OLEHKA BO3MOKHOCTH NPOT'HO3UPOBAHUSA MAKCUMAJIbBHBIX
YPOBHEH BO/Ibl MAJIbIX PEK BACCEMHA BEPXHEW BOJITU
beasies b.M.

Mockosckuti 2ocyoapcmeennwiii yHugepcumem umenu M.B. Jlomonocosa
Mockea, Poccus
belborl@gmail.com

[TonoBoabe mpencraBiser coboit MHorodaktopHoe siBaeHHE. CIO0XKHOCTHIO
ABJISIETCS. 3HAYUTEIbHAs IPOCTPAHCTBEHHAs W BPEMEHHAas HM3MEHUYHUBOCTb €T0
(GakToOpoB, B TOM YMCIIE€ B 3aBUCUMOCTH OT JaHAmadra. X yacTs, onpeaensonyo
O0COOEHHOCTH CTOKa, MOXKHO pa3/IeIUTh Ha JABE IPYIIbl — (PU3UKO-Teorpapuueckue
U TUIPOMETEOPOJIOTHUECKHE, W TIOCTOSIHHBIE U BpeMeHHbIe dakTopsl [5, 6]. [Ipu
pPaccMOTPEHUH BECEHHETO TOJIOBO/Ib HanboJiee BaXXHYIO POJIb UTPAET 3arac BOJIbI B
CHE)XHOM IIOKpPOBE, KOTOPBIH TECHO CBSI3aH C KOJIMYECTBOM 3MMHHMX OCAJIKOB,
HQJIMYMEM WU WHTEHCUBHOCTBIO OTTenesied 3a XoJoaHbld mepuoa. OcoOeHHOCTH
MHOT'OJIETHETO U3MEHEHUSl 3TUX XapaKTEPUCTHUK B PEIIAIOIICH CTENEHH CBSI3aHbI C
U3MEHCHHEM KIIMMaTHYeCKUX ycloBwHii [ 1, 3, 4].

3a wuccienyeMblii Tiepuoja HaOMIOACHUHN sl CPEIHEB3BEIICHHOTO 3HAYCHUS
3araca BOJIbl B CHEX)KHOM IOKPOBE (C YYETOM JIECUCTOCTH) JuIst OacceiiHoB pek CoTb,
O6nopa, Coroxa xpurepuii CrnupMeHa HE JaeT HaJIUMYhe CTaTUCTHYCCKHU
JIOCTOBEPHOT'O TOJIOKUTEIBLHOTO WM OTPULATENbHOrO TpeHaa. s ocpeqHeHHBIX
no OJIM3NEXKAMM METEOCTAaHIUSIM CYMM MOJIOKUTEIBHBIX M OTPULATENIBHBIX
TEMIIepaTyp, a TAaKXKe TBEPJAbIX OCAJKOB 32 XOJIOJHBIN nepuot (HOsIOps — QeBpasib)
BBISIBJICHbl CTaTHCTUYECKU JOCTOBEpHbIe TpeHAbl. OHM CBHUIETEILCTBYIOT 00
o0lIeM YMEHBIIEHHUH CYMMbl OTPHUIATENBHBIX TEMIIEpaTyp, TBEPABIX OCAJKOB 3a
3UMY M YBEJIMYEHUU CYMMBI IIOJIOKHUTENIBHBIX TEMIIEpATyp XOJOAHOIO NEpHUoAa B
1985 - 2014 rr.

Marepuanasl u Meroabl. B pabore wuccnegoBansl peku CoTh (Oacceiin
["opbproBckoro Baxp.), O6HOpa (mpassiii nputok p. Koctpoma) u Coroxa (6acceitn
Pribunckoro Baxp.) (puc. 1).

Lenr pabotrel — pa3paboTaTh METOAMKY JIOJIFOCPOYHOTO  MPOTrHO3a
MaKCHMaJIbHBIX YPOBHEH BOJIbI JIsl MaJibIX pek OacceitHa Bepxueit Boisru, oneHuTh
e€ 9 (HEeKTUBHOCTH C MOMOUIBI0 KPUTEPHEB KauecTBa MPOTHO30B. b1 cobpaH u
oOpabotan psn HabmogeHuid ¢ 1985 mo 2014 1T. M0 CpeAHECYTOUHBIM YPOBHSM U
pacxogamM BOJbI, a TakKe JaHHblE MO0 PAa3IMYHbIM METEOpPOJIOTrHYECKHUM
XapaKTEepUCTUKAaM CTaHIMNA, PACIONOKEHHBIX BOJM3M 0AaCCEHHOB HCCIIETyEeMbIX
pex. Bcero Obuto HCMONB30BaHO TPH THIPOJOTHUECKUX MocTta | paspsaga u
JIBEHA/IaTh METEOCTaHIIUH.

[TonyyeHHass MeTonuMKa MPOTHO3a OCHOBAaHA HAa CTaTUCTHUYECKOM METOJIE.
MakcuManpHBIi  ypOBEHb BOJBI B IIOJIOBOABE ONPEIEISUICS KaK pe3ynbTar
BBIUMCIICHUS TUHEWHBIX YpaBHEHUN MHOKECTBEHHOU perpeccuu, Ko3(pPHUIHEeHTHI K
KOTOPBIM MOAOHPAIUCh B MporpaMme «Statisticay.
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B kauecTBe mpeaUKTOPOB BHICTYIAIN THAPOJIOTHUYECKHE U METEOPOIOTUYECKUE
napameTpbl. OOt Habop XapaKTepUCTUK (POPMHUPOBAJICS TAKHM 00pa3oM, 4TOOBI
OTpa3uTh OCEHHEE COCTOSHUE BOAOCOOpa, OCOOEHHOCTH CHETOHAKOIUICHHS U
CHETOTasiHus, APYKHOCTh BeCHBI. Becero OblIo HMcmonb3oBaHo 56 mapametpoB. Jlis
YpaBHEHH U3 HHUX OTOUPATUCH TPHU-UETHIPE TMEPEMEHHBIX, KOTOpbIE 1aBaliu
3HaUEHWE MHOXKECTBCHHOTO KO3 (UIIMEeHTa KOppelsud ¢ MaKCHUMAaJIbHBIM
yposaewM 0,65-0,80.

Pe3yabTatbl. Pa3paboranHas MeToauMka TMpENCTaBICHA TpeMsl JIMHEHHBIMU
YpaBHEHMSIMM MHOXXECTBEHHOW perpeccun. Kaxgoe ObUIO MpoBEepeHO Ha
3aBUCHUMOM MaTepuajie U HEe3aBUCUMOM (METOJOM BbIOpachiBaeMoM ToukH). Jlms
OIICHKU KadyecTBa METOAMKHU CIY>KUJIU JIB€ OCHOBHBIE XapakTtepucTuku [2]. [lepas
9TO OTHOIIEHWuEe S/G, rae S - cpemHsAs KBaapaTHYHAs OIIUOKA IPOBEPOYHBIX
NPOTHO30B; G - CpeiHee KBAAPATUIHOE OTKIOHEHHE (DAKTHUYECKOTO PsiIa.

Bropas oneHka — KOppensiuOHHOE OTHOIICHHE, XapaKTepu3yrollee TOYHOCTh
CBSI3M MEXK]Y MPEACKA3bIBAEMBIM SIBJICHHEM H €T0 (PaKkTopaMu:

n=va- /02y | (1)

Ecmu 0,5 = S/c = 0,8 TOBOpAT, UTO KAYECTBO METOIUKHU yIOBJIIETBOPUTEIILHOE,
B ciaydae, korga S/c = 0,5 cumraercs, YTO KauyeCTBO METOAMKH XOpOIIee.
Koppensiimonnoe ortHomieHue (1) mokassiBaeT 00€CIEYEHHOCTh MOTPEIIHOCTH,
ecnu oHa MeHblie wiu paBHa 0,87, TO Ka4yeCcTBO METOJMKHU TAKXKE CUHUTAETCS
XOPOIIINM.
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Puc. 1. OG30pHas cxema pailoHa uccie0BaHus
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YPaBHeHI/Ie IIpOrHo3a mJii p. CoTtb umeer BU:

Himax = 199,10 + 1,275 + 2,56Q 01, + 0,88X a4, | (2)

rie Hpyax — MPOTHO3UPYEMBIN MaKCUMAaJIbHBI YPOBEHD BOJBI; S — 3amac BOJBI B
CHE)XHOM TOKpoBe B mose 28 ¢epans no M/c JauunoB; Qne, — CpeaHuil pacxon
BOJIbI 32 HOSIOPB; Xiay — CYMMa JKUJKHUX OCaJIKOB X0J0gHOTO nepuoaa (1 Hosops —
28 ¢eBpanst) no ganHsIM M/c byii. Koadduunent MHOKeCTBEHHON KOppEIsLUU IS
sToro ypaHenusi coctasiseT 0,73. Jlomyctumasi morpemtHocts 53 cM. [IpoBepka
ypaBHEHHSI Ha 3aBHCHMOM MaTepuayie Jana clenymoomme pesynbrarel: S/o=0,71;
obecnieuenHocTs morpemHoctd 0,71. Ha He3aBUCHMMBIX NaHHBIX S/G cocTaBuia
0,85, obecnieueHHOCTH TIorperntHocTH 0,52.

s p. O6nopa B omiinuue ot pek Cotb u Coroxka HabII01aJ10Ch U3MEHEHUE
JTUHAMHUKH 00beMa rojioBoro croka B 1999-2014 rr. nmo cpaBaenuto ¢ 1985-1999 rr.
N3-3a 3Toi ocobeHHocTH ypaBHeHUE J1si OOHOPBI, OJIyYEHHOE Ha Psi/ie JaHHBIX B
1985-2014 rr. mokazano cebst HedhPeKkTUBHBIM TpH mpoBepke. I[loaTomy s
CO3/IaHMsI POTHO3HOTO YpaBHEHUS ObLTM BbIOpaHbl nanubie 1999-2014 rr.:

Hmax = 127,82 + 1,825 4 5,73Q 00 + 0,56Xsny, (3)

rie Hyax — MPOTHO3UPYEMbIN MaKCUMAIbHBIA YPOBEHB BOJIBI; S — 3amac BOJBI B
CHE)XHOM TIOKpoBe B moje mo m/c byit ma 10 mapra; XSnW — cymma TBEpABIX
0CaJIKOB XOJIoAHOTO Tmepuoaa. KodapdUuimeHT MHOXKECTBEHHOW KOPPESLUUA s
sToro ypaBHeHusi coctaBisgeT 0,80. [JomycTumasi morpemHocth mo psgy 1999-
2014 rr. paBusercs 77 cM, uro Ha 4 cM Oombie, 4yeMm mo psay 1985-2014 rr. Ha
3aBHCHMOM MaTepuajie ObUIO TOJy4eHO oTHomieHue S/ paBHoe 0,61,
obecrnieyenHocTh norpemHoctd 0,80. Ha He3aBucumMoMm Martepuaie pe3ynibTaTbl
npoBepku caenyromme: S/6=0,89; odbecnedeHHOCTh MorpemHocTy coctansier 0,46.

It p. Coroska ObLIO MOTYYEHO CIEAYIONIEE YPAaBHEHHE:

Hpax = 279,82 + 0,115, + 0,975; + ?JE?QRGU, (4)

rine Hpaw — MakCHUMallbHBIN YpOBEHBb BOJBI B IOJIOBOJBE;, S; — 3amac BOJBI B
CHEXHOM TOKpoBe mo m/c JlanuioB Ha 28 ¢deBpans; S, — 3amac BOJbI B CHEXKHOM
nokpoBe mo M/c Ilomexonbe Ha 28 deBpans; Qno, — CpeaHHI pacxoj 3a HOSOPb.
Koo puureHT MHOKECTBEHHOW KOPPEJSIHUH s 3TOTO0 YPaBHEHHS COCTABIISAET
0,66. IlpoBepka METOJAMKM Ha 3aBHCHMOM MaTrepuaje Jajla COOTHOIIeHue S/c
paBHoe 0,78, obecmeueHHoctu mnorpemuoctd 0,63. JlomycTumasi MOTPEIIHOCTH
cocraBmia 53 cM. Ha He3aBHCHMBIX JaHHBIX KPUTEPUU MOKA3IN ce0sl CIEAYIOMUM
obpaszom: S/c paBHo 0,89, 0OecreYeHHOCTh MOTrpenHoCTH cocTaniser 0, 45.

[lo xputepusiMm KadecTBa TMpPOTHO3a, NPEACTABICHHBIE YPAaBHEHUS JarOT
YIIOBIETBOPUTENBHBIA pe3ynbTaT. [Ipyu nmpoBepke MeTO10M BbIOpAcChIBAEMONW TOUKH
KPUTEpUH TIOKa3aiu Oojee BbICOKHMEe 3HaueHHs. C ydeToMm TOro, 4ro pabora
MPOBOAMIIACH JIJISi MAJIbIX PEK, BECEHHHM CTOK KOTOPBIX B 3HAUUTEIHHOU CTEIEHU
3aBUCUT OT JIOKQJIbHBIX OCOOEHHOCTEH BOAOCOOpa, METOIUMKY MOXXHO CUHUTATh
JOITYCTUMOM U1 IPUMEHEHMs Ha MpakTUKe [5]. [IporHo3 MakcuMallbHbIX YpOBHEMN
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B mosioBoase 2016 1. ompaBaaics aiusa pek Coroxka u O6Hopa (tadsn.). s p. Cote
pasHHuIIa MeXay (aKTHYECKUM YpPOBHEM M HWKHEH TpaHHIEdl MPOTHO3HOTO
uHTepBana cocraBwia 13 cM. [IpeBplieHME AOMYCTHMBIX ITOTPEIIHOCTEN, Kak

MpaBUJIO, XapakKTEPHO JUISI JIET C OKCTPEMabHO BBICOKUMH WM HHU3KHUMH
(haKTHYeCKUMH MaKCUMaJIHbHBIMH YPOBHSMH B TIOJIOBOJIBE.

BoiBoabl. BumsHus Ha CTOK MalblX pEK  JIOKAIBHBIX  reorpado-
TUAPOJOTUYECKUX OCOOCHHOCTEM ux OacceiHOB, oOecrneunBaeT TO, 4YTO

MHO)KECTBEHHBIE THIPOMETEOPOJIOrHYECKIE 3aBUCUMOCTH ISl TAKMX PEK HE JAI0T
xopourero (S/6<0,5) mnporno3a. OmnacHOCTh Ui TMPOTHO33a HPEACTABISIOT
IKCTPEMATBHO BBICOKME WM HU3KHE (pakTHUecKkue ypoBHU BOABI. [Ipn HUX MpOrHO3
4acTO MOXET He ONpaBAbIBaThCA. B MOmOOHBIX ciaydasx BO3MOXKHO MOJ00paTh
HOINpaBoYHble KO3(PPHUIMEHTHl K NMPOTrHO3HOMY YpOBHIO. CII0KHOCTH COCTOUT B
TOM, YTOOBI 3a0JIATOBPEMEHHO OIPEAEIUTh OYJET JIn HA0JI01aThCcsd B KOHKPETHBII
roJ KCTpeManibHast cuTyarus. OmbIT paboThl MMOKA3bIBACT, YTO yYET B YPAaBHEHUU
IPOTHO3UPYEMBIX MPETUKTOPOB HE Beera menaecoodpaseH. [IpuMeHeHne ux HOpMbI
JaeT 3HAYMTENBHOE YBEIMYCHHE MOTPEIIHOCTH TMPOTHO3a. B MOITydeHHBIX
yYpaBHEHUSIX MPOTHO3UPYEMBIE MPEAUKTOPHl HE MPUMEHSIINCh B CHIIYy TOTO, YTO
ObLTH HaliJieHbI 00Jiee TECHBIC 3aBHCUMOCTH Ha OCHOBE M3BECTHBIX K JIaTe BBITyCKa
IPOTHO3a TTapaMeTPOB.

Tadamua [Iporuo3 MakcumanbHbIX ypoBHEH Ha 2016 r.

XapaKkTepuCTUKHI p. Cothb p. O6nopa | p. Coroxa
MakcuMallbHBIN YPOBEHB BOJBI B 445 460 389
TIOJIOBOJIHE TI0 YPABHEHUIO PETPECCHH, CM
JlonycTrMast IOrpemHocTh, CM 53 77 53
[TporHO3HBIN HHTEPBAI, CM 392 — 498 383 —537 | 336442
dakTHYeCKHU MaKCUMaIbHBIN 379 467 397
YPOBEHB BOJIBI B MOJIOBOBE, CM
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I'mpponoruyecknii pexxum pex B 30He baiikamo-AMypCKON KeIe3HOI0POKHON
MarvucTpajgl XapaKTepu3yerTcs ciadoi TMIpOoJoruueckoil n3ydeHHocToio. C 1enbio
YTOYHEHHUS] METOJOB pacueTa OCHOBHBIX T'MAPOJIOTMUECKHX XapaKTEPUCTHK 30HBI
BAM B 1976-1985 rr. I'ocynapcTBEHHBIM THIPOJIOTHYECKUM HHCTUTYTOM ObLI
OpraHU30BaH SKCIIEPUMEHTAIbHBIA TUAPOJIOTMYECKUl moJuroH «Moror», Ha
KOTOPOM IPOBOAMJICS KOMIUIEKC pabOT, HallpaBJIEHHBI Ha W3Yy4E€HHE IPOLECCOB
(dbopMUpOBaHMS CTOKA U JPYTHX JIEMEHTOB BOJAHOIO U TEIUIOBOTO OanaHca [1].

