cTa-
N0 BO3MOHbIM 0003HAUUTb Y4aCTKM C KOH-
KPeTHbIMWU BUAAMW XO3ANCTBEHHOW AeATe/b-
HOCTM: Nleca, 3a/MBHbIe Nyra, Cenbxo3yrogus,
3abpoleHHble nona, BblpybKM, OCyLIEHHble
TOPOAHUKN, TEPPUTOPUMN HACENEHHbIX MYHKTOB.
Ncxoaa M3 MHTEHCUMBHOCTM XO351IMCTBEHHOM Aen-
TENIbHOCTW ObIIN BblAENEHbl cneaytowme KaTe-
ropuu: 6onoTa, fieca (Bmecrte ¢ 3aAUBHbIMM Ny-
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Tabnnua 1. Imapoxmmmyeckne nokasaTtesiM KauecTsa BOA, B BOAOTOKAX

Yep-

MokKasatenb Bonorga flO;Ta, ny)?:ra, KOT’"’ UT;:E- IE‘LI'.?II;:::E'1
rapb, 5 rape, 6
1a 16 18 ir 1n
pH 7.1 8.3 8.6 8.2 9.1 6.9 6.9 6.9 7.0 7.0

A'\//\'rv}zepa“mau””' 558 726 686 681 588 490 683 586 507 522

LUseTHOCTb 20 21 16 17 22 23 19 20 18 17

Okuncnaemoctb
nepmaHraHaTHas, 5.6 5.6 4.6 6.4 7.7 5.6 4.3 5.6 54 4.0

N\rO‘/n

XK, MrOz/n 20 30 30 50 40 30 30 20 20 20
Xnopuapl, mr/n <10 30.1 47.0 40.7 67.3 21.2 <10 <10 <10 <10
HaTpuit, mr/n 19.4 57.6 42.0 48.0 60.0 22.6 37.6 22.6 14.0 7.4
Kanuii, mr/n 1.8 3.0 3.4 5.4 7.0 3.0 6.4 4.8 3.0 2.4

docdatbl, mr/n <0.05 0.06 <0.05 0.104 0.085 0,25 0.18 0.15 <0.05 0.06

HuTpat-MoH, mr/n 0.4 0.8 0.6 0.7 16.8 1.6 4.0 0.4 0.3 2.3

Hutput-mon, mr/n  0.04 0.07 0.05 0.05 0.87 0.06 0.19 0.04 0.04 0.07

AAA’;"/'I‘Q‘O”””'”O”' 051 057 058 121 1.09 061 056 011 023 081

MprmeyaHne. Homepa CTBOPOB COOTBETCTBYHOT TAKOBbIM Ha puc. 1.

Tabauua 2. Nnowaam n NI10THOCTb HaceneHua B Bogocbopax

MnoTHOCTb
Mnowaab Mnowaab MnoTtHOCTb
HaceneHuAa B
Peka, cTBOp Bogoc6bopa, BogocbopaB HaceneHwus, creODE
KMm? cTBOpE, KM? yen./km? P -
yen./Km
Bcero 2932.9 - 119.99 -
1a - 477.2 - 1.76
16 - 1280.4 - 11.04
Bonorpa
18 - 1335.4 - 13.44
ir - 2529.4 - 78.18
1n - 2685.4 - 130.53
NocTa, 2 155 55.4 55.18 29.91
NlyxTa, 3 156.1 143.8 16.89 16.71
Kombs, 4 110.7 103.3 0.98 0.98
HepHbin 86.1 81.7 0.81 0.81
LWnHrapk, 5
benbiv 61.2 54.1 13.03 5.36
LLnHrapb, 6

