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VJIK 556.5.01

ALIl. JlenuxuH
K AHAJIU3Y CTPYKTYPbI THJIPOT PAOUUYECKHUX CETEN

Jlabopamopust npobrem eudponozuu cywu ' YpO PAH,
Tepmcxuii 2ocyoapcmeennviii HAYUOHATLHBIU UcCIedo8amenbckull yuugepcumem, Ilepmo

JlocTaToOYHO TPaJUIIMOHHBIM TIOAXOJOM JUIsi TuAporpaduu sBISETCS YCTAaHOBJICHWE W aHAIH3
crieupUUECKUX Pa3INuuil B XapaKkTepe U CTPYKTYpe BOIOCOOPHBIX 0acCceiHOB, 00YCIOBICHHBIX Pa3IMuueM
reorpaduyeckux ycnosuil. Ho MoxkeT ObITh U APYTO# MOIXOA — aHAHM3 XapaKTEepHBIX OOIIMX 0COOCHHOCTEH
B CTPYKTYpE paccMaTpHBaeMbIX BOAHBIX OOBEKTOB. B maHHON pa®oTe NMpeANpHHSTA IMOMBITKA BBISBICHUS
JMaHHBIX OOINMX CHCHM(PHUUYCCKUX OCOOCHHOCTEH M YCTaHOBJICHHMS MEXaHW3MOB HX (opmupoBanus. Ha
OCHOBE aHAIM3a WMEIOIIMXCS JAaHHBIX TI0 PacHpeleleHUI0 KOJMMYeCTBa peK, MX JUIMH L W Tutomaneu
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-
BOmOCOOpOB F 1Mo OTAenbHBIM pernoHam Poccuu TonydeHa CTeneHHas 3aBucumocTh L~k = F@. B

aMEpHUKAaHCKOW HAYYHOH JHUTEpaType MOJ0OHbIC 3aBUCHMOCTH TIpH fS~0, 6 TIONYyYWId HAaMMEHOBaHUsI 3aKOHA
Hacx. ]JlanHblid XapakTep 3aBUCHMOCTEH TOATBEPXKAAETCS MHOT'OYHCICHHBIMH KaK 3apyOeKHBIMH, TaK W
OTEUECTBEHHBIMHU MyONUKamusIMHu. Tak Kak XapakTep NaHHBIX 3aBHCUMOCTEH MHBApPHAHTCH OTHOCHUTEIHLHO
¢usnko-reorpaUUecKUX  yCIOBHH  KOHKPETHBIX  BOJOCOOPOB, OH  JIOJDKGH  ONPEACISIThCS
(yHIaMeHTATBHEIMK (PU3HUECKUMHI MeXaHu3MaMu. JlaHHbli XapakTep 3aBucuMoctd L~k = FF nocratouno

X0poIo o0bscHsETCs B Teopun (pakranoB MannensOpora. [Ipy 3ToM camMu aHHBIC YMCIICHHBIE 3HAYCHUS
napamerpa (QpakTaabHOH pa3MepHOCTH d, COOTBETCTBEHHO, W TMapamerpa [ JIOCTaATOYHO XOpOIIO
OOBSICHSIOTCS, Kak Tokazan A. Hunt, B pamkax Teopuu mepkoasinud. CorimacHO STOH TEOpUH MpH
BBITIOJIHEHUN paBeHCTBa f~(0,6 IpeHakHas CeTh MpH MPOYMX pABHBIX YCIOBHSIX XapaKTEpHU3yeTcCs
HaUMEHBIIIUM CONPOTHUBIIEHUEM, HAMMEHBIIINMHU TOTEPSMHU YHEPTHUU.

KnmoueBsie cimoBa: rumporpaduueckas cerb, PpakTaabHOCTh, 3aKOH Hack, TEpKOISIHSL.