LlenssMmu mgaHHOrO HCCNEAOBAHMS SBJSIOTCA: 1) ompezelieHHe MapaMeTpoB
JETEPMUHUPOBAHHOMN THIPOIOTUYECKOW MOAETH JJIsi THIMYHBIX JaHIMIa(TOB 30HBI
BAM Ha ocHOBe JaHHBIX MOJUroHa «MoroT»; 2) MoOJeIUpPOBaHHE MPOIIECCOB
dbopMupoBaHHs CTOKa JUIsl MajblX BOAOCOOpOB monuroHa «Morot» (Tabn. 1, puc.
1); 3) omeHka penpe3eHTATHBHOCTU IMOJIYYEHHOrO0 Ha0opa mapameTpoB s
MOJISTTUPOBAHUS CTOKA CpeIHUX pek (Tadi. 1, puc. 1).

Paifon uccnegoBanus OTHOCHTCS K Bojopasjaeny pp. Amyp u Anman. Penbed
uccienyeMon TEPPUTOPUU JTIOJIMHHO-COIOYHBIH, pacnpocTpaHeHHe
MHOTOJIETHEMEP3JIbIX TOPOJI CIUIOIIHOE. AOCOMIOTHBIE BBICOTHI HCCIEAYEeMOM
tepputopun He npeBbimaT 1000 M. OcHoBHBIE JaHAMA(THl TPEACTABICHBI
JIMCTBEHHUYHOW TalrOM Ha JEPHOBO-TACKHBIX TOYBAX.

Knumar uccnenyeMon TeEppUTOpUM PE3KO KOHTUHEHTAIBHBIN, B JICTHUN IEPUOJL
paliOH TIOABEPKEH BIMUSHUIO JAJbHEBOCTOYHBIX MYCCOHOB. Peku naHHOM
TEPPUTOPUU OTHOCATCS K PeKaM MPEeHMMYLIECTBEHHO JieTHero nutanus: 90-95%
CTOKa MPUXOJAUTCS Ha JIETHE-BECEHHUH Mepuo1 U ToJibko 5-10% Ha oceHHe-3UMHUI
[1]. B pe3ynbrate sxcneannuu ObLIM COOpaHbl TaHHBIC, OMHMCHIBAIOIINE Pa3IHYHbIC
XapaKTepUCTUKU BO0COOpOB. [I0aTOMY B KauecTBe HCCIENyeMbIX HAMU OOBEKTOB
BbIOpaHbl BoJ0COOpHI mosurona «Morotm»: Bogoc6op p. Henku, coctosmuii u3
NPUTOKOB — BOAOCOOPOB pek 3axapeHok, Pumunep nu OHUKC, U BOIOCOOp peKu
[{piranku. Takxke B KauecTBE JOMOJHUTENIBHBIX OOBEKTOB BHIOpAaHbI OJH3IIekKaIIne
BoiocOopsl pek TumntoH — Haropusiit, Teinga — Teinaa, YHaxa — YHaxa (ta6m. 1,
puc. 1). Jns mMomenupoBaHHs MPOIECCOB (OPMHUPOBAHUS CTOKA HCIIOIH30BaIaCh
neTepMUHMpOBaHHas Mojenb «luaporpad» [2], paspaboranHas mnpodeccopoM
10.b.  BunorpamoBeiM.  Mogens  «['maporpad»  mpencraBisier  coOoi
MaTEMaTHYECKYI0 CHCTEMY C DPACIPEICIICHHBIMU IapaMeTpaMH, OIMCBIBAIOILYIO
nporiecckl  (OpMUpOBaHUS CTOKa B OacceiHaxX ¢ pa3iuyHbIM  (PHU3UKO-
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reorpapuueckuM MoOJIOKeHHEM. Mojenb NpUMEHHMa JJisi OMUCAHUS IMPOIECCOB
dbopMupoBaHHUs CTOKAa Ha BOAOCOOpax B 30HE MHOTOJIETHEH MEp3NOThI, TaK Kak
COJICPXKUT B ceOe aJropuTM pacueTa TUHAMHMKHU TEIJIa U BJard B MOYBE C yU4ETOM
dazoBeix mnepexonoB [3]. BomocGop B mpoiiecce MOIEIUpPOBAHUS JENUTCA Ha
ctokodopmupytomme komiiekebl (CPK), kaxaomMy M3 KOTOPBIX MPUCYIL CBOU

HAa0Op TIOYBEHHBIX M PACTUTEIBHBIX IapaMETPOB

[2].

Breigenenne COK

NPOBOJIMIIOCH HA OCHOBE JTAaHAIIA(PTHON KapThl, COCTABJICHHON B X0J1€ SKCIICAHIINH.
Bcest Tepputopus monurona «Moror» pa3ourta Ha st COK (tabm. 2, puc. 2) [1].

Taomauna 1. O0bEeKTHI UCCIIEIOBAHUS

HasBanue oO0bekTa — [Tnomans CpenHsist BBICOTa .
2 Cpenuuii CTOK, MM
CTBOD Bog0cOOpa, KM Bog0ocOOpa, M
p. Henka 30.8 850 298 (1976-1985)
p. 3axapeHoK 5.8 700 246 (1976-1985)
p. ®ununep 4.5 710 245 (1976-1985)
p. OHukC 2 780 355 (1976-1985)
p. L{piranka 150 720 279 (1978-1983)
p. TumnTon - HaropHsiii 613 1130 516 (1966-1984)
p.Teinga - TeiHzga 4060 752 243 (1934-1966)
p.YHaxa - YHaxa 1950 635 350 (1944-1966)
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Puc. 1. O0BeKTHI UCCIIEAOBAHUS

MopenupoBanue cToka ObUIO TpousBeneHO 3a 1976-1985 rr. PesymbraThr

MonenupoBanus (mist mpumepa B3AT 1982r.) mist yetbipex OacceiHOB IMONIHMTOHA
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«Morom» MMpCaCTaBJICHBI HA PUC. 3. Taxxe ObLIH IIOJIY4YCHBI OCHOBHBIC IICPCMCHHBIC
COCTOAHUA IIOYBCHHBIX CJIOCB.
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Puc. 2. Croxodopmupytronre komriekcs (p. Henka, p. Lpiranka)

Tabauua 2. CrokodopMupyromme KOMIIEKChI

Jlons B
Ne Ha3zBanne
MecToHaxoxaeHue PacturensHoCTh TTouBkl MOJIMTOHE
COK CPK
«Morot»
OTHOCHUTEJILHO
a3pPEIKCHHBIN XOpPOILIO APEHUPOBAH-
1 Beprumnbt BOJIOpA3/ICIIbI pasp P APCHHP 20
JIMCTBEHHUYHHUK HBIE MaJIOMOIIIHBIE
MEpP3JI0THO-TAEKHbIE
CpE/IHUE U HIKHUE
OaryibpHO-
TeneBnle KpYyTbIE YaCTH . JIEPHOBO-TAEKHBIE,
2 . OpyCHUYHUKOBBIH 28
CKJIOHBI CKJIOHOB TEHEBOM o0y pHI
JIMCTBEHHUYHHK
SKCHO3UIIHH
CBeTOBbIC CpellHuE YacTu 0aryiapbHO-OpYyCHHYKOBBIH JIEPHOBO-TAEKHBIE
3 CKIOHEL CKJIOHOB CBETOBOM JIMCTBEHHUYHHK U JUTUTEIIBHO- 19
SKCITO3UIIUH BTOPUYHBIC OCPE3HIKHI MEpP3JI0THBIE
Ppa3psDKEHHBIH 3200710~
. HIDKHUE TT0JIOTHE YEHHBIHN JIMCTBEHHUYHUK TOPGhSHUCTO-
4 [neiidor N pd 16
YacTH CKJIOHOB 0aryJIbHO-TOTyOMYHBINA U Tae>KHbIE
€PHUKOBBIN
JUCTBEHHUYHUK TOJTyOnd-
. HHIIA JOJINH U HBIN, charHOBBIE MXH U aAJITI0BUAJIBHO-
5 TTo¥imbl A Hi A  ch 17
TTONMBI PEeK MeCcTaMH TOJTyOMYHO- 0O0JIOTHBIE
OCOKOBO€ MOKPBITHE
B pe3yJ'IBTaTe aHaJIn3a JaHHBIX HaMM 6BIJ'II/I CACJIaHbI CHC,[[y}OH_[I/Ie
MMpCaABAPUTCIIBHBIC BBIBO/IbI. B YCIIOBHUAX HECIO0CTATOYHOCTHU I/IH(l)OpMaHI/II/I

COBIIAJICHUC PACCUUTAHHBIX H Ha6J'II-OI[eHHI>IX er[porpa(l)OB MOXHO CUYHMTATh

A0CTATOYHO TPUCMIICMBIM.

B

TO K€ Bpems
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MHOTI'OYHCJICHHBIE 4YaCTHBIE M CHCTEMAaTHYECKHE HECOBIIAJCHHS, CBSI3aHHBIE C
OTPaHUYEHHBIMHA METCOPOJIOTHYECKUMH JAaHHBIMH, HECOBEPIICHCTBO JAHHBIX IO
CTOKY ¥ BO3MOXHAs HEIMOJHas aJeKBAaTHOCTh MPUHUMAEMBIX BEJIMYMH [0
BOJHO(PHU3MYECKUM U TEIIOQU3UYECKUM CBOMCTBAM IMOYB W APYTUM IapamMeTpam
MOJIEH.
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Puc. 3. Paccunrtannslii (CBETIIbII) U HAOMIOIEHHBIN (TEMHBIN) ruAporpad cToka B
Oacceiine p. Henka, p. 3axapenok, p. @ununep, p. Onuke, 1982 r.

bonee monpoOHBIE pe3yabTaThl MOJEIMPOBAHMS CTOKAa KakK il OOBEKTOB
nojsurona «Morot», Tak u 0oJjiee KpYMHbIX peK OyAyT MpeaCTaBICHbI B JOKIAJIE.
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1. Bacunenko H. I'. T'uaponorus pex 3061 BAM: skcnieaunnonssie uccienaoBanus. CIIO.:
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2. BunorpagoB O.b., Bunorpamoa T.A. MaremMaTuueckoe MOJEIMPOBAHUE B
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3. Bunorpagos 10.b., CemenoBa O.M. BunorpamoBa T.A. Merox pacuera JIUHAMUKH
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MOAEJNMPOBAHUE KAYECTBA BO/IbI p. MOCKBbDI:
ITAII Il - CTPYKTYPUPOBAHUE HATYPHBIX JAHHBIX JJIsA
OINPEJIEJIEHUS MOIIHOCTEM TOYEYHBIX U JIUD®DY3HBIX

NCTOYHUKOB 3ATPSA3HEHMU AL
JlapuHna E.I',, ToToBUEB A.B.
OI'BYH Hncmumym 6o0muwix npobrem Poccutickou akademuu HayK
Mockea, Poccus

ekl84@yandex.ru, gotov4d4@mail.ru

B noxmane wu3naraercd IOCTaHOBKa BTOPOro 3Tana (CTPYKTypUpPOBaHHE
HATYPHBIX JIaHHBIX JJI ONpEeIeNeHUs] MOIIHOCTEH TouedyHbIX M AU y3HBIX
MCTOYHUKOB 3arpsi3HEHMSI) 3a/1a4d OLIEHKH KauyecTBa BOABI P. MOCKBBI B Mpejenax
MKA/I ¢ nomorpto moaenu «WPI-RQCy» (Water Problems Institute - River Quality
Control) [1, 2]. Moaens WPI-RQC paboraet B Tpex pexumMax:

1. «HaGmronenne» — mpu 3aJaHHBIX HArpy3kax OT TOYEYHBIX U AUPPY3HBIX
HMCTOYHUKOB 3B BBUMCISIIOTCA KOHIIEHTPALUMU M MOTOKM 3B BO BCEX pacdeTHBIX
CTBOpAax pa3BETBIECHHON CUCTEMBI PYCE;

2. «KamnOpoBka» — TpH U3BECTHBIX HATYpPHBIX KOHLEHTpauusx 3B B
KOHTPOJBHBIX  CTBOpPaxX  BBISCHSIOTCS  «HEBA3KMW», HA OCHOBE KOTOPBIX
KOPPEKTUPYIOTCS TOUeUHBIN U T y3HBINA CTOKH, a TAKXKE APYTUE ITapaMeTpPhl;

3. «YnpaBineHue Ka4eCTBOM» — IIPHU 33JJaHHBIX OTPAaHUYECHUAX HA KOHLEHTPAaLUU
3B ompenensitorcs CTBOPHI, B KOTOPBIX HEOOXOJUMO MOCTPOUTH COOPYKEHUS AJIs
OUMCTKH cOpachlBa€MbIX B A3TH CTBOpPHI CTOYHBIX BOJ. B HacTosimel pabote
pacueTsl IPOU3BOAMINCH B peskume «Kamnbposkay.

Ha teppuropuu r. Mockssl B npenienax MKAJ umeercst 6onee 140 BOmOTOKOB,
o0Iiass TPOTSHKEHHOCTh KOTOPBIX  COCTaBisieT oOkojo 660 kM, ©3 HHX
HNPOTSKEHHOCTb OTKPBITBIX pycen - 395 kM. IIoTHOCTBIO OTKpBITBIE pycila UMEIOT
45 pex u pyuneB, 40 BOJAOTOKOB MOJTHOCTHIO 3a0paHbl B KOJUIEKTOPHI, OCTAIbHBIC
MMEIOT YaCTHUYHO OTKPBITBIE PYCJa M YAaCTHUYHO 3aKJIFOYEHBI B KOJJIEKTOPHI [5].
Nmerommecss Ha  Tepputopun ropoma B npenenax  MKAJ[  BomoTtokm
CXEMaTH3UPOBaHbl B BHJIE OPHUEHTHPOBAHHOTO Pa3BETBICHHOIo rpada (cxema p.
MoOCKBBI M €e MPUTOKOB, a TaKkKe MOAPOOHOE ONMCaHHe Mpollecca cXxeMaTU3aluu
npencrasieHsl B [3]). U3 40 ayr rpaga k ocHOBHOMY pyciy oTHOcsTcs 25; 4 nyru
cxeMatu3upyrot p. CxoaHio; 5 ayr otHocATces K p. CeTyHb; 6 Iyr CXeMaTU3UPYIOT
p. Sy3y. Peanu3oBaHHBIN B MOJIENIN AITOPUTM I103BOJISIET YUYUTHIBATh nepeHoc 3B
M0 PEeYHBIM MPUTOKAM OoJiee BHICOKOTO MOPAJKa (YeEM BKIIOYEHHBIE B PACUETHYIO
CXeMy) 3a CYeT HX YCJIOBHOIO OOBEAMHEHMS] B arperupoBaHHbIE BOJOTOKU
(xomnekTopHble yyacTku cTouHblX BoA) [1]. [Ipennonaraercs, uro 3B oT ToueuHbIX
MCTOYHUKOB IOCTYNAIOT HE Cpa3y B PEKY, a B KOJUIEKTOPBI CTOYHBIX BOJI, KOTOPBIE
OpUMBIKAIOT KO BceM BepmmHaMm Trpada, kpome 41-oif  (KOHEUHOH).
CooTBeTCTBEHHO, B AomnonHeHne K 40 myraM, 0OTOOpa)karolIMM PYCIOBbIE YYaCTKH,
B Mojaenu «pabortarot» eme 40 «HEBUAUMBIX» JAyT, NPEACTABISAIONMX TaK
Ha3bIBa€Mbl€ «arperupoBaHHbIe KOJUIEKTOpPbI cToka 3B». OTnnuue oT 0OBIYHOIO

' Pa6oma evinonnena npu gunancosoii noddepicke Poccuiickozo nayunozo gonda (npoexm Ne 14-17-
00672).
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pyCJIOBOrO y4yacTKa COCTOMT B TOM, 4YTO B arperupoBaHHOM KOJUIEKTOPE
oTcyTcTBYyeT nuddy3HbIi cTok 3B.

