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CTOXACTUYECKOE PA3JEJIEHUE THAPOTPA®A PABHUHHOI
PEKU HA TEHETUYECKHWE COCTABJIAIOIINE CTOKA

Hano teopeTrueckoe 000CHOBAHHE H pa3paboTaH METOA CTOXACTHUECKOro pasacicHus ruaporpada
HA FCHETUYCCKUE COCTABIIIOIIUE BOAHOTO CTOKA: MMOBEPXHOCTHYIO, BHYTPHIIOUBCHHYIO H MOJ3EMHYIO.
Bepudukamms merona oCyIIEeCTBICHA MO pe3yabTaTaM aBTOMATH3UPOBAHHEIX HAOMIOACHUH 3a
JUHAMHUKOU pacxoaoB BoAbl p. borycnaska.

Kniouesvle  crosa:. cmok, HOGePXHOCMHBLY, GHYMPUNOUGEHHbIE, HOO3eMHbL, 2udpozpagd, pacxodsl,
6EPOAMHOCb, LIOMHOCTB, 3aKkoH, Gaussan

Peunoii crok npeacrasiseT codoli COBOKYITHOCTh BOAHBIX NIOTOKOB, JOCTUTAIOLINX PYCIOBOH CETH HE
TONBKO Pa3IHYHBIMH OVYTAMH, HO U C Pa3MUIHON CKOpocThio. Bonma, ABKyIascs mo MOBEPXHOCTH
CKJIOHA HIH B TPUIOBCPXHOCTHOM CIIOE TOYBH, HACHTHUIHUpYeTcs Haubonee OBICTPBHIM
MOBEPXHOCTHBIM CTOKOM U OTpakacTcsd BOCXOAAIICH BeTBbro ruaporpada. Boasl mepeoro
BOJOHOCHOTO  TOPHU30HTA, CBI3AHHBIC C [JHCBHOH TOBCPXHOCTBIO, TMPHHATO  HA3BIBAThH
BHYTPHUIIOYBCHHBIM CTOKOM. OH JBHIKETCS ¢ MEHBIICH CKOPOCTBIO IO CPABHEHHIO C MOBEPXHOCTHBIM
CTOKOM H OOBIYHO aCCOLIMUPYETCS ¢ HUCXOAALICH BeTBbIO ruaporpada. Boapl, mepevernaromuecs B
HACBHIIICHHOM BOJOHOCHOM T'OPH30HTE, (POPMHUPYIOT CaMyIO MEIICHHYIO INTyOOKOBOJHYIO MOJ3CMHYIO
coctaomyo. OHH OTOKACCTBIAIOTCS €O €1a00 H3MCHSIOLICHCS YacThio Tuaporpada u ABIIIOTCS
OCHOBHBIM HCTOYHHKOM MHTaHHWA pekd B mepuox MexeHd [3]. COOTHOIICHHE KaXIOro H3
MCPCUNCICHHBX BUIOB BOJHOIO CTOKa B (OPMHPOBAHHHM OOIIETO PACX0Aa BOABI CYLICCTBCHHO
OTIMYACTCS B 3aBUCUMOCTH 0T (pusuko-reorpaduaeckoi 3ousl [1, 5 ,6].

Peunoii BogocOop mpeactaBiseT co0OH CAMHYIO BOAHO-AMHAMHUYCCKYIO CUCTEMY, B MpeAcnax
KOTOPOH MNPOUCXOTUT KPyrooOOpOT BIard M TPAHCIOPTUPVEMBIX BEIIECTB. B mporecce
nepepacnpeacacHus aTMOC(epHbIX O0CaAKOB B Mpeaeiax Pa3iuIHbIX KOMIIOHCHTOB IaHamadra ux
XHMHYCCKHH COCTaB NMPETCPICBACT CYIIECTBCHHYIO TpaHC(OpPMAIHIO, YTO OKAa3bIBACT BIMSHHC HA
Ka4yecTBO peuHoil Boawsl. COBpEMEHHBIC MPEACTABICHHS O MACCOMEPCHOCE BELICCTB OA3HPYIOTCSA HA
I PY3NOHHOM MEXaHH3ME, OTPAXKAIOWEM B3aMMOJCHCTBHE B CHCTEME «TBepaas ¢aza — BoAay.
HBrokymed cHiaoll 3TOro mporecca SBISCTCS TPaIUCHT KOHLEHTpanwi, a macca AuddyznoHHOrO
MOTOKA TECHO CBA3aHA C IUIOIIANBIO0 CONMPHUKOCHOBCHHS KOHTakTHUpyiomux cpex. C 3Tod TOUYKH
3pCHIS, U MOTOKOB BOJBI, CTCKAIOIIMX B 3aMCIICHHOM PEKUME, HanOomee BEPOSTHBIM SIBISCTCS
MEPEXOA BELIECTB M3 TBEPAOH (hasbl, HA OCHOBAHWHU YErO MOJATACTCA, YTO POJNb BHYTPHIIOUBECHHOM
COCTaBJISIIONICH HANOOIEE CYIICCTBCHHA.

