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IIPLAY.C.ftOblIE 

DATEisi momtapemnms npmAymaNcmmx cTpam no rmA-

pc:um rmmecmmm npormosamnpeAcTanasernpoAommemme Bm-
roAmoro oomema mmemmamm x 01BATOU B oToft oOmacTm rm-
Apomormm. 

tleTBepTeR H ERTAR momItepemiusa npoeoAmxmch 

pa4Kar Era, MTO AseT oco0mft xapamTep eTott cmcTeHa-

Tmmecmm nposoAameftca mepe. 

0OHOBHwe Temm Eamon momotepemumm onpeAeaemmme 

Ha nozroTopmTezbaoft scTpeme, moTopaa nponommach B 
Bea rpaAe c 24 - 26 :mar. 1968 roAa, m mamoTopoft npm-

HAAR ytteCTHe npeAcTaeHTeam ecex HaUMOHSAI.HUIDE Komit-

TOTOB MrA npmAyeaftemmx cmpam, ONZX caegymmme: 

a/ KpaTmocponmme m Aozrocpommme npormosm ypo-

emeft BOAW H pexnU }ix npoveKaHHR e nepmoA mazmx m 

t150ALmmx BOA, npmml:maa so enmmamme Tpamc opmaumm

BOAR no ZAHHe TOgeHHH; 

6/ npOrHOBM noaszemma zbAa; 

B/ npormosm mopcimmormmecmmx memememmil pycxa 

pelt c oc06wm o6sopom pemmma MeAKOBOAbR; 

r/ BAKAHlie rmApoTexmmmeemmx coopymemmft ma ms-

mememme pemmma BOA, nbAB H Hencoop. 

Pabommmm memmahm as Homilepemumm 0umm pyccmmft 

M 
amrnmftommft. 

naTym Komq,epemumm oprammsoeaa KrocaLscmm4 KO-

u reT 
meHAymapoAeoro AecmTmnemma npm nocpeAcTne CEO 

ero noAroToemTexLmoro mommTera, moTopmft COCTaBnRAX: 
Ammi.mloc e rpaAHMBp Bommm, A-p HHX. PaAmmo Wapmo-

umg, A-p mmm. Czano.mo6 gOBEIHOBRTI Y. mp.mnm. Lm.nopsA 

ysixopaAoe. 

HmTaa Homq)epemuma nponoAmxach B BeArpaAe 

no 14 M5R 1969 
roAa no cxemmulett nporpamme; 

- ClimpmTme Hom(Depeagmm 

- 3a4Tenme AomaaAon m Amcmyecmm 

- Aoronop 0 xoeasxe MecToft momtepemumm 

- Panne°. 

c 12 

Ha saceAmmmax nepememno npeAceAaTeAbeTnosaxm 

npeAcTanmTezm Boom npmAymaftemmx CTIWAH. 

B OTAWINe OT nposeAemnmx Ao CHIC nop momDepen-
amit ( Hepeam n ByAsnemTe 1961 roAa, Bropam B rpaga 
1963, TpeTbB B ByxapecTe 1965, geTnepTaa B EpeTR-
cAase 1967), naTaa momitepenuma pacwmpuxa 06.11acT1 
Tell, (ITO nsena naparpaclum e/ m r/. 

HmTym monTepem 4mm ommpmx m npmeeTcTeoeax Beex 

npmcyTcTeymmmx npeAceAaTeBb Mrocasecmoro KOMHTeTa 
memAynapoAnoro rmrroxormmecmoro AecmTmmeTms Ammx. 

Hmx.MmAym Kea:ion:4m. 

1 

INTRODUCTION 

The 5th Conference of Danubian countries 
on hydrological forecasts is the continuation of 
a useful exchange of opinions and experiences 
within this domain of hydrology. 

The 4th and 5th Conference are held within 
the IHD activities that also lend them a mark of 
continuity of this useful manifestation. 

The main themes of the 5th Conference were 

fixed at the preparatory meeting held in Bel-
grade, from June 24-26, 1968, which was parti-
cipated by the representatives of all IHD na-
tional committees of the Danubian countriee.They 
are: 

a) Short-term and long-term forecasts of 

the height of water level and flowing through 

during the period of low and high waters, taking 

into consideration the transformation of waves 

along flow; 

b) Forecasts of ice phenomenon; 

c) Forecasts of morphllogical changes of 
river bed with a particular review of shallow 

regime; 

d) Influence of hydrotechnical projects on 
changing of regime of waters, ice and alluvium. 

The working languages of Conference were 

Russian and English. 

The 5th Conference has been organized by 

the Yugoslav Committee of IHD,and/or through its 

Preparatory Board constituted by: Grad. Eng. 

Gradimir Boi6,Dr.Eng. Radmilo Markovi6,Dr. Eng. 

Slavoljub Jovanovi6 and M. Eng. Miodrag Mora-

dov. 

The 5th Conference was held in Belgrade 

from May 12-14, 1969 with the following agenda: 

- Opening of Conference; 

- Presenting of papers with discussion; 

- Agreement upon the hoot of the 6th Con-

ference; 

- Miscellaneous. 

The sessions were alternatively presided 

by all the representatives of Danubian 
countries 

In distinction from the so far held 
con-

ferences (1st in Budapest, 1961, 2nd in 
Gratz, 

1963, 3rd in Bukarest, 1965, 4th in Bratislava . 

1967) the domain of themes like the once under 

c) and d), was extended. The 5th Conference 
was 

opened and all the present greeted by Grad.. Eng. 



HOX,lepeHUXL PI.BBTCTBOBBAX X 00060 aaaraamea-
Mble rocTx: 

11c8ACTBBEITCAL CexpeTepaaTe LTA ripm 1Gii2cK0 B 
napalm A-p 

- npeAciaamTexs AymaMcicoN acasaccoa xo byAane-
mTm Arnz.mHz. C.Cmmeomos, 

Ha Kokr14 peHusx dux npeAcrameeel 51 peloepaT (no 
Temam q- 31, 6- 2, - 7 x r- 10), X npmeyTcT - 
moea.to 106 yaacTmixos (i)HE(..4( - 1, BYO - 1, zx _1, 

lacTpaa - 17, boarapmR - 3, War' - 10, BeHrpma -7, 
e*r - 11, Pymmitma - 2, CCCP 11, Waeggapaa - 1 x 
4roasaaxa - 41). 

B SOKAK,40XXII KoHopespexuau OT XUSXM BCOX y4BCT-
filmos flpol).A-p OpmA2mx BMAXGAU suipaexA 6aaro,gap-
xocrioprasHeaTopy itomtP•Ponlaix • 

B npoAoAxeHmx Hoalte peagam 614An opraHascosem 2 
TpexAmeanwe onenaeanhoeas axcxypere: oftesA slurp° - 
euepreTanecaol x cyAomoAmo6 exc.:am:a "AmepAan"(Bexe 
rPBA-RXXBOBO-HXW-017XXH84-BOXrp8A), Ha xoTopcm npx-
cyTeTisooszo 54 ynacTmaxa x 0612,38A reApoomepreTxue-
cmoft CNCTXMW "Ay6poimme (BeArpaA-Cepaeao- IIA0110 
AY6p0Bgqx BeArpaA) npm Ha. as 25 y4BCTHWX0B. 

1161 ecTpeae npeAcTssaTeaea RFC npaayaaaaawa 
cTpam npoeleAexHoit 14 mass 1969 roAs Owo npmmaTo 
nPewroxemme npeAcToexTeza FE mrA CCCP A-p 
AxxoBb 0 0poneAeHom WecTo# aoHepepemalla a r. guest a 
1971 roAy.

Ha °Tom eaceAamma npeAcTeaaTeAa HH wrA Aoro-
aopeAmea o AesTeAaHocTx 4eeHoe reAaxitecHaoro KOMN-
TOTa no ny 6.711,4Kamim cOopHvca AOKAaA011 IIRTOg X0X(1,0-
PentWV. B PeAaxamovine2 KOMMTBT Clumm HaeHaueHm cae-
AYmalme 4.XEIHM: 148 ivrocAamix A-p 101=• PBAMSIXO Mapao-
" 4, A-p XXX CAasoAr6 koeeHoexa, A-p mum. MnAopaA 
MxxopaAoe M AxnA.aHa rpeAmump Boman; MB Eoarapme: 
401. MHz B.Mapmekoa Axn.e.sone AAexcaoAep fieTxoe; 
me sHrpay: A-p an* Kapott CTexgeep x Aarae. aim nee 
rep HapTxa; 

OcHoomax saAans PeAamumoHHoro momaTeTa 6mAa 
noAroToexTa no nopmAky AoKaa.Am B corAaconeHmac TO-
mama, npoaspaTa HeaocTammao peemue M onpeAcenvea 
uy nyciAmIcaumx. 

PeAaxtimommak momaTeT Woman B BeArpaAe o 26 
A0 30 moa6pa 1969 roAa B cAeAymmem cocTsoe: A-p 
max.PaAmmAo Mapxosam, A-p amm CAasome6 HoaaHoomn 
MP. mmm MaxopaA MaanopaAoe,AmnA MHz rpaAmmap Emma, 
(xe ErocAaeax), A-p MEM Kapott CTeAgoep n Amn.u. arm 
EeTep BepTxa (Me bemrpax). DpeAcTaenTeaa hcarapao 
asaxmaAmca, nTo He morza Bp/IHRTh ynacTree D pa6oTe 
PeAramIneoHHoro komaTeTaa 

PeAamumoHHO momxTes, amnoAmax CBOM BBADV. 

Peaamusomnat Koko:Tee, ampaexa emeaue o aeofto-
AxmocTx arcTaaoanemes (Dopmm cdopenma AoximAon. 

ROArOTOMKTEABHUM KOLIKTET 

2 

Milun Tvanovid, President cf he Yuaenlav 
mittee of IHD. 

The Conference was greeted by specially 
invited guests: 

- Dr. N. B-chin, ReTrenee.%a'_v. 
3ecrstartat at 1.111:3CC An Fe.:10: 

- 'r. 7. Paler', Repreneeta,fye of C!..e 
eretarint at "r!' in Geneve, ani 

- Grad. Eng. jiae aoy, "a„rtaentative
of the Danubian Commieston _a Balaaeet. 

51 paaera (out of theme b-', c-7, 
d-10) were presented at the Cc: feriae° and 106 
participante UNE3C0-1, AV --1, Auotria :7, 
Bulgaria 3, C33R-1(, Hungary 7,la of Germany 11, 
Rumania 2, U33R 11, awitzerlani 1 and Yugoalavia 
41) took part at it. 

At the end of Conference Profeeuor Dr. 
Wilhelm Fridrich thanked to the Conference 
ganizer on behalf ef al] participants. 

Following the Conference teo -rof.oeional 
oxcureione of three days' Marat_ea for vlaiting 
the hydro-power and naviaation oyaam "Djorlapv 
(Belgrade via Kladovo via `lid via Celeriac via 
Belgrade) with 54 particibaata and visiting the 
hydro-power eyetem "Lubrcvniao (Eelgrade via 
3arajevo via Plo6e via Dubrovnik via Belgrade) 
with 25 participanto were orgeaized. 

At the meeting of representativee of NC 
IHD of the Danubian countries held on May 14, 
1969, Dr. P. I. Maljukov" J, Ropeesentative of 
U33R NC IHD, propooal for hold'ng the 6th Con-
ference in Kiev, 1971, wao accceted 

At the oame meeting thn representatives of 

NC IHD agreed upon the appointment of Editorial 
Board members for the publication of a collection 

of the 5th Conference papera. On ouch a basis 

the Following membero of the Editorial Board 
were appointed: from Yugoslavia Dr. Eng. Radmilo 
Markovi6, Dr. Eng. Slavoljub Jovanovi6, M. Ehg, 

Milorad Miloradov and Grad. Ehg, Gradimir Botioi 

from Bulgaria Prof. Eng. A. Mar6inkov and Grad. 

Eng. Alexander Petkov; from Hungary Dr. Eng, 

Karoly Stelczer and Grad. Eng. Peter Bertha. 

The fundamental task of Editorial Board is 

to prepare the sequence of papers in accordance

with the themes, to translate the lacking ver-

sions of the summary and 6:etermine the form of 

publi cation. 

From November 26 to 0, 1969, the Edits - 

rial Board worked in Belgrade in the following 
constitution: Dr. Eng. Radmllo Markovi6, Dr. Eng. 

Slavoljub Jovanovi6, M. Eng. Milorad Miloradov, 

Grad. Eng. Gradimir Boft6 (from Yugoslavia), Dr. 

Eng.Karoly Seelczer and Grad. Eng. Peter Bartha 

(from Hungary). The representatives of Bulgaria 

apologized for not being able to take part in 
Editorial Board work. 

The Editorial Board fulfilled its task 

completely. 

The Editorial Board is of the opinion that 

the collection of papers form of publication be 

constant. 

Cam-

PREPARATORY BOARD 

`,*-* 
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m0Hotepemuma 0TKpwil npemcemaTexi ICE MXA 
AA". wpm MPAYH 1113E11'10'3mq, cAm.gymMmum excalaux: 

"Emeo ocodyn qecTb OT NmeNK Mrocaascxoro xomp-
TOTO mexAyHapomioro rmApozorxmecporo RecHTm.teTmn, 
oTKpbmb MHTym HoHcrepeHumm nppAyHaftexpx cmpap no 
rmApozormmecKmm nporHoeaM. 

procAancKmA xommTeT memAymappAR0r0 rmApOzorm-

gecK0r0 AecATmzeTma, KOK X arocxascxma soAoxossA - 

CTBBHHO macTmTyT m mime cnenmaAbHme opraHmsanpmAo 

cerOAHR alcrmsHo cOITYAaMtialim BO scex cneHma.ribmixma-

HmtecTanmax 
B AyHaAcKom OacceaHe m 6oxame Toro.One 

Hznaem tiro HATEIA K0H0apeHilma, 609 CouRammyi, Homo-

mem tiT00b1 coTpyA,HmtlecTao B ocymecTazemm nexe0 

npOrpaUM memAyHapoAHoro rmApo.normmecxoro AecaTmxe-

Tma 61A710 bones mItTeHOMBHMM. TOKWO, Olia mac opy16.71m-

maem, xyq-Me 03HaKOMJIR8T m ToKmM o6pasom coaAamTCH 

yCJI0BMB AAR pacwHleHms coTpyAHmgecTaa no seem BOO-

p0Cam oftero mHTercca. 

He coapemeHHom ypoaHe 1,83BMP11R mroczasckore 
XOBAMOTB8 BOABXEBTOR nyzAa B 60.11BILem BiczaAe B may-

neHme m npaxTmtiecisce pemeHme rmApoxorr.necimx mmHwx 

npo6xem BOA. C 1965 roger Ha3Ha4eHo amgeneHme OT-

AeaBlimx cpeAcTa Ann wrOtt aenx. M Hama CTIDOHEI ma'am-

HaeT C amAexeHmem ms HanmoHanbHoro AoxoAa 6oxi'mpx 

cpeAcTa AAA mayileHms, mccileAosammH, npoexTmposaHma 

N emnoxHeilms 
pa6oT B pemeHmm npoftem, a mmeHHo: 

- xaAacTpa 80A, 

- paumoHaxiAioe noilLsoaaHme BOA, 

- sawmTa npvp 0.1tHwx 6oraTcTa, mmTemeg p xossit-

OTB OT paspymmTeAbtioro AeAcTama BOA, 

- BoMMTO M OOXplitiefitle KatiecTsa BOA m Ap. 

HOWN valcmmrprIA, cnolmaxbmwe czyrow, opraHmaa-

nmm np0exTmp0Botaime m Ana amno.lmeHma pa6oT Ha npa-

'Mugs noxasanm AoacuILHo xpeammapocTm K milmnmaTmsw 

B pemeHmm BOA0x08agemBeHHmx np0Ozem. Bbl yamAaTel m 

Ma meCTe HexoTopme aoAoxossAcTaelmme o61,exTm, x0-

Topme npeAcTaansioT TOAbK0 tiaCTL aKTMBHOcTm Ha OTOM 

nAane. 

HeycraHH0a pasamTme apTmaHoomm B pemeHmm npo-

6.nem Mac manpaaJIHmT Ha ewe 6ozee mmpoxoe compyAms-

mecTao Ha mel4AyHapoAmom, permoHaJmHom n 6mriaTemb-

MOM nxame. Mm xexaem noxLsosamb nosHapme m onbaw 

scex, a ocodemio lipmAyHaticxmx cTpaH. kN Taxxe ro-

TOBM nepeAaaaTE, nam onmT KazAouy XTO OTO xexaeT. 

IlpmAymaticKme CTIDORM mmexT yczoamilcornaccaaHnomsy-

maTE, pnA rmAponormgecKmx m Apyrmx aoAoxossiacTaeR 

• npo6xem. Cam qaxT, UTO B 3TOM saxe ceroAHH Bp-

TWR pea acTpemaNTca npeAcTaamTexm npmAyHancxmx 

cTpan C OQAHb mmTepecHmmm Temamm, a mmeHHo: 

- HpaTHocpotiame m gonrocponHme npornoabi ypoa-

mm aoAN m nporoxoliii B nepmoA MOAMX N 60AbMMX BOA 
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The fifth Conference was opened and the 

present delegates were greated by Grad. Eng. 

Milun Ivanovid, President of the Yugoslav 
Com-

mittee for International Hydrological Decade, by 
the following words: 

"It is a special pleasure to me to open 

the 5th Conference of the Danubian countries on 

hydrological forecasts on behalf of the 
Yugoslav 

Committee of International Hydrological Decade. 

The Yugoslav Committee of International 

H ydrological Decade as well as the Yugoslav 

Institute of Watereconomy and other professional 

services and organisations have actively cooper-

ated upon all professional manifestations with-

in the Danubian basin and more than that so far. 
We estimate that the 5th Conference will un-
doubtedly contribute that the cooperation upon 
realization of the International Hydrological 

Decade objectives and programme be more inten-

sified. It will also bring us near, we shall get 

better introduced among ourselves and thus 

create the conditions for extension of our co-
operation upon all the questions of common in-

terest. 

The present level of Yugoslav economy 
development points at the necessity of larger 

investments in studying and practical solving of 

hydrological and other problems of waters. 
Since 

1965 special funds for that purpose are accumu-
lated by assignment. Our country also begins to 

separate out of the national income larger 
funds 

for the studies, research, projecting and per-

formance of works upon solving of problems 
the following: 

- cadastre of waters,

- rational utilization of waters, 

like 

- protection of natural goods, population 

and economy from the destroying effect 

of waters,

- 1

=y, 

tionet7d preservation of the water

Our institutes, professional services, 
de-

signing and executive organisations showed in 

practice many creative possibilities and initia-

tives in solving of watereconomy problems. In 

the field you will have opportunity to see 
some 

watereconomy projects which represent only 

portion of activity within this plan. 

a 



flpHHHUSX BO BHHIABHHO TpSHCOOpM84A10 BOAH BACAU TO - 
ROHHH: 

- Hp0rH081.1 ALJOHHA zhAa; 

- SpOrHOOW mop4010TH4OCK0r0 XAMOHOHAA pyoja C 
0006OHMWM serxHAom MS pexHu HOAR, A 

- soaAeAcTsme rmApozormmecKmx o62.exToe ma HO-
mememme pexmma BOA, xlAs m memocos, noxaawsaeT tero 
sra cPopma nporpaumrposaHma coTpyAmmmecTaa m peaAm-
aanmst nyTem Kom¢epemnmm mAm ciimnoemyma npmHATa co 
cTopomu BCOX npmAymagcKmx CITOR H RTO OHS 'ICES CO-
OTBOTCTByOT, OTHOCMTOZhHO 4TO OHS yze yTaepxAema. 

DrOCASBCHINg KOMMTOT HO HOA,AyBSpO,SHOldy rm. po-
zormtiecmomy AecHTmzeTmo ctimTaeT tiTO Ansf otlepeAmmx 
scTpeu npmAyHaMcmmx CTI)BH MBA° pacwmpmTh TemaTmmy 
m c Apyrmmm rmAponormcieczmum npo6xemamm,m moemoxmo 
OpreHHAOBSTb pa6oTy H B COKSHRX. HoimpeTHwe npeA-
xoxemmn 06 3TOM vcaxyT toroexascitme npeAcTasmTezm 
PS6OTO noAroTosmTeAbmott scTpeqm MecToti Kompepsmumx 
npmAyHaDicioix cTpaH no rmApoJormtzeommm npo6Aemau. 

hmadm CAOBSHH, xexasme Krocilascmoro KOUHTOTS 
RTO6W HSIIHOBSA$Hbla HOUHTOT npmAymattemmx CTpSH npo-
AOZXMA X paculnpMA TO nzoAoHocHoe coPpyAmmliscTso. 

PaapemmTe use, B omoHtiaHme oToro xopoTHoroAo-
KAaXa, npHBOTCTBOBOTO npeAcTasmTeAe0 CeltpeTapmaTa 

npm 1011ECK0 B Lappme A-p BouxmHa, npeAcTasmTe-
AR CeK peTapmaTa CXY npm BMO B Aemess A-p naxaca, 
npeAceAsTeAs CexpeTapmaTa AymaticKon Kommcommma Ey-
AanemTa, npeAcTasmTezeg acex HatimomaAbHmx KOMMTO - 
TOB H ZpyridX piaCTkimicOB KOHOepeHLUM. Re.laioBCou Hs-
mmm mHocTpamium TOCTRM npmHTHoro spe6msamms B rrO-
CASBAH. " 
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The conetant gr7ete -f ftette ty In solving 

of problem of water") 1:eeec eve% moro ex-

tensive intensified c-r--,7vr nn 
inter-

national, regional a' b:.1n - eea lae. ge west 

to use the acknoeledgeeen- , x ,rivncee of 

all, particularly of eee eeeeleee -,etr!eo. 

are also ready to tranoeit our 
ceeeeie:,cea to 

everybody who wants thur. The 'e: : 1871 cnontrien 

have opportunity to eeudy a eyelet, f eydrologio-

al and other waterecceeee erebleeo as agreed 

upon. The very fact een• AeJev tn this real: 
the 

Danubian ceuntriee hn e ee,eine for 

time with very intereet:ng 

fifth 
e `.')I•

lowing : 

thonee liee 'z ee 

lowing,

ohort-term eine lend-terr. fereeasta of tho 

height of water level nee fl - wieg threueh 
during 

the period of low and htee -ever°, teeing into 

consideration the treneforme4 ien of *eve" Clcmg

flow ; 

Wo 

- forecaete of lee Iecn, meeee; 

- forecasts of moevhelopicee changes of
river bed with a particulce revie ['e of hallow 

regime:

- influence of hedrreeteeicel projecte on

changing of regime (1' w.,1- 3, i,e ene 
aeluvium, 

e shows that this form of e-geleelee °"' c"" era-
tion and realization theough confereneee or einl

-

poola has been accepter1 by ail 

tries and suite to all of Lhe , and/or is al-

ready affirmed. 

a

Panahian coun 

The Yugoelav Comnittee of 
international

Hydrological Decade is of the erinion chat 
for 

the next meetings of Denehien eoentriee the 

themes should deal with other l 

problems, and even the work in sections o ti- even-

tually organized. The concrete suggeetione of

t l r ble °

that will be given by the Yegoclev 
repreeentativee 

within the wort of prernratory meeteng of the 

6th Conference of Danubian countries nn 
hydro-

logical forecasts. In other words, - 
Yugoslav Cammittee is that the National 

Commit,-

tees of Danubian countries continue and extend

this fruitful cooperation. 

the wink of 

At the end of this brief exposition 

greet Dr. Bochin, Repreeentative of THD Secre-

tariat at UNESCO in Paria, Dr. T. Paine, 
Repre-

sentative of CHY Secretariat at 
Grad 

let me 

• Eng. S. Simeonov. Renreeen= 

Danubian Commission in Budapeee, the 
repreaenta-

0(feneg,e

fives of all National Committees and other parti-

cipante of this Corference.I welcome all 
foreign 

guests in Yugoslavia. and wish them to feel 
like 

being at their own home." 



RO cnymam oxorinaHart KopolApeHnma OT HMORK BCOX 
ViaCTHHMOB 404). A-p OpplApix baal.xeAm 06paTmaca CAO-
Avommum caoBammi 

1930 acex napaameHmax cTapwall axes ameeT cneu. - 

azi,Hyv 
06HeaHHocTb. 3T0 Taxxe nparatTo a Ha Hartmarx 

x0Hrpaccax. 

3ToT momeHT aBaBeTca OxoHnaHmem noczeimero nae-
HapHOro saceAaHvB EHToR xoticlNepeHnimm npmAyHattcycax 

cTpaH 
no raApoxoranecxam npormosam. KaatAmitas Hac 6y-

AeT 
nyacTaoBamb IITO 3TO 61,144 coaxAaTaabHug xoHrpecc, 

UTO H8  A0 
npfinncaTh noAroToaxam, xoTopme M3011E1.7114 Hamm 

Hoiviera 113 fOrocAaBBH. Nezam OT HmeHa Bcex ynacTinencoa 
amexaeaTb Hamy cepAenHym OnaroAapHocTL KiroczaBoxomy 

HanvoHaxl. 
Homy xoumTeTy no MexAyHapoAHomy rHApomormtaa-

AecserWieTmx). Hama OmarcAapHocTb HanpaozeHe TEAK-

ae npeAceAaTe o npocp xi 
cKomy . tloBaHOBB4y, ero ce eTapa ymxt 

Bcormqy H A-P 
MOPKOBM4y. CBOM tzaroAapriocTi. Hanpaaxam 

Beets, 
xoTopwe nomoranm B noAroToBxe oTog xoRitepernnim 

a 0C66BHO 
nepesoAtzmIcam, pa6oTa RoTopmx no nepeooAam 

rmApoxormnecx0a TermxHoAorna maBepHO He Omura merHoft. 

B 6oxb1IIom cemeticTee ytieHmx rmApoxorm npeAcTaB - 

AF00,1, OTHOCHTBAbH0 He6onbmyto rpynny • RexAme sHaeT no-

qTy! 
RaxAOr°. Aaze l scemmpHmx KoHrpeccax, CO3BaHM 

OHH CO CTOpOHM 4
.ez,HyHapoA9ott meTeopomormgecxon opra-

Hveaumm, leHEOKO HAH Apyrmx opraHmsaumA, ocTpetiamTca 

cTapme npmaTemm. TBKHM o6pasom, rmAponormtlecHme KOH-

rpeem cTaxm 
KaKHM-TO emAcm cemeitHmx scTpeq rmApomo-

ros. Ho moemy 
MHeHH'o, 6Ancxme .71144i MB KOHTaKTW B rpa-

Hvgax cemeacTea rmApomoros ma= npmnncamb Tomy, nTo 

mmorme npo6memm MOZHO pemaTh B ammoccl)epe npmaTembcT-

so. 

BhHe xaxeTcH, 'TO M Ha *Tom KoHrpecce, HoTopula 

'renew, salcoHnem, aTmoctepa Owlet npmaTemhcxea. 

Eme opulm pee zemaem BM138811Th 6zaroAapHocTI, ea 

TOT 
HuHrpecc H sa same Am6esHoe rocTenpmmmeTeo. no-

KKA8M OTOT 
KoHrpecc C nyBcTsom, 'TO pesymETaTm AOK-

aaAoB nomoryT ymycmenmm Romero enaHma o rmApozormne-

cKom (DeHomeHe B 6accettme AyH
am. 

EliarOASPKI sac"
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On the occasion of closing of the Confer-
ence on behalf of all participants Prof. Dr . 
Wilhelm Fridrich, President of the National Com-
mittee of the FDR Germany, expressed the grati - 
tude to the organizers of the Conference by the 
following words: 

"In all parliaments the oldest member has 
special responsibilities. This is also true fur 
scientific congresses. 

This is now the end of the last plenary 
session of the V Congress fff Danubian countries 
for hydrological forecasts. Everybody will have 
the feeling that this was a fine congress and 
this is due to the preparations work,done by our 
Yugoslav colleagues from Yugoslavia. I should 
like to express in the name of all participants 
our heartful thanks to the Yugoslav National Com-
mittee for the International Hydrologic Decade. 
Our thanks are directed to the President, Prof. 
Jovanovi6, to his Secretary Mr. Bon6, and to 
Dr. Markovi6. We include incur thanks all those 
who assisted in preparing this cnngress and spe-
cially the interpreters, whose work in inter-
preting hydrological terms surely was not easy. 

In the great family of scientists, the 
hydrologists are a relatively small group.EVery -
body knows almost everybody. And at all congres-
ses of the world, may they be convened by World 
Meteorological Organisation, by UNESCO or by 
other organisations you meet old friends. The 
hydrological congresses in this way are a kind 
of family meetings of hydrologists. To my opinion 
to this fact, to the close personal due, that 
many problems can be solved in an atmosphere of 

friendship. 

It seems 
is now over, an 

to me that in this Congress, 

there was such 

which 

atmosphere. 

agreable 

Once more, we ask you to accept our thanks 

for this Congress and for your kind hospitality. 

We leave this congress with the feeling that the 

results of the reports will contribute to an 

improvement of knowledge of the hydrological 

phenomena in the Danube basin. 

Thank you " 



.. 



AHAAM3 YCJI0B1/11 (DOPMRPOBAHMH IIABO4KA HA CABE H EPIWEHEHRE 

EFO PE3YJ1LTATOB B MIATMOMNECHMX JaPOITO3AX 

PaAmBoe ZpaKeTa 

Amma.meTeopozior Comelier° rmApomeTeopozorpitzecxoro ynpaimeHma 

BexrpaA,DroczaBNYL 

P e a to 14 e 

Amaxm2 pjoBVTMR norcAm yisaamseep HO H8:1314)18 TM-

nmmmmx opoueccos ee npm morropmx smnaAamm 

oosAKm, 
061,83yKaUM8 n8BoAxm, Orpynnm-morropme MO H o 

pOBOTb no mecpy mx 4op11mposamma. 

ConocPaelemmem cymmm OOOAKOB B sepxmem, cPeA-

m rmxaem Oacceme ycPameLneme memomopaa npa seM 

BmnbHOOTb B pacnleAenemmm OCOAKOB AAR rpynn BOBOA-

goB, lopumppommxca ma sepxmem N HM2cHeM 

BAonb 

Ha 

CpORnme 

OT8HOMM 

scero TegeHMR. 

OCHOB8H1iV 110J1yR8HHMX p83y.nbTOTOB, mpwrmo-

nperHo3m YP 0 BHA ScAm Ana npogmnasoAomepToti 
Cpemcma LWITOBNO8 COOTOBJIMOTCR OCOCtIMM me-

TOAWAH AJ1Amax Aoti rpynnbl nasoAma, B sasmcmmocPm OT 

mecTa (Popmmposamms. 

828 emme 

nOBOAKM H8 Case q .opmxpyropca REACT°, H8 npora - 
weHmm scero roAa. I1x xapamPepmsyep menpogonzmpenb-

mm0 3Pan poCTB - 
scero mecmonbmo Amen, npx 6onbmmx 

AM8BHEDC M3MeHOHMAX yposma ROAM. Y soAomepmon omen-
umm Cp8MCKE1 M1411 013MUal HonPmmep, aapermcPpmposammo 

no smmemme 
ypORHA soAbl AO 250 CM cymmm (21.12. 1968 

roAa)* 
Ha mp0.1.mnhx ssepx no Pememmm aapermcmpmpo - 

sammm eme 6onbwme 
yt,axmgmB. 

iaKGe lioji1 t:1k1 ma CtaitC HBameTosi 

smnaAamma 

Mb) 

ocaAmoe 

no(aamsaem, timo 

BHMM 

amm Upmau), 

mmm 

MILV 

pedyntorapom 
B ee 6acceRne. Amanma rmAporpam-
nasoAmx ma Case cpopmmpyluTCRraa-

o6paaem: sepxmem megemmx (AO soAomupmoRCTaM 
B mmgmem pettemxm (op BoAomepmoil CTEIH 

Bp0A AO soAcme plot! cpamumm Cpemcma Mmmposmaa), 
Bcero mememma, floApo6mmR amanmamecmacInp-
naBoAmos H8 Case nomaaan, RTO KB o6mero 

nxcna BaBoAmos (160, Opmxposasmmxca as nepmoA 

BAOJIb 

MMr0B3HMA 

Summary 

An analysis of atmospheric changes develop-
ment points at the existence of typical processes 
of their development distinguishing the precipita 
tion creating torrents which could be grouped 
according to the place where they are forne,l. 

By comparing the precipitation quantity in 
the upper, medium and lower river flow it has been 
proved that there is regularity in precipitation 
distribution for the forrent groups, formed in the 
upper and lower flow and along the entire flow. 

On the basis of results obtained the short-
term forecast of water level for the profile of 
precipitation station Sremska latrovica is being 
prepared by means of special methods for each of 
'torrent groups depending on the place of their 

forming. 

1951-1962 rr., B tepxnem Peqemlim ttopmxpcsanoci. 32 

npogempa, B mionimem - 27 npouemmos H BAOJtb megemma 

21 nponemp, morAa mam mecmo L:-.)0p1VVI.OBOHNE OOT8J/bHmX 

nasoAmos - 20 npouemmos M8A1,331 6mno 

JIMTb. 

TOMB° onpeAe - 

B pammax maynemma ycnosmR copmmposammA nan0A-

ROB nposeAem amaxma ocaAmos C menbm yemamosymb my-

mmmanbmoe 4HCJIO memeoponormmeemmx cmalimmR AMA BO-

AOMOIDHOP1 CTOHUMM CpeacKa MRITOBlig8 H onpeAenxml,

peymm oceAKos B 6accekme ma cnyLiaa 4.opmxposaxm5

nasoAmos B sepxseM, mxxmem x sAoxi, score Tetiemmil. 

AHOJIH3 pO3BMTMH noroxp oGyczasnmse1ome2 314 

ocaAmm, RBXHBTOR ecpecmseTimmm npoAcJmemmem amanmaa 

0OaA1cOB B cseme amnmaa ripM416H H nocneAcmsmR. 

06oa6omma ocangos ma vtlacpme  so_AomepmoR 

cP6mumm  Cpemcma YimTposmua 

H 06p86OTK8 0C8AKOB H8 y48CTKO CpeMCK8 FMTp0-

6 



Bmga npmcrynAemc Ha ocmoBammm AaAamX 38 J,81-4•SA 

1951- 1962 rr., Tax max as 3TOT nepmoA 6mA 
mpome - 

Aem m amanma mecTa q.opmmpoaamma nasoAmoB Ha 
Case. 

CmanaAa Bm4mcaemme ocaAlcos coBepmemo as Hec-

XCIALX0 nepiloAos meToAom maoxmeT K meToAom KB8Af8 - 

Ta. 06pawrica paSEMX cosepmema AAR BATH nel:moAcm a 

Tenemme nemmvx mecanps, KorAa mepaemomepHocTb E pa-

cmpeAeitemmm ocaAmoe B 6acce1me cawai ampeamTenbmaa 

no cp8Bmem1:=0 C Apyrmmm nEpHOAOMK BMBBA8ANA ocaAaos 

B Tenenme roxa. IlpeABOA8F8A0Ch, MTO paammua 6yAep 

Bce ze me6oabwo;1 H TO no cAeAymmmu npmgmnam:ocuAxm, 

obyczasnmsaiouxe topumpomamme nasoAnoB Ha Cay.e,4pom-

Taahmoro npomcxozAeHmaromm pasHcuepHo pacmpeAeae-

MIA naA 15CAbWe:1 MaCTblo 6acce:;'.Ha palm Caaa, B TO Bpe-

MA C81 moAntlecTso oc.a.axos nomm.vaeTca o6mxmoBemmo 

nanpaBnemmx AsmlieHma e:poRTa. 

06pa6oTtca ,raiimmx c nommba meToAa maoxveTcAe-

naMa ma OCHOBaHHY Aammmx, noAytremmmx c 500 BmAenem-

nmx AAR 3T0r0 cmaligma. 06pa6oTna meToAou xmaApamTa 

coaepmena Ha ocmoBaHmm Aagnmx Na 249 cTangmn,pa6o-

TeammX H nepxoA c 1951 no 1962 rr. Benmqmsa meaA-

paTa 30 x 30 mgRyT. Ha cxmuxe 1? noxaaam 6accenx 
Cam.] C caumum BWICHWMH mPTeoponorztrecxmum cTaxhimmum 
m xsaApaTamm. 

Ta6Amga 1 

HepmoA 
ocaAnoB 

1:emoA 
M301:KeT 

MM 

• 

MeT0A 
xeaA- 
paToa 
mu 

Paamm-
4a 
mu 

Ilpmmemamme 

1 - 31.8. maox.npoTaH.Ha 
1963 17,7 20,0 2,3 20 um 

1-31.5. maox.npoTRR.Ra 
1963 116,7 122,0 3,3 20 mu 

ii. 121,3 122,0 0,7 maox.npoTRR.na
20 MM 

2- 17.8. maox.npoTam. Ha 1953 27,0 24,0 3,0 20 mm 

16 - 30.8. ' 
maox.rpoTRR.ma 1953 77,4 80,0 2,9 20 MM 

17- 27.8. 
1952 34,8 37,0 2,2, maox.npoTam.ma 

20 mm 

LomaaaHmme Ea 3T04t Ta6AKge CylatM ocaAnoB max° 

paanmtlanTca mezAy co6oM. B cxyqae AomAesoro nepmoAa 

2-17.8.1963 r. (xorAa nosiBmnacb cna6o ampam.emnaR 

nanoAxa, nocneAoaaawaR noone npoAoJn

aacyxm). Hoa mumexT cToxos, emqmcnRmme no cym-

rTC::yel,H05; ueTcTom maoxmeT m noActImTaH-

MMx nomeT0Ay xaaApaTa ocalutoB, aecBma,cxomm.Paamm-

ge CocTaBAmeT 0,C3. -

Ha ocHoBammm *Toro cAexaR ameoA, wroanaAma na-

eogyoe B 6acce.:Re pexm CaBa mOYsHo C AocTaToqmoil ma-

Ae'kmOCTbm coBETnicm, N meToAom xaaApaTa c 249 OTaki-

401, Tea 6onee r ropy eeceRmero m ocenmero naeoAxa 

(xorAa mx tonhlie ecero), TaK K:=K 1.8CRiaAaAEHMEOCaXt-

KOH B 6acce,.ime nceymywecTEamHo 386VCOT OT 

!MX ycnosMS B npcuecce paaemTmR norcAm. 

1..-pcHTE1AB-

ti

Aenax KOAmMecTUO S 

G7L. P 4: Y 

249 CT_   ;CF(.27b4Q v 

aaTpyAHReT ezeAReempo 

Lpe.LcTaprizeT vivrci.ec 

HoB, nopy4eHmo-.! no apL:.meT;..iac::c ceieAl:Ho v3 :7 

cvmonTzuecmvx cTaHn;!1, manpal-flay.;!x ;l3ReL-,:h;!R C r 

oC&Axax Kfax.rum 12 tiscos. Fio7ovy 3T6 

comepmem noAcgeT AtiMba AAA scey ocITnv 
no noTcpmm yme Eb;MHCARAKCI, nc KE .:;; EiT,,Tor-

Aa max o6paGoTma ccE,el.wead ToA , K0 AZA CtiCo Aci BO-

AOWepSOn cTamumm 01_emcma 

B TaOnmHe 3 n;.mseAemm AaHHI:e o 
BoAmax ma xamAxix 5 npoueRTon 1,83XV[BoBeymme Ocu,4 - 
KOB no meToAy apvc1, 6Tmctecmcl cerf,2:vmm (A,imlme NO-
AyMEAM OT 27 cLRorTmqecxmx CT8!,ay.:1) B oTHcreHmv cyu-
um, nonyuemmon no !zeTcAy OT 249 

Tarnxna 2 

PLIJAKa8 B npcuemTax 

xcnmtlecTao 
nascAxoe 

B nponem-
Tax OT 06-
mett cymmm 

OT 'OT 
5 5,1- i10,1 

10 ' 1 

16' 19 I 14 

CT loT 

15,1 1 20,1 
ZS? 25

25 bcero 

1C 3 2 64 

25 29 22 4 3 100 

PacnpeAeAemme ocaAHos 

amanmma pacrii.eAeilema oc,IIARoB B 6acce!1me 
eaem mayqaAmcb Aalimme o 64 naBoAmax. CmpeAenmTh ne-

pmoA ocaAxoe (e xoTopou ocaAxm ABKAKCJ. BIONMMHOM 

(lopumposammR aToro naecAxa) AAR oToro 6mAo RempyA-

Ho, Tax xax as HBCH0AbK0 Ac aToro,m nocne ne-

pmoAa ocanxoa, B 6accet1me ocaAcy me CM30.11OCK011b -

Ky ocaAxm m emnaAaAm, TO mx xoLvitecTso no oTAeAb-

HMM cTangmnu 6mA0 Ea3E8MKT(?Abliml:. B cnygae npoAon-

MMTeAbHMX nepmogoa ocaAxoB, nicAoAalomvxca no He-

CECOAbX0 ABCRTKOB AHBa, OCLIAXII BM414CARAHCb 88 3Ty 

oftora naeoAxy nocxonbxy peqh mAeT o cepmm naeoAKoo 

B paLmax oAHoro OonbiLoro nasoAxa. CcaAmm MCIIMCAR - 

ANCIa aa Bepxmma, cpeAmmn m CacceRm. lloayticH-

mme AaHHme aHaxmamposanmcb Ana PBBOAKOB B 3LPMCAWO-

CTM oT uecTa mx cop.ampoeammR. Hoppezmumommme xapax-

Tepmemmxm cyMM ocaAmos mepxmero, cpeAmero m HmYmu-

ro 6acceama mcmmcnaloTca AAR BCCX Ti,ex rpynn nano ii-

HOB AAR TOrO, trroom no 3TOMy ae xi,mTepmio MCM,110 Ou-

zo conocTaannTh pacsi.eA_.neHne ocLIAX0B Ana acex Tpuc 

rpynn. 

Alkezma naasmTmR nor0Am 

DpoaRaAmamposamo PG3BLITI40 noroAm npm moTopon 

BmnaAaam OCaAnm Ana scex 166 narcAmos, 01'01,1-mPoaLIB-

MMXCH HO CBBC. nOCAC oTAeAbHoro a"-7,71138 KaxAorona-

moAxa, Crpynnmposamm coBmecTmme XLIPaKTCPMCTVIHMpaa•-

BMTMR noroAm Ana rpynnm nancAnos B oTAens - 

KOCTK. B npoAonmeamm AOKAdjki, LiM maxoN(emlim cooT-

nomemma ma.kAy Aza cpe;mevo 
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mtimro I 

B:ITMA noroahl no cT:s1JahmbLJA ri- nmau C8BG,,A0b. 

AHhAM3.  OCOZHOB B 01ACi.ei1He CDBU 

d-DPUT.POLaB;:Q 14,!,C.:4.M NO Be;-"XlIvM TQgollmn 

B Tu°Em'4e riymBeAelin Kopi'ezaUmorttme xuput<Te-

pveTmxv cymu cc_I;m0B gEm 19 MbBCAKPB. Tly4ilIL1A cux3b 

rita6mngaeTc)i maccon CCB.ZK011 HU Bepxmem m 

Nem OaccenA,t, a CfMBR c.InCan - mcs.Ly Bepxtimmm creg-

m;:m GacceThem, 4TC Mb MCLBPA Burnng UCXCT nolcauaTh-

Cx caplgeKc-t::Lu!7t:, KUK KOp;C.--til_BICHHaR casmb 

ye: ;y maccr, cc:1;3(cm pt,:tcHctil BC,-.M3M yttacTt -

meretwm ;:cAkti.J CrTb OcELale 6cylee oTgenem 

;c1.:CWOB. 

!!e:!.;:sy c(:1, HCH1C 2Ten cnsium 3aKEKtiLeTcH 

B Tmne Liv mo':cpcA C.:agHp. Ocugumnpm 

3TO14 Tmne nune,n!:cP RBZRWTCH coc.".egc7Smem npoHmxtio-

HENNA xoEcgmo:0 pragyxa c ceBepo-uallagu, C p331311 - 

Tmer IIMK,10W!0 3KTMBHOCTM P 3aBagmom Cperu

642,3 H,e. Erm ocagHux, Bbisitammo: npettmtoto 

BeHmem x0::0ENOro Poegyxa ToELKo C ceBepe-aanaxa 

Bacga, ocagHtl P a1a4mTCELHO1 cTenemi yrelibmu)OTca 

H3tIVH33i C 33113AI!): M KOHttaR BecTcgmbimm ygacTmomm 

icce!lwa. ripm oct,AHax, BH3BBHH1IX UMKAOHHOil 01(TUB - 

HocT100 n 3anjAEc:,.. CreAMaeMHO10pbe, CpCAHMn OaCCCaH 

noxygaeT Hec:cnb!cc (0.716MC OCBANOB 4BM Bczytiaenpo-

HoHmoeeHmH ao3).yxa C ceBepo-3anaA3 m oamaAa. no3-

To1.'y °caw P Ci_kfliBM OBCCCillie E0Ka311BahlT Hammer° 

6041,Wee KCE06aH1?C B nepxmeii 4acTm OacenHallem 

B Ta6E11tle 

pv:cTmv:ti mz)cco;:. ccL1vo6 gEn Bepxmero, CVEAMBrOM 

Hero OEICCCHa. 

3 np:neAlim HoppeEliumoHiwe mapat(Te-

TJ6)_31lla 3 

Korpun A- 
mEoHplle 

p -..Avqviim 

I 
Lx.1.: mi! 

Oacceilii 

Cp_AHL 

6,:cce li 

LeixH11:i 
6acce ll 

IIII H11:1 

6acceJH 

01ex.mmii 
6acceAH 

}11%,. 11 is 

6accei-iH 

6K 26,8 24,9 24,9 

ey 23,6 29,1 28,6 

7X g 
0,C5 0,78 0,63 

RA/Y_ 
0,60 0,67 0,68 

Rq/x C,69 0,91 0,78 

SX 
20,4 15,6 18,2 

Sy 21,7 18,2 21.0' 

E 't 
+ 

- 
0,C87 

+ 0,06 I 0,08 

MiBO Ly!, , CTi..MILBT,LIEVeCR Ha Hmxmer TeilemPlm 

4Asi nne0,L,Koh, qopmmpoB,JiewmxcH Ha limxHem Tette - 

Timm, npmBeAeHn Hopi.exHuwoHHme xap,,ItTepmeTmcm maccIA 

ocagRoB AEA 9 naboAmoB, trro noHaaaHo Ha T315E111je 4. 

,,cnie,nexemme OC .EKOB RPEHeTCH rocneAcT-

PMCM cile,pyruwero ILBBmTmil aTh/ocepmbm yeEoPIO. 

npoH14KHOBCHL•N EC ,TyXt1 C cenepo- aar:_:,ric. HaCT:nacT 

Know-tali aKT177_, Tb C 1. TI.OM B 1 .00HC cce,RaeI VInLi 

lownoC! AApoLiTmx11, Lim gem awmaAcocor obilAbw,e ,Loxypm B 

pailoHe Hvxmero ii q ,_eTm cl:t.ATierc GticCe ttu. M,EOT 

0 CEO.h.HOM flp0BeeCC, B moze licTeporo nocAv OCa,l,ROB B 

Ta6_7111"a 4 

HoppeAR-

umomHme 
BCJ:MlivHbl 

bepxHm. 
Oacce;I:i 

CleAHMa 
°accent-1 

B.-21,Xiikil 

Caccenti 
HFIAH11.7 

Caccenti 

bepxHmil 
baccenH 

HMI,_HM:1 
Oaccenti 

dx 31,7 22,4 22,4 

6 Y 27,3 • 27,3 31,7 

7X q 0,93 0,65 0 ,80 

Rxi q 1,10 0,53 0,56 

RWX 
0,80 0,79 1 ,10 

5X 
11,7 14,6 13,4

S q 
10,0 17,7 10,0 

E t 0,03 1 0,09 - 0,08

sepxmem 6accentie, gepea AeHb- ABa H34mliamT BlinaAsTb 

oc:Igtol B cpeAnem m HI mmem Oacce e, HoTopme npoAo.4-

1:atoTcH BnEoTI, go Tex nop mot(a npcAcExaeTcH BVHX0H-

HaR at(TmBHocTI. - T.8. Asa-T :1 ABR. 

TBKOM Tmne norozTo pt,cni'ex,emeHme ocagx013 

HarHoro npz,amEbliee eczm Hpo:in.LEm3mponaTL nozomemme 

BB 171,0T.HeH1:17 ncero CsacCEntia, gem y npeAmAymen)Tm-

11 1, B rCATBei cHe tzar° MOHO npuBecTm HoppezmUm-

ommue xL„paKTepmcTIIHm. npm atermBHecTm 

neHTcom Hu 1c, 0i: A.tpmaTzKe, Bepxlim:1 Cacceilm me 

EygueT ocaxmcm, Kat( Hag HlakHMM Oaccenmom 

06mAblim. 

Ha peke ApmHa - camom 6onbmom npmToKe 

shipa3mmexbmme naso,mcm COHBEAtoTCH TOELKO 

Men atcTmsBecTm B pa Ice Paxmoti AApmaTimm. 

C 

no-

omm 

DaaoAli;!. (tcREURYMNMeCa BgeAb BCerQ Te4eHm4 

naBoAKm, qopmmpoBamHble BA0Eb Bcero TegeHRA,NB-

ERMCE Gonee-memee noczeAcTamer pasmomepioro pac - 

npeAeAeHmA ocaAlcoB Bo Beet( OaCCe.:He. d'opympoBamme

6cIAL11114HCTB8 naBogKoB BOCzer0B,.-.10 38 oTannmaammem 

cHera m AoxAeBbimm oca,rucamm. B OTHolueII413i amatimTeEb  

Horo LimcAa TAKMX IIBBOAKOB HCAb3R Guno bnpeReillIm

napmou ocaAlton, B TegeHme HoTopere 0H1s 

naBoxacoB B Ha aTOM OCHOBBHM11

B (1;0p1..MpOBBHMA nUB0AKOB. IlOgcgmT'aHHayi ymY3 kuA 8

LuicHHEle x3pattTep3:cm14km, KaCaTCR BeCeHHVx naBoAK°13 ' 

npm HoTopb]x MWFHO CIIEC onpeAeJimrb neptioAw awnaita 

5 ricHL:aL,Eb; HorreEHUMOP
HI,!B

°Ca rceB 94t1 3TUt1 rpymnbi na 

BME OCaAHOB. B TaGAMIAB 

X3i.61TUIA,LTERM 

BOAKCB. 

M,ACCM 

B FEB33 paBHOMOFFICCM

OCaAROB BC BCCII, CacCenHe Cabb!. Av„ca.Cpswe 
ycjI0BDIA 

HOTWebTX BMEBAaioT T.Hme cca,4K1+., CEOWHEAct a 

Taft xe [(Bic 14 B cErtae naBOANOD, ,Ici-:,31PQ - 

Ha HmlimeL Te it 11114 711.114,3-4 BI,TWIeHbl 
H "CIA 

KM B oeI XHtM Tag emmm (BcAeAcTsme niloHmkTforem.-
B 02-

X0E0ALoic BOBAYXLI
CIOAMOOMFUMOPCK°14 

BC eFersi 

mpoxcAHT 

nammxxon 

,Liyxu c ceRepo-aanaAa ITEM

g a, Kor,r.a 1.4KEeTwan aHTmeHocTL 

15aC,BAHB NEM B AgpmaTmmecHom mOie B TegeHme 

A0 1 1, ex Aueil CXBaTMT Beck. 6acce;;H CaBW. 
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TaNixua 5 

Koppezm- 
4Kommme 
nenxtimmm 

EepxHsla 
Cancec!H 

Cpcxxv2 
Conceal( 

Bepx(ixa 
6accelm 

Hmr.mm..1 
Cacceam 

Cl7eAmpla 
6anceaH 

HHEHH.i 
Cacneam 

GX 20,9 28,0 28,0 

a il 
18,7 33,1 29,9 

l'eX q 
1,00 0,99 0,98 

RX/Y 
1,11 0,83 0,91 

RYIX 0,89 1,17 1,04 

5,y_____ 
5q 

0 3,9 5,57 

0 4,67 5,95 

Et 0 - 0,001 - 0,009

Love 

B axiom° nopy npx Taxxx yerionxmx CmnaloT Conk.-

cmeronaAw, a npx onpeAeAemmmx TepmoAxmauxgen 

yczonmmx B Ooccemme xacTynaeT oTamixotnive npm 

o6mnammx AoxAenwx oca.axax. B Ta-KHX ynxonxmx /;opux-

pyeTcn CO)IIIIHHCTBO SCAOCTOKOB Ea Cabe. 

. YKL3.:1HHWil amaxma pachpeAenemzm ocax,mon H paa-

BlITHR noroAm oftmcmmeT BaaLLOCBh3B me;#:Ay maxclimaAL-

mELixmoApim;$x cTcxa ma Hpo4.rie 0anm b nepxmem Hume 

mem TeveHxx. OTa naaxmocnmah noxaaama Ha Agarpammax 

H.H. la m 16. Ha xxarpamme la noxi.leomm ypanmemxii 

perpeccxx no ommomemmo x maxcxmailbmmu moAy.nam CTOKO 

B npolme Upman x EpoA ARR ncex Tpex Tmnon 

nanoAox. Ha Amarpamme 16 ypanHemxm perpeccxxB OT-

Howemmx maxcmgaAbmkx moAyseN cToxa AAR npo,Innea CT. 

LIpmag H MxTponxna. 

n_ 
.....timnwnemke 

Corzacno vmmeymaaammBim pesyabTaTam amanmea,npli 

npormoasx yponlui y noAomepmo:i CTZAHURM Cpemcma YkT - 

ponxga Ha Cane meoftoAxmo nonbeonaTs.cm oco6mmx me-

T°Aamm AAR xax.oro ma Tpex TmBOB nanoAmon. 

Tkn nasoAma moz,mo onpeAenkTL ma ocmonammx paa-

BSITHR aTmo4epnmx yCZOBJag BO Bpemei BmnaAolimm ocuA - 

KOB. Texpilee puaBmTme noroAm maGAioAaemcaBxoAe maa-

A0Amenmmx momcynLgan;:kU mezAy rmApozorou-npornone - 

pom H OHHOBTXKOY-flportioaepom. 

b czygae ecAx npoycxoAxT 14( 1H1(OPCH:tt! XDA0A-

Hoy° BoaAyxa C cenupo-een,AJ 1411H aanz,ne, a 1.1::11ZOM 

paaomaJemcm B K ccoolac0 ka;m:.,Tmme 

meT ycnonk0 Aze ero nepemeutemui K BOCTOKy, To He - 

oftoAxmo cimA4T. ctoplampon,IH:le 11L13LA1(13 

coAxe. Iiporno3 AAR rici*zz4 boLcmuimoA 

cxa LmTpooxua moxmo AaTi. HU 4 A!13; liid 

OTHOWOHHA ypOBAA 

NM°. COOTHOMO4He yp01114H BO= 

nopmTeilbrio. 

norm recpx H 

B nevxnem Coc-

cTLA.10! CI,em-

ocHotowAH CO-

BHHB  Tego _ 

B 3TCM czyqae yzu1'4ileT-

ktopm0p0BlaBH8 naBoAga B eepmem Tegem:Im not"nto-

ReeToR KorAa uemTp amKnorsHoO aKTHnHocTH maxcAHTcA 
B manog AApHaTmKH, niam AostAeBmx ocazxax 141111 oTon - 

AHBal11,114 B mwremelt Oaccenme. 

hpormoa AAR BoAouepHoro nocTu CpeucKa N.HTp onz-

ua, mt!BoamoiHo 110.11r0TyHTF. 170 meToAy cooTmomemix 

poems( c ocpxmlim nocToii, NO To.nbxo no: Bandeau BoAm

B pexax 

pe palm 

nnero 

Bockia H Apxma H 3anacau POAM B HHIIHeLl 3,40CT-

CaBbl. 

cAygae cDopmmponamnn ni-ABoxmom ma npoTio(emmx 

npeAnowemve., azyxnT ea-Amenne,t(To no-

oAmoro HAM mecitonb!:mx cenel.c-ar.ina,nAboc HJIH aunaH-

Hbix ppoBAKHOBeHOg XUAOAHOCO noaRyxa HJOT,yllaeT 1..41K - 

.710HHaN aliTMBFOCTb B CpeAk3emnoLol. be H 4T0 npeAcme-

mT mxx y1ce npomcxoAHT npouecc pacupocTaAcHs-li Oc:JA-

KoB mu necb 6acce2H. Tahoe nancAeHHe oco6enHo BLOK-

HO 2M14OR, npl; Hanzgym cHeHHoro novpoDu H 3H13411T0J16-

iforo OT&LAIIBBHOR Bo Beam 6acceThe, conp000x(Allemoro 

06b1Km1.BONB0 AoxAenwilx ocaAxamm, nbienammoro ooaAea 

cTnmem gmmnona B CpeAmaewHomopbe. 

npormoampoBaHme ypOBHH BoAb, y CpemcKon !,11Tpo 

BHWJ, npkmkmam BO nmxmamme oftiee nonimerme o0,(1,11 

Hoax npmmoKon QaBm, cxemeT AcJIL.Ti. no meTcAy, KoTo-

plAU npmmeHHeTcH AAR naBoAKon, (liop;,Hpyomix B 14147Ham 

Tetremxx, npmmkmaR BO nHxmamme HLimmoro Coneo nmpanx-

Tenamma CTOK C ygacTxon CpeAHro TC4OHM.8 Caum.Cumble 

nmcoKme - EHHOBbie yponiim BOAM DONB.7134RiTC31 B TO4eHHO 

oxscro AMR I1O4TM oAmonpemeHHo KLK 

B Hxzmeu Teqemmx Canw. 

JIxTepaTypa 

1. PaAxsoe Apax:ema "0 macre (PopmMponaHmm 
nanoAxonma 

Cane". C6opmmx TpyAon no cny4a0 npa3Amooamx3i 20-

Ael4H AelaTexmlocTo H Pa3BMTNA rkuipomeTeopozormge-

cxoa cxyzom Evonnaomm 1947-1967, Bexrp.AA, 
Cooagoe 

rmApotAnTeopwrormtlecKoe ynpanAnHoe, 1967. 

2. A-p byzga EnAlcengq, PmAponorxm, I 
qacTb,BeA-

1956. 

B creAmem, Tag 
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cDOPMHPOBAHME AouEsoro IIABOAKA B BACCEHHE BEAKHOg MOPAB} 
H BO3MOILHOCTL Ero 11POrH03A HA OCHOBAHRR 

METEOP0A0FRUCHRX AAHHUX 

AXOPAXEBRq H. TATLHHA, BXACAK A.HAADKAA 

PecnyftmcaHcicoe rmApomeTeopozormnecicoe ynpaBxelime Cepftm, 

BeuirpaA, Mroczwinta 

Pee loue 

B AoxmaAe paccuaTpmBaeTca ueToA moaxemaAbHott 

7peOmuecmoil xopennimstm, xoTopmA AAA nporHoeop DO-

BOAHA nombayeT napeueTpm, OT KOTOpMX aaBKCHT paC - 
xoA Ha paccmaTpmBaHou nrocpme caumm HenocpeAcTBeH-

HM11 cnoco6ou x TO H8 ytiacTmax Oacce0Ha AO 20 TMCAti 
Km2.

B paccuaTpmnaet..ou meToAe momettexuenoXygaeTCRB 

CDYHICIAMH cpemHmx KOAHttaCTB ocaAxoB B 6aOCCilHOHAAH-
TaAbKoOTH, eo apemenn roAa H xxAexce npeAsapmmenb-
nmx ocaAxoe. 

nonyttexxoe mcTemeHme HCDOX1,30BaHlIaM OA11HHUHOr0 
xmAporpama, pecnpeAezHeTcH no BpeueHm,m Taxnu cno-
co6ou nonyttaeTcH npormos pacxoAa B (Dynxunmapemexm. 

B OaccegHe EBAMKOR Mopaam (a Tenzwitnepuo,q ro 

Aa) c anpenst no HoH6ph Ha6AmAamTcH Bmcoxme AomAe 

awe saaoAxn, xoTopme npeAcmaimamm onacxocml, AAA 

Hace.neHmH, HapoAHoro xosmOcTBa x nooTouy TpetlyeTca 
BHaTb o6i.eu H Bmcomy naBoAxa xoTH dm c HBOOALMOn 

saftaroapemexxocmi.m. 

Paspa0ammsamb meToAxxy nporHoaa cmoxa Axstaepx-
macmal OacceielHa Baxxxo# Mopasm rAe spemH xott - 

laeumpantax soAm OT OARKX AO Aayx CyTOK, OCHOBMBEIRCB 
TOAbK0 Ha 

CTEITOMHO, TaK max yumTmBaeTcH AHWb BoAa HaKOAKWaa-
CA B UOMAHT COCTaBABHMA nporHoaa B pycxax petmon 

CeTH. npOUBCCW NB npomcxoAamme Ha noBepxHocTm BO-

AoC6opa se nepmoA sallmaroBpemenHocTm nporHoaa H o-

6yczomnet4Hm14 MAR pemmu CTOKa, He VIHTMBaKTCR. 

B CBA3K C 3TBM BosHmmeeT HeoftoAmuocTb npeABm-

mmCARTI, npmTox Ha ocnosanxx memeopozorxttecxxx AaH-

RMX. 

Aamme rmApomeTpmtiecxmx HaftwAeHmA HeAo-

B ePopmxposaHmit AoxAeHoro cmoxa yqacmapoer ABB 

xameropxx Oaxmcpoe: 

Summary 

The paper deals with the method of coaxial 

jraphic correlation using parameters for forecasts 

on which immediately depend the inflow of observed 

profile up to 2o.000 km
2 
for the river basin areas. 

Within the method considered the outflow is 

obtained in the function of average quantities of 

precipitation within a basin, their length of 

duration, season of year and index of previous 

precipitation. 

The outflow obtained by using of a unit hydro-

graph is arranged within time, by means of which 

the forecast of inflow in time function is obtained. 

1/ IlocmoHHHme HAH noxyasmemmmmecx Bo Bpsuemm 

Ann Aassoro 6accentia, x xoTopmm OTHOCKTOR xapaxTe-

pmcmmxa 6acce11Ha - cbopma H rmoulaAb, yxxosm, pactme 

HaHHOCTb, eacemeHHocTL, paCTKTBAL,HE2 nompoB m T.A. 

2/ rlepemeHHme Bo BpeueHm - ocaAmm, mx 'cc:upo-

CT130, pacnpeAexeume no meppamopxx H so HpemeHaopo-

ANIMPITeXbHOCTb H KHTaBCKBHOOTB BmnaAaHmE; a 

yenaEHeHHocmh 6accegHa onpeAexarom xixt. aH ero m - mx:

"e

p 

4m0HHme CBOtiCTBa a czeAosameAhHo H nomepx 
emoxa. 

BezxmnHa nomepb x cxopoomb cvicHosoro cmexa 

HRH aaBmcmT OT nepBoro OxTopa, a BTopoil cloaxmop - 

ocaAxx - Hansiemea noxaaamexem yczosail AnA 
cmexamm 

BOAM. 

DTK AaHHme BWIRKITCA OCHOBBOa gaCTblD 
nporHoaa 

Ha pexax c nxowaAblo sogoc6opa Ao 10.000 KM2, 
T.X. 

Oea BMX Hmxamog nporHoa se uor 6m 6mmi. 
cocmaaneliAo 

mex nop noxa sum naaoAxa se o0p8ayemcs HsepxHelina-

CTM OaCCBkHa, a ea 3TOT nepmoA 6mno 15m noTepxHo 

uHoro AparoneHHoro BpeueHm. 

OneBmAnaii eaBmcmuocTb paccuaTpmBaeuoro 
mane - 

10 



!ma or mnreopr,sorxmacxxx opaxmopoa mmeem oAgy TpyR--

mocTs. 3a6zerospemeHHoomu nporHoaa AomAeaoro cmoma 

as maaum soAoc6opax a 6oaumog mepe onpeAenRemcR 

nporHoaom ocaAmos xoTopmft noxa HO pemeH.EtaeAcTame 

TAYARocmx razor° npornoaxpoaasaHma, aadiarospemeH-

HOCTb nporsoaa moist dumb ocHoaaua Ha peayabtaTax 

coo6mermit HadamAaTeAeg o BunaBwXX ocaAxam. 

BaccegH Bensixog Mopasm c naomaAum aoAocoopa B 

37.320 xu2 Ao aammxamwero cmaopa .11106m4eacmor mocma 

aBiaeTon nepemm npasbm npxmomom p.4Haanocze ycmus 

p.Casu. 

Pexy Beaxxym Wopany CocTaBAREA! Asa raasmax 

ripmmoma 10xHaH Mopasa H 3anapsag Mopaaa c naomaAalo 

aoAocOopa Ao 15.000 um2. B Tel:Lerma roAa Ha 0Aaog 

Apyrog pexe npomoRAT no necmozumo AomAeaux naa0A-

X013, momopme aamansineamer npidpexHym Bova nplimmus-

mm orpomHym yOuou HapoAnomy XOEWICTHy H naceaeumm. 

OcHoaHog meT0A npornoaa spemasx npmmenxm Ha 

Aentime aoAocOopa, GTO ?kin cnennior0 nPeAYEPaxAmmum 
06 OnaOHOCTH eaTOHfieHHH. 

661""me IDEHoft m 3aoaAHog Mopaam opraHmaoaa-

Ha cemu memeopoAorxmacxxx OTaHHHR, xomopme AamT 

coodmemist o6 ocaAmax maxAme mecTu *tacos no Texeco-

Hy HAM nymem paAma. 

Camb meTeOponorsItlecmix CTaHUHI nepaoro paapnAa 

He B COCTORHHH yAosnemaopmmu nompe6HocTx npornoaa, 

noamomy ycmanoaxema ocoGaR AonoAHmTexunaRcemu. Ao-

noximmeABHme masemeHma nocmAammcs xaAANA paa KorpA 

KOAntlecTHO BunaBwmx 0OaAKOH AOOTpirHOT paamepa npe-

AycmompeHmoro AXR onpeAeAenHoro npomexymmaapemenx. 

I(orja Ha6AmAamexl, AocTaamm cHOH nepame coofteHxn, 

nocze Toro max amnoaltxm °Bog cnenx(pmmecxxil mxnxmym, 

OH npoAonxaem AOCTe.WIRTb CHOH Ha6AmAenaR peryARpno 

AO Tex flop nova AotcAu He nepecTaHem. 
Mime B OaccegHax opraHmaoaana AonannsmeAunaR 

ceTb rmAponorxmecxxx cmaHumg, momopme paAmo nymem 

HamxHamm Aaaamb cooftemxR maxAmx Tpx nacaxax TOX1.-
1LO yp0Beli HOAN Aocmxrnem onpeAexemlym BMCOTy x 

npoAoAxamm AO TeX nOp nOKa He npogAem xygiLmxHanaR 
k ropmaomm aoAm He cnyommmeR Ao onpeAeAelmoro ypo-
BHR. 

B Hacmonmeg pa/Goma OyAym B raaaHmx mepmax val-

A0ZeHm HCC.718AosaHmH no paapa6omme memoAxxx HpOrH0-
ea, sucomm AoxAesmx nasoAxOs c Awi . cnemHoro npe-

AynpexAeHmn o rpoarmeg onacHocma HaaopieHms na Mx-

HOM Mopaee, npaaom npmmoxe B.Mopasm B cmsope Kap-
spin rpaA c mcomsAum'9.396 xm2. 

Ocsossme (Daxmoom aannwma HA 
UpeempoaaHme AosAesoro cmoma 

npm paapa6omxe bileTOAAKH nporHosa, neo6moAmmo 

smAeaenxe raaaHmx(1)axmopoa yemaHoszenxR CBAGM 

memAy axemenmapHyux Rsaenxamm. 

406xem CTeKeHMH BOA Tpe6yem mmoOm Omar( 06%e 

ABBeBBFAB AaHame 06 omepeAsmx ocaAmax noxaaameaeg 

ycaossR cTaKaHMA HOMO 111 mOaxnecmsa ocaAmoB lampaxem 

Hum max cpeAmig ceoM cmexamumx a0A B pemsom6acce*-

ne. 

Paccmompea m o6pa6oTaa dosumog mamelmaa no Aos-

Aesum noeaAxam mu npamax K BUBOAy UTO pemeuxa Ham 

npeAcTaaaReTcR B caeAylmea emAe. 

OcHoaHaR (Popuyaa, moTopaR 06beAmmaot ocaaxm c 

npacToxom B pemaym cetu xueer aaA: 

• Gt— P—Q 
6i= AoxAeso2 ctom 

p ocaAxx 

xliTeplenaan permOro OacceltHa, T.*. cym-

mapHoe moammecTao aoAm axxyayAxpoaammos 

B noun° - Tam naausaemwa norepx 

Q x P moxem mamepisTb yOT0HoBa3Hemmu metoAamm 

HO moxem senocpeAcTneHHo xamepxtu x nog-

Tomy onpeAeaRem cmaTmcmxmecxxm nyTem HS 

ocnoaamix AeHHUX momopmmx pacnoxaraem. 

PaCCMOTpHM KOp0Tmo mapammep BAVAHZA OTAeAbHWX 418K-

Topos Ha (Dopmxpoaanxe AoxAeaoro naaoAxa x mpg GTOU 

noApo6Hee OCTESHOBLUACH Ha RAHR:ize npeAmecTspowero 

yazaxHemin. 

OcaAxx P- MemoRm ompeAeRemila cpoRmoro 

caps ocaAmoa mmpoxo H3BeCTHU H specb me paccuaTpm-

BarTCR. YKaXem AHLub MTO AAA AOcTtITotiHo T04nOr0 On-

peAexeHaR cpeAneft apx4imemm4ecxog HOZygliubi 

Heo6moAmma anatimmeAunaR rycmoma cemmnaOnnAenxil naA 

ocaAxamm. OTomy yCAOHMIo 0TBG4GOT Cyli.OcToyloWeR 
CeTb 

rAe peCCTORHHO meXAy CTGHLIMR101 °KOZO 10 KH (1C0 

Oca.wu1 BWMLICAOHW no maTepmoRam HOCAloAenzg 90 ocaA-

xomepos, 

CpeAmhia ap4meTm4ecicax semitizna ecex 
ma6ApAe-

mmg 00mUHO HOC yAoaAemsopmem. 

npx o6pa6omme maTepganoe no ocaAxam Hyatt° 
Cpamx 

Bo HHHMeHMO TOAbK0 Te OCeAKM, moTopme 
BxHHAy1Hao15-

paooHaHme naaoAmos, m.e. TOAbK0 me 
ocaAxxocomopme

smnaAanx H memeHme T Anon. 

He6oAumme OCGAKM, KOTOOme EsmilaAm HepeA HMUV H 

nocAe rAaaHoro AmBHA He HyAHO BpMHIAttamb BO BBP1Ma 

nxe. 

oGoA,KOH 

CTOKeHMe B 0 A. - Ea A3HHI)IX 0 cTeKe-

MIK AOA)KHO BMAGALITbea nonepxmocTnoe 
cTeganmeocoTo-

poe Hacmaxo nocRe opAeabntax Rmeneg , T.G. 
oT cym,ap 

noro CTeKeHNA omAeARemcn rpywroemil CTOK H 
TEKom 

paaou noxyquem menocpeAcTeeneW crom. 

GyMblepHOO CTGKEIHM0 paeno nporelcannio 

pexe B iceatom-xm60 nepmoAe epemeem. 

AAR 6onee Rencoro cpesnenmn c ocaAgemm 
Kono-

qeomno cmoxa BOAW HWpelCeeTCR BbICOTORBIAnasnizx 
ocaA 

'SHOT 06Mee cpeAmee cymomHoe npomexamme rAe T 
cyT-

H MAI npeAcmas-MOB Ha nopepxHoomb 6accegma. Cmox 

KR AeARmcR C pemHmm 6accegHom B KU
2 

m ymmouaemcg 

c 86.4. 

Iimpepnennm lok peunoro OLICCeAHe 

HenocpeAcmaenHo xamepmmu HeAbeR. 3T0 
xourixexonan 

HeAmgmHa, Komopan BeHMCHT OT mHOrMX 
Vimmopon.Onyor 

nomaaaa mmo nomeHomax xnmepnennxx motcHo 
Aososulio 

TomHo onpeAeAmmb na 6aae mpex napamempos. 

CarnI14 eHammmexbnum (Paxmopom ReARemcn noroAar 

xoTopaR OmAa nepeA AoRAeu. Boma noroAa Omna sAax-

Has, cmpan, nOTeHHilan mmTepnenumm 63rAeT nmcfcmn H, 
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xaodopor,ecx14 nermoA noroAN copen AoxAem 61.1,11 cyxon 

MOTeHHMeA MHTeptiBBHMA 63FABT amcoxmm.Tax HaemeaomaR 

yaaalHOHHOCTU 6aCCeeHa onpeAexzeT ero wicruxbTpaUm-

OHHisle ceoncTea a cxencearoxi.mo H noropx CTOxa. NH-

cDmauTpaumomiwe ceoilcraa CacceAHe onpeAeimeTcR xo-

xe4H0 He ToaLx0 crecom.m yexxxHeHHoCTx OaCCenHa HO 

x xapaxrepow ptJAI.e4e, no4nm m pacrmTexhHocTu Oxa-

amealer exmialwe npexAe Dcer0 Ha aexmqxHy noeepxHo - 

crHoro onA0paaMmA, 0 negem, oftaAAR panzmmummx MB-

CintAbTpaumoHH:,:ma ceoncreamm,npexonpeAexmor oocyE Be-

xattHriy corer)). Ha mmtmx&Tpanxm. OARaxo xax nogea x 
ee pocnpeAeRemte OCTaaTcA B bacCOLIHO OTHOCHTeAlMO 

nOCTOHNHwa a momeHReTcR BO epeuelix creneHL ee 

cymweHHocTu, TO Hu 4opmispouaHme AoxAeuoro CTOKa 

60RbEcoe DAmaHme B HoimpOTHOm OacCa;IHO oxaomeeeTHms-
Ho HCCywomHocTi. H yalaxmeHme Oaccenna. 

H 004.1,:t4;1e::T creAttecTeymc;rx OCUAXOB API BEllitieT-
CH yCHOWHWM notweaTeilem yezaxHeHtiocTs: 6aCcenHa.0To 
cymma ecex 0 ,28;:x01, eh:nen:1:1,1x B TegeHHe MepLOAa OA-
HOr0 meCntia no zMUHA. OH onpeAexBeTCA ypaarionnem: 

ec7. = elf /7), b, 13+. . . . 

r .ae c ✓ 0003Ha4eHO API. 
/-

b t

x0..nmvecTB0 ocaAHOB emnaemmx ea Alien 

OT paCCvaTpHBaeMOr0 )1HW-in 

K0344milmeHT, xoTopm:1 06b14HO paCCmaT-

pmuaeTcR xax tylixiamsi CT& B 

Bsamenpmme,nemmoe ypammenme cocTaanneTcn OT 15 AO 30 
unemoa B HarimcmocTm OT neAmtimmw nnoilleAm 6acceilma 

OT mpu0yemo.:1 moRmocmm. 

KorAo muaexc egmenaemca exegHeaHo npm COCTaB-
zeHmV rmApozorgtiecxmx nporm000n API o603Ha4eHHOO 
emax0mJ moxem ONmi, ampanemo on eAylomeit (popmvioil 

Jo 
Kt 

BcAeAcmaxe Aorapmq,mxtiecxoro nmAa npmHamoroypa-
sHeHmn, norpewHoomm Oblempo yOuHHroT c ysedim4emmem 
mcTemwero Hpememm. LTLIKTmmecmm, Pa uacmi, HHAexCa, 
KoTOpall onpeAeAaemea ocaAxol.:1: PhulaDuRml' : - ee ttem 
as 30 Allen Ao paccmampmaaemoro momemmu, rmxaxoro 
aAmanma Ha 06w10 seAmgmmy noxaeameAa yazaamiemyst He 
oicaobmaeT. 

B wron (DOpMyze 3Hax 0 coompeTcmayem aeA:14mne 
API xamAoro nepaoroumcJIH, a mnAexc omaegaem ae-
j/mgmHe API 

Pcxx t 

AmeM 

1 To 

nocAe nepeoro umcza. 

cl,opmyAa npmHamaem amA 

a .K 
TaKKM o6p3aom mnAexc AAR R10150r0 AHH parieH HH-

AeveY nPeAmecmaymero AHA, ymHozeHmoro Ha KO3NB 
nmeHT H. 

Rooqxlm HMBHT H uaamcmm OT ceaoHa m reorpaOltiec-
.KOro napamempa. IMMIX yCJI0Hmg HeAmtimma K ( no 
Ta6AM4e AMHC)Ieg) npmHama 0.94 . 

BeAmtlmHa K xis! API He HWIReTCH nocTogmHog, Ho 

aToT neAocmamox OTRX0HReTCH aaeAeHmem Apyrmx napa-
memPon - nmcAa HeAeAb a roAy morAa 6bana ocaAxm 
BooA0ZamTeXbROCTI. AONAA. 

%term HeaeAL B TemeHme roAa Aaem cpeAmme 000-

6eHHOcma caanompomonmpaamm 8a !um/AA nepmoA roAa. 

IlpoAoAxtmmeAbHocmb AomAa 6epeTea xax xuAexc xo-

aidgeCTBa BOAN nposxmapaten B noxiay. arm Aasaua Ewa-

B ARRX. 

BOorxop 001,0m& x rxiionmadla aomAessa naaommog 

no_mwroxy moaxcmambnott rpadongeoltoA xoppezRUXR 

M eAxmmqmoro rmAporpacta 

B nporHosax oftema nomAesoro emoma ICnOalay - 

eTcR meToA moaxcxambnoll rpOmmecxoft xoppeamaxx mo-

ToPhig 001eAmaReT emme ynomilsyTwe ocnoaable (paxTopia. 

Ha ocHoeaHmH nporieHmmx 

nanoAxos B daccenne Mopasu y 

Relimmx ocaAxoe no maTepmaaam 

mepoe COCTaBAOHHaR Ta6.71nna 4 

AaHmax 0 110 AoxAaeux 

Hopema rpana x nummc-

HaOzwAeHmn 90 ocaAxo-

1, xoTopaR coAeplur 5 

napameTpos: ocaxmx, API xo3NR:nnesT npeAmocTnymmmx 

ocanicoa, HegadR, npoAoxxxTexhHocTs AOXAR x cTox,xo 

Topme moryT 0mTb npmeeneHm B cooTHomeasse. 

Ha OCHOBaHHH AaHHWX H3 T8671E1114 1 CALM:if/Ha-

asanambix OTHOWaHhg 3THX napak.empoa meToAom X0-

aKCHaZbH0g rpaOtlecicoii aOppliaBLIKH, 4bH peuxbTaTm 

ripmBeAeHbi ma pitCyHxe 1. (meToA AeTaXbrio 06pa60-

T8R B xHxre "EpnxxsAmaa rmApozorma" J1HHCAeg, KoAe-

pa m flapirca). 

B nepaou xaaApaHme nocmpoeHHoe cemeAcmao xpm-

BhIX ampaxam.mx aaancumocmb nomepb cmoxa OT mHAexca 

npeAmeCTBymLuix oce;.- m0H API m nopaAxoeoroHomepa He-

Awn/ omueqeHHero OKOJ!O Totlex. Ceme;lcmao xpmablx Ha 

tieptleHO AAR pasAggHbix 8HaLleHg;i napaMeTpa "HeAezea 

noAorHaHo Tax 4T061,1 OHO noxaoaze MeBeCTHWA r0Acla02 

LXXXX OT aAaxHoro nepmoAa roAa Ao camoro cyxorO 

Hao6opom. 

Aragee, Bo BTOpOm xaaApaHme nocmpooH 
rpacipaxmo-

aonalowmA yLlecmb RAI:HI-me Ha cmox npoAonlimiTexbuocmb 

Aokl-An. EcAH B nepsOm xaaApaHme npeAcmaimerm coaep-

meHHO coomaemcmaymgme OTHOmeHnA, TO 
Hatlep4emHbleT0-

Bo amopom xablzpaHme C0eAMMEIOTCR B6XE8HOAH0n'a4XM 

HRH BOA yrzOm 45 rpaAycoa, xoTopaa 
npeAcTaszaemon-

Ha6AwAeHma oTOKa. Pa36p0C Totiex peoyAbma-

noAyuesHoro peAexenHoe cmexaHme, pasHoe peayAbmamy 

mom aosAekcmama Apyrmx napaMeTpon, xoTopme alga He 

aaeAeHm B omHoweHne. 3mn xpgable Aoxxlibi 
noxaabiaamb 

ymeHbmeHme cmexaHma npm BoopacmaHmm npogoAlicgmezb 
- 

moCTm AoxAg. 

B Tpembem xaaApaHme aexmtinHa cmexaHgH 
onpeAe-

zetra C nomoulble I N II xsaApaHma HaHecena B 
oTHome-

HMO 4,axmm4ecxo0 aeAmtimHm CTeKaHHH. Y maxAog 
AOXY-

4etilio;4 Tammm nymem moqxx, HaAnmcmaaemca CA0g 
ocaA-

Ron Bbi3BaBWHX naaoAox H CTpOHTCSI cemegcmso 
xpaBblx, 

momopme Tax 110A0rHaHM, 4T015b1 aexmgmHa 
cmexaxma nPm 

acsmom yaexmgeHmm ocaAxo8 nporpeccmaHo 
pocAa. 

EbramczeHHme no TpeTbeMy rpacl,nxy sHameHma 
no 

aepTom nocxeAHem xaaApaHme. Ecnm coanaAeHme 

aenarimnamx geT-

AS 
Tepb cmoxa ceReaRbi C avraitieCimmiq 

omaaeTCH HeAOCTaT0qH0 xopolumm, P.O. 6yAem mmeTb 

cmcmemaTu4ecx0e eaemmeRRe Man sasxxenxe paCCWITBH 

BMX BeJiNtIMH,TO nyTem coomaemcmaymwero 
monpaaAeHma 

ONICTemmecexxpyisbix no6ReaemeR xyqwero coenaAeHAR. 

ElpeAeutamexeeme 067,ema AorAeporo neeoAxa 8BAOCTEIT0-

;ITO Ams1 nP0APIP0gAenuli 0 EasoAseHxxx. BTopott saAa 
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MATEMAITNECHAR MOAEAL 400PMMPOBAHAH AOAAEBMX LIABOAKOB 

KOPER") BOK., KYLIMEHT /LC. 

rxxpomeTeopoAorwieclaat Hapilio-piccxeAosaTezbciatA AeHTp CCCP 

MocKBa, CCCP 

Poemme 

OnTmmaAblioe meo6paxeHme TetleHRH ocaAHoe, 

eluslogag R mcnapeHme, mmcPmAbTpaomm,noeepxHoe ocTa-

HanameaHme, rpylToBOe TeLleHMO, TeX° H TpaHccDopoR-

popaHRe rmAporpal:on Tegemma H CAMAHMA, o6paeoem-

naeTcn Ha ocHonaHmv BIABAH38 eceoOmmx B8KOHOB (Pop-

maw!), Toqeumn , znonmpnuecHmx OTHOWeHMO. 118,48ABH8A 

tyHmuLlo oToro ms06paxemmH naxneTcH xmeTorpe4)om m 

xpoRoAormtlecxmm rpaq1mIcom AeedmomTa AaexeHmH neneA-

cTene mcnapeHmA 11 cxoFocTm eeTpa,a HoHeuHaH 

nma RBAReTCA cymmapnmm rmAporpamom pacxoAon 

cxy Oacceana pexm. bwqmcneHme COCTOHTCA 113 

eayHm—
smny-

Asyx 

nacTea. RpeicAe licero,nmqvczmeaeTcli KA34ROCTL Coo-

ceMRa nepeA Haurur.c a OCELAKOB, momopb;e o6paayrom no-

ecAoH, a 38TCM, COMU:i notioAoH.i,00OpaeH::e OXBEiTE-

naeT 14 Haygin,:x napal4empoH, xoTopme noxytieHm 

C nemoulbro MeTOAAKH onT11maz1:3anm11 

eaneptpRTenblimx Odynnuna 

Aymmx noeoAxou. Llao6pameHme 01,mo 

HoToptax 6accel-!Hax B paamopoAHmx 

JI mami env.m Ha-

HexcTo ,- TrfeAm-

mccneAol,ic D He-

q-143HKO-reOrp8CDM-

Liecxmx 06nacTox m noicaoamo xopowyro TO4HOCTb 11 no-

CTORHHOCTL napamene. 

Petinog eoAnc6op o0.41qHo npeAcTaexaeT co0oR 

necTpylo moaamxy ytiaqTxoe, peaxo oTAmtiammxca APYr 

oT Apyra cDmemixo-reorpacwaecxmmm, nomeeHemmR, rmA-

P"Am tlecloimm H Ap.yrmum xapaxTepmcw,Hamm, OT xoTo-

pmx aaemeRT TopmmpoeaHme rgAporpa.la CTOK8.K3Mepe-

u e 3THX X8p8KTepACTMK npm menepeuniem cocToRmix 

memo.zu  mamepeumk xapaxTemicTRH npmpoAHmx Homn-

AeKCOB MOXOT 6bITb BaHlOAHeHO AMMb AAR OTAeABHWX 

TOgeK.XOTR HeT CROALKO-AHOO aeTopmmeTemx mccxeAo-

HaHmg,noeHoArnolikmx HoARLiecTeemio 04eH1ITE npocTpaH-

cTeeRHym MeMeALIMbOCTI. cToxoo6po3y1Ommx KapaHTepmc-

TIM eoAoc6opa, onuT noicaemeaemorro npocToe ocpeA-

}lemma mamepemmft r OTABRI.HBIATO4K8XIAPVIBOAHT K rpy-

6mm onimexam. 

HepenpeaewrawatHocTi. RamepeHma cToHooOpasy-

=Aux xapagTepRcTmx B OTAeAbHMX TOxIKEOL AAR onmca-

13ummary 

The optimum model of the rainfall runoff, 

including the evaporation, infiltration, the surface 

retention, the sub-surface flow and also the 

transformation of runoff and interflow hydrographs 

in formed on the 'oasis of analysis of general laws 

of the flow formation and empiric relations, The 

inlhit functions of the model are the hectograph and 

the clironolojical zral,hs of vapor pressure deficit 

arm win te, and the output function the su:a-

L.ary hv;:roL;raph of flow in the basin outlet. :he 

calculation consists of two parts. First of all,the 

ilumiCAty of the basin before the ber:inninj of the 

proci,,itation formin the flood is calculated and 

then the flood itself. The model includes 14 

empirical raraneters which are found with the hel

of the owtiLlization methods from the measurements 

of the input and output functions of some previous 

flooc. The model was testes' for several basins in 

different physiko-eo,s-rafical re;ions and showed 

,f.2;ood e7actness and parameter stability. 

HHa (Popmmposam4H CTOK8 fla eoAocOope B oexom sacTa-

ezaeT omxaaambcH om npvmeHeHlui moAezegolcnoxbayto 

mamepRemme xapaxTeplicTmxm soAoc6opa m paccuaT-

pmeaTB eoAoc6op Hax AmHammtlecxylo cxememy, eoo6we 

ronopa, HeRaeecTmo2 cTpyxTypm m C HemeeecTHmmm na-

pameTpamm, Axst Homopoa, oAgexo, RmemTcH mamepeHmx 

exoAmmx BeAKEIHH (BlieWHHX 803AegCTBlig Ha eoA0c6op)m 

cooTeeTcTeymme mm mamepeumH Ha EI,IxoAe cmcmemm (rm-

Aporpa(io B sammxamwem creope BoAncOopa).CTeneHL 

onpeAezetmocTm cmpyitTypm m napameTpoe moAexm momeT 

OMTb paaAramHoko Yoxem cymecTeoeamb Aono.IIHRTembHaa 

ROopmaoma, HaxnagmeawmaH orpaHRtieHRH Ha cTpyxTypy 

napamempm. RpR Texom paccmoTpeHmm eaAatia onmca-

HRH npoiecCa (DopumposaHmH cToxa ceoAoTcH K oTmcxa-

Mmxi moAeAm, Hamsyqmmm o6pa8om cormacymmeA HaftwAe-

H)1a 88 8H8MBIAMM B08,48ACTEIRRMH H8 HoAoc5ope, 
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HATYPHUE KCCXEAOBAHIffi (1)0PMMPOBAHMH V1 IlPOPH0311 Aouglaux 
IIABOAKOb B COBETCHZX KAPIUTAX (BACCEgH alika) 

KPUIAHOBCKAH A.B. 

Yitpamictual Harmo-mccileAoBaTexbeitza rmApomemeopozormtlecxxft 

MliCTMTYT, r.Kmes, CCCP 

Pea rit e

aox.maae memeramTca peayss.TaTm HaTypHmxm exc-

nepmmeHTaahumx mcc...elaonaHmti ycacsmil cl,opumposaHma 

Aoxaeamx nasoAxon e KapnuTax, emnoaHesulmx coemecT-

1400 3mcneamume:1 Ympumlickoro Haytmo-mcexcgcsaTezbc-
Kyr° m OaeccmorormapomeTepponormyecxmx VHCTMTyTCS. 

AOMTCR xapaxTepvcTmxm pacmpegeAenmil ocaaxoe no 
npemenm m co flA014bX11, Mx WiTeRCESHOCTM It npoacal - 
imTeaLmocTm. YmassoLkieTca soomo:iillocTs, emnaFeHzr. He
60,1hmmx 

TeppmTopmax AVBHOBEX AOA:AB C mwresicmaHoc-
Tbk) ac 9,5 mm/mmm. 

YCT89013/19.90, 9TO 
BoAM CTUKdhiT II

C 
30.110CBMINX 

111711 P 0 ABIla 

oceumax 0.4). Bmismeacxmit (YxpliNFME) 

C oTtcpmTwx CKAOHOD ACXAeDMe 

1,eu11 nFemmymecTHeHmo no nosepxHocTx 

ncpxHem cmoe pmxnmx oTxoN.eHml. 

;;Jia pacqTa MitTeHCYBUOCTM 

SCMTNBEIMMA notsaoil, napameTpm ROTOpOil 
OCHOROMMV onmTlimx flpoacpx0 oToitchqVxm 

yeTaxosnaaaH a 

1(8314.71£1 
HO8YOAHOCTb mcnoabsoaaHma ee aaaPeoticra no-

peps, nanoaogHoro CTOKa Ha ecTecTaelnancropHmx 6ac-
ceasiax. 

ZaHm pesy,m.TaTm mcczezosaHm0 no paspa6oTxe me - 
TO ACB 

KpaTKOCp04RE1X npornosos CTOKe ropHbix pex 

mcnoxbaonanmem cneAeHm0 o6 oca ..7ax. no crrogibuos cym 

maim aceaxon nporHeampyeTcH CyMMSPHO  CTOK XPaCnPe-

AeXeHMe ero Ha noexeAymmme 5-7 cypex. 

no-

TO Ha - --ppmTcp:m: ConeTcxoro Ccooaa (B 3axapnaTc - 
cxoft o6macTm YxpavHcmoR CCCP) pacnoxe:ifeHa 

6acce14Ha Ayaaa - nepx0abm p.Tmccm c npuopeepezHmum 

pmToxamm. Ho yczoLmam 4-01,m4Pon t'n--
n ms4 CTOKa M 3Ba9M-

UOCTM B X0 3B1CTBBHHIS:U OTHOWeHMM 
OTJTepprercpmaripe,n,-

cTasilaeT necbma cymecTneraimg mHTepec. IlooTomy so-

TeCTHPEyo, 4TO rmal:omeTeoponormtiecxme Hatawaelinsi 

EtAech HagaTm AaPtio M DOCTOSIMMO pactEmpHuTcH. 

Aainimx o6 Ha ocHoeenimm maygeHma mHoromeTHmx 

yeTaHoama/3 / 1

tiro exeroaHo easel, amnaAamT xmasienme aolscam c cym - 

f, ummary 

Tho !:apor j:eals with the results obtained from 

hyJro-meteoroloical observations of the conditions 

of forming floods resulting from rain carried on by 

co-expedition of the Ukrainian Research Institute 

and the Odessa Uydro-Y.eteorological Institute. 

The paper considers the time distribution and 

the distribution according to the rainfall areas 
as 

well as the rainfall intensity and duration. The 

possibility of the rainstorms with the intensity up 

to 9.5 ;.L1 per minute on a large area is given. 

'prom the open slopes the rain water is found 
to 

run off into the rivers mainly along the surface 

while from the urea covered with forest slopes 

along the upper layer of friable -sediments. 

The formula for calculation the soil absorbing 

inte ty th w A e parameters of which are calculated by 

the experimental 1ata is given in the paper. The 

test of this fo=ula showed the possibility of 

using it for the calculation of losses due to the 

flood low in the natural mountain areas. 

The results of the researches on developing the 

Techniques for short range forecasts of tie 

mountain rivers run off using the rainfall data are 

given. 

The total and the distribution of is for the 

next 5-7 days is forecasted in the terms of dayly 

amount of rainfalls. 

MOU OCEIAKOC 6oxee 100 um, oamsi pas B 7— 12 nee - c 

cymmoM 6oxhme 200 mm. Taxme AYBHM o6m4Ho oxsaTmaa-

xa TeppmTopmm B HeCKOJILKO AeCRTKOB TMCE9 KBaAPaT.-

HMX xmaomeTpoa N moryT npoAe.luicaTbcH 6onee noxYcY-

TOK, a C nepepmnamy - HBCKOJIBKO Ala. B pevzbTaTe 

Ha pexax (PopmmppoTcri BLICOKMe CaBOAKM, MMelOWNe 
TacTpoqmgeexmn xapaKTep, oco6eHHo nps o6pasoaaHmm

1964 r.

ma-

msyqemmi 4,opmmposaHmsi vroxa nPo-

score Haymmo-meeneaoaaTezboxoro m Oxteccxoro y 

YxpamHc-

ge6go-

aeaeHa oxcneAY4mH E ha pnaTax coTpyAHmxamm 
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ro rmApoueTeopozormuecxxx MHCTMTyTOB (YKPiikrtal m 

ormx). 3xcneAmumeg pymosozmx npocP. A.H.E44eHm. 

McczeAosasgs nposoAmAgcb B sepxmeg uacTx Oac-

cegHa p.Pxxx - npascro npmToma p.Tmccm.PeabecpeAecs 

ropimik c npeodsaAammmmx smcomaum AO 1200 u, mamcm-

maxi.Has smcoma npesumeT 2000 u (ropa rosep.aa).rop 

Rile CXAOHN nomparm cuemaHmAux necamm,cpeAmxx gaze-

ceHHocTi. omozo 50 nponeHTos. Ha sepwxmax rop (no-

zoimmax) npocTmpamTca xyra, moTopme mcnoxbaymTcH 

AJlR sunaca CKOTB. 

XspaKTepHme nna zaHHoro pagoHa 6ypme zecHme 

nousu - 6ypoaeum muemT 11014HOCTb oftruno meHee 1 u. 

MaTeparcxog nopoAoR REMAXTCR npoAymmu BBIBBTpXBaHMA 

neCtlaHMKOB H r/mHmoTux czaHues. 

ilcozeAosaimitum 6mno oxeageHo maxommaALHo B00-

moxHoe paaHoo6paame nouseHHo-reoAormgeoxmx H pac-

THTexl.HMX yczosmg: Ha paaimummx smooTax,s ;lacy, Ha 

zecHmx noxsHmax, ponomsmax H AP. 

B nporpauMy 3xCaBAVUXII Bx0Xxxx mcCACAO a a MIA 

cToma ma nnomaAmax Y soAoTomax H mapmpyTHme oGcxe-

AosaHms CXXOHOB nocxe AolAeg. BeAmob TamLe axone-

pmmeHTsabHme mocneAosaumx - AomAesamme maxmx !mo-

M 7n aAox (1- m2/ mcxxoH0smx yuacTxos (Ao 400 m
2
). 

Ha mazmX nzomaAmax oxaawroci. soamoxHmumEorgaTI, 
Tonhx0 nosepxmooTHmg CTOK scAeAcTsme peaKoro yse-

zmueHmx Apemaxa no cpaanaaio c ecTecTseHHmum yogic - 

BaRmm. Ha 6 0.71bwmx nAomaAmax Taxxe mmenocb Hapywe-

mme ecTecTseHmAx ycnosmg ApeHasa, Ho swimme Ha 045-

mme peay.ribTaTm 3THX Hommel-mg mem.me. YueT cToma 

nosepxHooTHoro H nouseHHo-rpywrosoro npomasoAmxca 

soAocxxsaum, yCTBROBABHHmuX B c6opm1 maxasax. 

OnpeAexemve xlixxl.Tpaumm no'a ocymecTsoHmxs 

nomombm mHitmAhTpouempos, npeAcTesAHmwmx c060g me-

Tannmueomme xonsua C mroxuaTmm ypasHouepom,xoTopme 
sa6msaimci. B rpyHT Ha rzy6mHy 25-30 C . B03HmXaB-
mme npa 8a6msxe xoxeu mexm npomaamsaxxcL rxHHok. 

Kpone Toro, sposoAmAxcb nogseHHme vccxeppea-

m4R, mamepeHme snazHocTx nousm B ecTecTseHHmx yczo-
smax. 17c smeopam Y.L.EHTaxa bagyK / 0/(OrmX) 

EammeHLmme 3HaueHmH exasHocTm oCHapyzeHm HLI riZolaA-
xax, xoTopme pacnozoseHm Ha cxxomax c HamOonbmmu 

yxxoliamm nosepxHooTm (30 - 350 ) m noxpuTm rycTmL'Ae-

Com. nomiTHO, xiTo B Taxmx ycnonmax gam, ocaAmoB 

aaAeprmsaeTcs xpoHamm Aepesbee, a szara, nonamaH 

Ha nosepxHoomb, czopee cTeKaeT 8 noimzeima,rAe CO-

aAaaT nosmmeHHym BAEAXHOCTE, 

JoicityccTseHHoe AomAeeaHme nnoNaAOX 0153,OABBAK - 

sax() paaxmgHoe ysexmgeHme szasHocTm oTALenbilux cAo-

ee scusm. Ha pvc. 1. npeAcTasAeHa maSb aanacos 

sAarm B sepxHitx 40 caHTmmempax nogsm x CAOA BOA], 

aaTpageHHoro Ha puicimxi.Tpanxio. CBRab 

06paTHaa, oHa AOCT&TOgH0 tiBTX0 BNIAIIZBRa, H n0A-

TElepsAaer noxomeHme 0 TOM, gTo gem 6ozsme max -

mOoTh noiBii, Tem ueHbme em snxTmsaeTca 

mashae noTepm CTOICa 

no smsoAam Tex 
AolcAesaHmm nAomaAox 

BOAO, T.A. 

Ha mutivibmpanmm. 

me asTopos npx moxyocTselmou 

C MHTelicxBH0CTbia Ao 2 mm/mms 

nepem01 nepm0A, AAHTBAbHOCTBN AO 1-2 umHyT,scs 

Sopa pacxoAyeTcs Ha yanammeHme nogsm, nosepxnocT-

HNO CTOK cosepmeHHo OTCyTeTByeT. B cileAyloWle 

x4
0 

a  
E - 60 E 

e)S 
2; 40 

Ks, 
c. 

20 
cp 

0 

0 
0 

0 

cI 
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100 140 180 220 260 mm 
3anac 6flOEU 6 no46e ao onbitna 

PHC.1. CBA3b mergy aanacaux sAarm B 40- cauTxueTpo-
HOM cAoe notion H cAoeu aappagenHog He 
MHitlx.711,Tpauva. 

23 umHyTm yoTaHaezmnaeTcx, npmmermo,uocTosHHas se-

/MEMBER nosepxHooTHoro CTOK8 M TOXbK0 nocAo aToro 

CTOK yfl8.71MWAB88TCR. °Amax() nonHoro macmmeHmx nousa 

He AocTmraeT (aa mcxAmueHmem oTAexbrimx nzomaAox ) 

gaze npse, AAmTe)Lmou AoxzeseHmv. 

ZaygeHme noTepb cToxe H mx AmHaummv B nepmo A 

cpopumposaHmil nasopma mmeeT B HocToilwee Bpeusi Ham-

Ooxee cymecTseHuoe aHauenme RAH pa3pa6oTxm meToAos 

pacueTos x nporHoaos xapaxTepxoTzx croxa. nPU 3TOM 

oco6mg mHTepec npeAcTasAstoT roTePH 
cToma Ha 14HcIm112,-

Tpamoo. 

MaKommenbHast Vi4NAbTp8":10111-18B cLoC06HOCTI, 

may4axaCb KapriaTCK0g oxcneAmumA n pm nomomm moxl. - 

ueo4aaHmx mepmALTpomeTpos. 06o6meHme AeuHmx,nony-

ueHHmx boxee gem B 60 onmTax mcKyccTaeHHoro AoF.ze-

B8HYR meTpcemx rin011,8A0x, pB3pewxxo 

(11xpilkm) 

ii.r.ranymeri x o 

noxy4xTb 4 TVDOBMe ;1114.14nbTpaumoHHme 

Kpmsme.4Asi 3Toro HectxoAxmo mmeTb cAkusKoeme ycAo-

BVH BIIMTMB8HMR, moTopmx B 
A8iICTBYTB.AbHOCTM He 15m.n0 

nocxonbxy yxxoum onmTHmx nilomaAox H V.HTeHCMD HO CTb 

AoxAE npx onmTax 61,111m pa3Hme. hooTomy AaHHme scex 

nzomeAoK 6B1Am npmseAeHm K ycnoamsm 
ropmaoHTalibnog 

noaepxnocra H 0AxHax0BOn IIHTeHcIABHOCTN ADTAn, PaB-

HOk 0.8 mm/mmH, C nomolubw c.bopmyAm: 

Kf

MN 

100 

80 

CX‘e -o/eozi He 

rxf,e,24. - MHTeHCYBHOCTI, BilMTMBEIHJOi 

neaou ylmoxe x MBTeRCMBHOCTA AO3kAii 

Toxe, noxygeHHas onmTmHm nyTemtW o

Aesom yxxone, e - ocHosaHme raTypexbrimx norapv4-

mos, L - ykuori B npoueuTax, OL - 
nonpasouHmg moacP-

CPMUMeHT, yEIMTMB8WWMg BXMliHMe 

(h), Bpyi h 4. 1.2 mm/LmH,c4-

• = 1.45. 

um/ umm nps4 Hy - 

0 .8 Ind/Ld1Y.H,lit -

- Tose npm Hy-

PIHTeHcmBH0CTiel 

= 1.2, oP 14

nosAa 

1.2 mu/ 

AHEL,Mil3 LiaCTHmx ,DNIA scex 011MT0B xpmsmx 
enxTm-

baHMh noxaaaA BO3MOX:BOCTb Tunmamposam 
xpmeme, no-

oTpoeHrime no AEUMINM 143meperimg Ha nyry pi Ha aaxesm, 

(6onee aC cnsim 
3  ----os) . B peayAbTuTe 60AbWOro 

paaHoo6 - 

paams yozosmg OvibTpaumx, Ha6AmAaammixos npm Apy-

rmx onmTax, maTepmanos AAR Tznmaaumm APYrmx rpynn 

oxasaxocb fleAocTaToullo. lionyveinime H.r. razyweHKo 

Tmnoeme Kpmsme (pac. 2) noKaameatoT, uTo mmIMAI.Tpa - 

21 



Coxbwe 

IJAR B nomBy npomoxcAmT Hakt0A00 MHT9HCQBHO a Tene. 

axe nepemx 5 umHym OT Hauama onmma, noc.ze uero OHQ 

peek() sameAsaeTca. 

PMc. 2. TmnOame mFmame BDMTUBSHMA ,TEAR OXAOHOD, 

e9HATWX ayrom m easesLw. Y smilmg - ma-

Aexcm yanasHeHma. 

Ha Pmcylixa eHAap, uTo laom o we pamasHemme nouBm 

nepeA onmmom, TaM menbme ee mwDvmbmpaumomma cno-

coCcHocm . 

Ha pic. 2 yxcluaHm mHALmcm OpCAWeCTElylowero 3,13.-

sasHemma, BmumcaeHame no npeAAomenvw 
HAJ.Beqoalim 

eaBgcmmocmm OT cymmm ccaAmon 3a paamme mnTepBasm 

Aa x0344muveHmos.floczeAHme 
pmoITEAoemmAH eimoro ne

onreAessioTca yAaneHHocTbm pac4emHoro nepmoAam Tem-

vapaTypo g 1303AyX9 9a TOT se ne:m: : :

Aexerro A mae TmnoBe xpmeme _ 

tom (mHAex c ysnal\Henma 
40-50) H mAR mepeynsasHem

too (vHAexc yrinexpeHma> 50) BOMB. 

HaTypHtle mccileAosamma B rcpamx paAoHax 3amap-

4TO Ha oTKpmToa H 06pe60TaHH0A no-naT bA noicasanv,

sepxliocTm CTOK B 
OCHODHOM cDopmmpyemca nonepHoemmat. 

Ha xecH mx yuacmxax m Ha HeAanHo ocBoemimx cxxoHax 

pbocsmum 
noBepxmocTlimmm LopoAamm eciAm CTOF IOT no 

xpelmm, TpeumHam n zp. nymam, oOpaaya noAnooepx 

Ktilt ero HasmeaeT A. H. Be(DaHm, 
HocTHMA CTOX, mAK.

mamepeHma amoro CTOKa 1140WaA-KOHT81CTHMA CTOK. XX 

/of pacnonaraamcb Bmme ecTecmBeHHoro 06HaxemiR 

cKnoHa. 

A.H.BeLDaHm m A.F.11BaHeHmo (ormo ma OCHOBEHMH 
pac4eTOB BoAHoro banaHca nmot4a1ox BeAm4mHoM 100 - 

300 m2 noxygnAmElf, 4mo cxopoomm noBepxHocmnoro 

cmoxa, paimme 1 •3- 3.0 m/saloi, B 3- 5 paa 

cicopoOTeg KoHTaKTHOr0 CTOKa (0.50 - 0.75 m/mmH).110-

ArieHHme AaHHEe AMKT asmopam CCHOBLIHRt: yTBepir.AaTn, 

Bpel,eHHO aKicympimpobakmmil B K o e MTO CAC HOAJA, 

)1014,CH, B 1 ,5- 2,0 paaa 00311,M0 BeAmtivHm cToKe 3a 

spew! Acm.Aa. RoaeAMUmeHmm cmoxa npm goBAeBaHmv zee 

mmX naoluaAox 
oxaaaxmcb paaHmum 0,46- 0,99,ao B 60X6 

umucTBe cxygaea Omm KOABOAKTOR B HemmpoKmx npexle-

;lax, oT 0.61 Ao 0.74. IIPM 3TOM czeAyem OTmeTnTlyiTD 

onwTHme nA0ma,B.Km Hax0X1Amcs Ha paaHooOpaaHmx zee-

HMx cx.nomax. 

Ha OCHOBaHMV mccileAoBanma pxoneAmnmm m AaHHmx 

mmoromemmix Ha6JmAeHmi4 Ha cemm rHApomemeopomorm4e-

cxmx CTaHUMO H.4).E4aHM (ormm) paspa6oTaxa meToAm-

xy spammocponlimx npormosop AosAesmx EaBoAXON rop - 
aux pea Ha npmmepe p. Pmxm y Mesroina [2].11ps *Tom 
nocTassena eaAB4a men021.20BaBma scxonmn[AAmmax no 
maTopmazam CTQHAQpTHNX HA6A1oACHHI HQ ronpoideTcoTo. 

CioR cmomet ea naBoAox npeAsoseHo npormoempo -
Ram]. no rpa4m4ecxmm CBROQM ero CO cToxo0Opasyonnat 

nPeAmacmaymatero yazaxaeaza (pm-
cynoa 3). Axii 3Toro no cpeaxe onpeAemazach cocros-
AnnWaR AaHmoro naBoAma. 

Ecsm naBoAox mmoromoAaabautl, cpeama npomaBoXm-
sacb no mmnoBoA xpmBoR cnaAa, a npm oTcymcmamm 

npepmecTByWaInn nepmoA ocaAmoB - no npamoti ropmeos-
TaXbH0a ARIHMH, mAymea OT MHHHU9ZE.H0r0 npeAnaBoAon - 
Horo pacxoAa. 

(Jymma ocaAmois Hm44CMHOTCH no nomasaHmam paBlio-
mepuo pacnpeAeaeHmmx B 6acce0Be cmaxiamn, coml. XOTO 
pmx a.ech oveHt. rycmaa. flposepxa noicasalia,4To cpeA-
alde 3HameRva cymm bcaAmoB no Boom 42 m no 5 PaBlio-
mepHo pacnotioxernimm B 5accetthe CTHHHMAU oxasaxeci. 
0.71H8RHHH. CABA0BaTeAhHO B Aaabeettalem aomio pacqaTm 
eecirm no naTm onopumm nyexTam, T.e. mozno orpammug-
Thca ryoToToft CeTX oAmn ocaAmomep Ha 100...150 rica

2
. 

hoTepm cmoma ma m4mahmpanmw onpeAemaxmca ya-
AasHemmem nomBm nepeA HaMaAOM naBoAlca. BcxeAcTBme 
neAocTamouHoro KOzmUecTBa 

xenoopercTeemamx mamepe-Hma H.O. Becl)ama ripeAwdaraeT mocaeHlima nomasamezL-mx-Aexc yimaxmeHma - onpeAeLlairb no cymme ocaxxos, am-naawmx sa 60 
npeAmecTsymutlix cymox B zeTHmg nepm0A 

(woHb-ceitT.atpx.) no ypaBlieemm: 

`7W=03 9 X..->i# 611-2.÷ 075  Z3-5 4" 44X6-10"'ai3741-2c7# 
4- 07 iN• 22,-30 -IL O.7 C9 X3 a BecH02 Y. oceaLio 

(Matt-oKTH6p1.4)-611o7=Lerto-751-" 

/- 40 

5.2 c- 
7L 
62,3.51r21-3° 74-14 0, 3  0x3,_ 40 IL 0 ,726X f 

di, 9rAe cymma 
ocagicoB ea cymxm, mmAexcm npR :- no-paAxoBm Homep 

cyTox, HatIMHaR OT momenma BunaAeHma 
cmolc0o6pasymnumx 

ocaAxop. 

Y4mmmBaa, 4m0 
mo344)mumeHmm npv cymmax ocaAxoB nocxe mpmAmammx cymox °nem. maAm, H.t ..becT)aHm npeA -zaraem 

orpaHmumsamboa B 3TMX pactiemax sa nePnme 30cymox. 

TouHoomb maxmx 
nporHoaos Ax.R p.pmicm Aocmamoumo 

yAolanemBopmmeJILHasi m 
onemeHa 

OTHolveHmem cpeMelt xBaA paTa4Hott oma6Km R 
cpexnemy 

OT Hopmm 
0 .40. 

ima ApammuHomy OTXXOHCHHO 

Oc06eHmocmb 
(ipopmxpoBaHva CTOK8 B 6aCCeaHe petcm Pmxm aammo42;;emca B TOM, 4To Ha y 4 acmx8x mope pxeocTia C ma.7,00 

BrIzTmBaWillea 
cnoco6H oomBh) 06pa8yemc41 noBePx-Bocmilm'A CTOK. Ha 

ocmaZI,Hok TeppkTOpmm, rAe 
mPeo6"-Aalom pmxxme nopoAm, a  Talme Cx8/11,HYC, HO C CSOZWIIHM

pecnpoompaHeHlem 
maxponop, noBepxHocmHma cTox 06m4-Ho °nem, max, a AoxAeBble BoAm npoAtamrammea - nPemmY -

leeCTBeHH0 no TPeraiMHam M maxponopam (KOHTaXTHEA 
CTOK) o Rax 

yxaamBanocb Billie, cxopocmm maxoro nPo - 
ABmBeHmh B 

3- 5 paa memmee cxopocmek noaepxsocmHoro 

CTOKa. Lipm 3TOM HaHAMO He BHAOB CTOKa, 

Sa 

Oge' 

peAb, paaAexaemca Ha MHOPO 

B ciao° 

0 15 lim"-paaHoamAmocme. 

OCBAMaQH M MHASKCOM 
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FORECAST OF RUNOFF FROM RAINFALL IN THE BASIN 

OF THE UPPER HRON RIVER 

By SVOBODA A. and MOLNAR E. 
Institute for Hydrology and Hydraulich of the Slovak Academy 

of Sciences, Bratislava, Czechoslovakia.