IIpencraBnenne pedyHOM CE€TH B BHJE PA3BETBICHHOIO OPHEHTHUPOBAHHOTO
rpada mpeamnonaraer, 4yro Ayru rpada CXeMaTU3UPYIOT PYCIOBBIE YYAaCTKH, IO
KOTOPBIM TI€pPEMEIIal0TCsl MOTOKH BOJbI, a BEpIIMHBI rpada — MecTa CIHUSHHUS
MOTOKOB, @ TAK)XE MECTa COCPEAOTOUYEHHBIX MPUTOKOB BOJBI /WM 3arpsA3HIOLINX
BemecTB. K KaK10M yre NpUMBIKAIOT JBE€ BEPLIMHBI, @ K KaXKJA0W BEPIIMHE MOXKET
NPUMBIKaTh OJHA WJIM HECKOJbKO Ayr. B mNpuHATOW HaMu cxeme Hymepaiuu
Pa3BETBICHHOTO OPUEHTUPOBAHHOTO Tpada Kakaas Ayra BBIXOAUT W3 HAYaJIbHOMN
BEPILMHBI (€€ HOMEp BCErja COBIAJAET C HOMEPOM AYI'M) U BXOAMT B KOHEUHYIO
BEpIIMHY (HOMEp KOTOpOH Bcerja Oolbliie HOMepa HadainbHoM). [Ipu Takoit cxeme
HyMEpalMd OpHUEHTalMsl Jyrd COBNAJAET C HANpaBICHUEM TEUYEHUS BOMbI.
BepiuHbl, K KOTOPBIM TMPUMBIKAET HECKOJIBKO OYT, HA3bIBAIOTCA BHYTPEHHUMHU
BepIIMHaMHU rpada. B Takyio BepHIMHY MOXKET BXOAMTH OJHA WJIM HECKOJBKO AYT,
HO BBIXOJIUT BCEr/a oJHa. BepunHbl, U3 KOTOPBIX BBIXOJUT OJHA JIyra U HE BXOJIUT
HU OJIHOM, HA3bIBAIOTCS HAYaJIbHBIMH BeplinHamu Tpada. BepmmHa, B KOTOpYyIO
BXOJUT OJIHA NYra W HE BBIXOJWT HU OJIHOW, HA3bIBACTCS KOHEYHOW BEPIIMHOMN
rpada. B peuHOl ceTH Takas BepIIMHA cxXxeMaTu3upyer ycTthe. Ilpu Takoit
HyMepallui KOHEYHas BEpIIMHA BCET/ia OJlHA, HAYaIbHBIX BEPIINH MOXKET OBITH
HECKOJIBKO (HO HE MEHEE OJHOM), a BHYyTPEHHUX BEPUINH MOXKET ObITh HECKOJIBKO (B
YaCTHOM cllyuyae, Hu ofHoi). B cxeme p. MockBbl BepinHa 41 (beceaunckuii MocT
y MKAJI) — koHeuHas (ycTheBasi) BepiinHa rpada, a BepmuHbl 1 (p. MockBa HIKe
Py61neBo), 4 (p. Cxonust y MKA/), 16 (p. Cerynp y MKAJI) u 24 (p. Sy3a, MKA])
— HayvaJbHbIe BepUIMHBI rpada. Bee ocTanbHble — BHYTpEHHHE BEPIIMHBI rpada.

Jlns  ompexneneHHsT MOLIHOCTEH  TOYEYHBIX HMCTOYHUKOB 3B  (pexum
«KanmubpoBkay) TpeOyeTcsi 3a7aTh KOHIIEHTpaluu 3B B HayalbHBIX CTBOpax AYT,
BBIXOJIAIIIUX M3 UCCIAEAYyEMBIX (KaauOpyeMmbIx) BepiminH. Eciu moOMUMO TOUYEYHBIX
HCTOYHUKOB, €CTh HEOOXOJIMMOCTh ONpPENETUTh €Ule U MOIIHOCTh UG Y3HBIX
HUCTOYHUKOB, TO B HCXOJHOW WHGOpMAlUU MOJAEIUW HAJ0 100aBUTh 3HAYCHUS
KOHIIeHTpanuii 3B B KOHEUHBIX CTBOpax HccleayeMbIX (Kanmubpyembix) ayr. Ecnu
HaTypHbIC KOHIIEHTpauu 3B u3MepeHbl B CTBOpaX, MPUMBIKAIONIUX K HadalbHBIM
BepIIMHaM Tpada, TO 3/eCh MOJHASL OMPEJEICHHOCTh — JTH JIaHHBIE 3aHOCATCS B
maccuB «Mcxonadmue Ayrum» — MO STUM KOHIICHTpAIUsM OYyIyT pacCUUTaHBI
MOIIIHOCTH TOYEYHBIX UCTOYHUKOB 3B B COOTBETCTBYIOUIMX BepluHax. B ciyuae,
KOT'Jla KOHTPOJIbHBII CTBOp, MPUMBIKAET K BHYTPEHHEH BEpIIMHE, TO HEOOXOAMMO
YTOUHUTH — HAXOJUTCS 3TOT CTBOP BBIIIE WM HHXKE 3TOM BeplIuHbl. Ecnu BbllIe, TO
3HaueHHE KOHIeHTpanuu 3B momemaroT B MaccuB «Bxoasiue Tyru» — 1Mo 3TOu
KOHIEHTpaluu OyJeT paccuuTaHa MoOIHOCTh quddy3Horo ucrounuka 3B (Mmoaynb
Qg dy3HOro cTOKa) Ha BXoAdAMeH ayre. Ecinu Huke — JaHHbIe 3aHOCATCS B MacCUB
«Hcxopsimue Ayru» — MO ATUM KOHIIGHTpAIUsSM OYIyT pacCUUTaHbl MOITHOCTH
TOYEYHOr0 HUCTOYHMKAa 3B B cooTBercTByMromeW BepmuHe. Ecim B MaccuBe
«Ucxonamue nyru» w/unn  «Bxopsmpe Ayru» BCTpEYalOTCs HYyJEBbIE WU
OTpPHUIIATENIbHBIE 3JEMEHTHI, TO KaJIUOpPOBKA B COOTBETCTBYIOUIUX CTBOpax HeE
IPOU3BOJUTCS, T.€. BMECTO MOIIHOCTM HCTOYHMKOB 3B koHueHTpauus 3B
BbIuncisieTcs: B pexkume «Habmronenune». OnHa U3 3a1a4 MOJEIMPOBAHUS KauecTBa
BO/bI B p. MOCKBa Ha JIaHHOM 3Tale 3aK/I0Yajach B aHAJIM3€ HATYPHBIX JaHHBIX,
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noydeHHbIX ciayx00it I'TIBY «MocakomonuTopunr» [4, 5], U JOMOTHEHUU ITHX
JAHHBIX, MCIOJB3YyS METOJl IKCIEpPTHOM oleHku. B Tabmune 1 mpeacraBiieHbl
KOHIEHTpaLUU He(PTENPOAYKTOB MO JTaHHBIM MocskoMoHHUTOpHHTa (cToNben 3), a
TaK)K€ HMCXOAHBIE JIaHHbIC JUISI HAYAJIBHOTO M KOHEYHOTO CTBOpPA KaXXAOW IYTH,
MOJIFOTOBJICHHBIE METO/I0M IKCIIEPTHOM OLIEHKU (CTONOLEI 4 U 5).

Ta6auna 1. KoruenTtpanuyn He(TEIPOIyKTOB B CTBOPAX PACUETHON CXEMbI MOJCIH

N Hazpanwne Hatypnsre Hagainb- Koneu-
Bep- BEPILIHUHBI KOHIIEHTpallUU HBIN HBIN
LIHHBI (ammpenb 2015) CTBOp CTBOp
1 2 3 4 5
1 Huxe PyGiieBo 0.024 0.024 0.024
2 Cnacckuii MocT 0.021 0.021 0.021
3 KepocuHOBBIH ., YCThE 0.24 0.021 0.24
4 p. Cxonns, Beiie p. bespiMssHHOTO-KypKuHO 0.089 0.089 0.089
5 p. CxonHs, HIKE p. bparoBkn-MutnHO 0.11 0.089 0.11
6 Mocr [loxomHOTO TIp. 0.21 0.21 0.21
7 Moct y CTpouTeapHOro TIp. 0.078 0.078 0.078
8 p. CxomHs, ycThe 0.078 0.24 0.078
9 Hwxe p. Cxonan 0.096 0.096 0.096
10 CoboeBckuil pyueit 0.13 0.096 0.13
11 p. TapakaHoBKa, ycTbe 0.21 0.13 0.21
12 p. Punbka, ycTbe 0.1 0.21 0.1
13 Baranbkosckuii CtyneHert 0.15 0.1 0.15
14 p. IIpecHs1, ycThbe 0.16 0.15 0.16
15 BepesxkoBckuii MocT (Bbie CeTyHH) 0.78 0.78 0.78
16 Moct HoBomepenenkinao 0.26 0.26 0.26
17 p. Cerynp, MKAJ] 0.3 0.26 0.3
18 Barpunkuii Moct 0.3 0.3 0.3
19 AMUHBEBCKHAN MOCT 0.34 0.3 0.34
20 MuHckuni MOCT 0.81 0.81 0.81
21 p. CeTyHs, ycThE 0.945 0.945 0.945
22 ba0reroposckast mioTuHa 0.112 0.945 0.112
23 b. MockBopenkuii MocT (ycTee p. Hernunkm) 0.15 0.15 0.15
24 p. Slyza, MKAJT 0.06 0.06 0.06
25 p. Ayza,yn. lupoxkas 0.086 0.086 0.086
26 p. Ay3a, p.Uepmsnka 0.61 0.086 0.61
27 p. Sy3a, p.Jluxobopka 0.45 0.61 0.45
28 p. Ay3a, SIpociaaBckuii MOCT 1.2 1.2 1.2
29 p. Ay3a, D1eKTp03aBoICKUI MOCT 1.2 1.2 1.2
30 p. Ay3a, ycTee 0.525 0.15 0.525
31 b. KpacHoxonMckuit Moct (Huxke p. Sy3bn) 0.308 0.308 0.308
32 p. Uypa, ycTbe 0.64 0.308 0.64
33 p. KotioBka, yctee 0.24 0.64 0.24
34 AMO 3U1JI 0.15 0.15 0.15
35 IInotuna Ilepepna 0.17 0.15 0.17
36 p. Humienka, yctbe 0.15 0.17 0.15
37 Brime OKCA 0.12 0.12 0.12
38 Hwmxe OKCA 0.105 0.12 0.105
39 p. I'oponHs, ycThe 0.14 0.105 0.14
40 Brime becequnckoro mocra 0.11 0.11 0.11
41 Bbeceaunckuit moct (MKAJT) 0.11 0.11 0.11
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Ha cnenyromem »sTame MojenupoBaHHs KadecTBa BOAbI B MoOCKBe-peke
IUTAHUPYETCSI BBIMOJIHUTD PacyeT MOIIHOCTH TOYEYHBIX U AU(PPY3HBIX UCTOUHUKOB
3arpsizHeHus ¢ momomrsio moaenu WPI-RQC, ucnons3ys Hatypubie gannbsie [ TIBY
«MOC3KOMOHMTOPUHI» 1O KOHUEHTpaluusiM He(TEenpoAyKTOB B  CTBOpax
HaOmoeHus I. MOCKBBI.
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BOJIOOXPAHHBIX Meponpusatuit // DKOHOMHUYECKME U TEPPUTOPHUATBHBIC ACIEKTHI
YIOpaBJICHUS BOAOXO3SMCTBEHHBIM KoMmIuiekcoM Poccum / Tlom pen. B.M. Jlanumona-
Hanunbsua, B.I. [Ipsoxkunckoit. M.: PACXH, 2013. C. 176-187.

2. l'otoBues A.B., Jlanunos-/lanunbsu B.U., Jlapuna E.I'. Ouenka camoouuiaromen
CIIOCOOHOCTH PYCIIOBOM M KOJUIGKTOPHO# cetn pekr Mockssl B nipeaenax MKAJI// Bona:
xumus 1 skojorus, 2016, Ne 10. C. 16-24.

3. Jlapuna E.I'., T'otoBueB A.B. MoaenupoBanue kauecTBa BoAbl MOCKBa-peKu: 3Tarl
| — cxemaruzauus peuyHOi ceTH. BoaHble pecypchl, SKOJOTHS M THAPOJIOTHYEcKas
Oe3omacHoCTh: cOOpHUK TpyAoB VIl mexnyHaponHON HayuyHOH KOH(EpEeHIIMH MOJIOIbIX
yueHbIX U TananTiauBeix cryaentoB ®I'BYH MBII PAH; 11-13 nexa6pst 2013 r./ OTB. pen.
H.H. Mutuna. M: IBIT PAH, 2013. C. 104-110.

4. Habmroienus 3a kaueCTBOM MOBEPXHOCTHBIX BOJ] 00BEKTOB Ha TEPPUTOPUU TOpOIa
MockBbl 1 npucoeauHeHHbix — Tepputopuii  TUHAO. DOnexTpoHHBIM  pecypc:
http://www.mosecom.ru/water/system/.

S. OOmue cBeaeHMsT O BOJAHBIX O00BEKTax B 4YepTe ropoaa MOCKBB U
IPUCOCAMHEHHBIX TEPPUTOPHIL. DIEKTPOHHBIN pecypce: http://www.mosecom.ru/water/.

CPABHEHHUE INTPOT'PAMMHBIX KOMIIJIEKCOB «BASINS» 1 «WPI-
RQC» HA YPOBHE KOHIENITYAJIbHBIX OTTUCAHU U HA
IMPUMEPE
MOJIEJIMPOBAHMSI KAYECTBA BO/IbI B PEKE YAPBIH?
J:xxamasioB ﬂ;.K.l, HypcentoB I[.B.l, TotoBues A.B.”
'Hayuonansnas nayunas 1a60pamopus KOLIEKMUSHO20 NOIb308AHU
UHDOPMAYUOHHBIX U KOCMUYeCKUX mexHono2uil, Kazaxckuii Hayuonanohwiii
uccnedosamenvckuti mexuuyeckuti ynusepcumem um. K.U. Camnaesa
2. Anmamuwi, Pecnyonuxa Kazaxcman
2OIBYVH Hucmumym 6oonwvix npobaem Poccutickotl akademuu HayK
Mocksa, Poccus

1. CpaBuenue BASINS m WPI-RQC Hna ypoBHe KOHUIeNTyaJbHBIX
omucanmii. [Iporpammusiii komruiekc BASINS (Better Assessment Science
Integrating Point and Nonpoint Sources) pa3paboran ATEHTCTBOM II0 OXpaHe

> Paboma ewinonnena npu unarncoeoti noodepiicke Komumema nayku Munucmepcmesa
obpaszosanus u Hayku Pecnyomuxu Kazaxcman  (npoexmor  Ne757.MOH.I'®.15.UUT.4,
Nel746/I'D4).
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okpyxaromieii cpeasl (Environmental Protection Agency (EPA) nmns ouenku
MaKCHMAaJIbHBIX CYMMapHBIX CyTouHbIX Harpy3ok (Total Mmaximum Daily Loads
(TMDLs)) Ha BoaHble OOBEKTHI. BXOIHBIMH TapamMeTpaMHu i MPOrPAMMHOTO
komriekca BASINS spistorces: [udposas mozaens penbeda (DEM); Peunast cetsb
(River Net); J[amnsle 3emuenons3oBanus (Land Use data); IlouBeHHBIC
xapakrepuctuku (State Soil data); Mereoponornueckue mannbsie (Meteorogical
Data). Ha puc. 1 mpencraBnena biok-Cxema anroputma, peaan30BaHHOTO B
nporpaMmMHoM komruiekce BASINS. TloscHenus k oraenbHbIM Oyiokam CXEeMBI:
HSPF (Hydrological Simulation Program-Fortran) —ocHoBHast mporpamma (sSapo)
monenu BASINS 4.1, ucnons3yemast 11st mocTpoeHus rpanul] Bogopasaena; WDM
(Watershed Data Management) — mporpaMMHBIii 610K, 00CCIIEUNBAIOIIHI XpaHCHHE
U U3BIICYCHUIO JIAaHHBIX, HEOOXOJMMBIX JUISI PabOTBI C THAPOJIOTHYSCKUMHU
MOJICIAMH, a TaKKe C MOJICISIMH, BKIIOYAIONIME aHau3 KadecTBO Bojawl; WDT
(Watershed Delineation Tool) — w#HCTpyMEHT JUIS OINpPEIEICHUS TPAHUIL
BOJIOpa3iena.

DEM River Net Meteorological Data

Watershed Delineation

tool

Watershed Steam Reach
ShapeFile ShapeFile WDM File

Land Use
Data

State Soil
Data

v

STA File

Puc. 1. binok-Cxema nporpammuoro kommiekca BASINS

Mogens WPI-RQC (Water Problems Institute - River Quality Control),
paspaborannas B MHcTHTyTEe BOoAHBIX mpobnem PAH, mpennaszHaveHa /uis OICHKH
KayecTBa BOJ, OMNPEJEJICHHUs] MOILIHOCTEW TOYEYHBIX M JAUQPQPY3HBIX HCTOYHUKOB
3arpsi3Hsaomux BeuiecTB (3B), a Takxke 11 BIOOpa BOJAOOXPAHHBIX MEPOIPUATHI B
6accetine [1, 2]. Bxonapimu napamerpamu aist moaenu WPI-RQC sBnstoTest:

- Peunas cetpb, cxemaTU3MpOBaHHAS B BUJIE pa3BeTBICHHOTO rpada. Jyru rpada
CXEMAaTU3UPYIOT peYHbIC YYACTKH (C MepeMelalouMMcs 10 HUM OTOKaMU BOJIBI U
3B). 3agaBasg oTpuLaTeNbHbIE PACXOJbl BOJBI Ha JOyrax M COOTBETCTBYIOIIHUX
BEPIIMHAX, MOYKHO MOJEIMPOBATh TAKKE KaHaJbl, 3a0MpaOIINE BOAY W3 PEUHOU
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ceTH (Hampumep, I HYXKI OpOIIEHUS WIM BOJOCHAOKEHHUS OTJAJIEHHBIX
MYHKTOB);

- I'mpponmornyeckas u ruapoxumudeckas wuHpopmamms (pacxoabl BOABI H
CKOpOCTH TiepeHoca 3B mo peuHbIM ydacTKaM, JJIMHBI PEYHBIX YYaCTKOB);

- JlaHHBIE O MOIITHOCTSIX TOUYCUYHBIX U TU(DPY3HBIX HCTOUYHUKOB 3B;

- JlaHHbIE O HaTypHbIX KOHLEHTpauusax 3B (ecnu TpeOyercs pemuTh 3agady
OTIpE/ICIICHUS MECTOTIONIOKEHUS HEYYTCHHBIX HCTOYHUKOB 3B 1 UX MOIIHOCTEH);

- HopmaTuBHBIC JaHHBIE IO TEXHOJIOTUU U IKOHOMHUKE OYUCTHBIX COOPYKEHHIA.

