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Xiy KOHOEPEHDIHJI nPKJiyHAHCKHX CTPAH

no rpmpoMETEopoJioriraECKHM nporHOSAM

GUEHKA PE3yjIbTAT0B H nEPCHEKTHBH PA3BHTHH

rHflPOMETEOPOJlorHHECKHX nprHOSOB 3 lOrO'CJIABHH .

T. nexKOBH^, CoK)3Hoe rHApoMexeopojiorH^ecKoe ynpasjieHHe,

Dejirpaa

HauHOHajibHuB noKJiaB

PauHOH^bHoe ynpaBJieHHe k xosHBcTBOBaHHe BoaninMia pe-

cypcajviH H oxpaHa ot hx spenHoro bjihhhhh ysKC cBHsaHH c naOmo-

JieHHHMH 3 a BOflHWM peKHMOM flaHHoro peMHoro Toxa H ero H3Me-

HeHHHMH B 6J1H3KOM H 50Jiee floJieKOM SyHyiaeM. BaHHTSpeCOBaHHOCTb

3 rHflpojiorHMecKOlt HH$opMauHK H nporHoaax b lOrocjiasHH nocTOHHHO

ysejiH^HBajiacb cooTseTCTBeHHO pocxy ee sKOHONiHKH.nocjie.

npoxojKBeHHH KaxacTpoiJajibHorc HaBOflHeHi:^ Ha p. JlyHafl b i921 h

1926rr. ycxanoB/ieH oxaeji no onoBemaHHio o cocxohhhh boh p. fly-

Han H paapaeoxxe nporH030B ypoBHefl Boata na xpHXH^ecKHX ywacx-

Kax aaHHoro pe'JHoro xoKa.

noCJie.EXOpOfi MHpOBOfl BOflHH Ha'naJTaCb CHJIbHO paBBHBaXbCH CKC-

xeMa rHUponorH'necKoro HsejiioaeHHH H,BHOBb ccBaaKiioMy PHapoMe-

xeoponorHMecKOMy vnpaBJienHio lOrocjiaBHH nopy-aeKO npo3oanxb. riocjie-

aosaxeibHO HCCJieaoBaHMn h HaOJiiofleHHH aa xavecxBeHHtsMH h kojih-

necxBeHHfcjMH HSMeneHHHMH BoaH* nepeaasa'nj HHijDpMauHifrfnpeaynpexcae-

MHn H paapaooxKa npornosoB oxHocHxeabHo cocxoaHHK aaHHHX Boa«

C  xoro BpcMeHH, BCJieacxBHe xoro, mxo Hapoanoe xoaaflcxBO

Bce eoabuie HyHcaaiiocb b rKaponorHHecKOft HH$opMauHH h nporHOsax,

CHcxeMa THapoJiorH^ecKcft MH4>opManHH Ha peMHHX xoxax lOrbcaasHH
nocxoHHHO paciUHpHJiacb h coBepuieHCXBOBaaacb.

B Hacxonme-s speMH na xeppHXopmi lOrocaaBHH b cacxaN-.e raapo-
aornMecKofl KH^opMauHK nacxHTHBaexcH OKoao 175 BoaoMepHHx nocxoB ,
B.--toM XHca© -- 125 e)KeaHeBHO nocxynaex rHapoaorHxecKan HH<DopMaaHH.



C  ocTajiisir:ax 5C BOflOMepHHX jioctob rHapojiorH^ecKan hh-

4>opMaixBK nocTynaeT tojicKo b nepHon ecjiisnnix HaBOflHeHHH, Kor-;'

>.a ypoBcHB BOjtts CTaHOBHTca eonwue'-KpHTiTiecKoro"-'. KpoHe HasBaH-

Hofl Hri4>opManHH. b pacnopHxeHHH rHjipoMexeopojiorB^ecicoft 'cjiyTK5w,

ocoOeHHO B nepHon eojifaraHx/MajiQibKHX Boa JieAOBux HSJieHMfl,

HMeioa'CH TaKwe ̂ laHHwe noj:y*iaeMHe na speMeHHOft .cexH nocxoB neii-

cxBjncrxHX b pciMicax npyrHX opraHwaauHfl hjih npexcnpHJixHtl.

Hacxoxa HaOmoneKiifl Ha BojiOMepHHX noc'xax o6ycjioBJiP.Ha sHane-

HMeM, MacaixaeaMH h rHnpojiorinecKHM cocxoHHHeM pe^Horo xoks b

naHHHfl MOMeHX. PesyjibxaxH rH«pojiorTr:ecKHX HaGjnocenHfl npoHOflH-

.vwx Ha6.TiOBaxeji®v:H no xene<I)OHHO0 hjth pa.nHO csnsH nepenaraxcH b

pecnyGJiHKaHCKHM/KpaeswM HHiJjopMauHOHHO-nporHoaHt®"; uenxpaM. flJiH

aBxcMaxHSHpoBaHHcro c5opa rHapojiorireecKoa ^ini^jopMauHH neKOxopiie

x-*H7^30J:orir;ecKHe nocxH /okojio 50/ ccHameHk caMHMH nepeflOBtoMH

flKCXaHIIHOHHMMH J3HMHHrpa$aMH KOXOpHe yCXaHOBJieHH HJIH npHCOejIHHeHBJ

K npyrHM' cHCxeMaMH /fcKcxevie jpiH c5opa aaHHtax h aHcxaKUHOHHoro

ynpaBJieHHH na riHapoxexHwrecKHX cGbeKxax b Gacceflne p. CaEH,

rHflpoBHeprexiniecKOfl CHCxeMe h cyistxawHoft.xaicTeMe. "JlyKepflan", cfc-

rewe rnflpojiOrH^eCKHx nporHoaoB s GacceiftHe p. HepexBH/.

OGMeH onepaxHBHoa rHflpojiorHvecicoa KH^opMauHefi BHyxpn

rHapoMexeopojiorHvecKoa cjiyTKSH, x.e.. Mexmy rHnpoMexeopojiorH^e-

CKHiCi ynpaBJiaHHBiMH pecnyGJiHK h KpaeB ocymecxBJinexcH no CHCXSNie

r£JiecBH3H, ueaxp xoxopof. naxocHxcji b Coio3hom rHHpoMexeopcjiorH—

'^€CKOM ynpaBJieiinH.

OflsoBpeMeHHo, B paMKax cymecxB^nomHx .AaByciopoHHHX hjih mko-

rDcxOpOHHHX corjiauiaHHft nnn xoHBeHUHft h jioroBopoB OyyiuecxBX'aeTCH

np»5fcM H oGMeH TH^ipojiorH^ecKofl HH^opMauHeft H npoi HosaMH c npHcy-

HaacKHMH cxpanaMH. CGMenoM axHx jjanaHx h HH^opMaunea saHHwaPX-

CH xaxxe CoiosHoe rHfflpoMexeonojiorHBe'jKoe ynpasjieHHe.

Hapajiy c cec^xawi eTsenneBHoa HH^opMauHH ruHpoMexeopooJicrHvec-

Kafl cjiyscoa lOrocjiaBaH xaxste sanHMaexcH liepesavea npornos Mi?oro-

-^HCJiaHHHX xapaxxepHCTHK BOflHoro .'H xeMnapaxypHcro peKimoB.



fljIH yflOBJieTBOpeHHH TpeSOBaHHft CyBDXQQCTBar aaUlHTH OT HaBOn -

HCHHa HJiH BHepreTHKH eMceflHesHO nepeflaiOTCH KpaTKOcpoMHue npor-

H03H ypoBKefl/pcxoflOB BOflH,a vacTHocTH BJiH OojibUHX pBK B lOrocjia-

EHH - p. flyHall, CasH, Thch, flpasH, B. MopasM H'Bapj|ap. no yxa-
aaHHHM pe^HHM TOKaM TaKHce nepeflaioTCH cpeiHecpoMHtae nporHOSH

ypoBHefi bojJh Ha nepHO^i 5-10 nocjieHywimix nnea, h nporHOSH MaxcH-

McoibHbax ypoBHefi BOBH H BpeMeHH ero npoxo»03eHHH. B nepMOZi hhs—

KHX ypoBHefl BOHH no TeM-Ke peHHtwi TOxaM nepejiaioTCH nporHOsia

HHSKOrO ypOBHH H npOBOJBKHTeJIbHOCTb nepHOBOB ManOBOBS'^rTaKace-.

KaK H nporHOSH neBOBHX HBJieHHll,

no BpyrHM HeeOJIblilHM peVHHM TOKclM lOrOCBaBHH, B COOTBeTCTBHH

c cymecTBywiuHM saKOHOBSTejibcxBOMf nepenaioTCH b ochobhom nporno—

3H O nOHBJlGHMH BOJlblUHX BOB C yxasaHHSM HX MaKCHMaJlbHOJt BeJlHMH—

HH ypOBHH H BpeMGHH BTO npOXOHCBeHHH, C UeBbH) o6ecnOTeHHH npo-

BeBOHHH COOTBeTCTByKJlUHX MGp HO SailUITe OT HaBCBHGHHK. Oo OXBSJIB""

HHM rHBPOsHeprsTifyecKHM CHCxeMaM /na np. JjKepBan, CacceBH p.

H6P6TBh/, B COOTBeTCTBHH C paSpaCOTaHHHMH MOBSJIHI^W np0rHO3HpO-

BaHHH paspaOaTHBawTCH KpaTKOcpoHHue nporHOSta bphtokob bobu b

CacceftHH BOBOxpSnHJiHia.

nojiHas rHBPOBoirHHecKaH HH^opMaBHH H npornosH »c6op xoToptox

ocymecTBJiHeTCH b paMxax FM cjiysKBH DrocjiaBMHf xaxKe xax h nepe—

BBBaeMHe nporHOSH h npeBynpe»BeHHH nocTOHHHO nyenHxyioTCH b 5io-

jieTeHHx ynoBHOMOVGHHHX rHflpojiorHHecKHX opraHHsauHfl c OBHOBpe—
MGHHofi paccHJiKOfl BceM ero aOoHSHTaM B BaHHOM 6accGftHe, a xax-

3Ke CpeBCTBSM MaCCOBOfl HH$OpMaBHH. y^HXtJBaHf HTO lOPOCBaBHH HB—

JiHGTca cxpaHoft pacnoBOXv'GHHoH BHH3 no TGHeHHK) nynan, b opranH-
sauHH GG cJiyJKSH rHflpoBorHHGCKoro HaCBioBeHHB oco5yK) pojib Hrpaex

COBSflCTBHG OKa3HBaGMOe B paMKaX HyHaflCKOft KOMHCCHH HBH BByXCTO—

poHHHx corjianiGHHft^c^aHaMH pacnanooKGHHbMH.BBepx no xghghhw flynaH,
B BHfle npeBOCXaBJlGHHH rHBpOJIOrHMGCKOft HH^OpMaUHH H npOFHOBOB,

C UeJlbK) OUGHKH HGpGBaBaGMHX rHBpOJlOrHVGCKHX npcTHOsog, X. G. ,
3(J)(?eKTHBHOCTH npHMeHGHMH npH HX paspaBOTKe rHBPOJiorifHecKHX
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'MOflejiea nporHosHpoBaHHH, peryjinpno npoBocHTCH oueHKa hx
aCJCTOBepHOCTH DpH 3TOM, HapHfly C rpa^IPJeCKHMH KpHTe-
Phhmh, HcnontayioT h apyrxe - HH^poBwe, ocHOBHBawmHecH
Ha BsaHMOOTHomeHHH Me^miy oui6Kofl CBejiaHHOft npn nporHosHpoBaHHH
H MeHHHHneacH xapaKTepHCTHKoft nporHosHpoBaHHfl Ha npoTHKennH
cooTBeTCTBymmero npornosiforo nepnoBa /II/,

B oooTBeTCTBHH c peByjibTBTaMH aHajiHBOB nporHOBOB nepenasa-
SMMX B TeBesHe 1987r. moxho .COoeuHTB, yro tobhoctb KpavKO-'
cpoynHx npoFHOB no p. flyHan a Case - yaoBaeTBopaioBHe. B xaxofl-
TO cTsneHH HeynoBneTBopaKMHMH ho Bce eme a npeaejiax npaeMneMo-
ro, peByjibTara ocymecTBjieHH Ha apyrax pexHHx xoKax /xacTb pe-
kh CaBH, flynaH, Thcm h np./.,aTO moxho b nepBym oHepeni. oOhchhtb
tgm, xtto He BO KOHua paapaeoTaHHH mobbjih nporHosHpoBaKHH, hto
BCJieBCYBHe BJIHHHUH oKasKBaeMoro aHTponoreHHHMH OaxxopaMH b th-
BpojTorHvecKOM peKHMe npoHcxoHHT HapymeHHH, a xax^e MaccuiTa6aMH
eaCCeflHOB H CJlOKHOCTBiO npOUeCCOB <J)OpMHpOBaHHH CTOKa. flsa
H3 BHiaeHaBBaHHHX BHBOBOB HaBHSHBaWT Ha Hac OeHSaTejlbCTBO 05pa-
THTB eOJIBme BHHMaHHH B 6yBymeM KaK Ha paSBHTHe £I COBepuieHCTBO-

BaHHe nporHosHHX Moaejiea, rax h na pasBHTHe h coBepmeHCTBOBa-

HHe BeBXeJIBHOCTH HH<J)CpMaUHOHHO0 rHUpOJlOrH^eCKOft CHCTeMH.

CoBepmeHCTBOBaHHio rHzjpojiorH^ecKHX nporHosHHx Mosejiea sa
nocjieflHHe rojiH ycejieHO anaHHTejiBHoe BHHManMe, xax b paMxax
rimpoMeTeopojiorHvecKofl cjiy«6H ©rocjiaBHH, Tax h b paMxax jipyrnx
HajniHHX yvpe^eHHa h bhcujhx yHe5HHx saBeaeHHfl b cTpane. 3Ha*iH-
TejiBHHft BKJiaa B HBMeHeHHe nporH03HHx Mojtiejieft BHec npoexT rOMC.

CooTBeTCTBeHHO xapaxxepy pe^Horo xoxa, oei^eMaM h BHcaM
HH<I)opMauHH CSOP XOTOpOfl OCymeCTBJlHeTCH B peajTBHHe CPOKK B npor-
HOSHtax uenxpax, npH nporHOBHpoBaHHH sjieMeHTOB BOBHoro pewHMa
B onepaTHBHoa rHBpojiorH^ecxoa paeoxe HcnojiBayioT pasHue MOfl©*"
JIH H npHSMH,

flna eojitinHX pe-aHHx CHCxeM, xaxHMH hbjihiotch p. flyHaft, CaB^
H HP. yHOBJiexBopHiomHe peayjiBxaxH mojkho nojiyHHTB npHMeHeHne*^
TOHHKH OCHOBHBaiOmeaCH Ha SaXOHOMepHOCTH HBHWeHHH BOHH b



cexH, xtJiH ^ero HcnonbsyioT-MHorovHCJieHHHe npHejiMSHTeJibHue

rH2ipoJioriT(iecKO-rHspaBJiiraecKiie Mexo^jtir T.e., Biuita rpaHC-

4>opMai;HOHHUx 4>yHKUMft /1,2,3/, K saHHOft rpynne MeronHK xaK-

Ke MO^HO OTHecTH Mexoflu ocHOBUBanmHecB Ha BsaHMOCBHSH cyme-

cxBVKaiieft Me^y croxoti h sanacaMH bosh b pevHoft cexH paspa-

6oxaHHHe no' necKOJibKHM cxBopaM p.-flynatt H.CaBfci/10/.

B npaKXH^ecKofl paBoxe xaKxe npHMeHHexcH xeopHH cooxBe-

TCTOe-HMWX ypOBHH BOjaHjCOOXBeXCXBeHHO Koxopofl flJIH MHomx

cxBopoB paBpaeoxaHH rpa^HwecKan hjih ananHxinecKaH BsaHMocBKSb

/12,15,1.7 H np./.

no OCXaJIbHHM peMHHM XOKBM, Ha $OpMHpOBaHHe CTOXat KOXO-

PHx nepBOcxeneHHoe BJiHHHHe oKasHBawx flo«jieBHe ocaAKK, paspa-

doxaHH MHOrO^HCJieHHHe MCXOHH npOrnOBHpOBaHHH OCHOBHBaiOmHeCH

Ha npoueccax ocaflKOB-ctok . HeKOxoptae h3 hhx y»e BHanpeHU b

npHKXHMecKyio paBoxy. Tax, na npHMep, .Monejib TAHK HcnonbsyiOT HJIH

Bacceflna p. KoonyBapta, CCAPP - Bacceana p. HepeiBH h J^phhh,

MAHC H lyiC - p. BeJiHKOfl MopaBH, CEJW>-'noilUHr flJiH flynaH ti CaBUr

MOflejib XEB flJiH p. JlHM B BacceflHe p. flpHHH H x.fl. /3,4,5,7,

13,14,17 H np.A

OnHOBpeMeHHO, b hskoxophx Bacce'flHax, b cooxBexcxsHH c

xpeBoBaHHHMH rHflpo3HeprexHKH, y»e nocxpoeHH hjih HaMe^iaexcH

CXpOHXeJIbCXBO BOflOXOSHflCXBeHHOfl HH(I)OpMaUHOHHOtt CHCxeMta,

oBecneHHBaioiaefl Bce BHflta onepauHft - HaMHHan c CMCxeMH HSMe-

pHxejibHHX nocxoB H KOHHaH nepenaHeft naHHHX HeoBxoOTMtax juih ^

onxHMajibHoro ynpaBJieHHH rHflpojiorHHecKHMH oBbexxaMH.

fljiH npHwepa mokho nasBaxb BacceflH p. Aphhh b koxopom,

c uejibK) Bonee a^exxHBHoro h panHonajibHoro HcnojibsosaHHH yae

nocxpoenHHX hjih HaMe^eHHHx k cxpoHxeJibcxBy rwipOBHeprexH^ecKHX
oBbexxax navajiocb npoeKXHposaHHe rHflpoMexeopojiorHHecKOft ^

HH(l)opMauHOHHOft CHCxeMH BacceftHa p. flPHHH. C BXOfl uejiBH) BacceftH
paajjeJieH na wacxH - na necKOJibKO nojPiBacceflHOB h yixe ceftvac
npoBOBHXCfl KajiHBpoBica BtauieHasBaHHHX h apyrnx Moaejiefl ocHOBtaBa-
KHQHXCH Ha SJIHHHHHOfl rHflporpaMMH /EP/, MSXOflHK© HXOXpOHa /HJIP/ f
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cooTHomeHHH /MKMAPX/ H T.fl.. /5,14,17 H T.fl./. npoBeneKa

xaKHe KajiHOpoBKa Mosejiefl no nponampoBaHHio bojih bhojib pothoto

xe^eBHH n B BOSoxpaHHJiHmax .

Jinn paapaooxKH fleKaflHHX,Mecji^HHx, ceaoHHHX h ronoBtax

nporBOBOB xapaxxepHCTHK crona , Hcnojn>3yK)x MexoflHKy y^Hxta-

BaidityK) aanacH bosu b pe'^HOB cexH h pesyjibxaxta aHajiHSOB m—

HPOnoriraecKHX cepHfl / 8,9,16/. HaKonjieH onpenejieH-

HMft onHX B nporH03HpoBaHHH xapaKxepHHx ypoBHea bosh npn

npHMSHCKHH MOflejiefl ocHOBHBaiomHxcH Ha aHanH3e oxnejiBKHX xa—

paxxepHCTHK.

HeKOToptae h3 BHuiaHaaBaHHiax Monejiefl BHenpenu b onei>aTHB—

'Hbie cHCxeMH, KaK HanpHNiep, b CMCxeMy paCoxH h onxHMajifcHoro

ynpaEJisHHH r3C " i^Kepnan", a xaKxce b CHCxcMy nHcxaHUHOH—

Horo ynpasjieHHH rHnposHepreTHMecKHMH 65-baxTaMK Ha p. Caae,

IlepexBe h np.

OjlHOBpSMeHHO C COBOpmSHCTBOBaHHeM H pa3BepTtKIBaHHeM

ecKHX npcrH03HHX MonsJieH B paMxax rHupoMeTeopojio—

riTBecKOf! cnyKStj, h npyrHX 6ojibiuhx opraKK3auKa, ycHJiHJiacb

paOcxa xaKJKe b oBjiacxH coBepuieHcxBOBaHHH sjieMeHxoB HH^JopMa—

mioHHOtl , cifcxeMH npenycMOTpeHHOfl bjih c5opa h nepenaBH nan—

Htax B nprH03Hhie ueH-rpta BHyxpH cjiyjKSH h SojrbuiHM norpe6Hxe-

jijiM B oxpane <

Tax, KanpH?>iep, .Ha HeKoxopHX rHflpojiorH^ecKHx nocxax

paeorarax cnenHajiHaoBaHHwe rHflponorHvecKHe HaSjnoxiaxeJiH, s

TO BpeMH xaK Ha BoaoxpaHHJiHiae rsc "JpKepnan" b eacceJiHe p.
aepexBH, B. MopaBH, JIphhu h Apasu BBonena nojiHaH aBxcMa—

%

XHScHlHS Ha5JlIOneHH0 .

OflHOBpeMeHHO, B HacxoHiaee speMR y»e npoBCflHTC? xexiio-

jiorHBecKoe nepeBOopyweHKe rHflpotiornvecKoft HHttopMauHOHHoB

cHcxeMH TM cjiyxSH, b ^acxHocxH ee TejiaKOMMynHKauHOHHoft ̂ ac-

XH, Ii©HXp KOXOpO0 HaXO/^HXCH B COK)3HOM riiftp0MSX60p0JICT'H*If'C""

KOM ynpaBJieHHH.
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B saKJUoueHHH cnejiyeT nofl*iepKHyTb, ■«ito hoctohuho yse-

jiM^HBarauHecji noTpsOHOCTH B noBceflHesHOft rHjtpojioriPiecKoa

HH^opMauHH H nporHoaax, b KOToptax uyauxaeMCH c u&n&K> oOecne-
^eHHH GeaonaCHOCTH cyHOXCnCIB^rOOOpO^'H C>T HaBOnH&HHft, pauH-
CHajibHOro HcnojibsoBahHH HMeicimJxcfl BOBHbix pecypcoB^ aaOJia—
roBpeMeHHoro npenynpajiweHHH o noHBJieHHH xpHTiyyecKHX w asa~
PhShkx sarpHSHeHHSl peHHoro TOKa, npH.iaiOT ^aHHOft OTpacjiK
rHnpcjicrsnecKoft ncHTejibHOCTH oco5oe saaMeHHe. flJiH Toro,
•^TO 6h cHCTeMa ceopa HH^opwauKH h nepenaMM nporHoaoB, paeo-
TawmaH b cospeMeHHHX ycjioBKHX ueJiHKOM BfrmojiHSJia aoBepeHiiae
eft saflaHHe h ocTaBajiacb b cooTseTCTBHH c KaMs-^ieHHHMH eft
nasHaveHHHMH, oHa nojiacHa snHTaTb ce6e see BJieMSHTH
HeonxoflHMHB flJiH ee ycneuiHOft paeoxu. Tyx^s nepayio oMepeab,
pe^b Hflex o5 ycxaBOBJieHKH onxHMaJibHoro MHCJia flHCxaHUH -
OHHHX" TKJiPOJlOrH^ieCKHX H MexeOpOJlOrHMeCKHX nOCTOB,
B' "TOM ~ "qtHCJlB" ■ H CBTM aBTOMaTHBHpOBaHHHX MeTeOpOJlO—
I'HMecKHX pejie, HajteKHyw cHCxeMy cbhbh, TeneKOMMyHHKauHOHHHft
H BtWHCJlHXeJlbHHtt UBHTp, yCXaHOBHTb COXpyflHHMeCTBO C CHHOnXH-
MecKHMH cJiyKSaMH H o5ecne^HTb paeoxy BHC0X0Kpajwf(I)HUHp0BaH-
HhiMH KaapaMH. Bee 3T0 Heo6xonHJ40 IIJIH COSnaHHH HH(l)OpMaUHOHHO-
nporHOSHOft cHCxeMH Bceft cjiyw6H, ^x(3 flJiH eojibiuHHcxsa pex b
JOrocjiaBHH BOftflex b ocHOBy rHapojiorH^ecKoro -HaejnojieHHH.
OflHaKO, ywHTHBan noTpe6HOCTH h aaHHxepecoBaHHOCTb HapoMHoro
xosHftcTBa, HaMH H 5y,TTyiaeM Oyflyx nHJiaraxbCH ycHJiHH b aanpas-
JieHHH yBeJTFneHHfl ''IMCJia hH4)OpMaUHOHHHX nOCTOB. ABTOMaXHSHpO-
BaHHOft cHCxeMofl HH^opMauHH rHflpoMexeopojiorswecKOft cJiy)K6H,
cxpoHTeJibCTBO KOTOpoa HaMevaexcH, Byaex peuieKa npo6JieMa chc-
xeMH nepefla-^H peayjibxaxoB HBMepeHHfl h HaejnoneHHfl sa rKSpo-
JTOrH^eCKHMH XapaKXepHCTHlcaMH, JCtHCXaHUHOHHOfl 06pa60TKH SaH-
HMX, paspaeoTKH onepaxHBHHX nporHOSoB h npeflocxaBneHHH th-

■  uponorHMecKOfl HH4)opMauHH H nporHOSOB saHHxepecoBaHHHMH noxpe-
5HTejiHMX B cxpaHe H aarpaHHueft. OflHOBpeMeHHO . ,pa3BHTHeM cexH
Hij(i)opMauKOHHHX nyHKTOBr 000000 BHKMaHHe B 5yaymsM 6yfleT yne-
JiBHo pa3pa5oxKe Moziajifiii nporH03KpOBaHHH MHoro-qHCJieHHbix 3Jie~
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MeHjiOB BOflHoro h xeMnepaTypHoro pewKMOB. nocxeneHHO
e

©yjtyT paspaeaTHBa^ca woaejiH h BHeBpaxb anpaKXHaecKyw

paeoxy npoPHoaoB noaaeMHHX /rpyHxoBHx/ boh, Ka^eciBa

BOflUy a. xaK5ca cnGiiHaaKaoBaHHua nporHOsu /jt&Hf BoaHH h x*n*/ •
PemeHHe bxhx BonpocoB b paMxax coBepnieHcxBOBaHHa ranpoao-

raaecKOft aeaxejiBHOcxn b eyayweM, CBaaaHo b aacxHocxH c

aeaxejiBHOCXBio na naane accjieaoBaHiift h npoBeaeHaa HcnHXHHwi*
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HaimoHajrHmfi KomsTeT
no *

MexjOTHaponnoll TimpcJiorHHecKOll r^porpawMe

iiacQioHa^Bnfl OT'ieT

o pesyjttTaTax B od-iacTH ritppoJiorOTecKSDt nporaosoB
Ha jjyHac e erp npiiTOKax, nocTarKyrax b nepHoja ot
noojj.e;iEQfi KoH^peEiiHH no npopHosaM jio. EaoTooqaro

' Bpewena

TeppHTopHa ConaejiHOTiRecKofi i^yMKHCT ̂ axTireecKH nojiHooTBja
HaxojasTCE b rm^poJiorEaecKOM dacoefiHe masi, sa aoiuiBHSHiiea ̂ cte
Bpdpynz^Eofi TQppHTupHH, npEHajvEssame^ HonocpeflOTBeHHO • daoGefiny '
^epHoro iftopso 1

apoTaaseEHoorcB py?.5HHOKoro ceKTopa JlyKaa ooo-paBaaei 1o75 kbs
sHaHE7:'e;aiHHMH KapnaTOKawH npHTosaara Eny, Offt, s»p;vKem, Saoiana, $

GnpeT H npyTo — .

nOMiureKCHHe T*n;i^TexEHHecKHe coopyaeHEs na odnieu c POfii?
ceKTope - Lbpi:;a;re lie 5)Eep X b XI, BKaHHTejiBEue Bonoaadojai iipw
opomsKESL H CKaOaQHES EHnycTpEajzLHoa H mrTBeBoa BOflcftir cymecsBOBa^l
HHe dwree ISoo km sajipji'injx ^pud ctebst MBoroHaoseHHHe s^dae^,
Eacawiweoa nosaaHEa e nporHOBEpoBainia rEjQ)oaorErqteoKHX' vjtaMedTOB

onTmmnKofi «coinyaa?aiTO cepsHzawKHUX rajtpoTsxHirtaoKzs ooo^
'▼pyKoaal»

£06 PTo JieTOo u B ooHOBy coauBa pyMaHcraaa i©Kair«ttoiBOM
B iJyxapeoT npaBateJitcTBeHHiu; npeaoTaBHseaea ooiajama npmyEaa-
CKJHC aspaa, m Kosopony noaofly daoa nojumoaEa b aeKadpe 1S85 roaa'
BysepeosoKaE fleitaajfiniw o Bofloxoasaorae paicH JSynafl, flnaroEPBSTO!^
Jaynnaa h i^BaaeHiM, Haoioamea KOH^epaiajw no nporaoaaM » ropose
SnaBe ' ! ■

OuttaeM, nrp aaBopBeKHe h paonpooipBHeEaie nepaoto loMa.
rw^oJwrOTecKoa Sfoaorpalmi para jlyHaiJ, b peayjttiaTe o(3b3z yomctf
o'ipaH aioro eBpooeacKoro pemoHa aBnaenoa SHA&aiiiiHQa aa^aHO • -
TexKiraeoKHM flPOiH^HEea, cBaaeTMBOT^niaBi o oynedTBysnen xbtwrneii
B«OQraapo«noM ooTpyflfflsaeotse, PyinHHcmaa piopoHa xvwBa ywoxBCH.
aaia a b paapaacTOa i'BTOiJoro sotca atoft ItoBoi^aSHH, ^ '
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Cocpysemie SHaHKTejEbHHX BojtosadopoB na jo'HawcKwx npaioKax^
c pyMHHCKOfi TeppHTopim, ;iocTiiraKmHx b HacTOiiiuee BpcMa 13 MiuLniap-''
AOB KydaMBTpoB Bjm^eTiiojiojKHTejiiLHo Ha RctmeHcatuio pesHua ctokb
jdynaAo CHiisa>i nasoj^r^Q, noBHiuaa MnHHMajiBHue pacxo^H b saoyiiiJiHB'je
nepaojai, j^eHLmaa B^'ro::i& speM^i TpaHcndpT usoAO^AHOft no^iBU B ̂Sp-;
Hoe Mope," •

JlttH OHTHMaJILHOrO KOJUWeCTBGHHOrO H KaHeCTBGHHOrO xoaafl- I
CTBOBaHHH BOJl JByHBa Ha pyWHHCKOM CeKTOpe H SaiUHTH PKOHOMineCKIIX H:

coimajEbHux odi»eKTOB, naxoAsimnxcH b nofiMe JilyHaH npoTHB HasoAHeHx^,

dujia pasBETa raapoweTeopojiorHHecKafl: h onepaTHBHO - pemanuaa cbo-
Tewa cdopa H odpadoTitii b ̂ x)pMe nporaoaoB h HocjiejuoBaHEja ana-

HHTeJiLHoro HHCJia rajapojiorHHecKHX napeweTpoB OTHOOHTejiLHo boaoxo-

aajacTBa h Ka^ecTsa boa Jlynaa: a ero npaTOKOBo

TaKf jiflSL cdopa ntApoMeTpnHecKUX h nmpoxEMHHecKzx AanHKX
no. JlyHaD ocymecTBJiHeTCH uiiipoKaH nporpaMwa cacTeMaTiraecKoro Hswepe-

Hiw ypoBHn, pacxoAa, nepenoca naHocoB, XHWHawa, daTHMeTpmi s A^tHa-
M2KH pyojra He 26 ycTanoBJieHHUx ceneHiiax, HcnoABayji b &tkx ixqjislk
$JiaTHxaiio cyAOS co onemiaJiBHHM.; HawepiiTeJiBHHH odopyAOBaHHewa B iipo-
rpaMi»ie btbx rEApOAoruraccKHX cTaniprfl BiuiKraeHU h TepMiraecKEe zccyie-
AOBamw, ocodeHHO B SHLiniia nepiioAt KorAa oymecTByeT oneoHocTB cko-

iweHiK ABAa# ooymecTBAHHCL ycTanoBJieHHKfi o CCCP z HPS odwan zB^op"
Manaeft aak coBMeoTHHx AoiioTBPiil b Biyiy odeone^oHEA otodoAKoro npo-
XOAa JIBAHSo

npoz8B3A^Htaj') dai'z«fleTpa*ieoKnp; z rEAPO^orsraecifHe zsiwepcnfa

yoraHOBHAZ rcAOBtie kphbho paoxoAa z ASHawE^" pycjia ̂ yHaz. Codpan-
HHe AaHHHS peeAzayBTca CTaTiiGTznecKZ as® aitiysAzaaDzz iaApOwX02?ii-

^ecKzx napaweTpoB oTOKa. Ohh Taiue zcnoALsyBraa b dacTpoM oiiepar-
izBHOM noTOKes occdeHHo A®i nysA aaaraTH zpoTZE peappiaimero
Ta naBOAKOB z jilaoBo

CnenzaALHSJi iiporpaT.?.ia nr^MepeHzil npoBOAZTca b JleAiTe Jlyzas

H Ha eix) pyRasax, KaK ii na nodepexms, tab AZHawzKa onpeAejieHa b
OCHOBHOM paxHT^dM HaiioooB JtyHaH.

Jpia ROppeAaiRiH c npzAyHaticKZMK cTpaHewz rzApoAoriwecRJix

4>j!erj!eHT0B, PywuHiiA BaKJitO-^nwa o cocaAHzr.ffli CTpaKaMZ rsAPO^pexazascKzc;
ROHBeHiBiH H corxaiDBijEH.^ EKJimasTJiTie AByxcTopoHHzft odiflea zn^opwatiipoc
z nporaosaiiOT, RaK h ereroAnue BCTpe^ aa®-SCTaHOBAeHza odmzx oae-
pa'fZBHHX Mep B CJiyH[6JLK onaOHOCTZ CKOEAeHZS JILACB#
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HaAO nojTiepKHyTB o(5i>eKTiii;nyD noTpedHocTL onTHwiaanaH odwena
r2|(p0J[0nrS6CKHM2 ASLHHUMHf OCOdeHHO 9K0IIJiyaTaiIMi 0 onTHWaJIIjHOM
pesHMe AByx rB05po&JieKTpii^ecKHx cTaimHfi EopiiaJie jie ^epp odJiacTL b •'
KOTOpOfi B HaOTOflmGB Bpewa .npOBOjyiTCjl padOTH 0 fiJTOCJiaBCKOfl CTOpOHOfii

KH^opMamoHHaa cHCTei/ia BHyTpeHHHX peK HaxoOTTca b cTajyiH
Mo^iepHHsamnio B HacToamee Bpeiwa cymecTByDT yse necKoaBKO aBTOMara-ii.
BupoBaHKHx noflCHCTew cdopa, nepe;i;aHH h naKomieHHff iropoMeTeopoJiorz-
aGCKHX J^aHHHX OT dOJZGG 7o rHJ^pOMGTpHHGCKHX H 0Caj5K0MGpHHX CTailllHii
B. daccGfiHSX M(ypGiiip CitpeT u Ap^^sjenio JlaHHHe codiipaDTca aBTOMaTii3Hpo~ •
BaHHHMH-JiaTaHKaMH H EGpeAaiDTCa " on. lind' HQPG3 CHOTGMy paflHO - peJTP
4 GOEaazBHHM UGHTpaw cdopa, ocHamGHHaM 3BMo 3th HGHTpa nepeflaDT hh-
®opMaaHO HaHHOHajiLHON^y UGHTpy ruflpoaorHHGCKoro nporaosao TaKSGp npo-
HSBoaHTca odpadoTKa flaHHHX H paspadaTHBaioTca rHj^KXttorHaecKHe iqjorHo-'
QU B SOHaHLHHX HGHTpaXo J'

Ho MBTOOTaecKoiviy HanpaBjreHHK), Toro, hto KacaQTca KpaxKo-p •
cpGjma- H AOJirocpoaHHX raBpoaonraecKHX nporaoaoB, homhmo hgbgcthhx

iWaCCHHeCKHX MGTOflOB 6UJL paSBHT. pfliB. CHOCOdOBp OCHOBaHHHX Ha MBTGWa-
THHGOKHe mRBJOLf OdpadOTailHHG Ha KOMnDTGpGp- $aKT, BHTGKaBDmj! ^
THHHO H H3 coodmGHHfi pyiiiunc^':^ aBTOpOB 3 pawKSx HaOTOHmGrO COBGmaHHa^

^ BhSH BH6J[Q36HH H IICIIOJEb&yiOTOa COdCTBGHHUG MiaTGMaTinGCkHG M0~ 1
Aejm THna "iyHKmm nGpenoca" c nepeMGHHHMH napawGTpaiviHo Ohk eseflHGB-
HO ' "BHuaEJT nporHos-pacxofloB h ypOBHGfi Ha pyMHHCKOM yHaoTKQ Jlynaa '
Ha 7 jtHGft BnGpQ;^*

'  Bh^cjihtgjtbhhg nporpaiiiiiiH coflGpsaT CTpyKTypa pGaKiyflJiHSHijKHp
nonpaBMMiiHG HoxoflHHe pesyjiBTaTH b saBHCHMocTH ot noJiyqeHimx 3H&-
HGHHft paCXOAOB H ypOBHGii. BxoAHHG J^aHHHG BBOflHTCa B TepMHHBJI THIia
display "» npoBGpHKTCH H yAocTOBepHmTcap nocjie aero odpadaTHBaOTca
uporpawMoft 'buu^o Kor^a Hyrau HSMeHGHaa b peayjcbTaTax odpadoTKH
BKJiiHaeTCH cooTBGTCTByEEian: nporpawwa npoHSBOjtamaa jiBXJyD HysHyjo sa-
MGHy nporHocTOTGCKHX GHaHeHHfto CHCTGMa jiHiiHfl nopeflaHH odeonQHEBaei
aSTOMaTZqeCKH HaHGCGHHG nporHOSa Ha HBGTHOfi OTClWGft HGHTpaJIBHHM Op-
ranaM wia npHBaTna pGinGHHii.

IIpiDAGHGHHG COBpGMGHHHX lipHGMOB HOSBOJiaGT HOJiyHGElXG XOpOlDGPO
nporHo^p BadjiaroBpeMGHHOcTLio ot -5 ao 15 flHefl ajk wmiero JlyHaa.
Tohhogtl nporaoaoB mohho tskhg c^TaiB yAOBJiGTBoparauefl, hx norpGm-
HOOTB naxo^AOB HHxe floi^cTHMax npGflGJiOB B npsKTHKe KTOOJioniraecKHX
BHHHGttCHHii GTOBO THHao Bad^aroBpGMeHHocTB H TOto)CTi> ntflpojiorHqeo-^
KHX IQX)rH030B HOSB^JIIWIH' BGCHOfi GTOrO BOJ^a npHHHTL 3$$eKTHBHHe MGpH

aaniHTH odBSJiOBaHHHX nJiomajiGfi npoTUB OTHocHTanBHO bucorhx n^o^
ROB A
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j^TTg BHyrpeHHHX peic dmni pasBUTU hobkb Kouiien^iyajaBue MaTe—

waTiraeoKHe mjifim. Uporpi^iMa '*pnet" - napaiieTpa Koiopaz onpeA^-.
BOTCtt ipissi Bcex dacceliHOBe Taicnte diwa pasBUTa npozpauMa "vidra "^.
odJiGr^eHueM ̂ piasora "woiiiiina nanoDeK** jyia ycoseisneHCTBOBaHHa
THoaa nasojCROBUX bojih b dJia3?oyoT^eHHOM pesaiMG*

OoyiUBOTBiutacB cHOTeii^a oBasii ** iiiNB ^ ueswy nporpaiassoft
rnnpoJioriMaoKoro tiporHoaa '\fiiiiiA" h naKei npoi^paiffii onTHMiisaifm^
^KOEnyaTaitHH rHjtpo&tieprQTinGCKibc BOjupnaflax b oiyuaa naso^oB* j

Ho HanpaMemiti'^MQJirooipoiMux nporaoaoB bdodmena BttHHc^ejii>r»
Has weToj^HKa no BoeM BHyipsHHinyi peKaw a diui paapadoTaH ̂ xBHauBKO —
cTaTHCTnaecKHft MBTOA ̂ xoJirbcpo^oro nporHosa no JlyHaB* PaspadoTaaa
BUHHCJiHTeJiLHaa nporpar.iMa AOJirocpo"TOoro nporHosa, HMeBujaa BosMoaHOCTi
HadjiEffieHna sa pe&yjiBTaTai.iH n HSMenenHH rm^poBoroM BuaHCJieHHUx mo-
AGJEbD SHa^ennfio UponsBo^Tca aapp^ToipaMMeTpiweciaie cnpeaeaeBBa
jyitt dacceflnax dojiLmnx flojiocdopoB b ixaaax yionHSnHoR onemcH pesepB
TanHX BOA B na^iajio BecHU*
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Prs Hochwasser. iin deutschen Donauqebiet im Warz 1988
«■

H. Schiller

Zasagmghrfassmiq

AuBergewShnliehe WitterungsverhSltnisse haben im Marz 1988 im deutschen
.Donaugebiet zur Entstehung eines groBen Hochwassers gefiihrt. Der Schwer-
punkt war In der Donaustrecke von Regensburg bis zur Einmundung der Isar,
wo der :gr5Bte ScheitelabfluB seit 1882 auftrat. Es werden die Ursachen
xmd der Ablauf des Hochwassers beschrieben sowie seine Einordnung in
bas lahgjahrige Hochwassefrgeschehen aufgezeigt.

naBogOK Ha HeMenKOM yqacTKe flynaft b MapTe 19 88 r.