Hcnonp3oBaHue KOHLCOIMH Pa3NUYHBIX T'CHETHUYCCKUX KATCTOPHH CTOKA A OLCHKH H
MPOTHO3a T'COXHMHYECCKOIO IOTOKA BEINECTBA B MpPEACNax PEUYHOro BOAOCOOpa CACPKHBACTCS
OTCYTCTBHEM HAJCIKHOTO crocoda pasaeicHus ero rugporpada, aHaau3 KOTOPOro A0 CHX IOp
OCHOBBIBACTCS Ha TpaduuecKOM METOAC C BBICOKOH goneii cyOwnektuBHOCcTH. Kak rpaduueckue
METOABI [2], Tak 1 YHCTOBBIC (QUIBTPBI, IIUPOKO HCIOIB3YEMBIC B Pab0oTaxX 3apyOe:KHBIX aBTOPOB [ 7],
MOJTBESPANIN CBOKO HAACIKHOCTD IS BBIACJICHHS INTyOOKOBOJHOTO MOA3EMHOrO CTOKA. B TO ke Bpems
JUT  BBIJCICHHUS BHYTPUIIOYBCHHOU COCTAB/LIIOIICH NPEANONKCH JHIOb 3MIHPUYCCKUH METO[
GROUND [8].

B cBsi3u ¢ BBHIICH3IOKCHHBIM, LEIbIO JAHHOH PabOThl OBLIO TCOPSTHUSCKOS OODOCHOBAHUEC H
paspaboTka CTOXAaCTHYECKOrO METOAA pasAcicHms ruaporpada Ha TEHETHYCCKHE COCTABIISIOLINC
CTOKA.

Marepuan 1 METOIbI HCCJIETOBAHHM

B kauectse HUCXOAHOI'0 MaTcpuaia UCTIOJIb30BaHBI PC3YIbTAaThl ABTOMATU3UPOBAHHBIX Ha6J'IIO,Z[€HHI>i 3a
x0JgoM croka Ha p. borycmaBka (r. borycnas), momyueHHrle BonycnaBckoll excrnepUMEHTaNTBHON
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crannpeii Ykpl MU B 1982 r. Ha ocHoBanuu 3anmcedt cavonuca Ob11 chOpPMUPOBAH HENPEPHIBHBIN
PAx 3HaUCHHH pacxooB BOAbI ¢ 10-TH MHUHYTHBIM Pa3peLICHHCM, HACUHMTBHIBAIOLINNA Oonee 52 ThIC.
sarmmucei. Kpome 3T0ro0, HCHonp30BaHbl €:K€JHEBHBIE 3HAUCHUS pacxodoB p. boryciaaska 3a mepuon
1950 — 1998 rr.

PesyabTaThl HCCIEAOBAHMI H HX 00CYKIEHHE

TeopeTuueckoii OCHOBOU pazaeicHus ruaporpada Ha TCHETHYCCKHE COCTABJSIEOIIMG TMOCITY KIIH
(YyHIAMCHTATBHBIC TIOJI0KCHHUS TCOPHUH BEPOSTHOCTSH M MHIPOIOTHH CYIIH:

1) pacxoasl oOmiero CToka W PacxXoAbl MOBEPXHOCTHOW, BHYTPUIIOYBCHHOM M IOA3EMHOU
COCTAaBJIIOIICH MPOMOPIIUOHATBHBI HX BEPOSTHOCTSIM;

2) 3aKOH CTATHCTHYCCKOTO PACHPESACICHHUS PACXOJ0B OOMIETO0 CTOKA SIBISCTCA CBEPTKOM
3aKOHOB CTATUCTHUCCKUX PACIPEACICHUIN PACX0A0B KAKAOU U3 COCTABISIOIINX