Peamme 

CTambH onmcmaaeT cuoco6 npeAycmampmauHmx coao-

KynHoro TeHeHmm rmAporpaua meHeumit H0 npotmile 

Bpeamo H/Xp. B OacceRHe ropaero XpoHa (otAacma sac-

ceftHa perm 582 1m2). BacceAH ropHoroxapeKTepa (490-

2025 0, eacaxeHmAN Aecom Ao 60 npollewroB. 

AAR onpeAeAenma coaoKynHoro megeHma 6mAm HO-

BOAbBOBaHm OTHomBHMA mHorecTopoHHett perpeccvi pea-

AmtiHmx nepemeHumnmx aeAmtamm. C Tovitm npeHma npor-

HonmpoBeHr.R, KaK canoe NiaronpvHTHOB 6w1.0 InCrIC.77b30-

BaHo omuomeHme meaAy TeHeHmeu, KoTopoe nepemeHumso 

naamcmmo OT mmAeKca npeAwAyWLIX OcaAKOB, timcna He-

ABAb, KOTOIDIAB BOKaBbiBaluT nepemeHm B BereTaBmM B me 

neHmm uexoro rosa, KaK Heoaszemmue nepemeHLimnme Be 

Am4pHu. n0AytiOHHOe TegeHMO npeAcmaeAsiem nonepxHoe 

megeHme. 

npm nporHonmpeaaHmm rmAporpamon Ha 
KomeHmou 

npoctmAe, HapHAy c onpeAeAeHtiem o61,ema 
coaounHoro 

megenmn, ero pasAez no spemeHm 
(BpelleHHm4 panAeA 

Kon(fmumeHma meHenvH) mmeem 6oAbwoe BAWIHMa. bbIA 

onmcan KaK memoA mImmcAemmii, paccuampraan nepemeHm 

Kop(xtmumeHma memeHva B xoAe cmeKaHmaf a/ no npamoA 

AmHmm, 6/ no cpymKnam. runep6oAmmecKo0 maHrenmm, Bo 

Bpeux  ma Koro OmpegeAeHmia spemeHnoro pasAeRa, xoTo -

pmtt B CBABM c ocaAKamm, Ha KOHBUHom npocpmze 
noaepx-

Hoe megeHme 
noAymaemca maKmm cnoco6om, tiTo aOmica-

cHoe 
megeHme 6epemen KaK cmmamme s 6acce0H petcm,Ko-

mopunn 
nnemmAaemcH KaK cmcTema AmHeapHmx pemepnya - 

pon (mwrox g.3. Hemoamm). Ha npmmepax BOAR noxy-
cn0c060m, conocmapAHemca RAecb onmcan-

Hue nyl 
,opeAeHma Ann onpaAexemia apemeHHoro pasAeaa Hemimx memo&

r0344mHaeaTa TeHenmn 
a/ m 

The unsteady 
process involved in the for-

inflation of the surface runoff from 
intensive rein-

fall is already a long time subject of 
great

interest to many 
hydrologists. The practical aspect 

of this process is of 
great importance due to the 

fact, that in the course 
of it the most important 

flood waves are formed and therefore a 
temporal

prediction of their occurence 
may often prevent 

great damages. 

,Summary 

. The article describes the way of forecast-. 
ing of the volume of runoff, and the runoff -
hydrograph in the profile of Brezno n/Hr. in the 
Upper Hron basin /river basin area 582 km2/.It is 
a basin of mountaineous character /490-2025.m a.s1,/ 
afforested to 60%. 

To determine the runoff volume, there have 
been used multiple regresion relations of diverse 
variables. From the forecast point of view, being 
the most favourable, there has been made use of 
the relation between the runoff, being dependent 
variable, and rainfall index of antecedent 
precipitations, number of the week, expressing
changes in vegetation over the year, as the in-
dependent variables. The thus derived runoff re-
present the surface runoff only. 

On the forecast of the hydrograph in the 
final profile, besides the determination of over-
all runoff volume,its distribution with time /the 
time distribution of the runoff - coefficient/ is 
of great influence. It is described the method of 
calculation, considering the changes of the runoff - coefficient during a rainfall a./according to 
a straight line, b. /according to the function of 
the hyperbolic tangent. Pending such a determina-
tion of the time distribution, pertaining to the 
precipitations, is the final profile the surface 
runoff is derived in such a way, that effective rainfall is.taken as the inflow 

the 
into 

the basin, which is considered as a system 
of 

linear reservoirs /J.E• Nash - method/. On them-
amples of waves derived in such a manner,the here
desribed ways of determining the time distribu-

tion of runoff coefficients a./and b./ are
comp - 

ared. 

In the case of larger watersheds flood
forecast can be made not on the basis of the
measured storm rainfall, but by taking into 
consideration the runoff measured in the small 
streams in the boundary parts of the basin- The 
advantage of this method lies in the fact that 
such data indicate directly the surface runoff, 
which must be computed if as a basis for the f) 3v....
cast the precipitation values are used. The die 
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-advantage in this case however is the lose of 
time which elapses from the rainfall till the for-
mation of the surface runoff in small streams. 
This time loss may be neglected in larger waters-
neds, however in small basins it is often not 
possible due to the short lag times. In cases of 
such small basins especially of mountaineous cha--
acter a usable forecast is possible practically 
only on the basis of rainfall records. 

Often it is sufficient to predict only the 
peak of the flood hydrograph. In this case the 
aim of the forecast - method is confined obviously 
only to determine the relation between the peak 
discharge and the physical and meteorological 
factors prevailing in the basin. However often it 
ie necessary to predict also the stage hydrograph 
in all its shape, or discharge 'eydrograph in the 
closing cross section. The solution of this 
problem is dealt with in the present report. 

They exist many methods for forecasting the 
hydrograph on the basis of precipitations. Essen-
tially in all these methods the unit hydrograph 
theory is used: the difference between various 
concepts being only in different mathematical de-
finition of the unit-granh. In our case We have 
used the concept of J.E. Nash (1). According to 
this concept the catchment area can be considered 
ae a system of n linear reservoirs, situated in 
succession,where the inflow into the first one is 
represented by the effective rainfall (i.e.rain-
fall responsible for the surface runoff), and the 
outflow from the n - th reservoir is the runoff 
the closing cross section of the basin. A linear 
reservoir means a reservoir for which the linear 
relationship holds, i.e. 

/1/ 

/ V - storage in the reservoir, 0 - outflow from 
the reservoir, V -coefficient of proportionality/. 

In (1) a method is discribed for determina-
tion both parameters n and V by means of the 
moments of the hyetograph and runoff hydrograph. 
The reason for using the Nash - eoncept was the 
circumstance allowing an easy programming of the 
operation of linear reservoirs system on a' small 
analog -computer, and, in addition, that the 
program is applicable alspin the solution of the 
flood routing problems in the open channels. 

In order to determine the resulting hydro-
graph with reasonable accuracy, it is necessary 
to know the effective precipitation in time inter-
vals which must be aSequate to the total area of 
the basin.In our case it was a watershed situated 
in the mountain region in the upper basin of the 

river Hron (central Slovakia). The most part of 

the surface runoff has been formed by rainfall on 

the southern slopes of the Low Tatra mountains. 

The watershed has an area of 582 km2 of wich about 

60- is afforested and it is aituatea in -the height 

from 490 up to 2025 m above spa level. For this 

basin we have determined the parameters of the 

unit hydrograph as n= 5 and Ve 1,5 hours, "sing 

the above mentioned method. A reliable determina-

tion of the inflow into the watershed /hyetograph 

of effective rainfall/ is possible only if this 

is defined in time intervals equal to at least 

1.5 hours. For such short time intervals it is 

scarcely possible to elaborate multiple correla-

tion relationships between the runoff volume 

/reap. of the effective rainfall/, the total pre-
cipitation, and other determining factors. It 

was therefore necessary to solve following 

problems: 26 • 

a. to determine from reiefail on 
the watershed during a long tiae eeriod /'he total 
duration of otormrain/ the ameunt se nurfece run-
off of the whole wave /the average effective pre-
cipitation during the total dureioe atonTrain/ 
and 

b. to determine the ayetograeo the 
effective rainfall /the time curse of the runoff 
coefficient/ reap. its values ear-earonding to 
time intervals of 1.5 hours. 

Forecasting the runeff froa rainfall, the 
knowledge of factors affeetina the relation betwol 
these phenomena should ho Btud:.ed. 7110 import-
ant are factors characeerizing the anturation 
degree of soil by previous peecitratat ena, factors 

indicating the changes in vegnealion end tempenamn 
during the year, eventuelly the dure' on and in-
tensity of rain. For -leteemiration of the most 

important of the above m-ntioned facto --o entering 
in the rainfall - runoff -e -,tiermaie we Save used 

the multiple linear cereeletion eeeet. rainfall 

data were collected at 1 5 geagiea statione, of 

which 9 were located directly the %vete-shed and 

the remaining 6 in the % :savite of th4 watershed -

divide. The arithmetice7 near. -;hoLn data (P ) 

gave better results then tao n ewai- tei een,Oerivead 

by means of the Thiessen eelae:,no. rh: s may be ex -

plained by the greater influence of fee ealn 

ges situated in the valleys agaieat the stations 

located near the divide whica, Omeever,eee deois-

aive in the cases of eetreme _a-lin:a:11s On moon-
) has 
records 
nrofile 

tainous region. The duratiee of toTan 
been determined on the basis of reinae'l 

from recorders situated nea- eloaina 

and in the upper cart of ';be -r•shpd . 

to determine the effect of tar avieatransoara=d . 
By the means of other seaaaetere ae

cycle during the year. Averege temneretores, mea-

sured at the two above men rccor:lh stRtirno 

e 
over periods of 10, 20 and r 

th 

did the index expressed W

yielded w roe a.: 
occurence of flood 

tee eel, __ number (Wn). 

Greatest attention hazy been devoted to the 

parameters characterising tae saturation of the 

watershed, especially to the anteeedeat pr: 
cipitn-

tion index (API) /2/. The characteristico of soil 

saturation using the values of initial 
discharges 

at the time of rise of the wave Sal7a no 
satisfact-

ory
c

 results. It should be noted that this
does not include the effect of aterm rain 

fallen 

an decisiveae-Tfetrti. :nsrthoefffo= tcnIf7 = ::::5

immediately before thr, expected WgVe, 

just this r 

The API index has been expressed as 

.5w 

where c in namber of the days before the 

tive rain 

E
t 
is rainfall amount in 

the eff.a rain 

0,95. 

e ffee-

t th day before 

k is konstant movina within tie range 
0,8- 

Trying to find out :he .soot euitable ex-,

pression we decided to use the value t - .30 days 

and k = 0,94. The obtained reeolta were 
ed 

with values obtained by meane of the Indices

Lambor /IL/ (3) and Befani /Ia/ (4). The other 

parameters in the correlation re-

mained unchanged.
relationohip 

For comparison of tap above

mentioned methods the Tsb.1 may be of use /the 

values in table represent correlation coefficientV. 



7ab. 1 

t 
API 

Jaya k=0,86 
API API API 

k.:1,90I k=0,02 V.0,O4 
18 

10 

15 

20 

30 ,8231 

j 

0,8 12 

0, 0,0387 

0,79o0 

',8237 

0,8330 

0,!3423 

0,8207 

0,8353 

0,7794 

The determination of the surface runoff vo-

lume wan the aim of the first phase in the study. 

In arranging the samples for determination of the 

moat suitable form of the resulting equation we 

could not avoid the problem of base-flow separa-

tion.This has been done by two methoda.As regards 

the first one we assumed base-flow constant and 

equal to the discharge at the time of rise of th= 

wave. 7hp results obtained through use of this 

method were worse as those obtained by using, the 

second one. This comes out from following assumP-

tions: a short time lag of the flood wave after 

storm rain and a steep riaing limb,characteristic 

for small and mountainous watersheds, will not 

allow during rise the base-inflow to the river 

bed. Therefore starting from the discharge at the 

time of rise we separate the base-flow constantly 

as far as to the time of peak. Further we assume 

that the depletion of the water storage is ex-pres-

sed by the well-known relation 

where 

/3/ 

QT
Q
o 
- initial discharge 

pC - recession constant 

P - base of natural logarithms 

T - time elapsed from initial 
discharge 

The function (3) on logarithmic paper 
is 

represented by a straight line. In drawing the 

falling limb of flood waves on this paper it is 

Possible to replace it by two straight 
lines of 

the type (3) ) of different slopes. The point of 

intersection of both of them was found 
to corres-

Pond to the point of maximum curvature 
of the 

falling limb. The steeper straightline 
represents 

the recession curve of surface runoff and 
that 

with a moderate slope the recession 
curve of base-

flow. Therefore from the point below 
the peak the 

line of separation leads up to the 
point of 

maximum curvature of the falling limb. 
As regards 

the complex waves with more peaks the supposed 

base-flow line is being extrapolated by 
means of 

the formula (3) using the discharge 
values from 

the not yet affected falling limb 
(5).The applied 

method expresses in a quite satisfactory 
way the 

process of the watershed 
depletion and the scheme 

for single and complex wave is shown 
in Fig.l. 

Considering the influence of the 
individual 

independent variables we obtained the resulting 

relationship for calculation of the 
surface runoff 

of total flood wave (Rs
) in form 

Rs . 
0,115 P

a 
- 0,039 T 4- 0,025 

- 0,028 Wn - 1,074 

The accuracy of this relationship we may 

characterize by the correlation 
coefficient, this 

being r . 0,842. 

In the introduttion it has been already 

mentioned that of decisive importance with re-

discharge at the time T 

API 

/4/ 

gard to the calculation of the runoff hydrograph 
at the outlet point is the determination of the 
hyetograph of the effective rainfall.In our study 
hyetogranh has been defined by the time course of 
the runoff coefficient JP=f/t/, which indicates 
at any moment during the rainfall the amount of 
fallen rain Participating on effective rainfall. 
From the aspect of calculation it has some advant-
age to express the rainfall in the same units as 
the runoff, i.e. in m3/sec. As a basic material 
the records of the already mentioned two rain-
recorders have been used. In order to eliminate 
errors caused by a non-uniform distribution of the 
rainfall over the area only rainfall data have 
been used from both the stations that showed only 
a small differences of the measured values.Atten-
tion must be drawn also to the fact that it is 
very difficult to deduce the function 99 = f/t/ 
directly on the base of runoff and rainfall data, 

this being however possible to some extent only 
on small plots. In general the assumption may 
hold that the time course of the runoff coeffi-
cient is an ascending function starting in a 
certain origin value at the beginning and ending 

in a certain value at the end of the rainfall,and 

that its average value equals to the ratio of the 
surface runoff of the given wave to the precipi-
tation volume fallen over the catchment area 
during rainfall. 

The most simple assumption is to consider 

the runoff coefficient of being invariable 
during rainfall, thus being 

const. = /5/ 

Thie assumption however can be accepted only thin 

if the watershed has been sufficiently saturated 

with water from antecedent rainfalls.This is only 
rarely the case and in general the origin value 
/ (f / will be always lower and the final value 

/0 P/ greater than (?. WP have supposed that -fp 7 
and yk 

are functions of the saturation of the 
basin, expressed by the antecedent precipitation 
index (API), thus 

f/API/ /6/ 

where] is expressed as a relative value of f 
Furtherkore it was assumed that the reldvEma/6/is 
given by a straightline, the zero-v  uP of API 
corresponds to the zero-value of the 
maximum observed API-value is corrEsiaalc to

l

= 1 = . Thus follows that ip 

(Pp= 0,0111 API 

/in our case 0 < API < 00 /. 

If the function representing 
of the runoff coefficient during 
svmetric, then 

/7/ 

the time course 

rainfall is 

y  k= 2 - ( n= 2 - 0,0111 API 

The further necessary step was to assume the 

type of function characterizing the variation of 

the runoff coefficient during the rain. In this 
connection we have used the linear function /full 

line -Fig.2/ as well as the function of hyperbolic 
tangent (dashed line). As regards the e 
function it will be noted that its origin Asa-t cZ 

beginning of the rainfall/corresponds to the argu-

ment

resulting 

from the formulae (7) and (7).P 

- 3, its end corresponds to the argument + 3 

at the end of the rainfall;valups of this funct 

and ''k'

ina 

at these points are equal to (19 

(1) 
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The proper method of calculation is repre-

sented in Fig.3.The rainfall duration is divided 
into m intervals each with the duration of 1,5 
hours and rainfall amount for each of these in-
tervals was derived (p.).i  These values were 
plotted in sequence on the axis of abciesas so 
that 2= pi corresponds to the total rainfall du-

i . 
rationlans in conformity with the choosen fundical 
(in the case of Fig.3 hyperbolic tangent) to the 
rainfall amounts for each time interval the values 
of the runoff coefficient ? wore determined.The 
effective precipitation in 1 th time interval 
(P . 

1 
) is expressed as 

e,

e,i = Pi • Ti /8/ 

and thus also the hyetograph of effective rain-
fall can be determined. The same way, as repre-
sented in Fig.3, has been used also in the case 
of the presumed linear function during rainfall, 

and (Pk values remaining the same. 

As said above,hyetograph of effective rain 
fall represents the inflow into the system of 
linear reservoirs which, according to the Nash 
concept,has the same routing effect as the basin 
itself. This system in our case consiets of five 
reservoirs. The results (hydrographe of the sur-
face runoff)obtained under conditions of preowned 
straightline-course of the runoff coefficient 
during rainfall (deshed line in Fig.4a,b,c), by 
using the function of hyperbolic tanont (dotted 
line)and with a constant value(dot-and-dash line) 
have been compared. The observed hydrograph is 
indicated by a full line.For calculation a small 
analog computer AP-S has been used. 

As can be seen in Fig.4 the aesumotion of a 
constant runoff coefficient during rainfall may 
cause serious errors in the obtained results.The 
other two used methods (the straightline and the 
hyperbolic tangent) gave results very similmlvtith 
regard to the simplicity we have recommended for 
the given basin in connection with the calculation 
of the runoff coefficient during rainfall the 
straightline course. These conclusions have been 
confirmed by the results of the analysis of about 
thirty hydrographa. 

It may be Seen,however,the difference bet-
ween the observed and calculated,hydrographs. It 
may be caused by more reasons.At first by the in-
accuracies of the basic data(rainfall and water-
stage records).To a lesser extent it may be caus-

ed by the nonuniform distribution of rainfall 
over the watershed, then by schematization of 
the runoff process in the system of the linear 
model and by the difficulties in separation of 

the surface runoff from the other hydrograph 
components. 

(pp 

The main aim of this study performed in the 

mentioned catchment area was to determine the 

convenient method of the hydrograph forecast on 

the basis of rainfall records.For this purpose 

it was necessary to solve the problem of the 

determination of total effective rainfall volume 

and its distribution with time. The accuracy of 

these factors essentially affects the total ac-

curacy of the forecast and therefore greatest 

attention has been given to them. 

Even though a concrete catchment areas 

was subject to the study, it may be said,that it 

is possible to generalize the obtained results 

and make use of them, for the problem of runoff 

forecasting from rainfall. 
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THE SIGNIFICANCE OF INTERFLOW FOR THE FORMATION OF 

FLOOD WAVES 

Dr. HANS-JORGEN LIEBSCHER, 
Regierungsrat and Referent on Hydrometeorology at. the Federal 

Institute of Hydrology, Koblenz, Federal Republic of Germany 

Peamme 

Ha OCBOBatiMi: ft-By.716TSTOB norytteummx B membuimx 

npeAcTaamTenbmsix OCXE,CTAX B cpeAmmx ropaxemAmotaTo 
CAMAHMB mrpaeT peprTezbmyhd pozb npm oCpaoonammmno-

BoAcummx BOAR B cpexmmx ropax. AH8AMS KpMBMX cyxo-
ro cipeuemm yka*mnaeT, 4TO cAmArme covromTchm* pas-

AM4HWX KOWIOHOHTOU. AJTH OGI,FiCHOHMh *Toro RBAOHMA 

CAVILMT KIDMBNA cyxcro apemenm OT MOTO4HMK3 M AM3M-

meTpa. npM *TOY nrcpcxoAmT, 4TO 3T11 Kpmame COCTO-

RTOR Tamze Ma 6CJII,W01-0 mmena KOUBOHBMTOB. AAA *To-
ro aaAemmii cywecTayeT °Am° oCi,Acmemme m yka*bisaloT-
CB EicamormocTm Anx npmmememmm OTMX peayabTaTos npm 

npeAyomompemmm neaoxm.H. 

SulLitctl The 3ignificance of Intprflow for th, 

Formation of Flood Waves. 

IEtalLE1 Dr. Hans-JUrgen Liebacher, Regierungsrat 

and Referent on Hydrometeorology at the 

Federal Institute of Hydrology, 15-17 

Yaiserin Augusta-Anlagen,Koblenz,Federal 

Repub lie of Germany. 

Abstract: The paper shows that in the German Mittel-

gebirge, interflow is responsible for 

the generation of flood waves to the ex-

tent of about 95%.In order to examine this 

interflow more closely, the deletion 

curves of two measuring stations in a 

small catchment area, and of two springs 

in the Harz mountains, are analyzed. In 

addition,the outflow curves of lysimeters 

are also used for the interpretation of 

these depletion curves.The results indi-

cate that the interflow can be sub:-divid-

ed into five different components. This 

phenomenon is explained by the non- uni-

form behaviour of the water in the un-

saturated zone. The aforementioned 

components can be related to spheres 

characterized by volumetric differences 

in pore space. In conclusion, the dis-

charge hydrographs of a measuring station 

and of a spring in the Upper Harz moun-

tains for the months April through October 

ummary 

On the basis of results from small represen-
tative areas of middle mountains it is seen that 
only interflow plays a decisive role in formation 
of flood waves in middle mountains. The analysis 
of dry weather curves shows that the interflow 
consists of various components. The curves of dry 
weather from sources and lysimeters are used for 
interpretation of this phenomenon. Therefore it 
results that these curves also consist of more 
components. There exists an interpretation for 

this Phenomenon and shows the possibilities to 
apply these results to forecast of flood. 

of the dry year 1959 and the wet year 1961 are 
comnared to Precipitation and the anti-nrecipitatim 
index. 

1. Introduction 

Observing the formulation of a flood wave 
in a small catchment area of about 0,5 square 
kilometers in a German Mittelgebirge such as the 
Harz Mountains, it will be found that the flood 
wave consists of a prealiminary wave and a main 
wave.Immediately after. a heavy rain,a brief but 
very pronounced swell will be noticed, the peak 
of which is reached about one hour after the climax 
of the heavy rain. There follows a quick and 
pronounced recession and, then, another but some-
what slower rise which reaches its peak about 
48 hours after the heavy rain (Fig.l). In most 
cases, the peak of the main wave is considerably 
higher than that of the Preliminary wave. The 
first swell (the preliminary wave) is caused ex-
clusively by surface runoff, the second swell by 
interflow. 

In the mountains of the German Mittplgebirge, 
there is no groundwater runoff since generally, a 
continuous water table reaching down to the val-
ley bottom does not exist. In the case of the 
aforementioned example, the surface runoff in one 
area (Steile Bramke) is 2,9 %, and in the other 
area (Dicke Bramke) 2,5 of total precipitation. 
On the other hand, interflow in the Steile Bramke 
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'area is 53,3%, and in the Dicke Brareee area 5C,' 

of total precipitation. The ratio between ieter-

flow and surface runoff is, therefore, 20:1. The 

rest stands for loeses due to ineerception,evapo-

transpiration and changes in soil storage. In the 

test areas located in the Harz mountains, surface 

runoff has, so far. been observed only on the 

roade.Half of the surface runoff may be consider-

ed as direct runoff on the roads. The other half 

can be explained as preciritation falling into the 

rivulet or in its immediate vicinity. 

Any flood hydrograeh for a larger catchment 

area in the German Yittelgebirge will be composed 

of these two components:eurface runoff and inter-

flow. In such case, however, a separation of the 

two components will no longer be possible. In the 

analysis of such a hydrograph by means of,for ex-

ample, the unit hydrograph method, the "surface 

runoff" is generally separated from groundwater 

runoff. Yet, as we have shown here, 95% of this 

"surface runoff" in the German Mittelgebirge 

consist of interflow. Let us examine the inter-

flow more closely. 

2. Dry-Weather-Flow 

The interflow is defined as that part of 

precipitation which infiltrates the soil where it 

moves, following to a greater or 
lesser extent 

the laws of gravity, to emerge again after a 

certain time in the open course 
of the rivulet.To 

recognize the processes taking 
place in the inter-

flow, we shall first analyze the 
depletion curves 

of small,wooded catchment areas 
in the Harz moun-

tains. Fig. 2 shows the depletion 
curves of thhe 

two aforementioned catchment 
areas in the Harz 

mountains in semi-logarithmic 
representation. The 

depletion curves are bent 
curves. If we assume 

that the decline of the depletion 
curve follows 

the exponential laws, these 
curves would have 

to 

consist of several straight lines running 
one 

above the other. Consequently, it should be 
pos-

sible to express the dry-weather 
runoff as 

q = ql q2 q3 

Each of these straight lines in 

logarithmic representation would then 

an exponential function of the equation 

e 

_Ze 

= gon 

the 
have 

Consequently, the total dry-weather runoff 
be 

semi-

to be 

would 

t 
- 

q(t) . qol e 061t 
+ qo2 P  

o3 p 3

Actually, the depletion curve can be re-
solved into three straight linee.This would be in 

harmony with the classical conception which sub-

divides runoff into surface runoff,interflow and -

groundwater runoff. However, the flood hydro-

graphs examined here represent only the interflow, 

as already mentioned. This means that the .inter-

flow must be subdivided further. It would be na-

tural topresume that we are faced here with three 

different subterranean storage spheres which dif-

fer considerably from each other in geological 

structure. These storage spheres could then be 

understood to include a zone of sloped debris, a 

zone of fissures caused by pressure or eounter-

pressure of the geological structure, and a zone 

of crevices and galleries. 

In one of the aforementioned areas, about 

6flen n ueetream from the measuring etetion, there 
is a uering the yield of which fil3C epaaured 
continuously. Besides Bering yield, the water 
temperature at this point is meaae red twice a 
week.within one yesr,the temperature fluetuatee 
only slightly within about 1°C. This would oeo,L 
to indicate that the water of the erring comes 
fr©m a deeper region,i.p., from a deeth of more 
than 5 - 6 m. If the above-given intereretation 
is correct, the springs depletion curve can be 
dissolved into two curve:: only. The component 
resulting from the "sloped debris zone" weuld 
not exist. Fig. 3 shows the depletion curves of 
two seringe in the ::peer Harz tee': ereee. These 
two depletion curves, however, can also be re-
solved into at least three components (2). 
At first glance, this would seem to indicate 
that the afore-mentioned interpretation is in-
correct. While the depletion curves 
springs cover a period of 140 days, 
the other two measuring statione cover 
days. 

of the 
those of 
only 35 

This means that the laat component of the 
springs was not contained in the other depletion 
curves of the other measuring stations. This, 
in turn, would seem to indicate that there 
exists a fourth storage space. On the other 
hand, the first component is absent in the case 
of the springs, as expected. The possible inter-
pretation suggests that the spring was fed from 
the fissure zone, the zone of crevices and 
galleries, and from a fourth zone. This is not in contradiction to the fact that the spring water temperature remained constant throughout the entire year. A comparison of the coeffi-cients of the exponential functions shows con-formity between the magnitude of the values (Table 1). 

Table 1 

Dicke 

Bramke 
Steile aaukarpen-
Bremke quelle 

Quells eeeile

Bramke 

cl(d-1)

re2
(d-1) 

,C3(d-1) 

°(d-1) 

0,90 

0,21 

0,053 

0,e0 

0,20 

0 ,039 

0,24 

0,070 

0,008 

0,22 

0,047 

0,002 

3. Lysimeter Outflow Curves

It might, however, be possible that other

causes are responsible for the splitting of the

interflow into several components. It Should 

for instance, be 
remembered that in the rang 

tteesta; 

between wilting point and field capacity, -Pthe 

possible water in the 
unsaturated zone may 

show a behaviour 
different from that Prevailing

in the range above field capacii.y. In order to 

= PPInPsrtici;t1 
examine such possibly exist 

inc

carried out at the 

Hydrology (3) with the help of lysimeters homo-

geneously filled with sand, and the outflow 

curves of lysimeters were ascertained (Fige.4

and 5). Two different test series were realized 
with two different lysimptere for each series. 

The lysimeters were completely filled with water

and the outflow of the seepage water was observed 
et regular intervals. While the first test was

run for about ten days, the second test lastet 
ab9ut 100 days. It is well known that lysimeters
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• 

'have cer•ain iloalvantages. Here, the fact that 
lysimetero releaue their peerage water very 
sporadically eaiecia_ly during the perinda of reciwed 
seepage water outflow, waa of particular 
disadvantage. 7hp lip: section of the outflow 
curve ..as, therefore, corrected by means of a 
compensating straigh!, line. Thilo the outflow 
curves of the lysimeters observed during a period 
of ten days could again be split into three 
components, even five com:inenta sere found to 
exiut in tne cede of the lysimeters observed 
during the 1 0̂ -,lay :eriod. Th e to the inaccuracy 
inherent in drawing, the outflpw curves of the 
lysimeters used for the 1:'(7-day toot series can at 
the beginning be resolved into straight lines only 
with a high degree of uncertainty. 

Table 2 

10-day test 
Lyuimeter 1 Lyoimeter 2 

10n-day 
Lyeimeter 

teat 

1 m ter 2 

1 ,46 

0,-12 

12,7 

2,16 

0,24 

9 

2,75 

0,60 

0,092 

0,0011 

2,40 

0,88)1 
0,88)) 

0,100) 

0,0029 

Table 2 shows the coefficients of the ex-
ponential functions of the lysimeters. If the un-
certainties which adhere to the lysimeter values 
are taken into account it is possible to sneak of 

a conformity in magnitude with the values of the 
springs and of the measuring stations at the 
rivulet. The first component recedes so quickly 
that it could not be covered by the depletion 

curves of the measuring etations.The latter were 

plotted only after the turning point had been 

reached, which means about two days after the 

passage of the flood penk.Farthermore, the first 

component will probably have an effect only if 
precipitation is so heavy that the subsoil is 

fully saturated with water. The splitting of the 

interflow into 5 components, at the measuring 
stations as well as the lysimeters, proves 

that differences in the type of storage spheres 

cannot be the cause of the splitting as original-

ly assumed. On the contrary, the cause must be 

the variations in the behaviour of the water in 

the unsaturated zone. 

4. Interpretation of the Possible Components of 
Interflow 

Field capacity is reached about 1-2 days 

after the begin of lysimeter outflow. At, this 
point, the first component has already fully re-
ceded and the second component has receded to a 
large extent. The existence of the various compo-
nents may be explained by the fact that pore spasms 
of different size drain differently. A spedial 
form of the seepage water is the sinking water 
which flows downward in other cavities in the 
soil. It could be the first component of the 
interflow.The seepage water proper moves downward 
in the more or less narrow cavities in the ground. 

On its downward move, it is influenced by gravity 
and,to a greater or lesser extent as the case may 
be, the molecular bonding forces of the soil 
particles which, in part, act in the opposite 
direction and which are the stronger, the smaller 
the pore spaces are. The seepage water prbbably 
represents the other components of the ifterflow, 
and pore spaces of specific size may be related 
to individual components. The first one of these 
components influences primarily the runoff re-
gime. Due to the fact that the pore spaces are 
larger in the uppermost layers, these processes 
probably take place there, which would mean that 
the springs are, as yet, not influenced there by. 

Where pore space volume decreases, the
re, molecular bonding forces become stronger. Here,

the effect of gravity is reduced so that horimmt-
al flow becomes possible. This is prbbably the 
case in the lower layers. This sphere could be 
the third component. It still particirates in the 
overall runoff process and contributes the main 

share to feeding the springs. Most of this water 

comes from the deeper sphere which also explains 

the fact that the water temperature of the 

springs remains constant throughout the year. 

Sinking water as well as seepage water can be re-

tained as hygroscopic water or as adhesive water. 

Adhesive water as well as hygroscopic water can 

be dissipated through evaporation.After prolonged 

dry periods it is, therefore, always these losses 

which are compensated first. 

Figures 6 and 7 show the hydrograph of the 

discharge rate of a small catchment area in the 

Upper Harz mountains (Steile Bramke), the yield 

of a spring (spring of the Steile Bramke) with

the precipitation and the anti-precipitation in-

dex for the months of April through October of 

the dry year 1959 and the wet year 1961. It can 

be seen that the rivulet reacts to every light 

rain, and that it does so all the more pronoun-

cedly, the higher the anti-precipitation 

has been before. The springs, on the other h:rlicT,c 

react only to heavier and more enduring rains: 

they, too, do so all the more pronouncedly, the 

higher the anti-precipitation index has been be-

fore the begin of the precipitation. 
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Cantions 

Fig. 1: Hydrorrapha of the c:.aouriag 

Pi Ore Braml,_, - and S,pjlr n 

Upper Harz teat areas for a f!acd ,hainh 

occurred October ;1-17, 1(-0 1-9. 

Fig. 2: repletion curves, in domi-ingarithmioir—

prPoentatin of the measuring stationo 

ricke BraLLko and 1;`,Pilp BramPe ir. the 

Unper Harz test, arpae,an.1 resolatin in-

to their posuible componento (1). 

Fig. 3: Depletion ourves,in semi-logarithmic iv-

presentation, of the measurirg citations 

:spring of Steile Bramke and jaukappe 

;:lnring in tne Upper Harz trot areao,and 

resolution into their 

comnonPnts (2). 

Fie. 4: Outflow curves of the yoimptPro,and . 1,  

Flo1k,tion into their l asihIP 

rx;r1Prito (31. 
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PiK. 5: Outflew corvea of tnn lyoimetera,and 
.uolutic,n Into their ;.oasible com-
co:lento (1). 

Fig. 6: Precipitatic,nonti-precinitation index, 
diacharge rate et meaouring station 

Bramke, and runoff at 
BramVe daring the months April 

:1.rough ';ctober in the dry year 

Fig. ): ArPcioitation,anti-precipitation index, 
discharge rate at measuring station 
Jteile PramVe, and runoff at Jprinp 
of Steile Bramlre during the months 
throug'r, October in the wet year 1961. 
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METHOD OF ELIMINATION OF ERRORS FROM SNOW PACK DENSITY. 
MEASUREMENT 

By TURtAN J. and KOZLIK V. 
Institute for Hydrology and Hydraulics of the Slovak Academy 

of Sciences Bratislava, Czechoslovakia 

P c, a 10 m e 

AAR rmApozormmecKoro nporaoaa seceHHero cToKa 
OCHODHOO BHAHBHHOO asnaeTca K8K 1140X1-10 Tommee onpe-
Aezennmn cHerosanac m.am BOAPIWO WEBBBaABIIT cHeroMac-
cbl, maxoAxmenca s Oaccenme. Ana yeTaROBAeHMR soAso-
ro 3BEIHBOABBTa BBC6X0AHU PRA mamepeHmft BE4COT1111111A0 
THocTm cHexHoro noKposa. CpeAm MHOXOCTBEi npm6opos 
annapaToe, npmmemaemmx AAR msmepemma nxoTHocTu cHe-
ra npm memepeHmm B mecTHocTm, mmenHo B ropHmx yczo-
BHRX ayBITIB scex npwroAHmmm oKasa.amcb secosme cHero-
mepHme np16opm, ocHameHHme KozeHbammcHeromepa (soH-

Aamm) He6o.nhmoro nonepeHmoro ceHemma (pmc. 1).Bnpo-
necce mamepeuma OT1:MH npm6opaum BEOCOTa ssaToro cHe-
ra sHympm aoHAa (npo6m), KaK npaemzo, 6msaeT membme 
nepsomanaaLmog smcoTm cHezmoro noKposa. YmeHLmenme 
npo6m mozeT 6mT1, nmasaHo: 

a/ sacopenmem OTBOPCTBR soHAa Kt:11)mM Heave 60.111, 
weft nmoTHocTm B npouecce npommKaHma soHAa gepes 
cHezmwq noK P0121. anmamme Taxmm odpaaomBosHmxneg omm-
6Km smpazeno npm nomomm ypasHeHma /3/ /pmc.2 I 3/; 

6/ exammem H cryueHHeM B3ATOr0 B aoHAencA Aeg-
cTsmem TP0BBR 0 cTeaKm amain o6pa3na cHera. ypasHe-
HVIR /4/ /plc. 4 m 5/; 

B/ coHeTaHmem e6omx smme yKaaaHmAxe..ititieee (Cry-

metime Caere B aoHAe smecTe c aacopeHmem sonAa).YPa-
smemma /5/ /pmc. 6 m 7/. 

Ana onpeAeaeHma Ham6ozee sepoaTHog naoTHocTm 
omera noaLayemca rpatmKc-apmclaleTmmecKum pemeHHeM. 
Ecmmcxaem senmHmitm Tb AA % no ypaElHeiimRm /2/ M 

sexmtimmy er r  %J = 100  . PerpeccHaa npamasl qh.r-

= 4 .3(C(  ) Ha oce opAmmaT onpeAezaeT saxmqmmY tiaxTmme-

cmoit cpeAHea naoTHocTm cHera /pmc. 8/. cDaKTmmecKoe 

emamemme nxoTHocTm caera a onpeAexeHamx nyincrax M8 
mepemmR no.nytimm, socnonbeyaca HeKoTopmmm me ..neACYJ0-
mmx meToAos: 

1/ ilepea TociRm.g ti nposoAmm npamme ma TOWER 

/pmc. 8/. AeOcTsyeT: = KoHcT. 

2/ nposoAmm npamme mepea TO4E01 
Ha ye opAmmaT nozymaem seamilmial 

= BORCT. 

3/ Ilepea TOBILMjh nposoAmm napanaeabsme 

A 

qh f1 T., 5 

• jleacTsyeT 

JIyIHHH 

c perpeccaoM npamokqh 1,1 BS ace opAmHaT oTcmmTmseem 

'Summary 

It is basic for the hydrological forecasts 

of autumn inflow to determine as correct as pos-

sible the quantity of snow or water equivalent 

of snow mass found in the basin. For establish-

ment of water equivalent it is necessary to carry 

out manifold measurements of height and thick-

ness of snow cover. Of the numerous facilities 

and instruments used for measurement of snow 

thickness in particular regions, that is in moun-

taineous regions, the most adequate appeared to 

be the gravitation facilities for measuring of 

snow equipped with measurers (tubes) with a small 

diagonal out (figure 1). During the measurement 

by that instrument the height of snow taken in 

tube (the sample) is in principle less than the 

height of snow cover. The decrease of height in 

the sample could be caused by: 

a) choking of the tube opening with a 

thicker crust of ice during the penetration of 

tube thorough the snow cover. Removal of thus 

produced error is carried out by means of equali-

zation (3) (figures 2 and 3) ; 

b) pressing and coagulation of the snow 

sample in tube due to the friction of the 
walls. The levelling (figures 4 and 5) ; 

c) linking the above mentioned cases (pres-

sing of the snow in tube and choking of the 

The levelling (5) (figures 6 and 7). 

The graphic and arithmetic solutions are 

used for the most precise determination of snow 

thickness. Calculation of the values J2 , 
offers levelling (2) and the values 9f "per 

cent The regression forces on the 

axis 'ofilE;tes determine the size of actual 

mid snow thickness (figure 8). The actual snow 

thickness on particular points is obtained by 

means of the following methods: 

1) We take the right lines out of point A 

through point 9 h (figure 8). Hence § s = const. 
results. 

2) We take the right lines through the 

points h and B. We obtain magnitude 2 s on the 

Cr a ordinate axis. Hence 0 8-155 = const. results. 

3) We take the parallel lines with the re-
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/0 SI 
. AeNceeyee , KOFICT. 

5 WO 

4/ LIPcsoAgmale mepee Tolixxeqh

ART mepea TOLIECy C . 110TOM 4h51- — A-1--21 - 
"lb 41,b 

AAA onpesesexme CTBLHABpTHOr0 OTKAOHBHKR 
C npmeseameesseoe TOMHOCTJAS BOA).80B&TE.CH cop—

myxoe /7/. Tax xaxafics 4:ercohal;',47h eyseeeome 4.au 

TBMBCKHM xoel4mumexeom eapeauxeass4Cv .Me 3T0-

ro BUTBKBBT, t1TO meHhIBMM 6yAST x tilded0 nyexeoeso-
mepexxen, xeoftopxuwx Aux onpeAeseexe cpeseee 

BAOTHOCTH cxexxoro noxposa B npeAexax M86pftHHOrO
OTKAOHBHMR(414 H npx xe5pame0ll o6ecneeexxoces 0-* , 
smuxcxxemoe no cPopmyxe /9/. 

npxuble npoxo -
= KOHCT. 

The basic quantity for hydrologic forecasts 
of the spring from snow-melt runoff is the snow 
content in the basin which has to be determined 
with the greatest accuracy. The question is not 
only to state the volume of the snow mass, but 
also to find out its water equivalent in that 
basin. By all over measurements on the ground the 
height and density of the snow pack is observed 
as a base for determination of the water volume, 
represented by the snow cover. 

For measurements of the snow density, there 
are employed diverse types of instruments and de-
vices. In principle we may devide them into por-
table and stable ones.As to both of these groups, 
we basically use the same principle of determina-
tion of the snow density. 

The way mostly in use, is to take snow 
samples. From the known snow volume, the water 
equivalent is determined either by melting the 
snow, and measuring the water volume ( making 
measurements by means of a precipitation gage ), 
or by weighing the snow amount (using diverse 
types of snow eighing gages ). 

Recently radioisotope snow gages are used 
for the determination of the snow density. These 
instruments are either coupled with an artificial 
source of radiation, these gages being mostly 
stable, or there is made use of the natural ra-
diation of the earth surface - here the devices 

are portable. The snow density is determined by 
measuring the loss of radiation intensity, while 

the ray is passing through the snow layer. 

Some more devices, being under development 

are in use, for snow density measurements (e.g. 

elastic pil]owe and others). 

In the snow measuring practices the most 

used devices are the portable snow eighing gages. 

In the diverse countries different types of snow 

gages have been developed, basically being dif-

ferent only proportionally as to the diameter of 

the tube and by the type of scales. In practical 

surveying especially under mountaineous condi-

tions, snow gages with a small cross section of 

the tube proved to be very useful. Such devices 

are in use for instance in the U.S.A., the U.3. 

S.R., and in Canada. At the Institute of Hydro -

logy and Hydraulics of the Slovak Acad. of 

Sciences in Bratislava, there has been used a 

greseion right 
on the axis of ordinates we read the value j  a. e__Sh 

166 
4) The right lines taken through point ? h 

Aha  
pass through point c. Then ---- =

-Ah
h = conet. Alit)

For determination of standard aberrances 
formula (7) may be used with approximate correct-

Hence 

line j)h through point h and' 

conet.reeults. 

ness. Thus G?O ' GS
h 

and Sp s Fh 

will be the actual coefficient of variations 

Cve 
C
v
. Out of it results that the number of 

measurements points n will be smaller, which are 

necessary for determination of average thickness 

of snow cover in the regions chosen for Oherran-

ces defend with the chosen certainty .40 calcu-

lated by means of formula (9). 

type of snow gage, having a f = 10 am2 cross 

section of the sampler (Fig. 1). 

‘ 041.11•1\11IN  

o G J 
1 

1.1 

Fig. 1 

Measurements made of the snow density by 

means of these snow gages, are subjected to di-

verse errors.These errors may be devided into ran-
dom and systematic ones. To the random errors 

there belong for example: inaccuracy of weighing, 

influence of the different temperature upon the 

preciesion of the scale, wind action while weigh-
ing etc. For such errors it is characteristically, 
that they are of random character, and when re-

peated measurements are made, they mutually ex-
clude each other.Their effect may be reduced also 
by providing constructional adaptations to the 

equipment. 

The main source of systematic errors, ab 
snow gages of a small diameter of the sampler, is 
due to the fact, that when snow samples are taken 
into the sampler, the intake height - the snow 
core h1, proves usually to be smaller than the 
original altitude of the snow pack h, has been. 

h h 

The height differences may be perceived by 
providing slot cuts into the tube, through which 
the heght of the core could be observed. Because 
of the differences between the original snow pack 
height and the height of the snow core, showing 
regularly the same sign (posit.) 

h - h a 0 

the reel:ate of the measurements will be affected 
one-sided.The computed snow density will be smal-
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ler than is the real deisity.As shown in the fol-' 
lowing, by the measurements of the snow pack den-
sity it will be expedient, besides noting down 
the data about th, snow pack height in places 
where samples are taken, to take note also of the 
snow core height in the tube. 

Let us now try to find out the facts, caus-
ing the reduction of the core, determining at the 
same time the magnitude of the resulting error. 

A reduction of core height against the ori-
ginal snow pack height could be caused : 

- by a clogging of the tube opening, by an 
snow or ice crust, while the tube is 
pushed into the snow pack, 

- by compression of the sampled snow in the 
tube, due to the friction on the interal 
aide of the tube, 

- by a combined action from both mentioned 
causes. 

In investigating each of these causes sepa-
rately, we will suppose initially that the snow 
density will remain unchanged both over the area, 
and over the height of the snow pack. That is, we 
consider the snow pack to he homogeneous. 

a. Core reduction originating from the Clog-
ging of the tube opening : 

In this case the snow density in the tube 
is the same as has been the original density of 
the snow pack, only the core will be reduced by 
the quantity of snow that could not get into the 
tube because of the clogged opening. The real 
density of the snow would be 

Ps -  h . f (1) 

unknown weight of the whole height of 
the snow 

cross section of the snow sampler. 

As the result of the measurement, the G re-
mains unknown, but we know: weight of the core 
G4, height of the snow pack h, and the height of 
tAe core in the tube h,. 

Fig. 2 

From these elements we could compute: 

Gj 

h . f ' J h. f 
(2) 

Supposed, the core density, compared which 

the original (real) snow density will re-

main unchanged, we could write the weight of the 

core Gj means of the real density of the snow,

as follows: 

G . P . h . f 

After substituting to the equations (2), we' 
obtain : 
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not get in to the tube (Fig.2), and 

ph - 
.9s 

?j = 

By substituting to the equation for the 
computation of h for hj = h - ha , where 

ha is the heght of the snow layer, that 
ha

h 
expressed in form of the relative lose of 
height in percent : 

8. (%) = 100 
Ah

a 
h 

did 

is 

core 

we obtain the equations (2) in the fhllowing 
form : 

gh = 98(1- , = 98 (3) 

It can be seen, that in the considered 

case, as presumed, the density of snow, computed 

from the weight of the core, and from the height 

tf the core, proved to represent the actual den-

sity of the snow pack. 

The equations (3) are grafically snow- in 

Fig. 3.„, 

Q;-9, 

0 

The first of the 

written also as follows 

8
c f a 
100 

equations (3), could 

Ps - s'h 

Hence it is resulting, that the 

fs -1u0- 
is the difference between the 

, 

be 

value 

ordinate 

of the line 9
s 
= 9 and the ordinate of 

the line 

9h for the certain 6
a 
(Fig. 3). 

b. Core reduction, due to the compression of 

the snow in the tube: 

Supposed the clogging of the tube opening 

doesn't take place, the whole snow volume get in-

to the snow sampler. The reduction of snow 
core 

height, against the original snow pack 
height, 

by hb, is only caused by the increase of 

density (Fig.4). 

core 



Similarly as before, we f'Jould write: 

G Gj 

Ps = h.f 4 11 = "'Kr' ' 9j = 
Gj
E.? (1),(2) 

Supposed, the whole snow input has been ac-

complished, the weight of the core will be: 

Gj = 96 . h . f 

Substituting this equation in to the equa-

tions (2), and instead of ico'"hb we use de-

signation W, the result will be: 

- 98 Pi • 

The equations 

ly in Fig. 5. 

(Ch 
100 

(4)are represented graphical-

(4) 

95 

1 

The value of 
Se 100 

SID 
for the 

could be determined as follows 

h 

s  fe(1 - -hi-) 
h - h 

certain 6 b,

(Fig.5)• 

c. Core reduction due to the compression of 

snow in the tube, and also to be clogging 

of the tube. 

Fig. 6 
This case is a combination of both of the 

above mentioned cases a.) and b.) (Fig. 6). It 
occurs for example when by pushing the tube into 

the snow pack, the snow enters into the tube 

slovlier (due the friction on the walls of the 

tube); than is the entering velocity of the tube 

into the snow pack, and therefore, the core den-
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sity ie increasing. If the density of the core is 
much more greater as compared with the snow pack 
density, the opening of the tube becomes clogged, 
preventing further snow from entering. 

Again, as in the upper mentioned cases, the 
equations (1) and (2) are valid. Also in this 
case, we express the weight of the core by means 
of the actual snow density : 

Gj =Qs (hj +Ayr = S)8(h - Ah8)f 

The symbole , 25.1113 are of the same 
significance, as it is the case under a.)and b.). 

By substituting these expressions to the 
equations (2), and marking 

cC( ) = loo „Oh 
h 

where L1h = Ah
a 

+
b' 

and after adjustment, we obtain the equationo(2), 
formed as follows : 

di Sb 
Ph AV 1 - -155- ) 

9j =Ps(] 165.hi h 

..Ah
a 

(5) 

The graphic representation of the equations 
(5) is shown in Fig. 7. 

From the 
justment : 

90

s). 

Se. 

100 

db 
100 

Fig. 7 

equations (5) we 

9s - 9 h 

obtain after ad-

6 
- 9h - 98 ( 1 - ) 

The significance 
certain 6 is shown in 

been 
sity 
over 

As to all these 
presumed for the 
does not change 
the height ( 9 8

of the terms (6) 
Fig. 7. 

three instances, 
present, that the 
neither over the 
= collet.). It is 

(6) 

for the 

it has 
snow den-
area nor 

resulting 

therefore that, for all of the mentioned cases 

"the relationships Q h = f1 ( 9 S ), 9 
f2 ( 9 0 S) are functional. In thethird case 



Pj = f s 
2 s' 

Q L4 
the su -.,osition is joining in,that  _const.' 

for any valueah zha fAhh. 

've know in fart that our supposition an to 
homogenity of the snow pacl.r, will not prove to 
be a reality —Furthermore it may be presumed that 
the circumstances, causing the reduction of the 
core as mentioned under a.(and b.), are theore-
tic once, and occuring only exceptionally. The 
most frequent is the core reduction mentioned 
under c.). It results from the physical proper-
ties of the snow, showing that snow of a smaller 
density proves to be more compressibile. Then, 
therefore, snow samples are taken, friction from 
inner tube side will cause the snow core to com-
press.:3now of a greater density,is less comprea - 
sibile and it usually contains several layers of 
ice crusts (especially at higher snow pack 
heights), so that the possibility of a clogging 
of the tube is greater. In the snow sampling with 
diverse densities, the relationship I lk: will also 
change. 

21 Knowing, that 9 const., ka = const., 

and that which they represent random variables, 
the functional relationships Ph = fi(9 s, 6).and 

) are transforming into cor-

relative ones. The final relationship will be-
come more close, with the reduction of the va-
riability of snow density in the region, or with 
the reduction of the distance of the points,where 
measurements are made. Then repeated measurements 
are made close together, the correlative rela-
tionship will approach the functional one.On the 
contrary, in measuring the snow density over a 
broad region, showing a great variability of snow 
density, the relationship will cease. 

A further cause for the dispersion of the 
spots, is the variability of snow density, along 

the sampling depth. By puting the 9h and 4j into 

a straight line and hyperbola, resp., we are 

neglecting this variability of density over the 

snow pack height.As to the instances a.) and c.), 

we attach to the layer of snow, not being taken 

off, the mean density of the sampled snow layers. 

As to b.) the computed density S)11 = Ps represents 
the density of all snow layers. 

The practical use of this lnowledge will be 
demonstrated on an example.We take the results of 

the snow density measurements, made on mount 

Chopok, 25.IV. 1968. From the measured values 

Gj we compute 9 h, 9 j, S (equations/2/ ): 

h - h 

  62(;!.) -   . 100 

The cross section of the sampler is f = 10 am
2 

. 
The computed values are represented in the graph 
(Fig. 8). 

'maim 
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From this graph GFig. 8) it can be seen,' 
that a relatively small number of points (in this 
case 25) measured at not great distances, will be 
sufficient for the aproximate adjustment of 9 , 
into a straight line. In consequence we construct 
the hyperbola 10 

j 
thereof in the usual geometric 

way. 

The lines 9 h and 9 mark on the vertical 

axis of the graph the value of the real mean den-
sity p o = 0,580. 

The straight line 9 h divides the ordinate 

of the line 9 s = 0,580 for S. 100;, into section 
p and q . In consequence of the equations (6), 
tae correlation relationship is in the following 
shape: 

Pa

98

cc a 
100 

cb 
100 

where the symbols 

  95 - Ph PS 

9h )8(1 100 ) Lig 

h signify the values of 9 h, 

determined by the regresive straight line, for 
q . 0,035. the certain . In our case po. 0,545, 

,&h
a Po 0,545 

o 
- 0,035 -15,6 

The further task is to determine the real 
density 9. in the single spots, where measure-
ments have been made. This is rather complex, be-
cause, as has been mentioned, several factors si-
multaneously may influence the dispersion of the 
points.In case we were in a position to determine 
a single or a prevailing factor, causing the re-
duction of the core, we could choose one of the 
further mentioned methods for the stating of the 
actual density of the single measurement. For 
explanation we use Fig. 8, where, along the 
straight 9 h, we marked the points A, B, C. 

1.) We conduct through all the points9h a 
straight line, passing through the point A. By 
this means we attribute to any point an equal, 
actual density, this being equal the mean actual 
density. 

9 
This method could be used in cases of measure-

ments, carried out close by, so that the variabi-

lity of the snow pack density could be neglected. 

2.) We connect all points 9 with the 

point B, prolonging the straight line,h till to the 

axis of the ordinates, cutting it in a height, 

which represents the real density for a given 

point. In that case we could write : 

98 100 

This method could 
eh = h.k, where k 
bera , the ice cruet 
of the tube at any 

 _ const. 

be used if in the height 

stands for the proportion num-

occurs, clogging the opening 

measurement. 

3.) Through the points p h we conduct the 

parallels with the straight line ph, and from the 
axis of the ordinates we read the values Q ei• 

Fig. a 



Then applies : 

Sb 
10(-98 conet. 

In using this method, we suppose that the propor-
tional compression of the snow in the tube re-
mains constant. This fact may be found out by 
making comparison measurement,by means of a snow 
sampler of another type. 

In this case applies : e°

4.) Straight lines, conducted through the 
points e will pass through point C, determin-

ing on the axis of the ordinates the values p 

4ha4 ha 

h
b ZChb 

conet. 

In all these cases, if not presumed, that 
core reduction has been caused only by snow com-
pression in the tube (instance b.), the real den-
sity of the snow will be greater than this in the 
case with the density, calculated under no com-
pensation. In the existing practice, the density 

of snow has been computed from the weight of the 
core, and the real height of the snow pack : 

Because 

9  
h . f 

Ph' 
will be also 

4_  9s 

For all the mentioned methods of determining the 

real density of the snow, approximately ( ae to 

method 3. exactly),the formula for computation of 

the standard deviation of snow density is follow-

ing : 

WSJ = h r2 (7) 

standard deviation of the real snow deneily 

standard deviation of values 
h 

coefficient of correlation between the va-
luee_c h and S. 
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under 
means 

In this formula the value of the expression 
the root will always be smaller than 1.Thie 
that(i0 

3 8 
will be smaller than kp h. 

T' "? L 1, G:ph

Computing the variation coefficient of snow 
density from the corrected values of 8 and 

this will always be smaller than the coefficient 
of variation, computed from the values where the 
density of snow has not been corrected. 

C 
vs = (8) 

In consequence the number of points of enew 
pack density measurements, n, necessary for the 
determination of the mean snow density within the 
limits of the chosen deviation C'C, and under the 
Chosen certaintyn6(see Report by V.Kozlik), will 
be smaller than if computed without the correo-
tione. 

tc‘ 2
n . 104  e 

gec 
ve (9) 

In reducing the number of points involved 
in the measuremente,and in keeping to the deman-
ded accuracy for the determination of the meanva-
lue,the economy of the snow pack density measure-
ments will be increased. 



LAWFULNESS OF THE SHOW SUPPLY FORMATION IN THE FOREST, 
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Peaxme 

Emmm peccuoTIJ.eHm B36MMOOTHOWEiHRR, xoTopme 0-
6ycAesAnsaeT cHeI)4} pexmm AOCOB ( X.a) M OTNIOMTWX 

npoCTpaMCTB, TO ecTk. (x0) K - XA peeepsyspa 
xo 

Opee,, B KoTopom exoswe 'secs TBCpAT eAmHpo - 
Typy. 

AHammamposHo emzo conocTasAeHve cHes,Hmx Ye-
B Aecy H Ha OTKpUrrba npocTpaHcTeax B °THOME,-

MMM m tamcmy AHeri c cHexHmum ocaxacaum (H) c emco-
ToN HeA yposHem LopR (X) c TemnepaTypoil (T),KoTo-
Pea xapakTepmayeTcR cosokynHocTbm cpeAHmx oTinina-
TembRmx mHesHmx TemnepaTyp H ocoOeHHocTbmmeca (11). 

Yoeerb AAR smgmcAempR paammum cHeaHmx pecyp-
COB B xecy a Ha oTxpbrTmx npocTpaHcTsax mso6paxa - 
eTcR B smAe E = 0/X,T,H,.71/. Yola npmmemeHmilwro'-
ro oTHomeHmR Hymaio 6oAbmee KommtzecTso maTepmaxos 
nomyveHHmx B TeneHve 6oAbwero 4acRa AeT. 

For the forecast of the spring runoff,it is 
important to state accurately the snow storage of 
the basin. Basic data offering a start fur deter-
mining the runoff coefficients, are gained from 
stations, which in their manner of distribution 
over the basin characterize the water storage of 
the open areas.This fact will cause the inaccurate 

stating of the water storage of the whole basinolt 
the end of the accumulation period, above all of 
the afforested parts of the basin. 

Forest represent an important factor in the 

snow pack regime and there is in its influence 

contained a global effect of action from the sing-

le climatic factors. Being a part of the environ-

ment in respect to the whole region, it changes 

these climatic factors, creating thereby also 

special conditions for the determination of the 

snow pack regime.The different character of winter 

seasons of the single years - mild, warm, cold -

changes the whole effect of forest upon the snow 

balance. In a certain period there could be more 

snow in the forest, and less in open sites, and 

over another period this is quite the reverse. On 

Summary 

The mutual relationship, conditioning the 

snow regime of woods (hE)and open areas,respect., 

ho 
(ho) kr-- of the Crave reservoir, where woods
are 

represented by spruce (picea excelsa),forming 

here a monoculture has been examined. 

The comparing of snow conditins in the 

forest and in open areas, in relation with number 

of days with snow fall (N), with the altitude 

above sea level (H), with the temperature (T) 

characterized by the sum of mean negative daily 

temperatures and forest characteristics (L) have 

been analysed. 

A model for the computation of the differ-

ence of the snow storage in the forest and open ,

areas is presented in the form of .AE r f 

(H, T, N, L). For the application of this rela-

tionship more material gained over a greater num-

ber of years is required. 

the formation of the snow regime the forest is of 
effect by its composition, canopy and age. 

The quantity of snow pack in the woods is 
characterized by a larger or smaller snow storage, 

as compared with open areas. It is important to 
know what the portion was, especially at the end 

of the winter period, that is, over the season of 
accumulation of solid precipitation(the so called 
accumulative phase of winter),and at the begirning 
of the snow-melt, coupled with runoff. Both of 
these periods are different in their temperature-
precipitational balance. In the first case the 
occurence of solid precipitation and negative tem-
peratures are prevailing, as to the second case 
positive temperatures,snow - melt and evaporation 
predominate. 

In the works of single authors we meet with 
basic contradictions as to evaluation of the in-
fluences of forest on the accumulation of snow 
storage. 

One group of authors,to which belongs Roma-

(5) and Nestorov (3), stands rov (2), RidkovskSr 
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up for the opinion that maximum snow storage in 
the forest (especially in dense woods, concerning 
any sort of forest) must be smaller than this is 
the case on open areas, because on the greater 
part cf precipitations being caught by the crowns 
of trees. 

The second group of authors, and among them 
Rachmanov (4), Galachov (1) and Velikanov (6), 
incline to the opinion that this relationship is 
just the reverse, maintaining the snow storage in 
woods to be greater than on open areas. Rachmanov 
(4) expresses the greater snow storage in forests 
as "coefficient of snow storage", that is, the 
relation of snow storage (in mm of water column) 
of woods and of open areas, respect. 

In our endeavour to analyze more in detail 
the upper mentioned problems,and to take the line 

in this respect, we decided to search the diffe-
rent ways of the snow pack formulation in te fo-

rest (h_) and of open areas,reep.(h ) (k ) 
h
o 

in the basin of the Crave reservoir, (Fig. 1). 

In choosing this basin we tried to find out the 

basin showing complexes of frest as to their

structure, age and density of more less homogene-

ous vegetation. In respect to the composition of 

the forest vegetation,thern is represented spruce 

(pieea excelse), farming here a 60 - 80 years old 

monoculture. 

Fig. 1. Basin of the Orava dam. 

0 

From the climatical point of view our terri-

tory belongs to the region of complex conditions 

of changing maritime and continental influences , 

which is reflected by the temperature conditions 

of the winter period,characterized by us through 

the sum of negative mean daily temperature, /--te 

In this respect the basin of the Orava reservoir 

belongs to the climatical region, where weather 

conditions are of a characteristical influence. 

The whole area of the basin belonging to the 

6SSR, represents 976 km2, afforested to 30'14, the 

altitude above sea level being 600 - 1725 m. 

Data we are proceeding from in this report, 

have been obtained from the stations: 

- Hydrometeorological Institute (HMU) - the 

height of snow is measured daily on the 

snow stake (15 precipitation gaging 

stations and 3 climatic ones) 

- from snow courses performed by Institute 

for Hydrology and Hydraulics of the 

Slovak Academy of Sciences. 40 

The height and density of the snow pack is' 
measured on the snow courses Institute for Hydro-
logy and Hydraulics of the Slovak Academy of 
Sciences, once weekly,by means of a portable snow 
stakes. The height is measured in 20 points over 
a straight line (the distance between the single 
points being 20 m), and the density is measured 
in 5 points at selected etatior.e. The distribu-
tion of the courses over the baein'area is shown 
in the following table 1. 

Table 1. 

Altitude above 
Sea level 

Orientation of 
slope 

S 

600 0, L 0, L 0, L C, L 

700 0, L 0, L C, L 0, L 

800 0, L 0, L 0, L 0, L 

900 0, L L 0, L 0, I, 

1000 L L L 

O - anow course of on open area 

L - snow course in forest 

Forest density, where the snow curse are 
located is equal about 20 - 25 %. By density we 
understand the amount of forest openings (the sum 
of the open spaces remainding outside the crown 
projection area)expressed as percentage of forest 
area under estimination. The data originates from 
the winter season 1966/67 and 1967/68. 

As to the observation and gauging the height 
and density of the snow pack, we start from the 
fact, that between both of the invironments con - 
cerning a given day, there exists a certain rela-
tionship of k - . The snow conditions 

no

stated e.g. by the height of the snow pack in both 
of the spots (L,O) under observation, are consi_ 

tiered as representing the global results of the 
effect of all the factors, and the measured h 

o 

are considered to be the real mutually correspond-

ing values of the spots under observation. In the 
course of the week the sum of factors(temperature

fluctuations, wind, snowfall etc.)
reflecting in the change of k - value over the 

succeeding measurements. These changes manifest 

themselves in a special way by the diverse orien-
tations of the slopes and altitudes above sea 

level. From any snow course we have at our dispo-

sal 20 values,out of which we are determining the 

mean value as the representative value of the 

given course. 

Over the initial winter period with negative 
air temperatures dominating, the development of 

the snow strage is affected only by precipitatirs 
and evaporation from snow pack. Over this period 
at' he afforested etation,the evaporated quantity 
of snow is greater than at open ones. Mainly the 

evaporation from snow, intercepted in the crowns 

of the trees, is prevailing, because snow- fall 
occurs at higher temperatures (Fig. 2, section 
A - B).0n the temperature depends the size of the 

snowflahes,being small with negative temperatures, 
and greater with positive ones. Over the next 
phase of the winter, with the initiating of posi-
tive air temperatures, .the evaporation share di-

rectly from the snow cover, increases. Than the 

as 



'evaporation from the snow pack on open areas 
gins to predominate in comparison with the evapo-
ration in forest (Fig.2, section B - C). This re-
lation, however, does ntt change quantitatively 
with the altitude above sea level of the station. 

- . 
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Fig. 2a. 
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Pig. 2. Comparison of the couree of snow peck height in open 

aresoond in forest, in relationehip with the eltitu0 

de above sea level, and with the advance of winter, 

resp. 

Point B 'market last date when the enow peck in forget 

le hither, than on the open arose. 
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Points B festooned in Fig. 2 determine the. 
moment of the snow cover in the forest surpassing 
the snow cover on open areas ( k 1 ) . 
From Fig. 2 it may be seen that with rising 
altitude above sea level later on the posi-
tive accumulative function of the forest on the 
snow storage, is becmming active. Contrary to 
this Fig.2-a signECizes a reverse tendency. As 
could be seen further on, these winters differ 
meteorologically mainly over their initial stage. 
The beginning of the winter 1966/67 has been warm, 
the winter of 1967/68 cold. It is important to 
notice, whether the point in question belongs to 
the period of accumulation, or to the phase of 
initially rising temperatures - the stage of thaw. 
With lower altitudes above sea level of 600, 700 
and em, this point belongs to the first phase of 
winter, it results therefore that forest has a 
positive effect on the increase of storage. In 
altitudes of 900, and 1000 m above sea level, the 
accumulative function initiates only in the second 
phase of the winter. The forest here also shows 
its favourable effect on the increase of the sto-
rate in the basin,the coefficient values k hcmewr, 

are not so high as in lower altitudes above sea 
level.We could explein this phenomenon as follows: 

with the increase of altitude above sea level, 
forest complexes are becoming more coherent, and 

in altitudes of 100^a above sea level up to 150Cm 
above sea level, they practically form a coherent 
area.Open areas in this places (yet mainly within 

900 m above sea level)are the clear in Character. 
Because with an altitude of 900 n above sea level, 

these open, areas are .eider, the value k is vary-

int; slightly.By means of extrapolation, we gained 

the values for o: en areas at 1000 m above -sea 

level, snowing clearly that in our case the opal 

area has the character of an clear. 

..,differentiated character of temperature 

in winter -   _.".id, cold - has an influence 

anon the snow st.or:L o in forests, as compared with 

one% aras. In a win tor with a rich gyelonic 
- 

activity, and varying teperatures d \ 
is 

an:: snow storae is reater in the forest. 

7 nith aticyclunic we._ mthrr the accuulative in-

fluence of .oast could be nea;lected, and the 

dictribu%ion of snov, cover is roughly 
is,the period with value > I initiates earlier 
than in worm win- er.

The value 1,,› 1 denends upon the altitude H 

above spa level,and upon tine  .In a warm winter 

k > 1 initiaos in lower altitudes above sea lcel, 

alreLdy over the accImulative period. In cold 

winters this course is a reverse one. This is best 

documented by Fig.3. 

About the influence of the thermalcharacter 

of winter, one can get an idea from Fig. 4. Lower 

values Z.(-t
d
) in winter 1966/67 have an influence 

on the increase of the coefficient k and .7 ._(-td) 

in winter 1967/68 by its greater value there are 

bought down the values of the coefficient k. It 

follows from this,the snow relations in the given 

station over cold winters, to have been more uni-

form than in the preceding year. 

It would be necessary to find a method, how 

to formulate the difference of the snow storage of 

forests EL, in respect to the storage on open 

We denote this difference areas Eo. with 
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Pig. 3. Initiating of the values k 1 in relation 
with time and altitude above sea level.The 
course of this coefficient in winter with 
different 2.7./ -t

d
/ (dashed lines). 

2SE . EL - Eo and take it into consideration as 
the function of the altitude above aea level H, 
temperature T, number of days with encwfal U, and 

forest characteristics L. 

2SE = f (H, T, N, L) 

In expressing the temperature T with Z/ -td/, we 

could for any altitude above Sea level and for a 

certain time (for instance the period of max.ac-

cumulation, being the case with our exper. basin 

in the end of January and the beginning of Fe-

bruary (assume for following relationship, as ex-

pressed by the general frrro: 

bE = 1021 /T - a/ n L 

The relationshin .6.E on T, starting from the 

preceeding consideration:, could be, shown graphi-

cally for diverse heights H, in Fig. 5. 
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Re)ationehipLE ou T. 

Thereby one hRa to ::eel, in mind that the 
value N ie d9ponding correlatively on 2:/-tom /. 

This conaidera'Aco could be taken as a model 
some way, fur the further procedure for the eva-
luation of the crow storage. The results require 
a working 'ter of '1 greater suantit nf material , 
origint ifig from s,.:. r;i1 

The 1- entioneJ f)rmls must by widened Ruth-
pr on by a new variable, nat ia,we have to take 
into consideisAion the iaih four orientation of 
the slopes ("Fant st rA,:Louth).The formation 
of snow storaFe in depending on it, and is point-
ing out to a certain lay..fulneos. For instance, 
E,N- orientated slopes show approximately an aped 
distribution, of snow and similarly do the orienta, 

v, g. 

In Ghe matPrinl over two winter 
pericds, wo demonstrgtel the e:Ltsting differences 
of arm:, accumula bn in both of the environments, 
and allowed, what i3 mostly exerting influence 
upon these difforencns. 

ThP comprehension of these problems and the 
lawfulnesa, iv of grPat significance for the de-
termination of write 2toragP in snow of the basin 
and for the sprink ronoff forecast. 

Rogiotpr of

Fig, 1 Bssin of the (frays dam. 

Fig.2a,2 Comparison of the course 

height in onen areas, and in forest, in 

relationship with the altitude above sea 

level, and with the advance of winter, 

reop 
Point B mar-;ts date when the snow pack in 

forest is higher, than on the open areas. 

Fig. 3 Initiating, of the values Ic;1 in relation 

with time and altitude above OPEL level. 

The course of this coefficient in winter 

Fir. A 

with different I /-td/ (dashed lines). 

Comparison of the course of the snow padk 

height in open ar?as,and in forests reap, 

in relationship with temperature condi-

north - exposed). level

tone of winter (000 m above spa 

Fig. 5 Relationship E upon T. 

of snow pack 
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3HAHHE 113MEH4MBOCTX CHEr03ADIACOB B BACCEgHE OCHOBA 
HAalimoro BECEHHEr0 CTOKA 

KOUSIK B. 

MECTXTyT rmgpozormm m rmApalavaimm CZOWILIK04 Axememmm Hapc 
BpaTmcAaBa l tlexocaoBaxma 

e a le m e 

Kpyi Tepslymb) nn)i noAHoro npeLcTaaAeHas, cTaTHc-

TM4eCKMX AaHHWX o cHeAHmx oanacax Na coceAmixTep-

pmTopaHx, cacTem 0314HTos CAR asmel eHaa cHera, qm-

czo nyincTon H MX paaxe:lenme, aBenwAlpyroTex C 

nouoinbw Ko3Wmosiewla nepememqvuoCTL 

(VHKUBH. 
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savaCaX, owa6Ka KoTcpb:e BO3HMK8Xa semAy 

nyrwroa Ann wsueyemari cHera, npensiTcTamst 

He, cnoco6 KOTOIDEM HemepHperca napameTpm 

cTpyKTycnon 

CH0X(HtlY 

CMCTeUW 

Na Tepe-

CHextiNX 

aanacoB; coeottynHme cHe:i:Hme ocaxwa, Bmcoma anzoT-

HOCTE, cHewHoro 1101(1013a, HenpaevzhHocTH K:rop:de BO-

eaatczy cHellwx eanacoa a necy, Toze aHBJSH-

BNpywTCR c nomOW1,10 HOorKmOmenTa nepemewimBoCTR. 

npenmeraeTcn: 

MeTon, KOTOIMU mcno.meeTcH npaaa7mHocTast BOO-

UOKHOCTT, nonyUcHUR COAHMX cTaTmeTmgcChzX AaHHMX,M 

HocseHmoci veTex, iIJf R onpeAeneHmat cHexlimx ea-

nacoe HA OAMAH'AWIX COASCTRX: - 

gAitm8TVI4eCKNX 0c045emBocTeti C ROMOLAblO X00144plum 

enTa nepomewtHaocTy. 

C nomombw ammHax 

CHexHmA nottpos - HBAeHae, o6Aaxammee 050nbtliOg 

xmnemm4HocT100, noABepraloWeeCR 6meTpb1M aemeHeHaHm B 

npccTpaHoTae N arewevv. Cu M0MCHACTCH noA AeMcT-

BHeWHNX TAX N BHyTpetniax cpaicropos.3Haaae 

KOZWiecTBeHHOg CTOpolim OTRX MHUB 

aLWHVM yczoallem pallmoHaahHmx MeT0-

Bmem Rag 

eaKoHouepHooTH 

HOHMik ABXReTCA 

Aon AAA 

eanacax a 6acceAHe a Tem cams( AAR BOJIVICHZR ma-

AeHaoro nporHoaa aeceHHero cToKa. 

MBUCHMMBCCIb omeroaanacon B npaRTrKe ampawa-

• AByx CTtATMCTMLIBCKMX nolcasaTexax: 

B KooNnuvenTe aapmaamm, 

• cTpyitTyHof4 45,HxUall. 

aTCH 

BoxygeRaH cTaTacTatiecitax galiHmx o cHero-
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U LI laary 

Criteria for the full representation of 
statistic data on the snow supplies in the catch-
ment areas, system of the snow measuring points, 
ntuober of points, distribution of points, are 
analysed by means of the coefficient of varia - tion and structural function. 

Accuracy of statistic data on the snow supply, 
errors, due to the sistem of snow measuring 
point:-, the field obstacles, the way how the pare-
netres of snow sunply are measured: the total of 
snow precipitations, the hi6ht and the density of 
the snow cover; inaccuracies caused by the forest 
:'low supply are analysed also by means of the 
coefficient of variation. 

I:ethod how to improve the accuracy and of 
havint; avilable full representative statistical 
data and 

Indirect methods how to determine the supplies 
of snow in the catchment areas: - by means of the 
winter climatic characteristics - by means of the 
variation coefficient, are proposed. 

KoacNomumeHT aapaananCv : 

CTpyKTypHaR (Pylnama: 

(Xeir 
n - 4 / 1 / 

4 cv= (94-0 /2/ 
H0044MUM0HT aapmaumm ampazaeT mamemmaocTI, Raze - 

HYAR 

1). 
Ha AaHHom mecTe 8 wawa Asautom momewre (plc. 

Harp. M8MaH4MBOCTb cHerosanacoa a 68CCCRIMA 

Bo BpeveHH (MOueBTO, B CyTTCH)11-  . 3TO, OnenoBa - 

TaX6H0, cTaTagecHaa noKassText. 

HanpoTmB 3Toro cTpyrtTypHan 4yIncume MOBBOAROT 
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Pxc.9. BpOlieHmaH CTpyHTypHaa 05,HxDmaDJOTHOCTKOHOW,. 
noro nompose.ap(Tymomeps 1-11 06o: ultimate:,
mecTa msmeremmg Ha H rule TeppmTopmm 4CCP/. 

2 
/7/ 

rAe Gici" HELAReTCH CTaHAapTHmx OTK.HOHOHNOU cmy-
matimmx ounitioz, aarpyzawwmx mamepermwe AaHmue.CTpy, 
zTypHam 111yHKUHR ma CTaTHOTHHeCxxX Aammix,sarpyzem-

mwx cmymagHwmm olum6zamm, mmeeT, cmeAosaTembHoMp-
my: 

xAxs 
12 7— Z (74 A 

C = 7;/ .20 ,1- 9 2 +.2e 
6/ B zattecTae AambHettmero npmmepa npmmeHemma 

cTpyrrypHoM clryliznmx npmsoAmm mcumczeHmm spemeHHoro 

HAM npocTpamcmseHHoro mHTepsama mezmy Aaymm name-

pexxamm, mTodw mHTepnommume0 mamepemHbocsemmtimm no-

Jr:ma% npomezyTomilme semmmmxm /pnc. 6,10/. 

BemmmmHa owyftm AaHawx, nomymemxwx mmTepnomm-

umett, BWINCIHDTCR H8 oTHomemmg: 

Hari Omax Dozyriamm B HHCTHTyTe mlApOzOrax X ricapals-
Axxx CAR B BpaTHclaBe Ha 0cl:wee coxpoxxxexcnapchma-
TaJlatiax padoT. 

c 
2 

Pmc.10. Bpememmam cTpyxTypHam 110,HKUUR, a6CoaloTHan 
X OTHOCHTEIAI.HaR omx6za xivrepnomm4xx rizoT-
mocrx cHezHoro nompmsa (nosazcza ExcTpx -
ma, 1967 r.) 

1 - ms oAnoTomemmax AaHHwx 
2 - xa cpeAmmx semxmmx. 

Beammxma zoscgmnmewra sapmauxxCv cHeroeana-

COB XBaReTca itylizameg mHorxx itaxTopos, rmammum 06-

paeom: 

/8/ - a6comwTHon Beztiqlomm mccmeAyemoro IMPEadel7Pai 

aummTypa A memAy mazczmambHott x mmHmmaxu-

/9/ HON BBAHHHHOA cTaTmeTmmeemoro PR,ga, m8 "-
Toporo ButildcAHOTcH cpexwee apwpmeTHHecKeieje 

Kpantme semmmmlim cmaTmommeczoro pima MOJE-

Ho aamelixTD Twice 

Ayemott oOmacTm H 

HpaAHmmw swcoTamx mccxe-

maxc, MHH 14.y.m 

- xapanTepa aTMOCokBpmEleCH0a HpipicynnUmHDa Bkl-

nepxoA, oco6eHHo TemnepaTypw soaAYxal X 

BeTpeHHOcTH 

sereTagmommoro noKpona pakoHa: 

/10/ MTax mozHo HanmcaTb o61uee npmmmHHoe opHomemme 

zognximeHTa sapmanmm cHerosanacos Ha TeppmTopmx: 

'Beam mccmeAyemw1 ompesoz /MUM vuyxTypion 

cloymzumm mmmeapHmia, mmm: 

azt 6..,46,.,2) 4  () /11/ 

ec.iw mccmeAyemmti oTpeaoz AHHxx cTpyleTypHol 

MYMMIK zpmsommHerixud. 

Bell1 14211111 -DICCTIOHeHT B anammTmmeczom • OTHO-

mexxx, Empaxammem mccmeAyemwit OTpeaoz cTpyzTypHott 

40.3fmKUNH: 

(y)--- /12/ 

B xacroxmem AomxaAe nexAyshimeyxaeaxxoroexar 

*MINA affaHHAI KOADMeCTBDHHOr0 xhipaxenxx xeuesqxxo-

cTx cneroeanacoe ripmeoxxx 
necxoxhxonoaxamiR 0 scu-

eTtmapexTe witexegxm napamerpoe cuerosanacos moo-

fru x6 axorxocrxip cnexnoro noxpoBa. 3u1 cseAe-

47 

Cv, ---96 A,f(r .6„), Y4i -17 
3Aech odoexagaer: 

/13/ 

- BeTpeHHocTi. 

Veg- sereTanmonHwa nom 
pon xecTHOCTX 

IIPmiseAeHHoe oTHOmeHile moDamo swpasmTb reHeT0-

mecxm m cTaTmcTmmeczm. 

A6commTmam semmmmHa napameTpa npomsmileTcm 

Tam, %Pro C ee HapacTaxmem nommmaemcm semmmmme "-

adxlmnmeHTa sapmammx /pnc. 11/. 

Eons Ha pmc. 11 swpasmm Tome pasaemeHmeCvA 

npm oTAenammx aHameHmmx BmcoTm cHeamoto noxPoBe4

/pnc. 12/, To ma6xmAaem omHospemeHHoolTo c pocTom 

mccmeAyemoro napamempa cHeroaanacos yaeHbiliaeTCHne 

ToAbH0 a6C0moTHall Bexx4HHa, HO Taime paa6poc z044 -

4)mnmeHTa sapmanmm. 
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PmC.11. 38BMC11MOCT6 sooVvinmeHTa aapmanmr OT adco--
AwTHo neammram napameTpa ( 6acceam °pasta 
no npoctcab OpanesoR n)oTmHbi - 1967/68 r.) 

1 - seammmmm B mecRaarn HoR6pe 
2 - aeammmHm B M8CMIABX Rmaape, 

ma:-Te 

Aera6pe 
cl96paael a 

pmc.12. PasgeaeHmeCvA B aaarcxmocTx OT seammxiim 
cHernHoro nosposa (6acee2H ()imam no 
OIRE. Opeacxot1 naormxm, 1967/68 r.) 

1 - aec 
2 - oTspbrroe npocTpaHcTBo 

npo - 

48 

A6COAMTHEIR BBAM4MHS cHeroeanacos B npoc-

TpaHeTae oxgaso koxer npeAcTaBARTI. co6o1k cpeAsee 

apxcpmeTxmecxoe paeHoo6paeHoro cTaTmcTmmecsoro pa-

Arn AaHtimx: Hanp. c maison max 6oabmog amnauTyAoft 

mernAy ca a& 6o.abtarm x camum maamm mrnenom CT8TMC-

Tmmecitoro paAa. 

Ohl H0 mem Oornume accAegyemaa o6AacTb x mem 

BMWS aunAxTyAa mexAy amcoTaux HaA yp.m. H81460.11056 

BWCOMO la Hax6o71ee Hmerno pacnozorneHHon mcczeAyemot1 

mecTHocTr, Tem 6oablne x aunAmTyAa (ram 6- ) mexAy 

spaarimmx aeammmHaum CTLITECTEUOCK0r0 pRAa, Teu Ca-

MEM Coabme N seammrHa Cv (pvc. 1). Ma pre., BRA-

Ho, MTO masermaabHaR BenatimnaCvi, npmxoAxTma BW-

coTliym aoHy TepprTopmx CAOBSKUM, rAe mrHamaAbRaa 

sucora TepprToprx cocTaaaReT H = 10C m HaA yp.m. 

LocTeneHHo npm recaeAosemmm sh:coTHmx SOH C BMMO 

DOMOMBHHOO HMMH8g rpaHmneA nomixaeTcR BeamqnnaCvA. 

Ma pre. 12 axlmo Tame BAMRHVB AaAxneamero 

(DarTopa Ha sooMinmeHT aapmanmx BWCOTIA cxernHoro 

nornporia - aammole Aeca. Benatzmnic v h B Aecy ( 

M8HHOM cAymae B ene)om eAosom Aecy) meHstrie, mem B 

oTxpbrrom Heo6zecHeHHou npocTpancTae. 

H03411mmmemm napkaumm Bmcomm cmemoro nov.peBa 

yseammmBaemcm B BSBMCMMOCTM OT more, B maRoA uepe 

Aanmoe mecTo noAaepraeTeR AeIcmemmv neTpa, go ma-

mepm ocTaeTcR me3autmulesJimm OT Bempa /pme.13/. 

HocTomy meppmmopmm, momopme E3-38 CBOea mop-

clocaormm x lotmmemmueemmx ycnoBtal =at() 3awmwemm OT 

Bempa /pmc. 14/ o6AaAamT 60.abILelK Be:Im4mmeg(3v cme-

roeanacoB. nu3TOMy OHM TpeOpom Oozbweroul,!cAa ome-

romepmmx flyHKTOB MJIM CTaHUMa,48M cm.ribmee OT BeTpa 

aanougellebie parsoebi. Cambie BbiCOElie :seatzenua CV17 cxe-

r0381ISCOB xapaKmepmm Azm repmmx m omcoKeropmmx 0-

Oeenecemmmx mAm Bmwe ppeAena neca maxoAmwmxcm 

xpe6Toe. 

Ha awymmmHy mopqrpmumemma BapraMmm cmerosana -

COB Ha TeppmToprm OT48TAMBO al nm5.em xaDE, ETer  aTmo -

etUfrt4eeK0g 11. .MXAVIRIIMM.00068HHO cymma cpeAHrx Cy-

T04HMX TevnepaTyp 38 311"MHM .:1 neplom H8XOZMTCH 

omeamAHom oTHoweHmm C soallomnmeHTom aapmanmr 

B 

CHe -

roaanacoa Ha TepprToprm /pmc. 15/. Iloororzynpa no-

MOM 3T0r0 OTHOWOHMA MOMHO socaeHmoonpeAeArTx Be-

AmmxHyCvh mecaemekoro npoempaHeTaa.3TommeeTrpaH-

AMOSHoe 11118MTM48CK08 amaueitme. npeo6pa30BBBmem Y-

pasnenna /1/ noaymaeTeR, cneAosamezbmo, 3mnmpr4e -

csaa dpopma AAR pacqemoaC, : 

/14/ 

HAM 

Cv =  

') 7 -IX-----1677//1
/15/X = 1 C t 

Cv 
ha 3TOP0 oTHoweHmR smmeKaem, umv cpeArocao Be-

ammxmy cHeroaanacos MOY.H0 nozyummb TorAa, rorae 

xamepeHmem yeTaxosmm uamemmanhmym B mmitismaxEllyw 

BeArmmay cHeroaanacos au meppmmopmm x eCnM 

sifaxoma Beammmaa amnmplimeesoro K0344M4MOHT8 CZ 

MaROMM8A6148R a Tessa amamma)bilan aeammxna 
emerosa-

camp( oftacTax 01 ec . ( 3" 

nacos, max npaamao, erneroxio 77T 7:7 B 7: He

CTBMATI, exereAmo m:- oepem f 

r,am 
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Eta 1). noro noxpoea C" so Koxe0xmoTcH a HeOczbwoR ammilemyAe, 

OHM cymecTeelmo xxxe BOAHMHH xo3,44xameHme Bapeauxx 

BmcoTm cHexHoro noxponaCv.h. 3TO BbITOKOOT me camoft 

# 211mecKon n1:41100= rixoTHocTH cHexHoro noxpoBa: 

noczepHeil HOT HyxeBo2 BexiigitHm; umHxmani.HaH nA0T-

HocTe cHexnoro ncxpoae c Toro MOMOHTO, xorA0 CPO-

HOU npexTmgecxx HHT0rOCOBOTECA C Tonxx eperml 

reApoxorxx He Hxxe, gem 0,15 r/cm3 : maxonmazi.Han 

BAOTHOCTi npaxTmmecxx se npeemmaem eeamgmey 0,6 r/ 

cm
3
. Ecax no oTHomerwo: 

4 

I el 

10" 

a ' r 
I 

40 50 60 

nalumme atcoxieTHoti sex:414%14m cHeIHoro noX 

p0Ba x BeTpa HO x00(14x1IxeHT Bapmanyx 
MecTa: 1 -4 - HeaammamHxwe Om Elena 

5-8 - aaummememe OT BeTpe 

Plcxo,nx xe rpacptgecxoro 
ImpaxeHxsoTHomeHm0.me-

IKAY Cvh H geacTaymemx Ha HHX cloaxTopemx,m0xx0exa-

nTo npxo6peTaeT eenxmxxm: 

- ec.ia cxexemA noxpoe cnzommott: 

- HO MOCTO eamxigeHHom OT BeTpa: 

C y/7 = 0,10 -0,25 

- He mecTe,npaawxwexmom oT eeTpa: 

Cvh = 0,20 -0,50 

ecax ceexemg noxpoe xecnzomnott (Bo 

Bpems CHOTOTORHHA): 

PxCe14. Permonaxmaanxn TeppxTopmx C.Imeaxxx no cme-

nemBAxiimpla BeTpa Ha xemeHmxBocTe onexxo-

ro noxpoBa 

1 - 60.11bW8R MexeRgMBOCTI,,B nzommit-mecTno-

cirm 
2 - Cpennfla-6oxLmasi xemexmmeoomb, B =XXX-

OTO manoo64ecxemnon IdecTHOcTm 

3 - maJlax xemeHgsBocTI, B opexxe- xnmooxo-

ropxoft meCTHOCTx 

4 - meTeopozormmecKax cTanium 3, namitlxn 

eeTpa clum 5 5 / 9 w/c / 49 

a X-  , 
Cv p /16/ 

eoabuem d = 0,25 f„,,,x= 0,6, 5,„1/17 = 0,15, ooTom: 

=0i25CvP  q  6  0-  6) 13- = 0,30 

0 , 3 7-.3-

4,4 

5 

• 

614 

I 
S

-f 

0 --. t 

SOP 

Arqiy-rIVem, 

ci) 

sof 27-19"C 

Pec.15. orfloweHmeCvh PIE-60.)21cAY h d) 
(TeppxTopmx CnoeaKex KO nmm 28 cpeepazx ea 
1951- 1966 rr. ) 

MexAyCot, H(-sir cymecTayeT omHowelix /plc. 16/. 

bexx7xxbiaTKoze6.71mTca, cileppeaTeRbeo, B AyaBaso-

He 0 ,05- 0,30 x moxxo loc onpeAe.hxmx, ecxx Ram ena-

mour,' examexxxCvh no omnxpxgecsomy oTHomemsm, AaH-

Homy cDopmog xpuBoft ARRRR Ha pRC. 16: 

Cvf = Q(4-e c„,9 /17/ 

no BBILIHM ea6xponenmem napameTp a = 0,18, 6; = 
-6. Eczx Bwpaamm oTH0memelo 

/18/ 

TO eeaxqxxa icooNomumexTa k CZOAOTCR B eaexclnuo-

OTH OT C,4, 

Taftema 2 

a4 0,10 0,20 0,3o 0,40 0,50 0,60 0 ,70  1 ,00

af 0,08 0,13 0,15 0,16 0,17 0,175 0,18 0,18 

4f 1,25 1,55 2,00 2,5 2,95 3 ,45 3 ,90 5,5 



, 
1 

nal, (no maawmpaogyvegmumme Pac.16. Ovaomegge C vh
TeppgTopme C200aximm. 

Cnacom rpactanocmax yozogmmx gammas 

GL - napameTp, moo0ungexT, nomasaTega Cortnsuis 

A - amax.Ty.01
(p.c. 8,9; 

x01,44mUmear, Seiximmum modem 

AO)- ciTymTypmag napameTpa aG 
mennoro Nam 

tyriammx, supaX0000,11 saagemmocv& 
cola:Hors) noxpolia 07 apocTpago. - 
Bp0MOHHOTO napamerpa 

- zootiNgxes,

CY IMAxa4 KA? Kog104174WINT 

4x0ieHT 0 pmaumm lowC0TV 

00r0 noxp0Ba 

OCHOB8 marypamksslx soxopmrxos e 

0ap7010s, WM x000 -
mg. neoygocire ONOIC-

y

f yCAOSHWA SHAM otorgeng. 

- soo0mWOHT 

G 
paccToggge 

paocToesme 

/7- vg0.0 
vAegon C701110171120CICOr0 Nos 

it - 
E00440XIMOHT moppemanax 

e "sect.- gmaxo C7yAOHTa, ass mace° Vey,mesva ups 
SepORTHOCTX 

-eL/- 0pex$SA 
orrommax Texneparypa eponyms 

cmcreme moopnmsaT 

- oOmee 
odossagexael napamespa cseseoro noxposa 

50 

Sivten-Yr - ......ma napameTpa cgamioro noxposa 
ee npocrpagevaeggom Bax apemORSOM NH-
tepliaa0 yk LEN 71: 

cpeaese apkOmeTavecmoe ciravecTimeomoTo pa.= 
napamerpa 

sepoaTmocTs npeammegma annexe pesygl,Taira s 
ApoOi nzs apologye 

ot..6ma pesyesTaTa 

wrall/4404100 OTXXOROHX0 

cyamaapTao. °rimminge carol/golf annexe 

c.w.o. paCCTOARKR 

_ 

or - 

naoygoaTs ca.mgoro nomposa r/cm 

yemoseuM exam apexes* 

yoxosxmit exam Oymmums 

Zig7•paTypa 

1. Hacznarek Snow cover basic principee of net-
work design /International symposium on design 
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GRAPHO-ANALYTICAL METHOD FOR FORECASTING THE MAXIMUM 

DISCHARGE AND TRAVEL TIME OF THE FLOOD PEAK 

By ST EVAN J,PROHASKA,c.eng. 
Federal Hydrometeorological Institute, Beograd, Yugoslavia 

Peawme 

Ecnonbaya ocucakibie AmoKepeeunazbume ypasee-

Mee SO SepaBHOmapHObly TeuessKI, yOasaemmR K o HTmHy_ 

aAbROCTM H AsRalveAleCKHe ypsaneuma, a y3Hassii rec-

meTwiecume 3AemeETIA rvnporpau cnmamma AaHRWASO 

qoaasm BA0Ah Tetleuma, rystporpsu ucTegeuma abitimcna-

eTca Ha uouue Teyeema. bw4mcneuemA abhnycu ma DIA-

X0AHOU npoinine asnaeTca 4)31m:well abocoAucro nporim-

Am, epemeum npoitAemuoro nymm H reomeTpm4ecxmx ane 

mewroa. 

3Ty .11yRKay% M03'HO npemcT,,amTb cnonott rpyn-

noA KrITABWX, KoTopble B 3aBSCHMOCTm oT spememm m ux 

paasmTme, npaacTerneeT amnyce eAcenb Tetlemea. 

MR npcAneeeoro nyTm rpe6aua BOAHM RBAReTOR 

spemeimoA pasuuue0 me:leay asnebivaum leucvmanbeoro 

stexoAuom npoqmne Tegemr.a. EimnycKa H3 BXORMOM Y. 

Ana ueecTor-Ex twee,: 3aTOSSTeAhHMX.BOAS 

paanmmlion amnnvry,ocA 661n ncnyhiee cmon KpESMX as 

eeeeeam hebel ebinyce m apemeem npcAzteueoro nymm 

rpece"EOnH, uorra auaeTca TOAJ.K0 BUSAsTyAa rmA-

porpams CASIMIR. 

bpe-

Kax 

A series of 
procedures have been developed 

for the computation of 
the deformation of a flood 

wave,the researche haVing 
been orientated primar-

ly in two direCtione:a) 
an increase in the accur-

acy of the calculations 
and b)practical engeneer-

ing methods allowing a more rapid evaluations. 

This report exposes a 
grapho - analytical method 

for the computation 
(forecasting) of the maximal 

discharge and the time of 
travel of the peak of 

the wave eLlong the stream, 
with transformation of 

the wave, by application of a 
beforehand calculat-

ed nomogram. 

Nomograms are obtained aS a result of the 

solution of partial differential equatione of 
the 

unsteady flow, the equations of continuity and 

the dynamic equations. The mathematical solution 
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,Sucumary 

Using the basic differential equation for

unsteady flow, the continuity equation and the 
dynamic equation, and knowing the geometric ele-
ments-the inflow hydrogram, the records of stages 
along the stream, the outflow hydrogram at the 
end of the reach has been calculated. The calcu-
lated discharge in the outlet profile 4e a func-
tion of the inlet hydrogram, the time of travel' 
and the geometric elements. 

• 
This function may be represented by a famIV 

of curves depending on the time, their envelope' 
representing the discharge along the stream. The 
time of travel of the Peak of the wave I the 
time dilfference between the appearance fs() the 

maximum discharge at the inflow and the outflow 

profile of the reach. 

For a number of flood waves with different 

amplitude,a bundle of curves for the maximum dis-
charge and the time of travel of the wave Peak
along the reach has been obtained. These 
permit the forecasting of the maximum discharge 
and the time of travel of the wave peak, when 
only the amplitude of the inflow hydrogram is 

known. 

of the fundamental differential equation of the 
unsteady flow is very complicated,but by substi-
tuting the differentials by finite differencies 
the solution is obtained by a very simple manner. 

The method is applicable to plains rivers 
without lateral inflow. For the construction of 
the nomogram it is necessary to know the hydro-
gram and nivograma on different river gauge sta-
tions, for a certain number of flood-waves, 
well as geometric elements of the river bed. 

The equation for unsteady flow being: 
a) continuity equation 

dQ dt dV 

or 

( 21 - &O) dt = dV = V2 - vl

as 



where 
ti - time 

dt 

Q 
0 

• t2-t1 - interval time 

- mean discharge at inlet in the inter-
val dt 

- mean discharge at outlet in the inter-
val dt 

dQ = -Q) increase of the discharge in 
the interval dt 

V2- 

V1 - 

dV = 

the volume of the storage at time t
2 

the volume of the storage at time t
l

V,-V, - increase of the storage volume 
ik the interval dt. 

For the solution of the equation (1) it is 
necessary to know the relationship between dis-
charge and storage V = f(Q). But determination of 
functional relationship between discharge and vo-
lume of storage represents a particular problem, 
so to juetifie the introduction (in the equation 
1) of the variation of volume dV for a determined 
interval of time. The volume variation is deter-
mined by the knowledge of nivograms along the 
stream and the geometric elements of the river 
bed: 

where 

dV (cB(zL) dz dL 

B(tl) - width of the water surface at the 
time considered 

dz - increas in water level in the time in-
terval dt 

dL - length of the reach 

If equation (2) is introduced in moditi4d 
equation (1) the equation of continuity is obtain-
ed in the form 

(Z51-Q0) dt = ISB(zL) dz dL 

b) The fluid motion equation is utilized in 
the form 

1 dv v dv dh 

3i elf 4- = io-if 

where 

dv - variation of velocity in the time dt 

✓ - velocity of flow 

dh - depth variation 

g - gravity constant 

i
o 

- bed slope 

i
f 
- friction loss in the Chezy formula 

2 
f 

- 
v 
2 C
f
R 

C
f 
- Chety coefficient 

R - hydraulic radius 

z - elevation m.s.l. 

For slow rivers, with velocity of flow very 
low, the member for inertial forces 1 dv (in the 

g
- 

d
_- 
t 

movement equation) is very little in relation to 

the member for frictinn v2 can be neglected as 
tp 

well as 
g
v dv. So the equation of motion is redu-

ced
l

 to thea unety equation 
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dz v
2 

dL = c
F
R (4) 

In the equation of the volume variation, the 
equation of motion is included through variation 
of level, so the whole computation consists in 
the solution of the equation (3). Its final solu-
tion can be obtained in several manners. In this 
study the equation (3) is been transformed by 
substituting the differentials by finite differ-
ences in 

(:21-C20) At = 

where 

211( 2)

i1 

- final time increase 
dL 

1(i
2
)+g(i ) 

2 
1  - - 
(z2-z1).AL (3a) 

- width of water surface in the middle 
of the section at time t

2 
- width of water surface in the middle 
of the section at time t

li s 
- eve.kation m.e.l. in the middle of 

the section at time t1. 

- length of the section 

As can be seen from the equation (3a), the 
general solution of the equation (3) may be found 
in the form: 

Q = f(Q1, B, z, L, t) 

where 

(5) 

Q - function of the flow along the stream 

Q
1
- limite function of the flow at inlet 

profile. 

The function (5) may be represented as a 

family of curves depending on the parameter 

t (Fig.l). The envelope of the curves p7sPiltsbits 

the maximum discharge along the stream. The equa-

tion of the envelope is to be obtained by diffe-

rention of the function of the hydrogram with 

respect to parameter t.Putting the first derivate 

equal to zero, the parameter t can be calculated, 

and putting the obtained value in equation (5), 
the equation (6) for the.maximum discharge along 

the stream becomes: 

dQ 
at 

t 

df(Q1 t 1 t B L z t) 

dt 

f(Q1,B,z,L,t) 

0 fo(c21,Bsz,L) 

it follows 

Qmax = f1(Q1,B,z,L) (6) 

The time of travel of the peak is the dif-

ference in time from the appearance of the peak 

at inlet and at outlet (Fig.2). The functions of 

the inflow and outflow being defined by 

and 

the 
the 
the 

Q = f
2
(Q Nz

'
L
'
t) 

Qo = f3(Q h,z,L,t) 

differenciating these functions 
first derivate equal to zero, one 
time of appearance of the maximum 
profile upstream. 

dQ 

at 
and downstream 

and putting 

can obtain 
discharge at 

df2
(Q Bz

' '
t) 

. 0 
dt 1 

.f
4
(Q
1
,B,z,L) 



A - /o (3. 

clQ
o 

-di 
o

df (Q B z L t) 3 1. , t 

dt  t
2 5

(Q B
'
t
'
L) 

The time of travel of the peak of the wave 

in then 

T = t
2
-t
1 

. '
6 

f0 Bz
'
L) 

Coe It 

STEAD. PLOW 

:.1

1 2. • 

4 4 
ti 

(7) 

(The equations (6) and (7) would be desig-

nated by symbols Q e Q(L) respectively T 
= T(L). 

?or practical solution of the equation (7) 

a graphical representation is utilized 
(Fig.1).The 

diagram of the variation of the discharge along 

the stream (Fig.l) shows the intensity of varia-

tion along the atream,that is 
it illustrates the 

dynamic of the motion of the flood 
wave, giving 

also the time and the velocity of propagation 
of 

the flood wave. An approximate value of the time 

of travel of the wave peak 
may be read from dia-

gram as time difference from 
an appearance of the 

maximum at inlet profile and 
the outlet profile of 

the reach.For a more precise 
determination of the 

time of travel of the wave peak intersection 

points with the next 
curves, equation (5) have 

been utilized. The point of intersection repre-

sents the same discharge for a given time inter-

val. The value of the peak is determined by the 

envelope of the family of curves at the distance 

from the inlet profile) of the 'Intersection 

point. For the calculation a very little interval 

)f time being taken, it is assumed that the maxi-

:11.am appears at the middle of the time_ interval 

.11116.3). 

envelope 

// 

t

A.r 

1-- - 1 

At 

eto.: 

The position 
(distance) of the intersection 

point and the 
time of their appearance

the velocity of the peak of the
e using the 

formule 

where 

✓
 

velocity of 
the peak of the wave 

1 - distance 
between intersection points 

t - time. 

The entire reach 
presenting several inter-

section points giving velocities of the wave peak
that are different, the mean velocity is 

obtained 

181-ng the formula: 
53 

where 

by 

V 

L Z vi

L n (8) 

v
m 

- mean velocity of the peak of the wave 

L - length of the reach 

L - dietanc from the inlet profile to the 
least interseotion point - respectively 
Li = 

✓ - velocity of the wave peak 

n - number of intersection points. 

The travel time of the wave peak is defined 
the relation 

T = - (9) 
II

where 

T - time of travel of the wave peak. 

For a certain number of flood waves of dif-
ferent amplitude of the inlet hydrogram the curves 
for maximal discharge Q = Q(L) and time of travel 
T = T(L) are calculated. By plotting in one system 
of coordinates all the curves, Q = Q(L) and on 
another T = T(L) the nomogram I is obtained. They 
show the variation of the maximum discharge or 
the time of travel of the wave peak along the 
river reach in function of the amplitude of the 
inlet hydrogram (Fig.4). Nomogram I gives the 
values of the variation of the maximum discharge 
and the time of travel of the wave peak a the 
exiatant hydrometric stations on the considered 
reach, thus permitting the construction of the 
nomogram II. 

POMOGRAJ4 

0; 

Gi 

NOMOGRAM LI 

no .3 

The nomogram II indicates the existence of a 
relationship between the amplitude of inflow hyebm-
gram and the variation of the maximum discharge, 
as well the time of travel of wave peak along the 
reach. 

The forecasting is essentially reduced to a 
direct utilization of the mentioned nomograms I 
and II. At the moment of appearance of the maxim= 
discharge in the inlet profile, by knowing its 
amplitude a forecast is effected for the maximum 
discharge and the time of travel of the peak at 
hydrometric stations, utilizing nomogram II. If 
these values are plotted on the nomogram I a fore-
cast is made fur the position of the lines Q= Q(L) 
and T = T(L), that is for the transformation of 
the amplitude and the time of travel of the wave 
peak along the stream. 

Note. 
Where a functional relation between the dig-. 



'charge and the water level exists, the method can 
be applied to forecasting the transformation of 
the amplitude of the flood wave utilizing the water 
levels by construction of nomogram zi - dz x and 

ma
z - T. 

APPLICATION OF THE METHOD 

The method has been applied to the river 
Tarnish at the reach Jasha Tomic - Botosh of a to-
tal length of 32.000 m. This reach of river is 
characterized by the tranquil flow, and is protec-
ted against lateral inflow by embankments. For the 
calculation of the nomogram a period is taken for 
which exist measurement records (that is since 
1921). The most critical waves with amplitudeq of 
the inflow hydrogram ranging from 380-1.040 m /8. 
have been selected.For the purpose of calculation 

of the discharge along the river the reach is been 
divided in six sections. Their limits were choosen 

so its be approximatily of equal length and their 
ends coincide with the hydrometric stations. Nivo-
grams in the middle of the sections are obtained 

by interpolating nivograma at section ends. 

For all waves whose amplitudes inlet hydro -
gram range from 380 m3/sec to 1.040 m3/sec, out-

let hydrogram have been calculated according to 
equation (3a) for all the six sections. Graphical 
presentation of the results for february flood 
wave in 1966 is shown in the (Fig.6) with a 
graphic al representation of the equation (5) for 
this wave (Fig.7). For the same waves time of 
travel for the peak have been calculated also us-

iLg the equation (9). The variations of the maxi-
mum discharge and the time of travel of the wave 
are given in form of nomogram I (Fig.8). Nomogram 

II (Fig.9), indicating direct dependence between 
the amplitude of the inlet hydrogram and the 
variations of the maximum discharge respectively 
the time of travel of the wave peak, have been 
prepared for all the hydrometric stations on the 
reach (Shurjan,Boka,Sechanj, Neuzina and Botosh). 
The interpolation of the nomogram I is been effec-
ted using the nomogram II and complete nomograms 
Ia are obtained, whose dispasons are ,Ited now 
(numerically)with entire values of the F litudes 
of the inlet hydrogram (Fig.10). 
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For a flood wave with amplitude of the in -
let hydagram (Jasha Tomic) of 850 m3/sec, follow-
ing values of the variation of maximum discharge 
(resp. amplitude) and time of travel of the wave 
peak at hydrometric etations have been forecasted 
using the nomogram II: 

Lk" 
Stgaion 2SQmax 

m3/s 

gmax 

m3/ 8

t 

aec 

Shurjan 

Boka 

Sechanj 

Neuzina 

Botosh 

42 

54 

72 

112 

123 

808 

796 

778 

738 

727 

13.000 

18.500 

28.500 

46.500 

55.550 

The position of the forecasted lines Q=Q(L) 
and T = T (L) are presented on the nomogram Ia 
(Fig.10) with dotted lines. 
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NUMERICAL PROCEDURE FOR ANALYZING FLOOD WAVE MOUVEMENT IN THE 

TAMIL RIVER AND THE INFLUENCE OF DANUBE RIVER ON THIS PHENOMENON 

Dr DRAGUTIN ML&ATIROVIt, Civ.eng. and ZVONIMIR VOLF,Civ.eng. 

Assist. of the "Jaroslav ern?' 
Institute 

Paamme 

B 31'04 pa6oTe paapa6oTam nocTynox AAA rAxpa 
yAmmmoro pacgeTa nponaraHAA x Tpamccbopmatam noso-
Roymmx BOAH B aCTOCTBaHHOU pyc.e pexx Tammm. EMAO 
AcnoAbsoaama mapxamTe excnAmmxTmoil cxemm, paapa6o-
Tailaan AAR mxpoxoro npmmoyroAbHxqmoro pycxa. 

PactteT OXBEITMBaaT BAHRHX8 paaamAxm TeuemAH,max 
sAAHmme npuromos. Kam peeyAbTaT pactieTe noxyma 7 

WTCH rxxpayAmtiecxme ocpcpexTm HimenAm aoAm B p. Ta-
mmuz 8 rAaBHOM TagaHM8 X B npATomax. 

Oco6emmoe smAmamme nocemmemo A8c11NHXLIMX 0,40H1) 
CAOIHMX momTypmmx ycnosAft (npx yeTbe Tamxma B Ay -
Hail) m ma norpammtimmx c Teuemxem paeaxAox x npATo-
KOB. 

PacuemmmR nocTynox npomoAmAcm AAR nporpammx - 
P0BaHLTH Ha BW1HCAAMTaXiaHOM mawxme Tana REM 360,mo-
Rex,. 44. 

1. DESCRU'TION OF THE PROI3La: 

The Tamir, river has its course in Roumania 

and etera -Jugoslavia near Jars Tomi6. Total lanEL-th 
of the river is 350 km, of which 118 an belong • to 

Yugoslavia. The catchment area is 10,350 km2 .About, 

27,50% of the total area or 2840 km' iu on the Yu-

goslav territory. Here the Tam-CS flows through 

middle part of Banat and respesents the biggest 

watercourse crossing the Danube-Tisa-Danube hydro-

system in this area, (Fig.l). 

Flood waves originate on the Rumanian ter-

ritory which is caused by the catchment area and 

the terrain relief. 

In its part throught Yuboblavia the Tamir 

plays a role of a transit watercourse,along which 

floodswaves attenuate considerably because of lar-

Slimmary 

This paper deals with the procedure for 
hydraulic calculation of propagation and transfor-
mation of waves of the high waters in the natural 
bed of the river Tami . 

The variant of explicit scheme was applied, 

elaborated for a broad rectangular bed. 

Th( calculation comprised the effect of 

stream bifurcation, as well as the effect of tri- -

butaries. The hydraulic effect and wave phenomenon 

in the main stream of the river Temi and in the 

tributaries are obtained as a result of the cal-

culation. 

Special attention has been paid to the 

definition of very complex conditions of contours 

at the mouth of the river Tam-; into the Danube, 

as well as at the frontier profiles of bifurcation 

and tributaries. 

The calculation procedure has been prepared 
for programming at the electric computer of IBM 

366 type, model 14. 

ge flood plains. 

Formations of typical alluvial watercourse 

with highly developed meaders of the minor chap 

nel wuthin the channel for high waters was caused 

by the terrain relief in Banat.

Big difference between low and high waters 

and long duration of low waters caused a relatively

small minor channel, compared with the channel for 

high waters. 

The minor channel dimension and its pro: 

unonced meandering explain small participation of 

the minor channel capacity in total capacity of the 

river channel. Hence, the channel for high waters 

may be almost accurately approximated by unique 

wide rectangular channel. 
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The Tami"6 confluence is at Pan6evo, and 
through KaraLac, it is connected with the Danube at 
Surduk. 

The Karanac flow direction depend on the 
water level realtionship in the Danube and in the 

Tamd. n at higher water levels in the Danube water 
streams by Kara5ac to Tami6, and ruding higher 
water levels in during TamiL, the Tamii*: flown to 

the Danube by Karanac. 

The TamiS Water levels along the whole 
stretch in Yugoslavia are retained by high water 
levels in the Danube, being unreliable ruding 
evacuation of the Tamil high waters. 

The whole Danube-Tina-Danube system in Ba-
nat is influenced by the Danube through the main 
LTD channel on the stretch Toto5-Klek, which is 
extremely unsuitable in certain conditions (coinci-
dence of high waters in water courses in Banat and 
in the Danube). 

Studies on hydrologie regime of the TamV, 
riveo made so for are based on the laws governing 
the steady flow indicate that the Danube influence 
Or the Tamil.: water levels is considerable and 
specially significant during the period of evacua-
tion of high waters from the middle part of Banat. 
Namely, although the flow from the Tami6 tovarde 
Degej river and rivers is possible by the DTD 
%ydronyntem, it is necessary to provide as low as 
possible water levels in all watercourses. 

The main puproce of this hydraulic analysis 
in in the following: 

- To check accuracy of the results obtained 
by analyses so far carried out by approximate met-
hode, and to check conclusion drawn from these cal-
culations; 

- On the basic of the calculation results to 
propose some measures for improving natural regime 
(by constructing retaining wall in the Karanac, 
combined solution with the Tami.l concluencc in the 
Danube near Surduk etc..); 

- Improvement of a mathematical model for 
water level forcantinn in the DTD ayutem during 
flood waves in the watercourses in ,zanat,Danube and 
Tisa, which by our opinion shoulde be the final 
purpose of the studies made so far. 

2. BOUNDARY CONDITIONS 

The problem of defining boundary conditions 
in the analyses of unsteady movements in the Tamin 
deserve particular attention due to their importan-

ce and complexity. 

Since the main purpose of this sudy is defi-
nition of water levels and discharges along the Ta-

mig at any moment during the flood waves occurrence 

in natural conditions and after certain interven -

'Lions, boundary, conditions have to be defined 
accordingly. 

In other words, boundary conditions have to 

be given as inter-relationship, among levels, dis-

charge, time and distance: 

z= z (x,t)*

4. (x,t) 

4 = 7, ) (1) 

2.1. Initial conditions 

The initial conditions are defined as 
follown: 

4 = a (x,0) 
z = 7 (X,O) (2) 

The initial value of discharge is function at' 
each individual flood wave analyzed. It in initial 
discharge along a watercourse supposed to be steady. 
This discharge is constant along the stretch betwe-

en two tributaries, cr branches respectfully. 