A.P. Lepikhin
ANALYSIS OF THE HYDROGRAPHIC NETWORKS STRUCTURE

Laboratory of Problems of Land Hydrology, Mining Institute UB RAS,
Perm State University, Perm

A traditional approach for hydrography is the establishment and analysis of specific differences in the
character and structure of the catchment basins, due to the difference in geographic conditions. However,
there may be another approach - an analysis of the characteristic common features in the structure of the
water bodies under consideration. In this paper, an attempt is made to identify these general specific features
and establish the mechanisms for their formation. Based on the analysis of available data on the distribution
of the number of rivers, their lengths L and catchment areas F in different regions of Russia, power
dependence L~k * FF was obtained. In American scientific literature, such dependencies for S ~ 0.6 have
been given the name of the Hask law. This character of dependencies is confirmed by numerous both foreign
and domestic publications. Since the nature of these dependencies is invariant with respect to the
physiographic conditions of particular catchments, it must be determined by fundamental physical
mechanisms. This character of the L~k + FEdependence is fairly well explained in the Mandelbrot fractal
theory. Moreover, the numerical values of the fractal dimension parameter d and the parameter S ,
respectively, are explained quite well, as A. Hunt showed, within the framework of the percolation theory.
According to this theory, if the equality § ~ 0.6 is satisfied, the drainage network is characterized by the least
resistance and the lowest energy losses, other things being equal.

Keywords: hydrographic network, fractality, Hask law, percolation.
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BBenenue

MaremaTH4ecKue MOZICIN B HACTOAIICC BPEMS CTAHOBATCA BaAXXHBIM HHCTPYMCHTAPUEM B PCIICHUU 3aJ1a4
THAPOJIOrMH, BOJAHOTO X03s1iicTBa. OqHaKO KaXkaas Mojieib, kak ormedaer .M. bapenoOinart [1], ocHoBaHa Ha
ompeeeHHON naeanu3anud. [Ipy 3TOM NPHHIUIIHAIGHOE 3HAUYEHHE UMEET HMCIIOIb30BAHME KOPPEKTHBIX
WHCTPYMEHTOB IIPH OIHMCAHMH XapaKTEPHBIX OCOOCHHOCTEH MPHUPOIHBIX 00BEKTOB. [lOMCK ajeKBaTHBIX
WHCTPYMEHTOB I OMNMCAHUS MPUPOIHBIX OOBEKTOB M SBJICHUN — MPOIECC JAJIEKO HE OJHOCTOPOHHHI,
KOTJa BBIOMPAOTCS HamOoliee MOAXOIAIINE TEXHOIOTHH M3 y)Ke pa3pabOTaHHBIX B MaTeMaTHKe. MHorma
Habmomaercss ¥ OOpaTHBI  MpoOIecC, KOTJa TIOMCK HWHCTPYMEHTOB, IIO3BOJISIONIMX — OMHCHIBATH
cienuduueckue 0COOCHHOCTH MPUPOIHBIX OOBEKTOB, CTUMYIHPYET pPa3BUTHE MPHHIUIHAIBHO HOBBIX
pa3esoB MaTeMaTHKH.

W3 monbiTku OOBSICHEHHWsI TapajoKkca pe3ylibTaToB, TMOJNYYEHHBIX IPH IONBITKE HW3MEpPEHHS
MPOTSHKEHHOCTH TMOOEPEeKUit AHIIINH, ABCTpainuu, IIHHBI p. Bucna ¢ ucmonb3oBaHueM Ooliee JAeTalbHBIX
KapT, OblJIa CO3/laHa TeOMETPUs 00BEKTOB ¢ APOOHON pa3MepHOCThIO [2; 3]. JlaHHbIe pa3paOOTKH MMO3BOJISAIOT
II0OKa3aTh BaXXHOCTHb HCIIOJIB30BAHUA AaAACKBATHBIX METOAOB OIIMCaHUA HJaKE€ B TaKoM CHCHI/IQ)H‘ICCKOP‘I
obnactu, Kak ruaporpadus.
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B rumposoruu oqHuM u3 6a30BBIX M (YHIAMEHTAIbHBIX MOHATHH, UTPAIOIIMX CYIIECTBEHHYIO POJIb B
(OpMHUPOBAHUU PACUETHBIX 3aBHCUMOCTEH CTOKA C BOJOCOOPOB, SBIISCTCS TOMOJOIUYECKasi CTPYKTypa ITUX
BOZ0COOPOB, B IIEPBYIO OYepeb, 3aBUCHMOCTb IUIOIIAIH BOAOCOOPA OT JIMHBI BOJIOTOKA.