X. blHJijiep

PesKHBie

HeoSKiKHOBeHHEiie ycjiOBHH norojiH npHsejiH b MapTe 19 88-ro rojxa. Ha ne-

weiiKOM y^acTKe "p. JfcrHafl k BHcoKOMy haBOHKy. CawtOM HHxeHCMBHHM oh
noHBHJicH Ha ynacTKe ot PereHcSypra ao snaneHHH p. Hsap b p. flynaH/

rae etin HaiMeBteH cawbsft 6oai»iiiofl nHKOBOP pacxoa c 1882-ro roaa* OnM-

caHb- np5reHHBi noHBaeHHH h CTexaHHe naBoaKa h paccMOTpeHo ero SHa-

^eHHe B MHorojieTHeM nasoao^HOM pescHMe. "
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1. Der Vfitterungsverlaut iiB Winterhalbjahr 1987/88

Bei Winterhochwassern ist noch mehr als bei Sommerhochwassern das Wetter-

geschehen im vorangegangenen Zeitraum von Bedeutung. Vor allein die Ent-

wicklung der Schneedecke und der Bodenzustand erfordern die Betrachtung

Bines langere'n Zeitraumes. In Tabelle 1 "sind die monatlichen Gebietsnie-

derschlage von November bis April niT:ht nur fiir das Einzugsgebiet der

Donau angegeben, sondern auch fiir den Rhein und die gesamte flache der

Bundesrepublik Deutschland. Daraus geht hervor, daB das Wettergeschehen

im gesamten Lande ahnlich verlief und es im M3rz fast iiberall Hochwasser

gab. " * * .

Tab- 1 Flachenmittel.des Niederschlags im Winterhalbjahr 1987/88 in nm
und relativ zur Jahresreihe 1951/80 (nach Deutscher Wetterdienst)

Jahr 1987 1988

Monat XI XII I II III IV

Gebiet ' . .

Donau * mm 58 76 59 83 185 44

(deutscher Anteil) % 104 117 94 136 309 62

Rhe^n unterhalb mm 93 49 112 115 154 29

Mainmiindung % 121 60 158 179 257 51

(deutscher Anteil)

Bundesrepublik mm 78, 61 90 91 154 30

Deutschland % 116 85 140 .168 285 52

Von Anrang November bis Mitte Februar wurde die WiLterung iiberv/iegend
von Westwettnrlagen mit dem typischen Wechsel von warmei. und kalten Luft-

massen bestimmt. Es kam zu haufigen und in der Menge etwas uber dem
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Durchschnitt liegenden Niederschiagen, die wegen der insgesamt uberdurch-
schnittlich milden Temperaturen nur im hoheren Bergland als Schnee fielen,
Mitte Februar kam es mit dera Zustrora von polarer rteeresluft zu einer
raschen Abkuhlung. Die Temperaturen hlieben fast bis Mitte MSrz auch
in den nTedrig-igelegsnen* Landesteilen meist unter dem Gefrierpunkt. Es
kan^ iu hSuf igen und ergiebigen Schneefalien, die .Qberwiegend von der
in die.Nord- und Nordweststroirang eingelagerten Atlantiklaft, teilweise

aber auch durch Aufgleiten von feuchter.Meeresluft aus Sudosten yerur-
sacht warden. Am. 14. Marz lag im ganzen Land eine geschlossene Schnee-

•decke, deren HGhe und Wassergehalt weitgehend durch die Meereshohe be

st immt^ waren. Fine grobe Abschatzung enthalt die Tabelle 2.

-Tab,-^—Schneedeck.e -am 14.1)3.1988 im Einzugsgebiet der Donau

HGhenlage

m NN ■

Schneehohe

cm

Wasserwert

mm

Dichte

g/cm3

300 - 400

400 - 500

500 - 600

iiber 600

10 - 35

20 - 40

40 - 90

uber 90

20 - 80

30 - 140

70 - 200

iiber 200

0,2 - 0,35

0,2 - 0,35

0,2 - 0,3

0,2 - 0,3

Nachdem schor. ab 11.03.1988 eine langsame Erwarmung begonnen hatte, stieg
die Temperatur am 15.03. innerhalb weniger Stunden urn §n und
arreichte Spitzenwerte bis 7®C. Bereits am 17.03. lieB ein Schwa11

Kaltluft die Temperaturen wieder unter den Gefrierpunkt absinken. Die

Hochwasserwelle am 17./18. Marz wurde durch den Regen am 15. und 16.03.
mit je 10 nan sowie vor ̂ llem durch das aus der Schneeschmelze freiwer-

a  .. .

dende Schinelzwasser von bis zu etwa 50 nan ausgelost.

Eine emeute Erwarmung ab 20.03. mit tSglichen Niederschlagen von bis
2u 10 mm ftihrte zu einem nochmaligen Ans.teigen der Wacserstande. Einen

neuen Hchepuhkt erreichte die Niederschlagstatigkeit in der Zeit von;

23. - 27.03. In dieser Zeit wurde des fur den M^.rz giiltige langjahrige
Monatsmittel der Niederschlage vielerorts erreicht ptder uberschritten.
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Im Zeitraum vom 20, bis 27.03. fielen verbreitet 60 - 80 nun, in hoheren

Lagen iiber 100 mm and gebietsweise bis 2u 150 mm Niederschlag. Aus der

Schneeschmeize kamen in weiten Teilen der Einzugsgebie+.e vor allem im

Zeitraum vom 20. - 24.03. noch 40 - 80 mm hinzu.

m

Mit dem Monatsende des Marz war eine auBergewbhnlich ergiebige und lang-

aauernde Niederschlagsperiode endgifltig beendet. Die Anfang April (;inset-

zende Schdnwetterpericde war der Auftakt zu einem sonnigen und verhalt-

nismaBig trockenen Fruhsommer.

2. Vergleich mit dem langjahrigen Niederschlagsgeschehen

•Fiir weite Teile des Donaugebietes und auch des gesamten Staatsgebietes

der Bundesrepublik Deutschland war der Marz 1988 der niederschlagsreich-

ste Marz seit Beginn der meteorologischen Beobachtungen vor etwa

100 Jahren.

Im Donaugebiet wurden iiber 300 % des langjahrigen Mittelwertes regi-

striert, wobei ortlich sogar bis iiber 600 % auftraten. Im Bereich nord-

lich der Dorau sowie am Alpenrand waren dies 150 - 250 mm Niederschlag,

gebietsweise im Bayerischen Wald und in den Alpen iiber 300 mm. Ortlich

summierten sich die fast taglichen Niederschlage auf iiber 600 mm. Die

bisher fiir den Marz bekannten maximalen Niederschlagshohen wurden damit

vielfach soaleich um das 1,5 bis 2fache uberschritten.
c

Zu dem Niederschlagsreichtum des M8rz addierte sich noch das ab Mitte

Februar in der Schneedecke gespeicherte Wasser, so daB in der zweiten

Marzhalfte ein Wasservolumen von 150 - -200 l/m== in den Niederungen

und iiber. 200 1/m^ im Bergland zilm AbfluB kommen konnte. Diese Wasser-

massen konnten bei uem feuchtegesSttigten Boden nur als Hochwasser

abflieBen.

3. Bcschreibung des Hochwassers

Der Aolauf des Hochwassers an der Ponau ist im Welletiplan (Abb. 3) dar-

gesteilt. Er erfolgte entsprechond dem Witteningsverlauf in zwei Wellen,
'wobei an den meisten Pegeln der zweite Scheitel den groBten AbfluB
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brachte. Die Wasserstande und Abfliisse sind fiir einige wichtige Pegel

in labelle 3 zusammengestellt. Da.das gesamte Hochwasser nur als ein ein-

ziges Ereignis zu werten ist, sollte nur die Jahrlichkeit des groBten

Scheitelabflusses angegeben werden. In Tab. 3 ist jedoch zur besseren

Kennzeichnung des kleineren Scheitelabflusses auch angegeben, welcher
Jahrlichkeit dieser entsprechen wiirde.

Die erste Hochwasserwelle in der Donau stammte hauptsachlich aus.den

Talniederungen. Bei der zweiten und groBeren Hochwasserwelle kam der

-groBte Teil aus dem Hiigelland. Die Mittelgebirge haben zu diesem Hochwas
ser nur wenig beigetragen, das Voralpengebiet war nur sehr wenig daran
beteiligt. Die Ursache fiir diese gebietsmaBige Aufteilung liegt in der
Schneeschmelze und Schneehohe. Der Schwerpunkt der Schneeschmelze war

bei der ersten.Weile vom 17./IS. Marz in den Talniederungen und bei der
zweiten Welle im Hugelland. Im Mittelgebirge und im alpinen Bereich lag
so viel lockerer Schnee, daB dieser den Regen speichern konnte ohne bei
den vorhandenen Teinperaturen selbst nennenswert ins Schmelzen zu koininen.

Die Aufteilung des Hochwassers in zwei Welleri ist ein glucklicher Umstand,
denn bei Ablauf der gewaltigen Wassernienge in einer einzigen riesigen
Hochwasserwelle waren wesentlich hohere Scheitelabfliisse entstanden.
Ein weiterer glucklicher Umstand ist die Tatsache, daB die Mittelgebirge
und das VoraTpen land wegen der doch nicht so ausgepragten Erwarmung nur
wenig zum Hochwasser beigetragen haben.

Der Schwerpunkt des Hochwassergeschehens war in der Strecke von Regens-
burg bis zur Einmundung der Isar. Der ScheitelabfluB am 27.03.1988 ist
dort seit Beginn des Jahrhunderts, ja sogar seit mehr als ICQ Jahren das
groBte Hociiwasser. Statistisch ist es nur als ein rd. SOjahrliches Erei
gnis zu werten. Wegen der geringen ZuflQsse der weiter fluBabwarts ein-
mundenden groBen alpinen NebenflQsse Isar und Inn ging es jedoch auf ein
nur etwa SjShrliches Hochwasser an der Grenze zu Osterreich zuruck.
Wegen der Jangen Dauer hatte ,das Hochwasser eine sehr groBe Fiille. In dem
einen Monat vom 16.03. - 16.04.1988 sind in Regensburg rd 4,5 Milliarden
m3 Wasser abgelaufen, das sind etwa ein Drittel der mittleren Jah-
reswasserfracht von 13,9 Milliarden m^.
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4. Vergleich mit den langjahrigen Hochwasserverhaltnissen

An der deutschen Donau konnen sowohl im Sotraner- als auch im Winterhalb-

jahr groBe Hochwasser auftreten. Im Gegensatz zu den ziemlich hSufig und

regelmaBig wiederKehrenden Sommerhochwassern kortimt es vergleichsweise

selten und nu'r sporadisch zu einem groBeren Winterhochwasser. Es mag des-

halb als besonderes Merkmal angesehe-n warden, daB die groBten Hochwasser

in der gesamtan Donaustrecke fluBabwarts der Einmiindung des Inn mit Be-

uinn der regelmSBigen gewasserkundlichen Beobachtungen im Jahre 1826 im

Winterhalbjahr verzeichnet wurden. Selbst unterhalb der Innmiindung liegt

ein Winterhochwasser-mit nur 3*% AbfluBunterschied an zweiter Stella.

GrnBe Wirterhocnwasser entstehen, wenn eine groBflachige Schneedecke bei

Reyenwetter rasch abtaut. Je nach Ausdehung der Schneedecke und Intensi-
tat von Tauwetter und Regen konnen die weiten Talniederungen, das etwas

hoher gelegene Hiigelland, die Mitteigebirge und sogar das Voralpengebiet
bis in den Alpenrand mit hohen Abfliissen zum Aufbau des Hochwassers bei-

tragen. Je nachdem wieviele dieser Landschaften gleichzeitig zum Hochwas
ser beitragen und inwieweit der Boden wass6i"9®s^^^^9t oder gar gefrcren
ist, konnen in der Donau und den Unterlaufen ihrer Nebenflusse gewal-
tige Hochwasser entstehen.

In Regensburg haben die groBten beobachteten Winterhochwasser den weite-
sten Vorsprung vor den groBten Sommerhochwassern. Die Ursache dafiir be-
steht darin, daB dort der Anteil der Talniederungen, Hugellandschaften
un(f Mittelgebirge am Einzugsgebiet der Donau einen Hochstwent erreicht.
Der ScheitelabfluB am 27.03.1988 mit 2600 m^/s liegt dort in der
Reihe der groBten Hochwasser nach 3880 m3/s im Marz 1845, nach
3230 m3/s im Februar 1862, nach 3120 m^ys im Februar 1850 und
3100 m3/s im Dezember 1882 mit ainigem Abstand an 5. Stelle.

In Abb. 6 sind die Jahresmaxima seit dem Jahre 1845 nach der empirischen
Forme 1 von Chegodajew aufgetragen, in Abb. 4 fiir den etwas fluBabwarts
liegenden Pegel Pfelling seit dem Jahre 1826. Bei letzterem sind die
neun groBten Hochwasser Winterereignisse. Die groBten Sommerhochwasser
folgten auf den Rangen 10. 11 und 12, also im Bereich des Knicks dieser
aus zwei Teilen bestehenden Kurvc. Ihr unterer Bereich besteht hauptsach-
o'lich aus Sommerhochwassern. Es handclt sich also urn ein Mischkollektiv
von Winter- und Sommerhochwassern. An diesem Beisniel .vird deutlich,



2^■

welche Probleme bei der Extrapolation von groBen Hochwasserabflussen
von sehr seltener Uberschreitungswahrscheinlichkeit auftreten konnen.
Es ist nicht ntoglich, aus der groBen Vielzahl von Sonimerhochwassern auf
den AbfluB von groBen und seitenen Hochwassern zu extre^polieren, die
im Winterhalbjahr unter ganz anderen physikalischen Randbedingunaen ent-
stehen. Letztere konnen sehr unregelmaBig auftreten, also entweder ge-
hauft wie m vorigen Jahrhundert oder mehr als hundert Jahre nicht in
so ausgepragter Weise, daB dabei ein grcQes Hochwasser entsteht .(siehe

.Abb. 5).

5- Verglsich mit dem Hochwasser vom Marz 1845

Dss groBte durch Pegelfaeooachtungen erfaBte Hochwasser an der Donau
zwischen den Einmiindungen von Lech und Inn lief irn Marz 1845 ab. Alle
anderen groBen Winterhochwasser (1850, 1852, 1882) waren im Februar bzw.
Dezember. Der naheliegende Vergleich zwischen den Marz-Hochwassern 1988
und 1845 wird allerdings dadurch erscliwert, daB damals nur sehr wenige
Pegel bestanden und noch keine Wetterbeobachtungen durchgefuhrt wurden.
Aufgrund von Berichten und Wetterbeschreibungen sind allerdings einige
Aussagen.raoglicn. Damals herrschte bis zur dritten Dekade des Marz star
ker Frost, wodurch der weitgehend schneefreie Boden gefroren war. Auf
die Frostperiode folgte starker Schneefall ra it etwa 30 - 50 cm Schneehohe,
AnschlieBend folgte eine kraftige Erwdrmung mit Regen. Das Tauwetter
brachte den Schnee und den Regen auf dem gefrorenen Boden in einer einzi-
gen groBen Hochwasserwelle zum AbfluB (siehe Abb. 7). Die gesamte Fiille
des Hochwassers iiber eine Dauer von 30 Tagen war daiuals^mit rd 3,5 Mil-
liarden m? in Regensburg gerihger als 1988 mit rd 4,5 Mia ma.

•?
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Tobelle 3: Hochwasser vo^i 15.03. bis 05.04.1938

1. Ssheitel 2. Scheitel

Pegel/FloB
'*£0

ik«* J
Oatua

Uhrzeit

Q

(n'/sl

7n

(Jabre)
Datum

Uhrzeit

W

(on)

0

(=>'/$)

In

(Jahre)

Donaa
-

Nej-Ula/Doflsu 7578 18.03.88

1.00-5.00
420 (3,4 K}) 26.03.88 ■

12.00

449 760 5

Oi 1 Hngen/bonau 11315 17.03.88
7.00-8.00

650 1 26.03.88

22.20
562 8/0 5

Sbnsuworth/Oonsu 15037 17.03.88

21.00

1050 10 27.03.88

9.00

544 1110 20

Ingotstadt/Oonsu 20001 18.03.88

14.00-15.oc

1300 5 28.03.88

3.2o

544 1360 8

Keltieis/ltonsu 22950 19.03.88

3.I0-4.00

1350 5 28.03.88

15.00
650 1430 7

Obemdorf/Oonau 26446 19.03.88
10.30

14f0 •  3 28.03.88

16.30
609 1550 6

Regensburg-Schwabelweis/
Sonau

353S9 18.03.88

18.00

2050 7 28.or. 88
O.oo

672 260O 30

Pfel Hng/Botiau • 37687 19.03.86
7.00-12.00

2100 7 28./29.03.88
6.00-22.00

837 2700 30

KoTKTrchen/Oonau 47496 19.03.88

16.00

2350 4-5 28.03.88

8.00-14.no
665 2950 15

Achleiten/Donau 76615 19.03.88

4.00

3100 (2.2 HQ) 26.03.88
22.00

604 4900 5

RebcnflUsse

Wiblittgen/nier 2115 22.03.88
14.00

370 . ca. 1 26.03.88

6.00
555 420 1

Harburg/Wornitl 1578 17.03.88

13.40

318 30 27.03.88
5.00-6.00

459 170 3

Augsbitrg/Lecn 3800 22.03.88
18.40

333 (2.9 KQ) 26.03.88
9.45

254 325 (2,8 HQ)

Dei Ingri es /AltiaUhl 2251 19.03.88

21.30

158 20 29.03.88
9.00-19.00

267 140 10

Heittenhofen/Naab ' 5426 18.03.88

18.00-22.00

270 2 28.03.88
O.oo

570

•

611 '0

Regenstatiri'llegen 2658 18.03.68
6.00-8.00

310 2 27.03.88
6.00-8.00

355 387 5

Plattling/laar 8839 17.03.88
6.00

450 1 26./27.03.88
16.00-6.00

273 489 1 - 2

Passau-lngling/lnn 26084 17.03.88
21.00-24.00

1350 (1.8 KQ) 25.03.88
22.00

602 2400 (3,2 »«))

Kolteneck/llz , 762 17.03.88
12.00

75 26.03.88
5.00

305 181 2

i^T"

SftxtUche AbflCisse rind verliiKfloe Herts.
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Xiy KOH$EPEHIiHfl UPWHAfiCKiK CTPAH HO THAPOJIOriSyECKHM nPOPHOBAIvi
Khbb, 1988 r.

IIoBHnieHHe TO*iHocin rHT^paBjiaqecKiix BHiHcjmrenLHUx
ueiosoB B KpaTKOcpoqHHx msponorHqecKHx npornoaaz

KoHi, sp. HHE. M, noaaHH, flp. HHs. 3'. PoTiep,
AaraB, E. Poiiep

UOBei BOflHOro XOSHliCIBa PyuuHWi

- Peanse -

KpaTKOopo^iHue sporHosu aojishu ocSecne^iHBaTB c onpeAe-

iieHHoft sadJiaroBpeueHHocTBD HaH(5oj>iee no'qpodHTD HH^op&iaipiD 06

ypoBHBX, paczoAfix, h BpeueHE AoderasEa maca nasoAROBofi BOimd

no Hsynae&ioS pene* B HacToamee speua ash cocsaBJuenHH tbapojio-

rHHecEHz KpaTKOcponHHX npoiBosoB i^iZEfeHaDTCfl "iBApoJiorBnacBse

MeTOAu" (ueTOAU MacKHHraua, ugtoa Hani) n "xwipaBmnacKBe ucto-

Au** (micneHHoe nHTerpnpoBaHHe cncTeMB CeH^BeHsaa be KCHenHO -

paaBooTHHX cxeuax). InApaBJiHBecRZS uotoab yBHTHBaDi HenocTcw-

HHHoe TeneHze boab b poRax (ebb 'cctz pex) b cooTBe?cTBBH c

reoMeTpiRecKHuSt Tonorpa|E:necRBUB h peajTBHrnm ycnoBBSiffl meprw

xoBaTocTH z abbt tfojiee lOBBue "peByjEb'mTa no cpaBBezHi) c rzApo-

AOrEBeCKBUE UeTOABMHo

B padoTs i)aooMai'pgRftlypng BOSifosBOCTH AB^Hefliazx) no~

EBmeHHtt To^ocTB pesyjiBTaTOB, noAjTzeBBUX npE eobaoiiib rBAPflzJE-

necKEX ueTOAOB, KpaiKo npeACTaBxeHH MeTOBS noBUHieHHa tohbocth

aBcneHHHX weTOAOB, BSBecTHKX B AHTepaType no cnemiaiiBHocTB, a

EMeano, ynJiQTHeEaa goth AHOhpeTBsaipH h npHMSzeBHa cxeisu ahc-

KpeTEsamoi BBcniefi cTeneBB toeeocte, ABTOjaa nocTaBEHE CBoefi
nSALD nOBHineHEe TOBHOCTB ZBCJieHHOrO BHTerpBpOBaHHB CBCTeMH

Ceu-BeHaHa laeTOAOu aRCTpanonanEE PEBapAcoze.

yzHTHBaa TeopeTHBecHHe saMenaKHB oTHOCHTeABao ?Toro

BseTOAa, B padoTB onHCHBaeTazero i^jaKTHzecRoe ifpHMeHezEe, yjLesasi

ocodoe EHEMaHEe BKdopy pac^eiBOfi cgtre c neABO iiaKCEMaABZoro

yAyqineHEB tobhocih.B BaKAsneHHe padoTH cpaEZHBaBTca ?£Dij»enHotf-3H

paoneTa ahe onpeAeAeazoro mara BpeMezH no qHCAezBony jETeirwpoBa-

mm cECTeuB CeH-BeBaHa ase ̂ eiapex cjtiyBaeB* 6 nepsoM e ipeTBeii
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cj^y^iaox npmseBiieTCii 'qHcaieHHoe HHTerpupoBaHme no cxeMe d&ziepa

(tohhoctb nepBOfi CTeneHHp 0 , cooTBeTCTBeHHO HMCJieHHOS

aHTerpHposaHHe no cxeue IIpeHCCMaHHa (tohhoctb BToporo nopaAKa

OiAX^.At^) ,9 B TO Bpewa Korna bo btopom h HeTBepTOiw cjiy^aHX npa

HCEOJibaoBaHBH uoToj^ PEnapACOHa yseJnroiBaeTCH' hx toehoctBo

HoEBcneHHe tohhocth pemeEHfi no MeTojoy ItoapncoHao npen-'

xoseKHoe aBSopaMH, othocht&obho penKO naeica b mTeMaTOLecKEX

paOoTax H AO HacToamero BpeMeim ne npEMenajica b neJiEX noBHiueHnH

TOHHOOTK wcjieHHUX pemeHEll cncTeuu ypaBHennfi CeH-BenaHa POK

H CGTE pen*

-jDioKnaH-

KpaTKOcpoHHiie ruApoAorHaecKHe nporacaH aoaskh odecneHHsaTB c onpe-
AeJieHHOH sadAaroBpeMeHHOCTLS) HaHdoaee TOHHHe AOHHue oc5 ynoBHax,

no

pacxoAax H EpeweHH' Aoderanna nuKa nasoAKOBHX BOJiHVHayqaeMofi peKe
HAH CeTH BOAOTOKOB,

3'HaoTOflUiee BpeMa, a®i cocTaBJieEHfl: riiAPOAorHHecKHx KpaTKO-

cponKHX nporHOSOE nprnieHttKyrcs "rHApoAorEHecKHe weTOAa" (weTOA
IvlacKHHrar^a, MeTOA-Hama) e "rHApaEAE^ecKHe weTOA^i" (HHCJieHHoe hh-
TerpHpoEaHKe cECTeMU ypaaHeHHi^ C^H-BenaHa na cxewax KoueHHux pas-
HOCTefi)o

PHupaEjnnecKHe mctoah "jriHTiiEaET HenocTOHHHoe ABHseiiHe boau b

peKax, HAH peHHoli cbth b cooTEeTCTBHH c reoMeTpHHecKHMH, Tonorpa-
^[niH6CKZMH yCAOBHSMH H yCJIOBHHMH HSpoXOBaTOCTH H

doAee TOHHHe pesyjiBTaTH no cpaBHeHHC c rBApoAorHaecKHMH Me-

TOAaMHe

B A3HH0fi • padoTe paccMaTpHBaKjrca boBmoishocth AaALHcfimero no—
totoocth pesyjiBsaioE, noiqr^eHHKX.ra!®awiiwecKiMH aetoBsm

H HX zonoJttaoBaHHS b KpaiKOcpo'fflHX ranpoJioMReoKHx itporHoaax.

SlATBJATirDSGKAfl MOSEIb

^cjieHEoe HHTerpHpoBaHHe CEOieMH ypaBHeHHfe C?H-BeHaHa (T), (2) na
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peKe npoBOflEJiocL nc cera, jiaiiHog hs puc. 1,

ot t)i ° (1)
4

^IgA Dt gA^ px/ KgA^ Dx gA^ Dx/ ̂ Di., ^ '
■

ill
MHepi+HOHriblii q;ieH KMHSTHMeCKlIM MJieH

H3MEHe-

HHe rjiy-

L
qjicH TPeHMa

iyKTIOH
CBO($OAHOrO

CwHbl
eoAbi

BSODb
TeMEHUfl

ypOBHfl BOAbI

KuHewiaTMMecKQs?

AwHaMnqecKOB bojiho

BOJIHQ

jtuCpySMOHHOH BOTIHO

I vpaBHewHS c npoi43BOWMvi iiacTHbii\^») napG^o;iimacKoro
TMliS

I  vpoBHeHne c tacTHbiMM npotOBOflKbiMK rMnep5o;iM4ecKoro runo

r^e:

X [m] - ocL juuihh;

t[M3 ~ OCL Eper/ieHH;

A=A(x,t)[M^J - cwoneHHiie nJiouia^iH;

Q=QCi.tK»^/cj - pacxojui;
Z = 2 cx,t) [mJ - jrooEiiM;

h=h(x+tj[Mj - rJiydHHa;

(j'-q (ct,t)[M/'c] - cyj/Ma yjie^iLHUX ookobhx paoxojioE (niiTSK^re/drKc-
BOB npiiTOK; HK(iu^JiJi)Tpaijpia/pycjiOEoe rniTa-HTifj;
oca;aKii)»

K=K(X,t) - K09^pIimieKT lL'e3K;

[ji , V, yj - KOffifeijieHTMpaBKHe "1" (ecjii: npiL^x-openB Biiar-
o^;iopo k3 ̂ lePioE, cooTBeTCTByKiimal

miGHT paEIiCK "0").

OpjiiB'iaTa X, iicHj-iojwer.aH piepx no TO'^ieHHn, k npei^M

cm.'iie nepei*:eHiiHS, a ocTf JiBHue, saBiiaiN^iia nepe%'c:iix;G»

^cJieHiioe EiiTorpxpoESLhire ocyuiecTBJnLcoo no cxer-:0 Uptiica- Brii-n

/1/ jiaHHon Ha pnc. 2. 3Ta cxewa la^eei tuhhoc-'b BTcporo nopy^ntd
(Ax^, At^) no CTHou'eKHK) K nepei'eHHKi'.H Ax iiAto "^lECJreHHoe KKTr.rp;!-
porar-ine nc cxewe IIpeiiccMahHa nonpodiio oin:oaHO n paCoTe /'2/, a
KpiiTepZH oniiiivnasainni ̂lyin oueHKK uiara EpeweiinAt* e pa6oio /3/.
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® ̂ 3;iw-c-ii3BecTMMuii BenwmiKOMH
ZmQ

®  C M3BeCTHblMM
Z KSM Q

O  C HeM3BecrHUMK SeJlHMM-
KObVH Z H 6l

o J!lono^HMTe;i6Hwej3;{biAJ]B
.  CXeMbt ̂  i;.eHP^bHi4UK KOHetiKMMtt

pWHOCTflUM

Z&nT CivniVt]

,tcon^)

P=PCx,t)

>r tb]

Phc» i PaG^iBTaaa;^ ̂ JSTKa

f! fi** J
. TL«>-r-

'2 A* ■ 2^1

-p(fc)-filler; ̂
4  A

1

2n KeM3BecTHbie

^  2(n-1^ ypdBHCHMM + 2 npefle/ibHbie ycjioBvtq

Phc» 2 Cxewa JGiHCKpeTii3a^2^K4.2 ̂
TOHuocTBio :BTO|)oi?o nopssKa 0 (AX » *
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UpHwieHeHHe CKCTem Cy^H-BeKana pe^^ioii cqth ocyi:iec;iii?iFJiGci>

no npimuHy Toro, "^to npHTOK OKasEBaeT BJUiHHne iia - ocHODEyio peny

jlojieSi pacxojioE, a ocEOEHan psKa OKasHEaeT EJiEEEHe na npzTOK ypoE-

Hei,^ npE cjmHHiiHo . " • •

npH KsyEennz ̂ joderaEiiE naBOEEPEax bojih b peHHofi cera, eobu-
IDeHHe TOEHOCTZ BHEECJIZTeJILHtlX MeTGJlOE ZMeeT, HO MeHBIflefi wepe, TpE
nocjieACTEEE;

— noJiyEeKiie ypoBKei^ z ii pacxofion ft b pacEGTEiix ceEeiiJ'nx,
npKdjnuiiaioiiiPixoi k tiHaJiKTMHGCKOi.'y peuieKED (oTcycTEyioinerviy b jieiiCTEH
tgjileoctk) CKCTsivsi ypaEiieHES C?h—BGHana;

— BOSMpsHOCTB Ksy^eHKE 06TE CoJiLniHX psK iiyTeM yBeJiHECHKH pa-
cqeTHoro inara ax z At;

— B03M0£LH0CTB peilieHBH dOJieG CJIOSHHX CETyaHllfi C TOEKH SpSEEH
HaEaJILHUX H KpaeEHX yCJIOBKfi.

H3BEGTHHE METOJOJ

B JiHTepBType no nijipoTexKHxe nspecTKO HecKOJiBKO weTojios nu^
meHHE TOEHOCTH EHCJieHKUX WeTOAOE, npiIMeHEIMXCH K CHCTeWe ypasne-
HHJi CsH-BeHana.

neoEEx noj-xos saKJimaeTcn 3 yruioTHeHZZ ceTn jB30KpeTB3ai;EE,oa
OEtiT yi/ei-tLn'OEIIE paCHSTHIiX CarOB AX EAt . JIOAOdHUii n04X0il umvCx
nT)m.eHfiTbOH jym JiioCoii cxei® Hisor.eHiioro MterpEpoBaH® Kone^.H®
pasHOOTaffl.KesaEHCHi® ot OTeneHE ee lO'aiOCTB. 'XaHHOCTt no.ry^ehh^
pauieHHU iip®.ionpoiiopi30Hajii>Ha cTeneHu to^o^^Ti^ cxei.-* i
LcTelu rZnm cxcM tohhoch nepBoro pe.e.n,e
EjTew yi^eHtmeHiw pacqeTBux HH";epBa;ioE Eji?oe npiwepHo b gBa -
TOMEeeV a wia cxei. BToporo nopaJiKa. npOT-o b 2 .OHHee
'iOK KaBaxiHoe peineHae. HpaKTineoEre Bpeae™ npiffleHeHKii i^.exjm
MBqajiBOB B OoJi-^ix paaaepax MCKpeTxsa'PB'.

Btopo£ M8T04 SaKJI/JHaJICE. B ^
EHomero nc"aHjai-;a-TOEHncTii> :<ieTOX
He^HHX paakocTea nepBoro nopsBJca 0(ix,at)oxeMa™ tohhoctb BTcporo
noparaa 0(Al',Aa. npMeHSEae cxe..ii tohhocth b-topoto no^fiKa
oIZe B^aa BcOapoH^m onepaipdi ^o^eBHoro m.TerpBpoBaH..a.. bo
noEBJiieHae to^oc?h onpaEWiEaeT BaipaBCHHue yoiiw^. ;w HacTosiujero
Ep^MeiiE MS 'fflMeHHoro BHTeiTEPOBaa®! cEcieKa >.BH-BeHaEa ho npa-
MeiBixaoB cxe«a KOHeBKUX pasHociefi TpeiBero nop^a no '
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1

np^^DiHaM:

- CHC5;eB8a ypaBHeniffi G^HrBeHafia -MOflettEpyeT npHpoj^Hoe HEJieHMe
c TO^ercTM)-BTopoix) HopgytKa (decjKOHeHHo iwajiHe HJieHH TpeTJbero no-
psflRa io)HHe6peraBDT irpH saoHCH rfl^^penjjtHaaiBHHx ypaEHemifi);
^ pa^Mie^aa eeo^a. P(x^t ) (pHCol) yaeJiEtm^ ojqhh zjm

asa iB^a- B^px im BHiia ao .lEeaeHHDj hto ycjiojSHHao (3h KpaesHe ycao-
BZSo

TaK RaK, B HacToamee Bpewa HcnoxBsyDT cxei^ c tohhoctlk) eto-
poro Ii0paj5ca, npaKTiniecKoe npHMeHeHze npejyioseHHoro MeTOT^a sa-

TpyjmeHo npuMeHemfeM oxew TaaHooTBO Biicmero nopajcKa, (TpeTtero,
HeTBepToro)'„

MBTOJl

MeTOA, npejyroaeHHHfi aBTopaa®, saKJiHHaeTca b noBHmeHini tohhocth
^GjieHHQro HHTerpKpoBaHHa czcTeMH srpaBHeHzfi CaH-BenaHa zcnoatao-
saRHeM aKCTpan&jtamioHHOPO »aeTo;^a Piraap;acpHa« TeopeTZHecKZ aTOT
MeTo^l npe^oTasJieH e padOTe /4/o

Hepe3R='R(x,i)o0O3Ha"«jaeTCH odmaa ^yHRima, EHpaxaKimaa ypoEHZ
Z (x,t) H cooTBeTCTBeHHo pacxo^H Q(Xtt) . Ecjih L ofiinaa iipoffHa;eH-
hocte peKH, Torjta- mai® no jpiHHe x^^ p^isi ja^yx pasjnranux pacneTHux
ceioK (-Kci,2) jiaiia ypaBKeHHaMH;

OdosBaaaH. aepeaBni^t («='' » 2) npHtosemitt HesaBHcin.'jux nepe-
'fiieHHHx B sanpafijieHHH x, ToivRa jpw cxewH RzojieHHoro ZHTerpHpoEaHHa
BTopoii CTeneHH TaHHOcm, .ijaHHofi b pac5oTe /2/ norpeniHocTHMH MeTo;[ia
<5y^orar:

®k=R-«nK = '^t(-^fi (k.1.2)
•  " (4)

rj^e C-j aezsBec^aa ;uoaT0fMaa« Ms oooTHODieHHaM (4) jyta k=1 coot-
BeTCTBeSHO "ResS lysoapjo BHpaSZTB BBHaBeCXHpe

G,
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H OJlKOBpeMeHHO :

(6)
Ma ypasHeHM (5) h (6) EHTeKaeT, hto:

^n,) = "2

HoEoe penjeiiKG ma KeHasecTHOli wojkho aanKcaiL e Eii^e JiHHe?j-:o:^

KOMCSzHaujieii peuieHnfi Rn, h Rn^-

Rax2 ̂ . >^2 » + pz ^"2 " 0^1 -^nt+cii *

Koa^HmieHTH h <*2 pac^HTUBaioTcaAGH pasjiHHHHX cooTHomeHiig nj/n,
TaK KRK nonepe^iHHe oeHCKna pyceJi peK nojiy^aiOT nyTew Tonorfja^ii-
HecKKX HSMepeEnSt (cteMOK); npaicTiraecKKii EETepeo npejicTaBJiaDT
tojilko Te ccoTHoifleHH^ E KOTopHX doji^e rpycSaa ceTKa coj;ep3KHTCH e

dojree tohkoS T.e. e cooTHoinemiM 2/1, 3/1, 4/1.

TaQjnina 1

ni/n, ®I <*2

2/1 -1/3 4/3
3/1 -1/4 5/4

4/1 -1/15 • 16/15

npaKTE^ecKH Hac HHTepecyeT noBumeHHe T0HK0CTH."aAicjieHimx peiueja-ig

Z H Gl B ysJiax "t" jtKCKpeTnaaqHOEHOfi cstke, Torjia &tk ysjin

Haxo^iETBca KaK e dojiee rpydoS ceTxe ( n, EHTepEanoE) ,TaK x e du.7ice
TOHKO:^ ( rXi HHTepEaJIOE) o

Ecjik jajvL HHTepsaTia EpeweHH dtum nojryHeHhi ypoEHii h pacxo-
M Eo Ecex ysJiax (ceneHKHx) X£(i=n2+1) pacEeiLi mosho EpOHSEojEtkTE
no cjie^jyiDiaKr^ msaw:

A. IIpoH3BojtHTCfl nporoHKa jyiH MHTepBaaa no rpjrdojii. pac—
HeTHoli ceTKe (c n, HHTepEajiawH). TaraiM odpaaoM, noJiy^aDT n^+l nap
3HaHeH»« dr'' af' >aOi=1.,3' nca^yncHHue pesy^.a

joAepsa^cs b seKTopax (2^ )a ^ 'a •TH C(
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B. Jtstt Toro SB BpeweHz t " j^ejiaeTcs jrpyras npoi-oHKa no
TOilKofi paaHeiHOfi ceTEe .(c =»..«, HHTepBajraMn)« Tan noJiTqajor 02 + 1
nap 3Ha*eH!Eit Uf \c.i='i, 2, 3, 4,..., (oj+l) aHTepsajioB.

B. IIpHMeHaeTca ypaBHeinie Pa^ap^icoHa, cooTBeTCTByHxnee coot-
HomeHHS HHTepBasoB = 2/1 , g KOB^bpOpLeHTaaiH = -1/3 h Oj = 4./3
(b COOTBeTCTBHH C TSldiTIZBefi 1) •

)axi;n2; nj }a ■•■
HcnpaBJTeHHHe ypoEHii k pacxojui noJiymKjT npz noMoimi ypaEHeHES (9)
TOJttKo jpis. ysjioB- (ce^'eHM), EXO^viDiax E ode pac^eTHae ceTKF (i- 1,
3  j c • • > fl2 } e

r. UpHHBMaiOTOfl EeJEEraHHH H paC^eTll BQSOdHOBJiaiOTCH
coEHacHO ByHKay .&.0

CHGTewa ypaBHeHH^ C&H-BeHaHa (1), (2) HemieExijaH anajniTimec-
Koro peaseHiia jyia irpaKTKHeoKiix cjiyHaea,BCTpe-tiaicxiflixca e iipnpojie,KaK
nanpuMep, peior (hjieh pe'^aa ceTB) h peajiLHHe naBOBEOBise eojihh,
HeBosi^sHo pacqBTaTB adcoJi£)THHe norpeiiiKocTB weai^y TonHar.! pe'heHiieR';
3S nojiy«ieHHHM c EpHMeneiaieM btie des npEMeHOHEH aKCTpanojiaiBioHKofi
ceiKH PifEapjxcoHao

Jto onpeE&ieHaa "S^^ktebhogth** upaMeHeHHfi MeTOEa PiPiapEcoHa
asTopH ocyiqecTBiira i«mo»ecTBO HHCJieHBax. iipoBepoKatoiBme, npH-
Mepa iiiaHa oiz^Ha .Hs TaKEX npoBepoK:

- pac^TUBajiocB ^deraHae naBG.imoEofi eojihu na^ yEacTKe peKE
npoTsseHHociMiE) 1oo km. Pac^feiHHO inarH, e HanpaB^eHaa BpeweHK At
onpeBefflKDiGL no MeTOEOJiGiM, ^Eaimofi B padoTe /3/, a b HanpaBJitiHHH
BosHGro noTOKa Axj^ dpaaaoB cyiej^iDiiiaM odpaooM:

a) Ax.|ifc1o»o km; n, 41=11 pacneTHHX ysjioB (ceHeHH^)
d) AX2= 5/,o icm; 02 +1=21 " **
B> A*Xg= 2^5 " **
r) Ax^c 2^0 km;; % " "
k) Axg= .3 vo ^ " "
e) 0^5 km; "
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* ypoBBZ H pacxojpi^ nany^eHHue no nporoERe (a) 2 (6) nepecHE-
^!HBaji2CL no ypaBHeHHE) Psqapnco^, b pesynBTaTe neno 6ujin nojoyneHU
B 11 oOTeHHft. ypoBHir (Zf H HCigiaBT
JieHHHX paCXOnOBo

^(CnO

@ n, -f-l ysAM (KpynHofl cerica)
O "2 (MWMCM CeTKO)

?ac»3 CoTH pacn^ra no HeTony PnnapicoBa

tjf4

f io--t

I  Pho^A^ CpaBHeHHO norpeiDHOCTell npa nacae-
HHOB HHTerpHpOBaHHH pasnHnHHHH Me-

^  TOSBMB B aaBBOBHOCTB OT nBCJsa yssoB

euubr •

METOO^ P«B185M/3« —•—

*■ .

