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AHHOTauua. Lenb paboTbl - paspaboTtaTb MeTOAMKY OnpefeneHUs MUHUManbHbIX 30-TUCYTOUHbIX
pacxofoB BOAbl pa3/IMYHON 06ecneyeHHOCTU B NNeTHE-OCEHHUA Nepuoj ANS HeU3yUYeHHbIX PeK Ha Tepputopumn
MyHUUMNanbHOro o6pas3oBaHWA «ropog MaragaH», BK/lO4allWwero B ceb6d NOMMMO camoro ropoga
6nnsnexaume nocenkn (MpumaragaHobe). O6Hapy>eHa J0BOMbHO TeCHas CBA3b MUHMManbHbIX 30-CyTOUYHbIX
pacxofoB BoAbl pek lMpumaragaHbs obecnevyeHHocTblo 80% ¢ naowaablo Bogoc6opa, OfHAKO CBA3b 3TON
XapaKTepUCTUKN C BUPTyanbHbIM 06bEMOM BOLOCOOPHOI KOTMOBMHbI OKasanacb TecHee. [lepexofHble
KO3 hULUMEHTbI OT MUHUMaNbHbIX 30-CYTOYHbIX pacxofoB BoAbl obecneyeHHocTblo 80% K pacxogam Apyrmx
obecrneyeHHOCTel TOXe CBA3aHbl C BUPTya/lbHbIM 06bEMOM BOJOCOOPHOM KOT/MOBUHBI. [Mony4vyeHbl pacyeTHble
dopmynbl. CpefHAA OTHOCUTENbHAsA oOwWM6Ka onpefeneHNs MUHUMaNbHbIX 30-TUCYTOYHbIX PacxofoB BOfAbl
o6ecneyeHHoCcTbl0 95% B neTHe-0CEHHMWI Mepuop cocTasBnsieT 1.6%. MpeanoxeHa opmyna ANA BblYMCNeHUA
nnowagn sogocbopa Nno ANNHe PeKu.

Resume. Research on the regional formulas to determine the calculated hydrological characteristics are
still relevant. In the aim was to develop a method for determining the minimum 30-day water discharge of
different probability of exceedance in summer and autumn for unexplored rivers on the territory of the
municipality “Magadan”, which includes the nearby villages in addition to the town itself (Primagadane). All the
rivers in the study area belongs to the basin of the northern part of the Okhotsk Sea and are located in the zone of
the island and the discontinuous permafrost. In the basin of the Magadanka River are two reservoirs of drinking
water and one for the technical service of the Magadan Thermoelectric Plant. In the data of long-term
observations of the river flow was used in nine hydrological stations. We found quite a close relationship the
minimum 30-day river water flow Primagadanye 80% probability of exceedance with the catchment area, but the
relationship of this characteristic with a virtual volume of the catchment depression was crowded. This figure
better characterizes the capacity of the groundwater basin, because it contains a third spatial coordinate
(applicate), which is particularly relevant for mountain rivers. Transition rates from the minimum 30-day
security of water discharge 80% probability of exceedance to the discharge other probability of exceedance are
also correlated with the virtual volume of the catchment depression. A result of research obtained formulas. The
verification showed that the proposed method, the average relative error in determining the minimum 30-day
security of water disharge probability of exceedance 95% in the summer-autumn period is 1.6%. The formula for
calculating catchment areas through the use ofriver length was proposed.

KntoueBble crnoBa: peyHOW CTOK, pacxoj BoAbl, nnowajb Bogocbopa, BOJOC6OPHAs KOT/NOBMHA,
annpokcumauus.
Key words: river flow, water discharge, catchment of river, catchment depression, approximation.