Ha puc. 2 npusenena biok-Cxema mogenun WPI-RQC.

ITporuno3s kauectBa ®Daiinibl HICXOAHOM
BOJIbI < uHbOpManu
A 4
ITocTpoenue rpada .| Opranuzanus HUKIa pac4eToB 1O
pacquHof/’[ CeTUu - PYCJIOBBIM U KOJJICKTOPHBIM
y4JacTKam

A 4

Pacuer OTACJIBHOI'O y4JaCTKa pyciia

3B,
coaepIKalmecs
B OOKOBBIX
MPUTOKAX

A 4

Boansrit 6anaHnc NpUpOIHBIX U bananc 3B ¢ yaerom

KOJUIEKTOPHEIX BOJT TpanpopManuu 1o \

JJINHE pyciia

'y Huddy3abie
/ \ HCTOYHUKH 3B

IIpuponnas Konnekropnas ArperupoBaHHBIN
BOJA BOJA KOJUIEKTOPD

\

CocpenoToueHHbIE COPOCHI
3B

PacueT acCUMUIIAILIMOHHOTO
noTeHruana (All)

Br160p THIIA OUUCTKHU
110 KPUTEPHUIO
MHMHHUMYyMa

Her Her CyMMapHO#H
MOILHOCTH BHOBb
BBOJMMBIX OYMCTHBIX
COOPYKEHUU

Ha Ja l

Ilepexon k cienyrolemMy y4acTKy pyciia | Pacuer 3aTpar Ha
D OYHCTKY (KallUTaJIbHBIE,

SKCIUIyaTallOHHBIE,
MIpUBEICHHBIE)

Puc. 2. ®parmenT « Ynpasnenue kauectBom» brnok-cxemsr moaenn WPI-RQC
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[Tynkter 3), 4), ompenensiolue pazIuuMsi, yKa3bIBAlOT Ha TMPEHUMYIIECTBa
(TOTIOTHUTENIbHBIE BO3MOXKHOCTH) TporpammMHoro komiiekca BASINS, a myHKTHI
5), 6) ykaspmBator Ha mpeumymectBa WPI-RQC, mo3Bossromume pemath
JOTIOTHUTENIFHO JIBa Kiacca 3ajnad. Pa3nuuums mnporpaMMHBIX — KOMIUIEKCOB
MO3BOJISIIOT  B3aUMHO  JIOTIOJHATH  pe3yibTaThl 1Mo ©OacceilHy M MOJydaTh
«royiorpadUuECKUN TOPTPET U3y4aeMOTO OOBEKTaY.

2. CpaBHeHMe pe3yJbTATOB MO/1€JIMPOBAHUN Ka4yecTBa BOJbI B p. UapbiH ¢
NnoMoIbI0 nporpaMmMubix kommjiekcoB BASINS u WPI-RQC

P. Yapein - neBwiit npuToK p. Mnu, sBisironiericss OCHOBHOM BOJHOW apTepHUen
Oacceiina 03. banxarmr [3]. Ha puc. 3 npeacraBieH CHUMOK U3 nipuiioxenus «Google
Earth», na kotopoM BuIeH Bech OacceitH p. YapbiH (OT UCTOKA O BIAJACHHS B P.
WNmm), a Taxxke ydactok p. Mnum or rpanunsl ¢ Kuraem no Kamuaraiickoro
BOoZlOXpaHuIuIa [4].

Puc. 3. Kocmuuecknii cHUMOK Oaccelina peku Yapwia

Jns amantanuu moaenu WPI-RQC k Oacceliny p. YapbiH Oblia BBITIOTHEHA
cXemaTu3alusi PYCIOBBIX Yy4acTKOB OacceiiHa oT Kazaxcrancko-Kuratickoit
rpaHunbl 10 yerba (p. Wam) B Buae pa3BeTBICHHOro rpada, coaepkamiero 8
BepmiuH u 7 ayr. Mcmonp3oBanHas B pacuetax mo moaenun WPI-RQC Cxema
Oacceiina p. YapeiH mpuBeneHa Ha puc. 4. B gomonHenue k 7 gyram,
0TOOpaXKaIOIM PYCIIOBBIE YYACTKH, B MOJEIN «paboTaroT» emeé 7 «HEBUIAMMBIX)»
T, COOTBETCTBYIOIIMX TaK HA3bIBAEMBIM «arpEerHPOBAHHBIM KOJUIEKTOpPAM CTOKa
3B». PeanuzoBanubiii B Moaenu WPI-RQC anroputM mMno3BOJSIE€T Y4YUTHIBATH
neperoc 3B no peuHsIM npuTOoKam 0oJiee BHICOKOTO MOpsiiKa (4eM BKIIIOYEHHbBIE B
pacueTHYI0 CXeMy) 3a CUeT HMX YCIOBHOTO OOBEIWHEHUS B arperupoBaHHBIC
BOJIOTOKH (arperupoBaHHbIe KOJUIEKTOPHbIE YYacTKU BOJ). B pe3ynbrare pacueToB
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no monenu HSPF, Bxomsmieit B mporpammubiii komriekc BASINS, BomoTokm
OacceifHa p. YapblH ObLIM CXEMaTH3UPOBAHBI B BUJE Pa3BeTBIEHHOro rpada c 14
ayramu (puc. 5). UHTepecHO OTMETUTh U OOBSCHHUTH PA3IUYUsl B KOJIUYECTBE JYT
rpa¢oB Ha puc. 4 u 5, n300paxxaroIUX BOAOTOKH OJHOIO U TOT0 ke OacceliHa peKH.
Heno B ToM, uto Cxemy, NpeacTaBiICHHYI Ha puc. 4 (comepxkauiyro 7 Oyr)
NOJArOTOBUJI  ONBITHBIA  THaposor D.A. TypcyHOB 10 ONyOJMKOBAaHHBIM
TUAPOJIOTHYECKUM JAHHBIM, a CXEMy, INpeJcTaBiIeHHYl0 Ha puc. 5 (14 nyr)
«HapHCOBal» KOMIIBIOTEP, MCIIONIB3Yys JaHHbIE LU(POBOH MOJENM MECTHOCTH.
[Tporpammusbiii komrieke BASINS «mo6aBum» k runponorudeckoir Cxeme eme 7
BOJIOTOKOB, KOTOpPbIE paHee HE pPacCMaTPUBAIUCH TUIAPOJIOTAaMU M3-32 MaJbIX
(MpakTHUYECKH HYJIEBBIX) pPACXOJOB BOJBL. TeM He MeHee, B OIpe/eICHHbIE
MHOTOBOJHBIE TIE€PHOJBl 3TU BOJOTOKM MOTYT TPEACTaBIATh HMHTEpeC s
U3YYCHHUS.

ycrbe p. Temepank

-

ncrok p. Temepank

yeree p. WeT-Mepke

| v

ycTbe p. OpTa-Mepre

<>

ucrok p. LieT-Mepre ucrok p. OpTa-Mepke

Puc. 4. Cxema peunoii cetu p. Hapsis, ucnons3oBanHas B mojenu WPI-RQC

'ﬁun:’; Lun:’;
\ 7’)/- - ’~‘___'~_,
ey T
_____ T T
e — et

; -nh“:’r B

Puc. 5. Cxema BogoTokoB 6accelina p. YapsiH, nonydyeHHas no mojenu HSPF,
BXOJIs11eH B mporpaMMHbIi koMiuieke BASINS
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OrpanndeHHbIi opMaT TaHHOM MyOJIMKAIMKM HE TO3BOJISIET BKIIOYUTH JIPYrUe
Pe3yNbTaThl paCYETOB, MOATOMY O HUX OyJIE€T CKa3aHO B YCTHOM JIOKJIAJIE.

Jlumepamypa

1. I'otoBuer A.B. Monens WPI-RQC nis oneHku kadecTBa BOJ M OOOCHOBaHUS
BOJOOXPAHHBIX MEPONpPUATUH. B KH.: DKOHOMHYECKHE U TEPPUTOPHAIBbHBIE ACHEKThI
YIPABJICHUS BOAOXO3AMCTBEHHBIM KoMmiuiekcoM Poccuum. Iloxg pexn. B.M. [lanunosa-
Hanunesna, B.I'. Ipsokunackoit. M.: PACXH, 2013. C. 176-187.

2. CBuIETENBbCTBO O TOCYNApPCTBEHHOM perucrpauuu mnporpammbsl aias OBM Ne
2016610993 WHPI-RQC (Water Problems Institute — River Quality Control).
[TpaBoobnanarens: denepanbHOE TOCYIAPCTBEHHOE OIOJDKETHOE YUpEXKACHHUE HAYKH
WuctutyT BoaHbIX npobseM Poccuiickoii akamgemun Hayk (RU). Astop: 'otoBues A.B.
(RU). Jlata rocymapcTBeHHOM peructpanuu B Peectpe mporpamm st O9BM 25 siBapst
2016r.

3. CoBpeMEHHOE IKOJIOTHUYECKOE COCTOsSTHUE OacceliHa 03. banxarn. Ajmatel, U3/1-BO
Karanar, 2002. 388 c.
4. WHTepHET-UCTOYHUK CIYTHHKOBBIX CHHMMKOB, KapT MECTHOCTH U penbeda:

https://www.google.com/earth/.

BPEMEHHAS UBMEHUYUBOCTb XAPAKTEPUCTUK CTOKA PEK
3ATTAZTHOI'O CASTHA
ConoBbeB B.A., [Ipaxuna I'.B., ’Kypasiaes C.A.
Canxm-Ilemepbypeckuii 2ocyoapcmeennuiil ynugepcumem, Poccus
hydrovitosik@mail.ru4

B paboTe BBINONHEHBI OLIEHKW COBPEMEHHBIX HW3MEHEHHUIl TOZ0BOTO CTOKa, a
TAaK)K€ MUHUMAJIbHBIX U MAaKCUMAJIHBIX CYTOYHBIX PAacXO0B BOJbI PEK 3aIagHOro
Casna 3a mepuox 1959-2012 rr. mo 21 ruaponornyeckoMy MOCTY,
pacrlojO)KEHHOMY Ha MallblX, CPEIHMX M KPYNHBIX peKax ¢ IJIOWAAIMU
BojiocOopoB B nuamnazone 4 - 115000 xkm?, GaccelHbl KOTOPBIX YaCTHUYHO WIIU
MOJIHOCTBIO pacIoyiaraloTcsi B YCHOBHsIX cpeaHeropbs (puc. 1). B mpepenax
BBIOpAaHHBIX 0accefHOB OTCYTCTBYIOT KpYyNHBIE O3€pa U BOJOXPAaHWIIMUIIA,
HCKXKAIONME €CTeCTBCHHBIM BOJHBIM pPEXUM. be3Bo3BpaTHOe moTpedIeHMe
BOJIHBIX PECYPCOB IPUHUMAJIOCH PEHEOPEKNMO MaJIbIM.

[Ipu oTcyTCTBMM NaHHBIX PsIbI CTOKA BOCCTAHABIMBAINCH METOJIOM JIUHEHHON
perpeccuu 1no pexam-aHajioram. Jlist Oosipled 4acTU UCCIENyeMOro panoHa IMpHU
BOCCTAQHOBJICHUH YCTAaHABIMBAJIOCH MOPOTOBOE 3HaueHUE KOA(PUIMEHTa MapHOU
koppemsiuu Rkp = 0,7. BoccTaHOBNIEHHBIE JaHHbBIE COCTaBIAOT 2% OT 0011ero
o0bvemMa uHpopManMoHHOM 0a3bl. OCHOBHAS 10151 BOCCTAHOBJICHHBIX JaHHBIX (42%)
oTHocuTcs K Hadany 1960-x rr., 33% - x Hauany 1980-x rr., Korjia 4acTb MOCTOB
ObL1a 3aKpbITA.

JUis OUEHKH OJHOPOJHOCTH PSIOB THAPOJIOTMYECKUX HaOMIOAeHUH Obuin
ucnoiyib3oBaHbl kpurepun CmupHoBa-I'pabca u [lukcoHHa, KOTOpBIE COIJIACHO
PEKOMEHIALMsIM  MPUMEHSIIOTCA U1 OLEHKM CTaTHCTMYECKOM 3HA4YMMOCTH
OJIHOPOJHOCTHU PE3KO OTKJIOHSIOIINXCS IKCTPEMAJIBHBIX 3HAYEHUH B OMIIMNPUYECKOM
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pacnpenelieHud NOpu  ypoBHE  3HauMMocTH  5%. 3HAYMMOCTh  TPEHJIOB
CPEIHETO0OBOTO, MUHMMAJIBLHOTO 3UMHETO W MaKCHMaJIbHOTO CTOKa OIEHHWBAJIach C
NOMOUIBI0 HemapameTpuueckoro tecrta ManHa-Kengamna. OuneHka JMHEHHOro
TpeH1a npoBoauiiack MerojoM CeHa [2].
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Puc. 1. Kapra-cxema ruiponocToB 1 METEOCTAaHLIUN UCCIIEYEMOTO palioHa!
1-p. Ty0Oa - c. byrypraxk, 2 - p. bonpmas [lyms - c. Umxa, 3 - p. Matyp -1ioc.
Martyp, 4 - p. boasmoii OH - noc. bonsmoit Ox, 5 - p. Os - ¢c. EpmakoBckoe, 7 -
p. Tamrsin - ¢. Tamteimn, 8 - p. Kons - 1. Uepenanoska, 10 - p. Up0Oa - 1. bonbmas
Upba, 11 - p. Ona - moc. Manslif An3zac, 12 - p. Yc - 1. Yerb 3omotas, 13 p. Kassip -
noc. Kaseip, 15 - p. Ambin - ¢. Kauynbka, 16 - p. AbGakan - r. Abaza, 21 - p. Tecs -
c. borpan, 22 - p. Xa6sik - c. Hukonsckoe, 23 - p. Munycunka - r. MUHYCHHCK, 25 -
p.- Enuceii - r. Kei3bi, 26 - p. bonbiioii Enuceii - c. Kapa Xak, 29 - p. AGakaH -
noc. Paiikos, 30 - p. bes - c. bes, 31 - p. Ambin - ¢. Bepxuuii Kyxe6ap, 33 -
p. Onenps peuka - M. cT. OJeHbs peuka

Pacuer BenMUYMHBI M 3HAYMMOCTH TPEHJA PAJOB CPEIHUX TOJIOBBIX PACXOI0B
BOJIBI TIOKA3aJl, YTO 3HAYMMBIN TOJOKUTEIBHBIM TPEHA IJS YPOBHS 3HAYMMOCTH
a=0,05 xapaktepeH st 6 TUAPOTOTUYECKUX MOCTOB (29% OT OOIIEro KOJIM4eCcTBA)
(cM. puc. 2). B ocHOBHOM 3TO CTBOpHI Ha p. AGakaH U ero npuTokax (p. AdakaH - T.
Aba3za, p. Abakan - n. Paiikos, p. Tamrem - c¢. TamTein u p. bes - c. bes) mus
KOTOPBIX OTMEUYCHO YBEJIMYCHHE TOJIOBOTO CTOKa B cpeaneM Ha 1,8% / 5 ner, a
takke p. bompmas Ilyms - c¢. Umka — 2,15% /5 ner, mporekaromasi B
MuHyCHHCKOM KOTIOBMHE. B  oOCTanpHBIX cCily4asXx MOXHO TOBOPUTH O
HE3HAYUTENIBbHON MONOXUTENbHON (B 47% ciydasix) win oTpuuareiabHoil (B 24%
Clly4yaeB) TeHJEHIIMU U3MEHEHHUS FOJJOBOT0 CTOKA 32 paccMaTpUBAEMblid IEPHO/I.

Hns 76% wuccienyeMblx CTBOPOB (CM. pHUC. 3) TpPEHJ K YBEIMYCHUIO
MUHUMAJIbHBIX 3WMHUX PAacXOZO0B BOJBI OKa3aJCsi 3HAYUMBIM. B ocTaibHBIX
cllydasx OTMeYajach IOJIOKUTENIbHAs TEHAEHLUS U TOJIBKO [y Masoil p. Tecs,
ABJISIOLIENCA JIEBBIM NPUTOKOM KpacHOSpPCKOro BOJOXPAHMWIMILNA, MMEET MECTO
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HE3HAYMTENIbHAS OTpUIATEIbHAS TCHICHINS W3MEHCHHS MHHUMAIBHOTO 3MMHETO
pacxonma Bojabl. Hambonee HWHTEHCHMBHOE YBEIMUYCHHE MHHHMAIBHBIX 3UMHUX
PacxoJI0B BOJIbI XapakTepHo 1yisi Oaccelina p. AbGakas (p. Tamrtein — 4,8 %/5, p. bes
—5,3% /5, p. Abakan (moc. PaiikoB) - 3,2% / 5), a Taxoke Manbix p. Xaobik (4,9% /
5), Upba (4,5% / 5) u p. Enuceit (r. Kebun) - 4,0% / 5. Cesizeit Mex1y pazmepamu
BOJIOCOOPOB M BEJIMYMHAMU TPEHIOB HE BBISBJICHO.
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Puc. 2. Kapra-cxema BeTUYMHBI TPEHIA CPEAHHUX TOAOBBIX PACXOJ0B BOJBI (BETUUHHBI
TPEHIOB OTHECEHHI K IEHTPaM TSKECTH BOJOCOOPOB)

3HAYUTENbHOE YBEJIMYEHHE 3UMHEro CTOKa B TOCIEAHHUE JAECATHIIECTUS
OTMEUYEHO NPAKTUYECKU IMOBCEMECTHO Ha Tepputopuu Poccuu. IIpuumHoi 3Toro
MOKET CIIYXKHUThb POCT 3UMHHUX TEMIIEpPATyp BO3AyXa, BIUSIOIIMX HA pa3BUTHE
IpOLECcCOB Jie000pa3oBaHusl. AHaIUM3 BEJIUMYMHBI M 3HAUYMMOCTH TPEH/IOB
MaKCHUMaJIbHOM TONIIMHBI JbJa IOKa3aJ, 4YTO 3a MCCIEAYyEeMbId INEpUOa
OTPULIATENIbHBIA TPEHJ OKa3aJiCd CTaTUCTHMYECKM 3HauyuMbiM B 71% cnywae. B
OCTaJIbHBIX CIIy4asiX UMeJia MECTO OTpullaTeNNbHas TeHaeHus (puc. 4).