KETCOA EUUER cfr U. ^ J.*""
RtCHAQOSOM

LGIOOA PREISSMAMt CU
RICHAROEDN

G(ftt^ee MMcno pocsSthmx yvioe
■TOttl ■ I t t . . .] I. , I I ■.„ I t I I t I I I « . -t-

so 100 1SD vsa

- SHaneHna nepeo^TaHHue ypoBneft n saTOM cpaBHziiar-
jmcL c cooTBeTCTByxaniMH sHaneHHSMii nporoHKU (b), (r), (ji), h (e).
BittO KOHCTaTHpOfiaHO, HTO XOTH ypOBHH H pECXOnn', BOJiyHeHHIie CeT-
KEMH (b), (r) n (n) oTpeiswTca Bce dojiBme k tom, ^to dium nojiyneHbi
no ypaBHeHHD PznapncoHa, tohhoctb^ nojiyneHHan no nocnanpeMy He da-
jia nocTHTHyra. Tojebko ypoBHH h pacxoj9i» nojiyEeHHue wia nyHKTa. (e)
dojiee TonnH no cpaEHeHHH) c tohhoctlk) no weTony PHnapncoHa.IIorpenH
HocTz pflSL paajuriHHX snaneHufi Ak (jww mara BpeweHHAt) nana na pEc4
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iro .yBiednnleHHE? tohhocth "^cjieHHHx pemGHzfi cHCTewy

ClMir^ (1), (2), xapaKT-epEsyeTcxa 3Hawie;ibHHM cHHse
HBBM pac5e§iiai^ .ys2n>B i^h TOfi ais BucoKofi toehocth
pF{inCTHTil«» Bfegpiji M G oEeHB xopoinHMH pesyjiBTaTaME b
igpaa^Qcypcj^HHX riplpojiorHseoKEa Epomosax, ecjiE b onpeEejreKHHX
' E§THSX^^:CfeE6HaHX HepdXOEiBffil ypOBSK-vB/jUIH pacxojttl BliCOKOfi TOEHOCTHp
KSQC co^ysae dopB^u c EaBOEHOHHaiaH 2 scaax c BasHHWH SammnaeiiiiMii
QdBeRXaSBi «

ilClKXJIBSOEaHEe GOdTHOnzeHEH rij /n^ - 2/1 HWeeT j^snireiyn^Rwpft no
cps^eHES) nC cooTHOineHXKQffl 4/I9 liaK KSK HcnpaEJisHHHe peanfiHHs
nas^^ssys b Kas®OM BTopow pacEeTHow yazie, TOEKoia ceTKHo HonazrLsya

c^o^OQeHEe n2/pj-^-2/i agroiH HanwH# eto npH|fleheHne weTOEa PKEapji^
COHa GgffigaeT iLuxrueiEHOGgH 'EttCJieHHQrO gHTeiypHpOBamrff npHMepHO Ha 80-

->Ste^-no'GpaBaSHHD O'-iioj^eiEHooiHBSH HHCEeHHo^^ HHTerpHpoBaHHH no do—
jEoe ̂KeaiKot, ceam

Xosa J^HHap^coHa hbahj&igh yH^epcaj^^ B noBHineHUH toe
H00®H pei0e^^:?Htoeteoip^^ to m- : omxBraaiiEHO. . pejEco
^HpaE&3P3^oH B I80 padoTax
eg a^roasaEHKe ^-HaasogaiBHSx u MessyHapoEEHx) eg .jHoderaHHio rrai^mpcfv-

■S6EX BOJIH HP. peKaas^^^^.^ ECTpe!toH HH -PJ5B0S C.CHJIKII HE EpfflVieHe
Hue 3!Poro Mero^ HdHHinaHtyg ^eohhoote HHCJieHHax penieHHfio

j  i -T y.i» ;A

'fespaoi^s rdt -eofijptttatlcmal iftver. hydraulics ♦-Pit tman

2V
•^is3pl^C5faM-s-dcBagan^ ."^yodc'ovih voln v gi—

JA CoiLferihtiE vde prcgaoze
ca.- diis^ere, •
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Xiy EOHOEEEBUBH IIPHJJHAiiGK^ CTPM HO rJIBPOJIOrMHECKlIM HPOPKOSAM
1588 To

OiiaKKa -^^HOifR^neo^ :a$i|0KTiffiflocsH THSPoaiornqocKBcr
/npoTH&aoS a B'sscuis^e ot ̂asoKHeHHfi

- -Hfiirosif*! So
Pecnyojiincai»KiiK-^^^Tgp|03iorHqB0Kn^ aaqiHicys G CepdHH

jSSBSSMESa? DF- ECOKOffilC BPPICUsNCr OP HTDROLGGICAI PORBCASTS
HJ BLOOD IRO!DBCIION AC!CIVia?y

Jankovic Do EoYacevic Ho

Beograd, Ytigoslavia

PSSiQiffi

3 CTaTbe pacc?4aTpHBaK>TCH HeKOTopae opraH^satiTioHHwe xapaKTe-
pHCTHKH CJIjnsd 3.3JEHTH OT HaB©HII0HITJI M rH!ipOTrP©rrI030B tiaC—
TH .TeppMTopwH CP CepduM HX BBam/ooTHomeHWH, .AHSLTnraHpyroTGH
saTpaiH Ha PH^onporHQSH h npjfdHJib / SHpa^eHHan Eai: np^oe
cdepeTveHHe aarpaT samTy b nepKo,iw nnjroBo.awii /. Ila ocho-
BaHHii peayjibTaTOB btmx anaiiHsoB JieJiawTca bmbot^j •© bkohomh-
qeCKQM 3'^>-eKTHBHr)CTH PiTpcnonrHosoB, B'TTprCK-ae^COC ;^.r[H HaAOdHOC-
TH 3an(>rPLT OT FiaBO.nrfSHHrio

•  •

SUMMARY

The papei' cc-nsiders ̂ oine of the characteristics of flood
protection and flood forecasting services in the Socialist
Bepublic-of Serbia arid their interaction. Costs and direct
benefits 'of the forecasts have been analysed, where the
direct benefit is expressed through the savings caused by
redused costs of the flood protection tReasures due to
timely and 'irefiabie flood/forecasts. On the base of thise
analysi^oonclusions have been drewn nbout economical
justification of the forecas^ts needed for flood prevention
activities in Serbia.
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SHayMTejibHafl yacTb TeppMTopMM CP Cep(5MM HaxoflMTca noA
yrpoaoK soaMOJifHHx HaEOAHeHMft. Kax npaBuno, pewt HAe? o cawux
KaxiecTEeHHbix cenbCKOXosflKcTBeHHax soKax, EasHefluiMx Tpaccax

nyreft coo6iaeHKSi, npoMurajieHHUx M ropoACKMx aoHax , HaBOAHeHMBx b

KOTopux EbiauBatoT ConbiDoi^ yoiep6 HapoAHoro xosflWcTEa m yrpoHcaoT
KM3Hb M 3AopoBbe HaceneHHfl. IlpBMOfi ymep6 p cpeAHeM AOCTKraeT
1,2% HauHOHajibHoro aoxoaq. IboTOMy, pssnMtiHhiM weponpuBTMBM
no sanmTe ot HaEOAHeHnft yAecaeTCE sHawMTenbHoe BHnwaHKe: se-

Ayrcfl 6ojifaiDMe perynBi^HOHHue padoTH, cTpOATcp HOBue h yKpennfltoT-
cfl cymecTByiontHe samHTHue AaMtSa, EKTiBDxiawTCfl b sanjKTy HCKyccTBeH-
HLie BOAOxpaHMjiMma, npMHMMamTCfi MHreHCMBHue Mepu no KOHcepBa-

i^KM nouBU , coBepineHCTByioTCfl opMAH'^ecKHe weponpHnTMB h noc^OAHHO

noEhimajoTCfl' Tpe6oBaHMB k cnysiCe rMAponorH^ecKHx nporHosoB.
IlpeAMeTOM HacTOfltaeft paCoTH BFJipeTCfl anajiMa bo3mo*hocth

oqeHKH 3K0H0MM^ecK0ft 3(i)^KTHBH0CTM rHAponporH030B, EnnycKaeMMX

KCKJirotlHTenbHO A^^^ HaAO^HOCTH aanWTH ot HaEOAHeHHl^ • B TaKOM
aHa;iH3e , necoMHeHHO , neofixoAHMO pBeAeHwe psAa ynpomemrii , t.k.
npaKTHtiecKM HeB03M0»H0 onpeAejiHTb Bce $ifHaHC0Bue 3$$eKTi>i tha-
pojiornqecKMx nporHOsos. Ho A^ia Toro, *!Todu npKftTw k KaKOMy-nwCo
BHPOAy 0 3K0H0MHxiecK0M 3$(|)eKT!iEHocTH rMAponporH030E, Mcnonbsye-
Mux B aa'mMTe ot HaBOAHOHHfi , HeortxoAHMo EHaqane onpeAejiMTb EsanMo-
OTHonieHMfl cTiyKtJH, Hecyqei! o6mecTBeHHoe aaAaHHe samHTbi ot KaBOA-
HeHMft M cnyjKCti rMAPonporHoaoE.

3AIHHTA OT HABOJIHEHM M rWOJlOrMqECKME IlPOrHGBH B CP CEPBHH

SatOHTa OT HaBOAHeHHft BoanaraeTCB Ha pecnyCnHKaHCK.VE) k
pernoHajibHbie caMoynpaBneHweeKMe opraHMsaAHM boahopo xosjjRcTEa
/OOBX/, MaTepMaxbHwe cpeACTEa Ana BwnonHeHHfl sToro aaAaHna COBX
HanpaBJiBKT na cTpoMTejibCTBO hobhx h coAepKaHnio cymecTE:v'iociiix sc-
aiMTHHx o6-beKTOB , HenocpeACTBeHHyw aaniHTy OT'naBOAHeHU?! e yc-
JiOBMBx noBBneHHfl nonoBOAwa a Ha HccjieAOBaHMH b stom o6jiacTM,

CoAepmaHMe cymecTByioniKx aaniKTHhix od-bexTOB h HenocpeACTpeHHyio



saiqHTy ot HasoflKeHKR pernoHa/ibHae OOBX nopyqaoT cneu^ianwsMpoEaH-
HbiM npe;inpK«TMaM nyTew KOKrpaKTa. CjiyrvSa PH^^ponorM^ecKKx hsG'.ik)-

onoBemaHWa h raAponporHoaoB nopyqasT Pecny<5nHKaHCK0My
ra^MeTeopoaorHqecKOMy MHCTHTyTy /VTM/ , BajfcHefeiae ofiaaaHnoc-
TH Bcex yqaCTHMKOE HO SatOHTe OT HaEOflHeHHfi yTBepHUiaDTCfl roflo-
BUM HjiaHOM SfitOHTH OT HaBO^HeHHfi.

CiryK6a rHflpoMeTeoponorHnecKKX HadaBAeHMt^^onoBeiqeHiia h
nporacaop xax JieaTenfaHocTb mHpoKoro odc^ecTBeHHoro 3naq«FMa
fHHaHCHpj-eTCfl (SoflKeTOM PecnytSflMKH. Me«,uy Ten , oSien ASKTeab-
HOOTM 4»,HaH0Kpye«nH (SweTOM , HeysoBneiBopflex Bcex c^e^H4,HT,ec-
KHX T^CoBaMfi paaniWHHx noTpefiHieneR rHflponporHoaOB, b tiacTKoc-
TH H COBX. flonoBHUTeBbHue Tpe<S0BaHHB, KaK B CMucxe noBwaeHKfl
^cxa nyHKTOB HaOauaeHKfi n nporHooTMuecKHx npo^watiR , xax v. e
CMHC^^acTOTH EliiiyoKa BHfopMai?.a H nporHoaOB h , pen-oHaai,-
HHe UUBX onxaqMEafflT Ha ocHose rcAOEux KOHTpaxTOB c FTMK ^
*1X0 KaoaexcB aHasiiaa 3KOHOMn<jecKo» 3$$eKXHBHocxn rnflponporHo-
aoB, 3IH opefloxBa b flanaHetoeM 6y«rx OHHxaxbcB aaxpaxawH Ha
rH,iqponporH03bi fuia noTpeCnocTM 3an|MTH ot HaBojaHeHHf!.

^HancoBHe cpe^cTBa, KOTopae perMonanbHae COBX EannauH-
EaDT npeflnpHHTHHM, npoBO^^BiqMM HenocpejicTBeHHyK) aamuTy OT HaBo;iHe-
hhB MOKHO paaaejiHTb hs flee qacm: nepBjro tiacxb npeflcxasnflex
oo<So« $HKCHpoBaHHafl cyMMa , Koxopaa BsnnatiHEaexcH aa BKioBHeHHe
nnaHHpoBaHHHx paOox n He npefloiaBasex HHxepeo c xowkh openHs
HacTOHnero aHajHsa; Bxopaa «aoxb BKnaatiBBaexoa xoabKO xorjia,
Korfla npeanpKflXHe ehboahx M0xaHH3ai(nio u nofleR Ha ytiaoxoK peKH
B i^enax npoBeaeHHs MeponpnflXHl5 HenoopefloxBeHHOft aamHxe ox na-
TOflH^R H 3xa cy-rfMa ocoiBexoxEyei $aKiK<iecKHM saxpaxaw npeflnpHs-
XHB. Bonpoo 0 npHHHXHH HsnocpeTOXBeHHoR sa-wxe oaytias KOHKpei-

® PyKOBOOTxeab aaomxoR,OHOBG HH|opMaipiR 0 rKflpoMeieopoaorM«ecKHX ycaoBHax e pe«-
HOR oexM H (SacoeRHe h nwponporHoaoB . noaxowy OOBX Moryx caKO-
HOMHXb onpeseseHHHe cpeflcxBa HCKHDtjaH HenoxpefiHue MeponpHBXHB
no HenoopeBoxBeHHoR samHxe . Bxh opeflcxaa mokho oaicoHOMKXb Snarofla
ps HaflemBffl! rHflponpomiaaM « b, flaabHeflmeM axM cpeflcxsa (Symrx
CqHTBTbCB ESK "npMfiHHb" GT rHflponporHOSOB.

B ̂ exflx HajtesHoro onpefleneHHjj npHdunn ot raflponporHoaoE neodxo
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AMMO onpeAejiMTb ycnoBMH, npH BfanonHeHHn KOTopix npeAnpHHTHe o6H3aHO
6mjio 6bi EtittTK Ha onpeAeneHHHM ceKTOp peKw, ec^H 6i£ ne 6uno rwA-
ponporHoaoB. aToro oCcyAHTb rMAponorMwecKMe ycnoBiiH,Tpe-
CycmMe cnpeAejieHHhix AeJtcTBHfi b i^enflx aamMTn,

B aaBMCHMOCTH OT ypOBHett boam b pycne na paccMaTpMBae-
MOM ytiacTKe pexM , onpeAejienu abs iqpMTMtiecKnx anaTieHHa: nepsoe,

KOPAa ypOEHH AOCTwraiDT anaiieHHa tob. "cocToarafe roTOEHOcTM";

BTopoe, KOPAa ypoBHM AOCTMPafflT anatieHMe "cocTOflHUB nenocpeA-
CTBeHHoJ? aamMTH". B ycnoBMflX,KOPAa ypoBHH Esnne , cnywCa
PHAPonpoPHoaoB pa6oTaeT b c^e^Ha^bHhIX pejcMMax. Kopab no.npopHO-
aaM npeAycMaTpHEaeTCfl noBbnneHMe ypOBHepr^j , npeAnpHBTwe eu-
xoamt Ha KOHKpeTHuii ywacTOK m npeAnpwHHMaeT npeAnMcaHHae Aet^-

CTBMH.

OtieBMAHo, ̂ TO pePHOHanbHue GOBX aanHTepecoBaHH nonyuaTb
HaAescHhie npopHoaa no AByM npjwuHaM. Bo-nepBHx, ito6u oCecnexiMTb
6naroBpeMeHHoe npMHBTHe Mep no HenocpeACTBeHHOi) aaimiTe h ,
BO-BTopHx, *rro6u HadesaTb aaTpara, BHTeKann^e wa HenoTpe6Hux,
a npeAnpHHHTHX as^^ctbhW no HenocpeACTBeHHOit aan^iTe. |

Ho cyiqecTBy , PsaEHafl oCmecTBeHHan npHdanb ot PMAponpoPHo-
aoB M nonyuaeTcn ot topo, ̂ to oCecnemiBaoT dAaroBpeMeHHyo aanjiTy
HJIH ABDT BOaMOJKHOCTb OBaKyaUHM HaceneHHB M ABHXHMOCTi!, KOPAa

OT HaBOAHOHMfi aamHTMTbCfl HeAbafl. OneHKa aTOtl npHCmm bhxoamt
aa paMKH nacToamepo aHanwaa. SAecb npMHHMaeTbca ppyCoe ynpotqeHHe,
qTO aTa npMduAb HBnfleTCH peay«bTaTOM TOfl tiacTH cnym6u phapo-

npopHoaoB, KOTOpafl $MHaHCHpyeTCfl CoAseTOM pecnyCnHKH. JlpMCMnbio,
KOTopaH CyAeT conocTaBJiBTbCfl c aaTpaTaMM Ha npoPHoaa , Aantme

CyAyT ctiHTaTbCB TOJibKO cCepesceHMB COBXj flBnflDOiMeca xax pe3y;ib-
TaT ii36e)KaHHa nenoTpeCHbix Aei^CTBMft npeAnpHBTMa Ha nocpeACT-

BOHHOfi aaniHTe. ItexoAfl ms othx cooCpajiceraift, yncaoM npeAynpewABH-
HHx BHxoAOB npeAnpHHTHfl CyACT cyHTaTbCB yHcno noBBMBniHxcB nono-
boahK, ypoBHM KOTopux npeEumaflM H4 , yMeHbraeHHoe na yncjio A6«-
CTBMTenbHUX BbixoAOB npeAnpHHTMB B paccMaTpMBacMOM nepHOAe

BpeMeHM.

CCepejiceHMs ot oahopo npeAynpesACHHOPo buxoab CyAyr onpe-
AeneHu na oohobc ashhux o AeficTBHTeabHtix buxoabx b paccMaTpMBae-
MOM nepHOA®.



w

46

3KOHOJ!iraECKAfl ciMEKMOCrb ri?!FOJIOrjffSCmX UPOriiOSOB

SKOHOMHxiecKa/, a^eKTHBHooTb r«flp=nporH03c,E a.w HaflofiHoc-
osyKSw saaw™ ot KaBoaHSHMfi, hcxobh Ha npe;«DecTByr,ii5,x

paccyaweHKK , mokho onpeflejiJiTb no BBrpaseHHKi

P/G = (Npv-n^^) c.,/c - 1 , / I /

nonr-Tor /cSepeKeHMe/ ot rHflpor.porKoaop; a-^eHa*■ " ' EHMavKsaeMas perHonajbHui-i iJOBX PrMH-
npe;,npHaTHH;np,- ^^cno $.aK-.TMUeCKHX BHXPflOE HP,- CTOHMOCTb OflHOrO EKXCJ^a.

%o6h nosyuHTb Ha^esHHe oueHKii N'^,, n,., „ c,- paccMaTpn-
TarKM^air^ pePHOHOE aa nepnofl 10 bet /I978-I9a7/.Tab KaK 3Ha<.e»;H C, h C o^eHb chebho BapbHpy^T ot rofla k rL

Kaxo^oro ro«a oZe.e..n-l coothL
nepHOfla! * ■ cpejtHee sHstieHMe flnn paccMaTpnBaeMoro

MHX Ten!!™ sHaTeHHH tacoMaTDHaae-

%°IIZh^J7" pepHOHaB;b:!rSEr!!y;iVEBHl; ZZZZ
B™-aL KOTopbie npHfiBHaHTeBbHo E 17 paa npe-Bmaz>7 Hx saTpaTH Ha $HHaHcHpoBaHHe rHnpoBorHTecKHX LphLob.
3#eKT^!!^' ^ PMflponporHoau OKOHOMHHecKH oveHb
TO nnnn ^P^^l "H OCTb CepbeaHHe COMHeHHH E TOM HTO
To!^!f ycneiBHoW saqHTH ot HaBOflHeHHi? H E
3T0K BuroflH. ^ " "P''®'"'3KTeEbHy!0 oueHHy
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ny KOH^EHmw mwHAiicKHx cteah no nroojicninEcia^M nporHoaAM
(KiseB, 1988 r.)

0 ̂cjieHHOM BoccsiafioBJieHBz AOderdHHs Bomi no pycjiaM pen

Heipy UlepdaH, Koptfym,. HHOTKiyT MereoponoiTHH

H PiUQioJiorHn, ̂ xapeci,

Contributions to the computation of flood routing
alonfe the riverbed

Dr.eng.Petru Serban, eng* Corbug Ciprian

Institute of Meteorology and Hydrology

Bucharest,. Romania

EESmE

Knaccn^ecRHfi motoa MacKEBparm EcnonBsyeT TaKoe cooTHonie-

Hse Mes^ziy pacnJiacTUBaHHeM e cnBEPOM naBonK^ no pycny, KOTopoe

He CQOTfieTCTByei onpeAe^eHBHM peajiLHUM ycjioBEHTyi, Kaic, Hanpmiep,

RoderaHEe naBOi^ROB nc aaTomifleMHM no^aia. Jium ycTpaneHEH btkx
HenociaiKOB, nponeoc j^cderaHHs naBonKOB no pycnaw pacoMaipE-
Baercn npn noMoujn reopEH CHOTeM. Jinn aToro ojapenejmjnrcL Henpe-
pBiEHHe H jnJOKpeTHHe $yHKHKH nepeHoca Ha onpeneneKHOM pennoM
yMaciKe (cHCTeMa £5acKHHraM-oro lEna). Jinn naHdcJiee npocroro
onpenejieHEH flsyx napaweipoB cooTHonieHEH T n 0 dHJDi oooTaBJieHH
nsapado^HX rpa^ttoca, c zcnoJEbsoBaHEBM nanHHx, nonyneKHHx iia PHnpo-

MBTpHHeCKHX CiaHmiflX, EpBflnOSeHHHfl MBTOn dUJI npOBBpBH Ha peKB
Enoamne, npH npornose RoderaHHH naBOflKOBBK bohh wesny pEc^poMes?-
PZHBCKEMH CTaHinWMH KOMBpeHB H GnodosEH, rRB pB^oS ynacTOK
EMeer oneHB npoxHseHHyi) saronjiaeMyK) nofir^ay. SKcnepEMBHiH noKasaJiz,
HTo axor MBXon naer ohbhb xoponme pesyjiLTaTH npa BocnpoESBene-

HHH JIZHefiHHX npOHBCCOB noderaHEH naBOnKDBHX BOJIH no peHHHM
ynaoTKaM c nporaseHHHMH saTonjineMHME nofiMawH. .3rE pesyjiBTaTH
nojryHBHH b ochobhom dnaronapn yBBjniHeHHE) odJiacxn KonedaHEH
Koa^^^pEmaeHxa saryxaHas 0 or 0«-0,5 flo I).
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'  Abstraott

The classical Muskingum method introduces a fairly rigid

relationship between flood attenuation and translation

through the riverbed, which fails to satisfy certain practi

cal situations such as flood routing through rivers with

- large flood plains»

In order to overcome this disadvantage we shall approach

the flbod routing process by means of the theory of systemso
In this respect uhc continuous and discrete transfer func~

tions specific to a river reach were "determined (Rfuskingiun

type of system).

For an easy accurate determination of the two parame

ters of the transfer function T and Q two working graphs

were drawn using the data recorded at the river stations.

The method devised was tested on the lalomita river in

floodwave forecasting between the river stations Cogereni

^d Slobozia where the river reach has a wide floodplain.
The experiments showed tlmt this method yields good results
in simulating non-linear floodwave routing along river

reaches with extensive flood plains. These outcomes are

mainly due to extending the variation range of the atte

nuation parameter Q from © •# 0,5 to (-00^ 1)^
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/iOKJlM

1. BBSJIEHKE

Otihhm h3 MeTOflOB, ^acTO i'icno3iB3yeMHx B npaKTime TioCeraHMH nasoTi-

KOBHX BOJiH no pycjiaM peK, HBJineTCH MeTO^ f.^acKHHraMa, paapadoTan-

Hui? MaK KapTH /6/.

Stot MeTOTt, B cBoeti o(5HnHoK (JopMe ocHOSHBaeTCH na cjie;ayromMx

ypaBH8HHHx:

- ypaBHeHwe CecnpepHBHOCTw:

(1)

- ypaBHenwe nepenoca b y^pomeHHO^^ $opMe:

l/=n0O^+a-0)0rfJ (2)

WHTerpiipyn ciicTewy, cocTORLiyio na ypaBHeHHvi (1) h (2) c no-
!.:oinLio cxeMH KOHenHHx pasHOCTeii Sfijiepa, nojiynHM:

or'=c,9S+CjQ;''+Cjo;

re+f ^ £^-T9
(3)
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CO

B KaqecTBe o(5o3HaqehK^ zijih ^uaeyKasEHHiJx. ̂ opisy.T, HcnojiBsosa-
JTKx/B CTfOnHBJnK^ICfl VUlVl STSpaCXOJOBaHHIjR OCbSM Ka ywaCTK6 p0KM Q n
Qd- pacxoa npsiTOKa hjih oTTOKa na y^iacTKe peKM;n, n + / - woMeHTu
BpeMeHB; 0, T - napaweTpa; At - inar no BpeMenH,

JfcJiOBiie CTaCwJiBHOCTn pemeHRn (3) ciiCTCMa (1-2):

(5)

C apyroi! ctopohh, Koatpii^wimeHTbi , 03 h C3 us ypaBKenHH (3)
aOJIKHH (SblTB noaOJ^HTeJILHMMH C SUSMneCKOf? TOnKIl SpeHKH. IjDirrfHMan
3T0 ycjioBne, nojiyniiM aBOSHoe HepaBeRCTPO

276 ̂ M42T(f- 6)

npeacTaBjieHHoe na pp-Cci;

At

Tc

(6)

2A
oCaacTBaonycTHKafl aan
napaMerp'oB ypaBHeEHH (1^)

ofi:

oCaacTB
aonycTHMan

napaMeTpoB

ypasHeHHff

(3)

■VCV777-\W
B  0

TTTTvr

Pec.1 JIonycTHKKe npeaejiK aan na-
paMeipoB ypaBHeHHH C3)(///)
E napaMeipH ypa3KeEH(14)(;//u\)

0.6 0.8 1.0
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MeTOj NiacKHHraMa b CBoeK nawajiBHoW (|)opMe bhocht r^ecTKyro aa-

BWCHMOCTB BpeMeT!H so6eraHiTH Dp MaKCHMajiBHoro pacxoaa ot ero aa-

TyxaHHH A, TaK KaK coxpaHHH nocTOHHHtn^ napaMeTp T(cooT3eTCTBeH -
EO Dp) HaweHHri 9 b npesejiax, .nonycKaeMHX cooTnonie^TweM (b) mo-
HHO ncjiyqMTB HcaKaMHTSJiBHoe aaTyxanwe MaKCHMajibHoro pacxo^a b

pactjeTHOM ceKTope (pwc.2).

0=0,5]
.OojQi- pacieTHHB

Qi-HSMepeHHsa

0  20 40- 60 80 100 120 140 160 160 20;

Piic.2 JoderaHHe naBOTOca no y^iacTKy peKn

3T0 HB.TIHeTCq HeTIOCTaTKOM WeTOBS, eCJIH yqRTtnsTB TOT ISK-, '?T0 B
onocBejieHHL'X CHTyanwHX, BeTiCTBi^TejiLHCc aaTy::ri'7MP (p!cc.?) '-axe,' -
MajiBTforo pacxoTia movtgt irpeByc'^T'B oacveTHoe

, JloyriTi' HeBOCTaTTcorz vgtobq PacK:!'i?a:.:a ^r.^JiriOTCP to, ''.to npi;
STOW weTOBP Be cox'naFnOTCR oOBef/. naBOB.'ca, Koraa napuV-eTp T c-i'—
TaeTcn neocMeHHUi.: b aaPi'cr'.'ooTTi ot racxoBa.

ycoBepiiieHCTBOBaiTBe !.:eT07ia aBTopaw^/i-?/ .-^'acajiocL,
vjiamuu odpasoii, BonpocoB onoeziejieHXR naoar^eTroB yoaBHenna llrx-
KiiHrar/a.
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Jajfoe onKCHBaeTCH cnocod ycoBepEisHCTBOBanirfl k*ST07i.a Macfc^nra-
wa, ̂ To-SSeT BOSMOKHOCTB Jiy^jtaero M5!Cji<=HHoro BC3npoj?3Beji3HHrt paa-

jTH^Hbix npaKTiT*ieoFCHy cjr/^aeB aoceraHMH nsBosKOB no pycjiaw pefc.

2.. AHAM3 UPOUBGCA 20EErAff/fl 110 TEOPMK GIACTSf^.

•'nose;zj6?ip:e ps^Horo ceKTopa c TonKii spefii-iH soCeraHKa naEo^iicoB woh-
HO cpaBHHTB c JiMHaHHOi! cKCTeaoi? TiTira I.!acKMHraM/3/, (pwc,3), jai:-
.ho!i ypasHefineM:

T-f - 6)^ + (>d-Qa-re^

nojipjeHHof: ns KoMC5HHaiWH ypaBHeairi^-(1) i? (2).

(7)

Sis fern Muskingum

Phc.3 JlHHeftHaH cHCTeMa THna MacKHHrau

3>yEKUKn nepsHOca cucTeiiH H(s) bo BceM o^JiacTH noiiynaKW nyreM npn-
KenenHH TpaHCfopMPipyamafi JIanjiaca ypasEeHKH (7)

HCs) = -il« —L— ^ f j _
X  i+t(1-9)s ;-a'I

1 ■V (s; mi-9) S+—L
L  ̂TO-9)}

TTie: y Jlan-iaoa npeoopaaoBaHiTe Bxc-aa (Q^) ii cooTBeTCTBeHiio (Q^)
BHxoaa aHajiiTSHpyeMof^ CHCTeMti, as- Ko?/nv^eKCHaR nepei.!eHHaB.

^jyHiciiiTio Trepenoca cpicTeMH h(t) b oCjisctb Bpe?/eriH no.iynaiOT ny-
•TeM irpKMeneHHH npaoCDaaoBaHMB Asiriraca, o(?paTHoro ypaBneiiKK) (S'i:

(9)

TTie d(t) ^THKiiPin HiTpaK^
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fljiH onpejeJieRHH (pyHKUKW nepenoca h(t,M) npM nposo^iKHTejiB-
HOCTPi BxojHoro WMHyjiBca B CRCTeMy At , ncnojiBsyeTCR ypaBneHKe:

At

rae S HHTerpajiBHan KpHBas ochobhoR iynKquH

t

S(X)^ 5 = 1 - yZq ®
T

't(T^

Ecjih:

0 ̂ t4At

Ecjih:

At 41 <oo

(lo)

ni)

(12)

(13)

EHTerpnpyn ypaBHennR (12) it (13) no wHTepBajiaM BpeKeHM At
MOKHO nojiynKTB $ynKmiio napanoca if (j, At), BfirparaHHyio ajiaMeHTapiiHi—
MM e^HHunaMiT oC-BOMa

U(jyAt) =

T

J=T

At dAt^[l-eTir-wJVrW j=2,3
(14)

SaaaBan ycJiOBne, nTo6H opTiRHaTLi ^ynKuwH nepCRoco Cl-j,:-; ncjio:":'-
T8jiBHtiMH H weHBiue ejiHKimu, HojiynaioT yCJIOBHH (piic.l)

At At
e < ?+ < 1

Tin('-fj

e<i f>.f

(15)

I>^oy.HO -saweTHTB, RTO HpiT npiriieHeuKH TeopniT CKCTeM gwanaaoK

EapnanKH napaweTpa 0 yBejiMMiTF-asTCR ot /O t- o,5/, b cooTBeTCTBnn
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c ̂ OpMyjflOti (5^, ;ZIO /-« -rl/, qTO yBejIH'qHBaeT B03M03KH0CTK MeTO^a
MacKHHraMa.

B C00TB6TCTBHH C TeOpHGi? JIHHeKHUX CHCTGK BUXOfl M3 CXCTef.'H
flaeicH cjiejiyiomMK ypaBHeHwew:

*

^f« = Jo,(t)/>p-r,«,(r)]dt (16)
0

EcJIM BXO^I H BHXOa H3 CI^CTeWbl WSBeCTHH Ha ZHICICpSTHUe HHTep-
BajiH Bpe?j!eHw, ypasHeHKe (16) npKHiiwaeT Bii;it:

(17)rse. opaKHSTa bo spewH rwTiporpaifta OTTOKa ks ceKTopa
peKH; HaUAt) - cpeaHwH pacxoa npi:TOKa sa HHiepBaji i , KOTopiJH
Ha^HHaeTCH b woMeHT lAt I ui - oTBeTHan Q^yHKirHH cHCTeMbi Ha eaii-
HHHHHJi HMnyjiBc oaHopoflHO pacnpesejieHHhii? B WHiepBaji At.

3. $M3MtJECK0E 3HA^EHI4E ITAPAWETPOB

Mn BEiBeTieHWH ^KSH^ecKoro sHaqemiH napswoTpoB T h 9 }.!eTo;ia !^ac-
KHHraMa wcnojiBsyeTCH ypaBHeHwe (2).

Ec:ih CHHTaTB SBWKeHiie bo^h no ynacTKy peKH (£la=^c/ =Qo
6=0) nocTOHHHfciM no ypaBneHMio (2) k?okho nojiynKTB

T=X
(18)PAe Qo pacxoa, cooTBeTCTByraiimK nocTOHHHOMy nBimeHK'io. B 3tom cjiy-

napaiffeip T npe;5CTaBjiHeT coCoti npo7ioji:^ciiTejiBHocTB nepeHOca.
p SJISMGHTapHOK MacCH BO^il Ha paCCMaTpWBaGMOM ynaCTKG PGKH B

nOCTOHHHOM pGKHMG.

Eojh nepeHoc boju HenocTosHHua (Qa*QditQ,o h 0 = 0 ), Tor-
a3#

7=CcD, (19)

rae Cs KoaffHmpHT nonpasKB, saBHOmnHfi ot napataeipa 0.

pac<!eTH^ $opByj^„apa^eTpa BraeaeHHH CBeayraMx
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0= 0, -

2  (2o)

(21)
pypaBHenne (2o) noKastiEaeT," mto napaMCTp e coctoht hs asyx

MJienoE. rjepBHM lijieK nB.iirieTCR Koa^^HmTeffTOM, roBopirr o ir:opi.!e Boa-
Kov? nopepXHonTi-T, IT b npc~c-^ax ot 0 jio 1, a HTor-on
- (■■yuKHHH uiTc.ia "icapaKTepnux" yqacTKOB peKii, aa icoTopwe nojipaa-
TiRJiHeTCH paccKSTpr-'BaeMun cbktod.

Hob I'xapaKTepMHM" yqscTFCOw ^02^pa3y^^eEaeTCH vMacTOK peKK, na
KOTOpOK CBH3b Me'-^y CICOniTBinilMCH H3 yqaCTKB OCbeJ-TOL' VlT OT'^CqHVTrj
pacxo;no7.- nptiC^JiiTapTeJiBHo jiiTHeiuia, 3to aaaqiTT, mto "xapaicTepi-i-::/"
CeKTOp DBKIT BeseT CeCH, KaK JTHHeuHOe BOaOXpaHII.THIire, KOTOpO
ro e = 0 H Qo = Qd.

ypas-ieHHe (21) noKaatiEaeT, qTO Kor;qa npoTHKeHHOCTB " xapaK-
TepHoro" yqacTKH L npeBbiuiaeT npoTBHenKOCTB peqnoro cexTopa xCcxy-
qaii, BCTpeua^^nircH aa xcpoTKi'X yqacTxax, p;;cno.jo--.eH;i;.;x x
Ho:'; 30He) naparrsTp 0 xo-'jt npuHMMarB 0Tpi:u3TejiBHije BKaqeHHB.

OcTa.7iBHHe oG^BHaueHiiH b ypaBHemiax (2o) n (21): h„- cpesHHH
rjiyGMHa Bn.Trbi, vk.yoh psq.qoro ceicTopa.

I'BoriTe iTccjieTioiiaTeJiii liaauBajoT 6 napaj.ieTpoi.i aaTyxaHirfi, ecx::
yqiTTLTBaTB, BTO e KonpOYHDyeTCH C yK.TTOHO;/ ;iOV{f5lTHI,T, KOTOpLX":, B CEOn
ouepe^B, oiTaabiBaeT Ejii^fTMire iia aaTyxaane MaKoxf/ajiBHoro pacxo.ie.

U, MyBCT3i';TElILH0:^TE n/iPAMRTPCB K BJIPflHEE IP'TBFBAJIOB
JinCKPETPHAUlII'i

Pacci.TaTPKBajiCR yqacToic paicr Oea npriTOKOE npoTai^eHHOCTLH? e
7o KM, Ji.np iT"yqcH!'^a MyBCTB;*Tp.yEHOCTK nanarPTrr-p., pem -
saHiip ypaEHeHHiP (lA) k (i?) PunoEBflPMCE HeCKoxr-Ko paaxeTCB 3"-
Tyx'aHK^^ c yqe-^OM sevx Ti;noE rp^BorpapoB nppTOica c ojTTTpaKOBL'M
MaKCKi/axBHLJw pacxosob' n ps3x:;mhip.;i: sHaqeHPBMM napareTpoE.
npPToqHoro rnxporpaifia onpesexHJica noKasaTexeM "aaocTpeHHOcn:"
npTiporpara AH, saHKUM ETopoH npoiisBoflHoR, pacpnTaHHofi zixh nxKa
naBOTiKa
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npMTowHMii rnflporpac|)

1=20

T=3G

(rrf/^

140 150 180 200

Pmc.4 HyBCTBHTe^HOCTL napaKCM'pa T
jiJiH npnTO*iHoro rnaporpa$a
AH = 10(6 =0)

npuroMHbiM rMflporpoc|)

0 = 0,9

= 0,5

8 = 0,0

0=-Q5

Pkc.5 HyBCTBMTejrBHOCTB napaweTpa 0
jlJiH npuTO^Horo rwaporpa^a
AH = lo(T = 2o qac)
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- 20t Qt^^t

6i^ (2C)

AHajiHszpyn iio/ijTJbKHKf} peayjiLTaTK moxho c^[e.'5aTL cjeflynuise,
HawOoJiee BaxHHe buhojh:

- najjaweTp T OKasuBseT o^eHt CHJisHoe vi^jifRHKe hq .7«2iporp&!ii
0TT0Ka(piic,4). HoaTOMy, a TaKse c $Hs?.tiecKC$i to^kh 3psKi»a peKO-
weH^yeTCH cM'.!TaTL ere nepeweKHdw 3 saBiici'iMocTK ot pacxoAa, c.t/-
Maw, icoFTia ^annHK MeToa coxpaiiHe? oC-bew npiiTO^HoM bojjhm m nosso-

jiHeT iiojiyxiMTb MHOsecTEO TVfi:OB fljiH OTTO^HOPO Ti^^iporpacfia (pnc;,6);

npHTOUKbiM rMflporpaqfc

Phc.6 B:ihrhw6 Bapnannsi napanseTpa T
Ha OTTO^HKK rK3porpad& (6 =c,AH=lo>
B saBHCHMocTH OT pacxosa

- naeai,!5Tp 9 ?:a CTTOMHy« nriipoT'pa.^
yco3oeneHCTEOBaHi7e ?.!eTorri ?/acT:;'tTT'a?.':a - (xrc''cHHe -■•a-
naaopa hairr:aiu^ii nsp.iMeTja r gt (C -h o,5) ao ( i) /i,fter roa-
wor.HoCTb 'jfi-rpoFcero nDKv.enoHnn a?oro K^eTozia npvi 'MHcjienHCj ' bochdo-

HSBejieKKM TirtoraHMFt xsBcziFiCBbix bojiK no pycnay. pcK;
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'  - ycoBepmeHCTBOBaHHHi! weTOZi MacKHHraMa BoaMOKHOCTB bo-
cnpoMSBeaeHWH npw noMomfl ^cjieHHoro pac^eia soCeraHUE naBonKOB c
ocTpuM nuKOM, KoTopHe oc^KTHO saTyxaioT (^biCTpee, Mew Oo-iee rurocKMb
naBosKiT,

JlJiH Hsy^ieHPTH BJiJiaKHffi HHTepBajioB ziHCKpeTHaamTH Ha MHTerpupo-
BaHHe ypasHeHHfl MacKHHrawa npeaJioseHHUM MeToaoM npoBoaHJiocB nec-

icojiBKO pacHeTOB aoderaHWH npHTOHHoro rwaporpa^a c maroM, nepe -
MeHHUM no speMOHH H nOCTOHHHHM B npOCTpSHCTBe (Ax = lo K?.*-) » M'^0
2I3R0 B (TaCJiime 1), a TaKise c nocTOHKHUM inaroM bo EpeMeHH(At = lR')

HspeKeHHcJM b npooTpaHCTBe (TatJiPTua 2),

Ta(5jiHUt 1 BflEHRKd mara BpsMaHi Ha hb-
serpHpoBaHKO ypasBeHBH Uac-

HHEpaua

No
Ax

(kin)
At

(ore)
e

O'

/I)

1

2

3

111

10

10

1

3

()

o.f)

- 1,7

-3.5

TaOJoma 2 BjiaHHia npacTpascTBeHHero
mapa na KHTerpKpOBaKisa
yp&BHOHHX MtcKKHPaaa

m
A.V

(kin)
At

(nil)
z

O

/U

1

2

3

7

10

J7,r)

1

1

1

(),?<
0,5

- O.il

JiJiH Ka?:aoro paccMaTpp'saeMoro BspnaHTa onpeaejiHJiacB othoci^
re-jiBHan norreraHocTB «s(^') Mer-iray pacweTKHM n waMepeHHKK b
ce^entTK rH.sporpa'TioM,

PesyjiLTaTH npoBeponHHX pacneTOB iT0Ka?aJiii, R70 OTHOCPTeJiLhHe
norpeniHocTH b" peayjiBTaTO TTHOTcpeTwaau'v^w iip:TTonHoro rKjaporpa^a npi-
KaMepeHHH mara BpeweHH (Ta^Jinna 1) h.oTHOCWTejiBTibie oniKdxw, bbib-

BaHHHe napaweTpOM 0, npw KSMeneHMK npocTpaHCTBOHHoro niara (Ta6 -
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JTKna 2)» ifSMC-HHIOTCK HeSRaqiTTejILHO 13 3£12MOMuoc71? CT K
At, tiTO rOBC.r.TTT 0 CTaClTJIBnOCTH CXeiSM, 0^ 3JTH HMTePDITpO-

ypaBHem;H MaciciiHfaMe^

KAJIITEPOBKA PAC^ITTHOK MOJIEM '

riapaMeTpu T h 0 onpeaejiRioTCH Mn "xapaKTepFLDC ynacTKOB peKi? npo-
THSieHHOCTBK) X , Ha OCHOBaHHI? saHHUX ri'i2P0MeTpnqeCK!?X CTaKmni K
Mop^oJiorwqecKHX xapaKTepucTWK pyceji, Haii(5oJiee Ba7i:Hbn.!W 3TanaKH b
onpeTtejieHHH 3THx napaMeTpoB hbjihiotch:

a) onpeiiejieHHs CKopocTw aoCeraHWH Vp h Kos^^umweH-ra saTyxa-
HKH a MaKCMMajTBHOro pacxoTia na ocHOBe cjie;7.yK)!i!KX $opMyjj:

^mo (23)
r:zia: Dp npoaojiKiiTejiBHocTB nepenoca pacxoaa no ynacTKy peKK npo-
TflKeHHOCTBK) X *, MeTO' OTyMH rWflpOMeTpKqeCKKMK CTaHDKHMK; ,

MaiccFMajihiibiii pacxoTi npnTOfca it cooTBeTCTBenHO ?'r!i{C!TMa.TiB:-ibi.1
pacxoTi oTTOica na yqacroK h c yqacTica peKn;

2.0-

— AH = 1

— AH =101.6-

Pwc.7 HaMeneHHe napaiieipa 1.2
aaTyxannfl 0 b saBHCKMocTH
CT CKopocTH 5o6eraHHH na .
B03Ka vp , K03$$imHeHTa so*
6eraHHH a, MaKcswiiajiBHoro

pacxoaa K nuKa rEaporpa$a ^
^  AH ;

ft - / o-i

0  0.2 0.4 0.6 0,6 r!o

0) npe7iBapi?7e.TiBi!oe rniip;.7iej"TeHi?e n^paweTpa 9 na ocHcsa jiiar -

paMMH na piic,7 2 aaBHCHiv-ocri? ot Vp , an Ti'.na npH'^^oqiioro rn^ipc-

rpai|ia, T'.aHiioro noKaaaTejiew ero aaocTpeHiiocTW AH;
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HeHRH

b) npesBapHTejiBHoe onpeaejreHne napaweTpa T na ochoe8 ypaB

T 'T «x —
Vr (24)

rae Vj CKopocTB jtoderanwH, cooTBeTCTByamaH napaMeipy T. Siy cko-
pocTB MoacHO nojry*iHTB no ;is!arpaMMe npn HSBeoTHyx Vp h 0;

r) npe^BapMTenBHoe onpeneJienHe napaMeTpoB m 0^ no pac-
;^acTKaM npoTHSceHHOCTBra Ax , ircnojiBsyH ypaBHeHwe: *

7v«r.
Ax

6,-1-{-^f0-0)
(25)

2.0
Vp

(«/c;

1.61

1.2l

0.8-

0.4

f

-1,0 PnCaS H3M8H6HIIG OKOpOCTH COOTBGTC'T"
Byromea napaweipy T b saBncH-
mocth ot CKopooTH 2oc5eraHWH

xtnSfl ^ iiapaMeTpa™-
Vt ( M/C)

0 0.4 0.8 1.2 1.6 2.0

. Pas^eJieHwe y^acTKa peKH npoTfi?KeHHOCTBK) x, pacnojioKeHHoro
Mearay tib.vmh rnzipoMSTpnnecKMMK CTannHHMw, na ynacTKw npoTnacen-
iiocTBio^x neo'lxojiHMn xopoinsro reo'^eTpnnecKoro m rnnpsBJiM -
qrecxoro' paccMaTpwEaeMoro ynacTKa. napaMeipH 7}
K 3^ mo3jCHC tidwhkwstb pasjiimHbjMK no .T^acTKaM b aaBHCwMocTM ot
Mop^oMeTpwneoKHX xapaxTepwcTHK pycjia;

n) ommvssanm napasieTpa ds . rip npeoOjia^taratawM anaqeHHRM
napaweTpoB 3^ w 1} n c yqejoM .KecKoBBKKx naBonKOBNX bojih pac-
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IIsiiepeHRHfi FRxpoFpa$ KoDepera

PacRgTHiiit rBRporpa$ Cjiotfosm
no UacRRHraify

Pac^ieTHHll msporpa^ Cjio6o3Rr
no UacKRHrauy ycoBepnieRCTB,

nsHepeHRHlt rHRporpa$
CnocJoaHfl

tlzile)

9 10 11 12 13 1A 15 16 17 18

Pro.9 JoOeraHHe naBojnca b Riwre 1975 r.
no ynacTKy KcmepeHH-CiioOosHH na p. flnoHRna

^HTUBaWTCH OTTOWHHe napai^OTpH, KOTOpUe CpaBHHBaaTCH 0 OTTO^HH-

MH MSMepsHHHMH rHsporpa$aMif. Ecjih o(5a KOMnjieKTa rHjiporpa$OB ne
npeBuiuawT OTKJiOHeHHl! e (nanpwMep - 5%) napaMeip 0^. npaBRjiBHHfi,
B npoTWBonojroHHOM cjiy^ae napaMexp Q^waMeHseTCH TaKUM oCpasoM

qTOdu e CujTO MeHBine. Ecjih norpeniHOCTB c ne yMeHBioHTCH npn h3-
MenenHH napaMSTpa 0 ot-oo;io 1, pacqe? BoaodHOBJineTCH c BOMen-

T'a a), npHHUMan napaMCTpn T h 0 nepeMeHHmH b aaBHCHMOCTH ot
pacxoziOB, npoxoaHniHx no ynacTxy peKH.