3) 3aKOHBI CTATHCTHUYCCKHUX PACOPEACICHHI PACXOA0B OOIIErO CTOKA M €ro COCTAB/ISIOLINX
MPEIOTPEACICHB THAPOMETCOPOIOTHICCKUMH YCIOBHSIME (hopmupoBaHus OTACbHBIX (a3 cToka. A
WMCHHO, VCJIOBHSMH 3HUMHCH M JICTHC-OCCHHCH MEKCHH, IMOJOBOABS C YYETOM MOMUMEHHOTO
PEryIHPOBAHMUS, JICTHUX U OCCHHHX MABOIKOB;,

4) momaranu, 4TO CTATUCTHUYCCKHUC PACTPCACICHHUS BHYTPUIIOYBCHHOTO M MOA3CMHOIO CTOKA
MIOAYHNHCHHI 3aKOHY [ aycca.

s peanuzaiiii CTOXaCTHYCCKOTO PA3AC/ACHHUS CTOKA U3 PsiJa MCPBOHAYAIBHBIX HAOIIOACHUM
ObuT  C(hOPMHPOBAHEI BHIOOPKH, COOTBETCTBYIOINHE OCHOBHBIM (ha3zaM THAPOIOTHYCCKOTO PEXKHMA
PEKH — TMOJIOBOABE, MABOAOK, MCEKCHb. VCXOAHBIH psSax ¥ TOAYYCHHBIC BHIOOPKH ObIH
NapaMeTPU3UPOBAHBI MTyTEM OMPEACICHUS MATCMATHICCKUX OXKHUIAHUN M, CTAHAAPTHBIX OTKIOHCHUH
0 ¥ 3KCIIECCOB &.

Anropur™M pacueTa JCTANbHO PACCMOTPEH Ha mpumepe ¢dasbl moja0BoaAbs. IlpuHMMAas BO
BHUMAHHE, YTO MOA3CMHBIC BOJBI SIBJSIIOTCS TIOCTOSSHHBIM HCTOYHUKOM MUTAHHS PEKH, OUCBUIHO, UTO
4acTh BBHIOOPKH MOJOBO/S OYACT MMETh HOPMAJIBHOE PACHIpEACACHHE. DTO OBIIO YCTAHOBJICHO IO
OJIM30CTH K HYIIO BHIOOPOUHBIX 3HAUCHHUH 3KCIECCA U IKCICHTPUCHUTETA paHXupoBaHHOTO psiga. [lo
BBIACACHHON HOPMANbHO PACTIPCACIEHHOH UYaCTH BBIOOPKH TOAOBOABS  BBIYHUCIAIH Mygy.
MatemaTuyeckoe OXHAAHHE PACXOJOB CTOKA OONEE BBICOKUX TOPH3OHTOB (Myepy) BBIYHCIAIOCH
CYMMApPHO /ISl IOBEPXHOCTHOTO U BHYTPHUIIOYBCHHOTO CTOKA MO PA3HUIIC MEKTY COOTBECTBYHOIIUMH
MOKA3ATCIIMUA UCXOAHOTO Psiga M, ¥ BEIOOPKHU MOAZCMHOIO CTOKA!

rnBepx = rnI/ch - mno;:[3~

CrangapTHbIE OTKIOHEHMS TOA3EMHOTO CTOKA Oy, M CTOKA BEPXHHUX TOPH30HTOB Opepx
MMPUPABHUBAIKUCH K CTAHAAPTHOMY OTKJIOHCHHIO PACXOJ0B HCXOIHOTO O, PIJA.

AHAJOTHYHBIM TYTEM OCVIICCTB/SUTM OMPEACACHHE M W 0 BHYTPHUIIOYBCHHOTO U
MOBEPXHOCTHOTO CTOKA. B 3TOM ciiyuae BMECTO BBIOOPKH MOJI0BOABS HCIOIb30BAICH BHIUHCICHHBIN
PSA CTOKA BEPXHUX TOPU30HTOB. I10 BBIACICHHONW HOPMATBHO PACTIPSIACICHHOW YacTH YKAa3aHHOTO
psiaa BRIYHCISUIOCH MATEMATHUCCKOE OKUAAHNEC BHYTPUIIOYBEHHOTO CTOKA My0yy

JKCLECCHl PACXOAOB MOA3ZEMHOTO &0y, U BHYTPUIIOUBEHHOTO &n4qp CTOKA, COTTACHO pabounM
CUMOTE3aM 00 WX HOPMAJIBHOCTH, MPUHUMATHCh = (); IKCLHECC PACXOJ0B MOBEPXHOCTHOTO CTOKA €y
MPUPABHUBAJICA K 3KCLECCY PACXOJ0B HCXOTHOTO PAAA Eyex.