JlocTaTO4HO TPAJUIMOHHBIM TOAXOAOM Ui THAporpaduu sBISETCS YCTAHOBJICHHE U aHAH3
crienin(pUUECKUX pa3Uuiii B XapakTepe M CTPYKType BOMOCOOPHBIX OacCeiiHOB, 00YCIOBIMBAEMbBIX
paznuureM reorpadudeckux ycinoBuil. Ho Moxer ObITh W JAPYrod MOAXOJ — aHaInW3 XapaKTEPHBIX OOIIMX
OCOOEHHOCTEH B CTPYKTYPE pacCMaTPHUBAEMbIX BOJHBIX 00BEKTOB. B HaHHOIT paboTe mpearnpuHATa MOMbITKA
BBISBJICHHST JaHHBIX OOIIMX CrHelu(UYECKUX OCOOCHHOCTEH W  YCTAHOBJICHHS MEXaHHM3MOB HX
(hopMUpOBaHUSL.

MaTtepHajbl 1 METOABI HCCIeOBAHUS
HecmoTpss Ha TO, 4YTO YCTaHOBJEHHE XapakTepa CBS3M IUIOMAIM BOAOCOOpa OT MPOTSHKEHHOCTH
BOIOTOKOB B JOCTATOYHO IIMPOKOM IHAIa30HE PAaCCMAaTPHBAEMBIX ITAPaMETPOB — OUYEHb TPYJOEMKHH M
KPOIIOTJIMBEIM MpOIeCC KaK B HaAIllel CTpaHe, TaK W 3a PyOEKOM BBIMOIHEHO IOCTATOYHO OOJBIIOE
KOJHMYECTBO OIIEHOK JAHHBIX 3aBUCHMOCTEH.
JIJIS[ TEPPUTOPUN Poccun Takas JOCTATOYHO ITOJIHAA M THIATCIIBHO BBIIIOJIHCHHAsIT OLCHKA ITO JAaHHBIM
[4; 5] npencraBneHa B pabore [6] B BHIe TaOIMIIBL.

OO61ue cBeIeHUs 0 KOIHUecTBe pek Poccun [6]

Konuuecmeo pex
I'paoayus ITnowaow
. Cubupo u N
6000mMoK06 no | 600ocbopos oisi|  Esponeiickas Tanvuii Bceeo no | % pex om obwezo| % pex ¢ onunotl
onune, KM epadayuii, kv’ | wacme Poccuu Bocmox epadayusm | Koauuecmea pexk | 6onee 26 km
<10 <35 439075 2029130 2468205 94,9 -

10-25 36-177 20785 79663 100448 3,86 -

26-50 178-608 4573 16609 21182 0,81 65,4
51-100 609-2090 1829 5780 7609 0,29 23,5
101-200 2091-7180 631 1886 2517 0,097 7,77
201-300 7181-14800 137 432 569 0,022 1,76
301-500 14801-36600 62 251 313 0,012 0,97

501-1000 36601-126890 37 130 167 0,007 0,5

>1000 >126890 11 40 51 0,002 0,1

Beero no 467140 2133921 2601061 100 -
rpajanysam

[TpoBenst 00paboTKy MpeICTaBICHHBIX B TAONHUIIC IAaHHBIX, TIOIYYHM CIEIYIOIINE 3aBUCUMOCTH (puc. 1-3).

10000000
4
1000000
]
100000
N 10000
y =2E+07x 1.4
1000 - R2=0,98
100 +
10 y = 5E+06x—1?42
R*=0.98
10 100 1000
L ¢+ Esponefckad 4yacTe PoccHH
B CuOmpb H Jamsrnil BocTOK

Puc. 1. Pacnpenenenne obuiero konniecrsa pek P® no 1uyimHe BOJOTOKOB
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Pacnpenenenne odmero Ko.1H4ecTBa pek PP no niiomaan Bogocéopa