MeTOfl onTHMHaauMH npHiJiepHeTCfl tojibico sjih napaMCTpa 0, 6o-
Jiee TpyflHO onpeneJiHeMoro, ocoCeHHO flJin ynacTKOB pen co snann

TejIBHHMH npHTOKaMH,

B peayjiBTaTe npoBeflCHHHx HCCJieaoBaHHt! /5/, peKOMen^iyeTCfl,
nToCfci mar no BpeweHH h npocTpancTBy cooTBeTCTBOBajiH ycjioBHHM:

(26).
Ax€(S-rrS)kM;

S-rS

rae Tc/? nepnoa yBeJiHwenun naBojiKOBOlt bojibh,
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6. 'nPIIMEHEHTTE

WsyMeniTe aoC^eranHH iiaBOTiKOBHx bojih npE EcnojiBsosaHrTO ycoBepiuen-
CTBOsaHHoro MeToaa. MacKHHraMB rrpoBOziHJiocB na peKe HjiOMwaa b ceK-

TOpe KomepeHB-CjioCosKH. IlpoTRriceHHocTB yEacTKa.L = llo km c mnpo-
koK noi5MoB, aaTonjifieMoK npE pacxoT^ax 35o M5o m^/c.

B pesyjiBTaTe KajiwCpoBKw pacEeTHoR MOTiejin (b cooTBeTCTBHK c
• nyHKTOM 5) CtniE noJiyEeiiH cjieT^yro-aHe sHaqeHiiH:

0 = - 5

^ _ i5o ̂ acoB ^Jifj MBJioro pycjia,
Ivo ̂ acoB JJJIH f^ojiBiDoro pycjia,

Ax= lo

M= 6 qacoB.

Ha pHcyHKe 9 jaHH cpaBHenwH pacEeTHwJi rwsporjpa^ (CT;Cac>-
(503Hh) nn MeTOjy MacKWHrawa (0 = 0, T = 25 qacoB), a TaKse rw^po-
rpa$, pacqwTaHHuf? no ycoBapme^cTBOBTHHOMy MeToay MacKMHrawa.

Upn ananHse rn2iporpa$a, KSMepeHHoro na ct. Cjio6o3Mh e rwnpo-
rpa$OB, pacEETaHHux no stem aByi/. weTo^aM, mof/ho cKasaTB o npesoc-
xojcTBe npejJio^seHHoro MeToas b nocnpOESBeaeKHw neaHHeviHtrx xapaK-
TepncTPiK aof^eraiiEP no y^acTKaM o^eHB dOJiBmnx aaToojineMfcix

HeoooTEeTCTBue, KacamaeecH ^-opMU OTTOEHoro rwaporpa^a BusBa-

HO TeM, TITO Ha paccMaTpPTBaewoM y^acTKe P'jkh, mbctb Bcau» CTeKaio -
B noii^My, TepneTCH ws-aa HH^)MJiBTpauEM m ncnapeHMH.

B H B 0 71. H

a) PaccMOTpeHwe c toekw ape her tp opee ciioTeM aoo'eranEH naBoaKOBux
Boan no pyoaaw aaei bo3mo)khoci'B noayweHMfi a^cKpeTHMX ^yHKuiiK ne-
peROca, ̂ T9 OTKpHBaeT 6oaee niEpoKEe bo3i.'.o>::hocte a^ifJ npaKTEqecKoro

npHMeHeHWH aToro weToaa no cpaBHenEio c ESBecTKMM MeToaoM MacKKH-
ra&fa, ocodeHHO npE aoCeraHKE naBoaifOEHx Boan no y^acTKaM c oneHB
mEpoKHME saTonaHeMUME noftMaMM." 3to npeHMy:iiecTBO ycoBepnieHCTBOBaH-
Horo MeToaa ocJnsaHO yBeai.qeHEio aManasoHa sapHanEB napaweTpa 0 ot
(0 -e 0»5) ao (-oo-fr 1),
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O B HenocTOflHHOM pewKfcfs napaMCTp T KoppeKTupyeTCfl ko3^)^m-
i;;ieHTOM» saEwcBHiKM ot 6, a napaweTp 0 saEHCHT ot KOS^x^JimHeKTa 0y
KOTOfKi! B CBOC cuepeflb aaPHCHT OT ̂ PMH BOflHOi? nOBepXHOCTH M
tiHc.ia n "xapaKTepHux" ywacTKOfi, Ha KOTopae noflpasflejiHeTCB pac-
cMaTpnEaeMbiii ceKTop peKM.
b) llapaMeTpj T m 6 MoryT Ghtb onpefleneHj na ocHOBe ̂ inapparjtM, rac-
"WTaKHux anpHopM ( pHc.7 m 8) b saEKcwMOCTK OT CKopocTH AoCera-
KMfi Vp naeoflKOEHx eojih, K03(J>|)KqHeHTa saTyxaHMj? MaKCKMa;ibKbix pac-
xonoE M Tuna rty^joppa^a no noKasaTens) AH ero aaocTpeHHocTH.
r) B jtaHKoft $opMe , mbto^^ mokct npuMeHHTbCB na ywacTKax co sna-
yKTenbH?JMH npnTOKaMH, nyTOM noflpasAejieHHfl mx na yuacTKH c Ofln-
naKOEHMH MOp(|)OMeTpHWeCKHMM H rMApaBnHUeCKMMM XapaKTepMCTHKaMH. Ila-
paMCTpj 85. H Ts Ha 3TMX ywacTKax e nepsoM npH6;iwmeHHH MoryT
onpe^teEHTbCB na ocHOEe ypaEHeHMM (25),
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Xiy KOH-^EPEHmflfl IlP7i/iyHA«iCKIlX CTPAH fiO TilflPOJIOriiqECKiiM nPOPKOSAM
KzeB, 198&r.

MoaeJit MacKHHraMa c nepeMeHHHUH napaMeipauH b
cooTHOineHsiH c pacxoaauH

Pafly flpoOor, KsjrHH Toms, Hoh EpryaecKy
CTpOBTeHBHHH JflflCTHiyS'
ByxapecT- PyMHHUH

The Muskingam model v.'ith variatile parameters

relationship with discharges»

l>r«e33g.Rady Drobot, Kelin Toma, Ion Ergylesky

Bucharest , Romania-

P e 3 p M e; Jtna pacHexa jcoderaHna naso^oBux bojih no npapon—

BUM pycnau Hcno^sypTCH ebk TOHHue, tbk h npHdjuHseHHue MeTonu>

H3 KOTopux HaHdojree pacnpocTpaHeHHuwi BBJiaSiTca MeTojuu, b ocho-

Be KOTopux HaxonnTCJi Mo^ejEL IilacKimraMao B OTJin^e ot TO^qHUX

Monejrefi, npHdjmseHHue MonejiH xapaKTepHayprca cEoefi npocTOTOi!

B ducTpuM BunoijiHeHzeM (npz tohhoctb, npHeMnHMoU c rii2Q)OJiorE~

ZeCEOlt TOHKB speHua).

C neJiBP irpudJoaseHEa uonoJiH MaoKZHraiyia r to^octb tohhux moao-

jiefia pasjiKHHue asTopu cHHTajiz irapaiyieTpu uoaojiz nepeMeuuuMR no

oTHomeHHD R pacxonaM*

ObnodHaH MoneJEb, paspadoxaHHaa b HcnoJiBayeT ypaBHenne jjo-

deraHsa Tzna:

- a . Qj + b (Qj^-1) . Qj-1 +

rne R09^^$iimieHT a, b z c ZBjinsxrcE nojzzHOMaMii STopofi cTeneHH

SHaneHiifi pacxona B sepxHew TeneHHH (nna a zb), cooTBeTCTBeHHo

BHH3 no Te^eHHP (jyia c)« ^epes q odosnanaeTCH pacxon b HHKHeM

Te^eHHH, a "^epes Q paoxon b BepxHew Te^sHHHo
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JLJisi pac^cTa napsMETpoB jrcnoJiLsosajica aJiropKnyi^ ocHOBaHmifl Ha

nepenoce e HaiipaBJiiBHiDa onTHwajLoHoro no HanpaEaeHHaM KOHsyraTe.

OjUioBpeMeHHo nan pajn npaKTiraecKHX iqoHMeHeHiill, ee pane pen
CTpaHH.

Hapait^eTpa a, b h c onpenejiajorca npn ycJiOBHH Korjia cywina KBa^-
paTHHX OTKaoHeHHli MeauQT SHaEennair® b HHHHew TeneKini pacneTHH-

C  ■MH q H H&MepeHHHMH MHHHKaJIBHaMH 'pacX0Aar»1K B HISSHeM Te--ieHHil q°

^  ' MEH- (2)
r;;e q^noayaaDT na ocHOBe ypaBHeHHs ;5o(5eraHaa (1)«

JlbKJiaw

1. TEOPETMHECKEIE IIPOTOCbUnCH

UpwdjiHSETejiBHoe ;aoc5eraEHe naBojcKOBHx bojih eg KeTony ̂ ^cKKK^aMa
HaxojxaTCH cooTHomeHHe /1/;

9-=aQi+bQi.7+cgi.,

i-jie a,'b u c HEJiaioTaa napaweTpaMH. ̂ epes: odosHa^eiai pac-
xoM ii3Mepei?HHe EEepx no Teneraiio (npn Exoj-e Ha y^acTOK) b i-.!oweHT
i Ei-/, a qi paoxojm, pacHXTaHHue bhus no Te^GHBio (npii
DHXO.ne c yqaTKa) jjih Toro ace mar-a BpeiieHH.

napaMBTpH a, b H c BBrpaacaDTCH b saBHCHMOCTH ot jbpc Bpyrnx

napaMCTpoB: K (BpoMH aoCeraHUH naBonKOBOft bobhh ot Bepxnero ce^e-

HHH ao HKHHero SJiH paccMaTpHBaeKoro smacTKa) n X ($aKTOp saiyxa-
HHH naBojKa) cneayanrnM obpason /!/:

- KX+o.S-^-t
f^(1 ̂  X} + 0.5At

.  KX-i-O.SM
0 =

K(1 - X) ̂0.5At

f((l^ X)'-0.5^t

^ " K(t- X)+ 0.5M

MeJKjQ'" &TPCMH Koa$$niiHeHTaMPi cymecxByeT cyrenyai^a saBHcuMOCTi):
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a+b + c^j (3)

oTpasassuaa KOHcepDafliia> odtewoB^

OOLi^IHO^ napaWCTpH K m X .a^-TflKTCa nOCTOHHHHMB, HTO &KaHKT,^TO
a, ft H c Taicscto nooTOiiHHbie ae.;!irmHii.

iliDi Tor&,^TO<5ii npKdJizsifTL wojisjEb MacKHHraMa k ranpaiuiH^ecKO^
yojjejai tohhoh, b ocHOBe KOTopo^ Haxo.naTca ypaEHeHm Cr>ii-BeKaHa, b
flOBfctX yojiOEHa-x ncaTre^oBanHK y^TiiEajiiscB EaMea^rBocTB nfcipar/:eTi)a K
H aasHCHMocTW oT pacxojia Q npa Exo^ie Ha ;y5iaGT0K /2/.

0jmoBpeM6HHO KOHCTaTspoBajm, ^TO napaMSTp X b odiqev., no
cpaEHeHKH) c napaweTpOM" K nweeT SHannTejEbHO MeHEizufi Bee b jiodera—

HHH naSOjacOBiiX BOJm H MO«eT CnnTaTBCfl HOCTOHHHHS/I /3/o

jlpyress cjiOBaMHs

x^ct (4)

K = X(Qi)

H SHaHHTrs ypaEHeHHfix (2) napaweTpn a,ft h c HBJiHioTCji Q{:

a=a(Qi)- b = b{Qi)i c^^cCQO (4*)

ypaBHeHne ̂ oderaHHE c nepeMenHbiMn napai»:eTpaMH npHHmviaeT

— a(Qi)-Qi -i- b(Qi)'Qi-t 't'C(Qi)'^i-i (5^

*i(Qi)+b(Qi)+c(Qi)^7 (3t)

2. xMTmTiiqECKAH MOJCEHL MVICB

^TO KacaeTCff ypaEHeHHa (5) mosho npe^ip^oEiiTL, ^to napaweTp 6,
j/JinoaaKHjaS ̂ i~-f w>JiseH saBKoeTB ot &Toro sna^eima pacxoj?;a.f a He
01 f ncso^HHTi/i se obpasoM b aoJDseH saBnceTB ot pacxoaa b HZSHeM
TsasEini t a KB OT pacxoaa Qi npa Bxoae na yaacTOK.

B pe^JiBTaTe npej^zraraeToa ypasHeHKe jpia jrodsraHna c nepeweH—
HHMH napaweTpa^flK: .

iji'a(Qi) Qi-i'b(Qi.t)'Qi-j+c(qi.i)'qi.i ^
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Ho aHaJiornH c o<5othoS wofleJEbK) K05$$Hi5iieHTH moi^ Chtb Bapar-
seHH:

nfOl -K(Qi)'X + OSAt .
7 WH/->r)+i7.S4t (7)

UQ. K(0i.^*X+0.5Ai
" f<(Qi.iHf - X) * 0.5A\

cfa-
- X) +

flBHOft qTO coxpaEsa X aocToaHKHa, iiojiyajiM

Ha nepBafi sorJiiiH osEa-^cT oTBaa ot ycJiOBza coxpaEeHsa o(5:be:iS0B
Ho, ecjji X 33MeEHeTCff B sffiBHOaaocTH OT pacxoafi^ Torjaa cyaaMa rpex:

hoaijp^HimsHTOB msBii igaKSjcaaaTBca :k eB^Ezne.
Hcodxo;Dmio HeHOMHim), HTo B HeKOTOpHX sjiy^affic na HpaKTiace,

odLftM nsBOHKa ccxpaHaeTca, b, b j^pyraa hbt,
Hanpinaep, HpH iOHpoKOiifl pycaie B cjiyaae fiaBOBBeHH&, nacTB cd^ie-

wa naEOHKa He socTHraeT HH&Hero TeaeHKE b pesyi^isTaTe ii!Hi^HJiBTpaT:iRSi

3JEH scnapemdfl /4/.
nOTepH B 3T0M CJHyMaS MOiyT COCTaBTIHTI. HeCKCJIBKO npOi;eHj?OB o;?

odB^ia naBOHKa, i:piTXo^?iiqHXca na oooTBeTCTByEcy® pasHHrjQr e -ypaEKe-
HHHX (3) TUm (30o

A B ropiaax smk mmiCTHX sohsx na penax c HepaasHTUw pyaioM,
odrbeia naBOflKa hohth aoamocTBD cosqpaHHeTca. . •

3to sHa'raT, hto ypaBHeHKff (3) h (3») ae odasaTejiBHo Hcnojiir-
syioTca E Moae.>iH h ycMiOBne coxpaneiiaa' odiewoB codJiBwaeTca b saBUcif-
MOCTH OT jjacxoacLj sapeTHCTp^BaHiiux B HKSBCM ceaeH^ (a siia^
OT HBJieHKJl# HadaiPtnaBiiiaxsa b pycjj-e Ha yaacTEe aoderaKEs ecu£&) •

H K H X ;2B.?BiK>TGfl nepeMeHEKJ.in B saP35Ciir50CTH ot pacxoB-OB,

Bo Ksde^saaiie HcnoassoBaHBa ypaBHeiiaii Tana (7) h 6ojiee cjtos:-
KHX, B icoTopnx X aa^cHT OT pacxo;noB, B patiKax ieoji,em EcnajiLSo-

BaiiKCi) napaMeTjH a, b -e c des y^eTa BapHaiani K Bai X, ^
toi BTiix napaMBTpoB iipeBaaraJiiicB h uowieaQBaTejiBHO i^Bepa-

jiH03> nojEMHoasiaJiBHHe BupaKeHEH, aKcnoHeHi?aajiBHHe 2 ̂lacTipiHO
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ai|!HeJiHH:9 Haii;iy^niue pssvjisT^^ ToqKH ap^Hun HaHCo:!iee to-
xrarorO BGcnpH^eseHHH' aaperwcTpi^poBaHHirix a Te^eKi^H bobh) Oh
nK nojiy^eHH nojxBOMKajiBHHX .Bi^)dKeaHti a, f?, h c ETopoW CTeireHH.

(9),

ypaBHeHKe joOepaHHH iraeeT bhj:

9i=-a^Q^^af4W/w,^•Q^,+cCq^.,^l7i.,- ^
(Xo)

= ̂  + aA- -^ oJilhGli + i6o + ftfQi.i f + (Co + + c^qUhq-1

lejiaTejiLHO, ̂ toOh cyi^Ma KBaapaTHHx otkbohchhw MejKTiy sHaqeHHHMH ^

paCT!5!TaHHHMH HO ypBBBeHKF) (lo) H MSMepeHHHMM B HHKHeM
Te^eBHH B TOT sa MOMOeHT OUJia MHHHMaJIBHOi^.

OOBeKTHBHan ^ymcBWH Moaejiw .MO«eT Ohtb c^opMyjinpoBaHa cjieayH)-

mHM oOpasoM:

F = (11)

C y^OTOM jpaBHeHWfl (lo) MOKHO nojiyqHTB:

^ - 2 E(«?0 4-«,Q| 4 <%0f> Q| +
'  (12)

/6o + + 6zQ^^i)Qi.i+ (q> + 4 C2qf.f)q^_j - mmm.

KaK 0H3IO iToKPsaHO, Ha aajtaioTCH ycBOBHH t^jih oyinjiu Koa^mKUHRH

MHHHMHaaiiHH HOBeBoti $yHKiiHH (12) MOseT Chtb ocymecTBJieHa sa-

TtSBaH OnTMMaPBHOe yCJIOBWC (HCKJUOHeiiire 'npOHSBOflHHX $yHKUHII B 3a-
BHOMMOCTH OT HeWBBeCTHHX Eq, C2) H pelBHB HOJiyHeHHya) CH-
cTSMy ypaBHeHHii; sto oOH/qniiR motos HaHMeHBuiHX KBajipaTOB, npHBoj^n-

mMfi B saHHOsi cjiy^ae k aeBHTH ypaBRaHMHa c TtoBHTBK) HeH3B3CTHaM;i.
B oOmaM, HjreHu Ha ochobhoR aHaroHEjiH hb nBJiHioTcn npeoOjia^aro-

mMi, a peraaMe ypaB^eHiiR o^bhb^ saTpysHOHO, aase npw ycBOBnH cKa-
JIKPOBEHMR nepeMOHHHX 3TH TpyTIHOCTW OCTaWTCn.

noETOMy, Tipilano^HTa?)!? npH^yio; MHHHMaHKsaniTH) KBaapaTHOl! 4)yHK-

EHH (12), np^^OHHH TaxBiJKy HejKfHaRForo nporpaMMHpoBaHHn; b ?iaRHOM
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caynae, aan onTHHsanHR spnteBsiaci! Mexoa onTRManBHoro rpaaiseBTa R<H
fc;

SH,

Rrh HaiiCoaee tgrhopo BOcnpoHsseaeHRH Bomnit saperHCTpHpoBaH *

HOtt B BHBHeU TeHeHHH, H SBaRHTf SBB HaHdOBee TQBHOit OlteBRH BBpa -
sieTpoB, B BHpasdHHR ReaeBott (11) h (12) moiho HonoaB80Ba*B
BecoBoft R03$$imHeHT Kaaaoro Baesa c^poiH. £uao npeaaoaaao, BToda bp-
afl 6Haa nponoPBHOHaaBHa cooTHomeinnD iiexsv pacxoBOii </" h cyioiotl oO-
max pacxoaoB b HHsneM leieHBH.

lor^' (13)
Ia1

n

TaK OTJIHe'CH nOCTOHHBOlt H HB yTOTHBaeTCH B paCRg -

TB no onsiBiHsanini.t neaeBoS odseRTRB BapaxaeTon:
it . .

imt

+ (^0 + * (fo ^ (1^)

npeswymecfBaaii aBaeBOll JyffiBHH (H) no cpaBseBBn (12) c OBn-
HaKOBoft Boaeft, saKBDnaeTCfl b tOMj napaaeipB eyny* onpeBeajiTB"
OH TaKWM odpaaoM, nroea BQHa aancHMaaBHHX pacxoBOB (c caMOfl bhco-
KOft Boaeit) BOcnpoHaBOBHaacB c BanCoBBnefi iobboctbd.

Ran sTaaoHHpoBaHHH napaaeTpoB pBKOMeBByeTCH OBHOBpwieHflO hc-
noaBBGBaTB/c nasoBKOBax soan; POPBa neaeBan ̂ ynicnHH npaHiiiiae* bbbs

:  ''"Ji''' ; . P)
cocsasntiBiiiiiis foFmuuiii 5 oonpoBowfloaiJe naaojia j , Hues* bhs (12)
Ban (li^).

3. nPHMEPH ' ♦

Rajj yraepiaeBBH jfoBaiit! MVICB B sadopa naaCoaea nozproBOTBro
pBiia BeaBHOltHdli napaaetpOB B HonaraBBH 6a-
sH BpoBOBB^ aa totaax paBpaaBiroeteBc «(weaFX» ocHOBaafflir »
bhobbhx GaH-^Baaaaa.
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mn yvacTKa A-B tli
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£ Beepx no res
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'  PiBCXOa BBOPX no Te^eHMD SBJIHeTOH npHpOSHHIi pacxonoM peKK, a
pacxox s^BHzaex feneHmi nojryneH ny^ew xoCeranHH no Koneam U4^da

n/. .
BejmBdHnHe K09$$HnHeHTH a, o h c ouenHBajiHCL oaHOBpeMeHHUH

yn^oif .naBOXBOB BeponTHOCTBD o,l% h o,5%, noKasannHX na pHC. 1.
Boosho s&HeriiTB, nTO Bce 203$fimiieHTH hbjihidtch nonosHTeJiBHiinii!.

HffBoxKH B HHSHoif ToneHHH, nojiyneHHH0 na ochobo sthx napaweT-
poB^ npoKpacHO MononHpyDT conpoBossaiomHe naBonKH, nonynenHHe no

nporpamie mbk (pbc»2) .
Jam KiHBJEeHiiH nociroiiHCTB yKaaanHOft Hoa^eani npoBonnaiHCB pacq^

SB loOeTansn n aam nocsoHEnax napajserpoB (K = 8 nacoB h X = 0,15).
B saCanaro 1 opaBHEBasTcn pacxonn b heshom se^enHH, nojiyneH-

HHe no nporpaiojo t/A/D4 ^WICB , a laRHe pacxona, pacqHraHHHo c
ynesoM nocT05THHHX napaMeTpos; (Janii pac^HsaELi saKse oTEnoHeHEn ot

no(Ba8asaaBRmc pacxonoB )• CyMwa KBanpasoB osKaroHeHHJf os
ssific paexoasoB cocTaBjrHes 2380 (k®/c)^ nna Monenn AfWCfl h 11. 343
(ii®/c)^ KOxaaiH c nocsonBHiwH napaiieTpauH.

IteKVHysno diiiEa ozHxasB^ yiojifiUh MVlCB ̂ HHoro sonnao Moaaani
0 nocsoHHHBHH napaHeTpaHH.

SaseB, -paoGiiaspiiBajiocB not^aramie naBoxKOBoft bojihh na ynacsKe
2o EH-/2/| Bapnamiff napaweTpa. K no Bceisy ceKsopy (npoTHaenaocTBD
b Bobm) noicasaHa na pHC.3. Ha pnc. 4 npencsaBjieHa Bonna BBepx
no seneHHX}, BonHa, noOerauaaH no nepBouy y^iacsKy c napaMospaME,
-yKaaaHEBBEH' na pHC. 3 h Bonna, pac^mTaHHan no Mosemi MVICB, Ilapa—
KespH Of b E c xaHH na ̂ ec. 5. OnsEMEsaniiH npEueHHJiacB eeh nen©"
BoB'fyHRnEH (12) Be Hiieromel! Beca. CaMse BKcmcHe pasHBiui pacxojOB
(no 8,7%) Ohjie aapePECspEpoBaHH b aone nnKa naBOjznca^B HHsmeM se-
^hhe. 9so sdiieEaHEe roBopEs o HeodxonHKocTz onpeneneHEE nonn lae
BOB nenfturtff $yHKnEE, T.e. BcnonLSOBaHEH^yHKnEE (14); b asoc
'^ae ̂ peay3iB3?asH~pacBasa jjodaraHEE BHflBHjfB onens xopomyx) oopJiacoBaRo.
Booss ffsyx BonH b heebcm seneHEH.

B saEpi.*neHEe, nocnesHEe HcnHraHHifj npoBOEEnECiB naa Boodpasa -
wo® lfa»0»KOBOB BOEHH, ROTOpOJ*, 83 ECIt3IDneHH8M 30HH nE]Ba,B0JI-
na %8iMnsres^tE*' B' WaReii wneHEM, paonono»eHa HHse, nea Bonna b
B^pxaeir sOEaEsftt. Hbbo, B BTOM onynae, coxpaneHHe odBSnofl He
co^iniSaascE-ffapBitiWBE saHHBiME (pec* 6).

HOe®^ EpoEBames ce<5H yaOBjressdpHsexBHO k b btoJI cEsyauEB
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KOTopan npaRTiniecRii ne mojdbt (5eit£ BocnpoHSBeAOHa MoseiiBD c nocTO-
HHHHMH napaiieTpaira, laK KaK Boarsa «oCferaHHH cfiawtaOTCH c "HsiiepeH-
Hoa" Boaraoa.

napaMeipH 6 h c npescTaBneHU na pro. 7. .

Phc.? napaiieTpH a,b r c, noaiyReRRHe
RRH naBORROBOa BORRR HO pRC«6

Heo6zoRRMO OTHeTRTB OTpBiiaTeRBRue sHaReRRR napaueTpa 6, $aRT
KOTOpHa KaK tSa He COOTBeTCTByei HeoCXOKHMOCTH, HTOCh K03$$Him0HTH
ypaBHeHRH MacKRHraHa daarH noaroKRTeaiBHHMH c $HSHRecKoa torkr ape-
HHH. nocjieHHHe RCCHeflOBaHRH /4/, npoBefl§HHHe Ha yrocTKax pen, rje
HOderaHRe .naBOHKOB ocymecTBaiHjiocB no liieTony MacKRHraMa no TeopHH
cRCTeH npRsejiR K HepdxoHRHocTR npHReneHRH OTpRnaTenBH^x Kosf^RnR-
enrOB saTyxanRH X (rrr 0 odosHaneHRHR hbtopob).

B npRMepe, npencTaBJieHHOM b paCoTe /4/:

0» - 5 At« 0 V

roBopnmeH o tor, hto npn R> o,6 nacoB (KaK b nanHOM npRRepe)« ko-
8$$RnReHT (RRR b HO odosHaneHRHM B Haoea padoTe) dun OTpRna-
TenLHHH. / ^ <

PeaynBTaTH npRifeHeHRH RByx paanRHHux no $opHe ueTonoB cboaht-
CH K TOB«y RTO: napaaeTp X^, co'OTBerctBeHHO P'rb ypaBHeHRH MacKRH-
rawa Moryr duTB orpHnaTenBHrniH. 9to cnynaeTCH na ynaciKax pen c

oneBB doRBmraR saTonnHeuiaiR noauaiR.
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B H-B 0 J H

a) B o<5H*mH2 Moaejijjx c nepeueHHHMH napaMeTpatfH tojibko BpeMH 506s-

raHHff K saBKCssT OT pacxoja, napaMeTp saTyxaHHH npesnojraraaTCH noc-

!&OHHHEza; B Mosaini MViCB yqaTHBaeTCH oflHOBp&MeHHan Bapnamifi sthx

napaMerpoB TiocpeTJOTBOw aejfUHetlHHX-K03$$i!HiTeHT0B a, b h c yparHeHHH

TToCeraHHH.

d) ypaBHeHHe (6) jjih aoderaHWH c nepeMenHmsH napaMGTpaMH dojiee pa-
aHOHaaiBHe,^eM jrpasHeHHe (5), t.k. K03f$i*HKeHTU a, b h c sasKCHT

OT pacxoaoBi odycjiaBBHBaiomHX hx, a ne ot pacxosoB npsi BnaaeHira b

ceE50p B TeKymHti MOMenr.
B) He odasaTeJiBHO, ̂ toCh napaMeipH a, b h c dHJiH nonnHOMaMH 2 CTe-
neHEf nanpiTisep, eeh He3Ha*iHT83iBH0 BJiHHinmsro Ea pac^aiH jjodera —
RHHf B HeKOTOpHX CJiy^aHX MOSHO HCIIOJIBSOBaTB nOJTKHOM iiepBotl CTeiieHH
Hi^ Base noctPOHHHoe sHaBeHsre. Kpoise sToro, b HeKOTopux cay^aax r

BBH b H c MOSHO BOnycTHTB jiHHeliHyH) BapnaHHE)» KpHTepnii paSBRHilH H
BHdopa Mna npsBJioseHHOii cbhsh - 3T0 BdcnpoHSBeBeHne naBoaKOBHX
BOJIH B HHSHeM Te^eflEH C BOIiyCTHKOfi TCIflOCTBD.
r) JaHHaH MOBOJIB MOSey npaBUJIBHO MOBSBHpOBaTB BOJIHH, npn K0T0p£3X
coxpaHHeTCH odBeM naBOBKa, a TaKse bobhm, b^th ROTopsx stot npHHiiini
B  odasa^peJEBHHR, ne cadBKBaeTCH Base b npsipoBHHx ycjioBHHX.
B} B COOTBeTCTBHH cnpHMeseHKeH TedpWH CHCTeM K KSyHeHR© HBBeHHM BO
deraHHH naBOBKoiux bobh no pycBy h HpuMeHeHweifi MOBejiH MViCB npHniBH
K BHBOBy 9 HTO OTpimaTeBBHlie SHaHeHHH R08^^HI(H6HT0B Oy b R C He
HBB5nOTOH OdflSaTeJIBHHM yCBOBReM.

e) KoHBepreHTROCTB npoaecca pacneTa napaaeTpoB saBHCRT b sHaqHtrejiB
HotI ifepe OT Ha^aBBHor.o peineHRHo y^RTHBan 3tot $aKT peKOMeHByeTCii —
noByiaTB HOoToffHHHe napaMeTpH fi« b R c npR nouoc^R othogrtsbbho npo
CTHX MOBejieS /6, ?/« KCTopne saTOM HcnojiLsyroTOfl b KaqecTse nepBHx
irpRdBHSeHKfi BBH KOSi^HHHeHTOB a, b H C aOBeBH MVICB, OCTaBBHHe KO
S^RHReHTH M0HBfflerO BHaHeHRH MOryr UpRHKMaTBCH HyBeBHHH npE nepEOfi
RTepamraf.
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' ny KOHc&EMmHff mwH&ricMi ctpah no rajapcjioi^OTCKHf^s
nporaosAM

(KHeB^ 1988 r.)

MSToj2i jiojirocponHoro nporHoaA cesuhhx pacxoot

HA JjyHAS

KoECTaHS?HH MoEopHETta, Ana Hesa, Bzopeji CTaHecKy,
BHopEKa Jlyny

HncTHryr Mei'eopojrorHH e raj^poJiorHn, ByxapecT, PywuHiiH

Long-tarige forecasting methods for the mean discharges on
the Danube

C.Mocionita, A.Weda, V.AlStanescu, V. Lupu

Institute of MBteorc4.ogy and Hydrology

Bucharesti Romania

PE31QME

B padore pacGMaipHBaaTCH asa Meioaa nporsosa cpesHEX wecH^-
pacxoaoB J^STiaa Ha reppETopim CHF• Hqxo^chkme jjaHHHME

sHaneKBH cpej[H2x MecHHHUx pacxo^oB ero cgaKHBE OpmoBa 3a nepEoii;
I839-I985 IT.

nepBH2 MeTOB; ocHOEHBaeicH Ka Mereoponoi^ecKOM npornoae na
MecHH E Ha saKOHe ECTomeHEH sanacoB bojc&i b dacce^e. MeieopoJio-
rEHecKZE npoPHos aea^tKOB e TeMneparypH Ecnojii.3yeTCH b KaTeoiBen-

ho2 ©opwe. SaicoH HcromeHHH aanacoB bowj b dacceSne xapsKre-
pEsyeTCH sHaHeHEHRSE cpeflHero weonHoro pacxosa sa iipoiEeBiiiiEE
M9CHH E pacxofiOM, c KOToporo HaHEHaercH KpEBaa EcromeHES.

- Jiim. Kaaworo MecHHa b oiflejE&HocTE dHjta npoBe^iena KoppejuniBa

Me£®y cpeBHERffi eaceAHeBEHMH pacxoB.ar^H nocjiemiero Mecnixa e

cpe^tHEtiE MecHHHHMH pacxonaME cjiejiyKHiero MecHixa, fljia pasjiHTJHHx

aHaneHEfi 'cpej^nero MecHHHoro pacxojia, saperHcipHpoBaHHoro e
npeEHHymnfi MecBH. PesyjoabiaTii iipej5craBJU3JiECB rpa^EecKs.

Bropo^ Merofl ocHOBaH Ha kpsbedc BopoHirHocri'i cpe;[iCHnx Mec.T2HHx

paCZOaOB 3a Ka.2glHK MeCHH, OdyCJIOBJieH'iHX SHa'ieKEiiME CpejCKEX 93ce-
jjEeBHEz pacxoEOB 3a nepBEE joceHB Mecjma e wereopoJiorEHecKEW Kane-

CTBeHHHM nporH030M Ha. npornosEpyeMHE MeoHn;. B saBECHHiOCTE oi
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3Toro npoPHOsa BH(3Hpaeic£ BcpoarHOCTB jyifl onpesejieHKa nporHOSZ—
pyeMoro paczofla.

JSffn odOHX weroAOB npe^ici'aBJieHH npzwepii pac'ieTa h peKOMCHjia-
KZH npzMeHeHza.

Abstr^cti

The paper presents two forecasting methods for the mean

monthly discharges on the Danube from the border crossing to

Romania. The mean monthly discharges recorded at the Or§ova

river station in the time interval 1838-1985, under natural

streamflow regime were used for basic data.

The former of these methods is based, in the first place,

on the long range weather forecast relative to the month

being considered and, secondly, on the law of reducing water
reserve in the watershed. The weather bulletin for precipi

tation and temperature regime is required in qualitative
terms (excessively drrr., dry, normal, rainy, excessively rainy)

and assui^ied correct at this level. The law of reducing the

amount of water stored in the basin is characterized by the

mean monthly discharge of the previous month and by the value
of the discharge in the depletion curve origin.

Considering all this, correlations were establisned for

each month between the mean daily discharges recorded in the ̂
last day of a month and the mean monthly discharges in the
following month for various stages of the mean monthly dis
charge recorded in the previous months.

Theae correlations were sraphicaliy drawn as straicht lines
crossing the origin and taking Into account the dlstrihu-
tion of tho measurement points under various weather si-
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tuatlone (charaoterlzed by the lack of sufficient weather

data, the variation of the average monthly discharge rela

tive to the previous month).,

T!he latter method is based on the probability curves

of the mean monthly discharges in each month conditioned

by the values of the mean daily dischargee in the first

day of the month and the qualitative weather forecast in

the month being forecasted.

Tor both methods computation examples and recommenda

tions for the application scope ere forev/arded.

AoKnaa

OjHHM H3 rnapOJiorH^e&EHX napaMeipoB, HeoGxoBiiiiHx jjth nporHOsa, hb-
cpozHWft pacxo5 3a np0505»iiTC2i£HHfi nepKos BpciiftHH, Hanpmop,

Hs He?aeim, aesaay hjih Kecim. B HacTOHiefl pacsoie npeacTaBneHH asa
JiemilX, OHCTPHX H yaOB3ieTBOPHT03IBBICC C I01KH speHHH TOBHOCTH MOTO-
aa nporaosa cpoaHenecRtiHoro pacxoaa na peicc SyHae npH snnaeHEK b
CTpaSV, COOTBeiCTBffHHO, ftpH BnaaSHHH B BOaOXpaHHJIIlUe SeireSHHfl Bo-
phTa (nopBHxe ae $ep),

nepBHfl BCToat raaBHiiM oepasoa, ocHOBHBaeTCH Ha MereopojiorHqe-
CKOH npornose Ha uecHH, tohrhk no KpaHHeil Mepe, c KaneoiBeHHOfi ¥o-
nHR SpaHHH Hf BO~B3fOpH3C» Ha saKOHO 0HHX6HHH SauaCCB BO^lII B (SaCCOK—
H6 • JJIH 3T0r0, IcaTCOpOJIOrBHSCKHtt HpOrHOS 710JIS8B BKjno^aTB naHHBs
oyHooiraejiBHoro oCsjero xapeucTopa ocasROB (oiuiLHaH sacyxa, sacyuraBo
HOpiiaJIBHO, HOXaSHBO, OHGHL HOXaXMBO) H TeMHepaTypU BOaOCCopa, $aKT
SITOJIHe BOSIfOKHH* B HaCTOHJUee BpeUH. OCOdeHHO BaiHC 33aTB 3HaqeHHH
BOTiHe-BeceHPiDC TennepaTyp, a Tairse aaHiaie o chskhok noKpoBe r yc~

BCSKHX ero TaraHH,

CHinwHHe sanacoB bohh b dacceRHe xapaRTepHsyeicH oCHXHeM bobh
BToro Banaca b mofJaJiBHOfi $opMe, BtipaaeHHoB sHaneHHHMH cpejHOMe
cHRHoro paoxosa sa npeasaynoiil MecHn h pacxoaoM, c ROToporo wquHa-
0TCH RpHBan HcrcraeRHH, cooTBeTCTBeHHO, cpeiHcro eseaHeBHoro pacxo-
J3 38 nocjisflHiia xeHB npesHHynjero Mecnaa hjih sa nepBuK aeHB laecHiia,
HXP KOToporo cocTaBJiRC^fOH iiporHos.

Hcxchh hb 3Toro, Ha rHapoaeTpiitreoBoll CTanmiH OpmoBa, na Z!.yHHe
c aaHBaafsi npmaHX BafiiroaeHHft axe c 1S38 r,, paapaCcT&HH Koppeaainra
j(jiP KaxHoro ifecHHa Mexxy opeHHHMH eaeaHeBEiwH pacxoaaira sa nccjieTf-
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HHft fleHB MecHua (na opunHaTe) a cpeaHeMecjnmmiH pacxojaMH nocjiesy-
nnjero Mecjine (no aConacce). Koppexranaa Cajia cocTOBaeHH aan ^dsrax
ypoBHeH cpejHeMecjrnioro paoxoja, aaparacrpapoBaHHoro sa npeauayniHi
M0CH11, Koppenaaaa npeacTaBireHH rpaJaaecKa c yaeioii pacnpesexeHax
ToaeR noxH aaa otohb sos7(xraBoX, soajtMBOtl, aopMajiBaod, sacynmaBok
a oaeHB aacymnaBok aecHTOotl oCcTaHOBKa.