[Ipy yMeHbIIEHWH TONIIMHBI JIbJJa B peKaX, CHUXKAIOTCA «IOTepU» Ha
Je1000pa3oBaHNe U BO3PACTAET MPOIYCKHAsI CIIOCOOHOCTH pyces, YTO MPUBOAMT K
YBEJIMYEHUIO 3UMHEr0 CTOKa, B OTHENbHBIX ciydasx Ha 20-30% oT cpeaHero
MHOTOJIETHETO, YTO XapaKTePHO B CEBEPHBIX M CHOMPCKHUX pervoHax [l]. Anamus
M3MEHEHHS MAaKCHUMAJIbHBIX MOJOBOJIHBIX PacXo0J0B BOJbI Ha UCCIEAYEMBIX peKax
BBISIBUJI CTATUCTUYECKU 3HAUYMMBIN TpeH B 1-X ciyyasx (5%) nns ctBopa Exuceit —
r. Ke3pn (puc. 5). B 601bmIMHCTBE Cily4aeB MOKHO TOBOPUTD JIUIIb O TEHACHIIMH K
YMEHBIIECHUIO MAKCUMAJIbHBIX PACX0JI0B BOJBI.
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Crout otmeTuTh, 4TO0 B 27% ciydaeB (GUKCHpPOBANIACh HE3HAUUTEIHHOE
MOBBIIIEHUE MAaKCUMAJIbHBIX TTOJIOBOJIHBIX PACX0JI0OB B CTBOPAX, MPEUMYIIECTBEHHO

Ha peKkax MUHYCHHCKOW KOTJIOBHHBI.
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Puc. 3. Kapra-cxema BeTM4MHBI TPEHIa MUHUMAJIbHBIX 3MMHHUX PAaCcX0J/I0B BOJIbI
(BETMYMHBI TPEHI0B OTHECEHBI K IIEHTPAM TSKECTH BOJIOCOOPOB)
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Puc. 4. Kapra-cxema BeTUYHHBI TPEH]a MAKCUMAIILHOMN TONIIUHBI b2 (BETUYUHBI
TPEHIOB OTHECEHBI K IIEHTPaM TSKECTH BOJOCOOPOB)
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Puc. 5. Kapra-cxema BeTMUMHBI TPEH]A MAKCUMAJIBHBIX PACX0/10B BOJIbI (BETMUHUHBI
TPEHJIOB OTHECEHBI K LIEHTPaM TSKECTH BOJ10COOPOB)
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runponoruny. CII6I'Y. Poccus. 2015. C. 82-84.

MPOHUKAIOILIAS TYPBYJIEHTHASI KOHBEKIIUS B ITEPUO/]
BECEHHETI'O HOJJIEJHOI'O ITPOT'PEBA MEJIKOBOJHOI'O O3EPA®
Bouakos C.1O., bornanos C.P., 3nopoBennos P.J.

Hnucmumym 6oouwix npoonem Cegepa
2. [lempo3zasoock, Poccus
taranarmo@gmail.com

[Iponukaromast TypOynentnast kousekius (IITK) — Becbma pacnpoctpanénnoe
SBJICHHE, XOPOIIO W3BECTHOE OKEaHOJoraMm, JHMMHOJOraMm, actpodusukam. B
NEPBBIX JIBYX CIy4asX €ro BO3HUKHOBEHHUE CBS3aHO C HOYHBIM BBIXOJAKMBAHHEM
BOJIHOM TOBEPXHOCTH OKeaHa M BECEHHUM IPOTPEBOM IMOKPBITHIX JbJAOM 03€p.
COOTBETCTBEHHO, HAaKayka »JSHEPIUM OINpEAeNseTCs IOBEPXHOCTHBIMU  WIIU
pacripeleIeHHbIMU 110 00bEMY IOTOKaMHU Terula. Takash CUTyalus BO3HHMKAeT, B

* Paboma noooepacana cpanmom PODU Nel6-05-00436 A.
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YACTHOCTH, B IIOKPBITBIX JIBIOM O3€pax, KOrAa IO3AHEN BECHOW NPOMCXOIUT
IIPOHUKHOBEHHE COJIHEYHOM paJualyy B TONILY BOJBI.

SIBneHue mNpencTaBiIseT 3HAYUTEIBHBIA IPAKTHUECKUNM MHTEPEC, IOCKOJIBKY,
HalpuMmep, BO MHOTOM OIlpeJenseT AMHaMuKy Ouotel. C Apyroi CTOPOHBI, C €ro
U3yYEHHEM CBsI3aH ILIeJbI psA (yHAaMEHTalIbHBIX MPOOJEeM THIPOAMHAMUKU U
TypOyJE€HTHOIO TEIJIONepeHoca. 3a TOCIEIHUE JAECATWIETUS OINyOIMKOBAaHO
3HAYUTEJIBHOE YHUCIO PA0O0T, MOCBALIEHHBIX JIWHAMUKE TEMIIEPATypHOIO IIOJ,
CKOPOCTH 3anTyOJIeHUs MepEeMEeIIaHHOTO CJIOs, CTPYKType Mojs ckopoctu [116, 116
- 116]. OnHako 10 HACTOSILEr0 BPEMEHHM OCTAETCS OTKPBITHIM psii BOIIPOCOB,
CBS3aHHBIX C MEXaHM3MOM MAacco- M TEIUIONEepeHOoca, CTPYKTYpOll M JIMHAMUKOU
KOHBEKTHBHBIX IBW)XCHHI, HAllpaBICHHEM CIIEKTPAJIbHBIX ITOTOKOB 3Hepruu. Bo
MHOTOM 3TO CBSI3aHO C HEAOCTAaTKOM JOCTaTOYHO TOYHBIX NPAMBIX HaTypHBIX
U3MEPEHUI OCHOBHBIX (PU3NYECKUX MOJIEH.

B nanHo#l paGoTe mpencTaBieHbl HEKOTOPBIE PE3YNIbTaThl SKCIEPUMEHTa IO
ONpECIICHUI0 II0JII CKOPOCTHM B TOMIETHOM CJIO€ MEJIKOBOJHOIO 03epa
Benmatopckoe B mepuoj BeceHHeW koHBeknunHu. O3. BeHmropckoe HaxonuTces B
neHTpaibHol yactu PecnyOnuku Kapenus. O3epo J€IHHUKOBOTO MPOUCXOXKICHUS,
JIOBOJIBHO THITMYHOE MEJIKOBOJIHOE OOpeasibHOe 03epo; cpelHss miyouHa — 5,3 M,
MakcuMaibHas — Okosio 13 M. CKOpOCTH Te€ueHHus IOAO JbAOM H3MEPSIINCH IPU
MOMOIIM aKyCTHYECKHX JIOIUIEPOBCKUX H3Mepureneir ckopoctu Aquadopp
HR-profiler. lanusiii nmpu®op Mmo3BoisieT (QPUKCHUPOBATH TEUEHHUS] CO CKOPOCTIMHU
nopsinka 1 Mm/c, AUCKPETHOCTh U3MepeHus coctaiseT 1 muH. Paccrosaue | Mmexnay
JaT9IMKaM{ TI0 BEPTHKAJIM COCTaBIsLIO 5 cM. Takoil BbIOOp OBLIT 0O0yCIIOBIIECH
IpEIBapUTEIIBHON OLeHKON auccunaruBHoro KosimMoroposckoro macmraba r;. A
MMEHHO, 110 U3BECTHBIM U3 juTepatypsl [116, 116] naHHBIM CKOPOCTH € JUCCUTIAIINH
DHEPrUU COCTABIACT IO IMOPAAKY ~ 10® Br/kr, IIpA 3TOM IS JUCCUIIATUBHOIO
MaciuTaba mojiyJaeM olerky r; = (n° /)4

Takum oOpaszom, Benmuuuna | Goee yeM Ha mopsiok mpeBkImiaia ;. [Ipu Takoit
pPa3sHECEHHOCTH MEXy JaT4MKaMHM BIIOJIHE MOXHO OBUIO pacCUMThIBaTh Ha
nornajiaHyue B 001acTh MHEPIMOHHOTO UHTEPBaJIa IPU PACCMOTPEHUU ABYXTOUECUHBIX
KOppEIALUOHHBIX (YHKIUI. B CBSA3M ¢ TeM, YTO TOpPU30HTAJIbHbIE KOOPAMHATHI BCEX
JAaTYNKOB OBUIM OJIMHAKOBBI, JJIsl aHaiu3a OBUIM JOCTYHHBI TOJBKO 2 BHIA
JBYXTOYCYHBIX (DYHKITHIL:

Dpi(z) = ((w(z + zg)-w(zp))?), 1)
Dyn(z) = ((u(z + z0)-u(zo))?),

rae D;;, Dy, — npofonbHas U ornepedHas CTpyKTypHbIe (QyHKITUH;

U, W — TOPU30HTaJIbHasl U BEPTUKAJIbHAs KOMIIOHEHTHI IIYJIbCALIHOHHON CKOPOCTH

TCUCHUA,
Zp — «OIIOpHAasA» TOYKA, OTHOCUTECIIBHO KOTOpOfI MMPOU3BOAUIICA pacqéT;

Z — BEPTHUKAJIIbHAA KOOpaAuWHara.

HccrnenoBanne MMEHHO 3TUX (PYHKIUH OBLJIO MPUOPUTETOM IIPH TMEPBHYHOM
aHain3e Oa3pl JaHHBIX. IIpy 3TOM OJHOBPEMEHHO peUIAIMCh JBE 3aJauu:
KOHKpeTu3anus 3aBUcUMOCTd Dj; u Dyy OT Z © 1enblo onpeseNieHus: Xapakrepa
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CHEKTPAJIBHOIO KacKaJa 3HEPrMM M IPSIMOM pacu€éT BEJIMYMHBI & KaK OJHOW W3
BAXHEHIIINX YHEPIreTUUECKUX XapaKTEPUCTHK.

[Ipn 06paboTke skcnepruMeHTa 0c000€ BHUMaHUE ObUIO YNIEJIEHO BBIACICHUIO
MYJIbCAllMOHHON KOMITIOHEHTHI CKOPOCTH W3 MI'HOBEHHOM M BBIOOPY BpPEMEHHOIO
MmaciTtaba ocpeaHenus B (1). beuio obHapyxeHo, 4To npu nepuoje ocpenHenus 30-
50 MUHYT JOCTHIaeTCs «HACBIIEHUEY», BOCIPOU3BOJUMOCTh BHUJA CTPYKTYpPHBIX
¢yHkuil. B 3T0i1 cBA3M B KauecTBe 0a30BOTO MEpPHOAA OCPETHEHUS UCIIOJIb30BAJICS
BpeMEHHOW NpoMexXyTOK 50 MuH. OCHOBHOH IOJY4YEHHBIA NPU 3TOM pE3yJbTar
3aKJII0YAeTCsl B OOHAPYKEHUM KaK B IPOJOJBHBIX, TAK U B MONEPEUYHBIX QYHKIHAX
KonmMoropoBckoro nHTepBaia, B KOTOPOM BBITIOJIHSIETCS] U3BECTHBIN «3aK0OH 2/3»:

D= EEZI."STEI."B (2)

0.000016

4 4 0-100 f ‘ K
. = 100-200 “:
p.000012 |« +« 200-300 ) P S S
e o 300-400 : "
0.000010 H SO S .
« 400-500 : N §
g‘ 0.000008 | A% .
a :

0.000014 H

0.000006 F---------- . B o

0.000004 fcon oo

. @l
LL

0.000002 |- -+ -

0.000000 L L L
0.0 0.2 0.4 0.6 0.8 1.0

r

Puc. lunamuka usmenenus Dy Bo Bpemenu, Hayano 10.04.2016 9:09, nepuox
ocpennenus 100 MuH.

KoHnkpeTrHble pacué€Thl & OCYHIECTBISUIUCH C IMOMOILIBIO METOJAa HAaUMEHBIIHUX
kBajapartoB. [IpuHumas nns koHctanT KonMmoropoBa ux kiiaccuueckue 3Ha4eHUs!, U3
JAHHBIX, TPEJCTAaBICHHBIX HA pHUC., ObUIM TMOJYYEHBl CIEAYIOIIME IdaHHBIE IO
sBostoini ¢ (t), mpecTaBIeHHbIC B TAOIHIIE.

Tabauua Pesynbrarsl pacuéra €, ¢ HCIIOIb30BaHUEM MONEPEUHON CTPYKTYPHOU (QYHKIIMH

Bpems B munyTax,
orcuet ot 09:09 € (M2/c3, win B1/kr). [TorpemHocTs Ag € (MZ/CB, wi B1/kr).
10.04.16

0 6,66439E-08 3,71581E-09 (6,7+£0,4) 107
100 3,88397E-08 2,26082E-09 (3,9+0,2) 107
200 4,63231E-08 3,17813E-09 (4,6£0,3) 107
300 5,30843E-08 2,82651E-09 (5,3£0,3) 107
400 4,79452E-08 1,80063E-09 (4,8+0,2) 10°
500 3,53434E-08 1,59395E-09 (3,5+0,2) 10°
600 1,50235E-08 9,25488E-10 (1,5+0,1) 10
700 1,69745E-08 2,13404E-09 (1,7£0,2) 107
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Tabnuna wimocTpupyeT NopsAoK HorpemHocTd (~ 5%) ¥ TeHAEHUUIo K eé
YBEJIMYECHUIO TpU yMeHblIeHHH ¢. CpegHee 3a yKa3aHHBI IEepHOJA BpPEMEHHU
3HaueHue & coctariger 4,00 10%. B uenoM naHHBIE HAXOAATCS B COMIACHH C
W3BECTHBIMU pe3yibTaramu, mpuBenéHueiMu B [116, 116]. B TO ke Bpems
JAJbHEHIINNA aHaau3 CTPYKTYPHBIX (YHKUMN BBIIBWII PAJ HX CYIIECTBEHHBIX
ocobenHocTeil. [lepBas U3 HUX cBsi3aHa cO 3HAYeHUAMM KOHCTaHT Konmoroposa. B
clly4ae M30TPONHOCTH MEJIKOMAacCHITAOHBIX MYJIbCALMA W3  HMHEPLHUOHHOTO
UHTEpBala JOJDKHO BBINOIHATECA KaHOHUYECKOEe cooTHoumeHue ' = (4/3)C.

OnHako MpW aHajIM3e MOJYYSHHBIX JAHHBIX Jisg C'/C ObUIO TONYYEeHO 3HAYCHUE

8,5, 4UTO MOXKET CBUJIETEIbCTBOBATh OO0 AaHU3OTPOMHOCTH MYJIbCAIUN JlaXKe B
MHEPLUMOHHOM MHTEpBAJIE.

Bropass 0coOeHHOCTh BBISIBUWIACH MPU aHAIU3€ TIPaUKOB CTPYKTYpPHBIX
GYHKIMI ¢ MakCHUMaJIbHBIM TEPHUOJIOM OCpPEIHEHHS: 3/eCh B pAlle CIydaeB
HaOI0aeTcs paclieryieHne WHEPIIMOHHOTO MHTEpBaia Ha 3 cyOuHTepBaja. DTOT
(dakT MOXKET CBHUJIETEIbCTBOBATh O HAJIMYUKU HECKOJIBKUX HMCTOYHHUKOB U
MEXaHU3MOB HaKayKu YHEPTUU.