Downstream from the Yugoslav-Rumanian border 

the possibility of changing the initial discharge 

is foreseer, in the following cronn-oection: 

- at the junntion of the Tami and the main 

channel LTD near Lo:;; 

-at the Erzava river confluence near .toz,and 

- near Laranda, at the junction of the Tamdr 

and Kare3ae (Fin.1). 

Change of water levels along the stretch im-

mediately before flood waves occurrence ore give on 

the bents of registered water levels in prZfiles 

of water gauging stations. 

For definition of the function z,,,z(x,0) in 

conditions after regulation works, water levels in 

the Danube remain unchanged, while water levels 

in the DTD hydrosystem are defined by irrigation -

conditions, or if a flood wave or if flood wave ap-

pears in some other period, watcrlevels would stay 

unchanged. 

2.2 T e r m i n a l boundary condi -

t io n s 

The problem of defining terminal boundary

conditions is more complicated, due to interrelation 
between the Tamir;, hydrosystem DTD and Danube. 

The upstream terminal boundary condition into 

Tamil river in profile.J.Tomid i defined as hydro - 
graph

(t) 

The dawnstream terminal boundary condition is 

defined by the otagetime relationship 

z = z (L, t). 

as the Taiai1 river confluence into the Danube river 
at Panr!evo. 

In addition to these two terminal boundary 

conditions for the Tami , terminal boundary condi - 

tions for the Danube at $urduk and the DTD canal at 

56 9ESymbels are given at the end. 



Klek have to be defined as stage-time relationship-
but for the Brzava confluence at Botob as hydro-
graph. 

3. BASIC EQUATION;. AND NUM1RICAL SOLUTION 

3.1.Basic equations 

The main purpose of 
nation of waterlevels along 
the flood waves propagation 
discharge (Q) and level (z) 
pendant variables in the 
movement. 

this paper is determi-
the Tam16 river during 

. Because of this, the 
are introduced as de-
equations of unsteady 

Since maximum discharge and water levels 
are analyzed, and due to the conceptions previous-
ly mentioned, natural channel can be assumed with 
sufficient accuracy as wide recangular with change-
able with along each individual stretch.The lenght 
of computation stretches with uniform with is de-
fined on the basis of analysed diagram of varia-
tions of morphological characteristics of the 
river channel for high waters. Schematics) repre-
sentation of computation steps is given in Fig.2. 
Considering all these notes, the St. Venant equa-
tions can be written in the following derived from 

a Q + 
B-- 

ex x 
=o 

2 

a t 
F . + 2Q . F 
= e 3 F 

▪ x 

ax
/ 

+ --- 
x -(gF2 

- Q
29  x c",, 

z = const 
-g 

• 
S 
• 
F3 

defined by entrrig hydrograph of flood wave in the. 
profile of water gauging station J. Tomid ( Fig.)). 

For calculation of points of rectangular net 
in (x,t) plane, which correspond to the upstream 
boundary cross-cection, the upstream boundary con-
dition defined by equation Q=Q(t) and equation of 
negative characteristic (6) are used, in which 
partial derivatives are replaced by finite dif-
ferences in (x) and (t): 

Q(t) 

z
p+1,0 = zp,0 

(7) 
Al %+1,0 -Qp,0

  (8) B C+ 
p,0 . p,0 B . C+

p,0 p,v 

in Which for brevity is introduced: 

Al • /V2
-1 
0 p,0*(F 

- F 
p,1 p,0 

-gF • - . 
p,0 ( zp,1 zp,O) -Cp,0 (41p,1 

-SP,' PIO 
' • F

F.0 
• .sit 

Symbols are given in Fig.3. 
(3) 

. B) = 

(4) 

Written in characteristic form, the above 
equations are ase follows: 

a Q (:)Cl BC- - 9z
(at +C ox et 

+ gF z -V2-4 gSF x 

c- ail- -  
+g 
p  GI' 
537-V gSF ' X 

3.2. T h e numerical scheme 

(6) 

The numerical scheme is developed for one 

variante of explicit method for numerical solution 

of basic equations (5) and (6), in rectangular net 

in (x,t), plane (Fig.3). 

As from Fig.2 can be seen,position of points: 

in rectangular net in (x, t) plane is denoted by 

coordinates (i,p),where (i) designates position of. 

cress section, and (p) the time. 

Due to possible location of profiles (up-

stream boundary profile, downstream boundary 

profile, internal profile, branch profile and con-

fluenbe profile),calculation schemes of net points 

in (x,t) plane located in these profiles, mutually 

differ. 

3.2.1. Calculation of points in the upstream 
boundary cross - section 

Upstream terminal boundary condition is 

3.2.2 Calculation of in internal points 

(9) 

Hydraulic characteristics of the flow regime 
in internal points of the net (p,i) for the moment 
(p+1), are calculated on the basis of the known 
hydraulic characteristics in neihgbouring points 
(i-l; i; 1+1), in the preced moment (p), (Fig.3). 

For this calculation transformed equations 
of positive and negative characteristics (5 and 6) 
are used, at which the values of dependent variables 

(zp+1, i " 
and Q

p+1, i 
) are expressed explicitely: 

zp+1,i 

Qp+1,i 

A2 -  Al

B (C+ ) 
Poi Pri 

A .0 - . C 
=Q 

Poi 

where: A, is the 

C - „ 
Pti Pt-L 

same as in equation 

indexes 0 and 1 replaced by uiu, 1.e.1-1.. 

At 
2 Al_ 

-SF 

-C+
p VI-

E/V2 Poi' 

(z
p,i 
 - zp4-1)- 

• (r - r 
Pti p,i-1) 

(9), 

• % % -g•Spo.. Fp0:46..t 

(10) 

with 

(12) 
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3.2.2. Calculation of points in the branch profile.

In the branch profile, in edition to unknown 
hydraulic values in the Tam16, upstream and down-
stream of the branch, hydraulic characteristics in 

the watercourse which separates from the main, 

appear as supplement one. 

In calculation of these points, besides 
three equations of characteristics written for 

the Tami6 river upstream and downstream from 

the branch, and for watercourse which evacuates 

one part of the Tamils's discharge, three more 
supplement equations are introduced: equation of 

continuity and equation for equality of water le-

vels in the branche profile. 

According to Fig.4 the equations can be 

written in following form: equations of characteri-
etics: 

- 
u Q p+1,i uB p,i 

r 
A + Q 

u u T,i 

• 0- • 
u p,i 

(z
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- z
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A + nQ 

✓ A 6t 
--E 

n n 1,1+1 

-g. F • )z 
n p,i n p,i+1 

-nQp,i)] 

[ 
n
V2

ri 
( - F ) - 

-z P ) 
O. 

n p,i+1 n p,i 

- C- .( Q 
n p,i np,i+1 

-g•nSp,i • nPp,i .zt (20) 

By indexes (u, r and n) are designated the 
values referring to the Tamirs upstream from the 
branch to the diverging channel and to the Tamiil 
dowstream from the branch: 

The unknown values of water levels and 
discharges in the branch profile can be explicitely 
expressed by equations (13:17). 

z
p+1,1 

= z
p,i 

+ D
1 

(13) u%+1,1
= uQp,i + u A + uBp,i • uC p,i Dl 

(14) 

(15) 

equation of continuity 

ugP+1,i = ngP+1,i rQp+1,k (16) 

equation of water level equality 

uzp+1,i nz = p+1,i rz p+1,k 
= z

p+10. 

Where is: 
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(22) 
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(25) 

At the end of the outflow canal downstream 

terminal boundary condition is defined stage - time 

relationship z=z(t). 

3.2.4. Calculation of points in the profile of the 

tributary mouth 

In order to calculate points in the profile 
of the tributary mouth calculation of unsteady move-

ment in tributary has to be done simultaneously. 

Knowledge of upstream terminal boundary condition in 
tributary is indispensable. In the very case upstream 

terminal boundary condition in the Brzava river is 

defined as hydrograph Q=Q(t) in Boto6 profile, while 

in the DTD canal and in the Kara5ac, they play a 
role of tributary, terminal boundary condition is 

defined by stage-time relationship at Klek,i.e.SurduR. 

The same as in the case of branche, in every 

point of profile in which there is a branche six 

unknown dependant variables (z and Q) appear. To e-

valuate them three equations of characteristics and 

there supplement equations are used. 

Using the symbols from Fig.5 eimilary to 

case of branche, equations by which the values 

dependent variables in the profile of the mouth 

be explicitly defined, are obtained. 

the 
of 

can 



,zp+i, 
zp,i 

+ D
2 (26) 

A2 - the same as in equation (12) with indexes "1" 

and "1-1" replaced by "n" i.e. "n-1". 

+
ugp+1,1 uqp,i +uBp,i uC ppi 

• D2 (27) 

3.3 stability criterion 
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(29) hods is given by the following expression:
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This relationship implies calculation with 
relatively short calculation steps in time, which 

(30) means that the procedure exposeed ought to be ap-
plied in the analyses of short lasting unsteady 

dt 
• ,2 
[la w p,i(uFp,i 

-
uFp,i -1)

u 0,1 uQ_,i-ugP,1-1 ) - e ( p 
).1 

-g •uPp,i 

-g.143Pol. 
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movement. 

4. CONCLUSION 
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e(z
p.i uz p,i-1 
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F
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Ppt 
This paper deals with improved program for 

the calculation uprposes of propagation and tran-
sformation of waves in the Tami6 river,taking into 
account mutual affects of this watercourse, DTD 

P A =  At  - v2 ( r - F [ ) - canal and the Danube. 

P p ALm 
Alternative of the explicit scheme of the 

final increment methode was applied in the 
-g . F 

P POI 
. (z 

P -PzPpma )-Pe Ppm(Pgiopm pQp,m-1 
1 

calculation, according to previously determined 
distribution of points of a rectangular net in 
(c), (t) plane. 

-g. S 
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Natural channel was approximated by a wide 

rectangular one, whiche is justified in this case, 

due to pronounced meanders of the minor channel-

nad to enall discharge capacity of the channel, 

copared with capacity of channel for high waters. 

-
n
z
p,i-1) - 

nc-p,i psi 
 -nQp,i-1] (zp,i Selection of sections was done by analyz-

ing morphological diagram of geometrical 

-g. S 
p,i • n p,i (33) 

Indexes "u", "p", un", indicate the values 
refere to the Tami6 upstream from the tributary 
mouth, to the tributary and to the TamiA, down-

stream. 

3.2.5. Calculation of points in the downtream 

boundary profile 

Downstream boundary profile is in the Ta - 

mlig mouth into Danube, so that.the downstream ter-

minal boundary condition is defined by the Danube 

hydrograph et Pan6evo. 

To calculate points downstream in the don-

wnstream boundary profile we use downstream termi-

nalm boundary condition z=z(t) and equation of po-

sitive characteristic. On the basis of these equa-

tion the unknown value (Qn) can be explicitely ex-

pressed, i.e. °Pe the basis of which it is possib-

le to define hydrograph Q=Q(t), (Fig.3). This eque 

tion reads as follows' 

characteristics of the natural channel. 

Logical calculation scheme was developed 
for the IBM 360, model 44 computer, Computing 
procedure is accomplished so as to result in the 
stage-time relationships, and hydrograph Q=A(t) 
obrained in profiles along the Tam16, which was 

the main purpose of this paper. 

Where Q =Q LIB *C •(z -z ) 44204) 
p+1,n p,n p,n p+n p+l,n p,n 59

+A
2 





SYMBOLS 

Letters 

B - Channel width 

C = V +V TR 
C = V -Via 

F - cross section area 

g - gravity 

L - total length of water course 

L - computation interval of path length 

n - Manning' s roughnese coefficient 

Q - water discharge 

R = 
B 

- hydraulic radius 

2 2 

n j3S = - friction slope 

t - time 

t - computation interval of path time 

V = -F - mean velocity 

x - distance 

z - water level 

Indexes: 

p time 

i - position of cross section 

in the main water course i = 1,2  

in the tributary i = 1, 2  

in the branche i = 1, 2  



u -watercourse upstream 

n - watercourse day; nstream 

✓ in the branche - diverging channel 

p - profile in the tributary 

r
A 

- value of coeff. A . in branche profile 

p
A 

- value of coeff. A in tributary profile 
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GRAPHICAL METHOD OF FLOOD ROUTING IN OPEN CHANNELS 

By JAROSLAV URBAN Ph.D. 
Hydraulic Research Institute Prague, Czechoslovakia 

Peamme 

DpuHRTLIA npocToR rpactxtiecmxtt meT0A pervimpo-
BaHMA nasoAsa B oTKpbiTtoc KaHa)IaX AaeT soauomHocTI, 
AdA nPorHoaa noeoAHoro TetieHms a pence, morAa ima-
KOM noaoAHKR rmAporpau Ha nyHmTe ropHoro TB4BHMR. 
06wee peweHme mkeeT mHorc sapmaHTos. Caum AytnnxR 
onxcaH nocTynHo N xx.amoTpxposaH Ha pmc. 1- 4• 

PemeHme 
B pemomeHmeTcn Kam cammR npocToR x 

zymmx4 sapmaHT AJIR npamTeLlecmoro npxideHemin. 
uoxilo noliLaosaTLcs AMR peryzxposammx nasoAHaspe-
sepayapax, XAK ymaaaHo Ha plc. 5. 

A simple graphical method of flood routing 
in open channels will be described in the present-
ed paper, which enables to forecast flood flows 
in a river, when the flood hydrograph in an up-
stream point is given. This method is a modifica-
tion of the flood routing method originally 
derived for reservoirs (references 1,2,3,4,5). 

The river can be divided into several short 
reaches, the discharge- and volume-characteris-
tics of them being known. We shall describe the 
general solution for one reach of the stream and 
the procedure in any other reach will be the 
same. 

Flood routing in an open channel can be 

characterisized under simplified conditions by the 
equations 

I dt - Q dt = dS 

S = f/I,Q/ 

(1) 

(2) 

where I is the inflow into a short reach of the 

channel, Q is the uutflow frmm the reach, t is 

the time, and S is the storage of water in the 

reach. 

Equation (2) is a general function given 

usually in a tabular or graphical form. The 

mathematical solution of Eqs. (1) and (2) would 

be very difficult, therefore we shall substitute 

the infinitesimal values dt and dS by finite in-

'Summary 

A 
in open 
to forecast flood flows in a river 
hydrograph in an upstream point 
general solution has many variants 
table of them have been described 

and illustrated in Figs. 1 through 

simple graphical method of flood routing 

channels has been developed,which enables 

when the flood 

is known. The 

. The most sui-
step by step 

4.

Solution B is recommended as the simplest 

and most suitable variant for practical applica-

tion. It can be used also for flood routing in 

reservoirs, as illustrated in Fig. 5. 

tervals At and AS. The first differential equa-

tion will be transformed to a difference equation 

I At - QAt dS (3) 

Assuming that the average values during a 

short time interval t are equal to the average of 

the initial and final values of that interval, we 

can rearrange Eq. (3) as 

v2 
= T1 (I1-Q1) (/2-Q2) (Q2-(22)

where the subscripts 1 indicate the beginning and 

the subscripts 2 the end of the time intervalAt, 

T = 2S_ and Q'
2 
is an auxiliary value. 

At 
Eq.(2) can be rearranged and substituted by 

a series of functions Q = f/S,I = const.) and re-

presented by a family of curves 

(4) 

Q = f (S) (5) 

each of them being for an other value of I= const. 

A general graphical method for variable 

time intervals-&t and for general values of Q2 has 

been derived which enables a direct solution of 

Eqs. (4) and (5). This construction can be used 

for any auxiliary value of but this solution 

becomes much easier by using special values of Q2. 
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'The most advantageous variants are obtained for-

Q2 = Q1 
and for Q2 .I

2 
'T - 

1 
+ ). Instead 
' 1 

of 

deriving the general solution we shall describe 
those two variants in the form most suitable for 
practical application. 

Given are the following data : 

Series of functione Q f/$,I 
I
b' 

I
c 

The initial condition, e.g. n at the beginning 
of the flood. 

coast.) for
a
, 

Determine the outflow hydrograph. 

The procedure will be demonstrated for a general 
time interval t - t2, the initial value Q1 be-
ing known from the solution of the previous in-
terval. 

.Solution A : 

1. Plot the inflow hydrograph I , f/t/ on 
left side of Fig. 1. 

the 

23 
2. Compute the values of = - and plot the 

functions Q = f /w/ for Ia, Ib, c in the 

right part of Fig.l.The scale of Q is equal 
to that of I and W. 

3. 'lark the time intervalsAt = coast. on the 
time axis. EVerything is now prepared and we 
can start with the solution: 

4. Draw a horizontal straight line from Q up to 
the intersection point A on the curve = f/W/ 
corresponding to II (In our example I. = Ia ). 

Lay out in the same direction the distance AB-
(Ii -Q1) + (1

2
-Q
1
) 

5. Project the point B at 450 angle into the 
curve Q = f/W/ corresponding to 12 ( in our 

example I2 = Ib) as the intersection point C. 

6. Draw a horizontal straight line from the 
point C backward to the vertical line above 
t2. The obtained intersection point is the

required value Q
2
. 

7. This process is repeated for all time inter-
vals until the routing operation is completed. 
If the values I

1 
or I

2 
do not equal to any. of 

I
a 

I. . etc., we shall interpolate 
0' 

between 

the nearest curves. 

The correctness of the described procedure 

can be proved by the following analysis. We can 

write for the sections on the right side of Fig.l 

ND = ;T_A + AB - MN (6) 

because MN is equal to the horizontal distance 

between D and B. Inserting into Eq. (6) corres-

ponding values instead of the individual' sec-

tions, we shall get 

177 
2 

+ (Il-Q1+ I2-Q,) - (Q2-Q1) (7) 

which is the basic equation (4) for 

correctness of the solution is proved 

identity. 

A practical application of this method for 

the whole hydrograph is illustrated in Fig. 2. 

The 

this 
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.3olation B : 

The procedure will be described again step by 
step for a general time interval -A.t. The data 
given above will be plotted in the preparatory 
steps 1 thro•Igh 4 : 

1. Plot the inflow hydrograph I . f/t/ in the 
left part of ?ig. 3. 

2. Plot the :unctions Q f/3/ for Ia' 1
b' c 

on the right side of Pig. 3. The scale of Q 
ie equal to that of I 1 cm = a m2/8. The 
storage 3 can be plotted with any scale, for 
example 1 cm b m3. Any scale 1 cm = c se-
conds can be uoel for time. 

3. Mark on the tine axis individual time inter-
vals of any durations At. 

4. Draw an auxilia-fy straight line parallel to 
the time axis at the distancoat 2b seconds 

/  
or At .--2b-- -_entimetres. The straight 2-line 

intersects rjir' verticals from tl , t
2
... at the 

points, 2:-l' respectively. 

Everything is now ready and we can 
the solution. 

5. Draw a horizontal straight 
point Q un to the intersection 
curve 

1 
Q = f/.;/ corresponding 

example ?1 . I
a
). 

6. Draw a vertical line from A and lay out the 

distance AC =(T, - 
Q1)

 + (I2 - 1). 

7. Draw from the point C a straight line paral - 

lel to the straight line the 

points 0 -1 and t2. This parallel 

connecting 

the routing curve corresponding to 

intersects

 

i.11
the 

point D. (In our example 12 = Ib).

8. Project the point D horizontally backward to 

point is the required value 

Qt1.1e. intersection 

2 

the vertical above t 

2 

9. This process will be repeated for all time 

intervals of any duration until the routing 

process is completed. 

The correctness of the described solution 

be proved by the followirig analysis. 

Insert At . P_Pt' into Eq. (4) : 

= 711 4. V 1/11.-Q1/  /I2-Q-2/  /Q2-Q2/-1 (8)

start with 

can 

line from 
point A on 

to I
1 

( in 

where W'. Wit- ! This is the equation for 
neral time interval At, if the routing 

for .t'are used in the right part of Fig. 
used in this solution 

2 
= I

2 
+ I1 - Q1 

Inserting it into Eq. (8) we shall get 

2 :9' +k 2 (Q' - Q2) 1 

the 
the 
our 

a ge-
curves 
3. We 

(9) 

(10) 

which is the basic routing equation for our va-

riant. We assume that the routing curves Q = f 

(Sol) in the right part of Fig. 3 are identical 

with the routing curves Q = f (w; I) for At". 

If it is so, any horizontal distance S with the 

scale 1 cm = b m2 is equal to the horizontal 

distance 77' with the scale 1 cm = .a.m3/as 



3 w' 

b 
- cm = - 

a 
can 

, 
where 'V 23
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From this equation results „At 
2b

'= 

actually used in the step 4. a

From our construction is evident that 

ND = MA + CE At

which was 

Inserting the values corresponding to the indi-
vidual sections, we shall get 

W2 
W' + 
1 

k (Q; - Q2)
which is identical with Eq.(10). The correctness 

of the solution is proved by this identity. 

A practical application of the solution B 

for the whole hydrograph is illustrated in Fig.4. 
The advantage of this solution is evident from 
the construction. '-7e can use the time intervals 

of any duration, e.g. shorter intervals near the 
peak, in order to follow the shape of the hydro-
graph with higher accuracy. 

The use of variable time intervals has 
also another advantage. We can put the beginning 
and the end of the intervals just in the time, 
when the inflow I equals to one of the values 
/s! Ib , Ic (constant inflows for which the rout-

ing curves are plotted in the right part of 
Fig.4.) In such case the interpolation between 
the routing curves is not necessary. 

The method described above presents a ge-
neral solution for any reach of the river. The 
routing in the next reaches will be solved by 
the same way; the inflow hydrograph into any 
reach is represented by the outflow hydrograph 
from the previous reach. 

This method can be- used also for flood 
routing in reservoirs. The outflow from a reser-
voir is usually a function of the storage only 
= f/3/, which is a special case of the problem 

described above. Under such conditions the solu-
tion is much easier : We shall get on the right 

side only one routing curve instead of the fami-
ly of curves. Both the preparatory works and the 
solution become essentially simplified, the 
principle of the graphical construction being 
the same. 
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Application of the variant B for flood 
routing in a reservoir is illustrated in Fig.5. 

Referencee : 

1. Urban J.: Traneformace povodKove viny pri 
pritoku nAdr!',1 (Flood Routing Efficiency of a 
Reservoir). Prace a studie, No.90, VUV Praha, 
Czechoslovakia, 1956. 

2. Dub 0.: Hydrologia. Hydrografia. Hydrometria 

Bratislava, 1957. 

3. Urban J.: Traneformace povodnove viny za suo-
6asne manipulace as stavidly(Flood Wave Trans-

formation in a Reservoir with a Simultaneous 

Manipulation with Gates). Vodohospodarsky 6a-

sopis, 1960/4, Bratislava. 

4. Votruba L., Broga V.: Vodohospodarska regent 

nadrgi. 

5. Urban J.: Flood Routing in Reservoirs. Bulle-

tin No. 6, College of Engineering, University 

of Mosul, Iraq, 1967. 
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UPOrH03 0EbEMA M rxworPA(DA 110A0BOAR BOALW011 pack no 

PACX0AAM BOJhI MAJIbIX PER 

M.M.XACRXHA 

rmApomeTeopozorxxiecxxii Barmo-BcczeAoBaTeaBcxei nerlip 

CCCP, MocxBa 

Pee lame 

CyutHoeTb meToAs nporHoaa CBOXITCR x onpeAexe - 
HMW ()Outer° AAA Oacceilma 6o.u.moN pexm xoAa 

BOAU B pegmyro eeTb no paexoAam soAm MELANX 

npmToxa 

pex m K 

paettery no nepeueHHbaL KpnBMM Ao6eranma ero Tpalle-

cl)opmaLtkm B rmAporpE4 eToxa B sammxammem cTsope. 

CpeAHme Amm scero OaccenHa eexistimmu pacxoAos 

mmormx maima pex xapaxTepmapoT cyumapmbiltrIpTATOK BO-

A3.3 s penHym cern,. 

Crenemb 

TOKa 

COOTBeTCTBRA 061seMOB BU4IHCZW*Mr0 npx-

m HaOlmaeHmore eToxa as no.osoAbe sasmemT OT 

HOAM4eCTB8 17enoxbayel4mx B paegeTax manwx pex. 

no maTepmanam HaexwAeHma yeTaHaanmeeeTem KOJifY-

QecTBO manwx pelt, xoTopoe e6eenettmsaeT npkuepHoe 

pasemerrso o6semos npmmoxa m ememexHoroma BpeuR Ao-

Oerassim °Taxa B aambixamtlem eTeoPe-

nporRoa o6sema m KOAB BOA0B0AbB MO-

MeHT maxemmyua npmmoxa sopA B pettivio CeTb.npli OTOM 

menoxbayeTen cDamTkmeexmit m oxhAaeumg npuTox. floe-

xemika ma nepmoA 880.71arospememmeTm nporsocia onpe-

AeXMOTeR BO Tmnoson xpmsoa eneAa. CyMMa 04151t,BMOB 

CDEIKTMtleCKOPO B oxmAeomoro npmToxa, AatiT 

saemym Sea l/mm.1y 0c5}eMa CTOKO HOAOBOAba 

npe 

RteM eTsope. 

sambec 

AXR paegeTa TpaH4opmanmm xoAa npmToxa (oloaxTm-

mecmoro m oxmAaemoro) B rkAporpaci, eToma noxosoAbH 

B eaummaloutem eToope npmueimmTem nepemenHme xpmsbie 

A06eraHma cToma, moTopme onpeAexamTom paeJ1101 mom 

cnoe06aum. 

ilauenliksoeTI, yeAosmia Ao6eramma xapaxTepmayeTcH 

nanennenxem pycei soAott. 

ABeTCA B 

KOCBeHHON xapaxTeptecTkima 

aToro HBOO.KHeHMA moaceT cxyznTb 

mazi.moro npxrolts soAsi B pemmyw eeTb. 

MeTo A JWJT nozoammeAbmwe peayx&TaTm 
npormoaos 

XXx pex, Ha KoTopmx enaA noxosoAbm 
peAmonapymaeT-

CR BH&IHTeZbHMUM goxAeshimm naeoAgamm* 

H amaqemms mamck-
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Summary 

The point of forecast method comes to the 
determination of the general (for all the water-
shed) inflow into the system of a large river by 
the discharge of small rivers and to the calcula-
tion of inflow hydrograph transformation .into 
runoff hydrograph by variable water travel time 
curves. 

The average, for the whole area, runoff of 
many small rivers characterizes the total inflow 

into the river system of the watershed. 

The degree of conformity of calculated inflow 
volume with the observed runoff volume, for the 
spring flood period, depends on the number of 
small rivers taken for the calculation. 

Prom the observation data ensues the number 
of small rivers deseribing the inflow formation 
within the whole watershed and providing the 
approximate equality of the volumes of inflow and 
the displaced, for the travel time, runoff within 
the gauging section. 

The forecast of the volume and hydrograph of 
spring flood is given at the date of maximum 
inflow into river system, and the actual and 
caltulated inflows are taken into oonsideration. 
The calculated inflow for the term of forecast is 
determined by a recession curve. The sum of the 
volumes of the actual and calculated inflows 
mekes the predicted value of spring flood runoff 
volume, within the gauging section. 

To calculate the inflow hydrograph transfor-
mation into spring flood runoff hydrograph within 
the gauging section the variable water travel 
tine curves are used that are determinated by 
different methods. 

The variability of lag conditions is chara-
cterized by the degree of filling channelswith 
water, and this filling can be indirectly chara-
cterized by the maximum inflow into the river 
system. 

The use of this method has good results in 
hydrological forecasting for the rivers vhere 
spring flood recession is rarely interrupted by 
big rainfall floods. 
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aexwm npwroxe 50xE a pecoiyx. ce'r 

paCxoAem mearx pex m K pacqe:'y err T;,DP.Cri:Oi_mE,Lmm C 

nOmonibm KpM5EX Aceeraxma rmAporp402 c70:cit coz0 ,20_ 

XJ01 8 ae;nAxamNien cTBcpJ. 

npeziawqm.CliekTe xo;:st 'TorloacAba nc .a9M14MU 0 noo-

synxesmm Tema a gcx,lea:,27 aoil me te,:,, cbi-,p,Iner m110-

rA0 axaqmTexaxwe omnbmx, scZeAcYave 2.10:hnooT i !;O-

Bmcoxott ToqxocTa pEctleTe cmereTnxxxx i cmpe..lezemix 

noTepL. FJTO baCTE:BJ7.EBT cExpo,-.oroa p,:apaG•511:::ar.'i, me-

To,w nporxoaa 70zeBrAL.A rmApeuerp;o,ecyna pnximas 

K T810414 OTHOCATC:1 1l=ek0AW r:erHuze 

a peqnyn ceTb, E1:'4mCz6HEImy as OCUCBc-z. ypeanexa:iCo-

xeace pyczosmx aeracce c Hcro.,:baceaazem pacxoA0B 

ocmoem,:x Peg, 

HAM no CTOKy maxwx pex 

r,zze - npzTt-,g 

2 aambiKamLem 

zwx peK, 

H0B GozbW01 m pax, AIN MiWc: VP,L-enCIHWA OC:1,q-

NIOB BOX:w 5 0TVIX peK5X 30 pprm7..At. 

1-34ycXe414mt1 no corau ypiJ3ex1:1112 1p17c7,: noAm 

npaTogy Bo:4w 

v/i 

/1/ 

5 61- pac;:or. FaeAw 
0 4 - 

,41“:.1c <oTcpb;x - tenc6i:-

pe4syw com npv6xmzenm0 zepi,x,:epnaye7 

01:x01402ml 

c.yxmormwn 

CT0K. Crezaai, pacc4mranHoro 

npaToxa K cKA0HOD0my CTOKy JEIB:4".;;;T OT col-3elLesHocmx 

14^.71KOP. pe4Ho:1 CeT1 ry,Apomerpxqesc4m+-4 A;+aHmmv. 

Epescrzga noicaaaze, taro 4:1A Co11.1-Lz7C peT4 4,cpwyny 

/2/ mozHo npameHHTh 6e2 y4eT;, zamemehmii. oblse:ia ac-

Ald B pyc4ax mbZED.T. pex 

/1/ 

ecxx nzolAaA7,:, pe,x 

0 R i

Pactierm a0 erinecoa 

DELWT pacHr.:Tao 06-bemor, plcza 

CTOKB s samwxa,Lelz crzope 3a ;Iczcr,c,,:e.i.z;Lixcilem,,e 

npmroxa no maz%m pexl,t.! /2/, ./%2,/ X /4/, KOrZa yqz-

TB:ABIK,T CTO% TOJILFC0 40C:TX He 

rAa peel. paneHcrLo 3T:i o6- eLio•.;. 

pave nyTery crervcrEge'cmoro SHAT. He06 - 

xcAmmoe KOAN4BCTBO peK, KoTcpoe 06ecnenmwier 

COOT Bel' r;T.s.1,:e np1•'.TCe.E5 Y. L:1,0Ka a za21,B210317,;;;(,1A 

cTB0pe C He06-, MO2 

':-JITI;gp1.171.40e licivfwcT5 5,i,I6vpaxe7' 5 

mcc,r2 fw.77.a. ot5IemPLce npv:- 

• 1,, ,u; 3 2yc.:7,s, pactr!?4.: !Lc, pLs:.:ao.54.y 

kBAIAX pex, C o61.cr03C B aal,bimE m.em crope. 

illecxeAoaaHLIa Ha mp.r,:p:,laJlz 

us M Xpyritx pex /2, 4/ rioxasaAx, 4T0 TOTIEOCTb par.—

te-ese BC41-, a eeTh 83 170P050-

• 4PrimCMT CT ti0.4p,-- 11:-, X,:,B0.;!,:;;;;S? pex 

Xaapa aY paamemerkg ro TepptiTopmr. 

'-c';-ecrPeaso, 4eN uamemlm:Bover, oTogn 

tacaeAge, sb)lo.E.:ftmn paaHELmre )Foligo-roorpaTwieoKlimm 

• itAr66TY46 MMI4 yCOOSMaUK B (:,0,11>MCe xo-

JEvicecT130 Vailba peg rpe6yerc:i ronper.excf:mi• rpm-

T;ice C r-IdA.PaHHC2 704HOCTi.m. 

LAm ,:eAcxeTo LpkTOKa bOAW 6 peuxym COTb Axon-

P.meB41 = 322000 KM2) Ii KMAACKOr0 poRoxpa-

Hm.7.ml.a = 239000 Km2) CWAO B8ATO p,.a.marvnoe nmc-

Ao paaHomepHo paamer„exabax mazbas pex. GEmaaJocu,gro 

OTZORCHMA 

Aam 4, 6 m 

raxmoro no 

,znam 10, 8 

eu4mcilematax obbemoe npmroxa, no 9uex0-

8 maxmx pex or olibemos npmroxa, noAcqm-

paczoAam 16 mazux peK, cocrormeere cpe-

m 5 npomeHroe COOTB6TCTEOHNO. iICTIOAL30-

tifaHZ ,-: crolte meabA 1.ex, paamell wx HepaeHomepHo Ha 

3m.iviopvv r,epxxern Amenpe, nnmo yueribmneTTotzfocri, 

nozeuera armx o61.emoe, 4T0 camAereAscreyer o He06-

Xe;.V.UOCT% pactieTa COCTyliJOH146 EOAM B cyC.nan0 epee-

pxreAL:to Co.lbmomy Hyczy usAmx pea, pacnoAoxemHux 

puepomecmc no 6accePHy. 

0xBux0 B or. parmaHluA npaxrmKe mexertmulio NuOTY 

Rex() C MIKHZ661:1,61,:U of.i.emou xx¢orwoumx. Ha 

xop=ee COOTDeTCTBile o61.emon npLroxa aoAm B peMHy10 

com 3o ncr,onc,:i.e, noAcxmTennba nc pecxoAam 

mzsztA ;'e K, C or„-bemcu CTOXLA D ablawah.mem creope no-

aeozmzo pac--terax orpaH;:gwri.cm zUmHmum 8mento: pox. 

cocT.LiezpET ogoAo 12 nponexTon 

beActGOpu bapxero „Exerpo. Ha ZoHy 
, 

,744,:ficKer0 2040 '0 Kul ) npv.emA.Jmyn T0460CTI. 

cocTabnimukme 6 nponeH-pact,:ce „L...00T 6 maLtax peK, 

TOO 'Zel"Crit rinoLaAv. 

Be-

P;1(1!. 1. ConocrazzeHme npmroxa (lox,' B peqxym oeTb 

ncnon0Abe paccqmmenxoro no pacxo,qaU 

crsopax OCHOBHMX pex /1/, WBJII.IX peK /2/ 

a croxa Agenpa y ameea / 3/. 

Lc, mepe yBex144en1a FIROL‘BAZ Oaccegxe yAAAW4 V -

98ATOR AcAMA Nlex,cy Cpoxelam xacTynAexxx CooTneToT-

B0 114i:X xapexTemmx 4:413 cpmTcga BoAm B pemHym DOTI' 

V eToxa B aammxasoem craope. 

IlpyTox, emgmcneHema no croxy manioc pex / 3/ ,

Nal< npenanO, RacTynaeT paxhwe npuroxa, noAc4iiraH-

Hor0 DO pacxonum Ha ocHosnwx peKax /1/, H xatin°-

B aammxamwem cTsope /pmc. 1./• ro onepexaer CTOK 

Taxmm o6paaom vononbaosaHme croxa maxmx Peit

noeaexxem B nporx0eax flOAVIATI. HACK071bK0 00AblVO 

sa6xaroupemeHmocra. 

Ha pexax, aaperyAmpoueRnbix xacxeAom 

xaxam, peCqem no CTOKy manmx pox npmroxa 

peqxym CBT6 m npaToxe a aoAoxpanmAxwa 
cTaxonmTex

eoxkoxpa-

60AW B
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ocoOeHmo axTyanbmbru, TaX MIX MHOrHe cTstopu Ha 0C-

HOBHWX pexax nonaAaor B soRy BUKAHHHBaHHR noAnopm. 

06.beu paccumTammoro no ctopuyAe /3/ novroxa 

• B peumyro CeTh ea nozosoAbe npituepao palm() Cue-

MeHHUM no upeuR AcOeraxmn o67.euau croxa B eaumxam-

Mem cTaope. CBABb DTMX 061.euoB AOCTaTO4H0 Tecuaa 

(K0344MUHOHT xoppe.r.snmx 0,94). 

Yaxcmuyu, paccutTaHmoro no cToxy ;minis pex /3/ 

npwroxa Bones B peutryto CaTbB1561CCelHe ElepXHar0 

• HacTynaeT TorAs, xorna OCHOBH811 mace& cHera 

ccinza c aonoc6opa, a peKax Bepxaeg mBOro-

BoRROil LiaCTH OaCCO:lbra npoxonRT 0KKH BOA0B0Aba. OH 

HacTynaeT Ha 2- 3 Axx paHhwe braxcmmYma n1311TO/calPac-

c4xTammOro no cDopkyze /1/, x B cpeAtreu Ha 12 ARO 

paHLme maxcmmyma rpmToxa B iieBCKOM BonOxpaRnXHMeX 

Ha 16 Axel pambwe nmxa y hmena. 1pH BWCOKOM nonosio-

Ae oTpesox npeLemm meitAy nxxamx npmToxa H cToxa 

aamblKaMeM cmacpe yuembwaeTcn no E -10, a npm H$13-

5cOm yBenxtimBaeTca no 20 jute . H uomeHTy maxcmuyua 

apmmoxa aonm B peuxylo CeTb B RmericKOM BOn0XpanxAm7 

1.e K Hmeay nocTynaeT TOAbK0 10-15 0/0 CTOKa 

BOA0BOAbii. Upormoa c6sema m xoAa cToxa ea nonoao - 

gbe B sammxamem cTsop,i yAo6H0 AnnaT1.E3mOmeHT uax-

ammyua npvToxa soAm B peuxylo CeTb. K 3Touy speuenx 

rexaR Bona nocTynmxa B pyCila manbrx pelt maAanbrieg 

..eau HaGnmAaeTcn ymeHbmeHxe npxToxa. 3T0o6cTonTeAL-

Tno AaeT BO3M03HOCTb onemxTi. npmpoK Ha nocnenyw - 

4ee npcmn no TmnoncA xpmnoa cnaAa. HoczeAHmo cmpo-

nT B BmAe canom pacxoAon npmToxa sa TexyLiJI noc-

neAytoDAxl pactieTHmtl. miTepnan npememx. Ha 0CHOBe3TOg 

cnnax onpeAensuoT pacxoAN Tmnonoro cnaAa H aanucx-

xocTr, ot-bema npwroxa sa nremn cnaAa oT nexxlviiHm 

npvToxa B Aeiu smnycxa nporHosa /pmc. 2/.0sotAaemmA 

o6'bem nononoAr,a B aaNuaxamitem c ope cgAaAmnaeTcR 

ma o6inma npwroxa noAm B peumpo CeTb, nmtneiczeHmoro 

no cDaxTmt:ecxmm p:JcxoAam mazmx pex Ao AaTm nmnycxa 

npmvaxa Ha cnaAe. C em noAoBoAba Alienpa AO 1'iH.eBa 

np0rHo3a H npeAcxasaHHoro no sanmcmmocTm 

• Kxelacxoro noAoxpaHmAxl4a npeAcxaamnaeTcn Ha 
noc-

neAymnime Ana mecnna OT AaTm nmnycxa 
nporHosa.Taxan 

aa6naronpemenHocTI, npormoaa B 3TOM OacceilHe 
nosmo-

wma 6.71aroAapH cpanExTe4bmo He6oxidnomy nAmRtimio AWE-

Aenmx nanoAxon Ha cnaA nononoALR, WrD nosnozneT 

110Ab3OBATI,OB TxnonoA xpmnon cnaAa npxToxa BoAw 
B 

pounyro cemb. B CacceiiHax, rAe Ha crag nonoalonr.s1 

Mx Rano V 4R-OKaeMBEIMT cylikecTneHHoe ant:RBI/le A0a,an, 

TbIBaTI, npx oqeHxe nocneAvou4er0 npXmoxa. 

Pacqem pacxogon nomonoAbn B sausmarowem cTaope 

no Asammu o npmToxe aoAm B peciyl0 ceTb 
npoxesoAmT-

On no (Dapmyae 

Q`- X (-0 /5/ t • 

HpmBaR Ao6eramma pyczorroro cToxaR (er) RBAR-

OTCR aaxHetime2 xaPaxTepmcmmx0R, ompaxamwell 
OTHOCx-

Tn./MHO nOCTORBRme mOpfrictieTpxReCKX8 
mnapeuemmermA-

pasnmuecxxe ycnoama cToxa. flowleAmme 
onpeAennieTra-

ueammaoCTu xpriBott Ao6eralmR. HpxBaR 
go6erammR pyc-

.750B0r0 cmoma moxem 6bah ycmamomnexe maaBaJmaa XB
11-

1Kexxs Bonm Ha oTAeati.Hbrx yuacTxax penHo4 
cmcTeum 

/1/ • -Allaxo B cBRax C 
OrpalixRefixOCTbmaCx0 AinsiX 
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Hmx ob ycsoBmax npogBmirexxR BoAm no pycxau pex,xpi7 

Bme Ao6eraHx4 noA6npa1oT. Kplerepaeu npastaxbuocTx xx 

nop5opa cAylicxT CTeneHb COOTBeTCTBHA mexxy Bmturcxex-

HUMS H HaOxionemmoux pacxoAaum Bo gm Baemmicamowm Mo-

pe. CymecTsyea, pRA npmemos noA6ops xpmamx Ao6era-

MIR /3/. yAoOmo noA6xpaTb c nOmoUnAo OACKTpoBBO

upAaaxpymmxx BAH mexTpoRmo- BbinxcxxTealomix UBMBH, 

B ycAoBxRx 68cceRHa Axenpa OTH mpxBwe onpeAe - 

ARAHCb, HCX0AR me cDopum Tmnosoro raAporpaciaa /5/,no-

Ay4eHHoro B pe3yXbTaTe onpenmeBila conmeuletmixn0 nx-

Kam ruAporpa0a ApyxHoro noxoBoABR. Upa BYOB ms Tx-

noBoro rmAporpacle mcwdmgazocb rpyxToBoe naTaBxe,Op-

Axxamm xpxsmx Ao6eraxxii onpeAeAexu AezeHmeu xaxAoro 

pacxoAer, CHATOr0 c 'manor:tor° rmAporpacl)a gapes npaHR-

Tme miTepaanw apeueHm, Ha cymuy pacxoAme 3a nozoato-

flo uepe yaenxmexma 3TMx mHmepaanoa apexeHmuae-

cmuanbabre opAxHaTm nozyueHmsrx pacnpeAeneHmil aoapac-

TaWT, a umcno opAmbraT yuenbmaemca. CoxpaRRaxa Bcex 

pacnpeAezexmg oAxBaKoBlatt pac4eTRN2 vIATepBax Bpeme-

um, noxygaem cepMlo mpxBux A06eraxv,R,oTpaxeml4xx xa-

paxTep pacnpeAeaeHms cToxa B AaHRou Oacce:Ixe. 

npx cpeAllem Bpemefix meaAy nxicamm npnToKa Bogw 

B pecRylo ceTb x cmoxa B sammicalmem cTscpe,paaHOu r 
B xauecTae cpeAxe;1 Ana 6accei1Ha xpithoilzto6eraxma npx-

xxmaemeR ma, uaxcauyu xoTopoX coomaemcTayeT eTouy 

apeueHm. 

Pmc. 2. TmnoBme xplinme cnaAa /1,2/ m o67.ema cnaAa 
sa noaosoALe /3/ npmToxa noAm apeuxykocemb 
AHenpa Ao Knesa. 

McnoxbaoBaxme oAHog cpeAHerl xpmaog Ao6erax3a B 

00ALMBHOTBe AeT AaeT yAonAeTnopmTeAsHoe coBnaAemve 

(DaxTmczecxxx H paccgmTaimmx rmAporpaq.>on. Ho npx sTom 

Ha6.7/mAaRcR saxoHomepHialxapaxTep owm6ox: AAR BmeK0-

ro nonosoAba paccumTaxame uaxcmuymN rmnporpOos no-

Ayuaxmcb smme x HacTynanx paHbwe 4:axTxtiec3xx, a gAri 

BUCOKOTO nozosoAba Hmme H HacTyneAx noaxe cpaxTxtlec-

xxx, RTo noCAyxxxo nppluxHoA Ana npmuelleama nepeuex-

HWX xpxnmx Ao6eramIR. 

KCOA0A0BaHHA noxasunawT, MTO BO uHormx 6acce2-

xax ycnoama. Ao6eraHma cmoxa RamelialoTCR B saBxcxmoc-

TX OT HanonHexma pycea aoAog. 310 HanonxeHme MOZeT 

xapaxTepmsoaamb maxcxuanbkr,re stenzumxm pyczoadx 3a-

nacos (Winox ) wiz npmToxa aoAm B peurlymceTb. (ra4 
BcaeAcTame ysexmueHma Cxopocmx meuexma npx BECOKOM 

nonoBoAbe apeux npo6era aoAm yuelibmaemcn x, Hao6o 

poT, npx Hmaxou nonosoAbe oa0 yalenmumaaeTca.Ompeeox 

spemeHm mexAy nmxaux npaTorca x cTorca B saubmaxaneu 

c ope (AT) BaBHenT OT maKcioqua npmmoxa aoAm B 
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AAR 

Memenemms ycaoma2 nepemamemma ms, no pyczam 

pex npu paaxmnmom 14X HattORHekiliK ynitTmaaeTcs C nc-

mommAo nepeuemmax xImmux Aoteramus. LocAeAmze npk 

nporaceax cToxa Amempa ucnoxbaomaardcb czeAvolaim OCi-

paacm: 

1/ 3Ha5 maxemmym pp:Tomo acAm a i..enHyrcETI.,no 

caliam477.%7747:4onpexexseTca mexmnimaAT H amdmpa-

eTca xpmmaa, , spemF, HacTynxemma ncTop0eCr--47 ; TB-

xtdid ot5paeou 37'8 npmmas xapezTapmayeT A06eraime ace-

rc nwroxa B3A.b2 as nozoaaAhe r mauemseTcs OT roAa 

roAy. 

2/ Rpmmmaazoci. Taxxe, VTo KaitAa sezmnwienPH-
Toma HOAM a penmyn CeTb 38 eAuHmgy mpemammcoormeT 

cTayeT cBoR xpmaaa Aoteramma. 

mmtopa gpmeck ActeraHma /i.nc. 2/. 

050 

0.25 

aao 

ad 

are 

aca 
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Pmc.2. CDRat., oTpe5xa apememm HemAy nmxamu npuTOMe 
H cToxa C maxemmymom mime:Toga moAm B penmyw? 
ceTi. /a/. Ilei,ememmme xpmmme Aoteramma /0/ 
Amenpa Ao Itneaa. 

B wrom caynae AnR coxpameHma mmtimcxenuR amaxxTyAa 

xoxetamma 

paaAezeHa 

c4:opmanua 

AceereHms. 

Rpmmemesge B xaxAcm roAy cmce2 nomaog Actera-

Mita yaynmaeT cooTmeTcTame pactizTammmx H claxTime-

ommx rmAporpa(bom nczonoABa no cpammeamw C pacneTa,w 

mm no °Amok' Aaa acex zeT cpciAme xpxmofit Acteramms. 

PacneT rmAporpaq,c'E Epk noczeAomaTenomom mamememmm 

Trusmbix ActermmA BE :;pet::: KcacacANa gaeT Apiazw e-

ey.ILTeTI,J, gem api,. mcnczbaoaaHAz a1:eAme;1 A nepemem-

HNZ OT noxoBoAba Y, nOROBOXbM pia Aoteramma.Oco-

OeHHO yaynmal,)Tca 1.-..eayabTaTio pacneTa rmAporpa0a P, .a 

zeT C BbiCoKaWncLOBOAbem. 

ilpErhom 1-.4,6,porpacka roxosoA4,a Tagme cocTamax -

MTCH B momeHT :Aamcmmyma npzToga BoAm apenmpuCeTb. 

Ppm aTOM MCEOZbayXTCR ki.uTznecume maximum:a MpmToxa 

Ao bomemTa mmmycxa npormoma te. npeAcmaeamame Ha no-

csammatee spec s no TmnomoR xpmmol cnaxa. 

floabeyach Tim ,onog xpmac2 cmaAa a ArlOoti ADM. 

Pacx0Aca npmToma moAN B penmyw ceTb 6.uia 

Ha PHA rP3 Aallmi,13 B npeAtmax moTopuzTpam-

npomaacApmaci, no cooTmeTwraylomak gpzmc41 

nacTmmm 

yearn:114k 

x0Abi BOA,; B 

rpamizmpomam 

nocxe Gp0X0KAOHBB mazczmyma nomToxa moAm a pennym 

ceTL, moxmo rrotimsTs> nporHoa rmAporpa(le cToga. 

Epu paepatoTme meTO.z0B npermoaa a C0.111C301.1 tac-

ceAme c mepaemomepmmu nocTynzemmeu moAm D pe'Hya 

ceTb cxeAyeT paaxexmTb ero Ha tiaCTa, B npeAexaxm -

Too.= ye:mama oloopumpomamma croza 6oxee aaw meHee 

oAsopoAmm. b maxAom Tax0m nacTmom 6acce2me nocTyn-

xemme Bo= a peUHyb CeTb onpeAexiirm no CTOxy paAA 

pez, a 1151,10H4aboCTb yexoam2 AoCeramma cToma 

puTweerT B cammcmuocTm OT maxcnxemma moAm D pyC-

20B0g ceTm. 

B oTom caynae pacxoA a aaummarmem cTeope tcab-

wok perm (On ) moxmo npeAcTammTb cacTosemvuue cymum 

7pamcctlopumpoa9mmroc pacxoAca ( 0' ) b DitubiyaziziMccTBO 

pax (II ) RDCTribix BOA0c0opoe, Ti..amcopumpomammo-

ro npouemyTcomcro npmTcza ( 7,6), amnmcxommoro 

cTony mailmx pea (3) : 
T.,,, Tm 

Q = Z z at _,,-,., z (T) - z ck. .z.,_ .. ii tc) 
n , T " 

T.' 

rAE2 -64-) m R(I)K1)::Bme Aoterammil pycaomoro cToxa 

ma ynacTicaz m c mpo:4e,yTo4ec7. nzotLaAm. 11.7751 onpeAa -
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, /6/ 

xemzs't0r .)mcmozbeyx,T CTRHAOpTHme xpAalae Aottera-

Hma, npeAxoxemmme P.D. Kaammmumm m :,:manicomMu 

/1/ v maoxpomm AoGeramma pyCxoacro cToma.bpe..:m Ha-

cmy 
n-"H"  IlavokluexbRboc 0PAmmaT cTamAapTmmx 

gpmamX 

Ao6eremma npmmmmax,T pammwm apemehm Ao0 oreHmit 

naeoxica oT aei.xmr,ro Ao aambweit.wero cTmopa tro 

oneAmee onneAexsnuT no mapTe maoxpom. 4mcno 

miX8 

n0-

xapax 

Tepmmx ynacTmoa n tepeTca paammmE:c. 1. iipaBH4. -

mocmi. pacneTa Acteranma momTponmpyza coanaAemmem 

paccnxTammoro H axTmnec oro cTo B 

cpuope seer° Gacceiima /6/. 

oammxaximeu :..x ma 

npormc3m ot7.ema noaca0A/.m  b cAYgoc 

ma nacTmme tacceliHm ge?am no 

paaAexemma 

KeYkOuy Ye HaX oTAenb -

HO, K81t paccuoTpemo amIxe, a cymma oTmx ommAaemmx 

106'Bemoa AseT otu; 0 BezmLzmIly otl'ema noxoeoAbs. 

npormoa rmAporpae,:a nozoaoABli Taxxe AaioT no 

baccegma no q,opmyae /5/, a 3aTem c 
yneTom 

Aoterammm no 4,opmyze /6/ peCctIxTmneKT pac -

3 ammxamiem cTBope. Beeb pacneT eanpo-

m mpoeoAmTca Ha 3BM"M-20". 

hpexRaroeabgi meToA mpormoaa otbama H rmAP0

rpari ,a aecemmero monoauAbm Aas p.Axenpa Ao Kmeaa 

Kweacmoro moAcxpammxxma ,2;&n noxommTeabmme peayaL - 

TeTbi I4 yae Hecx0xbxo AeT npmmemzeTca npm 

onepaTmammx nporaomon. 
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MAPOLOFINECKKE EPOrH0311 HA HAULM TELLEHRW.PEKK 

MOPABM X HA PEKE ANS 

1611Z. AArmAP CAXAPOBA 

rmApomeTeopozormtleciolti MIICTISTyT, Bps°, 

Peamme 

Ycxonma CTCK8 pemm Wopanm HaA Zweg m oabm% APYr 
OT Apyra OTZHUOKTCH B COOTBCPCPSHH c pammummu xa-
pammepom noAocoopHblx nzoLaAeg o6emx 

xormmecimm m reonormuecxmm ycxoemnm 

nxowsAb maz .470/1 mmeem noumm 
ycxosvm croca, Ha memopme HOCKOAI,R0 

pax, mx mop0-

. BoAoc6opmam 

ecmecmsemmble 

HesmaummeAbHmx 

paa6opuambix nxemnm He OK83MBOCT cymecmnemmoro H1,14-
mumm. Ha neAoc6epHog re nxomaAm AMY mmeemcm mec - 

HOZE,H0 3HOLW.T0.11.1MIX rmApocoopyremmg, momopmemcxyc-
CTEICHHO BJIHRMT Ha yexonmm cmcma xax B merenog ne-

Pv0A, mem H BO speun nanoAmon. fl coommemcmnym 
"mm, AAR 06omx CaccenHon mcnoxbaosamm paamme me - 
moAbi rmApozormueemmx npormoaos. Ana 6accegma Yopa-

nu Aammcm npormoam rmApomempmvecmme, B mompemm max 
Ansi 6acceg1a Ablm pegs, mAem, npemAe lacer°, 0 
moaax rmApomemeopexormuecmyx. 

npor-

KbrHan Mopaems B patoHe CXXIIHER peK Alan 
pasm exeroAmo noAsepreemcm Axmmexbmwm masoAmemmmm. 

3amonxmemb1e .aeca, nymm coo611Ien1n, npomoAnmme none-

peK Aonmmm, H momqvrypauma MOCTHOCTM RWIRWTCA ec-

mecmnemmEmm npennmcmsummm, momopme memamm noAe no-

cxe npomorAemmn UOBOXKO 6NCTp0 eepHymbcHn CBOO py-
CAO. 

00HOBHMMH pememm, Apemmpymi,mum amy o6xacmb , 

Hoxammen pemm Mopava m .fl.  (CM. pic. 1 - HarxmAman 
xapma pem). YCJiCbD:H CTOKB pemm Ably H p.Mopanm mane 
ee cxmammn C Hsieh omxmuammcm Apyr om Apyra ncxeA-

cmnme paaxmLimoro xapaxmepa 6accegmon o6emx Pex 

ncxeAcmnme paaxmumg mx mopclumormmecmmx H reoxorm - 
ueemmx yozommg. 

Baccegm pemm Yopanbi Ao ee cxmmmmm c Ameg OT-
xmuaemcm npoAoxromamog (4OpM0g M pacnoxorem B !tau-
panzeHmm c cenepa Ha or. OCHOBHbTe npmmomm nepxmero 
H cpeAnero megammm pemm Yopanbl, m.e. maA ee cxmm-

mmem c pemog Betting m ma yuacmme mempy ycmbnmm pex 
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Summary 

tICCP 

The runoff conditions of the Lbrava river, 
upstream its Dyje tributary, differ markedly from 
those on the latter which corresponds to the dif-
ferent character of both drainage basins, to their 
morphological, and geological, conditions. The 
runoff conditions of the :lorava river basin 
upstream its Dyje tributary are almost natural, 
without being substantially affected by a few 
unimportant weirs. The Dyje river basin, on the 
other hand, includes several important water 
structures, artificially influencing the runoff 
conditions both of minimum discharges,and of flood 
peak discharges. .Accordingly, different methods of 
hydrological forecasting are used in either basin. 
In the ljoravq: basin hydrometrical forecasts are 
prevailingly used whereas in the Dyje basin hidro-
meteorological forecasts are preferred. 

Beuam m Alum, czeAylomme: c npanog cmoponN - Mopes - 

cmax Cassias, Tpme6ymma, Baxosa m retie, CABBORCTO-
polim - AecHa, ucmana, Beuna, Aprenkimma, Oxbmana H 
JAjasa. Cammm narkimm npmmomom aanaeTcR 

Ka reoxormuecmmx nopoA B pagomenepxmero mcpeA 

Hero meuemmm Mepanw game acero ncmpeuammca xpmc-

maxxmuecxze examum, 1deJI m myxbm, B cpeAmeg uacmw 

claimmenax aoma aanaAmmx Hapnam. CJIHEHIP:a c Apace—

Bilm4e2 Yopana npomexaem uepea A0B0.711,H0 mmpoxym 06-

xacmb 8.71/110BYLOABHMX Hanocon. 

B 6accegme nepxnero K cpeAHero meuemma pemm 

Mopanm HOT mpymmmx.rmApomexHmueemmx coopyremmg, 

mecmoxbmo HO3H8tiirreabHNOC paa6opuammx 0XOTHH Ha pe-

xe kopane He OKOONBOIOT cymecmnemmoro nxprnms4nmayc-

xonms cmoma; mczeAcmnme 3T0r0 MX MO73HOC4HTOTO 13014-
TH ecmecmmeHmmmm. 

Baccegm pemm Amm pacnoxorem B aanaAmog uacmm 

noAcc6opHog naomaAn pexm Mopanm a ero =Han Lulea% 

saxoAmm HO meppmmopmm ABCTIN01. TOppITOpMR,p8CHOZO-



zemaasi mexAy cammmmeu palm Amm c ee rAaempu npmmor 

ROM Capamxol x memxy cAximmeu peal Amu c kopasott 

RHAReTdif apynHog no2uoN m max XMR 6ozee mAm uemee 

saamamexi.Hug nanoAox as pexe Ape euamsaem B amoft 

o6Aaomm 6oAhmme HaBOAHeHMR. 

B Oaccelme pexx Amu nompemaipmcx czeAyru,me re-

oxorxmecame 

am?, rHeRc, 

KM CBMTaBW, 

nopoAw: xpacmarnmecxxe nopoAw - rpa-

c2wAxxoR cifaxeu. Tozbxo B OacceRme pe-

RBARELeRCR npmmomou Aux, muelemcm meAo-

sue o6paaosammx. Pennwe AcAmmu aanozHemu meamaux-

TeAbHUMM CAORMV OTZONaHMA, TOALZHa momopwx yeeAm-

nmeaemcm B HMZHeU meuemmm pex. 

BoAocOopmam nzoxaAL pexm Abu: gueem seepoo6pa -

emyp H 3TO cmaamsaem amanmmeAbHoe sAmmmve H8 

o6paaonamme HaBOAO4HUX BOAH. OCHOOHMMV pexamm,Ape-

mapymmmum ymaaaHHyp meppvTopim, RBARK,TCR peKM AMR, 

CBIDEiTICR Y. XrAana, momopme CAMBaK,TCR nuecme maA Ce-

ZOM orlOAHM Becmoegue. B taccetHe HamoAmmca Hecxonb-

KO xpynxwx rmApoTexnmnecxxx coopymemmg,oxHameamux 

exmaxme Ha yczosmx cmoxa maxwx H 6oAbwmx nanoAxos. 

Taxmm o6paaou, B uecme CZKRHMR pex 4mm m Yo-

panw conemapmcx Asa ocnoenwx emAa 3/excel:A cmoma:ec-

mecmeemmue yCAOBXR cmoxa pexx MOpaBLI g mcxyccmsex-

Hue yczoemm CTOKE. 1.exm bsmAy wroro B 06omx 

Oaccegmax npmmenmwmcm paazmumme uemcAm cocmanAenmm 

rxApoxormuecxoro npormoaa. 

B 6acce7me pexm 14opanu HaA ee cAmmmveu c Awet 

jiaeT naxexmwe peayALmamw rmAcovempxnecxml uemoA 

npormoaa. 

Cammm KpynHMV nprmoxom :4opanw HaA AweR t MOTO-

pmg oxeawnaem cmilbmoe szmiamme Ha ycAosyx cmoxa pe-

xe. 1Vopasw, AsAmemcx lexa Eensa. Ze xyzommmaumommwq 

pacxox onepe,:eem rasoAxm Ha eepxme- meneHmm pexm 

1-0Pa 8 IA Ha ABa TI.:: ABR. riaBOAKM Ha pexe "Sense BM3M-

BaJOTCR AeTHAM% AXBeRbg. Pexa Beusa o6pa3yeTcm ca 

Aux nonmx paexcuemnmx penes: 143 POZHOBCK0g beLIBM 

M BcemmmcmoR Beunbl. Pexa Ee4Ba MmeeT BA0Ab scero 

menemxm ropnbill xapaxmep. EaBOAOHHMe BOAHM 06pa3y -

MCA eecbma cxopo BOCAe HatlaAa swnaAamm.h. ocaAxos. 

Hapacmamme naeoAonHoR BOAHM npOIACX0AMT 6MCTp0,AAM-

Te3LHOCTb KyAbMghaOMOHHOTO pacxoAa Hesenuma, Boone 

nero pacxoA cHoea cpanmmmexhmo 6mcmpo nommxaemcm . 

AXMTeALHOCTI, peek naeoAouxot noxxm mamepHemcm He-

exoAuxmum nacamm. ToALxo OnaroAapx HaAmximIG ryc'ro

cemx noAomepHux normoe MOXHO BpN Aammot AAmme pexx 

3a6Aarospememmo COCTaBARTE, nporxoa pacxoAa AAR HHZ-

Hero menemma pexm Benem. npormoa CoCT&BAReTCR ARA 

cmsopa y nocma Axy rommue noA Bpmeposou. MCX0ARNUM 

nocmawm AAR cocmaexemmm npormoaa RBARioTCH Bcemmxma 

boemmmexoR "Setae m Baxamexe Yeamprznm Ha Poamoe - 

oxoR Eense. 1IpH noEumenHou pacxoAe nporHoa ymonma -

emcx C nouombp Aammux, mauepeammx HapaAbxeRwmx no-

cmax. IlpeAnoAdraexuR pacxoA B Anyrommuax umpaxaem-

om ypaexemmeu /1/. 
CD) (v) (vii) C.  c + a Aqa 

/1/ 

• pacxoA B Azyrommuax no epeum .6; 

- pacxoA BO BCeTMHe BO speux t-a 

- pacxoA B Bazawcaou Neampsmnx so speuntnb 

68 

3ma cliymxumm xao6pa1am1 H& plc. 2; ma TOM se PMCYB-

xe Aamw m xpmewe nxoA01,00c AaHHWX. YeBOCTHMLK Bozic-

amaue mum Q (v.) x ez.(vr4) , 
BeAKTIYHAUM 

RWIRKLI RERROTCR 

RaRRIOTCR a,b pq, ipsziq 2  , 

HOK3BeCTHWUK 

amauensm KO-

TopNx onpeAezmomca nymem amaimaa x noApo6mor0 MC

CReA0B8HVR scero 6acceRma. bezmummw a x b npeAcma-

HARM' apevA AoCerammn m 0OpeAt.ARK,TCH c nouou1bsoixou-

6xmauxx uemoAs CCOTBeTCTByboWgx paCX0A0B 

pacuema no cpeAmea cmopocTm B crscpe. 

K meT0Aa 

hapaCTaHmR 

pacxoAadaq/ maq2 as cuem omAezi.mba yuacmxon 6ac-

ce2ma onpe)eimAxcb B rpouemmax ERR qaCTb OCHOBH0r0 

pacx0Aa. 11pm amou meo6xoAmuo Cwito paaAmuamb Aea 0C-

HCBEUX CZygaR: morza baccena nepeA B03HMKHOBeHMebil 

naeoAxa nOAHOCTbq H&CMWAH ocaAxaum m amopoR czyuatt 

xorAa 6acceRH coAepumm TOA6K0 eCTeCTBeHHyM sAax - 

HOCTb nonnw. Kpoue Toro, y oCaTi:HCK0;!  E04BM HaCJIK-

Aama.cm paanzqmm npz noet.:meHitz z roavmemvvrmxperpa -

cl)a naeopcs. 

b omAmume oT EOHBW, OpM4MHO:1 oanoAxonma sepx-

Hem meuemmm pexm ::opasw manmemcm cmeromammmo B sap-

xme2 nacmv tacceRma, a eu;e 6oAf , e uacmot nim=q"" n

RBARKTCR zemmme oammumwe gHTeUCMBHWe  AcxAm p nwraga -

pmme noumm Ha ace meppmmopmm 6acceAma. 

Ha pexe Mopane mmxe ee cAmmnvm c p. BeqBan, 

scmpenemcH 06a Tmna nanoAxon, scAeAcmsme ger° no-

AynaeTcx BOARa C OZ.1-10it LIZX AZyl,.51 ElerilINHEWY.npOrH03

Axx cmsopa Kpomepnvz ma :, opane, HuxoAmirerocm Ha 

paCCTORHMO 18 KM OT ycTLR prKg LeHBM, 
Bp0g3BOAMTCR 

no COOTHCthCHHIO, npmseAeHmomy Ha pvc. 3. niDDI npor-

H03e a x&tieCTBe MCXCAHMX 6epyTCR nOCTM: 0A0M0yU Ha 

L'opane HaA m ;..zyrommue Ha Bense.BoAoceaP HaA

rEoulaAh uexAy 4 xyrommnamm, v.romoyi;em Y KPomel'mem
HeCMOTpR Ha TO, 4T0 COCT3BAReT 3C nponemmos 

neAo2 

noAoc6opxo:1 nAolhaA;! npormoampyemoro  cmsopa B HP°-

mepzyl e, Auer ysexxuenme HpOTOK3HmR nepea mexoAmw e

GOCTM Ha ommocmTenLmo :AaAyKI BeAMLimHy, a MUCHH O Ha

5-15 npol;emmon. OrpeAeAeHmax me6oAbwax pa
ammua

mmeemcx TaKYe M B 3Ha1eHKRX Hapacmammn paexoAa 3a 

ClieT 4aCTm4H0fa BOACC6OpH0a fl./101:;apy, AAR nemmero 

3VMHer0 nepmoAoe, KaK 3TO BmAH0 m H3 ypir31143/1" / 2/

Y. /3/. COMO C060:: paaymeemcm, UTc r.p1 OTOM npmmm-

maemcm BO nmmmamme MziMeHeHge pacmoAa BO npemeHm. 

flpmpocm pacxoAa g3 Leviam b h.opaay mwaHo yCTa -

HOBMTb ARR AByX OCHOBHMX sapmaxmon. Ecxx nanoAox 

mueem mecmo TOAbK0 Ha "Setae, a an Mopaae asX Beg -

sat pacxoA He yneAmuem, TO pHCXO B Kpouepumue 

xoAmmcx s npeAenaxQwme , amanemmx pomopwx 

peAegimpTcm ypaamemmxmm /4/ m /5/, npmseAeHmwmx 

pvc. 3. Ecxm B o6paoonammx nasoAonmo2 BOAHM 

Ha - 

on - 

Ha 

Ha 

Mopase'noA Eensog ymacmayem He moAbxo Beusa, HO H 

nepxmee menemme Iopanw, To pacxoA a Hpomepumme Ha-

X0AMTCX B npeAenax 
62(3) 

6v) x Ci (k  ( 4  ) , amanemmil momopwx 

orpeAezmpmcm ypasHemmmmx /6/ H /7/, npHsexteHlubmax in 

pvc. 3. 

hu, ymacmice oT yeTbR Beusw AO yeTbR ANY' rmApo-

mempxnecxx2 npormoa °nem. npocT, 4TO BMAHO H me 

ypasmemyR /8/ H /9/ Ha pmc. 3. 
IipH HM3KKX pacxoAax 3148HOHKR q -Aqv npeme-

°permit° maxw, a npm 6onee sucoxmx pacxo,xax amm Sae -

nemma Aocmmrapm 10 npouenmos pacxoAa, npomexamMero 



nepea BmweAemawmtt cTsop. 

3xmamilt neprioA: 00) + Q(D) - EQ. a CHI 

AeTiima neproA: (6) f a09,- (5- /5)r r- a(k) 
clazi 

(-7 ,1- 4 6

a(a) 

C1(2) — 3. wo 
(A) w 60 • Q(D) 09-! (3  7 5' Q 

6 /(4_, 4.5oza (D) ̀2,?5Qty 
Q(s.1)_ a (A) ,4 3,- GzCV A44 - 4? 5 

a (s)
(sp) e96  +q CTe)+4q~teg8 

pacxoA 

pacxoA 

pacxoA 

pacxoA 

pacxoA 

..19 _49 _ 

• Hpomepimme Ha Mopaae; 

B 0Aomoyue Ha Mopaae; 

B Azyrommuax Ha Benee; 

• CneermrHeae ma Yopalie; 

• CmpeiHmne Ha Mopaae; 

npmpocT pacxopa Ba cneT 

/9/ 

OT-

AeAbHmx nacTmuHmx a0Aoc6op-

Hmx nAowaAen. 

B 6accenHe JbIH Ha6AmAa10TcR ABa maga naaoAxoa. 

ileTHme nasoArm 6ma8mT TOAI.K0 AoxAeame. CHm npoAoA-

NamTeR Boer° HecKoALKo AHeA m nocTllraluT mAm IleAym 

BoA0c6opHym nitowaph, N.F1H 6oAbwy10 ee nacTh. 3mmHme 

naBoAHm CBABaHW C TaRHvem cHera NAN C TaRHKOM cue-

ra H oAHoElpemeHHo c AomAem. lipmHmmaR HO aummaHme 

TO, wro o6paaosaHme nasoAKoa npomexpAmT nocTeneHH0 

n Ha BoAoc6opHoil nzomaAm aeepoo6paaHoA OPMbl Hec-

K0AbKo aHatipiTeAbHWX rmApocoopyweHmU, AAR OacceMna 

AWN, B OTAHLtHe OT 68cceAma Mopaam, cocTaBARKITcR 

rmApomeTeoponormnecKme nporHoabl. OHH BOCHOBHOm AB-

.nnTcH Ha Aaa BmAa P BaBHCHmOCTH OT Toro,mmeeTcR Jul 

B emAy AeTHRN MAK emmHma naBoAoK. CAeA0BaTembH0 

penh mAeT o nporHose CTOKa sanacoa Beam B cHermou 

noKpoae B ammHee aremR H o nporHoae cTcKa BO apems 

AOHAen B AeTHee apemR. B nepaom cAymae, KorAa AaH-

HaR npo6AemaTmKa KacaeTcR BoAocbopHmxrromaAelrnaa-

Hmx rmApocoopymeHmA, T.e. nAoTmH bpaHoa, BHp, EpHo 

• MOCTHMTe, npm peweHmm BOSHMKaeT pRA aampyAHeHmR, 

caRnammx C 6oAhmoti nepeceneHHocTbm BoAoc6opHoPf 

nA0MaAr. OTAeAhHme nacTmgHwe BoAocelopHme nAowaAm 

oTAmnamTcR mexAy coOott Kam xapaxTepom nosepxHocTm, 

T8K H KAmmaTmnecKmmm ycAoamiimm. B CBRaH cTem, UTO 

peg!, mAeT o ObicTpcm m npamTmnecaom mCnoAhaoaaHmm 

nporHoaa, ObUI Bw6paH npocTott cnoco6 onpeAexeHmx 

06'bema CTOKa ma aanacoa soAm He BoAoc6opHo1 nAowa-

Am, mcx0AR W3 aanaca aoAw B CHexHOM noapoae. 3To 

coOTHoweHme 6boo smpameHo C nomombm AayxasammHoaa-

smcmmmx BeAmnmH. FaccumTmaaAach Taame BaBHCVMOCTL 

oftema cToKa OT KOJIH4eCTBa ocaAKoa B 311MH1111 nepm-

oA. BAaroAapR 3TOMy, B onpeAeAeHHoti cTemeHm 6pa-

A8ci. Bo BHHmative KOmOKHaBHA CTOKa aa ever TaHHHH 

cHemsoro noapoea m amnaAwmx Ha Hero AomAeemx ocaA-

;ma. AAR Toro, 4ro6m moumo Own° cocTasmTh Oonee 

Tomitme cooTHoweHmE AAR nyorHosa, He06x0Ammo mmeTh 

ceTh vraHnmO, mamepalowmx TemnepaTypy. Ha Boxcctop-

HON nx0Ma4m HaaBaHHWX BOAOXpaHHAHUICeThTaKMX CTaH-

ulin °nem, peAKaR. HecmoTpR Ha .TO, OmAa cAeAaHa no-

nmTaa nsecTm ZTy BeAv4mmy B cooTHomeHmR.EoAynetmwe 

peayAbTaTm npmaeAeHm B Ta6A11Hax ra p,ic. 4. 

Ha plc. 4 mcnoAbsosaHm cAexymaime oftaHaneHmR: 

1- o -

H' - 

PA-

BMC0Ta CTOKa B um; 

sanac BoAm s cHeiHom noapose, assiTmn K8

paaHomepHma cAoti Ha ace:` scAoctopHott mnowa-

AR, B "; 

cpeAHRR BMCOTa cHemHoro nompoaa Ha BoAoc60-

pHol nAowaAm, B Cm; 

Ps- cpeAHee KoAmmecTao svmHmx ocaAlcon, amnsammx 

Ha BoA0c6opHym nromaAb, B UM. 

AAR 

Ha pic. 5 AaHm HeKoTopwe peayAsTaTm pacueTom 

BoAocCopHmx nAoulaAen BAOTKH BpaHoia H Bmp. 

npmseAeHHmx petlyAbTaTos amARo, 4T0 onpeAe-

AeHme 

Topmit 

=Kea 

CTOKa no aanacdm. aoAm B crierHom noKpoae, Ko-

AerzT Ha BoAoc6opHo1't nmowaxm, AaeT npr, 

BOBb.01HOCTRX Ham6oAee npmemzemme peeyAbTaTm, 

ecAm 6mAo aaRTo npaamAhHoe aHaneHme BOAocoAepmaHmn 

cHera. bmAaliHma nporHoa B npaaTmKe momHo BO apemit 

yTO4HHT6, mcnoxbeyR AAR 0Toro npo1cx0ARW1e Ha Be-

A0c6oplion nAowaAm mameHeHmR. 

B AeTHmA nepmoA Ha BoAoc6opHoi*, nzowaAmARm or-

paHmmmeamTcR onpeAeAeumem CTOKa 88 CT4eT 'amnaBwmx 

ocaAxoa AAR BoAoc6oppmx rzomaAeA OTAWILMTAX rmApo-

coopyremm4, sammKamwero cTaopa Ha hraaae m cpsopa 

Hmxiime BecToHmne, KoTopml AemmT HeAaAeKo OT cAmR-

min Ham6oAee earwax pea, oTaoARwmx BoAy C DTOR BO-

Aoc6opHol nAowaAm, T.e. y CXHRHHA Abm H OBpaTKIK 

NraaBOR. 06BeM CTOKa B DTOm czycae tmA yoTaHoszeH 

KaK CAOR CTOKa, paanomepHo pacnpeAeAeHHml HM 80,80-

c6opHolt nAowaAm, T.Q. KaK BMCOTa CTOKa B mm.B paH-

mom cxygae mcnoAbBoasAcR meToA KoaKcmambHmx Koppe-

ARumA. Epm 3TOM 6bolo paccmompeHo HecKozbKo aapmaH-

Toa C pa3HMM qHCZOM BX0AHmx 3nemeHTOB H paeHmm TH-

nOm Kpmamx OTAeAbHmX KaaApaToB. PemeHme npoaormAocis 

KaK rpaTmnecamm, TaK H pacneTHwmv meToAamm. Pac 

CTORHIle merAy Kpmammm R BRA Kpmamx COOTHOmeHlig MeZ-

AY acRAaamm H CTOKamy oTo6paxamT 4m8mIto-reorpacpm4e-

came ycAonmR Ha BoAoc6opHo4 nAowaAm. Ha maAexcHocTb 

cooTHoweHmg oKaamaaeT BAmmHme HOA114OOTBO mcxoAHmx 

AaHHmx. &aro 6wAa npomaaeAeHa KopeAARumR nRTm 

pamempoB, Ha KOTOpmX O1tHH napameTp, a vMeHHO CTOK, 

RBAfieTCH aaamcmmog nepemeHHoA, a nemmpe na pameTpa-

ocaAam, KoaOmumesT npeAwecTsymwrx ocaAmos,npoAoA-

mmTeAbHOCTb oCaAK0B BAHHHKe manapmTeAhmompaHonm-

paumoHHoro UKKA8 Heaaamcmmue oepemeHHme.3HaneHme 

3TI1X napamempoe XOpOWO H3BeCTHO H, cAeAoaaTeAbHo, 

HeT Heo6x0Am“ocTm OCTaHaHAMBaTbell Ha HHX noApc6H0. 

111DHBEIAaM o0oaHaneHmH m eAmHmum,

OMAN HCII0Ab30B8HM: 

p. N 
2 Si 

ifs 

11P5: 

P 

p• zips -
2 2- 

/3

KoTopwe Hamm 

  (MM) - cpeAHmtl onpepe-

ARmwma ocaAoK 

  (MM) - Ko3T4IumeHT 
PpeAmecTapoullix 

pc:JAKOB 

roe 1(6 = 

.(Aerib, tIca) - 
nyoAo_nAmTeAh - 

HOCTI. ocaAKoB 

69' 
A - 14 



rxte 

tE HelleAm) - exmnmme mCnerimTexhmo-

TpamcnmpaUmommoro 

UmmAa 

0   (um) - cTox. 

Ppwrivie0cm KOparAiimmn npomee0ANAaCs me cTexa,aocarc 

015untirm0 ITHHATO, PaBHMIM meicAy 0Commum m cTomom 

(gyp). Cnoco6 npomanoAcTma rpaatmgecmoN mopeAAmmmm 

masecTem. PeayAbTaTm AAA no=c6opmon nAomaxs nAo-

Timm BpaHOB Aamm ma pvc. 6. 

Pewemme pacqeTmmm nyTem 66.no nponegemoma c4e-

mo-pemaxge3 mawmme cmatiama Ann Ammennoa mopeAAmmmm 

C ypasmemmem Tuna y =1"()( 4' x z xo ).EcJim mc-

n0Ab8omaTa o6ecnememmm BX0AHE1X napameTpon,T.e. mm-

6pammmx mesammcymmx nepememmmx, To noAymmTcm ypas-

mem)e nmAa: 

0 = a.H
s 

+ b.UPS + c.t
E 
+ d.ts + 

+ e.% + f /10/ 

no cpaememmw C rpeWlecmon mopexAmmmen npH 

pacueTmom Ammenmom pememmm yneAmgmnaAaca conomyn-

NOCTb mesasmcvmmx nepememmmx Ha OCHH 3.11BMBHT, a 

mmemmo BBBABH HamaXE.HLM pacxoj . Pewemme 6mno 

BmnoAmemo AAA meemenbmmx B8pMaHTOB cpasAmumon KOM-

6mHaumen meaanmcmwmx nepememmmx. 

Hpome Toro,.ma cmeTmo-pewaloweA mammme 66IAa pe-

mema msmApaTmmecmam mopexAmmEm. Ha OCHOBaHmM wmpo-

xoro amaAmsa m mmoroumcxemmmx mom6mma1Im0 ypanmemme 

AAA „mammon conomynmocTm napameTpon 6mAo mmtpamo B 

often cDopme: 

C x 
2,2 2

2 +C 2,3x 
2
x  
3 
+C  

2,4
x 2x 

4  
+C  

2,5
x 2x 

5 +C  2,1 x  2 
+

+ C3,3x + 
C3,4x3x4 

+ 
C3,5x3x5 

+ 
C3,1x3 

+ 

+ 
C4,4x4 

+ C4,5x4x5 + C 4,1 x 4  + 

2 + C5,5x5 + C5,1x5 + 

+ C1,1 = 0 

rile C1 ,1 4 C
5,5 

- nocTcaame, t3 x-

He.,,,bvcrvoR nalemeaRo!!. 
' - (fvfiKums 

B 3TOm cxy4ae TaKX8 Ef 0 M3BaAeHM PasA" -

mme mom6vmaamm BX0AHMX BBAM4MH M neAyven ps,a sa-

pliaHTOB AAA paammx C744rJOB AouTynaocTm Gt aaAexao-

CTH meamnmcm:mx nepememmmx. 

lipu ncex nmAax npormoaon vmem4vIca n paenopci-

xemmm maTepmaA 6mA pna.meAcm Ha Ane conoKynnocTm : 

coaoxynmocTb °CHOW-fan, KoTopan ppeilaaaaagazacbxon 

=1 
0CTI, HaX0mXeHMR MCKOHHOr0 COOTHOMeHM)i, C 

KOHTp0AbHaR, C 110MOLL6K0 KOT0p01 3T0 CGCT 

KonTponvpcaaAocb ewe AO nepeita4v ero B nptixTmtcy. 

B aamAmAlemme cneAyeT CK83aTE., tiTo u0716P3 pecte 

paTa OMAO AiTh csejlemmm 0 peayzi,THTax, moTopme 6 m-

V AccTmrmyTm npm apvmeaeaao onbiTa getacgmx 

paamgamx rmAponoroa npv 

Bar -

1,13yeteMVM yCAOBMn CTOKa H 

noAroToaKe runLcAormyecKmx npornosoa B YopaBKM,AB -

ximuteAcx o6AucTbm, Apea:Ipoearitio0 OAHMU MB 

00AnWRX npmTomon T'ynan Ha Te1411Topag L1CCP - 

Mopaaog H ee npasmm npmTomou pemon Amen. 

I. 6(?rka:=.1n: 

2. Dub: Hydrolor;ie, hydrof;rafie, 
Bratislava, 1957 

3. Nemec: Inenyrska hydrolns;le, SNTL Prohn 

4. HidrolorrAcke pomery C'S8li - II dil HMU 

5. E-:ermak: Dyje, KNV Brno 1952 

6. Bratranek: Morava, VUV Praha 1939 
7. Sacherova: Postupove doby nn tocish v 

Moravy, Brno 1966 

8. Sacherova: Predpoved objemu odtoku 7,e 
Dyji, Brno 

9. Hladny: Stanoveni srakoodtoknvvch vztahu P 
vodi toku Vltayske kaskady, Praha 1964. 

COMWX 

peKCia 

XmTe 

Hydrolr ,,ic:o aTY"priruMca, 1'raha,1984 

hydrnmetrie, SVTL 

196" 

Praha 1967 

povodi 
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EPOrH03 FRAPOITAcDA HABOAKOB Anti BEHITPCROF0 YUCTKA 
P. AYHAH no AAHITUA 0 PACX04AX 

rmApozor ILEAPTA Amna.meTeopoxor K.MAX 

Harum-mcazeAoBaTexbciolg lolliCTXTyT Boxioro xossiacTea 

ByAanemT 

P e 3 a at e 

Hacmonmem AolusaAe npmneAeHm peoyxbTamm mc-

cseAonammg nposexelinmx Ana paopetommm maToxa nFor-

HoaI:poBaHI:A pacxoAce pec' AyHan Ha neHrepcmom yna-

cmme C saCzaronpemenHocTbm 2- 4 cyTom. 

l'EICUOTHMM MOTCAOM CMR amOpaH memo,s pacmemane-

yeTaHonnnwerocn Anw:FeHma Hazmlimna-Mmxiomono.Pactremm .

nponoAnzmcb Ha aha:loronon nmmmexmmezLHon mammneral-

43. 

YICE138HHh1 ! ytiBCTOR RBRABTCR nplYromilmm. ,7,3zsytie-
T,A npomelEyTommore npmmoma 6m.71 npmmeHen memog memy-

me7n moppemTmponmm. 

PeoyxbTamm ni_orcpomHmx nporaoaoa nonymeHHmx 

pacmcmom Ha mawmHe 11P-43 conocTanxenm C peoyzsma 

npornoaoB OCHCD3HHb1X Ha memoAc COOTBBTCTDBH-

HUX pacxoAea. 

3a nocIlexume rc,a pets co sHammTazi.Hmnmpa-

cxoAamm 6b1am cocTauxenm npornocTxnecmme 

li" 

nocoOmH, 

Perna mop,,exHumonHmx 

coomsemcmneuHmx mamcmmymon.npm 

mcnonbsonaHmm DTMX nperHocTmmecmmx noco6mti 5ORBH-

naca BO3MONHOCTb nIexcmaoaHmH mamcmmymom panoAmoa, 

a Ana p.Aynaa noomoasHocTI, pery.impHoro nporHoempo - 

nammi yponeHmoro pexmma pexn (1). BilegpeHmem BMMR-

cAnTexlmo!! Texnmmm B npamTmmy mspozormmecmmx 

rHoeon n B Hawei! cTpane nee ConLmee aHmmaHme 

npo-

yAe-

XRBTCR mcnoxsaoaaHvm 3ReKTTOHHMX smgmcAmmemunaxma-

mHH AmcmpemHoro m HenpepmnHoro AegeTBKR. YmacTme 

3ABKTPCHMMX BMIMACJIMTBABHMX mammH B smnycme rmApo-

zormmecmvx nporaosen Aaem BO3MOEHOCTS Ha nomymeHme 

rionee TomHmx cneAeHm# o npoxosAeamm nasoAmon. 

HaY4H0-maeAeAcnamezbemmti VHCTI1TyT BOAHOPO X0-

aRtICTB8 n 1967 r. npmoOpex moAeampymNym mammHy 1-113-

43. Hmwe mozarammcH nepame pesyxbmamm noxymeHmme 

npm nomomm emoM mammHm. 71 

Summary 

This paper deals with the results of 
researches carried out for the nurpose of elabora-
tion of a method of making forecasts of the inflow 
of the river Danube at the Hungarian territory 
during 24 hours. 

Kalinin-:aljukov's method for calculation of 
the unproved movement has been chosen as the 
arithmetic method. The calculation was carried out 

at the analogous machine PR-43. 

The forementioned section is a tributary one. 

The method of current correction has been applied 

for calculation of interspaceous tributary. 

The results of checked forecasts obtained by 

calculation at the machine PR-43 have been 

compared with the results of forecasts based upon 

the method of corresponding inflows. 

C mcnoxi,00sammem conpemeHHog ammmcxymaim.Hoq 

TexHmmm noomosno npmnsemeHme B npamTmmy nporHoson 

ypasHenma HeyeTamonmsmerocH Anm:seHm. Eplimeimemmg 

Hamm cnoca Hanmi4Ha-MMJnomosa HazHemcs npm6amateH-

HMM pemeHmem ypaaHeHmii CeH-BeHaHa. 

B npeAsoxemnom ommmm aamopamm memoAe Aomaam-

saemcH, tyro petcy (mxm xmlOoe pycAo) moxHopaoemmi, Ha 

onpeAexeHHoe mmczo "xapammepamx" ymacmmon,Ha moTo-

pmx cymecmayem OZH03HatifABR CBR3b melcAy o6lemom BO-

AM Ha ymacTme H paexo,som aoAm mepeo ero Hmslima 

cmnop. 

3Ta CBRab Ansi oAeoro xapamTepHoro ymacTma BM-

pas.semcH ypaaHemmem: 

dq_ . 1 

dt 
r,se 

dW /1/ 
dt 

Pacx0A aoAm mepeo HpacHmti cmsop ymacTma 

oftem ncpi Ha ymacmme 

- speum AoCeraamH noAm Ha ymacmme 



Ta6Axua 1. 

HpormocTxnecxxA yuacTox: Hpeuc - EyAanemT 

3aomaroBpeuemHocTB nporHo3a =6 = 3 cyro

timcmo xepaxTer!::- vqacTmcn: #07 = 6 

A 

i 
Ha6m1OAeHmult pacxoA B y A a n e m T 

'Aare 
1948 r. 

Hpeuc 

5t 

ByAanemT 

at 

flpormoa 

Q 't

PaaHocTh 

c6 

HoppemTx- 
poems 

_ cri _c- 

Kopp. 
nporHoe 

c-6744-(-5"t _y) 

Owx6ma 
nporvoaa 

A Q-0':E - Qt 

1 2 3 4 5 6 7 8 9 

1 11.17 2190 2674 2156 -518 - - -

2 18 2230 2611 2150 -461 - - -

3 19 2310 2548 2156 -392 - - -

4 20 2546 2557 2156 -401 518 2674 117 

5 21 2860 2620 2216 -404 461 2677 57 

6 22 3850 2755 2375 -320 392 2771 16 

7 23 4128 3016 2654 -362 401 3055 39 

8 24 3597 3490 3125 -365 404 3529 39 

9 25 3784 3890 3540 -350 380 3920 30 

10 26 3608 • 4044 3680 -364 362 4042 -2 

11 27 3421 4022 3700 -322 365 4065 43 

12 26 3000 3989 3640 -349 350 3990 1 

13 29 3780 3912 3460 -452 364 3824 -88 

14 30 2980 3670 3260 -410 322 3582 -88 

Ta6Axua 2. 

BepxH 
cTBcp 

OmX 6 xx nporaoaos 

HVMHVg ' 

cerBop 

flo xpErimm Ao6eraHvisi Ho meT0Ay 
COoTBeTcpaaHHmX MaKemmymoB 

A G Zia max 
L H L H 

max 
-- 

.6 H A 14 max 

1 2 3 4 5 6 7. 8 9 

Kpemc EyAanamT 196 664 .17 59 31 110 
1 

2 Bella BYAanewm 250 552 19 45 33 145 

76 
3 BpaTxcmaBa syAanewm 153 492 12 42 19 

276 
4 BpaTzczaBa Moxaq 307 966 30 88 31 

224 
5 Homapom Moxan 223 756 22 68 22 

72 

t - Bpeum 

Ypaememme BoAHoro oazaHca mapaxTepEoro yqacT-

ma mmecT BEA: 

r.ne 
- + Q = dW 

it 

- pacxoA BoAm tur!pee BepxHE2 cTBop 

COBmeCTHum reweHEem ypatmeHmA /1/ x /2/ noxy-
nmu OCHOBHoe ypaBlielive xapaxTepHoro ymacTxa 

-414-  g 

a 
/2/ 

/3/ 

3anxcas ypabEeHme /3/ Axs Hoax xapamTepHux y-

qacTxop yraem REeTL cxoTeuy ypaBHeHmett pemeHme mo-
T0p0q BOOmONHO: 

a) axamxTvvecEvm ucToAou KammixHa-Y.x.mmxoBa 

C) ueToAou mIEBmx Ao6eraHvg. 

B meTowe mpvsmx Ao6eraxxx pacqeT rxAporp64a 

HEXHero CTOOpu npoxeBoAxTcH pewelizau mmerpama 

amaan 

Q t ) 

rAe 

t 

f qt t -T )p(t) 't 
/4/ 

- 

i)((10- mpzas.c AcCeraExh (noma3msa1011;as pacnpe-

Aenemve pac::oAos soAm qepes cTBop npv. cTe-

maHxz eAson:qmoro cC-Hcma). npeAnomara.moiTo epeux Ao-

OerfAHLIR Ha Ka-:ACS: xnpalcrepHom y4acTKe CAKHaKOBOe 

4 a7rEHEH N ::zmy:Kos roxyqnmx cmcAmmee BmpameHLexpx-

Bon AcOeraHvii AZR cEcTemm cocToHme:'t xe ..m" xapax - 

Tepnmx yqacTmoB: 

P ) =  
A t t n-1 

n _1) / ,
"C 

/5/ 

rAe 

4t p,C43TBV!! XHTeptia.:: Bi..emeHE npvHAThrg ea 

ex:RRuy• 

'11111Ym11:::uenr;.;:v4;f: /4/- nP"3"r;'xc'cb HH mc)Xe-moAezvpylmieurzsAegeHze 

mamzmm (Ts:,Y) :4aAo Bos:.:mmocTI. 6meTporo z T04H0r0 

0 1-1PeXRAeHEE -41)11pH): AoCeraHlla no AaHlis:M 0 naBcAxax 

:121.7o:75: 

e:)71: nATx Bm6paHHmx nporHocTzqecxxx yqa 

EepeA H3:411 cTcHma AaTb nporEga rxApo-

rpaqa 

a'roro 

CTKE: 

naticAmon Amm 

6m71z BmCpaam 

emBopos LyAanewT N Y0X64. ZAA 

caeAvomme nporHEcTvqecxxe yqa-

BepxHmg CTB0p CTB0p 

Kpcuc 2003 

Bells 199 KM 
EpaTE-

C.naaa 1069 KM 

EpaTx-
cmaBa 1869 KM 

Komapou 1768 mss 

KM oT 

ycTLA 

BypanewT 1646 KM OT 
yoThil 

SyAanemT 1646 KM " 

ByAanewT 1o46 mss 

Yomaq 1447 KM 

Moxam 1447 KM 

4AH nporHocTxqecxxx yqacTxos no Aammu 26-H 

naBoAxos nepxoi:a 1945-1965 rr. 66Imx onpeAemeHmina-

PameTPM xple.Bmx AoCeramul nyTem noA6opa (nocmeAoaa-

TeALHoro pacqeTa naBoAx0B Bapxpyx amaqemin napaue-

TP08), Bunx Bm6pasm Ana xaAAoro naBoAxa napameTpm 
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o6ecneqmsa1ow31e Haxmyqwee coanajleave nporHoexpyemo-
ro x 4.aKTE4eCK0r0 raAporpa,i,oB. Taxxm odpaaom AAR 
xaxAcro npormocTxqecxoro yqacTxa noxyqxzx 26 mpx-
aux Ao6erax12x. Epx aHammee DTEX mpxemx Ouzo onpe-
Aeaexo, qTo AAR Hoax yqacTmoB BemEuxHa napameTpa 
"A" mamo memneTcH H Ana ximmoro yqacTmemomaD npx-
naTb ee nocTomimott. nocxonLxy napaueTp -211 (spemx 

Ao6eraH1:H) uomeT 6HITH npeAcxazaH no BezxqxHe pac-
xoAa BoAm qepez eepxH0 cT8op (1, 2 x 3), Bunycx 

nporHoes, email semi:mm.1y npomemyronHoro npwroxaBoe-

momen. 

Ha BmweyxaaaHHED: nporHocTxqecxxx yqecTxax ec-

TecTeeNuml pemxm Bo= HapymeH, nowromy Arca ygeTa 

npouemyToqmoro npwroxa uemecoc6pasHo npxueHHTs. me-

ToA Temyme moppexTxponxx. bemxqEma moppemTxponxx 

paBHa paaHocTx p8CC4ETaHHOro E HaOmmAeunoro pacmo-

AOH 13 ,Aeko, EbinycKa nporRo3aciL. 
wHa6), BEM-

Tog C o6paTHb1u 3H8KOM. 11p16aBJIHR sHamelumil moppex - 

Txponxn K nporHoey c yqemou Bpeuexx Ao6eraHmil, no-

myumm xoppemTxpoBa1me1 rporRoa (Ta6A. 1). 

DBeAeHme TemymeR xoppemTxposmu AaeT xopowxe 

pezymbTaTm B cmyqae oTHocxTembHoro nocTo.micTea BO 

BpemeHE ni.ouemyToqHoro npv.Toma a npeAemax sa6maro-

lapeuemsocTx npornoza H npE yamoBxx, 4TO naBOA04HRe 

BOZHW Ha oTAembHmx hpxTomax He oxa:3mBamTcymecTseH-

Horo BA::AHER Ha Bpews Aoteraxxa no ocnosIntmY PYczY• 

OneHma nc.vigeRRyx pe3y.7.:Lmemce 

.ot;Rocmi. LpoBepotmwx rir,orTic.lcB xapaxTepxsoBe-

Ra cpe,nxe,.i SI .axczma.71:,Ro:1 onvi.txaNx B oupewozeRxr 

MaKektlyMa L:.leoxRe. nepectlem paC:CO,CcB Re ypoRrin dB= 

npo:t3se,z3x r0 KprBoH pacxoAcB. ATc;:sso,r3.:xoci, cpaR-

xexme nporRocoB noilyReRRI4R remoxom ccomsememBeRRmx 

maxcxv.ymcR c nporRcao.,:zR, no:..yqeml*.wm c ricmowsw 

111)-4:3 (ms.6.71. 2). . 

iiax BETH° v3 maCxx:zw 2. c12:::Cx11 nporRoeoe, 17o-

zytieHREe Re ocRoRe xpuBmx zo6eraxl,R c :471:meReii1 em 

LioAexIllymwe !4aNIEH57 3Ha4vTeZE.HO .HEe, gem cmx61m 

nperRo3os, paccqzTeHHme :4eTozo!.. coomsemcmaeR4sIX::.£.:-

c=y1,:oe. hpe;ImywecTRom memo2,-a 

xxemcx 

ctiemoB 

HPmP,n( .zoderaima RE-

ewe TC 06CTonTeXscTBO, 4TC a pe3y1bTaTe pa-

no.v4EM Bac'. Lancxxa,xe moxidcosxa 

geRma omgezBnmx motiex. 

ripoBeweRRwe xeczeAcaalms B. 1060 r.OTH0CHTezL-

Ho onpewezeRxx napemempoe xp.s:Bwx Aoberaxxsi gaam 

Boay.oxRocmb nporRosvposamB c 3,a6zar0BpemeRRocmb:o, 

parmc:° apeueRm go6eraRma, rxwporpaz:-, nasoAxoseyxe -

3amimx cmBopax. LcnowhaosaRI:e 1.1oAezApyme2 marxxxm 

LP- 4 3  coxpawaem 33mpattexmoe Bpema Ha pacqemm, YBe-

moo:Ham 3TEM aa6AarosipemeHHocTI, nporHoaa, n03BOAHA 

6mcmpoe xHIt'opmxpcsaHme OpraHOB no samxTe OT HaBoA-

HeHms B cmyqae Reo6x0AmuOcTm. 

JIxTepaTypa 

Szesztay Karoly: A Duna vizjarasanak elorejel-
zese 

(IlporHoe pevxma pexx AyHa.m) 
Tanulmanyok es Kutatasi eredmanyek 6.sz.VITUKI, 

Budapest, 1959. 



2. 
Szesztay Karoly: Adalekok az 

arhullamok levonu-

lasi sebessegenek 
vizs7alatahoz 

(JlonormeHme x mayueHrm exopecTm 
npoxoxneHER na-

sormummx BOTH) 

5. KaAYHMH r.c. - Lxxxmos Heuaesa H.C. : 

lipocTaa 3XCKT;.OHH,JA moAeAmpyriccan 
ycTaHosxa;Ma 

nporHoaa nasoAxos. XeTeol.oxorxn x 
rx.cpoxorma. 

1960, 8. 

Ep.es.K621.Tud.KOzlemenyek 196251-2 

6. KyqueHT : C6 ECROXL30,8HRY 
oxexTpormmx 

3. K. CecTam: rmApasxmxs nasoAoummx BOXH IG nporHoa 

Hpeuemm Ao6eramma. 
rmApozormuecxx KoHrpecc.Imo-

xemmue 1962. 

Bt14HCXXIOXIDHWX HaMptH ”encepmumoro 
ABgACTBXRXEXA 

pacueTa rx,LporpacIla CTOKa. liZeTeopoxormx x rmA
-

poxorys. 1962. 12. MCCREAOBAHlia B CCU IIO YCOBEPIllgliCTBOBAHH10.11.ETOA0B 
uorliwoB PACX0A0B YI YPOBHEg ROAN HA OCHO4Z 

4. KaliNHHH t'.ii. i1pm6AmxeHral pecueT 

seyeTaHoszeu.t,rcch ABEMBHMA BOAHLM 118CC. 
TpyA7,7 

smn. 66, 19;8. 

WROMETPINECHKX AAHHNX 

ILM.MMAKKOB 

CRApomeTueHTp °CCP, Mogitakt. =CP 
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Peemue 

B AexAaAe ,LatTCA xpaTxmit o6aop mccAeAosaHmn , 

BIAHOAHaHHMX B noczeAHme roAm B COBBTCKOM C01088, B 

nepnylo ouepeAb B rmApomeTeopoxormuecxom4eHTpeCCOP, 

C BeAbW ycosepmevcrsosaHmx meToAxxm xpaTxo-cpouHmx 

nporsoaos pacxoAos H yposHe0 so Am, cocTasxnemmx Ha 

ocHose rmApomeTpxuecxmx Aamimx. Taxme nporHoem Hal:-

Ow:se HaAeHm Ha 60.71bmmx pexax, HS moTopmx pacxoAm 

sasmcHT 

rzasHmm oOpasom OT o61,ema H pacnpeAezeHmx aanacort 

so.m.) B pyCAOBOti cerm. 

PaccmaTpmsamTcs paspaboTamime npxemm pacueTa 

Ao6eraHms H TpeHc4opmanmmnasoAouHux BOAR no ypaH-

HeHmHm rmApoAmHammxm, a Tsxxe ynpomemime cnocoOm. 

1-10m131ABOBTCA, 4TO B oneparmsHott cxyA.6e rmApozorm-

necxmx nporHocos ynpomewime cnocoOm ABARKITCH noxa 

B4MHCTBBHHO peeiummum. CHM mmem yAo aneTsopmmenb-

Hym TOEIHOCTb 1, moryT cxyw.mTb Ha COBpawaHHOM °Tana 

BOXN H TeueHme Onmis.anwmx Hecxozhxmx cyTox 

meToAmuecmoA ocHoso# AIa xpaTmocpouHmx nporHoaos 

pacxoAos H YPOBlien ROAN Ha 6osbwmx pexax. 

Ha yuacTitax aHaummexisHoO. Aduism pacueT Ao6era-

NKR H TpaHOopmanmm nasoAouHmx BOAHMIOXBT 66rrb npo-

nsseAeH no xpmemm Ao0eraHms, AAR onpeAexeHms xoTo -

paaxmuHme npmemm. asaxo3-

rOHbIX 3B  aHammTezbmo ycxopxTb pacueTu X 

::::Th cnocofti onTumaxi,Hore nop5opa npmamx 

Ao6era 

PaccuaTpmsaeTcH nplumememme macTmax xpms.mx 

npmmeHeHme meToAa mnoiecTsOn8oa 

Ha 150Abmmx pexax pacx0Am noxN B Texuause (Dm-

zalmmx HOCKOXI.HPIX cyTox BaBXCHT, rzasHum o6paeom, 

OT o031ema P1 paonpeAenenx8 eanacon soAm B pycioeon 

ceTn. DTEK onpeAezaeTca BOBMOIHOCTI. MX npormoexpo-

seems no naanum o pacxo,nax NAM ypoemax Eoma ma pe-
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Summary 

The paper gives a short survey of investiga-

tions made in the USSR for the last years (and in 

the Hydrometeorological Research Centre of the 

USJR in the first turn) in order to improve the 

methods of the short-period forecasts of the 

water discharge and levels made up on the basis 

of the hydrometric data. Such forecasts are more 

reliable on large rivers where water discharges 

within the next few days mainly depend on the 

storage and distribution of water in channel 

network. 

This paper deals with the elaborated methods 

of the calculation of the flood wave lag and 

flood routing according to hydrodinamic equations, 

and it also deals with the simplifed methods. It 

is shown that the simplified methods in operation 

service of the hydrologic forecasts are the only 

real in the meanwhile. They have the satisfactory 

exactness and nowdays they can serve as a.siste - 

matic basis for the short - range forecasts of 

water discharges and levels on large rivers. 

On the stretches of considerable length the 

calculation of the flood wave lag and flood 

routing can be made according to transit curves 

for thedetermination of which various methods 

were made up. The usage of the analog computers 

allows to accelerate the _Calculations ..conaide-

rably and to use the methods of optimum selection 

of transit curves. 

The paper also deals with the application of 
particular transit curves, and with the applicat 

tion of multitude correlation method. 

Max Oacceitea. B often czymae TaKea nO8mox8ocTb Ter 

dozbme, mem 6oxbrne paemapm peKe, Tognee, we doss.-

me spemit Ao6erafinn BO,  no pycnonon cncT8me. 

38 nocxemme 25 aeT meToAu xpargocpouHmx nPo-

ramme, cocraexeemmx Ha ocHose mlicl.opmaitmm 0  Paexo-
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Bee ymacTxm xapammepgaymmea oAmmu m Tem ze ppeme-

Hem Ao6erammm, TO ypesmeHme mpmsot1 Aoderamma BAM-

HEgHOTO pacxoAa soAm no pycmy OyAem HYeTb 

mmg nnA: 

t"   4 
*) 

P(t)= Tn(frip e 

CdeAyA-

/12/ 

rAeZ-Bpeum Aoderaams Ha °Amok ma,-AxmepHou yuacm-

me;/7 - umckso mapaxTepnwx yuaemmoe. 

Yla BMBOA8 ypasneHmk1 /12/ cmeAyeT asixHoe exeA-

cmsme 0 TOM, gTO npmmumn mmHellkio0 cynepnoamumm npn 

pacuemax ABIAXEIHHR nasoAmoso4 BO.'HLI no pyczy,cmporo 

rosopn, npmuenmu JIMWb 8 TOM CAYgae, ecJim mueem me-

CTO ammet1Has aaamcmmoemb memAy o&beuom Boxm ma ma-

paxTepHou ymacTme M paexpAom B ero kimxnem emeope. 

Dpm OTCYTCTEME Heo6moAmmmx rmApomempmgeemmx 

HAM uopcpomempmuecmmx AaHHmk napauempun mr K ype-

oHeHma /12/ onpeAezAwTca noA6opom, oftEino npx no-

momm anaxoroamx mawmn /2C/. 

Apyrol nymb onpemexenmn onepaTopa P(6) B ypa-

amenxx /11/ cocToxT B pemenxx 06paTnog saAaum- Ha.-

momAenmm ero no meseemmmu cpynx4msupimON. Ta-

man aaRava OTHOCHTCR K xxaccy HexoppexTHmx.Mcnoxb-

8YR paepa6oTanHy10 kiaanoamm x TmxoHommu Teopma pe-

meHms: HemoppemmHmx aaAau, A.C.RyumeHm nonyumm ue - 

moxmmy pacuema onmmmaabmotl cjoymmumm ammnnmki,yAomme-

msopmmmea aaAeHmogy xpkvrepmm onmmmyma /16/. 

7'opMyAe /12/ Beams wmpoxoe npmmeHeHme BO 11H0 

TEX pactiemax. CHia npmmeHneTca He TOA6K0 AAA pacme-

moampaHccIlopuaumm naaommommx BOAH Ha Oecrapmmoukimx 

yuacTmax, Ho m Aim l'aCgeTOB HBMEeHMR soAHmx mace B 

CAOMEHMX peummx cmcmemax. B CBA3H C UTME OTMeTMU me-

Topmmy pacuema rmAporpacPoa naaommos DO HOHHME0 CTO 

xe MaRNX pem, npexmomekuvio A.r.jleamnmu /18, 19/. 

Kai MeBeCTHO, pactieTrmAporpacla naaoAxa C/90.-

AMTCR K pemeHmm Asyx npoftem: onpeAexeHmn noeTyn-

menmn BOAM OT ocaAmos MAX CHeTOT8RHNR B petiHylo cemh 

(mmm onpeAemeHma nomepb cmoma) m pacuemy Ao6eranmH 

kaomsbm uacc no pycmosoq emememe. fielmen M3 ommx 
npofteu seczma TWESR M one ewe gaxelca OT ceoero 

paapemeHms. floaroMy °MAO npeAmozeHo BOA1020BaTi.CR 
ASHHMMH 0 cToxemazmx pex.floTepH 8a6AaroBpew.eHHocTM 

npm OTOU noxyuaemcn HeanaummembHam, Tam max maame 

pexm °nem'. 6mempo pearmpymm Ha amnaAeHme ocammos 

HAM cHeromankime, HO aaro mueemen onpegemekmmk Bbl - 

mrpmm B T04HOCTM PaCgeTOB, BOCHOXE,Xy mcxxxigaeTcHma 

paccmoTpemxii Hompoc o norepax CTOKao 

B meToAmice /18, 19/ npewaraeTcH cnoco6 pac-

npocmpaneHms klammix o cmoxe uammx pex Ha BCIO 11110-

MaAb 6acceaHa. Pacnemm nocmynmeHmki RoAm c oTAemb-

RMX macmeg 6acceP.Ha x aammxammemy emeopy npexmara-

emekt aecTx no Tax HaeWBaellUM tLaCTHWU HPMBWE Ao6e-

B HacToHmee apema Ha ocnoae 3T0a meToAmmx 

AsibnesocTotmom rx,vpomemeopozormirecxom MHemperyTe 

pymoaoAcmsou B.M.Xmmo paepa6oTaHm mokimpemmme coo 

co6m pacgeTa naHoAxoa Ha mmorommcAelnimx pexaX Kama-

zero BocToxa, amammeroca oximm ma Ham6omee nas0A-

moonacHmx panomoa 0CCP /21/. AHaxormtufaa meT0A mica 

memaraemcs B Aolczaxe M.A. Xacxmnon Ha tfacTonueN K014. 

Oepemnox. 

AxaAormlinaa Oopmyxa mmaeAeHa Ap.Hamem /25/. 78 

ABMXeHMR aoAm na OTAIMbHMX yvacTxax pex K peeve-

pegnmx cmcTemax. B ma-
necTee npmuepa Taxog pa6oTu yxaxem pacqeTw n13)11'0-
'011 BOAW B Hygommencxce eoAoxpannAmli;e, nmnozHeanme 
JI.C.HyLimenTom x H.C.Hetiaeaol /17/. Ymx paapa6oTa-
Ha meToAxxa pactiaTa nocTynxemmx ecAm B BOAOXpaHM-

AMlile no HaHHWJA o pucxoAax B 16 CTDOP8X,HOXOARWMX.-

CR Ha paanmunux npmmomax Bomrm m KaMM.PaC40TM 

JIMCI. max no ypaenenmm /11/, B moTopou onepaTop 

13(.6) npraHmuamea B COOTBeTCTBMM C Ool.myxog /12/, 

Tax M no mpmar:1 oftemoe, nocTpoennmm Ann OT,HeAb-

HMX yqacTicoa pegnog cmcmemm. Ce24ac ora meToAmica 

mcnonbayeTca a MOBCOHHeBHOn npaxTmgeemon pa6oTe m 

no mamomy ze o6pacny paopadammnaemen uemoAmmapao-

uema npmmoma BONN D Apyrme aomompanmmmws Bommemo-

Kaucmoro macmaxa. 

Dxemmponnah BMgMCZNTeALHOR Texmmma omxpmma 

Apyrog 4[PeHTM8HWA EYTI, paaamTmn rmApomormtielexmx 

uporHoaos, a mmenno - racnombootammte mHoxecTaerinoil 

xoppemnamm. flpemmymecTsou oToro nymmslamaeTcH BOO-

momiccm 6oaee noiHoro mcnombooaammkt kuk opmaumm o 

YPonfinx aoAm. °Amax° npmmenenve aHorecTaeHHoftmop-

pemnamm x Aaakima ot ypoennx pem eacceilaa MMeeT 

COON 0C0115eHHOCTM, CDR3aHHMO, rmannmm 06pa30m, 

Tem, UTO OTV Aankime Teen° CDR38HM mexAy co6otl. 

Ra-aa mpammocTm Aommaxa Ha omom aompoce um 

me ocTaHaamma.iemcra. Ommemmm TOAbH0, 

Hme unomecmaenmotl xoppexatimm 

HHR 

LITO npmmene 

TpeGyeT mcnoxbaoma - 

,DRMHHVX paAoe na6mmAeH1 m HecbmacTporog npo-

sepmm paapa6omaHHoR uemoAmmm Ha AaHHMX, He nomeA-

mmx B o6paOommy npm DM4MCAeHOM mooNmavenTom pe.r-

pecemm. 

B CCCP nhaionmekim aHaummembnme pa6omm no npm-

ueHeHmm MHOEOCTBOHH0q xoppenHumm AAA KPATX0CP0 . 

HWX npornoaoe pacxoAom is yponneg aoAm. HexoTopme 

peayAbTaTm DTMX pa6oT ocsemakomck1 Hakracmcmmen moll-

Opengmm B AommaAax B.H.Canomkimmoaa m B.M.MymmHa. 

2. 