Ha pacyHKe 1 npeacTasjieHH Taaae RoppeuHaaa, cocTaBneiiEsre na
asrycT na ocnoBe saHHUx cpexaax paoxoxoB aa aiuiB os ot 4 Sol ;zio
5 5oo ii®/c, JjiH ynponienaH BEraacaaaaH boo aia cooTHODanaH npexcTas—
aeHH rpa$HaecKB npauHMB, npoxoaHmaira ?epes aaaaxo KoopflBHa?, YToti-
RHBTCHt BTO 081^06 HHSKoe saperacTpapoBaEHOo 8iiaaeHH9 pacxosa Cimo
13oo M®/c, 28-fe3paxH 1958 r.

0>i.3acyu)iKBuB 8(g* «•« 83I.fa
3acyDjik!uiii &ni*0.77 Q^in
HOpMQJIbHHM

AoxAnMBbifl H;iw
OM.flO*>JIMBWM 'MS

'  * • lii

Pac.l

CooTHOieKBH axH npomoaa cpe;^
Hero pacxoaa sa aBrycT,.ajH
cpejHHX pacxojfOB aa iiaiB ot

^ 5oi ao 5 5oo M®/o
1000 2002 3000 AOOO 5000 6000 Go,

OaeHB npoaojisHTexBHHfl pan Ha^jmaeHafi r.c. OpocBa a abcTaToa-
HOBHCoKafl aocTOBepHOCTB anaaeHaft pacxoaoB OTaiKaaDT sth Koppeanuaa
aoBoxBHo EHCoKoJi TOHHOCTBR). Hajp aaiiei'HTB, HTO H8 aHajTHsa pacnpe-
aejieHHH ToaeK aa nocxesaae 15-2o xer c RaHdoxee sazHHua noaBansa-
HBHiia Oaccefiaa, ae saHeaaeTca icaKoe^xaCo Bxaffnae aa ycTaaoBxeHHae
C00TH0m3HHH,

OTHeTHM, HTO jviH sHMHe-BeceaHHX iiecaaeB aeotfxoxaii Ooaee xe-
TaxBHHk aaaxaa brcoth caeaaoro noRposa, ycxoBak ero Taaaaa b aa-

BacBMOCTB OT nporH03HpoBaHHHx TciJiiepaTyp a Boauojtaoro Bunaaeaxa

oCaxBHRx kexkhx ocaxKOB, xxH onpexexeaaa xapaRTepacTRKa nporao -
poBaaaoro uecnaa c tohrb speRaa ocaxROB.
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'  B TaCnsiie 1 Ttam sEaiieBRH H08$$imHeHT0B perpeccHH hs ypas-
BHBeseHBHz S2IH Rasnoro HecflRa. Kprae sToro, TaCjiHQa co>

aepxBv TicasaHHH, oraocHmRecH r donee cnadouy RanecTsy HeRoropHz
csRsetl, B aaBHCHBOCTH or RRcna toror, nonoseHHHX b ocHOBy onpexe*
xeHHH BTRZ coosBomeratt. TaR, ana ypoBHett cpeaHeMecBRHoro pacxoaa
npezBiayaero MecHBa, axH rotophx sto rhcho HeHame aayx, cooTHome-

HHH onpeaenHJiHCB c yReTOM torbr npHneraBmHx ypoBeefl HMe»imix ag.
$opifTRBHH8 xapaRTep. rpa$HReoRoe npeacTasneHiie sthx RoppejiHRHtt a
TOReR HOxeT aaTB odmee yroRHeeHe OTBOcirrenBHD CTaTRCTURB HopaajiB-
BHX, saCyBXHBHI H aOSHXHBHX MeCHBOB, BO HR Be SaiparFBaXH BTorO
acneRia. Hobo, rto cieneBB torhocth nporaoaa npHMo aasHOHT o* <5.^
neHB TORBOCTH HeTeopojiornRecRoro nporaoaa npa ero HepeajmaaBRB
HeBosMozBO rraopnTB 0 peajiHaanHH raaponoraRecRoro nporaoaa,h cae-
aosaTeaBHO 06 cdBeRTHBHOt! onenRe laeToaB* •

JaH npHMepa, b Tadanne 2 npeaciaBaeHH anaReHBH cpeaHeiiecHri ̂
Hux pacxoaoB, noayRCHEHe b 1986 r»(nepi!oa» rotophU ho y^®®HBaaca
B paapadOTRe oooTHomeHHft) h anaReBBH, nporaoaHpoBanHHe na ocBose
KereopoaorBRecRoro nporaoaa h asflcTBiiTeaBHOft i^o^^opoaorRRecKog
OdCTanOBRH.

OTMeRaeTCH, ̂ 0 ne pacnoaaran peaaBBHUH BeTeopoaorHRecBHKB
saBBHMH, peaaBBSfl MeTeopoaorHRecRaH CKTyaBHH xapaKrepBaoBaaaci
c . yReTOM Roae6aHB« cpeziHeiiecHRHUX MHoroaeTBHX pacxoxoB h
bhS pacxosoB no cpaBHeHBr c npeaHxyBmu ueCHBCM, KoHeRBO, nojpag^g
aeBB6 iiecflnaB sacymaBBHe, HopuaaBHHe, sosHaHBHe h na oc«»
BOB0 -saperHCTpBpoBaHBBix MeTeopoaorHRecRHX jaBBHX no cpasBeHBD q
MBoroaeTHHMH aaBHmiH, na penpeaenTaTHBBHX CTaniuiBX BepxHero b cpa
xaero dacceftna aynafl, npHBeao da r doaee odBeRiBBBim xapaRiepBc-
TBR8H, BO CRBTaeTCfl, RTO npHBHTHe RpBTCpHH BO MOryi BpHBeCTB ^
OOHdORBHlI BEiBoaav-

OTMeRanrcH oTBOCHreaBBO BBaKne OEHdRH npa yRere peaaBHax bbr
ROHBit no cpaBHeBBB c nporaoaBpoBaHHHiiH aa ocbobb peaaBBOH Me*©.
opoaonfRecaoft 'CBTyaBBB lo%) a doaee BHcoKBe norpenBocTH, j,pjj
yRere cpesneMecHRHHX pacxoxoB, nporaoanpoBaBHHX aa ocHose Me*eopo
xorHReoRoro nporaoaa 4o%), kotoph« daa aeHee torbhh HecRoaBROQ
KecsaeB no yBaRHreaBBHii npHRBBau. B doaee odmax Reprax, npn yRg^e
sKcrpeaaaBBSix cHTyaiyifl neTeopnporBoaa orobb aacynaHBoro Mecaij©^
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BiiecTO onsHL flOZflTOBoro, nporHOSHposaHHHii sHa^eHHH iioryr otjih —

^aTBCH 6oJiee, na loo% ot peaBLHUi, ho nofloOHHc CEiyaiiHH ho
Moryr 6hti> y^TeHH b BHaJiHse ueTOsa, ocHOBaBaKiiiierocfl Ra rsinoTOBe
OEpaBBUBaomiixcR MeTcopojiorHEecnHx nporHoaoB. ^

B HacTOHmeft paCoTO MeTOs npsiuoHHJiCH JioKajiLHO, ho ero uoxho
npmieHHTB lia JiioCoft rRjipOMeTpw^ecKOti CTaHHHH c npoflOJiKHTOJijHHSc pH—
lou HaCjiiOBeHHii, a TaKse hjih HPyr^x URTepsaJioB, Hanpimep, na nese-
jno, HSKa^iy h T.jt. npmaeHOHHe ueTOsa jiase <50Bee KOpOTKHX hh-
TopBaJiOB BpeMRHE sHaRHTejiBHO yjiy^maeT nporHOs, yEHTUBan Oojieo bui
COKHC B03M0KH0CTH TORHOCTH MeTeopOJIOrR^eCKOrO nporHOSa H BOSMOK-
HOCTB HCnOEBBOBaHHR rH^pOMeTpHEeCKHX saHRUX, saperHCTpHpOBaHHHX B
BepxHeu TCEeHHi! OT HccjieByeuoro npo$HXH#

BTOpOR MeTOS SaKXIORaeTCfl B HCnOXBaOBaHIIH KpHBHX BepOHTHOCIH
cpeEHeMOCHERHX pacxosoB, oCycjioBJieHHHX TiaHHHUH BHaEeHHHiiH sxeane-
BHoro pacxofla b naEajie iiecHEa,

TeopeTHEecKaH ocHOBa aToro Meiona coctoht b cxeflyiomeM:
y^THTEIBaeTCH Cpej^HeMeCHEHHll paCXOfl 0. , COCTOHmHll HE TTSyX KOK-

noHeHTOB:

o = e*+Oi

r;ie:

d*- cpeaHeMBCflqHHtt pacxoB b tou cxyRae, Kor^ja b OacceHH fiy-
HaH He nocTynaeT b TeRSHwe uecHiia npHioK bosh na oca^KOn
h/HJIH TaJIHX BCSt

Q^- oCBeM Boan, nocTynHBineft b pycjio b TeEenne OHHoro uecfma,
PI3 OCaTIKOB HJIH TaJIHX BOJ.

CpesHHfi pacxofl a^MOXHO aanHCBTB: /I/

(2)

r^e: Qq- eseHHeBBufl cpejiHHB pacxo^i b naEaaie Mecjma; T - nposoJisH-
TeELHOCTB, B SHHX, paccMaTpuBaGJaoro MecHua; a - Koac^IiHUHeHT 9Kc-
noEeHmraxBHoro cooTRoiDeHHH, Bnpasaioniero HCTomeHHe sanaooB posh b
CaccellHe Q(t):

(3)
€?W = Qoe** ,
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' KoHCTaTHpOBajTH, ̂ TO 23IJI jjaHKoro Kecmia, cpeflHHl! pacxoH 5 sna-
^MrejiLEO aaBHCHT ot Q^j, a TaKse ot 0^ • C apyroR CTopoHHf pacxos
HS OCaztKOB e/hJIH TaJIHX B02t Mosao npOrHOBHpOBaSB TOJIBKO B KHBeC? ~

BSHH&x TepMEHax, a MHeHHo:

- B jiepwo;® TaflHHH cnera, CI5. saskCHT ot aanacoB bojch hs cko-
nHEmerocff b OacoeRR'j cnera, ot leMnepaTypK cooTBeTCTByiomero Meca-

naCyxasHBaiomeR acBio Ta;icR bcsh, KOTopaa nocTynKi 3 rwaporpaliKaec-
Kyio C8Ti: na 3CSX aanacoB cHe"^a), ot CTeneHK BxaxHOCTs iiobbe k ot
BHnsLisHx s 3T0T nepHca josaeB.

- B nepMoa HrojiB-HoaOpB, ot Koan^ecTBa BhifnaBniiix aosaeii h ot
BJraSHOCTB no^BH.

fl̂ 3-3a cjiOffHHx ycBOBHR HHTaHHa rHHporpafHqecEOlt coth aeiep-
MrrEHCTCKCS wozieiiiKpoBaHae EjzuieynoKHHyTiix nponeccoB HeBosMOEnj.Cjie-
soBarenLHO, npHTOK bojih hs ocaaKos kjih/k Taaax Boa c^wTaeTOR cjry-
aaRHLrM 3jreM8HT0H Tsrna "n/yK", nacjiaHBaiomRMCH cooTBeTCTBeHHO coot-
HonieaiTFJ (1) na cpeaHi:R paexoa 6*, nojiyqeHHKR no ̂ opKyae HCTomeHRR
(2) pesepBOB Boaa b na^aae Hecana pi aaBwcaniMR ot Qs-

C5i'eziOBaTe;jiBHO, nepeMeHHSH a cnHTaeTCH cJiyiaRnoR h saBHcuT or
cTa-^HCTRqecKoro oacnpenejieHHfl BepoBTHOOTR. Tan kbk, OEa Kcppejia -
pyeTca c nepeMeHHoR , mohhc HaneoTR KpnByio BepoHTHOOTH, oCycjio-
BJIGHHyp JIVjOHIH B03M03KHKM SHaneHiiGM '*0' _ _ 'o

J>rATmafi ozxEOMsoHHe pscnpe>ieJiei?5iH ncpeMenHHX ̂  h TKna Paji
Tonr.To^HopMa-TXHue), onpszeJinoTcn napaMCTpH 0C5ycji0BJieHH0R KpRBoft
Ecpr>RT30CTe{i, a ErtfenHo;/2/

•fv
(5)

rzie: cpeZiHse pima « o(5yc;ioBJieHHoe SHa^eHPiess ^
BHO'paEHliM X u ~ ap5?!|>M6Tt!^SCK>!e CpeZIHWe J^SpSMeHHHX
X^IO0 a K. = lo^'d-0 5 ^ KBaT^pxTRiecKy-e oi-KjioHeHKn
3THX nepSMeHHHX.

9xu ̂  KOppG-TRFROHBHR KOBtt^-^KIIEGHT MGESy X Vi I
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i TaCflHija 1

K03$$HaHeHTH perpeccHH h3 ypaBHennf? npornosa cpesHHX necfrTOHX
pacxoflOB Ha flynae npH Bxoae b cipany

MS npcrH03Mp]f-
exbiH Mecpit

CpeAHMM pacxoA 3(1
npe;^t>i3'.yi4MM Mecm;

MeieopoJiorhqecKBPi nporHoa hq Mecnu.

OMBHb

jacyuiJiuBbii^ 3acyUlJ(HBUH HODMtUIbUbM
I  OWHb

8

8.

1).

111.

11.

12.

i;i.

11.

)«.

17.

IS."
ly.

' 20.
21.

22.

23.

21.

25.

20.

2s!
29.

3ii.

31.

32.

33.

I,

3i>.

37.
3«.

39.
-10.

■11.
•j2.
13.
41.
4.'i.

"40.
47.
48.
49.
.50.
U I •

62.
53.
•54.

69.
CO.
01

02
03.
«•!

1

111

IV

VI

Vll

vm

iv

1  <33. I

1 800 -
2 501 -
3 001 —
3 oni -
4,601 -
5 .501 —
fl'501 -
8 001 -
1 300-
2 501 -
3 001 —
3,001 -
4 .MM -
6 .501 —
0 501 -
8 001 -
1800-

> 2 501 -
3 001 -
3 001 —
4 501 -

5 501 -
6 501 -
3 001 -
3 001 -
4 601 -
5 601 -
0 501 -
8 001 —
3 600-
4 501 -
5 .501 -
0 501 -
8 001 -

10 001 -
3 f,00 —
4 .501 —
5 501 —
0 .501 -
P 001 -

10 001 -
3 DUO -

3 r.!tj ~
•» 501 -
5 601 -
0 501 -
8 001 -

10 001 -
3 000 -
3 601 -
4 .>01 -
5 501 -
<i .501 -
ROOl -
2 ,-.01 -
3 001 -
3 601 -
4 501 -
5 fiOl -
1 800 -

,  2 501 -
3 001 -
3 001 -
4 5C1 -
5 (.01 -
1 506-

2 500
3 000
3 000
4 5110
6 500

0 500
8 0O0

10 000
2.500
3 000
3 600

4 500
5 500
0 500
8 000

iO 000
2 500
3 000

3 600
4 500
5 500

6 500
8 000
3 000
4 500
5 600
0 500
8000

10 000
4600
6 600
0.500
8 OHO

10 000
13 700

4 500
5 5U)
0 500
8 (HIO

10 (KJO
13 3.)0

3 600
4 500
6500
0.5G0
8 000

JO OitO
13 700
3 600
4 600
5 500
6 500
«!ino

1(1 Klin
3 linn
3 CIKI
4 500
O.500

•  r. .5110
■  2 501)
■  3 (,(«)

3 GOO
•  4 500

5'500
0 500

-  8 013

o .r.2*
0 i<.2*
0 ,tiU*
0.67»
0 />7*
0 2)7*
0 .Ml*
0 ,5()*
0,77*
0,77*
0 ,02
0 ,02*
0 ,fi2«
0,02*
0,67'
0,57*
0,83*
0,83*
0,«3-
0,77*
0,77*
0,77*
0,75*
0,70*
0,70*
0,70*
0,70
0,70
0,70
0.80
0.80
0,75
0,75
0,71
0,71*
0,80*
0,80*
0,72*
o,r2*
0,08
0,68*
0,80*
9 ,80"
0,65
0.65
0,65
0,62
0.62*
0,00*
0 ,09*
0 ,0'J
0 ,o:*
(1.64 •
0 .fifi*
0 ,f.7*
I) ,07*
(1,64
0,04
0.64*
0 ,81 •
0 .81
0 ,(-.U
0 455
0.C5
0,05

. 0 ,Cj

0,77*
0.77
n .77*
I) .77
O ,7.5*
n ,7.5
n ,7')
0 ,70*
1 ,02
1,02*
0,85
0,8.5
(1,8.5
0,82
0,70»
0,70*
1,18
1,18*
1,10
0,07
0,97
0,90
0.00
0,90*
0 ,90*
0,00
0,90
0,90
0.,'H)
0,90
0,00
0,00
0,90
0,81-
0,79
0,90*
0,90*
0,82
0,82
0,77
0,77
0,90*
0,90
0,80
0 ,75
0,75
0,71
0,70*
0 82*
0,82
0.77
0.76
3,77
0 .(>9
1  .8;i*
ii>:!

0 ,81)
o,mi
0,80
1 ,03*
I ,03
0,85
082
0,7'
0,75
0,75'

I) ,98*
0,98
0 ,98*
0.98
0 ,93
0,93
0,83
0,63*
1 ,42
1 ,42"
1,12
1,12
1 .02
1 ,02
0 ,<)l)*
0,90*
1 ,03
1 .63*
I ,35
1 ,20
1,20 -
1 ,07
1 ,03
1,09*
1,1)9*
1,09
1,08
1,08
1,08
1,00
1,00
0,!'8
0,98
O.ni!
0 .5'-.

1 .113

1 .'I.-;-
0.95
0 ,92
0,86
0,84
0.97*
0,97
0,94
0,85
0,85
0.80
0 ,80*
0,95
0 ,0.5
0 ,95
0 ,sr. •
0 ,85
0 .84
0 ,99*
0 ,99
0,95
0 .9-
0 ,95
1 ,22*
1 ,22
1 ,10
1,03
0,95
0,90
0 ,90*

1 ,46*
1,40
1 .40*
1 ,30
1 ,25
1,25
1 .16
1 ,10*
1 ,83
1 ,83*
1.53
1 ,53
1 ^37
1 ,37
1 ,or,'
1 ,00*
2,38
2,38*
1,75
1,65
1,55
1.32
1 ,20
1 ,33*
I ,33*
1.33
1,21
1,18
1,18
1 ,25
1 .16
1 .14
1 .12
1 ,06
0,92
1 ,18*
1 ,15*
1,10
1 ,04
0,98
0,0?.
1 ,11*
1 .11
1,08
0,95

. 0,9.7
0,90
0,87*
1,10
1,10
1 .10
1 .00
0.99
0 .97
1 ,10'
1 .Ji
1 .14
1 ,08
1 ,21
1 /)0*
1 ,60
3 .38
1 ,23
1 418
1 .(•
1 ,05*

2,12*
2.12**
2 ,12*
2,12*
1,70
1 ,70*
1 .63*
1 ,53*
2,76*
2,76*
2,70*
2 ,5.3*
2 ,08*
2 .{>::*
1 ,28*
1 ,28*
3,11*
3.11*
2 r50*
2,60*
2 r5«»*
1 ,S0
1 ,43
1 ,00*
1 ,00* •
1 ,a3
1 ,43
1,3"
1 ,38
1 ,40
1 ,40
1 .40
1 .v.'
1 ,25
1 ,02*
1 ,40*
1 ,33*
1 26*
1,21
1,21
1 ,03-
1,27*
1 .27*

,27
1 .il*
1,10*
1 ,07
0 ,96*
1 ,:)3*
1 .35
1 .nri
1,2.-.
1 ,10*
1 ,10*
1 ,3.,
1 ,34*
1 ,41
1,41
1.41
1,90*
J .90
1 ,83
1 ,57
1 ,40*
3 ,40*
1 .40*
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1 2 3 4 5 6 7 8

67. XI 2 000 - 2 500 0,78* 1,03 1,25 1,62 2,02®
68. 2 501 — 3 000 0,78* 0,05 1,10 1 ,30 1 ,75*
69. " -3 001 — 3 000 0,78* 0,05 1,15 1 ,30 1,73
70. 3 601 - 4 500 0,75 0,93 1 ,14 1,35 1 ,70
71. 4 501 - 5 500 0.68 0,86 1 ,00 1 ,30 1,70
72. 5 501 — 6 500 0,68* 0,85 1 ,00 1.30 1,70
73. 6 501 - 8 000 0 ,68* 0,85» 1 ,00* 1,30* 1,70*
74. XII 1 800 — 2 500 0 ,75* 0 ,03* 1 .Q5* 1 29* 1 ,77*

! 73. 2 501 - 3 000 0,75 0,03 1 ,08 1,29 1,77
J 70.. 3 001 - 3 600 0,75 0,03 1 ,08 1 ,20 1 ,75
1 77. 3 601 — 4 500 0,00 0,86 1 ,07 1,29 1 ,75
78. 1

1 4 501 - 5 500 0 ,6C 0 ,82 0 .'.trj 1,10 1 ,30 1
1 "-• ! 5 601 — 0 500 0 ,0i) 0 .80 0,03 1,10 1 ,30
!  F(f! i 6 501 — 8 00(1 o,r,.3* 0 ,80 0,02 1,10 1 ,30*

: 81. I  .
8 001 — 10 COO 1  0,r,7« 0,03 0 ,73

1

0,88 1 ,02

'cpo;iHBfi msch^hhS pacxos aa nperHesapyeKHfi uqcrix{Qq)
pac^ssuBaoTcsi ne jpaBB@HES»:

Clo= Kai
rs®s Qt cp@23Sii QsejESBHBiS peanBHuM pacxos npesH^—
mero Kecflua, a K Ke3#KiiKeHT
uacs^Edro pacxa^a aa npssHjEiyBl^ mocxii h cKTyaaas a©
gsenporaoaa aa aay^aeua^ Mecsii

TadjiEiia 2

IlporHosHpoBaHHHe H peajiLHHe pacxo^H b 1986 r,
flynae npH Bxoae b cTpany

Ha

N2 Mecn4
Q

CmVc)

amed
npsw>«y-
uvero '
wecTii^a

MereoriporHcj

Fnico-
npor'033

PeaiftHbrn
Mereo -
npoPHfO

rmponpor
H03 J718
peoilbHOKI
cmyaivHM
wereo.

CmVc)

Cpe^Huii
peojibHWfi
oporH03

OjiiodKa no
cpo68e«aK)
c peaiibHoP
MlTtOCMTV-
QL^Hep

1 OuiMfftca

! no cpoB-
f/e8HK} C
pCOObHOA
cirryaiweii
Mfreo
C-Znl

1. SleHSapn 4 .500 4 300 BacymiitisbiH 3 170 JQokiuikbum 5 850 5 700 89 — 3
2. (fespcub 7Tt,0 5 700 Hopi43JIbHblH 7 85(» JSCyuUIHBMU

HopKaUKMH
0 310 0 100 -29 — 3

3. UapT. 6 400 C 100 6 850 6 850 7100 4 4

4. Anp 0 300 7 100 10 050 -n— 10 050 9 100 -10 -10
f'. Mavi 8 .550 0 100 7^870 SacycuiMBHii 0 930 7 200 -9 4

6- KtOHb G 050 7 200 Sac^iiHsuH 4 PGO /^OHBWH 0 290 0 900 28 9

7. tlKtUb 1 *0 4.50 6 900 Heputuibmiiii 5 480 iOCyiEUIUKM 4 840 6 150 -0 0

6. AerycT 4 550 5 150 4"320 —n— 3 500 3 200 -35 - 0

9. Cetrr. ?. 100 3 2(M) 3*070 HcpKODMbiii 3 070 3 100 1 1

10. Okt- 2 030 3 100 —tf—
2 570 IffCyUllOBMH 2 250 2 200 -17 -2

Hon(rp5 3 04011. 2 050 2 200 HopMOlibHMH 4 230 -u~ 3 000 -41 - 1

2 330 2 GOO -412. flee. 2 500 3 000 ttopi«un>uMV! 2700 10

Ta(5JiM4a 3

M e C fl

ffOK. $e6. Mopr. anp.. MK)Hb KKlOb 00 r. ceHT. OKT HOnSpfa AEK.

X 3,62 3,66 ^,79 3,87 3,87 3,81 3,73 3,63 3,58 3,58 3 >05 3.06

y 3,62 3,61 3,70 •2.84 3, .8 3,85 3,78 .  3,66 3.CO 3,55 3.60 3,67

Ox 0,188 0,161 0,13 0,120 0 ,116 0,110' 0,114 0,119 0,128 0,145 0 ,102 0 ,160
Oj, 0,215 0,200 0,191 0,137 0,127 0,128 - 0,116 0,130 0,134 0,159 0 ,175 0,182

9jv 0,68 0,68 0,72 0,83 0,89 0,87 0,83 0,84 0,78 0,74 0,82 0,72
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(73c/^ - cpeanee KsaapaTH^ecKoe OTKnoHeHHe nepeMeHHOft ± , oey- *
caoBjieHRoli aanEHM 3Ha*ieKHei! •

SHaa cpeanee u KsaapaTuqecKoe OTOoneHKe, cooTBeTCTBeaao

^  OCyCJIOBJIOHHOfl KpWBOft BepOHTHOCTH, MOHHO BBiqHCaKTB 3TH KpH-
Bue, nojiBsyncB oCothhmi! TadjraaaMH HHTe'rpaimii HopMajiBHoro pacnpeaa-

JieHHHo

Ha psicyHKax 2 h 3 jaa npHMep kphbbdc oCSycjioBTOHHol! BepoHTHCc-
TH Ha anpejiB h okthCpb®

B TaCjiHHe 3 npeaciaBJieHH anaHeRHH napaMerpoB kphbhx ocJycjroB-
SeHHOfi BepOHTHOCTH HO COOTHOineHIIHM (4) H (5), 33 KaKSHJI MeCHR TOSa

AnPEJlb , 10Q00 nr-1
0KT5BPb9000

8000

.P(Q<y/Qo) P(Qx'^o)
30 50 60 70 90 100 30 40 50 60 70

Pitc.2 KpHBUe oCycjiOBJieHHOit
BepOHTHOCTH Ha anpcjiB

Phc.3 KpHBHe oOycHOBjienHOft
BepOHTHOCTH HH 0KTH6pB

TaicaH KpHBan HcnoHBsyeTCH cne^iyroimnff oOpaaoM:

lo Snan HanaHBHafl pacxoa Qq» BHdHpaeTCH KpraaH BepoHTHOOTH
napajijie;irBHO c aanHUMH KpiiBHMH_^aHH CTanjapTHHX sHaneHHtt (nanpH-
Mep: 15oo, 2ooo, 25oo, 3oob n^/c h t.^i.)'

2. Ha ocHOBe nporHOCTHHecKoft MCTeopojiorHHecKOl! HH$opMaHHH bh

OnpaeTCH BepoHTHOCTB npeBHtneRHH anaHeHHH 5,
JjiH MecHDteB, Koraa HHTaHHe wa cnesHoro noKposa snaqHTejiBHoe

(E-y) B naqajie TanHHH, Kor^a MeTeopojiorpmecKHl! npornoB yxasEBaeT

TeanepaTypH Btiine HopMajiBHHx h chjibbhc scot, OepeTCH bcpohthoctb

OT lc% so 2o%.
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B cKJpaTHOM cjiyqaos jpifl HesHa^HTenBHHX sanacoB caera h, oco -
6srs©, b CBy^iae nporaoaa xojiosHoro Mecnaa c ocasKaBns b Bisae cBaaa

OepeTCH BepOHTHOCTL OT 80% so 9o%«

Tan, npornosa cpeaHero pacxoaa aa anpexB pacnoaaraBOT cjie-

ayosiiiMH nporaocTHaecRRHH aoHamfa a aaOaDxeaaaMHo
- ©acoelta hojihoctlh) noapHS caeroM b aaaaae Mecaaa,

- nporaos yaasBiBaeT cpeanae TeunepaTypK Buine aopMaaaaux a,

ocasKH B HOpMeo

- SaeBaoft pacxos 31-ro Mapia 0^ = 625o m^/Co
B BTKX yCaOBHHX OepSTCH PIQ/Qq) a20% H, B COOTBeTCTBHH C pH-

cyHKOM 2 neayaaeM

Q = noOm^JceH

B MecaaHg Kor;na npeoOaajaas nHTaaae h8 ocaaaoBg BepoHTaocgpi
OT 2o% so 4o% BBipasaei" MeTeopOJiorifaecKHft nporabs HaOHToaaoro
aesoro peHimag a BepoaTROCTB ot 6o% ;to 8o% - nporaos nepMosa c He
SOCTaToaHHM KoxaaecTBOH ocasKOBo

2Ijih ot)6hx spyraz nporaocTiraecrwHX cooTKCineHHa^ ocasKOB h TeM «
nepaTjrpUo yaHTHsaa. kx pacnpexsJisHHe no dacceftay 2y2SH(B0pxHHH ujjjj
cpeTtaaa 8oaa)g Oepyrca aaaaQBHa oOycaoBaeaaoJt BepoaTHOCTH b coot«=
BSTCT3HE C HX aOTepMEHHCTHaeCKHM BaHHHHeiSo BuOOP 3THX BepOBTHOC <=»
Tel! saaaaTexBao saBacHT ot onHTa nporHOsacTa—raapcaora a, 6esyc —
aoBEO'v OT npoaoasHTSJiBaol! npoBspKW OToro aeToaa#

^HTEPATyPA

1. STA!IESCU, V.AlrSIuI la^piognoza a debitelor medii lun^e i^^^ioada da
vara - toainna. Hidrotehnica, vol,29, nr, 1, 1.98/f

^^Kodele'inatematice ale undelor- de viitura crxticeo Studii
de Hidrologie, vol. XXXIV^ I.M.Ho, Bucuregti, 1972



87

Xli' KOHci/EPEHIi/iH ilPtiJiyHAwCK^IX CTPAH HO T^QJl^yTii^LmUi IlP0rK03Ai:
Khcb, I9bBr.

UporHOS CpeTlHMX MeCflqnHX paCXOflOB lieTOaOM KOHTliHPeHTHOCT;:

i-p.KHK, j[;ii.'.nTpy JlasspecKy
MacTHiyT MeieopojiorKH n PiiTipojiorHH
ByxapecT- P^mkhkh

I/lean monthly discharge forecasting using

the contingencj* method

■  hrksng. Dumitru Lazarescu

Institute of lieteorology and Hydrology

Sos. Bucure§ti-Ploie5ti,nr.97

Pe3K)Me. OflHH K3 cnocoOoB npoPHOsa cpesneMecR^HBD: pacxoT'.OB

ociiOBan Ha anajiKse KJiaccoB KBaHiiiJieil pH;;a SHa-:efiHH.

E ocHOEHOH/CnocoO EKJi;"-:aeT pasT^ejieHHO m'As. aHa^eiixii na KJia-

cch! KBaHTMJieli H Hepec^eT cJiy^aeB, b kotoplh: nocJiesoEaTe:F.i>HL!C

siiatjeHHH pepexo^iHT ot KJiacca iCBaHTKRe-l i e K,^acc KEaHTvu-eri j ̂
iloayqenHHe flSLHime npeflCTaBJieiiu b Tadjn^ue c cocTBeTCTBeHHWMH

KEaHTKJIRL'II.

K' •

KjiaccH KBaHTHJieM onpeaejiHiOTCH KpiiBoii BepofiTHocTU 3Ha^aiiiiri

COOTBeT.CTByiOmHX BepOHTHOCTHM, pasaeJIHIOmMX Ha paSHHe

esHKHior ( Ha--npKKep, BepoHiHocTK o,E5 ; o,5o ; o,75j

3 paCoTC npeacTaBJien pcayjiETa^r npKMeneHKfl MeTo^^a KOHTiih'-

reHTHocTH 9 nporH036 cpesHei.iecnqHHX pacxoTicB /lynaB m siiy?-

peHHHx pen Mypem h Cokbiu.



88

B Ka^ecTEfe npKMepa aanH TiecHTHqiaie noeTiejibi sjlh TivHaa ( 3 npe-
t! . "

sejiax CPP )t a7a<jjn4riH c cooTBeTCTEyiomiMi* KBaKTHJin]!!!

?,jiH AyHafi Ha Mapi, anpejiB k ceRTH^pL, a "saK^e norpeuiHocTM

npor-HOSOB aa HHTepEaiL 1/1966 - iy/1987 flynaH h aa hh-

TeppaJi I - XII/1986 BJifl cTaHixiiii Apaa (peKa Mypem) h Caiy Wape

(peKa CoHeni),

A c a t r a c

One of "tiie proceduxes used in mean monthly dischargo fore

casting is "based on the analysis of the quE.ncile classea in

the series of values.

Basically the process involves the divison of the values

in the series into classes of quantiles and counting the cases

when successive valuer, pass from an i class 01 quantiles to a

3  class. The res''ilting data are listed in a contingency table,

Tne quantile classes are delimitted by means of the proba

bility curve corresponding to the prcoabilities that divide the

unit into equal parts (e.g. probabilities of o,25; o,5o; 0.75)

defining the cuartiles.

This paper presents the outcome." of applying tHe contin

gency method to mean monthly discharge forecasting on the

Danube^ the Luresh and the bomesb (the last tv/o being iniportant

rivers flowing on the Romanian territory).

By way of example the limits of the deciles on the Danube

(at the point the river enters the Romanian territory)^ are pre-

sented as well as the contingency tables for the Danube in

ft'arch, April and September and the forecasting errors over the
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interval January,1986 - April,19B7 for the -^^anute and January-

-December, 1986 for the river stations Arad (on the Murosh)

and Satu Mare (on the Somesh) • .

AOKJiAJl

OJ^Ia H3 B03M0SH0CTei& nporH03iipoBaH]!a cpeAHeMecsHHax aHaneHH^ pac-

Ao^o.B ocHOBUBaeTca Ha ycTOliHHBOCTH onpeAeAeHHUx OHaHeHHli pacxoAOE
npH o,HHHaKOBHX Te se lUDSMaTinecKHX napaMeTpax.

AHajiH3Hpya noaaejiOBaTejiBHocTB bo EpeweHH ocpejQHeHHHZ pacxo-

aIGB (oduHHO B TeneHHe ojHioro Mecflqa) mosho saweTHTB Hajuraie xa-
paKTepHHX ̂ epE0J^0B (cesoHOB) jyia Kaaworo ro^ia; SHMHHfi, BeceHKiLa,
JieiHHfi 2 OCeHKHll nepHOJpi, CO CneupS^HHeCKHfilH KJUSMaTHHeCKKMH E rii-

^LpOJIOrH^eCKHMH CBOfiCTBaMH,He&aEdCJimHMH OT OTJieJIBHEX yCJIOBHfi CTOKa
. Bo BpeNSH Kaamoro niflpoJiorH^ecKoro ceaoHa woiyT hohbetbch ne-

pHOjoa Mejaenefi 2 nasoAKOB. B xoHKpeTHHe roflu ojihh 23 bthx nep2o;^oB
MOSeT OTCyCTBOBaTB.

H3—sa rojiOBofi paanooTH (J^^KTopcB cT0Ka,iiepH05H ESMeH-noTca esk

C T0HK2 SpeHHH 3HrweH2K, THK 2 HHCJia npOHBJieHHH 2 ̂WQITeJIBHOCTE.
HajiHHHe iiepHOilOE k $a3 cTOKa,KaK cocTaBJiaKii'jHX HpHpomioro bo-

;ncoc5opoTa, ̂ obojibho flflHTejiBHO HS-aa HHepuHH hbkotophx npoixeccoB,
cocraBJiaBsmHX BOji.oodopoT^ KaK na "aTMOC$epHbM",TaK h na "KOHTimeH-
TaHBHOM" 3Tanax. Odimo, cpasy nocjie HeaHaHHieJiBHHX paoxoAOB He
HadJiE]maE)TCH snaHHTejiBHue paoxoAH*

OCHOBHHRJH IipHHHHaMH 2Hep2H2 HE STMOC^pHOM BTane HBJIHIDTCS
co^raeHH^ anepraa: 2 KAHwaTHHecKHe aHowaAHH; na KOHTHHeHTajtBHOw
oTane. - HaKonJieHze Tetuia , doJiBimiMH BOimaMH TeJiawe cKoasieHiie nohf
seifflHX EOfl, HaHH^e nJioTHoro pacTHTeJiBEoro noKpoBa z

HOIIHTKH KBaHTH$2Kami2 yCTOfiEHBOCTH IipOBOflBAHCB HO JlEyW Ha-
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np^B7ieEaaM« B nepBO&e. cJxyHae .aonojiBsyDTca ceKBeHmsoHHue SHa^emsa c

oiip»A^eHHHii8 marosa (£iec£ix o roA h t»Ao) ocaAROB bas croRa Asa bh~
HACJieHiiD! RoppeAaBAH K09^[i$mBieHTa nepsofi CTeneHB <- Koa^p^pipieHT as-

TOKOppeASUHHo ETQpOflfi CJjyHae, ARR XapaKTepHCTHKH yCT0fi^3HB0CTH
iijMMeHaeTca anaJiHa pasi^ ocaAKax bah cTona, Bupasaa Ha*-

npKMep ̂ yEHHy iiocAeAOBaT.eAi>HKX SHaaeHHfi / pnAa • EHine . eah Huae ero
cpeAKero SHaAeHHHo

Jlpyr-ofi cnococJ anaAHsa paAa SHaaeHHfi coctoht b aHaAHse. KAacc
KBaHTHAe&o 3 ocHOBHOM, ̂ TOT cnoco6 TpedyeT pasAaAeHHe aEaaeHiEK

pHAa. Ha KAaccH KBaKTHAaii E9 saTeM, noACAeT cAyaaesa KorAa aas h3~
PSCTHHX nO'EpeMeHM HHTepEaAOBp nocAeAOBaTeABHHe sHaAeHna nepexoAST
us joiaoca KBaHTraeS i b Maoo KBaHimieji j . Pesyjatai npeaoiaBJieH
B Eiae nepexoflHoiS raipiman/n oieneim. rae n mono KEaHTMeB, co~
Jio^ionee cceBHse mhcio nepexoaoB. npordosHpoBamoe aHaaerae ao-

;iaBHBx) ooctobt b3 l/n^ as aBCxa aepexo-
soia (N=n4. ™<.„n~avureHHH E latiimae KOHTMHreaTHoora..

noAy^6HHHe AaHHue npeACTaaAeHHa a
TeBMHH^T a3 aarrfcKoro asHKa "contingency " a ctaaaaaeT sa^c^
MOCIB OT «CrialSBOCTa COMHaTOXBEHX EXB ycaOBBl! BepOHTHOCIB, HEJie-

cjn?^>HOOTa BM HeonpsfleneHHHXme, npoaEJieHse Koioporo saEECEi oi
ycjioBHE, mm BosMosaoro, HenpeayoMOTpeaHoro anyaafiaoro flBJteana,

■  loilcca KBaBTmiea onpeu«wma^ KpaaoS aepoaraocTa aaaaeHaB
oooTBe'^ciByKaisix sepoaTaooTaM. pasaeaammx aa paaaae aacia ewBEny
HaapEMep. aepoaTaooTa 0.33 a 0.66 (passeawe eaM aa ipa)
onpeae-nLr Tepajcm. EepoaiaocTa 0.25j 0.50 a 0.75 (passeaaEjaae
csEHimy aa aempe) onpeaeaaBT KBapimm; laim ae odpasou onpefle-
Aao3T AeiyWiH e ixeHTHJiHo

Cnocod milccH$0i:aaim KBaaimiefi npaMeamioa BaepBas = ̂ to-
aoim, B aaaaxae cipyicTypa TewaepaTypu KpawoKOW a «p. (1562),

h raapoaoraa oaoood aonojasoBaaoa snepBHe apa aaamse oe-soaaaxa r-WBHX saaasaafl paoxoaoB B o&iaoTa Caxea (p. Ceaeraa),
JlBBH H AI><»' (1976)

HoaoaBaoBaaaiie b otSeax cayaaax KsaHTaaa (Saaa KBHHTaaa,-

*

2  S -
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B HacTOHiuefi padoTe, snepsae b Earned CTpaEe, npeACTaBseH TaKofi the
aHajznsa* ocHOBaHHufi Ha SHaneHHHX cpejpnix uecHHHHX pacxoAOB na J[(y-

Hae H Ha Asyx BHyTpeHHux peKax - Ii^yp^m h Coueni - pacEOJiaraBinHX

JViHHHHMH pHAasfiH AHEHax (Tadjmqa 1)*
TadJiHHa 1

Boeotok CeaeHze IlepzDE c Ha-
EZHZeM EaHHUX

nzCEO
EOT

JlyHafi
f^eni
CoMem

npz BXDEe B CTpany
c. ApaE
c. Caiy Mape

1840 - 1985
1925 - 1985
1925 - 1985

146
61
61

WcnoJEbsyeMHNBi KBaHTHjmaMH 6ujm mbwsjiz, co CTeneHBH) onpefleJiaEHmix

HX BepOATHOCTe^ Z SHaAeHZK Z3 TadJQUIH 2* . '
■  npefleJiH SHaneHzfi EeiBMefi (m^/c) sa Kaaymfl NiecHH z toe ni>eEr

oTaBJieHH B TadEzae 3, ees Jlyzaa, npz exoe© b cTpany#
Tadjoma 2

CTeneHL
EOHZJieit

BepOHTHOCTZ OdosHaAeHze

I
II
III
ly
y
yi
yii
yiii
IX
X

HsdUTOHHO EOSWQIBHfi
OAezB EOWiZEuii
^awiZBaS
jiiaepeHHo Aoam.^iZBHfi
HopMaJILHO AOZWIZBUS
HopuajiBHo sacyiDJizEHii

^yMepeHHO sacyumzBHl
SacyiMHEHfi
OneHL sacyiiwHBHK
OcodezHO saoymjiEBua

TaKJ^e, B TadJizaax 4, 5 k 6 npeECTaBJieHH TadJizmi KOHTZHreHT-

ho6th na wiapT, anpeJiL z ceHTHdpB, jpz Jlyzaa - bxoe b cTpany (Ba-
3ZA1Q).