BoruncneHHbie TakKuM 00Pa30M CTATHCTUYCCKHUE MAPAMETPHI PAA0B GaKTHUISCKOrO CTOKA (M,
Ouexs €ncx) CYMMApPHOTO CTOKA BEPXHHX TOPH30HTOB (Miepx, Oucxs Encx)s MOBEPXHOCTHOTO (Myop, Crepxs
Epepx)> BHYTPHUIOUBEHHOTO (Mious, Tpepxs Enows = 0) M MOA3EMHOTO(Myors, Gucxs Enops = 0) CTOKA CTANMH
OCHOBOU [ uACHTU(UKAIMK 3aKOHOB X CTATHUCTUYCCKUX pacmpeaencHuii. [ms 3Toi uean Oblia
KCIIOIh30BAHA MOJACIF CHMMETPHYHOTO SKCIIOHCHIMATBHOTO pacnpeaeacaus Gaussian-1 [4]:

p(x,t)= - ——exp xeme) ()
7 240T(1/a) Ao
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1= I/IM,r(r)_ - 1e * 2>
rae ramMmma-pyHkyma (r(r) =1€ *12:C npn Ke 0),
yr(3/a) 0
a :a(*) -
- LEeHTp pacnpegeneHus,
XapaKTepucTrKa pacnpejeneHuns, o4HO3Ha4YHO onpedenstollas napameTp POPMbl SKCMOHEHUUaNbHbIX

r@royGra)
(r(3/« )

Ecom a <1, 1o mogens (1) omwucbiBaeT pacnpefeneHus, 6/1M3KMe MO CBOMM CBOCTBaM

- A
N ) - CTaHgapTHoe OTKMOHeHwe, ~

pacnpegeneHuii, akcuecc (8): 8 =

@

pacnpefeneHnto Kowwu; a = 1 - pacnpegeneHue Jlannaca, umetoliee 605ee 0CTPOBEPLLUMHHBIN BUf

MO CPaBHEHMIO C HOPMalbHbIM pacnpeeneHuem; & =2 COOTBETCTBYET HOpPMasbHOMY
pacnpegeneqnid; 8= 2 _ pacnpepenenne 6au3Koe K TpaneLenganbHbIM; paBHOMepHOe
pacnpeneneHue.

PYHKUNA pacnpefeneHuns, paccumTaHHas Ha OCHOBAHWW MAOTHOCTU BEPOATHOCTM, MO3BOMNA
BbIYMCINTL BEPOATHOCTU PAcXOLOB MOL3EMHOr0 CTOKA M CYMMApPHOr0 CTOKa BEPXHWX FOPU3OHTOB.
OcCHOBbIBaACbL Ha [OMYLLEHWM O NPONOPLUOHANBHOCTA PacXOA0B WX BEPOSTHOCTAM, MOSyYEHHbIe
3HAYEeHNs BEPOSTHOCTEN Bblnn NepeBefeHbl B pacxXojbl BOAbI.

Mo aHaforMUHOM cxeme pasfenunu pacxofbl UHTErpasbHOro CTOKa BEPXHUX FOPU3OHTOB Ha
MOBEPXHOCTHYO U BHYTPUNOUYBEHHYIO COCTaBASOLLME.

Ha 3aBepwatouiem 3tane nyTéM CYMMWPOBaHUS PAaCCUMTAHHbLIX PacXof0B OTAeNbHbIX
reHeTUYECKMX COCTaBNAOLWMX CTOKA BblIM paccumTaHbl 06LLMe pacxobl p. borycnasku.