CompemeHnam amvxcxxTexbmax Texmaxa nommommeT 
nepeilmm oT pactiemoa m nporHotioa neyeTamosmamerocH 

maM K npornoaam Ha xpyrimmx 
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uszemia HaceRHO-JieTmex naeoAxos Ha AyHae 

weyHaear.Hmx npliToXaX. DaeoAltH Ha npvToxax 

UPOVHO3 BIDEMEEM AQBErAHMR RABOACIIHMX BOAR HA YUCTKAX 

PEK C HECKOALKMMM RDITOKAMM, C laPHAOKEHZEM 

K CPRAKEMY YILACTKY WHAR 

BA REPKY AYMKTPECKY 

Haneuabium xadopaTopmm H 
Harmo—mccxeAoBaTexiamcom 

smciseryTe rmApoTemiumm, ByxapecT 
— Pymmammx 

e 3 70 u e 

OnpeAexemne HI„emeHH Ao6erativH naBOAO4HWX BOSH 

Ha CexTopax pexii C HBCKOALKHMH npmToxamm npeAcTan-

JIRET rpyAmocTm, ewomaueume mirreptepeHumeil naeoxom-

max BOJH Ha rgfanmoC pexe C naaoxtouHmumsexHaumnpm-

Toxos. apoaecc mmTepqepemnym nasoAoqmix soym a ma-

cTommee sperm euie seAocTaTommo weer:m=13am. 

Oxiirm Hs meToAos onpeAexemma spemeHm Ao6era-

HHA  mcnoxLmosamme ypasmemmm coorseTcTsyl-

mmx pacxoAos. Pememme isTameyxecammoroypEameHmm npo-

kasoAmTca nocpeAcrsom nocileAosamezbmmx mcnmTammg 

flpeAcraammer npemmyweemso, 4TO OHCOO'beKTHBHO H TO-

4H0. MeT0A noanonaeT yupiTmeaTb Taxxe H pacimacTm - 

Benne nasoxoLmoil eicAmbi no Te4(Hi!E,. 

yemoA Omn VCBCA1,30Boli AAR 4FIGHHaytlaCTice Ey-

Aerieurr- OpluoDa. PenyxbmTb: CiaBHRBOKTCH C 

rarampl, nozyLiemiim asropamm. 

pe3yAb-

/. 0 61mce coofteremvm 

Pemmm cToxa ma cpeAHea yttacTice Aymaa olvimtia - 

ewes pmAom oco6epmocmeg, xoTopme myAmo yqiirmsama 

rips xpaTicocpoquom npormooe masoAlcos.

AAR amoro y4acwza xapaxTepem, B nepsylo ome - 

peAb, npmmoit sox, rA6BRI,,X peK Jpaea, Casa, THcca 

!dope e, snaAaiommx H Aymaa, yAsemsemmmg pacxoA BOAR 

ma y'iacwKe seero B 250 KM, UTO mzzucTpupyercs AaH-

nmum, npmseAeHummm B Tabzmue 1. 

BO-BTOpWX, myrmo ommeTmmb oAmospememmocw. no-

B11-

Ay-

P. 

Xy-

1,18 

M Ha 

nee BOBRHKaPT C xopeTxmmiii opouev:yTHammHpeutem see-

Ay IFIHMH. OTO Hyrmo yammmsarb rips czoxcemum 

mix BOSH Ha Ayala° r ero npwroiax. 

nasoAon-

Ycmamosxemme HoseeTmnmemTos Ropiaxm4mm mewAy 

malcommeummmum pacxoAams ma Aysae H ma era ripmToicax 

mmaxmer poAL nocAeAmmx B o6pa8osammm nasoArcos Ha 

80 

Summary 

Determination of the time of coming of flood 
waves on the sections of a river with a few 

tributaries is aggravated because of interference 
of the flood waves caused by the flood waves of 

tributaries et the main river. The process of 

interference of the flood waves has not yet been 

investigated enough. 

On of the methods for determination of the 

time of coming of the waves is the use of an 

equation of corresponding inflows. The solution 

of the above mentioned equation is carried out by 

means of a series of investigations and has the 

priority because it is objective and correct. The 

method allows that the waves disappearing upon 

the stream be taken into account. 

The method has been used for the Danube at 

section Budapest - Orgava. The results are 

compared with those obtained by the other authors. 
the 

Ta6Amna 1. 

Bpnrox pex, snaAammmx Ha cpeAmem yttacTHe 
Ay sea 

Pexa CT8HUHR 0CpeA.umoro-
zeTern 

0/0 
Opmosa 

Aymeg 

Apasa 

Aymag 

Casa 

Tmca 

Mope s& 

Aymag 

ByAanewT 

AOHbM Mmxalmax 

Boroeso 

Cpemexa 
MsTposmua 

CereA 

Am6HHeaCxm 

Opmosa 

2360 45,0 

743 14,2 

3010 57,5 

1560 29,8 

785 15,0 

MOCT 238 4,5 

5242 100,0 

rzasmat pexe I. Tag, mexAy pacxoeass AplaR R Casm 

mosegmumeHT xoppexmamm - 0,75, s czyttae ApaBm 
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'9561. 
1radaxxxow /arelloszanodra3 xemad xmemaxaed 
as 831010 meoHaoda amehodoomladH .11*u M6X01:'ti 

°G96T T46canona - co.poTaaPT14 aT3ea2ouoN 
- ITemzI Ix4e30 Es SeTzeg aa4uI aeaRuna x x x .L 

adRleda,/x 

oAKeMOZ 

_wdu HWMHHOWOlethOSOHW 3 HOM/3Uhic XViHh84:1 HXY crozen 

Jsomeoe4rou3a oaomodam gLowiaoleaa laRe/oamSo H4M 

-811KMH.W9IHW3HhME xneHodlmare mmeaxawrada ad7 

-amad ZOHEBILI BH uweNvoeu:u D 43H8HRBd0 R rNx 

-treWOOU uxxeaoeedgo axanade vearexe /aRgad/ xemol 

-:;dusH:tiNa ,ou triow;)de 

-ezoS ur.ff ralooxrao-Asee xma/ahaed ameaHanlidg 

.EVAHRJ 

-ago/ uw3de 14,T EwHenneruoud cm-is-Are x zuu roe 

-horosea uraHsam/osruoed /rae,:)te gzxaoes/oR zauroe 

-eou VO/GA ',33He7Pg woHlToe PH q0YBOMEOH30 - 

uftueaagot. It.:1,?de PH wellauHro 

'Hlao roN7,3%x1)-Iduolla ca aomroacu 1:R1148mm/oda 

vueoro.0 aramaahxraydrua zacxedlo 1vcandr 3 a 'ad 

-oaloweeAwia 3xs7eg rml-lrao 1mxodal0 roH/o 3 'seal 

-edna eoroxoed xAtraSq/31aa1003 9I3ON4045Re - 

:oilHaru4 8 'eca..cal,SwAadu worud un/a 

- samraeduo exozav; oaaHreeexSamNe amHaHawudu 
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Pac.44 

riAporpa0m, sapervicTpmpoBaHHme BramozHemie Ha ocHoBe Bpememi 
Cpemcita Mimpomaxa TA CmmepeBo memy nocTamm BoroeBo, Cerea, 



REITEP110.115111140111111A rPAcLOAHAJINTYILLECKMil MET014 011PEARIIEHRSI 

PYCJI0B0r0 BPEMEHM ;tourAlma 

MEN rEOPrIel 1413 „ rEproB — COPIA 

Peemme 

Ycnewxoe powexve sonpoca o xounzexcHom me-

nozhaosammx BOA Teem) cruises° c .onpeAenexxem yam-

eepcazbxo# meToAmmv COCT8BZORHR rHAPOBPOrH080H.EB 

OCHOBHUM memenTom RHRROTCR spawn xoderaxma5 - npX-

Totanott BOAHbl B yvecTxe OT 4 AO 1 2 I Aecinompoparatoe 
ypassexxem: 

f
j
of

vce) 

ci
 /1/ 

rAev(6)- cpeAliaa CKOPOCTb Ao6eraxma rpeOxa soaxm. 

noxygenxe Tognoro pemessis Aaxe B camom oxemesTap--

HOM exygae saTpyrBeno Tem, .4To HEMBHEICTOH nape-

meTp v(t) eepxHero ypeeHeHHA H 3aKoM ero memeHeHHH 
no =me pexa. ilooTomy npm pememmx ypasnexma /1/ 

npeAnpmnsmaxerca cnegylomme ynpomenma: 

1 . C)ceAxx npopoAmmTexBnm x paeHouepHopacnpe-
'AeZeHM XOTR ON B rpeaxuax oAmorc exemenTapnoro BO-

A000OPHOr0 oacceAma. 

2. Bpema AoCeranma no cxxony He oxaaBleaem cy-

mecTsexaoro B.7114R/WR ups ouPopmxposaxxx BOAHM cToxs 

H nooTomy npHitaToZef = 0.

3. Pexa pas.nexena ma OecnpaTotaime placTxx c 

npm0AmaxTexbmo ciAmnamosmmm x ROCTORHHUUH rmApaa - 

AHI4OCKHMH xapaxTepmermicamm. B npeAexax 3THX ymacT-

mos Aaxxemme moxey paccuaTpxsambca max cmanmonap -

Hoe 11 xoxeT ONTI. npmmexena OopmyAs Meer Axe onPe-

Aemexxx cpeAseg cxopocTx. 

SzaroAapa yKEIBEIHRUM ynpomenxam, soamoxxo pa-

illasse ypasnexma 1 uocpexcTsom ELOCABA0BaTBAbH0 r 0

npmftmmenma no npeNioxemuomy opmrmnaabnomy meroAY. 

Ypasmenxe 1 npMHMUaeT cxe,nytommit BMA: 

/2/ 

Beam npxmem, tLTO Tpedyemoe spew! 
Ao6eranmas npe-

Aexax oxnoro yqacTma ormmaxosoe AAA 
ecex Japyrnx, 

ro nocze nexoTopux npeo6paeosamm# ypasnemse 2 xo-

xer Ourb smpameno: 

n 0/7- V a .24 
/3/ 
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Summary 

The successful solution of the question of 
oomplex water use ie connected with determination 
of a universal method for composing of the hydro-
logical forecasts. Its basic elements are 'the 
time of coming of the tributary waves within 'the 
section from 1

1 
to 1

2 
and it is defined by the 

equation: 

j" /1/ 
ef 7770 

where v/t/ is the average velocity of the waves 
peak coming. 

In the most elementary case obraining of a 
correct result is aggraveted by the unknown para::. 
meter v/t/ of the above equation and the law of 
its change along the river. Therefore, on the 
occasion of solving the equation /1/ the following 
simplifications are undertaken: 

1. The constant precipitation and equally 
distributed within the limits of one elementary 
basin. 

2. The time of coming along the slope does not 
show the actual affect upon the formation of waves 
and because of that V . 0. sk 

3. The river is divided into the sections 
without tributaries with approsimately eaual and 
constent hydraulic characteristics. Within the 
of these sections the movement could be considered 
as stationary one and the formula Sezi could be 
applied for determination of velocity. 

Owing to those simplifications the equation 
/1/ could be solved by means of logical appranh 
towards the proposed original method. 

The equation /1/ acquires the following form: 

4 \4 /2/ 

If it is assumed that the requested time of 
coming within the parts of one section is the same 
as for all the other ones, then after a change the 
equation /2/ could be expressed: 

Jq / 3 / 



H KoTopom 

rAe 4, 4 ,7,, Jn - 

/4/ 

CooToeTcTeemio cpexlisie rnyOmma m 

cpexxxX yxmon 1-oro m /2. ygacTK0B. 

OnpeAemenme nocze,mmen BaBecemoCTiliB08m0x110 Ha 

daae nposemennmx memepexxn npoTexammx paczoAom 

m0.01 B Aayx CmexUbix cTsopax. 

YpaBiletixe 3 pexomeHAyeTcn npmonpememenzm pac-

CTOREME MOW ABymR cocemnmum mmomponeum, 6maroxa-

pm neuy OHO wcn0zb8ye?cR dem ocodramaarpyxmaHmInpm 

cocTammenmm mapT C meompomaum .MI somocdopnmx dac-

cegnom pammannog memmmmnm. 

Ycnemaoe pememme monpoca o pyczomou mpeuenm 

moderanmn m nocTpoenme iapTm C meoxpoHamm oco6eRno 

Baia() npm cocTaaneRmx rmAponpornosoa HAM nps coo - 

Prranms npemnpeARTenbno4 cacTeum rmApomeTpxgecxmx 

cTaHumg, oco6ekRo neo6xcAmmmx H maAmx, rycTo HaC0-

AeHHWX x aacTpoennmx soAoc6opnmx o6xecTnx. 

YgmTmaan rnaanum o6peaom ymenbmeHme BuLixczil-

Texi.tion pa6oTm H HOOMOKHOCTR maaepweHmi eCTeCTBOH-

HMX KOHTp0AbHMX memepenmA, yxaaannme Opmynm Oman 

npegnoxeRm Ana p.BoTyna, npamoro npeToKe p.Ayttati B 

ee mepxneu Tegenmm. 

Pemense aonpoca o xounnexcnom mcnoxbaoseRsx 

BOA CHRaaa0 C paapa6opxon meToAa xpaTxocpognmx M 

cpeAnecpogHmx rsAponormgecxxx npornoaoe. lipeAmeTom 

AoluraRa ABZYLeTCR paccuompeHme meToAa, HpeAAOKeHHO-

ro anTopoM, Ann onpeAeneRxR pyczoaoro apemenx Ao-

6eranxn. AAA ere npmmenengn neo6xoxxmm cseAenxn o 

a f v74,7, 6 , xapexTepneynmse rsApaanxgecxxe yc 

AOHRR aoAnoro poToxa no npoTinnenwo rnaano4 pexx H 

ee npwroxoo. OHM aoryT 6mTb nonymenm Ha cpasmonap-

RMX rmApoueTpxgecxxx CTaMU1'.RX HAM nyTem excneAxna-

ORHUM xamepenvii. C xnmucTpaTaaRon uenbto exonue go-

xnaAa pemew npiaep, oxearmsaUtuiR cpeAnee Tegenxep. 

14cxmp. Ha 3TOz ygacTice pimep3Tcn rilApomerpx gecxxe 

cTaxgxx C xxmnxrpa4:amm, nTo maeTmoauommocTi. KOHT-

ponspoaaTL TOMHOCTb nonygeRnmx peaynbTaTos nyTem 

MX cpaaHeRRE c aximmrpammaux. C TaKKM xe ycneromme-

ToA Moxem 6mTh nplemeneR Ann n106og APyrog pexx R 

ygacTxa, B KOTopUX OTCyTOTHyloT Taxxe CTaHHRM. aTo 

noamommmo 6b1 npexycuoTpeTb, nanpmuep, AOIWAHMTeAb-

Hym npeToctioCTb p.Aymam, amaaaRnym aunaammum ocaA-

xaux H aoAoc6opmmx 6acceRnax ee npaToxoa. 

PaccmoTpxu 6ecnpxTognmA ygacTox pexx c anemeR 

ToPlisti Ntanoticie B xoTopou 
AHHXeHxe HMCOKON BOAHbI 

cToma MOXHO paccuoTpeTa xax cTaUmoHapnoe, memenno 

memenimmeecn.Tegamme co cpeAnett cxo.pocTbio ..ce) m
npm6nmenTenbno 0Xxxax0BuuM X nOnTOxiiiitamx no 

Axxne 

IrsApesnmmecxxmo xapexTepmcTxxams.OnmmenHut o6s-

em aloAu nponAeT pecCToxxxedecO 
CKopoCTbm s..e ea 

epemn Dpi 

de = v(e). a(0" /1/ 

OTcoBa onpe.gemneu: 
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/3/ 

TeK KaK e-e2-4 , TO 

Q{ 
(, /4/ 

nimmaAk. nonepegnoro CegeHan aoAgoro noToxa; 

pacxoA aoAm. 

B petnimx ymacTxax, 

in which 4 

h4 

/4/ 

where hl, hn, J1, Jn represent the corresponding 

average dapth and average slope od the first and n 

oection. 

Determination of the last dependence is 

posible on the basis of measurement of the water 

quantity which flown through the tao neighbouring 

dams. 

The equation /3/ is recommended for determi 

nation of the distance between two neighbouring 

insochromes, by means of which it is used witticut 

particular difficulties on the occasion of elabo-

ration of a map with inochromee for the basins 

with different sizes. 

A successful solution of the question of 

coming time in the bed and elaboration of a mep 

with isochromee is very important for composition 

of hydrological forecasts or for construction of a 

hydrometeorological stations system which is very 

necessary in the small densely populated and 

COnstrUCted basis regions. 

Since the arithmetic operations ahve been 

meinly reduced and there is possibility to carry 

out natural controlling measurement, the above 

mentioned equations have been proposed for the 

river Botuna, the right tributary of the 
Danube in 

its upper stream. 

vice) 
rAe: 

4 /4.2 - paccTormse OT Haganbnoro H 

nynxToe, orpaHmgmaammx ygacTox, AO 

xottegHoro 

npHHRTOr 0  Ha-

gana Ann xamepermn =Hem petition ceTx. 

nonygeRxe Tognoro pemensin ypaaRemin eaTpyA-

HeHO HCAeACTHMe Toro, HTO He MaBeCTeH BHA (DYNK4mm 
v(e). B ycnoBilex wiehieliTaptioro6eanpeTomxoror ie-

npmexTo C AocTaTotition Axe 

HOCT1,10v(e)....co/rst. 

meaMe nocTasneRnok 

cTxa C meAneHHoxamennmmxmcn Tegenxem moxeT OuTE. 

npaxTsgecxxx HymA Tou -

3Trod aHagaTenbno ynpowaeTenpe -

eaAagx. B cymnocTx, gaiie neer° 

pexa paccmampaaaeTcn xax COCTaBAeHHaR NB MHOMe0T -

Ha oAHOpOARmx ygecTxoa, npeAcTaaneRHux C xx OC - 

peAgeRlimmx rsApeanxgecxxmx xapaxTepxoTxxamm. 

ez -er
6,,C= 

F -
Q - 

Ann xoTopmx cymecTsymPTyor 

Totigaame aaancilmocTs mexAy F / 0 H ypoenem 

cPopuyna /4/ MOZeT 6MTb ampaxena ypaaRenxem BMB.B 

/5/ 
Ana ee ynpomenmn mapamee moryT 6mTb no.nroTommenw 

noxxo.umwme rpa(Dmxm HAM mouorpauum. 

Pyceoaoe mpeun BoderammaV Ann Been WINH14 pe-

d7CyBeT onpenememo nocpeAcTanu cymumposanmn 

axemeHTepHux RHTepaanon opemen . , ospeAeaenklux 
no ctopuyme (3) mmm (4), T.e. 

1.= ei RAM .e_ /6/ 

rAe: 

f? - 4HCAO oneueHTapHmx 6ecnpwrognmx ygacTxos, 

cocTaaanxemx obiLy)0 AnKHYL ; 

- rmApc.7ormgecxxe xapexTepmcTxxx 

Ann r ygacTica. 

OnpaAeneHne' nanneTcn meo6xoAmmum WlemeHT om 

cocTaxneRmx rmApomormnecxmx npormosoB.0 tiezum 
LiToOm nonygeHmme peaynbTuTm RBHnMCb OCHOHON npm 

pampadoTxe KapTbi C maompomaum, Aommno Ora emnox-
Memo czemomee yonesme: =inn] anemeHTapHux ygaCT-
MOB Pei( Ao/i tim CMTL 00pepaAeHM Tax, NIT06m ON AO 

amnonneHo paaancTao: 

rIpm 

110CAOAHee mOMeT 6mTb 

Z. co/7_,t 

ampaxexo Tax: 

A 4; 
v, 

Decne anemerprapmmx npeodpamomenMg nonPmem YPEABH44-
Hxn: 

Vn 
V2 14, ... / 9 / 

pocTL E,7: H yxaaarmux ebime paaelicTaax ampasum CKO-

nomoi41.10 opepuynm !team "...C.1/727, COraacuo 
ymaaammomy amnia npmemy Anti xapaxTepa 
umu cme.nyamee: 

• et, . fa ..Ii .P72..010/ 
c,7-4 an-f 4-4 

xoa(111 4 limenT 'Deem; 

rstepasnxgecxna paAxyc cegeHun; 

cpemixii rxApasnxgecxnA yx.aoH TegeHMR. 

B ecTecTsemimx yonoaxax 06ugHo =pima nOTOX2 
Ho MHoro pea npeamaeT ero cpeARiou rny6may,4 nPN 
OTOM /Z•• A . TorAa: 

- Dr7Rn  - Ilcqn 
/ Y R/7-4 - 1/47,4 

opoAnxe 

/7/ 

/8/ 

/11/ 

. 

samell 

moxem npeAcTas 

r 4
Oariagaem 

K 
n--/ 

/12/ 

B KoHeqmom emxe tpopmvia onpeAexexxa aenmgxnu 
63fgeT: 

g2 =1/1C4-1 • --q2-
6,:f .7/ 

H 0a 0MaUsleHT k  , B cymnoCTm, ampaxaeT Renpe-

PmeHoe mauemenme moBbm rmyOmmk mem,my coceAmmux 

peuRmmx nyHxTaux npx npoxoecAeHmx npxmounon BOARM. 

AMR onpeAeneRxn x mcnombeyeTcm noBmoAnmmg omniTx-

xecxma maTepmen, yusTmsan rips OTOM meamLimmylt. 11pM 

06pa6oTme aunapmgecxxx ASHHMX npoeeAenHmx mnoromx-

Caemnux rmApomeTpxmecxmx memepeRmft Ha OTEIHMKRX 

nopeubnx HeCKOAbKRX pet( B Bonrapsx (p.p. ApAa, Ma-

pmna, Hcxmp) ycTaRoaneHo, 'TO C yeenegenxem npoTe-

xaiamero pacxona ecAm 
C2 

, imagenxe K OucTpo CT&HO-

amTCR yCTORLIREWM X Torpet.C.ovte. TikEMe masucmuocTx 

AAR p.hcxhip y AyHMHO (grt2-44Q -13 ) M Kypmno (K4,m_ 
noxamaum Ha pmc. 1. 

OHTMMSALHOO aHatieHMeh , COOTEleTCTHOHHO 

onpe.nezmeTca nyTem noczeAomaTemnoro npmOmmmenma C 

Uembio Bunoxxetixe KoHTpoiLtimx paBelicTe: 

CE • CC,1St vi e e: /14/ 

B cayganx, 'or= ygacTox nanneTcm npmTogRum, 

npaaoAmm aRanoregnme yxasainium emme ButaxexeHlia 

cooTseTcTaxummmx xapaxTepacTxxamis npmToxa, npx KO-

TOOom 

07p.e 
rAe: 

-P ; V at:

ehP; t/np 

/15/ 

- paCCTORHme OT yoTbn npxToxa AO simme-

rs mooxpoRa H cpeAsnn cxopocT1 B mem; 
- cooTaeTcTaylomme xapaxTepxcTinxm 13'0-

Ka. 

Tax uomeT dmTb onpe,nemeno pyczoBoe mpeum Bo-

derammu no meets seTsnm pagsoil cseTemm, /tanner° ne-

oOmoAmuo AOLIOARRTeAbH0 MaytIRTb eaxoHomepnocTm 218-

meHeHmRPC. Ups OTHOCKTeAbHON ycTonnkimocTmt< , 

ex0XXLix rxxpOxoremecxxX yed0BeEx itopexpoBaxxx CTo-

Ka MOXHO COBepalmTb npecTpancTsennyw excTpanonnumm 

mammcmuocTm v -c . B OpOTRHHOM exygae meToR 6yAe? 

ocuoasui He IIRTepnonnunx mexAy ywrancanemnuma mamm-

CHMOCTAUM B AHyX cocegmix raApomempngecxxx nysixTax 

B OTHOWeHRM xoTopmx pacnoneraeu AaHnummoa i v IS3 /r 

B CHRaM c onpeAememneu e: oTmeTxm cmeAymmee : 

QL - uonceT 6mTE, pacxoA HOAU, npoTexawmAR gepea on-

peAexemnott rmApomeTpxgecxxil nyaxT. B 3TOM cxygae 

meToA 003HOAReT kayHmTb AHMKEIHKe HOAHM cToxa no 

Annne pexx. 3ro REAReTCR npeAnocmxxoR Ann coopyxe -

HMA asTomaTagecxott npeAynpeAxTenbno cmcTeum,xoTo-

pan npeAxasecTana tm 0 npoAsxsemmaxaTacqpocpxnecxmx 

amcoxxx nionTogmmx Bonk.: B rycTo sacTpeenHmx H Race-

neHnboc pegnmx AonmHax. 

B Apyrom cnymae pacxoA 

xax pacxoA, cliopmxpyiommgcn s 

soAm paccuampssaemcn 

rpaRnaax nocneAyemoro 

aoAoc6opnoro 6accegna HCAeACTHe paHHOmepH0r0 HOB-

cemecTnoro H npononaxTenbRoro emnaAannn ocaAxoa B 

CpaHHNTe11bH0 OARHaKOBmX H nocTonsnmx yczoomnx CTO-

Ka. TorAa B c ite 6yAeT paneficTso: 

QC= 
/16/ 

- naomaAh aogoc6opnoro 6accag.Ha Ao nyivrai4 

- cpeAfing uommb cToxa. 

o0o6meHme cToxoo6pa3ymmxx itaxTopos Tem 

sepnee, gem menLme paccuampasaeuuti pennoAo6sexT.Ha 

60.11.31mX soAoCOopognmx 6acce3H8x 3To aozeT 6bITI, no-

xygetio nocpeAcTaom xx pact:xenon:an Ha ne6onbmme OA-

nopoAsme eoime6opnme 6acceAnw. npeAzosennan Hero-

Anna noasonmT ygecTb see xemenemin B ycnoemnx CPO-

nocpeAcTsom tier° pacmapneTen ccpepa ee npmmene-

MLR. Ecnx pacnonaraem meodmoAmmon ancPcpuaosett 

npoeTpamcpmennou H mpeuennou pacnpegenenms H mime-

newts ycnoemR cToxa npx xamAom BIJOaAaHMR OCaAX09,8 
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Taxze AAR meummyeuoA TpaHcci.opuaamx npmTomHog Bozmw 

uorAm ew BicAletistri. 5i, B Aammyk, abule H BO BCe Apyrme 

cDopuyaw Rax nepeuemmym BeAmtimmy. ispx paapaboTme on 

TnuaAbmwx cpaeuepmT eAbHMX CXeM AAA rmApoTexmmnec 

icor° cTpomTeAbcTBa 06MMHO BeAmqviHa Q saAaeTcR 

HopuaTmBaum. 

B cymmocTx, npaxTmnecxoe npmuemeHmenpeAloaem-

more ueToAa CBO.CHTCR K caeAvoiliemy:.

1. OnpeAeAeHmwg ynacTox no AAmme pexm, orpa - 

mmnemmuA rmApoueTpxnecxmum cTamnmRum, ,TZAR moTopmx 

pacnoAaraem Aammuum AAR6W;T/C paarpammgmBaeu yc-

ioano Han cexTopa, B KOTOpEOX 0.1elteHTepHOe BpeuR 

pycAoBoro speuemm A06erUHMA AOAILHO 6b3Tb oAmma-

moBwu H pasHmu aapamee ykaaalmomy. TorAa tQ onpeAe-

aRem no cpopuyAe 6. 

2. npil yga3BHHOu Blaine n Bm4HCARem K AAA HeC-

K 0.711. XXX paamwx amagemmn CR cooTBeTcTBeHHO? , nocAe 

nero BM110.71HRem rptictmx BeBHCHUOCTH A"--0 MAY K-7 AAA 

maxAoro yuacTma B OTAeAbH0cTH. AAR BwnmcAeHmoro 

amanemxm BeZ1441011.1 K, xoTopan nocToRmila AZR Bcero 

mccxememoro yuecTica pexm, npmmxuaeu Ty, npx xoTo-

poN xpmBaR npmmmurAeT BMA npRuo , napaAAexLmog ocm 

0- Q WI? Q- C ypammemmeu K=const . Pememmwe Heard 

npxuepw-nomaawBaxT, 4T0 06w4H0 3TH maftioAeHmR npm 

cpaBmmTeAbmo mx3xmx 3He4eHMRX CP, COOTBeTCTBeHHO 

Tax manpmuep, AAR p.Xcxwp B reCTHe OT .rypmzo Ao 

Itykimmog-cons6 AAh ,r.., 0.1 u /c.x)3.xu.; AAR p.ApAw 

y BoAoxpaHmiltuga "iimpAxaneK=Conse Aillip% 0.3u3 /

C.KB.KM. M T.A. 

3. IlpoBoAmu BlAmmcAeHmR no onpeAeAemmm et7 co-

rAacmo cloopuyAe 13. Bw6opg .e, cummaemclinpaBxAb-

mum npx B npoTKBHOU CzyLlae 143meHaele e4 m 

C 

CH0BEI noBTopRem BEW.C.aeHKR. Ecxx Bce we peayALTaT 

neyA0BAemBopxTeAe1, maueHReu , nocze uero cmoBa 

onpeAeAReu 84 - - - 
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Fs peayAbTaTe BuLINCAOHm•i, opoBeAelmmx no npe,4-

.40xemHon FIHME cxeue, yrO4HNU rWAHVUU ynacTmoB pex 

c oAmmaptommu 0xemeHTepHwa Bpeuemeu pycAoBoro Ao-

CerammR. 3T0 CAeAeHo AAa cpeAHero TenemmR 

cauoro CoAbworo npaBoro npmToxa p.ryynaR B HP S0A-

repHm - pmc. 2. B uoARx BHecTH ynpOlgeHme B ButimC-

amTeabRylo paboTy npeAnorlowxAm-- C -- = 1 H npmBRAm, 

41.0 BoAooTAana BoAoc6opHoro Oacceama paBHouepHa,To 

ecTL =c-cz,/520.02 u ic.x13.xu. B yuacTxe mewAy 

rmApoueTpxnecxon cmalinmeg Hypmito m HyHmHO, opoTg-

XeHHOCTIAO 117.8 Km., oloopuAReTcR 15 y4aCTKOBC ?Act-

ueliTapHwu Bpeuemeu pycnoBoro BpeueHm Ao6oraHmea'= 

50 umm, MAH -B 11eA0a 12 q. 30 mmx. CpasHemme 3Toro 

peayAbTaTa c noxygemmwu nyTeu BM4MCZeHMR nOxa3mBer 

eT He3Ha4gTeALHOe oTHAomenze, xoTopoe AaeT Ham oc-

HOBaHile yTBepzAaTb, mTo npeAffoeHHwa HEIUM UCTOA X 

cAeAammwe ynpomelimil AAA npexTmuecmcro ero npNueHe-

HNR  npmegnemw AAR npaxTm4ecxo1l pa3pa6oTxx. 

epa T yp a 

1. Azexmm KpaTxocponmwe OpOrH031.1 CToga Ha 
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MAHTEMATICAL MODEL OF A RIVER BASIN AND FLOOD WAVES 

SIMULATIONS PROBLEMS 

Dr.SLAVOLJUB JOVANOVIC and MILIVOJE BRAJKOVR 
Institute for Water RessourceS '!Jaroslav erni", Beograd 

Peamme 

AAA RHEIAH311 144exTa cmcTeum uxxyuyAmposaHHwx 

soAoxpaimamm a 6BCCOI/HB p.Banixa Mopasa, 6MA CAO-
ABB uaTemaTmgecico-opamgecxmg uoAezb 3T0r0 6acceft-

Ha. C 3TOR ueAmo, 6acce:10 3TOn pexv,naomaAblo npv-

uspHo /3 37.000 Kul, paaAanem Ha 31 noA-OaccenHos. 

C nouombm rRAporpama c nort-6acce7mos,xoTopueflpe,g-

CTSIBARMT BX0AHEe Aainime uoAeAH, Ha OK0.710 10 npo-

441/1e0 BA0.41. rASBHMX BOAOTCKOB B 68CCBaHe, MOXHO 

r043,9VTb cooraeTcTsyromme BOXHW 150AbILMX BOA.PBBAN-

s.BilpOBBBHMO: MOACZI. Ao cercAHR Chin noxEsosaH acne-

AYKmvx HanpasnetivRx: 1/ c ueabx cvmpimposJHmucAH 

Oonbmvx BOA tiepea ocaAxm, 2/ XVIR aHanvsvposaHvR 

oNlexTa atcxymynmpcpainimx 130.7AOxpalivxmm Ha ocRa6.71e-

Hme oaTonmTezbHmx LOAM sHm3 no Teqemmio v 3/ c ne-

AbK) 1383BMTPIR RoHnenumm o steroAux AI.A nporHoaacre-

caHva s CacceRH p.BeAvva topasa. 

INTRODUCTION 

For water and sediment regime regulation 
purposes it is planned . to build a number of 
storage reservoirs in the Morava river basin."lith 
the reservoirs already existing and those built 
in the first phase, the number of reservoirs will 
amount over 20. The area with runoff controlled 
by these reservoirs makes approximately a half of 
the total catchment area in the Morava river basin. 
In this situation, storage reservoirs may consi-

d ra13c1013 r2ct the water regime in downstream wa-
ter 

To investigate the influence of the system 
of reservoirs on discharges in principal water -
courses in different hydrologic conditions, nume-
rous hydrographs on the corresponding profiles 

have to be available.Since the number of observed 

flood waves with feasible records for such ana-

lysis was too modest, no data were available for 

some smaller basins, synthetic hydrographs should 

have been developed.From the point of view of ex-

ploitation the proposed storage reservoirs and 

considering the present situation, it was of in-

terest to develop conceptions of methods for run-
off forecasting on the corresponding catchment 
areas. To accomplish this, a mathematical model 
was developed to reflex the present situation of 
the basin, i.e. giving the corresponding hydro-
graphs on selected hydrologic stations on the 

.Summary 
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To analyse the effects of the system of 
storage reservoirs, a mathematical model of the 
Morava river basin was developed. For this pur-
pose,the entire catchment area,of about 37,000km, 
was divided into 31 sub-areas. On the basis of 
hydrographs for sub-areas, representing the input 
data, of the realized mathematical model, on about 
ten profiles along the main watercourses corres-
ponding flood waves can be obtained. The model of 
the basin was used so far for: 1) Flood waves si-
mulation,2) Analysis of the effect of the storage 
reservoirs on flood waves attenuation and 3)Deve-
lopment of methods for runoff forecasting in the 
Morava river basin. 

basis of input data. On the other hand, the model 
was aimed at testing the effect of each important 
project in the basin, either construction of 
storage reservoirs or river regulation for flood 
protection. 

1. MODEL OF THE BIG MORAVA BASIN 

1.1 The model conception 

Having in mind the foregoing requirements, 
the model conception of the Morava river basin 
consists the following.For some sub-basins, with-
in the whole catchment area,which are sufficient-
ly small, to be considered homogeneous from the 
viewpoint of precipitation distribution and runoff 
conditions,runoff hydrographs were to be predict-
ed. The "input" hydrographs for upper parts of 
the basin are transformed in its route along the 
watercourses and superposed to give the hydro-
graphs in the downstream profiles.The flood waves 
obtained in this way are further routt and super-
posed by hydrographs of the downstream eub-basins 
to obtain the flood waves on the outlet profile. 

Regarding the dam location and the existing 
hydrologic stations, and being aware of the equal-

ity of the observation recorda.available,the West 

Morava river basin was devided into 14 sub-basins 



and the South Morava into 13 Bub-basins; within 

the Big Morava river 4 sub-basins were selected 

(Fig.1),In selecting the basins care was taken so 

that their surface area to be no more than 3.000 

km2+. Provided that hydrographa on each sub-basin 

are known ("input" hydrographa), computation of 

hydrographa on one of the profiles at the West or 

South Morava river might be in conformity with 

previously indicated model canception,represented 

schematically in Figs. 2 and 3. Marked symbols 

(encircled)at the given schemes indicate that the 

corresponding flood wave should be routed for the 

given streamflow reach. 

From the point of view of studying the runoff 

process on a sub-basin,it is necessary to know the 

reduction function(namely the rainfall-runoff re-

lation) through which we may obtain the input in 

the sub-basin,then the function of runoff trans -

formation in time, through which we may get the 

output, i.e. the runoff hydrograph. 

Regarding the reduction function, it might 

principally be the same function both for the pur-

pose of runoff forecasting and for runoff 
simula-

tion. If runoff simulation is simultaneously 
car= 

ried out on a series of profiles within a large 

catchment area,the number of individual 
catchment 

areas within the basin is appreciably 
great and 

it is impossible to make a detailed 
analysis of 

the factors affecting the precipitation
-runoff re-

lation, particularly if proper observation data 

are not available for the area in 
question; 

Because it is traditionaly considered that 

the phase of runoff process by which 
precipitation 

is being reduced to runoff (i.e. to eXCeSS rain-

fall) does not affect the second phase, in which 

the effective precipitation is being transformed 

to outflow hydrograph, the second phase analysis 

may be carried out as if the reduction function 

is known. As far as the base flow is considered, 

in principle it needs to be differently treated : 

in one way when simulation is in question, and in 

another way when runoff forecasting is considered. 

Having in mind the foregoing facts, first 

part of the paper is dealing with the second 

phaae,i.e.with those components of the model that 

remain unchanged either simulation or runoff fore-

casting is in queation.The second part is dealing 

with the base flow hydrograph and the way used at 

determination of effective precipitation to simu-

late the flood waves hydrograph. 

The use of model for hydrologic forecasting 

requires clear understanding of the corresponding 

reduction functions (i.e. forecasting relations 

ships for each sub-basin) and of the methods for 

obtaining the base flow hydrograph. Since no im-

portant results are yet obtained for the Morava 

river basin this problem is not to be discussed 

here. 

The unit - hydrograph method was used for 

deriving the sub-basins 
hydroaraphs. 

+) Exception is the basin 
No.10 with 4 110 km2
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1.2 TTinciples for determining the unit 
hydrograph 

Unit hydrographs were derived for the upper 
part of the basin by classical procedure for se-
veral recorded flood waves, either from isolated 
storm or by separation of the complex hydrographa. 

For the basins between storage reservoirs 
(i.e. between upstream and downstream control 
section) we used the data on recorded flood waves 
for the upstream and downstream section (A and B-
Fig.4). Provided that no lateral inflow occurs 
from the part of the basin between A and B, the 
flood wave A in its route to the stationB= 
transform retaining the same volume (A - p
Volume difference of water discharged at A and B 
represents inflow contributions from sub-basins; 
them WP may say that difference of hydrographa 
ordinates A and B corresponds to flood wave from 

the same area.Consequently, if a sub-basin hydro-
graph is to be determined it is necessary to 
route the flood wave on the river section between 

station A and B,then by subtracting the transfor-

med wave ordinates from the corresponding hydro-

graph ordinate on the downstream station, the 
hydrograph of uncontrolled part of the basin can 

be determined. By means of the hydrograph so ob-
tained, and using a standard procedure we develop 

a unit hydrograph. 

On the basis of precipitation analysis that 

caused significant flood waves on principal water-

Courses, it was found out that within one day of 

many days rainfal period,rainfal duration of more 
important and relfitiVP2y unlforth intensity ranges 
from 8 to 15 hours. Owing to this, 12-hours ef-

fective rainfall was taken for unit rainfall 
du-

ration so that 12-hours unit hydrographs 
were 

developed for each sub-basin. 

1.3 Flood routing 

Flood waves routing in natural 
watercourses 

may be defined, as it is known, by St. 
Venant s 

equations, the solution of which is possible by 

several mathematical methods. Flood waves 
is one 

section of a watercours can be also routed by 

some of the so called "engineering methods" 
which 

are simple for use and may give quite 
satiefactorY 

results in the given conditions. With respect to 

the purpose of undertaken studies and the 
rate of 

accuracy expected from the Morava river model, 

flood routing was carried out by the Puls 
method. 

With this method, neglecting the inertial term.

and velocity head, dynamic equation and the 
equa-

tion of continuity get 'the form: 

1 7. 2
J J 
o tr B 

dQ 
d-V 
dt 

where dynamic equation 1.1) represents the 

equation. Since this equation essentially resew 

bled the curve A = Q (h) which can be substituted 

by V . V(h) it means that dynamic equation 1.1) 

can be represented by an equation giving the 

storage of a river reach as a function of dis-

charge: 

(1.1) 

(1.2) 

Chezy 

V . V(Q) (1.3) 

'The equation of continuity 1.2) represented by' 
finite increments may be written as 

v 
t 

i.e. 

where 

(1.4) 

(1.5) 

are in-

flow and outflow, respectively in the time inter-
val4t = t

i+1 
- ti. 

The storage curves V = V/Q/ are determined 
by balancing the input and output discharges on 
the observed reach at which the equation of conti-
nuity 1.5) was used. For all the sections of the 
West and South Morava, average curves V = V(Q) 
were used.It is evident that an error is introdu-
ced by using the invariable discharge storage re-
lationships. 

During the model verification, correction 
of the storage curves were accomplished, which 
resulted in a sufficiently representative storage 
curves for the given sections. 

For some sections of certain watercourses 
in the 74,31: and South Morava river basins it was 
imaossible to develop the curves V =V(Q). In this 
event, approximation was introduced in the compu-
tation sheme, aimed for obtaining the same effect 
in the key profiles as if the correct computing 
procedure was applied. 

(5 as.V 
q = Lit 

=(Q
1+1 + Q )/2 and 

1.4 Model verification 

The verification of the model of the Morava 
river basin was done by the use of a) unit hydro-
graphs and b) observed flood waves in the input 
profiles. 

To verify the model by the first method, 
unit hydrographs were derived for several profiles 
in the West and South Morava river. The verifica-
tion, without the base flow, consisted in comparing 
the computed flood waves (unit hydrographs) with 
the "observed" unit hydrographs (developed for 
entire basin area). Some of the results obtained 
are shown in Figs 5 and 6. Computed hydrographs 
are obtained in the following way: 

Hydrologic staticn Xraljevo -
( Fa4.721 km2) 

Kra = (G.M. + 4a + 4b') + 8 

West Morava 

' Hydrologic station Korvin grad-South Mora-
va (F = 9.396 km2) 

K.G. =(Gr + le)+ +20+ 21 (16 + 17) 

Hydrologic station Jasika - West Morava 
(f . 14.721 km2) 

Jas. .CILT + Kra)+ 11 
Hydrologicl ; station Mojainje - South Morava 

(F 15.446 

tion 
bole 

GM - 

•Mo  + U.N) + 24 + 25 

These equalities follow from the computa-
scheme illustrated in Figs 2 and 3. The sym-
used have the following meaning (See Dig.l): 

hydrograph at the Gugaljski most station 

4a - hydrograph at the Gorijevnica reservoir 

4b -
GM + 

hydrograph at the SemedraI reservoir 
4a + 4b - ordinates of the three hydrographs 
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'should be summed and routed on the reach Gugaljaki.
most - Kraljevo. 

8 - hydrograph of uncntrolled part of the basin 
between Gugaljski most and Kraljevo. 

Kra - hydrograph at the Kraljevo hydrologic 
station. 

V.I. - hydrograph in the Ibar river mouth, etc. 
The same computation scheme is applied to 

input hydrographs of flood from May 1965 (Fig. 7 
and 8).Somewhat higher discrepancies of computed 
waves from those observed in two profiles on the 
South Morava river are the consequence of the am-
putation procedure schematisation 'on the South 
Morava river.This is particularly emphasized be-
cause several important control sections are left 
(e.g. the section before and after the Niava ri-
ver tributary, hydrologic station Aleksinac, etc. 
which results in relatively extensive area of sub 
basins 21 and 22). 

2. FLOOD WAVES SIMULATION 

••• 

2.1. Principle 

By means of the model discribed, unlimited 
number of synthetic hydrographs representing di-
rect runoff for each of 30 sub-basins can be ob-
.tained, by variation of height, distribution and 
duration of rainfall for individual parts of the 
basin. Routing and superposition of these hydro-
graphs give the corresponding flood waves in the 
key profiles of the main watercourses. 

In this phase of the study, as a model of 
rainfall distribution, several chcracteristical 
isohyetal situation within the whole area were 
used .Nor each typical areal distribution rain-
fall of different intensity was applied provided 
that peak discharges on the key profiles within 
previously determined limits are obtained. 

2.2 Ordinates of the runoff hydrograph 

The runoff hydrograph for a sub-basin con-
sists of direct(surface)and base flow hydrograph. 
Thus, the ordinate of the total runoff hydrograph 
in time t will be: 

Q (t) = Qd(t) Qb(t) (2.1) 

Ordinates of the hydrograph of direct run-
off from a complex rainfall may be determined, as 
it is known, in the following way: 

Q
d
(t) >  u 

0'1 
- (0-1) T]. P (2.2) 

where: u(t) - ordinate of T-hour unit hydrograph 
in time t, T - duration of an effective rainfall, 
P. (j = 1,2,   ,n) - effective rainfall P

j 
0. 

At determining the runoff hydrograph of an 
isolated storm, it is'usually taken that the base 
flow contribution in the total runoff is relative-
ly small, so that no high accuracy is expected in 
evaluating the ordinated Qb(t). However, when a 
rainfall lasting several days is concerned with, 
the base flow may represent an important component 
of the total runoff. 

The principle of determining the base flow 
hydrograph is illustrated in Fig. 9. If TP de-
notes time from t . 0 to the occurrence of the 
peak of direct runoff hydrograph, and TS the time 



from t = o to the instant of cessation of the 

direct, runoff, then one of the following cases 

may occur: 

A) TP
i 
- TS

i-1 

B) TP - TS
1-1 = 0 

C) TP1 - TS
1-1 

> 0 

In other words, the peak of the following 

hydrograph may appear before or after cessation 

of the surface runoff of the preceeded hydro-

graph, or the hydrograph peak coincides with ces-

sation of surface runoff of the preceeded hydra-

graph. 

In case of continuous rainfall or if it 

occurs with smaller interruptions, the case A or 

B will appear. At this, it was supposed that the 

base flow hydrograph can by approximated by a 

straight line: 

Qb (t) = Qb(0) + K.t (2.3) 

where b
(o)is the base flow in an initial instant. 

Since K 0 which means that during the given 

period ground water is being recharged, it is 

clear that such a scheme cannot be applied at 

one very long rainfall period. In the case of the 

Morava river, where rainfall duration is of the 

order of 5 - 10 days, with 1 - 2 days cessation, 

by the foregoing scheme good results were ob-

tained. 

In case C, i.e.when TPi-T3, 1;e0, it was 

taken that after completion of sdiface runoff of 

the proceeded hydrograph, ground water recession 

occurs so that for the base flow hydrograph the 

following equation is valid: 

-eat 

Q
b (t) = b( ) P (2.4) 

irithetimPintervallT. -7 -7 Si i.e. up to the 
' 

appearance of the peak of the subsequent hydro-
graph.For t > TP1 the straight line equation is 

valid again. 

Equation (2.3) gives average ordinates 

Q (t),and IcAt .eaQb gives an average increment 

oY the base flow in time interval ast. For the 

example in Fig.9,ordinates of the base flow will 

be: 

0 to t = t1 : Qb(t) = b
(0) . e 

t1 to t = t2 : Qb(t) Qb(t1) +K(t-t1) 

t2 to t = t3 : Qb(t) Qb(t2).e -4(t-t2) 

Values of the constant K equation (2.3) 

as well as of the recession constanteCin equa-

tion (2.4) are determined by the analysis of the 

hydrographs observed. It appears that there is 

quite good relationship between the basin area F 

and values of these constants (Fig.10 and 11). 

from 

from 

from 

t 

t 

2.3 Areal and time distribution of rainfall. 

Excess rainfall 

As a consequence of the areal distribution 

of rainfall, certain parts of the Morava river 

basin have,as a rule, different contribution 
in 

forming the flood waves in key profiles of the 

main watercourses. In regard to flood waves oc-

ourrence,an important factor is duration of 
rain 

and its distribution in time.It is characteristic 

for the Morava river basin that the flood waves 

in the main watercourse are the consequence of 

rainfall lasting more than three days over the 

whole basin. Fifteen days may be taken as upper 

limit of rainfall duration. Approximately 1/3 of 

the rainfall period makes high-intensity rainfall. 

In regard to time distribution of rainfall during 

one day, duration of high-intensity rainfall is, 

as a rule, of the order of 8 - 15 hours. 

For the purpose of simulation of flood wa-

ves, 5 isohyetal situations, which were charac-

teristic for areal and time distribution in the 

Past, were selected. In this way we obtained 5 

rainfall models according to area - duration panr 

meters.Rainfall with several different intensi-

ties were applied at each of these models. 

Relatively simple relation which gives quite 

satisfactory results for flood simulation aurpos-

sea was used as a reduction function, i.e. the 

rainfall - runoff relation. It is n = a ( P,D) 

where a is the runoff coefficient, P - depth of 

daily rainfall and r - number of days with rain-

fall proceeded by the day with rainfall P 

(Fig.14). 

2.4 Analysis of the results obtained 

Synthetic hydrographe obtained in contra' 

profiles by means of the model described, 
repre• 

sent all the characteristics of the Morava 
rive 

basin with respect to form and peak 
discharges. 

This statement is illustrated by 
hydregraphs 1: 

Figs 15 and 16 for outlet profiles Jasika 
on thr 

West and Mojsinje on the south Morava 
river which 

were obtained as a result of a-day 
rainfall. For 

each sub-basin a rain with different 
intensity 

was applied in conformance to the 
corresponding 

isohyetic model. The hydrograph with the least 

discharges approximately correspcnds to the ob-

served rainfall and has to be compared with the 

recorded hydrograph.The rest of four 
hydrographe 

are obtained when the "observed", i.e. 
some ini-

tial rainfalls are increased for 20, 
50, 75 and 

100 Using selected isohyetal 
situation, 20 

hydrographe, mutually different in volume and 

maximum discharge,for each profile were 
obtained. 

With respect to the maximum discharge, a condi-

tion was provided that simulation must not 
over-

come 1000-year floods on any of the 
profiles in 

question. 

For this purpose, a frequency analysis 
of 

floods observed in the past was 
conducted,as well 

as a regional analysis of maximum 
specific dis-

charges qm(m3/sec/km2) with difference 
recurrence 

analysis, dia-

river basin 
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interval T
R 

;as a result of this 

gram qm.qm (TR, F) for the Morava 

was obtained. Maximum discharges of synthetic 

hydrographs were plotted on 

(Fig.17). 

so prepared diagrams

3. COMPUTATION PROCEDURE BY DIGITAL 
COMPUTER

+) 

Figs 2 and 3 illustrate the scheme for 

hydrograph computation at hydrologic 
stations on 

the West and South Morava river. Flood waves 

+) This part was written by S. 
Opricovia,dipl.ina. 

Computation Center at the Institute for 
Mathe-

matics, Beograd. 

-routing on the reaches indicated,waa done by the 
use of the basic eq. 1.5) which, after being 
arranged, may be written as follows: 

Vi+1 (11+1 141 +Qi i Vi 
2 Let -at 2 

(3.1) 

Since V . V (q), the left hand side of the eq. 
(3.1) is a function of q. Hence, for the time 
interval as t, the relation 

F (q) 
V

At 

may be formed. 

Equation 3.1) may read: 
Q
1+1

F1+1 

+ Q 

2 

+ 
2 

q
i 

V
i 
(q
i
)

2 At 

(3.2) 

(3.3) 

The relation (3.2)is previously computed 
for discrete values of qi, then relation Fi-qi is 
tabulated.Ie the beginning of computation(for 
= o)the value of the right hand side of the equa-
tion (3.3)is determined to obtain F,. From the 
table F o and by interpolation, tie corres-
ponding value for q q (0 +at) is determined.
To determine ordinate of the output hydrograph q2
in time t = 2eet(i.e. for i 2) this procedure 
is itteratively repeated: by introducing ql in 
3.3) F2 is camputed, then the outflow q2 ( from 
the table f

i 
- q

i
) etc. 

Computation of hydrographs on any profile is 
conducted by the procedure shown in the block 
diagram,Fig.18.Input data are given as follows: • 

- ordinates of the unit hydrograph for each sub-
basin (table Ti-eUi for T = Const = 12 hours) 

- Effective 12-hours rainfall (table T +-+F ) 

- 1
ent4C(eq.2,4) and K (eq. 2.3) for each 

sub-basin 

- Number of points in the table TeeePi (M) 

- Number of points in the table Tea-Q (N) 

Symbols in the block diagram represent: 

Qb - base flow 

T - time 

Q - ordinate of the total runoff Hydrograph 

N1 - number of points in rising limb of the unit 

hydrograph 

N
2 
- m

t 

belx.:311:0=1 -Itis in the falling limb of the 

4. PROGRAM. FOR FURTHrR ANALYSIS 

The described mathematical model of the 

Morava river basin was used so far for: 1) flood 
W81,058 simulation,2)analysis of the influence of 
the reservoirs system on flood waves attenuation 

and 3) development of methods for runoff fore-

casting fcr the Morava river basin. 

At present phase of the atudy,flood waves 

were simulated by rainfall,using several charac-

teristical isohyetal situations on the catchment 

area.Such treatment,applied mainly for the pur-

pose of testing and further development of the 

model, statistically does not correspond to simu-

lation procedure.In order to get synthetic hydm-
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graphs for each of the observed profiles with• 
various recurrence intervals (regarding volume 
and maximum discharge), it is necessary to apply 
many combinations of rainfall, in regard of the 
depth, areal and time distribution. For this pur-
pose, a recearch is being carried out to deter-
mine the relations:depth - duration - probability 
of occurrence - areal distribution, for high-
intensity rainfall over the whole area of the 
Morava river basin. 

To simulate flood waves by rainfall, parti-
cularly for the purpose of giving positive hydro-
logic forecasting, it is necessary tc define the 
reduction functions for each sub-basin. Although 
certain results are obtained (1) an extensive 
work on determination of the rainfall - runoff 
relation is forthcoming. In this connection, 
significant extension and modernisation of the net of meteorologic and hydrologic stations in 
the basin have to be accomplished. 

Lastly, mathematical model of the basin, 
which is so far obtained its practical applicaticm 
(2) has to be, further on, developed and in-
Proved. Conditions for its imarovement already 
exist, its further extension will develop step by step in conformance with improvement of hydro-
logical aAyledge of the watercourses, particularly 
those in the upper cart of the basin. 
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FIG. I - VELMA MORAVA RIVER BASIN WITH SUB-BASINS 
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FIG. 12 - TYPICAL ISOHYETAL SITUATION No. 1 



FIG. 13 - TYPICAL ISOHYETAL SITUATION No. 3 
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KINETIC ENERGY AND MOMENTUM FLUX IN CZECHOSLOVAK 
REACH OF THE DANUBE-RIVER, WITH RESPECT TO THEORETICAL 

COMPUTATIONS OF THE NONSTEADY FLOW 

By VILIAM STRAUSS 

Institute of Hydrology and Hydraulics of the Slovak Academy 
of Sciences Bratislava, Czechoslovakia 

Pastime 

nPeX4araemoit cTaTbe asTop.sassmaeTcR oRaue-

MIAMI! KOONASUKOHTOB xoneTmuecxott oseprmv H xoAmue-

cTsa AHMKOHKR B uexoczosauxom yvacTice AyHBR. 1'1CX0-

AH KO Toro, tITO npoAoAhRme cxopocTn B OTAIBAbHbIXTO-

nicax nonepeuRoro ceuesxR TeueRmR uocxo CRKTHTi. OA-

RopoARok CTaTKCTIV-IECHOn cosoxynsocTbto, AAR xoTopeR 

as onpeAeARamym sexmuRRy pacnpeAemeRmR cxopocTeR B 

nonepeumom ce4eRsm m36pas xo4cIl1nsesT sapmaLuIR no-

/fa npoAoAsinax cxopocTeq B soAomepmmx crsopax oToro 

yuacTxa palm. 

ya RenocpeAcTsemmx RamepessaonpeAexemibittxo-

OegMBPIBBT sapmauxm dvx KCH0AL30BHH AAA yeTasosze-

BBB AOACTBMTBALKMX KOD IKIAMBHTOB xmlieTuuecxott °Rep-

rms H xoAssuecTsa gsmmesmst (047pc.), B MCCABAOBBHHOU 

yuacTxe. CBR3b MBKAY X0314KUKBHTOK sarimaumm m mo-

3(14zumeliTatax cc HOC yoTasosAeRa a Crierbe TeopeTs-
mecxmm nyTem. 06cAeAosaRme RomeRussocTx pacnpeAeAe 

HKR mecTxmx npoAoAbstax cxopocTe2 s oTAexusux CBKH-

HHRX nosnozReT npmmeRRTI, AAR rzApasamuccxxx pacue-

TOB ABKKBHHR BOAM B cpeAsem yuacTxe Xyllaa AeNcTss-

Teasume 3Bauenzszoc H 0C. , gem mosso pacmeT yTog-

Onpepmessme asameRsRoe HOG B uexocnosaU - 

xom yuacTice AysaR mouRo RcnozboosaTs Tole AAR Apy-
rmx per cxoxero xapexTepa. 

A part of the computations, allowing to 
forecast the water stages and discharges in open 
channels, is based on hydraulic equations of the 
nonsteady flow of liquids. These equations, es-
sentially, are the power balances or the energy 
balances of the watercourse in a certain reach. 
With these balances the watercourse is assumed 
to be massed -into its center stream tube, where 

the mean values of the determining hydraulic pa-
rameters are then introduced.The energy balances 

and dynamic balances, thus perfommed, are from 
the theoretical point of view affected by the 

disadvantage that the use of the mean velocity, 
in form of the main dynamic factor of the flow, 

is,to a certain degree,quantitatively distorting 

the balance. The reason for this lies in the 
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'Summary 

In this article the author exposes the va-

lue of living force coefficient and the quantity 

of movement on the Czechoelovakian part of the 

river Danube. He assumes that the longitudinal 

velocities on particular points of the bias may 

be considered as similar ones to the static 

unity because of which the field coefficient of 

variation of prolonged velocities in the water 

measuring dame of this river has been chosen for 

determination of the size of velocity distribu-

tion on the axis. 

During the immediate measurement a defi-

nite coefficient of variation has been used for 

determination of actual coefficients of living 

force and quantity of myement ( within 

the section investigated. The link between the 

coefficient of variation and the one0C andoC0

has been theoretically established in the artic-

le. The review of distribution change of local 

and longitudinal velocities in particular months 

allows to be used for the hydrological calcula-

tions of water movement on the mid part of the 

Danube, the actual value a: and .00 in the Czecho-

slovakian section of the Danube may be used for 

the other rivers of similar character. 

fact, that the specific profile energy, as a 
consequence of the irregular longitudinal velo-
city distribution in the cross-section, As grea-
ter than that, we obtain by calculation from the 

mean velocity in the profile. This error of the 

calculations, resulting from the Bernoulli equa-

tion,is to be corrected by introduction of a cor-

rection factor of the kinetic energy 04S ,or by 

the momentum correction factor cCO3according to 
calculations, based on the Newtonian equation on 

the momentum change. 

The values of the correction factors a= and 

0Coare dependent on the distribution of the longi-
tudinal velocities in the cross-section of the 

channel. 



In accordance with the general theory of 
the correction factors (1), the correction factor 
of the kinetic energy takes the form of 

4./Ar 
toG (1) 

and the momentum oorrection factor, of 

y 4,114e 
4,* gir (2) 

- local longitudinal velocity 

'P.- mean velocity in the profile 

discharge area. 

Prom equation (1) and (2) it is to be seen, 
that the correction factors are representing a cer-
tain relationship between.looal longitudinal velo-
cities and the mean value of these velocities in 
the profile. As the basic statistical values re-
present the similar relationships, that is, the 
relationships between the mean and the population 
components (the moments about the mean), there 
must exist a relationship between these basic 
statistical values and the correction factors. 
These relationships will be derived as follows. 

Derivation of the relationships between the 
basic statistical values and the oorreotion 
factors #0G and an. 
The longitudinal velocities in the single 

points of the cross-a/lotion of the flow 4d, may be 
taken as representing a homogeneous statistical 
population. The variable t of this population is 
one dimensional and its variable range yields the 
relationship. 

U 4 It AseAo (3) 

The number of the population components is re-
presented by the sum of the elementary areas of 
the cross-section (perhape infinitely or finitely 
small ones) 

1a4fil (4a),(4b) 

for the analysis, we will take into consideration 
the number of components, following to relation-
ship (40. The *Can velocity is defined in form 
Of the arithmetical mean of the population,

fkii-
The deviation of the variable from the 

arithmetical mean will be 

6 (6) 

The first central Aoment is eqaal to zero. 
We are investigating the Second central moment, 
obarmaterieingdimpperdion of the 
population* represented by 

eg (7) 

After setting infirm* the equation (6), and madi-
fyingo we obtain 

dtme 2tAkh,46'4 eep 
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yielding with reepoot to the equations (40 and 
(5)• 

Dividing this e uation with 4".we get 

(8) 

1 (9) 
The firot right side term of this equation, fol—
lowing to (2), represents the momentum oorreo — 
tion factor .e. of the given °roes section: 

Supposed, 
viation 

C d4t.„ . 4 r 171 7 

we may write as follows: 

61t

Co) 

we introduce the standard de-

(11) 

(12) 

In case we select for determining statistical va-
lue theco•ficientevariation 

6%14 
Cv 

(13)

that is, the soale of relative dispersion of the 

local longitudinal velocity values about the faun, 

we get the desired relationship between the mo-

mentum correction factor, and the variation coef-

ficient of the statistical sample of the longitu-

dinal velocities in the cross-section: 

4 a 

Prom this equation and knowing the value of 
it is possible to determine the value of the va-

riation coefficient 

Grp4777.77/ 

As to the equation (14), it is obvious that 
the 

momentum correction faCtor,in consequence of the 

function of the variation coefficient, will be 

(14) 

4  V(4) 

meaning that its value is dependent on the die-

version of values of the local longitudinal velo-

cities. 

Pox determining of the dependence between 

the kinetic energy COrrection factor and the ba-
ilie statistical values of the profile local 1040-
tudinal velocities population let as at lyre the 

third moment about the mean 

(14) 

(15) 

A4411Vasp - -     (16) 

After division of this question by .015, and after 

modification we may write as follows: 

2*. J;'  (17) 



When substituting from equations (4a) and (5),we ' 
obtain: 

A gear is%  _ 

and further, in respect to the equations (1) and 
(9) we get: 

( 18 ) 

Let us introduce the coefficient of aeoymmety 
(or of skewness), which ie given by the rela-
tionship of 

4.4‘ 445 
C - 4. - (19) 

In case we substitute the central moments, fol-
lowing the equations (11), and (19), to equation 
(18), we will obtain : 

oC Cs 3 sq,2_• 4 
rti 0, • 

(20) 

and with respect to the equations (13), there 
will be : 

(21) 

whereupon the kinetic energy correction factor 
is expressed as the function of statistical va-
lues, namely as the function of the variation 
coefficient and of the asymmetry coefficient of 
the longitudinal velocity population in the pro-.
file : 

(22) 

With the values of the correction factors 06 and 
0C. known, we could in turn compute the coeffi-
cient of asymmetry C. . By solution of the equa-
tions (14') and (21) we obtain 

The 
cal 
the 
its 

momentum 

0C- ••.€ 
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variability of distribution of the lo-

longitudinal velocities in profiles of 

Danube-river Czechoslovak reach and 

effect of the kinetic energy (or the 

flux)of the flow in the river bed. 

(23) 

The flow mean velocity in a definite profi-
le of an open channel is usually the only dynamic 

parameter used when water levels are subject to 

hydraulic computations. It should be noted howe-
ver that the mean velocity neither elucidates ex-

plicitly the distribution of the velocities in 

the profile nor gives a true picture of the kine-

tic energy quantity or of the momentum flux of 

water passing through the profile.In two profiles 

with completely different distribution of the 

longitudinal velocities the mean velocity value 

may be well equal but the kinetic energy quantity 

or the momentum flux may be quite different. The 

magnitude of the error arising from the computa-7 

tion procedure of the kinetic energy or of the 

momentum flux on the basis of the mean velocity 

can be seen from the value of the correction tuo-

'tore dand 04, which indicate the ratio between 
the effective kinetic energy (or the momentum 
flux) of the flow, computed from the values of 
local longitudinal velocities and the theoretical 
kinetic energy (or the momentum flux), computed 
from the flow mean velocity in the profile. As 
the results obtained by the author of the studies 
(1), (2) gave clear evidence that the errors, 
arising from the computation of the kinetic energy 
value in the profiles of open channels, may reach 
significant values, the decision has been made 
to investigate the Czechoslovak reach of Danube-
river in order to obtain more accurate data for 
hydraulic computations of the flow in the river 
bed (the records measured in nature have been 
kindly submitted by the Hydrometeorological In-
stitute at Bratislava). 

The subject to investigations were the va-
lues of the correction factors ocr, and 01,'70 ,and the 
determination of their dependence on the local 
longitudinal velocities in the profile charac-
terized by the basic statistical values as a 
homogenous population. The theoretical basis of 
this analysis has been outlined already in part 
one of this study. 

Altogether 17 records of measured local ve-
locities in the profiles of the Czechoslovak 
reach of the Danube-river have been evaluated: 
the local velocities were measured in profiles 
over a river length of about 150 km, both in 
straight reaches as well as in bends under va-
rious discharge. For each profile the correspond-
ing contours of equal velocity were 
Then, on the basis of the evaluated profile!: the 
values of integrals were determined with the as-

sumption that the distribution of velocities in 

the perependicular direction to the contours of 

equal velocity is linear. More details on the 

evaluation method of those integrals are given 

in (1). Arising out of the values of these inte-

grals it was then possible, by using the equa-

tions described in the theoretical part of this 

study, to compute all the values of interest to 

us, i.e. in addition to the values of if? , 74r , 
also the values of the basic statistical values 

/44 44 5 C '44 / Gs 
ae well as the values of the correction factors 

0( ,,,,C., of single profiles, these being shown 

in the table on the following page (the numbers 

of equations used for the computation of the 

particular values are designated in the head of the 
table).

From the analysis of the values shown in 
the table the following conclusions can be made: 
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a. - with concern to the correction factors00 
and 000

1. Practically the discharge has no effect 
on the values of the correction factors. 
This phenomena can be confirmed by compar-
ing the values of the 'correction factors 
determined for various discharges in the 
same profiles, for instance in the profile 

at km 1869 (Bratislava, lines 15, 16, 17) 
the differences between 0( and 0C,,, values 
for discharges in the range of about 500 - 
- 2500 m3/s are of nearly equal value. The 
same conclusion also can be made when com-
paring the values in lines 1 and 2 (Stara-

vo) and in lines 13 and 14 (Hru/Soi). 

2, The correction factors of profiles in 



the direct reach are characterized by sub-
stantially lower values when comparing 
them with the values in profiles sited in 
bends. As can be seen in the table the mi-
minumcC, values have been measured in the 
profilesStdrovo, . KomArno, Madvedov km 
1805,35,GabZikovo km 1819 and Bratislava 
(lines 1, 2, 4, 5, 9, 15, 16, 17 ) all of 
them being situated in the direct reach end 
within the range of the oC value = 1,12 
^e1,18.In the remaining other profiles si-
tuated in the bends the oe. value may rise 
up to 1,35. Besides the bending of the 
Channel also the mouthing of river branches 
and crosswise built regulating structures 
may cause the rise of the oC values. 

3. Arising out of the determined °C and 04;, 
values it can be stated that the effective 
kinetic energy of water flowing through the 
profile of the investigated Danube channel 
is higher of 12% up to 35% than the kinetic 
energy corresponding to the mean profile 
velocity. With concern to the momentum flux 
this difference is markedly lower, only 
5 - 12 %. 

- with concern to the basic statistical va-
lues 00,Cv,CO3 characterizing the distri-
bution of the longitudinal velocities in 
the cross-section: 

1. The dispersion of the longitudinal velo-
cities about the mean velocity, Characte-
rized by the coefficient of variation ( in 
the table column 19) is represented by the 
Cv values expressed in %, is e. Cv 100) 
is in the range from 21 % to 42 %, in ave-
rage about 28 %, in the investigated reach 
of the Danube-river. 

2. The skewness characterized by the coef-
ficient of asymmetry Cis for the most 
part of the investigated profiles relative-
ly small (-0,0019 -2,5487, column 11). 
Due to the fact that value of skewness has 
explicitly a negative sign it may be con-
cluded that the mostly frequent value of 
the local longitudinal velocities in the 
profile (the mode) is greater than the va-
lue of the mean velocity. 

3. In computing the value of the correction 
factor oC through equation (21) 

0C as-0,75#5e, 'd 

we made the experience that the value of 
the first term on the right side of the 
equation 

c,,- f (24) 

practically approaches zero (column 12) and 
consequently this first term can be neglec-

ted, thus the assumption being jUstified 

that the' value of the arising difference 
which means a simplification of 

the equation (21). For practical use then 

only two equations for the computation of 

the correction factors 0e, and of, will be 

needed 

cCo - C,549 (25) 

From these equations it can be Been that• 
for the computation of the values of the 
correction factors er. and cC. it is suffi-
cient for the practice to determine only 
one statistical parameter, i.e. the coeffi-
cient of variation 0.0 of the local longitu-
dinal velocities population in a certain 
profile. By using the equations (25) and 
(26) for solution we obtain a genuine quan-
titative relatinehip between o6 and oC. (1): 

Ae regards the mentioned conclusions it is 
necessary to remark that they refer to the flows, 
flowing through the proper channel but they can-
not be referred to flood discharges, in which a 
part of the discharge is flowing through the 
Channel and a part is flowing over the flood plain. 

At the computation of the correction fac-
ture, on the basis of the equations (25) and (26) 
it is sufficient to determine the coefficient of 

variation of the local longitudinal velocities 

in the channel. To determine promptly the values 

ofCvit will be sufficient to divide the profile 

area by means of vertical and horizontal 

straight lines in ouch a way, that the measured 

velocity points t are in the centre of gravity 

of the particular planes -e./ and then to de-

termine directly the square of the variation co-

efficient C5 from the analogic relationship 
the equation (9). 

Z.i Zat-di 
• 

to 

(28) 

The values of the correction factor of the 

kinetic energy oC , computed thereby, differed 

from the values, as stated by the curves of 

equal velocities of the particular Danube cross-

sections, approximately on the average by 5 %. 

The total of points, where the velocity has 
been 

measured varied between 60 - 120 in one crow-

section (representing the normal amount of mea-

surements of local velocities for the determine - 

tion of the discharge). 

The values of correction factures 
obtained 

over the Czechoslovak reach of the Danube, can 

be used for the hydraulic computations also for 

other river reaches of a.eimilar character. 
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LIMITS IN THE USE OF THE LINEAR AND NON-LINEAR TREND METHOD 

FOR FLOOD FORECASTING ON THE DANUBE RIVER, IN THE 

SMED.EREVO - CEATAL IZMAIL REACH 
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Peamma 

kiBTOA TOHABHUHM, OCHOBOHHUO HO AHHONHOKMAX HO-

issmeNHoN amoTpanoxauss xpomozorxmecxott xpaeloit pac-

moAoa, AOCTOTO4HO uacTo acnombayeTca B npamTamerma-
poxorxmecxxx npormosos. IlpocToTa npxxoxexma npxso 

MIT MOCTO K axoynoTpe6xemalo °TAM MOTOXIOU, BMIWAR 

npesexm, yeTamoaxexame Aonymemmms norpammocTamx. 

B HOCTORIAOR patoTe paccmaTpaaaloorcx BOAMOIHOCTO 

B0110.11180B8HHA meToAa xxmenmoft TexAeammx (UBTOA Ce-

mince m Tanrexca) M meToAa mexmaettmott TemAenumm,ymr 

amsam xas6omee noxxosAmme meToxm x npsemm AIR Pile-

xxmaux (Dap pexxma pacmoAoa. 

Cpaelmemme npseioa spornosa ITOBOAATCR HQ ocmo-
ae nOica8aTeneN TOUHOCTK, BOBNCRWHA OT cpeAmax ximIA-
paTxmecxxx OTKAOHOHNIN morripoxsmmx nporxosoa. 

B pa6ope AOMOTOR TOKIO AAA maxAoro meToxax npx-
ema npormoaa smamensa xonycTxmmx norpemxocTeN, pac-

CRUTSHHMX B auascxmocTx oA cpeAmvx maaApaTamamx 0T-

xxoneman mone6amma npormoasposamawx saatiemak a TO—

mamma nepxoAa ea6saroapemeamocTm nporxoaca. 

Bmmeymaaammme meToAm x npaemm paccuaTpasaxxcl 

HO Tpex rmApomeTpx4ecmxx CTUHIBAKX He Cmeme-

peso, OATommo M 1.18TOA MOMOMA, CTOHUHRX, paCIMAO - 

xemamx HO xapamTepnmx Cekropax Blamer° Ay n. 

1. Generalities 

The trend method on account of its operati -

onal simplicity is one of the moat frequently used 

short-term forecasting method. This has often led 

to an excessive use of it, with unsatisfactory 

results. 

The present paper 

the limits in applying of 

nube conditions, in the 

reach and to indicate the 

we undertake to examine 

this method -under the Pa -

S mederevo-Cestal Izmail 

most adequate procedures 

Summary 

The trend method, based on the linear or 

non-linear extrapolation of the chronological 

curve of discharges is used quite often in the 

practice of hydrological forecasts. The simplicity 

in applying of this method has often tempted to an 

excessive use of it, ,beyond the limits permitted 

by the admissible errors. 

Possibilities of applying both, the linear 

trend method (the tangent and secant procedures) 

ant the non—linear trend one are examined in the 

present paper, pointing . out the most adequate—

methods and procedures to be used forthe different 

phases of the discharge regime 

Comparison of forecasting procedures is 

made taking into account the correlation indexes, 
depending on the square mean deviations of the 

control forecasts. 

In the paper there are also given for each 

forecasting method and procedure the magnitude of 
admissible errors, calculated- function of the 
square mean deviation of the variation of the 
forecasted values during the 'anticipation interval 
of forecasts. 

The methods and procedures mentioned above 

are examined at three hydrometrical stations on 

the Danube river, namelysSmederev0,01tanite. end 

Ceatal Izmail, stations located. on characteristic 
sites of the lower Danube sector. 

to, be used for the different phases of the -

discharge regime. 

The method consists mainly in forecasting 

the discharges after a certain period (antici - 

pation period) based on the variation of dischar-

ges during the period,previous to the forecast 

issue moment. 

The method assumes the law of discharge 

variation daring the previous period remainp 
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the same for the forecast period. 

This assumption is justified for rivers with 

floods of slow rising and falling especially for 

large water courses. 

According to the form of the variation law 

used when issueding the forecasts in anticipation 

period, we can distinguish the linear and non—

linear trend method. 

The linear trend method in used both for the 

water rising and falling during the floods, whilst 

the non—linear trend method can be used only for 

the failling of floods. 

Forecasting according to the linear trend 

method is issued either by the secant Fi7the te—

ngent procedure. 

The secant procedure is used in both analy—
tical and graphidal forms.The tangent procedure can 
be used only in the graphical form. The non— linear 
trend method ie applied in the analytical form. • 

The below given table shcws the use of' met—
hods and procedures for Iherising — falling flood 
phases. 

Method Procedure Rising Falling 

Linear 
trend 

Secant Graphical Graphical 
analytical analytical 

Tangent Graphical Graphical 

Non—linear trend — Analytical 

The variation law'used for forecasting by 
the linear trend secant proeedure is expressed as: 

`fin Qn — t

or as: 

Qn + t 

Qp, n+t — 2 Qn

where 4
n, 

n+t is the torrecasted 

the anticipation period t Qn is the 

in the moment of forecast issueing (n), and 

is the discharge, antecedent to the moment n 
the anticipation period t. 

'413 - t 
discharge after 

discharge 

.n—t 
with 

Forecasting based on'the non — linear — 
trand method uses the Horton type expression: 

K to 

Qt = QM e

where Qt is the discharge with t units of time 

subsequent to the occurence moment of the -maximum 

discharge Q14, and K and n are the coefficients 

expressing the shape of the cession curve. 

At the hydrometrical stations Smederevo 

(F=525,820 km2)01tenita (F=692,900 km2) and Cetal 

Ismail (F=807,000 km2) the trend method was anxly—

sed from the applicability viewpoint, using: 11 4 

floods, in the period 1966 and 1967 summing up 140 

97 

days for the linear trend method and showing the 

frequent variation of discharges at these stations, 

2) and 25 floods in the period 1941-1967 for the 

non—linear method selecting floods of the moot 

frequent form: it should be pointed out that at 

Smederevo station the seasonal spring floods have 

been analysed separately from those of the seasonal 
summer—autumn floods, because of their conaiderable 
different form. 

As a general criterion of applicability for 

the methods and procedures employed it was used 

the correlation index the expression of which 

is: 

(5 4..)2 

6e being the square 
reality of the Borecaeted discharge 

t Yn+t)2
y 

mean deviation from 

n being the moment of the forecast issue Y
n+t 

the actual discharge et the end of the anticipation 

ti  — 
period, t _I the forecasted discharge for 

the n+t moment, and m — the number of control 
forecasts. 

C N is the mean square deviation from reality, 
using as forecasted value the mean discharge N 

Yn+t)2

Forecasting methods end, procedures are con—
sidered applicable whet 'et ?0,70 

They are Food when '9, 0,90, satisfactory 
when niL 080 and acceptable when eno,7..o.8.

For each method and procedure the aLdmicsible 
(allowable) error (d adm.) is also. given, being 
considered good those forecasts the deviation from 
reality of which is under the admissible error. 

The admissible error has the expression: 

0,6746%.& adm. 

where(iAis the square mean deviation of the dis—
charges variation (A. ) in the period covered by 
the forecast against the mean of these variation 
( ) 

\Ft.7: 67-46) Z
rr,,A rrIn. 

in which m is the number of oases during the con—
trol period. 

2. The linear trend method 

Table no.1 shows the valuesllandA 
adm. 

both for the secant and tengent procedure, for the 
rising and falling periods,at Smederevo, Oltenita 
and Ceatal Ismail stations. 

Variation of values and 
A.dm. 

along the 
a

studied reach is given in Fig.l; and the 'variation 
of percentage of the control forecasts, having 
errors below 20$ is given in Fig.3 a 



Examinatin of thr : c date Lac let to the 
ru]lowtni con,luaionu: 

a) The quality of forces s for uay of these 
procedures and for all periods covered ty the 

forecast impro,:es ti- c up:.:tream towards the 

downstream nohe if the :',died reach. 

b) Thc tun,ent procedure permits Letter for—
eceuts then the aecaLt one. 

c) For periods longer than 5 days, the for—
ecasts concerning flood rising have smaller errors 
thai) those refening to floods falling. 

d) Along; the entire 
period lowered by 

forecasts, Loth :hen 
tangent of.-ccedure. 

reach the shorter 
the forecast the better 
uhing the secant and 

the 
the 
the 

Tins, al] forecasts for periods below 5 days 
are [ood; forecasts covering a 1C days period are 
oatisfuctory when using the tangent procedure and 
accfptablo when aLing the secant procedure (valid 
onl, for the down—stream -:.one;of the studied reach). 
The forecacto ecvcrin, a l5—day period arc tutinfa—

ntor,(, except for the upctrearL ?tone where they ore 

cnl y aecc-ptable.

c) The admisaille errors, for al] periods 

covered and for troth procedures, are slightly dimi—

nishing iron_ the uppLr towards the lower cone of tI

studied reach and obviomily, the shorter the period 

cov:red ly the forecast the smaller the errors are. 

S. The non—linear trend method 

Table no.2 chow the parameters of the recs.— 

Ti 

ssl 4t/ on curves (K,n —K t e ), the correla—

tion index ( a ) and the admissible errors (Aadm..) 

for ',he floods failling limb at SmederevO,Cltenit_ 

and Caste] I-smail stationc. 

Variation of valueelland A , along the 
ann. 

stadie0 roach is precected in Fig.2 and the percen—

tage Of the r'ontrol forecasts having errors 
below 

20A are given in Fig. 3—b. 

Considerin6 these data 
that: 

it may be assessed 

The vality of forecasts improves as thew 

draw near to the down—stream and of the studied re—

ach 

b) For the entire studied reach, the sho—

rter the period covered by forecasts the better thir 

Thus, forecasts coverin6 up to 10 days are 

except those for the upstream end of the 

reach (Smederevo) Where forecasts are only satlefe—

cter3'. 

Forecasts covering a 15—day period are pos—

sible only for the Romanian sector of the Danube 

river end ere satisfactory, while forecasts for a 

20—day period nay be isaued only for the lower 

sector of the Danube, being acceptable.
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c) The admissible errors diminish along th, 
studied reach end obviusly, the shorter the period 
covered by the forecast the smaller the erors are. 

4. Conclusions 

Taking into account the value of the correla-
tion indexes and the fact that the analytical pro-
cedure is less laborious that the graphic one, it 
results the following suggestions with respect to 
the of the trend method for flood forecasting, oc-
curing on the Danube rivers 

a) For the flood rising period good resuts 
are obtained when using the secant procedure for 
an anticipation interval not exceeding 5 days and 
the tangent procedure for an anticipation interval 
of 10 days in the medium and lower zone of the stu-
died reach. 

b) For longer anticipation intervals,during 
the using period, only the tangent procedure may 
be used with satisfactory accurecy, except the fo-
recast for a 15-dsy period at Smederevo, where ac-
curace in only acceptable.

c) For the falling period the recension cu-
rve can be used, with good accuracy for anticipa-
tion intervals up to 10 days, satisfactory accuracy 
for anticipation interval© of 15 days and accepta-
ble accuracy for longer anticipation intervals 

Table no3 rives a synoptic view for the 

cases in which the different metho.do and procedures 

can be applied, the quality of forecasts as well 
as the admissible errors being also mentioned. 

LISTE OF FIGURES 

Fig.l. Variation along the Danube river of values 
and adm., resulting by applying .the 

linear trend method 
s - secant 

t - tangent 
number - anticipation interval 
c - rising period 
d - falling period 

Fig.2. Variation along the Danube river of values 
and adm., resulting by applying the 

non-linear trend method. 

The number on the curve points out the 
anticipation period 

Fig.3. Variation along the Danube river of the 
control forecast percentage having an 
error below 2O
a - results obtained when applying the 

linear trend method 
b - results obtained when applying the non 

- linear trend method 
s - secant 

t - tangent 
number - anticipation interval 
c - rising period 
d - falling period 
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CORRELATION INDEXES (?/ ) AND ADI,ISSIBLE ERRORS OF FORECASTS (LI adm.) WHEN USING THE LINEAR 

Anticipation in-
terval (days) 

2 

Procedure 

Secant 

Phase 

rising 

Smederevo 

TREND -L:ETHOD 

Oltenita 

TABLE 1 

Ceatal Izmail 
/7 d adm p 4 adm 

4ac&I (mn-411 _ 

o,99 13o 0,99 95 0,99 

d dm 

6o 

falling o,99 105 o,99 105 o,99 6o 

Tangent rising o,99 13o o,99 95 o,99 6o 

falling 0,99 105 0,99 105 0,99 6o 

rising 0,98 185 0,98 145 0,98 85 

Secant falling o,98 145 0,98 145 0,98 85 

rising o,99 185 0,99 145 0,99 85 

Tangent falling 0,99 145 0,99 145 o,99 85 

rising 0,91 26o 0,95 190 0,95 12o 

5 
Secant falling 0,91 210 o,93 210 0,95 135 

rising o,97 26o 0,98 190 0,98 12o 

Tangent falling o,97 210 o,98 210 0,98 135 

rising 0,75 0,75 17o 
Secant falling o,74 24o 

rising o,85 290 0,92 2 o 0,94 170 
10 

falling o,78 27o 0,92 27o 0,94 240 Tangent 

Secant 
rising 
falling 

rising o,78 390 o,84 330 (0,87) 3o0 

15 Tangent falling o,75 375 0,84 36o 0,87 Soo 

Note - Values in brackets are valid in the case the rising period of the flood is 
longer than 15 days. 
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THE PARALETERS OF THE RECESSION CURVES (K,n, Qt / Q,.), CORRELATION II:DEXES ( ) • 

AND THE ADidISSIBLE ERRORS (A adm.) OF FORECAST.) iiF,i u3IrG THE NON-LINEAR TRET.D =HOD 
TABLE 

Anticipation 
interval 
(days) 

Smederevo spring Smederevo slinTer-aut 

K=26,8x10-3 n=1.07 K=24 x lo 

/ 27 adm 77 Qt/
Qm  (m3/s) u 

n=1.3o

adm 

(m3/s) 

Oltenita Ceatal Izmail 

K=.13.3x10-3 n=1,23 K=5.9x10-3 n=1.40 

t/") Aadm Q /, -77 A adm 
(m3/s) 

t 1y, 
(M3/S) 

2 

3 

5

lo 

o,946 

o,916 

o,861 

o.729 

0,99 

0,99 

0,96 

0,80 

13o 

180 

3oo 

500 

o,942 

0,9°5 

0,823 

o,619 

0,99 

0,99 

o,67 

0,81 

12o 

170 

280 

5oo 

15 o,614 

o,967 

o,946 

o,9oo 

o,779 

1,00 

o,99 

o,99 

o,94 

600 0,436 - 690 o,644 0,81 
4Ib 

2o o,517 0,311 - 

13o 0,987 1,00' 90 

180 o,972 1,o0 125 

27o o,946 0,99 2oo 

5oo o,863 o,95 36o 

590 0,766 o,82 45o 

rr

o,543 73o o,677 o,77 56o 

25 o,429 o,2o6 - 0,440 0,580 570 
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SYNOPTIC TABLE, INCLUDING APPLICABILITY CASES OF THE TRErD LETHOD 

TABLE 3 

Anti-
cipation 
interval 
(days) 

Smederevo Oltanita Ceatal Izmail 

Rising Ealling Rising Felling Rising Failing 

Proce- d adm Proce-
dure (m3/s) dure 

A adm 
(m3/s) 

Proce- L  adm Proce-
dure (m3/s) dure 

A adm 

(m3/s)

Proce- Q adm 
dure (m3/s) 

Proce-
dure 

A adm 

(m3/s) 

2 Secant I3o Recession 130 Secant 
curve 

95 Recession 13o Secant 17o 

curve 

Recession 90 
curve 

3 /1 185 18o 145 18o 25o 125 

5 11 26o 300 11 190 11 27o 380. . 2oo 

yr 
-ld  Tangent 29o1,1, Soo Tangent 26o 50o Tangent 72o 36o 

11 

15 Tangent 390 Tangent 375 Tangent 33o 

25 

Recession 590 
curve 

Tangent 93o 
Recession 
curve 450 

Recession 
curve 

56o 
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SHORT-TERM FORECASTS OF RUNOFF IN RAINLESS PERIODS 

By J.BUCHTELE and J.HLADNY 
Head of Hydrological Forecasting Center, Hjfdrometeorological Institute 

eske Budiqovice and Pragus 

P eawme 

AoxnaAe ape:a:nom:Ton aneeme apaRms aCT010 -

Han n 6aCCenB8 pane OTeem a gexocnosaama, noayees-

amM anyua cnocodems: 

a/ TpaAauxoemmm cnocodom as ocaoeaRen pacxo-
"mu C nonexammegcs Teaxemleeti; 

d/ c nouombo pacxciAos, COOTBOTOTBylOLKX nepeo-
Aau bee ocaAaos. 

nporeoeu HE neAeno enepeA, cc:lox:meet:Rue c no-
mowo odoax sameyxaseeaux COoTaCcem0, OTX174Q2MCb 

Apyr oT Apyra Ha 1i npogeeToe. 

a:no yoTaRoexeno, HTO npa eocTeenesse nporao-
ea aenhen npenedporaTk acnapeTenaRompeacnapeueoe -

MUM UHKAOM, BABSBBB aoToporo'neetamaeTca C 3a:exams-

suem cpolca nporeose. Ilpornosm, COCTaBAOHRUe BB OC-

BoBaHum cpeARax xpeemx ecTomeeeR a He ymaTusamMole 

ammeyKaaaKaoe anaemic?, oTnailaxMC, 8 nepeoa caumx 

UHTOBCHBHMX 00HH*OBVIN HQ 7- 25 npoueuToe OT Mine -

ABA pccxoAa, nporlioampyamoro no apmamm acToMeeeR# 

cocTaeneammu Ana oTAeablimx mecaues. 

AKaarta norpewnoCTu noxesan, 4TO AonycnaemoeRa 

npaxTene OTKAOBBBMB - 20 OpOUOHTOB BCTMHBOr0 BBB.' 

memen - He yAaaanoca coftwAaTh y nporeoeoe sa do-

nee AnaTaabmin nepsioA, meu 7 Agee. 

BTopan 48CTI, AIORZB.OB nocsameme cccoreaneReonw.

neNeoro ypasaeass Ana mpornoea oftema CTOKB ne ne-

B soTopom no ueTeoponormmecuomy nporaosy Hg 

osaAamen oca,wcs. DpesoamTca onpeAenenae aI Oasage-

°KKR amuses eadpasamx Ana OTOR nem: napamempos. B 

asmecTse apaTepna Ana BOBEHHOTO conocTasneema ype-

1mene0 c pa:magnum xonamecTecm napameTpoe x lIZZOle-

0614aUxat dune npaRaTm CTEITHOTHRBOBBO xspaxTepecTene 

Tax Rnaueeemoa . t aRoerponemon cosoeynocTa, T.e. MHW 
R aecTaa Aaanmx e ymaTuseemux ape Runeczesess ypes-

Renad. Kpome maltase:lore pecxana n AxaTenzatocTa as-

p:toga 008 ocaAxoe esimaTenamym pone xrpaxx B., APY-
rse OexTopu, moTopme Roma pexco ecnonasymTca npx 
COCTSRNOHNU uporeOeoe, CpeAsaa oumnfte npa cocTes - 

terms nporaooa 0151SOBB CTOK41 MG 6 Axel! snepeA coc-

TBBARAE 9,5 nponeaTos Rm.:En:or° seamen:se npe se - 

nonbecesame ypsneemen C mecTbm napameTpame a 10,9 

apt' mcncnbaoaanwm xpenmx ecTomeeen. 
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'Summary 

The paper deals with an estimation of tb, 

curve of losses within the river basin of Otava 

in Osedhoslovakia, obtained in two ways : 

a) in the traditional way on the basis of 

inflow with a tendency of decline ; 

b) by means of inflow during the oorrespaX1-

ing period without precipitation. 

The forecasts made for a week in advance, 

composed by means of both forementioned ways,dif-

fer one from another by 15 per cent. 

It has been proved that on the occasion of 

composing of forecasts, the effect of evaporation 

and transpiration cycle, that is increased alma 

with the increase of forecasting term, should not 

be neglected. The forecasts composed on the ba-

sis of average curves of losses, and for which 

the above mentioned effect has not been taken in-

to account, differ by 7 to 25 per cent of the 

inflow value during the period of the moat inten-

sivedecline, that is forecast towards the curve 

of losses and composed for a.definite period. 

An'analysis of errors has showed the aber-

rance by 20 per cent from the proper value that 

is allowed in practice could not be observed 

with the forecasts for a period loger than 

days. 

The second part of the paper is devoted to 

the composition of a linear equation for fore-

casting of the quantity of torrents for the pe-

riod during which precipitations are not expected 

according to the meteorological forecasts. The 

definition and physical analysis of parameters 

Chosen for that purpose have .been indicated. 

The statistical Characteristics so-called con-

trol unities, that is a larger number of the 

data taken into account on the occasion of cal - 

oulation of the equation have been accepted as 

the criteria for mutual oomparision of the equa-

tions With various values of parameters and their 

combination. In addition to the beginning Inflow 

and length of period without precipitation, the 

other factors also play an important part, that 

are rarely used for composing of the forecasts. 

In composing the forecasts of torrents for 6 

days in advance the average error amounts 9.5 



eer cent from the proper value when the equation ' 
with six parameters is used, and 10,9 per cent 
when the curves of losses are used. 

INTRODUcrioN 

The ever growing water requirements make it 
necessary, especially in periods of insufficient 
water supply to provide still more refined infor-
mation on the future course of the runoff promo. 
Inquiry into the relations hips involved in the 
forecasting of runoff during its lowering phase 
is supposed to raise relatively simpler problems 
then during rainfall. In the former cases, rain-
falls occurring in the course of water stage or 
discharge depletion used to be excluded a priori 
from consideration. In contrast with this conven-
tion the study to be reported here among others 
aims at an appraisal of the weight involved in 
the neglect of this seemingly subordinate factor 
in the pattern of basic relationships. It'is the 
objective of this study to develop a reliable 
forecasting practice dealing with discharge de-
pletions occurring with high frequency in small 
basins (600 - 5,000 km2) during shorter rainless 
intervals and permitting meteorological predic-
tion. 

Two methodical approaches to prediction 
were tested using 

1. recession surves 

2. linear runoff equations. 

The requirements and possibilities involved 
in the use of recession curves were investigated 
for the basin of the Otava River. The linear run-
off equations were tested for the basins of three 
important tributaries to reservoirs forming part 
of the Vltava Cascade, i.e. for the Vltava River 
at Hluboka for the Lu/nice River at Bechynt, and 
for the Otava River at Pisek. 

1. Selection and appraisal of basic data 

The magnitude of "neglectable" rainfalls, 
i.e. such which do not disturb the continual ten-
dency of discharge depletion depends on the 
magnitude of discharge. If these discharges are 
small, even minute rainfall will suffice to pro-
duce effect; if they are larger, no disturbance 
of their continual depleting tendency will be 
brought about even by precipitations continuously 
covering the entire basin to a total depth up to 
about 10 mm, as ilustrated in Tab. 1. Basic data 
of this kind to not permit stipulation of clear-
cut conditions when employed for the derivation 
of forecasting relationships. 

Variations of most present as well as. past 
phenomena that influence the course of runoff in 

rainless periods being influenced also by the 

evapotranspiration cycle, we tried to eliminate 

the above mentioned uncertainities by adequante= 

ly preparing the raw data required for the deri-

vation of forecasting relationships. 

As basic data we secured daily mean dis-

charges from the 1926-65 period registered in 

water gaging stations on the Otava River and its 

tributaries (see Fig. 1) at Roptejn, 

Katovice, Nemttice, Podedvory and Tisek, as well 
as from stations at Hluboka on the Vltava River, 
and Bechynt on the Lu/nice River. 

We listed the daily mean discharges for the 
May to September period in which the probability 
is least for runoff to be influenced by melting 
show. Data from all stations were entered on one 
list. Along with discharges we established daily 
totals of rainfall from rainfall gaging stations 
in the respective intermediate basins. Such pre-

paration of basic data permits reliable delimita-
tion of rainless periods and the corresponding 

series of depleting discharges. If there were no 

extracts of rainfall recordings made one could 

not claim the recession series selected to be free 

from distortion ("showed down")by secondary rain-

fall, or, conversely, in the case of intense de-

pletions, it would be open to doubt whether they, 

did not reflect inclusion of the quickly variable 

surface runoff. It presents some difficulty to 

delimit the depletion series within the range of 

small discharges which might be influenced by 

artificial manipulation. Frequently interruption 

of the depleting tendency only reflects the fluc-

tuating character of the discharge regimen. 

In many cases however the important role of 

change of air pressure is to be borne in mind.Ite 

effect upon the yield of springs is generally 

taken for granted.During longer rainless periods, 

discharges on smaller streams behaving like func-

tions of underground runoff, validity of this re-

lationship for smaller rivers cannot escape at-

tention as was proved earlier by Beurle 

In many instances there has been no other 

explanation for temporary minute increases of dis-

charge during rainless periods. The relative den-

sity of the rainfall gaging network in the Otava 

drainage basin (me station on 80 km2) leaves 

little probability for important rainfalls to 

escape registration. This assumption appears BO 

much justified as it is usual for the increase 

to become manifest in all cross-sections especial-

ly in periods in which part of the rainfall ga-

ging stations registered only minute rainfall or 

rainfall has fallen in immeasurable quantities. 

This phenomenon may indicate changes in 

atmospheric pressure influencing drainage of 

groundwater by streams. This hypothesis, which 

is illustrated in Tab. 2 requires more detailed 

investigation. 

To be able to compare the differences bet-

ween both approaches to the construction of re-

cession curves, i.e. (i) from rainless intervals, 

and (ii) based only on depletion tendency, we 

proceeded,in both ways, for the Pisek cross- sec-

tion. 

Table 3 gives an example of a set of de-

pleting discharge series pertaining to correspond-

ing rainless periods. This kind of data
elimination of cases subjected to chance distor-
tion, i:e. such markedly disturbing the con-

tinual tendency of series and columns. 
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2. Forecasts by recession curves 

2.1 Definition of a recession curve 

The recession curve is a graphical repre-
sentation of the time course of runoff in the 
closing cross-section of a given basin derived 
at'a time when water storage in the basin ie not 
being recharged by precipitations or enowmelt. 
Elie runoff process being related to many unstea-
dily and noneynchronously changing influences , 
the course of recession curves is different in 
every single case, though characteristic of the 
given basin (Fig.2). 

Separation of total runoff into direct (a) 
and basic (b) runoff has been generally accepted 
for analysis of individual discharge waves. From 
Fig. 3 it is evident that the falling segment of 
the hydrograph results from runoffs (a), and (b), 
each of different variability and thus entailing 
a different course also of the falling segment. 
Direct runoff moves quicker and falls under short-
term forecasts (involving both hydrometrical and 
hydrometeorological methods). To permit predic - 
tion of the course of discharge after the end of 
direct runoff, we prepared the data underlying 
the construction of forecasts in rainless periods 
for the Otava basin by eliminating from the deple-
tion series those discharges' occurring on the 
first, or on the first and second days of the 
rainless peridd. 

2.2 Construction of the mean recession curve 

(MRC) 

We derived the mean recession curve for 
each month separately and plotted the discharge 
depletion series as shown in Fig. 4. Discharge 
intervals (in given case marked 1 - 60) were 
chosen by magnitude of their beginnings,and ends, 
or by change of curvature, in the graphically 
plotted depletion series. Durations of depletion 
corresponding to the selected discharge sections 
were read from the diagrams and then averaged. 
The sequential summation of mean depletion times 
(beginning with the largest discharge) expresses 
the mean recession curve (MRC) which represents 
the summation curve of mean depletion times with-
in the selected discharge sections.In Fig. 5 MRC 
is constructed for the Pisek cross-section.Fig.6 
shows MRC constructed only on the basis of de-
pleting tendency. 

2.3 Computation of MRC validity limits 

In constructing the MRC a different number 
of elements will be averaged (tie. depletion du-
rations in the individual selected section). It 
follows that the intensity of depletion in Each 
section will be subject to different error. Such 
a number of elements must therefore be determin-
ed. to which the subsequent addition of another 
one does not engender any further substantial 
decrease of error-method of the " qualitative 
jump". In this way the valid section of the MR0 

is ascertained in whidh the number of elements 

is equal, or greater than, the one previously 

determined. 

The number of elements required was deter-
mined by Student's test (5), Investigation of 
three cross-sections showed the qualitative jump 
to take place at a number of 5 - 6 elements. 
Similar results obtained from all cross- sections 
Under study justify the assumption of this num-
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ber of elements constituting the limit also for 
all other cross-sections of the Otava River.From 
validity range of MRC marked off in this way we 
computed the parameters of MRC equations. 

2.4 Determination of the form of MRC equations 

From literature (1), (3), (8), (9), it may 
be inferred that for most Czechoslovak rivers it 
ought to be possible to express the course of re-
cession curves by a Reitz (1) or Bquasinesque (2) 
type of equation as follows : 

Reitz : 

Bouesinesque : 

Qt = Qo e
-k V7-t 

= Q e
kt 

0

where Qt ... discharge in time t 

Qo initial discharge 

k recession coefficient 

e basis of natural logarithms. 

For this reason MRC were plotted in a semi-
logarithmical system(see Fig.7).The shape of the 

curves approximates a parabola for MRC constructid 
from either data i.e. (i) both derived from rain-
less periods, and (ii) based only on depletion 
tendency. To give them a straight course the MRC 

were also plotted in a log-square-root system. 
However, a straight course will be obtained only 

if the beginning of the new system of coordinates 

coincides with the peak of the parabola. In the 

semilogarithmical system of coordinates this peak 

lies within the range of negative values of time, 

i.e. t = -1 which requires that the discharge va-

lues, plotted in time t = 0 semilogarithmically, 

be plotted in time t = 1 in the log-square-root 

system. 

An example of MRC presented- in the log-

square-root system is shown in Fig. 8. The Reitz 

type of equation gives a fairly true picture of 

the course of MRC. Unevenees of the course of the 

curves is due to the data employed. 

The parameters Q and k as a rule are com-
puted by the method of three selected points(3). 
However,the points to be selected forming part of 

a curve not absolutely emooth,their choice neces-
sarily involves subjectivity. We found the 
straight course of MRC in a log-square-root sys-
tem for the Pieek cross-section practically un-
affected by a shift of one day. It follows that 
it would be of no practical value to aim theoreti-
cally at a more -precise definition of the location 
in time of the parabolic peak. Therefore assumed 
t
Qo = -1 as generally valid for all MRC. 

The MRC equation was then evaluated as an 
equation of the recession curve y by x, where 
y = log Q, and x = Vt. A list of the computed pa-
rameters and k is added to Tab. 4 and 5. 

2.5 Checking the exactitude of MRC equations 

We checked the accuracy of MRC-based fore-
casts for the Pisek arose-section by comparing 
the series of depleting discharges listed in Tab. 

3 (Q°beeryed) 
with discharges computed from deri-

derivaed equations (Qoompu
ted

). Errors of fore - 



cast were evaluated from the relation 

dr(%, = 1 T 7Qiiobserved Qicomputed . 100 
. n

Qi,observed 

where n = number .)f members in set. 

(6) 

The depletion series for each month were 
treated as discrete sets and the mean error was 
computed for each one separately (see Tab. 6a). 
The results were then re-arranged into four sets 
by magnitude of discharges, irrespective of month. 
See results in Tab.'6b. 

In addition, mean errors were computed from 

(A%) = 1 4T__ Qi. observed -.Qi,computed . 100 
(7) 

Qi,obeerved 

Prom the above computation it follows : 

1. Errors grow continually with increase of-
advance. At a seven-day time advance the 
error exceeds 20% Q

observed 
limit asually 

lerated in practice). 

2. The magnitude of errors are independent of both 
the season and the magnitude of discharges. 

3. Forecasts involving one-to two-day time ad-
vance will be overestimated on the average ; 
and, conversely, discharges predicted with 
three and more days time advance will prove 
smaller on the average than actual discharge. 
This may be explained as follows : 

a) in selecting depletion series of discharge 
it was not possible to eliminate completely 
such series in which discharge was influeno0 
by a tapering surface runoff; 

b) the type of equations used was based on 
specific theoretical assumptions which can-
not claim validity over their full range. 

• time 
.mean 
(to-

Used for the predicting of discharge volume the 
method provides better results. With forecasts 
involving 6-day time advance the mean error for 
46 rainless periods amounts to 10,9% of actual 
discharge volume; these prediction values being 
under-estimated by 6,2 % on the average, minimum 
supposed inflow into reservoirs is guaranteed. 

2.6 Svaluation of results obtained from deriva-
tion of recession curves 

From 305 rainless intervals in the May to 
September period selected from the past 40 years 

for the construction of. MRC : 

168 intervals lasted at least 5 days 

64 lasted at least 7 days 

16 lasted at least 10 days. 

From Tab. 4 and 5 it follows that the pa-

rameters
o 

and k.depend not only on the character 

of the basin, but also on the season. Table 7 

gives a comparison of the depletion series com-

puted for rainless intervals (Qb) and from MRC 

equations derived on the basis of depleting ten-

dency (Q ). Differences between both methods 

found by computation and expressed in % Qb in-
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'crease with growing time advance of the forecast. 
Forecasts involving one-week time advance may 
differ by as much ae 15 %; the smallest occur in 
May, the greatest in August. Selection of ade-
quate depletion series ie of decissive importance 
for the derivation of reliable MRC. 

To appraise the role of the evapotranspo-
ration cycle we used derived equations for eva-
luating the courses of discharge depletion for 
rainless periode.Beginning discharge was assumed 
to correspnnd to a frequency of 120 - 180 - day 
discharge, i.e. such occurring most often, and 
therefore calling for most frequent production. 
For an example see Tab. 8. Mean one-day to 21-
day depletions are period of May to September 
have been compared with depletion occuring in 
the month with extreme recession. Table 9 shows 
the percentual difference between mean, and ex-
treme depletions for the individual cross-sec-
tions. Prolongation of time advance of the fore-
cast evidently increases the effect of the 
evapotranspiration cycle. With forecasts in-
volving one-week time advance the difference 
between extreme and mean depletion amounts to 7-
25 % of the extreme value and to 25 - 100 % with 
three-week time advance predictions. Roughly ap-
proximated, this difference shows a falling ten-

dency with increasing area of basin. 

Establishment of the effect of the evapo-
transpiration cycle upon the course of discharge 

depletion during rainless periods and evaluation 

of its weight for the rest of the year, with ge-

neralization arrived at in the last analysis , 

would make it possible to produce forecasts with 

workable confidence limits. This would permit 

avoiding the frequently used simplified typisa - 
tion of MRC often lacking quantitative parameters. 

3. Forecasting of runoff by means of linear 

runoff equations 

For operation requirements in accumulation 

reservoirs during rainless periods it is import-

ant to know the anticipated runoff volume without 

necessarily depending on runoff forecasts for 

the individual days. We undertook finfing a work-

able methdd for this kind of forecasts. 

3.1 Selection of parameters 

Discharge depleting with time, if plotted 

graphically, always assumes the shape of a fall-

ing branch of some discharge wave. Like any other 

phase of the runoff process, that of rainless 

periods depends on a number antecedent influences, 

and on the conditions prevailing in the peridd 

under study. We attempted at doing justice to 

.both factors by selecting independent variables 

which would be simple and easy to ascertain. 

Observed discharge waves forming the in-

tegral expression of both preceding and actual 

conditions, we tried to take advantage mainly of 

the characteristics of these waves. 

The notation of independent variables is 

to be seen in Fig. 9. The general form of the 

forecast equation has been chosen as follows : 

0 = aT + bQ +6010Q+dQ
z
+eQ

v
+ft

Q
+gT

e
+h.t

o
+i (8) 

'where  0 = runoff (mm) 

T = duration of rainless period (days) 
(time advantage of the forecast) 



Q
p 

= initial discharge (m3/ 3) 

UPQ . index of antecedent discharges 

Q. 
(m3/8) 
basic discharge at wave foot 

(m3/e) 

Q
v 

. peak discharge 

t
Q 

. time for which 

T
e 

to 

reduced by Qz(m3/8) 

discharge exceeds Q 

= number of weeks in year counted 
from 28th week taken as starting 
point 

= mean temperature of rainless peridd 

a - 1 = constants 

For rainfall-runoff relations the para-
meter UPQ has a similar structure to API (6). It 
has been evaluated by 

Jo 

UPQ 

where t . number of days counted back to the 
first day of the rainless period 

Qt= mean daily discharge on the t-th day 

k = evapotranspiration oonstant 0.93 
(equal to API). 

Q
t 

. k (9) 

3.2 Arrangement of basic set of data, and 

derivation of forecasting equations 

Data forming the groundwork for appraisal 
of the complete set of parameters were listed 
from daily mean discharges as described in Chap-
ter 1. The three sets of data-for the cross-sec-
tion at Hluboket, Bechynt and Pisek - comprise 
68, 71 and 94 cases. 

For the solution of the task i.e. finding 
of the adequate forecast equation type (8), we 
used two sets of cases. The first one - the 
construction set - served for the ascertaining 
of the adequate type, and number, of parameters, 
pfd determination of the corresponding coeffi-
eiente. By the second - the checking set -as era-
4.uated the accuracy of the forecast equations. 

The construction set, and the checking set, 
sill be obtained by separating the entire bulk of 
data into two groups,of which one - the checking 
pet - would embrace appx.1/3 of all cases, 20 to 

25 at least. 

It should be borne in mind, however that 
both sets should include the whole range afsagni, 
tudee of individual parameters,e.g. in the case 

under discussion mainly the magnitudes of runoff 
and inflow, duration of rainless period and all 

seasons. Cases serving for the checking are best 

selected from the last years of observation thus 

providing the relatively nearest approximation 

of the future tendency. 

The solution is based on the least squares 

theory. The pro mesing was made by computerDBAL 

II and was based on a programme prepared for the 

computation of forecasting equations of runoff 
volume from rainfall. 

The great number of equations tested - 247 
in total - including a different number of inde-
pendent parameters (2 - 8) with all their combi-
nations allows apprehension of their weight for 
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the quality of the forecaets.The folowing Charac-
teristics served the testing of , equatinne. 

1. Variation coefficient 

n i :!( -0 
 Cii,obeerved ted) 

Cv ., 
iLampu 

Z0 n 
t.4 i ,observed (10) 

2. Percentual standard error 

II(oi,observed-°i,computed) 
4760 ... -f  

; 

(11) 

.; °i,observed 

where n is the number of members of the checking 
set; 

3. Correlation coefficient R 

4. Reduced correlation coefficient 1 3

computed from the construction set. 

The quantity Cv is considered the main cid6 

terion of accuracy of the individual relation-
ehips,especially because it is evaluated for the 
checking set and permits relative comparision of 

derived forecasting relations. The correlation 
coefficient is no perfect guide in appraising 

the accuracy of the relationships, a certain 

degree of association existing between the indi-

vidual parameters figuring ae independent varia-

bles in Eq. (8) and not being in fact fully in-

dependent.Tab.10 illustrates the differences in 

the order of forecasting equations arranged by 

various criteria. 

The arrangement by criterion 1 - in Tab. 
Ila-c of equations with variously combined para-
meters permits appraisal of their relative weight 

by comparing them mutually. Prom the. survey gi-
ven it is evident that in rainless periods runoff 
depends on more influences than represented by 
the parameters Q and T most frequently used in 

the classical forecasting methode.The importance 
of QP and T appears most obvioue,but not absolu-

tely determlning.The parameters UPQ and would 

follow by order of impOrtance, the rest of them 
fluctuating in weight according to which factors 
are involved. These conclusions of course are 
valid for the type of forecasting relation se-
lected here. In using another form of the equa-
tion it cannot be excluded that another order to 
importance of the parameters considered will be 
obtained. 

By criterion 1 (Eq.10)the following equa-
tions obtained from the.set of selected linear 
relationships were evaluated as most suitable 

for Hluboki cross-section: 

0 = 28,1T + 5,0 Qp 7,7 Qz + 0,03 UPQ - 11,7 

Bechynl : 

0 = 33,1T + 7,4 Qp + 2,2 Qz - 0,4 t° - 11,3 



Pieek : 

0 = 29,7T + 6,09 Qp + 0,22 UPQ - 0,17 Qv + 1,17-

t
Q 
- 0,23 t° - 9,14 

11.3 Accuracy of computed equation 

To be able to compare the newly proposed 
forecasting method 'with forecasts constructed by 
recession curves, we computed for the Piself crow-
section forecasts from a 46-member set for the 
Pieek cross-section based on a six-day rainless 
period. The mean error according to the recession 
curve amounts to 10.9% 0

obse rved' 
with the re-

cession curve, to 9.5 0
obse rved 

with the 6-para-

meter linear equation. By the new method the fo-
recasts will be underestimated by 0-2.3% on. the 
average, based on the recession curve by 0 - 6.2% 
on the average. 

It is an important feature of this method 
that it may be substantially amended further by 
introducing non-linear forma of equations. 
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Year 1946 

ADJUSTMENT OF DEPLETING DISCHARGE SERIES TO RAINLESS PERIODS IN OTAVA RIVER BASIN 

Summs of daily rainfall in mm at stations 

.m 
cp 
cp 0 
a. 

)11) 
a 

U 

% a 0 0 
X tn 

- 6 
= 

Table 1 

,Mean daily discharges in m3fs at w.ater 

2 

U 

0 
a) 
U 0

gage stations 

U 

E 
0 

8/7 
9/7 
10/7 
11/7 
12/7 
13/7 
14/7 
15/7 
16/7
17/7 
18/7 
19/7 
20/7 
21/7 
22/7 
23/7 
24/7 
25/7 
26/7
27/7 
28/7 
29/7 
30/7 

33.3 43.0 
0.2 0,3 40.2
6.2 

2.0 
4.1 
0,1 

2.3 
1,2 
3.2 

1.4 
32.3 
5.1 

45.2 47.1 29.3 45.2 52.0 33.9 48.5 47.6 43.3 52,2 35.1 
0.3 43.0 2.0 2.7 - 0.7 1.6 
0.1 1.6 2.6 , 5.9 0.7 2. 

0.5 0.2 
3.6 0,9 2.6 0, 5.0 3. 
- 3.1 

0.3 
0.6 - 4.7 1.6 
2,7 11,6 1,4 0.4 
- 1.3 0.7 5,6 
3.5 - 0.9 3.4 

1.9 % 
2.0 

0.8 

1. 

4 . 
4.4 - 6.2 5.7 

- - 0.3 
0.3 3.5 0.3 
1.1 3.6 
- - - 
4.5 5.2 11.6 

11.9 12.0 
7.5 1,4 0,6 
1.5 - 2.0 

3.3 
1.3 

0,6 

11.6 

4.9 

13.3 

3.0 7.8 
1.5 1.6 

3. 