BeegeHwne

Bonpocel BbiBOJA  parioHHbIX  dopmyn  Ans onpepeneHnsa pacyeTHbIX
r’MAPONOrNYEeCcKMX XapaKTePUCTUK Ha HEeU3yYeHHbIX peKax WMelT BaXHO0e HayyHo-
npuknagHoe 3HayeHue. OTUMWM BOMpocamm MNPUMEHUTeNIbHO K pekam CeBepo-BocToka
Poccuun 3aHmnmanocb psag nccnegosateneii [JleBuH, 1946, 1957; NapumaH, Pa64yukosa, 1972;
KynpusHos, 1969; Ljbanov, Ushjalov, 2008; Ywakos, 2016].
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Tak, Hanpumep, B KonbIMcKoe ynpaBaeHne nNo rmipoMeTeopoiorum n MOHUTOPUHTY
OoKpy)Kawllein cpegbl o6pawanoce MY «BogokaHan» r. MaragaHa ¢ 3asBKOW Ha
npefocTaB/ieHVe pacHeTHbIX TMAPONOTNYECKNX XapaKTePUCTUK NO NATW CTBOpaM Ha pekax
Odykua, YnTtap, Muxanbiu, npoTeKawwmnux No TePPUTOPUN MYyHULMNANBHOIO 06pa3oBaHuUs
«ropoj MaragaH», BK/OYawLero B cebss NoOMMMO camoro ropoga 6smsnexxauwime nocesiku
(nanee - MNMpumaragaHoe).

B paHHOM paboTe cTaBuTCA Uenb pa3paboTtatb  MeTOAMKY OnpegesieHus
MUHUManbHbIX 30-TUCYTOYHbIX PacxofoB BOAbl Pa3fIMUHON ob6ecrneyeHHOCTUM B fleTHee-
OCEHHWIT nepnog ANA HensydeHHbIX pek NpumaragaHba. B cBA3M ¢ aTUM BCTaeT 3agada rno
NONy4YeHUD paoHHbIX (OpMyn AN pacyeTa BblleyKa3aHHbIX TUAPOSOrNYECKNX
XapaKTepucTuk.

Bce peku nccnegyemoro pamoHa npuHagaexxarT 6acceiiHy ceBepHoOi yacTtyu OXOTCKOro
MOPS M pacnosioXXeHbl B 30He OCTPOBHOMO U NPepbIBUCTOr0 pacnpocTpaHeHNS MHOTOMIETHEIA
mMep3noTtbl [Epwos, 1989]. B 6acceliHe p. MaragaHku GYHKLUNOHUPYIOT [ABa
BOAOXPaHMUNNLLA C NMUTbEBOW BOAOM U OAHO TEXHUYECKOE ANA 06cnyXusaHusa MaragaHcKoii
T3Ll,.

BHyTpurogosoe  pacrnpefesieHMe  CTOKa  peK  OT/IMYaeTCa  3HAYUTENbHOWA
HepaBHOMEPHOCTbIO. B Tennyto vacTb roga (Mali-okTa6pb) NpoTeKaeT OCHOBHAA mMacca BOAbl
(94-98%).

Pe3ko pacufieHeHHbIi penbed MECTHOCTM paccMaTpUBaemMoOill  TeppuTopuu,
3HauYnTeNbHblE YK/IOHbl Ta/lbBErOB W CK/AOHOB [AONMH, a TakKXXe Ha/nm4yne MHOrOJIeTHE
Mep3/10Tbl CNOCOGCTBYIOT (DOPMUPOBAHUIO 6OMBLUNX MaKCUMasibHbIX pacxofoB Boabl. Ha
pekax eXxerogHo (opMuUpyeTcs BbICOKOE CHEroBOe WMAM CHErofoXXaesoe Nnonosofbe. O6bem
BECEHHero nosioBofbA U MakCMMasibHOro pacxoga BoAbl ONpPefenstoTcs rnaBHbIM 06pa3om
KONMYeCTBOM CHera K Hayany nosioBOAbS W MHTEHCMBHOCTbIO CHerotasHusA. BonHa
NosoBOAbA HEpPeaKO CAMBAETCA C NOCAeAyLWUMN AO0XKAEBbIMWA MNaBogKaMu. [oXxAeBble
NaBoAKM MNPOXOAAT B NEPUOS UIOHb-CEeHTA6Pb, MHOrAa 1 B NEPBOM NOMOBUHE OKTAOPA.