TadjiHrm KOHTZHreHTHocTZ, odcsHe.HaKHiHe aiiaJiza EeiHuiett cpeEHe-
MCCAHHHX z TOEOBHX pacxoEOB, yzasuBaiDT Ha HOBTopaeMOCTB nepexoEOP
OT oEBoro MecAua K cjieEysauenfly, B Hamew G/iyaae, zjiz, Hanpzwep, ot
oEHoro roaa K EpyroJ^o

OCHOBHOe npeZMymeCTBO TedEZU KOHTZHKeHTHOCTZ COCTOZT B TOifi,
ATO AacTaH noBTopaeMocTL (nacTOTH) cTpewzrcff saHZwaTL npoTZBono-
jLoxHue yrJiii - ecbhA, BepxHzfi z npaBHfi, Ez^'szii ladEzmi.

Ha 0CH0B6 9T0fi XapaKTepCCTKKZ, TadJIZaa KOHTZHPeHTHOOTZ 'MOKHO
zcnojiBSOBaTB B nporHOse cpe.nHeMecaAHHX z cpeEHeroEOBHx sHaBeHzfto

Jljia tfToi-o, K KOHEor MecHEca, oupeEeJweTCff KJiacc Eemwiefi koto-
-ponfly o^JHOCZTca zsBecTHoe opeEHeflaecsAHoe sHaBeHze cTOKa, a zs-
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TaciJiHi^a 6

Tadmja KOHTKHreHTHOCTH

- npii BxojiE B cTPiiHy
CeHTfldpB

AbEo : I III f III-: ly yi yil; yiii; IX X'

I  , : 3 i6 2 3 t
II i 3 !6 1 3 1 2 1  j j
III 1 3 i2 2 2 3 4  ! !
ly 2  :1 1 3 Q 2 i 2  1
y 2  i 1 2 2 4 2  : 2  ! 1
yi 1  1 2  : 1 1 2 2  ! 2 1 2
yii r 1 3 2 1 1  ! 2 3

yiii 1  1 3 2 1 1 3  : 3 1 1
IX 1 1 2  1 3* ' 5 3

X ,
1  1
t  1 ! 1 1 2  i 3 7

Mecflixu

Tac5jniua 7

OTKJiOHeHHH CpejlHeMeCflHHHX npOPKOaOB
CTIAli - nFH BXQJIE B CTPAHy

Cpejimie pe- | Cpe^aine nporao- ' nimsrriTrw i CpeOTiHa7iBHHe3^acxoj5bi SEpyemg^pacxojoj . I

T

ii
III
jy
y •
yj
yii i
yiii;
IX ?
X
xi^ i
XII i

I
II
III
ly

G372
G'llS
7377
8So2
6S32
7120
4933
3248
3148
2195
2939
2487

3560
568o
6o6o
I0I60

1386

6ooo-65oo
6ooo-65oo
7100-7600
8Boo-^95oo
6600-71oo
62oo-G8oo
48oo-5ooo
3ooo-34oo
26oo-2Soo
25oo-28oo
22oo-28oo
23oo-28oo

. 1987

35oo-4o2o
486o-55oo
71oo-76oo
9500-1o85o

-6/3
-673
-3/3
-1/6
-4/3

-Wr'
-0/0
"4/4
-17/-8
-14/28
-25/-4
-7/13

-3/13
-15/-3
18/25
-6/7

-1,5
-1,5
0

2,5
-0,5
-0,5
-3
o

-12,5
21

-14,5
3

5
-9
21
o

Tadjnmbi KOHTEHreHTHOCTii doJiLuieS noETopser.'OCTH onpej^eJiHeTca-
KJiacca jieipajieii c;re,i;yDzjero wecaita. IIporHos EupasaeTCE jmdo npejie-
jiai.iE KJiacca Jindo cpojEffiw SHaHemieM ainx npejiejioE.

PosyjEbTaTii yio^'iHaDTCH. ecjiH Eudop KJiaoca jvia cjiajiyKHiieiTo we—
cflua ocHOEaH ho tojibko Ha cajvioM ehookom aHaneHHis noBTopaeMocTH,HO
H Ha MeTeopojiorH^ecKOM nporHoae, ocodeHHO Kor,na oh nojiTBepsj^eTaa



CiiiiHdKH cpe^peMecjSHHLix npornosoB
Co Apaji

TacSjmijp 6

1S86

I  CpeT5HEe pe- \ Cpe.nHKe nporHO-
Mecaijii aJTbHHeopacxosH - i2HpyeMHe.^cxo^iu

-  (aVc) 1 (m^c)

OmEuKH
{%)

Cue^Hjua
oiirac^-Ka
m

I
II
III

-TI
yri

X
XI
XII

138
126
1GC

395
185
129
115
81,5
43; 5
42,9
39,9
32,9

120-1
100-120
15C-175
2o5-240
200-227
135-160
II0—13o
60- 75
5o- 60
35- 45
3o-
3o—

■4.0

45

■12/18
•18/-2
.23/-9
-48/-3S

7'/27'^
-2/16
•25A 7

-< =-■ /'■jr*
lu/04

-20/5
-25/23
-9/3o

-1c
-16
-43,5
1u,6
17

7
-15,5

26

-V
1c,5

cpejmeMscHuHHi ni:»'>rH030B
■  Co CaTy Itlape

e  De-

i.^SCJUZK
(iv .̂37̂c)

ChDSjiHiie npopHC'-
ZZm Ska cr'JQ CXOiTI

(?vr7c) ■
OlOHOKF

\/o)

9

1986
T  "
j Cpe.miiiJi
lOlIiKuKa

(%)

tt r
j..i. j.

17
y
VI

yii
yiii

AL
yrr .1.

204
56

oo-^
I

346
1o5
68,0
87,9
GS,2
31,4
25
22,2
17,4

C'.n
c t— bo

'loc>-'l?5

>4oo
140-165
45- 73
— rt

66i~
45-
21-
15—
17-

60
7C-
( o
52
27
24
3o

-67/25S
—4/ i 2

3/32
>15
33/35

-35/4
-35/-8

. -3/10
47/82

-1g/8 '
-32/6
-2/72

-63
4

17,5
>15

44
-15,5
-21,5

3 "
64
3,5

-12
' 35

Mk.'^ KOFs^oro K? Tpex npcaHajiifPiipoEaHiiHx y^aoTKOE, wstga npn-
MSKHJicH K nepiaOT^y 1986 - 1987, KOTopi^ti ne y^TEEanofl npn oocTa-
^JidKsni 9Tyrx raojTWi, DiirfB^.sBaa ;ioctob:^cte Tacljnm
hoctl: b cocTaRTieHici nporH03a cpcjirieMecas^HHX pacxcj^OB.

OTKJiOHeHiift OT pe-aj[BKij:: sHaneHzfi ni)e^[OTaBJieiGi 3
(JiyHag - y Bxc^^a 3 cTpany), 8(Apaji) e 3 (Caiy l^pe)

Bnojirfe npEewJieMH aab iipaKTHKSo

KOiTZHrear-

TadJiHuax 7
3th OTTvione^
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Ha Jlynae (npn bxorb b c^pany), cpe^HHe OTiuioHeHiia npciaosa
MecflHHoro KOJrefijWTCff ot -12,5^ ao +2,5^. SlmsECTBeEHHw HCK^meHEeM
HEJiacTca Mecaqa oKTHdpL (+21yS aa-sa pesKoro cnana pacxoj;oB) h ho--
HdpB (-14,5^ HS-Sa OTHOCHTeJILHO peSKOrO pOCTa CTOKa).

Ha c. Apaji cpeflHeMecsHHHoe OTKJiOHeHHe nporHosoE KOJiedJieTca ot
-15,5^ AO Vl7>i« HcKJiKHeHKeM asoiflioTca wecami anpeJiB e ceHTHdpB, c
OTKJIOHeHHaMH -43^ H, COOTEeTOTEeHHO 26^, H3-3a OTHOCHTeJILHO pes-
Koro KOJiedaHHH pacxojioB aTHX HecHneE no cpaBHeHzio c npenHJoyimiMZ.

Ha 0. CaTy Mape HadJiKwaiOTca oTKJioHeHHff e dojiee aoipoKHX npe-
jiejiax, OT -21,5? no 17^, HCKJiDaeHHeM HE-TfleTca HHEapL -63% (ciuil-
HHH naEonoK BOJieAcTEHe nojioEonbs H Meaaim wafl (-{44%), ceHTHdpL
(64%) H nsKadpL (35%) c donee hhskmmk cTOKaMH no cpaEHeHEC c npe-

KecaueM.

CpenHeMecfiaHue paoxona 1986 E 1987 rr. oTMeaeHH b TadJmnox
SBesnoHxcfi (1986) e KBanpaTOM X (1987), kbr HJUiBXJTpanEH cTeneLa
nOCTOBepaOCTH B HCnOJILSQBaHEH Tadjnm KCHTHHreHTHOCTH

MscjmiHC nT)orHC3H 0 HedoJiBmHMH oniHdKaME HaxoASTca tsanHcaHH) non
EHCOKHME HECJiaTJlH IIOETOpHeKOCTH®

MeTon npencTaBJiaeT npaKTiiaecKHli EHTepec ajui iiporHosa cpenac-
r,5ecHHHKX E ronoEHX sHaaeimli pacxonoB h cooTBeTCTEyiximx od-
LCKOE Ea dojiLnmx penax oHaHETenLHoro HHepuEOHHoro 9$ij!eKTa.

aiHTBPATyPA

LASAJffiSCU, D. . ■ ■ . , 4^. « ' «
0 jnetoda de prognoza a debitelor medii minime pc
Du.nai'6 la Oltenitja. Lucrarile conferintei a f ®
nczc nidrologloa a "tailor dun^an!?, Burure'?-"*.- 1,-on

2  3^ X 2^ ' ■ •
HydrOlogical aspectG of drought (Anpecle fcidrolog5.ce aj.e
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Xty KOiBEEEHIDlS nHWH/fflCKHK CTPAH nO maPOlOmmmi IIKm)3^
(KiieB. 1988 r.)

npoPHos paczcAOB Ea JlyHae no flUHaiaiEe CTOzaciBnecEO&
MQ^ieJIB (PK)

HoHeJi Snare
HuciBryir MereopaTiorFH e r^npoJiorEE

Byxapeci, i^MKHEfl

The Danube discharge forecasting using the structural
stochastic model (PK)

I^Zlate

Institute of i^eteorology and Hydrology
Bucharest,Romania

EBME

Jhx'a'v Mai-GMaTEEeoKaH saoj^ejiB QCHOBana na HcnQntsoBaHEH ynpo—
meHHHx miores^ KpTopsc Moryr BBX^TBca norowKajcHhnorpemHocreh
pac-^f-Ta (nporHosa). oEeHKE Moryr 6uTh nanyEeHK, ecjm dm
norpeniEocrE ynrenH b oauoia nponecoe paspaPoiPKE nporHOsa, laicoH
Eonxos jiaer ecsmoshoctb nojiy^Tt KOMdiniHpoBaEHyio jniHaKEKo-
CToxac!?ifEec3cyK) CroxaorEnecKan uccTaiuissmaE# CMOflejiEpoBaK—
flaa SBTopcipeccEOHHofi MO^eJiBro ( PK) t njEiHHMaer Ha oeda naciL
CHcreii!iaTHHecKo2 norpeniHOCTE.

npeycraBJieHHaH rpaKTOBKa HcnoJEbsyerca s reopHE JiHHefiHHx
cHoreM ("HcnojiBSOBaHHe xHHeSHoro §HJiLTpa KsJEbMana).»

JQEHaMEnedEaji moscjib ocHOBana na ynponjeHHOM ypasHeHHE lilacKEP"
rawa , -ito b yoJicBEHX KEHeMaT2raecKo5 bojihh aKBEBanenrHo

/< TsjM K = /i t (j( = Bpesfis /loCerssufi), etc iiosBo-naer onepaiaDHo
yA50BJierBopari> roedoBapEH nporHosa. MoneJiB BKBEBajEenrHa jvm
^0 juoflejiE Haisa tsjds. KajzHiPEHa-ifeJiMcoBa. B paccMaipHBafiMcai ojtyTiae
y^THBaerca doKOEofi iipEioK cocraBJiflKert okojic 15% odBSMa Buxcjctorc
rH;^ci'pa|a. EokoboS irpEiox cwiaercH pasEOMSpHo pacnpesojieHHaa.
Baccpe^iejieHEe noroKa bo- speMeHH c^iaei:cfl ea3hteehhm p^cixpej^ejieHEE
CrOKa B -OCHOBHOM BX0E8 0 C OCTBO TC TByjUituM C.^PHTCai JplH KaEKOro
nocj:eji;yKE5ero yana oy^aM^oBaHHa.
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MaTpmuj n^pexop.a ypaBHeHHfi coctojiehh h HswepeEafl yoTOHCB-
jieHH anpzopH, b saBHczMocTH OT rHjpaBjm^JccKiix xapaxTepiicTiiK

paccMaTpnBaeMoiS pycjiOBofi cgth. Ha DHdpaHHOM 3rHacTKe MBKCHMajiLHoe
Bpewfl BoderaHHH cocTSBJiaeT 6 jineft.

JiflK nojiyqeHHfl MaKCHMajiLHofi aadJiardBpeMeHHOCTH 7 jiHefl bo
Bcex rzjcpo'MeTpHqecKzx cTBopax na Jlynae neodxcitHMO npoflnHTL
BXCflHue ^iaHHue b KasqiOM BHinejxsacameM cTBope o noMOOiBH) MOjtejiH ar

C 3Tofi nejiBK) dima cocTaBJieHa MojiejiB TimaARiMA. c BoaMoacHOCTBio

yqeTa hockojibkhx bxcothx nepeMGHHHX.

Abstracti * .

Any mathematiceG. model of a structural type is based on

a set of simplifying hypotheses which obviously induce esti

mation errors.

Better estimates are obtained when the errors can be con

sidered in the very process of forecasting which involves devi

sing a combined structural-stochastic model, the stochastic

component being modelled by an auto—regressive model taking

over the systematic error in the residuals.

This approach is part of the theory of the linear systems,

being compatible with the use of the linear Kalman filter.

The structural model is based on a simplified Muskingum

equation (x = 0) which under kinematic wave condition is
equivalent to At = k or K =»jt (k = routing time) which shows
certain advantages in the rapid satisfying ox tne forecasting

requirements. The model is in fact equivalent to- the ilesh-
-Kalinin-Milinkov model for x = C,

In the case beir^ investigated the contribution of tri

butaries with about 155^ weight relative to the outflow of the

longest river reach is taken into consideration. Cut of this
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3^sason and due -to the difficulties encountered in considering

the phenomena taking place at the confluence of small tribu-

tai'ies "With the main river course, the lateral contribution

is considered evenly distributed following the same time

distribution as the main input but with the differences and

prolongation corresponding to the knots making up the model.

Ihe transition matrices between the system states and

inputs towards the output are a priori specified depending

on the hydraulic characteristics of the river reach being

analysed.

Celerities, i,e. the propagation times in each sub-sec

tion ̂ re detenuend on account of the correlations Q - f(ii),

(c = dQ/dft) and c = f(L) resulting in the fact that celerity
•3

can be assumed constant over the interval 3.ooo - lo.ooo m /s

v/hereas over the entire river celerity takes values in the

range 1,8-2.g m/s.

■Jnu.£r the condicicna presenterl Ihe longest delay time
Is 6 days for the river reach under consideration.

Kodol PK can therefore produce forecasts by a 6-7 day
liiarinium lead-time if the inflow to the longest river reach
is oxtended by oiie day, in AR->

In viov" of obtaining a i.iaximum lead-time of 7 days for
t^ll river stations on the hanube the coi responding delay of

entering the values into en appropriate model clioula oe rca-
4-is ad first.
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In this respect an ARBrlA type of model was worked cut

which should consider several inputs and their correspondirg

delay tiraeso y •

llOKJiafl .

iliodaa waTeMaTEHecKaH Mojtejn> ocHOEtiBaeTca Ha pwe ynpoiueHHtix runo-

Tes; reoMeTpHHecKHe anpoKCHMahHii,THn jcEMseHiM (ojyiOMepHoe), nocTo-
HHHHe CKopocTH flocJeraHHH,JiEHefinocTi> HcnojiBsyeMiix ypaEHeHHfi h

TaKHM odpasoM, ynpomaKOffie nmoTesu CTaHOEHTca HCTOHEHKOifi
COMHETeJILHOS 0I16HKH, K KOTOpUM npOHdaBJIHDTCH E norpeiDHOCTE E3Mepe—

HEli,

B CBH3H c aTENi, B rHj(poJionnecKOM nporHOse EcnojiBByDTca flpa
nyTE: coBwecTHoe EcnojiBBOBaHHe Mo^ieJiE c aKTyaraisayHel^. hjze eceojce,-
soEaHKe MOJ^eJIefi» yqETHEaEuiHX HeHsdesHKe ohehcJkh h ex &bojie)ixhi3 b
jipoaecce cocTaEJisHaa npornoBa.

HacToamaH woaeaL exdjiht bo ETopyro KaTeropEBSja cnocod nojixoaa
naxoEETca b TeopHE jmneiiKHX cECTeM e no3BOJDieT EcnojiBSOEaTB aEneS-
HHii ^KjiLTp KaJEbwaHa (L<,K«F»)«

npE noMoma cTpyKTypaaLHO-cTOxacTEaecKofi MoaeJiE mosho c;xeJiaTi>
oueHKE TEiia:

Y + St "^ (It ° ^

rjie:

Yj - aejiaewaa oueHKa

Dt - oueHKa npH noMOiUH ueTepMEHEOTEHecKofi fiaoflejffi
St - oueHKa GTOxacTEHecKOtt MOuea^>KJ oiiihcJkh pacaeTa ueTepMEHHC?E~

HecKoii MOueJiLK) b momcht _

It - cocTaBaaioiiiaa deaoro mywa raycooBCKoro TEua n (5 ).
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OnpeAeJieHiie sajiaHs b j^aHHou cJiynae ^qnTUBaeT h y^eT MUHHMajiB-
HQft JSH^OJAOaiBra BXOflHHX IiepeMeHHHX SSOAeJDlo

BJETOA L JLT.

MeToji jniHTHBaeT onacaHHe ©BOJiaiiHH HaTypajEbHOft CHCTeMti otas^ho ot

ypaBHeHHH HSwepeHHtt, ToCo nepewenHHe cocTOHHaa aKTyajmsMpyBorca b

SaBKCBMOCTH OT HOEiiX HSMepeHHfio

Obdjidhhs HaiypajiBHofi cHCTeMU oimciiBaeTCji CHCTeMofi jmHefiHHx
Jg^^peHr^rrajT^HW y ypaBHOHHiia OnpCAB-tteHHe SaAaail MOSHO HaaaTL c
cosAaHiia &TOfi cHCTeiyKi, hjie c $opMH (2) aTofi cHCTeMU, nojiyaaeMofi
nyTess HHTerpupoBaHEa cHOTeMH AH$$6P®Hii!HaJii>HHX ypaBHemifi:

-t = ^t-i ^'t-1 (2)

Kx - BOKTop nepeMeHHHX .cocTOflHHff OT HaaanLHiix ycjioBHfi, b
tao:

SdOUeHT

tuieH EostfysAeifflH

^'x-A" q^Top BosMymeiDia xapaKTepa deaoro mywa oooomaEK
mafi HeAocTaTKH HouoJCbsoEaKHJi ynpomaifflmix pHiiOTes

MOTOA nosBOJiaeT sairacaTL ypaBHeHge 2, AByivia ^asawHs
- ̂3a nporaosa

^IC/K-, = ^k-l/K-1 ■■

- codcTBeHHo $a3a ̂ axBTpanHH

2^ k/K " 2 k/k-l ^k/k-W (4)
B KOTOpO^:

— HOEae gSMepeHHH
^ k — onepaTop a waTpana EHdopa nswepisKHli
Kk- MaTpHEta nonpaBOK _ 2\
- rayccoBCKaa: nepeMeHHaa ^ka-i .

ypaBHeHHa jifiji pac^eTa waTpHA ^k/k ̂  ̂k/k—1 ^^aTpHna
nonpaBOK OAeHKH x^j^ a SBJumca. ypaBHeaaHMa $EWLTpaiAiK
/1/, a cynjHocTB L.IUF. saiwuraaeTca b yroHHeHaa waTpaqa Jlna
pac^eTa waTpan h HeodxcASO® waTpama Q = Cl. R = c;'l
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IlepeMeHHHe coctohhzh MoiyT duTt jieTepMHHECTKoro, CTOxacTiwe-

cKoro isjiz cMemaHHoro Tana, a nojQpieHHue MOAe^Q^AeTepAaBHiiCTKHe*

cToxacTHHecKHe j/um cTpyKTypaJEbHO-CToxacTiraecKHe.

OUPIMEttEHHE CTPyKryPAJlIflOll SAJU.^

TpedoBaHne samiKHaeTca b ocymecTBJieHHH nporHoaoB sadJiaroBpeweH-
HocTLD 1 — 7 jmeM Ha rEflpoweTpiraecKiix cTanipflx, pacnoJioseHHiix na
JOtyHae, c acnojiBSOBaHiieM b KanecTBe bxo^ihhx ̂ ibhhhx esejuieBHiie pao-
xoflH rzMpoaJieKTpocTaHDpz Hopuiuie a© ̂ ep I.

rtecHMajiLHoe ono3;;aHHe -- 6

JlflSi nojiy^eHHa seJiaeMcft sadJiaroBpeMeHHOcTH ao 7 flnefi Bxojmofi:
riTOorpaip jiojizen Chtb npo^^ieH jvih KOwneHcaoEH BpeweHii peajEbHoro
ano3jiaHKfl rhsi KasyioS rHflpoweTpiraecKoft cTannpH#

jljiH. BTOTO dHJia paspadoTana wojieJEB Tiflia APVMk c HecKOJEbKHMH
BxojHiHMH nepeMeHHHMH, KOTopaa zcnuTHBaeTca b HacToamee spewa.

B oooTEeTCTBHH BpeweHH onosflaHEtt T = 6 flHefi, paocMaTpHBaeuHlS
oeKTop noflpasaejmoH na 6 jtootkob AX. aa npoTflseHm ot Exoaa ro
EHXOfla, a nporaoBH BHflaiwoa SRH KasROVO Buxoaa o yqaoiKOE AX. B
saBacm/iocTH oT nporH03HpyeMHxAa,nonyaaHiT AHapa Buxoae c yaaoTKOB
H npHMeHHeioa JiuHefiHafl HHTepnoJumHH, SRH noayiemia Kejtae^ffilx sna-
leHHii B oooTEeTCTBKii 0 DOSHqHefi rropoMeipiweciffix CTaHUHii.

EoKOBofi npHTOK c^Tascfl ojEiopoflHo pacnpeaaiSHHaM no yaaoTKau.
TSK KaK Ha HX flOJiK, npEXOOTTOH np^epHO io-15^ EHXoflHoro raflporpa-

H^aa ipyflHOCTea, MOflemipoBaHM HKieHHa ommmR Maaoro npaw^
c So^iBmofi peKoa o canEHoa Mpaaiuiefi ypoBHefi, wia yapome^, ̂
npeneneHHe L bo BpeMeHE np^iooE TaKm. kek y Bxoworo

HO CO cflEHTOM BO BpeueiiH, oooTBeTOTByHmiM JcarooMy yaaoiity .
LfipaHHaa MOAant floOeraHHa- ooHOEUBaeToa na KHHeManwecKoii

BOAHe, y KOTopoa OKOPOOTE floderaHEH onpeAeAaeToa. ypaPHeHHeM
Q=f(A) Ha OCHOBe npOHSEOflPOfi

C » 6 0./S A (5)

Ha PEC. 1 «0HH0 3a«eTETE. HTO WH aHaAESEpyeMHX "WPO?«eT^na puo. " MnitPT CEETaTLOa nOOTOaHHOfi npH
^eoKEX OTaHime OKopooiB ^ paccMaipHMaeMoro
3000-10000 MVOCK, npE snaEeHEffX 1,8-2,0 M/O pa F—

KEHe«aTEEecK0fl eoahc napaweTpH ypanHOHEE MacKEnraMa
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MoryT duTL onpe^eJieHH cJiej^yBauma odpasow:

v; ^ AX /c

X

(6)

C7)

J^TDi cocTaBJieHaH npomosa he- ochose eseaneEHHX pacxo^ioB npa-
HTQ.'.a3TCH K = At (1 ReUh) , E 5T0 pEEeHCTEO CBOJ^IT ?feC^.raMa
K  Haili-KEUlEHHH'-ivilL'llIKLtGB, HCnOJDbSOEEEIIieijt.v ) /«*/ •
ceKTopoB A,\ Ta-cnoJiBSOEEHae MOfleJffl ?&:cKiiKraMa hocht do;:ee
odiiiiiti xapBKTep.

Ecjm 0 BHBOA H3 ceKTopa, a I -exo^ e ceETop. ypaEHeEHe
ivIacKHKraME tipHHHwaeT Bum jiHweiiHoro ypaEHeHEE.

0^ = Cc I2 + C2I2

a B jrpaEHeHHH 3 nepexoflHEH METpHna sanHcuBaeTca:

KK-1

C2. 0

Co(C2.+fe) ^2

Co (^z C,/

BJien BOsdysfleHna ^ -
Co Ci

r U = l"t "t-

o:

do)

OnPBffEIEHKE CTOXACTK?ECKOli COCTABJUKIHE!!

norpeuiflocTH oaeflKE tt fleTep.\®!HMOTKoa M0fl6Jii.E, apjmmcn 3aEB0iii.ai>iK
i,K. w.em Koo^amien: aETOKoppenawiH 5.» o,S5 wia pacxojai®s.xcfl Ha
lit 9ji(iMfeHT0B, JWH noJiyHOHiia xapaKiepiicTHK Ceaoro !ayi.a , oim
.aHpyioiM 63ToperpecoHOHhoii AP, (2). oiensHB Koiop»E onpa-
jieJiaeTCH he ocHOBe tbcts IfeHHyfi ̂

(11)= 0, £t-1 - ^ Tt

lUm B ̂ pwe METpHIJi

ft I
et-t

CI4 C*2l

1  0

6-r -4

et-2

Tt

o

^ r-2—  f—'Z. \

B KOTOpoA St rayocoBCKaa nepeueHHaR M (5 . 5 ) •
(12)
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10000

dOOO

8000 =

7000-

6000

5000-

AOOO^

H36nK>AaBiUMc;i rMAporpc^i

pacxoAbi, tipbrKosMpoBriHHbie
no crpyKTypo-CTOxotTMiscKoii
MOAePH

pacxoAM, nporHoawpoBaHHbie
no aeTcpMMiiMCTMMecKOii.
MopejiH

wenmw

Pitc.2 IIporH03 eKe7r.HeBHHX pacxosoB
c saCJjiaroBpeMeHHOCTBKJ b
1-7 anefi ct« Epawjis

&(m vc 1

20C0-
HOfiAioflaBuiKftca rMAoorpaiji

pDC*Oflbl,npOrn03MpOB3HHbl2
noflerepMUHMCTKHecKOH voflenp

pacxoflbi, nporHosMpOBOHHWt no
CTpyKTypHC-croxccTMiecKOM
MOfieAW

htjieA/

Phc.3 npoPHOF ejsesheBHHX pacjor.oB o
3a6JiaroBp3PeEHCCi?BD 1-7 2Hefi
CT, lflca?.qa
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OcStejmHeHHe b CMemaHHOft Mo;neJrH ocymecTBnaeTcsa BUdopou B
KanecTBe nepeMeHHoS coctohhbh e wm a; b flaHHofi aaoAeJiH zq>iihb-
waJiH §•

JlTifl oixeHKH c sadjiaroBpeMeHHocTLD , BpeweHHoli pro

Bii(5iipaeTa<i c maroM i At.

SAimCB aiEillAHHOn MOim B SOFIffi, C00TBE7CIB£HH0fi I..E.F.

BeKTop nepeueHHUx coctooibii wm ROMduHiipoBaHBoil MOAejm aueei ns6
jieTepMHHMCTinecKiix nepeweHHUX - Buxojm hs KajKfloro nojiceKTopa h

/d = 2 cToxacTOTecKHX nepeweHHax - napai/.eTpti wojiejiH AE (2):

X = i > • • • > 1 (13)
nepexoflHaa waTpiiaa pacnpocTpaHaeTCH Ha i h j = "■►i, n-rZ odBe;^*-
HHHCB c MaTpHUofi I, ocTajiLHHe" ajieweHTH HweDT ByjieBoe ana^eHHe, a
waipT^aia oTdopa HaMepemifi h3 ypaBHeHna' HSMepenufi sanHCHBaeTCji:

^ = j 0, ... ,^,^1 ^t-1 » ^t-zl
OnpefleJieuHe HaHanLHUX SHaHeHuli lyw P^, Q h R onpeAe/iHeTCH

flBywjfl HTepaunfiMH, a jiflH. x^ onpejiejieHHe HaHisHaeTCH c ciamiOHapHoro
TeneHaa peioio ' •

MCmiTAHIlB MGJIEM MSI COCTABflEHIW IIP0rH03A

yAttHHeHiie sxofla z rmqporpa^ npHTOKOB ocymecTEnaeTca AE (2).
toi VTOHHeHHH CTaTHOTKHeCKHX XapaKTepaCTHK EHdHpaUHCB Bpe-

MeHHHe pg.TT^J c MKHHwyM 2oo SHaHeHHfi flna Bxojia 2 Buxo^, npeBJuecT-
EyKtiBie MoweHTy cociaBJieHHH npornosao

Ha pHC. 2r3 npsjiCTasJieHH npHwepu nporaosa na 1-7 jmefi atli
pwnpnMP.ToTaHr^HH Bp&HJia s' 5) H Mcaioia (n c 6) o

BHBGjm

norpeuiHOCTH nsMepeHiifi onpeAejwnT HecooTEeTCTEEe odBewa nroorpa-
$oB y Bxojia H na Buxofle h, saTew necooTBeTCTBHe aKCTpewaJiLHHX.

Eaaroaapfl xapaKTepHCTHKaw HcnoJiBsyeMiiX SHaHeHHfi - jmanaaoH
HswepeiiuJi s Teneime HeAejm z EudpaHHi:^ EHTepBaA BpeweHH - paccwaT
pEBaewiia cjiyHafi HBJifleTca oahkm H3 Haadoxee penpeseHTaTUBHux npz-
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uepoE npHMeHeHEUi npe^CTaBJieHHofi uoAeJiEo

-  ' Hfls. nony^eHEA dojiee tohhux p&syjiLTaTOB Heodxojpnao cofjzeco-
saHze nepBZ^iHUX saHHsXe

IIpe^iGTaEJieHHHe pesyjiLTaTH cooTEeTCTEyioT $a3e EcnHTaEZH mo-
aejiHo
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Bosmo^hoctk npjiMeiieHiui $a:cTopHoro aKaJuisa

apH nporaosax ypoBHeii bojw

Kobbh IIIaH;aop

CpeflHeTucaKcKoe Boj^oxosHlicTBeHHce ynpaBJieiuie, .Co-ibkok, 3KF

I. BBefleHBe

B padoTe cpasuiiEawTCH K.ojieJiii nporHosos KaKCKr^iBHHx ypoB-

HB?. uaBonoqHhiX EOJiH peK Tuca H Xapivaffl-FCepein. MojieJin ochoeh-

ha .uTKefiHoX perpeccnE k KeTOjJih 'leiCTopHoro aHaJuiaa.

Tiicca K ee npKTOKu npe^iCTaBJifliDT codotl ejiCHHyjo pHSH^iecKyD

csHTer-iy, cocTOHHHe KOTopofi onpeaeJWiOT nepeweHKBie jiHHeSHOf.

Moj;ejiH. OiDEdKa nporHOSCB odiiHHO itu p/eHLwe. dojiBiue Ta-

_kk:: nepev.eHHHX, cpjiepj^aimix HeodxoajsMyio wi^K)pKaiiSiO ̂ oraocKTeJiB-

Ho nzKa naBOniccB, aKJiS^eHO b MojieJiB. <5opR'.HpoBaHHe ypoBaa cto-

XaCTjHHeCKIlfi UpOIXBCC, KOTOptlli TeopeTHHeCKB BOSNiOaCHO OHKCaTB

TOJIBKO deCKOHe^JHO dOJIBIUHM HIICJIOM npeJEKTOpOE r HX 5I3MeHeHIia-

MH. IlpaKTHHSCKE 3T0 HeOCyiUeCTBUMO, HOBTONiy OqeEB BfeUKHO EUdpaTB

Ki/.eHHO Te nepeNieHHHe, KOTopue b coBOKyaHOCTH coj;ep^T iiocTa-

TO^Hyio EK!iop^*aI^^lK) OTHOCHTejiBKO roiKa iiaBOJiKa. BHdop iifcpeweKHUx

WCKBT npOHCXOJIHTB npaKTilHeCKEW, OnUTHbIM IiyTeM, nOCJie JlOCTaTO"*!—

Horo ogaaKovjieriiiH c npoueccaio, nporiCxofiHid/iE na Bojiocdope. a

Tan Jrce c EcnoJiLROBaHKew MaTOMaTOTecKTlx weTOjiOB, KaK HanpjLMap

c noMOUiBio Eh^ECJieHHH napiiKaJiBKt'x KoppeKiudi; mjib ae coBMecTHoro

iipBT/:eHeH5iH tgx e Jttpyrax mbtotiob.

3 dojiBiDHHCTBe cJiy^aBB HajiejsaocTB HesaBHCHMHx nporHosoB on—

ps^iejiHGTCH piyiOB jiahHHx. B cboh) onepejiB npENieaeKEe dec-
KOkieWtiO ,i;JIEHHUX pHJttOB EGJieT F. aapy^BHJHK) O^mOpOJlHOCTH pJUlOB.
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O^lHOpOffiiOCTB pjmOB .TiaHHHX peffiaiOlUKM oCpaSOK Onpe^^eJIHKT faSJIHH-

HKe no xapaKTepy h casN^epaM EOfloxosH^CTBeHHHe padOTH h ycjior-

BHJI npOXO^eHliH naBOnKOB, OTHOCHUiHXCfl K paaJlK^HKM HHTepBaJiaM

ypoBHeS Eonu. IIoaTOMy mr Kaanofi Monejm Heoc5xonHi.'o onpe^ejiHTi

onTHNtsuiLH3rK) ̂ yiHHy pnjia nepeMenHHX,

iipH onpenejieHHH wcJia nepeK-eHHHX /n /, jyiKKH panoB joaHHHx

/N / KysHO odpamaTb BHTav:ainie Ha ycToir^BocTB MonejiK. Boji;ocdop

Tmcch OHeHB cJioxeH, xapaKTepHsyeTOH MHorHT/iH npHTOKai.iE. npii

.wjiejiHpoEaHiTii EonHoro pe3tro:a pexn JOTaBJinrj ces BHEwa-

H3iH ypOBHE npHTOKOB. JIajxe npK yaeTE caA'Jofi HeodxcnHwoK'HHitop-

MauHH aKc.TO nepeKeHHHX K05ieT iiocTBrHyTB .15-th. flpH oaeHB dojiB-

BOM HECJie HesaBHCKNJTx nepeMEKHUX cTaBiiTCH non Bonpoc ycToKHit—

EOCTB JiHKeJiHofi cHCTeMH. jyifl pBDjeHHfl 3To2 npodJieKH uejiecQGdpaa—

HO npiBirieHHTB K OTon ̂ laKTophoro aHaJiHsa. OdmeESBecTriO, *ito tjaK-

TopHui: anajuia HH^opi/ianHKi, co;iepacauiyB3CH e hcxojihhx nepemeHHux,

cjoiMaeT B MeHBmee nncjio nepeN:eHHHX, t.h. $aKTOpOB.

II. ̂ aKTopmrf: aiiaJiEs

OcHOBH "jaKTopHoro aHaJDiaa paspadOTaJi Xapx^ea e;i,e £ 1960-ow;
roBy,

'iaKTopHKfi ajiajma ocHOBtiEaeTCH aa tom, ̂ to HSMepeHaae nepe-

KferiHHe MOStHO EWpaSKTB KEK ̂ jyaKIIKIO Hea3K'iepeHHMX i.epeMeHHHX; .^K-

TopoB. Ecjih ^icjio HSMepeHHii N , a hhcjio uepeueHnHx /7, Tor;na

nojiyxiaeTCH ^^aTpHIIa nopHnaa A/-/7,

I  X/3 X/n
i  X,| ' . . . * Xjrt

.  I .

I  ( I )
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ilpoKSBeiierv: HOp-iKpOEaHae neper/ienHHX

7  = •'• ■' ^
H  ; = A2, . . ., r]

r;ie

-  •/ ^ Xfxv-.v/.. ^r-KV-

z -

-/rt

^in

'Zuf. 2a/2

jie-THeTCH no ^opiv7Jie
u

t?" ^ . • "5* .2. 4^ iTiit
Ofe -

N

,  (j k.iz

Kobi^7.'u>'e'iTti r-fe f.'OKHO npe;icTaBHTB e Eiijie MaTpHixu

f4A ''•12 • • ^411

-R "
2' f'12 Tart - jL 2*"^

N

( 2 )

( 3 )

iiocjie HopwrpoBaKHH i-:aTpHiia ra/.eeT cjiej^'owtn eKmX :

TT --r
-2^ ^21

( 4 )

IlapHtiii K03!j''pHm!eHT perpeccKH A.eKjiy apryT/.ehTaivii v, oiipe-

( 5 )

( e \friA f m • •

rne - noJiy^aeTO.H noc;ie TpaHcnoHiipoB?)HEH Z .
B faftTopHON'i RHaJiHse npeAnojiaraGTca, ^to iv'.ejK^/" n3r.;epeHiia;-,L

cyiueoTBysT KoppejLqiriioimaH cbh3B, (jopKiipoEaHZG KOTopoS npo^ic-
xojiiT non BJii'HKJier: fnornx iJaKTOpop, apKMer.": ;],3f:cTBHTeJiEHUe ne-
peiv.eKHbie EHpa:i:aMTCH JTHaetiaori iJyHKiixefi ^KTopOB / >• / .

K^:eeT cJie^yjoiUKil. bilh. ;

Z" 4 = claa^a ^<2^2 *■ ■ ■ ■ ^ ^
Zj ^ Off Ta f Qfs * • • + dtinVm -I- O-i Ui

Zn - d/jA i'f f ^na f Onry: Trr, -f iip ( 7 )
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EJIE

a,. •fii a/1 a^n f*r^ '  °;

/ii •^jrrt
.  •

— + f... + + *

"Z-Uf - ftn ktji y*/( 8 )

( 9 )

rae t = 1,2,..., A/ ; ^ = 1^2,.., h ; rn - hhcjio ^aKTopoB.

UpejuiojiOHiD.!, HTO t^aKTopH i/.ex^y codofi HeaaEHciiwH h hx CKa-

JiHpiiHe nponsBeAeHHa kmbjot bi:;i:

H

£-:(riUt) z£(r, Sih£(r. £t)'0 ( lo )

f I, ecJiH

(o, eoOT II )
nocjie HopMHFOBaHHs, BerareHHa oaamaeMkx paBua 0# Torja

BejnroiHa oxBAaei/jix ^aKTopoB tors paBHa 0, lunt:

Ks aasifetft^cTH ( 9 ) QJtejayeT, ̂ fo

K©ppe;wtiim aocjie npeodpaaoBaHirit kosbt c5ktb

of-eaiGfasAGH B ejieAymmefi ̂ lopiie

(12 )

Af

° /V ^ <2^«y 2'iit = ^kJ ̂  -f-' "'f' ^knt ^jk Ctj <^k

Cfiast KexjQr nepeKeHHHB:!! cbOottch k cyMw.e npoHsse^ieHJrti aar-
pyBQR ̂ ^KTOpOB. KEgLRpaT Cpe^ieKBaflpaTHHeCKKX OTKJIOHeHHfl / /

( 13 )
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nepeweHHHx no K03$$nmieHTaM KoppeJinmni m/jeeT be;i:

0/ = + ajj^ -f-. . . + '*'oj
(  14 )

Kan BHnHo, qJ^ o^ieer Baxaya pojiB, EnpaitaeT wepy OTHonieHj^
Topa K KEajipaTy cpeflHeKBa;Q)aTiwecKinc CTiuiOHeHHil nepeKCH-

Horo Zj . Cyiifjvia KsajipaTOB aarpysoK ̂ aKTopOB hasKBaeTca KON.Ny-

HaJiKTanweii /hj/, n aveeT Bim :

hj =ajj +aj, * . . .-f a/^ •■•," ■ ( 15 )
3to Ta HacTB Ksaj^Ta cpejiHeKBaapaTOTecKoro otkjiohchhh, KOTOpofi
BapajicaiOTCH Gdmne gaRTopu:

a- = /- oP - - ajL = J-hJ , ^ ^
ypasHeHHH ( 13 )-( 15 ), ocHOBHKe ypaBKeHKH (laKTopHoro aiia-

jiH3a, me / ^ k , na rjiaaaol? janaroHajui KoppejunnioHHoft MaTpHuu
i  m j

CTOHT hj , me hj
B. KacTOHiuee Bpei/m cyiuecTBycT KecKOJiBKO mctomOB pemeHHa $aK—

Toprioro aHajniaa. B naHHoS padoTe KopoTKO asjiai'neTca kctoji
maBHoro $aKTopa. cnoood dnji paapadoTaH XoTejuwiHrcy./ c
KcnoJiBaoEaHweK BaEo;[OB lIupcoKa. Cnoco(5 ocHOEHBaeTCH Ha TaKOM
reoyieTpH^ecKOM npejicTaBJieHHH - Hop»Hi;OBaHHHe nepeMeHHHe 2^-
pacTflriiEaioT npocTpaHCTBO n -ero nopOT^» Hpn HopyajiBHOM pac-
iipenejieHnH, npocTue KC3(J<|i>iinit'HTH perpecciiH JiexaT Ha ajiracoHjie
n -ore nopfljjjca. Cch ajnmcouna copnanaxJT o $aKTOpaMH. SnaiKT
peaieKHs (paKTopoB BKBHEaxeHTiio peuieHKflM maBHoft pen ojiHiicoHjia
H QpeB;cTaEJW0T ii3 cePa npoPjiewy EHMHCJieKaff cobcTseHiiiix nnceji
H BeKTOpOB..