JUis ~ yTOYHEHHS  OTUX  MEXaHM3MOB H  OCOOEHHOCTEH  TpedyroTcs
JIOTIOJTHUTEIIbHBIE UCCIIEI0BAHMS.
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1. 3wintunkeBuy C.C. Ilponukaromas TypOyneHTHas koHBekuus. Tammmn: Banryce,
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OCOBEHHOCTHU TEPMHUYECKOI'O PEXKUMA MEJIKOBOJHBIX
BOPEAJIBHBIX O3EP HA HAYAJIbBHOM 3TAIIE BECEHHE-JIETHET'O
HATPEBAHUSA"

I'aBpunenxo I'.I'., 3nopoBennoBa I'.J., 3noposennos P.J., TepxkeBuk A.IO.
Hncmumym 6o0onvix npooaem Cesepa KapHI] PAH
2. Ilempo3zasoock, Poccus
gg.gavrilenko@gmail.com

MenkoBoiHbIE CTpaTU(GUIMPOBAHHBIE BOJAOEMBI, B KOTOPBIX BEpTHKAJIbHas
U3MEHYUBOCTh  KaK  THIPOPHU3UYECKUX, TaK MU  XUMHUKO-OMOJOTHYECKUX
XapaKTepUCTHK NpeoliasaeT HaJ FOPU3OHTAIBHOW, IIMPOKO PaCIpOCTpaHEHBI B
YMEpPEHHOH M CYONOJSpHOM 30HaX CEBEPOAMEPUKAHCKOIO U  E€BPa3HCKOro
KOHTHUHEHTOB. TeMIiepaTypHbId PEKUM BOJIHOM TOJIIM HEOOJBIIUX O3€p SBISAETCS
KJIIOYEBBIM IapaMeTpoM (YHKIIMOHUPOBAHUS BCEW 03€pHOM 3KocucTeMbl. BeceHnHe-
JIETHEE HAarpeBaHUE O03€p YMEPEHHBIX [IMPOT HAYMHAETCS B MOMEHT, KOraa
CYTOUHBIA TEIUIOBOM MOTOK CTAaHOBUTCS HAlpaBieHHbIM B Boay. Ha ¢unambHOM
dTane TassHUA JIbA, U B TE€YEHHE HEKOTOPOrO BPEMEHM IIOCJIE BCKPBITHS 03€pa,
IPOIPEB  BEPXHEro CJIOS BOABI IPOTEKAET B  YCIOBHAX KOHBEKTHBHOIO
NIEPEMEIINBAHNS, B pe3yjbTaTe KOTOPOrO BOJHAS TOJILIIA MPUXOAHUT B COCTOSTHUE
TOMOTEPMHH, TOCTUTASI TEMIIEPATYPBl MAKCUMaJIbHOU TNIOTHOCTH BOABI 4°C. Takum
o0pa3oM, cO3/al0Tcsl MPEANOChUIKH s (OPMHUPOBAHUS NPSIMOW TEPMHUUECKOU
CTpaTU(UKAIMK, TaK KaK JalbHeillee HarpeBaHue BOAHOM ToiImu OyaeT BECTH K
(OpMHPOBAHHIO Y TIOBEPXHOCTHU CJIOSI BOJIbI C MEHbBINIEH TIOTHOCTHIO U MOSBICHUIO
YCTOMYMBOTO  pacciloeHusl. AKTUBHOE pa3BUTHE  (PUTOIUIAHKTOHA  MOXKET
CYLIECTBEHHO CHM)KATh IIPO3PAa4YHOCTb BEPXHEIO CIIOS BOJBI, M3MEHSAS YCIOBUSA
OCBELIEHHOCTU B HIDKEJIEKAIUX CHOsX. JleTalbHOE M3y4EHHE PaHHEro Iepuola
BECEHHE-JICTHETO HAarpeBaHMsl ¢ MOMEHTa B3JI0Ma CHEXHO-JIEASHOTO IOKPOBA J0
dbopMHUpOBaHUS YCTOWYMBOW CTpaTU(UKAIMKA TPOJUKTOBAHO BIHMSHUEM JaHHOMN
CTaguy TEPMHUUYECKOTO LIMKJIA Ha TEPMUKY BCETO IEpUOAa OTKPHITOM BOIbIL. [laxe
HeOOoJIbIIINE CIABUTM B CPOKax B3JIOMa JibAa, MpOrpeBa B OJIM3KOM K TOMOTEPMHU
COCTOSSHUM M Hauyaja CTpaTU(UUMPOBAHHOIO MEpPHOJa MOTYT OKa3bIBaTh
CYLIECTBEHHOE BJIMSIHUE Ha KOJWYECTBCHHBIM W  KAa4YECTBEHHBIM COCTaB
IUIAaHKTOHHOTO COOOIIEeCTBa, OIpPENeNsIOIero, B CBOIO OYepeqb, IOKa3aTeNn
NPO3PavHOCTH BOIbI [2, 4].

B kaudectBe O0OBEKTOB HCCIEIOBAHMS BBICTYNMAIOT JIBa HEOOJBIIUX 03€pa,
PACIIOJIOKEHHBIX B IIPEAeiax OJHOM KIMMAaTU4YeCKOW 30HBI — 03. BeHmropckoe
(62°10"-62°20'N, 33°10'-33°20'E; Kapenus, Poccus) u 03. KyiiBaspsu (61°50'N,
24°17'E, Dunnsugus). Bomoembl comocTtaBUMbI TO psAAy MOp(POMETpUUECKUX
MoKasareseil, TaKuX Kak CpeJHssi M MakcuMaibHas riyouna, (5,3 M u 134 ™M
COOTBETCTBEHHO AJis 03. Benaropckoro u 6,4 M u 14 m nns 03. KyliBaspsu), HO nipu
ATOM 3HAYUTENIbHO OTJIMYAIOTCS IUIOIMIAISIMU MOBEPXHOCTU U (HOPMOM KOTIOBUHBI

* Paboma evinonnena npu nodoepsicke PODU (npoexmut 13-05-00338 u 14-05-00787) u Meswcoynapoonozo
@onoa uccreoosamenvckou moourvrocmu um. M. Kiopu (npoexm GHG-LAKE Ne 612642).
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(rutomaak 3epkaia Boj cocrabiseT 10,4 KM? 175 03. Benatopckoro u 0,6 kM 2. I
KytiBaspsu) (cm. puc.).

OcoOEHHOCTH TEPMUYECKOTO PEXHMMAa M IEpEMELIMBaHUsA BOJ 000MX O3Ep
HCCIEAOBAINCh HAa OCHOBE BBICOKOYACTOTHBIX JAHHBIX HATYPHBIX HM3MEpPEHUH,
MOJIYYEHHBIX B XO0JI€ MOJEBbIX padbot jadopatopuu ruapodusnku UBIIC KapHI]
PAH u ngenapramenTta gu3ndeckux Hayk YHUBepcuTeTa XeIbCUHKU. B mepuon c
2008 mo 2016 r. Ha 03. BeHaOpCKOM IIPOBOAWINCH KPYIJIOTOJWYHBIE U3MEPEHUS
TEMIIEpaTypbl BOJBI U COJAEPKAHUS PACTBOPEHHOrO KHUCIOpOAAa HAa ABTOHOMHBIX
OYHKOBBIX CTaHIUSAX — KOCAX, OCHAIICHHBIX BBICOKOUYBCTBUTEIBHBIMHU JTaTYMKAMU
npousBojacTBa komrnanuu RBR Ltd., Kanaga. Ha 03. KyiiBaspeu, B IEeHTpalbHOM
€ro 4YacTh Takke OBbUIM OpraHu30BaHbl JOJTONEPHOJHbIE HAOMIOACHUS 32
TEMIIepaTypOor BOJIbI Ha Pa3JIMYHBIX TOPU30HTaX [ 3].

03. Benropckoe

/  Tnybuna, m

03. KyiiBasipsu

)

o 500 1000 M

Puc. I'eorpaduueckoe nonoxenue, 6aTUMETpUs UCCIAEAYEMBIX 03€p U MpeodIagarone
BETpPHI Ha mpuJieraroiieil Teppuropun. Kpectukom 0003Ha4eHO PACIIONOKEHHUE CTAHITHIMA
U3MEPEHUIN

Jlyis aHanu3a CUMHONTUYECKUX YCJIOBHUN HCIONB30BANIKUCH JIaHHBIC, MOJTyYEHHbIE
U3 OTKPBITHIX UCTOYHUKOB JIJis1 Onrpkaiiiient k 03. Benaropckomy MC IleTpo3zaBoack
(Www.rp5.ru) u co cranmmu SMEAR |, pacrnonoxeHHOW B HEMOCPEIACTBEHHOM
ommsoct ot KyiiBaspu (http://avaa.tdata.fi). Hamm Obpuin  ompeneneHbl
XapaKTepHbIE CPOKM HACTYIUICHUS 3HAYUMBIX C TOYKH 3PEHHS TEPMHYECKOTO
peXrMa COOBITHH, TaKWX KaK Hayalo BECEHHEW MOJIEAHOW KOHBEKIIUH, B3JIOM
CHEXHO-JIEITHOTO TOKPOBa, JIOCTUXKEHHWE BOJHOM TOJIIEH o03epa TeMIlepaTypbl
MaKCUMaJIbHOM TIJIOTHOCTH, Hayano crpatudukanuu (tadna. 1A u Ttabn. 1B).
Becennsis mojyieHasi KOHBEKIMS B 03€pe HAYMHACTCS C MOMEHTa MPOHUKHOBEHHUS
MOJA JIe[ COJHEYHOW paaualiu, KOTOpash HarpeBaeT BEPXHUE CJIOM BOJBI U
BBI3bIBAET IUIOTHOCTHOE MEpeMellnBaHue. XapaKTepHble CPOKU COOBITHS IS O3.
Benmtopckoro — BTOpasi MOJIOBUHA ampens, Ha o03. KyiiBaspBu mojuieHbIil
paJIMallMOHHBIA MTPOTPEB OOBIYHO HAYMHAETCS paHbIe HA 2-3 HEJeld, TOr/ia Kak B
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2013r. wHaOmromancs OTHOCHUTENIBHO TIO3JHUM CTapT KOHBEKIMH, IPU OSTOM
MepeMeITMBaHNe JOCTUTIIO JTHA 3a XapaKTePHBIM Mepuoi, OMU3KUN K 2 HEICTsM.
Y CTaHOBIIEHO, YTO TIEPUOJ B3JIOMA JIbJ]a U OCBOOOXK/ICHUSI aKBATOPUH OT TUTABYUYUX
JBIUH 171 03. Benatopckoro cocrabisieT 1-4 CyTOK, B 3TOT MPOMEKYTOK BPEMEHH
Ha0JII0JaeTCs HEOTHOKPATHOE MepeMEeIINBaHNEe BOIHON TONIIH M BEIpaBHUBAHUE €€
TEMIIEPATyphl O BEPTHUKAIIM, TIOCIE YEr0 HAYMHAETCS JTall IMPOTrpeBa BOJHOUN
TOJIIIA B COCTOSIHUM, OJIU3KOM K TOMOTEPMHH, COCTaBsBIIMM oT 8 1m0 30 nHeil B
pa3IMYHBIE TOIBI.

Tadauua 1 A. DTanbl BeCEHHE-JIETHEr0 HarpeBaHus /s 03. Benropckoro

I'on Crapt B3nom Hoctuxenue [Tepuonsl cTpaTuduKaun
MOUICAHOM | Jbaa TEeMIEPaTyphl
KOHBCKIIUH MaKCHUMaJIbHOM
IJIOTHOCTHU
2009 | 16 anpenst | 8 mas 10 mas 9-16 wurons, 23 uroHs - 7 wmrons, 11
utoiid - 15 aBrycra
2010 | 2 ampens 1 mas 4 mas 10-30 mas1, 8 mroHst — 26 aBrycra
2011 | 6 ampens 1-4 9 mas 1-17 wrons, 23 uronsa - 11 wuronsa, 14
Mast utoiis - 10 aBrycra
2012 | 18 ampenst | S mas 10 mas 19 mas - 2 wmroHs, 6 - 21 uroHsg, 28

utoHs - 20 utons, 26 utons - 8 aBrycra,
11 - 20 aBrycra

2013 | 17 anpens | 3 mas 8 mas 11 - 23 mas, 23 mag - 29 wurona, 29
urons - 16 aBrycra
2015 | 12 anpens 30 7 Mast 25 masg - 3 wuroHd, 18 wmrona - 1
ampens aBrycra, 4 - 15 amrycra, 18 - 29
aBrycra

JlocTixkenne BOAHOW Touied TemiepaTypbl 4°C TOBOPUT O MpeKpalieHUuU
KOHBEKTHBHOTO IEPEMEIIMBAHU U CO3JaHUM MPEANOCHUIOK AJI IEPEXo1a 03epa B
YCTOWYMBO cTpaTUQUIIMpoBaHHOE cocTosiHMe B ciywae 03. KyiiBaspBu nepexon
BOJIHOTO CcTOJI0A yepe3 TeMIiepaTypy MaKCUMaJbHOM TNIOTHOCTH MPOUCXOAMT Yepes
1-3 gHsa mociie BCKPBITHS OTO JibJa, TOTJa Kak B 03 BEHAIOPCKOM A3TOT MpoIece
MOJKET NMPOTEKaTh OOJIbILIE HEJIENH.

O3. Benntopckoe xapaKkTepusyeTcsi OJIMMUKTHUYECKUM THIIOM MepeMeIInBaHMUs,
torga kak KyiiBaspBu sBIS€TCS TUNUYHBIM JUMHKTUYECKUM BOJOEMOM C JABYMS
MOJIHBIMU TI€pEMEIIMBaHUSIMUA B rojioBoM 1ukie. [Ipu stom, B 2010 r., xoraa Ha
Tepputopun Bceil EBpormeiickoit yactu Poccun Obuta 3adukcupoBaHa aHOMalbHAS
JeTHsA ’Kapa, Benaiopckoe 03epo npeObIBaio B CTPATUPHUIIMPOBAHHOM COCTOSHUU
PEKOPHO JOJTHI CPOK, YTO COMPOBOXK/IAJIOCHh 3aAMETHOM TMITOKCHUEN B MPUIOHHBIX
CIOSIX.

JIomoNMHUTENBHO OBUTM TNPOAHAIM3UPOBAHBI JIAaHHBIE [0 PACIPEACNICHUI0 B
BOJHOM TONIIE (POTOCHHTETHMYECKM AaKTUBHOM paaualiy Ha JTare aKTHBHOTO
TasHUS CHEXHO-JIEASHOTO IOKpOBAa M B NEPHOJ OTKpbITOW BoAbl. Ha ocHoBe
MOJIYUEHHBIX JaHHBIX ObUl paccuuTaH KodpduuueHT ociabinenus PAP myrem
pelieHust 00paTHOW 3ajauy U3 HIKCIIOHEHIIUAIBHOTO paclpeaeIeHMs:

I, = l,e"?
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rae [z-xonmuecTBo pamuanmu Ha TiyOume Z, fo-xomudectBo pammanum Ha
MOBEPXHOCTH WJIM BEPXHEM T'OPU3OHTE M3MEPEHHH, Y- KodDPUIMEHT oclabneHus
MOTOKA paJHaIliu.

Taouauna 1 b. Dtansl BeceHHe-NIeTHEr0 HarpeBanus Jyis 03. KyiiBaspBu

I'og | Crapt B3nom Joctuxenue [Tepuonsl cTpaTuduKaun
HOJUICTHON | JIbAA TEeMITEPaTyphI
KOHBEKLUH MaKCUMaJIbHOM1
IUIOTHOCTH
2011 - 2 mas 4 mas 9Omas-9 okTa0ps
2012 - 7 mast - 14 mas-7 okT0ps
2013 | 20 ampens 1 mas 2 mas 7 masi-13 okTA0ps
2014 | 13 mapra | 13 anpens 14 anpens 23 ampens-9 wmasa, 15 wmas-30
CEHTAOPS
2015 | 15 mapra | 22 anpens 25 anpens 17 masi-3 okTsi0pst

YcTraHoBiieHO, 4TO KOA(Q(UUUEHT OClIa0leHUs] B BEPXHHUX CIOSIX BOJ 03€pa
KyiiBasipBu B JieTHUM nepuoj cocranisier 3,8-4,5 MY, s o3epa BeHIropckoro 3ToT
IMOKA3aTelb COCTABIACT 2-2,5 M [l IepHOJa MHTCHCHBHOTO TasHHS CHEXHO-
neasaHoro nokposa u 1,4-1,8 M'lz[nﬂ OTKpBITOM BOJABL. JlanbHENIIee UCCIIeI0BaHNE
OyzaeT cpoKycHpOBaHO Ha KOJIMYECTBEHHOH OLIEHKE BKJIAa/JI0B METEOPOJIOIHYECKOrO
BO3JICHCTBUS, MPO3PAUYHOCTH BOABI U MOP(HOMETPUUECKHUX MMapaMeTPOB BOJOEMa B
dbopMupoBaHue ONaroNpUsTHBIX JUIsl Pa3BUTHUA YCTOMYMBOM cTpaTH(pUKaLUU
YCIOBUHU.
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COBPEMEHHAS PEYHAS THIPOTI'PA®USA U TUAPOJIOI'NYECKAS
N3YYEHHOCTDb JII/IHEHKOﬁ OBJIACTHA
®doaumonona 10.C.
Bopouesicckuii cocyoapcmeenuulil yHusepcumem
Boponeorc, Poccus
cgms-buh@mail.ru

Peunble BOIBI SBISIIOTCS OCHOBOM JMHAMUYECKHX BOJHBIX PECYpPCOB, IIO
KOTOPBIM  OIIEHUBAETCS  BOJHO-PECYPCHBIM  NOTEHIMANl aJIMHHUCTPATHUBHBIX
oOnacteil. IlpuponHble yCIOBHS ONPEAENSIOT OCHOBHBIE YEPThl PEYHOU
runporpadun. Jlumenkas obiacTh pacroyiaraeTcsi B mpenenax ApeBHer Pycckoit
mwiatropmel Ha cThike CpenHepycckoil Bo3BbIIEHHOCTH u  Okcko-/[oHCKOM
HU3MEHHOCTH. ['paHMIia MeXay HUMU Ha TEPpPUTOPUHM OO0JACTH MPOXOAUT IO
nonvHaM pexk Boponexka m CranoBoil Psicel. Okcko-JloHCKass HUI3MEHHOCTh MUMEET
cnabo pacuineHEHHBIM penbed ¢ Beicoramu 150-170 M, B mpenenax ke
Cpennepycckoil BO3BBIILIEHHOCTH MAKCUMaJIbHASI BBICOTA MECTHOCTH J1O0CTUTAET 262
M. Ocobennoctu penbeda, HapsAay ¢ KIAMATOM H HWHBIMH KOMIIOHEHTAMH
MPUPOJHON Ccpelbl, HOPMHUPYIOT XapaKTepHbIE YePThl U Crielu(UUEcKue MPU3HAKH
runporpagun  pexk obmactu. Bomortoku, crekamomue co CpeaHepycckoit
BO3BBIIIEHHOCTH, OTJIMYAIOTCA 3HAYUTENIbHBIM YKIOHOM, OBICTPBIM TEUYEHHEM,
XOpOILIO BBIPAXKEHHOW TIIyOMHHOW U OokoBOMl 3po3meil. Pexu Oxcko-ZloHckoM
HU3MEHHOCTH, UMEIOT HEOOJIbIINE YKIOHBI, MEIJIEHHOE TeYeHHUE, Mpeoliaanue
OO0KOBOI 3pO3UH.