HanmeHbwine pacxofbl BOAbl B pekax 3a Mnepuog OTKPbITOrO pycaa MOryT
HabnogaTtbca B N060M NeTHUI Mecsl, NPeMMyLLeCTBEHHO BO BTOPOWM MOJIOBMHE fneTa u
nepes MNOSIBIEHWEM Ha pPeKe OCEHHUX NefO0BbIX ABMAEeHWNA. [MPOAO/IKNTENBHOCTb JIETHUX
Me>XXeHHbIX MepnoaoB, Kak npasunso, HeBesnKa.

MaTepl/lan n MmeToabl mccsiegosaHmA

Ona peweHna nocTaBfieHHbIX 3a4a4y OblIM UCNONb30BaHbl AaHHble MHOTONETHUX
HabnaeHNA 3a CTOKOM pek lMpumaragaHbsa (Tabn. 1) v cBegeHus o rugporpaguyecknx m
MOP(OMETPUYECKNX XapaKTeEPUCTUKaX peK U MUX BofocbopoB. McxodHble pAafbl pacxonos
BOAbI, A8 KOTOPbIX yaanocb nogobpartb NyHKT-aHanor, 6bl/in NpuBefeHbl K MHOTO/IETHEMY
nepuogdy. BHyTpupsagHaa o4HOPOAHOCTL PALOB aHaM3npoBanacb C NMOMOLLLIO KPUTEPUEB
CtblofeHTa n ®uwiepa. Bece pagbl no cpefHeMy v Aucnepcuv 04HOPOAHbI.

OueHKa CTaTUCTUYECKUX TMapamMeTpoB npon3BOAM/IOCL B COOTBETCTBUU C
pekoMeHpaunamMu, mn3noXeHHoiMmu B CI 33-101-2003 [2004]. KpuBble o0b6ecneyeHHOCTHU
pacxofoB BOAbl CTPOUIUCL C UCMOMIb30BAHMEM TpexnapaMmeTpUuyecKnx KpmebiX KpuLKoro-
MeHkens [[Mocobue ..., 1984].

MpeanoxxeH nokasartesb - «BUPTyaSbHbI 06beM BOLOCOOPHOM KOT/IOBUHbI»:

W = 0,00].(H, h)F, (1)

roe H - cpegHAsa BbicoTa Bogoc6opa Haf YpoBHEM MOpPSA, M; h - OTMeTKa MeXXeHHOro YpPoBHA
peKn UM OTMETKa HYNa ruaposiormyeckoro nocta B 3aMblKallieM CTBOpe Haj YPOBHEM
Mops, M; F - niowagb Bogocbopa, KM2.

pathnyeckne nOCTPOEHMA W BbIYUCNEHME MapamMeTpPOB YpPaBHEHWN perpeccun
npou3BoAnA0CL NpU Nomowu TabnnyHoro pegaktopa Microsoft Excel.
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CBefeHNs o rmgposiornyeckmx noctax NpumaragaHba
Information about the hydrological stations of Primagadane

Tabnnua 1
Table 1

Mnowapnp BupTyanbHbIih 06beM Mepuopg gericteus
Ne Ha3sBaHue nocta Bogocbopa, BOL0OCOOPHOA
KM2 KOT/OBUHbI, KM3 OTKpPbIT 3aKpbIT
06.03.1940 o
1 .yYntap - n.¥Ynra 265 65.0 enicTeyer
P P P (09.10.1974)  PEVETEY
2 Z;Oﬁﬁt:;a - M. CHexHas 119 425 01.01.1979 fencreyet
3  p. Adykya - ycTbe 330 101 15.09.1960 perictByeT
4 R}I;\f:;:ﬂaHKa - h 48.5 16.9 29.12.1971 fencrteyeT
. MarapgaHka - ycTbe
5 S Kameﬂymkm g 4.1 30.2 01.10.1957 31.12.1971
. MaragaHka - mocT
6 f(OﬂbIMfKom Locce 155 52.9 25.05.1937  30.09.1957
p. KameHyLiKa - B 8 KM o
T o1 YCTbsA 40.3 8.98 01.04.1977 Jencrteyet
p. KameHywka - B 3.3
8 KM BblLLIE M/IOTUHBI °8.8 16 06.06.1958 31.03.1977
9* p. XacblH - N. XacblH 682 271.0 01.05.1941 aencTeyeT

MpuMeyaHme: * - MyHKT-aHa/Or pacnofioXKeH Ha tore XacblHCKOro parioHa B 80 KM OT T.
MarapaHa.