TotihocTi) cnpe;ie,ieHnK KOW/ijrHaJiHTaipin {€ npiranMa-
jiact paBHOfi 0,00CI.
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JIhh onpeflejieHHa^ $aKTOpoB ae? CTporax saBHCHMocTeii.

Kaa HSBecTHO, Ea^:ocTB zHjopr^auuii, BUjiejuieKpfi no co0cTBeHHHM

HacjiaJA npii777 6jiii3kom k 'i , ae jn^.eHBinaeTCfl. JUa onpenejieHiiH

Maacp^ajttappO; HHCii!ia;^KTOpOE npn .«jiaHHOM n. , ZapK^aa npeAnara-
eT cji^Byi^%$opiifgrj?y , . • * . .

'• • •' ■' ' V ^ ^^ f f2nW) -flWTT] . ^ ^

(CpaBaeaae peayjiBTaTOB '

PesyjiBTaTu, ncjiyaeaaae r.':eTonoM ^aKTopHoro aaajmsa a BaaEc-
JieaEeM jiHael^aoC peppecciiE, cpaBHHBaioTca b TadJiaue JK.

np^Koau cocTaEJiiiJBtcB juia onpesejieaHH nara swcokhx naBoji-
kqb: aa peKax'.l^icca E "^lapNioiu-Kepem. jlJiiiaa pa;;oE Jiaaaax /A/ / h3-
BceaajEaoB-pi". 43 40 i54-x,; qHCJio nepeMeaaHX--/-'^ / - ot II-th 40 —
15-th. Hhc4o ^KTopOB/m / yBejuiqiiBajiocB c 3-x icaroiv: 2. .-iia
'*'a^5jiEi3H;xopQiiio 'Bjr4BQ, ^TO 4nH Kax4oro nocTa e cjyaae R^ajioro
^cjia iJSCTOi.oB omndKH liporaosoB saaaETeaBaae, c nocTeneaaaih
ypejn^ii^eM aacjia :$aKTopoB ouiitdKH 3HayHTe4Bao yMeaBiuawTCH h
4ocTEraHiT siiaaeHEfi, noayaeaatJx npE BaaHcaeaEH jinaeSaofi per-
peccHH^ npE (5o4BraoM aHcyie $aKTopoB iaKTOpaafi aaaJiHs 4aeT 475-
^Ke P®3y"^i»TaTK, -qejr! jraaefiaaa perpeccKfl. ^CTHaao quo Aoaaaa-

CT30 Torp, HTO nepeMeaaue, • BKJiioqeHHae b CECTewj-, dajiE bhC-
.^.P^kjibho H ^ecyT Ha(iopKaiDDo, iieodxo4KN-*yK) me oni;e4e4eHnH

^  ji * "

^^PwainiH, co4epKamaac» e Hcxo4Bax nepeweaaax, noc^e cxa-
B K!a4oe HHCJio jijaKTOpoB, TepHtfTCH, nporaoau CTaaoBHTca Me-

Hee ToiqaiauH,
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Tadjntua I

Adco;iioTHL*e cpejmne odihc5kh h cpe^iHeKsaflpaTiraecKKe oTimoHeHiia

juin cpoPHOsoB nnKa naBojucoB (b cm)

I.I. pena Tiicca: lIpoPHOo OEKa naso^iKa am CTaainiH ToRafi no

nBKy naBOAKa Ha cTaHimH BaniapomaaMeHB
( A/ = 54; A7 «s II )

CD OKTOpHbti^ aHO/lt4'i /lnn.pexp.

mr 3 m-5 m:T ftts 9 /7s

lANl 4I4 ik a W

G iS n <3 . ik

1.2. pcKa Tucca: npoPHor n.ii.a nasoAKa am cTaHinsH C
HHKy naBOAKa na cTaHiniK fiamapouiHaM

(  A/ c 54; /? c 15 )

cDQKTOpHbiH ana/JH'i /iHH.peip

/77=3 tflrS rr>^7 m* 9 frtr44 m^4% n: 45

2/ 20 10 iS /7 46

Cs 2a IT •  2G 25 23 21 23

1.3. peKa THoca: IIpopHoa nuKa naEOAKa am OTaHUHH CoAfcacK no
nHKy naBOAKa Ha OTaHUHH Toaali

(  /V s= 52; n = 15 )

CDaKTOpHbii^ aHa/)i4\ /7t4H. pezp.

nz 45

II

msS msl rns9 ms44 ms 43

/AW/ .  15 /3 N 40 9 3 40

a 21 48 45 4k 43 44 43

1.4. peKa XapMani-Kepeiii: IIpoPHOB HHKa naBOAKa am cTaamin Cap-
EaiD no DHKy naBOAKa aa CTahiniF EeKeui

(  /V = 48; A7 = 15 )

COaKTOpHblP /lut^.peip.

n: 45

II

rrtsS /77r 7 mzg ms^4 mz43

t tU( 20 47 43 44 9 8 9

Cs 26 23 46 45 44 44 44
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The analytical soim>i:on apd application of the one~dimensional hotr.ofeeneous

Iii«ear diffusion wave for the transformat-lon of flood waves along the

Danube

. . . r . . . .. .

J^nbs A. Szab6 and Sdndor Z. Arnbrus:

Research Cent»i^e for Wa"t.er Resources Development. CVITUICI?

H-i4.S3 Budapest, Pf..27. . Hungary
■  , t

Abstract

The paper presents the transTormation of the original hyperbolic

equation of convection into a normal parabolic equation and presents its;

analytical solution using a Gaussian., error function. This latter one,

prepared in the form of infinite series,- enables the numerical tractabllity

of the analytical solut.ion. Numerical application of the-, method is presented

through the transformation .of a flood wave fro-n the cross-section at

Budapest to that of Nohdcs on the river Danube.

Keywords diffusion wave^ Gauss function, flood routing, forecasting

^ ^ Introducf. i nr.

As it is well-known, de Saint-Venant's. original differential equation
of* ^pen channel unsteady flow, i-educed by the terms of acceleration and some

further ones, results in a parabolic equation called the linear diffusion
wave CJ. A. Szabd - p. Bartha,19865;

^  " 0 Ci5.<^2 ^

and i are parameters of re.al value. The paper presents the

al>tical solution of eq. <15 frr semi-infinite space and homogeneous

boundary conditions.
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A special, for the practical application rather useful, case will also

be discussed where the boundary condition are given in the form o** a

step-function with values generated .from measurements. For details on the

calculation of parameters D and v. cf. CJ. A. Szabd,i985;1988>.

2. !> Definitions of the mixed problems in semi-infinite space and the

analytical solution of the equation

Let us consider the mixed problem defined in eq.. Cl>

C2)

~  =s 0 xto,l>o
di Ox^ Ox

QCo,X> a XSO

QCI,o> ̂  qCt > ito

where

-  Q « QCt.x^ is the solution-to-be of eq. C21

-  real parameters Cdiffusion and convection?

-  a constant representing the initial condition Cl.e. this

assumes the constant initial distribution of Q >

-  qCt ■> Ci'^oy Is a known function representing the boundary, condition.

In order to simplify eq. Ci3, let us introduce the transformation:

QCi.xS « aci^yy » exp( ^ }
i  2-yzr XD. J

where v . Then, eq. C2? takes the following lorm;
vir

C35

^
di Oy^

V20.

yro.y? « KCvy y2o
vci^oy « 'f>ciy tao

C4?

where: fTCy? » ® qr£?*exp-^
The solution of a problem of mixed conditions, set in eqs. C4? can be

found in a number of textbooks on differential equation, e.g. by Cz^ch
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C1969) or Frank C19613, ect. Avoiding the rather cumbersome derivation, we

simply present the solution of the problem given by eqs. Cd^:

UCl^yy m U^Cl,y? * V^Ci^yy, where C5)

o

L

and V C l,yy « —i— f ̂ T->*exp f—
aV/T J I dC£-T^J

Considering eq.C3>, the solution of eq. C2), based on C5> can be

written asiQCi.xy » Q^Cfc.x^ + Q^Ci.xy. Vhere: C6>

Q.O.x. = X ['-"[^]] - }
2  *»prx>:« f exp ) dJJ is a Gaussian error function,
VJP b

0 ft.x^ » —^—* r qft-T^*exp r-^2SZ2dl2—] dr C6/^b>
^  aV/rir J d2)T J

3.> Partical application of the solution

It is obvious from eq.' C6) that a computational solution of the problem

given by eq. C2) is rather complicated. On the one hand, ♦K'x.> cannot be
expressed by a closed formula, on the other, observations are usually given
in discrete timp. Let us see now how the problem can be solved for
practical use:'

Given the cross-sections at the longitudinal co-ordinate ,^x" of the
river reach with fixed boundary section atXp=o. It is assumed then that for
x^o and t-o , QCo, and that the boundary condition OCt.oP » <iCl y is
given at x»o in equidistant time on the interval Co,nAt3. Denote q. e qCiAty
fi«l,2,3, ,ny, and let us assume teCC i-l)A£ ; {A£ ]

'  ' ' ' had been constant up to' time £«o. All that has to
be done now is to transform the effect of q^ . to an arbitrary , observation
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point, at. x>Of on the basis of eq. CU •

Let us consider the just defined step-function and substitute it

into eq. C6/b>. Then, for arbitrary jeCO,n]

j

-  -7^ J
Vv 2-/ no (l-i5At

is obtained.

X  r 2Denote novf for xSO FCt)= ^ F fexpf- 1 dr. Then
2-/nD^ 6

■  J

Q^CjAt,x.>a 2 q^^^^_^j[^FCiAt) - FCCi-lJAt)].
Avoiding a leiigthy algebric deriv.^tion, it can be easily seen that

FCt3= ̂  ♦ expc!^>ri-'^f "*"*• ]]}.
2-/ Dt ZV'Dt

where »Kx> is a Gaussian error function Cwhite noise>.

As can be seen from here and from eq. Cfi/aJ, the description of

0=0^+O2 for given I and x is only based on 'Kx.?. The integral expression

in *PCx.? cannot be solved in a finite closed form but, using the following

algorithm,! the exact solution can be approximated as closely as one

x^
wishes. Denote then'PCx.? » —-*J dy. After N times of partial

yjT o

integration of »Kx.?,
$

2  2N-i ^

•PCx^w—i—r 2 f—^ .e"* 1+r 'V ^ *6'^ dvl is obtained.
ViP U =1 -I) ) o.g,C2j-ir 'J

J =1 ' J ■»

Then the following statement is true:

Statement: If N 00 then

-L-. 2
VJP i =1 ^jt2j -1) ''

which is a convergent numerical series for any given x.

Demonstration is given by Ssabd C1988>

Summarizing the above derivations, the solution of problem C2^ for given

•I'Cx.?
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Cfixed> xaO ' and Cj=l,2, ,n), is given as

ofj.xj - ̂  ['-*(1:^]] - [^-*{5:^]] }*

- [i-< r;:^ )]-exp-^[^->[ ly^-]]}
2Y 2?ci-13 2t Dci-i)

4. > Numerical example on the Danube CBudapeset-Moh^cs?

Numerical illust.rations are given for the Budapest-Mohdcs reach of the

river Danube. Input time series is the daily water discharge at Budapest in

1933 which has then been transformed into the Mohdcs cross—section using the

diffusion wave model. Results of the computation can be seen in Figure 1.

It may be of interest to mention here that the results of the

computation have been compared to those obtained by the- discrate linear

t-ascade model used by the National Forecasting Service and they seem to be

about--tO per cent better rn effic-iency=~than the official forecasts'. The

algorithm presented in the "aper has olso been used in solving other
practical problems as e. q. ii. the Expert System for the Flood Control of the
oros River System or to determine dispersion parameters in seepage
problems.
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X I y KOH^EPEHUMH lIPWJiyHA/lCKHX

CTPAH no PMJIFOJIOrMnECKIlM

nP0rH03AM

1988-r.

OporHoau MaKCFj/^JiLHoro ypoBas nojioBojcbn peioi SajiBsa

B CTBope flcTejieK

WpeK CeJUieuiH

CpeAcieTFiCafjCKoe BojioxosncTBeHHoe ynpaBJieHwe Cojilhok

I. BBejieHne

B CTaTBe npe^icTaBJieKH nporHOCTircieoKHe ^:oneJIE niiKOBoro ypoEHH

nojioBO^iBrt peKH Sa^^BBa y CTBopa HcTejie.K. Heo(5xoa>iMOCTL paspa-

dOTKH HOBHX MO^iejieft dHJia BUSEaHa MaHCKin.'. naBOjLKOi.i 1935 rojia.

PaspadoTaHO 8 hoehx KO^ejiei* c nowomtio dhlA"IBIA" i

1./ nporHosK nHKOEoro ypoBHji nojiOBojtbH p. SajfLEa y

CTBOpa HcTejieK, hcxojw hb iXKicoBbix saa'HeHK'A p. TapHa

cTEOp BepnejieT,

2./ liporHOsy nRKOBoro ypoBHH nojiOBOjca)fl p.SajrbJEa ctb.

HcTejieK, HCX04UI bb niiKOBKX BHaHeHHj" p. Tapiia oTEop

TapHar.iepa.

B CTaTBe paCCMOTpeHOjtJTO 3 SaBKCZMOCTlI OT Toro, KaKHMII

jiaHHur#:K pacnojiaraer/i b nepKOA KaBO^weiinH, KaKosa dy^cT toh-
HocTB nporaosa.
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II. OcodeHHOCTH BOiwofi cHcxevji p. Sa^iBBa

2.1 PejiBeS"

3a;3»Ea pacnoJiaraeT Bo;ioc6opoM paPHHM 5676,2 HaHfiojiee

sHaHHTejiLHHe nPTTaioiUjie .B0ji0T0KH:Cyxa,Xepej5,ra;ira,TapKa H

TanE6.4207 Eojiocdop OTHOCHmHf.CH K cTBopy HcTejieK
2

coejOEHHeT B cec5e BOiiocdop Tapna BejiHMHHofi 2116,4 m h oa^bEa

2090,6

Boflocdop iJac^eHHeTCH cJiejij^romEM ocJpasoM: 16^ HusMeHOCTB.SS/?

xom'oropte b 50.1 ropu yi xojiMU.CorjiacHo pejiBe$y,npoxoxj;eHHe

nafiojiicoB ^oja,:Hpys)iUHXCH hs ocajoLKOE EtmaBmEX aa BOEocdop

cTaHUHH XaTBaa h Tapaawepa, oneaB (5HCTpoe,npm*epao 12-16

^acoB. A B aasoBBHX, H jxo aasoBoli ̂ acTH peaa naso^io^iHHe EOJiau

pacnjiacTHEaBTca a Bpewa npoxozj^eana naBoaKOB yBejiiniEBaeTca.
3to odiacHaeTCH acajiHNns yKJioaajviE h BJiEaaMeM peaa Tmqch..'

E pejiLe$ MajieaBKoro BOEOcdopa eoeojibho pa3HOO(5pa3Ku£.,

'^Ta OCOCeHKOCTB H BJIHHHEe rHEpoNieTeopoEorHHecKHx $aKTOpOB,

PfcXHM'noTo^ j^e^acT npeEejiBaaiA.B JTHTepaType aaxojWTCH jjaaaae
paccxofla ejw ycTeBeEoro ceEeaHH, ot 250 ji/c wajiOBOEHoro
nepEOfla sp 570 mVc nasoAOEaoro nepHOjia.FaocMaTpHBaH nponisE-
iL'iTe na^.^-

BOflKM , ocJasaxejiLHo aajxo BUflejiETB no BHCOTe nHKOEoro

ypoBHH caejyK)iqHe:yi/l965, X/IC74, I/IS79 r.UocJiejWHil nHKOBa!?
ypoBe«B flBJiaeTCa tlaHBucmHM sa Bpewa aadjnu^teana.
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AHajiHsiipyH naBO^i^CK peKK Tapaa ir SajSLsa mo.kho EtijiejiiiTB

cjiajTyiCiMee:

3 a nocjiejmKii 10 jist iia peKe Sajntaa y CTBppa flCTejieK npociJio

II nasojn[KOB,KOTopue BUSBaJiH sauiHTKbie pa(3oTH,3a aTdr-- n«pHOji

He (5HJI0 He ojiHoro cjiyqaH.Kor^a bo Bpewn npo.m^eHiTH naBOju^

na pens SajiLBe.na peF.e Tapaa ne npo:co;iKJi <5bi Toxe riaBO^iOKo

6 naEo.iiicoE duno BtiSEaHo tojibko nap.ojLKor peKK Tapaa.B 3to

Epeivji, na peKc SajTBsa .eucme CTBopa CeHTJiep7.HiiKaTa,noEb!i'je.niie

ypoBHji He aa(5jDo;iaJiocL.B 3thx cjiyqaflx njTKOBbif: yp-OBeaB ;;OCth-

ra;: COO-440 cv y CTEopa HcTeJieic.

Il3 EHcme Ha3£aHHEX naBo^^coB.S pas <3e;i TaKoii cjiy^aii, Kor^ia

oiHQBpGN:eHHO HB jiByx pGKax npoxojHJi naBOAOK.Tor;ia miKOBue

saaqeaviH y cTBopa flcTejieK jiocTHraJM 400-604 cv.oOTCioiia BUTeKaeT

BUBOAf^To KaHBucnine. nHKOBiie ypoEHK HadJiioj!a50TCH npn o;iH02pe-

MeHHOM TIpoxo?KJl.eHI^^=^aBo;^Ka aaMiByx peKax.3r:aa2TejiBHHfc naBCEiKH,

popMnpyBLiHecH aa p*.Tapaa,no^TH Bcerjia BusHEaJiif sauuiTHHe i/.epo-

npHHTHH y. CTBopa flcTejieK.

TaKoe pacHJieaeHHe nporaocTHHecKHX Mo;5eJieii /cM.BsejieHHe 1,2/..

3THM odBHCKHeTCH.

2,2 PacnojioKeane B0.ii0N-epKHX nocTCB

B BOEiHori CHCTSMe peKH 3aitt>Ba 3a npomeBjuee BpeNw npoHsonuiH

doJiBiuTie HSMeaeHBH. C 1977 rcj^a aa^aJia seiicEOBaTB cacTeMa

3TBC, c now:omBK) KOTopoii woKao Beiiocpe,iicTBeHHO ^[aHHHe .Xpyroii

^iaKTop,BJiwaioiiiiii! aa BHC5op MeTojia nporaosa.pacnojio^^.eaiTe bojio-

r/iepKHx nocTCB.B BO^HoJt ceTii p.OasBBH paonojioKeaHe stiix hoctob

c TO^KM 3peKiiH iiporH03a.H3 H.neaiBHoe,
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III. Bydop nporHOCTJraecKoro .v;eTOjia

3,1 Tpe(5oBaHEH k nporHOCTiiqecKJiM weTOflai/. * i'-r

nporH03 aojukck Oktb rfajsKHmv., k odJia^sTB, ̂lOCTdTo^iKOft sadJia-

^OBpe^:eHKocTLK).B Haciei.-: c^iynae, hsjioxhoctii coaspjkhtch e ^.ocTa-

TO-qHOCTH KadJiroj^eHEri H B TSX penpeSfcHTaTilEHOCTZ.y^HTHBajT I }1

2.1, E aH£uiH3 dajiH BBe.aeHH naEO^ucK I977-I983 roAOB.Sa 3tot

nepjio;5,3 bojiho£ CHCTewe SajiBEa.doJibiiiHX EOs^^eftcTBs^ KOTopwe

OKaSKBaJIE dOJIBSIOe EJIEHHKe Ka CTOK, tie dHJIO.

B CBHsn c TeM,TiToc5ii coxpaKETt Ha;i,e.Ti;aocTB nporHoaa.qECJiOM

HesaEHcm^ux nepereHHHX BajnmwdyROJiKHu orpaHJiHiiTBCH

y=I,5X , VRQ

y - BaBKCEMaa nepef.ieHHaE / II nanojucoB /

^ •r.J«3aBKCi3i/iaj3 nepcMeHHaa

.iWH Ha^texHOCTH nporHoaa Heodxo;iiir/.o,HTOdH aKTyaJiBHHe ucxojiHHe

JiaHHue dajiH dacTpo npiiodpeTaeMa.B ^.ae ISt>5 rojia^iipModpeTeHEe

^HHHX,K COsaJieHraO.OKaaanOCB O^ieHB CJIOKHHM.yHETHBaH,*ITO Had-

JnojieHHe 3a npoxoxjiCHKeK naBOflKa,Ha psKC TapHa, c noMOiiiBio

oTHexa rie saTpy^meHo e ̂ laHHHe aobojibho ducrpo nocTyiraiOT, Ha
STofi jiEHEE B HporHoa dujiii BBe;^eHH BTH ̂ laHHue, a He jtanKue
CHCTeN.H «iT3C.ilo ;ihhki£ SaiOjBa.nepeBa^a jaHHHX.nojiyHeHHHX

OTCHeTOM,3aTpyBueHa.no3Torviy,no 3T0ii jihhkh b npornos dyjiH
EBejieHH itauHHe ciiCTevH 3TEC.

^ocTciTo^Haa sadjiaroBpeKeHHOCTB b nau-eM cjiynae cocTOBJUieT
-.5-2,0 jmq ;ypi c^iyHaa I/I, pt I.G-I,5\iuiH cjiy^aH 1/2 =
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3.2 MeToji nporHosa ^ ' '

M3 HecKOJiBKUx MeT0,7i0B nporHosa.H npiiJ^eKKJia KtaTeKaTiHecKyio

CTaTncTKKy .A'IH cJiopKEpoBaur^ •nporHOCTE^ecKot M0jiejni,.aHaJiZ3

jiKiieiiKOH perpeccHii.. -

y=ao+aiXj^+a2X2+

rjie a- K03a/.perpecciiK .

y- ̂ po^H03Hpye^/aH BejinMHHa

X- HeaaEECEiMaa nepeweHHaa

npK pacHeTax,;yiH Ka-scjiori cacqeTHOi: ̂ ''Oi^e;IE Kihoh dajio EHtuicJis.-io

cjiejiyraiUKe sna^ieKHH:

Cd - cpe^meKEa;ipaTirtiecKOe OTKJioKeHEe nporHO-

SHpoEaHHUx ypoBuei^ ,

■R - HHfleKc Koppe;uiiiHH ,
(oh - cpejmeKBanpaTEHecKoe OTKJioHeKsie EeJ^cEu-

TejiBHKX ypoBHeSr

Jinn xapaicTepKCTRKH t/.eTo;ia nporHOsarCJiy^KUT cjiejr/ioiiiaH TadJiEua
R " xapaKTepHCTKKa

0,9 xopomo ^ .

0,8 yjiOBJieTBopiiTeJiBriO ^

0,7 cjiado r .
'"'C

0,6 Hey-AOBJieTBopjiTeJiBHO

Jljut onpt,uej;eh>'H 3^|)ieKTRE^ocTii NieTo;ia,dL:.Ta ncifl>-*e.deHa c.ie^-
Eiuaa $opKy;ia: ^ = jT •/ -fj-)
TaKoe onpeEieJieHze 7 h'R peKot/.eHjiyeT Wr.iQ. : ,
BajiejieHue He3aE5iciii'v:ux iiepewreHHUX - Jix y^er p niorHOse -

npOMCXO.II3IT TIOCTenCHHO.
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jy. npoFHOs no nEKOBUM sHaqeHEHM cTBopa BepnejieT

.  lIpeiCBapETejiBHuit aHajiEs noKa3aJi,ETO ypoBim cTBopoB XaT^H,

raJiraMatia,3^er, na niiROEce sHaEeHne paccMaTpmaer/.oiTo CTBopa

nonTH. K9 bj!irhk)t.3th 3rpoBHi! MO^o ytoiTUBafB c noMOiULK) nocTa

CeHTJiepEHiiKaTa n TapaaMepa. lioaTOKy b npornos BBJie^eHu

cjiej^yiomHe hocth:

Tapaa : BepneJieT /a/

TapaaMepia /(5/

Saffbsa : nacTO /e/

' CeHTJiapiiauKaTa /r/

HcTejiea /x/

MoxeT BOsaHiu^tB 4 ocuobhux CETyausui

1/ ZaiiHHe Ecex nocTOE TOCTynaH

fiaHHue nocTa r,' aieiocTynHu

S/ i;j^ue nocTa fi, HeEocTynHu

4/ I^aauue nocTOB r,E b, HeAocTynHU

B mn&HeiSiDeK mhoki npoaHa^ESEpoBaHHU 3te CETyaixEE.

4.1 iaiiHue Bcex nocTOB. jaocTynaa

OiUiOBpeMeHHHe ypOBHB 8TPPC nOCTOB,4;EKCHpOBaHHH f MOMeHT HEKa
CTBopa BepneaieT, noKaaaJiE Tecayw ca<i3i. c hekobum BHaHeHEeiw

CTEopa HcTejiCK^PacEiiTaH Bce BapHaHTH,E aaEJiy^eft woaejiH 645?

oofEdoK HaxGjiETCH B npe^ejia^ 10 cM.IIpH HaHdojiLiUMX oniHdKax
/23 cNi K cm/ naBoaoHHaa BOJiaa aa peae 3aji&Ee, eme ae jioc-
THTjia nocTa Ce^TJiepEHiiKaTa.
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4.2 JlaHHHe nocTa CeHTJigipBHiiEam

Tohhoctb npoFHosa np% BimajieHSB dzrsz jisuiUHX^ CKzobHO^ noHUxaercff;

dTO noHHTHO^ T.K. j^HHUMK ^■TO^0^noGT£B C:

npHToi^iH , no BoeC juuffie .. M;

4.3 JIaHHHe EocTaJIacTO HeflocTynHH

He.r^ocr/nKOCTL OTinc jiaHHHx;, c5ojiBDJoa" EJiKHHHe m ToiiiiocTL' npOB=-

HocTinecKor MOEe^r He OKasairo^. BicaKOR-onTiwaaiiHOl^ K

3HaHe»r.e cpejweR omHCjKH n ope^ttiS3C£aa^paTK;iecKb.rir oTKiiiOKeHFJTr

Hewfioro noBKCEJiocB.

4.4 nocTa CeHTMpnaincaTavit ilaciro H&EOCTyn^

ilpji Taicof. CKtyaiaiM iTbMHOCTB npioKidcTiPiecicol? iOT
noHKSHJiacB.fiejnrniHa cpeAHett omnOicn, E' c^esKaRBa^aTic^eOKoroc
OTKJioheHyifl npn TaKOM sapaauve HaiiBKCin^.

4.5 -fiUBOiiai'

IIpoaHajuisEpoBaa nporHOCTii^ecRite' MOEesiarBHiEaBaafiwe npHrroooorair

SHa^eHHHX* CTBopa BepneaeT^ iwa: WTHpS^caryauiai^iV ^W3RHo::i OTSse!^HTB
cjiejgrKHinie.:

5 HaHJiym'ief. cHTyauHii /4kl/ paxj^nOTaHHHe impiESMeTpiiinoay-
HQHHoft wo;nejiH o^eHB xoponm, TaKae, Kax^ a-pesyjiBTaTHrnpoBBa-

poMKHx nporHcaoB. npE cuTyalnnr' 4.3 oniHdRa inaoEHOBai y&wx^'
HKJiacB, MaKCHKanBHaa oniHdka' jiobojibho dtwiBmajr/ 3E- ck./.;

V  *

ilnH npaKTHKK 9Ta nioebjib TaicEe npfflaHHHKa'i
•  ■ .* ■ • . ■ ■ j' ■'■

InOEeim 4. M 4.4 ecTecTBeHHO oOEasOTT: HaH^cjrtomwii napaRte'ippaMHi -

Ho kaK noKasHBae-T sHa^cHiie T i npaKTH^oKW npiar.eHe«!»-atoc
MOEe3iei5 w.osho peKbMeHjk)EaTB ♦ ?:.«; doaeei bs^^
HoaoB 0 noMoiMB&3 3TKMI1 KiOEejunm; na^XHHv;
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CBojmsa" THd-iHua'if I

.  -.n

H
K'aKC.

h  0
BiOBej^ "  'ontEdKa CDindKa. h

/I/ /2/ /3/ 74/ - /5/. /6/-

4.1 10.7 13.4 '  ..■ 29 ^ • .0.587.. 0.583$

.  ,. ,19.4 - • •  - .?3.4 45;. 0.962 0.965

4.3 . . .  -14.8. .._36 . p..?7o 0.277
4.4^. .

•  . K
21.0 v; 24.8

i-
.  .46. ; ,0.957 0.961

.  3' .

7 .ilporKoa -no hhkobbk ana^HEHM = CTEOpa Tap4iai;erpa

Ho fTaiORe npoBejia pac^eTu. jyin. r^iaBu 7.

CBOiiKM Ta^Jiuua 2
- ■ 7

/I/ /2/ /3/ /V 75/ 76/
5.1 10.4

;; • it :^. I2«? 27.6 0.986 0.968^
5.2 ,

ii
"^'16.0,^ "> '20.7

— .V ' - i

42.6 .  0.S7I 0.974
*•«. o II.7 le.o 00.tj 0.9k 0.984

C/I
•

21.4 23.8 40.7 0,961 0.963

Ma 4-x paapadoTBHHHx no^eJiei^.B rjiase y,Mo^ejiH 5.1 w 5.3
^FaKTKHeCKH yTOHHlWH nporHpa BO BpeWJI npOXOXfleHHH
niuca B CTEope BepnejieT.IipH paapadoTKe 5.2 h3 pacqxTaHHux mo-

■ ■ I'Mf. '' i ..ziejiefi JBe,o0.jiafl^K no^TK qj^HaKOBtiNJi napai.'.eTpai/.E.H3 kkXiN-ihok)
(JMa E^(5paKa Ta.npH pac^eTe KOTCpol-i EcnojiBayeTCH^KeKtme nepe-

51 B ^KHOM cJiy^aq^NiaKcaviaJiBH^ omndKa KeHBiiic.
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3H2HeHKe KOJieJIH 5.4 COCTOHT B TOMfSTO npH Tex KC yC^OBHHX

KaK )i 4.4,3HaHirTejiBHO CHE^saeT MaKCHmuHyn oiim6Ky/cfi;.TaC$. )K2/

Bob 4 r.ojiejin y-oti rjiaBti, xoponro noOTfiepwiaioT imh ytiOHiuBDT

paHLuie BUBanHEe nporKoau. ; \

SaKJnoHeHKe

UejiL padOTK (JbiJiainpoaaajiHaKpoEaTBjHTO b saBKCKwocrn jcocTyij-

HOCTK KeKOTopux jiaHHtix.c KaKOf. TOHKOCTBffi H riajie^HocTBaD v.c:7:ho

EHjOaTB npoFHOB nnKOEoro ypoBriH jVui CTBopa flcTCJieK.

£ cBOjiHoli Ta(5JEue I i* 2 nfescTaE.ieKH nai-aN-cTpa paapatfoTaaniiX

nporHocTHHecKiTx Bojiejieit.CpaEHEBaH KOjieJiH oiaiHaKOEMX yqjiOEiil^

MOHiio c;i6;iaTB BUBOim:

1/ Upa flocTynaocTH bccx jiaiiHHXiNcojieJiB 5.1 xopoiuo yTc^HaeT

K'.ojiejiB 4.1 -iSHsaeHKC omndKBt^-k vaKCiiMaJiBHoJt omad-

KJi,NeHBnie,aev. s MojiejiH 4.1 .3ti: yweHBEeHiw aa ? a R ocodeaao
ae BJiKHTOT-.nporHoa BuaaEaeMalt c honioiubs) 5.1 yro^BaeT nporaoa

4.1.

2/.IIpii ae^^ocTynaocTH ̂ laaaax OeaTJiepnauKaTa:

MojiejiB 5.2 c TOHKH 3peaHH npaKTKKM.BaaHHTejiBHO yTO^aaeT

nporH03 EaiaaaHi: c noR:oiHBK) 4.2. Saa^eaHe cpejiaefi omadKHt^oa

N'aKciii/.aJiBHOi^ ODiadKK HiuKe qe^^ b 4.2, m R hobhchjiocb.

lipaMeaeaKe MOj;ejiH 5.2 b npaKTHKC odHsaxejiBHO peKOMeaj^yeTCH,

T.K. 3Ta MOjiejiB 3naanTeJiBao yToaaaeT Fe3yjiBTaT nporaosa.

3/ Ilpn aejiocTynaocTH jiaaaax IlacTo:

iiporaosK BHEaaau c nowomtK) N.oaejiE 5.3 yToaanioT nporaos 4.3.

fipH 3Tol* CKTyauHK pLKOweHjamia xa xe icaa a b npeaejyiUtfM

adsaue.
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4/npii HejiocTynHOCTH jiaHHHX CeHTJiepzHUKaTa h IlacTo:

UporHOa BHjeiHHHfi C nOMOmtW KOJieJIH £.4 B SHaHMTCJIBHO^. wspe

He BSVidHfleT sapaHcc. EHjoaHBiift nporKOS 4.4. HajexHocTB • oba

nporaosa npaKTirqecKZ oOTHaKOBa.npuMeHeHHe wojiejiB 5.4 Moaia©

peKOi/.eHjaosaTB c ubjibk) npoBepKB.

BBnpHJiOKeHiKi noKasaHU hcckojibko npzMepoB npoBepoHHHx npoTHOsoB,

PesyjiLTaTH xo-ponjo noBTEepxjia^oT BHBOflu e sawimeHHa rjiasn ly

H y. •

CojiBKOK anpejiB 1888 rojia
CcvtUfclyu

CeJUiemH M^eH
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npoBcpo^HHe nporaoBH

lIpHKep j: I

IIhkoboJ^ ypOfiCKB b CTBope BepneJiCT: 270 cm

JlBTa : 2/1 1982 r.

Jf. N:oiiejiH

4.1

4.2

-4.5

4.4

UporHO^HpOBahHKf

ypOBCHB

CK

394 +- IC

381 +- 20

385 +- 15

o8o +- 2C

AeiiCTBHTCJILHKH

ypGBeBb

CP.!- •'

3S8

398

398

39c

iipHMCp Jfr 2

nuKOBofi ypoECHB B CTBopa BepncJieT: 320 cm

JU^Ta : 28/01 IS79 r.

4.1 599 +- 10 606

472 565 +- 20 606

4,3 5ce +- 15 eu6

4.4 579 +- 20 606
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npHwep I -

EHKOBOw ypOECriB E CTBope TapHSMcpa : 574 cm*

toa : 3/01 1232 r.

^ V-OaBJIZ UpOrHOSHpOEaHHUft Jlef^CTBHTCJILHI^ft

ypoBCHB ypoBeriB

CM CM

5.1 . 32C +- IG oSS

5.2 4C5 +- 15 523

5.5 328 +- 10 593

5.4 4IC +- 20 593

IIpHMep )l 2

nKKOEo!! ypOECHB B CTEope TapKaijepa : 457 cm

iiaTa : 29/01 1979 r.

5.-I ' ' G! 6CI +- 10' 6C6
5.2 • 525 +- 15 606

5.3 600 +- 10 606

5.4 . 535 +- 20 606
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LOHG-TEF.M FORECAST OF KORTHLY .WEAN MIKII.fLlW AirD

GUARANTEE WINKOT WATER LEVELS AND DISCHARGES

K^oly BODY, Weter Resources Developn.ent Research Centre,

(VITUKI), P.O. Boz 92, Budapest, H-1453s Hungary

ABSTRACT

A survey of factors deteririning low flow conditions is

inade together with the assessment of forecasting capabili

ties,-An exponential retention curve was determined for the
estimation of base flow hydrograph. Having short term fore

casts of discharge and assuming no rain during the consequ

ent periods of time, discharges ere calculated for the con

sequent periods of time, discharges are calculated for the

^hole period of depletion. Applying multivariable linear

degression v/ater levels/discharges are predicted one month
®^ead using medium and long term meteorological forecasts

the basis of predicted precipitation amounts. Regressi
on coefficients, multivariable correlation coefficients
®did error functions are calculated on the way of the reali

sation of the suggested scheme. The use for forecasting

"techniques is illustrated on a number of examples.

WORDS

^ow flow, period of medium flow; exponent^-al retention
o^ve; multi variable regression, forecast of v/ater levels
Ohd discharges; precipitation, ^

^^ODUCTION

^e flow of a stream is determined by three main fao-
(WI40, 1974):
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- the effect of rainfall or saiowinelt-or their oombination
on the flow

- the resources of ground water and
- the rate of retention of th^ initial grqundv/ater re

sources. . v '

Most of the rivers have a well expressed seasonal re
gime. The periods of floods caused by extensive rainfall
or by the mel ̂'fng of the accumulated cn'^w arc followed by
dry or cold periods of low flow. There is a gieat variety
of techniques for the short term forecast "of river • flow

(WIvIO, 1974) sJtid many of them are used in the practice of
h:s'"drological services (VITUKI, 1959j Bartha)'and (Szdllo-
sy-lJagy, 1978). * ' ' ' .

The possibilities for the long term forecasting . of .
river flov/ ar.e ,the best under climatic conditions where

precipitation falling during the low flow period does not

effect significantly flow-conditions i.e. oniy/factors

v/hithin the basin (groxmd water resources, s^iov/) govern the
flow. .

The seasonal regime of flow can be followed in the

Danube Basin as well-, .• though the great variability of- pre- •

cipitafcion and temperature whithin each season causes cer

tain limitaoions for the long-term liydrological forecast

ing. Long term met.eorological forecasts are very uncer-';ain,

so two ways remain to start with:

- v;e may sely on the cliraatoiogical forecasts for a limited

lead time (in.our case one month ahead) or our forecast

may be based on values of precipitation of a certain prob

ability. (Problems of snowmelt forecasts are not tackled

her e.)

- an assumption can be made about the absence, of surface

flow during the period of forecasting.
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The first case is siiitable to predict mean or minimal

(water level) flow for a c rtadn station. The result, in

the second case is a retention curve.

PORECASTHiTG OP MONTHLY IJEAN Am) MINIIOT WATER LEVELS/DIS

CHARGES POR THE DANUBE-STATION: BTJDAPEST USING EXPECTED

(ASSUMED) VALUES OP PRECIPITATIOK

The method of -regression analysis is applied. Hydro-

logical elements end the monthly sums of precipitation for

the drainage area of Danube-Bratislava were used as in

dependent variables. Monthly data for the period 1951-1983

were considered. The groups of variables were analysed and
the weights of integrated main components calculated (Svab,

1979). On the information content of relationships we

judged using the method of main components. Only those in

dependent variables were taken into consideration which
had a significant effect on the result wf forecasting.The
following equations were received for the Danube, Station
Budapest to forecast monthly mean R^, cm and minimum
^i(mln).®^ases!

(1)

^i(min) = A2(l)'^i*^®2(i)'%-l(u) °2(i)'^i-l ■**
%

+ ^l(i)'%-l(min) \(1) ^2)

where monthly sum of precipitation for the drainage
basin Danube-Bratislava mm;

P  flow rate ra^s
1  number of month

(^) subscript noting the last day of the month
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(min) subscript noting minimum value of tha month.
A,B,C,D regression coefficients and E constant.

Equations of similar structure were received for flow

rate values and Coefficients A,B,C and"D and-
constant E- had different from those in stage equatipn
values. It. is also noted that this type of relationships
for H and Q were elaborated for a number of gauges in the
sectioii Ilagymaros—Mohacs, however because of, lack of space

results only for station Budapes"^| are given here. Coeffi
cients, constant (autocorrelation), multiple correlation
coefficient and mean error of calculation for water level

forecast. equations for Budapes.t are given in Tables 1 and

2. ■

Table 1. Monthly mean water levels, Danube-Budapest

Month
Coefficients Const. Correlation Mean er

B, C, E.
coeffic5.en ts ror of

estiraa-
ti- n cm

1  1 1 1
Ra R.-

1 0.923 0.423 0.029 -0.070 0.633 0.858 45

2 1.124 0.458 0.010 0,221 40 0.368 0.680 65

1«573 0.369-0.008 0.323 57 Oc465 0,823 52-

•4 0.684 0,459 0.016 0.140 78 0.603 0,863 "44
c:
•X 0.720 0,486 0.000 0.194 74 0.704 0.352 43

6

o
•

VJl

OC
DV
o
•

o

ni
O

•

o

-0.134 - 4 0.830 0.874 46

7 1.34S 0.538 0.008 0.053 -58 0,513 0.854 59

8 1.044

0
•

4-

1

O
•

o
o
00

0,373 -27 0,639 0,924 38 ■

9 0.906 0.402 0,036 --0.170 a 0,736 0.909 27

10 ■ 1.077 0.453-0,024 0,539 -11 0.441 0,913 .  32

11 1.050

O
O
,

0
1

•

o

0,385 -15 0,632 0.928 30

12 1.133 0.453 0.033 0,136 -34 0.743 0,889 44
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?able 2. Montlily raininum ̂ ;:ater levels,

Danube-BudEDest

;';Ionth.

Coefficients Const,

^2

Correlation

coefficients

I('.ean er- ,
rcr of

estima

tion cm^2 ^2 ^2 Ra R

1 0.277 0.35^? 0.011 0.255 -  2 0.736 0.897 31

2 0.274 0.477 0.004 oll27 29 0.469 0.843 34

3 0.892 0.332 0.008 0.261 4 0,483 0.855 33

4 0.515 0.472 0.001 0.268 17 0.461 0.878 40

5 0.454 0,447 -0.005 0.318 19 ■0.739 0,878 34

6 0.317 0-419 0.066 0.110 - 42 0.778 0.910 .  37

7 0.898 0.680 -0.006 0.143 -108 0,656 0.863 50

8 0.675 'C-asG 0.009 0.137 ---14. 0.686 0.922 - 28

9 0.667 0.109 0.013 0.247 4 0.f35 0.903 20

10 0.601 0.156 0.002 0.450 -  2 0.642 0.878 24

11 0.540 C.310 -0.018 0.766 - 36 o.eio 0.938 R'^
12

•

0,765 0,432 0.009 0.153 - 20 0.739 0.909 28

The applicability • of forecast relations was tested

on an independent data set, ResiiLts for the 12 months of

1984- are given *lx Table 3, while observed sums of pre
cipitation were taken in computations.
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Table 3> Predicted monthly water levels. 1984

(Observed montlily precipitation Is telcen as

predictor) * .

Month

Montlily mean cm Monthly minimuir Oidn)®''^

Predicted Observed Error Predicted Observed Error

1 234 182 52 149 136

\

13

2 233 193 40 .  144 132 - 12

3 215 176 39 145 . .  151 - 6.
5 272 285 . -13 202 234 -32

5 323 311 •12 247 202 45

6 341 327 14 286 ■ 283 3

7 312 275 37 230 193 36 .