I'unporpaduueckas cerb Jlunenkoi 00acTH JTOCTATOYHO XOPOIIO pa3BHUTA.
BonoTroku mnpeumyliecTBEHHO MpUHAMIEKAT K peyHol cucreme JloHa, 3a
uckmoueHuem p. PanoBa ¢ mputokom Cyxas Kobenpma u p. Mamas Xynra c
UCTOKOM B YaruibIrMHCKOM paiioHe, KOTOpble OTHOCATCA K Oacceiliny Bepxheit
Bonru. CBeneHust 0 BOJOTOKaX, MPOTHKEHHOCThIO Oosiee 10 kM 0000mieHs! B [3].
Ho ocHOBY pedHo#t rugporpadun COCTaBIISIOT Majible BOJOTOKH JIMHONW MeHee 10
kM. C MpuUBSA3KOH K aIMUHUCTPATUBHOMW IUIOIMIATU O00JIaCTH OHU ObUIM BIIEPBBIC
cuctematusupoBanbl B [1]. CorizacHO yTOYHEHHBIM JaHHBIM, Truaporpaduueckas
ceTh mnpejacraBiieHa 942 BOJOTOKaMH, MOCTOSIHHO WM BPEMEHHO 3alOJHEHHBIMU
BOJIOM, CyMMapHasi MPOTSKEHHOCTh KOTOpBIX cocrtaBisger 6310 m. B rpanumax
pEeruoHa OHM CO3Jal0T I'yCTOTY Pe4HO ceTH paBHyo 0, 26 KM/KM?. Kpowme toro, Ha
Tepputopun Jluneukoil odbmactu HacuuThiBaetcs 1814 mpynoB ¥ BOJOXpaHWIIUII,
oonee 2000 pomuumkoB. Ilo pexxumy peku Jlunemkoil o06macTH, HECMOTps Ha
TEHJCHIMIO0 K CHU)KEHUIO BHYTPUIOJIOBOM HEPAaBHOMEPHOCTH CTOKA, OTHOCATCA K
peKkaM ¢ BECEHHHMM IMosoBoAbeM. Camoil KpynmHoOW pekoil oOnacTtu ssisgetcst JloH.
Ona Oeper Hayasio B ceBepHOM dYacTu CpeaHEpyCcCKOM BO3BBIIMIEHHOCTH Ha
tepputopun Tynbckoit obmacTu, mepecekaer Ps3aHckyro 001acTd M BTEKaeT B
rpanuilbl JIunernkoi o6maactu. [[immHa peku OT BXOJHOTO JI0 BBIXOJHOTO CTBOPOB 3a
BBIUETOM YAaCTH pEeKH, MpHuHaaiexameid Boponexckoil obmactu, paBHa 292 kwm.
[Tanenune pexu JloH B rpaHumiax o6igactu pocturaer 48 M, OT OTMETKU pycia peKu
139 m Ha ceepe no 91 M. Ha rore [2]. [lo obnactu mporekaer peka BopoHex,
KOTOpast sBisieTca MNpUTOKOM 1-ro mnopsnaka Jlona, HO B [loH oOHa Ha
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paccMaTpuBacMON TEPPUTOPUU HE BHAmaeT. Y PEKH BBIpKCHHAS JIeBas
aCHMMETpHUS MMPUTOKOB (PHC.).

I'maporpaduueckas cers JInnenxoii odnacrn
Lo Y

,EIEI;ICTBVIOLLWIB ruaponoruyeckue NocTbl

BOAOTOKKH

BOAOEMBI

Puc. I'unporpaduueckas cers Jlumnerkoii o01actu

I'mppomormyeckue wu3Mmepenuss Ha p. JloH mpoBomsATcs Ha  JIBYX
rujposiornueckux mocrtax. llepBeiii moct pacnonoxken B r. JankoB (53 10' c.i,
39 10" B.1.) u ObuT OTKpHIT 12.04.1942 1. C MOMeHTa OTKpBITHS U A0 1969r. ObLI
ypoBeHHbIM mocToM (I'TI-2-ro paspsima), a B 1970-1973 rT. BBINOIHSI TOJHBIN
oovem Habmonenuit (I'TI-1-ro paspsma), a ¢ 1974r. BHOBH cranm paboTarh IO
COKpallleHHOM Tmporpamme. BTopoii rugponorndeckuit noct p. JoH — r. 3amoHCK
(52 24' cam. 38 55' B.1.) ¢ynkumonupyer ¢ 1927r. u BemeT MOJHBIA 00BEM
HaOmogeHnii u u3Mepenuid. CpeaHuii MHOTONETHUI pacxox 3a 1928-2015 rr. (c
nepepbpIBaMu B HAOIIOICHUAX) cocTaBisieT 126 m/c.

C mpaBoro Oepera B p. JloH BTekaroT kpynHble nputoku: KpacuBas Meua u
CocHa. Boanblii pexxum p. Kpacusas Meua nsyvancs B IMAPOJIOTHYECKOM CTBOPE
Cepruesckoe 1-e (53 02' c.m.,38 51' B.x.). ['maponornyeckuii mocT GBI OTKPHIT
20.06.1932r. IlepepniBbl B U3MEPEHUSX PACXOI0B BOAbI ObUIM JUIIb B 1941-1942
IT., u B 1972r., B 1987r. uamMepenus pacxoa0B BOJibl IPOBOAWIMCH HEPETYIIsipHO. B
1990r. wabOmiogeHWsT Ha  THAPOJOTHYECKOM TIOCTY OBUIM  MPEKpPAaIICHHI.
dakTudecKuil psn HAOIONCHUN HACUMTHIBAN 51 T0MA, YTO MO3BOJISIET PACCUUTATH
CpelHME MHOTOJIETHHE XapaKTepUCTUKU cTOKa. CpelHHMil MHOTOJIETHHHM pacxon
BojI p. Kpacusas Meua - ¢. Cepruesckoe 1-e cocrasmsier 34,5 m°/c. Ha p. Cocua
ruaponornueckuii moct Ener (52 38' c.mr. 38 31'B.1.) mpu mereoctaniuu Emnery
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Ob11 OTKpHIT 14.03.1927T, mepepbiBbl B HaOmoAeHUAX OblIH B 1936, 1941-42 rr.
Cpennuit MHorosjetHut pacxon 3a 1927 — 2015 rr. (c mnepepbiBamMu B
HAOJTIOICHNSX) cocTaBisieT 66,4 m°/c. Bce BomoTokm neBobepexbs p. JIoH B
npenenaax 00JacTH - MeJIKKUe, C HEBBICOKON BOJHOCTBIO.

BTtopas mo npoTsbkeHHOCTH peka Jlumnerkoii o6iactu - p. Boponex. OHa Takxke
ABJISIETCS. TPAH3UTHOW, MoOcTynaeT u3 TamMOOBCKkOM o00acTh, a BBITEKAaeT B
Boponexckyio o0iacte, rae ¢ aeBoro depera BnagaeT B p. Jon. [IpoTsmkeHHOCTH
peku Boponex B uepte Jlumnerkoit oomactu -214 kM, miomanb Bogocoopa — 8910
kM°. THApOIOrMYecKHe W3MEpeHWs Ha p. BOpPOHEX MPOBOAATCS HAa IBYX
rugposioruyeckux nocrax. B 1914 r. Ob11 opranu3oBan nepBbiil noct p. BopoHex-
Jlunenik 1 (52 37' c.m. 39 37' B.4.). C 1931r. mo 19751, Ha mOCTY MPOU3BOAMINCH
U3MEpEHUs pacXxoI0B BOJIbI, HO ¢ 1975T. oH pyHKIMOHUPYET KaK YPOBEHHBIHN MOCT
npu Jlunenkom HI'MC. B 1975r. otkpeuics BTopoit noct p. Boponex-Jlnneux 2
(52 34' c.m. 39 34" B.x). CpeHuii MHOTOJIETHHUI pacxo Bobl cocrarsier 50,6 M. P.
Boponex o0pa3yeT MOIIHYIO pedHyto cuctemy u3 319 BOJOTOKOB, MPUTOKU CHUIIHHO
pasHATCA MO0 MOPPOMETPUYECKUM U TUIPOJOTHYECKUM XapakTepuctukam. Camblit
KPYIIHBIM IIPpaBbIil IPUTOK Ha paccMarpuBaemoul teppuropuu — p. CraHoBas Psca,
JIMHOM 71,7 M, KpylHEUIIN J1eBbIi PUTOK — p. Matbipa, 1nuHo# 47,7 KM.

Bonnsbiii pexxum p. Mateipsl usyuancs ¢ 1955r. B ctBope c. CeueHOBKa, 3aTeM
mocT ObUT MepeHeceH B T. ['pssu, rae mpocymiecTBoBan mo 1975r., nmo co3manus
Martsipckoro Bopoxpanunuma. C co3laHueM HCKYCCTBEHHOTO BOJIOEMa Ha BAXP.
Martsipckoe OB OTKPBITHI O3€pHBbIE TUAPOIOoTHYecKrue mocTel — B 1976r. OI'TI-2
I'psasu u B 1978r. OI'TI-2 SApnykoBo. CTBOp 11l U3MEPEHUsI pacxoA0B BOJAbI Ha B
peke B 1976r. ObL1 epeHeceH OymKe K UCTOKY p. Matbipa B ¢. Kpyroe (52 32' c.i.
40 17' B.1.), koTOopoe pacroyioxkeHo B TamOoBckoit oOnactr. CaMbIMH KPYITHBIMH
npuTokaMu Mateipsl sBisitorca peku [lnaBuna u baiiropa. P. Baitropa moutu B 2
pasa mpeBOCXOoauT Mateipy 1o JJIMHE Ha TeppuTopuu obiactu. B mepuon 1978 -
1997 rr. Ha p. Baiiropa cymectBoBai rugponorudeckuii noct Kuspkbs baiiropa (52
23" c.mn. 40 01' B.1.). Ha p. IlnaBuma neiicrBoBan moct boropomuikoe (52 17' c.m.
40 22' B.m.), xotopeiii ¢ 1950r mo 1999r. Ben pexumuble HabmoneHUs. B
Mexaypeube p. Jlon u p. BopoHex mmeroTcs MOHMKEHUS, B KOTOPBIX 00pa3yroTcs
HEeOOJIbIINE BOJHBIE TOTOKH, HE MMEIOIINE CBSI3M C PEKaMU PEYHBIX CUCTEM. Takue
BOJIOTOKM TEKYT B MEXOACCEMHOBBIX MPOCTPAHCTBaX, BIajasi B BOJOEMBI WIIH
TEpSAACHh MO IMYTU JABUXKEHUA. 3/1eCh HAOII0JAaeTCs HAWMEHbINAsl T'yCcTOTa PEUYHOU
cetn - 0,18 KM/KM®.

OCHOBHBIMH TEHJCHIIMSIMU B PETHOHANBHON Truaporpaduu MOXXHO CUHTATH
COKpalIeHUe JJIMHBI MajbIX BOJIOTOKOB, YTpaTy MpEKHEro craryca (ImpeBpalieHue
MOCTOSTHHOTO BOJIOTOKAa BO BPEMCHHBIN), HW3MEHEHHWE pa3sMEpPOB BOJOTOKA.
CoBpeMeHHas POTAKEHHOCTh peK, IIMHON 10 10 KM, OlleHMBaeTCs BEIMUYUHON Ha
90 kM meHbluEe, yeM B [3].

AKTyanbHOW  TIpoOJieMOM  SIBIAETCST  HEOOXOJAMMOCTh B OpraHU3aINH
MOJTHOLICHHOTO KOHTPOJISI COCTOSIHUSI MaJlbIX PEeK, WrpalolluX BaXXHYI pOJb B
dbopmupoBanuu BomHOTO (oHAa Jlumenkoi obmactu. VX pexuMm HEITOCTATOYHO
M3y4YeH B YCJIOBHUSIX BO3pacTaHHs MAcIITa0OB BOJIONOJIb30BAHUS M HETaTUBHOTO
BJIUSTHUSI QaHTPOMOTEHHBIX (DAKTOPOB.
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3UMHUM T'MJPOJTOTNYECKUIN PEXKUM O3EP BAJLTAHNCKOM
BO3BbIHIEHHOCTHA
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Okcnenunus HCO kadenpsl THAPOTIOTUU CyIIU Mpoxoawia B nepuon 27.01—
05.02.2016r. B manmmonampHOM mapke «Bamnmaiickuit» (HII) ¢ mempio m3ydenus
3UMHEr0 THUAPOJIOTMYECKOr0 COCTOsSIHUSA 03€p mnapka. B 3amaum skcneaunuu
BXOJIMJIO THJIPOJIOTO-TUAPOXUMHUYECKOEe 0OcCIeoBaHNEe BOAHBIX OOBEKTOB B
Oacceitne 03. Bensé — kpymaeimero Bomoéma HII, wucmomp3dyemoro s
KOMMYHaJIbHO-OBITOBBIX, PEKPEAIMOHHBIX M PHIOOXO3SHCTBEHHBIX IIEJICH; OIICHKA
BOJIHOTO OanaHca 03. BenbE; npoaomkenne ucciaeaoBanuii 03€p cucteMbl bopoBHO—
Paznus [1]; u3yuenue ycnoBuit 3uMoBKH pbIObI B 03¢pax HIIL.

CuHONTHYECKUE YCIOBHUS XapaKTEPU30BATUCH TOBBIIIEHHBIMUA 3HAYEHUSIMHU
TeMriepatypsl Bo3ayxa (cpenuss +0,84°C), yCTOMUYMBBIM MEPEXOJA0M TEMIIEPATYPhI
K TOJIOKUTEIbHBIM 3HAYCHHSAM M OOJIBIINM KOJIM4ecTBOM ocaakoB (910 mm). ITlo
JTAHHBIM PETYJSIPHBIX CHETOMEPHBIX ChbEMOK, IJIOTHOCTh CHEXKHOTO MOKpoBa 3a 10
nHelt ysenumumiack B 1,8 pa3 (ot 185 mo 325 KF/M3), a ero BbICOTa Ha TEPPUTOPUU
BOJIOCOOpa YMEHBIIMIACH O HECKOJIBKHX CAHTUMETPOB. M3MepeHHBIE pacxoibl
BOJBI 14 BOIOTOKOB crcTeMbl 03. Benbé cocraBisimi ot 4 1/c (pydsi) 10 3,5 M/c
(p. JIubws). B nepuoa skcnieuiinu u3MepeHHbIN TPUTOK B 03epo cocTarssut 0,5-0,6
m°/c, cToK mo pekam JInGbst 1 SIBoHB oKoI0 3,6 M/C.

Uccnenyembie BOAHBIE OOBEKTHI UMEIOT MHHepanu3anuto meHee 200 mr/m u
€CTECTBEHHBIN ISl peTMOHA TUAPOKApOOHATHO-KAIBIMEBBIA cocTaB. Hambonpmas
MUHepaau3anus Bojabl (10 260 Mr/m) oTMeueHa B BOAOTOKAaX C MpeoOiagaHueM
MOA3E€MHOI0 MUTAHUS.

Conepxanue ¢ochopa B 03. Benbé HeogHOpOAHO 1O  TIIyOWHE.
CpenneB3BellieHHasi M0 00bEMY KOHIIEHTpalusi BayoBoro Qocdopa cocraBuia
okosio 43 mkr/n npu koddpdunuente Bapuaruu 40%. B rimyOGokux dactsax o03€p
npeobnanan MuHepadbHbIH  (ochop, B MEIKOBOAHBIX — OPTraHUYECKHM.
KonrnenTpanus BaioBoro ¢ocdopa B peuHOM BOJIEe B CpeTHEM 0KOJIO 60 MKT/H, OIS
ero MUHepaabHOU GopMbl focturana 65%.
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Conepxanue pactBopéHHoro kuciopona (PK) B BoaHbix o0BeKkTax mapka
u3Mmensioch ot 0,3 mo 14,7 mr/a, B 03€épax yMEHbBINAsCh C TJIyOWHOH, YTO
00yCJIOBJIEHO TIpolieccaMu OKHCIIeHHs: opranndeckux BeiectB (OB). OcoGeHHoCcTh
Boa 03¢p HII — moBeimennoe conepxkanue OB, Biusioniee Ha MPUTOTHOCTH BOJIbI
11 iuTbeBoro BogocHaOxkeHus (CanlluH 2.1.4.1074-01). LiBetHOCTH BOoABI (LIB) B
BojoémMax cucTeMbl 03. Benb€ cocraBmsana 15-35 rpan., nepmaHraHaTHas
okucnsiemocts (I10) 7-9 mrO/n. Makcumansnoe coaepkanne OB (LIB B cpegnem
50 rpan., [IO mo 22 wmrO/n) Habmomamoch B BOJOTOKAaX, UYTO OOYCIOBICHO
nocryruieanem OB ¢ BomocOopa. [l u3ydeHust coctaBa TPyHTOBBIX U MOJ3€MHBIX
BOJ OTOMpaIuCh MPOOBI BOJBI U3 KOJOALEB M0 Oeperam 03. Benbé. VX xumuueckuit
cocTaB ompejensercs TyOuHON W MecTomosiokeHreM KosofieB. Ha axBaTopuu
o3épa Benb€ BBIMONHEHO HCCIENOBaHWE MPOAYKIIMOHHO-ACCTPYKIIMOHHBIX
MPOIIECCOB B JJOHHBIX OTJIOKCHUSX.