Bepudmkauus paspaboTaHHON npouefypbl pas3feneHus cToka MpPOBOAMMACH HAa OCHOBaHMU
KOppensuun 3HayeHuUii HabMlAeHHbIX PacXOA0B CO 3HAYEHUAMU pPacCUMTaHHbIX 06LLMX PacxoioB
npur=1

O cocToATeNnbHOCTM  MeTofa CyAunuM  TakkKe M0 ero  BO3MOXHOCTAM — OTpaXaTtb
(hyHLaMeHTa/lbHble COOTHOLUEHUA MeXAY reHeTUYECKUMMU COCTaBMALWUMN CTOKa, B 4acTHOCTW,
610KMpOBaHME MOL3EMHOI0 MNUTaHWA, 00YC/IOBNEHHOE 6GeperoBbIM PerynvpoBaHUMEM B pe3yfbTaTe
nogbéma ypoBHA BoAbl (puc.).

O, am3/cek ®aKTUuyeckne pacxogbi

7000 Pacxo/bl MOBEPXHOCTHOTO CTOKa
Pacxo/ibl BHYTPUMOYBEHHOTO CTOKA
Pacxofibl MOA3EMHOr0 CTOKa

4000

3000

2000

1000

MocnepoBaTenbHOCTh I"UMNHY THbLIXMHepBanoB ~ ~
N3MepeHNii

Puc. Pe3ynbTaTbl CTOXaCTUYECKOTO pa3feneHus rigporpadga p. borycnaeka Ha
reHeTM4YecKme CocTaB/AloLLME CTOKA B NMepunog NpoxXoxXaeHusa nasogka 1-2 nons
1982 .
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BriBoab1

[TomyyeHHBIE pe3ynbTaThl pasacicHUs croka p. borycnaBke mokazamu, 49TO TNIyOOKOBOTHOE
MOJA3CMHOE  mHTaHue, cocraBmsgromee  44%  rogoBoro,  COOTBETCTBYET — PETHOHATBHBIM
3aKOHOMEPHOCTIM THIPOIOTO-THAPOTEOIOTHUCCKHX MPoLeccoB. I10BEPXHOCTHBIN CKIOHOBBIH CTOK,
Jocturaromuid 36% roaoeoro oOnema, HaOMIOAACTCS B MEPHOA CHETOTASHBS WIH JICTHE-OCCHHUX
MAaBOJAKOB NPH (OPMHUPOBAHUH BBICOKHUX PACcXOJOB. JTa COCTABIAIOIIAS MPEACTABICHA BOCXOIIICH
BeTBBIO ruaporpada croka. BaytpunouseHnas dasza croka HaumeHbmast - 19%. 10T reHeTHICCKUI
THUIT CTOKA MOSIB/SICTCS B MCPHOMX BBICOKHX PACXOJOB BOABI M HAOIIOJACTCS HA HUCXOSIICH BETBH

ruaporpada.
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B.1. Ocaouuti, HM. Ocaoua, JI.A. Kosanvuyx

VYxpaiacekuit rinpomereoponoriaanit inctutyT JJCHC Yipainn ta HAH Yxpainu, Kuis

CTOXACTUYHE PO3AUIEHHS TIAPOTPA®A PIBHMHHOI PIMKM HA T'EHETHYHI
CKJIAJOBI CTOKY

HaHo TeopeTruHe OOIPYHTYBAHHS Ta PO3POOJICHO METOA CTOXACTHYHOTO PO3ALICHHS rigporpada Ha
TCHETHYHI CKIIAJ0BI BOJAHOIO CTOKY: MOBEPXHEBY, BHYTPIIPYHTOBY 1 mia3eMHy. Bepudikamis metoxy
3OlfiCHEHa 3a pe3ynbTaTaMd aBTOMATH30BAHUX CIOCTEPEKCHb 32 JHHAMIKOIO BHTpPAT BOJIU
p. borycnaska.

Kmouosi cnosa. Cmix, noeepxueeuii, eHympirpyHmosguii, nioseMuuii, 2iopozpag, eumpamu, HMOogIpHICHb,
wineHicme, 3axon, Gaussian

V. Osadchyy, N. Osadcha, L. Kovalchuk

Ukrainian Hydrometeorological Institute, State Service on Emergencies and NAS of Ukraine, Kyiv

STOCHASTIC SEPARATION OF LOWLAND RIVER HYDROGRAPH INTO THE GENETIC
COMPONENTS OF RUNOFF

The rationale was formed and stochastic algorithm of runoff separation was developed. Method was
verified on automated observation data for Boguslavka River.

Kay words: Runoff, direct flow, interflow, baseflow, hydrograph, discharges, probability, density, law, Gaussian
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