MprmeyaHne. Homepa CTBOPOB COOTBETCTBYHOT TAKOBbIM Ha puc. 1.
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raMmu), HapyLleHHble TeppuTopun (Npeobpaso-
BaHHbIE, HO HE 3KCMNJ/yaTUPYyeEMblE YENOBEKOM:
BblIpybKM, 3abpoLleHHble NoAs, BbipaboTaHHbIe
TOPPAHMKM), IKCNIyaTUPYEeMble CebX03Yroausa
(nona v nawHK), 3eMNN HaCeNeHHbIX NYHKTOB.
Pe3ynbTaTbl aBTOMATU3MPOBAHHOIO U BU3Y-
anbHoro aewndpuposaHus sogocbopa p. Bo-
nioraa B Lenom cxodHsl (Tabn. 3). BusyanbHoe
AewndpmnpoBaHMe No3BOAUAO BbiABUTb 60/b-
LLe HaceNeHHbIX NYHKToB. OTmeYaeTcs KOHLEeH-
TpauMA Cenbxo3yrogmm n HaceNeHHbIX NYHKTOB
BOKpYr . Bosnorgbl, BAOAb AOPOT Y BAONb PEKM.
PeKa NpaKTUYECKMN Ha BCEM CBOEM MPOTAXKEHUMU
NpoTeKaeT No nNpeobpasoBaHHbIM TEPPUTOPU-

AM. Jleca NoAXoAAT BMNJIOTHYHO K peKe TONbKO
B BEPXOBbAX. B HMXHEM TeueHuu TepputTopuma
ropoZa u Cenbxosyroams npuaeratoT K 6o0n0Ty.
Mexay ropogom n 6onoTom oTmeyaeTtca «by-
bepHaa» 30Ha OCYLIEHHbIX U BblpaboTaHHbIX
TopdsaHMKoB. UcTopuueckn ropog chopmmpo-
BA/ICA Ha CKoHe [PUCYXOHCKOM HU3WHBI, rae
ceMyac pacrnonoKeHa NPUMepHO No0BMHA ero
TeppuTopmn. PaclumpeHne TeppuTopumn roposa
B COBETCKMWI Nepros Npomncxoamnno YacTMyHo B
CTOPOHY AHWULLA A0NNHbI, NPOBOAUNNUCL MEPO-
NPUATUA MO OCYLUEHUIO NPUJIEratoLWmMX y4yacT-
KoB 60n0T.

Tabnuua 3. PesynbTathl gewndpupoBaHma TeppUTOpUiA BogocbopoB B cTBOpax (B % OT naowaam)

Yep- be-
No- JNlyx- Ko- Hblii nbinA
MokKasatenu Bonorpa cta, Ta, mbAa, WuH- WuH-
2 3 4 rapb, rapb,
5 6
1a 16 1B ir 1in
BonoTta 6.9 2.6 2.5 1.4 1.4 - - - 3.9 -
Jleca 65.8 644 62.7 604 573 350 458 59.3 76.7 575
BusyanbHoe
newnbpnpo. Hapywennbiesemm 67 64 63 68 73 16 35 44 72 96
BaHue JKCn/yaTUpyemble 194 241 254 259 264 57.4 461 353 11.8 29.9
cefibxo3yroams
HaceneHHble nyHKTbl 1.2 2.5 3.1 5.5 7.7 6.0 4.6 1.0 04 3.0
Sf“ece”'*b'ey‘*a”‘ 65.6 62.1 60.6 58.4 558 387 41.4 550 79.7 61.3
ABTOMaTHYe-
cKoe auuInd- OTKpbiTble yyactkn 343 37.6 39.0 405 423 61.1 58.6 450 203 38.7
pupoBaHue Bopoembl 01 01 02 01 0.2 0.2 - - - -
MnotHasa 3actpoiika 0.0 0.1 0.2 09 1.7 - - - - -

MprmeyaHune. Homepa CTBOPOB COOTBETCTBYHOT TAKOBbIM Ha puc. 1.