100000 -

10000 - 1
| \‘\\\\ y = 1E+07x-1.006

1000 - -
| { R*=0.98

100 - | - S -
Z Z y = 3E+06x1.002 =
10 -5 R2=0,98
100 1000 10000

100000
¢ Cubups 1 JanbHuii BocTok

F,km2 ©  Esponefickas 4acTs Poccun

Puc. 2. Pacnpenenenue obmiero konudectsa pexk P® no miomany Bomocdbopa

F, km2
F=0.5%LL74
1000991 T E=0sgL

10000 -

1000 - =

100

20 200 @ Cubups u JJanpuuit BocTok

L [WEsponeiickad yacTb Poccun

Puc. 3. 3aBucumMocTsb 1utomau Bonoc6opa F or 1uHBI BOJOTOKOB L JUTSL OTACNIBHBIX PETUOHOB TEPPUTOPUU Poccun

Kak cnemyer u3 puc. 3, xapakrep 3aBucumoctein F(L) ~ f(L) mns Bceit tepputopun Poccun mmeer
CTENEHHOWN XapakTep

F~m =% (1)

¢ mokazareneMm crenenn o~1,74. [Ipu 5ToM uX pasnnuusi MOTYT OBITh OOBSICHEHBI MIOTPEIIHOCTHIO PACUETOB.
CootBercTBYyIOIIKE O0pATHBIC 3aBUCUMOCTH OYIIyT UMETh CIECTYIONIHIA BUJ:

L~k = FP, )
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MIPH ATOM
1

k= (Y/)aa=1/p. (3)
JLnst EBponeiickoil TeppUTOpPUM CTPaHbl, COOTBETCTBEHHO, UMEEM

L~1,37%F"57, 4)
a ms Cubupu u daneHero Bocroka

L~1,49*F%7, (5)

Tak kak 3aBUCHUMOCTb L~k*F’ ¢ p~0,58 ¢ BBICOKOH HaeKHOCTBIO BBINONHAETCA I Pa3IMUHBIX
TEPPUTOPUIl B OUYEHb IIMPOKOM JHMana3zoHe 3HaueHuW L, TO, MO-BUIMMOMY, CaM XapakTep [aHHBIX
3aBHCHMOCTEH WHBAapHAaHTEH OTHOCHUTEIBHO (pU3MKO-reorpa)uuecKux yCIOBHHM KOHKPETHBIX BOAOCOOPOB U
ornpenensercs GpyHIaMeHTaIbHBIMUA (U3NYCCKUMU MEXaHU3MaMHU.

Pe3yabTaThbl U HX 00CYy:KIeHHE
OnHuMM U3 TEPBBIX Ha CTENEHHOW Xapaktep cBsizu (2) npu >1/2, f~0,6 obpaTmim Buumanue Taylor u
Schwarz eme B 1952 1. [7]. Ilocne nmybonukanuu J.T. Hack [8] B 1957 r., rae oH AOCTaTOYHO JETAIbHO
paccMoTpen xapaKTep 3THX CBS3ed U Ja BO3MOXKHOE HX 00BSCHEHUE, 3aBHCUMOCTh ThNa (5) ipu f=1/0=0,6
MOJIyYynJia B aMEPUKAaHCKOM JuTepaType HaumMmeHoBaHue 3akoHa Hack. D. Gray B cBoeil JOKTOPCKOMH
nuccepTanu [9] qokasan yeTOWYHBOCTh 3TOW 3aBUCHMOCTH B MacIiTabe ceMu MopsIKoB (puc. 4).
1000

100

Jana (L), munn

& -Gray
* - Tavloru8chwar

45% DOESPETEN BHENT HHTSpERN

L L it | L L 11l Ll il [
1 10 100 1000 10000

Ilnomane (F). xB.Muamu

Puc. 4. 3aBrucHMOCTb IIIONIATU BOAOCOOpa OT JJIMHBI BOXOTOKA IO JaHHBIM [§]