0.3 

4.9 

35.3 11.6 35.3 

.3 0,3 0.3 

5.2 - 

0,6 
1,0 

5.5 

10.6 

.0 2.7 

0,4 
0.5 0.3 
0,8 0,3 
3.0 
0,6 3.5 

10.1 29.2 42.5 34.3 
1.4 1,7 2,1 2.9 
- . - - 0.3 

7 

5•.3 
1.9 
0,9 

63,0 
71.1 
34.2 
25.4 
18.8 
15.6 
13.5 
13.5 
12.3 
11.2 
10.7 
10,5 
10,3 
10.0 
10.7 
9.45.-
9.05 
8.65 
3.45 
3,65 
9,05 
13.1 
10,0 

117.0 
130.0 
61.0 
43.1 
31.6 
25,0 
20.3 
20.o 
19.3 
17.1 
15.1 
15,1 
14.4 
12.7 
13.2 
11.6 
11.0 
10.0 
9.58 
9.06 
9.58 
26.7 
14.4 

133.0 
197.0 
134.0 
39.0 
70.3 
59.5 
50,2 
38.6 
36.2 
31.4 
26.3 
26.3 
25.1 
24.0 4.5 
23.3 5.0 
22,6 4.5 
20.4 5,0 
13.2 4.5 
15,6 
14.9 4.0 
13.4 3.0 
30.3 
24.0 4,0 

12,0 
38,0 
16.0 
12,0 
10,0 
3.0
7.5 
7.0 
7,0 
6.5 
5.0 
5.0 
4.0 

4.0 

4.0 

SYMBOLS: 
rainless period 

appears as continual series of depleting 

discharges 





Year 1959 

Table 2 

ADJUSTMENT OF DEPLETING DISCHARGE SERIES TO RAINLESS PERIODS IN OTAVA RIVER BASIN 

Samna of daily rainfall in mm at stations Mean daily discharges in m3/s at water gage stations 
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Table 3 

SERIES OF DEPLETING DAILY LUMN DISCHARGES IN m3/8

ARRANGED 24n.EINIMA 

Otava River at Pisek 

9p 
Num- 
ber 

Date of etarting 
depleting 

1 16.6.65 

2 29.6.26 

3 20.6.65 

4 14.6.36 

5 6.6.40 

6 8.6.49 

7 18.6.59 

25.6.65 

9 28.6.32 

10 13.6.32 

11 26.6.44 

12 8.6.39 

13 30.6.65 

14 6.6.30 

15 9.6.62 

16 18.6.49 

17 18.6.32 

18 25.6.59 

19 21.6.61 

20 9.6.54 

21 14.6.44 

22 4.6.31 

23 9.6.38 

24 22.6.36 

25 28.6.49 

26 17.6.58 

27 4.6.56 

28 27.6.56 

29 14.6.35 

,30 14.6.28 

31 5.6.55 

32 13.6.31 

33 25.6.62 

June Period 1926 1965 

Days 

 1 
2 '  

1 3 1 =4- __5==_1__6___ __7___1 8 9
-

101,0 120,0 

66,0 81,0 99,0 

64,0 80,0 

54,8 70,3 

48,6 57,7 79,3 94,0 

48,2 56,3 67,0 

47,0 54,0 67,0 95,0 

45,2 54,3 

43,5 53,1 67,7 84,0 

41,7 45,7 52,5 60,8 

38,4 45,0 54,9 

33,2 35,6 37,4 39,4 43,9 47,8 51,5 54,8 

32,5 42,0 

32,3 39,0 49,0

31,0 34,5 39,0 45,0 

28,3 32,3 42,0 

27,5 35,0 40,6 

24,9 29,4 

23,6 26,3 28,9 33,0 36,0 45,0 

22,5 31,6 

21,5 23,0 

19,8 21,5 

19,6 21,8 25,7 28,8 

19,6 J.,7 24,0 25,8 30,6 35,1 37,5 

18,6 20,3 23,2 

18,4 21,3 . 23,5 26,1 36,2 

16,3 18,2 

16,3 17,4 19,9 

16,0 17,1 17,6 

15,0 18,7 

15,0 17,0 19,0 

14,6 16,9 

13,3 13,7 17,5 19,6 21,7 

I 
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Num- I 
ber 

Date of starting 

Table 3 continued 

Days 
depleting 

1 2 3 4 5 6 7  8 9 

34 22.6.51 13,1 17,0 

35 1.7.27 13,0 16,6 

36 23.6.35 12,7 15,6 18,7 

37 13.6.45 12,6 14,6 17,6 

33 25.6.41 12,3 14,6 15,1 17,6 

39 25.6.64 12,2 15,5 

40 4.6.63 12,1 12,6 14,0

41 17.6.31 12,0 13,0 

42 18.6.30 11,6 12,0 

43 21.6.45 11,5 12,0 13,7 

44 30.6.46 11,2 12,3 

45 13.6.64 11,1 12,1 14,3 17,9 

46 6.6.46 10,9 12,3 

47 23.6.37 10,9 11,8 

43 30.6.52 10,7 12,3 16,1 21,6 

49 25.6.43 10,5 11,3 12,6 13,9 

50 7.6.59 10,5 11,2 12,1 13,3 15,5 

51 29.6.47 '9,7 11,8 16,1 26,8 50,9 

52 6.6.33 9,5 10,8 11,1 13,8 

53 1.7.35 9,4 9,7 

54 25.6.60 8,9 9,6 10,3 11,4 

55 10.6.48 8,7 9,3 10,8 12,5 16,1 

56 30.6.57 8,4 9,5 

57 4.6.50 8,3 8,8 9,0 9,2 

58 17.6.57 8,1 9,0 10,2 10,7 

59 7.6.50 7,6 8,2 8,3 

60 20.6.50 7,5 8,4 

61 24.6.42 7,5 8, 2 8,9 10,0 _10;5 

62 13.6.50 7,0 8,0 9,0

63. 5.6.47 6,4 6,7 6,9 7,0 7,5 

64 19.6.47 6,3 6,6 6,8 

65 15.6.34 5,9 6,2 6,6 





MAGNITUDE OF RECESSION COEFFICIENT k 

Gross section P km
2 

Months 
dean 

1,026 

Mav June Jul_ ' Aup:ust September 

0,662 

_ 
. 

Podedvory 200,8 1,093 1,235 1,093 
1,040 

0,999 

rem6tice 384,1 0,706 0,794 0,623 0,482 0,740
.... 

Rej5tejn 336,9 0,582 0,693 0,435 

0 

0,380 0,440 0,506 

S '• 0,310 0 36 

Katcvice . 1.134,7 0,624 0,641 0,565 -0,503 0,396 0,547 

Pisek . 2.858,9 :0,725 0,828 0,805 0,679 0,639 0,735 

Table 4 

'MAGNITUDE OF INITIAL DISCHARGE RECESSION Qo IN m3/s Table 5 

Gross section P km2 
M:fri ths 

Yay JurA j 

112 

July 

56,3 

Avgust 

33,4 

September 

12,4 Podedvory 200,8 71,3 

Nemetice 384,1 20,8 29,4 61,3 12,2 6,7 _ 
Rej5tejn 336,9 61,5 50,2 19,5 15,5 17,1 

SUice 538,7 235 98,6 80,4 91,2 17,8 

Katovice 1 14 7 115 75,5 58,1 49,5 21,4 

345 208 130 124Pisek - 2.858,9 202 
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ABSOLUTE VALUES OF LEAN ERRORS OF FORECAST ACCORDING TO Li R C EQUATIONS Table 6a 

Results dy individual months in io Q r 
observed 

Months 
Time advance in days 

3 4 5 6 7 8 9 10 11 12 

Hay 6,3 10,7 13,5 13,7 12,2 16,7 

June 5,9 8,5 9,3 11,8 14,6 21,4 25,1 

July 5,9 7,0 11,6 12,1 13,7 22,8 

Avgust 7,4 9,6 9,3 12,9 14,9 15,8 18,6 19,4 19,0 37,4. 36,9 

September 5,4 7,6 9,7 13,5 15,0 17,7 23,5 28,7 32,6 34,7 42,6 39,0 

Mean 6,1 8,7 10,4 12,9 14,5 18,0 22,3 25,0 28,1 35,4 40,3 39,0 

Results by magnitude of discharges in Qobserved 

Discharge 
interval 

Time advance in days 

11 12 1 2 3 4 5 6 7 8 9 10 

Q>40 m3/s 6,2 11,3 6,5 5,5 

Q. 20-40 m3, 6,7 9,2 13,1 1 17,9 19,3 . 

Q.10-20 m3/s 6,4 8,3 9,6 11,4 15,2 20,1 24,5 26,7 29,7 38,0 

QZ.10 m3/s 5,8 8,0 10,2 13,3 14,1 16,9 21,0 21,6 24,7 27,6 
4 

Mean 
.. 

6,2 8,4 10,2 13,1 14,9 17,8 22,0 23,4 26,3 31,1 . 
I . 

Table 6b 
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COMPARISON OF COMPUTED RECESSION CURVES 
1/ from depletion series irrespective of rainfall Qs

• 2/ from depletion curves from rainless period Qb
Table 7 

Qz Time advance in days Ma y 
inm3i t_ 3- 2 3 4 5 10 14 21 

Qs in m3/s
17,9 16,2 14,6 12,1 10,1 7,81 5,67 3,40 

Qb in m3/s 
20,0 

18,1 16.3 14.7 12,1 10.1 7,A4 5,70 1454 
11= Qs-gip -0,2 -0,1 '-0,1 0,0 0,0 -0,03 -0,03 -0,10 

4 in '/- ' -1,1 -0,6 -0,7 0,0 0,0 -0,4 ,-0,5 -2,9 

June 

in m3/s 17,6 15,5 13,8 11,0 8,82 6,53 4,48 2,47 

Qb 
In m3/s

 20,0 
177 15,8 14,1 11,5 9,50 7.21 5,02 2,97 

A = Qs - Qb -0,1 -0,3 '-0,3 -0,5 -0,68 -0,65 -0,57 -0,50 

A in to -o,6f̀i -1,9 -2,1 -4,3 -7,2 -9,4 -11,3 -16,8 

July , 

Q in s m3/s '17,4 15,5 13,5 10,6 8,33 6,02 4,00 2,08 

Qb in m3/s 
20,0

7 15,8 13,7 11,0 8,F5 6,60 4,59 2,63 

ZA = Qc. - Qb 
-0,3 -0,3 -0,7 -0,4 -0,52 -0,58 -0,59 -0,59 

21 in 2'0 Qb 
-1,7 -1,9 -5,1 -3,6 -5,9 -8,8 -12,8 -22,4 

August 
Qs in m3/s

20 0 
17,3 15,3 13,1 10,1 7,98 5,71 3,91 2,02 

Qs in m /s 
,

17,7 '15,6 14,3 11,7 9,68 7,52 5,52 3,52 

4 = -0,4 -0,3 -1,2 -1,6 -1,7 -1,81 -1,61 -1,40 

4 in -2,1 -1,9 -8,4 -13,7 -17,6 -24,1 -29,2 -40,9 

September 

in m3/s 20 0 
17,6 15,6 13.9 RpqR 6,-5s 4,64- 2,53. 
17,8 16,2 14,6 

,1111 
12,2 10,5 8412 6 1 0

-1,44 -1 47 -1,37 

Qb in m3/s , 

4 = Q -_-; - b -0,2 -0,6 -0.7 -1,1 -1 52 

-17,7 -24,1 [-35.1 ,,,/ 
,... 0  70 Q in b -1,1 -3,5 -4,8 -90 -14,5 
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Table 3 
COIPARLSON OF COlaTTED HACESSION CURVES FOR INDIVIDUAL IjDNTHS 

SERVING THE EVELUTKON OF EVAFOTRANSIIRATION CYCLE ESSCECT 

Fisek Qz 
ischar:;e de;letin7 Q'in m/s for riven days 
1 2 3 5 7 10 14 21 

_ 
:.:ay 

20,0 

17,9 16,2 14,6 12,1 10,1 7,81 5,67 3,41 

June 17,6 15,5 13,3 11,0 3,32 6,53 4,48 2,47 

July 17,4 15,3 13,5 10,6 3,33 6,02 4,00 2,08 

Au.zust 17.3 15,0 13,1 10,1 7,93 5,71 3,91 2,02 
September 17,6 15,6 13,9 11,1 8,93 6,63 4,64 2,53 

17,56 15,52 13,73 10,93 3,85 6,54 4,54 2,50 
. A . Q (., , 

TII 
. 
- 0 26 -0,52 -0,68 -0,88 -0,87 -0,83, -0,63-0,48 

-16,1-23,8' in -i; -1,5 -3,5 -5,2 -3,7 -10,9. -14,5 

Table 9 

PROCENTUAL DIFFERM-CE BED' ;EEN MEAN AND EITRYLIE DISCHARGE DEPLETION OF THE 

CORRESPONDING MONTH 

Gross ' 
section 

2 
F km

Tims adirance in days 
1 2 3 5 Y 10 ' 14 21 

Podedvory 2oo,3 -2,21 -6,35 -3,30 -15,9 -25,3 -35,6 -56,3 -92,5 

NemCtice 334,1 -2,43 -5,32 -9,01 -16,5 -26,6 -38,4 -58,5 -10O
2p6tein ?36,9 -0,70 -2,50 -4,G1 -9,80 -14,9 -22,7 -33,9 -52,5 
Suftoe 533,7 -1,00 -1,60 -2,57 -4,57 -6,40 -9,58 -13,5 -29,2 

Katovice 1,134,7 -1,45 -2,33 -3,74 -6,03 -8,75 -11,9 -17,5 -26,5 

ksek 2,353,9 -1,5 -3,5 -5,2 -3,7 -10,9 -14,5 -16,1 -23,8, 





Otava River at lisek 

oaDEa OF 7A2IOTSIY CO:2INED PA12:E712: IF A LIKEAR FORECAST ElLATION ARRANGED BY CUARACTERL2TICS 

Cv COITUTED FRO!: CHET= SET AND 3., 7 Table 1. 

..t .- 
. 

Parameters .10) Farm:eters C7 Para: eters 3 Para:-...eter 

QT), UFQ, tv  Q7
14,67 T'QP'U'Q' tQ' Qv' t

o 
0,2376 0,9632 7,Q

p
,Q
v
, 7

e
, Q
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r Q v e z 
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, t 
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'
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e P 
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2,Q ,UPQ,Qv
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0,2902 
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p
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v
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e
, Q
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,T

e
,Q
z p 

T,Q0,Qv,t
o
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T,Q ,Q ,t
o

,Q 
p v z 

T,Qp,UPQ,tn,Qv,Te,Qz

0,9626 

0,9625 

0,9625 

0,9623 
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2,QI,UIQ, t ,Qv,2e ,'.tr
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7,Q ,t ,Q ,-, ,- , Q 
1 Q 7 e z 
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T,Q ,UPQ, t
CI
,t

o
,T

e
,Q
z P 

T,Q
p
,UPQ, t

Q'
t
o
,Q
z 

T,Q ,UPQ, T
e'

Q
z 
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0,2948 

to,T,Q
p' 

t
V
Q
v
,   T

e
,Q
z 

T, Q ,Q ,Q 
p v z o

T, Q ,UPQ, Qv
,t ,T

e
,Q
z 

0,9619 

0,9619 

0,9613 

T, Q ,Q , t
o,Te,Qz 

p v o , 
T, Qp,UPQ, tn,t ,:e, Qz

02, (4p
,t
Q
,Q
v
,.. ,Q

z 

0,0655 

0,9655 
,UFQ, 
P 

T, Qn,UPQ, tcr Te,Qz 15,67 
P 

T,Q ,UIQ, Q
v
,T

e P 
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0,3003 
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Q
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ORDER OF 2 - 7 PAR/ETHICAL LINEAR EQUATIONS ARRABGM 
BY MITERION 

Vltava River at Hluboki 

2-parameter Eq. 3-parameter Eq, 4-parameter Eq. 
-r 

5-7ara:_e -7.er Eq. 6-parameter E . . z.- :Lri. .-ter 

Iarametera Cv parameters Cv larameters Cv larazeter.- Cv TaraLeterf Cv I-,raaet,r r . 

T, QP 0,3671 7, Qp, Qz 0,3411 7, QP ,Q z , 'Gig 0,3342 2, Qr ,UIQ, 20,... 0,3406 7, Qr, LE4, Te, t°, Qz 0,3400 T, Q P , 1:14, 70, t ,, 

7' Qz 
2, UFQ 
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T, Q 
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T
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I tz
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P ' z Q  0 ,3346
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T, UFQ, to 0,6143 T, QptQv., t 0,3979 T, Q ,UTQ,Qv, to
0,3754 T, Qp ,QV  ,T 8  ,t°,% 0,3860 

T, Te, to 0,6540 T, Qz,Qv, tQ 0,4580 

P

T, Q P ,UIQ, tQ , t", 
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P

T, Q
' 

Q
v
, T

e
,t 0,3895 T, 07Q, Qv,Te t, tQ 0,5235 

T, tQ, t° 1,1880 T, UIQ, Qz,tQ 0,5202 T, Qp,Qv, tQ, + 0,4102 T, UPQ, Qz,Te,t°,Qv 0,5470 

T, Qv, to 1,2560 T, UPQ, Qz, Te 0,5220 T, Qz,Qv,Te, to 0,4631 T, UPQ, Qz,Te,t ,tQ 0,5645 

T, UFQ, Qv,Te 0,5395 T, Qz,Qv, tw t 0,4920 

2, UPQ, Qz, Qv 0,5442 T, Qz,UPQ, tcl,Qx 0,5038 

2, qv, Te, ts 0,5590 T, Qz, Qv, Te,t 0,5090 

T, UIQ, Qz,t 0,5640 T, UPQ, Qv,Te,t41 0,5162 
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T, UFQ, Qv, to 0,5695 T, UPQ, Qe Te, Qv 0,5335 
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,,, 
to T, UIQ' Qz' Qv' t 0,5501 
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T, Qz, tQ, t 0,5930 T, UN, Qv,Te, to 0,5580 

T, Qv, Te, t° 0,5972 T, UIQ, Qz, Te,t° 0,5622 

I, Qz,Te, t° 0,6010 T, Qv, t(2, Te,t° 0,5650 

T, UIQ, Pe t° 0,6063 T, UIQ, Qz,tQ, to 0,5675 

T, On, t(1, to 0,6255 T, Qz,tc4, 7e,t° 0,5987 

. T, tQ, Te, to J0,6332 T, UFQ, tQ, Te,t° 0,6142 
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P' 7. 
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- 
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0,3285 
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0,2J;7 
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0,3456 

T,t
Q 

T, Qv
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T,DPQ, to

T,UPQ Te
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T, Q ,UFQ, T 
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T, Q
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T
e
,t° 

0,3364 

0,3445 

T, Qe,UPQ, t°, Te
„o , 

T, Q ,UPQ, ,, , ,c)
P 

0,3277 

7, Q Q ,e, UPQ, Q, 
Pr z o , n

T, Q ,Q , t ,. , N 
 P 2  0 " 

0,3375 

0,3386 

p, z, oo, 

7,U1Q, Q,,,t ,= ,t., Q 0 4 v 
0,4503 

T,U7Q, tc) 0,4227 T, Qp,UYQ, tc) 0,3481 T, Q
p
,Q
z
,t

Q
,LIQ 0,3292 T Q CI t t 0 

1 p t ,,,,, , (;), , 

:.',LIQ, Qz 0,4356 T, Q
p
,t

Q
, t° 0,3485 7, Qp Qv 0,3374 T, Q , UPQ, t°,tc), Qv 0,3398 

T,Qz, tQ 0,4561 T, Q ,Q ,Q p z v 0,3520 Te

,Qz,t0, 

T, Q ,DIQ, , t
Q P 

0,3337 
, . 

T, QID' 01Q, to ,Te, Qv
P 

0,3400 

7,Qz, Te

T,C4 , Qv

0,4610 

0,5305 

T T, Q ,tcl, 
e 

T, Q 0FQ, Qv

0,3584 

0,3584

T, Q ,DPQ, t°,Qv
P 

T, Qp,Qz,Te, Qv 0,3438 T, Q

0,3396 T, Q ,Q , T , UPQ, Q p Z

, Q 
0 

, T 

V 

p z o, tCI , Q v

0,3440

0,3456 

T,UPQ, Qv 0,5512 
o T,

Q,,t-T,Qp , 0,3679 T, Qp,t(2, t°, Te 0,3497 7, Q ' VIP, Te, tQ, Qv
p 

0,3522 

T, Te,tc) 0,7070 7, Qp
,Q
v
,T

e 
0,3788 T, GI P , UTQ, Te,Qv 0,3517 T, Q P ,Q z , to, UPQ, Qv 0,3532

7,Qv,Te 0,7910 T, Q
p
,t

Q
,Q
v 

0,3788 T, Qp,Qz,UPQ, Qv 0,3521 T, Q P ,Q v , t , tQ, Te 0,3617

T,Qv,t,Q 0,8010 T, UPQ,.tivt"n 0,4024 T, Qt,Qz,tQ, Qv 0,3536 T, UPQ, Qz, t°, tQ, Te 0,4096

T,Q7,t° 0,8272 T, DFQ, t ,T 
Q e

0,4067 T, Q P ,UFQ, tQ, Qv 0,3590 T, UPQ, Qz, t°, tQ, Q 7 0,4536

T,Q ,t° 0,3936 T, D7Q, Qz, t° 0,4128 7, Q P ,tQ ,t°,27 0,3616 T, UPQ, Qz, Ts, tQ, Qv 0,4605 r
T,Te, t° 1,0602 T, UPQ, Q ,T z 

0,4132 T, Q ,T ,t°, Qv
 r e 

0,3680 T, DP0, 0 7 , t , t Q , T o 0,4733 

T, Qv,t° 1,1100 T,UPQ, Te,to 0,4176 T, Q p ,tQ , T ,Q 
eo 7 

0,3732 T, Q,, Qv, t°,t„.2, Te 0,4746

T; tQ' t° 1,3750 T,UPQ, Qz, tQ
0,4221 T, 01Q, Qz,t ,to 0,4026 T, 11" , Qz, t°, Te, Qv 0,4758 

T, Qz,tw  Te 0,4468 T, UPQ, Qz,Te, tQ 0,4066

T, Qz, tQ, to 0,4673 T, UPQ, tQ, t°,78 0,4059 

T, Qz, Te, to 0,4895 T, UPQ, Qz, t°,Te 0,4165 

T, Qz,Qv, to 0,4988 T, Qz,tc), t°,Te 0,4745 

T,Qz, Qv, to 0,4988 T, Q z , t(4, t°, Te 0,4745 

T,Qz,Qv, Te 0,5015 T, DPQ, tcrt°, Qv 0,4762 

T, Q.z,Q*, tQ 0,5018 T, Qz, tQ, t°, Qv 0,4780 

T, UPQ, Qv, to 0,5082 T, UPQ, Qz, tQ, Qv 0,4788

T, UPQ, tQ, Qv 0,5090 T, D7Q, Qz, t°, Qv 0,4804 

T, UPQ, Q7,Qv 0,5125 T, Qz,Qv, t°, Te 0,4841 

T, UPQ, Qv,Te 0,5240 T, UPQ, Qz, Te, Qv 0,4657 

T, tQ, Te,t° 0,7250 T, UPQ, tQ, Te, Qv 0,4920 

T, Qv,t(4, to 0,7550 T, Qz, Te, t°, Qv 0,4925 

T, Qv, Te, t° 0,7650 T, UPQ, Te,t°, Qv 0,5023 

T, Qv, tQ, Te 0,7740 T, Qv, tc;, t°, Te 0,7523 
_ 
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Qr 
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1 
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T
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0,2953 

0,2970 

T,tQ 0,7215 
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' 
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T,L1Q, tQ 0,3532 2,2,D,Q7,7, 0,3462 2,Q I,77:- Q, 2e.tc 0,3023 

2,UTQ, Q7 0,3723 7,Q r,t°,7e 0,3472 :,0,.„,Q7,,%, 7 0,3047 
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7,Q

p
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z 
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e 
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T,Qz,Qv,Te 0,4450 2,1UPQ,Q,,,,t41,Te 0,3668 

T,Siz,Q7,t(a 0,4535 T,'Qz,QT, ttet° 0,4020 
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1 1 

ilQz,tcre 0,5272 T,UFQ, Qz,Qv,to 0,4086 

T,Q
z
,t
Q'
T
e 
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T,tly,t(1,747, 0,5710 T,UPQ, Qz,t)v,Te 0,4186 
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z
,Q
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t
Q 0,4437 
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e 
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I 
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T, 

Cv 
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" UTC Q 7 t 0,2977 0,3172 

2,Q ,UFQ,t to 
Q' 'e' 

0,3012 0,4240 

T.Qp' Q ,tQ
,^e
 t°

z 
0,3065 

1,Q
p' z

,Q
v
,t

Q' o 
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OUPE,WEIRE OCHOBBIDE IIAPAMETPOB HPHBOti MAU 

MIIKY.11/01 BAJMO 

rxxpozorsot x rytApaBaNza -CZOBELLUCEIA 
lucaAemnsi klayz - EpaTmcilasa, tlexociroBaxsta 

Pos it:1ms 

AsTop npemaraeT mosmtt MOTOR onpeAexemma oc-

HOBEEMX napamerpos mpmsott cnaxa nomaaaTeam crenemm 
ly m mroWmgmemTa MOTOL401-1Bit H lift4B.71bH0r0 pacxoAa 
Qo xam (Dymmgmm pacxoAos norm0.44 cnaAa. AAR npam-

Tmnecmoro mcnoabaosammn npeAcTasameTcm meToA npor-

::::: amaamTmmecmom smpaxem)m. Cxeia nporaosa ha—

c BpOCTO3 M AOCTaTOMHO Tommott.Hpmmememme me - 
ToAa npomasoAmTbert AAA pemm .11a6opeg - soAomepmmtf 
noes. Mmxaaosge m AAR pexm Aymatt - soAomepmma nocT 

BPaTmcaasa. 

npm 

paCmoAos 

x0Amaocb 

mcnoxbaosammm mpmsmx cnaAa. AAR npormoaa 
B BEBBHX 4/11311Ko — reorpa tiecicsix ycaossisix mc-

ma Tmnmaagmm soAmoro pewmma. Immmaagmett 

coaXaamcb rpynnm noAo6mmx csoncTs soa$oro 
nepmoAa cnaAa, AAA moTopmx AeAyamposaamca 
mpmeme cnaAa. Itx meAocTaTmom Omao TO, 4T0 

pe3..mma 

Tmnosme 

me moram 

yAosmTb Aganaaom soamommoro mcTomemma sogmmx aana-
cos paccettma. XapamTepviaosamme mpmson cnaAa C no-
MO3L610 BORBABHMR nosoAommok BOAHN B roxegHom nepeo-

xe, BeDitgeHm licyDbumpaumomporo pecxoxa, otS•beHaseTsc 

nomema.mixporpetta HRH mixteHoe ee BOAHOTM He Dam-

an scerAs rapamTmm maAewmoro, oAmoamammoro K 'TB-

smymnoro onpeAememmm Tina xpmsog cnaAa /1 -6/. 

EC.44 npmmIrrb BO BHMUSHMO TOT 46KT, 4TO pado-

Tawren co cpeunamm xpusumu orxeuanux ormnos,Tc cora-

ROEKTCR ncnum, %IT° npornoa pacxortos moueOxercumew 

xy opmenmapotonmum H yhoaxemeopnTexunum. 

IITOCM MCMAMMMTb Bp4MBHBRNB Tanoauxxproaux cna-

Aa AAR npormoas pecxeRDB, ot5ecneeDTk onepeTwenocrip 

upa acppexmapOrieuma npormoaa 

xa 11 eemenumb MHOT04HCABHANe 

060m pemenxem, mu npmmumx B 

BILX scpmpott enema 

Do spans DepROXA cue-

pemenxn xplaux cnaAa 

ocnoay pemenan Mud 

105 

Summary 

The author reoommends a nev method for 
determination of basic parameters of the depres-
sion line of the degree indicators and the:ooef-
ficient of runoff, and the beginning inflow . as 
a fUnction of inflow for the period of decline. 
In practice the method of forecasting in expres-

Bed by an analytical formula. The scheme of 

forecasting in simple and rather correct. The 

method has been used for the river Laborec - the 

precipitation station Mihalovice and for the 

river Danube - the precipitation station 

Bratislava. 
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Qt (20 • e n
/1/ 

pacxoA no spememmt 

mamaaamma pacxoA 

OCHOBBHHO maTypaAtimmx aorap4mos 

mougmgmemT mcTomemmm 

apemx 

P7 - nomaaaTexa CM:ICBM 

AAa pecuemin ocnoeHmx uapamerpoe xpaeoN ens-

AO um Empomm He Tap Hee. 0.01MX4HIAX xpuaux CnaAa 

Kt =X00 a -°Lt /2/ 

rue Kt - pacxox BO spemese aupexeumuN OOP 

BOBBOXH140 C,43,4811 MCTOMBBBB eoxsux eanacos 

OacceNua mu xapex.repmeosaum uocTaronmum paamepom 

napameTpoa /1 fipameneunue napameTpu coOpanU 

B raellage 1. 

,LIAR onpeuexenuu napamerpoa xpaaoN cnaha,ho-

craronno ?pox momxpewmux pacxoxoa Depict:1M cnaAa, 

KoTopme Indexer BBEMIMBUO npomexymox npemegmAibpaa.. 

nbiN4Axnaue /imp. 1/. Etexxnana ocaoanoN exmaans 

anoame npoxasoubna it depeirox B BEIBMCBUOCTIK OT Be-
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Ta6xxxtet 

C Bemigmlim 4MLu  licTometimi or, AAA

11/n = 1,0 n = 0,8 n = 016 n = 0,5 n = 0,4 n = 0,3 

1 0,450 0,750 1,100 1,450 1,800 2,300 

2 0,380 0,630 1,030 1,320 1,700 ' 2,190 

3. 0,260 0,470 0,850 1,120 1,490 1,980 

4 • 0,190 0,360 0,680 0,940 1,280 1,780 

5 0,150 0,300 0,600 0,830 1,170 1,660 

6 0,120 0,240 0,500 0,710 1,030 1,510 

7 0,090 0,200 0,430 0,630 0,940 1,410 

8 0,070 0,150 0,360 0,540 0,830 1,280 

9 0,045 0,115 0,300 0,460 0,720 1,150 

10 1 0,030 0,080 0,230 0,380 0,630 1,020 

11 f 0,010 0,055 0,170 0,300 0,510 0,860 

12 0,009 0,040 0,130 0,250 0,440 0,720 

13 0,030 0,105 0,210 02380 0 7710 

14 I 0,020 0,080 0,170 0,330 0 2C,10' 

15 0,010 0,065 0,140 0,2:',0 0,500 

16 0,050 0,120 0,250 0,500 

17 0,035 0,100 0,200 0,100 

18 0 1,020 0,080 0,150 0,300 

19 0,050 0,100 0,200 

20 0,030 0,050 0,100 

21 OpOZO 



Tat5.7tmga 

11/n 
Bexmlamma 

B A" 
lro n= 0,8 /7= 0,6 4= 0,5 '7= 0,4 17= 0,3 

22,646 14,723 9,099 6,908 5,121 3,485 
4,759 3,575 2,685 2,314 1,989 1,664 

2 17,814 11,791 7,943 6,287 4,645 3,283 
4,221 3,218 2,527. 2,222 1,909 1,624 

3 14,879 8,470 7,275 5,332 4,288 3,021 

3,857 2,752 2,430 2,068 1,846 1,570 

4 9,777 72436 6,420 4,941 1,062 2,743 

3,127 2,587 2,297 2,001 1,804 1,509 

5 8,671 6,290 5,943 4,487 3,751 22454 

2,945 2,390 2,219 1,919 1,745 1„•412 

6 8,005 5,879 5,158 3,922 32448 2,270 

2,829 2,314 2,083 1,810 1,684 1,397 

6,050 4,923 42293 3,572 22959 2,074 

2,460 2,128 12919 12738 1,579 1,346 

8 4,572 4,125 3,619 2,891 22555 12753 

' 2,138 12957 12778 12585 1,484 1,259 

9 3,127 3,599 2,791 2,361 22036 12501 

1,768 18834 1,583 1,452 1,349 1. • 180 

10 2,460 2,428 2,210 1,786 1,708 1,344 

1,568 1,522 1,426 1,286 1,253 1,128 

11 1,568 1 834 1;520 1,269 1,415 1.,205 

1,252 1,333 1,208 1,109 1,157 1,079

12 1,009 1.0040 1,U41 1,075 1,021 1,016 

1,005 1,012 1,018 1,033 1.9009 1,006 

M. 



TaOxsolga 3 

II

Bexxxlmia C 
Roe(DNImenT memmAelmn cx 'AAR 

= 1,0 n = 0,8 n = 0,6 n = 0,5 n= 0,4 = 0 - 

1,568 1,743 1,763 1,823 1,777 1270?. 

0,450 0,750 1,100 1,450 1,800 27COD 

2 1,462 1,595 1,701 1,728 1,721 1„5:. ") 

0,380 0,630 1,030 1,320 1,700' 

3 1,296 1,417 1,550 1,476 1,610 

0,260 0,470 0,850 0,940 1,490 1?560 

4 1,209 1,306 1,363 1,342 1,505 11305 

0,190 0,360 0,600 0,710 1,280 z10 

5 1,162 1,249 1,248 1,251 1,390 1,305 

0,150 0,300 0,430 0,540 1,030 1450 

6 1,128 1,160 1,167 1,170 1,259 1,226 

0,120 0,200 0,300 0,380 0,720 0,660 

1,096 1,118 12126 1,109 12223 19203 

0,090 0,150 0,230 0,250 0,630 0,700 

8 1,072 11089 1,092 10073 1:151 1,152 

0,070 0,115 0,170 0,170 0,440 0 9640 

9 1,046 1,061 1,056 1,051 1,111 1,123 

0,045 0,080 0,105 0,120 0,330 0,500 

10 1,030 1,042 190 2 1,034 1,066 19072 

0,030' 0,055 0 9080 0,080 0,200 0,300 

11 1,010 1,022 1,026 1,021 1,032 1,023 

0010 0.030 0 9050 0,050 0,100 0,100 

12 1,004 1 9 007 1,010 1,013 1,016 1,012 

0 3009 0,010 0,020 0,030 0,050 0,050 
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FORECASTING OF LOW WATERS • IN SMALL WATERCOURSES 

By A. SALAMI N, Dipl . Eng . 
Kovizag , Budapest 

P85 iome 

3PQ cmyAmm PEIBBICBQBT meToAomorsio npeAycmoT - 
peHma MBAMX YPOBHOtt BOAS). MeToA AocTmraeT npm0mm-
amTemi.Hoe peweHme, moTopoe ocHoemaaeTca ma gmem-
uecmog cDopmyme,npomecca KOHL emTpanmm Hmamoro ypo-
BHA BOMA. HmsmmA nosein. BO. m AemmTcH Ha Ape KOM-
noHeHTm: nosepxHoe m noAseumoe Teqemme /2/. B cy-
xmx m cpeAneamammmx roAax, moTopme OMBRIOT pemammme 
C TOMKB epeHma ynpaBmeHmm BoArimum pecypcarn, HI10 
ICHK yposeMb BoAm macTynaeT mcmmmqmTems.Ho npm noA-
eemHom Tememmm, m TOALKO OHO onpeAemseTcH. AORIMA 
yTeepz.maeT npmOmmxmoe saammooTmoweHme memAy Hanpa-
meHmem HoAHoro ocaAma u m momnomelmoN Hmsmoro ypo 
BHA BoAm noAsemmoro TetIOHKR Qt. B ypasmemmm 23.11a-
pameTpm oToro oTHomeHms m 440 onpeAemamcm 
HQ OCHOBG pacnomaraemmx Aammmx HaOmmAakima BoAmmx 
ocaAmos m BoAocnycTa. Epm onpeAememmm OTXX napa-
MOTpoe Blimmamme 00pameeTcs as 0108KT, qmo npm ynpa-
!MAMMY! BoAmwm pecypcou HaAo onpeAemmT1 npomoA,ko-
Topmft RBARBTCR Heeasmcmmo. Epillimmamme oToil noTpe13--
HocTm Bo Bammamme sHammT npeo0pameHme psAa ypaase 
Het /23/ B pa,me HepaBeHeTB /24/ m ero yeTaHoeme 
Hme makemmyma /25/. B ceis pemeHma mpoOmenm yeTa-
HOWIeHMR mamcmlayma Tome onpeAemmeTca aoHequaaillymm 
mmm paccmappmaammerocH npo6mema. PHA HepaBeHeTB, 
moTopme noxyqamiTcm THHHIA oepseom, Hommo pemmTb c 
now:Immo° BwqmommTembnot1 mammmw. 

C nomomam maTemaTmllecmon cpopmy.nm Hmammt ypo-
DeHb BoAm MOICHO npeAycmoTpeTL CTOAJACO Bpemeem Dna 
PeA, CHOAhHO AAR 3T0r0 DORBAJCBTCR DOTpB6HOCTho 

AommaATamme onmemBeeT mommpeTtime npmmepw : 
npeAycmoTpemme Hmsnoro ypowta soAm ma peme 3armsa. 

I. Physical model 

When developing the methodology of forecas - 
ti7g low waters, the first step should be the esta-
blishment of the physical process resulting in 
low water, that is, the establishment of the physi-
cal. To this end, one has to depart from the situp - 
lified water balance of the catchment area: 

C =L+P+ T (1) 
• 

where: C is the rainfall, L the runoff, P the eva-
poration and T the storage. Furthermore 

T = Ti + T2 and 

L + L1 + L2
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Summary 

The present study develops the methodology 
of forecasting low waters. The method yields an 
approximate solution based upon the physical model 
of the concentration process of low water. Low 
waters are dividet into two components: surface 
and subsurface runoff (2). In dry and medium - wet 
years that are decisive from the point of water 
resourcees management, low water is originating 
exclusively in subsurface runoff, thus, only this 
will be determined. The paper estabilishes an 
approximate coreelation between rainfall load C, -
and the low - water component of subsurface runoff 

fn Eq 23. The parameters of this relationship 

(Si and QA) will be determined from avilable obse-. 

rvation data of rainfall and discharge.When deter-
mining these parameters, attention is paid to the 
fact that in water resources management, the de-
termination of a discharge appearing uncoditio - 
nally is required. The taking into account of this 
requirement means fhe transformation of the set of 
equations (23) into a set of inequalities (24) and 
its maximalization (25). In order to solve the 
problem of maximalization,also the target function 
of the problem investigated will be determined. 

The set of inequalities thus obtained can -
be solved by means of a computer. 

14y aid of the mathematical model,low waters 
can be predicted with a time-advance corresponding 
to requirements. 

The paper also describes a concrete example: 
low - water production of the Zagyva river. 

where: T, is the surface storage., T, the subsurfa-
ce storage the surface runoff and ' L2 the subsu-
rface runoff. 

From among the terms of the water balance, 
the rainfall C, runoff L and storage T, especially 
the subsurface components of the lattiir two IL, have 
an importance in the case given, whilst the vaule—"
of evaporation can be neglected altogether. Next, 
the terms emphasized should be subject to an analy-
sis. 

During the period preceeding the summer mini-
mum of discharge 110 in the critical dry or 
wet years, there is no or very little rainfall C, 



Hence, the appearance of low water depends primari-
ly upon characteristics of subsurface . runoff L2

and only secondarily upon the surface runoff T . 

Accordingly, the paper is aimed at the characteri - 
zation of subsurface physical processes and their 
description by means of methematice relationships. 

In order to be able to describe the process 
of subsurface runoff and to trace the subsurface 
path of water, one would have to know all features 
of the subsurface catchment basin (stratification, 
void ratio, etc). Unfortunately, there are no ways 
to make an exact physical or mathematical decorip—
tion of the process and therefore the physical mo-
del ,_shar%7:irizing ihc r,pp,3:,1.:Anc,-e of low water has 
been simplified so as to enable its description -
through a mathematical model. 

When simplifying one should consider that 
among the factors characterizing the water balance 
of the catchment area there are only a few ones 
having been observed continuously and over a long 
period. From among climatic faetors,observetion da-
ta of daily rainfal are usually available ofer a 
long period,together with their aren1 distribution. 
From among hydrological fnctors,one may know a long 
set of dtsharge data in cetain control sections of 
the river, which is the surface runoff as the 
of the hydrological process. Usually, other factors 
of the process have no long suta 

The simplified physical model is built up in 
the following way.The rainful load carying in time 
and apace, of the period of an assumed lenght ( see 
later) preceeding the summer lbw water will result 
is a discharge varying with time,in a given section 
of the watercourse system, and the minimum of.these 
discharges is the summer low water. This process can 
he characterized by a "black box" transforming the 
boundry conditions represented by klimatic factors, 
especially rainfull, to a discharge time function 
through the section investigated. Thus the box sym-
bolizes the catchment area and the subsurface cat - 
chment basin.The process taking place in the "black 
box" can be divided into two basic components: sur-
face runoff and subsurface runoff, the latter being 
retarded by storage: 

Qk = Q1 Q2 
.(2) 

where 91  is the summer low water, 21 its component 

consisting of incidental surface runoff and Q2 the-
-

part of low water coming from nubsurface runoff. 

In the following the sharacter of subsurface 
flow taking place in the black box will be analized 
i.e. the relationship between rainfall load C as 
the system's boundary condition,infiltration under-
ground storage T2 and subsurface runoff L2. 

When increasing the intensity of rainfall 
over an area, the rate of infiltration will incre-
ase by having a tangent that brcoMes mor-, -nna more 
flat, namely, the infiltration velocity in the soil 
tends, with growing rainfull intesity, towards an 
upper limit: the permeability, and after having at-
tained thin limit it becomes constant. (Fig 1). 

Subsurface runoff securing from subsurface 
'reservoirs is determined by surface infiltration 
serving as water supply to these reservoirs. Hence-
the curve representing the relationship between su-
rface runoff and rainfall load will be ohaped as 
the former one: the curve increases, but its tan-
gent gradually decreases with growing rainfall load. 

II. A mathematical model of the determination of 
low water. 

The mathematical formulation of the "black 

box" symbolizing the detailed physical process 

a transformation of rainfall input into discharge 
output, consequently, the mathematical model is ex-
pected to yield the pertaining transformation fun-
ction. The model is not concerned with the mathema-
tical description of the process taking place wit - 
hin the box. The transformation function can be de-
termined by means of system analysis, acording to 
the classification of O-Donnel (1), from the follo-
wing relationship: 

ak = A. [C(t,x,y,z)] = gk C [(t,x,y,z)] (3) 

where: ak is the low-water discharge, transforms -
tion function, C the rainfall distributed in time 
and space, t tHe time co-ordinate and x,y,z the 
space co-ordinates. Through the transformation A, 
the input becomes convented into a reaction. 

1. Choice of the transformation function 

As for the choice of a transformation fun-
ction between the precipitation C of the given hy-
drologic year T and its subsurrace runoff, the 
following functions following the character of the 
physical model can be suggested. (for simplicity's 
sake, no subscript will be used to denote subsur-
face runoff). 

Linear relationship: Q
T
=Q
T 
( C) ( 4) 

radical relationship: 

QT.QT(g,a1/C1/3(5
)) 

exponential relationship: QT=exp QT (CO) 

combined relationship:QT=exp QT(c,c1/2cln 

( 7 ) 

The constants of the mathematical model, -
i.e. those of the chosen transformation function 
replacing the "black box" can be determined by aid 
of the available observed input data (rainfall da-
ta) and output data (discharge-time function). The 
magnitude of the available set of data will deter-
mine the function to be used in the mathematical -
model (see later on). 

2. Data required for the determination of transfor-
mation function parameters 

a) Input, rainfall data 

The low-water component coming from sub -
surface flow is determined by the rainfal load pre-
ceeding the time of low water. The lenght of the 
preceeding period is equal to the maximum filtra - 

tion time, since only rainfall occuring during this 

period can become a component of low water. The 
lenght of this period can be estimated in function 

of the area and shape of the catchment basin. (B. 
g. in case of the Zagyva river, the cathcment area 

amounts to roughly 4200 nq. km and the lenght of 
the preceeding period to 9 months). If there are 

not even approximate data available, 9 to 12months 

can be taken as a point of departure. 

When establishing the mathematical model,it 

will be expedient to make a certain simplifying 

assumption? since even of a linear relationship, 

the determination of a transforming function of 

five variables, as appearing in liq.3, will raise 

considerable difficulties. In the course of aim - 

lifation, one hen to convert precipitation distri-

buted in time and space into precipitation distri-

buted in time only (precipitation index). The 
fun-

ction_performing -this transformation will yield 
Barer.

ragement precipitation weighed according to the 

size of partial catchment areas (Fig.2). 

n 

C (t) = BF! (t.,x,y,z)]=-71- hk'Fk 
• k=1 

(8) 

with D being the transforming function, F the total 
catchEent area, hk the value of the isohyetal line, 

F-k the partial catchment area confined by isohyetale 

running midway between the isohyetale hk...1-4 and 

- respectively, and k the number of iso-

hyetals ( =1,2, n). 

The above simplification is justified by 
the fact that the eror committed by simplifying 
the distribution in space (i.e. the dietribtuion 
over the catchment area) of the precipitation is 
not higher, than the one inherent to system ana-
lysis. 

b) Output: low - water discharge data 

In the mathematical model, the existence of 
natural condition° is assumed; the .hydrological 
process taking a place in the catchment area is 
free of human influonco.Thus, discharp data ought 
to be free of data of water uses and it is assumed 
that there are not hydraulic atrucutres (e.g.roaer-
voirs) affecting water regime in the watershed 
basin. 

3. A mathematical model using linear functional 

relationship 

During a given year Tt the value of low-
water discharge 2T coming from subsurface runoff 

should be invostignated. One has to divide the 
period proceeding low water into n time intorvale 
of equal lenght, and to determine average rainfall 
intensities piT pertaining to these time intervals 

t: 
C
iT (9) 

24T =-ET 

with CiT being the rainfall total of the i-th time -
interval an i the serical number of intervals in 
the proceeding period. . 

Be Si the proportion of the rainfall 2iT of 
a time interval contributing to summer low water 
(weighing factor), that is: 

QiT 
iT CiT 

(10) 

with g
iT being the share of low-water discharge 

from subsurface runoff arising out of the rainfall 
of the i-th tiMe'interval. The variance of Sit 

during the years in low, hence- it can be replaced 
by the mean value Si of 'the values SiT. 

In accordance with relationships Mend (8) 
one obtain+ 

QT QT ( c) 

Consequently, low water originating from 
water-bearing strata will he: 

QT=lim
n-yoo tl 

(11) 

Si PiT .6.t, (12) 

or,with regard to(9) by applying finite intervals: 

S iT 

4. Mathematical model based upon non-linear 

relationship 

(13) 

A linear relatiOnehips can only serve as 
a first approximation to characterize the physical 

Phenomenon? but the form of Eq.le safeguards the. 
determinability of the funtion describing the sim-
plified process. The non - linear functions of 
Eqe.5 to 7 offer a better description of the physic 
cal process but in the above form they cannot be 
solved, due to the limitedness of seta of data. 
However, if the above non-linear relationships 
become linearized, ao they will be traced back to 
the form of linear approximation amenable to a 
solution. If in the course of linearization the 
following linear variables are introduced: 

1/3 = C"....; (14) C1/2 =C' ; C 

QT = In QT = QT;C_, (15) 

then Eqs.5 to 7 can be brought to forms resembling 
to Eq.13: 

QT SiCiT x SiCiT= 

n • 
Q4 = 21 

1=1 
SiCiT' 

SiCiT 

(16) 

(17) 

SiCiT +...j18) 

where C', C ,... and QT correspond to notations in 

Eqs, 14 and 15. 

5. Mathematical model of subsurface runoff 

The mathematical model has to characterized 
by means of the relationships (5) to (7). As a 
first step in determining the model, the above 
functions are to be linearized. As a second step, 
the linear function of the form (13)will be deter-
mined upon base of available rainfall and low-water 
discharge date. If the low-water discharge gKj
through m years, and the rainfall total Cij of n 

time intervals of each of the m years is available, 
then one write m equentions of the following type: 

Q4 = 
1=1. 

SiCij' 

where i = 1,2,....,n and 1 = 1,2,...,m. 

Furthermore: 

Qj = Qkj Qlj 

where: gj is the component of low-water discharge 

from surface runoff in the 1-th year, gkj is the 

whole low-water discharge in the same year, and 
21,1 is the incidental component of low-water dischY 

arge from surface runoff, also in the same year. 
In Eq.19 account has been taken of the fact that 
relationships (5) to (7) have been linearized un-
der (16) to (18). The weighing factors Si are 

sought as the solution of the set of Eqs.19. 

The number of division intervals of the 
preceeding period is n, and the complexity of the 
transforming function to be applied depends upon 

teh data available. If n is the number of inter-
vals in a linear relatiiinship, then, in case of 
linearized non-linear relationships (16 to 18) the 

Lumber of terms appearing on the right aide will be 

(19) 

(20) 

n' = n.r (21) 

with r being the radical exponent spearing in the 

non-linear function. 

The criterion of solubility of the set of 
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equations is 
(22) 

The preceeding period does not include the 
whole period of subsurface flow and therefore, the 
low water also contains waters originating from 
rainfall of a former period. This discarge comoo - 
nent can be taken as constant, if the equalizing 
effect of long-time filtration is conaidere. Thus, 
this disbharge is to be regarded as base flow, and 
if there is no rainfall during the preceeding pe-
riod, then summer low - water discharge will be 
reduced to the base flow. This will thus represent 
the constant term in the equation of an n-dimen - 
sional plane figuring in Eq.19: 

n 
SiCij + QA (23) 

where A= 1,2,... ,m and QA is the base flow. 

Prior to the deterdination of the mothemnti-
ca1 model, some remarks should be mode concerning 
the model's character. The aim of establishing 
of establishing a mathematical model is to foreceat 
low waters for the sake of water resources manage - 
ment. This aim has, to a certain extent, a docisice 
influence upon the form of the mathematical model. 
Namely, in the practice of water resources manage - 
ment requires the forecasting of a dishcerge. to 
come unconditionally, that is, one has to tolerate 
errors having one sign only, instead of usual nre-
dictions with possible errors of both nositive end 
negative signs. ly taking this requirement into 
account, the model of the form (23) will be tran-
sCfrmed into 

C • S+ Q 46 Q 
A (24) 

where: C is the matrix of the block of rainfnll 
= data with the elements Cij and i=1,2,..,n; 

j=1,2 ..... m. 

S is the wanted weighing vector in an n -di-
mensional space, 

2A is the constant column matrix of the base 
flow, also wanted, 

C is the column matrix representing low-water 
- component coming from subsurface flow. 

The physical process is best characterized 
by the mathematical model if the inequality (24) 
gives the best approach to en equality, that is, if 

C • g grg (25) 

attains its maximum. Further physical conditions 
are, that rainfall can have an increensing effect 
only on water resources: 

Si = 0 (26a) 

and base flow must not be negatiie: 

QA 0 (26b) 

The problem can be solved through linear 
programming if one is able to find a special func-
tion, which, by taking (26b) into account, gives 
the best characterization of the matrix inequality 
(25) and secures its maximalization. The relation 
ship (25) will be' maximum if one succeeds in cho - 
°sing the weighing values S4, and hence, the 
weighing vector itself so Ed to attain the best 
approach to equations, If in (24) there would be 

equality instead of the matrix inequality, then the 
following ratios between matrix elements should 

hold: 

°11:c21: *cni:--=c1m'c2m"..xcmn:Qm = 
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m c .1 lj - m C =
ni m ',J=1 

Qj (27) 

representing the arithmetical mean of column ale - 
mente, since 

1 • c - E and m1 Q (28) ij m j•=3. • j=1 

where C1 is the aritmetical mean of elements of the 

i-th column in the matrix of basic rainfall 
data, and 

2 is the arithmetical mean of elements in 

the column matrix of discharge. 

In case of equality, and by considering Eqa. 
27 and 28 the following relationship would hold: 

n 
= SiCi + Q4 A 

(29) 

Since tho mathematical model will never be 
able to give a full description of physical- pro-
cesseepto the oolution of.th.e net of relationships 
(23) it is required to have a numb65- of equations 
m higher than the number of unknowns n. Consequen-

tly, the relation ship (29) is only an approximo - 
tion for the ration between coefficients of the set 

of equations (23). If the one aceepts the approxi-
mation of ratios also for the set of inequalities, 

can he justified by the fact that the maxi-
malizing of the relationship (24) means a rather 

close npnroximotion of equations-then the special 
function, based upon (27) and (28) can be obtained 

in the following form: 

n 
SiCi + Q

A 
el (30) 

The constant term Q of the special function 

can be made to disappear by performing the folio-
ming transformation: 

QA - I =44

Thus, the computer program has to solve the 

following problem: 

S.1Cij +.6Q Qj - (31) 

with i = 1,2,...,n end j=1,a,...,m. Also the 
conditions Si. -.0 and Cij =0 have to be fulfilled.

The special function will thus be: 

-Si d i +AQ) . max 

The condition of solubility of this problem 
is the assertion of the inequality (22). Also, one 
should have a set of reliable date extending at 
least over lo years: 

m = lo (32) 

Thust the procedure of forecasting low waters 
as follows: 

is 

1. fly means of some method, one determines 
the surface - runoff component of low-
water discharge Q1. 

2. One determines the expected date of low 
water. Upon base of a set of discharge 
data sufficiently long it becomes poeible 
the interval within which low waters ap-
peared in the course of many years. 

3. An assumption should be made for the 
lenght of the oreceeding noriod.The end 
of this period can be confined in two 
ways (Fip.3): 

a. The first possibility is to close the 
proceeding period at a date correspon-
ding to the required advance time in 
forecasting. The increasing of advance 
time augments the error in forecasting 
theroforo such assumntions should be 
hosed on careful considerations. 

b. The second possibility in to close the 
proceeding period at the beginning of 
the interval of low waters to occur. 
But in this case too, a certain advan-
ce timo in forecasting is nuedud.Accon-
dingly, innut datq rI.oule. he divided 
into two groups.The first one contains 
measured data of the neriod nreceeding 
the t;me or forecasting, whilst the 
period following the data of forecns - 
ting. An exemale of marking estimates 
will be given in connection with the 
forecasting of low waters of the Za-
gyva river. 

4. Tho mathematical model, ns outlined in 
the foregoing, should be established . 

5. Forecast values nre.to be calculated by 
aid of the mathematical model. 

III. Forecasting low waters of the Zagyva river at 

Jasztelek 

Basic data of the Zagyva river basin are 
contained in F ,4. By using data of 
thirty years (1f

('
16-1946) and by applying 

a linear approximation the mathematical 
model became established. 

By digital comnutor the following fun-
ction has been obtained: 

Q=0.00133 Cx+o,00000 Cxi+n,00000 Cm -I-0,0278 CI+ 

+0,o02o9 Cii+o,00342 CITT+oo113 Cul + 
o,003o2 

where 

cv + 

+o,0o31r; 
CVI 

+ o,0286 
CV o,515 IT - (33) 

g denotes the forecast low-water dischnrgein 

m3 /sec. Cv.,...0 WIT 
the monthly rainfall to-

tals of Octoer to July? mm.o,00133,...o,0286 
the corresponding wieghing values m3/sec/mm 

In case of a forecasting made at the end of 
June, July rainfall total CVTI 

can be assumed as 
follows: 

very dry summer 
dry summer 
average wot summer 
very rainy summer 

0 mm 
10 mm 
30 mm 
50 mm 

Those values can be assumed either by kno -

wing the weather trend of May and June, or by 
using 

the weather forecast of the Meteorological Ineti-. 

tute. 

The physical meaning of the negative con-

stant in the relation ship is: 

a. In the given problem, base flow in zero, 

with regard to 

QA
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b. the relationship is bounded from below: 

Q 2  0

as for the rest, the Q = 0 function is va, 
lied, 

c.subsurface flow will develop only when a 
minimum of rainfall is exceeded and there 
is eh adequate distribution of rainfall: 
the weighed total of monthly raihfalla,ca-
lled rainfall index is greater than -
o,515 m3 /sec. 

The forecasting funciont (33), when applied 
to the data of 30 years, has shown the last 
deviation between measured and forecast data if di-
scharges were in the lower range. 

in possession of the function (33) in 
1968 a forecast for summer low water has 
made. The forecast value, by assuping a dry summer 
(CVII

.lo mm) equalled to 1,o62 m)/ sec. The j l

,22o m3 ) sec. 

measu-

red value was 1 

Tho advantage of the method lies in its 
forecasting low water apoeering unconditionally.Its 
drawback consists in yielding rather high errors for 
very rainly summers. 
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11POrHO3bi YPOBHE1 BOAbl HA rEEP110Abl PE1CA CYAOB 

CALLOIHMKOB B.11 . 

rmApomeTeopozormgemdt Harmo-mccxeAosaTezbeitui 

uenTp CCCP Momma 

Summary 

P eemme 

HexcAn ma often cxemm pacwera rinAporpsoloa OTC-

• ynarmnammek nparon nonm B petfitylp CeTh x ACON-

ramie sonar Ao eaufaxammero crnopa, paepadarmsemrcx 

cnocoOm npornoeon cpeAnxx * UNHINNANIAHMX pacxogon 

(yponnett) BoAm ea nepxonm peace cvmE. Heoaxoumme 

Axn npornoea sexnuanm nparome BOAT B pycsa x pyc-

xonmeeanacm es= BbAINCJIHMTCH no rmApomerpnnecnam 

▪ mop(Domerpxwecxxm.nannum. nepememenxe BoAm B Cfac-

cennax u its orgexLmmx ymacrnax pewnot1 cern xapan-

repxoyercn pasxxnnanan npmemmx Aoberannn,onpeAegne-

mmmn ma ocaose atonal:la ABHICHNA naeogxon.Aga npor-

nose exenneenmx, Olegnnx x unnxmagLnmx ypoeneft so-

Am sa nepnonm pencil cygoe,ranxe mcnolbeporen ypae-

Henna, noxygennme IVeroAams MHOXeCTHeHHON noppean - 

umm H8 OROHTPCHHMX Bmgmcgmrexhnux wanwuax (SBM). 

Aaercn cpannnrexbnan °tonna paexprunuxenccofte npo-

rBoee x penomenAanxx no xx npmmenennm N yromprennw. 

IIpx naxxmxx doxtmoro noaxweerna ypannernal npornoem 

yponneft Boma COCTSOIRIOTCN Na 3552 no REIHRble na6xm-

Aenatt nag yPoBnams BoAM B ABB'. npornosa. OsaAaemme 

YPBBBx BOAM amgemrcn c ynaeanmem oftenenemmocrx 

pasnoe 10, 25, 50, 75, 90 nponenroB. 

Rpm xparnocposnmoc nporaoaax yponnel nom Azle 

cynoxogcrea mcnoxbepor merogm, ywurmsammge pacnpe-

Acnense sOmmx lump B 6acceNne 11 xx Aoderanxe Nee-

macalonteMy crBOpy, x Oosee npocrme cnocoOm npOrmosa 

CO COOTBeTCTROHHNN yposmmm m cymme pacxonos sepx-

mmx cinopon /1,12/. Ilepsme we aisx meTonos smarms-

::::penememme npmfroms BoAm B peWay* 
cert. no oCaA-

no ragpouerpmememm mum'. Pace rpaaczpop-

aauHx  nphron Bond n pycxa x nparona 

CTOR y eamunamwero creopa oCyaecrsxneren npx nomo-

Mx cocrnercreymenx 'totem* noaeramma, mapamirepmeym-
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The methods of forecasting the annual and low 

discharges ( levels ) of water within the periods 

of ships' tripe are elaborated proceeding from 

the general ohemecerflow_vouting,faeoountingthe 
water inflow into the river system and the water 
lag to the outlet. The quantities of channel 

inflow necessary for the forecasting, and the 

channel water storages are calculated according 

to the hydrometric and morphometric data. The 
water transport in the basins and on the separate 

sections of the drainage network is oharacterized 

by the various transit curves, determined on the 

basis of flood motion analysis, For the foreca-

sting of the daily, annual and low discharges of 
water within the periods of ships' trips, there 

are also used the equations, received by the 

methods of multitude correlation on the computers. 

There is given a comparable valuation of the 

various forecasting methods and the recommenda-

tions of their using and exacting is given in the 
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STREAMFLOW ANALYSIS AND INFORMATION THEORY 

K.DODY,Dipl .Met.- G. ERDoS,Dipl .Mat. 
K. SZESZTAY Dr. Eng. 

Research Institute for Water Resources Development Budapest, Hungary 

Pea some 

PaccmaTpmeaemcm mstopuaumohnoe KOMBLIOCTBO 
ero emtimcxesme - npeAcTeexemme it onpeAexemme OBT-
ponum B czymae bozalLmx neaocTeocTell, Ram it Apyrme 
meroAm onpeileneema mOopeanmommmx mozmaecTs. 

Kamaxm3mposamme Tegeams H HIP/OPM8LIMOHMSR Te-
opma noxi.sporca B cTyAmax cn.mtlyxca - OTBBTOB By-

Teld aoppenaumomeoro amaAmaa Aamemx o Tegeamm.Ama-
ansmoyeTca onpeAexesme spememm pacxoAa HU ocktoBa-
lims mmitopmanmomemx moArmecTs m npmemmatoTcx memo-
ropme peayAbTamN. 

/A/ The amount of information received by a 
forecasting method should be higher than that of 
gained on a purely statistical basin. The effi-
ciency of a forecasting (calculation) method can 
be measured by the additional amount of informa-
tion furnished. 

/B/ Changes in information quantity can of-
ten be parallelled to changes in the influencing 
factors. The analysis of information functions 
(particularly finding of their maxima)can be help-
ful in the interpretation of physical meaning of 
mathematical models and even it may serve as a 
basis for the determination of physical values. 

/A/ The information quantity and its indices 

The mathematical interpretation of the con-
cept of information and its quantitive measurement 
were founded by the works of Shannon and Khintdnin 
some 20 years ago, finding in the meantime a wide 
acceptance and widespread application -especially 
in the field of telecommunication. The basis of 
their theory is the introduction and mathematical 
formulation of the entropy that characterizes the 
degree of indetermination of systems of events. 

In hydrological applications, systems of 
events and value changes of their entropy has to 
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Summary 

The information-quantity and the computa-
tion thereof- Interpretation and determination of 
the entropy in case of large ensembles, as well 
ae other methods of determinating information 
quantities are discussed. 

Streamflow routing and information theory 
are used in impulse -response studies by correla-
tion analysis of otreamflow data. - Determination 
of the travel time on the basis of information 
quantities is analysed and same results are 
presented. 

be interpreted and calculated mostly upon the 
basis of a large mass of data. 

/1/ The entropy of system of events 

The system of events is a set of the events 
"A
i
" being interconnected and forming a closed 

logical unit. If P/A1/ is the probability of 
occurence of the single elements, then the degree 
of indetermination of a system of events consist-
ing of "n" elements can be characterized in 
accordance with Shannon and Khintchin, as the 
entropy: 

E = -
1 
P/A/.1og P/A1/ 

The set of values of entropy 
P/A1/log P/A,/ pertaining to single event:17:1: 
the probabilities P/Ai/ are shown in Fig.la. 

If the occurence probability of a certain 
event is 1,0 then it is necessarily zero for all 
the other events belonging to the system, hence 
the degree of indetermination of the system is 
E = 0. 

/1/ 

The entropy of systems consisting of events 
likely occur with the same probability, is mono-
tonously increasing with the number of elements 
(Pig.l.b) 



The entropy of systems having two elements. 
attains its maximum in the case when P/A1/. P/A2/ 
= 0,5 and with P/A / decreasing, also E decreas-
es in agreement with Fig.l.c. 

In case of a large set of events it is ex-
pedient to determine the occurence probability End 
the value of entropy for groups events (i.e.
division intervals of the range of values 

/2/ The change in entropy as an information 
quantity 

The entropy characterizes the momentary state 
of a system of events (or of a value distribution 
to be expected). if an external event (the per-
formance of experiments, elaboration of a mathema-
tical model, change of boundary conditions) is 
modifying the probabilities P/Ai/ characteriting 
t:.e individual elements of a aystem of evente,the 
entropy of the system will change too. 

An external event is yielding information 
concerning the system of events in question if it 
modifies the entropy of the system. The amount of 
information thus received is measured by means of 

the change of entropy as suggested by Shannon and 
Khintchin. 

Let this be illustrated by an example taken 

from hydrology: 

(a) According to the statistical distribution of 

Fig.2., an entropy value of 0,40 corresponds to 

discharge changes to occur in two days during the 

descending period of low water in the Drencova 

section of the Danube. If one is expected to ex-

./press opinion upon 2-day changes in the above men-

tioned state of river regime and has nothing to 

rely upon but statistical data frmm the past,then 

the forecast will be identical with the most fre-

quent (most probable) value whose reliability is 

Characterized by the degree of indetermination of 

the system of events (E = 0,40). 

(b) Let it now be supposed that by examining the 

possibilities of forecasting,ae one of the feasib-

le solutions,a correlation is established between 

discharge changes having occured two days earlier 

120 km upstream at Smederevo and discharge changes 

occuring two days later at Drencova.This correla-
tion (as an "external event") modifies the know-

ledge of discharge changes to be expected:it pro-
duces a new system of events. In the course of 

forecasting, the"statistically most probable" va-
lue will be replaced by the function value corres-

ponding to the actual preceding upstream change. 
The reliability of a forecast to be issued thus, 

will be determined by the degree of indetermi-

nation of the new system of events,equalling to 

0,32 according to the distribution of forecasting 

errors calculated for all dates involved in the 

elaboration of Fig.2. 

(c) The correlation between discharge changes in 

Smederevo and Drencova represents on information 

from the viewpoint of forecasting only if_ it 

reduces the entropy of the system. In the given 

example this.amounts to 0.40 - 0,32.. 0.08. 

When developing a method of forecasting, it 

should be endeavoured to find correlations or com-

binations of correlations resulting in the maximum 
decrease of entropy (maximum amount of informa-

tion. 
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/3/ The problem of interval-units 

Shannon and Khintchin elaborated their in-
firmatinn theory for qualitatively diettnguished , 
discrete events (such as boxes or system of boxes 
containing ball of varying number and colour , 
signal system based upon the probability of re-
petitions in texts, etc). 

However, in hydrology (and in some other 
scientific or technical applicatione),quantitive-
ly graded event systems are more frequent:varioue 
values of river stages, rainfalls, snow depths 
evaporation losses, etc. 

In case of quantitively graded systems of 
events, individual events are separated from each -
other through arbitrarily chosen limits/interval-
unite/. It is obvious that for a given set of 
events the numerical value of entropy will depend 
upon the number of intervals. 

Fig.3. shows upon base of results obtained 
from evaluations similar to those in Fig. 2. the 
change in the value of entropy, if the evaluation 
is performed by using various interval- units,
(renging from 10 m3/sec to 200 m3/sec/. It can be 
seen that the value of the degree of indetermina-
tion of the system grows first slowly, later on 
more and more rapidly with decreasing interval-
units. In case of a division interval correspond-
ing to 10 m3/sec, the number of intervals refer-
ring to discharge changes during 1, 2, 4,6 and 8 
days has been in the same sequence 18, 24, 35, 51 
and 62. 

By varying the width of interval-units,
Only entropy is changing but also 
values to be received through various ways. This 
is illustrated in Fig. 4, where on example worked 
out for discharge change correlations of the 
Danube reach from Bogoevo to Drencova shows the 
change in information quantities in function of 
interval-units. 

It can be seen on the figure that by using 
interval-units of 10 and 20 m3/sec,results obtain-
ed are in good agreement among themselves and with 
the time of about 3 days, whereas the application 
of a division interval-unit of 200 m3/sec may lead 
to fully erroneous conclusions. 

For the time being,there is no knowledge or 

experience offering a general solution of how to 

choose division intervals in any particular case. 
The results of investigations carried out so far 

with data of the Danube river seem to point towards 

the rule that if in a series of investigations 
'serving the same purpose, the number of division 

intervals is not less than 15, the values of en-
tropy and information give an adequate answer to 

the questions. 

/4/ Other indices of the information quantity 

In the case of quantitively graded sets of 

events, the entropy according to Shannon and 

Khintchin is a measure of data distribution while 
the amount of information is a measure of changes 

occurred in the distribution. But naturally it is 

possible to chose other measures to characterize 

distributions and their changes. 

In evaluations prepared in 1955-58 to the 
purpose of forecasting Danube and Tisza river re-

gimes, the indications for involving new variab-

les and results (additional information) to be. 

expected have been assessed by a graphical compa-
rison of error distribution curves (Fig.5.a). If 
decisions required a numerical evaluation, the 
values of main characteristics of the distribution 
(mean, upper and lower quartile) would usually 
consider together (Fig.5.b). 

A solution lying not far from information-
theory considerations of Shannon and Khintchin can 
be the graphical comparison to be made between the 
distribution of the correlation errors,by compar-
ing the differences between two selected pairs of 
ordinates (e.g. values exceeded in 90 and 10 % of 
all cases) /Fig.6). This solution was applied in 
the years 1966-67 as the mechanical processing of 
several hundreds of comparisons made between 
discharge-change correlations and the choice of the 
combination of correlations offering the most 
favourable results in forecasting low waters of 
the Danube along the Iron Gate reach, 5 and 10 
days ahead. 

Information obtained from correlations or 
test models can be evaluated also by means of 
compound indices. In their watershed model presen-
ted belre the recent Tucson Symposium of the in-
ternational Association of Scientific Hydrology, 
D.R. Dawdy, R.W. Lichty and I.M. Bergmann have 
chosen the index. 

U
3 
. U

1 
+ 0.5 U

2 

to make an estimate of parameters, where U, is the 
sum of squares of differences of the logarithms of 
calculated and observed peak discharges,whereas U2
is the sum of squares of differences of the 
logarithms of calculated and observed total flood 
runoff.The estimation of parameters has been car-
ried out by applying the optimum-finding method of 
Rosenbrock,the essence of which is the rapid find-
ing of peaks (maxima of information) appearing on 
the topographical representation of multidimeneicn-
al vector fields. 

/2/ 

/5/ Conclusions 

The objective evaluation of the efficiency of 
hydrological calculations calls for fundatione 
drawn from the information theory. Investigations 
concerned with the entropy of systems of events 
offer precise mathematical concepts and tools for 
this purpose. 

In the case of quantitively-graded systems 
of events,it is expedient to extend general prin-
ciples of the information theory beyond entropy,-
alsb to other characterictics of the diotributi-
ono, the indices of which should be chosen in each 
particular case, in agreement with the nature 
of the problem to be investigated and with the 
data available. 

/B/ Reponee tests based upon correlation analysis 

One of the basic problems in river forecast-
ing is to determine the extent, duration and time 

distribution of effects appearing downstream as a 

result of changes (impulses) occuring upetream.Scme 

investigations, still in the early stage of re-

search and being discussed below are approachingto 

this problem. the analysis of data of river gauge 

stations,from the side of information theory. 

/1/ Aims 
It would be easy to analyse the laws of 

etreamflow regime, if impulses (changes in dis-. 
charge) upsetting the steady state of flow were 
appearing in a distinctly isolated way. However, 
in natural watercourses, impulses of various 
magnitude and sign are continuously and masewise 
superimposed on each other and thus it is impos-
sible to trace the effects of each individual im-
pulse. One can try, however, to trace the effect 
or a group of effects pertaining to groups of im-
pulses consisting of a sufficiently great number 
of elements. Through the simultaneous investiga-
tion of a sufficient number of elements namely, 
it becomes possible to state by aid of the corre-
lation analysis whether there ie a correlation at 
all between upstream changes and simultaneous or 
delayed changes downstream. Based upon the close-
ness of the correlation and departing from the 
constants of the correlation one can endeavur to 
reconstruct the laws of streamflow regime. 

If impulse groups are formed in a time se-
quence,one can obtain information upon the avenge 
conditions prevailing in each calendar month, and 
again if the groups of data are compiled the basis 
of hydraulic criteria,information concerning the 
changes in streamflow conditions can be identified. 
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/2/ The project and first results of the Danube 
investigation 

As a first experiment one intended to carry 
out of the investigations mentioned above on a 
watercourse without tributaries of importance,and 
already studied from the point of streamflww.Thue 
the coice fell on the Hungarian reach of the 
Danube (from Bratislava to Mohacs). 

In the followings, two details will be pre-

sented from the results of a computer program re-

cently completed. 

Fig.7. shows for some stations the varia-

tion of the correlation factor "R" as a function 

of time lag. The value of "R" refers to the corre-

lation between changes in river stages occuring 

in Bratislava on the data "t" and those of occur-

ing at the denoted downstream stations. (Dunare-
mete, Nagybajcs, Komirom, Esztergom, Budapest, 
Dunafoldvar, Mohacs) on the date "t + ". 

The curve referring to Bratislava calls the 
attention to the fact that subsequent impulses are 
not independent. Correlation factors to be read at 
the zero abscissa refer to simultaneous changes in 
river stages. 

The curves of stations lying downstream, 
departing from the value of "R" pertaining to si-
multaneous changes, increase gradually and attain 
their maxima in their downstream sequence.In case 
of the stations being near to Bratislava (Dunare-
mete, Nagybajos, Komarom) the peak of the curve 
"R" is well marked and coincides with average 
travel time. More downstream, the curves are flat-
tening out and it becomes uncertain to find their 
maxima. 

Fig.8. reviews the change of correlation 
factors along the river. The shape of these curiae 
draws the attention tothe following points: 

(a) The lowermost limb of the curve of simultane-
ous changes reaches far beyond the reach whom 
travel time can have any importance. Its rea-
son lies probably with the rather close cor-
relation between subsequent impulses. 

(b) With increasing time lag (about beyond six 
days) the value of the correlation factor be-



comes nearly constant over a very long river 
reach; this stabilised value being surpris-
ingly high and decreasing very slowly with 
time. 

According to the evaluation of the first re-
sults, this method seems to be suited for the in-
vestigation of several features of etreamflow 
regime, not to be or not as rapidly to be achiev-
ed by other means. But in order to arrive to an 
exact physical interpretation of the results, a 
number of methdological and computational pro-
blems still have to be cleared. 
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Figures 

Fig. 1 Data to interprete and calculate the en-
tropy of systems of events. 

Fig. 2 An example for the interpretation and 
calculation of entropy in the case of a 
large amount of data. 

Fig. 3 The change of the value of entropy in funo-
tion of interval-unite. 

Fig. 4 The change of information values in func-

tion of interval-units. 

Fig. 5 Examples for the graphical comparison of 

information yielded by forecasting rela-

tions (1955-58). 

Fig. 6 Evaluation of information yielded by fore-

casting relations based upon ordinate dif-

ferences of distribution curves (1966-67). 

Fig. 7 The change of correlation faCtors of river 
stage changes as a function of time lag. 

Fig. 8 The change of correlation factors of river 
stage changes along the river. 
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CBH3b roAmoro CTOKA PEK CCCP C ATMOCI.EPHO2 
1414PKYARIIMEll 

B.A. AWICKHHA 

rocyAapcTBeliHun rRAPDXOrRtleCKRa RHCTRTyT, 
CCCP 

Peenue 

B nacTommeu AmnaAe Aeitaemcm nonmTma yeT0H0B-

zemmit npmumn H8AH41:R B mnoroAeTnem xo.ne soAtiocTm, 

cmmxponnocTm m accmmxpommocTm OTHX ores B pasxmunmx 

reorpegmuecxmx panomax, xspaxTepa msuenenme mx BO 

epemenm, 1303AH4HOn npeAoAmmTexi.HocTn tan,, ma acne-
Be yoTaneenerium CBREIN C Tmnamm aTmoccleptiog nmpxy-

xxamm ( W/ C, E no r.R.Banremretimy). 

PaccmoTpemmam CBR81. BOAHOCT% pex CCCP c yxa - 

BIBMHBIMM TIIN0M14 aTmoccpepHog BHpKyARIOSH MOXeT czy-

OCHOBUA Ann clomoaoro Aoarocpeumoro H ceepx - 

A0Arocponnero nporHoaa BOABOCTH peK npm yeTaHonne-

nee BOOMOXHOCTS1 npeAcxasaHmm macTynnemmx nepmoAoe 

C anouambrimu pasnmTmem nponeccce yxasannwx TN00B. 

Maygenme mmoroAeTinix moile6ammg cToxa pex CCCP 

RBRReTCR °Anon Na eannegmmx npo6neu rmAponormm 

ycnoemmx cospemeunoro HMTeHCHBHOTO pB3BMTHR nap0A-

nOro xesiaticTea. 

OAAcmco B macTommee epees oTa npoftema ocTeeT-

ca eiie me pememmon: ne nexpmTm npmummm tpopMHpoBa-

HHR  C panAmumon BOAHOCTE:10, H, ncAeAcTeme 

3Toro, ne yeTamonAenm npmHumnmanblime oco6eHHocTm 

cPopumponaiimm paannummx COOTHOWBHPin eopiocTm B pas-

Amunmx reorpaq,muecxmx panonax C Teuemmem epemeHm. 

061.mcmmeTcm OTO, C OAH04 cTocomm, Teu,uTo mc-

CAeA0Ba9me xonetammg cToxa mueAm, rneemmm 

permonaALnwg xapexTep, a c Apyrog - B mmx 

neeemix yAeAammg Bee meyueema 

uncroxenuimx RoAcCammg BOAHOCTH M DIX CBREIH 

Oarimmun xAmmaTmuecEmx IraxTopoe. OcHoenoe 

YAeARAOCE.: mccneAopanmm eepomnuimx eanmumn 

o6pasom, 

6mA °tient, 

npmumm 

c Hone-

BHMMEIHite 

moite6a - 

HHGr CTOKe, BWRBALPMW UHKAOH, MX HOBTOpHeMOCTHHupo -

A0AIEBTeAbmocrm, smmanenmw patience cmmxponnmx 

acmmxponnmx Uone6eHm4. Bpm sTou, Ham nparmAo, HO-

Summary 

In this paper an attempt has been made to 
establish in the perennial course of water move-
ment the causes of synchronization and asynchro-
nisation existence of these phases in different 
geographical regions, the character of their 
changes in the course of time, different prolon-
ged phases on the basis of established connec - 
tion with the types of atmospheric circulation 
('Y, C, E, towards G. J. Vangenhelm). 

The considered connection of water in the 
taa rivers with forementioned Vices of atmosphe-

ric circulation may be used as a basis for ele-
mentary long-term and super long-term forecasts 

of river water if the probable forecast of 

coming of the period with anomalOus development 

of forementioned types is established. 

nonLapeaxmcb vravicTmmecxxe cnoco6m mcczeAosaHms. 

Anm pemenmm npo6Aemm 6onee nepcnexTmnmwnpas-

cmaanmeTcm mcnonasoeamme CBR3H cToxa c Apyrmum re-

ocimomuecxmlim ctaxTopamm, B MeCTHOCTH C TeMH, noA 

AeticTemem xoTopmx on cpopmmpyeTcm H AAR KOTOPMX He-

BeCTHM saxonomepHocTe pacmpeAanenmm no Teppwropmm 

H no npememm. CuenmAmo, 4T0 K TeKHM 4exTopam npez-

Ae Beer° nynmo oTHecTm aTmoccpepnym nmpxyAanmio, 

moTopon comaamm cooTeeTcTeymmne pacnpeAexemmx ue-

Teopcmormyecxmx memeliToe. 

nOHMTKH yoTanoexenms cemsm noAmocTm peK C BT-

MOC4BPHC1 Umpxyzmamen Aenanmcb pmAou awropon.0Ama-

xo KX mccneAceanvm mmanm, B OCHOBHOM, permonanbevA 

xa:axTep, m Tomy we quismuecicam ocHona CBRBH cToRa 

C umpxyzmumeg B HHx 004TH He paccmaTpmeaxaca.Kpome 

TOT° HexoTopme 8BTOpM npm aHanmse maTepmaAa 120Ab-

8oBazilcb meToAom exoniommero ocpeAmeHmm BO Aecirrm-

AeTmmu, MTO npmnoAnno HepeAmo K Hesepnouy npeAcTa-

BAeHMO 06 PCTHHHOM xapaxTepe nmpxyAmilmm B TOT MJIH 

HHOR oTpesox epemenm. ECTeCTBeHHO, 4TO npm TBKOM 

123 



•xigH80Y HHHeatrad00 n0HhHY 

- xdu m m000mwahodu oomVeoo xmodecpoonoa zo med 

8210/0 gzoonmomaes VeN0ehxzeWOJ Olh 1114114110 'XBUXJ, 

XX10 ado d000 med moot:11=a o emmersezoVedu game 

_ ez000 ommon a ,0 ,A4xlitupsa xdu a000 kxdoomddez 

am aoMMapo xnmdetDoonza x uzoottqweomelt tOHOOMIM 

- ormmathimit x -omt ummereVaduond eaottoo eH 

*parmg gmmoSatay HUH:THH A BeHHanUX 

-You wed amopod a ozoen zoom! uhoa MHOC30 ooe Oa 

sonh000 HHIren0He yomgraoehmdzo Jab° goaol enodH

.mdxgx0 HOHVEuee 4108h oitragrOg H (a4Ha00 - eVell 

-ea -0,1m 40011088 WYeave-odeepo oaampad)1 19014H0hoiltX 

-ox ee) 0y2 otos aaMotaamovaxo 'mzoorgo pomdxmgo ex 

eoWir000 omamcDah zaeamraorotgo ooc -mdmgm0 yomheu 

-ye yommeomou powtot H 0Is Itua H/00H4vesuar HOX0eh 

- xmommweimzus amomaeod omdalmodox a emu. Intl 
•Erwilfrioo wthuclierf 

°Loan zeanx wroa mmoeao eoa oe d000 amozoom-013 

BH emxsz e '013 arteuee-odeaao taH *minim NOHIMUee 

aHHBOrOu 00adea30 H xeHollud XM8h0.1,00G 8 a0X 
-Ve00 AOIRcleH H m44110140 110HIreuee H nya WIL08h Kam 

-grOp 1YP8 exRheoa ammareeY timmortomn pomgralutimdzo 

ext8eodmnd0 oxecueo mmmmehanzo 0 00/a moped emu 

.Mroeue-odeeeo x anaffeuee mohawma 'muodaa mut' Rode/ 

-modem l000ttcrwaiaraY memoehmmorwtattizmy 'moloom-odes 

-e° em (pedon oaottneeaWFd0 H oaomdah aomoped Co) 

minnee - oaa o woloteManadau mmormmt nahmdu 'ocidmg 

-143 Z°H"Ilue xoLa agIosh Uoliholoog Yull 010311 /a 
- eloonurextrair W8X0OhHH0MA8 0 ammo xdu 'x191 'Kw 

-nee nzoommdemou R aomh000 ezpitsuliatr x eA/M0ex HOe 

x mzoomgmezmair u0x3ahHH0rxx8H/He H moe mat 

- oexhomor amhttweod omremeo nah 3 immoo xmoda(Dooti 

-od.L 8Hgx0w x yemgada HxneexIcemow 11087011-080814/0du 

a mozeehahmee amhitreed -yogoo Swman nmhxreed ow 

-'1wealimammdu numz HOC °mown%) •00nn xnmmRheow wan 

-po 1'0mir8a0=Hdon mosammazoamSoo xmdozom aneaomo 

'KW/Commune yomgwog mhos xmodemomnozo omomscod moze 

- Elfoiltgua mda4=uods eIm1ozeam0xeumz mdu 

.eumz nommult mdtutieamaa 

-owmmtazme nammumze Voa mmninamditn poxm000Sn nemm 

-ewgeroo mozemmom%go Ozh '01411000 H mazer ommeg000 

4 aomVsoo OasOanHWON e0aHaxXHOU Yolarih07:/0 (01e11 

so Sdeaco x A dRnv-d Hya008g) al01 mexopod XMHhOl 
-302-oaot g *eomIeoo ominupett °zoom zeanx 'eeameaow 

-xxnmsnizi maXHeI8V00Bdu 3 Heas0 a 'xemoped xmlrlero 

-ou xmze a !PH8/0x8CBM H HdX0H0 EUYVVUee HIV3M0;ied 

araqUxm Irnm m000teanaeed emdozox 'aomormatmome mmd 

ou palon oaomodnN x ettaamedeg somoaed ex 

wommmasnenaddu gmomommmn 2 oxRtreoti 00Bn xmmmemzer 

-fa omodox lento nammemuSzoott 3 ommemeo oze *Omit.

-mg 'Axakisay WUHLHH H mommeneXWou wed mmpaopeg) 

mdmgm0 xn80;783 xmivirmdaxeri a mozarhenoo 'anode 

mouser a yrammomudna omodox eahopmcm 'eomwoos BA 

-ongem dello yodoxe ,H/00HHOneHH pomopmtmemmdu xxd 

-oznddez 8H 08aa0000 'MndOK eXHH 20M2'800 OalOehHIC 

-0X maXeMOUed xmliza g mnewopod mnmmgredzwet 

mnramdeaao 1Ye8 aomr000 xmodal,00nzo oaooeharom 

yondow 3 ammemaedo ou cuommemmeou 8J8h0 WAHOTOWOU 

-oadmozeehanzotimAreoa 338H xmmoahmzmorze xmuzera 

J.HaNHSHOX ea 71000ana 3 merstio g *ouzo 0101a aoppan 

.codummmaxedmoo woamhxozot ado mdmgm0 xnemoped mwnm 

-datiao x wilovh vamqvog £18H exAVeca wittlauself 

mmrenoma pomgrezenndlo wmmeaolmndo$ cmaemao roue 

0 'wmdemSwou oaomdaaao mooeh pomnmeedae-ommzmer 

-le 831100 oaomitedowS xezodmm xnxzet a - aomormma 

-mome'xmmdeaeo a - aomorxma :pmmeaceedgo xmmoahmd 

-eg x nazoxo xmliqrsomodeD mozooa ex PhoueO 3 ammem. 

- ens eodzong omdezmodex mwmae mzoommdeaou R Alau 

-mz 1114f eammattedmoo - xmaSda• a 'patron ememe UHan0 

zmVomomodu xemopod xmmuSdx xtimao a nahxda 'pewou 

xmmoehmdegondax emyodzoadau omhomomodu vimaRJV SUN/ 

0.10;1170 emano mdu *H48/0014Hag000 1411X060 mozaSemdao 

-modem auuz nohmem xdu ao0ffeo3 A exSYeoa mdSzedea 

-naz'mumareeY ammahatteduwij "aA8801000 aottgremomir 

-mden as - a x 0 mumz qgle.Doonze ammmoz000 aoxgrem 

-oe zeSemdazmodex Aiumo 'ffoorahawzo 31IV 

•(poaartgodog 

'tvg),/010 mmdoomddaz em eomWoo° xmmdetoonze m (non 

-ilealloamelvH•j) xxdomSwou nomdaaao 8H exAlreoa mdSz 

-edounaz H mmmawasIr pmwonoma ummomoYadtmed 01080U 

-X/ modem MaghRWOu a .3 . Ma0uAI Erkle ogm 'multdoz 

-mddez xmarrrog ex ommanadaomtro mIoaou H mmiturSmdma 

RidaheNHaerd .1/a1YNs q100HROna08 Zaelf eHO Oxh 

o °Reams° onxesmaameg a000ehodit xmmoahmzuommo 

amtexmlmooehm siren pommeeemS emit ammeeoeamouom 

.mmanada oa xxia 

- utamdat pomdarlioonzy amottaeed aomandeduam zaeamwa 

-oroSgo xndozom ammemotadah '(eanda. so aSdY moan= 

-aohmhzo oxgromumammda) a '0 ' MaunmwSmdmit p0ltdo41 

- oonxe (mweado(D) mneumz snarl/ 3 mad sm000 oaoaoh 

-OSmemaomxmaraomaxoS 0001433 BH eeD m000mawaommwoV 

-oda yotthmweed (mmanada oe xm 4K89Henevi edazmedex 

'metioyod xmmoahxDodaoaa xrtmhmweed a MI, maze 210 

-ommodxmmoo m mzoommodmmuo 'Col) xmohmmeed ea mzoom 

-Woo 8ttOX namoamoaoxii a wiihmmax mishmdu ummehaomaz 

-oS emznuou 11312811.011 HMHBa01faM03A naMmozosm a 

.mmturAmdan mmtacJemo xmitgromomirmden a000anodu 

mzooneudozeou mmosgewom q/BaKIHhE em mectraa smozo 

ymmegewom xxmzeroaomn azoommodxwmoe x Hs00MMOdXWH3 

mmmemomsgomdu 0/h 'omVmetah0 .mozo erased 

emoz wedozom .(a H 0 m000anodu norm) °maim 
aAraammaaz000 camgramomMuden ew qoorliVox::Itt 

anode( eowswelo0 .mmeneda aoomettodu a with sass 

- mottexo Z96L-1.691. Votideu a umummSadmt monawr 

-881000 memsremoe 0.1,11 'AtAa a qoanx oatatoxgoem Rai 

3 040eXa 'ezeogrSead 01040 q/00HX82 aBaM.LahA 

o(Snpaameatteg oa mama) 

mxturSmdmn xowdetoonza yeaymeez000 (yomitsuee) pom 

-qrawomm000neudooaott ezahS 3201./00 ex eX043 ymmagar 

-ON xmmwodxwitoe m xmmwodxwmo nwmhodu ummamousgo ex 

-oration mozaareY m mumdoomddez X14I41100 ex mdotoonze 

yeanmwSmdmn 3 8x0/0 140800 emmampogo eodozoxem maze 

-911r rd L960 eummitromqvj ezoped a gloat/. -czoommodx 

-111438 m ‘zoommodxxmo - amozo ymmegerom xmmzeroaomm 

msoommag000 gommomsgo m yomattwSmdma yomdOoonoe 

• amozo memeo a000 mmdozmddez ou exuaretteduoad mzo 
-owdenomomes emMgo gommomeaoS ornp owt'Sdo eitotteoli 



4VamTkqecmou lacmpeAemenxe scAnocTm pem npk 8-

ROMBAbHOM paaskTxv TmnoaW,C,E OAHOKO K npeAnona-

raeuouy. AAR ero yeTBHOBA8HMR ma pRAa A8T 1921-960 

6mxm nu6panm rogu (c noR6pR npegmecTnymmero no ox-

TR6ph Temyworo) C normrenHog norTopneuocTbm npo-
neacon cooTneTcTecnxo TxpoaW C,E if no oTodpannwm 

rpynnau ReT (a maxrog °Kozo 10 nal.) noxygenm 

awe xapamTepxoTmmx BoAnocTx pem. 3RetleHHA CTOK8 no 
rpynnau xapaxTepmaymTcR anagmTenbnog oAropoAnocTLm. 

OAHBRO He (Amer.! tone noammennoro RAH nonmmeHnoro 

CTOKB, mapamTepnoro AAR maxAog rpynnu AeT STOPPLE): 
mnom pagone, acTleuamTcR peamo opmxgammmecR oxeye-

MIA C npoTmaonononbm anamou anomaAmm. 3Tx snage-

1HA HMepT 

nmx pexax 

axgkmomy, 

npomeccon 

mecTo, mom nparmso, B psalm° roAmna paa-

oAnoro n Toro re pagona, uTo caRoano,no-

c AOMe.lbHb2SPI OCOneHHOCTRMH cxmonTxmecmmx 

H nororu. 

BCAeZCTBMe ECAHLIHR ream() oTArnammxxcR enrage-

mmg cToma cpegnme rpynnonme ero aenmgmnu omaomea-
AMCb me acerAa nOK838TeAbHMMV 

BOAHOCTH npx cooTaeTcTaymmeg anomanmm urpxynanrm . 

LooTomy Ang xapampeprcTimm BOAHOCTH no oToOpannmu 

rpynnam neT 6unx rocTpoenm mapTm noaTopReuocTm no-

smmennoro (K > 1) k nonvneuvoro (K ( 1) croxa.Aaa-

Jima mx npelcAe lacer() nomaameaeT cooTaeTcTaxe tlamTm-

necKoro pecnperenenxm BOAHOCTH c npeAnonaraemmuoar 

Topoe MOXHO npeAcTaaviTI, ceOe ma ocnose paccmoTpen-
nor° nmue pacnpegenenxR ammac- H eHTMRHKAOHHMeCROg 

.7eRTenbmocTm x anomanmg ocaAmon npm Txnax W,C, E. 

Ten, DIM BROMR.AbHOM paaaxTmx Txnal4 mueeT macro 

nosmwennaR BOAHOCTb pem 6ox6weg nacTm ETC, npemuy-

mecTaenno ee cenel.nux x canaAmmx pagonos ( Hpid6an-

THKa, HeRopyccR). BepORTHOCTb Taxcro mapamTepa 

agect, npenmraeT 90 nponenToa. K my m no-

CTOKy OT ymaaannog TeppkTopmm BepORTHOCTb nOBMWeH-

HOg BOAHOCTH yz4enLmaeTcR. HonumennaR BOAHOCTb xa-

pamTepna Taime AnR ceaei:'nmx (pp.Hopmnr.cmaR,Onenem) 

H ReHTp8ALHMX (pp.Exxmg, Kxpenra, bmTmm, Irmxma,Le-

ma) pagonoa CmOmpr. 

Ha Gonbmeg tinCTH 10WHOg UNGPIpM, 8 Taxne 118 

mpagnem mro-aocTome CCeP oTmeqaeTcR nonmaeeneR 

BOAHOCTb. 

ripm noamuennok notyropReuocTx Tmna E pemx Beek* 

ETC x npmummammxx pat onoa 3anaAmo7t Cx6xpx mapamme-

PM3yK/TCR nOHH1CehHO1:- BOAHOCTbW. BepORTHOCTb °Toro B 

pagone Ypana m k mnerammxx 6accegn0ng AocTxraeT 100 

npoaenToa. (Dopmxponanxe nonxwennott BoAmocTx xapax-

Tepno TPIKEe AAR pex 6accegna cpeAnero Tegenza Xenu 

(P=70-80 npcmenTou). HoommennaR aoAnocTi. npm OTOM 

Tkne mueeT mecTo ma pexax ceaepnmx pagonoa 3anaA-

HOg CmOxpm, B aepxoabRx JleHbi, Kmpenrx, a Tecate ma 

pexax Oaccenna nk)i.nero TenenmR p.AMyp. 

Hpx Tune. C a.cesopmmx m aanaAmmx pagonax ETC 

xueeT mecTo cpopumpomanme nORPIXeHHOg BoAnOcTx (Bepo-

RTHOCT1, 60Aee BO nponemTom), a B Mr0-B0CTOMH0g qa-

CTH ETC H B 3anaAnog CimOmpm - B peg0He MHTORCHBROg 

RHRAORHMeCKOR 'AeRTeALHOCTM a Me6MTKEI BTMOC(DepHMIX 

OCBXROB C BepORTHOCTLE 60Aee 90 npoaenTos oue-

geeTcR ncammennaR BOAHOCTb. HommiennaRBognocTbOT-

uevaeTca a pagone xpagnero mro-aocToma CCCP. 

BOAHOCTH 

AAR xapaxTepticTmmm 

125 

ha paccucTpennoro emeAyeT, MTO xaxAmd ran al.-

mocclapmoa nmpxyxammm, B COOTB8TCTBHM C ero =MUM-

geCKMUM H nOr0AHUMM yCAOBHRMH, xapamTepmeyeTcm 

CBOACTBeHHMM TORbK0 eL:y pacnpeAezenmemBoArocTm peK 

MB TeppmTopmm CCCP. Rpm 3T0M, nocxoxbxy THROB nmp-

KYAH4Hm TPa, a no Ann, TO 1186.111oMMOTCRpaeApopmme CO-

geTLIHMR BOAHOCTH B pBOAINHWX reorpaqvgecxmx pago - 

Hax. Tax, HM3KEIR BoAmocT, pex aanagnog nonormnm 

TeppMTopliu 3anagmo3 Cx6xpx opmxpyeTcR npmanouanly-

HOU paemmTmm Tznom W M E, a BMCCHBR BOAnocTb-npm 

anomanbnou paammTmn Tmna C. PeRR BOCTORHOg nononm-

nil 3anaAgog CmOmpm xapamTepmsymTcR nommmennon Bag-

nOCTIO0 TOAbK0 npm Tune W , a npm Tune E, max m npm 

Tune C, AAR HRX xapamTepna nosmmennaR BoAnocTb.Ca-

oTeeTcTsymmme cogeTanma BOAHOCTH mmenT mecTo 

Apyrmx pattonax CCCP. 

Haompae paccuoTpennoro MORRO noAoftTx K yeTa-

noamenmn npmgxm BMREIXeHHR H8 TeppmTopmx CCCP son C 

CHHXpOHHMUR H acmaxponnuax monetalusRum aoAnocTx N 

oftRenenmm pRAa Apyrxx 0C068HHOCTeg unorozeTnxxxo-

zeOanmg roaoaoro cToma pex. npKUHROg BBIRBAeLIVR na 

TeppmTopmm CCCP mom c cmmxpommmmm moxedammaum BOA-

HOCTM anyTpm marAon 118 MIX H C FICHHXpOHHUMPI Roza-

6aHMRMM B °Agog sone no cpannenmm c gpyron RBAReT-

OR nanmume B mmoroxeTmeu xo,me aTrocl.ennon umpmpul-

Uxx nepxoAoa (6onee mnx mance AgmTenLnmx) c an° - 

maZIAMM PaammTmem mamoro nie50 oAnoro (xxxAsyx) TR-

na umpxyxmnmu. KaK oTmetLeno amre, xamAcmy 113 Tpex 

Tmnoa caoncTsenna CBOR 6onee m.711 meHee onpeAexem 

HaM A01(..LA1:331111R conpamennmx norel nkmno- r anTmgr-

xxonwTecmcg AeRTerLnocTx anomazmn ocaAmoona Tep-

pmTopum C6p3TH8R RO 3HaRy B mpynnmx pagonax. 

B 3TIIX pagonax npm nepeAcnaHmm nepmogon c noammer-

HOR noaTopRemccTLn npomeccou Trna W C,E s MH01-0-

xermem xoAe nmpmyliRnmm coogamTcR onTxmanbnme coge-

TaHMA noroAnmx BoaAegcTamg Ha CTolt, moTopme It o6y-

C.710134X1DaMT yKauaanyw 38x0Home:'HocTa ero mnoreneT - 

num mone6am114:. BHyTp} mamgog 6onee mnm menee 06-

111mpnog 06nacTm, moTopaR oxaaTmeaeT 6ap1qecmmm n0-

gem ognoro anama npx °AMOR TM112 RRpKyARXXX X 

TOpOg npOPTCX0ApiT cmena onama nonn npm cmene Tmna, 

coaAamTcR ycnoamR AXA eMHXpOHHOCTM monc5anug a0A-

nocTx. B 06A3CTRX, oxsansmaaew.mx conpRvennmmx ROAR-

Mx axiom- x amTmummnonmmecmoro anama npl: cmeme ()A-

mor° Tmna nmpmynliamm Apyrmm mone68nma cToma omaom-

samTeR acmmxponnumm. npm OTOM acmmxponnocTB ampa-

menu namOonee neTmo mezAy Tei4m pexamm cmeznmx 06- 

genTnog EseponTnocTm cmenm 3HaKa 6aprgecmoro
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:1)x

- AacTeg, 6accegnm moTcpmx H8X0ARTCR B 30HBX 

npr cuene T3n00 umpxyzaumx. OTR 3CHW OHB4MTeAbHO 

YA,:AeHM APYr OT gPyra acneAcTare oftxpnocTm TcPPm-

Topmg,oxaaTmsaeumx conpamennmux nonaux.DTmu on,Rc-

HReTCR ommeennwg mnorxmm mccneAcsaTennmx cliamT na-

AMWIR namOonbweg EICHHXpOHHOCTR B moxe6ammmx cToma 

pex, amatimmexLmo yaneeuluix Apyr OT Apyra. 

exaaammoe mommo mmAarb, ecru nponecrM xpomo - 

xormtlecxoe conocTamaemme moAxocTm pex CCCP C Tmna-

MM C,E. Ilpeixte acero meo6xoAxuo OTMeTMTb, qTo B 

ofteu mnoromeTneu moAe aoAnocTx maxgog pemx amAe - 

zinoTcR npoAonnxTezbame nepxogm nonmmennwx it nonx-

B MO-



xemmux ee axamemmn. Umm o6mapymemu nocpcageTmom ama-

Altair paamocTmmx (K-1) MHTerpaBLHNX XIDHBWX CTOX.6. 

noA nepmogom nommmemmon (nommxemmon) mogmocTx no-

BmmaeTcm oTpeaoK Bcememm, B Tememme moToporo npeo6 

roger? (B 70-80 nrogemTax meT) rogu c norommTerb-

!MUM (oTpmgaTeAbmbum) 61464eHMAYM paamocTm K-1.110A-
TmepsAemmem upaBlubmocTx Bugezemmm nepmogom K BO-

ofte peaAsHocTm MX CyMeCTBOBBHMH ABZROTCA cpegrims 

no xamgomy nepxouy amamemmm mogyrummx moaMmgmen - 

ToB romoBoro cTosca: ea nepmogm noramemmon BogsocTm 

K > 1, 110HHE6HH011 BogmocTm - K . 1. Ilepmogu nom" - 

xemmon m 60BM1ieHHO14 BommocTm cooTmeTcTByrTnepiegam 

6HOUBLUS40r0 paasmTmm Tmnom gmpxyrmgmm ,C,E.Oco-

6emmocTm mmoromeTmmx more6ammn BognocTm pex x xx 

8E.',HCMMOCTH OT mome6ammg allsocopepHog gmpxyAmgmmnpo-

aremmmamcm Ha npEuepe pex ceeepo-aanaAson noromm-

mu ETC M 3anagHog CmOmpm. B 20-e rogm m B HatiaA0 

30-x rogom pexm nepBon ma ymaaammmx TeppmTopmnxa-

paxTepmeoriammcb norsbulemmog BOAHOCTLP, a BTopon - 

nommzemmon BOAHOCTLE. 3To 6mmo cBmaamo C amomarb

mmu poammTmem B ymiaeiHRwe rcAl gmmumumm UTU000-

pm Tana W . C Hamara 30-x rogoB m go 1940 r. 6mmm 

amomaAbno paoexTm npogeccm Tmna'E. C Hamama mmTem-

cm(Irmagmm *Toro Tyne noAHocT:, pex ceaepo- eanuAxon 

nolionxxm ETC 1.1848.3b ytweaTh x BBAOTL AO 1940 r.X9-

pawrepv3ocanacb BR3XEU 410606. Te6Hm oOpaaom, cmeHa 

nopxoAa aanaAxon MxpkyAxnxv nepmogou 
nocTotinxnamp-

xynxxxx o6ycAoamAa B AaHmom 
panone cmexy (Daam BOA-

BOCTH: C nmcoxon He nmaxylo. 
Aural' xapTxna B x0Ae 

aoAxocTx npm Aaxmom 
npeonpaaosaxxx 1.11,1pXydRUKH OT-

metaaeTcri ma pexax 3anagmon 
CmOmpm. 3mecb C xacTyn-

Aemmem nepxoAa aHomaA.bxoro paammTmm Tina 
E nocme 

mina tot npogommaraCb Oaa HY6K0g BOAHOCTB. 3TOT 'tar 

paxTep noAgocTx aAech 
yAepxxxaAcx AO nacmynAe H H A 

nepxoAa amomaAbHorc paonxTxx Txna 
C, moTopmg ma-

r. x npoAoAxaAcx Ao 1948-1949 rr. C 

ero ma pexax 3anaAxon Cx6xpx npoxsow-

IT:.131,1 BOAHOCTB: C mmamog HO nmcoxyro. 

naAcA c 1941

macTynAenxem 

AO xamexemme 

BmecTe C Tea H8 pexax cenepo-aanaAx00 170A0BH-

rim ETC cmemm 
xapaxTepa noAxocTx npxHacTynzexxx ne-

pX0Ae c UmpxyAmgmeg 
Pismo C He npomaommo, BOAHOCTL 

ocTamamacb noxxxexxon BOAOTI. AO axTxameanxx cnoma 

aanagsoro Tmne (1949-1950 rr.). B 3To npeum npom-

aomma =elle oHaxa BoAxocTx 
B oftmx paccuaTpmeaemmx 

pagomax: B nepaom noxxxemmax BOAHOCTb cuemmmacb 
no-

Bunemmon, B Apyrom - xao0opoT. 

143 paccmoTpexxoro cAeAyeT, 'TO 
npogoAmmTemb - 

HOCTb lue noAxocTx npexAe 
ecero el:anomie C xapuxTe-

nocaeAonaTeJamocTx nepx0Aon anomaxLmoro paanx" 

THOOB ,C,E. IIpH ABHHOR nocmegonaTembmocTm 

Umpxymmgmm, mmeBmeg mecTo B 
mccneAyemom pixy AeT, 

taaa nommmemmon noAxocTx 
pex Cemepo- aanagson noro-

Brotm ETC, moTopen Hanaracb npm 
cmeme nepmoga Tmna 

W nepnolOM Tmna E m coxpammAacb npm macTynAemmm 

nepmoga C, npogonrazach 
npmmepxo 15-17 AeT. Hpo-

A0AmmTerbmocTb taaw nosbmemmon BogoocTm pex 3enmA-

HON Cmompm,Hamammencm npm cmeme 
nepmoga Tmna E ne-

pmogom Tmna C m aamommmEmencm C mamarom 
axTmemma - 

Umm Tmna Mt, COCTOEXACT 
npmmepHo norommmy nepmogs 

pone 

THR 

uommyemmon mommocTm per cemepo- eanaxxoN macTm ETC 

(8-9 ace?). BmecTs c Tem mamammgcm aaTem nopmog 

nommmemmon sommocTx B OTOm pagame mnommmemmon BOA-

BOCTRI B panoxe 3anagmoN CmOmpm, coxpammammncm go 

1960-1962 rr., mapaxTepmayeTcm npmmepHo ogmmaxo -

Bon npogommmTerbmocTlo. CooTmeTcTeyrimme cooTnome-

mmm npogommmTembmocTm 4Iaa BommocTx, no memee meT-

xxe, ormemarTcm npm mammo u npeo6p a -

C olanx is venom gmpxyAmgmmxagpyrmx pan') -

max CCCP. Ma paccmoTpemmoro omeammno, QT0 npmppy-

rmx npeo6paaommmmmx umpxymmumm mapaxTep mome6ammn 

BOAMOCTX K npogoAmmTembmocTb ee (tea 6M.36 6ummmum 

Arne, eCTeCTBEIBHO, qT0 npogommmTeABmocTi. (paa ea-

smcmT x OT caioI npogoammTembmocTm nepmogox amo-

marbmoro paammTmm Tmnom W ,C,E, moTopam B umoro-

AeTneM xoge me scerga OAMMAKOB6. 00r.II6C.6011.Arlip-

cy, B paAe 11T c 1891 r. cued mecTo nepmog c amo-

mambmbag paammTmem Tmna W , npogommasinmgcm 28-29 
aeT (npmmepHo c 1900 no 1928-1929 rr.). 3To o6cTo-

ATeAbCTBO mixocumo cprecTmemmoe mapymemme B ogemmy 

npogoArmTeAbmocTm clm,a u UHICAOB BognocTm, eCdH MC-

CA0A0BEIHMH QMXXOB npoaoAxAmci. H8 px,ne AeTolattxxast 

C XOBIA9 XIX cromemma. 

PaccuoTpemmme cooTmomemmn npogommmTembc ::::: 

189 BOAHOCTH MX CBRBM C npe06paooaaxxnux Txnon 

W ,C,E mnoroAeTxem X0A6 B AOCTeTommON 

xmArcTpmpym npxpom cmmxpommocTm m 6CMHXIDEE 

mmoromeTmmx more6ammn mommocTm_ a mx, =re 

mmn ommx mmmemmn BO npememm. T 

ma pexax cemepo-aanagmon nonoaxxm ETC, aTaxxe Bo-
CTOMHOM Cm6mpm He comnagaloT C taoamx xoAHocTx Ha 
pexax 3 anagmon Cm6mpm x npmmerammx x meg moemaq-

mmx pagomoB ETC m Ypama. qatile ommettaeTcx o6paTmoe 

coommomemme mommocTm. 3To H oTpazaeTcx ompmgaTemb-

mmum amamemmmum moaopimmutemTom xoppemmgmm cToma peg 

ogmmx m APY rmx pagomom, xoTopme npxxxTm B xamecT-

Be noxaaaTexen acxxxpoxxocTx umoromeTmmx mome6a-

HMg CTOKB. OAHBKO M3B6CTHO, 4TO 3H640HMH ompmga - 

TeAbHMX X03(146gMCHTOB xoppeAxtudx, K8K npammo,omemb 

me6orbmme. 3TO CBR36/40 C TeM, 4T0 03W BOAHOCTM, 

paaAmmmme no amamy B ogmmx panoxax no cpammemmr 

Apyrmum panommum, me eepxonbmo npoTmmonomormm (Bo 

spememm), a AMME. CABMHyTM OTHOCIIT6ALHO ApyrApyra. 

BeneAcTaxe eioro B6mmam rpammg ymaaammme CO-

OTHOMeHBR BCHHXpOHHOCTM mapywammcn; B DTM r0Ampe-

KM ncex panomom moryT xapaxTepmaomaTbcm ogmmaxo -

BON BOAMOCT100. Eomee Toro, 73 umoromemmeuxoge BOA-

HOCTM BcppemarTcm nepmogm, B Tel/clime xoTopmx BOA-

NoCTb pex mapavrepmayeTcm ommmm 3H81(06 ma orpom-

mon TeppmTopmm, max, manpmmep, B nepmog 1934- 1940

rr., morga momocTu pex 

pm 011C63MB6A8Cb 

6mmo camsamo C 

na gmpmyrmgmm. 

acmmxpommocTm, 

M cBoncTmemmos 

meek ETC x 3auagmon Cm6m-

mmaxok. Kam oTuemeroch Biome, 3TO 

EIHOMBABHMM paospiTmem BOCTOT-LHOr0 TIf 

OTmelleHHoe oamamaeT, VTO 6BABHM6 

yoTaxonmennoe xoppermgmommbrm nyTem 

B cpegmem maxouy-To porgy .66T, 

pearbmom mmoromeTmem DOM eoxxocTx matInioAaeTcA me 

',cargo. 3Touy ABAeHMM csoncTnexa npepmax C-

?OCT!. BO Bpememm. Kpoue Toro, gie nero xapax-
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Tepna umrpaumii no ToppmTopmm c Teliemmeu npeuemm: 

nepleoAm mcgeamoseRma acmaxponmocTx moze6aEmn cToma 

pax meaorly 

monetammn 

no nmAeTE, 

oAmmum panoEaum noeminmaeT acmExpommocTb 

cToma pax ucimAy Apyrmum pationaux 3To Moab-

na npmmape CO0THom8nBti BOAHOCTx pax 3a-

naAmoA m BocTOtia0 CmOmpm s nepmoA 1934-1940 rr., 

morAA, max opueqemo ammo, muezo uecTo mapymemme 

8CMHXpOMHOCT14 moze6ammA cToma pox 3anaAmoli CmOmpm 

m cenepo-aanaAtiott noAo3mEm ETC, B oToT nepmoA BoA-

HOCTJ. pets BOCT0qH0:1 CVAMPH C pp. Bmploca, LAmm,Bx-

Ana, HmpaEra m A..) oxaaarlmob nonmmemmoA. lipm Ha-

B nocAaAytowce BIDOMR HONOTOpOr0 nepmoAa C BO-

B;TROHHOn BOZHOCTbn OTxX pax m nonmmemmog BOAHOCTI.V 

pox 3anaAHon Cm6mpx C OTmegOHHMU OKaaaZHCI, Caii2an-

Hmmli oTpmuaTeAbEb:c amaqemma moacpTmumemTa morTeza -

111.1H npm xoppeAmponuEmm cToxapemyxaaammbix panomom. 