3HauuTenbHaA 4actb Bogocbopa p. JlocTa
3aHATa 60/0TaMM U MpPUAEralOWUMM K HUM
BblpaboTaHHbIMM TOpPPAHUKAMK. Jleca nopxo-
AAT K BOAOTOKY TO/IbKO B UCTOKE, Ha 6bonbliem
CBOEM MPOTANKEHUN PEKA NPOTEKAET MO OTKPbI-
TOM mecTHocTU. Bogocbop p. Jlyxta pacnaxaH
B 6o/blLIEN CTENEHN, YEM NPUIEFAOLWNIN K HEN
Bogocbop pekn Kombsa, 4to 06bACHAETCA 6AU-
30CTbto K ropoay psasosel,. B HUXHem TeyeHnu
Bogocbopbl obenx peK CUAbHO pacnaxaHbl.
Bogocbop p. YepHbit LUnHrapb pacnaxaH He-
3HAYMTENbHO, HaceNeHHbIe NMYHKTbl €4UHUYHBI.
BbicokaA cTteneHb 3a60/104€HHOCTU NaHAWwad-
Ta 3aTpyaHAET X03ANCTBEHHOE OCBOEHWe Tep-
putopuun. Mpuneratowmii K Hemy Bogocbop p.
Benbin LUnHrapb pacnaxaH cunbHee. Mpu npu-
6AMKeHUU K 061aCTHOMY LLEeHTPY OTMeYaeTcs
yMeHblUeHMe Ha Bogocbopax naowanen necos
1 06/1eCEHHbIX Y4aCTKOB M YBEAMYEHME NNOLLLA-
Aen TeppuUTopun, B PasIMYHOM CTENEHU npe-

06pa3oBaHHbIX YE/TOBEKOM.

EcTecTBEHHbIM HMOTOMNOM B TAEKHOM 30HE
ABnAKTCA neca. Jllobyo TeppuToputo, NNLLIEH-
HYIO OpPEBECHOM PaCTUTENbHOCTU (3@ WUCKAMO-
YeHMeM TPaBAHbIX BONOT M 3a/IMBHbIX IYroB),
cnepyeT OTHOCUTb K HAapyLWEHHbIM TeppUTOpPHU-
am. CornacHo nponopuun Ogymos (Pelimepc,
1994), uenecoobpasHOE IKO/IOrMYECKOE PaBHO-
BecMe TeppUTOpPmUM BO3HUKAET NPU COOTHOLLE-
HMM Npeobpa3oBaHHbIX 3eMeNb K eCTecTBeH-
HbIM KaK 40 K 60. Ha Bogocbope p. Bonorgpbl
Aons npeobpaszoBaHHbIX 3eMe/b YBEINYMBAET-
CA BHM3 NO TEYEHUIO N HA CTBOPE HUXKE ropo-
A3 He3HauynTenbHo npesbiwaeT 40 % (Tabn. 2).
JdanbHenwana pacnawkKka sogocbopa npuseser
Y€ K HapyLeHU0 3KONI0TMYeCKoro paBHOBe-
cuAa. Ha Bogocbopax pek Jlocta u Jlyxta gons
necoB meHee 50 %, nponopumu 3KON0OrNYeCcKo-
ro paBHoBecus He cobnogatoTca. Bogocbopel
pek Komba u benbit LLMHrapb HaxoaAaTca B co-
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CTOAHUM 3KONOrMYEecKoro pasHosecuA. Jlvwb
TeppuTopua Bogocbopa p. YepHbii LnHrapb
n3MeHeHa meHee Yyem Ha 25 % 1 nosTomy ToNb-
KO 34eCb BO3MOHO Aa/ibHeNlee X03AMCTBEH-
HO€e OCBOEHMe.

AHanun3 KoOppensLMoHHOM 3aBUCMMOCTH MNo-
Ka3an, yTo Hanbosbluee BANAHUE Ha KaYeCcTBEH-
HbI COCTaB MOBEPXHOCTHbIX BOJA, OKAa3blBAOT
NAOTHOCTb HACENEeHUA U [A0NA HACENIEeHHbIX
NyHKTOB (Tabn. 4). Xnopuabl, HATPUN N Kanui
MOKa3bIBaAlOT MOJIOKUTENIbHYIO KOPPENALNoH-
HYIO 3aBMCMMOCTb C NIOTHOCTbIO HAceNeHna m
[ONAMM HaceNeHHbIX MYHKTOB Ha Bogocbope.
BewecTtBa, cogepalwme AaHHble TPU MOHA,
He npesbiwatoT MNAK. BepoAaTHo, OHX nonaja-
tOT Ha BoAoCOOp B 3MMHWUIA Nepuog B cOCTaBe
NPOTUBOroN0Ae4HONO peareHTa, CoAeprKaLlero
NaCl. ®ocdaTtbl NoKasbiBalOT OTPULATENbHYIO
Koppenaumto ¢ 0b6a1eceHHbIMU TePPUTOPUAMM
N NONOXKMUTENbHYIO — C OTKPbITbIMU. pK 3TOM