Kak BunHO U3 puc. 3 u puc. 4, 3aBUCHMOCTH, ITOCTPOCHHBIE TI0 COBEPIICHHO HE CBSI3aHHBIM MEXIY COOO0i
WCXOJHBIM JIAHHBIM, MTOJYYCHHBIM TI0 PAa3IHYHBIM TEPPUTOPHUSIM, BechMa Onm3ku. Pesynbrater D. Gray [9]
6bun noaTeepskaeHsl J.E. Mueller [10] npu anamuse Bogoc6opos miomaneit or 102 go 10° km?. Anamus
BBHITIOJIHEHHOTO 3akoHa Hack Ha ocHOBe 3HauuTenbHO OoJiee COBPEMEHHBIX JAaHHBIX ONMUCaH B pabore
Willemin [11]. W3 oredecTBeHHBIX HcclienoBarenei crenyer otmetuTh A.B. Cuxana [12], KoTopbIid
YCTaHOBWJI CTemeHHOW xapakTep 3aBucumoctd (2) mpu o =0,55. P.E. HexuxoBckuii [13] BbIABHI Ha
J0CTaTO4HO oOmHMpHOM Martepuaie Ha Teppuropun CCCP 3aBucumocts F~0,58-L"7%. AM. JloraHOBCKHIA,
B.I". Opsos [14] s pek Gacceiina p. JIOH TONYYHIN 3aBUCUMOCT L~1,41 F*%,

B T0O xe Bpems, MCXOIsd M3 TPAIUIIMOHHBIX MPEACTaBlIcHUN EBKIMIOBON TeOMETpHH, CISIOBAaNO Obl
OKHMJIaTh, YTO IUIOIAAb Bogocbopa F~L’, rae L — IiMHa peKH.
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Hack [15] mansbIi mapagokc mbITaics OoOBSICHUTH CIEACTBHEM YAJIMHEHHUS BOIOCOOPHBIX 0AacCEHHOB C
yBenuaeHneM ux pasmepa. Onaaxo D.R. Montgomerpy u W.E. Dietrich [15] Ha ocHOBe neTaibHOT0 aHAIN3a
pedHBIX GacceliHOB B MacmTa®e 7 MOpsAKOB MoKaszanu, 4to P~F"’, rue P — umuna Gaccelina.

Hus oObsicHeHus mapanokca b. MangensOpor [16], ucnons3ys manubsie D. Gray [9], eme B 1983 T.
BBIJIBUHYJI THUIOTE3Y O TOM, 4TO JaHHbIE 3()deKkTsl MOryT OBITH JIOCTATOYHO ECTECTBEHHO OOBSCHEHBI B
pamkax Teopuu ¢pakranos. A.T. Hjelmfelt [17] moarBepaut 3Ty TMIIOTE3Y Ha OCHOBE aHaIM3a ruaporpaduu
8 pek OacceitHa Muccypu. 3HaunTeIbHBIE HCCIIEOBAHMS aHaIM3a PPaKTaILHOCTH THAPOTrpagruecKoil ceTn
BeimonHWM R. Rosso, B. Bacchi [18], B oreuecTBeHHOI IuTepatype (QpakTalbHOCTh THAPOIOTHYECKUX
00BEKTOB BIIEPBBIC paccMaTpuBajiach B padore [19], a mo pekam Cubupu — B [20].

Ecnu npoTsyKeHHOCTh pekH L B o0lieM ciydae IpeacTaBiseT coboit ¢ppakTan, npu 3toM L~P¢, rie d>1 —
(pakTanbHas pasMepHOCTh, a P— IMHeHHas MPOTSKEHHOCTh 6acceiina, To, cOOTBETCTBEHHO, L~P/ [~F"?,
FNLZ/d.

CornacHo oreHkaM [21] pedHble CeTH XapaKTepU3yIOTCs (GpaKTaJIbHONH pa3MEpHOCThIO B IIpeeIax

1,13<d<1,21, (6)
COOTBETCTBEHHO,
0,565 <d/2 <0,605,a =2/d, 1,65 <a <1,77. 7

Camu J1aHHBIC YHCIICHHBIC 3HAYCHHS IapaMerpa (QpakTalbHOH pa3MepHOCTH d, a, COOTBETCTBEHHO, M
napamerpa f JOCTaTOYHO XOpOIIO OOBACHSIOTCS, Kak mokazan A.G. Hant [22], B paMmkax Teopuu
nepkossiiuu [23; 24]. CorjacHO 3TOW TEOpHH TpPH BBINOJHEHHH HepaBeHCTBA (7) ApeHa)kHas CeTb Mpu
MPOYMX PABHBIX YCIOBHSX XapaKTEPU3YeTCsi HAMMEHBIIUM COMPOTHBIICHHEM, HAWMEHBIIMMHU MOTEPSIMH
SHEPTHUH.