Pe3ynbTaTbl N X 06CY>XAEHME

Mo pagam MUHUMaNbHbIX 30-CYTOUYHBLIX pPacxofoB BOAbl OblIM  paccyUTaHbl
OCHOBHble cTaTUCTU4YecKMe rnapameTpbl (Tabn. 2). Hopmbl mMoayns MuHuUManbHoro 30-
CYTOUHIOro cTtoka pek lNpumaragaHba MEHAKTCA B LUMPOKMX Npefenax 11,3-20,8 nfc-km2).

O6Hapy>eHa [0BOJIbHO TeCHas CBA3b MWUHMMa/bHbIX 30-CYyTOYHbIX Pacxof0B BOAbl
pek T[lpumaragaHbsa ob6ecneyeHHocTbio 80 % c¢ nnowagbio Bogocbopa (puc. 1),
KoahhuumeHT getepmmHayum R2=0.978. AHaANINTUYECKOE BblpaXXEHWE 3TOW CBA3UM MMeeT
BUA:

QS = (12.118F - 0.01207F 2) /1000, )

roe F - naowagb Bogocbopa, KM2
OfHaKo CcBA3b I3TOW XapaKTepUCTUKU C BUPTyasibHbIM 06bEMOM BOLOCOOPHOIA
KOTNOBUHbLI TeCHee (puUc. 2):

QgYf = 00555 W o856, R2-0.999. 3)

JTOT NokKasaTeflb Nyyllie XxapaKTepulyeT eMKOCTb 6acceliHa rpyHTOBbLIX BOA, TaK Kak
coflepXXUT B cebe TPeTbi MPOCTPAHCTBEHHYK KooOpAuHaTy (annjmMkaTy), UTo OCOBEHHO
aKTyasibHO [/151 TOPHbIX PeK.
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Tabnnua 2
Table 2
CTaTucTUYeCcKne XxapakTepUCTUKN PAA0OB MUHUMa/bHbIX 30-CYTOUHbIX pacxoioB BOAbl
B /leTHe-0CeEHHUIM Nnepuog B NpumMaragaHbe
Statistical characteristics ofthe series of minimum 30-day water discharges in summer
and autumn in Primagadane

OnuvHa psaga Homep nyHkTa- y
HasBaHue nocta ncxogHas/nocne aHanora no Cv GdCy @B0%
m¥c mM¥c
npueeneHUs Tabnuue 1
p.YnTap - n.yYntap 33/66 9 3.00 039 35 2.03
p. Aykya - n.
CHexxHas [lonnHa 27/66 3 2.05 042 4 1.36
p. AyK4a - ycTbe 45/66 1 468 0.48 3 2.87
. MarapaHka - T.
R/Iara,qaﬂ 33/67 5 101 0.43 1 0.63
p. MaragaHka - ycTbe
p. KameHyLKy 14/67 6 1.38 0.32 2 1.00
p. MaragaHka - mocT
KoNbIMCKOro Locce 19/67 3 230 033 25 1.66
p. KameHyuika - B 8
KM OT YCTbS 29/67 4 0.64 0.48 1 0.36
p. KameHywka - B 3.3
KM BbILUE MAOTUHBI 19767 7 091 0.38 1 0.61
MpumevaHusa: Q - cpegHee; Cv -  kKoapuumeHT Bapmauun; Cs/Cv - OTHOLUEHUE

KoahhumumeHTa acuMMeTpum K KoahduuueHTy Bapumauum; Q@0% - opauHata BeposATHOCTbIO
npesbiweHnsa 80%.

e

OWE
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Mnowagb Bogoc6opa, KB. KM

Puc. 1. CBA3b MUHUMasbHbIX 30-TUCYTOUYHbIX PAcXo40B BOAbl pek MNpumaragaHbs ob6ecnevyeHHOCTbI0
80% B neTHe-oceHHUI nepnog (Q83) ¢ nnowagbto Bogocbopa (F)
Fig. 1. Relationship minimum 30-day water discharges of rivers Magadan area probability of
exceeding 80% in the summer-autumn period (Q8®9 with a catchment area (F)
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BupTyanbHblli 06 bEM BOAOCOHOPHOA KOT/TIOBUHBI, Ky6. KM