AaHHaA rpynna MoOHOB He 0BHapyKMBaeT 3aBu-
CUMOCTW C MNJIOTHOCTbIO HaceneHua U Naowa-
AAMM HACeNEHHbIX MYHKTOB, MO3TOMY MOXHO
roBOpPUTb O CENbCKOM XO3fIUCTBE KaK OCHOB-
HOM MCTOYHWKE NOCTYNAEHUA AaHHOW rpynnbl
3arpA3HALWNMX BelecTB B Boge. A30TUCTble
coeguHeHnsa (HUTPAT-UOH, HUTPUT-UOH, aMm-
MOHWIHBIN a30T) NPOABAAIOT NPAMYI 3aBUCU-
MOCTb OT N/JIOTHOCTU HACEe/IEHNA U HAaCeNEHHbIX
NyHKTOB. [laHHAA rpynna BewecTs NOCTynaeT B
BOAOTOK C KOMMYHa/IbHbIMM CTOKaMM, a TaKXKe,
B C/ly4ae OTCYTCTBMUA KaHANU3aUMK, NyTem anod-
by3HOro CTOKa C TePPUTOPUM, 3aHATBIX KUbI-
MW gomamu. MepmaHraHaTHaa n BuxpomaTtHas
OKUCNAEMOCTM TaKXKe MOKa3blBAOT MOJIOXKMU-
TE/IbHYI0 KOPPEenAaumnto ¢ NAOTHOCTbIO Hacene-
HUA N gonen 3emenb, 3aHATbIX HACENEHHbIMM
NYHKTaMMK, KOTOpble ABAAKOTCA OCHOBHbIMM
MCTOYHMKAMM NOCTYNIEHNA OPraHMYecKux Be-
LLLeCTB B BOAOTOK.

Tabnnua 4. 3HayeHUs KoapPULMEHTOB KOPPENALMUN MEHKAY NMOHHBIM COCTAaBOM BOZ, U KaTEropuUsimm
OCBOEHHOCTU 3eMeslb (MKUPHbIM BblAeneHbl 3HaveHns npu p < 0.05)

IImot- DKc-
O0ne-
HOCTb Hapy- mmyatu-  Hace- Or-
cennrle IlmorHas
Hacene- bosota + IIEHHBIE pyeMble JICHHBIE  KPBITBIC N
[Toka3arens Y4acTKH 3acCTpOH-
HUA B  Jeca, % 3eMJH, CeJIbXO- IYHKTBhI, YYacTKH, o
+ Bomoe- ka, %
CTBOpE, % 3yToaus, % % o
) o MBI, %
4yell./KM )
Xnopuast 0.82 -0.04 0.14 -0.11 0.69 0.04 -0.08 0.84
Harpwuii 0.65 -0.04 -0.04 -0.05 0.57 0.16 -0.19 0.67
Kanuii 0.70 -0.32 -0.19 0.23 0.62 0.39 -0.42 0.67
docdare 0.11 -0.90 -0.84 0.94 0.47 0.89 -0.88 -0.09
Hurpar-non 0.82 -0.19 0.14 0.04 0.69 0.16 -0.20 0.82
Hutput-non 0.83 -0.13 0.15 -0.02 0.66 0.11 -0.16 0.84
ASOTaMMO- 49 05y 32 0.02 079 016  -019  0.75
HUWHBIN
Oxkucise-
MOCTb Tep- 0.80 0.10 0.01 -0.18 0.47 -0.09 0.05 0.82
MaHI'aHaTHasa
XIIK 0.81 -0.24 -0.05 0.10 0.78 0.26 -0.29 0.75
O6cyKaeHue HanmeHbllas aHTpOMOreHHas Harpyska u

MpocnexuneBaercs TeHAEHUMSA YBENUYEHUS
aHTPOMOreHHOM HarpyskuM Ha Bogocbop npu
npmbnunskeHnn K ropoay Bonorae. Oporpadu-
YEeCKMEe XapaKTepPUCTUKM TEPPUTOPUM TaKXKe
BAUAIOT Ha MpPMB/IEKaTe/IbHOCTb TeppPUTOPUN
ANA X03ANCTBEHHOro ocBoeHuA. OCHOBHbIMMU
dakTopamu, BAMAIOWMMW Ha 3SKOJAOTUYECKoe
cocToAaHWe Boaocbopa, ABNAOTCA NaHAWadT U
62130CTb K ropoay.