3 a K A PO ti 6 H V. 0 

1. YOTaHo6.71aBile (1,t3lcira HaaOCTORHOTBa xapagTe-

pMeTztt mmoroneTEmx mozetammn BOAHOCTU pelt, Taxi(' 

K8K CHBXpOHHOOTI. X acmaxpommocTb Y npo=xxxire.14-

110CTi, cl)aa noAxocTx, me HCKJIlocaaT noemounocru npax-

nplecxoro mcnozbsoeartuu Lumzugecicoro xepavrepa xo-

ze0ammti, BOAAOCTX PICAOACTBise Tore, %ITO nepuoAN no-

mamma X nonumemnott BOAHOCTH as oinnem umorozer-

NOM (Doue XBXEWIXBOCTX BB BO epeueuu i no TeppMTo-

pHx  examxTexbnott nponoxxxreJmuo-

CTIE. ontegeHliNt xapaitTep Aoze6ammil sonuocrx npx 

npamTmtlecicou ero mcnozbaonammm Tpe6yeT Oozee exox-

non oprammaanmm CsICTeMN paauememmm xu Teppwropum 

C0CP mapoAmo-X08.fiNCTBEIRIMIX KOmnZaxCOB, OCHOBNBa0-

M0ICX ma yeTancimenamx (PaxTax. 

l'aCCuOTpaHHaR CBR3b nogmocTm pex CCCP c 

Tunaum aTuoc,tepuok laspxyzJinnu W C, EBOXEIT ciy-

xHTb  AAA 4)oxonoro AoRrocpommorc x cnepx-

AozrOcpoqmoro npornoaa noAmocTm pex npu ycpasoaxe-

unm noamoamocTm npeAcmasammm uacTynxexua nepsoAos 

auouaul.umu paaamTmeu npogeccoa yxaslammx TZBOB. 
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MCCXEADBAHME BO3MOILHOCTEg nportiou roxEoro CTOKA 

PEI( C BOALMOk 3ABAArOBPEMEHHOCTLIO 

A.K.AABBIA0BA, r.H.KAAMHZH 

ZEICTMIVT BoAamx npoftem AH CCCP - Momma 

Pesrome 

npmiuminmanbwe nonomeHmn, Ha momopmx 6aampy -

wrest x1o5og nporHoa, ocHosmsarmcM Ha pacnpocmpaHe - 

HHH Ha OyAymee aakoHouepnocPc1 nposisnmatamxcasnpo-

mnom. Upm mayneHmm xapaxmepa uHoronemmmx momegaHmg 

cmoma pea 00Abinog mitmepec npeAcmasnamm sonpocm,csa-
aamHme c smasneHmem aamoHomepnwx imixammecxmx mime-

HeHmg cmoxa H np0A0AZHTeAbHOCTbio 4HKA0B. 

Mime paccmampmsammcH mpm eapmaHma,noasonammme 

Aasamb npeAsapmmunhmym omeHxy sommoomm pex Ha AUM—

TeAbHme xivrepeanm spemeHm. HaynHoe oftcHoaaHmea,rm 

BapHeHTOB Hcx0ALIT H3 npensapmmeabHoro ant:Lulea 

aosmx cmsmros H sm6opa conpHmeHmmx pagonos. 

cl)a—

npo6nema npensmAeHma rmAponormneoxoro pemmua 

ma,maaHa npmsnexana K ce6e slimmaHme ynemmx m 

nsula pa3BHTHe BO mHormx pa6omax. B Hacmoamee 

BOem0EXOCTH EimnmonnmenbHog mexHmxm no3B0JIHKT 

nony-

spemm 

no - 

Hosomy no.mogmm x maynenmx) CA0WHmX monpocon nporHo-

ea COCTORMIR BOARvX pecypcon Semnm. OcHoeog maxoro 

nonxoxta HBAReTex npocmpaHcmsemio-epememmig aHanms 

mamepmanos Hagnmnerimg B rno6ambHom macmma6e,onmpa-

mWHAea, HapaAy c reHemmneckmu axanmaom npomecca 
croxa, Ha memonm mamemammmecxo11 CTaTmCTRKH X Teo-
pp sepoamHocmeg. 11pmHumnmanbHme nonomemin, H8 xo-
Topmx Oaampyemcs Rm6og nporHoa, ocHosmsammca Ha 
pacnpocmpaHeamm Ha 6yAymee samoHomepHocmeg npone-
ARMamixCH B npomnom. C o a omHocamca nepmoAmmecxme 
xone6axma m mone6aHmil, npormunommecH B cloopme pac-
npe.meneHma BepORTHOCTeN BeAHMKH omoma. 

npH mayneHmm xapaxmepa mH0r0AaTHOX xone6aHmg 

CTOKa pex gonbmog pHmepec npencmasnmom sonpocm,c8H-

Ummamnecxxx moue-

HeHmg CToKa R npoxinammeabHoombm mmxnos. Banmnme 

UNKAOB B mameHeHmm BOAHocTH OTAeAbHmx pex KOHCIa-

eamnme c smHsneHmem eaxonomepHmx 

Summary 

The principal situations representing the 
base of various forecasts are founded upon an 
extension of future definite measures appearing 
in the past. In studying the character of peren-
nial swaying of river flow, the most important 

questions are connected to the phenomenon of 

definite cyclical inflow and extension of the 
cycle. 

The three variants are being further investi-

gated, which enable making of previous estimate 

of water quantity during a longer time interval. 

The scientific explanation of those variants is 

based upon previous analysis of moving phases 

and choice of connected zones,. 

TmpyeTcR mHormut mccneAosamersimm (C6opusx,1967r.). 

B same paCome (1968 r.) paccmompeHm memoAM 06Ha-
pymeHma 1jpcJI0B BOAXOCTH K HX KOAHtleCTBeHHOR °Mem-

xm. mm TOXI,K0 KpaTKO KoCHemCH cpaecmsa no-

nyneHHux B Het peeyabTspos, xoTopme JaixamTca oc - 

meemmum meopeTmgecxxmm npennommamps useTosugero 

mcc.leAosamma. 

HposeAelifiesi no mccxemremoR cosoKynHocTm (Sac-

ceRsoe ceeepliero nozymapma cmammommnecxaa Onefixa 

um:twine, nmo Ham60nwaym sepoirmocmb mmemm imam 

npoAonEmmenbHoombm 13 2, 5, 7 H 11 nem. Becbma 
gonmTlimm oxaaancn TOT cliamm, nmo ummamsommoomm ca-

meg paansinHolt npo,noxxxmembHoomm npoHanasmca B APO-

6om pagoHe cesepHoro nonymapma. Hamog-xm60 noxa-

nmeelMim 3THX XKKAOB no meppmmopmm BIARBHTb He ma-

AOCL. B cBABH C 3THm BCTaA sonFoc: H KeKlix xe ma-
pammepmommxax omoma, CBA3aHlimx C XHKAHMHOCTidonp0-

xecCe, Aonmilm npoasnambesi ocotemiocmm illopumposa 

• pemmua pex B paeAligHblx dmaloco-reorpe,uvec - 

KKX 80Hax? TOT cDaKT, UT° KOAeOaHma cyssapsoro ro-

Aosoro CTOK8 pex aemHoro mapa mmemm He60ABwHe OT-
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x.RomeHmm OT mopmm H BmecTe C TEM CTOK Ha 3Ha4mTexs-

max TeppmTopmax KoppeampyeTem mexgy coOoNoacTaBAm-

eT npegnozaraTb, mTo 64agalicoBoe pasHoBecxe a oftem 

pacnpegezeomm croxa gocTmraeTcm, no Beeti sepomTmoc-

TX, 411a3OBLIMM CABMFAMH B pacmpegexemmx BognocTx ma 

OTABXbRMX Teppwropmmx. fta0Bmil CABMT - OTO MHTepBBX 

xpememm, Ha XOTOIDIA BHyTpm ummAa CMeIIIOH maxemmym RAH 

mximmym CToxa pex OTHOCKTBAbH0 Apyr Apyra. 

3manme Taxoro pacmpegenemma mmeeT BazHoe npax-

Txmecxoe amameHme. ECAm Ha ogxxx 6acceNHax6ygyT Ha-

OxmgaTbcm pambme maxopogmma HAM unoromogmba umxam , 

To 2 CoOT2aTCTBmg C creasoablx cAamrox Ha gpyrmx Oac - 

ceNmax omx xacTynamT noaxe. Omemmgmo, nTO maxAomy 

UmmAy cooTaepcmaymm onpeAezerinme amamemmm Oaa H am-

ugmTyg. B cooTBeTeTxxm C aTum ONAH COCTaBxellw mapTra 

pacupegenexmm clmaaoBmx yrAoi AAR 2, 5, 7 x 11-zeTmxx 

AmKAom BogmocTm. 

Mare paccmaTpuBamTcm Tpm mapmamTa, noemoAmmetme 

gaBaTh npegaapmmeAbHym omemmy BogmocTm pex ma gam-

Tezbmme mmTepBagm BpemeHm. Haymmoe oftcHoBamme 3TMX 

mapmamTom mcxoggT ma npegaopmTegiotoro amagmaa 4paeo-

BmX cggmroB 14 Bm6opa conianaeHmmx paRoHoB. 

rielaBbla BapmaHT  ocHOBaM He conocTaBgeHmx peAx-

mmx cpaaolaux yrgoB no oTgeAbmmm.6acceNBam. Taxoe co-

nocTaugeHme noaBoAmeT yeTaxoBmTb pai4oHm, rge mama-

mexmm BogmocTx HB4mHa1OTcH pambme. 
XapaKTepMCTHKH 

CT01ca 14Am cToKo06paavommx cDoxTopon 
ommx pakoHoB Mc-

noxb3yKITcH Kax npegmxTopm, KoTopme c 
aa6AaroBpemeH-

HOCTE.10, paBHas 4:aaoBomy CABmry 
MOZHO mcnogLaoBaTb 

npx eacmeTax CT0x6. Ha 3TOM 
ocuoBanmx CTOK Alo6oro 

143 6acce1HoB 
npeaCTalamTb xax tputumm neTmpex 

nepemexmax. Tax, cpegml4N rogomott 
cTox p.BoArmnooT-

uomeHmn K cToxy pexm RHLOW 
npegcTaBAmeTcm Max (bum-

umm: 

084 (OR 994 I? 99 I ON 9°9 Ze 5490 (i) 

rge mHgeKcb: V72 , Pc,Tj, 1,0„ 06oaxamamT claacoame cgism-
H A rm npm 2, 5, 7 m 11-zeTHmx mKax; B m - COOT- 

BeTcTBeHrio npegpmnmegeHmme pacxogm p.Boxrx H oloAKTM-

necKme p.Rxgam, BamTme c paaAmiumm Bpemexxmm cgom-

rom. AnaAormmxpo aesmcmKoemb moxHo BmpaamTb 
nepea 

mmgexcm aTmoct,epHoR nmpxygmumm. 

B nomcKax yTonmeHma npm Bm6ope npegmxTopoB 
CM-

cocTaBAeHa nporromma onTmmmaammm, cpasalossammaA

KoAe6aHmm BeAmnmH ciaaommx yrioB mezgyorgeAbison4 (Sac-

cegsamm npm 2, 5, 7 m 11-Aemnmx 
urgulax. 3ToN upor - 

pammoM npegyemaTpmBancm oT60p 
HEINMBHE,MmX OTKAOMBHMR. 

3aAa8aAmcb npegegm ammx oTxgroxemmg B 
mmTepBage OT 

-1 AO +1. HccAememme pRab1, 
gam KoTopmx OTKAOHeHHA 

yxmagmBagmcb H aagaHHux up egegax, oTempagmcb mamm-

Hog H mcnonbaosaAmeb B 
ABAbHBOWBM, max Ham6ogee aclo 

itexTvBxme npegmxTokm. Ha cAegymem 
aTanemmummaBm-

gaBaAa no saAezeluimm C 
onpegegexHoN aa6AaroBpemex - 

HOCTI.M npegmxTopcim 
npepammxcAexxma rmgporpaq, rogo-

emx BBAMnigH cTOKB. DTO 
goBoAbxo nepcnexTmaxmanomex, 

Tpe6ym11 1q AaAbmeleiwett paapadoTKm. Oro* npeAmxTopon 

momeT npomexogMTB xe TOZI,K0 no 
xapaxTepmcTmmax CTO-

xa, HO H no cTomoo6paay10mmm 
cDaxTopam npm ymeTe umK-

Ammeemmx Kome6aHmN Am6o4 
npogonzmTembHoemm. 
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41eKT. M O, poem:4T. nogymema no
moorlcDmumemTy KoppeAmnxm, KoTopmg pasem 0,82. 

BTopo BapHART npegyemaTpmraeT 8031.103[140c/1. 110-
CTp08Hmil omnmplimecxxx aosmemmocTeN mexxw xopaxTe - 

pmeTxxamm cToxa H mmgexcamx aTmoc/depHo2 qmpxygmlAmm 

no amagmay xoga xoppegmnxoxlimx m cnexTpagsmAxcliymm-
nmA. BocAegmme 611)114 nocTpoeHm c nomombm 3BM " 0e-

TyMb". 

'TOT 4:ibiKT, UT° UMKAM OAHHaKoBOn npogoAxxTegh - 

HOCTH maxoggT BOBCBMEICTH08 pacnpocTpameHme, MOZEIT 

cBmgeTeAbcTooBaTI. o HaAmnmm oOutero npanumna cocTa-

BAOHMA nporHocTmnecxxx 8aBle.CR11:OCTen mexcAy CTOKOM 

pex m mmgexcamm aT6:oc4DepHo4 umpxygmumm c 3a6Aaro-

BpemeHmocTbio, ccomBeTevavogeA onlegegeHHomy Bmge-

ger:Homy umKgy. 41.1 3TOm =AHAB Ommi, MAeHTMLIHOCTE. B 

UMKAHnHocTm cT0Ka H mime:caw:1 umpxygmumm HAM gpyrxx 

cpaKTopoB, gAm KoTcpmx 6ygym CTp011TI.CA npormocTxme-
cxxe aasmcmmocTm. CoBnagerEme xoga. xo PPeAmilmoHmmx H 
cnexTpaxbxmx 40,14KumA ABAReTCA Heo6xogmm1ilm / XOTA H 
HeAOCTaTOnmmx/ yoAobmem AAR amanormm mcczeAyemmx 
Razemmk. lipmmeHertme Taxoro B116opom4oro meTogo m03-
BOAReT ECKAY.YHTi. orpomaoe 411CAO Heo6ocmoBanmmx co-
nocTaBgemmil. B Tex caymaax, Korga Ha rpacImmax Ha6_ 
glogaeTcm oAmoclialaloe pacnpeACBenme Ko3c12:1,Etzmewron

aBToxoppexaB22, oTpaxammvx BliympeHHKK cB1/31, 
DAB-

meHTa pmga, m oggHaxoBoe pacupegegeHme oglums, 
Be-

cbma aepoirrmum ABAACTCH H HaA14I4me aHagorwx B paa-
BMTMM HpOgeCCOB. AAR TBKMX czynaen cTp0ATCH rpacfm-
KM CBA3M. ECZ2 KopfnmumexT Kopp eAa4mx 3mmxpmmecKo4 
8aBCCHMOCT2 6yAeT nopmgica 0,6 m 6ogee, To HeAecoo-
Opaamo mcnoAbaoBaTb ee ggg nporHo3a. 

Ho TaKo{ meTogmxe 61x npegiammmegeH CTOK Hexo-
Topmx pex. Epmmem aflame:4mm epegmMx rogoBux BeAmmmx 
cToica He nogBepraAmcb ocpeglieHmm no BpemeHm. 3aBL1- 

CMMOCTI 1IJI npormoaa p:_lexogoB Bogm p.CB. AaBpemTmA 

y cTBops 0rgeH6epr H npegemnmcgeHmIN rmgporpaciamao,

OpaueHm Ha pmc. 1. Hoaoll414nmeliT KoppeAmumm 3TOn 3a-

B1,4CmMOCTM 0,68. 0Tmowemme , npmnivroe as xpAre-4r
pmN KamecTna meTogmxx nporHoaa AAA ororo 6accebiila 

xapaxTepmayeTcm BegmmmHog 0,78. OTOT BopmaHT gaeT 

BoamoNHOcTi. OAHO3Ha4HO npegcTaBmTb cxemy COCTaBxe-

BMA nporlioaon rogoeoro cToKa pex C 6oAbinoN aafta - 

rip:apemen:mem:0 AAR paagxmomx (pmaxxo-reorpadgmecxxx 

yegolamM. 

8 TpeTbem BapmaxTe paccmaTpxnammem BOSHOZHO-

CTm MCBOXbaosaliBB TmnoBoA (opmymm ,LIMA cocTaBgemmm 

clpamoBmx nporHosoB Koge6aHma BogmocTm pex BB gam-

rezamme, nopRAxa 50-100 meT, ompeaxx BpemeHm. 

Mcno.nbaoBaHme cnexTpaAbHoro m rapmoHmmecKoro 

amagmaa AAR npocTpaucTBelmo-BpemeHHoro 13ymellmmx0-

Ac6ammA rmgponormmecKmx agemenToB B rgo6aAsHom met-' 

auTa6e noaBoAmAo COCTaBmTb TunoByw ckopmyzy AAR onn-

commm cToma pex..CyTb ee aaxAmmaeTem a TOM, (To no 

BuBaxeluimm aamomomepHocTmm muorogeTHmx KoAe6ammti 

croKa pox, amnxImmeemme pmgm npegeTarAmmTcm B BmAe 

CACEHMX ropmoxymecxxx cmpynTyp. TmnoBam cpopmyna 

Lo Taxok nporamme poem:4Tel: rugporpacl: p. Cen. 
ABMHM. HpeggxTopaux cAyaxAm cToKoame pmgm peg: He-
ss, Bemam x Teuaa c 8a6AorompemexHocTbn a 3 roAa. 
()mamma camem 
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seimmmxm COXpOHRIOT 00CTORECTE0 Ana 060ex xeczuye-

max nepuoAca. 8To OCCTORTOZI.CTBO cemBeTeafierayeT 0 

TOM, 4T0 ucTpanimartmomme paRAN 061aximor TexAeHMX-

en 'eaTyzamma HAM acepacTaxxx. 

B padoTe cAeaaHa nomaxa OUGHMTb, xalcaelzacTb 

cToxa onmcbssaeTcR C nomomm° AeTepumumpoxamHoft xa-

parTepucTxxx. flpouse scero OTO mccaeAosisamb no COOT-. 

mmemoo xpxamx oOecnemexHocTx. C 31'02 4e41.0 Ama 

4)axTxneCxoro, paccummaxHoro x npornoaxpyamoro psug 

ingnx nocmpoemi xpxame o6ecnenesixocTx P(0. 

Ha plc. 2 npeacTannesim xpxxwep(F) nocTpoex-

Hue no croxonalm pBxem 6acee0B0e Myppe1, ABenp, CB. 

XaxpeHTHR C xooMmumeaTamm aapplalosxcooTseTcToerm0 

0,46; 0,24; 0,03. 

Ha pmcyxxe axasio, nTo pOCCqHTOHHMC no nepu0Ay 

o 1900 no 1949rr. x nporHciampyeuase c 1950 no 1999 

rr. xpplawe AeTepuRnmpoxamiott nacTx cToxa Pummel' He-

6oxamxe pacxoxAeuxR. B To xpeuR Katt OTH rpxxwe no 

oTHomexxx K cpmcpmnecicem xpxxwm o6ecne4exHocTm Rue-

mT cysHecTaesinme aaxxxerixa maxcpsmymox x aaxumexxx. 

mximmymoa, Tax KOK HO yqHTUBBIOT sAmsame cArlanmux 

oloaxTopoa. 

Epx amesaxae 0THX xpxamx dwao noAcmpsTamo, 4T0 

npps maxcxmanbmix H mxxxmazaHasx onamexxRx pacneTnwe 

xppasase onxclasarT cTox Ark 30 0130g8HTOB OT xadarAem-

HMX maxcxmymox H mxpimmymox. 
liasitonbineeamattexgepe-

rynApBmx cocTawlmosuxx cTossa, OneaxAso, 
6yAeT B TOM 

czyuae, pcorAa maxerranamme (mxxxmaxame) 
axaneuxx 

cxxycox ( ±1) cosnaAyT AAR BCOX itxxxoTs.CxeAY 
eT,oA-

131 

HOKO, OTUOTHTi, 4T0 HOTO4HOCTU B yeTaxoaaexxm npo-
A03IXTeZbHOCTX luecaoa, odyczoluses:xer meToAmxon KX 
onpeAezeHma, C yseaxnexxem apexes-ix (npx nporHosax 
N pactieTax) MOZOT npapecTx x HeAonycTaromy cAmmry 
Dae. llooTomy doaee npeAnonTxTeas.Hum npm cocTaaae -

HRH Bp:mires ABARWTCA nepamit H BT0p0i! aapmaxTal. 
Ha ocHoaammx onxcausimx maccoxur pacnerroa mor-

NO CKBOOTh s UTO Bummemme npocTpaRcTsexpso-apemeu-
Hue aaxoxomeptsocTx roze6aHx8 CTOKU per moryT cAy-
ZHTL  AAA npxxaximaaaHo Roxoro noascoaA 
aonpocam nporHosa roAoaoro cToxa pex aa-
6.1arospemeHHocTar. 

XxTepaTypa 

1, Aaamacaa A.Z., HOZHHHH r.n. EpocTpasicTaexxo-
mpememsmn SHIBAH3 4HKAHLIHOCTR CTOKB per. Beep-
XXX MI'Y, cepxR reorpeAnecxaR, :a 4, 1967. 

2. ilemuwea KOAHHMH r.n, UHKALMOCKHO x0-
ae6aHma cToxa pox CersepHoro nozymapxR. CO. 
Epodaemm penaoro cToxa, wry, 1968. 

3. KOpTBOZHMBICKH H.A. TeopmR xepoRTHocTRux npo-
Ueccox B rpsApoaorxx x peryampoaamma p04H0r0 CTOIC6. rptapomeTeomaaaT, A., 1967. 

1= 3,2*4.1 
M:a119167!"°-

4. C6opxxx "knorodieTxxe 
OTHOCTHWO HOTOAN ero 
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UPPIMEHEEKE PErYAUM3MTY1c4XX AAMBITMOB AAH PEWEHM 

HEHOTOPNX OBPATHWX 3AAAl1 rupuormit 

MYMIHJEV.M. 

rmxpomeTeopozorsolecima Harmo-mcczeAosaTeimmutit 

riewrp CCCP- Mocima 

P e 3 10 id e 

PaccuaTpmhamTcR Asa Tmna peryARpmsypymmxxcft 

aAropmTuos AAR ypenHeHmil emAa AX = y, K HOTOpb1111.10-

RHO ceecTm GoALmoe mmczo oGpaTumx 3aga4, so3Hmxa10-

mmx B rmApoAormm. AZCOPHTXM R3BeCTHM, nepsbc.q - KaX 

ueToA Haxo0cAeHmR xsa3mpememmn 11BaHOBLI B.K., wropog 

- max xounoHeHTHm amaJam3. 06cyxAbooTeR gmaseincme 

exenepmuenTm, nposeAeHHme no eceu azropmTuau: 

a) onpeAeAeHme onTmuaxamotl munyAbcmemoK nepe-

xoAliotl claynxgmm AmHefilloa uoAeAm rmAponormmecicog cm-

cTeum (yuacTox peEK) ma ocuose pemeHmil miTerpaab - 

moro pemeRMR ypouHeHms: BmHepa - Xoncla; 

6) peweHme. cmcreum aAre6pamuecumx ypasHeHma c 

nzoxo o6ycAoaAeHHoil maTpmgea (uHoxecTaeHHaR perpec-

cut!) AAR maxoxAeHmR KOO*KAMBHTOB B ypasHeHmm,cm-

smeammeu momeHeHms: ypormin noAm B saAaHmou H mime 

Aexammx craopax peuHog cmcreum. 

kccAeAosaHmR rmApozormuecxmx npmpoAHmx npo-

geccos max imaneHmtl otbinHo muemT xapaxTep naccms - 

HbXX sucneptueHToa. HCCABROBaTaZla MOZdT TOALKO Ha-

6AmAaTh 3a npogeccou H mauepivrb sAeuelvrm, ynacT-

symmge 13 Hem. MacTb sTmx meuepeRmA AaeT BCAWIBRW, 

moTopme xapaxTepm3yxm szeuemTm, smamsamme npo-

gecc, a uacTb - 

(ocaAxm pacxoAa 

Ma3MBEI10TCR wcoAumum Aamimum, 

MIR BAR pacxoAm B 0811WK810111aM 

/1NMR. Awcee TpeGyeTcR HagTm umcAeHHoe 

nossoARmmee oTo6pazamb mcomime AaRRme 

ero cAeAcTeme. Eepame BOARMRHM 

B0Am H Ap• clusmuecxxe awn:um:cm) 

BTOW3103 (manpmuep,ypo 

craope pexm) BMX0A 

ampaxemme , 

B smxoAmme. 

Ha °TOR sTane "moHeTaTupyerce maTeuaTmuecuaR 110-

AOAL npogecca hull star:ex:4R, on0eAeaRmTeR ee xapax-

TepNCTIIKU m HposepReTaR COOTBCTCTB110 uoAeAu npm-

PoMcouy npogeccy mAm RszeHmx. Hpwrepmeu cooTseT - 

CTBRR oftsmo cArsmT cTeneub 6AmaocTm paccumTaimmx 

otaKTUMeCKPIX BMKOARMX AaHmax. 

132 

Summary 

The paper deals with two types of regularizing 

algorithms for the equations of Ax=y type,to which 

one can reduce a lot of inverse problems appea-

.ring in hydrology. The first algorithm is known as 

the method for finding of Ivanov quasisolution,and 

the second is known as the component analysis. The 

numeral experiments made according to these algo-

rithms are discussed: 

a)the determination of optimum impulse transi-

tional function of line model of a hydrological 

system ( stretch ) based on the solution of Pinar-

Hopf integral equation. 

b) the solution of algebraic equations systel 

with ill-conditioned matrix ( multiple regression) 

for finding the coefficients in the equation, con-

necting the changes of water level in the given 

and in the upstream inlets of the river system. 

Ham6oxee npocTmum m macro snouse yAomeTnopm-

Tembumum (AAR npaxTmcm) sulaRmTcR ammeMume uoAeAm. 

HaxouAeHme xapaxTepmeTmx AmHeAHmx uouenegno BX0A-

HMIA N BMXIDAHLIM AaHRWM OTROCRTCR K xxacey o6paTHmx 

saAau m npmsoAmT x HeobxopluocTm pemamb ypaameHmR, 

muesli:me B onepaTopHon 381211C11 o6 simn BHA 

Ax = y /1/ 

OTHOCHTaZI3H0 memasecTuoro x. 

hpeAcTabAeHHoe ypasuenee MOXHO noHmuarb HEM xexo-

TopmA clmamuecia0 salcom, ymaamsammmK ma onpeAeAeu - 

Hym CBRBB Hem3secTRoa mepaxTepmcmmum, npogecca sum 

ABROHMR C MSBBCTHMUM BWX0AHMMH XELHHM101. A - Ambleg-

Hbitt onepaTop. Sauemmu, tTo npfnmaR 8aAa4a cocTomT 

HaxoxAeumm y ne m3secTi1au A m X. 

Hince GyAeT paccuorpeso pemeHme CTaT1ICTRMICKRU 

ueToAou Anyx moHxpeTHmx o6paTHux saAa4: 1 - onpe-

AeReHme OBTRMaAhHOn (B cumcze hommmyua cpeAmessaA-
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OBHCb pmcyrixos x AcxAaAy b.X.MyxxHa 

"HpxmeHeHme peryampymEux azropmmob AAR pemexAn 
xexoTopux o6paTHux aaAaq rmAponorxx" 

pac. noApitcyHognaR noAAxcE. 

Puc. 1: OnTxmaxbHue HaUexHwe pa3Axnauux 
cnoco6aux: I - noA6opox Ha 3UY; 2 - peme-
}mem o6paTnott 3aAaqx 6e3 npmmeHemBR pery-
ARpmaainiy; 3 - c npmmeHeHmex PA Tana A; 
4 - c rpxxeHexxex PA Tana 

a) no pc.cxoAam B I y III cTBopex Ha peKe 
Taepue; 

6) no pccxoAam a n.CuxTuaxap ma p.Butier-
Ae H npxToxy eoAu B retitlyW ceTi. 
3Toro nyHxTa. 

PAc. 2: laxTmmecxxil H paccuoTakiHrie no 1110,no-
Aymemmu pa37m4lluxx cnoco6aux, BuxoAHme 
rmAporpa(pm B n.CuxTmaxap Ha p.CmgerAe: 
1 - OxTultecxxit; 2,3,4,5 - paccmxTammue 
no KIK, ccoTaeTeTaelpio - 1,2,3,4 (cm.pmc. 
1). 
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HYDROLOGICAL PHENOMENA PROBABILITY DEFINITION BY 
THE MONTE CARLO METHOD 

By OGNJEN BONACCI, dipl. ing. 
Hydrometeorological Institute SRH, Zagreb 

Pea lome 

CTaTbri onmcmaaeT HeKoTopmepeayAr,TaTm mayge 
HHA neaxwon c mosTmileommm sarARAom Ha oTapme meTo-
Aw onpeAeaeHmii neposITHocTm rmApozormvecmmx moAm-
ttecTe. 

npenxaraeTca cAexaTb cmHTealiwt! paA rojamimx m 
uecsigimix KommqecTB ocoAKoB nyTea meToAa Y.oHTe Rap-
zo. Cxexall noApoOlimM smaxmo HBOAKAaemoro ps.na ro-
.,-0111mx 1 meentiBmx KcnytiecTB ocazKos Ha AoxilomepHoft 
ceramumm B r.OcyeK. 3THM cnocoOom cAexaria cnoxHast m 
H AocTonepHaa 4,opmyza AAA noAbaonaHma meToAa lemm-

TEIKBe extemait o63op noamorHocTm amaxmaa ocaA-
KoB nyTem moHe4Ho0 Teopmm. 

npollecc mmmTaumm noApo6Bo on,HcHHeTca a 
naraloTca npawrmmecmme npeAAoxeHma. 

PREFACE 

aummnry 

Some results of a precipitation study with 
a critical survey of the old methods of the hydro-
logical quantities probability definition, are 
presented. 

It is suggested to derive a synthetic series 

of annual and seasonal precipitation amounts by 

the Monte Carlo method. A detailed statistical 
analysis of the observed series of annual and mon-
thlyk.'precipitation amounts at the pluviometric 

station Osijek has been accomplished. That way a 
complex and reliable model for the use of the imi-

tation method has been derived. 

A survey is also given of the precipitation 

analysis possibilities by means of the tail the - 

ory. 

rpm-
The imitation process is explained in de-

tails nad the practical suggestions are given. 

HYDROLOGICAL PHENOMENA PROBABILITY_DEFINI - 

TION BY THE MONTE CARLO METHOD 

The hydrological and particularly power eco-
nomy as well as the reservoir dimension design and 
the planning of power stations production require 
the long range forecast of water supply. This can 
be accomplished by the means of a number or ele-
ments. The most imoortent is the precipitation du-
ring the period of water amounts forecasting. Sin-
ce we do not know the actual precipitation amounts 
the forecast's technic comprises the probable va-
lues connected with a given probability distrihu - 
tions. The problem is in a real determination of 
the values required. 

Besides, hydrological calculations compre-
hend one of the most important problem - a correct 
and unique determination of the hydrological ex-
tremes. The old approach to this problem is to ap-
proximate the-measured hydrological quantities by 
mathematical expressions with a given number of 
parameters. One can find a lot of sdch expressions 
in the literature all having n fundamental shortc-
oming of no physical correlation between the mea-
surable values and the functions approximated. 

Experience pointed out that such a way of 
problem treatment by means of veri ee exnressions 

does not solve the extremes region even approxima-

tely. The differences might grow up to the values 

which are practically useless. There are no crite-

ria for the use of these expression and the re-

sults obtnnned might lead to the unecessary expen-

ses or might put the object soon out of use beca-

use of having inadequate dimensions. The samples 

of measured hydrological values et disposal are 

usually small for conclusions to be brought.A sa-

mple of 20 to 40 years suffices for the mean vaules 
determination but not for the extremes definition 

neither for conclusions about the basic population. 

modern approach to the mentioned problem 

treats a hydrological series as having been formed 

by a random stochastic process. It is obvious that 

such a treatment follows an objective standpoint. 

The use of statistical methods and operatio-

nal research as well provides the maximum informa-

tions from the existing observations. Models can 

be formed on this basis to enable the series exte-

nsion by means of the Monte Carlo method. That way 

the samples of any lenght can be derived to serve 

for a simple and unique determination of extremes. 

138 



The fundamental problem is to set a correct model 
which takes into account the existing hydrological 
data with all its fundamental features. 

Regarding the topics of this Conference the 
precipitation mode] will be discussed in detailes. 

STATISTICAL ANALY3I:1 OF ,'e.e-:1"TT=e 

A correct model in which the Monte Tarlo 
method is to be applied cannot be formed without a 
detailed previous statistical treatment. 

We are representing here nome results of a 
statistical workin'- out of the monthly and annual 
precinitetion amounts at the rein - gage station 
Osijek. The period of 80 yearn (1812-1161)haa been 
eleheeeted. 

The conclusions based upon this working out 
cannot be generalized. although there are 
climatic pecullarities even, nt every rein - gage 
station - the method is applicable in any conditi-
onn if we tnke certain corrections into account. 

:.onthly precinitntion frequency has been 
analysed. A number of continuos and descrete sta-
tistical distributions have been fit to the obser-
ved data. It was found that the monthly precipita-
tion frequencies less than a certain value follow 
the law of rare events during a year (see Pig. 1 
and Table I). The same is also true for the freque-
ncies of the monthly precipitation greater than a 
given value (see 7iin 2 le' e'eble 77). The freque-
ncies of the monthly precipitation which is in -
side the mentioned limits follow the normal dist - 
ribution law (see Fig. 3 and Table III). 

The distribution has-been used to teat the 
adjusted theoretical distributions. The adjustion 
level for the given cases iv very high (see,Table.I 
II and III). 

THE PRECIPITATION TREATEMENT:7 73Y MEANS OF TAIL 

THEORIES 

The previously mentioned conclusions make a 
manyside preciniteie'_on analysis possible and pro -
vide considerably more informations from the same 
data. 

Consider the given Npiluen of arced.-,IL,Ition 
to be clients in a file waiting thole turn.Thet way 
the precipitation analysis is possible by means of 
the tail theory. A serving place in this care is 
the watershed under consideration where during a 
given time period a given rain amount is to he ex-
pected. 

We are interested in the precipitation ex-
tremes (maximums and minimums).  Their occurnnce 
inside a given time period has been found to fol-
low the law of rare events. 

A steady process is ender consideration. An 
averagely constant number of client comes out, from 
the water source in a time unit. Deviations are ra-
ndom. During an adequately short time interval an 
adequately small number of clients canes out. Since 
the clients' comma(; varies randomly we apply here 
the law of rare events i.e. the Poisson distrihu - 
tion. The previous statistical analysis or preci. - 
pintion sxtnme 11:3 to tinc tInr,u conclusion. 
The formula for the probability of the Poisson dis-
tribution is 

P(x) m 0
-m
 ( for X=0,1,2,3,....) 

The expectntion E(x)=aet=m 

n-the spring capacity 

t - time period year, season, mnnte 

When the expectation is substituted into the pro 

bability formula we get 

P(X)'(0t)X 
,-(nt) 

x! 

Taking Z=0 we get the probability of 
coming out the water source dur'ne the 
t i.e. under our consideration - the 
of no rainfall of given value: 

no clients 
time period 
probability 

p(x=0)=e-nt

Table IV illustrates the calculation of 
p(x=0) function for the precipitation 11 .&13nue at 
Osijek. Figure 4 represents the curve - 

p(x)=e-0,8125t.

THE APPLICATION OF TU MONTE CARLO METHOD 

The Monte Carlo method is used to imitate 
a process of known fundamental cheracteristics.The 
proces hystory should be at disposal, particularly 
by the hydrological elaborations, as well as the 
actual possibilities of the quantities random va-
riations. The past occurences, determined by the 
previous measurements, represent a valuable data. 
A random sample selected from a series of measure-
ments serves as a basis for the imitation; hence 
an obvious importance of random numbers in the imi-
tation process. A total annual precipitation amo-
unt is suggested to be performed by means of a si-
mple model, expressed by 

reinfella number. 
time period 139 

1 
Hannually 

„512 

t=1 
Ii(months) 

Analogously, monthly precipitations are su-
ggested to be derived by the imitation process fo-

llowing the formula: 

2 H
monthly = 

1=a. 
ii(decades) 

j(pentades) 

Since we have the observed probability dis-

tribution of precipitation at disposal (for months 

decades t pentodes etc.) we can fit to them the 

theoretical distributions. We want to perform the 

Monte Carlo method and draw therefore the ogives 
of probability distributions. That way we got the 
frequencies of a random variable in accordance with 

the corresponding theoretical law or observed dis-

tribution (see Fig. 5). 

It is very important to make a good choice 

of the expression for the calculation of the obse-

rved values probability. We have several expres - 
sions at disposal. Table V with number of data 
15 compares the results obtained by various expre-

ssions. In this elaboration we used mostly the ex-

pressions 

n m-0,3,
P=n4-0,4' P=n+1 

When a cumulative probability curve is ele-

rived reoultn of 1 oreviolla statistical analy-

sis should he taken into account. 

Obviously, the precipitation value folio -

wing the law of rare events cannot have the same 

probability as those following the normal distri-

bution law. Therefore we suggest the value 0,5-0,8p 

for the first probability, while other values of 

observed probability grow up proportionally. 



The imitation can be performed very simply. 
First we rend out the numbers from the table of 
random numbers and fix then upon the ordinate. The 
ordinates cross the cumulative probability distri-
bution (observed or theoretical) and we read off 
the corresponding random values on abscissa. Figure 
6 illustrates the procedure. ''c can substitute the 
results obtained oy the discribed way into the for-
mulas 1 2 or some others-and get the values 
required. The imitation has been performed by me-
ans of the probability distribution curves-observed 
and theoretical (log. normal distribution, Kritskii 
and Menkel' distribution, Forster distribution). 

All series obtained from the observed or 
theoretical distributions show very small differen-
ces ( 1-2%). This fact points out just a secondary 
importance of the probability curve shape. Fitting 
the theer,t;c: distributions to the observed ones 
requires the Kolmogoroff's criterion to he fulfil-
led (we recomend the lit. 4 ). That way the imi-
tation process get rid of the unrandom variations 
as well as of the systematic errors (see Figures 7 
and 8). 

The edge parts of the observed cumulative 
probability distributions do not define the extre 
me precipitation values. The theoretical distributi 
ons give the fictiously big precipitation amounts -
or even the negative values. Physically the both 
are impossible. This shortcoming can be overcomed 
by on precipitation analysis in the climatic cohe -
rent region and at the pluviometric stations of ap-
proximately equal height above the sen level. That 
way the maximum and minimum values receive their 
physical, real limits. 

A series of 1000 to 2000 years is to be derived` series
the imitation nrocess. 

From a derived series of 2000 years (for - 
med by the imitation nrocess) we can determine cen-
tennial precipitation amounts by considering 20 
series, every one 100 years long. Precipitation va-
lues in a partial series of 100 years which follow 
the Poisson law and have the expectation E(x)=1 are 
to be considerd centennial. 

This way of eleboration several values of 
centennial precipitation- amounts might appear in 
the same period of 100 years, but it might also 
happen that no centennial precipitations occure at 
all. 

Quite an analogy exists for the definition 
of the frequency distributions of all the other hy-
drological quantities. 

CONCLLSION 

The described method is very simple to apply 
and gives more exact and reliable results than the 
old methods of working out the data. 

The application of the probability theory -
and particulary of the Monte Carlo method is very 
usual in all sciences. Series extension by the 
imitation process does not increase the exactness -
of the previously measured values. The quality of 
additional informations obtained by the model and 
by the imitation as well comes from the measured -
series quality and lenght_as well as iron 
knowledge of the imitated quantity physical sense
A detailed statistical analysis and the measured 
data homogeneity test as well as the examination of 
the data exacteness have to proceed. 

With some change the described model for the 
imitation can be applied to the others hydrological 

quantities. 

Sometimes the random numbers quality whicll 

is fundamental by the Monte Carlo method is omitted 

from the consideration. The correct use of the met-

hod is reasoned by the numbers being actually ran - 

dom i.e, if every random number has its identical 

probability of occurence in a given table. Many ta-

bles of random numbers have shortcoming which les-

sen their practical validity. 

The method requires a voluminous elaboration 
and suggests therefore the use of high speed compu-
tors. 
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ntlily 130 Tam 

2 0,27 

k RI 1- Mt..'.1) :If deer ri 
frO .. 1. 

0,70>••P[A.P. 0,27}a 0,50 

t 0 13 t - 

fi L . p(x) f L. f.-f ti

f. -f  ti 

f ti 

0 0,577 4-6,2 2,20 4,84 0,10 

2. 1 30 30 0,550 0,317 25,4 4,60 21,16 0,83 

3. 2 'r 0,275 0,037 7,0 .),70 13,69 1,65 
4-. 2 2 0,183 0,016 1,3 

44 0,997 79,9 2,58 

- 4 
-7-- :3- 0 55 

El 

p(0) = e-111 = 0-0 ' 55 

TABLE II 

.1 

k=1- 32. 117.1b or of a cioro. co, of 

0,20 -1{/4>- 2 5-8.1 - 0,10 



:-A 



10 mm monthly 
70 mm 

-test 

1 ! 
I f ! Ifi Ix - - 

i 
(x - TO

2' 
i 

t = 

Ix - Z Y (t)

I 

fti 
I 

. -ftij 
1

, 
' -f ti 

(f. - f )
2 

1 ti 
f
ti CI 

1. 4 2 ! 8 3,825 ! 14,631 29,262 2,288 0,0291 • 1,39 

2; 5 5  25 2,825 ' 7,981 39,905 1,690 0,0957 4,58 J
1,03 1,06 0,178

3. 6 11 66 1,825 3,331 36,641 1,092 0,2202 10,54 0,46 0,21 0,020 

4. 7 14 98 0,825 0,681 , 9,534 0,493 j 0,3530 16,89 2,89 8,35 0,494 

5. 8 20 160 0,175 • 0,031 0,620 0,105 i 0,3967 ' 18,98 1,62 1,04 0,055 

6. 9 17 153 1,175 1,381 ' 23,477 0,703 0,3120 ; 14,93 2,07 4,28 0,287 

7. 10 5 50 2,175 4,731 23,655 1,301 0,1713 8,20 3,20 10,24 1,249 

8. 11 6 66 3,175 10,081 60,486 1,899 i 0,0656 3,14 2,86 8,17 2,602 

z = 80 626 

626x 7 825 80 ' 

1223,580 

u.\122115_ 
- 

§. _  
80 qe,795 = 1,6718 

TABLE III 

78,65 4,885 

k = 4 - number of degrees of 
freedom 

,„2 
0,30 11A, 4,8851 0,20 
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a - average number of precipitation 

fall during a year 

N _> f --number of years in the sample 

a . 8c5. . 0,8125 

P(x = 0) = e 
-at 

P( ) e 
- 0,8125 t 

t = 

N
o t 

Iyear] 
p(t) 

1. 0 1 

2. 0,2 0,8500 

3. 0,5 0,6662 

4. 0,8 0,5220 

5. 1 0,4438 

6. 2 0,1969 

7. 3 0,0874 

8. 4 0,0388 

9. 5 0,0172 

10. 6 0,0076 

see Table I 

iTABLE IV



jag 



m 

P = P = P = 

- 0 3 ! m - 0,5 
n + 0,4 n + 1.. 

m = 1,2 m = 0,1,2... 

1 0,0455 0,0625 0,0566 0,033 0,0000 

2 0,1104 0,125 0,1333 0,1000 0,0666 

3 0,1753 0,1875 0,2000 0,1666 0,1333 

4 0,2403 0,250 0,2566 0,2333 0,20000 

5 . 0,3052 0,3125 0,3333 0,30000 0,2666 

6 0,3701 0,375 0,40000 0,3666 0,3333 

7 0,4351 0,4375 0,4666 0,4333 0,40000 

8 0,500 0,5000 0,5333 10,5000 0,4666 

9 0,5649 0,5625 0,60000 0,5666 0,5333 

10 0,6299 0,6250 0,66666 0,6333 0,6000 

11 0,6948 0 ,6875 0,7333 0,7000 0,6666 

12 0,7597 0,7500 0,80000 0,76666 0,7333 

13 0,8246 0,8125 0,8666 0,8333 0,80000 

14 0,8896 0,8750 0,9333 0,9000 0,8666 

15 0,9545 0,9375 1,0000 0,9666 0,9333 

TABLE V 
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TELEMETERING SYSTEM FOR FORECASTING 

By T. PUSKAS and H. KARSAI 

PeaEwe 

klccne.H0eaTemscmpig 11HcTmTyT no Bonatum pecypCam 
I:41TM, B 'Nat/same noCxenHmx zeT paboTan Ha paaem-
Tmm cmcTemw aaTomaTm4eCmoro AVCRTEMbH0r0 mamepeamm 

Ha Asza, moTopoe GmA0 MCHLATbiBdHC B ero ornATHo4 c16-
xacTm B AonmHe Pamaga. 3Ta cmcre‘a Xop0mc npmmeHR-
aTca )JAR npeAycmaTpmaaHma m ynpaaxemmx aoAon B cm-

cTemax parBOHBAhHOR socHoit pecypcm. XapaicTepliCTSIKK 

3TOCt cmcTemm nepegyczenm. 

Destination 

The destination of the "HYDRA" telemetering 
system is to form, to transit, to collect, tore-
cord and to evaluate inRrmation according to the 
hydrological and water economical events occuring 
at the measuring stations, situated in the region 
of the measuring centre. The above procedure is 
carried out according to a given programme and de-
pending on the results of the evaluation,the cntre 
gives signals (orders).By information the numeri-
cal value of the measurement is understood,as for 
example: water level, temperature, air humidity, 
speed of wind, soil humidity. 

The system by now is able to collect inform-
tioh on rainfall and water level,within an action 
radius of 50 km-a, from maximum 32 measuring sta-
tions. By simple connection of units being under 
develooment,it will be possible to collect further 
information. The centre of the system records the 
information in decimal numerical values on paper-
tape (date, number of the measuring station and of 
the sensor supplying the information, numerical 
value of the information).Exceeding an actual value 
or change in value which has been preeent,is signal-
led by lamps and. by ringing a bell. (Alarm signs:4. 
The modes of operation are either automatic accord-
ing to a cyclic programme,or manually in deliberate 

moments. 

Design.

The system consists of a measuring centre:At 
of measuring stationo.The information chanels con-
necting the station with the centre are wire-less 
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Summary 

The Research Institute for Water Resources, 

VITUKI,has developed in the recent years an auto-
matic digital telemetering system, which has been 
tried out at its experimental area in the Haknon,-
valley. The system can well be applied in fore-
casting and in water management of regional water 

resource systems. Characteristics of this system 

are presented. 

(UHF radio transmitter-receivers).(See figure 1). 

The design of the radio links is the fol-

lowing. The telemetering system is digital, that 

is, within the system every infrmation is re-

presented by d.c. pulse-series - related to the 

value of the information. The transmission of 

the pulses between the centre and the stations 

is carried out by radios, which are operated 

with very high carrier frequency (above 100 MHz) 

in order to decrease the necessary output power, 

and with frequency modulation, in order to eli-

minate radio-interferences. For the purpose of 

radiotransmission the d.c. pulses are converted 

to audio frequency pulses which modulate the 

carrier frequency and after receipt they are 

reconverted to d.c. pulses. 

The functional units of the telemetering 

system are the following (Figure 1.): 

Central 

automatism (with line printer, displayboard 

and control panel) 

transmission-channel terminal 

audio frequency generators and 

selectors, 
receiver 

radio transmitter-

Measuring station 

transmission-chanel terminal 

radio transmitter-receiver,audio 

frequency generators and selec-

tors, 



automatism 

sensors (by now water level and rainfall). 

The central automatism initiates in every 
case the functioning (measurement, recording, eva-
luation) according to a cyclic programme, that is 
the system is centrally controlled. 

The information is produced by the sensors -
of the measuring stations. The different trans-
ducers supply either digital e.ectrical signals, 
or analogue ones. In the latter case the signal 
has to be converted into a digital one. This 
function is done by an analogue-to-digital con-
verter, which is part of the automatism of the 
measuring station and which is connected one by 
one to the analogue sensors of the station. Re-
ceiving a call from the centre, the different sen-
sors of the station ara also connected to the 
transmission chanel by the automatism. 

Prom the above functional unite different 
measuring networks can be designed, matching in-
dividual requirements for higher or lower cape-
city.The upper limit of the capacity is restricted 
by the fact that maximum 32 measuring stations 
can be connected to the centre, and that maximum 
3 digital and 6 analogue sensors can be connected 
to one station. 

Within this, the upper limit of the capacity 
is a combined function of the following: 

- number of stations, 

- number and type (digital or analogue) of sensors 
at the different stations, 

- required evaluation in the centre (number of 
- sensors to be observed in respect of critical 

value or change in value), 

- time programme (cycle) and 

- speed of functioning. 

Operation of the centre and the measuring stations 

The cycle in which the centre (Figures 2.) 

calls the sensors at the measuring station can 

either be a longer (e.g. one hour), or a shorter 

one, which is the sixth of the former. 

The call is initiated by the calling signal 

circuit following a signal of the digital clock, 

according to a predetermined programme. The call-

ing generator produces the calling signal of the 

required station and modulates the transmitter 

with this signal. 

The call is received by the receiver of the 

measuring station (Figure 3.), the calling signal 

selector of which checks whether the call was 

addressed to this atation,and if so it energizes 

the transmitter of the station. This transmits an 

indicating signal back to the centre by which the 

duplex radio connection between station and centre 

is established. On the simultaneous effect of the 

signals of the calling signal selector and the 

transmitter operation indicator unit the automa-

tism of the measuring station starts the measure-

ment of the first sensor, the result of which is 

produced by the proper controlling of the informa-

tion signal generator and led to the serial. The 

next sensor starts its measurement on the effect 

of the stop signal of the first, and so forth, 

finally the last sensor controls the atop signal 

generator which modulates the transmitter, and so 

the stop signal reaches the centre. 

Sensors having digital output, are control - 

ling the information signal generator directly, 
those sensors, which supply an analogue output 
signal, are connected first by the autmatic mea-
suring point selector to the analogue-to-digital 
converter and the digital output signal of the 
latter goes to the information generator and from 
there to the transmitter. 

The eignala of the called measuring station 
reach the control unit from the central receiver, 
through the information selector. This is respon-
sible for the further transmission of the received 
signals. The pulses, carrying information, come 
to the counter and to the coincidence circuit.The 
latter - in case of rainfall measurement - gives 
the control unit a signal when the number of the 
incoming pulses equals with those pulses, being 
stored in the memory unit (result of the previous 
measurement) and the control unit in turn starts 
the difference counter.At the end of the measure-
ment the date the number of pulse (and in case 
of rainfall measurement the difference between 
the last two measurements) appear in the form of 
lightening figures at the display unit. The stop-
signal selector senses the arrival of the stop-
signal, which effects the following: 

- the line printer prints the actual value 
being in the counter, the number of the 
sensor and of the measuring station as 
well as the date, 

- the memory unit is set to zero, 

- the actual value being in the 
filled into the memory unit, 

counter is 

- a set zero signal sets the information 

and difference counters to zero. 

Then the centre evaluates in the same way 
the signals of the next sensor.When the received 

information is greater than the critical value 
set on the alarm circuit,then the audio and light 
alarm signals are started. 

The centre possesses a number of circuit by 

means of which it is prevented of issuing or re-

ceiving information by error. 

Operation of the sensors 

The operating principles of the two sensors 

which can be delivered by now are the following: 
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a) the water level meter has metal electro-

des, isolated from each other, placed 

vertically in the water to be measured. 

The distance between them is 1 cm. Each 

of them is connected by wires to the 

electronic part of the meter.Those elec-

trodes which are covered with water have 

a remarkably lower resistance - measured 

to the earth - than those being above 

the water level. The measuring  order 

starts a pulse generator the pulses of 

which are led at the same time to the 

output of the apparatus,and to the elec-

trodes (one by one). As soon as a pulse 

reaches a free electrode - what is send 

by the change in resistance - the pulse 

generator is stopped. In this way the 

number of pulses at the output equals 
the water level in centimeters.The mea-
suring accuracy is obviously - 1 cm. The 
measurable water level difference is nor-
mally 5 m but the apparatus can also be 
adjusted for 10 m, with the same resolu-
tion. 



b) The rainfall meter is also using electro-
des,which are covered by the rain water. 
The rain comes through the usual reci-

pient vessel into a measuring cylinder , 

in which the electrodes are built in 
vertically. The distance between the 
electrodes is equivalent to 1 mm rain-
fall.Reoeiving a call, the same measur-

ing procedure starts as above, only one 
pulse corresponds to 1 mm rainfall. When 
the level goes over 90 mm, then the 
apparatus evacuates itself automatical-

ly after the next measuring process. The 
result of the actual measurement can be 
abstained by subtracting the previous 
result from the actual value. There is 

an observing circuit which effects that 
the apparatus answers only if more than 
0,5 mm rainfall was received in the 

meantime. The power consumption of the 
apparatus can be kept to a minimum this 

way. For the purpose of checking the 
working ability of the apparatus (e.g. 
in a longer day period), it is possibly 

to call (manually) in a coded form the 

rainfall measuring sensor at any time. 
Having received the coded call, the ap-
paratus will answer even if there was no 
rain. The measuring accurance is i 1 mm 

rainfall. 
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The measuring stations can be supplied from 
the mains (220 Va.o.) or from battery (12 V) as 
well. 

Obviously any sensor can be connected to the 
telemetering system, which gives the measured va-
lue in the form of d.o. pulses, the number of 
which corresponds to the value of the measured 
physical quantity. 

Both the centre and the measuring stations 
are fully transistorized, and built on printed 
penals. 

The first experimental system consisting of 
one centre and two stations was taken in use in 
1966. The same system was amended and improved 
later so as to contain 10 stations. 

The work of installation of a new system, 
containing 16 ■tations,is going on in the area of 
Tata. 

For the maintenance of the telemetering sys-
tem skilled personnel is required, but for normal 
use not. 
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HEKOTOP1  OCOBEHHOCTIel ATMOC(DEPHOg 1.01PKW4111411 HA.Z 

EBPOLOR 11P11 AEA0BMX HWIEHMIX 110 

PEKE WHAM 

C. M. CTDDAHOB 

P e e >o m e 

3Havenne sonpoca,nocTtitoexa BeAeigH H MEWL] ee 

peweimi. 

1. XapaxTep x OCOOeHHOCTH ampxyAAnxx aTuoctle-

pm HaA EBp011e..iCHMM CHHORTH4OCKII11 pellOHOM (ECP) 

xonoAtime SHMM B LoArapxx, KOPA8 eamepaaeTqa 

CTMLIHO MALI HOXHOCTI,K. 

Xap,,HTop BTULCqOpHOO LA1,11,X2,XFIHMH 

xorAa AyHati eamepaaaT. 

XapaxTep umpxyAnunx nee ECP OCelibM H B OCeH - 

Hee mecnnm nepeA xonoAHo 

ilmpxyAnnen aTmocifepm HaA Oacce;Inom p.AyHaalle-

nocpeAcTseHno (15, 10 Alien) nepeA eamepualmem 

B 6oArapcxom yttacTxer. 

2. Peasxwe meTeopuAormqecxxx exemeHmos (Tem-

nepaTypa soeAyxa, ocaAxx, Hanpaenelme x cxopocTe 

Benue x p.A.) BO BpeUH, npaAmecTeosaswee eamepea-

Hem p. AyHan. 

3. XapakTepHme oco6eHnocTx cToxa p.ByHax 

ocemimil x examik nepxoAm, xax (1.axmcp paesmTeR ne-

Aosmx AszeHeA. 

XapaxTep pegnoro pycAa xax ycAosme HatiaAa ea-

mepaamms, usmopos, eaTopoe. 

4. RporHos nepxynAuxx aTmocckepm H xapaxTepa 

eau Ha ocaocc aaxotromepnocTea mx paeexTxx. 

hparHoe 6yAymero paaamTvii meTeoponormqecxxx 

ealemenTos, KEW COCTaBHOg qacTx ociu,ero xapaxrepa 3H-

AY—

XepaKTOpHble OCO6OHHOCTI4 AeAosmx HsAeHma Ha Ay-

sae B 6oArapcxom yuacTxe, xoTopme onpeAenAnT eoe-

MOXHOCTH MX nporkicea. 

5. EporHoa paeszTxm AeAosmx asAellyal Keg eako-

HomepHoe cAeAcTexe meTeopoisormgecxex npoaeccoso6y-

cAonAeHo xapagTepca cToma H peqmoro pycAa. 
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Summary 

The importance of questions, placing of tasks 
and stage of their solution. 

1. Tha character and preculiarities of 
atmosphere circulation over European synoptic 
region (Esr) during cold winters in Bulgaria what 
the Danube freezes up partically or completely. 

The character of atmospheric circulation over 
ESR in autumn months before cold winter. 

Circulation of the atmosphere over the basin 

of river the Danube immediately ( 15, lo days ) 
before freezing of the Danube along the Bulgarian 

section. 

2. Development of the meteorological elements 

(air temperature, precipitation, direction and 

velocity of wind, etc. ) during the time preceding 
to:freezing of the Danube. 

3. The characteristic peculiarities of the 

torrents of the river Danube in the autumn and 

winter period, as a factor of icephenomenon. 

The character of river bed as a condition for 

beginning of freezing, transport of ice. 

4, Forecasting of the atmospheric circulation 
and the character of winter on the basis of 

lawfulness of their development. 

Forecasting of the future development of 

meteorological elements as an integral part of 

winter general character. 

The characteristic peculiarities of ice 

phenomenon upon the Danube along the Bulgarian 

section, determining the elements of their 

forecasts. 

5. Forecasting of the ice, phenomenon develop:1
ment as a lawful consequence of meteorological 

processes conditioned by the character of forrents 

and river bed. 



1. ZCAOHMEI RBACHHA Ha 60ArapCX011 ytiaCTKO 4y-

man Ma6aJOAa1TCR LONITM MCKAMIATeAbH0 B lamUmme maCm-

Uhl omAeabxmx ABT, HO, XOTA H peAmo, XX MOXHO ma6-

AmAamb x x mapTe, xorga pexa noc.e sxmmero samepea-

XXX MagitHaOT paamel,saTb. 'ladle CUBaloT caymax norame-

XMA AeAox0Aa, mem macmmmHoro, a elite meal's° - noamb-

rc samepsaaara palm. 

Ueab HacTorautati pabomm - BblacHMTimaxoTopalexa-

paxTepxme npomeccm HOEHAeHaa H paeHHTHA AeAoamxras-

Aemmil no p.Apiam. 

2. Hexemopme opemeilummenbnme maritime B nomra-

o AeADBmx raBaexxxx ma Coaraucraom 

vmacmxe 4.11mmara 

l'a3)1114cem caeAYMme xapaxmepHme nupxoAm aexo-

smx rasaemmk y DCArOTOBHTeAbHWR nepxoA noxsae-

MOH AeAoxoAm Ha AaHHOM y4aCTX0 pexm - npaAoalsmmaaa-

HOCTb H AHax, xorAa TemBapoTypo boaAyXu HaA HMAHHIA 

mememmem p.Aynara ocmaemcx HYOua mopmaabmoA,a memne-

pamypa BoAm poxx ApxOnmmaeTcra K 0 0  H OUREIARWTCJI, 

nepame maxamaxm AeAoxoAa; nepxoA samepaammra pexm-

HamwHara C mo:zomma LoraBAemmx AeAox0Aa Ao momemma,x0-

rAa AeA CTaHOBVITCR nenoxamummmLnepxoA aamepaammra 

pexm - AHH, morAa AeA Ha AaHHOm ymacmxe pexm OCTa-

eTcH HanoABmrammu; nepxoA paamppaammra pexm -mammmara 

C mOmeHTB, xorAa Aomaemcra Aeon m HammHoomcHaroABm-

weHme, Ao MOUeHTa ougVilm palm OT AbAu. 

HUEHee memeHme pexx AyHaR mama noAeopraemcra 

sxmoti BosAeAcT134m Bmoprammxxcra C canape xoacAmmx 

KOHTMHCHTaill.HVX BosAywHmx mace, 413M cpeAmeem Bepx-

nee TC4eH11H. C HatiaMa HaCT0h0,03r0 CTOAaTMR 14 AO CHX 

nop pea AyHaA D ero CoArapcxom ymacmme eamopsaAa 

BOAHOcTbW B 1908/09, 1928/29, 1941/42, i 1946 /47 , 

1953/54 H 1962/63 rr. qucTiagH0e aamepoamme OTAexi.- 

HWX ymacTima 11oGAWA0A0C6 314moVI 1913/14, 1934/35, 

1939/40 x nocaeAHee 1968/09 rr. 3aMepaaHMe HeGoab-

wax ymacmxou HaGamAanocb B 1936/ 3 7,1942/43,1944/45, 

1963/64 x 1964/o rr. Do HenoaHmm AaHliblM as 70-AeT-

HHM nepxoA na6Ali,AanDcb aamepeaume B puan114Ho11 cme-

neHm OKOAO 17 p,/a, MAN OAMH pua Ha memmpe roAa.Ec-

nm npm6aemmb cxymax, xorAa Ha pexe noxenHemca 

AeAoxoA, Ho oHa He China ?timepaweii, To B mccAeAye - 

mbig 70-XoTHma nepv.eA meAoame Ranemma Hu 60ArapCKOM 

viacmxe pexm AyRaR RLIGAmAaAmch B Te4eHma 

3amePaaHme pexm Aymara mamxHaeTcra C yams' 

AoAxaemcn Ha aannA. Upx HCHAKAIRTaAhHOm 

UOICeT Hamambcra 0AnoepemeHH0 B HccHCALKKX 

30-32 emu. 

peram H mo-

maaoeoAbe 

mecmax.Ha-

o6opom, paamepaamme pexx aammxaemen o6brqmo C eana-

Aa Ha BocTOK. IJOAr0T0BmTeAbHMR BcpHOA 
noaanerimx 

nemoxoma B paanmgrime ammu CoCTaBARaT 4-12 ;wok, a 

nepxoA aemepaaxma - OT 5-6 Ao 2u Amen m Oonee. 

AeAoxoA HO CoArapexom ymacmxe pexm 4ynaa Ha-

ImHaiaTcH qawe actlro BO wropoti noaorsimme gexa6pra, a 

samepaamme - B Hu4WIO Bmoporo 

CeMMb1l paHnmil momeHT AaAoxoAa ormemeH 10 Aexatpra,a 

CaMMg noBAHmn - 10 (PeispaAra. Paamepeatime .Lyuai 

6onrapcxox reacmme riaftwAanocb canoe panee B cape-

AxHe edeepamx, a canoe noemmee, morma palm 
ommigaem-

CR OT ALAa - OKOJO 25 mal.ma. HamOonbmaR 
np0A0xxx-

RaCATRAHGHHA ramBapra. 
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....mmcni.xocpb rieuomamxxcrc, AbAca Ha OunrupCKom 5,4aCT-

He paKm AyHah cc.cTaozhzu ()Kuno 75 AReA (1954).4e-

bt, meo6xaAmmoa Aaa noaHoro oummeHmra pexm DA AbAx 

COCTuBAHeT oA0A0 20 AHe:t. 

X0A0ABLiC emmxme xecriuw m amam timxriero 

TomummA peKH kimax 

3.1. ECAN paBAellHIA X0A0Aable EiNiaaaa meCRBM X 

ailabl HU AUL rpyrinm: C 150AbulHml: atiOhlalIMAUH cpeAkm-

mecRtarcol H ammmeli memnop_iTypm (Oonee - 3 ° ) id Taxxe 

C ELHOMUANRMH OT -1 Ao -30, nonyLleeTcH pi.icnpomene-

mme mecniwa 

Ananma 

AAR AeAonmx 

H 3m4, npuAcm.laaaralloa Ha TuGamme 1. 

XUAOAHUX SHIIHNX :4UCHD0D nomaamsuem,mmo.

Renal-1'4R Ha poxe A;;Hu(.1 60111,11,00 3Ha4OHHO 

HuBWT i.ecanm C GOAbwklAH oTpoCuTuALHWIAH aHOmoAXAMA 

TemnekLITpm, B TO speux !WA 1,pM 1,&:50nb1lixx ommaome-

minx OHM cywecTaexam, een:i CheAyKIT nocae maCHHa C 

60AblEOR OTpHOOTalibmoil KorAa cnymawmca 

3130ABPDB3 H110 1 ssageHme Ann XU,1,01.3MX anaeHmit no pale 

morym mmeTb TonbK0 CAy4a11 B AHDapa MaCHga, 

stsmAy CpaDHHTUAbH0 HHBKOR cpeAmemHoroAemmeR Textile-

pamypm mecxma "'Heap'. 

HamGoAbutura ompmmumeAbHax ci.uAnomechmHara aH0-

ILJAHa HaA HHAHHU memeHmem pexm Avian ria6nwAcinocb B 

(tespaae 1929 r. (-10,8° , u xxuale 1942 r. (-8,3° ) 

H AcituOpe 194 r. (-0,3° ). 

3.2. b mccnemz/emom ueplioAe 841d.HMe mecrii;bi 

0041.wc,mn oTpmBuTOAbHumM artomaAxramm H xoAoAHme 3MMb1 

He pacmpeAenrmacx pauxoaepmo, auOnmAaromcn nepx0Am 

riapymenxx nopnAxa H C tidcToToR. Depaamomep 

Kee racer° pacnpeAaAramTcra roAm c 04eHb x0.710AHImM Ae-

xaOpem, a cpasummeabHo pabHowepHoO - C O40Hb XO - 

X0AHLim Of:Tu./mu, npuOramaxTuabHo no 

CRTHAOTHO. 

X0A0AHMe 3HMU odeMx rpynn mame Bcoro (72,4/0 ) 

B memeHme mpex mecmnen Hi4e).01, memnepamypm mime Hop-

MaabHmX. 3a 14 xozoAmmx 341M mpm paaa mecrau Aexa6pa 

H oAmH pea nmsapb mmeAm, XOTA H lle6onewyk (xxxel° ) 

noaorammeabHym cpeAHemecramHym E-wit/Llama. 

loie 9 nem, morAa Aexa6ph Cum c 6onbwon 

TeALHOO amomaAme.a, TOALHO LieTmpe aexamTcm 

Arad pass Ha Ae-

ompx4a-

4acmbm 

xoaoAHmx 3mm. OTO noxJobineeT, 4T0 HaMaAo SHUN 

040Mb ximoAHmu AexaOpem He ADJIRBTCR yKaaaHHOu, tiTo 

3MMa GyAem omenb X0A0AHC41. 

Aae mpembmx ABU., xorAa ramsapb °meHb xoA0Ammi4i, 

ymacmaymm B X0.710AHMX ammax, a OCT8ABHme 1/3-B 8H-

max, B moTopm r4ecriam Auxa6pb H tl,eupani. HUBWT mem-

nepamypm emwe mopmanbxmx. b memmoro 6onhweit cmene-

mm (70 nppaexmom) 3T0 xucaeTesi m cespaara, XOTA H B' 

He3Ha4HTeAbH011 cmeneHm, Boamomm m nocAe CpaBHH-

TezIH0 menAmx AexaGpra m 

4. 0c000HHoCTm ammoc(De1JH0A tunAtvanumm HaA ECP B 
ZWIDAHwe ammgme meceum M 21151.1 HaA mounim

memeHem AyHait 

MCCAeA0BLIHHA ocotieHHocmeU aHmmusixAomeAb - 

HOCTH HaA ECP Bo Blew' X0A0AHLIX BIIMHHX mecrames 6m-
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PBBHMAU B UHOREIAMHX memnepaTyp y aemax 

smcome ceanac camaR meHlamaR. 3amapaaHae polo: AyHaR, 

!MX M noAromosnmezmama nepaoA noRaxeuxiszeAoxoAa 60-

nee npoAoxspimeAanme. Pexa sauepaaem rnaBlimo o6peeou 

BO Bmopoa DOA0BMHB RaBapa, a nax6oilee 6xaronpaRm 

yeaoema Ann zeAoBmx Rauleama no puxe DOEIHMKBMT 

maA bepxHam x CpeARmu AyHaeu. 

4. 1.4. qemBepmari rpynna COCTOMT TOJILK0 mD 3 

mecRgeB (e,8 n,.ogelimoB) ABa Aexa6pa 0 (JAMB 4.0Bp8.716. 

HCCABAOBBHMB nuicaamBaam, 4TO B meneHme mpex mecagea 

anmag0K.noHaxbnocma HaA Ceseplioa, BocmonHoll H UeHT - 

paxbao0 JL:Bponog 611Aa Haze HopmanbHoa, a HaA Aaopc - 

Katz pancaom -'aLLe HOI34UAbHOM. H momy me ompagame.im-

awe aaomanaa BHTEURKAOHBALHOCTU HaA LleHITUALHOR ED-

Tionoft moKA104mTuAEHo mBAM (AO 1-2 AHea) no cpanHe - 

Him co ellaneHmaom HaA Boemonnoa H CpeAneg Eaponoa 

(ma60xna 3 ) (Ao 9 - 10 AHea). Ynxmmaan nocAeARee o6-

CTORTeMbeTBO, MG:n.HO' C4MTUTE., 4TO B 3T1: mocRw HuA 

Oacceanom pear,' BWAOARWTCh mownme anmmgmcnolimal 

TLV1 Konmnaeumaxbulmx gaKnomoB HaA bOCTO4HO:i Elaponoa, 

EDZsilvilaleCh p(..ay.nbmaTcm muca,TUIONaJlEHMX npogec-

con C melm.:LoA hp0ACJIL1ITLAbROCTbW. 

4.1.5. U6o6IMHIM;0 uHOlzuJiva LIHTat4,KACHUAbHOC-

TV nemmrex noArpyr,p (oxnamileaxmaa 34 cammx xomoAmmx 

m._cifneB) MAR nep6Lx mpox (31 mecag) npeAcmaazenm 

pgc. i. 'ilaccmaTI,ameR OTOT pacymox MO,KHO3BMBTRTI, 4TO 

panoH CIMNX 60AbWMX nonoAcxmexbilmx aHomuxvia aHmanax -

X0HaAbHOCTLI naxoximen naA KMHOti 4BCTE.K. CKBHAMHBBC - 

xoro nonyocmpona H CpeAklea Enponoa, c xopomo Bmpa-

BeHHMM rpe6Hem uHTMUMKAOHBAbHOCTM no nanpaBneumoH0E 

Hero meneHica pexa AyHaa. 

3mo camoe GoALmoe pacnpeAeneHme aHomazaa aH - 

TMDFIKAOHUAbHOCTM oftsicHaem xopomo Gont.wae OTIDRLIBTagb 

Hme aHomaxam cpeAemecrinktmx memnepamyp HaA HPOKHMM 

AyHaeo B comma xcxuAnme 31^.MHMU Mecagm, B pespibmame 

ger° B03HMKBKIT AeAoame RBABHMR no pexe. 

4.2. 4moxyzaHmoHnme occOefinocm0 XOXOAHT,M 3MM 

Hai( MOEHO BO&BTMTb HB Tu6AmHB 2, 14 xo,loAlimx 

clam c 6oxbwilmn ompLgaTezanuma aHomanaRma (no aCco - 

AMTHWM 13Hauea0Rm CoAbme -3° ) H C aHumaAaRox ueoxy 

- 1 H .-3° no ceaoHHon aHomailma aHma40xxoHaAb1ocm0pac 

npeAe0Rlomca TOALKO B nepemx Tpex noArpynnax. ha DO-

CbM11 3MM C 60AbWRUM BHOMBAMHMM 4CTLTB LpogeHmoB) 

HEIXOAHTCH BO emopoti noArpynne, a no ABe B BCpBOa H 

mpcmhea. Oemaxbnme 6 C MBHMDMMI4 OTpagaTeAbHMMa 8H0 -

MBAmDMM pacnpaAexmomcR: ABe B uepnua noArpynne, oAHa 

- BO amopoil H mpg - B mpambea. HaaGonLmaR ompaHa - 

mexLmari cpeAHRa OMMHHA arromanaR om -4,5°  0memm ammu 

C 6onbm0m0 aHomailvama BO Bmopoa noArpynne. 

BMpxynagmunHme paadiun0R mexAy Bepximma ABylia 

rpynnam0 ann (C aHomax0Rum 6o0hme -3,0°  H menbwe 

-3,0 0 ), co6yexaBnaBaimume Mx 
memnepamypHme oco6eHHoc -

T0, moacHo B0Aemi. MB ma6.1101.1m 4. B TO Bpema, KUK npn 

BMMBX nepBol rpynnm 
SHTMIAMKAOHBAbHOCTJ, BmweHopma0b-

Hog HaA CeBepHoa EBponoa, 
EcezaHAcKam paaoHom H HaA 

UeHmpanbHoa m 3 anapBoa Eaponoa, npx omoo npeammeHae 

Hopmm Bay6oAbmeu HaA CoaapHolt EBI_OUOn It hccnaHAmea 

(COOTBEPTCTBBHHO Ha 21.5 a 24.0 D)-0:03HTOB), TO npvi 

aamax Bm0poa rpynnm 8HTMIU1KAOHEIAbHOCTb emanumexi.Ho 

Biome Hopum HaA LICHTpaAbH0A EBpOROR H Asopcicau pat-

OHOL:. HaA CceepHoa Elip0B0,t anTRURKAOHUAhHOOTb Aa3.:e 

Haze Hopom. TaK, cpaAnan B aHTVIHMKAOHOIf. - 

HCCTH mexly Abymx rpyrina.411 Jam aux CoBopHon EaPa-. 

nog COCTuBAiteT 13.5 AHe.l. 

Ecna me CI,LABEI.M KugecTnalinou P0A03ZeHRO WITH-

UHKACHJAE.HOCTX HuA pa3a:1 -61m.,11 nacminal BCP,mo moxeu 

3ULUTIIT6 (TuCa:RHa 4), nTo B cioAlieo npll aaanx 

60.711.,:amm UROMWIV.hMli MdMOOEb.lieU 411CAO AH0:I C mOWHM-

LAI OHTW4RK/I0Hui.M HIAUIOTCR HuA CuLepH0a Baponoa ( 25 

Alley), B TO D1,OMR KLIK npR amopok rpynne 3MM Ham-

Gozawee Lulea() AHea c oomumma auTaunKnoHau0 ',locomen 

HaA UOHTp0AbHOli Y 0uBBAHOj EOpODOn. TuKOB me coom-

HowcHme Aneg C tz0LIU1M2:a UHTmURKZolluma KO AHRM C 8H-

TR1IMKAOHBAbHML 6,241)M4OCKaw. penbeqom nooOme (ma6a0Aa 

4). 

4.2.1. PacnpeAeneHne OHLI4b.7110 aHmanaxxoHanb -

Hocmy Bcox 14 8MM npeAcm_luxaHo Ha pac. 6.1VoxHo aa-

MeTZTL, nmo nonTa Ben Esporia, Gas MXHOn 42oTm CpB-

AM3BMHONOpbR H Hu Bocmox UT qopncro mopa,mmeem DO-

AONMTWIbHMO BHOMBARM UHTMLIMHX0HuAbHOCTa. Bono:am - 

TO/IbBLIe UHOMuJIMR EIHTM1 KKJI011,m61(oCTM ameemmaKzeUe -

neplian H BOCTO4H8R 4UCT11 ATAuRTR4OCKOPOOKOBHB.E 30-

XMHMR ycaxemnon BRTRUOKROHUJIb“OCTM o6pa3ymm rpe - 

6eHb no nanpaLzenam 25 mapoAaana K CanicaHcKomy no-

Ayocrpony, KoTopma oTAezRem ycaxennoa gaxxo-

HaAbHOCTa Hap, 4CHTI.onb11Lw CpcAasenomopbemom  paao-

Ha yeMAOHHO.i 4MKJIOHUALHOCTV AUA mopem H Ma-

AOVi Aamea. Ha pac. 6a a 66 npaAcTaBneHm oco6eHHoc -

Ta FuHTLUMKAOHaibm -,CTM (Ha nel.nom 9 311m, Ha BTopou 

10 aaa) , Korp.a WITallaKAONJXbHOCTb amine Hopmant.Hoa 

nag CenepHo'.i EsponoA H Mx10 HOpmAbH00 HaA 

paabHoa a 3anaAnon Esponog. CpanFeHne AByx 

HoD (68 a 66) Aaem Bo3MOZHOCTL, OTrACTMTI, OCHOBHMEI p 

KaneemBennme paszanHme npogeccm, npmoonnume K 410P -

M0p0a:IHMM ompagameAbnmx .BHOMUJIMa B memnepamype naA 

HDOKHRM menemsem peam IyHBR. I:31114;0, 4TO Ha pile. 6 a 

nozozamczBHaa anomanma B genmpa npeumwaem na25npo -

gammon HopMy, a Ha pac. 66 - Ha 19 npogeumoB. 

A TO, Limo AebicTnameALHo 14epa Amonam.Hmerpogec -

cm mmewm OCHOBHOB ananemie AAA JleAosmx Rmeima no 

peKe Ilynem mooHo BaAemb Ha Imo. 6s, KorAa B menet-

foie 1 0 311M (71,4 npogetima) BHTMLIMKX0HBAbHOCTL HOA 

hccmanAcKao panonom 6mna DbIlle HopoaARHoa. npm 3TOM 

cpeAHee omluiolieHae OT Hopmm cocmaanaem 11.5 AHea 

(52 npogeHma) Hopmm. 

5. Hemomopme oco6eHHocmx 111iu1CyAHU00 ligA_ECP Bo 
Bpama Daamekaamein Delta Avia41 . 

PaamepsaHae t eam AyHaR Ha 6onrapcKoM ynacmxe, 

ecila pexa Gana aamepamea, npoldcxoAam B el:elapaAe 0 

mapme, a qespane, ecJim HannyT Boanaxami. o6anipeue 11

rAy6oKme IARKZOHM HDA 3 anaAnoii H Mroaanaxma Enpo -

no0 a BelviTaahnmo Cp.:Alitsconomopbeo c menAeHgReana -

pememenua Ha eccmoK M ceoepo-BocTox (pac. 7). Pas-
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mepaaHne B mapTe He TieCyeT o0HaaTexbHo OTHX yczo - 

Bid. 

Ocmcwimm ctaxTopom peamepeammx pexm Aymax8Oox-

rapcxou yuacTite RBAReTCR (Popmmposamme U8BOAKOB 

cpeAmem TB4BHMM perm, BCZBACTBHB OCuAKOB 148 A0XXA X 

6yAmoro cHera npm yoTaHowiemmm TWA ynommuyTo2 Blue 

UHPIVAWAMH aTmoc,,epm. 

KB 14 X0n0A0MX OHM (Tat:Samna 1), OCAS'S MCKAbotiHM 

He ocoOeHmo xonoAHym smuy 1921/22 rr., AucaTb pee 

(77 nponexToB) cneAym4mx 81411 mapT Obla C Hmme mop-

maabBoA cpeAmemecs.quo TemnepaTypol (oxozo -3,3O) m 

Tpm paaa (23 nponeuTa) c nozommTelli.mo0 amomoameg 

(mexxy 2.5 H 3 0 ). 

CpeAsee pacnleAexemme aH04a.am0 amTunmx.nomail.-

MOCTm B Temenme 10 xoaoAHNx mecnneB idapT, morAa pe-

ma paemepaaeT, H B T04BHMEr3 TBAJIMX mecanea mapT, 

Taxoe, cTo npH xonoAmom mapTe, morAa oOwqxo paamep-

saeT peKa HaA Oo.auweR UtACTblO Euponm, ocoOeH-

HO 6accelHom poxn Ayuex, npLoOnuAueT aHTMLUCCZOHLIAL-

Hoe pacnpeAeAeHme AuBLEIHMR, a B chymamx TenAoromap-

Ta cywecTiveT yomnermaa UMKAOHuAhHOCTI, HBA 604hU..eg 

macTbm ECP, rzaBHmu odpaoom aanaAmee 300 B.A. Oco-

05euno OonbwoR 4micAcHuM,HOCT6n xapaxTepmayeTca Uemm-

paZblieli M 3ananmem Enpona. OCHOBHOR cmHonTmgecxam 

oOcTaHopica paamepaaHmx pexm AyHaa npeAcTaaxeHa ma 

Pic. 7. nPH Heft HaA LMXHHM H cPaAtimm Tettemmem pemst 

AYH8R comnammca ycnopmx mmmemomamoro nepemooa TARA= 

Tponmgecxmx BoaAyil;Hmx mace B npononzemme 8-10 nmeR. 
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b. lipormom nenomix RBAuHM.i HU Bexe AYHae 

B peopitmame npennpmummwx mcczeAoBammil npminam 

IC CAvAkyWWmm BWLOA..XL: 

1. BETORTHOCTb 71 uponemm nAm mumps m OX0X0 

60 npoiewro AemaOpm, MTO OHM moryT MMBTb OT-

pmuaTeahmwe amomaxmm cpeArtemecaqumx TemnepaTyp,xe-

rAa mcaOpb menzmA, a BUOCTB C TQU maABocTomHolt %w-

omb() CemepHoro ATZWITHHU H KINEHOg MaCTbilD ETCC amTm-

4MKAOHaAbHOCTb BUMS mopuN, a maA CpeAmaemmomoplem 

H Liemmpambmoit Eaponoft - mmme mopubl. 

2. Eomm ompmmumealmwe allomanmm cpeAmemeoxtimNx 

meunepamyp B HOROpe COUtiTaWTCA C noAommTeabutimm a-

HOUBAMRMM faHTMI-WHZOMBZLHOCTX maA CpeAsea Eloponoti 

(Ao 25 nponeuToB Hopmm), B0pChTHO, TiTOXOXOXIX.Itt X0-

a6pa camBaeTca c X0A0AMOK 8MB.0a (X0,710X0Wg 

AHBEtpb), mepeuewemmmA Hemmoro anepeA. 

3. Y1pu Bute mopmaxbmux cpugmeueemgmlix Te11lne - 

pamypax a mohOpe ma boarapcmou yqbemme pexm Aymam 

11 MIX° mopuunbmoti EIHTMLIHKAOHUZLHOCTM HaA 3HABAHOR 

qacTbm ECP (oco6eHHe roro-aanaAnoii H CpeAmeR EBpo - 

nog), a EMLLU mopwaxi.moil man Dro-aocTomHO m IOXHOn 

WICTRUB ETCC, TO 14/oBpanb 40,-CT OKa3BTI,CH C 60AbWM-

UM ompmnamenbulmni amomaAmmum. 

4. Eonm me ariomaamm cpeAHemecxgamx TeanepaTyp 

B HoaOpe HaA Esixtimm AyHaem OTIMWITOXbHMB,HiEtA Cpe - 

XMoommomophem, 14eHTpaabHo:1 H 3 anaxmo;: Esponoa am-

THWIXAOHaXI,HOCTI, BLOB xopmw, a HaA LleHTpazionamm 

CBB0pHIAMM pagollaum ETCQ lance Hopis), cynecTayeT BB-

pORTHOCTb, 4T0 8E1048A1B memnepamyp B ;4aBpaile oTpm-

naTexbmwe, BepoaTnocTi, 63 nponewra, %ITO OHM CCOAJ.-

Mmmil aH0U8AMAUM. 

RUBR BBHAy OCO6eHH0CTD, nmpxyzmummxomonmaxemu 

BMX mecionee It amm BO apeum mommemmm m pa8BmTmxze-

A0Bux ameHma no pexe AyHalo, max H Bo Bpemx paamep-

saHmx pexm, nporHoa xeAoamx Hauelim no pexe Avail() 

momeT ObiTt. Awl C nomo4aw cmHonTmtlecxmx 4eT0A0B as 

10 - 15 ABeR npeAeapmTezbHo. 

Aexadps 
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TaWmga 1. 

Xo.740,4able amliHme meciigh; H amum B fummem regelimm p.Ayliail a nepisoA 1900-1967rr. 

Zeica6pb 

c aaoldazmett Rime -1 - I rpynna, c aacuamiett Bialne -30 -

11 -2.9 II rpynna, c alicataxmeg melcAy -1 0 

xBapb eapazb 2o.ao,usbie a Mal 

48(-6,3°) 1925(-2,50) 1942(-8,3°) 19o7(-2,70 ) 1929(-1o18° ) 1913(-2,30) 1953/53(-5,50) 

33(-5,2° ) 1946(-214° ) 1947(-6,3°) 1946(-2,7°) 1954(-91 50) 1911(-2,2°) 1931/32(-2,7°) 

27(-4,8° ) 1963(-2,8° ) 1963(-5,7°) 1935(-2,70 ) 1956(-8,1°) 1928(-210°1 1928/29 (-5, 2° ) 

02(-4,3° ) 1945(-2,o° ) 1954(-4,9° ) 1944(-2,6° ) 1932(-5,00) 1919(-1,8°) 1906/07(-2,7° ) 

62(-4, 20) 192o(-1,8° ) 1924(-4,9°) 1912(-2,50) 19o9(-5,o°) 1963(-1,8°) 1941/42(.4,2° ) 

40(-4,2°) 1921(-1,6° ) 1940(-4,7° ) 1914(-2,4° ) 1917(-1,7°) 1921(-1,1° ) 1939/40(-2,6°) 

24(-3,9° ) 1917(-1,5° ) 19o9(-4,6° ) 19o1(-2,1°) 1942(-4,1° ) 1922(-1,1° ) 1946/ 47(-4,2° ) 

31(-3,00), 1953(-1,3°) 1933(-4,2°) 1964(-2,1° ) 1905(-3,8° ) 1934(-1,1° ) 1904/05( -2,50) 
57(-3,00) 19o8(-1,3°) 1950(-318° ) 1937(-2,1° ) 19o7(-3,7° ) 1914(-11o° ) 1962/63(-4,o° ) 

1942(.4.4°) 1905(-3,3° ) 1929(-2,o°) 1965(-3,4° ) 1924(-1,o° ) 1963/64(-1,8°) 
(-4,3° ) 1928(-1,00) 1943(-3,2° ) 19o8(-1,4°) 194o(-3,3° ) lo(-1,5° ) 

19o8/09(-317° ) 

1944(4,o°) 1334(-3,1° ) 1928(-1,2° ) 1927(-312° ) 1921/22(-1,3°) 

1906(-10°) 
12(-4,7° ) 

1922(-1,2° ) 1947(-3,1° ) 1933/34-3,30) 

k3(-1,6°) 1938(-1,o° ) 13(-5,20) 6(-2,3°) 
19o4(-1,e) 1927/28(-3,0° ) 

1913(-1,o° ) 

16(-20° ) 8 (-4,2° ) 

22(32,4%)-217° 28(41,214-3,1° 23(33,8%)-3,6° 14(20,6%) - 3,40
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Ta6./m4a 2. 

Xo.acAHble 3mul,me ;,.acHgN (Aexa6pb, sumapb, (Del:Taal') c 6o1Ibwmmm 

wumilaTexbt,and aHoma)Izzlgi B 1900-1967rr. H xoxoAHme 314MM DO OTHOMBHMK occbeimocTel 

aHomazmil aHT111412KX0HWIBHOCTM HaA HexoTopumm paAoHamm ETC 

C 9HTMLWX0HBABHOCTLIO 
Hume HopMaJxbHot HaA 
ceB. EHponck 

C WITYMAXXOHEIXE.H. 

Bb]me HopmazI,Hog HaA 
(es. H 4eliTp.EHloo-
nog oAlloripemeHHo 

C EIHTMAPIKXOBBABBOCTbM 

smme HcpmaxisHog HaA 
1.1,eHTp.Espcnog m Geo. 
qacirtoo EaxicaHcicoro 
ncxyocTpoHa 

C WITHIAMAAOHEIAbHOCTbW 

Hmie HopmaxbHott 
OAHOBpeMBHHO HaA 

CeB. EHponoU m 
EHpono2 

XII 1927 (-4,8° ) XII 1948 (-6,3° ) XII 194o (,14,2° ) XII 1933 (- 5,2°) 
19o2 (-4,3° ) 1924 (-3,9° ) 1962 (-4,2° ) 1957 (-3,0° ) 

I 1942 

194o 

(-8,3° ) 

(-4,8° ) 

I 1947 

1963 

(-6,3° ) 

(-5,9° ) 
1931 (-3,e) 

1943 (-3,2° ) 1924 (-419° ) 

X z II 1929 (-10,8° ) 1933 (-4,2° ) I 1954 (-4,9° ) I 
2 0 

Z 
CO 

1954 (-9,5° ) 1950 (-3,4° ) 1909 (-4,6° ) 

0) 
1956 (-8,1° ) 1934 (-3,1° ) 1905 (-3,3° ) 
1942 (-4,1° ) II 19o7 (-3,8° ) II 1932 (-5,0° ) II 19o9 (-5,0° ) 

0 1940 (-3,3° ) 1917 (-4,4° ) 

?•4 1947 (-3,1° ) 19o5 (-3,8° ) 

1927 (-3,2° ) 

1965 3 4°
.11 mecageB (- 5,9 ) 9 meesi IdecHgeH -4,o mecage -4,2 



•.• 
t 
' 
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Halt 

1946/47 (-4,20) 

1962/63 (-4,o°) 

1939/4o (-2,0°) 

1921/22 (-1,3°) 

nail 

1953/54 (-5,5°) 

1928/29 (-5,2°) 

1941/42 (-4,4°) 

1927/20 (-30°) 

1906/o7 (-2,7°) 

flay 
1900/09 (-3,7°) 

1933/34 (-3,3°) 

1931/32 (-2,7°) 

1904/05 (-2,5°) 

1963/64 (-1,8°) 

4 alum (-3,00) 5 axm (-4,2°) 5 ant (-2,8°) 
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TEOJINga 3. 

BeAmtimHa cpeAHeA aHoManME EIHTMLIKKACHaAlaHOCTH B AMU '  gHcno AHett c mOltiniUM 

aHTmnyucAoRamm K oTHomeRme ARe2 C M0,41iMML1 EIHTMUYAAOHBMS1 KO AHRM C aliTmgmforoRaAbHott oftTaHoimot 

HaA onpeAexemimmm paaoHamm ECP B cp_AHem AAR Ham6ozee 3coAommx mecRgee m B cpeARem AAR HaxAoft 

noArpynnm Ham6oAee xoAoAHmx mecRgeH 

PaRoHm ECP 

lloArpynnm CeeepHaR ERpona 

ti
m

c
io
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c
si
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= rg au va x au x Pk 2 00 00 0 00 0 4. 0 00 Oat CD 04 2 q 03 N x X ):1 x Ict X 04 • E4 M 0 a 0 a td 0 la F m o  x o E. m 0 o w a o P. X 0 a' X 

MccAaHAcmet 
pa4oH 

Aeopcxmg 
patioH 

3anaAgaR 

LleHTp.Espona 

CpeAHRR m ftm. 
vac  ETCC 
tlepHoe mope 

m
o
u
t.

a
g
.a

H
T

m
u
. 

E.
o 0 a o 0

g 
CD ta F 0 3x El 

g i 

a x 

al a3 
X 
03 2 

w m 
w cl, izt • e x 4 1 
o x Dal 0 00 o as 
bq
2 4 ):1 III 111 • e4 0 sf 

at o 1. g o 
o 0 X 0 0 X 

I 11/320A/ 
-5,8 

+3,4 2,1 27 +5,1 12,o 65 -2,3 2,o 13 -4,1 3,1 25 -1,6 5,8 

II 9/24,60/./ 
-416o 

-0,5 2,o 35 +8,o 9,7 46 -2,7 4,6 32 +4,5 8,9 4o +1,1 8,6 

III 11/32,3%/ 
_3,70 

+1,6 2,6 34 -2,8 4,2 4o +1,9 8,5 53 +4,9 20,5 48 3,4 

IY 3/1018%/ 
-4,4v

-o,1 2,o 28 -5,3 3,3 41 +1,1 5,3 32 -1,3 5,0. 33 -8,3 4,4 

34/100/0/ 
-4,7v

+1,4. 2,2 3o +1,9 8,1 52.. -0,8 5,1 33 +1,3 7,2 4o -2,1 5, 5 
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Taftxua 4. 

PacnpeAexelme BHTWALIKAOHa2IbHOCTI4 x MOflHb1X BHTHIWKAOHOB B AHAX BaA 

HBHOTOPMMII INAOHBMIII ECP B xoRoAHme 314Ma 

I H II rpynna 

PaAoHu KCCABHA-

cxxlii 
pagom 

A3OPCKleg 

pagoH 
CeHepHaR 
Espana 

3anaplaR x ueuTp. 
Euona.44 CeH. 
REICTia BaxicaHexoro 
noxyocTpoHa 

CpeAHRR x 1011-
HaR qacTb 
ETCC 

HopMa aHTxgxxxoHaRb-
Howl% 

22,2 47,3 40,4 51,1 57,6 

OTXAOHBHHB OT HOPMM +5,3 +1,9 +8,6 +3,6 -0,4 
AHTPUIHKAOHBAbHOCTi, 
MONHEB 11HTMUKKAOHM 
OTHOMPHMB B 16 

27,5 
6,5 

49,2 
16,1 

49,2 
25,o 

54,3 
19,2 

57,2 
17,4 

23,6 32,8 51,0 35,4 30,5 

OTICAOHBH1e.B OT HOPMM +3,2 +3,5 -4,7 +7,7 -3,0 
AHTHUKACHaAbHOCTb 25,4 5o18 35,7 58,8 54,6 
Momgme . aHTxgxicaoHE 5,2 . . 22,o 13,2 25,7 15,5 
OTHomeHme 3 B70 20,4 43,1 36,8 43,5 28,5 
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Pim 1 

(2petaHee pacnpeaenemie aHomanHil aurnamcnollaahHocTH npH nepHoR noa-
vpynne xo.loallbix 311M1111X NleCAUCB C (ionhautimu atioNiasniHmH temnepaTypbt Han 
6anrapamm yvacncom peHH Hag 



4.
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Pnc. 3 
Pacnpeaezenne al-roma:1Hk awriruilKa0HaabHOCTH npH BTOpON naarpynne X0-110.AHNX atIMMIX NCCsilleB C 60:RA1.119M-I alIONfailliHMH Temn2parypbr Han 6oarapcicHm praciHom perm ilyiraH 

Pile. 4 

PacupertenenHe atiomagritA airmulmotHianbriocrn firm Tpe Tbeil noarpvnile xr,-

.30A1114X 311M}111X. Mt!CA1ICI3 c 6f)1bu1nmu arromarmamn TeMnepaTvph Hag 6o.irapcartm 

vtiacrenm petal flynas 
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Pile 5 

PaCilpelleACHHC aHTHUHKAOHaAbHOCTH 31 nan6tmee X011°AHOTO 3nmnero me-
cnua (910/0), comarinromne nepswe Tim noarppinN 

Pic. 6 - 
Cpeanee pacnpeaenenne am-Imam-in aliTHUHKAOHafit,HOCTH Ham ECP B 

mne 14 X0A0AHMX 3HM HaA 60ArapCKHM yqacmom petin JLvnaR 





PHL 6 a 
Cpc2Hee pacnpueACHHe awriumnoHnnbnocTu Hn2 ECP H xo.io,uiwe 3Hmw 

Ha2 6onrapcmim placricom pom TtyHaH npH Hbnue HopmanbHon autHummanb 
NOM Hau CempHoti Eaponoti 

PHc. 6 6. 

Cpeamee parnpe2encH He 311T11111'1“101talTIMOCTI1 nazi ECP, aurna s Tegernie 
10 X0110.41313!X 31IM Ha,11 150.11%-ipCK11hi placTKom petal Avican airrattnaaorta.abriocrt, iintna 
HH)KC HopmanhHoti 1122 Cpe2m20 H 3aHn2Hon Enponon 
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Piic. 6 13 

CpeAtice pacripeReAcri He anomainift 11,IU  lin.; F.:CP ii Tette-

HNC 10 X0110i-111b1X 31-1N: Han 60.11-z-tpcicitm yiacmom peril flyiia$4, 1;01-,11:1 aterittiliti.10-
tianbitocm umwe nopmanbnon licc.latutcKtim pniionom 

P 14C 
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HEKOTOPEE BORPOCW METOWLECKMX MCCXEAOBAHR2 OBRACTM 

uortions AEA0B0r0 PEIMMA P.AYHA2 (B CBH311 

C MINEHREM KPYIIHUX AHOMARK2 AEAOBNX 

HBAEHMR HA PEKAX EBP011111 

MAKAPEBM T.H. 

rocyAapcTBeimma rmApoxorpinectola HHCTZTyT XerimirpaA 

CCCP 

Peamme 

B AonnaAe KOZOTOPTCX sonpoomp CBABBHHMO C npo-

rpammoA mccneAosaHma neAosoro pe=NMa p.,UyHait ALP( 
paepa6omnm OCHOB uemoAmnm nporHoemposaHmn. npmso -
Ammon mmnmaanmn neAosmx amnerim;', Ha OCHOBO OLIBHICXXX 
BBPOATHOCTM, HpOACXXSITOAL.HOCTX H yomottqmsoomm. 

B npogocce mocnenosaumn npeAnonaraemcn smn-
poanmume u rmxpomemeoponormgecgom pexmme Ann BXTb 

nem C pasummm ycnoumnmn neAoo6paeonaHmn: B cyposme 
ammo (xopaxmopmoymmecn yomottqmsmum m npoAcxxmmenb-
mwm neAocmanamm) m B mennme ammm, B nomopme neAo-
ElMe ABABHMA npanmmtlecnm OTCyTOTBylOT, a manxe B ro—
Aw, omnmnammmecn 

T.A. 

3mo MCCXCIA0bEiHNEt tiyAem nponoAmmbon B cneApo-
mmx HanpaszeHmnx: 

1. AHBAM3 ocoGeHnocme;i memeoponormgecnorope-
xmma (memnepamypw uoaAyna a nepsyronqapeA0paszmml 
HWX paaoHos LleHmpanbno0 Esponm ea °canna- ammumil 

paHHHM mnm nosAmmm nonaneumemnbAa 

nepmoA B nonwmna mmnmamponamb XX B COOTBOTCTBMN C 
ycnosmxmm neAoobpaeonaHvn. 

2. BlimsneHme paammtamx 
CHOld 

B yposeHHou 11 m813)4)11403-
pezmme pen OaccenHa penm J1yHaA. 
3. HeyqeHme ammoccDepHoft umpnynnumm He OCHOBA 

mcnonbcosammn cymi.cmsymmmx mHAelccammttcwHownotecxmx 
npomeccos (r.A.BaHreHregma, A.A. Hama H Apyrme). B 
npomeoce mocneAonammn npeAnonaraemcn mcnonbeosamb 

noaygemme eanoHomepHoomm paepatfomnm memoAn npormo-

ea neAolnox neneHmA Ha Aymae c 0oALmott eafterompe -
/ABHHOCTLIO. 

McomeAosamme no AaHHott TOMO nnalimpysmon B11

nontimmh B rrx (CCCP, AeummrpaA) H 1969-1971 rr. 

PaccHompeHme acotekHocreil neAoeoropezmua pen 

Oacceftma Aynsit BCCOMHOHHO npeAcmaannem MHTBPBC B 
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Summary 

The report deals with problems related to 

the investigations of ioe phenomena on the Danube 

and their future studies for the development of 

the basis of forecasting methods.It gives a elms= 

sifioation of ice phenomena on the basis of the 

evaluation of their frequency,duration and stabi-

lity. 

In the process of investigation it is 

supposed to reveal the differences in the hydro-

meteorological regime for years characterized by 

different ioe formation oonditions: in severe 

winters (characterized by stable and long-lasting 

ice cover) and in mild winters practically 

without ice phenomena, and -years ( periods ), 

characterized by early or late ice formationoto. 

This investigation will be performed in the 

following way; 
• 

1. Analysis of the peculiarities of meteoro-

logical regime (temperature of the air, first of 

all) of different areas in the Central Europe in 

autumn and winter seasons and an attempt to 

classify them according to the ice formation (ion-

ditions. 

2. The determination of differences in the 

water leve fluctuations and thermal regime of 
the 

rivers in the Danube basin. 

3. Consideration of data on the atmospheric 

circulation On the basis of the use of existing 

indices of synoptic processes (G.Y.Wangenheim, 
A. 

L.Katz, etc.). In the process of investigation it 

is supposed to use the obtained regularities in 

order to detemine the possibilities of deveop -

meat of long-range forecasting methods for ioe 

phenomena on the Danube. 

The investigations on'this problems are 

planned to be performed in the State Hydrological 

Institute (Leningrad, USSR) during.1969=1971. 
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-40, 1941 - 42). 

Coiloammm nepmcgom ycmoaumamx X0A0A08 Ha smolt 

meppmmopmm nonammemcm AexaCpu H 44maap1. Omcymcmame 

CHAbBMX KO/10=B B 3T0 apemm ymaamsaem Ha Mady10 Be-

PORTROCTb MX HaCTyrAOMMA B nocmeAymex mecauaxsem-

Hero cesoHa. Cmmonmmueemmti nepemom Ha npoueccm "se-

UM", KaK H3BOCTKO, npomcxoAem 8 cpeAmem 8 mom:MP-

madpm. 3anoexamme amoro "nepeAoma" CBHAOTOAbCTBy8T 

O WEIAOCTaTOLIKOil nogromoBxe yeA0BMq AAA MMTOKCHBHMX 

amopmemmn apxmmuecmor0 aosAyxe no nommpmmm m yALT-

pano4Apliwu OCRM, M, cmeAoaamemumo, 0 CyAyukem ocia-

dmeHmm BHMHHX X0A0A0B. CAMMKOU pammmil obeam xonoAa 

(ommmbps, Aexacspu) roaopmm o KaKOM-TO mapytuemmmeo-

TeCTBEIHHOr0 paaommmm maxponpoueccoa )t, cmeAoBameam-

mo, 0 aosmommoomm "momnemcaume Comae HAM mamas 

uowmmum ammocamm menma. B To Be epemm caoeepemem -

Hoe macmynmemme 2Ha9MTOAbHlaX X0A0A0B (B AOKa6p8 - 

RH0aPe) CBHAOTOALCTByOT 0 HopmembHom npomexammm 

emmmmx npoueccoa It paaammxm ycmpamq Amm aKTHBHWX 

amopxemmit apxmmuecmoro BoaAyxa ma meppymopmM EnPo-

nm. 

Bayp H csoctl padome o npeAcmaaammm mr;,nepamy-

pm Boamxa pammeti lit-CHM 1925 T..0 repmammm TaKA8 

yxasmaaem Ha TO, MTO B 13 cmymamx H8 16 (me 62-mem-

Hero pmAa maOmmAemmil) mapm B repmammm oxaamaaemcm 

menmmm, octa emy npeAwecmayem xonoAmmtl ommmbps 

momOpu. Ero mccmeAomemmm nomaaamm, ATO o6paiman aa-

BHCMMOCTb, BMPaZaKMaRCR B TOM, t1TO 3a menmoft nOBA-

Hen OCOM.M cmemem xomoAmmt mapm, HaOmmAacmcm sma-

ummemhmo pewe. lb 3mo3 npmtimme moacgmumemm Koppe - 

ARUHH, yeTaKOBABHHMM mu mammy cpeAmet MOCRt1HOttTo3M 

nepaTypott omme5pm, Hombpn m mapma, anpenn,me °mem:. 

BOAHK. 

B CemepHon Enpone (Mmenmx H 441HmmHAmm)s 6omm-

WHHCTB8 cmyuaela 8MMi1 c 

Barn npoAommmmenumumm, a aexpmmme pea HaOmmAaemcm 

noaxe HOpMi. 

Ha pexax Esponencxon meppxmopmm Comaa yxaeam-

Hon eaxonomepHocmx me maCimmAaemen. Mule palmed x 

xomoAmon ocoux uomem 6mmb Kam paxamm, TaK H nosA -

BAR Becna. Mexpy mem ceaepmme paRomm CCCP mame 

OTOM ommomemmm maromemer K pexmmy CeaepHon Eeponm. 

Ha cesepo-eanaAe CCCP ea nepxoA 1900-1955rr.pawss 

meAoo6paaosaume HaexmAamocb B 20 cmymamx, npmmem s 

10 Hs aax nexpmmme [:boo noaAmmm, a 6 - panmmx, a B 

4 - Numorm x cpeAmemy mmoromemmamy. 

Oceanee negooOpasoaamme (pammee m nomAnee)Ha 

pexax Esponm npoxcxoAmm B nepxoA cumonmxmecmorooe-

soHa npemammbn, momopsdi B cpeAmem HaqHFIROTCA 5 ox-

ma6pm m aamaHumneemcm 27 AexaOpm (opeAHRit mmorom" 
HRH npoA0mmmmembRocmb ceeoaa 66 Amen). OcHonirMurPo-

tieecom mapaxTepmaymiumm Hanamo npegommbm, max noxa-

samm HCCABA0B0HHA H.A.MHPKHHOft, RBABOTCA BKOKAOHNB 

mopcxoro apxmmuecmor0 BomAyxa Ha BOHTpaAbH148 BAH 

Bocmonmme panomm &pone:10mM %MOTH CCCP. 

rpynna mem el pamnim memoo6pasonammem xapax - 

mepmsyemcm memo/mem ompmuamenumott amomaamm mamma-

pamypm soexyxa a BLITTpaAhHOM meohne npeAsmmbx - 

Homape. 

P6MHBH BeA004,180BaHHOM 0M-
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emaznampym cmHonmnuecxze yc-

noamm oxempeaamumo xonoAmmx ceacHoa npeAammum, y-

KaVNE180T, %ITO ompmuamemumam aHOHadMA memnepamypm 

Boagyxa COSALIOTCA 8a CU8T BTOpAaHHA apxmmueceoro 
aocAyxa uepoo CPUBBAHHaBRIO C A000AHMTOAbB184 B08-

Aencmaues no ymbmpanommpmon mpsexmopmx c Kapcxoro 
mopm. Xapaxmcpmo npa OTOM cmafte pasammme asap-

cxoro aKTHUHKAOHa. 

II rpynna xapammepusyemcn nosAmmm H 

mcxxrougmenumo nosAmmm meAoo6pasoeammem B pexaxEn-

ponm. K omon rpynne OTHOCRTCA cmeAymmme rogm : 

1905, 1911, 1913, 1916, 1918, 1923, 1929, 1930, 

1934, 1936, 1937, 1938. Bce emx roAm ommmuammcL 

nosAmmu nomaxemmem auga Ha Conunimmcmae pex paccma-

mpmnaemon meppmmopmm. 

CmeAyem ocoOo ommemxmb meAoo5pasosamme oce 

Hbm 1934 r., B Homopold nomommmembHan aHomammn 15m-

ma xapaxmepHa Anm peg seem Esponencxoro 'GOBI'S& - 

BOKTB, npmuem ouar amomammA sammmaa ero uemmpaaL-

mule pa:lomm. Leppotil.aaoaamme B OTOM romy npomcxo -

AMMO B TOMOKHe Aayx mac/Liles: c 10 mom6pm (Ha pe-

xax daoceaHo Reqopm) no 10 nap (Ha pexax Cfac 

• Aymam m emb6m). B mexomopme roAm oftacmh 

Ham6ombwen nozoxmmembHon auomammm pacnpocmpammars. 

Ha sem Bocmommym Espony (1923 r.) x Ha panoRm

OeHmo-examAem (1929 r.). B Comumemcmae cayuaea o-

uar amomaamm (c ommaomemmem om +15 AO +25 gmett ) 

sammmam uelimpanumme man sanagmva panomm 1C8p0BOfte-

Icon mac' CCCP (1905, 1913, 1928, 1933 rr.) KAM 

paftomm IlemmpambHon EaponM (1911, 1916 rr.). HaAo 

cxaeamb, MTOB OTAW1HO OT AOT C pampimm meAoo6pa - 

soaammem B paccmampmaaemo3 rpynne mmeemcn sHaum-

meaumoe UHCAO AOT, 8 KOTOpMX HOT X0p0M0 BMPaZaH-

HMX oOmecmen pacnpocmpaReHma xpyrimmx aHOMaAHR 

(1918, 1930, 1936, 1937 rr.). 

Paccmompmm menepa noApoesHee Hamdomee xapax - 

TepHme roAm. 

KOKAWIIHTOZE,H0 nosAmmm 6mmo meA006paaoaamme 8 

1929 roAy. 

Peak 3anaAmog &Tons: nonmm me nompmaamm, avom 

8 TeueMme seen smmm: pp.Peftm, m Xygatt Oraxm cB,:50A-

HM OT AbAa, Ha pp. 141581 H Beaepe HabmwAammcblogb-

xo,xpaTxospemekmme memoxoAm np0AomxmmenamocTbm 3-5 

Anon; meAocmana HO 6ma0 Aaxe Ha p.Bxeme. Ecxamme - 

Hme COOTaBARA yuacmox p.AymaN KomapHo-EyAanemm,rme 

eon nonamacm AHM1. Ha HOCK0AbK0 mean m C onosAammem 

Ha 40 Alien npomms HopMbl. 

MCKAKIMHTOAbH0 BOMANKM ihmo memoo6paso8aHme Ha 

psicax 0OHKO.*CKEINAHH. B onmcammx swag 1929-30 r. B. 

B.Hopxomem ommemaem, giro AexaCcpb X nHaaph B OHM.-

Animus Omam cammmm Tenammm mecauamm H8 100-meTHero 

PAAa HbOmmomeHmn. Amosulaxm memnepamypm mosAyxa RH-

papa cocmasxma +10° . nepmowlecxme me0oaamme noxo-

aoAamma 0 oxmadpn no Aexadpb nmamnamm dombmen ma-

eTby xpammospemeHmme megocmaam H8 MadMX BOADOMaX 

Common m HemmpaasHon OmpummAmm. 

CasAyem ommemmmu, giro nosAmee aexmoOpasoBamme 

Ha pexax EapOnm mepeAxo couemaemcn C paHmmm ( xxx 



6amaxam x Hopme) noRanemxem zapu na pexax ceaepo-. 

BooTommoR LIBCTK EaponeRcxoN Teppmmopma COWaa (6ac-

ceR1 m pex CeaepHoM ABMBW B Remopm), a B omAeablimx 

caymaax x c noRBaeHmem AbA8, 6amaxmm x Hopme B pan-

ouax Toro-aanaaHott Eaponm (6acceRmm pex Lynai H arm-

6m). Ocodeamo noxasameaLHmm B BTOU OTHollieHMM,8T8K-

xe Heo6mmiimm no Beamumme noAoznTeneHott atromaxpth AB-

ZAeTCA ae,aoo6paaor&mme oceHmo 1938 r. b oTom re. By 

Ha A-oaxmancmae pex hocTommoR Eaponm, a Terme CK8H -

AKEMABSIm m OKHZRHARK AeA 

noaAmee Hopmm; amecTe C Teti Ha pexax IleHmpaahmoREB 

ponm (pp. 0Aepe, 3zb6e, Beaipe, PeRHe, Aymae) ae-

noasmaca Ha 1-1,5 mecnaa 

.4006p830B8Hme Hamanocb B cpoxx, 6a11axme K Hopuaah-

Hmm HAM paubme mopum AmeN Ha 10. Ha pexax ceaepo - 

BocToxa Espone:1cxoN tiacTe CCM", a Taxxe macTammo x 

Ha pexax Honhcxore no.nyocTposa xeAoo6paaosaHme 

aTolt ro.ey TaKKB Eat:87=B patio. 3TO CBMaaHO C noxo-

droAmHeem, o6ycaormeHH21m Bx0EABtosem aBTIMBKA0BoB C 

ceBepa CkamaxHaBxx no cpaammmenbHo nozoram Tpaex - 

Topmam, cnycxammxmca B Hanpamemax cpeAmero Tame-

MIX p. 06x. 

CanonTmmecxxe yczotnern axcmpemaabmo- Tenamx 

npejlaxmlimx ceaomoa xapaxTepmaymmca macTiomx axoxae-

HYAUm no mmcoxvm mpaexpopxam xopomo paaBRTMX alimx-

UXKA0HaabHbix cecTem aaopcxoro npoxcxoxAeHma,amax-

xe macTmmx FixonAeumaux InIxaomoa C aanammx H MiHwx 

patt0BoB. 

XapaKTepHo, MT° B rOAM C 'Tx() Bmpaxei ioRaHe-

maameR cpomoa noRaxeRva abgqa aHax aHomaaxx B 6oatd-

WaHCTB8 carmen coxpaHneTca m AAA caexymmen cDaam - 

cpoxoa Hamaxa neAocTaaa. B rogm c painiam aeAoo6pa-

aoaammem oOmmmo HaftmAseTcR paimaR neAocTaa, a 

rOAW C noaAmwm nomaxempteu abxa AeAocTaB Hacmynaem 

nOaxtmee Hopmm. Oxiamo Brmay Toro, uTo XBBOCTaB B 

45onweeti cTeneHm, mem nepammHoe zeaoo6paaciaaithe,aa-

BacXT OT MBCTHITX caxmopoB, cpoxm ero HEMBna pacnpe-

AexamTox no TeppleiTopem aHa4mTeAbH0 6ozee necTpo 

o6aacmx aHOM8Amg B AaBHOm caymae smpaxemo amamm 

Teabmo meHee memxo. 