Puc. 2. CBA3b MMHUMa/IbHbIX 30-TUCYTOUYHbIX Pacxo40B BoAbl pek MNpumaragaHba o6ecnev4eHHOCTbI0
80% B neTHe-oceHHM nepuog (Qso%) ¢ BUpTyasibHbIM 06bEMOM BOAOCOOPHOWM KOTNOBUHBLI (W)
Fig. 2. Relationship minimum 30-day water discharges of rivers Magadan area security probability of
exceeding 80% in the summer-autumn period (Qs0%) with the virtual volume of the catchment basin
(W)

MonbITKK CBSA3aTb MWHUMAaJbHbIA CTOK CO CPeAHel BbICOTOM W YK/IOHaAMWU PeKwu,
pevyHoro sogoc6opa He y/yyLIU/IN Ka4eCTBO PacyeToB.

B Tabn. 3 npuBefeHbl MNepexofHble KO3APPUUMEHTbI OT pacxoga BOAbl
obecnevyeHHoCcTbl0 80 % K pacxogam Apyrux obecneyeHHocTen. [lepexogHble
KO3 (hMLMEHTbI TOXe CBA3aHbl C BUPTyasibHbIM 06bEMOM BOAOCO0PHON KOT/0BUHbLI (puc. 3)

Tabnuua 3
Table 3
MepexoaHble KOAMPULMNEHTLI 418 oNpeAeieHU MUHUMabHbIX 30-CYTOUYHbIX
pacxonoB BOAbl B IeTHEE—OCEHHUIM Nepuog pa3/iIMyHoOi ob6ecrnevYyeHHOCTU B
MpunmaragaHsbe
Transition coefficients for the minimum 30-day water discharges during the summer-
autumn period different probability of exceeding in Primagadane

BeppoATHOCTL NMpeBbILLeHUA P, %

Ha3BaHue nocra
75 80 90 95 97

p. Yntap - n.Yntap 1.06 1 0.86 0.75 0.69
p. Qyk4ya - n. CHexxHasa [lonvHa 1.07 1 0.85 0.76 0.70
p. Ayk4a - ycTbe 1.08 1 0.82 0.69 0.61
p. MaragaHka - r. MaragaH 1.10 1 0.75 0.57 0.48
p. MarafaHka - ycTbe p. KameHyLLKuN 1.06 1 0.85 0.74 0.67
p. MaragaHka - mocT KosibIMCKOro Locce 1.06 1 0.86 0.76 0.70
p. KameHywKa - B 8 KM OT yCTbAl 1.12 1 0.71 0.51 0.41
p. KameHywka - B 3.3 KM BblILLE MNOTUHbI 1.08 1 0.79 0.64 0.55
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BupTyanbHblii 06bemM BOLOCOOPHO KOTNOBUHbI, Ky6. KM

Puc. 3. CeMeNCTBO KpMBbIX CBSA3N NepexoaHbix KoapdunumeHToB (Kp) OT MUHMMasbHbIX 30-
TUCYTOUYHbIX pacxo40B BOAbl ob6ecrnevyeHHOCTbIO 80% K pacxogam Apyrux obecreyeHHocTen (P) ¢
BUPTYyasibHbIM 06bEMOM BOAOCHOPHOM KOTN0BUHON (W)

Fig. 3. Set of curves relationship of transition coefficients (K, ) from the minimum 30-day water
discharges 80% to the discharges of other probabilities of exceedance (P) with a virtual volume of the
catchment basin (W)

K 75%
K 90% =
K 950 =

Kot =

=1.127 +1.801 «10-5W2- 2.259'10-3W,
0.680 - 4.632 «10-5W 2+ 6.008 «10-3W,
0.455 —7.948 «10-5W 2+ 1.024 «10-2W,

0.339 - 9.477 «10-5W 2+ 1.213 «10-2W,

R2=0.78, 4)
R2=0.88, (5)
R2=0.88, (6)
R2=0.90, (7
Tabnuua 4

Table 4

MpoBepoyHbIe pacHeTbl MMHUMa/IbHbIX 30-TUCYTOUYHbIX PAcX040B BOAbI
obecneyeHHOCTbIO 95% B fieTHee—OCeHHM nepuog B NpumaragaHbe
Testing calculation ofthe minimum 30-day of water discharges in summer and autumn
probability of exceeding 95% in Primagadane