MMUHUMA/IbHbIE 3HAYEHUA TULPOXMMUYECKUX
nokasaTtesiel oTmeyeHbl B Bogocbope p. Yep-
Hbin LnHrapb. HuM3Kaa npuBaeKkaTeNbHOCTb
AaHHOro Bogocbopa A1a X03ANCTBEHHOM aen-
TeNbHOCTM 0b6bACHAETCA oporpadpuyeckumm
0COBEHHOCTAMMW: OH MOJIHOCTLIO PACMONOXKEH
Ha TeppuTopumn [PUCYXOHCKOW HU3WHbI. Bo-
Aocbop pekn benbit LLnMHrapb, Haxoaswmmncs
y)e B npegenax BO3BbILWEHHOCTM ABHUra, Xa-
paKTepusyetca 60MbWMMKW NAOLWAAAMM Ha-
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pyLWeHHbIX Tepputopmn. Ha Bogocbope pekwn
Bonoraa B BepXoBbAX, HAXOAALWEMCA TaKKe Ha
BO3BbILEHHOCTN, OTMEYEeHbl CXOAHble MNOKa-
3aTenun. Bce Tpu Bogocbopa xapaKTepumsyroTcs
HanboNbLWNM yaaneHnem ot r. Bonorapl.
MaKCMManbHYO aAHTPOMOreHHYK Harpysky
cpean BCex CTBOPOB WCMbITbIBAaeT Bogocbop
peKkn JlocTa, pacnoNoXeHHbIM B Npuropoae r.
Bonorgbl. HaxoxaeHne nccnegoBaHHOMo y4acT-
Ka Bogocbopa Ha BO3BbILEHHOCTU AenaeT ero
NnpUBAEKATENbHbIM AN CENbCKOro X03AMCTBA
N XM3HM HaceneHua. MNpu 3TOmM Aarke Ha BO-
[ocbope p. Bonoraa B HAXKHEM TeYEHUU [0NA
NlecoB Ha Bogocbope 3HAYMTENbHO BbilEe U CO-
OTBETCTBYET 3TOMY MOKa3aTesto Ha Bogocbope
p. Komba. Hanbonblime naowaan HaceneHHbIx
NMyHKTOB OTMeYeHbl Ha Bogocbopax pek Jlocta
n Bonorga B UeHTpe ropoaa U HUXe ropoga. B
3TUX PeKax peructpupyerca Hambonbliee 3a-
rpA3HeHWe BoA. 3aBMCMMOCTb 3TMX Mapame-
TPOB, KaK U B Npeabigywmx mccneaoBaHUAX
(MBmyeBa, PunoHeHko, 2013), noaTBepKaeHa
CcTaTUCTUYeCcKM. Hambonbluaa NnnOTHOCTb Hace-
JIEHUA PErUCTPUPYETCA B ABYX HUKHUX CTBOPAX
p. Bonorga. 3T0T nokasatenb AeMOHCTpupyet
Hanbonbllee BAMAHME Ha KOHLEHTpaUuUW 3a-
rpA3HALOWMX anemeHToB. Kak n B nccnenosa-
HuAax H. A. KypraHosuy u A. B. LLlaankoscKoro
(2014) nnoTHOCTb HaceneHusa, ocobeHHO ro-
POACKOro, ABNAETCA Hanbonee Ba*KHOM Xapak-
TEPUCTUKOM 3KONOrMYECKOro COCTOAHMA.
YMeHblUeHUe A0NM NecoB U yBe/NYeHue
HacesleHHbIX NMYHKTOB Ha Boaocbopax Masnbix
pek npu npubankeHnn K ropoay Bonorae npo-
ncxogmt 6onee MHTEHCUMBHO, YEeM BHM3 MO Te-
yeHuto p. Bonorga. B Bonoroackon obnactu
No CPaBHEHWIO, HAaNPUMep, CO CTEMHOM PEeKOoW
LWy (KupeiyeBa u gp., 2015), akonormyeckoe
paBHoBecue Ha bonblMHCTBE Bogocbopos co-