JlocTaTOYHO MIMPOKO HWCIOJNB3YEMbIH ISl aHaInM3a CTPYKTYphl KoNeOaHWH MpPOIECCOB pa3iInYHOM
MPHUPOABI, B TOM YHUCIIE U TUApOJOrnIeckuX [25], mapamerp, HazbiBaeMblii koddduimentom Xepera H (ipu
stoM H~2-d), umeer, mo-BUAMMOMY, TIIyOOKYIO CBSI3b C PacCMOTPEHHBIM 3aKOHOM X9Ka [7], Tak Kak
xapakrep 3aBucumocterd (1), (2) ompenensiercs ppakTaabHOCTBIO THAPOrpadUYecKol ceTu, W CTPYKTypa
MHOTOJIETHHX KOJEOaHUH CTOKA TaK jKe XapaKTepu3yercsl PpakTalbHOCTHIO.

3akJouenue
Ctpykrypa ruaporpaguueckux cered, HECMOTpS Ha OYCHb CYIICCTBEHHBIC paziudus (U3MUKO-
reorpauyecKuX YCIOBHI MOJCTHIIAIONICH IOBEPXHOCTH PAa3UYHBIX TEPPUTOpUH, (opMHpyeTcs TOx
BO3IICI710TBI/ICM OOIHUX N TEX XKCE (I)I/I3I/I‘I€CKI/IX MEXaHU3MOB N UMECT, B JOCTATOYHO H_II/IpOKI/IX MacmTaGax,
(dpakTaibHy0 mpupoay. PpakTalibHOCTh THIPOrpapuuecKol CeTH OOYCIOBIMBACT CTCIICHHOM XapakTep

- o
3aBHCHMOCTH ILIOIIAAXM BOaocOopa F OT MPOTSHKESHHOCTH BOJAOTOKA L, NpPU 3TOM Frm * [ wm

1 \e
L~k * FFP ,rne k=| — | . lna tepputopun Poccun, coorsercTBenno, m~0,5-0,58, o—1,74, k~1,37-1,49,
m

~0,575. JlaHHbIC 3HAUCHMSI pACUCTHBIX IMTAPaMETPOB BeCbMa OJIM3KH K COBEPIIICHHO HE3aBHUCHMBIM OIICHKAM,
MOJIYICHHBIM TI0 JAPYTHM TEPPUTOPHUSAM. Y CTAaHOBIECHHBIC UHCICHHBIC 3HAYCHHS I[apamerpa o, a,
COOTBETCTBEHHO, W [3 HaXOIAT JOCTATOYHO JIOTMYHOE OOBSICHEHHWE B paMKax COBPEMCHHOH TEOpUHU
TIEPKOJISIIHH.
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A.A. Hlaiinyauna, C.A. JIBUHCKUX
PEKHUM CKOPOCTEM TEUEHHUS B PAMOHE IEPEMEHHOTI'O ITOJITOPA
KAMCKOI'O BOAOXPAHUJINIIA*

Tepmcxuii 2ocyoapcmeennviii HAYUOHATLHBIU UcCIed08amenbckull yuugepcumem, Ilepmo

Bopoxpanunuia sABJISIOTCS UCKYCCTBEHHO CO3JaHHBIMH BOAHBIMH OOBEKTaMM, PEXKHM DKCIUTyaTallud
KOTOpBIX OIpeEJeNnseTcs Ha dTalle CTPOUTEIhCTBA. B OTIMuYMEe OT peK, IBIKEHHE BOABI B KOTOPBIX
HalpaBJICHO OT MCTOKA K YCThIO M B OCHOBHOM OOYCJIOBJICHO JICHCTBHEM CHJIBI TSDKECTH, 37ECh
MPUCYTCTBYIOT pa3HOOOpa3HbIe BUbI TCUCHHI: CTOKOBBIC, BETPOBHBIC, KOMITEHCaI[MOoHHbIC U aAp. Ha Kamckom
BOJIOXPaHUIIMIIE HAanOoee paclpoCcTpaHEHHBIC — CTOKOBBIC W BETPOBbIC. IlepBhie XapaKTepHBI ISl BCEX
CC30HOB, a BETPOBbIC HAOJIIOMAIOTCS TOJBKO B YCIOBHMSX OTKPBHITOrO pycia. DopMHUpOBaHHE CTOKOBBIX
TEYCHUH 00YCIOBIICHO BEIMUMHON MPUTOKA B BOJOXPAHUIIMIIE U COPOCOM BOJI U€PE3 CTBOP €ro IIOTHHEI.