Taxmm o6pa3om, xapaxTepHo, mmo MCKAK4MTexbH0 

paHHee M acxammmmealHo noaAHee 

peAxo pacnpocmpaHaeTca Ha 

TmBaa.B omaeabmvx cxygarix 

(1902, 1934 rr.). 06AacTx 

atoAoo6pasoaamme He-

orpomHme naomaxm, aaxBa-

BCM Teppwropam Eaponm 

pacnpocmpamemma Haii6oah-

mmx aHomaamA oftmao pacnoaaTaxmca a memmpaaLHmxual-

cmax xoliTaHeHma m ampaxeHm max6oxee peaxo B earw-

ax ompxmaTeabHoR anomaamm. LoaoxmmeabHme amomaaxx, 

28HmmaA Taxxe orpoumme npocmpamcmaa, K8K npaBmao, 

He pacnpoempammxTca Ha xpagmme ceaepo—accmommme HAM 

xpaamme mro-aaaaAHL.e paRoHy Eaponm, B RomopkrxeTa-

xmx czyttaxx AelmobpasoeaHne Banamaemcm B cpoxa, 

6amaxxe K cpeAHmm MHOrOzeTHmM. 

(Dopmepcsafive xpynemx aHomaneft JteAoeoro peme-

ma oeSycylowleHo gopvmpoeaHvem aHomaimg TemnepaTypm 

eoaAyxa, xoTopble s ceoto ogepeAL onpex.exitxmcsi ycAo-

BmAMV aTmocepHo.: ompxyxnempl. 3a nocaeAHme r0Am no-

aamamck, pa5oTlz, nocenweHHme allaxmay gopmeposaHHA 

3HOMBAVO Tevrzlecxcrc pE,mma immTvHeaTa Eepoann B 

20: 1C,IC vecx, w. 
152 

T.B. n0KpOBCKuR /li yHaJi,ua, T, 4TO HamOozb - 

Blue oTx.rroHeirmn Temn,:aT7pm boaAyxil r,TOgLIJI“Cb 

413HTpB.11bHMX pailoHn- KOHTMBChT3; K nepTeplim a6co-

XmTHme aHatielivA BHomBilk: y:reHI,TmTc,I;ocol5eHuo Ye -

TKO nuulexAmmon cxygem oTpviAnTe.11,Ho BHOMBZMM. 3TM 

noAoxemix 

&opcKot H 

no=sepaAamm 

b.P. CemeHoe /2/, 

A-11. Ha11,F.11. 

maytibA ocoCieHHoCTH 

(PopmxpoaaHvii 81iomaAmg TemneruTyjm nezAyxa Ha Tep-

pplw,peu CLL.? B 3Humee oTmegawT, mTo OHM 

o6yczoaxemm umpxyzaumommmum npcneccamm, paaBmBBW-

EiJimecn Henoci_ercTuelmo cexTope Ce-

eepHoro noxywepmm H nplimmicaLL,e:: LiacT:1 NozyspHoro 

6acce;lHa. Ha ycmoRmmaocmb li XBI,i,KTBp psalmTim Tiro-

BecCoB B Eepaamm pewamNee anviimme ox8311eaeT lam 

cocToeH;:e noAcTilnamigeil noeepxhocTv, Tel( H 8TMOC - 

q.epHme nponeccm no xp6jHel mepe ricer° CeeepHorono-

nywapmm. A.X. Kau amaava onpeAenemume coommomeHma 

aoma.c.Holi m mepk.AmoHanbHo iimpxyxximm ceaoHa npeA-

amM6A, no xoTcpomy MOW HO cyBciTi, o 1383BMTHM Kpyn - 

HblX oTps411,JTenbroox H B0.710 14TBABHMX amomaamil Tepmx-

mecxoro peXHue Ha KOHTMHOHTB Espaamv B ape-

MA  - . 

3TH HccneAoeanne noxuaanH, gTO EIHOMBAHN pep-

metlecxcro pewmmu noAromaimmaawmcR aa Aoarmg CP" 

AO MX HacTynneHL:11. lio-avAAmoh,y, onpeAexeHHme co-

oTHomeHma cymecTeymT N. AAR meceree npeAs Hmhm (Ho-

11(5Pb - Aexa6pb), B xomopme nposcxo,ELmT paaammve 0-

cemmxx nexkoamx nponeccoa. OAHaxe sHaxma 1°Pm"P°

Balms( anomaxma Tepmegecxoro pemluva Ha 60.nbillobi nPo-

cmpalicTBe B npeAaxmHee apemR KBXABTcyl TemOtt one-

4M8.716H0ro mCC/18.40BRHOR. 

OcHoimme oco6eHHoomm ocemie-xe,novoro peMHM8 

p.Ayma0, a Taxxe mmnmaamIR AeAoelox ABABBMO, cocTa-

axemHaa B rrm B 1962 r., Ha OcHoBB 011eHKM 

HOCTM MX BOaHMKHOBBHNA, MX Bp0A0X,KMTBAbHOC T:::1 

ToRmaBocTm npmaegemm B Hawen AoxaaAe H8 IY 
xowla 

pemnxx npmAyHaticxxx cTpaH /3/. IS Tom xce ACKAa ile

manaraemcif Hama TOLIK8 apemma Ha npmmumnw noAxo.fla 

x pememxm aaJlaum AoarocpouHoro nporHoaa P• AYH",

oTaxualomeroca xpaRHeR 
HeycroMmmaocmpone,noaoro pe-

xmma x 6ona11111mx amnammyjkamo cpoxoa Hamann 
acutoarox 

ail/mmHg. 1103TOMy 31m Bonpocw axech He paccU8TPM 

BemTWTCA. 

B HacToHmee sperm (1969-71 rr:) IocypaPcT-

eexHom reApoAormgecitom mHCTOTyTe (rrm 
CA npoae.1eHHe ycc.neAoeamix, nocexmitHoro meyneHem 

7 
Oco6eBliocTeg ,OpmmpoBaBmx AeAoeorc pewpma P.4 1183

C 4exem onpeAexemcx eoemoTHocTeR ero poitrocpomH o-

ro nporHoaa. 3mo mccaeAoaanve  mueemca DEWY nP C)-

BOXLITI. B cBRam C paccmompeHmmym Moue 8HOMBApisand 

A0Boro pexema pex Eepcnm. 

B npown.le roAw (A0 1950 r. ) Hcc.neAcpeaminze-

Ronoro pewmAa p.4Ha0 npopopmmmcE , B OCHOBHOM no 

OT,KBXE,Hmm ygacTHam mmm npmmemITembHo K 

Ce2 OH3M. B nocmeAHme roFia noeemJimcb HexoT:Tp: bp: 7

OoTm o60611tenHoro xapaisTepa, HccnmNowitoe maygesmx 

meAouorc pew;:l'a p.Zyw,M1 Ha aces npoTmweHmm M 3a 

UHOrOXOTHMa neTucA /4,5,6/. Oxuutco pzJnoT C UrAbm 

LeToAmqecKmx mccmegoryJfull npurHocTzHecmoro 

- 2 



Tape AO KacToi,14urn HI•eueHm He 14.080AmAHcb. 

B nepayw ogep,..)1b ekeeTen samxy npoaepaTI M 

yT0qHmTb C y4CT014 paHHWX HaOAWABHWA noczeAxxx ABT 

(c 1955 BO HaCTOAWB0 Bp0mA) Tennoenlim Jencamx AB-

B nponecce y a6oTw npe.anozareeTca bLIABMTb 

B ranpomeTenioAoregecKom pexeK.e AAA AOT C 

pasmowm ycnom!Amm 4ezoo6paeoeeeva: B cyl:oawe 2MMW, 

xapaKTepaeyvigKeen ycm0A4mniowil H nponcn..mTe.abevkal 

zeAocTaaemm x B TenAwe B KoTopwo A0A0BMO AD-

AOHMA npeKTevecKe WICyTCTBylOT, B CORM paunero 

noe,miero HoMBAOHitm AhAB H T.Z. 

3TO mccnenoBLKme OyneT npoeoAmTi.cm B cxeAylo-

mmm nanpeuneavAx: 

1. AH0AV3 oco6eHnocreA Tepmmtrecitoro pexxma 

pasxmtunam 40HT1`aAbUOR EPpOilb: Oa °Celine - 

9MBHMN neproA m cocTenAeHme Trinmaauuu Tepumnecmmx 

ycxontin. nonmTma conocTanAeHmm oTot Txnmsaumm 

TxnxsanxeM AOT no ,meAoemm RBAOHMAH. 

2. Broximeeve paaxatIma B ypoaeHnou H Tepumme-

cmou penHMe peK 6accettna pexm Aynag. 

3. PaCCMOITBHMB AaHHWX aTMocTepHoe umpmyxnumm 

Ha ocHone cytitecTeymmx xHAemcanmA cmHonTmmecmmx 

opoueccoe (r.A.114.HreHrenua, A.A. Haus H Ap.). 
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4. BMABAOHBe acmHxpoHHoft OVABM AOAOBWX ABA8-
Hmtt c ryx,omeTeopoxormuecmmmm qamTcpamm m aTuoc - 

cDepHoft tospxyzeumeN. OopeAoxemme aosmoxmmx nyTem 

pemeHmn npormocTutlecmoll oaAagm x nonwTma pampado-

TMH cXBMW AoArocpwaHoro npormosa AeAommx HazeHxtt 

isa pavaa:l. 

AxTepaTypa 

1. noxpoacxan T.B. AHOSMAKA Temneparypm tioamxa 
B AHBapp ae KOHTMHOHTa Eepeamx B CBADM c pac-
npeAezeHmem TemnepaTypm Ha eekHou mape. TpyAN 
rro awn. 65 (127), 1956. 

2, Kau A.A., mopcxon r.m., CemeHoe B.r. Oopumpo-
;matte xpyrutliz aHomaziet TemnepaTypm atte,wa Ha 
TepotTopme CCCP B NBMHHS mecenw. TpyAm Up111, 
emn, 49, 1957. 

3. Kaltepempt T.H. OceHHe-asitunie is,coawe Hazelnut 
Ha p.4yHaft H BODMOXHOCTH MX noDrimaa. AomxaA 
Ha IY KoH.tepeHumr HpitxyHancloix cTpaH (HpaTmc-
Aasa, man 1967). 

4, Mamapeeuu T.H., E4auona XapamTepHme map-
TM oceHne-axmHero xeAuaoro pelEmma p.AyHa2. 
TpyAm rrm, amn. 60, 1962 r. 

5. Malcapeaxm T.H. HexoTopme OCO6OHROCTD xeAosoro 
pexmua pem EeponeAcmoro KOHTLHBHT8. TpyAm rrm, 
emn. 75, 1960. 

6. HpoToiccut AyHalcitott KOMMCCHM T.E1 SyAanewT,1956. 
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BO3MOIHOCTII APEABLIAEHMH OBPA3OBAHME M 3BOAMW01 
ARAOCTABA HA }U1 HEM WHAE 

(OT BA3MAMA AO TYAL4M) 

nommuy mmus 
HarIRMit PilOOTHMIC >3 Hayt1HO-MCCAeA0BaTeXhCICOM MECTIITyl" 

EyxapecT, PYMMIHR 

Peamme 

HporHoa ocHoBblatiamcH IR CTaTHOTM4eCKOM aHaAH-
ao, ytINTUDOW, hellall4HMU AaHhblo lia0AWAeHd oGi.aJo-
BOHHh, Hp0A0A,..14q4.1JiblIOCTH H MC4d3H0aekikh, TOK)t.a Nal( 
K ua noApoaHom ah:„Jimaa 4.tlicrop0b, oGycxaanusulowax 
sAmmowmx Ha nollunemme H npo,nox Meni.uccmb AoAoCTaba 
a MMOHHO: memnupamypm BOO,KyX8, CHOpOOTH Te4OHHH 
pocx0Aa BoAm. 

'3aBHOHNOCTL, OT OTHX olialtropou, ;iambi c6pa3oisa - 

mist WIN npoAoaximrt:m.Hocrx KOAOCTaBa 0OHOBUBamTCH Ka 

KORKpizTHMX Aammmx npeAmAymxx 3HU M Awn, CE013H Aoe-

raromno TeChma RAI% MX MCS10/11.30aaHMA H Hatzecrea npo-

rmosHmx 38114mCNUOCTEIR nowanexxx H npoAonmxroxbitoerx 

zeAocrasa spa aHaHHM mereopozormuecxoro K 111.14Pcolo - 

rmilecxoro npornoaa. 

HMA x 

xeHHO 

B noenextee AecHrymerme npeABmAeHme oopaaoBa-

aBoxmgmm AaAoeraBa ha pexax 6mA0 Bonpocomycx-

obcystAaemmu paaam4Humm mcc.neAoaamenm.41.1icene-

Aosateam Beex npmAyHaricHxx cmpaH Bxeczx caoa BKALIA 

B maymamma obpaaoaaHma H ationicamm " 

AyHae4 3To Beel.ma 'HOI-MaX6H0 OczeAerame nociteAcramti, 

BmamBaemMX aaropom KbpA as pexe H, r.nalmimm o6pcJacm, 

maBoAH0Xlig B Hoinle txmw, emsmeaemmx OTHUM 
earopamx. 

IlpeAsuAemme ileAoctesa K ore aBoxiouxx nossoenet npuT 

emmata wl%extmsmmemepm Axe ma6examue masoAmemun, 

uto 6mno nposepene ma onmte eumm 1962-1963rr.,Kor-

Aa npormoe zeAosum •AsAeloqt AaA yAoszersopxrexbxme 

peaVIITarm: 

B xacroameM AcquitaAe 

• bdpaeou, Boamoamocreti 

esomenuA ee,peteee ma UNKKOM Ayinte, 

AXxxe pexpl4 

,Isadore ma0AmAexVit, nposeAeHHmx vaA 
AaAOCTaBOU 

- noRBAeXxe, npoAonsurexlmoerb, 
mcgeemoueuxe - c06-

npouesonmoroaanases, reap-

npeAameemme oOpaeosamme u 

no spemeum as no 
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Summary 

The two particular categories for establish-
ment of the stagnant ioe creation and duration. 

I. Possibilities for determination of they-R-1-
stagnant ioe date of creation. 

A. By means of analysis on the basis ofxxxx 
previous data (the statistical method) arexxxxxxx 
obtained: 

- Evo;ution of numerousness of the stagnantx 
ice creation along the river Danube; 

- Evolution of characteristic dates (average, 
earlier, later ones) of the stagnant ice creation 
upon the lower Danube; 

- Evolution of probability 
ice creation in time; 

- Type of winter. 
B. By means of analysis of determining fac-x 

tors: 
- If the temperature of water in definitexxx 

moment is given; 
- Possibility to forecast the date of thexxx 

stagnant ice creation if the temperature of water 
is given. 

II. Possibility for determination of thexxxx 
stagnant ice duration 

A. By means of statistical analysis: 
-Evolution of characteristic durationxixxxxx 

(Maximum average) upon the lower Danube; 
- Evolution of the awry duration upon thexxx 

lower Danube, including the creation of stagnantxic 
ice since the beginning of winter, from Eanuaryxx 
itt, from February ist. 

- By means of establishment of winter type. 
B. By means of determining factors analysis. 

of the stagnantxx 

a 
paHmme Ao HacroHmero BpameHm,.nosBoxamr, B nepsym 

omepem., cmz.macmattecgmg aHaxma ABKOHMA. kOnoMbOO-

saHme Apyrxx AaHHmX, r.rialmimx otipaaom xacammmxcx 

remneparypm aoapyxa a pscxoson 

xve moApoomoxy aHaxmay EXHaHpili 

BoAxo, npmBexox 6o-

Bboxeyxa3anxmx 

ropoB Ha otSpapoBaHme H oBoamumm AeAocraBa. 

INKTMKaA ammecHaaaHmoe, aBrop npeAxeraeme-ne-

Apomyt cxeay eacmoemeA paOotbk: 

I. lipeAseAemue o6pasosamee xeAoctesa. 

A. 

B. 

C nomolom crarmermuecxoro exaxmaa, 

Ha ocHoBe aHanxsa (1,alcropoB, xoropme on-

pepenamm o6paaoaaaae aeAocTasa v cIlaxro-

poB, Bxxinommx Ha Hero. 

II. lipeAsmAemme npoAoxxxrexbaoorx KEIROCTaaa. 

A. C nomombm ctammetmgecmoro amaxmea . 

B. Ha ocmose arm/leas on) eAexemmmx 'Ogropos. 



I. BpeABmAeHme OODLI3GB8HMH AeAocTaBa 

A. C nomowbio oTaTmcTmmecxoro aHUAM2a 

MonoAbaya Ha6AmAeli11a xaA 06pasoBammem, cyNe - 

oTBnsammem H mcmeamosexxem AeAocTaBa ma pymmacxxx 

rmApomeTpmmecxxx nocTaX'ma Aymae, oxasazocb BOaMOX-

Xbnl  HaKOTOpM8 xapaxTepacTmxm, moTopmmx 

socnoAbsoBaAmcx AAR COCTaBz8HKR rpat,mxoB,AaionimxBce-

06Wym Rapimmy 380nIog11H aanemma Bo BpemeHm It no =a-

xe pexm. 

CTallicTxmecxmH aBuJIM8, npexAe mem APYrme 

Amsm, AaeT HO3MOY.HOCTJa amliBMTb ymacTxx, ma moTopme 

xyxxo EimmaHM8 8 8MMHBR 

BBB noczeAcTamA AeAocTaaa. 

1. PacnpeA,neHme noaTopae1n0cTm06paa0sammaile-

TaBa (pic. 1) roaeoAfteT yeTaHuBMTb ero amameHma 

no AAmme pemm, LbisiBARH o614m11 aponecc 045p&a0BaHMA 

Z8AOCTaaa OT yCTbf. Baepx no TetieHmm, ben8ACT108 60-

zee HM3MBX Temnept,Typ 8 Teuelme BMWS BOCTO4H04 Ma-

CTM Pymbilimm, a TaXE8 M 04aHb MEIALIX VCZOHOB B 80He 

naPRDA AAR m86exa-

BCXCACTBHB BAMAHBR 81,1118y1Ca3aHIMIX cliaaToposi no-

BTopHemocTb noHmxaeTca B HaDpa8q18HHM BBepx DO Telle-

HMO pexx. Hmmmenbmea noBTopaemocTb Ha6nmAaeTca BC@ 

xe B acme noporoB Ha ymacTRe °pumas- TypHy CeBepmn, 

rAe HOAOCTOH o6paayeTca oco6eHmo PeAHo ma-aa yxAo-

me, xoTopme RanaxTcH.pewalommu. q.axTcpox npa yoTamoB-

XEIHMH AeAocTaBe Ha 3TOM 5,14BCTKEI. 

Be no 

2. 1108T0pRemoCTb o6p8aoBaHma AeAocTaaa 80 Bpe-

OnpeAeAeHme roBTopaemocTm o6p03oBeHmaAeAocTar 

AeRRAam 6mAo ocyNecTimeno AAA BC8X pymbmcxmx 

nocTos Ha AyRae. tta plop-nee 2 npeAcTunAeHa noBTopx-

emocTi. AeAocTaa., no AelcaAaks, Ha rmApomeTpmmectuix110-

CTaX ,11..xypAxmy 14 Abma, Hamoonee xevuxreptimx C aTO. 

Tomxx speHm.H. 

cOOTB8TCTL171: c oco6enrocTamm oGpaaoaaHm.H. Ae-

AocTaaa oT yoTbm Beepx no TemeHmw, ero HamGoAbwm8 

noBTopnemocTm HaGAWkaWTCB B nepso;; nozokiv:He ammm Ha 

rmppomemppmecaom rocTy TyAbma, pacnonoxeHHom 8 Hle.H.-

MOM Tememmm AyHaa, a B cepeAmHe ammm - Ha rmApomeT-

pmmecxou nocTy AmyrAxxy. 

3. PacnpocTpaneHme xapaxTepHmx AaT (cpemixe 

pamme, noaAHme) yeTaHomeHma AeAocTaLa no AAmme 

arRaR. 

cpacpxx aBoAluumm xapaxTepumx AaT nommemma AO-

AOCTBBB-BADXb AyReR - pmc. 3a - no:saw:3MT BIARBMTb 

HexoTopme oco6eHH0cTm ero o6pa3oBaHma. HoAee paHHee 

nonmeHme AeAocTaaa Ha6AmAaeTca B HMZHeg UaCTM BC-

cAeAyemoro ymacTxa AymeR, UTO HaX0AMTCA 

CTBBM C yileAHmeHmem noBTopaemoCTm ABHHoro 

BHM8 no TemeHmio. 3B8mme axcmpeuaAbHmx AaT 

AeAocTaBa omeHb Laxao AAR npaxTmxm. 

COOTB8T - 

RBA8HMA 

noaBAeHma 

4. OnpeAeAeay.e Tana 311MM C TO4KH apeHma 

Amami AeAocTa0a. 

aBoAionma AeccTaau HexoAmTca a TecHog aaamcmw 

xocTm c npowcx,ILAeHmem BusAyure-x macc. EpeouzaAa-

rime b TvtiOANO 0E1.04 003AjulHi.A 1.0,1RpHOr0 HAM 

cebepo-aocTommoro OpOKCX0KAOHIA COOCOOCTiVOT 06 - 

paaobbrinD AO,HOCTUH8 Ha p,. ce TLx)e Ka.c m ero ywrog-

1141BOCTit. iipmcyTcTave BoaAywabas mucc aTzaHTmmectur 
ro npoacxox,seHma B OOCCO4H6 tWrHOPO AyHaa aaAep - 

xmaae% H.a4dA8 @Muhl 0013a300,...tv AeAocTaua,a npe-

oOxaAaHme 0TMX BoaAywHbm ,..ace 1. TetteHme biceft ammm 

HAN C H000Abh.HUM aepepmaJmm OplibeAtT K nelepumy 

AepocTaau HAM K rrAmomy 81'0 GTCyTOTHHIO. 

aaBilcob.OcTx OT AaT o6paaoaaHva x or npoAoA-

XXTeAbHOCTm A8A0CTaaa GmAM yoTaHouzeHm cAeAvosale 

?mini 0MMm: 

a) OmeHb xo.noAHme 3M.cb1 c Gonbaloa npoAoAxx - 

TUALHOCTI'M AeAocTaaa, xoTopme b Caw° 040peAl. MO-

ryT OMPL: 

1. LpoAcAmmTeAblimum 113 poem ymacTxe ( Be-

aman:- TyAbma), Hanpmmep: 3MMM 1939-1949 rr. 1941-

1942 rr.; 1953- 1954 rr. H T.A. lipoAonxmTeAbliocTb 

AeAocTaaa B OTXX cAymaRx: 

- 2 1/2- 3 mecima JiH1I3 OT KOZ3paWa; 

- 2-2 1/2 uecaHa Beepx oT lisnspamai 

b 0TOM cAymae nuAocTea oOpeayeTca B TO4UHHH 

3 -ft AexaAm HOKLOpM 14.7114 1-04 AexuAm 

2. iiAM C OuAbwe'a npoAox:,,mTeAbHocTtoo AeAo-

cTaBe BHM0 OT HaAspawa (2 1/ 2 - 3 mecaua) C Tem Z8 

nepmoAom 06paaoaaHva KaK 11 a nelBom cAymae, 

BBepx OT K3.713phiM8 npoAoAmmTenbmocTx HaMH0r0 

me H AeAocTas o6paayeTca noaxe, Hanpmmep, 

1933-1934 r.r. 

6) XoAoAHme 3HUM co cpeAme,", OPOAOJOKH 

10. B 3THX 

TeAbHoc-

Th cAymaax npoAonmTeAbliocTb AeAocTaBa: 

- 1-1 1/ 2 mecaBa Blib3 oT 1-C3Aepaula 

- H meHbule 'Lea 1 mecan Boepx oT K3A3 - 

pasta. 

HoablAemme AeAocTeaa mmeeT mecTo 

AOU ammm, npmmepm: 

- B HamaAe alit.m1 (2-R AeKuAa Aexa6pa ammoa 

1948-1949 rr.); 

- B cepeAmHe smmm (2-a AeRaAa nxBapa ommon 

1942-1943 rr.); 
3HM11 19 31-

1932 rr.). 

- 8 HoHile SHMi (2-H AOKOACI qeapaAR 

a) XonoAHme HenpoAcommTeAbHme 3M W. HpoAox - 

ZmTeALHOCTI, neAocTaBa B 3TMX cAymaax: 

- membuie oAHoro mecmna BHm3 OT HOZOpaWai 

- membwe noAymecaga BBepx oT KoAspawa. 

LoBBAeHme AvAocTaaa moxeT npomcx0ARTh B 

mme Bout ammm. 

r) heycToammBme BLIMM xopoTxok mAm cpe,amettnro-

AwnialTexbriocTm. 

3TOM cAymae AeAocTaa nocne o6pasoBaHma HC-

B retienne 

TOMO-

meaaeT acAeAcTame nepmoAa noTenneHma, nocAe 
mero 

CHOEta o6paayeTca. IA B 3TWX cAymaax npoAoAxmTeAb - 

OHO- HOOTh AeAocTaaa 6oAbulaa Ha Hmxitem ymecTxe. .71eAo-

CVOS o6paayeTca B TemeHme aceii ammm. 

A) 3mma1 6ea AeAocTaaa. 
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3To amamteT, mTo r1.4. OVIsaf eMOC.TH 74 

ueTeopozormmecxorc x rvAponormvecxorc npormoaa no-

rpemHocTb npormoaa npozoamixTexbmocTx aeaocTaue 6y-

RaT B 10 - 15 npoLemTos, T.O. ncrpeLmocTb 3- 5AH031 

npH 30-AxesmoA npc,LoaxxTeabmocTx x b-10 Amen npx 

60-Amesmon npoAczi;:TLabmocTil ale cTabla. 

enpabAms.0.:xotTb ueTecponoramecmoro rm.:1p° - 

aorxmecxoro nporxbz,b mem,e ;0 npomemTcs HpHBOXHT K 

norpewmocTxu 13 30-40 npouemTob B npornoao npoAoa-

INT0AbHOCTX aea,ocTeie. 

XapbxTepmme Aammme vctieali0BeHi.a./0,a0CTLiB8 

seAemm Ha pncymice 3. 
k SuOT, maxxeTcn CHHTABOM BOOHHHHOBaHHAX OBO-

AMUNH aseAocTal,a Ha Hxxxem Aymee, OCHOBWB83WHJACA Ha 

CTSTNCTHKaCKOM alit-FiLi30, a Taxxe H me ammamae clex-

Topos, onpe.aeasxh,wxx ero o6pn3osamxe. 

bo acex caymbax aMARAXOTCX, tITO ABXOCTSB o6-

paayeTcx B manpul.zemmx seepx no Tememmo, Ooasee ma-

CTO H 6ozee npoAoa,:.mTemem ma mxxmeu ymacTice, 6aa-

roAapa 6oaee cylwhouy xamuoTy OTOn BOHM X MOHUMHU 

cxopocTmu Tememxr. Lune TaHNO B11ABASHE1 poal paCxo-

Ace H xx sap:lomat: B oapaaosammx x npoAcmixTeahmoc-

PHc. 5 

PHc. 6 

PHc. 7 a,6 

PHc. 8 a,6 

Pat. 9 a,6 

Pmc.10 

Pmc.11 

Pmc.12a,6 

3abmcmuocTb 

a. Ha nciaTy 

6. Ha nocTy 

3soamaxa Te:.nepaTypm soamxa m Boma ma 
nocTy lyahma 

3aBHCISLOCTI 17=KiegCcke,C0 

a. Ha nocTy Tyahma 

6. Ha nocTy Axyparamy 

3anacmu0cTb tan= P(aQ) 
a. ma rocry Ax:ypx„..*xy 

6. Ha nocTy Tyabma 

Caormun rpacpxx 17:P61.7)
tiln•Pat•c04.41 ) 

± dna Ka a) 
a. ma nocTy Tyaume 

6. ma nocTy AxyPxXxy 

Hamememme xapamTepmmx npoAoxxxTeabnoc-
Ten BX0.11b no Aymalv 

Viamexemme sAonb no Hsumemy Aynas c npo-
AoaraTeahmocThn aeAccT4,1ba C odecnemem-
ROCTLOO: 1, 5 , 10 , 20 

Saallemmovrb N=PaTdett7 

Tx ASkOCTaB3. 

rpailmmw, ocmonmsemnalecn Ha CT6THCTM4eCX0161 

HEIAMBS, Texxe KOK V BaBHCHMOCTH, ocmosmnesulreca Ha 

EIHSAH3a xoammecTuexxoro BXNAHMA HeHOT01.410( Coomopos 

moryT 6mTh none,imm Aha nrormoaa oora.osamvs X 380-

J1101.0114 X0AOCTRUa. 

S. Ha nocTy Tymbmb 

6. Ha nocTy Axypx-xy 

PHc .13 a, 6. 3amxcamocmb :t d n ■ P(c) 
e. Ha nocTy Tyahme 6. Ha nocTy Axyp 
1. HS aocTy Axypway 

Pmc.14 a, t 8aimcsimom. 41(1= P(d) 

a. ma nocTy Tyabma 
6. Ha nocTy ,ITALypmmy 

CUCOR 

Pxc.15 8,6 3asmc1uocTb± An•GfcYc) 

a. HS nocTy Tyamma 
6. ma nocTy AxypAAKY

Pmc. 1 nOBTOpHOCTb ASAAHMX araremmn HS nocTex 
AyHGX 

Pnc.16a,6 3asslenaocTi..t4N-P(Ycl) 
a. me nocTy.Tyabma 6. ma nocTy Azypximy 

Pxo.17 Komnaexemmit rpa4Mx N.Par'e°,1 
Pme. 2 nOBTOpHOCTb BO3HHHHOBOHHA BO speuems IaPhrett-to-9 B- 3 

(no AexaAbm! aeAocTara HS rmApoueTpx - 
necxxx nocTax Axypwxxy x Tyamma. 

+ es- r (Yd• 10-9 

PHc. 3a 3soamsma xapuxTepumx AaT o6paaosamra 
aeAocTaso Ha HHAHOU 'Ha0. 

Pmc. 3 3soalmumm xep.,xTepmmx AaT mcmeamosemma 

aeAocTasa HS HHIHCM Aymae. 

Pxc. 4 3BOXYDUHR ABARHMX maxexx0 BO speua xa-

pawrepmmx OHM. 
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nPorH03 MIIHMMAABHNX FAYBHH HA IMPEKATAX AYHAS 
HA Yt1ACTKE OPIIIOBA - BP3HAA 

TATBHHA HRHOAAB 

Hftymmat padoTlimic B Hario-mcczeAosaTe.u.cicom 

wicTuTyTe rmApoTeximus, ByxapecT - Pymmum 

Peemme 

B macToRmeit pa6oTo AeaaeTcR nonmTma npeAcxasa-

MICR ray6mm Ha nepexaTax, ymmTmeaR 6oahm0e npaxTmue-

cxoe amagemme msymeHmR q.,opmmposammR m plenums ne-

pexaTos. 

SepeTcR BO slim:flume TOT cDaxT, MTO Ha 

nepexaTos doabwoe BABAHMO mmeeT xsuonease BO ape-

MeHH npoxoAammx pacxoAos soAm (xoTopme oTpaxamTcym-

my BCBX rmApaanmgeommx aponeccos, mmemmmx mecTo s 

AaHHom pycae). 

13b011 lICHOJIbBOBLIHII xoppeaRTmeHue CHR3H HazA7 

cepme1I napameTpos, Hanpmmep: h..b.tot HphmaX-.P(Q/PoR); 

b=P(Omirl) rAethlflaX sin - memcmgccusamme M, COOT-

BeTcTeermo, mrHomeumme ray6mHm Ha nepexaTax;Onnox 

sQmin- MaHCHMLIZI.HWB msolmraabmme roAoeme pacxo-

b - mmammanaHea ray6mHa ma nepexaTe, cooTeeT-

cTeymmaR MHHHHaAbli0My roAosomy pacxoAy, H -ypoeemb 

soAm Ha Oamapacnozoxemmott penxe. 

Ha OCHOBB OTHX cameeR, nocTpoemmix a nezero 

pRAa nepexaToe Ha AyHee smpa6aTmeaeTcR nporHoe OW-

mememma ray6mm Ha repexaTax. 

B AaaumeHmem AeaaeTcR nonmTma 010)4101 npormoea 

ymaameamTeR JUIMPITM npmmexemmR ymaaammoro UBTOAa 

Ivor:wee. 

OBOAMUMM 

B macToRmeA pa6oTe CTaBMTCR sonpoc sosmoxmoc-

Tm npormoea maamxray6mx ma nepesaraX, s nepmoA 

seTme-OcesHmx maamx DOA, caeAymmadt 88 secemimm na-

BoXKOm. Ilpormoa MmmmmeasHmx ray6mm mmeeT 60AhWOB 

BliatIBMHB XOLii odecnemexmi: mopmeasmmx ycaosmil cyA0-

xoAcTsa Ha Aymae. Bmmeymaeaminott nporMoa ocHoemsa -

OTC* Ha CBRON MOBAy HHTBROMBHOCTI10 moze6ammt1 ypos-

AA SO 8I H HHT'BHCHHHOCTiaV MONISHBHAR ray6mH Ha 
nape-

saTax. 

159 

Summary 

A forecast of depths on the- sills in sugges-
ted, in the present paper, taking int- acocunt'the 
great practical importance of knowing the forming 
and evolution of these sills. 

The chronological variations of the water 
dieoharge flov (which reflets all the hydraulic 
processes in the river bed) influencing strongly 
these sills evolutions have been stressed. 

Correlations between a series of parameters 

have been used, namely: hp = f((lmax),b=f(Qmin) 
b 4-4H, where h. max and h are the maximum and 
instantaneous depth on the sillt Qmax and 9 
are the maximum and minimum annual disonarge:Wi-
the minimum depth on the sill corresponding to 
the minimum annual discharge and H - the water 
level at the nearest stage garge. 

On the basis of these correlations set up for 
a series of the danube sills it is possible to 
issue a forecast of depth variation on these 
sills. 

In the paper is further shown an appreciation 
of the errors and the limits in the use of this 

forecasting method are indicated. 

YCJIOSHR oftaaosammR nenexamoe Ha 
pymmmcsom yqacTme Aymax 

flepexaTm - cnenmUltecxme mecTHMe o6paeosammil 
pycaa, mapexTepmme AAA eon c paaasgsmmm oco6esHo-

cTsims, raaemmm oOpaeou, mopOoaormm pycaa: BBVMX-

HU, ocepeAmm, peaxme memememma mmpmmm pycaa,cams-

SKR C ITUTOKaltH, OCOOLIA AHTOHOrliMBCKX# xapaxTep 

aosa pycaa m Ap. BepexaTm o6mgmo o6peaymmoR n so-

mas, rAe coeoxylmocTI, onpeAeaeHmmx ycaonm* coAe11-

cTayeT o6paeoectimm HaRocoe. Ha A:mi im:my OBOZMUBB 



nepexamoa CHALHO BoaAegcmaymm xamexemmx BO Bpeuena 

pacmoAois soAm (ompamammae • 

npomeccw nomoxa), a maxme 

TpamcnopmxpoacHnmx Aymaem 

o6meu rmApaammgeomme 

K0AH4OCTBa mamocos, 

ero npxmomaum. AmilauM-

ma Bo epeuexe mamememmil, npomczoAnamx a 80Ha nepe-

MaT0a, CDA3aHa CO cMIOXHMIl H mmorAz npommeopegmamu 

aoagegcmemeu rmApaLmumecxxx npoueccoa mmemmmx uec-

TO a pycme (momenexmn nomeg cxopocTeg D aaammoAeg-

cmamm c cambium pycmoammm npomeccamm, amomeaemmum 

OTMU mamememmem). 

BcmeAcmsme twolemamomennoro meeoauomno clopuymm-

poBami, aamomomepnocmb, moTopan TOCHO canawauma Ou 

nozoismmenbmpo unn ompmuamenk.Hpo OBOAMLIMM rmy6xx1J 

nepeKaTca c oggo:.! Ma peumma CTOKa, ampamenmog 

yroi mm Dog.] (no,mem xnx mall). 

AH.DAM3 150.11bMOTO mommgecTaa Aamnmx o rmy6mme 

nepexamoa ma Aymne nomaaam, tiTO HX o6paaoaamme no 

acerga npomcmoAram B nepmoA HH3KHX DOA max CACIACT-

lame nomramexmg mpumcnopmmpymmeg cnoco6nocmm pexa. 

Hymn° OTMBTHTb, tiTO acmpegammon cmymax (m goaomblio 

macmo), morAa nomommTexhnoe pa3rimmuenepexamonnpo-

MCX0AxT a nepmoA nogHeua BOA AyHaR,BCA0ACTBM,960Ab-

woro mommgecTsa mamocoe, momopme me uoryTftmb nom-

HOCTLIO Tpamcnopmxposaxw TOMEIHMeM a BOHEMC pacwmpe -

nnR pycma (anagmm, a aone rAe npomcmoAmT nommmemme 

cxopocmeg), a maxme acmeAcmame MaCCMBHOTO npmmoca 

mamocoa, mpamcnopmmpyemwx B nepxoA nomonoAgn Apia-

em m ero npmmomaum, anuAammmum a6mmam or OTPIX ne-

pexamom. noomomy B megemme raga, mor,ma Ha Aymae 

xmeem MCCTO (rmaanwm o6pa3om) cbaaa nogbema,a Taxme 

m obaaa cnaAa naaogommog BOAHM B BeceimminnepmoA,no-

momemme mm6oro nepexama ABAROTCR peoyabmamom tnagax-

cat, KomOpmg mozem 6mmi. M86bITO4HMH (B AaHHOM cmyqae 

npomcmoAnT aammemran) mmm StImmognwm (a aTou cmymae 

npomcmoAmm paamna). (pmc. 1). 

Becbma AocTynnmg cnoco6 oxapaxTepraooaaxxn ne-

pexama - cocrawienve camel memAy rmy6mmog ma ne-

pexame, coomsemcmremmo ypOBH10 noAm H, meOnmArlemoxy 

ma mamOomee 6mmaxon aogomepxon pegxe m nzynvirroah, 
ma cbapaepTe nepexama (pile. 2). 

3Te OaBmCMMOCTb Terra: 

ti. E)+0.‹ H /1/ 

rAe:OC yrAosoll moacimbmmmemm nimmon, a b - MMHM-
maAbHaR rmy6mma•nepexama, coomsemcmaym - 

Maa memennomy ypoammx/.. 

Yrmonon moaclorbmgmemm npnuog yxaomaaeT mapax-

Tep mome6ammn ray6am xa nepexame a aaamcauocmm OT 

mome6ammn ypoameg. Worym HMeTb meCTO 4 pa3AM4HUX 

CAygaR: 

1/ gorge ypoana B nepxoA cocmaameamn xoppemm-

mmm /1/ namoAmTcm ma nogseue moryT 

00 4  )" 1 Pi b) oC 4.1 ; 

2) morAa yporamx B nepm0A COCTaBAeHMR KOppOAM-

aHH /1/ HaX0AATCR B cnaAe, morym arra: 

a)oa > 1 a b)°C. 4- 1.

ObiTb: 

x/ B yegoaxxx AyHaR OTO ypoaemt, BoAm, coomaemcm - 
aymwrag ommemxe "0" mam6omee 6mmaxog x paccmamQ 

pmeaemomy nepexamy penmm. 
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Ranee noiteeoHo itHomHecHoe :inEttlerive meimpex am-

weonmcannwx caymeee: 

3aAaeucn HugamLawu uomemmou 1, momopomy cools-

aemcmayeT ypoaemi. BOAM H1, H OTHOCmTeAbHaR rmy6xxa 

na nepexame h 1 m HoReqHmu uomenmou 2,momopouy CO-

OTBOTCTByeT H2 x maxou cxygue nonygmu: 

rge: p - peel- ime uemAy rpe6Hem nepexama a mammas - 

Hun molder!? m !comet/limn MOMeHT. 

Me eaamcmuocmm (1) DMTeKaeT hi=bi -ot H. 
ha= b# 004. BHEOINT 

/4-heoc(H4-,42) /3/ 
Bbiumrmsas /3/ no /2/ noityxaem 

( 0C- 4) ( 1 4- H) p /4/ 

Paccuompea ypuomemme /4/ nommoAmu x cmegymmemy nm-

n0Ay: 

1/ Eczm H1 - H2 0, T.B. npa BOHHHeHHH ypOBHDX 

cymecmaymm BOBMOKHOCTM: 00.C. :.%r 1, 

p 7 0 (aammemme nepexama); 

6)°C < 1, cmegoauTemano 

cmeAoaaTemamo 

p < 0 (poommH nepexama). 

2/ ECAM H1 - H2 4: 0, T.e. npm noammemmy 

mOKHO BOAytimTL: a1)Oc7'1, cmeAosamemuno 

(paauma nepexamu); 

2)40C.4. 1 , cmegosuTembno 

(eammemme nepexama). 

yponmeg 

p 4 0 

p > 0 

Tax max Amn nparammgecxxx memen mnmepecmo no-

momenxe xamAoro nepexama ma Aymae B nepmoA uememm, 

T.e. B nepmoA nonxmenmn yponnen noAm, npormoe mkt-

HIIMBAbHMX rmy6mm ma nepexamax ocnoamsaemen ma cam-

eral (1) TorAa, xorza H 1 - H2 >, 0 B o6omx czymanm: 

o c  > 1 - aammenme; 

cs4.<. 1 - pa3MMB (pac. 2). 

floormoomoyemme aannemmocmH n mx anemma 

Am/lee Aemammen nommTxx yCTLMLBAeHHA memoAa 

npormoaa saismcmmocmm /1/ (pic. 2) TaK,4TO6M npor-

HOS BO net rmy6mx Ha nepexamax AAR paammgmmx ABT 

AannOro roga He Annan norpewHocmeg 6onee mem B 10 

npomemmos (npm cpaaaeiaa peamLnmx rmy6mx c nporno -

expoaammmmm). 

Ha ocnoae aaamemmocmm /1/ 6mga yomaxos.nexa 

xoppensinme uemgy rmyOmnamm Ha 4apsaTepe nepexama 

m ommemxog ma mamOomee 6mmaxon aogtomepnon penme B 

Tememme nepxoAa cnaAa secememx soA H zeTxe-ocex -

Het! mexenx, no seem cymecTsymmxm nepexamam M AAA 

nepxoga s 10-15 xem. Taxxm o6paaoM, Omm onpeAe - 

mem AAA xaxAoro nepexama roAosoit xosqlmumexT oC x 

smatierive "s". EM./10 asmetiemo, tITO XOTR xoa01l1HIJx 

B HeBeic.rmott itepe yemoltima (T.e. B Tememme 

maaecTmoro npomemymma apememm aim Oombwe, mem "1" 

Ham meabwe, gem "1"), HO ero a0conmmxoe anavexXe 

memenaemce no roAa's roA. Msaue rosope, XOTR npo-

aecc Ha nepeHame s metieHme monecmHoro nepLogaape-

menx yomongma, ace Ze ero roAorsx MOWHcCTb ',fame - 

PAeTCR. bcHeAcmene omoro, nonwTku MCIICALBCBaHMR B 
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HEKOTOPUE PE3YALTATM MOPOOROMEGKOr0 AHAMAWCAA 

AYHAR M BOWSAHOCTM 111,911103A ILEPEKATOB 

1111110P1441111J10PA,40B., KaHAKAaT Temistnetnix Havcst 

IIKOAPAr BOICKHOBWI, muttliep 

BOAOXOSRACTBOHHWft KIICTHTyT Km. Hpoczas Repass 

e e mme 

YeBramBan nomoxemse, MTO (popmy peuxoro pycza 

ammmaxamhxoro BOXOTONO MOZHO npsamri. !MK NIXHRAL -

NIA nP0AyKT" pyczosoro npouecca, a pa0oTe paccmaT-

pmsaemcm BOBMOXHOCTI. npormoea COBBXEIHMA nepexaTon 

m Apyrxx npenmTcTsmtl.AAa cyAoxoAcTsa xa mroczanc -

KO! %moms AymaR. rIpM °TOM MCX0XXT MB mopclozormnec-

icor° anamsea pennoro pycma o6oceosammoro CTBTMOTX-

MOCKON o6pa6oTicoa TonorpacImmecxxx Amsxmx x &Hams-

eom memenexma rmApomoro-rxmpaszxnecxxx xapaxTepmc-

TXX noToma BO !Tauten B npocTpamcTsy. 
Ha OCHOBUHRB momxpeTmoro meynexma oTAeasnmx 

yrpomenxux ymacTxos nmsoAsTca eaxzmnenme, %ITO a me-

CAOZHIOX CXyqBXX Taxxe nporeoem MOIHO AasaTh TOXI,X0 

Ha 6ase rmApomorsnecxxx npormosos xpeaymi,TaTosmop-

cDomorxmecxmx axammeos, a B Oomee amossmx czynaxx 

cmeAyeT amammexponaTb B xemexemmm rsApomoro-rmApa-

sxmmecxxx napauempos Tenemmm soxm m manocosma pac-

cmaTpxsaemom ynacTxe pexm. 

1. ABTIABHHE 

ekTmxpoeamme pycma ammionsamIxoro sozoToma MB-

XOAXTCAL B CBRBM C xapaxTernicTssamm pexmma pacxoAa 

noAm H maxocos OTBX EoAoTomon. B cymAocTx, MmicAY 

omemenTamm pycma axxmsmazbxoro noAoToma x ero pac-

moAa noAm B xanocos cymecTayeT onpeAexemnax BEIBMX-

max eatacamocTb, moTopamAseT onpeAexemme Tax ma-

811"emomY "PYomoComy nponecce Aammoro soAnToma. 

CXBAOBBTBAbH0, omemexTm pyczaammmssamamoro soAo-

Toxa DIBBCCTHMM o6paeom linditioTCA ilmmaAbilmmx npoAyx-

Tamm oToro npouecca,a aememenaa erax ezemexTos a 

EpocTpameTne be spemexm mmemT cmymaamm4 xapaxTep, 

Taxze xax 

AoToxam - 

XoTa 

• mapozoraxecxxe x Apyrxe maaenaa ma so-

cAymalemN mapasTep. 

• snomme memo, MTO oxemeerm PYcza EloA0 - 
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Summary 

By accepting the assumption that the shape of 
river bed of alluvial water stream may be conside-
red as "the final product" of the process of river 
bed, a possibility is under work to forecast the 
phenomenon of inudationand other objections for 
the ships along the Yugoslav part of the Danube. 
Therefore, morphological analysis of the river bed 
based upon the statistioal treatment of topogra-
phical data and analysis of change of hydrological 
and hidraulic characteristics are conducted in 
time and space. 

On the basis of a concrete Study of parti cul ar
affected sections the condition ie beiSgi:dertired 
that in easier cases such forecasts could be gi ven
only on the basis of hydrological forecasts and 
results of morphological analysis, and in the more 
difficult oases the hydrological and hydraulic 
parameters of the water stream in hte seotion of 
river observed should be analyzed. 

Toia BBBMCBT OT mapaxTepwcTxx pexxiia pacmoxe soAM 

X HEIHOCOB, mopOzorunecxER amaxms acxoAxT me noao-

*exam, nTo rousamme oTmx tlaxTopon oTpameeTcanapyc-

ae sax "caxamialom" npommTe Aaxxoro nponecca 
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nomxmo °Toro, mmem B Emmy czynaiimocTb Anaemia x 
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FORECASTING BED-CHANGES FOR THE DANUBE STRETCH 

BETWEEN PAKS AND THE MOUTH OF THE DRAVA RIVER 

KRANICZ,ISTVAN Dr.ZSUFFA, ISTVAN 
District Water Authority, Baja Hungary 

Pe a lome 

PaccmaTpneaeTca meToA Ana amnomHeHnil nocTo-
aHnoro aanncmaaHna nepemeH pycza pexn, cnalum ne-
pnoAnuecxnx HadzmAeuing pycna, npeAcTanneanm nepe-
meH a pycie, xoTopme soamixarom memAy Hat5nmAeHnem 
Ha =nasal nl npammx ceueHmRx nepeueiu maccm. 

AHannanpyeTcR cemexiom npeAcTaanTenblimx na-
pameTpoe AaA nepemem pycJia,oancaHne 6oxeaoro Anne 
meHnn necuaHmx HaHocos Ha no0epeshe, ropnaouTana,-

BepTSIKEtAbHUe 1oK888TeliM neCLIZAHM HatIOCOB 
cpeAHero Teuellna,ropmsoHTambHme H eepTnxambHmano-
xaaaTenn o.:5pasoaamIR necuammx Hanocoa mexAy ompa-
melmmun Hacmnamu. 

UTHomeune memAy emmey:caseanmmn noxamaTenRun, 
AlInTeabHocTioo,rnAppmeTpnuecxnun n rnApomeTeopono-
runeclumn ycnoemman nonbsymTcR c uenbn npeAycmoT-
peanR. 

Tn addition to the discharge of waLer,which 
yorien as a funcJion of weather conditions, vary-
ing amounts of solids, 1.0., scliment, re also 
transported in wotercoure-,es. There cxists 3 dynamic 
equilibrium, betwen the sediment carrying water 
and the streambed, since different kinds of sedi-
ment are deposited, sandbanks, bars are formed,or 
else the banks are eroded by relatively " pure" 
water. 

Ilydromechanics and hydraulics of the phe-
nomenom ore highly com-qex 90 'hat ramified rese-
arch is conducted into these questions.ln 
some instances consderable mathematical equipment 
has been used in deriving results completely des-
cribing some details. These extensive and compre-
hensive investLgations ,n1 studies ore, however, 
Insuited to provide information of future charges 
of.bed conditions ovcr a particeiar stretch,resul-
ting either from artifical interference, or natural 
factors. 

The formulation o1- the probleT in this marr 
ner.is rather inaccurate. Relationships descriming, 
or intending to describe, sediment transportation 
a'.7e unsuited in themelves for coarectcrizing aed 
development. Scouri_ng is not limited to locations 
wh,-..z-e the flow carries little' sediment,where sand-
barn develop nut only where sediment concentration 
is hight.These phenomene occur r;im.Altaneously even 
within the same cross-section. This approach is 
widely  accented in river regulation. The rules 
controlling the design and arrangement of regula-

tion structures hove been developed from earlier 
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Summary 

Method for keeping continuous records on bed 
changes, evaluation of occasional bed surveys, 
representation of bed changes occurring between 
surveys in cross - section, plan and mass-change 
profiles ore diecussed. 

Selection of pyrometers representative for 
bed changes, description of the lateral movement 
of honk sand tars, longitudinal and vertical 
indices of mid-sisteem sand bars, horizontal and 
vertical indices of sand-bar formation between 
spur - dikes are analysed. 

Relationships between the above indices, 
duration, hydrometric and hydromorphological con-
ditions ore used for forecasting purposes. 

and more recent principles npplying to the life nr 
river beds. 

The above "nrinciples" of regulation are, 
however, reother loose and for undisturbed nov!.ga-
tion, operation of abstractions, bank_ protection, 
the safe design of new structures, the probable 
rate and extent of bed develonment must be estima-
ted,oredicted ,,nd cee.,sionally controlled, This 
cannot be realized unless the particular properties 
of the river stretch are studied and known adequa-
tely. 

The solution of the problem with the help of 
relationships of hydromechonics can hardly be ex-
pected.The phenomenon is too involved and time - 
dependent,so that it is accessible at present to 
empirical methods only, while future approaches 
will also consist of statistical methods at the 
best. 

Investigations are greatly complicated by 
the process character of bed development. Isolated 
observations hardly yield useful information,, even 
if several elements ore included. Seriez of obser-
vations of the required frequency and performed 
for a period of sufficient length are necessary-in 
keeping with the process character of the phenome-
non-for both simply empirical studies and occasi 

mathematical-statistical annlyses.In the cou-
rse of these observations the truly important ele-
ments should he recorded with the required ac--



couracy, i.e., the observations should include re-
presentative elements only. 

In Hungary bed-survey have been run with 
greater frequency during the last 18 to 20 years 
and the results of these can now be processed,eva-
luated and occasionally used for forecasting. 

Available data 

Following earlier sporadic surveys the 
Danube stretch under consideration has been sir-
veyed after 1949 at 5-year intervals using souding 
tacheographs. 

In the vicinity of regulation structures ne-
wly built, or of major imnortance,the surveys have 
been repeated every second, or third yeer,yet in 
some instances annually. The results of these 
surveys have been entered on contour-line(isobath) 
maps and cross-sections(about one kilometre apart) 
have been established. 

The contour-lines of the maps have been re-
lated to e fixed, nermanent water level, so that 
the lines represent the momentary condition of the 
bed in a manner permitting comperisons to be made. 
However, no changes of the bed can be obtained di-
reclty from these maps (Figs. 1 and 2). 

For observing the flow-regime elements ef-
fecting bed development a gauge network of the re-
quired density, gauge relation ourves for corres-
ponding stages on different gauges, rating curves 
of the required accuracy and longtitudionnl profiles 
showing the more important parameters are availa-
ble. x). 

Processing of data 

The maps prepared on the basis of bed sur-
veys contain the necessary information for naviga-
tion, for the designing and maintenance of river 
refer to an instantnnecus condition only, they 
cannot be used for a more detailed analysis. 

Considerable difficulties were encountered 
in completing a graph, or other aid -..a-esenting 
well the-tine-dependent phenomenon of Ee-! develo-
pment. Owing, to the three-dimensional character of 
the process it is almost impossible to  renresenT 
TEe record of changes in a directly nerceatible 
manner. 

For representing the time-dependent pheno - 
mena three different methods hove been adopted: 

- The isometric map of bed changes has been 
constructed, in which the extent of secouring and 
deposition between two subseguent surveys and re-
lated to the first survey have been entered(Fig.3) 

- Individual cross-section surveys have been 
entered into a common system of coordinates, from 
which the changes in time of the wetted cross 
section below a fixed wetersurfnce  have been 
determined (Fig. 4); 

- The.longitudinal profile of mass travel has 
been constructed, indicating for each cross-section 
the quantily of material accumulated, or scoured 111 
water over 1=50, 100 and 200m long sections during 
the periods between two subsequent observations 
(Fig. 5); 

1)Szesztay, Kdroly: Forecasting the flow regime on 
the Danube river (A Funs vizjfirdsdnak el5rejelzdae) 

vituki tanulmdnyok ds kutatdsi eredmdnyek, 6.sz. 
Budapest, In Hungarianwith detailed Englishaummary. 

Bed travel maps have been prepared by su-
perimposing the maps representing tho two surveys 
under consideration. The longitudinal profile of 
mese travel has been constructed from the bed-
travel map,by dividing the centerline into 50, 
100 and 200 m long sections and plotting the sign 
correct totals of mass change within individual 
bands. 

The analysis of the processed data was 
found to be impossible unless the data of river 
regulation structures built over and upstrenm the 

tarticular section under consideration are also 
aken into account.Cuch dntn are location in plan 

cross -sections and profiles, time of construction 
and renewal. 

Analysis of data 

Studies were concerned with river sections 
of 2 to 5 km lenght,but data of adjacent sections 
were also token into consideration. The studies 
are illustrated with reference to a Danube secticn 
without any recent major interference, the Danu-
be bend at Dusnok (Fig. 6). 

The series of maps reproduced in Fig.3 
shows the changes in bed configuration during the 
periods 1947-1'519, 1949-1955, f055-1060, 1960 -
1962 and 1962-1966. On these simplified drawings 
the seneertion line ("0" contour-line) 
scours and deposits has only been entered, be hN rel

the other contourlines have been omitted for the 
sake of clarity. 'lesides the mops dinplayed,furt-
her maps have been prepared from the section under 

consideration, namely such indicating the changes 

that occurred beteen the years 1947 to 1955,1947 
to 1960, 1947 to 1962, 1047 to 1965 and 1960 to 

19F7. An will he seen from those maps, sand bars 

travelled along this particular stretch during 

thin period, and ea revealed by the mop for 

the period 1947 to 1065 (not published in the 

present paper), the section is of n degrading 

character over extended neriods of time. 
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Individual characteristic noints of the"0" 

contour - line indicating the position of the sand 

bars can well he plotted on subsequent map sheets. 

The points considered by us identiel have been de-

noted as 1,2,3,... on the different sheets (Fi 
From the position of these identical Points the 

Rate of travel could he determined with a fair 

degree of reliability. The corresponding results 

have been comnlied in Table T. The instantaneous 

position and movement of these points is characte-

ristic of the movement of sand bars and shallows. 

Characteristic points serve to represent changes 

in bed configuration and should not be mistaken 

for identical sediment narticeles.It should be 
men-

tioned here as an analogy that the travel of flood 

waves can be described by the progress of their 

peakst but to these peaks different water particles 

pertain in the different cross-sections. 

The highly variable shape of the cross-sec-

tions would seem to indicate a confusing picture, 

but this is not the case. The conflicting changes 

are due to the sand-bars travelling through the 

cross-section. From the plot F= f(t) showing the 

variations of the area of the wetted cross-section 

(F is the area of the wetted cross-section and t 

is time) an evidence for the degrading character 

of this particular section can be gained 

(Fig. 4). 

According to the mass-travel diagram the 

change of mass along the river is a periodic one 

during the period considered. E.g. during the 

period 1949 to 1955 the masses deposited and sco-

ured along the river may be described approxima-

tely by the relationship 

Y = 10 licsin (2ji x-1)+cos (dtx-1) - a, 
where Y is the heinge of mass in l000 cu.m units, 

50m, 



X t :,e !intance fr,m t e .:nstr,nm end of the sec-
tion in km units. The travelling velocity of sine

identifinblk, on muss liarram can 
/;1-no estimated. (This is ncir neecsaarly 
ITC.71-7MT tli-e-Trnvelling velocity of characteri-
stic points mentioned t fore.) 

The suliention of results for forecasting proba-
ble Iel e!;nngcs 

Helying 011 .ixperience gained in the course 
of data proconning nn attempt has been made at the 
determination of the man of burl changes during the 
period 1166 to 1970. This in turn has been used 
for tracing the contour-line map likely to prevail 
in the summ,r 19'7( (Fire. 7 .and 8). 

As a first stop, the travelling velocities 
of chavacterintic saints in the mans showing chnn-
gen of bed configuration (Table ') have heen used 
for locating the anticinnted position of these 
Points. Polying on these points and with allowance 
for the snaps of the "0" cuntour-lino in the nre-
ceding map of bed changes, the "0" contour-line 
nnticinated, i.e., the contour-line separating 
scouring rind enonition, the boundary of the sand-
bars has been traced. 

Hereafter granhicel extrapolation to the 
your 1170 has been nerformod on the F'-:f ft) plot 
( !o - wetted cross sectional area, t=time) of the 
three cross-sections. Taking this and the "0" 
rontor-line of the mnn showing bed-rh-ngen into 
rowl ilc;r,,tion, the shapes anticipated for the three 
cross-sections have been estimated.Using the date 
thus obtained individual points of the contour -
lines or bud changes can he located in three 
sections of the map showing bed changes (Fig. 4). 

The profile of mass-changes for the period 
19(J6 to 1970 may be estimated from the two harmonic 
components of the curve characteristic of 
nn antecedent period and from the rates of their 
travel. Having traced these profiles not only the 
"0" contour-line, but severnl other contour-lines 
of the map of scours for 1965 to 1970 can be traced. 

On the basis of the map of bed-changes the 
forecast map for 1970 con eventually be traced 
from the map showing the renults of the hod survey 
in 1965. 

Conclusions 

The "construction" described above should 
he regarded rather as an estimation based on 
observation dntn and sunnorted by graphs. The es-
sential feature of the method is that the ap-
proach to the nroblem is an empirical one. 

However, in connection with this method it 
should be remembered that 

-the accuracy of fluvial measurements is 
still rather limited (an improvement may be exset-
ed from the introduction of echo sounders). 

168 

-a surveying frequency of 5 years (ocnsio - 
nally 1 to 2 years) does not guarantee a sufficie-
ntly accurate representation of the phenomenon. 

-it is almost impossible to describe the 
three-dimensional Phenomenon in terms of simple 
parameters suitable for forecasting, whereas the 
number of data is insufficient to permit the 
introduction of more involved mathematics (trans-
forms). 

Tn the example presented attention is 
directed to some of the side, which can he used 
to improve estimated values with the help of 
observed phenomena. 

The example introduced is concerned with a 
highyl variable section of the Danube stretch 
considered, inasmuch as the main current line in 
the out constructed at the end of the last century 
has still not become stabilized in its final posi-
tion. On the other hand the current line, and in 
turn the travel of sand - bars, can be estimated. 

Cshanges in bed configuration anticipated 
on other sections of a more successful alignement 
may he estimated by similar methods but in a 
simplified manner. 

The studies into the influence of regulation 
structures completed recently present an entirely 
different question, which has been considered in 
two stages, dealing first with the immediate 
vicinity of the structures outside of the line of 
regulation, i.e., the bank strip ( this has been 
ignored entirely in the example illustrated), and 

then, separately with the influence of the new 
regulation structures on the main bed. 

No more detailed treatment of these problems 

is necessary unless data collection work is extend-

ed. On experimental reaches selected for similar 

purposes the velocity and direction of flow has 

been measured in the vicinity of such structures, 

accompanied by the retrieval of bed - load samples 

and more detailed bed surveys. The work of these 

questions has not been concluded yet. 
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Table I. 

Computation of the rate of sand-bar travel. 

No of 
section 

Time 
/year / 

T:'8VP.1 
/. .St../x Rate 

/m/year/ Remark 

• from to from 
- 

to 

1 - 19 1949 1955 15o212 15oo p8 23o 

2 - 2' 1955 196o 15o2 p1 15o1 po 25o - 

3 — 3' 1955 196o 1502,0 1500,9 25o

4 — 4' 1962 1966 1502,0 15o1,6 12o Value influenced 

5 — 5' 1962 1966 1501,8 1500,8 27o by raise in spur-
dyke crest in 1962 

v 112o m 

v 112o 
n 5 225 m/year 

/ R. St./ = River station, distance from the mouth in 
kilometres. 
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PROBLEMS CONNECTED WITH THE LONGITUDINAL DANUBE STREAM 

PROFILE DEVELOPMENT 

By NATHER, B., SZOLGAY, J 
Water Research Institute, Bratislava, Czechoslovakia 

P e a 10 td 

ABHMH pasHouecmR npoAomi,Horo TB0OHKR pexx Ay-

HaR mexAy 1880 KM (AessH) m 1700 KU ( Hermuapoc), 
tuna emumexcHa Ha °CHOW:1 sHaxmaa noHpoOmmx ARHHUX. 

EmAm nonhaosaum OTHOMBHMA, koTopme Omxx 

c nomombm MoGepa-PeTepo. Oopuyza xoTopaR 
CA COCTONTCH N3 

-3;60"-cY 6.  
?Ida 

sapmaHT Omxo noxygemo C nouo-
uammam MEM, m c nowou  mx, as 

noxygeHm 

noxymaer-

40 

OCHOBaHNN KO/MUMMA ycxosmtt, KOTOpM8 (SWAN ABICa811 .-. 

HM, cospeueHHO npoAoxImmtt npoOmx16 TEMBHNR p. Ay-
maR, He Rues? npasmal.Hym cTa6pubmocTL. }WIC smaux--
TeABHMO pesyxameT 8H8AN8a npoRemxacs BO3UOKHOCTI 

KSK Haim pewmTb Texoe HeolnaronpmRTHoe noxoxemme C 

nomommo TexHmuecxcn mmTepseHumm. DTN uepm nouorce-

MT yarimemmo cyAoxommx ycaosmti, oasmmeHmu 88805TM 

coceHmmx TeppuTopmR, CTa6MAH8NIDOBBHIAM yposHR eoAm 

rpyHTosott, yxyquiemmo ABHKeHICH .U.18 H T.A. 

PemeHme "xse8mcTa6mHhHoro npoqmnsi npoHombHo-
ro TeueHmR" c npaxTmvecxott cTopoHm He twee? aim-
memme pemeHuR pervimposaHmR pexm Apron. DTo npe - 
TeHumoaHme H uenocpeAcTeetimme Tpe6osaHmR, KOTOpM13 

yxe 6mam onyolnmxoeaHm B pa6oTax /1/, /2/, /31,14/ 
H /6/. 

1. INTRODUCTION 

1.1 Geologic-morphological phenomenon of the 
Danube 

The Czechoslovak reach and a part of the 

Czechoslovak-Hungarian reach belong to one of the,
most difficult tracks with respect to.navigation. 

Waturally,this holds not only about the navigation 

but also about the protection of the adjacent tspr-

ritory,intricate ground water regime, ice motion 

and all other problems which should be solved by 

the complex river training. 

Full information about the development 

state and research hydraulic training works on the 
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.SUMmary 

The line of the equilibrium longitudinal 
stream profile of the Danube River between thelum 
1880 (Devin)and km 1700 (Nagymaros) was computed 
on the basin of the detailed data analysis. The 
relationships derived by Moyer-Peter (7) were 
used. The resulting formula is 

Jx-e 14310
64 # Cy: k 

324 different variants were computed by 
means of IBM computer and by means of them, on 
the basis of boundary conditions it was proved, 
the present loikitudinal Danube stream profile is 
not regulary stabile. As a more important result 
of our analyses the possibility has been shown, 
how to solve such an unfavourable state by means 
of technical intervention. These measures should 
contribute to the improvement of navigation con-
ditions,increaee the protection of the adjacent 
territory, stabilize the ground water levels,al-
leviate the ice motion, etc. 

Solution of the "quasi stabile longitudinal 
stream profile" from a practical point of view 
does not mean a solution of the Danube River 
training. This is more pretentious and respective 
demands were already published in our works 
(1), (2),(3), (4), (6). 

Danube are to be found in works (1), (2),(3),(4), 
(5), (6). 

From the geologic-morphological viewpoint it 
can be briefly stated, the Danube downstream of 
Bratislava cornea into a wide fault hollow which 
since the Tertiary has been sagging and moving 
downward. The Danube had been transporting its 
bedload into this hollow, thus creating within 
years a mighty sediment cone,the top of which be-
ing close to Bratislava. Some specialists denote 
this sediment cone as land delta (with three main 
branches; the Little Danube, Danube and Mosnni 
Danube) at the river intake into the fault hollow 
(late Pannonian Sea) where bedload with large. 



grain Size. are sedimented. 

The Danube spread its water and sedimented 
its bedload, transported from the Alpine area 
widely over this sediment cone till a narrower 
track was defined in the form of constructed dane 
(last century). 

Since that time all channel- developping 
processes took place very intensively in this con-
fined zone. 

The Danube comes to our territory through 
the Devin gate (km 1880, a rocky sill) downstream 
of the Morava River intake,and is flowing through 
the Korairno basin.Due to the geologic development 
the alftter upper reach (km 1880-1810) has a pre-

valent slope which is maintained as far as the 

region of Palkovi6ovo (0,40 - 0 05(Voo meanwhile 
the longer lower reach (km 1810-1708)has a consi-
derable lower slope (0,10 - 0,06 Voo). 

The Danube leaves our territory at the Ipel 
River intake, close to the Viiiegrad gate ( there 

is also a rocky sill there). 

Theee conditions: sudden slope decrease; 

solid sills,covered only with a very thin aluvial 

gravel layer in the intake and outflow section 

(and partly also the labyrinth of branches in the 

reach Bratislava - Gonyti) repr'esent a special 

phenomenon of the Danube and are limitting for 

some structura-engineering training works. 

1.2 The Danube training and channel development 

as influenced by the engineering interven - 

tions 

Since the Danube catchment area has been al-

ways a region of busy economical activity, predo-

minantly those training W9.ka wore favoured which 

should have support this activity. 

Following distribution of training works is 

common in our practice: 

- flood water (since XIIIth century) 

- mean water (since the second half of the 

XIXth century) 

- low water (since the beginning of the XXt 
century). 

Those three kinds of training works were 

achieved by means of different methods and in dif-

ferent time periods. The goal of all these train-

ing works was to achieve the channel stabilization, 

i.e.to establish the transverse and longtitudinal 

profile stability with respect to the requirements 

of CID and DK. 

Inspite of concentrated longterm effort the 

engineers and technicians have not been successful 

in preventing the natural riverbed development , 

that means in bottom sedimentation, which attains 

frmm the technical and economical point of view an 

unbearable and dangerous extent(rise by more than 

1 m in the reach km 1840-1800 in the last 50 ears). 

Therefore, the reasons of this development 

trend were studied (see results quoted in the lite-

rature (2), (3), (4), and the new approach to the 

river training has been explained. Besides, we 

have established also the conditions, in which the 

longitudinal Danube profile would be in a " quasi 

equilibrium state" (that means the bedload would 

neither sediment nor scour the channel). A short 

information about this part of our study is pre-

sented in our paper. 

170 

2. THEORETICAL ANALYSIS 

The longitudinal profile is substantially a 
resultant of the concurrent water and environment 
action. The term environment means the geographic 
given facts, as well ae the quality of the mate-
rial, in which the stream deepens his channel. 

The ability of the stream to erode is given 
by the transporting capacity, expressed by the 
basic relationship 

dfrkg 
v— tangential stress at the bottom 
r- specific gravity of water 
V- slope of the energy line 
The resistance of the environment acts 

against the erosive activity. In the case of an 
aluvial stream this resistance can be defined as 
a function of bottom material characteristica.The 
specific gravity of the bottom material, its siztN 
shape and way of deposition can be considered as 
decisive. 

If the channel should be stabile, there 
must be an equilibrium between the transporting 
capacity and the resistance of the material.There-
fore 

d-
-

= 
specific gravity of bedload 

decisive bedload size 

shape coefficient 

factor,expressing the mutual influence of 
grains. 

The Channel width has also its influence, 
though this is included in the depth for the 
given water discharge. 

It would be possible to compute the slope 
J on the basis of the relationship mentioned above, 

if all parameters would be known. As a matter of 
fact it is the law of bed load movement which has 
been already studied by many authors. 

It can be open, the equilibrium alope value 
always depends on a particular discharge(h), thus 
for a general conception of the equilibrium elope 
either a representative discharge, or a method 
should be used, which eliminates the variable wa-
ter discharge and substitutes it by a parameter 
defined more exactly. 

Analysing the slope Meyer-Peter proceeded 
in this way. He introduced into the relationships 
all the year round the bedload discharge. Thus 
the stream transporting capacity and its longterm 
effects are determined. 

Since the validity of Meyer-Peter law of 
'bedload movement was proved also in our country 
and elsewhere (see literature (4), (7), we take 
it as Nstifiod to use its relationships in compu-
tating the equilibrium profile. 

3. COMPUTATION OF THE EQUILIBRIUM PROFILE OF THE 
DANUBE 

3.1 Relation analysis 

Deriving the equation of the equilibtium 

profile of the bedload transporting stream meyer-

Peter proceeded from following relationships: 



- Strickler's relationship for average pro-
file velocity 

- Sternberg's law of bedload abrasion 

- Meyer-Peter equation for bedload discharge 
computation. 

The computation can be performed only after 
introducing some simplifications: 

width B 

the 

rectangular prizmatic bed with a 
and constant water discharge Q 

slope J is changed with place 

water depth h is changed with the elope 

- hydraulic radius 

- roghneeo coefficient k = Kr = Ks, provided 
that the bottom is even 

(K
r' 

K
s
.... mate-

rial and bottom roughness). 

Manning-Strickler formula, substituted into 
continuity equation, gives 

Q • v. o -TIt5 

Q. k- 41)k,B. I 8. -a„ 

13C2:;- - - at k 

- Jai:1+:1g 
After substitution 

ff‘ 
- it/47' 

Sternberg's formula for moving grain abrasion 

- d, 

x... course passed by the grain (km) 

c... coefficient dependent on the shape and mate-
rial of the grain (abrasion coefficient 
(km -1). 

Substituting this relationship into the equa-
tion for J

x
, we obtain 

The law of the bedload discharge according 
to Meyer-Peter can be rewritten in a simplified 
form 

were 

- /6.1. « 67:4" 

/54 cfir 

6 
E 0,es 

This is valid assuming that 

jrxkx /3,26( oefpf 5

ZCT: /,3d, •-e)4 
After substituting for d

x 
and g from 

x hx
berg's law and after eliminating Ti-

the final equation of the longitudigal profile. 

Then 

constant 

,0 

r ee.-4. ")yr 

the Stern —

VIP obtain 
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3.2 Proper solution 

As can be se.n,the formula derived is rather 
complicated for a characteristic computation. Tak-
ing into account that proposed ranges of substitu-
ted parameters have load even after preliminary 
computations to 324 variants, it is evident that 
such computation without utilization of computers 
would be rather time consuming. 

Computations were proceseed by means of the 
computer IBM 7040; 

3.3 Results 

As to be able to compare the computed slopes 

with the actual state it was necessary to choose 

a suitable comparing standard. We have decided to 
choose the fixed water level at a dischargP
Q = 3000 m3.8-1 in Bratislava. It is approximately 

this discharge, to which the main Danube channel 
ehould be trained. 

Considering that at present it is possible 

to divide the whole track, according to the trend 

of the size change of decisive grains, into three 

sections (see literature (4), this circumstance 

was adopted in subsequent computations. The whole 

track wan divided into following sections: 

1. Devin Gab6ikovo with parameters : 

Devin do ...0,030
0,027 m 
0,024 m 

Gabftkovo d.0,020(1):0  m 
m. 

0,016 m 

2. Gab6ikovo - Palkovi6ovo as a transitional sec - 

tion 

3. Palkoviftvo - Nagymaros with parameters: 

Palkovi6ovo d60,0142 m 

d
n
..0,007 m 
0,005 m 

Bedload discharge for all combinations were 

considered with three values 

Nagymaros 

G  530 000 m3 
° 

3 635 000 m, 
700 000 le 

Since channel width changes, taken into con-

sideration in the first informative series of am-

putations, did not show any important effect on.

the equilibrium longitudinal profile, a width of 

280 m (a value which is not identical with the 

regulation width) was considered in the reach DP-

vin - Gab6ikovo and 420 m in the reach Palkoviftvo 

- Magymaros. 

The computation was repeated with these va-

lues for a less number of variants. As most favou-

rable from the practical point of view showed to 

be the variant with following parameters 

Devin 0,00040 

do 0,027 m 
Go 530 000 m3 

Gab6ikovo do 
 

0,016 m 

Palkovi6ovo do 404 o,014 m

Nagymaros do 0,007 m 



* 4. ANALYZES OF RESULTS OBTAINED 

The structure of Meyer-Peter formula shows, 
the computed equilibrium elope is a linear functim 

of the intake elope Jo, introduced into the compu-
tations. It ought to be a elope of the previous 
section;if the equilibrium elope ought to be "per-
manent" the stability of the intake slope should 
be also ensured. The reach above the computed 
course must be either in natural equilibrium or its 
equilibrium must be provided by artificial mpaalree. 

4.1 Influence of the Channel Width 

Further variable parameter in the equations 

is the channel width. As already mentioned, three 

different combinations of width for the entire 

course were considered. The results have ehown,all 
practical channel changes, being considered, have 

no effect on equilibrium elope change. If the ef-

fect of the channel width change should manifest 

itself in measurable values, this change ought to 
be substantial. 

4.2 Effect of the Bedload Grain Size and its 
Quality 

The value of the bedload abrasion coefficient 
c is dependent upon the size of the decisive grain 
at the beginning and at the end of the computa-
tion reach. And vice versa, the size of the deci-
sive grain at the end of the reach is dependent 
upon its size at the beginning of the reach and 
upon the resistance of the material against abra-
sion, i.e. abrasion coefficient c. 

The change of the abrasion coefficient c at 

equal outgoing size of the decisive grain do mani-
fest itself in the diagram of computation results 

in this way that the lines of computed equilibrium 
profiles at different values of c are not parallel. 

Thus the dependence is as follows: 

- the less is the c - that means the more 
resistant is the material against abra-

sion - the larger ie the equilibrium 

slope, since at lower abrasion a larger 

total amount of bedload remains and for 

its transport at equal discharge and depth 

a larger slope is necessary. 

It is necessary to bear in mind performing 
following analysis that a substantial slope change 

results in a change of bedload grain size and to 

take it into consideration when conclusions are 
derived. 

4.3 Effect of Bedload Discharge 

All the year round bedload discharge repre - 

sonts the last variable parameter in the computa-

tions. Values obtained on the basis of direct 

measurements and computations were used for this 

quantity. These values were controlled by the la-

boratory research results, obtained at the Water 

Research Institute. 

Comparison of different combinations has 

shown, the change of bedload discharge in the ex-

tent proposed in our case, has no effect on the 

course -of the equilibrium longitudinalprofile.This 

can be explained as follows: 

- all other conditions being constant the 

bedload discharge along the stream is 
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changed equality, regardless of the initial 
value.And since also the equilibrium elope 
values computed step by step are propor-
tional quantities of the intake elope, the 
ratio remains preserved. 

4.4 Evaluation of Results 

All results presented above the based on se-

veral assumptions and call for a commentary. 

Meyer-Peter relationships assume, the dis-
charge in the channel along the whole track studied 

being equal to the intake discharge. That does not 

mean that all discharges ought to be concentrated 

in the channel. Though, if a certain water volume 

flows into the branches, or into the flood plain, 

this volume should be constant along the whole 

reach at a given intake discharge.

This conditions is not fulfilled as far ae 

the Danube is concenred. Therefore, it is always 

necessary to consider this aspect. That means, the 

first conditions fur longitudinal profile stabili-

zation is the maximum possible discharge concen - 

tration into the main channel. 

The method used does not take into conside-

ration the tributaries. Within the reach studied 

following streams disembogue into the Danube: the 

REiba from the right .and the Vah, Hron and Ipel 

from the left. All these tributaries flow into the 

Danube downstream the critical reach and the run-

off with respect to receiving stream is low. There-

fore, it can be anticipated that the error invol-

ved is negligible. 

A further critical moment in the computa-

tions is a rather high weight of the decisive 

grain size of the bottom material. Their unsui-

table choice results in diviations. It is, there-

fore, necessary to pay the attention to the simp-

ling and analysis of the grain size of the bottom 

material. We have used all available materials in 

our study but the problem of bedload grain size 

claims for further research. 

5. EFFECTIVE DESIGN OF LONGITUDINAL PROFILE 

STABILIZATION 

The final aim for this work is to elaborate 

theoretical, technical and also economical data 

for designing optimum training works and ensuring 

a more stabile longitudinal Danube profile. 

The boundary conditions are as follows: 

- the stability of the height of rock sills 

near Devin and Nagymaros; 

- necessity to maintain the river bed in the 

reach of km 1820 to km 1800 in present 

state (to prevent further increasing). 

Our variant meets all these requirements. In 
this case the entire course has been divided into 

three sections with intake data: 

Devin J
o 

d

Palkovi6ovo d
o 

• • • 0,00040 

... 0,027 m 

0,0282 

0,014 m 

0,0336 

• • • 

• • • 

• • • 

The realization of this variant necessitates 

the removal of about 20 million cubic meters of 



'sediments between km 1880 to 1810, and about 15 
million cubic meters between km 1810 to 1700. 

The most extensive deepening, about 2 m 
would occur between km 1860 to 1840. 

Though, also in this case a certain volume 

of bedload would sediment between km 1820 and 18D1 
We have namely considered in computations the sud-
den change of the size of the decisive bedload 
grain on this reach from 0,016 m to 0,014 m, in-
volving also the decreasing of bedload discharge. 
The aedimented volumes would be substantiallysmal-
ler, as coppared with present state. 

It is to be mentioned that even between the 
km 1820 and 1800 the present bottom had to be de-
creased, since according to the older analyses it 
was risen in the greatest extent in this section. 
All analyses performed have shown, this could be 
achieved only when uniform further deepening 
against our variant along the whole track from the 
km 1880 to the km 1700 would be realized, if the 
longitudinal profile should remain at least rela-
tively stabile. 

6. CONCLUSION 

On the basis of a detailed data analysis the 
line of the "equilibrium longitudinal profile" of 
the Danube between the km 1880 (Devin) and 1700 
(Magymaros) was computed. 324 different variants 
were computed by means of IBM computer and on the 
basis of data obtained and boundary conditions it 
was proved,the present longitudinal profile of the 
Danube is not stabile. Further actual possibility 
how to change this unfavourable state by means of 
engineering intervention was designed. 

The solution of "equal stabile " longitudi-
nal profile does not mean, from the practical 
point of view, the solution of the Danube train - 
ing. This is rather pretentious and was dealt with 
in our works (2), (4). 
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STUDY OF THE MORPHOLOGICAL CHANGES OF THE DANUBE RIVERBED 
DUE TO THE BOTTOM DEEPENING 

By JAN VINCENT 
Water Research Institute, Bratislava, Czechoslovakia 

Peaome 

B craTios mszaramTca accaeAoasama AsOopmaumm 
pycaa Avian BCASACTBKO tICTHMKOr0 yrAyOxelma AR, 

Aynall y awnyaJtoro Oepera. IlpemarasTca oillo4exTms-
mblA awroA oacKasaumm B usaax cyRoxoAcTsa x onps-

AeABSTCR KOAHtleCTBO ammepnammoro Kam:mai:a S TO-

%mane cpeAmero H EoAmoro 

PSCCMSTIMBEIBTCR BAKAHINIB yseamgeama sasoroce-
ueama Ha COCTORHHS ypoameR JyHaR npm He60.1WMX, 
emu:11x H malcommaabamx pacxo,1WB. hccaeAosaame aop-

ctoxormvecicax mamemeamn pycza ocymecTsmaoch ma rmA-
paimmtlecicott moAeam c noAsmiamm ptou, xoTopsa 6huga 

ocmamema asTomaTmmecaott peryanumen cpeAnax cyrov-
HMX pacxo.noa msyttemx Hs so,aomepsou nocTe B Bpa-
?morass. 

1. INTRODUCTION 

The deepening of the Danube riverbed and 
improvement of water discharge in the flood plain 
on both sides of the river banks to a total width 
of 800 m was proposed, with the aim to improve 
flood protection of Bratislava.Since the measures 
proposed cause present water level decreasing and 
thus also an increase the bedload movement, it is 
expected that the deepened section would be quick-
ly sedimented and the bottom would soon have the 
original shape. From the point of view of naviga-
tion fluency it is proposed to perform such exca-
vations and regulations of the discharge cross-
section, as to decrease only the water levels at 
mean and high discharges. As to be able to es-
tablish a forecast of morphological river bed de-
velopment, we have solved the problem on a scale 
model. 

2. HYDRAULIC MODEL 

Problems involved in morphological riverbed 
development were studied on a hydraulic scale 
model with a movable bottom, where also the flood 
plain was represent ed. The model was equiped with 
an automatic discharge controller which enabled 

to upreeent the average daily diacharges,observed 

in the field. A spillway profile was constructed 
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.S u m m a r y 

Study of the Danube riverbed deformation, 
'after a partial bottom deepening in convexee has 
been described in this paper. An effective 

dredging process is proposed from the point of 
view 6f navigation and the volume of dredged ma-
terial in an average and wet year is determined. 
The effect of the discharge cross-section enlarge-

ment on the Danube water level course was investi-

gated at low, mean and high discharges. Study of 

morphological riverbed changes was performed on 

hydraulic scale model with a movable bottom , 

equiped with automatic average daily discharge re-

gulation, observed on the stream gauge station in 

Bratislava. 

at the end of the model in km 1861, by means of 

which the water level was maintained automaticanY 

according to the natural rating curve. The granu-

lomatric composition of bedloads in the field 

forms a mixture, with a mean average of 0,024 m. 

The bedload were substituted on the model by a 

coal mixture with a specific gravity Q = 1,13. 

The model scales of other parameters were as fol-

lows: 

horizontal scale: 

vertical scale: 

water velocity scale: Tiv ' PC; 

water discharge scale: 

water slope scale: 

bedload discharge scalp under water: 

Af t ' kr 71,7- AL 
time scale for bedload movement: 

.  14m Apv 
V 

Jim



'volume mass scale including Pores under water: 

ee 1,14 - b,93 

f 4 0,165
Index N is valid for the quantity indication in 
the field, index M for the scalp modelAia the 
quantity ratio in the field and on the scale 
model. More detailed data about designing of the 
movable bottom scale model are shown in the lite-
rature (1). The water level courses were compared 
before the experiments with morphological river-
bed development were initiated. By means of a 
suitable roughness adaptation a good agreement 
was obtained between the measured levels in field 
and on the model. Similarly the bedload discharge 
on the model was compared with field measurements 
and computation. Results of verification tests of 
water level courses and bedload discharge was 

dealt with in large in the work (2), (3). 

3. STUDY OF MORPHOLOGICAL RIVERBED DEVELOPMENT 

As to obtain a lowering of flood water le-
vels it was proposed to excavate the bottom tattle 
Danube section 1861 to 1867 in convexes above the 
minimum discharge level of 700 m3/s and to remove 
the wood cover from both aides of the river bank, 
as shown in Fig. 1. The goal of these measures 
was to increase the Danube discharge capacity in 
Bratislava and thus to decrease the flood water 
levels. Since at the average water slope of 0,37% 
the Danube transports about 600,000 m3/ a of bed-
load per year, it was necessary to establish the 
river bed development after its deepening. Convex 
excavation can by seen in Fig.l and in some trans-
verse profile in Fig. 2. According to accurately 
measured cross-sections the total amount of exca-
vated gravel is 732,000 m3. 

After gravel bench excavation we have Studied 
four successive years and one wet year on the mo-
del. As average year was considered the year 1438 
Fig. 3) and the year 1965 at wet year (Fig. 4). 
The experiment was performed in this way, that 
the water discharges and respective bedload vo-
lume was dosed at the begin of the model. In the 
course of the first year it was observed that at 
discharges higher than 2.000 m3/s the bottom in 
the site of excavation on convexes would be sedi-
mented (Fig. 5). After the first year the :;agle 
way as at the beginning of the experiment, up to 
the minimum discharge level - 700 m3/s.'74, Nent on 
in the experiment also the second year and similar 
bottom development was observed as in the first 
year,only a more intensive bedload supply was es-
tablished above the km 1865.Two average year and 
one wet year were also tested. The sedimented 
bedload in convenes were excavated after every

year, while the sedimented bedload volume in the 

average year was about 230,000 m3 and in the wet 

year 500,000 m3. The bedload development on con-

MPS can by seen also in crosssections in Fig.2. 

In the course of the fifth year we had aimed our 

study also at the water level course, while the 

maximum discharge from the year 1965 was increased 

to lo600 m3/ a,to make possible the comparison of 

water levels when. hundred - year flood occurs. 

In can be seen from the water level course 

in Fig.6 that even after five years the excavation 

has a favourable effect on flood water level (lc-

errase.As to prevent re-sedimentation of convexes 

it would be necessary to excavate continually the 

bedload supplied. Maximum bottom sedimentation on 

excavated convexes was observed during the wet 

year (Fig.3), though the water levels at the dis-

charge of 10,600 m3/ a were lowered as well. The 
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research results show,the lowering of flood waters 
is mainly influenced by the impayed runoff con-
ditions in the flood plain. Fig. 6 chows, the wa-
ter level lowering is extended in the upstream 
direction thus manifesting that if continual ex-
cavation will be applied, the bedload supply into 
the excavated reach will gradually decrease. Ac-
cording to the last project (proposition) the ex-
cavated bedload should be utilized in the build-
ing industry. Thus the permanent marketing of the 
bedload would be granted. 

When the water level and bottom development 
is Studied (Fig. 2 and 5) with respect to naviga-
tion, it can be seen that at minimum discharges 
the natural cross-section shape in a how is main-
tained and, therefore, the navigation would not 
be geopardized even at low water levels. In fore-
going experiments, when about 5,000,000 m3 
throughout the whole width of the river bed were 

excavated to an equal depth, unsufficient naviga-
tion depths occurred even at low discharges in 
riffle sections (2). It is shown as favourable' 

for improving navigation path to excavate not only 
in convexes but also close to the streamline. At 

continual excavating of bedload in the Danube 
section 1861 km to 1867 km it would be possible 
to maintain permanent navigation conditions with 

adequate depths in the rifle section of the 
km 1864. 

4. CONCLUSION 

The morphological development of the Danube 

riverbed after a partial bottom deepening in con-
vexes was tested on a hydraulic scale model with 

movable bottom. Research result show, it is pos-
sible to forecast the bottom deformation when 

suitable model scales are determined, namely at 
regulation interventions on streams transporting 

bedload. The effect of a partial bottom excavation 

in convexes was tested in our case and its morp-

hological development within the five year period 

was determined. The etudy has shown that when the 

favourable effect of the bottom deepening in con-

vexes should be maintained it is necessary to 

excavate continually the bedload supplied. As to 

maintain fluent navigation in bows it is recom-
mended to maintain the natural transverse profile 
shape at low levels. 
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Fig. 5. Bedload sediment formation in the site of the 

deepening 
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PAC4ET MOP(DMOrMtlECKAX XAPAKTEPACTHIC PEKM WHAii 
KCX0AR 1i3 PYCIOOBPA3YMMEPO PACX0AA 

ARAPE2 CTAAYIK 

Ememma TeXIMMEICKHa HHCTVITyT EpaTmexaBa 

P a a to m e 

summary 

.CAM amaem Acticmemmexhmo rmApoAormueomme 

PMArtAIXM4UCKme XL1_LIHTepECTM(14 B'HeKOTOpMX npoqgaRx 

pemm Zynara, 3T0 gaem BoCHOXHOCTI, onpegeAmmb pacuem 

PYcAo.i.opumpym:Aaro pacxoga n.ui npmmarammero npo(DmAR. 

PycAoq,opmmpymigsA pacxog, amo TBHOR pacxog HXH HH-

Topm.al 13 c;:oAos, AeRCTBMO momopmx no cpauHeHmm 

APyrumm pccX0ABmV H TOM 713 npoqmAe npeAcmaLARem 

mommpemmom npc.mmv camym 6ozbulym paOomy npt (Papum-

poLaumm pycAu. B ocHoue pycAoqopmmpymwaro pacxoga 

npmeejlem pacuem mmimum nogooq noeepxmocmm AAR cy-

Aoxoggoro nymm m puxmyc mcmpmnAemmx manyvmm reo - 

mempmvecxo0 ocm pexm. 

o-expy ocHoemmum rmApaaAmRecxmmm, ry4.0X0r144C-

CKMMH M moptlioAormuuommum xalL,KM01MCTMKEMH metieHma 

H pycza ecmecmgeimmx Teuemm0 cylitacmeymm onlegexem-

Hme COOTHOWeBHA. LpeACOMurileTell, LITO pyCAO H Teme-

HNe  ma MfOTRII.OHHH epemegm. PeayAb-

TarrOm aroro eaLalmogeHcmamR ABARCTCR onpeAexemmoe 

ouepmagme pycAts c onpegeneglimmm paamepamm. Ecmecm-

BOHHOO pycAo noggepraemeR nepemeHmomy rmAponormue-

cmomy poxmmy B TB4CHHO roAa WIN Hecmcommmx Aem.110-
' 

mmmmo, um° Taman 143MBH4HBoCTb BAHRBT M8 061100014BM-

Hy yemontimmocmm pycez, HBTCHCHBBOCTI cliopmmpomammil 

PYceJL M mometwo Ha pycsoq)opmmpymmmA npoaecc. Ocma-

emcR sonpoc maxmm cnoco6om sma mamemumbocTb BHX10-

48OTCR B rmgpou.opqoxormuecxme coommomeHmR.B OCHOB-

MOM 3B8KOMM Mpm cnoco6a onemmeammit rmApoAormuecxo-

ro pexywas 

- onpeAeAmm cmenemb yemoRtimeocmm pyczamAm cme-

nem. ycmortumnocmm Aolimmx HBROCOB PI 3T0 mammm enoco-

6ou, tITO BMtlepTUM coomHomemme nomasameAR ycmonumeo-

cmm pycAa HAM gomgmx Hamocoe B OBBHCHMOCTH ma ypoe-

176 

Information about concrete hydrological and 

hydraulic parameters in some of the profiles of 

the Danube makes possible to compute the channel-

forming discharge for the adjacent reach. The 

channel-forming discharge is meant as such a 

discharge interval which, compared with other 

discharges in the same profile has the leading 

role in forming the channel in certain time 

intorval. On the basis of the channel - forming 

discharge the water level width computation is 

presented for the navigation run and the radius 

of the track curvature. 

HM BOABI H Ha yKAOHe BoArao4 nosepxHocrM H OTO OTHO-

morme ocpeAHRem. 

- ocpeAmnem mameHumem rmAponormuecmm# pexmm 

pexmmom. 

rmApomop-

m aameHmm ero nocmoRmHEm (amumgamemmtimm) 

Eo ocpeggeHHom peramme onpeAeAmm OCTEIXIAIMB 

(DoAormuecmme xspammepmcmmem. 

- mamegumemg rmAponormuecmmA peramm xapammepm-

eyem onpegexemramm mo3T4,1014memmom H 0TOT BicxfogHU B 

(POpMyXM AXA pacqema rmApomop(DoAorLuccmmx xeloaxTePm-

cmmm. 

Camma pacepocmageHmma memog HBAHCTCR BTOpOR, 

OTo 3fle4HT rmgpozormueemmg pexmm sameHmm Hemomopmm 

ocpeAgemmmm H OTOT CRHTBBM Bo epemomm BOCTORMHum.0 

ommm oppegnemumm emauemmem cummammem no 
ecex coom-

HOWeHMRX AAR xapsxmepmaoswiwR noumoRmmoro COCTOR -

BHA. Memog yemamoexemmR 3T0r0 ocpeggemmoro 

HRH HCX0AR H3 pasAmummx aemopoe p83XMIMMR. BropaA 

6oAbwaR rpynna cummaem npi pactlemaxycmaiumeocmn py-

GAO H pacmema napamempoe m ouepmagmR 
pycma C TBK 

HaameLeumm pycA4opmmpymmmm pacxogom. 
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LATEST SYSTEMATICAL BED LOAD AND SEDIMENT.,DISCHARGE MEASUREMENTS 
AT THE UPPER RHINE FOR THE POSSIBLE FORECASTING OF RIVER BED 

EROSION AS CAUSED BY THE CONSTRUCTION OF BARRAGES 

By Dr. Ing. HELMUT HINDRICH 
Oberreaierungsbaurat, Referent for River Morphology at the Federal Institute 

of Hydrology, Koblenz, Federal Republic of Germany 

PeaElid e 

COOTBeTCTBeHHO nepe,aoshim HarommmaHmAmm 0 UGH -

HOCTH isuepemsa cnycxa HanpAxeHHA pycxa peKH B npo-

TmsonoyoxHocTb C smgmcAeHmem npmHoca HanpaxeHmA py-

cAa, xoTopoe OCHOBNBaeTCR Ha copuyAe, a H3 ToroAPA-

rocpotimme opoamm, xoTopme OCHOBWBaluTCH Ha cDopmple 

KOTOpMe OXPIA3MFCR. 3aTem noAro0Ho rosopmT0cH 0 4140-

neimmx OTHOCUTeAbHMX mamepeHmax HanpinkeHmH pycAa H 

nepeHoca ocaAxos, o cxopocTm TOKa npi; Ane,yposHAso-

Am m cnyccy, xoTophle cmcTemaTmuecxm oCpa60TanbisTe-

4eHme tcAbwe oAHoic roza Ha AAmHe B 130 xm B ropHea 

FagHe. 

onmeakibi mecTa m3mepmTexbHmx noCTOB m me - 
ToAm m mamepmTeAbHme npm6opm, HoTcpme mcnoni.spoTca. 

Oco6oe BHHUMHNe o6pamaeTca B3aHMHOHy OTHOWeHHM uei-

Ay npmHocom HanpAzeHma pycAa H cnycxou ocaAxos, xo-

Topme noAbsywTca AAA onpeAeAeHma AsesHero npmHoca 

HanpaxeHma pycAa. 

Henb mamepeHmA H Ha6AwAeHmA asAgeTcs xax no-
momb npexycmompeinoo nepeMeH y nosopaqvsaHma pycAa p. 

PanHM, KOTOpOe oRmAseTcH B TegeHmm czeAvommx AecaTm-

AeTmA, KaK BOCAeACTBHe nAaHmposamin nocTpogxm 

TIMOTHH MHO OT r.HapAcpye. 

1. INTRODUCTION 

AByX 

This contribution attempts to emphasize the 
significance of the measurement of the bed load 
transport in contrast to the calculation of bed 
load transport, particularly in regard to river 
bottom erosion. The measurement must be the basis 
of the applicable sediment transport formulas and, 
as such, a sort of "calibration". 

Naturally, the hydrologist as well as the 
hydraulic engineer are glad whenever and wherever 
the natural processes coincide with a mathematical 
formula. However, we know from hydraulics that by 
way of the so-called coefficient, or several coef-
ficients, which take or should take into account 
not only the roughness but also the longitudinal 
and cross section of the bed,and the bends of the 
water course, each river has its own flow formula. 
To an even larger extent this is also true of the 
bed load and sediment transport. In addition to 

'Summary 

Following introductory reflections on the 
value of bed load discharge measurement in con-
trast to formula-based calculation of bed load 
transport and therefrom of the formula-based long-
term erosion to be expected, the numerous related 
measurements of bed load and sediment transport , 
bottom current velocity,water level and discharge, 
which have been carried out systematically for 
more than a year over a 130 km reach of the Upper 
Rhine, are dealt with in detail. 

In addition, the location of measuring sta-
tions, and the measuring methods and measuring 
instruments used,are described. Special attention 
is devoted to the interrelation between bed load 
transport and sediment discharge as relevant for 
the determination of the daily bed load transport. 

The purpose of the measurements and observa-
tions submitted is to make a contribution to the 
forecasting of the changes in Rhine river bed ele-
vation to be expected during the next decades in 
consequence of the planned construction of two 
barrages south of Karlsruhe. 

the aforementioned morphological influence of the 

flow formular, the grains themselves introduce in 

the case of the bed load and sediment transport 
formular a multiplicity of variants which may vary 
considerably in regard to the size, shape, weight 
and composition of.graine.The additional influence 

of temperature, water salinity and navigation 

should also be mentioned in this context. 

The resulting overlap of so many factors 
frequently renders a reliable calculation often 
impossible. 

.Fortunately, the realization spreads that 

the bed load transport formulas obtained from mo-

del tests should be applied with a certain measure 

of reservation, and that the model tests should be 
carried out on a much larger scale than heretofore, 

and with much more diversified grain character-
istice.The three-dimensional flow phenomena should 
also be taken into account (see foot note *)

180 



*) Erkek, C.: Beitrag zur Berechnang des Gpechie-
betriebes in offenen Gerinnen mit Beweglicher 
Sohlp unter besonderer Berticksichtioug der 
FlachlandflUsse. Mitteilungen alas dem Leicht-
weiss-Institut fitr Waseerbau and Grundbau der 
Techniechen Hochachule Braunschweig, Heft 17, 
1967, DIN A 5, 127 S., 42 Abb. 

(A Contribution to the Calculation of Bed Load 
Transport in Open Channels with Changeable Bed, 
With Special Consideration to Plain River. No-
tes of the Leichtweiss Institute of Hydraulic 
and Foundation Engineering of Braunschweig 
Technical University. No. 17/1967. DIN A 5. 
127 p., 42i11) 

Another purpose of this contribution ia 
point out the necessity for an international 
change of experience in respect of devices 
methods for bed-load and sediment measurement 
waters. Experience goes to allow that even in 

to 
ex-
and 
in 
the 

case of one and the same river, devices and methods 

applied to the upper reaches must be nearly always 

entirely different from those used for the lower 
reaches. 

2. FORECASTING OF RIVER BED CHANGES 

It ie a generally known fact that the fore-
casting of river bed changes in general and of 
changes in bottom elevation, especially the conti-
nuous erosion or build-up of the bottom in parti-
cular, or the unique or frequent occurrence of 

both is rather difficult. This goes not only for 

the river in its entirety but also for the indivi-

dual reaches. 

Changes in the bottom elevation of a river 

can in most cases be detected and their develop-
ment be forecast only on the basis of observations, 

i.e., longitudinal and transverse depth meaaure-
ments, stretching over decades. Here, the careful 

and accurate observation and recording of dred-

gings, of the discharge of dredged material, and 

of river improvements is an absolute necessity. In 

this connection,attention is drawn to the investi-
gations by Bauer in respect of the Danube , 

and by Eechweiler in respect of the 

Rhine. In the case of the latter, bottom subsi-

-dence in the Ruhr region in consequence of under-

ground coal mining plays an important part. 

The forecasting of river bed changes is of 

special significance for the design and construc-

tion of barrages with weirs and sluices which 

frequently have an immense effect on changes in 

water level, bed elevation, ground-water table, 

and on vegetation as well as on the irrigation and 

drainage problems of adjacent settlements and re-

gions. 

Calculations of changes in bottom elevation 

are difficult, especially if they are to be made 

for large reaches and long periods (e.g., 100 

years). 

It should also be remembered that, frequent-

ly, there is.a certain "trend" toward obtaining a 

specific result which will sustain existing wishes 

as to the positive or negative influence of the 

engineering project. Formulas and the coefficients 

to be selected are patient. 

It has happened that the results of two in-

dependently working teams of experts for the long-

term and supraregional forecasting of river bed 

erosion were releated to each other as 1 is to 3, 

where several meters of erosion in the tailwater 
of some planned barrages were concerned. 

In none of the two cases; were the theoretio-
al calculations based on actual measurements.Fre-
quently, this lack is unavoidable because plans 
and calculations are needed on re2atively short 
notice while measurements would take many years 
and require the overcoming of numerous difficul-
ties such as the making available of suitable mea-
suring ships and measuring inetruments,experien-
ced personal, and sufficient funds. 

3. LOCATION OF MEASURING STATIONS, AND MEASURING 
INSTRUMENTS AND mETHOD3 USED 

The location of the seven measuring stations 
which cover a river reach of 130 km is shown in 
Fig. 1. The sediment discharge measuring device 
used was the sampler shown in Fig. 2, which was 
retrieved as shown in Fig. 3. In most cases, the 
individual measurement took 5 minutes; in every 
instance,three successive measurements were taken 
on five to seven vertical measuring linee,in some 
cases with the help of two bed-load samplers simul-
taneously employed at porteide and etarboard.Bot-
tom current velocity was measured with the aid of 
a hydrometric current meter.Fig.4 and 4a show the 
emtying of the sampler and a metal table belonging 
to. 

Sample sifting was effected on the screerdrg 
machine shown in Fig. 5, The illustration also 
shows the Lcale used for determining
the various grain sizes. 

The latter were sub-divided into the follow-
ing groups: 

0 - 3 mm 

3 - 5 mm 

5 - 7 mm 

7 - 10 mm 
10 - 15 ran 

15 - 20 mm

20 - 30 mm 

30 - 40 mm 

40 - 60 mm 
60 -100 mm.

In view of the 1.4 mm mesh size of the bed-

load sampler, a certain tolerance estimated on the 

basis of sediment discharge measurements with the 

so-called Delft flask will be taken into acaountibr 

overall evaluation.,!easurements made so far have 
shown that, where the bed load consisted of coarse 

material, the component portion of fine material 
was extremely small. 

4. MEASUREMENT RESULTS 

in 1968,about one thousand sediment diacharEe 

measurements were carried out to save as a basis 

for the forecasts mentioned in Section 2. The re-
sults of these measurements will be published sepa-

rately in the near future.In all cases,current VP-

locity,peppcially at the bottom,and the suspended-

sediment load of the water, as well as the water 

temperature,were measured (Fig.6).Also ascertained 

were the water level by means of partable gauges 

indicating on a 1:1 scale,the discharge, and the 

exact profile by means of the "radiolog".The compa-

rison of bed-load transport with the suspended sedi-

ment transport would seem to be of special value. 

Why? Bed-lead measurements are time-consuming 

and expensive, and an attempt must, therefore, be 

made to establish a relationship between sediment 

transport and bed-load transport. The former can 



'easily be measured daily or even hourly by way of 
simple measurini7,the value of which must, however, 
be sufficiently supported by further measurements 
taken at diversified points. Naturally one cannot 
expect here a continuously uniform factor because 
stage, stage tendency, season etc. cause a degree 
of dispersion which must be determined by fre-
quent comparison measurement. 

The measurements undertaken so far yielded 

factorsfor—and--which actually permit the 

calculation of bed-load transport over prolon-
ged periods of time. These calculations, too, will 
be published soon, probably in the German Hydrolo-
gical News. The monthly and yearly sediment runoff 
is already being published in the German Hydrdkr 
gical Yearbook and has been so continuously since 
1962. 

These measurements and calculations do as 
yet, not permit the forecasting of erosion. The 
latter stil l requiren further years of measurement, 
and fundamental examinations of the discharge re-
gime. 

It will also be necessary to carry out tests 
on bed load "abrasion" (grain abrasion) since, at 
present, its influence on the changes in bed- load 
transport and the related sediment transport is, 
as yet, not fully known. 

5. L;trinit,Ry ANT, OUTLOOK 

The systematical measurements of bed-load 
Transport over a 130 km reach of the Upper Rhine , 
as carried out for a full year, have provided a 
first basis for the forecasting of erisinn and 
allow a critical review of the bed-load and erosion 
formulas so far used for the reach concerned Spe-
cial importance was also attached to the simulta-
neous measurement of sediment transport which 
aimed at the possibility of determining the bed-
load transport from the daily discharge and sedi-
ment measurements even for days on which the bed-
load transport cannot be measured for lack of 
time or other reasons. 

In the near• future, accoustic measuring 
methods will also be taken up again, primarily in 
order to investigate the boundary state of the 
bed-load movement through continuous measurements 
and tape recordings. In this connection, special 
attention will be devoted to the changes in bed-
load transport caused by river traffic, particu-
larly heavy on the Rhine, at low water stages. Due 
to the increased influence propellers have at low 
water depths, such changes may be considerable . 
These influences are presently being investigated 

through tests, including model teats, at the Fe-
deral Institute of Hydraulic Engineering in Karls-
ruhe which is a "sister institute" of the Federal 

Institute of Hydralogy and which also works under 
the Federal Ministry of Traffic. 

In future, the bed-load transport will be 

observed with the help of luminophors of five 

different colors permitting the study of the ac-
tual way the individual bed-lbad components take 
under different current conditions. This method 

would seem to offer more advantages than measure -

merit with the help of radio-active boulder with 
which first tests were made several years ago in 

the Rhine near Koblenz by the Federal Institute 

of Hydrology. It should, however, be mentioned 

here that the material used only had grain with 

one to six mm size. 

We are of the opinion that, especially in 
the field of bed-load transport, the international 
exchange of experience will be of the greatest 
advantage to all interested nations particularly 
where the joint formulation of directives on the 
measuring of sediment phenomena is concerned. The 
present subject has, therefore, been selected al-
ready for this Symposium even through some of 
the questions raised in connection with the fore-
casting of erosion rates are still in need of 
clarification on account of the short measuring 
period. 

Fig. 1: Survey plan of bed-load measuring stations. 

Fig. 2: Bed-load sampler, basic design according 
to Arnhem: 2.10 m long, 0.80 m wide, 

weight 110 kg. Intake opening:8 cm x 16 cm. 
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Fig. 3: Schematic view of bed-load measurement with 
the aid of measuring ship, sampler and 
hydrometric current meter. 

Fig. 4: Emptying of bed-load sampler over a 

" 4a:high metal table. 
60 cm 

Fig. 5: Screening machine (height: 60 cm) . and 
scale (height: 35 cm) for the elevation 

of the bed-load sample. 

Fig. 6: Example of the evaluation of a bed-load 

measurement taken at 1.10 m above mean wa-

ter level. 

Fig. 7: Relationship between discharge, sediment 

transport and bed-load transport. 
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THE CHANGE IN THE FLOOD DISCHARGE IN THE DANUBE AT VIENNA 
RESULTING FROM HYDRAULIC STRUCTURES ALONG THE RIVER AND 

IN ITS DRAINAGE AREA 

By W. KRESSER , Vienna 

Pea mil e 

B TemeHme nccneAHmx xeT Obvim empaboTaHm Ho-
HoTopme asTomaTmtlecmme cTaHumm Ha ancmpleAcKoti 
ConapcHon qacTm 4,yHasi H ero rnaimmx npmToxax, Ha 
ocHonaHmm KOTopb3x Cy.ayT nocTpoeHm Apyrme cTaHumm. 
PnAcm 6b.dim e,AnonHenm oerbemHme yucmsesnme Womb: B 

C 3AnunnmponaHmem rumpoKmx Teppwroli.mit HanoA-
m nocToeHmm HexoTcpmx cTamumA AAA akcxymy2H-

nmm DHeprmm B smarvx coceAHmx ONISCTRX.b 3TOM AO-

Kzaze ronopmTbcH o emammText.Hom npc6Jseme axmatHma 
ncex ecAonocrpoeHrti nepxHe4 maoTm AyHEIR,TO ()CT]. B 

mevrm TemeHmm Ao BeHm. AnTop paccmeTpmneeT Taxxe 
nnesHmtt npoxoA apAm Ha AyHae no oxolittaHrm ncexan-
nxeHrponaHHmx noAocTamml. YT HSKOHS4, 6B1nna nayme-
;A mepm, KoTopme HaAo npeAnpmfulorb AAR oxommaTexi.--
Horo yaymmeHma perymmponaHma nxanHoro npoxoAa so-
AM R nminnTw HeKomopme npeAnoxemmii. 

CBR311 

HSHMR 

The fast conversion of the Danube into a 
major waterway for river navitation has led to 
the construction of a number of hydro-electric 
power stations along the river during the last 
two decades. Being multi-purpose installations, 
those power stations contribute to navigation,thp 
utilization of water power as well as the impro-
vement of flood protection. since such installa-
tions will continue to be constructed, the ques-
tion is becoming more and more urgent what in-
fluence those structures will have on the drain-
age regimen of the Danube, especially on the run-
off of flood. Above all, the competent authori-
ties wish to know how flood in the river will 
flow off on completion of the continuous chain of 
power stations. 

Together with the installations along the 
Danube itself a number of storage plants were 
constructed and regulations carried out in the 

drainage area of the river, resulting in a posi-
tive and partly also negative influence on flood 

discharge. Thus it might be of a most general in-

terest not to deal with the subject too narrowly, 

but to discuss the following three questions: 

1. What influence do the hydraulic installations 

Summary 

During the last,yeare were built some power 
stations on the Austrian and Bavarian Danube and 
its main affluents, which will be followed by 
further ones. In addition to that thei-e were car-
ried out extensive headworks connected with the 
elimination of wide inundation areas and the 
construction of some power storage stations in 
the higher situated catchment areas. This report 
treates the important problem of the influence of 

all water constructions executed till 1968 on the 

flood regime of the upper Danube, that means on 

the stream section up to Vienna. Furthermore the 

author examines the flood discharge on the Danube 

after finishing of all projected water construc-

tions. Finally the measures to be taken to im-

prove decisively the flood discharge are studied 

and some propositions are made. 

built down to 1968 in the catchment area of the 
river as well as along its course exert on 
flood discharge? 

2. How will flood discharge in the Danube on com-
pletion of the reconstruction of the river in-
to a major waterway and on completion of the 
most important hydraulic installations in its 
catchment area? 

3. What measures would be necessary to essentially 
improve flood run-off in the Danube? 

The investigations carried out apply to tte 

Tipper Danube, i.e. the 900 km of the river down 

to Vienna. Since, Austria, within the framework of 

the Danube Commission, has undertaken to maintain 

a fairway depth of 3,50 m below Vienna and of 

2,70 m above Vienna,it appears logical to choose 

Vienna ae the reference-profile. The present in-
vestigation can then be supplemented by hydrolo-
gists of the middle and lower courses of the Da-
nube to form a complete survey of the river with 
regard to the question to be dealt with here.Thus, 
above all, the power plants planned on the Danube 

itself below Vienna as well as the hydraulic in-
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stallations in thr catchment area of the most im-
portant tributaries, such as the Tieza, the Sava 
or the Drina, should be included. 

I. INFLUENCE OF EXISTING HYDRAULIC INSTALLATIONS 
ON FLOOD RUN-OFF OF THE DANUBE 

As so far demonstrated by the course of 
floods along the Austrian section of the Danube 
there is always a combination of three wave-sys-
tems, viz. 

a) the wave of the Bavarian Danube, mainly 
produced by the Isar wave, 

b) the principal wave from the Inn-Salzach 
area and 

c) the Traun-Enne wave. 