[IpoBénenHnoe wuccienoOBaHUE TIO3BOJUIIO BIEPBBIE COCTAaBUTH JCTATBHYIO
KOJIMYECTBEHHYIO THUJIPOXUMHUYECKYI0 M BOJHO-0QJIAHCOBYIO XapaKTEPUCTHUKY
YaCTUYHO 3aperyJIMPOBAHHOIO BOJoEMA — 03. Benb€ B 3uMHUMN niepuoa. Boxa o3ép
U pek BojgocObopa 03. Benbe MO0 XUMHUUECKHUM TIOKa3aTEIsIM COOTBETCTBYET
HOpPMAaTHUBaM IUTHEBOM BOJABI, a IO COACPNKAHUIO OpPraHUYECKUX BEIECTB
MPEBBIIIACT HOPMATUBEI. Y CIIOBUSI 3UMOBKHU PHIOBI IO COJIEP>KAHUIO0 PACTBOPEHHOTO
KHCIIOPOJia B IIEJIOM OJIArOMPHUSATHBI J1akK€ B MPHUAOHHBIX CIOSIX TIYOOKOBOIHBIX
Y4aCTKOB UCCIIEIOBAHHBIX O3€ED.

Jlumepamypa

1. Otuér 3umuelt skcnenuun HCO kadenpsl rUApPOIOrUU CyIId reorpaduyeckoro
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MeabuukoBa S1.A., Bepmunnun J[.A.

Tomckutl cocyoapcmeenHblll YHUSepcumem
2. Tomck, Poccus
yaroslava5515@list.ru

HaHocBI SBISIIOTCS BOKHOW THUAPOJIOTUYECKON XapaKTEPUCTUKON, OHH BIUSIOT
Ha (QopMupoBaHHME pycaa U TOWMBI BOJOTOKOB, 3(P(PEeKTHBHOCTH pabOTHI
B0103200POB, BOAOCOPOCOB, 3anUJIeHNE BOAOXPAHMWINI U T.J. B3BelIeHHbIe HAHOCHI
00pa3yloTcsl B pe3yiIbTaTe CMbIBA MUHEPAJIbHBIX YaCTHUI CO CKIOHOB, Pa3MbIBa JTHA
u OeperoB pek. OTKIambIBasCh HAa y4acTKax C MaJbIMU CKOPOCTSIMH TEUCHHH,
HaHOChl (GopMmupyIOT Oepera M moiMbl pek. ComepikaHue B3BEIICHHBIX YaCTHUIL

> Hccnedosanue GbinoHeHO npu ¢unancosoti nodoepicke PODU u Aomunucmpayuu Tomckoi obnacmu 6
pamxax nayunozo npoexma Ne 16-45-700021.
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BJIMSIET HA CYIIECTBOBaHME T'MAPOOMOHTOB: OKAa3bIBAET MEXaHMUECKOE BO3/ICHCTBHE
HAa TKaHW J>KUBBIX OPTaHU3MOB, OMpPEIENIeT HX CIOCOOHOCTh K JIbIXaHUIO U
METa00IN3MY, TUMUTHPYET MEPBUUYHYIO TPOAYKIIUIO, U3MEHSET KOPMOBYIO 0a3y.

B nanHoM umccienoBaHuuM A ompeseseHus 0ajaHca B3BEIIEHHBIX HAHOCOB Ha
tepputopun ToMmckoil obGnacTu BbIOpaHbl pekd, QOpMHUpYIOLIUE OOJBIIYIO YacTh
CTOKa BOABl W HAHOCOB 3a IMpefeiaMud OOJacTH U 3aMBIKAIOIMIMKA  CTBOP,
ONPEIETSAIONINI BEIHOC B3BEIIEHHBIX HAHOCOB C TEPPUTOPUU 0OIACTH.

I'maBHOM BomHOM aprepueii oomactu sBisgeTcs O0b. OHa oOpa3yeTcs Ha AlTae
npu ciussaud bun n Karyau. J{nuna O6u — 3650 kM, muromaas e€ BogocOOpHOTO
6acceitna — 2 990 000 km?. O0B mepecekaeT TEPPUTOPHIO OOJIACTH C FOTO-BOCTOKA
Ha ceBepo-3amajl. [IporsbkeHHOCTH pexu O0u mo Tepputopuu Tomckoil obnactu
1080 kM. Ha Tepputopun obnactu B O0b BIajgaroT KpynHbeie peku: Tomb, UynbiM,
Yas, Kers, [lapaGens, Bactoran, TeiM. Ilo BogHOMY pexumMy peKd OTHOCATCA K
3amaJHO-CUOUPCKOMY THIY, OHM WMEIOT JJIUTEIHHOE BECEHHE-JIETHEE IOJIOBOIIbE
(2-3 mec.). IlogbeM ypoOBHSI BECHOW MPOUCXOJHT Yallle B CEPEIUHE-KOHIIC aIpedis.
Panamii mogbeM ObIBaeT B KOHIIE MapTa, a IMO3IHUA B Hadaime Mmas. HawmOoiee
KPYNHBIN 10 BOAHOCTU pUTOK O6H — p. Tomb.

P. Tomp GepéT Hauao Ha 3amagHOM CKIIOHe AbGakaHckoro xpeOTa. EE€ Oacceiin,
UMEIOIIUHN TPYIIEBUAHYI0 (HOpPMY, Y3KOM YacThbi0 OPHEHTUPOBAH HA CEBEpO-3ara.
Ilnomans Gacceiina — 62 000 kMm%, 1HHA pexu — 827 kM. Ilo BomHOMY pexuMy OHa
OTHOCHUTCSI K p€KaM C BECEHHE-JICTHUM TIOJIOBOJIbEM M MaBOJKaMU B TEIMJIOE BpeMs
roma. OcHoBHas (a3a — MOJOBOJALE, B TedeHHE KoToporo mpoxomut 60-90%
rOIOBOIO0 CTOKa H OTMEYAKOTCS MAaKCHUMAaJbHBIE pacxoibl M YPOBHH BOJBIL.
[TonoBoabEe HAUMHAETCS B CEPEAMHE arperis.

[locne moOnOBOABS YCTAHABIMBAETCS JIETHE-OCEHHSISI MEXEHb, IpepbiBacMasi
JOXKJACBBIMU TIABOJKAMU. 3UMHSISI MEKEHb HAYMHACTCSI B KOHIIE OKTSAOpSI — Haudaje
HOSIOpS. U TIpOJI0JDKAeTCsl 10 Hadana mojioBoabs [3]. Ilporskennocts p. Tomu Ha
tepputopun Tomckoil obnactu 126 km.

Uynbeim — oOpasyetcs cnusiHueM pek bensiii u Uépneiii Uioc, 6epymux Havano ¢
Ky3znenkoro Anaray, B 40 kM K tory ot Yxypa y nocéika Mansiii CroTuK, Xakacus).
Jmuaa — 1799 kM, momans 6acceiina — 134 teic. kM2, [IpOTSIKEHHOCTh pPEKH
Uyneim Ha Tepputopuu Tomckoi obmactu 725 km [1]. Kus — neBwlid mpuTok
Uyneiva. bepér nauanmo B KemepoBckoil oOmactu, TeU€T B BEPXOBBSAX IJIABHBIM
0o0pa3oM Ha ceBepo-3amajl B Ipenaesiax BOCTOYHBIX CKJIOHOB KysHerkoro Amaray,
HU30Bbe B ToMckolt oOmactu, Yctee-UynbiM. Jlnuna — 548 kM momaae 6acceiina
— 32200 kv,

[TporsixkenHocts p. Kus Ha Tepputopun Tomckoit obmactu 90 wkm [1]. s
aHanu3a OaaHca B3BEIICHHBIX HAHOCOB Ha TeppUTOpuU ToMCKo#l oOnacTu ObLIU
BBIOpaHBI THIIPOJIOTUYECKUE TIOCTHI, MpPHUBEACHHBIE B Tabnmuie. B kadectBe
3aMBIKAIOIIETO CTBOpA OBLIU B3SITHI JBa MocTa Ha peke OOM B HIKHEM TCUCHHUH
ob6nactu — [IpoxopkuHO M AJEKCaHIPOBCKOE T.K. HAOIIONCHHS 3a B3BEIICHHBIMHU
HAaHOCAMHM JI0 3aKpbITUs 1mocTta B 1997 1. mpousBoaminchk Ha nmocty [IpoxopkuHo, a
MOCJIE €T0 3aKPbITUS IEPEHECEHBI B C. AJIEKCAaHIPOBCKOE.

Jlns onieHku OanlaHca HAHOCOB HCIOJIb30BAaHBI JIAaHHBIE O TOJAOBOM CTOKE
B3BCLICHHBIX HAHOCOB Ha JaHHbIX noctax. Ha puc. 1 npuBeaeHsl 3HaYeHUA
rO/IOBOTO CTOKa B3BELIEHHBIX HAaHOCOB A noctoB O0b-IyopoBuHo u Tomp —
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Tomck.
Tadomauuna 1. CBegeHUs 0 pacCMaTPUBAEMBIX THIPOJIOTHYECKUX TTOCTaX

Pexa | I'mpgpoctBop | Paccrosinue ITnomans OtmeTku HyIs ITepuon
OT YCThs, KM | BomocOopa, KM IIOCTOB, M JEUCTBUS
(014} AnekcaH- 1830 765000 32,24 18.12.1894
JPOBCKOE (19.09.1934)
O0n [Tpoxop- 2024 738000 38,26 15.08.1959 —
KHHO 01.11.1997
O0n HyOpoBuHO 2876 258000 82,52 18.08.1958
Tomb Tomck 75 57000 69,98 31.10.1893
Uyneim | Terympaet 598 55300 123,48 11.12.1893
Kus MapuunHck 252 9820 119,63 07.09.1934
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Puc. 1. I'paduku Xxoma ronoBoro cToka B3BEIIEHHBIX HAHOCOB Ha nocTtax O0b-/lyOpoBUHO
u Tomb-Tomck

Ha p. O6p moct [yOpoBuHO HabmroieHuss HadaThl B 1986r. MakcumanbHBIN
TOJIOBOM CTOK B3BEIICHHBIX HaHOCOB HaOmomaincs B 1993 romy - 4700 ThIC. T,
CPEHHMH TOMOBOM CTOK B3BEIICHHBIX HAHOCOB 3a TNEPHOJ] ¢ Hadajga HaOIIOIeHUIN
coctaBua 1360 Teic. T. Ha p. Tomu nocty ToMck pacxon 3a nepuoj HaOMIOIEHUH C
1966r. rogoBOIT CTOK B3BEIIEHHBIX HaHOCOB KosieOimercst or 6100 mo 300 TeIC. T.
MakcuMaIbHBIA CTOK B3BEIICHHBIX HAaHOCOB HaOmromaiacs B 1966 u 1972-x 1T
coctaBmit 6100 m 5300 TBIC. T COOTBETCTBEHHO, a ¢ KoHIIa 1980-X TOIOB CTOK
B3BEIIIEHHBIX HAHOCOB CHU3WICS, U CpeJIHEE 3HAYCHHE CTOKA B3BEIICHHBIX HAHOCOB
3a 3T10T nepuoa coctaBuio 800 ThIC. T.

Ha p. Yyneim noct Terynpaer MakCMMyM T'OOBOTO CTOKA B3BEILIEHHBIX HAHOCOB
HabOmonancs B 1975 roay, on coctaBuin 1000 Thic. T, B cpeaHeM 3a nepuoa ¢ 1966
o 2005t. coctaBun 570 Teic. T. C Hauana 1970-x no cepeaunnl 1990-x rT. 3ameTHa
TEHJICHLIUSI K CHI>KEHHUIO TOJI0BOM CTOKA B3BEILIEHHBIX HAHOCOB, a 3aT€M CHUXKEHHE
npekpamiaercs, 3a nepuoa ¢ 1995 no 2013 rT. rogoBoil CTOK B3BEIICHHBIX HAHOCOB
coctraBuil 300 teic. T. Ha p. Kust moct MapumHCK MaKCUMaJlbHBIM TOI0BOM CTOK
B3BEIICHHBIX HAaHOCOB HaOmonancs B 1969r. u cocrasun 740 ThIC. T, nanee 3a BECh
nepuoji HaOMIONEHUS] CpeJHEe 3HAU€HHE TOJ0BOI0 CTOKA B3BELIEHHBIX HAHOCOB

127



coctaBmiio 290 ThIC. T.
I'padukn xoma TrofOBOr0 CTOKAa B3BEIICHHBIX HAHOCOB Ha IMocTax YynbIM-
Terynsaer u Kusi-MapuuHCK npuBeACHBI HA pHC. 2.
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B Yynbiv-Terymber O Kua-Mapumtek

Puc. 2. I'paduku xo1a roroBoro cToka B3BEIICHHBIX HAHOCOB Ha nocTax YynbIm-
Terynpaer u Kus-Mapuunnck

B 3ampikaromem ctBope Ha p. O6m mocthbl [IpoxopkuHO M AJeKCaHAPOBCKOE
TOZIOBOM CTOK B3BEIICHHBIX HAHOCOB 3a BECh MEPHOJ HAOMIOAEHUS Kojedayics oT
17000 no 1600 TeIC. T. B Tepuoa ¢ 1966 mo 1976 r. HabGmrOmamoch BBICOKHE
3HAYEHUs CTOKA B3BELIEHHBIX HAHOCOB, CPEIHUN CTOK 3a 3TO BpPEMsI COCTaBMII
13800 ThIC. T, Aanee CTOKA B3BELICHHBIX HAHOCOB CTajl 3aMETHO YMEHBIIATHCSA U B
nepuox ¢ 1980 mo 2014 rr. cpenHnii CTOK B3BELIEHHBIX HaHOCOB coctaBuia 4900
ThiC. T. I'paduk Xoma TroJOBOTO CTOKAa B3BEIICHHBIX HAHOCOB Ha moctax OO0p —
[TpoxopkuHO, AneKcaHAPOBCKOE MPUBEICHBI HA pUC. 3.

AHanmu3upysi xoi oObeMa CTOKa B3BEHICHHBIX HAHOCOB Ha BCEX IIOCTax,
BBIOPAHHBIX JIsI aHATIM3a MOYKHO CJIeJIaTh BBIBOJI, YTO B 11€7IOM HaOMIOaeTCs 001as
TEHJICHIINSI €Tr0 CHIDKEHHUsS, 4YTO BO3MOXHO, CBSI3aHO C OOIIel TeHICHIINCH
CHIDKEHHUSI CTOKa mpearopuii Antasi, 6acceitnoB Tomu u Uyneima [2]. Ha puc. 4
rpaguyeckr TpeCTaBlieH OallaHC CTOKAa B3BEIICHHBIX HAHOCOB epuo
OJTHOBPEMEHHBIX HAONIONEHUN Ha BCEX IMOCTaX KaK pa3HUIA MEXIY CTOKOM
B3BEIICHHBIX HAHOCOB Ha noctax O0n — [IpoxopkuHO, AJNEKCAaHAPOBCKOE U CYMMOM
CTOKa B3BELICHHBIX HaHOCOB Ha moctax OO0b-IlyopoBuno, Tomb-Tomck, Uynbim-
Terynpaer u Kus-Mapumusck.

B menoM, MOXXHO cienath BBIBOA O TOM, 4TO B ToMckoil obnactu mpeoodnagaet
BBIHOC B3BCILICHHBIX HAHOCOB, B 1999r. HaOmromasncs HyneBod OamaHc, a B 1986,
1987, 1996 rr. HaOIFOIAJIOCH HAKOIUJIEHUE B3BEIIEHHBIX HAHOCOB.

N3 ananuza uckiroueHsl nanabie 1989, 1997 u 1998 rr, T.K. Ha HEKOTOPHIX
[IOCTaxX OTCYTCTBOBaJIM HaOmoneHus, kpome Toro, B 2013r. Ha p. Tomb BO Bpems
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ITIOJIOBOAbA Ha6J'II-OIleHI/I}I 3ad B3BCHICHHLBIMHU HAHOCaMH HC IIPOBOAUIIUCE.
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Puc. 3. I'paduk xo1a rooBOro cToka B3BEMIEHHBIX HAHOCOB Ha TocTtax O0b —
[TpoxopkuHO, ANEeKCaHIPOBCKOE
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Puc. 4. banaHc cToka B3BEIICHHBIX HAHOCOB TPAHCTPAHUYHBIX PCK Tomckoii obnactu
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