CKOpOCTh CTOKOBOT'O TEUEHUSI YMEHBINACTCS IO JUIMHE paiioHa MepEeMEHHOro IMOANOopa OT BEPXOBHEB K
KOHITY. JTO CBSI3aHO C YMEHBIIICHHEM YKIOHOB BOJHOM TTOBEPXHOCTH M MPOTOYHOCTH OTAEIBHBIX paliOHOB U
y4yacTkoB. Takyke Ha pacnpeeneHue CKOpoCTel TeUeHHUsl M0 JIJIMHE palioHa 3aMETHOE BJIMSHUE OKAa3bIBAIOT
0CcO0EHHOCTH MOP(GOMETPHM OTACIBHBIX YacTel M PESKHM PEryJIMpOBaHUsS YpOBHS. B 3aBUCHMMOCTH OT
KoJIcOaHUsI YPOBHS TPOUCXOAUT ITOCTOSIHHOE IIEPEMEIICHUE TPaHUIlbl BBIKIMHUBAHUS IIOAMNOPA, YTO
CKa3bIBaCTCS HA THAPABIMYECKOM PEKHUME IOTOKA M PEXUME HAHOCOB. AHAIM3 CKOPOCTHOTO PEXKHMa
BBINIOJIHEH HAa OCHOBAaHWHU PaHee HE ONMyOIMKOBAHHBIX JIAHHBIX JIA0OPATOPHUU KOMILIEKCHBIX HCCIICIOBaHUM
BOJIOXPaHMIIMII U TAHHBIX MOJICBBIX HaOmroaeHuit 2016 T. ¢ IpUMEHEHHEM CTaTUCTHYCCKUX MeToo0B. JlaHa
OLICHKAa pa3MbIBalOIIel CHOCOOHOCTH BOJHOIO IIOTOKA B HABHMTallMOHHBIA IEPUOI Ha OCHOBAHUU
pacCYNTAHHBIX BEIMYNH KPUTHICCKIX CKOPOCTEH.

KnmodeBsie cia0Ba: BONOXpAaHWIUIIE, CKOPOCTHON PEKUM, paiioH MEPEeMEHHOT0 MOATOopa.

A.A. Shaydulina, S.A. Dvinskikh
FLOW SPEED MODE IN THE VARIABLE BACKWATER AREA OF THE KAMA
RESERVOIR

Perm State University, Perm

Reservoirs are artificially created water bodies, the operation of which is determined at the stage of
construction. Unlike rivers, the movement of water in which is directed from the source to the mouth, mostly
due to gravity, there exist different types of flows: runoff, wind, compensation, etc. On the Kama reservoir,
the most common are runoff and wind ones. The first are typical of all seasons, and the wind flows are only
observed in the open channel. The formation of the runoff flows is caused by the reservoir inflow and water
discharge through its site.

The runoff speed of the flow decreases along the length of the backwater area, from headwaters to the
end. This is due to the reduction in the slope of the water surface and the flowage of certain areas and sites.
Also, distribution of flow velocities along the length of the area is under a visible influence of the
morphometry of individual parts and the mode of regulation. Depending on the level fluctuations, the
boundary of the transient region constantly moves, which affects the hydraulic flow regime and mode of
sediment transport. Analysis of the speed mode has been made based on previously unpublished data of the
Laboratory for Complex Research of Reservoirs and the 2016 field data with statistical methods. The eroding
ability of water flow in the navigation period has been estimated on the basis of the calculated values of the
critical speeds.

Keywords: reservoir, flow speed regime, the area of variable backwater.
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