Bbubnnorpadums

XpaHAeTcA. HapylweHne ero oTMe4yeHO TONbKO
ONA ABYX Manbix pek: Jlocta u Jlyxta. Kak u B
6acceiiHe pekn CtenHoi 3ak (MuHynAMHaA M
Ap., 2010), 6acceliHbl manbix pek BepxHel Cy-
XOHbl 6osiee yaA3BMMbI NO cpaBHeHMto ¢ baccen-
Hamu cpeaHUx pek. MHTeHCUMBHAA X03AMCTBEH-
HaA 4eATeNbHOCTb Ha HUX MOMKET NPUBECTU K
Aerpagaumm Mmanbix BOAOTOKOB. B uenom gna
Tepputopmuun Bonoroackoi obnactm otmevatot-
CA CXOXKME 3aKOHOMEPHOCTU C TEPPUTOPUAMMU,
PaCNONOXEHHbIMU B APYrMX MPUPOAHbLIX 30-
Hax.

3aknouyeHue

UHcTpymeHTammn TUC npoBegeHa oOUEHKaA
aQHTPOMOreHHOM Harpy3kn Ha Boaocbopbl U
paccymMTaHa NAOTHOCTb HaceNeHns U NoLWaan
npeobpasoBaHHbIX YENOBEKOM TEPPUTOPUNA.
BbiABNEHbI Cneaylolmne KaTeropum 3emensb:
ecTecTBeHHble Tepputopuun (neca, 6onota, 3a-
NMBHble /yra), HapylleHHble 3eMIU U 3eMaun
HaceNeHHbIX NYHKTOB. Pe3ynbTaTbl aBTOMATH3K-
POBAHHOrO W BU3yasbHOrO AelwmndpupoBaHua
Aann cxoAdHble pe3ynbTaTbl. AHTpPONOreHHas
Harpyska Ha Bogocbop onpeaensercs xapak-
Tepom naHawadTa, B KOTOPOM 3TOT Bogocbop
PacnonoMXeH, U cTeneHbto 6aM30CTU K Kpyn-
HOMY NpOMbILW/IeHHOMY UeHTpy. C npubnaunike-
HMEeM K ropoay Ha Boaocbopax yMeHbLuarTcA
NAoWaAn NecoB, a MNJIOTHOCTb HaceNeHua wm
NAOWAAN HAceNeHHbIX MYHKTOB BO3pPacTaloT.
Boaocbopbl Manbix pek, No cpaBHEHUIO C BOAO-
cbopom cpegHeln peku, bonee yasBMmbl. AHa-
M3 KOPPENALNOHHOM 3aBUCMMOCTM aHTPONO-
FeHHOM HarpyskuM U pesynbTaToB XMMUYECKOro
aHa/nn3a nokasasn, yto Hambonbliee HeraTus-
HOEe B/IMAHME Ha KayeCTBO BOA, BOAOTOKOB OKa-
3bIBAOT NJIOTHOCTb HAaCeNeHNA N AONA HA BOAO-
cbope HaceneHHbIX MYHKTOB.
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Key words: Summary: The aim of the investigation was to study the influence of
Watersheds anthropogenic burden on the catchment areas of the rivers in Vologda
landscape Region and to establish the dependence of the chemical composition of
anthropogenic load water on pollution sources in the rivers of the Verkhnyaya Sukhona basin. In

hydrochemical indicators  the catchment areas hydro chemical samples were taken, population density
was calculated as well as the automated and visual interpretation of the
main elements of the landscape was carried out. At that, forests, populated
areas, farmlands and other territories changed by economic activities were
identified. An increase in the pollutants concentration in the catchment
areas on drawing near the regional center was detected. The development of
the catchment areas varies depending on the landscape pattern and on the
proximity to the city of Vologda. The population density and the relative area
of settlements and farmlands increase while approaching to the city, at the
same time the ratio of forests decreases. The positive correlation dependence
between the phosphate content and the relative size of farmlands was shown.
The main source of pollutants in the catchment areas of the Verkhnyaya
Sukhona basin is the presence of settlements and high population density.
Under such conditions, high concentration of sodium, chlorine, nitrogen-
containing compounds as well as permanganate oxidizability are observed
in water.
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