Ha3BaHue nocta

p.Yntap - n.yYnrap

p. Alykya -

n. CHe>xHas JonuHa

p. AyK4ya - ycTbe

p. MaragaHka -

r. MaragaH

p. MaragaHka - ycTbe p.
KameHyLKun

p. MaragaHka - MocCT
KonbIMcKoro Liocce

p. KameHylLlKa -

B 8 KM OT yCTbAl

p. KameHyuika - B 3,3 KM
BblLLe MJAOTUHbI
CpegHee rno moaynto

° B

Mo HaTypPHbIM
JaHHbIM

1-54
1.03

1.95
0.36

0.75

1.25

0.19

0.38

no MeTojunKe
1.483

1.045
1.990

0.356

0.759

1.260

0.185

0.381

OwmnbkKa
OTHOCUTENbHAA,
abcontoTHasa 0

%

- 0.057 -3.7
0.015 1.4
0.040 2.0
-0.004 -1.2
0.009 1.2
0.010 0.8
-0.005 -25
0.001 0.3
- 1.6
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Takum o6pa3oM, MosyyeHa MeTOoAMKa OnpeAeneHUs MUHUMabHbIX 30-CYTOUYHbIX
pacxofoB BOAbl B JIETHE-OCEHHUIA NEPUOS ANA N060M HEN3yUeHHOW pekn MNMpumaragaHbs.

Bepuukaumsa npennoXxeHHom MeTOAMKWM MoOKasana 4To, CpefHAs OTHOCUTeNbHas
ownbka onpeneneHNs MUHUMaAbHbIX 30-CYyTOUHbIX Pacxof0B BOAbl 06ecnevYeHHOCTbIo 95%
B /IeTHe-0CeHHUI nepuopg coctaenseT 1.6% (tabn. 4).

Ha pucyHke 4 nokasaH rpauk cBA3nM ANWH pek [NpumaragaHbs ¢ naowagsamu
Bogocbopos (R2=0.99):

F =0.3015L2- 0.458L +0.95, (8)

roe L - AMHa peku OT UCTOKa A0 pacyeTHOro cTBOpa, KM.

800

(0] 5 10 15 20 25 30 35 40 45 50
OnnHa pekn, Km

Puc. 4. CBa3b ginH pek MpumaragaHes ¢ nnowagsamm sogocbopa
Fig. 4. Relationship of lengths of rivers Magadan area with a catchment space

Ha aTom rpacumke BUAHO, YTO ANsa peK gnuvHoi 6onee 23 KM naowagb Bogocbopa
MOXHO OnpeaenaTb, He npuberas K MNJaHUMETPUPOBAHUIO Tomorpaguyecknux Kapr,
[OCTAaTOYHO NO KapTe U3MepuUTb AJINHY BOAOTOKA.

3aknryeHue

B pe3synbTate NpoBEAEHHOr0  MWCCMNefoOBaHMS Ha OCHOBE  WCMNO/Ib30BaHUSA
BUPTyanbHOro o6beMa BOAOCO60PHOV KOT/MOBUHLI 6blfla MoslydeHa YAO0B/eTBOPUTENbHAS
MeToAMKa onpegeneHnss MMHMUManbHbiX 30-TUCYTOYHbIX Pacxofo0B BOAbl B IETHE-OCEHHWIA
nepuog ANS HEU3Yy4YeHHbIX pek MpumaragaHba. MonbITKU CBA3aTb MUHUMAa/bHbIA CTOK CO
cpefiHel BbICOTOM U YK/IOHAMW pPeEKKN, PEYHOro Bogocbopa He yNyyllnanm KayecTBO pacyeToB.

[Onsa pek AnnHom 6onee 23 KM naowagb Bogocb6opa MOXXHO BbIUUCAATL MO ee gJINHE.
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