8 . 242 254 -12 184 177 . .7

9  " 283 288 - 5 .  193 166 27

10 254 ■ 259: - 5 166 .  155 11

11 156 141 15 112 108 4

12 143 139 •  4 125 144 11

THE RETENTIOIT OP SipBSURPACB WATER RESOURCES

An assumption was taken dLnto consideration, nane^.y,

the falling limb of flood wave hydrographs can be divided

into tv;o characteristic phase:

- phase of siurface and interflov.' (including period of con
centration on the surrace of the catchment a channel

routing)

- phase of groundwater supplj**.

The phase where groundwater supply is predom?nant is
characterised with gji exponential curve fittea to the
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logaritiiin of the hydrograph (WMO, 1974) and the two phases
can be separated with the -help of the turning point on

this (logarithmical) hydrograph (S-^dy, Ebrbcz and Kirling^
1971), Subsurface supply can be approximated v/ith the foi-.
lowing equation

In Q = A + B.e~*^"^ (3.)

where, A,B,C constants and t "unit of time® In case of equa
tion (3) there is a linear relationship between In Q and
its derivate In'Q and so A nad C can be obtained:

in Q » A +

In'Q .= -B.Co"°^
C(ln Q-A) + In'Q = o'

In Q = -C In Q + A.C

but In'Q » m InQ + b

where m = -C; b = AC

0 = -m • (4)

b
A = V - (5) .

(Remark that in case when -b/ra greatly differs from the ob
served- In the given cross section, then the latest

exepted» Further comments follow below)

RElEHTlOh CURVE FOR THE DAHUBE-BUDAPEST

Logsxithms of daily flow rates of cross section Buda—
and daily sums of precipitation for drainage basin

^^bfe-Bratislava were analyzed for the period 1964-1933.
were selected in the second phase of the falling limb
the position of turning points or assumed concentra-



tion and routins times if there were no well expressed

points. Characteristic retention lines were marked and

inclination (ln»Q) was calculated for InQ, tal month ,hy-
drograph in logarithmic scale for Budapest and precipita
tion values for the drainage basin. Danube-Bratislava are

shown on Figure 1.

The correlation between In'Q values was established
on the plot of the values. A regression line was estimated

In'Q = -0.736 InQ + 1.011 (6)

This equation results the changes o£ InQ for 1 month, and
the integration of differential equatioh (6) yields the
retention curve. Solving the equation for InQ and putting
lower and upper limits " T

InQ = InQ^ + (XnQ^ -
or ■

laQ - InQ^ +

Where B a iJiQmax " ̂̂ ^n» ̂  months (value B depends on

the* magnitude of .Q at time ts»0)

Expressing equation (8) for Q

•no'"0*'736t /qN

Equation (9) is in duble-exponential form which
proves, that the logarit mic hydrograph of the given cross
section can be exponentially approximated. li^Qmax
taken arbitrarily for equation (7). So the assumed maxi
mum flow rate for Budapest 9000 m /s, l^Qjjjg2.=9.105.

Instead of A « -b/m derived from equation (5)
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taken as the 100 year Ioav flow based on the calculation iron
period of observation 1951^1983. = 580 m^/sj

^in which results the. retention curve for Dan
ube-Budapest

■ InQ = 6.363 + (lo)
v.here B . ^

Equation (10) can be utilized as a forecast relation

limr ^PP®a?^ce of the turning point on the falling
^  logarithnnc hydrograph or in,the period when
face v/ater supply is assumed, Oiie observed hydro-

rent extrapolated thrpiAgh equation " (10) using the cirr-Q  For practical use values t day; InQ;
^  t>e tabulated. Retention curve is shov/n

Figure 2,

g.j. technique" enables the forecasting of flow and_
th^^^ the whole period of falling "stages, assuming
dur-' ^^^^^all or snowmelt induced floods will occure
x±o^ period of the lead time. After a new flood pe
ls r ^ e^ctrapolation can be issued if the turning pointeached. The accuracy of forecasts is around + 10 cer

n,^H. ' ^®xms Of discharges. Certain conditions are to be
Use equation (10);

extrapolation can be made only in the second ph3s« of
falling limb; ■
ina^itude of the falling limb should reach 2/3 of the

^ise and the amount of precipitation or snowmelt must
e^ain below 5 mir;

tic parallel with the calculated reten-curve (at Budapest this stage starts 7-10 days af-
passing of the peak of the flood v/ave;

ber^ "technique is mostly applicable between July-Decem-
during the winter if long periods of cold

weather'is expected, "" >



m

The forecast based on the retention curve and issued

on 19 Sept, 1985 is shovm on Figure^^3*

Good results can be obtained for^'the whole Kagyinaros-

-Mohacs reach with the retention curve of Budapest if rat-

int ciirves, for different cross sections are used® Though

more precise water level values can be. calculated using

the following values of exponent; Wagymaros 0.530j Duna-

ujvaros 0,507 and Mohacs 0.764«.

CONCLUSION

Tv/o methods of long term low flow forecasting are

presented: (i) a regression technique with assuming fore

casted precipitation values of different probability as

input using equation (1,2) to calculate monthly mean and
minimum flow/stages, (ii) The intensity of the depletion
of ground water supply is deternidlned and the retention
curve (10) is used to forecast flow/stages for the whole

length of the falling limb assiuning no rain or snowmelt
during the period of lead time®
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Ojxho h XBasMasyxMepHoe MOfleJixpoBaHHe pycjiosisc npoiteccos

EOPHAF IzIaHsop

.* - , A*' ' ' '
Hay^HO-KccjiesnosaTenBcxHa ueXTp soiiHoro xosHflcTsa /BHIVW!/, Eyxtaneurr

i

PeaioMe ' ̂
t

BoapacxaKaaee w'cno PHapoTexHireecKHx coopyxeHKft M.jipyrKx aHxponoreH-
Bzox AeHTen&HOCTeft suabisaioT HHxepec cneiwajiHCTOB k MaTeMaTH"«iecKOMy
MoaeJiHpoBaHHK) H iiporHOsy «)opMHpoBaHHH pe^HfcJX pyceJi; 3th MoaejiH oc-
HOBaHH Ha pemeHHji p!Ha^ecxHX ypasHeHnft h ypasHeHHft HepaspuBHOcTH
xKjucoH H TBepaoft 4>a3 Bojibi. OflHOMepHue MoaeJW' cnococSHu naBaxb xo/it-
Ko ocpeflHeHHHe Bewn^iH HSMeneHKH, oxMexxH CHa b Ka*noM patnexHOM
nonepe^HHxe. KBasHnByxMepiaae MoaeJiH, Hcnoji3»3yH yaoOcxBa oflHOMepHHX
j«oaeneft, cmocoSHU bmwct^b hq. xoji%xo npoaonBHae, ho h nonepe^nue
KSMeHeHHff pycna. B sann^ paCoxe saexcH xpaxxoe oimcaHHe onrtb h
KBasKssyjKepHBK Moaeneft, aarw npiraoairtc^p^ayaoTaTO aaa npocreH-
UHX cny^aes /MSMeHeajre pycna npH noanope h b OKpecTHOciH Kaptepa/,
B saxmcrgeHKi! upkboamtch npHMOHeHH-e Mopflio/iorimecxofl MOflensr Ha pexe
Baoa /BeaxpHj^.
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ONE AND QDASI-TWO DIMENSIONAL MORFHOLOGICAL F0KEGA-STIK3 IN HIVSRS

Sandor BOGMAR - - . [
Rocearch Centre for Water Resources CVITUKI II/l)

Institute for Hydraulics. Dept. for Numerical Hydraulics

Address: 1095 Budapest Kvassay Jeno ut 1., HUHQARY

SUMMARY: The paper presents one- and quasi-2D worphoiosical
models which were developed in VITUKI in order to predict' river
bed changes due .to human Interventions arid during natura.l
conditions. The developed-quasi-^2D morphological and transport
model "QUATMORT" is able to predict not. only. the. .longitudinal.but
also the transversal distributions of sediments deposited on or
eroded from the river bed.. :■ 1. fi; i

Koyworda: {iow~. anil sed'iiaoni ' rauilj^Ct . .•■•parate ool utl op.
deeompoB i t i on oC the unateadjt hySrecr aph.. aiijbe.hBJtnel approach.

INTRODUCTION

Real mathematical mode'lling of morphological processes ,should bo
based on the 3D flow and sediment transport equation.^. Due to the
limited capacity of computers 3i) or'2b models (nowadays) are not
able to solve practical problems in la^.ge .(several hundred
kilometers long river) systoms-LRSl howOver existing models can
be efficiently used to solve loqal, small sdale problems.

Limits "TRid ' drawbacks of traditional "ID models are also well
known, however recently only these models can be applied for
simulation of long term river bed,variation i^n I4lS.. ,,Tbe
tube" or "subchannel" approach isxtend'a the possibilities or 'tne'
ID morphological models thus not only the longitudinal but also
the transversal distribution of' sediments (bed- ahd ' "suspehded "
loads) and rivet bed changes cifn be computed. / '

Beginning 'with the ID morphological methods ahd models' A;
literatura.1 overview was done and the selected models were
applied and tested. Based on this overwiew analysis of different
methods and' continous developments have been done. In the
following tables we tried to give an impression about the
features of dij(ferent models (not reffering all of them)~and t^e
developments which were carried out in the VITUKI.

Name Flow 1 1

Transport! Bend1Arm.|Tr.| e.t.c.
St. Ust. 1 An. Num.

MOBED •
FLUVIAL
HEC
lAlLUVTAL *

A

*

*

*
*
*

■ *.
♦

♦1

b;d.
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Developments at VITUKI "QOATMORT'

Rame | Flow | Transport
St Ost. U An. Mum;3

Bend Arm. Tr. e. t. c

1F80 ' y.m. a- ,
•

1984 a a

iF85 .  a a a2

i986/l- . a a , aa

19F8/2 *- • a as ■ 1.
i 1987 a .  a a a  - as 1.,tu.
19BB a- * * a a4 1..tu.

liotatlbix&: St. : steady state gradually varying flow;
Ust.. : unsteady f low (usually eqs of Saint Venant);
An;. : •anailitl.cal or empirical formulas;

■ A Mum. ; nui»eri;cal solution of Eq.Ba.; -' - '■
Bend : effect- of river bends;
Axin; : effect of armouring and sorting;
Tr. : extension to the transversal direction;

. b.e^ : erosion;
^  . .t.u* : turbulence^ Extension to the y-direction

'y.m; : averaged year mean discharg;(^;
1. :•solution in looped network;
1  : critical tractive force method;

>> 2 ^ critical velocity Method;
"3 ■; subchannel Or stream-tube method;

<  *. : 9transversal distribution of..jconcentratiOns.

'^OOlOSRMZflS^CMSTiraHS OF ID M0RPBpi.C)6ICAL FROCESSES

-QB0*^diineasiottal -morphological models are based on the numerical
•solution-^Of^continuity and. dynamic equations of flow and sediment
where the dependent variables are the flow depth-h(x,t) or the
free surfade selevatian-Z(x,t;), the averaged flow velocity-u(x.t),
the sediment'transport rate^QoXx^t) or the concentration-C(x,t)
and. the. bB(i.elevation-Zbi'(XYt). The four basic equations are as
follows: •

FLOW- SEDIMEMT

Oontinuiity^j ... < 3 )

at ax ax ax

Q0=f (u,h.S»di . .) .. . .(2b)
" - -'■'I """ ' Jiiij "* " '

wil»are» Onflow rate^ A-wetted area, Sc-friction term, q-lateral
inflow-. . D^dispersion coefficient, <0s and (Da>-source and sink
terms. S-rfrae surface slope; di-piartlcle diameter, slope
lateral Inflow of sediments. Arporosity.
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tins

hiimerical solution of the governing equations

The set of differential equations links four unknowns fuaetions -
with the two independent variables, space x and time tV" The "
system of equations is a nonlinear partial differential iaystem
which describes the unsteady phenomena of flow and .sediment'^'
transport, as well as the bottom profile evolution in a river.
Two approaches are currently known for solving the complete
system of these differential equations. In one approach the'^''
equations are solved simultaneously for each time ' step . Su^h'
method was first applied by de Vries [1977]. The second approach,
is known as the separation of liquid and solid phase' equations'; -
The flow and bottom phenomenas have different time scales
therefore it is obvious that the first method is much more' -time^
consuming than the second one (due to the-use of ̂ time step which ̂
satisfies the flow stability criterias, usually.dt may be taken-
from several seconds up to several hours during which the bed
changes may not.be significant affecting the flow parameters),
but in spite of this drawback in the'zone of rapid: . changes df-^
flow patterns usually this method is used. The separate -solution '
effectively can be used for long terra,driver bed. forecasting . b.ut
often neglected stability criterias have to be sdtisfied v C8,-1Q1<'t.
(celerity of the river bed perturbances c^dx/dt).... . N?

For long term simulation of
river ' bed variations further
simplifications of ' the
governing equations can be
done, namely the flow can be
assumed to be steady state
gradually varying. In thiS:
case 'the flow parameters are
computed by the standard step
method .and'the sediment load
rates are determined by the
most suitable transport formula I«, 44). The unsteady fdoR..
hydrograph is decomposed into, steady state .intexh^als, % as;
demonstrated in Fig. 1. . for which the steady flow parameters are.^
computed. It has to be emphasized that for long (several.hundred,
kilometers)' river reaches the steady flow approach may result
erroneous river bed forcast. In this cases the _ unsteady flow
phenomenas may play important role, which is not* taken into .
account in several (overviewed) models.

For the numerical solution, the partial derivatives are :
approximated with finite-differences, where the Preissmann 4- ,
points implicit finite difference scheme was used.. ■ The resulted, r
system of linearized equations for Eq.l. and Eq.3. is solved by
the iterative double-sweep method. Several transport methods have
also been investigated, applied and developed during, these years ,
among which the implicit f inite-diffetence method was selected.
Thus, Eq.3a. discretized with a 6-points implicit finite-
difference scheme and the resulted system of algebraic equations- :
were also - solved by the double-sweep method. The. elaborated- -.
transport model was calibrated on analytical solutions and the
effect of numerical diffusion also has been investigated. [4].
One of these test runs can be seen in Fig.2.. For the elimination
of the effects of numerical diffusion a new approach was applied,
namely the application of the moving (Lagrangian) coordinate
system. In spite of the advantages, this model is not suggested
for practical use because the continues tracing of. the

ti^Z

rtf. 1 OsooBpoai tiioa. e<. th«
11 pod hy.drogrii'pb.
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Tine :36?S9lsec]
ifr.of llM* slipsS 15"

Crli.d
• PflB.W
. 5,;58.«) Ii»^2/s}.

ix:5Wl«l '
' dt:20B0 rsicl -

Analytical ISHil
Calculated I—J

.  C l3/ii*3J
characteristic lines
and finally this
method^, needs further
interifolationsv, . when
the characteristic
lines:, a;re^ between two
coraput^:t ipna po in^s.

Dependinis . on. . the
available sediment
field- ,data, the
sediment^ .. transport
rate caiiLbe determined
by the;most- suitable
transport, . f.ormula
which is demonstrated
in sezrerai view , in •
Eq.2b.: = 'Far this
purpose sevier&l '
transport'formula'have
been investigated; aroo»ff which the Ehgelund-Fredsoe method is
suggested .fob- sand-bed and the Stelbzer method for gravel bed
rivers.'When sedim^t transport rate is to be caiculated in river
with non-homogenous bed material the Einstein procedure with the
modified sheltering factor [9] or the Maypr-Peter formula with
the Eglazarov''s: modification [11] are preferred.^

Fi^e 2. Calihittcn of the transport liojet
X (fall >000 tic:lB h-

AFPLICATIOR OF -THE IB MODEL TO REGULAR CHANh^LS

The developed mathematical model was first tested on a numerical
example given by Chen et--al—[1975]. He presents the numerical
model for computing thd. aggradation in a unit-width reservoir.
The computation 'Ws carried, out with different time and space
increments. The fit was fairly good and the difference scheme is
stable for vabious values of St. and dxV.Results of this test runs
can be found in Refs. [Z]. The sediment transport rate in all the
below demortStrafted''*tdst example is calculated by formula given i}fi
the Chens*s et example Refs.[7].

Effect of Dredi^ihg on Rtver Bed. The river bed of natural
channels ̂ bften has to'
be dredged for
navigational or
industrial purposes.
This <' ; inteTventibb
disturbs -the • " quasi-
equilitrriura ̂  state of
river - • %ed and -
s iguif iCatxt changes may-
occur bo€h in bydrsuldc'
and transpbrt
parameters .' :-©ue • to
sudden chatttges in water
depths "St the u^er and
lower limits''- cf
dredging, ' both
phenomena beekwater and ■
drawdown ^

siroultaneoUs.ly " tUke
place, .which complicate

Tine SO.I days3 . iro actf r«rc rmrta ritviiiiMs •

. Ate IMUlVimO 10 HIRirONtH I .

•eetleni ullh irti turrae* tlopat
wlwl

la/M. -bad siBpi)

(■>

h- I i.e M

Distri of s'hoar stresses

I  ■

r.i0tt**e 3.V Orplieation of the IT) Mo^el



153

turther the stu^ly of the problem. Significant changes may occur
in paiameters which characterice the sediment transport. Removal
of the upper layer of the river bed may disturb the armoured
surface formed during the low and medium flow periods, and the
underlying layers of the river bed may take part in sediment
transport.

Initial bed and free surface profiles and initial data are
presented in Fig. f 3 y. Most intensive changes took place at the
upper limit of dredging at the beginning of simulation where a
drawdown was formed. Backwater profile was formed below the lower
limit of dredging, where the bed material scoured from the upper
end of dredging was deposited. Significant erosion of the river
bed at the lower limit dredging was occurred at the beginning of
simulation. VJith time the intensity of the bed changes was
decreased, but the river bed was not in the state of rest at the
end of simulation. The river bed gradually eroded in the upstream
direction from the upper limit, and in the downstream direction
from the lower limit of dredging. The free-surface profile,
except in the upper parts in dredged river reach.- was decreased
in comparison with the initial state

Effect of Unsteady Flow on River Bed. The effect of flood wave on
the bed of the 100 m wide channel was analyzed in this example.
Sequence of sudden changes in water depth and discharge are
identified for an operating reservoir with resulting flood waves
passing along the channel. The relatively clear water, released
from the reservoir, carries practically no bed load.
Consequently, the scour of the channel may be expected downstream
of the dam or weir.These changes affect significantly the river
bed elevation. As it is known irom experience, the largest
changes take place during the_peak flew when also .the largest
velocities occur.

Rapid changes with
decreasing tendency
can be seen in the

upstream part of the
reach, see Fj g.(41 .
The bed is scoured

during the rising limb
of flood'Waves while

the opposite was the
case during the
falling limb, when
sediments were

deposited along the
downstream part of the
reach. The effect of
erosion on the water

dfcpvhs in the upstream
section also can be

seen in

Tine: 10.00 Clirsl
lirte ser.. isect.

. rto r»i r::c '.ifirta •

. An iRiififwo to I ■

t|.s itfo ■ l.a mir«
iteni 10 hilcrctcri

5If1eA»rr'!> ki «0.0

nt.)

fiL t ]

/ ^

dZbC i1

tMwi '

.•••• • I.CI t-I

S  I J.9 (o,Ao) -M4 lice*.

Fij/ure 1. Effect of the unstea«ly flnv»
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3)£SCRIPTI0N OF THE QOATKORT MODEL

The quasi-2D morphological and
"transport model-QUATMORT, is
based on the separate solution
of dynamic and continuity
equations of flow and sediment
motion (flow model can be
applied in looped channel
networks). The computation at a
reference section requires the
cross-sectional geometry and
the transverse distribution of
longitudinal depth-averaged
velocity. Based on these data
at each section the integral
curve of discharge (JqdB) has
to be calculated, then the
channel is divided into
subchannels conveying equal

The number of

is to be selected

manner, that transversal irregularities

, w_ river (e.g. significant changes either
elevations or in characteristic grain sizes etc.) could be
into account. Having the subchannel parameters the

Nc -

•reference

discharges.

subchannels

in such a

Figure 5. The aubchonnol

xaiwv - — wilc s

n r c«£

aubchfinnel 9

points

* investigated

aethod

of the

in bed

taken
ediment

transport rates or the concentrations of pollutants are computed
ill each streamtube.

In the case of a mixing or a pollution problem the concentration
distributions are calculated in three steps at each . time
interval: (1) convection along each stream tube, (2) transverse
"mixing between "tubes, (3) longitudinal mixing in each tube.
Finally - when morphological processes are modelled - at each
time step the changes in bed elevations (/JZb) at each g^^tion
and subchannels are obtained through numerical solution of
sediment continuity equation. The total changes at each reference
point are calculated by summing up changes due to bed-load and
supended-load. At any cross-section, each reference point which
belongs to the given subchannel is adjusted by the ^ame value of
/iZb .

This procedure is correct either when the
between subchannels due to secondary currents
when the longtudinal sediment discharges are
oalculated transverse sediment transport,
transverse sediment transport is valid
relatively, wide, natural channels compared
depth, where no sudden changes in transverse

sediment transport
can be neglected or
corrected with the

The neglect of
for straight and
with the maximal

1 bed profile occur.

TEST /JND APPLICATION OF THE QbATMORT MODEL
t

QQATMOKT was tested on simplified problems and was also applied
to nacural rivers. Comparisons of measured and computed river bed
profiles have shown that further improvements are needed to
increase the accuracy of computations when the model in river
bends or in a reach with graded sediment has to be applied. For
thiii purposes di.fferent methods have been developed which are
presented in Refs. CSJ.
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Several test runs were carried out for a hypothetical
.(ellipsoidal) bed shape, characterized by 100 reference points, j
The method was tested when water level depression and backwater
occur. In both case the steady discharge was computed for a given
bed slope , water depth and roughness, and after that the
downstream water
depths were increased
or decreased . The
.upstream boundary
i^ondition (constant
free surface
elevation) was
constant for the whole

simulation period.
Results of these test
runs for backwater
profile are
demonstrated below.

The longitudinal and
transverse variation

of the total bed area
changes are

demonstrated .in
Figf 6). Similarly to
the natural processes
under backwater conditions.

TEST Nr., 5

• I S

Ti-a CdayiStlCOO

Figure 6. Application of the subchannel
method for backwater condition

thus gradual deposition from the
deepest cross-sectional points toward the shallow water (literal
zone) was simulated. Greatest aggradation takes place at the
limit of the backwater effect. An effort was also made to analyse
the effect of the number of subchannels. An increase in the
number may remove some sharp limits between subchannels,
therefore,, the channel bed shape is greatly affected by the
number of subchannels. Further results of test runs and
descriptions of another updating methods can be found in
Refs.[2].

The presented q.uasi-2D morphological model was applied to,
simulate the 3 months river bed evolution of River Raba in
Hungary. Periodically, (since 1967) large number of velocity,
sediment discharge and bed-profile measurements have been carried
out in moi^e than 90 cross-sections.

The bed material of the modelled river reach was assumed to be
homogenous both in longitudinal and transversal directions, and
the mean sediment diameter is taken as dg=5 ram, which is of
course a gross approximation of the real situation. Eight cross-
sections were selected, 150-200 m apart from each other. There is
no tributaries or storage reservoirs, so the lateral inflow terms
were assumed to be zero. For the simulated three months period
the time step was selected to be one day.

In g. f7a.b) measured and simulated bed profiles are plotted for
those two • cross-sections, where the greatest changes in bed
elevations occured. Fits of computed to measured cross-sections
ranged between 20-40 cm. These differences are probably due to
assumed uniformity in distribution of bed material in bo-h
longitudinal and transversal directions.
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CONCLUSIONS AND FURTHER MODEL IMPROVEMENTS ^

The paper gave a brief overwiev of existing ID morphological
models and a short description of the QUATMORT model system. The
developed quasi-2D morphological and ti-ansport model extends the
possibilities of traditional ID models, thus these processes can
also be modelled in large looped river systems.

The comparisons of measured and simulated longitudinal and
transversal bed-profiles showed that further developments have td
be focused on understanding of processes and elaboration of
modelling techniques when the effects of river bends,
inhomogenous bod material, transverse sediment transport" or
turbulence, etc. can not be neglected. For these purposes several
methods have been elaborated and some of them were published in
Refs.tb]. Based on Refs.ClZ] and field data available in Hungary
QUATMORT is planned to be supplemented with methods, describing
the vertical variations of velocities and concentration profiles.
Parts of these developments are to be published in Ref3.[6]
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Spezialisiertes geografisches Informationssysteci in der
Hydroloqie und fluflgebietsmodelle mit rkumlich ■

verteilten Parametern

BALINT Gdbor und FEKETE Bal^zs

Forschungszentrum fUr Wasserwirtschaf t (VITUKI), Budapest

Zusammenfassunq

Das vorgeschlagene Schema der hydrologisch ausgerichteten Be- •
schreibung raumlich verteilter Informationen wurde insbesondere
auf Rechenfcechnik, die mit dem Typ IBM AT kompatibel ist, reali^ .
siert. Das hydrologisch-gedgrafische Informationssystera unter-
scheidet sich seinem Charakter nach nicht von anderen Inforwa-
tionssystemen, die auf territorialen und linearen Prinzipien be-
ruhen. Jedoch spielt im Zusamraenhang rait den speziellen Anfor-
derungen der Hydrologie und der Wasserwirtschaft die Organisation
nach der Hierarchie von FluBnetzen und Teileinzugsgebieten, d.h.
nach dem System der EntsSsserung, eine bestinunende Rolle.

Abstract

The given hydrologically"oriented Geographical Information System
realized on a network of IBM PC At'compatible mashines is similar
to any system having linear and territorial description and stor
age of data. Despite this similarity it has its specifics related
to the drainage area and stream network hierarchy which enables,
to meet hydrological and other water related requirements. The"
GIS has three levels of complexity.

PeaioMe

npeflJiaraeMaH cxeMa rHupoJiorHvecxir HanpasjieHHoro onircaHHs npocipaH-
CTseHHOft HHd>opMaiJiHH B "^lacTKOCTH" ocymecTBJieHa Ha 3BM, noxio6H0ft HBM
AT. rHApojiorH-uecKan reoHH^JOpMauHOHHas: cH-CTCMa no CBoeMy srapaKxepy
He oTJiH-uaeTCH ox npyrHx HH4)opMauKOHHKX cxcxeM, easHpywfttHxca HaTep-
pHTOpHaJTBHOfi H JlKHefiHOn TlpOnopUHHX, HO B CBH3K CO CneUWajIbHHMH
xpeOoBaHHHMK ruapoJiorHM n BOUHoro xosHftcxBa onpeneJimcmyio poJiB b
opraHHaauMH cHcxeMbr Hrpaex wepapxirfr cexK BcnoxoKOB h vacxH^HUx bo-

nocOopoB, xo ecxB no CHCxeivie npeHaxca. ilpHMeHmoxcH xpK ypoBH« a©"
xaJibHCCxH. npH nojiHOM HanojiHeHHH CSasKca nai!HiJX npt^nojiaraexcn, vro
Bce HcxonHwe naHHsie HSBecxHtr Ha yposne "ivrnxpo", B xoAe pciueHBA no-
cxaBJieHHOh aaaavH npHuuiocfc npHnepixuBaxBCJi ochobhux xpeOopaHHil;
oOecne'UHXis bobmojkhocxb nonjnieHnjr itH^topKauKK- no rmiporpa^HxecKOMy
nopnnKy, npn bxom coxpanHXB cbh:3B c xpaneHHeM naHHUx no CHCxewe
KOopflHuaxf cHcxewy ocxaBMXB oxKptaxoft aJi«r i:ani»Henuiero pacuiHpeHHH no
xeppuxopHH;. oOecmeuHXB BosMofeHocxB BKJiwveaKa ^pyrrac xHnoB naHHUX,
B TiepByw o-vepexcb cnyxHHKOBtcc. HeoxnenHMott vacxbio cHcreMsi hbjihioxCh
4)yHKUHH nepexofta n reHepanHsaimit oxnejiBHux xapaKxepncxiiK no ypoB-
HHM flGXaJlBHOeXM K RpOHSBOniHO BtiCpaHHtlM VaCTH'^IlblM MOBOCCopaM.
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1. Einftihrunq

dsr, Tatsache, daB die Hydrologie den geografischen Wissen—

schaften • zuzuordnen ist, wird die rea.le geografische Umwelt bei
praktischen Berechnungen -nnd Modellierungen meist vernach]Ss-

Diese Tendenz resultierte zum einen aus den begrenzten

M6glichkeiten der Rechenferfahren und zum anderen aus der
Mode- f ,bei.stochastischen Modellen hydrologischer Prozesse die

.Einzugsgebiete von Gewassern als "Blackbox" zu betrachten. Diese
Modelle benotigten natiirlich keine geografischen Parameter als
Eingangsdaten.

Eine neue Etappe in der, Entwiqklung hydrologischer Modelle wird
durch die Klasse" der sogeriannten "konzeptionellen" Modelle

gekenrizeichnet, .. die stochastische Ansatze mit physikalischen
Beschreibungen ver'einen, Diese konzeptionellen Modelle bendtigen

bereits einige .physiografische Daten des Einzugsgabietes, obwohl
hier mit gemittelten charackteristischen Daten gearbeitet warden

kann.

Ein relativ neues Gebiet der Hydrologie ist die Anwendung von

Modellen mit rSumlich verteilen Parametern. Diese Gruppe , von

Modellen bendtigt einerseits raumlich verreilte geografische
-Daten lind kann andererseits meteorologische Eingangsgr&fien nut-

zen. dm diese komplizierten rSumlichen Modelle in brauchbare

Hilfsmittel zu verwandeln und das Stadium, in dem jeder Versuch

bestenfalls in einer Einzelfallstudie endete, zu verlassen, wird

eine sichere Datenbasis bendtigt, die die ftir wa^serbezogene

Studien relevanten Landschaftscharakteristiken enthSlt (HEC,1979).

2..Geografisches Informationssystem IGIS) fiir Hydrologie

Ftir die Ah'fofderungen auf dem Gebiet der Wasserwirtschaft wurde

die Notwendigkeit spezieller ' Geoinformatlonssysteme und der

Nutzuhg von Fernerkundungstechniken erkannt,

Im Forschungs.zentrtim fUr Wasserwirtschaft (VITUKI) Budapest wurde
vor meh-r als e'inem Jahr durch die Verwirklichung eines Planes zur
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Entwicklung von Geratetechnik ein gewisser Schritt voran gemachi.
(Abb.1. )

Diese Entwicklung ermoglichte die Schaffung eines Arbeitsplatzes
zur iiosung gewisser Aufgaben der Bildverarbeitung^ und der quail-
tativ guten Wiedergabe geografisqher Daten fUr sphzlfisch hydrp-
logische Aufgabenstellungen.

Die rechentechniscbe Basis besteht aus einein 32—bit und einGin

16-bit Rechner, einschlieBlich einer Magnetplatteneinheit niit
mehr als 0.6 Gigabyte SpeicherkapazitSt, die durch eine schnelle

ETHERNET—Verbindung gekoppelt sind.

Der Arbeitsplatz besteht aus einem IBM-kompatiblen Personalcdm-

puter der durch
I

- eine Grafikeinheit,

- einen 1024 x 1024 Pixel Monitor, . '

- einen Digital-Zeichentisch und

- einen Plotter

ergSnzt wird.

In derft in Entwicklung befindlichen GIS warden territoriale Daten

in drei MaBstabsebenen prasentiert. Bedingt durch die hydrologi-
sche Orientierung des Systems besteht das Hauptproblem in der

richtigen Beschreibung der FluBnetze.

Die hydrologische Ordnung in der Natur ermdglicht ihre Bearbei-

tung entsprechend den natiirlichen Hierarchieebenen.

Die Einzugsgebiete stellen ein Kauptelament im hydrologischen
Informationssystem dar (FluBverbindungen und Seen sind weitere

Hauptelemente).

Es besteht die Notwendigkeit, eine Codierung zu schaffen, die
eine Abarbeitung entsprechend der natiirlichen hydrologischen
Ordnung erlaubt, von kleinen, zeitweilig existierenden Rinnsalen

bis zu groBen FlUssen,

Eine komplizierte Systemstruktur und der grOBe Umfang der abzu-

speichernden und zu berechnenden Daten verlangen effektive Spei-
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chex- und Rechenprinzipien (Gottschalk 'ind Krasovskaia, 1982).

Die Hauptanforderungen sind;

,;(1). Sicherung der Moglichkeiten der Datenbereitstellung nach der

.^ydrografischen Ordnung
(2). dabei Sicherung der Verbindung mit dera Datenspeicber nach

dem Koordinatensystem

(3) Beibehaltung eines offenen Systems fiir eine territoriale

Vergrofierung

(4) Sicheruhg deJf Moglichkeit a'ndere Datentypen, hauptsachlich

begleitdaten, einzubeziehen,

Zur Erfiillung dieser Forderungen wurde ein "Zwei-Zahlen"-Code

benotigt, wobei die erste Schlusselzahl den Elementtyp und die

zweite Zahl die FluBrichtung kennzeichnet,

Tabelle 1 Schliisselzahlen, die die Hierarchie des

FluBgebietsnetzes bestiimiien

Elementtyp (EC) SchlUsselzahl

Anfangseinzugsgebiet

Fi^he des Eirizugsgebietes, die dem

'ZuiiuB der ■ . } - •

-  Oder einer dariiber liegenden Kategorie 1
- 4. Kategorie 2
- 2. Kategorie 3 ^
- 1. Kategorie 4 *

2u2uofdnen ist. '

see (stehendes Gewasser) 5

FlieBende GewSsfier/ FluB der
2. Kategorie 6
1. Kategorie 7

FluBrichtung (DC)

0
Norden n
Norddsteh NE 1
Osten E 2
Slides ten , SE 3
Siiden s 4
Siidwesteh Ew 5
Westen w g
Nordwesteft tjv j
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Das erste Byte d.er Schltiaselzahl dlent der Gestaltung der Kette

nach der Uinbildung in einen blnSren Code..

EC = 0 ■ wenn EC = 0 . T. , ; 7 .

EC = 1 wenn EC ̂  0

Die Netzelemente konnen au£ einero Vektor geordnet'wardenv der es

erlaubt, die Summen fUr das Netz von Teileinzugsgebieten zu .

errechnen sowie eine Auswahl einzelner Oaten fluBaufwSrts oder

fluBabwarts zu treffen. Die Sequenz des binSren Codes kanti nan

derart gestalten, daB man sich, beginnend mic der AbschlieBenden

Wehrstelle, an jeder ZufluBstelle nach links wendet und au£

diese Art alle Elemente des Einzugsgebietes beriicksichtigt, wenn

man bis zu einem Anfangsgebiet gelangt und dann zurUckkehrt*

Dadurch wird jedem Element eine Verbindungszahl zugeordnet. Bei

einem kompliziertem ZusanmenflieBen mehrerer ZuflMsse oder im

Falle von Seen ist es mOglich, fikbive Verbindungszahlen zu

schaffen, die keinem realen- Element des FluBgebietes zuzuordnen

sind (Abb. 2, Abb. 3).

Zur ErgSnzung der FluBnetzdarstellung wurden Matrixdarstellungen

£i\r komplizierte Systeme (Seen# kiinstliche Kan&le# Verzweigun~

•gen) erarbcitet.

3. GIS-Datensystem

Es ist erforderlich, daB in einem geografischen Informationssy-
stem die Moglichkeiten bestehender Systeme zur Beobachtung der
territorialen Klima— und aktuellen Wetterdaten beriicksichtigt

werden. Die Mehrzahl der hydrometecrclogi schen Elemente wird iii

der territorialen Charaktoristik berUcksichtigt, unabhangig

davon# daB die traditionellen Beohachtungsformen nur punktfOr-

mage Oaten liefern. Es ist ebenfalls .lotwendig daran festzuhal-
ter, daB die Mdglichkeit der Anpassung pnnktfdrmiger hydrologi-

soher Daten (AbfiuB, charakteristik der Wasserbeschaffenheit in

einzelnen Wehrstellen) erhalten bleibt, was keine besonderen

Erschwernisse mit sich bringt, da man sie bei Kenntnis der

Koordinaten der entsprechenden Wehrstelle leicht durchfiihreh

kann. Die Bestimmung der territorialen Charakteristik bring t

beim Vorhanden&ein punktfQrmiger Beobachtungen jedoch groBe



164

SchWierigkeiten mit sich (wenn derartige Interpolationen und

ExtrapOlatibnen Oberhaupt mSglich sind) und erfordert getrennte
Berechnungsinethoden fiir jedes hydrometeorologische Element (Nie-

derschlage, Schneedecke, Verdunstung) (Bdling und Bartha, 1982) .

3.1 Grunddaten .

Polgende patentypen werden in den Gittermaschen des Systems
abgespeichert:

(1) N.etz- und Kontui:endaten

(2) Digitale. Gebietsdaten

(3).Landnutzung

... (1) Landwir.tschaftliche NutzflSchen

{2) Forstgebiete

(3) G^iete ohne Wassereintrag in den Boden (Fels, bebaute

FlMchen)

(4). Wasser, Feuchtgebiete, Schnee, Eis

unabhSngig von der Landnutzung

(5)' Bodentyp .

3.2 Abqeleitete Paten

FGr jedes Berechnungselement (Teileinzugsgebiet), das durch die

Verbindungsnummer gekennzeichnet ist, werden die in Tabelle 2

aufgefiihrten Daten abgespeichert (Gottschalk und Krasovskaia,

1982).

Tabelle 2 Abjgeleitete physiografische und Landnutzungsdaten

Variable Form/ Art der Datenquelle
'  Gleichung

1. Binarcode 0/1

2. Verbindungsnummer/in- 0-131
terne Nummer eines

Berechnungselements

3. fiktiv/real 1/0

4. See/kein See 1/0

5. rechter/linker ZufluB . 1/0

von der BCS-Kette

von der Kette "Verbin

dungsnummer"

^speziell erzeugte Ket-
ten

speziell erzeugte Ket-
ten

speziell erzeugte Ket-
ten
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6. Koordinaten des Be-
ginns einer Verbindung

7, Koordinaten des Endes
einer Verbindung

8. Name der Verbindung

liMnge der Verbindung

X^(RAK)

X^(RAK)

,^lpha-?
^)u;nerisch

m

10 • Flache des Einzugsgebie— A
tes der Verbindung

11. %-Anteil Seen n

12. %-Anteil Wald

L%=
n

100%

F%a i

n

E Ap-
100%

aus der digitails ier^
ten Karte

aus der digitallsier-
ten Karte . <

speziell erzeugt

aus der dlgitallsierr
ten Karte berechnet

aus der digitalisier-
ten Karte berechnet

aus den Daten der Git-
terpunkte berechnet, -
wobei n die Zahl ftir
500 m Gitterpunkte und
A^ die Punktemit Seen
sind

n - Anzahl der Gitter-
pui^te und Ap - Punkte
init Wald

14. AbfluBdichte

15. Hohe*des Beginns
einer Verbindung

II

aus- der digitalisier-
ten Karte berechnet.

Dd » lij. - Sunune der L&nge
,  der Fliis'se (blaues

. Raster) in einem Eih-
zugsgebiet

H. ra aus einer topografi-
schen Karte

16. Hohe des Endes
einer 'Verbindung

H m
m

17. GefMlle der Verbindung H^-H
Lt« -i-H

aus einer toppgrafi- •
schen Karte

aus der topografischen
digitalisierten Karte

18. Durchschnittshohe
des Einzugsgebiets

n

'  ' ^ H
H = i—i

n

aus Daten der Gitter
punkte

19. maximale Hdhe des
Einzugsgebiets

20. minimale Hdhe des
Einzugsgebiets

H.
m
„ max

H.
ax 3 "5

„  „ min „
"min" j

aus Daten der Gitter
punkte

aus Daten der Gitter
punkte

21. Srtliches Relief
des Einzugsgebiets

LORE«H„^ -H„.
max min

aus Daten der Gitter

punkte
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H-H
m

22. -Hohenrelief des
Elnzugsgebiets

23. Durchschnitt-
liches GefSlle

ELERR=
m

H
max min

k P
,SL - ̂  . 100%

m

T  H. .-H. \ ,

3  500 .

H. .-H. , .
r? =
3  500

,  H, .-H. , . ,
r? = ^f3
^  2 500

m  = 3(n-l)

aus Daten der Gitter-

punkte

aus digitalisierten
Daten der Gitter-

punkte
K -.Anzahl der GefSl-

lewerte

24. iTE^imales Gefalle SL = max r!r
■ des Elnzugsgebiets ^

25. Sf^bwerpunkt des Ein- TYNGDPX
.^gsgebietes fur die
xrKpoirdinate

26. SchWerpunkt-des Ein— TYKGDPY
ziigsgebietes fUr die
y-Koordinate

aus digitalisierten
Daten der Gitterpunkte

aus- digitalisierten
Daten der Gitterpunkte

aus digitalisierten
Daten der Gitterpunkte

Es sollte hinzugefUgt werden, daB eine Erweiterung der Variab-
lenliste durch"* Einbeziehung dataillierter Daten aus Landnut-
zungsklassifizi'erungen moglich ist.

4. System und Programmaspekte

Die standige Arbeit mit dem System und dem Programmteil des
Projekts kortzentriert sich hauptsSchlich auf folgende Gebiete:

- ErgSnzung und Korrektur der Koordinatenbasisdaten

- Schaffung und Erg&izung von File-Registern zur Aufnahme von

neuen Variablen

Die Programmroutinen wurden in ver.schiedenen, von einander unab-

hangigen Gruppen organisiert.
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Gruppe A - Digitalisierende Verfahrcm ,

Gruppe B - Transformation seguentleller Daten fiir den Oirektzu-

griff

Gruppe C - llutzerroutinen fiir den Direktzugriff zur Dateiibasis

Gruppe D - Nutzerroutinen fUr den Direktzugriff zum Variablenre-

"gister

Gruppe E - Nutzerspezif ische Routinen

Gruppe F - unterstvitzende Software (Grafik, Datendarstellung)

Die Verfahren A und B kttnnen auch unabhSngig vom System durchge-

fUhrt werden.

Fur zukiinfte Arbeiten ist es wiinschenswert, auf die Ergebnisse

aus anderen Systemen (z*B« MARKUS und MOLNAR, 1988) sowie des un~
garischen Bodeninformationssystems zurdckzugreifisn.

'Die ersten Schritte zur Verbindung der abgespeicherten Bodenin-

formation mit der Bildverarbeitung wurden unternommen.
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