Yost of the floods of the Danube are due to 
the Inn wave, which nearly always Tr.pcedes the 
wave coming from Bavaria by several days. In most 
cases the decisive precipitations are then con-
centrated in the area of the Salzach, so that it 
seems justified to emphasize that river in parti-
cular. However, the Traun-Enna wave is also of 
great importance ae it arrived in the Vienna pro-
file as a rule before the Inn wave and may pro-
duce a high initial water level. For those rea-
sons the investigation, in accordance with the 
volume of presumable water-influx, was carried 
out in the following order: 

1. power plants along the Inn and the Sal-
zach 

2. storage plants in the drainage area of 
the Inn and the Salzach 

3. power plants and regulations along the 
Bavarian Danube 

4. hydraulic structures in the catchment 

area of the Bavarian Danube 

5. power plants along the Austrian Danube 

6. hydraulic installations along the inns 
and the river Traun as well as in their 
drainage areas. 

The investigations deal with the centennial 
flood discharge as well as the RHHQ in the Vienna 
profile. Since in September 1899 approximately 

the HQ100 
flowed off at a rate of 10.500 m3/e, 

the question is to be answered how that flood-

water would flow off under the same meteorologi-

cal conditions nowadays. This reference to a 

concrete case presents the great advantage that 

no theoretical assumptions have to be made, the 

probability of whose actual occurrence is natu-

rally indefinite. For the RHHQ, whose peak flow 

in the Vienna profile according to detailed 

studies amounts to 14.000 m3/e, a similarly un-

favourable course was assumed as during the 

floods of 1899.

Due -Co the circumscribed nature of this 

paper only the main outlines of the investiga-

tions can be drawn here and the most important 

results stated. 

As the outline map (Fig.1) shows, a number 

of power stations have been built along the en-

tire course of the river Inn since the floods of 

1899, so that from the river mouth up to Rosen-

beim there is practically an unbroken chain of 
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ouch installations. The conetructien of those* 
power plants eliminated a large part of the in-
undation areas, actually appr. 42 million m3, the 
overwhelming part belonging to the Austro-Bavarian 
frontier section from the mouth of the Salzach 
down to Paesau. Detailed research, carried out 
much the Same as the investigation described in 
fig. 2, established that thereby the Q H -loo 

in

the Danube was raised by about 160 m
3
/0 and the 

flood wave accelerated by about seven hours. Due 
to this acceleration of the wave crest the Inn-
wave meets somewhat lower water levels of the Ba-
varian Danube, but higher levels of the Traun and 
Enna rivers. Puring the floods of 1899, to which 
the rnne and the Traun made a mSe than average 
contribution, the acceleration would have had an 
unfavourable effect on the flood-water run-off at 
Vienna,however, during the almost equally serious 
floods of 1954 it would have had a favourable ef-
fect.In an extreme case the above-mentioned acce-
leration, however, may result in an increase of 
the peak flow in the Danube below the muth of 
the Enns river at HQ

loo 
by about 150 m3/e and at 

RHHQ by about 200 m3/s. On the other hand the 
prayer stations along the Inn river in the Tyrol, 
or along the Salzach need not be considered,since 
they do not eliminate any retention area. 

The increase of the flood-wave determined 
for the mouth of the Inn as being about 160 m3/81 
is reduced by appr. 25 m3/e by the inundations 
between Passau and Vienna.Thus the power stations 
along the Inn on an average increase the HQ100 in 

the Danube at Vienna by about 135 m3/s. A similar-
ly accurate statement for the RH}IQ is naturally 
impossible as the size of the inundation areas 
eliminated during the flowing-off of those floods 
is not known. Supposing that the 
built in consideration of the RHHQ hol lc-1112 1= 3
vet-, get a value of about 180 m3/s, by which the 
wave-peak would be raised at Vienna due to the 

power installations along the Tnn.Thie relatively 
small amount is due to the fact that the high-
water curves of great rivers are very flat, so 

that retention soon comes to an end, even during 

great inundations. 

The storage plants in the drainage area of 

the Inn and the Salzach are not expected to exert 

any noticeable influence on flood flow-off in the 

Danube,as there are at present only few installa-
tions of that type. Besides, they are storage 
plants for water power utilization, so that they 
can only play an inconsiderable part in high-
water retention. rspecially during autumn floods, 
as during those of 1899, the retention capacity 
of those basins may possibly be rather limited,as 
they have often completely filled up during that 
period of the year. Furthermore we must consider 

that only the two basins of the Kaprun Power Plant 

group as well as two other insignificant reser-
voirs are situated in the central flood area of 
the Danube, i.e. in the Salzach river area. But 

also they would only have effected a reduction of 
the 

HQloo 
in the Danube at Passau by about 40m

3/s 

in 1899, whereas this reduction of the HQ
5o 

of 

1954 would have amounted at most to 30 m
3/s. The 

remaining reservoirs in the drainage area of the 

Inn, such as the Genatech or Durlassboden reser-
voirs or the reservoirs Livigno, Chamuera and 
Prasp81 in the Swiss Engadin, produce only an in-

significant effect on the flood discharge of the 

Danube, on account of their exposed location and 

would have merely resulted in a reduction of the 

HQ
loo at Vienna by 10 m3/8„ 



To sum up e1,e matter, it may thus be said 
that the existing storage plants in the catchment 
area of the Inn and :Ialzach would reduce the 
HQ

loo 
of the peak flow by 50 m3/s and the RIIIIQ by 

about 65 m3/8 at Passau. For the flood run-off at 
Vienna the corresponding figures are reduced in 
accordance with the inundations above Vienna and 
amount to about 40 m3/e for the HQ

loo 
and to 

about 55 m3/0 for FORIQ. 

With regard to the Bavarian section of the 
Danube the flow-off of flood is primarily in-
fluenced by the flood protection structures bet - 
ween Regensburg and Vilshofen, eliminating appr. 
7.000 ha of inundation area. As shown by more de-
tailed investigations these regulation structures 
under the most unfavourable conditions result in 
an increase of the mnximum flow-off of the Danube 
by nrpr. 120 m3/s. If we also consider the other 
protection etructuren an well as the measures in 
the course of power plant constructions, all that 
results in an increase of 

HQloo 
by 150 m3/s at 

moot. That figure,for various reasons, especially 
because of the small part played by the Bavarian 
section of the Danube in producing floods at 
Vienna, probably corresponds to appr. 170 m3/e 
for RHHQ.For the Vienna profile the corresponding 
figures are 130 m3/e and 145 m3/9 respectively. 

Of the hydraulic structures in the drainage 
area of the Bavarian section of the Danube the 
reservoirs constructed in recent years should be 
mentioned in the first place. Most of them were 
built for flood protection. Among them we should 
above all mention the reservoirs of Rosehaupten 
on the river Lech, and Hasalach on the river 
Wertach,but especially the Sylvenstein reservoir 
on the Isar, protecting Munich from floods. Al-
together those installations possess a flood- wa-
ter retention capacity of appr. 140 hm3 , of 
which, however,during any concrete occurrence of 
floods only a part is effective. As a more de-
tailed investigation shows, the peak-flow of the 
Danube at Vienna during the September 1899 floods 
would have been reduced by those storage reser-
voirs by appr.210 m3/s. For the RHHQ that amounts 
to a reduction of appr. 320 m3/s due, above all, 
to the Sylvenstein storage reservoir. 

The flood discharge of 'the Danube has not 
been essentially changed by the construction of 
the Danube power plants of Jochenstein, Aechach 
and Ybbs-Persenbeug, since practically no reten-
tion areas have been eliminated by them. Only 
the construction of the Wallspo-Mitterkirchen 
power plant has eliminated 5 km2 of inundation 
area. The remaining flood embankments built to-
gether with the Danube power stations merely re-
sult in a somewhat retarded flooding of the 
banks. According to a detailed investigation 
these measures only result in an increase of 
HQ
loo byappr. 10 m3/s and in that of RHHQ by 

appr. 15 m3/s. The remaining regulations along 
the Austrian section of the Danube, e.g. for the 

protection of the city of Linz, are of no es-

sential influence on flood run-off in the river. 
The minor disadvantages are furthermore compen-
sated by the equally insignificant advantages re-

sulting from the storages. 

Finally the influence of the hydraulic-

structures along the rivers Enna and Traun as

well as in their drainage areas remain to be in-

vestigated. Although a number of power stations 

have been built along the Fans river over the 

last three decades, they have not deteriorated 

high-water conditions, as has been prov4d, since 
no important inundations occur in the cut-in 
river valley also during a maximum water level. 
With the exeption of two small installations 
with an un-important detention capacity of 0,21-m3
there are no storage reser14rs in their gathering 
ground either,so that the high-water regimen has 
practically not changed since 1899. 

Along the Traun river a noticeable change 
in the flowing-off of flood has taken place in re-
cent years due to a deepening of the river bed in 
its lower course so that even the maximum water 
volume flows off without flooding the banks, an 
acceleration of the flood wave by several hours 
being noticeable. Thus the HQ100 has undergone an 

increase of maximum flow-off by about 300 m3/s. 
This raising of the Traun wave produces only a 
neglectable effect on the Danube, as the Traun 
wave always precedes the high- water wave of the 
Danube by appr. two days and is subject to spee-
dier reduction on account of acceleration and the 
absence of inundation. More detailed research has 
shown that even in the most unfavourable case the 
Danube wave is increased by lees than 50 m3/s. As 
a rule the Danube wave arriving at the mouth of 
the river Traun usually meets a lower water level 
than before. An improvement of flood-water reduc-
tion by water storage in reservoirs is not notia-
able, since there are no such installations in 
the catchment area of the Traun. 

Taking all the above-mentioned investiga-
tions together, the first of the questions posed 

at the beginning of this paper should thus be 

answered as follows: 

The hydraulic structures built down to 1968 

in the catchment area of the Upper Danube 

as well as along the river itself all taken 

together result in a maximum increase of 

the peak flow in the Vienna profile of 

about 230 m 230 m3/s at HQ 0 and of 200 m3/8 at 
RHHQ respectively. Boa figures thus refer 

to an extreme case and result from the as-

sumption of a superposition of all unfa-
vourable influences. 

II. FLOOD DISCHARGE OF THE DANUBE ON OCITOIETION 

OF ALL INSTALLATIONS PLANNED 

On the basis of the agreements concluded , 

the major Rhine-Main-Danube waterway is to be 

realized by 1981. By then the construction of 

water power installations may have practically 

been completed and thus, besides a number of new 

storage stations, there will be continuous chains 

of power stations along the most important tribu-

taries of the Danube and on the river itself bet-

ween Ulm and Kelheim as well as between Passau 

and Ybbs-Persenbeug. Added to those installations 
there will also be a number of storage projects 

approaching construction, which partly serve the 

purpose of retaining flood-water. Thus is seems 

expedient to include in this investigation first 

all the hydraulic structures unfavourable to 

flood-water reduction and then those that are fa-

vourable to them. 

According to the general plan for the 

further development of the Austrian Danube the 

extensive inundation areas in the Eferding Basin 

and in the Tulin Field will remain fully effec-

tive during the flowing-off of great floods also 

on completion of the chain of power stations. The 

projects merely envisage elevation of embankments, 
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'thus leading to an insignificant increase of 
peak-flow as well ae a lesser acceleration of the 
flood wave during minor floods only. As model 
tests have shown an essential improvement, howe-
ver, occurs during major floods, due to the in-
crease of the retention effect produced by the 
subsequent flooding of the dame. Only the pro-
jected power station on the Danube above Vienna 
is to eliminate an inundation area of roughly 
57 km2. As the detailed investigation (Fig.20 
shows, an increase of the HQ Vienna by 

o 
appr. 140 m3/ a and of the RHHQ lyo 

at 

appr.180 m3/s 
is to be expected. 

The completion of the chain of power sta-
tions along the Bavarian Danube above Kplheim t
along the river Iller,along the Lech and Wertach, 
along the Isar, along the Inn as well as the 
Traun and the Enna will, according to existing 
projects, not be detrimental to the reduction of 
flood-water in the Danube. 

As regards the planned storage plants, ho-
wever, by which the flood-water regimen of the 
Danube would be improved, it is exceptionally 
difficult to forecast which installations can be 
realized by 1981. If such an estimate of exist-
ing projects is undertaken, the construction of 
the following reservoirs and thus the creation 
of retention space in the total catchment area 
of the Danube would be altogether possible. 

In the uppermost Danube area five reser-
voirs (Zindeletein Reservoir, Brigach Reservoir 
etc.( with a retention capacity of appr. alto-
gether 120 hm3. For the Tiler area a number of 
projects exist, which, however, are very much 
under dispute and will hardly be executed during 
the next decade. Inthe Lech area there are 
still two smaller flood-water reservoirs on the 

Wertach and on the Lobach with 13 hm3 to be 
realized. It is IiWever the two retention reser-
voirs in Bavaria, situated on the Vile and on 
the Rott, with a volume of appr. 20 hm3, to be 

built within the coming three years and exclusi-
vely for protection against floods, that are of 
greatest importance. They comprise a catchment 
area of more than 2.600 km2 of two of the most 
dangerous rivers and will noticeably improve 

flood-water conditions for Passau. That, above 

all, concerns the river Rott, which generally 
culminates together with the Inn and, in 1954, 
contributed a flood-water peak of 490 m3/s. 

If only half the retaining capacity of the 

reservoirs planned together with the great in-

fluence of the Vile and Rott rivers on all the 

floods since the beginning of systematic obser-

vations are taken account of, the installations 

named above will reduce the 
HQloo 

of the Danube 

at Vienna by appr. 550 m3/s. The reduction of 

the RHHQ may amount to appr. 600 m3/s. 

For the Inn-Salzach area it is difficult 

to predict which reservoirs will be constructed 

during the next ten years, as resistance on the 

part of tourist-traffic and agricultural inter-

ests is very great. On Swiss territory no ifletal-

lations whatsoever are envisaged, and in Austria, 

with the exception of the Tauernmoos reservoir, 

the construction of which is shortly to begin, 

at most one more reservoir in the Ziller valley 

will be realizable by 1981. Both taken together 

probably amount to a retention capacity of appr. 

15 hm3 and will thus not significantly effect 

flood-water reduction of the Danube at Vienna. 

As distinguished from the structures mentioned 

above, their effect can thus be disregarded, 

which also holds good for poasible reservoirs in• 
the remaining Austrian Danube area. 

Thus all the hydraulic structures in the 
catchment area of the Danube realizable by 1981 
will altogether reduce the flood-water to flow off 
at Vienna by riper. 400 m3/ 8 at 

loo 
as well es 

at RHHQ. The drawbacks of the measures undertaken 
down to 1968 would thus be more than compensated. 

III. YEASUREJ TOVARP'; A Is")IIDAYENTAL TYPROVEENT OF 
FLOOD DISCHARGE OF THE DANUBE AT VIENNA 

Present investigations clearly show that a 
decisive improvement of flood run-off of the Da-
nube at Vienna in to be expected only from the 
construction of retention basins in the central 
area of flood-water formation, i.e. above all in 
the Inn-Salzach area. As has been done along the 
Rott, flood-water reservoirs would have to be 
built, especially along the moot dangerous tribu-
taries of the Tnn and the :3alzach, that is in the 
area of the Antieaen, the Ach and the Winttig, but 
particularly at the :;aalach, at the Alm and at 
the Lammer. That partly also concerns the Traun 
and the Prins arens,the efficiency of those instal-
lations, however, remaining comparatively limited. 
An even lesser effect is to be expected of 
further storage basins along the remaining tribu-
taries of the Danube in Austria. 

If we take account of the structures techni-
cally practicable, without considering the finan-
cial aspect and the difficulties raised in the 
interests of wild-life conservation, and assuming 

an effectivity of the retention basins of 0,25 -
0,50, a reduction of the high water peak of the 
Danube at Vienna during exceptional events of 
appr. 1.000 m3/e would thus be altogether possib-

le. Such a reduction of maximum flood runn-off, 
adding to this the 400 m3/e resulting from the 

structures to be realized during the coming ten 

years, would mean an important improvement of 

flood-water conditions of the Danube at Vienna 

and thus also for the Czechoslovak-Hungarian sec-

tion of the river. Those measures, however, would 

have to be realized soon, for the difficulties 
continue to increase in connection with the deve-
lopment of the valleys, proceeding all the time. 

A further, often discunned possibility of 

reducing peak flood-water flow-off, would &leo 
consist in the construction of overflow basins 

along certain sections of the Danube, which would 

only be used during exceptionally serious inunda-

tions. That might conceiveably reduce flood-,waves

But then existing flood dams would have to be 

made considerably higher, which in its turn would 

entail a number of drowbacks. Above all, medium 

floods would be considerably raised so that the 

efficiency of such a measure is very debatable. 

That may also be the reason why in the General 

Plan - already completed - for the development of 

the Austrian Danube such a solution is not envi-

saged. Thus there is no further need to deal with 

that point in greater detail. 

Summarizing the results of these extensive 

investigations, the questions posed at the begin-

ning can be answered as follows: 

1. The hydraulic structures completed along 

the Danube and in its catchment area 

during this century to the end of 1968 

result, in the extreme, in an increase 

of the HQ
loo 

in the river profile at 
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/i3Vienna by appr. 230 m3/s, and by 200 m3/
at RIM. 

2. After the conversion of the Danube into 
a major water-way has been compoeted and 
the recervoire envisaged have been built 
the maximum flood run-off will be reduc-
ed by appr. 400 m3/s. 
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3. By building retention reservoirs in the 
central areas of flood-water formation, 
a reduction of the flood-peak of the Da-
nube at Vienna during exceptional floods 
by appr. 1.000 m3/ a could be achieved. 
The construction of overfloW-basins, - on 
the other hand, can hardly be realized 

and is not envisaged in the plan for the 
development of the Austrian Danube either. 
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Fig. 1: General Map of the Drainage Area of the Danube and the Hydraulic Structures Completed by 1968 
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BO34UCTUE CACTEMII BOAOXPAHMIA% B BACCE2HE PERM 
HA YMEHILIEHAE LABOAKOBNX BOAR 

BPAHRUAAB AAOPAREBIN 

KalulpulaT Texmlnecxxx Ham BoAoxowittcpsemmin /MC—
THTyT HM. HpOGVABE1 gepHys BexrpaA 

Summary 

B caccenie rexv Be:mime Mopana, npanoro npxmoxa 

Ily2t,A, noBepxmocmb KOTOpOr0 COOT/3E41HW'. 

KU , BOAPOTEIBAMBETCR CTIDOMTCALCTBO 18 

cocmano I ,nail mounaexcHore yompoAcmna 

OKOAO 37 000 

BoAoxpaHmAmm 

Dmoro noao-

c6opmoro maccvilla. boAoxpammamma - xyamlexcHoro BoAo-

X0alitICTEICHHOCO 11113Hb4MHNH, npmHem y ecex OAHOA. BB 

xemmtimpyammx 34J c,g RBAHEITCh peTemLima BOAH hbBOAKO-
L,MX Bop N 3BI1MTLI OT HUBOAHBHEL:. XAH 3To0 ceam BO 

acex impAoxp,Hunm[sax npeAycmampmeiaemcA npocmpaHcmno 

(eM;ocTb) cneuKaim,Ho Ann npt:ea H naHot.opmanstx na-

B0Axonmx BOAH. PaeLepm BoAoxp3Humw onpeaeimunicbma 

xawAoro omilerm,Ho, a 3amem BCH cmcTema moAeampoeana 

ma aneaTpoHnol rmumcnmText,HoR 44poeoll mammie(03= 

H TaKHM 06paaom npono.nmaacb npollepica Aeacmia BCBX 

aoaoxpomm)mla B 4CAOCTROA cmcmeme. Analcomxpemauxan-

permcmpmponaHHEIx BOAH Ha mmlynmero Bpumerm, a TEMMO 

Ann moAenHponaummx BORN naeopxoemx e0A Ana memoTo-

pmx rmnoTeTwiecHmx, HO BO3M01xH0 Hee5Aur011pMHTHbOCrHA-

ponormqecxxx o0cmoamenbcma B 6accetime nponeAeH alga-

AHB conmecmHoro AeAcminna 

Aoxpempamw H yyraHiBnemm 440exmm ma yuenbuienMe 

CHM5,M8 BEIBOAKOBF3X BOAR Ha xplerpoiecxmx yqacmxax 

BCBA UCAOCTHOA ONCTBMMCB0-

148K-

BHM3 

no Togemvm. lioApOHNe EIMIALIBM AonycHaxer yceoeame MOH-

qaTenbmix napameTioe BoAoxpaitHamm, a Taicae H ycmom-

peHme pesxma Hx 6yaymen pa6omm By:Smell cmcmeme. 

wlmamikE 

bacceam.peitm bexmaa Mopaea, npaeoronpwroma,lly-

nxoutaZhio B37 444 xm
2
, no cnoeil Beamtume an-

xnemca Bmopmm B Errocneenx. 

Boaomoxm *Toro 6acceima na-on Heycmpotlemea H M 

06HBACeHHOCTM Boaoctopmoh 06A3CTvixopercrermayeTca Be-

cbma mepaymomepHmm ropmo-noToummm, ceneemm pemmmom 

eon. B noanono.abe (Recife H COBAHAR OCBMb) npomexaem 

Within the river basin of the Velika r.orava, 

the righthand tributary of the Danube, construc-

tion of 13 accumulation lakes on the surface • of 

about 37,000 1:m2 is under preparation, which 

should be an integral part of the first stage 

construction of that basin massive. The accumula-

tion lakes are for the complex watereconomy 

assignments with which the retention of high 

waters waves and protection against flood is one. 

of dominating tasks.To that aim a space(capacity) 

is envisaged in all the accumulation lakes , 

specially for reception and transformation of the 

high waters waves. The dimensions of accumulation 

lakes are separately determined for each lake,and 

later on the whole system is- modelled upon the 

electronic computer (EVCM), thus carryng out the 

check of all the accumulation lakes effects 

within the whole system. An analysis of mutual 

effects of the whole system of accumulation lakes 

has been carried out for the concrete waves 

registered in the past, as well as for modelling 

of high waters waves for some hypothetical but 

maybe unfavourable hydrological conditions in the 

basin, and the effects have been established for 

the decrease of the maximum high waters waves 

along the critical sections downwards the stream. 

Similar analysis enable that final parameters of 

accumulation lakes be accepted, and a decision be 

made upon the future operations within the 

general system. 
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OKOAO 80 nponemmos oftere real:snore pecxoAaBOAN, To-

rAa ICBM neremanaonmmft 

Ilpmmimaa so BBHMEIHMB, 

cTenemm mepaemomepem, 

nepmoA ABABBTCA eecbma cyxmm. 

MTO BOAHMA pemmm B cmasmot! 

a B 6acceAme Ao CHX nop me 

cTpowimcb 6o.nee mmm memee emagmTeatbmme epAoxpammax-

Ma, KoTopme mornm bbl eaAepmmerlmb nseomoame BoAms 

eammTa MMBOBMX, naoAopoAmmx o6aacTeit eecbma TpyA - 

maa, HBCMOTpA Ha CATOHTBAI,CTBO aawmTmmx Aam6. OKOAO 
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bCA0C5opile.; 11A01..,,I.K.Bel'uxT11CeTb 11exEiZe11;h3To BOA-

Hm, npolgmx, cceTa:AneT p = 27:Ao 

p = C,2X. CL:mc-I,maR mamemammmecmaR moAemb 6accea-

Ma H CMOTUMU AGACXpuHHANN AOAH yomamo-

smemp.R 341,:mma, muTopml 6mx 661 ocymecTemem B Baum-

Pe OT mamonmenv , :CALL Cm npoemmmpoaammam cmcmema 

aeAoxpamvmmw cmxe nocmpoemu. Ha pmc. 5-9 noltaildHM 

OcNeKTm cmm:t..eAmm BOAH HO mexoTopmx xapummepmmxnpo-

,:vxqx y receeme Iemm 3anaAma Yopana. Ha pnc.5 BH-

AH11 ne,yemmw Tpwicrlopmalillm BOAH B CAHOm BOACKpaHii 

B Be[x4dil 4t,CTH Cacce!imu (.1 9 Hb pile. 3). 

umoecmaa BLInCAHehHbix napmammos nomaaamm 31NeKTM, 

mcmo; me AOCT:Irarc:Teh AAH ABYK ypoehea paei ,ampcaam-

mcro 1;pocTpamcmt,a Ana oaummm CT i-iBUAileHiOli B cmy-

que morA6 Ao”hma boAocmyct cpasm1lTen6mo orraHH4eH-

NO  AH,-1.1.3M BOK:.+3A11, 4Tc B 3TOM KOMKpeT-

Hom o;!719:Je uoiro PHa4iiTeAbH0 yrenmmmmi, 30,4emm11e - 

HOCTb amoro ecAexiammmmma, bocmombmy 6yAer mpemy-

cuomem acAocH m Comae mpymmoa mcmmocmm, momopma 

Cm xonycTmm Cmcmlym cpu6ommy yposmm B BoAoxpammxm-

we B COOTI.eTeT613/ c spormosou npmxoAa BOAMm. 

Ha l.me. ( PIIILIAZOAbH0 ncmaaamo AeacTame BoAo-

xp_mmnmut 1, ?, 3 m 5 no pacnnacTmaamme BOAHM me 

19(,5 roAu a KOHTICALHom npo4mne.r.Y. (pvc.3), mo-

Topml more Nuxcrlimcm B Bepxmoa 'laCTit 6acceaLa. no-

muG 3ToT oTdocilicit K cnymmo, morAa me poccmmTmawm 

Ha HperHoa SOPHI,. ma BxoAe m npeAnapvmembmme mamea-

pm Aommoro somcenycma, momopmum npoBoAmmcm cpa60T-

!'s Bsmoxprammntim. Ho ace-re, mecuompm ma me coacem 

6muronpmsammylo pt:Comy BoAoxpammmmma B 3TOM 13:4-11BH - 

me, Kpe6eH6 fl aBOAKOBOil BOAHM 6mx 6m cmmYem ma 6(4 

nepsomamambmoro,eczm Cm BoAoxpammilmma 6mmm Bcea 

CBOetl pcaepamponammol BMKOCTMO romoem AAR npmema 

naBoAmoBoa BOAHM. nOC:C0.716Ky TOA6K0 507 npeAycuom-

pemmoro npocTpcmcmaa AAA aammTm OT maBoAmemma 6mmo 

onopcm:memo, wp,;emm 6mA nnoxmm (mpmaam 3). 1101th3B 

HM m oc emmm mpamclopmaumm B cmymae morAa npocT - 

pamemao AAA 38L.MTM B MOmeHT npmxoAa nommm6mmonom -

MOCTb4 3O1OAHeHO BO ncex noAoxpommmmmax,moomomcmy -

Elea HeAbaH 6mA0 leambmo CEMAaTii B umcanyamanmm(mpm-

aeR 2). Ha pwc. 7 momaaamm ocItexmm npoemTmposammmx 

BoAoxpammmom enepx no mallet-tam om nporlumm IL. NA:1261- 
P 

KTM A npomemmyambmom cmmcme HeMHOPO xyre ma-aaama-

mmmembmoa memommpcAmpyemon nmomaAm BoAoc6opa.Pmc.8 

AomymeammpysT Ocmhwoe umaaeime B0,110xpamm.nmws X a 

mmrmea 4OCTl1 pefrm Yi6pu. 3To BoAompammAmMe H8 -aa 

cnoero nonoy.eRmst B cmcmeme m 60Abwoa emmocTm mmeem 

permulowyro pomb B peTemaum BOA E6pa m BPOACTOBARBT 

Cebea O)BH M3 0613BICTOB, mmemmx nepeemcmaymmeeama- .

qemme, eo ace.1 cmcmeue. EmaroAapm yonewmoM pemeu 

01414 BOA B 3TOM mox,oxpammxmwe m 

eoAoxpummmmw Baepx no mememmm, 

anaqmmembmoe padmmacmmaamme naBoAxopoa 

BAHRHHM OCTLIABHMX 

A0Cmmraemcn Becbma 

BOAHM Bnpo-

cDmme "J " (pmc. C). B cAymae ecmm 6m peaepampoBam-

mme npccmpamoTaa (eau-cc/emu) 6mam BOXHOCTI2W rorosbi 

AAR caoea aanaimmoti pomm, rpe6emb BOAHM H3 1965 ro-

AS 6mm 611 ymembwem noqmm as nomoiammy (51 nposexT 

Cltirra3t naBoAmoBca Bommm ma 1965 roxa). Y, 
mamomeu,ma 

pmc. 9 nomaaam aqqemm acex 9 BoAoxpammAMW B6acceM 

me pemm 3anuAma Lopaba CHRYBHMH oaacAmoBoa 

HM y de yeTbR. C4eBVAHO, 9TO cymuapmma 30erm 

BOAOXIMIHMAHW Bnomme yAoamemaopmem. 

amammae AeacTemm cmcmeum BoAoxpammAmm ma 

CHHMBHHEI naBoAmoBmx BOZR clew%) amazmampoBaaocb 

BAHHHHB mecToncAoremmm if mommocTm ssamyasnommmx 

opramoB. ()Aso H3 aagsmmemma 6u no 6m, 9TO meo6xopm-

mo, 4m06m Aommue BoAocnycxm 6mA11 AoBombmo 6oAbmoa 

uommocTm (eepxmmm AMUHTOM RDZABTOR nponycmmam 

CU6HOCT6 pycma Bli113 BO Te9eHU1o) Y. 3THm RaxaBoamor-

HOCTb 661cmpoll oi..a6omme ypoumm B BoAcxpasmmmwe me-

nocpeAcmBemmo nepeA m aa Bpaum npmmoga naBoAmosmx 

Boni' (noApo6mee B 5). Ha pmc. 10 m 11 nomaaammmoms-

xo memomopme ma amammaoat nposeAemmmx AAR oAmoroBo-

AoxpammAmma La 19 Ha pmc. 3). OTHOMeHHOTIHKOBBOAHM 
Ha BxoAegmar BOAHM Ha lammoAe (Tpamc,lapumpoBam - 

motI)fR(2mair Aamo B 4/HKUHH OMROCTH pesepampoBammoro 

npocmpamcTaa H yeTaHOBileHHOn mommocmm BoAocnycma: 

ta 
Vara, ae • 

42 max 
06a npmnoxemmR noymmmenbmo Acmymemmmpymm ama-

genre sen14vmB1 ev AAR cmms.emmia naecAmoBoa BcAmm B 

Ha0AI1)OBahHOM BoAompammmmwe. li.ommme scAocnycmv Ha 

OAHdKO, AaNT BO3J.0Y,:liOeTb H cmcmeue B se-

mom nczymmmi. B KageeTBe, C TO4KM apemma BammTm OT 

muBcAmemmli. '..oAemmpoBamme CHCT,Lail 110KaaaJ10, LITO Pa-

KBR cmcmema AOCTaTO9H0 3/1aCTH9He AAR Toro, 4mo6m 

morma coomBeTcTsymwmm ympamn.2.mmem npacnoco6mTLcm K 

aTmocOpmo-ocaAommoa 06CTaHOBKe Aammoro momemma. 

ManiinyAlipyR AOHHE BoAocsycgou a VIHTEBBE pacnsec-

TmBUHMe BOAHM H ma6emamme cy..murcsammm nmmoa,mormo 

nonymmmb smammmembmo 6onee 6Aaroni.mmmmma3cp0mm Boa-

AeacTamm cmcmeum c BoAocmycmamm, pasuepm KOTOpWX 

onpeAememm n0A06mwm o6pa8c61. 

AMm Toro 4m06m npoemmmpomummam cmcmeua morns 

6mmb mamcmuamBmo mcnombaoaJm:-. Anm aammTm OT malacca-

HeliMa meo6xoAm1Io ycoBepwencmacuumb cymecTepowym mo-

AemL, 4m06m aroma nocmyrivro AAR npormoaa npmxoAa 

naBoAmoBoa BoAmm. 3mamemme npormoaa Ana Aeacmiamm 

Beeg cmcmemm 6omee noApo6mo paccuump;,Baemcm 8 Tpy-

Aax /3, 4, 5, 6/, a macTmgmo m B /1/, munp. pac.3. 

uemmx onmmmambmoro mcnombuoeammm npeAycmompemmoa 

CHCTOMM, a maxre AAR CO3AdHHR ycmosma AAR nocTenen-

moro aBoAa ympannemmm cmcmemoft npm nomomm rammmcmm-

menLmda mawmmm aBmomammmecmoro ympasmemmm pa6omo111 

cmcmeum BoAoxpammxmm, npeAycmompema cmcmema Nampa-

pIABHOTO mamonmemwm cmeAymwmx mmUpmanma caoAoc6op-

moR nmomaAm: 1/ UcaAmm RB memeocmamummx momnememm-

BMX AAR mpammocpommmx npormoaos (cTammxm pacno)o - 

remm Ha BoAoc6opmmx nnowaAmx BOA BoAoxpammAmmamm); 

2/ Yposmm ma xapagmepmmx npoC,Jammx B rmAporpa(Dmmec-

moa OBTM; 3/ Pacxo= Ha np4mnRx y BxoAa BBoAoxpar 

mmiimma; 4/ LOCTORHMB (ypoamm) BoAoxpammAmm; 5/ Ilo-

moremme saamyanmommmx opramos. C6op 3THX mmlopma-

gmanpoBoAmmcm 66; menpepmamo, a nepeAama soca rmaa-

mma Amcnemmepemma nemmp smnommmmucb 611 gapes me-

Tmpe mepapxmmecmme cmynemm (ypoana). 

3amummmaam amy pa6omy, noAmepmmem cmeAvomme 

npemmymecTBa moAeAm 6acceama. 

192 I. MoAenb AaeT BOSMOXHOCTb mcnmmammm 6ombm0-



ru gmcma eapxamToa xoHtmrypaumx (cocTaea) cmcTeum 

H ee Ae2cTaxa n nepmom nasongonmx sop, 

2. becbua GmcTpo yOTSHUBJIMBEMTCR noczemcTemm 

xagoTopmx mamememma, xoTopme Om Gumm BBeASHU WIN 

xoTopme 6m B081:05:H0 HacTynxxx B cmcTeuo. 

3. Aerxo yeTaaaammeaeTcH pomh m anatiagme oT-

Ae.711,MMX COCT:.BMWX 3ASMSHTOB cmcTeum AAR ORNKSKRA 

Or.BOAROBLIX BOAR. 

4. Zama ao3m0zHocTh AAA BOIHRTYR onTxuambmmx 

OBBpaTRBRUX peXeliVn B yeTamoamemmx gpmTmcecxxx 

rxjpomormHecxxx 06CTBHUBOK B OuCCSRHS. 

YOASJIMpOBUHReM 6acceMma clime B q.aoe npoexTxpo-

BaHLH xcnarmeueTcl, OVIRKTABROCTh, mamehmocTbx oxo-

mouxqmocTi. BogoX0aRkoTBeHHOn CyleTCmM, tISIL MOXMO 

OpyRTH K onTxmamLmotv pcweBKIo, Etalt B oTmomexmx 

gorclmrypagxm (cucTana), Tag x B OThOWOHSR nomome-

MIA m BeANtIKIIM CTASA.AILIX Be cocTaammg DAOMORTOB. 

Ha nm6ope m reopm6oTxe uo,gemx 6acceama pegx 

B.MopuBa paboTam mccmenonaTembtxxn KOAASKTRB, B 

KOTOpOM, nouiao aaTopa, npmmmuamx yHacTme Cmascamb 

Monamonmq, noxTop Tegmmvecxxx map( M MmAmBoe Bpatl-

X013X4, mmgemep. AHTop oco6ym 6maroAapxocTi. nmpava-

eT Tonapmwy Ceparifxuy Onpmgoextly, mxxexepy, xoTopmn 

He TOJTE,K0 BOCE,M8 ycnemmo pyxosommm o6pa6oTHott B HM-

HmcmxTembicom gemTre MaTemaTmvecgoro NRCTRTyTS, nO 

Txtoptlecxm rtacTnoaam B peammoanmx icoHoenomm uo-

memx. Y HaxoHeu, oTo eechma o61.cunaH 

aonama 6maronappi nommouy nommmaxxm 

cTopoHm ppcono,mxTemen Ampexumm no 

6accegma peicx Baopana.

aamnua peamx-

nommepxxe co 

perymmpoescimm 
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Or1PRI-198Kg C. x AZopAmeamv L. CuTmumoammm npo-
cipamcTsa B BOROXpbaRT.V110.! 1:1eXHO3HEILIORRolu AAA 
SERARTW OT maeommemplA. 5-1 mcm4.(2 01,A111A nrMAyHaa -

cxRx cTpam no ricApoAorxwecgpu nporHoaau, 1969 
r0A. 
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No.7. CHxzem BMW 113 1965 ro,a B npotaxe Kp, HoTopoi 
HacTnExo 613 BOMOTBIO BOUOROTBRA matoxpamalim 
HpexyomoTpemx mepx no,TeneHum OT aToro Hpolcum 
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Pzo.8. Cnnsenne BOMBE' R9 1965 routs B IrPOISMe J*
nacTynnacpBeJleACTBRA BOWIE/OTHER npoemnpo-
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Plo.9. Cxxxelixe 130. t H3 1965 rOXA Ha ymmopexx 
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IIPUrH03 Boxioro PEIRMA HA 3APEIVAIIPOBAHHIa.

54ACTKAX PEI{ 

A.n.II4A41(013, A.r.AEBKH, H.C.HEI1AEBA 

rmgpomeTeopozormnecima Harnio-mcczeAoBaTenbclusft 

geliTp CCCP Mocicsa 

P ea mue 

nporiloa OaaxpyeTcx Ha D}.imemeHRm ntaLeHepHIAX 

meToAoe pacmeTs HeycTaHoamsmerocn  AapmeRv.13 aoAm,s 

acHoee xoTopmx xeyvT mcnozbaosanxe 2-x napaueTpx-

mectmq ilyfixUsx BAviRlixsi x xpsiamx oftemoa. 

napameTpm, axoAawme B yparmemsn i onpeAexamTcs 

no maTe pmaJvim HriOJIKAensM RAH noA6opou. HoA6op 

pamempop nn --YuAocTsAseTcri np) nouomx 3AeKTpOmmmbDC6D-

Aenx PYmillsx mawmH, c ymeTom xpsTepsea onTsuseauss. 

X cnombaysi yxaaatiHme ueToAra, paape6oTana cxe-

ma nporHoaa ABHA:eHmE naBoAORROn BoXFRA na ymacTxax 

PeBAWIRMX peK, B TOM mmcxe naxoAsimpixcri rale ROHM 

pacnpocTpaHeHma noAnopa. nacTb yqaCTKOB C npuTo -

"Mx, macT6 - 6ea npwroxort. B nepaou czymaexcaoAr 

timux 
uaTepsanamm AAR nporHoaa B asumxammeu cTriope 

ymacTica cxyzaT nonycxx nogm mepea coopyxetuin rmA-

PoYaXe R pacxopm pex, anaAamatxx Ha sccneAyesux y-

macTxax, a no spopou - nonycxx. 

Ha npwromnom ymacTice pacmeTm aeApren OTAeAb-

mo Ana raaaHol pegs H ee npwroxos, a eaTeu no no-

Aymetnimu Aatitimm BmgmeARaTcB Oftval pacxoA AAR nro-

rmoaa B aammxammem casot,a-

3a6AarospeueHHocTi. npornoaa 06ecne4maaeTcs 

ecTecTneHtimu apemetteu Ao6eran11s noAm OT BIOARIAXAO 

caumxruomsx CTBOpon, a Taxwe spet..eHeu, Ha xoTopoe 

sueeTca nAatispyemmg rps4xx pessua Pa60Tm "A " - 
amexTpocTamix;1. Faccuampsiaaeurim cxeme aanporpau - 

uspormana Ann 31 H uoyeT 6mTb scnonbaosanaxin Bbl-

nycxa nporHoaa B Jim6oit astAanlimn uoueHT apeuelix. 

rmApoTexisimecime coopyxemsn H aoAoxoanticT - 

aentime ueponpmsTmn nperipamatoT uxorae pemmme CHC - 

Team B xacxagm eaperpimponanHmx piaCTx08, RaxoAA-

mmxcil sax B noAnope (BoAoxpaHvoisma), Tax 14 BR080-

WM ero BXRAMS451. 3To coeAaeT neoftoAxmocTh 13 pee-
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Summary: '

The forecast in based on the usage of engine-

ering calculation methods of unsteady flow based 

on the utilization of double -parametric influence 

function and the storage curves. 

The parameters, included in the eqUatiOne,are 

determined according to the obesrvation materials 

or to the selection. The parameters selection is 

accomplished by the modelling computers, according 

the optimization criteria. 

Using the mentioned methods, the scheme flood 

wave motion forecast the reaches of different 

rivers, including those being outside the zone of 

the affluent distribution is made up. One part of 

reaches is with tributaries, and the other one -

without them. In the first. case the initial 

materials for the forecast in reach outlet are the 

fluches through the power -station constructions 

and discharges of rivers falling into the investi-

gating reaches, and in the second hand the initial 

materials are only the flushes. 

For reach, which has local inflow, the calcu-

lations are led separately for the main river and 

for its tributaries, and then after receiving the 

data, the common discharge for the forecast in the 

outlet is calculated. 

The forecast term is provided by the natural 

travel time from the entrance to outlet and also 

by the time for which there is a planning schedule 

of power -station work regime. 

The considered cheme is programmed for a 

computer can be used for the forecast output at 

any net moment of time. 

padoTme clmarimecxx 060CBOBaRHmx, xounmexemmx, pea-

Jimayeumx c nomomblo 3BM, meToAon npormoaa BoARoro 

pezaua AAR xpynmax aaperyAmpoaatimmx petimmx cxcrem. 

B HacTontleft pa6oTe pexouenAysTcs nyTipt peme-

RNA ZRXII, °AMOR MaCTM Aammoti npoftemm, a fiumemso , 
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CDYNKIAMR aAHHHVB AAR Boaz ompeagoa saperyzuposamio-

ro ymacTma palm. 

PaaymeeTcaosa npmmounmx yuacTxaxtzmemlmx ace-

ro 2-- 3 axoAA (npmToma), noA6op napamempoa KV 
ympowaeTca. B ABHHOM czymae Hem Heo6xoAmmccTm paa-

6RaaTb yuacTox Ha pacmeTxme ompeamm. 

Aza caoxlimx cmcTem, mOrAa xcnonbayp.Tca Aaname 

no doxbwomy umcny axoAHmx cmeopoa H peumaa cmcTema 

paa6mTa Ha MHOXeCT80 yuacTxos, pacueTm cneAyeT BW-

80718HTB C nomommo ;ALM. 

3a6aaroepemeHmocTa npormosoB, AAR npmTommWx 

MAK 68Cap8T04Hb7 3uacTmoal pasHa ecTecTaeHnomy ape-

memo' Ao6eranu:1 OT ExoAlsbm Ao eammmammx cTaopoa, a 

apemeHm, Ha moTopmg mmeeTca nnammpyemmg rpa-

e..xx pa6oTm rmApoaxexTpocTarawm. 3a6Aaroape-

;,,,_MHOCTk. 110AeT 61,1Tb yaenxmeHe aa cmeT npormoaa /rpm --

Tome KO axoAgmm ureopam. 

XoTa meToAL: rpormoaa, ocHosaumme Ha npmmeHe-

xpuemx Ao6erauma,a mezom AanT yAosaeTsopuTeAb-

mme peayxbTaTm, Tem He meHee cAeAyeT OTIZOTZTh ne-

AocTaTxx, xoTopme J.oryT CyMCCTBOHHO CHWEaTb 0BpaB-

AmBaellocTi. nporHoua. 

,Zeno B TOM, 4T0 npx COCTmeJleHMV nporHoaa He-

oCxoAxclo y4101TIABaTh Bey.; ml.etomyloca xmcliopmanma o CTO-

Ke. b pa6oTe /4 / noxaaaHo, uTo a mtutcAmg adAaHmmg 

momeaT apemeHm TpeGyeTca ymxTmsamb HatteXbHMe ycao-

ama,a Hamem cAymae -.41exTm4ec1xe FaCKOAM a cmnope, 

AAA moToporo COCTOWIReTCA npormoa. EpxmeHeame xpm-

smx Ao6erammanOLITM MCK11104a0T B036102(HOCTLyneCTI. 9TH 

Hamaahame ycxoaxam npm HaAo6HocTx ocyatecTasmTh xop-

pemTmpoamy nporHoaa Ha OCHOBe Texymeg mOopmaumm o 

epaxTmmecmom xoAe cToma B npomexypoummx m aammxwo-

mmx creopax, qTo6m m36exaTh amauxTexbrimx omm6ox,o-

6mumo BBOART B pacueT MCX0AHNe RaHHM0 aa HemoTopmg 

nepmoA,npeAmecTiviommg Alm amnycma nporHosa.ripoAoA-

xxTenr.HocTi, Tamoro nepmoAA O&BMCMT OT apemeHm Ao-

6erauxa m CT xa.paxTepa 113MeH4MBOCTM pacxoAos aoAm. 

ILpN AccToaepnwx VC:X0,11.111,IK AaHHMX V OBTYMJZIA.10 yoTa-

RoaneHHmx napamor:pax Tamog cnoco6 yueTa xamaaLlimx 

yczoaxg npmaoAmT K 80.1107UITeALHWM pC3,011.Tt.TOU..BAPY-

rNX caymaax nporuoa na oCHose npmmenenma mpxamx.no-

deraHma MOAeT OKa8aTbC8 xe AocTuTomHo maAexcHmm 

caeAyeT npm6erHyTb K xpmamm o6-bemoa. 

EepeusacaeHHme mime HeAocTaTxx momno mcmalommTh 

npx pacueme rmAporpacla cToma Ha ymacTme, mcnonbeyx 

meamiegmme meToAm, ocnoaaname Ha xpxamx oftemoa C 

nepemensumm napameTpamm. B AamHom cAymae Her meo6-

xoAmmocTx Aenamb Aonymemme o nemamemmocTx rmApeanx-

mecxmx napamempos npx paaJimumom xanonnexxx pycaa. 

K nacToamemy spemenm pa8pa6oTaHoAoso.ni,no Rao-

ro meToAos nocTpoeHua xpxamx oe'aemos. Opiaxo mozmo

npmaxamb, TO Hax6oxee naAexxm xpxame, nocTlioexxme 

ma ocnoae mocliomeTrruecxmx AaHHEX H xpmamx pacxoAoa. 

Ana Hammx meneg eaperyAmposaHnmg oTpeaom pexx 

AexmTca no clopmple Kanmnmma-Mxxxxosa /3/ ma pacmem-

mme ymacTxm, Ha KaleXOU H8 moTopmx mexAy pacxo.namx 
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soAm B aammxammem cTeope 0 x 06temamm aoAm VU BM-
AePINBaeTCR oJ„noaxammaa CBR31. 

W (61) /4/ 
NAM mcnoni.ayeTca pHC. 1 , max Os.zo Lomaaamo BUOO 

npm onpeAezeHmm napameTpa rt. . 

Mmea mpmaime oftemoa AAR ma7,Aoro ymacTma, pa-

cueT rmAporp4a MOTHO OCyaleOTBVTb xa ocHoae peme-

rma cmcTemm ypaamemmg 

chti da' • (2-/l l,v) /5/ 

BTa cmcTema moxeT 6mTL npommTerpmposama C nommom 

onemTpommax ammmcArTeaantm mammH NAM 4VC.11OHH1114 MO-

TOAOU /4 /. Hpm pac4eTe rmnporpaote C nommum men-

Tpommog moAeampyxmeg VaMHHM xpmame isaoARTca B Ma-

amity nyTem mycoumo-axmegHog anpomcxmanmm. 

npH uxusenHux meToAax cmcTema peaamayeTca B 

cneAymimeg ftpme 

# fit // 
/6/ 

IXLtI =/( 14/z.44) 2
PacueT no cmcTeme /5/ Aaem BO3MONBOOTbytleCTb 

xamaxaxme ycnoama, T. e. BHOCKTL cooTaeTcTaywiltme 

xoppemTmem a npormoa Ha ocHose mnclopmaamm o (Pax-

Tmmecmom xoAe pacxoroa ROAM HO paanmunmx ymacTmax 

paccmaTpmaaemoro ompeama pemm. 

liCC.ne,808MHVA /4/ nomaaanm, 4TO AAR npoTommbm 

yuacTmos pacmeTm rmAporpa'..oa moryT npomaeoAmTbca 

mcnonbaoaanmem oAmoapemeHHo oboxx onmcamimx BM-

me meToAos. 
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EmAmmoa A.E. - Hpornoa pacxoAos m ypoaHen 80-
Am p.BoArm Hmse BOAXCKO;f rac mm.XXII c-LeaAa 
KIiCt TpyAM LIMN awl. 133, 1964 r. 

2. amAmmos A.fl. - MccneAonaume remrima pecxoAoa 

YPosseg ROAM Ha ymacTmax pex r3c. TpyAm TKU, 

am. 33, 1968 r. 

3. Kaammmx P.E. m MBAMKOB II.Y. - Npm6Amxermmg pa-
cmoT meyeTglioamameroca AamxeHma soAmmx mace. 
TpyAm umn, Elm. 66, 1958 r. 

4. KymmexT X.C. x Hemaena H.C. - FacmeTm rmApo - 
rpa ,;(3a CTOKa Ha mpynlimx peuHmx excTemax. Tpy-
Am rmu, amn. 2. 1967 r. 

5. ileamma A.P. x Bopmeacxxg E.H. - HoA6op napame-
meTpoa oloyHmumg BANAHHR C nomomam amaxoroaog 
BM4KCJINTeAbH0g mammxm. MeTeopoxorna H rietApoAo-
rmR M 8, 1966 r. 

6. Zeamx A.P. N EmAxxoa A.H. - EpeAammxczemme xo-
Aa yposmeg p.Boxrm mane BoarorpaAcmog roc me-
ToAom axexTpomoAeampoeasma. YeTeopoiorma x rRA-
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PROBABILITIES FOR SIMULTANEOUS OCCURRENCE OF FLOODS IN THE 
DANUBE AND INN RIVER BEFORE AND AFTER COMPLETION OF 

STRUCTURES IN THE DANUBE RIVER 

By Dr.-Ing. GERT A. SCHULTZ, M. Sc.(Eng) 
Institute of Hydraulic Engineering Technical University, Munich, Germany 

Pe e mue 

CTaTmcTmgecKme AaHHme o naBoAlce Ann r. nacay 

(cnms Avian H 'Deity 1114) o6HapyxmHaKT TO, mTo KOrAa 

OAHa Ma OTHX Asyx peK HOCKT nasoActiHym somily,sTo-

pan TO,Ke sm3bisaeT nasoAoK HBOKOAD,K0 paliMne 

WIN noexe. 06MKHOBeHHO, B03BbIlieHHOO yHezmueHmeso-

Am B AyHae, 
conposoxAaeT BO8BMMEIHROO ysexAgeHms 

BOAM B p. MH: mHorAa, mexAy Teas mHoro paHhUle,B08- 

smtoeHme yBeARgeHMA 
BOAM B p.43,Hae npeAwacT130HaAo 

BOBBmIllaHHOmy ysezmgeHmm BO AM B p.MH. 

060CHOSaHHO Ha 67 HeaaBHOHMMX cxygees naso-

AKos, meN:Ay 1926 m 1967 
roAom, 3TOT AOKASA mccne-

AMBaaT BepORTHOCTb Tat( HaomHaemoro " KpmTmtecKor0 

cArlaje, OTHOCmTaAbH0, oAHospemeHHoro noRBAoHHA 

p.MH Ha ',ix cnmrie. nasoAomHmx BOAR AyHan m 

Bonbme Toro, 6mAa cAenaHa nornme oltemot BAH-

RHKR rHApayAmtlooloix o6opyAosoHmq Ha ,11yHae, npoTms 

TetieHma OT cnmsa, Ha BepoRTHooTb " xpmTmxtecKoro 

cAymae. EcAH masecTHo 3TO BAHRHMa, MOXHO meox0A0-

Elam 63,Aympo TeHAeHumm "EcKyccTseHHoro"aHaxmas y-
qamemimx nasoAKoB .MR p. ZyHaR, BHHa no TegeHmm 

OT c.raisa. 

1. INTRODUCTION 

The two rivers Danube and Inn meet in the 

City of Passau (Fig.l), a fact which gives rise to 

severe floods within this city, especially since 

both rivers are of about the same magnitude. The 

mean annual runoff (MAR) of the Danube river is 

about 700 m3/s while the Inn river contributes a 

MAR of approximately 750 m3/s at Passau (1). 

A series of barrages is currently under 

construction in the Danube upstream of Passau. It 

is a well known fact that this will cause a small 

rise of the flood peaks and an acceleration of 
the 

flood wave. Thin rise of the flood peaks and the 

actual acceleration of the flood Waves are sub-

ject of an other study of the same institute. nig 
paper deals merely with the effect of the Danube 
river acceleration on the probability of simulta-

neous occurrence of floods in the two rivers meet-

ing at Passau. It is obvious that the worst case 

at any given time would be the one producing 

flood peaks in both rivers which meet simultaneous-

ly at their confluence in Passau (Fig. 2). This 

will be referred to as "critical case". 
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-Summary 

The flood statistics fur the city of Passau 
(confluence of Danube- and Inn river) reveal, that 
whenever one of these two rivers carries a flood 
wave also the other produces a flood a few days 
before or after. Usually the Danube peak followed 
the Inn peak; sometimes, however much more seldom, 
the Danube peak preceded the Inn peak. 

Based on 67 independent flood events between 
1926 and 1967 this paper investigates the probabi-
lity for the so- called "critical case", i.e. the 
simultaneous occurrence of flood peaks of the 
Danube- and Inn river at their confluence. 

Furthermore an attempt was made to estimate 
the influence of hydraulic structures in the 
Danube river upstream of the confluence on the 
"critical case" probability. If this influence is 
known it is possible to investigate the future 
tendency of a "synthetic" flood frequency analysis 
for the Danube river downstream of the confluence. 

2. BASIC DATA 

Yearly flood peaks were available for the 

Danube river below the confluence (Fig.l)from the 

river gauges at Obernzell (1895- 1955)and slightly 
downstream at DantelbachmUndung (1956-1967), thus 
yielding a continuous series of 73 years. 

For the more detailed studies measurements 

from the recording gauges of the upper Danube ri-

ver at Hofkirchen, the Inn river at Wernstein and 

the lower Danube river (below confluence) at 

Obernzell and DantelbachmUndung (Fig. 1) were 

available from 1926 - 1967 thus representing a 

continuous series of 42 years. For the investiga-

tion of time lag between the peaks of the two ri-
veva 67 flood events were suitable between 1926 

t and 1967, representing the highest and second

highest yearly flood event.The tributaries in the 
reaches between the gauges were taken into ac-
count partially by readings from their recording 

gauges and partially by daily readings. Since 

their values never exceeded 190 m3/e their in-

fluence on the peaks of the lower Danube is not 

significant, a fact which justifies the more gr-

neral consideration of these values. 



3. ACTUAL FLOOD FREQUENCY GRAPH, LOWER DANUBE 
RIVER 

A flood frequency analysis for the Danube 
at Passau (below confluence) is based on the 73 
year series of the yearly maximum flood peaks. It 
is shown in Fig. 3 by the black points, which 
are renreeented rather satisfactory by the lower 
curve on Gumbo]. paper (2). 

We are interested in finding the new flood 
frequency curve, which will exist after the con-
struction works in the upper Danube river will 
be terminated, i.e. when the Danube flood waves 
will be accelerated. So far we do not know yet, 
whether t;ie new curve will lie above or below 
the ac*,ual (historic) flood frequency graph. In 
cr!:le it will fall above the actual curve we would 
be ,o1- to determine the upper limit it could 
-,ssibly reach by the following reasoning. 

4. THEORETICAL EXTREME FLOOD FREQUENCY CURVE 

From the records available it can be 
that the flood peaks in the Danube river 
the confluence are almost always due to 
in the Inn river as well as in the Upper 
river. In very few cases the flood peaks even 
occurred simultaneously, but usually there was a 
time difference between the occurrence of the 
peaks in the two rivers at their confluence, 
which will be called (Fig.2). If the Danube 
peak follows the Inn peak, At will be positive: 
if the Danube peak preceede the Inn peak, pt 
will be negative. 

Now let us consider the theoretical case, 
that by some sort of acceleration and retarda-
tion effects within the two rivers, it would 
have happened, that 4A had always been equal to 
zero, i.e. all 73 observed yearly floods in the 
lower Danube would have been due to simultaneous 
occurrence of Danube and Inn peaks at their con-
fluence. 

H een, 

below 
floods 
'Danube 

For this theoretical case the grey points 
and the upper curve in Fig. 3 would be valid. 
This curve represents the extreme case for the 
worst possible combination of accelerations and 
retardations in the upper Danube provided the 
Inn river does not change its characteristics. 

Since the series for the extreme case is 
shorter than that for the actual case there is 
some difficulty in determining the recurrence 
interval for the maximum of the extreme floods. 
This 1954 flood is known to have a longer re-
turn period than 43 years (length of the extreme 
series) which is indicated in Fig. 3. 

If we knew already that the desired fre-
quency graph for the accelerated Danube river 
lies above (and below) the actual curve of Fig. 3 

WP could be sure it lies between the actual and 
the extreme curve. In order to find out whether 
the now curve lies above or below the actual curve 
a separate analysis had to be carried out. 

5. STOCHASTIC ANALYSIS FOR THE TIME DIFFERENCE Lit 

In Fig. 2 the time difference between the 

Danube peak at time tPD and the Inn peak at time 

t
PI 

is shown to be 

At = t
PD 

- t
PI 
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This time difference may be rlsItive or ne-
gative. It was chosen as stochastic variable to 
which a frequency distribution may he attributed. 
Before this can be done the followin:: tests must 
be accomplished: 

1) Test of significance for aum!rer and winter 
floods 

2) Trend Analysis 

3) Test for serial dependence (randomness) 

5.1 Test for Summer and Winter Floods 

From the 34 summer floods a mean , 59,87 
hours with a standard deviation s = 23,3 hours 

was calculated. The corresponding values for the 

33 winter floods were: mean tat= 47,92 hours and 

As test for the mean the t-teot s = 31,3 hours. 
wan chosen (3). The computed t = 1,75 was smaller 

than the table value of 1,99 (95 % level), which 

indicates that there is no significant difference 

between the At values for summer and winter floods. 

This t-teat is only valid if the correspond-

ing population variances are equal. This was shown 

by a F-test. The computed F value of 1 ,7q was 

slightly smaller than the table value F 32,33 = 

1,80, thus showing no significance, which indi -
equal. 

be as-

between 

catee that the 
The result of 
oumed there is 
the At values 

two population variances are 

these tests is, that it can 

no significant difference 

for summer and winter floods. 

5.2 Trend Analysis 

For the detection of a trend in the ,At 

ries simple moving averages of m . 5 were annliPd 
to the data (4).- No-apparent trend could he de-

tected from the granh. Since the series available 

is rather short, however, the author does 

dare to make a firm statement on this point. 

Se -

not 

5.3 Test for Serial Dependence 

In order to establish a frequency distribu - 

tion for At it is necessary to show that the time 

series may be regarded as random, i.e. that 

exists no serial dependence (4). This can be done 

by the application of the autocorrelation func-

tion or correlogram. A computer program was 

there 

writ-

ten which calculates the serial correlation co-

efficients r
k 

for the time series of 
values of r

k 
can be seen from 

based on 37 y 

corre-

logram is yearly maximum
events. 

This 

In three cases the second  

flood

had to be chosen, since the data for the maximum 

flood were incomplete. 

In order to show that the time series is 

random a parametric test of significance was ap-

plied (4), which postulates the rk values to be 

insignificantly different from zero for k 0. 
This is achieved if the r, *values fall between 

the confidence limits (5), which were chosen on a 

95 % level and can be aeon from Fig. 4. Except for 

r the conditions for randomness are fulfilled. 
A-6cording to Anderson (6) it is possible to find 

r
k values to be significant (due to sampling er-

rors) even if the time series is a sample from a 

random series. The number of significant serial 

correlation coefficients shall not be greater than 

that expected by chance. 



The slight significance of the r3 value 
Fig.4) may be attributed no chance. Thus the cor-
relogramm of Fig. d indicates that the At series 
is random. 

6. FREQUENCY DISTRIBUTION OF At 

The observed values of At indicate that of 
has some frequency distribution. Since there is 
no upper and lower limit for At a symmetrical 
distribution can be expected. If the cumulative 
frequency curve of At follows more or less a 
straight line on GaUssian log - probability paper, 
a normal distribution of ..At may be assumed. 
Fig. 5 shows the cumulative frequency curve of 
At (black points) and a fitted Gaussian probabi-
lity function (straight line). Fig.6 shows the 
frequency distribution of t and the fitted nor-
mal distribution. The claculation is based on 
time intervals of ten hours. 

From Fig. 6 it can be seen that in the 

majority of the cases the Inn peak preceede the 
Danube peak (positive At values). The mean of 
the fitted normal curve is + 54,0 hours having a 
standard deviation of 28,17 hours. If the upper 
Danube river will be accelerated due to the bar-
rages to be built in the river, the Danube peak 
will in the majority of the cases COMP closer to 
the Inn peak or even catch up on it. 

This means that the "critical case" (simul-
taneous peaks in both rivere)or cases which come 
close to it will in future occur moreoften than 
before. This proves the former assumption that 
the future flood frequency graph for the lower 
Danube river will fall between the two curves in 
Fig. 3, which means that after completion of the 
structures in the upper Danube river the floods 
in the lower Danube river must be expected to be 
in future more serious than in the past. As can 
be seen from Fig. 6 the worst conditions would 
be created if the Danube peak will be accelerat-
ed by 45 - 55 hours. 

Since we know already that the new fre-
quency graph will lie between the actual and the 
extreme curve (Fig.3), and since we know, too , 
that the worst conditions would appear if the 
Danube were accelerated by 45 - 55 hours, we 

also would like to know the actual location of 
the future frequency curve in Fig. 3. 

7. LOCATION OF THE FUTURE FLOOD FREQUENCY CURVE 

7.1 General Approach 

For the determination of the accurate loca-
tion of the new curve in Fig. 3 it would be ne-

cessary to consider all 67 flood hydrographs of 

the Inn and upper Danube river, shift the Danube 

hydrographs ahead by the time of acceleration, 

super-impose the hydrographs and search for the 

new maximum of the superimposed hydrographs. 

Using the new peaks obtained by this procedure a 

new flood frequency analysis had to be carried 

out. If the actual acceleration of the Danube 

floods is not yet known - as in our case - and 

thus some alternatives have to be investigated,the 

whole procedure has to be repeated several times. 

This would be rather time consuming and not 

very rewarding since we know already the region 

for the location of the new frequency curve. 

Furthermore for this practical problem it is not 
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necessary to demand extreme accuracy, because 

a) it ie irrelevant whether the lower Danube car-
ties 100 m3/s more or less, since this means 
only a few centimeters in water level, and 

b) the basic data, which start in 1895 may be 
rather erroneous,thus not justifying an extre-
mely high degree of computing accuracy. 

Therefore it was considered to be sufficient, 
if some sort of estimation of the location of the 
new frequency curve can be carried out. 

7.2 Definition of " At = 0" 

The idea is to find some measure for This 
above mentioned location of the new curve between 
the two curves of Fig. 3 with the aid of the in-
formation gained from the actual, the extreme and 
the shifted At distribution curves in Fig. 6. 

For this purpose it is necessary to make 
two assumptions.The first is concerned with a de-

finition what in a statistical sense is meant by 
"simultaneous occurrence" of flood peaks in both 
rivers which is the basis for the theoretical ex-

treme curve in Fig. 3. 

Strictly speaking it means that the time 
difference At between the occurrence of the two 
peaks is exactly 0.000 seconds. It is obvious , 
however, from the broad shape of both, the Danube 

and the Inn peaks, that even if,At were equal to 
one or two hours we could still speak of "simul-
taneous" peaks. Thus we define the simultaneous-

ness of the two peaks as 

Ito 
. 0.000 ± a (hours), 

where et is still to be defined. As mentioned 

above, d't may be one or two hours, but if it 

reaches the order of magnitude of say ten hours , 

the corresponding peak will be significantly lo-

wer than the extreme peak (gained by addition of 

the two peaks). This can be seen from Fig. 7 which 

shows _At vs. AQ, where AQ is the deviation from 

the extreme peak discharge. It was found to be 

suitable to choose S t' to be five hours, i.e. the 

interval from - 5 hours to + 5 hours (Fig.6) will 

be called the "At = 0 interval". 

7.3 Significance of the 'At . 0 interval" 

Fig. 7 revealed that there is no relation-

ship between _.At and AQ which is also stressed by 

the fact that their correlation coefficient is as 

low as r = 0.29. This means that there is no de-

termination between a change in 41t ( starting 

with At = 0) and the corresponding change in die-

charge AQ, except for one single combination of 

At and.64, namely for At = 0 the corresponding 

AQ = 0 (where At = 0 as defined in chapter 7.2 ). 

Therefore the only basis for inference from 

the At distribution (Fig. 6) with respect to the 

flood frequency curves of Fig. 3 (including the 

expected future Danube frequency curve) is the 

relative frequency obtained for the At = 0 inter-

val. 

A relative frequency of 0.026 is gained 

from the "fitted Gaussian distribution" curve of 

Fig. 6 for the actual case (based on 67 observed 

values), which corresponds to the "actual curve" 

(lower line) of Fig. 3. For the extreme case in 

Fig. 3 ( v t = 0) we obtain a frequency distribu-



tion, which only consists of one rectangular co-
lumn having the relative frequency of 1.00 and 
being situated, on the 4t = 0 interval (Fig.6). 

For the accelerated upper Danube river the 
"shifted" curves in Fig. 6 are valid. The shift-
ed Gaussian curve represents the expected popula-
tion distribution ofAt while the histogram re-
presents its sample distribution. For theAt = 0 
interval the expected relative frequency of the 
population is 0.137 (shift of 54 hours) and the 
corresponding sample value is 0.194 ( shift of45 
hours). 

8. EsT]Yi,-E:D LOCATION OF THE FUTURE FREQUENCY 
CURIE 

As mentioned in chapter 6 the most un-
favourable conditions would be created, if the 
Danube river were accelerated by 45 - 55 hours. 
Therefore the following estimation will be made 
for this case since the other, more' favourable 
cases can then be interpolated. Although the po-
pulation value would provide sufficient accuracy 
for the further analysis, the sample value shall 
be chosen for security reasons, since the sample 
value is more unfavourable. The task is now to 
construct the expected flood frequency curve for 
an acceleration of the Danube river by 45 hours 
based on the relative frequency of the t sample 
distribution. 

The location of this new frequency curve 
in Fig. 3 is constructed according to the rela-
tive frequencies for the Et = 0 interval of the 
actual t distribution, the theoretical extreme 
distribution and the shifted sample distribu-
tion. The technique can be seen from Fig. 8. It 
is based on linear interpolation between the two 
curves of Fig. 3 according to the relative fre-
quency for the At = 0 interval, which is plotted 
on the vertical scale. The value of 0.194 for 
the accelerated Danube river (45 hours) deter-
mines the location of the new frequency curve in 
this scale. Fig. 9 shows the same curves as does 
Fig. 3 plus the new flood frequency curves for 
an acceleration of the upper Danube river by 24 
and 48 hours. The latter is identical with the 
above mentioned one for 45 hours. Table 1 shows 
the increase in the 10, 100, and 500 year flood 
peaks. 

Recurr. Actual Future Future Theoretical 
Interval (historic)Floodpeak Floodpeak Extr. peak 
(years) Floodpeak (48h acoi.)(24 h ac.) m3/e 

10 5 900 6 050 -5 950 6 700 

100 10 100 10 450 10 250 11 900 

500 (t,14 300) (=14 950) (=14 600) (=17 600) 

9. SUMMARY AND CONCLUSIONS 

The effect of the construction of barrages 

in the upper Danube river on the probability of 

simultaneous occurrence of flood peaks in the 

Danube and Inn rivers at their conference has 

been studied. It has been found, that the ex-

pected acceleration of the upper Danube river 

(which is currently investigated in an other 

study) will cause slightly more severe floods in 
the lower Danube river, since in the majority of 
cases the flood peaks will come closer togdhe r 
and in a larger number of events they hi :1 be more 
or lees simultaneous ("critical case"). This was 
shown by stochastic analysis of the time differ-
ence between the occurrence of the 2arube and Inn 
Peaks. 

Furthermore a flood frequency analysis was 
carried out showing the actual historic frequency 
curve and an estimation of the expected frequency 
curve after completion of the barrages in the up-
per Danube river. It could be shown that the 
hundred year flood of 10100 m3/e. will in future 
rise to about 10450 m3/8 provided the upper 
Danube flood waves will be accelerated by 48 hours. 
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DISCRIMINATING THE CHANGE IN REGIME OF HIGH RIVER STAGES 

By Dr RADMILO D.MAIIKOVIC 

Chief, Hydrology Division Federal Hydrometeorological Institute 
Beograd, Yugoslavia 

Pe 3 nue 

CywaR meToAu csoboAapit AmcTpmeyucla TBUBHMA, 
emeeAessag Ana peweeliR aenoptim&rpmaecamx npo6nem 
ecxm Ase 6ec11peptisRate Axcip16y1(mm mgenTatume,61,4-
na ncrb3ossma AAA oTnageRma nepemea B pexame (Das 
smcoaoro yposaa somo BB peme. ilpaammuecxee ppm-

. 
MeHOHMe 3T0r0 meToAa no)baoesatia Asyx Bp114MH HQ 
pRAe TeaeamN oftxmosexamx HatlfilAbHMX H AeaCTBX - 
renammx ot)sa smcoxoro ypossa soAm npoasmnoaTO pTOT 
MBTOX 4yTKIA K pasimuam B 4opie M B cpeAseN BBB-HOCTM UBWgy ABYMB AMCTpM0y1INAMM. 

INTRODUCTION 

The extent to which human life would be an-
dangered by the occurrence of a flood, the value 
of property that would be destroyed as a result of 
floods, and the inconvenience resulting from 
failure of the structure due to floods, make the 
forecasting of high river stages particularly im-
portant. Advance warning of an approaching flood 
constitutes a direct means for the reduction of 
flood damage and loss of life. 

The formulation of a high river state fore-
cast requires reliable information on hydrologic 
cal conditions over the drainage basin as well as 
wether reports and forecasts. In addition, the 
basic tools of the river forecaster such as stage 
relations, rainfall-stage relations, routing re-
lations, etc. must be well defined and reliable. 
These relations when subjected to uncontrolled 
changes may upset forecasts very much. 

Natural and/or manmade slow process or sud-
den,accidental changes of climatic,physiographic, 
and other conditions such as by hydraulic struc-
tures, cause the regime of high river stages to 
alter. A statistical method discriminating these 
changes will be presented. 

Most statistical techniques used in the 
discriminating the change in regime of river 
stages rely on the assumption that the variable 
describing the hydrological phenomenon under con-
tribution. 
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'Summary 

The distribution-free run method, devised 

for solving non-parametric problems of testing 

whether two continuous distributions are identi-

cal, was employed for discriminating the change 

in regime of high river stages. The practical ap-

plication of this two-sample method to the se-

quences of runs of ordered virgin and actual high 

river stages indicated that the method is sensi-

tive to differences both in shape and in mean 

between two distributions. 

For cases in which conventional methods -

based on the assumption of a normal or know dis-

tribution - are not applicable, an alternative 

method must be found. In recent years, techniques 

have been developed which assume only that the 

form of an underlying distribution is continuous 

and assume nothing about the form of that distri-

bution. These techniques are known as distribu-

tion free methods. The observations of hydrologic 

variables certainly do have distributions with 

Parameters: what one is free of is assumptions 

about the forms of distribution. 

The method used here ignores the functional 

forms of parameters and of distribution functions 

for the basic variables. It can be applied to 

very wide families of distributions as well as 

to families specified by particular functional 

forms. The properties of this method, therefore, 

allow application of it to a large variety 
of na-

tural and manmade changes of hydrological condi-

tions. 

OONSTRUCTION OF THE TEST 

First H4 (i = 1, 2, 3, ..., n) denotes the 

ith sequential observation in a sample of n ob-

servations of high river stages at a river gaging 

stations in the unchanged or virgin period. Like-

wise, H(i) (i . 1, 2, 3,..., n) denotes the ith
ordered observation in the same sample (i.e., the 

symbol H(1) refers to the smallest of the n ob-



servations, H(1  to the second smallest of the
observations, Al so on, while Hfr) refers to the 
largest). Representations of seqaditial and orde-
red observations, hydrograph and duration curve 
respectively, are graphed in Figure 1. 

Similarly, H41(j = 1, 2, 3, ..., m) denotes 
the jth sequent obsgrvation in a sample of m ob-
servations of high river stages at the same sta-
tion but in the ehanged or actual period. Also 
H4,  (j = 1, 2, 3, ..., m) denotes the jth orde-
rea'observation in the actual sample of high river 
stage (Fig. 1). 

Next, the above two samples, virgin (H(1), 
H
(2)' 

H
(3), 1.. H(n) and actual (R7lp H (̀2)'

H7,), ... HT )) are combined and aranged in or-
d f  (Fig. 1). In this way, it is 
tcJuible to obtain the following arrangement of 
ordered virgin and actual high river stages: 

H
(1).

H
(2)'

H H 
(1 ).11(4)'H(5)pii(6)'

1i
(7)i 

(1) 

The expression (1) starts with an arrangement of 
three H' called the run of three H'; then fol-
lows thea run of one H*, the run of

s
seven H', etc. 

Altogether, three runs are exhibited in (T). As 
can be observed, a run is a sequence of ordered 
observatins from the same sample (such as vir-
gin) bounded by observations from the other samp-
le (such as actual).For example, a run of H's is 
a set of successive H's closed of at both ends by 
H's (except at the beginning and end of the se-
quence), and vice versa for a run of es. 

It is obvious that, if two samples are from 
the same population (that is, if the natural and/ 
or manmade changes had no effect whatsoever), the 
virgin and actual observations will ordinarily 
be well mixed and the number of runs, n, will Or-
dinarily be large (Fig.2a). If the natural and/ 
or manmade changes had a very strong effect upon 
high river stages, the two samples would be taken 
from two distinct populations. If these two po-
pulations are widely separated so that their 
ran,es do not overlap, the number of runs would 
be only two, n = 2 (•Fig. 2b). In general, the 
larger the difference between the two populations, 
the smaller the number of runs. In other words, 
the difference between 'two populations trends to 
reduce the number of runs. Even if the two popu-
lations happen to have the same mean or median 
but with the virgin population (H's) dispersed 
and the actual population (}?'s) concentrated, a 
long H run will still occur on each end of the 
combined sample, thus creating a tendency to re-
duce the number of runs (Fig. 2c). 

Obviously, the number or runs can play an 
important role in the construction of a test. The 
task, then, is to determine the distribution of 

a number of runs, n, in order to specify licc for 

a given level of significance oG (the probAbility4 

for the type I error). Once this has been accom= 

plished the working hypotheses can be tested. 
Since the more dangerous situation would result 

if the changes have produced an increase in high 

river stages, the effect of these chagee should 

logically be tested by utilizing the theory of 

runs under the following null and alternative 

hypotheses: there is no increase in high river 

stages at the river gaging station, and there is 

an increase in high river stages caused by na-

tural or manmade changes. 

First, a simple result on the distribution 

of arrangements of two sets of observations of 
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high river stages from the same porT,;:qtion should 
be obtained. Any arrangement, representing a sin-
gle sample point, is a sequence of ordered virgin 
(H's) and actual (114's) high river stages con-
sisting of alternating rune of H's and 71d's. The 
set of all these sample points or arrangements 
constitutes the sample space. this sample 
apace, its sample points con:.1: tin.; of the set of 
all possible arrangements or combinations of 
n a., and - m 

n (J) ( n + m)
n 

should be considered. All these arrangements are 
equally likely under the null hypothesis Next, 
it is necessary to count all the arrangements 
with exactly n rune. If n is assumed to be even, 
then there must be n/e runs of H's and n/2 rune 
of it m. To find the n/2 runs of H's, the n H 'a 
must be divided into n/2 groups, and, all n/2 
numbers in each group must be counted. Then, the 
required number, the ordered n/2 parti-
tions of n with zero parts excluded,Carlbe 
by means of the combinatorial generating function 
as the coefficient of to in the following iden-
tity (Mood and Graybill, 1963): 

(t + t2 + t3 +...)n/2 (  1 1 
 t) 

n/2

= 
t
o/2 tn2 [1+ ( )t+ (n/2 + 1)t2+ (n/2+2),3 f• • • 

1 

to/2 (n/2 - 1 + 
1=1 n/2 - 1)t i

tri  1. m-1 
which is k n/2-1

).3imilarly,there are (n/2-1
)

- part partitions of m,, excluding 
Now, any partition of H s may be combined in ay 

partition of its in fs-Tio ways to form a sequence 

as in (1) : the first H partition or the first Fig

partition may be put at the beginning of the se-

quence. There are, therefore, 

(3) 

N(E) = 2 ' n - 1) ( m 1) n/2- 1 n/2-1 

arrangements with exactly n runs. Thus, The 

bability function for even values of n is: 

(n - 1 m -1 
N(E) 2 

n/2-1
) (

n/2-1 
) 

P(n) = - NkS) + 
n 

m) 
A similar result will hold, of course, frr 

probability density 
n (Wilke, 1962), 

( n-1) ( m-1)

p 
p(n)_  n/2 n/2-1 

n 

n/2 

(4) 

pro-

(5) 

the 

function for odd values of 

( n - 1) ( m - 1)

n/2- 1 ' n/2 
m) (6) 

To test the null hypotehsie at the.Clevel 

of significance, the critical value of n,n.c must 

be found from the probability that the number of 

rune is equal to or less than n, in a random fir-

rangement; this probability is- given by (Marko-

vie, 1967); 
n< 

P (n na) ThEi=2 p(n) =°C (7) 

The test is then performed by observing the to-

tal number of rune in the combined virgin - ac-

tual sample of n + m observations: the null hypo-

thesis is accepted if the observed number of 

runs, n
o
,ie greater than the specified (critical) 



number of rune at the R lcvel of significance, 

n , or tht null hypothesis is rejected if the ob-

oe.rv(d number of runs does not exceed the criti-

cal nuttier of runo. In other words, if 

n
u 

nd (8) 

there is no significant difference between the 

virgin nnd actual high river stages (Fig.3): if 
there in, the reverse is true. 

Th( comnutation of equation (7) can be 

quite involved unleon both n and m are small. The 

distribution of n becomes approximately normal 
for Inrge enmnlea, and in fact, the approximation 

is usually good enough for practical pot-noses 
w11 1 both n and m exceed 10. The mean of the 

distribution of runs is then: 

2 n m 
E (n) 

and the variance is: 

n 
+ 1 (9) 

(52 2nm (2nm  - n - m) 
n in+m72 rn m -IT 

By use of the unit normal deviate, 

n - (E(n) 
u

cfn

n con he determined for tenting the null hypo-
thesis at the oc., level of significance. Thin is 

done by making the right-hand side of equation 

(11) equal to the critical value of u for the 

rime level of significance of the normal function 

and by solving for n: 

114,6 n + E(n) 

The high stages of the Drava River at 
Varazdin are sampled as partial series by using 
all characteristic floods above the reference 
flood, selected to be + 200 am, approximately co-
resoonding to local flood plain evaluation. All 
flood stages from the virgin period, 1921-1963, 
are grouped in virain sample of size n=116 while 
those from the actual period, 1964-1968, are 
grouped in actual sample of size n = 11 distinct. 
flood events. Here the data from virgin period 
serves as a standard for comparison against the 
data from actual period.The selected flood stages, 
grouped in two samples and arranged in ascending2 
order, are listed in Table 1 and graphed in 
Figure 4. 

From Table 1 nnd Figure 4 it is obvious that 
the observed number of rune is: 

n
o 

12. 

Then, from equation (9), 
distribution can be determined: 

the mean of the 

E(n) 
? 
ll
x 11+6 

11 
x 11 

1 . 21.094 
b 

And, using equation (10), the variance of the die-
trihution is: 

2 2 x 116  x 11 (2 x 116 x 11 - 116 - 11 
n TlYg 12'P-711g + 11 - 1T -3.045 

Therefore, the following is standard deviation of 
the distribution: 

S
n 

3.045 = 1.745. 

Finally, according to equation (12), the critical 

(12) value of n at the 0( level of significance can be 

determined to be: 

The two-sample run test should be sensi-

tive to both differences in shape and in mean 

between the virgin and actual river stage distri-

butions. 

PRACTICAL APPLICATION 

The river basin subjected to eventual 
changes in regime of high river stages should, as 

nearly as possible, meet the following conditions: 

1) Gaged river basin, preferably 
with recorders; 

2) Long period of river stage 
prior to changes; 

3) Long period of river stage 
during changed conditions; 

4) Accurate and reliable data, 

classified excellent or very 

equipped 

observations 

observations 

preferably 

good. 

Essentially the purpose of this paver is 

to illustrate the application of the two-sample 

run method rather than to avaluate a particular 

change in regthme of high river stages. Therefore, 

just for illustration purposes, the data from the 

Prava River at Varazdin, Croatia, Yugoslavia, will 

be used to demonstrate the application of the 

method exposed here. 

There are same indications that the regime 

of high river stages of the Prava River at Varaz-

din might be increased since 1964, believed to be 

caused by inadequate operations of unstream sys-

tem of hydroelectric power plants nnd by in-

fluence of other hydraulic structures. 204 

n - 1.645 x 1.745 r- 21.094 = 18.223 18. 

The test of significance, preformed in ac-

cordance with equation (8) 

n = 12 n
o.o5 = 

18 

shows that the null hypothesis cannot be accepted 

at the 5 per cent level of significance. In other 

words, there is statistically significant change 

in high river stages of the Drava River at Varaz-

din caused by the upstream system of hydroelectric 

power plants and other hydraulic structures. 

The test result, showing the big difference 

between the observed and the critical number of 

runs, indicates that the target two-sample run 

test is sensitive to changes in high river stage 

distributions. It also indicates that this change 

has exceeded the range of the natural fluctuations 

of high river stage distributions. 
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Table 1. High river stages of the Drava River at Varazdin, 
Croatia, Yugoslavia 

Date 
of occurrence 

H. • 
I q )(cir 

H
(1)

& H* 
(cm) (j)

1 2 3 4 5 

1 2.V. 1922 275 206 206 
2 1 .V. " 282 212 212 
3 1C.VII. " 240 215 215 
4 1.XI. 250 224 224 
5 28.V1. 1923 315 227 227 
6 16.X. " 275 229 229 
7 1.XII. " .340 230 230 

10.V. 1924 2C6 230 230 
9 29.V. " 308 233 233 
10 13.IX. 278 234 234 
11 10.II. 1925 262 235 235 
12 13.V. " 314 23G 236 
13 4.VIII." 294 240 240 
14 13.XI. " 324 240 240 
15 6.VII.1926 320 240 240 
1G 10.VTII." 320 240 240 
17 4.XI. 310 241 241 
10 25.xT. 340 242 242 

19 12.1v. 1927 242 242 

20 14.1x. 246 242 242 

21 20.sx. 270 245 245 

/-4 2S.xi. 274 245 245 

23 2.V. 1923 260 246 '46 

24 31.x. 235 247 247 

25 4.v111,1929 230 249 249 

26 26.v11.1930 236 249. 249 

27 15.VIII." 250 250 250 

23 14.X. 245 250 250 

29 22.v11.1931 260 250 250 

30 23.X. " 230 250 250 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
44 
47 
48 
49 
50 

24.IX. 1933 
11.X. " 
31.X. " 
16.111.1934 
7.VI. 
29.V111." 
13.X1. " 
8.X. 1935 

23.X. " 
24.V. 1936 
3.VI11.937 
13.IX. 
22.1X. 
7.X. 
26. . 
25,V, 1938 
24,XI. 
23.V. 1939 
16.VI. 

70X1* 

310 
230 
260 
266 
234 
270 
290 
310 
242 
290 
290 
320 
330 
290 
276 
320 
240 
320 
310 
270 

254 
255 
255 
255 
255 
257 
260 
260 
260 
260 
260 
262 
262 
262 
264 
265 
266 
270 
270 
270 

250* 
254 
255 
255 
255 
255 
257 
260 
260 
260 
260 
260 
262 
262 
262 
264 
265 
266 
270 
270 

.1. 





1 2 3 4 5 

51 29.VII. 1940 270 270 270 
52 4.X. 300 270 270 
52 20.XI. 340 272 270 
54 31.V. 1941 300 273 272 
55 30.VII. 310 274 273 
56 2.111. 1942 272 275 274 
57 30.IX. 280 275 275 
50 10.VI. 1943 230 276 275 
59 10.VII. 295 277 276 
GO 1.X. 240 278 277 
G1 20.VI. 1944 300 280 273 
62 10.XII. 270 200 280 
63 11.V111. 1945 315 280 260 
64 15.VI. 1946 310 230 230 
65 10.VII, 350 202 230 
66 25.11. 1947 285 234 232 
G7 24.VI. 260 285 234 
63 1.X1I. 255 205 235 
69 29.1. 1948 245 235 205 
70 22.VI. 302 205 235 
71 27.V11. 320 205 235 
72 9.xI. 255 236 n5 

73 .`.5 .1. 1949 250 233 236 

74 16.V111. " 250 290 203 

75 28.xI. " 205 290 290 

7G 15.11. 1950 240 290 290 

77 26.V. 290 290 

73 24.XI. 11 255 290 290 

79 26.11. 1951 265 291 290 

Co 12.V. 320 293 291 

Cl 31.V ,.v 294 292* 

,0v. 14.XI. 320 295 293 

83 23.X. 1952 315 300 294 

34 4.VIII. 1953 300 300 295 

05 
86 
87 
00 
39 
90 
91 
92 
93 
94 
95 
96 
97 
93 
99 
100 
101 
102 
103 
104 
105 

30.X. 
7.V. 1954 
5.VI, 
12.XI. 
13.X11. 11

29.111. 1955 
10.1X. 
4.111. 1956 
3.V1. 
15.V1. 1957 
29.VII. 
14.V. 1958 
24.IX. 
3.X. 
14.X. 
1.VII. 1959 
14. TI 
30. 
21.V. 1960 
7.IX. 
23.IX. 

200 
290 
304 
264 
247 
12.4 
241 
280 
305 
249 
262 
233 
206 
212 
215 
285 
235 
234 
242 
262 
273 

300 
300 
302 
304 
305 
300 
310 
310 
310 
310 
310 
310 
314 
315 
315 
315 
316 
320 
320 
320 
320 

300 
300 
300 
300 
302 
302* 
304 
305 
306* 
308 
310 
310 
310 
310 
310 
310 
314 
315 
315 
315 
316 

Si 





1 2 3 • 4 5 

106 9.XII. 1960 257 320 320 
107 30.VII. 1961 229 320 320 
100 19.X. is 260 320 320 
109 14.XI. n 255 320 320 
110 15.V. 1962 291 324 320 
111 3.VI. n 316 328 320 
112 30.VII. n 277 330 320 
113 10.XI. n 254 340 320 
114 13.111. 1963 227 340 324 
115 10.IX. .•“ 293 340 328 
116 8.X1. n 249 350 330 

j Date H*. 
(cm3 

H* . H 
(c13) (1) (AV 

1 2 3 4 5 

1 15.X. 1964 250 250 337* 
2 26.X. 395 292 340 
3 G.VII. 1965 337 302 340 
4 3.VIII. 368 306 340 
5 5.IX. 424 337 350 
6 30.IX. " 355 355 355* 
7 21.VIII.1966 407 366 366* 

7.XI. " 366 368 368* 
9 4.XII. " 292 395 395* 

10 9.IX. 1967 306 407 407* 

11 7.XI. " 302 424 424* 
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FLOOD HYDROGRAPH CHANGE IN A DISCHARGED RESERVOIR 

By JOZEF PROCHAZKA, BOHUSLAV gIMKOVIC 
Water Research Institute, Bratislava, Czechoslovakia 

Pea :owe 

CpasHerme mameHemma naso.sounog swum: s 6onb-
WOM BOAOXpatIVABUIS, B peHHom pycz's n B noAnopHomso-

AoxnaHmxnu,e. NameHeHms rmAporpate B nogsopnos BO - 

Aoxpammxmwe noctumeHa rnasHasi nacTb AoHAaAa. niON-
BOAMTCR cospeuemimn cnoco6 pemeHNH no so.soxpalimnm-
Ky c nepeseHrimm rmspojinHammvecHms nosnopos --ocHo-
saimma Ha scxoAHom rpadAlgecicom pemeHms peTeHum0H-
Horo ypasHeHmH, moTopoe speAnoAHA Knemew. 13 accnio-

meHme AOKXdA3 HUXIDAMTCM cpmmep TpaHccpopusUng noao-

AOMMON BOAHM B npoeHTmpyesom icacxa.se pycaortmx nEo-
THH  y4SCTK0 peics 4HaA MINS Bp3TRCABBM. 

1. FLOOD HYDROGRAPH CHANGE IN THE LARGE RESERVOIR 

(spillway without gate or control) is based on the 
re]ationship between the outflow from the reser-
voir Q and volume in the reservoir V. Both varia-. 
bles are usually expressed as a function of the 
hydrostatic level (backwater) in the reservoir , 
that means Q/h or V/h. Eliminating parameter h a 
relationship for flood hydrograph change solution 
is obtained, indicated as Q/V and usually expres-
sed graphically and replaced by a numerical func-
tion when computers are used. 

2. FLOOD HYDROGRAPH CHANGE IN THE RIVERBED 

(according to /1/) is also based on One curve Q/V, 

developed for a fictional "uncontrolled spillway" 

at the downstream end of the river reach, that 
means on a rating curve in this downstream 
section Q/h and further on the hydrodynamic 
level, necessary for V/h determination, i.e. on a 

level, created by the discharge in a given 

fictional "reservoir". The water level slope is 

usually assumed as constant.The variable h denotes 
the elevation (fictional backwater height) in the 
downstream cross-section. 

cross-
water 

3. FLOOD HYDROGRAPH CHANGE 73 A DISCHARGE 
RESERVOIR 

(the water level not being hydrostatic and be-

.SummarY 
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Analysis of flood hydrograph change in a 
large reservoir, riverbed and discharged reser-
voir. The substantial part of the paper is con-
cerned with the flood hydrograph change in the 
diecharged reservoir. A new graphical method of 
solution is presented for a reservoir with chan-
geable hydrodynamic backwater - based on the ori-
ginal graphical solution of the retention equation 
published by Klemeg. Finally an example of flood 
hydrograph change is presented in the designed 
cascade of reservoirs, envisaged on the Danube ri-
ver reach downstream of Bratislava. 

ing controlled in the downstream cross-section i.e. 
in the dam cross-section), is the combination of 
above mentioned two cases. It is based ( in a 
simplified approximation) on several curves Q/V 

(they are functions of backwater elevation h) and 
on the prescribed (chosen) manipulation with the 
backwater level during the flood hydrograph. Fol-
lowing situations can be created,ae for instance: 

a) backwater h is increasing (without inter -
to intervention) during 

the rising curve (Fig.1). 

The pray discharge in the reservoir 
will decrease, the wave volume downstream 
the reservoir is 

- unchanged (in the case "without inter-
vention") 

- changed or unchaged (in the case of in-
tervention, in the dependence upon the 
manipulation). 

b) 

vention, or due 

backwater h during the flood wave is un-
changed (assuming an adequate dam outlet 
capacity (Fig.2). 

Neither the peak discharge nor the 
flood wave volume will change in a great-
er extent, some change occurs only due to 
the increase of the hydrodynamic water 
level at higher discharges.



c) backwater h is recessing (due to inter-
vention) during the flood wave rising 
(Fig.3). 

Flood wave volume will increase, the 
Teak discharge could also increase ( ac-
cording to the advance of manipulation). 

4. FLOOD HYDROGRAPH CHANGE IN THE DISCHARGE 
RESERVOIR 

in a reach,decreasing originaly the peak discharge 
(wave culmination). 

In the original state the situation in the 
reach was the same as that in the 3a ( - without 
in7;ervention. Due to the backwater h (befor the 
inflow wave arriving) the original peak discharge 
decreasing is affected (Fig.4). The wave decrees-

from 1 to 2 in the original state is replaced 
by the change of the wave 1 to 3. With respect to 
the change of the wave 2 to 3 it is the matter of 
"antecedent peak discharge increase", caused by 
reservoir construction. 

If it is necessary (or possible) during the 
inflow increase that the backwater level: 

a) will keep rising, the. culmination of the 
wave 3 will decrease.If this new decrease 
will compensate the antecedent culmination 
icrease,the wave will pass through the 
reach in the same way as in the original 
(not adapted) state.Than the wave 2 will 
be found at the end of the reach again 
as the result of the "antecedent rising 
and successive decrease" (Fig. 4). 

b) will not be changed any Liore, the inflow 
wave 2 will remain as the outflow wave at 
the end of the reach (Fig.4). Theoreti-
cally this wave can be decreased as a 
little higher elope of the hydrodynamic 
level in the highest discharge period 
will enable to enlarge the changing re-
servoir volume. 

c) decreased, a rise of already increased 
wave 3 and 3' could occur (Fig.4) due to 
the unsuitable timing of manipulation. 

Provided that a liquidation of backwater 
will occur before the period of discharge wave 
increasing (due to intervention), the wave will 
pass through the section (reservoir) after the 
construction in the same way, as before the 
construction, naturally if the outlet structures 

would enable it. 

5. METHOD OF SOLUTION IN THE CASCADE 
RESERVOIRS 

a) The volume V between two successive 

cross-sections as well as in the whole 

backwater reach should be computed ac-

cording to the diagram in (Fig.5). 

Resulting relationships Q/V for respective 

reservoirs will have a shape according to (Fig.6). 

To each water level hi • i.e. backwater in the dam 

cross-section, corresponds one curve Q/V. 

b) Flood hydrograph change computation will 

be performed successily in chosen time 

intervals C .t. In each time intervals 

the equation 

peen 

(2) 

is valid, where 

I is the mean (average inflow to 

discharged reservoir 

Q is the mean (average) outlow from 

reservoir 

Is.V is the water volume change within 

reservoir. 

The chart of the graphical 
in (Fig.7). Substantially 

solution, adapted for the 

changeable hydrodynamic backwater 

solution 

it is the 
reservoir 

the 

the 

the 

can be 

K1 Par" 
with 

c) in time t the inflow It, outflow Qt 

the dam crnaas

i.e. point 1 la 
and backwater stage in 
section h2 are known 
(Fig.?). 

d) the mean inflow I in the interval
t, t + At is known (it is the abscissa 

2.3 

in (Fig. 7) passing through the point 1) 

e) triangle 234 is the result of the 

graphical multiplication I = .411 

provided that an outflow Q = 0 will
exist in the section voluted. 

The triangle, not being characterized in 
more details (in /Fig.7/, "drawn" from the basic 

triangle 234 to the margin of the figure 
triangle with the top 2"/ denotes 

CR,i)4st -6\t4 

that means, that it determines the outflow Q1 i7 
the intervals t, t + providing no change c
the original water level h2 during the interval. 

The triangl'e 256 (in fig. 7 "drawn" to the 

margin as 2" 5" 6") determine 

ea 

that means, the mean outflow Q2 is thus determined, 

providing the change of the original water level
h2 , during the interval of the solution, to hl 

(the water level will increase). 

An accumulation of water in the discharoN !

reservoir occurs, therefore the outflow Q2 is
etantially lower than the inflow I. 

The triangle 278 ("drawn" to the margin 

Fig. 7 as 2" 7" 8" ) denotes 
of, 

(/--CZ5)Ai 

that means that it represents the mean outflow Q3 
when the original water level will be changed
(lowered) to h3.

Simultaneously with the change an additional 

OF outflow from the discharged reservoir takes place 

(accumulated in the preceding interval) thus the 

outflow Q3 will be greater than the inflow T. 

f) In Fig. 7 a manipulation was chosen re-

sulting in outflow Q3. .The further pro-

ceeding is presented : 
water level h3 decreases in the following 

intervals to h4 and h5, in further inter-

val the water level h5 

will remain - finally the water 
will be raised to h4 than it will 
at h4,etc. 

This not quite smooth manipulation ( condi-

tioned by methodical reasons)results in an outflow 

hydrograph which is also not smooth. 
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Condluding an P 

chnngp on the ranubP 
in n oyotpm of thrpA 
Dunnazpg, Nagymaros), 

xample. of a flood hydrograph 
River in shown ( from 1954 ) 
dischnrgPd rPaprvoire(HruAov, 

from which two upppr onne 

207 

let through discharge on the basis of inflow fore—
casted tNo days in advance. It in the matter of 
one of the alternatives of the Czechoslova—Rungs — 

rinn MAnube reach construction. 
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OnTlesik3AUXR BPOCTPAHCTBA B BOAOXPABRAMIE 

la.PAHA3HAtIEHHOF0 A411 3AWKTN 

OT WiladOMEHME 

CEPAUM 011B11401:4114, max. x BPAHJ4CJIAB AXOPAXEBMM, 

xamA.TexH.Hayx — BOAOXOSARCTBEIHMLA MHCTMTyT MM. 

"Hpoczeal ILeimid" BearpaA 

PB EI WUB 
Summary 

Paccmampmnaemcs onmmmmaanmm omAembmoro C MHO-

rOCTOPOICHHUH X83Hel4OBICHMH BkAoXpammgmma, momopoe 

CAyxmT AAA opowelimm, eitepremmxm, eammmm OT B41104-

BOHBR H BUABPXKM HUHOCOB. lipAHHMaR Bo Bmmuamme ma-

lanagenme BoAoxplAmmAmma, AAR onmummeat(Hm Ycl3043101

cAeApomxe emomommgeomme xpmmepmm: 1) Aoxogm um BO'" 
AOXPUHMAH1101, 2) OL,TI,EITM BOAOXPBHMAHNB, 3) yOMIXX OT 
X8BOAHOHMK pBOOHOB WEBB no mettemmiu. 

1.1eRbio onmmmmaanmm ABABEITCA onpexo:Remme onmm 

UBALHO peee33empcubmmo0 emmoomm B oAoxPaHllAmuka no"-
CREWM, AAR KOTUpbM peaygbmmpymmme xpmmepmm OyAyT 
yBeammemm Ao maxemmyma. 3aTeu conocmaeARemcampamo -

ilopmenmm nanoAxonoii BOAHM B maxmm otpasom onmmmm - 

empoBammom BoAoxpamnAmme, B CAy4BB xorAa mmeemcR 

morAa me mmeumcs, npormoe laABOAKOBOGI BGAHM Ha exoAe. 

iipmeogmmca npmmep OBTEUX3LILIMX sopoxpammamma B cgy-

gee pexm beamma h.ulaue c mcnox,,eosammem ozexmpom - 

HOU BMqVICAHTBAbHCM KM4P0B04 MHIBMHM (abliX). 

1. BBeAemme 

B pamxax npoexma momnaexcHoro 6Raroycmp04cmBa 

6acceRma pexm Bezmma MopaBe npeAycmampmBaemcR cmpo-

NTBAI.CTBO BREMBTOBbNOTO XOBBIISCTB8 BoAompammxmal 

mounmexcmoro BoBoxosaNcTsemmoro mammamemmx. BoAo-

xpampumum mpoexrupymorcm maxAmg OT4OXbRO, 4 O0BMBIC-

THEIS( XX pa0oTa B BoBoxosaNcTsemmog cmcTeme B 40A04 

nposepRemeR.moAenmpoBaHmem BceA cmcmemm Ha 3BUM. 
Doe BoAoxpammlimme mmorocmopommero BoxxoeRit - 

cmBemmoro maamatiemma C COHBBTBAbHMU npocmpamcmBom 

AAA npHeaa H mpamc(DoPmanmm naBoAxosmx Bog H OTHU 

noxymamm EIKTMBHYW p0A1, 

paAomax BKHO no TeMBHXP. 

CTPEIHCTB8 peeeppmpyemoro 

aammme om Hasogmemmli 

Utieopuio, trro Bezmwma npo-

AAm OTOX BBAN KBAABTOR X 
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This paper deals with optimalization of an 

accumulation lake with manifold assignmept,which 

nerves for artificial irrigation, energetisc, 

protection against floods and for retention of 

alluvium. Taking into account the assignment of 

the accumulation lake, the following eoonomic 

criteria have been accepted for the optimaliza-

tion: 1/ revenues from the accumulation lake, 

2/ expenses of the accumulation lake, and 

3/ losses from the flood within the region along 
the stream. 

The aim of optimalization is to determine 

the optimum spare capacity of the accumulation 

lake by months, the resulting criteria of which 

will be increased up to the maximum. Then, the 

transformation of high waters waves is compared 

with the optimum accumulation lake, in case when 

there exist or do not exist the forecasts of 

high waters waves. An example of accumulation 

lake optimalization is indicated in case of the 

river Velika Morava, and utilization of elec-

tronic computer (EVCM). 

mexemmecxon m omomommmecxokt xemeropmegalpoompam - 

CTBO OTO OBBMCHT OT pemmma naBoAxoBmx BOA, mecTo-

nomoxemma OABMOHTOB BAOTHHW, HO maxis BaBmcBTB OT 

smomommgemix OKTOBe A mmemmo, pesepBmposammem 
npocmpamcmaa B BoAoxpammAmme COKPBMBDTCH AOXOAM 

OCTBAbKMX nompedmmexe4 (ymembmeemcR omepreTmgec 

xmg Hanop, ymembmaemcn npocmpamcmmo Ana axxymyAm-

poBammR), HO ocymecmanRemeR aammma OT REIBOAHOHm# 

BHme no megemmie. B °TOY CTOAKHOBBMIVIZKTepeCOB on-
TliMaXbt108 npexycleampweaemoe npocmpancmeo AAA npe-

odpaeoBammR naBoAxosoR sozmu mommo onpeAcamTt me- 

TOADY OOTXMX881WHe 

lipocmpamcmBo peeepempyemoe AAA npmema naBoA-

HOBOK BOAHM MOMBHABTCH B meqemme roAa B eaBmcmmo-
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Ha rpal,uxe 3 LOH&BuHa DaB0AH0Bali BOABLIM11 BX0-

Ae, 2-nponexTHog BETORTBOCTX M COOTBBTCTByMHA 

Tpancopumpoeaxutzti pacxoA c6poca AAR cAygaR, KorAL. 

oTcyTcTeyeT npornoa (xpxnaR 2 Ha rpaq,axe), m AAA 

azytiaR, KorAA xueacs nporxoa naaoAxonon BOAHN MD 

nxcAe (xpmeas 3). HorAAa nporHoe naBoAxonott BOAHIJ Ma 

axone HaX0FAJICH B pacnopu.exxx, ynpunAexxe Tparic - 

11.401/1.7aglier1 611710 B0131403CHO (eje CTLHOBHTc.H nal aLleTp014 

3,11p8B.7/BHMR) H 3TM4. B 3118,414TBAbH03 cTenexx noxxxaA 

pacxo cOpoca. CnoenpeuexHmg nporHoe AueT BODMOI-

HOCTL yexAmTL, pLboTy noAponycxa H vziexmtulTh npocT-

paxcrreo AFAR npveut. DuBOAKOBO BOARM 118110CpaACTB8H-

mo nepeA ce 
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ON THE INFLUENCE OF THE UPPER DANUBE BARRAGES ON ICE CONDITIONS 

Dip!. ing. WALTER ERTL Rhein-Main-Donau Aktiengesellschaft, MUnchen 23, Leopoldstrasse 28 

Peski me 
3ummary 

npoemrmpouummm PsAm rmApocTaHumA maLepx-
HeM AyHae, mosAy yeThem Femur Aexom n V,HVBAIIITUTOM, 
H8310 CbtAO mceneAcsbm ;cam saropaimmeamme pemm Cy-
ABT BOBA8nCTBOB8Tb H8 no/toxemic+ mbla. VCAOZR MB 
Aomrocpotmoro Ha6Ak,AeHmn oOpssosaHma 111.Aan B CBR-
8M C 3THm BOSHMKIIIVX yposmeA BOAM, korucTaTmpopmma 
CBR81. MOMAy CHAOn Y. AXHT0AbHOCT610 ABMI.eHMR AbABB 

AABTBAbHOCTEA, AbA8 H ympenAeHHoe BAMBHH8 OCOm - 
soeaHma AbAa Ha yposeHL soAm. Ilo cTpotime eTeneHm 
OCTSHOBKH ocaAmTca AbAmHa,moTopasnosexaeTeacsep-
Xy, nepeA meAaHwm nompoeom nepmoro npocTopa ocTa-
HOSKM M odpasyer neA, moTopm10 noAoOmmil mbAy Ha 
csoboA0oR peke. ConocTasnaa c paHbmmm nonomeHmem 
AbAa, muuto CDHMTMBHOB msoopameHme meAHmx nonome-Hmn c 190u-1960 roAa, He OCHOBaHHit mCTOpWX MOMHO 
yamAeTm 4TO cTeneHm OCTLIHCBMV OMAN B To me spems. 
CootaiaroTex nonytieHHEe eseAeHma nepson (patogeR ) 
3YMM. 

ON THE INFLUENCE OF THE UPPEI1 DANUBE BANIAGES ON 
ICE CONDITIONS 

1. Purpose of the Study and Scope of Problem 

Following the completion of the first sec-
about 37 km. (23 miles) below lllm (Oberel-
- Paimingen), the regulation of the Upper 

Danube - that is, the Bavarian stretch of the 
Danube between Ulm and Kahlheim - was continued 
with a second section below the mouth of the Lech 
(Bartoldeheim - Ingolotadt). The resulting situa-
tion is that the uppermost barrage at Bertold-
sheim in this new section follows an open stretch 
of about 55 km (34 miles) until such time as the 
power station weir planned for a later date is 
closed. Consequently one of the hydrological 
problems to be investigated was how the construe - 
tion of this barrage would affect ice conditions. 
The reason for such consideration was the know-
ledge that in severe winters, e. g. 1928/ 29, 
1955/56 and 1962/63, there can be substantial ice 
formation on the Danube. 

It should he noted from the outset that the 
following investigations do not deal with theore-

tion of 
chingen 

In projecting a series of hydro plants at 

the upper Danube, between the rivers Lech and 

Tngolstadt, an investigation how the riverspollu-

tion will influence the state of ice should have 

been carried out.Starting with many years' obser-

vations of ice formation and to that connection 

the produced wnter levels, the connection between 

the strength and duration of floes movement and 

ice length has been proved and the effect of ice 

formation upon the water level has been establish-

ed. After establishment of the jam rise the floe 

coming from the upstream before the ice cover of 

first jam space will deposit and form ice similar 

to that of the open river. As compared with the 

earlier states of ice a fixed representation of 

ice situation from 1900-1963 it is seen that jam 

rises existed at that time. The findings of first 

(working) winter are presented. 

tical assumptions or the physical 
fundamentals of 

ice formation and the like. On the contrary, they 

are based on existing observations of ice 
condi - 

tions over this substantial stretch of the river 

and the accompanying water levels. An attempt is 

made to derive from these data 
indications of how 

these processes will be influenced by the 
damming 

effect of the Bertoldsheim Danube barrage. As a 

fictitious forecast the ice conditions are illus-

trated which would have occurred in the period 

1900 - 1953, if the Bertoldsheim barrage had then 

been in existence. This method seems to be the 

most suitable because it permits 
computation with 

effective figures, requires no theoretical 
assump-

tions as to computational values and the course 

of the winter, and immediately provides a clear 

picture of the changes. 

2. Iydrological Data 

With the kind assistance of the Bavarian 

State Hydrological Office it was 
possible to com-

pile comprehensive observation material; for ex-

ample, above all ice observations were available 

from the river gauging stations at Neu
-Ulm (Ulm), 

GUnzburg, Dillingen and Donauwarth for the years 
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1826 - 1963 and a diagram of the ice levels on' 

the Bavarian stretch of the Danube from 1900 to 

1963.In the winter of 1962/63, with its especial-

ly persistent low temperatures which caused the 

ice on the Danube to form from Passau to beyond 
Regensburg and from Weltenburg to beyond Donau-
w6rth, it was possible to collect particularly 
valuable observation material. The responsible 
water resources offices took daily records of the 
river gauging stations, and of the building un 
and breaking down of ice and ice displacement. 
Furthermore, those water level observations were 
evaluated which were. made at Donauworth and 
Schdfstall, the river stations in the zone affec-
ted by the Bertoldaheim Danube barrage, and down-
stream of the Gunzburg Danube barrage which at 
that time was the lowest barrage in operation on 
the Upper Danube. From this latter station tempe-
rature measurements are also available. For these 
investigations the river Lech can be neglected, 
since it brings no drift ice into the Danube oving 
to the construction of dams between Augsburg and 
the confluence with the Danube. The Danube above 
Ulm and the Iller can similarly be neglected. 

3. Current ice Conditions on the Upper Danube 

a. General Information. 

Basically it can be established that ice on 
the Danube has always firmed from certain 
points..In the Bavarian region these points 
are primarily the Kachlet above Passau 
(both before and after construction of the 
dam there), the mouth of the Isar at Deg-

gendorf, and the Weltenburg Narrows. Since 
the ice on the stretch of the Danube below 
Weltenburg has never affected the stretch 
of river above this point, for the problem 
under investigation it is only necessary to 
examine the ice conditions above the Welten-

burg Narrows.Here the official observations 
give approximately the following picture : 

Drift ice generally form at tempera-
tures below - 10°C. Its thickness increases 
in proportion to the length of the stretch 
of river. In the upper stretch (between Ulm 
and Dillingen) it therefore occurs only ra-

and to a limited extent, in the middle 
stretch (down to the mouth of the Lech) it 
is more frequent and somewhat thicker, and 
in the lower stretch frequency and thickness 
more and more The narrowing of the 
river bed and the tight curves of the Wel-
tenburg Narrows make it difficult for the 
drift ice to flow through, so that here an 
ice sheet is formed, which is then built 
up further upstream by the following drift 
ice. At temperatures between - 5° and -10°C, 
there is no more drift ice frmation and the 
ice sheet is not built up any further. At 
temperatures between 0° and -5°C it is 
broken down slowly, and at temperatures 
above 0°C more quickly; first of all chan-
nels form in the middle of the river, per-
mitting ice to drift downstream. displace-
ments occur rarely - mostly only when large 
floes move and come to rest against still 
firm sheets of ice. 

Drift Ice and Water Level 

It is evident from the observations that 
drift ice does not affect the water level. 
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As a rule, a% low temeeratures, which are.

a prerequisite for drift lee formati n, wa-
ter levels are low. This is sh-,..vn el early by 
the levels at Donauw6rth during the drift 

is ice periods in the years - 1')61. These 

levels are almost all bel.lw the mean water 

level.Exceptions are recorded for 1914,1q41, 

1954 and 1q56, when the water levvl was high 
at the beginning of the drift ice period,Ixa 

subsided considerably after a few dnys, so 

that these exceptions can he neglected for 

the following investigationo.Consideration 

must be given to the change in the mean Wa-
ter level at the Donauworth river station , 

which is due to deepening of the river bed 

since 1940. Under current conditions,during 

drift ice periods maximum water levels of 

170 cm at Donauworth and 380 cm at Schiift-

stall must be reckoned with. 

c. Theoretical Considerations on the Relation-

ship between Drift Ice and Ice Sheets 

The ice observations in the severe and espe-

cially prolonged winter of 1962/63 provide 

valuable pointers for .further considerations. 
Please refer first of all to the diagram of 

ice conditions on the Upper Danube ri the 

period from December 23, 1962, to Mach 13,

1963.This makes it clear that the drift ice 

arriving at the Weltenburg Narrows from up-
inues stream forms an ice sheet which 

to build up upstream as long as drift ice 

persists. Now, it can he established 
there is a relationship between the qua= 

of arriving drift ice and the growth of the 

ice sheet, which conforms with certain laws. 

Assuming a mean drift speed of 1 m/nec., the 

water flowing daily through a cross- sectior! 

1 m wide comprises a surface area of 84,40011e 

If the proportion of drift ice is t74, the 

drift ice arriving at the upstream end of 

the ice sheet covers an area of T = 86.400. 

t/loo (m2) - likewise referred to a width 

of 1 m. It causes the ice sheet to grow by 

S (m). In the observations fur the 

of 1962/63, the ratio T:S proves to bew 7fair-

ly constant. It is true that for individual 

days the values vary between about 3:1 and 

20:1, but over fairly long periodp computa-

tions give a good mean value of T:S = 7.5:1. 

sheet
ice : ice From the relationships 

T:S = ).5:1 and T = 86,400rift . t/loo 

where t = proportion of drift ice as ;4, 
obtain S = 86,400 . t/75o = 115 t (m) 
S . 0.115 t (km). 

With this equation and on the basis 

the cited ice observations, the building up 
of the ice sheet was computed. The grn01

demonstrates that computations and observa-

tions are in good agreement. 

we 
or 

or 

This formula derived from the ice con-

ditions of one year can also be ascribed 

general validity for the following reasons. 

In 1962/63, during the building-up phase 

the ice sheet grew on average about 4 1,m/day. 

is

Observations over a long period of years -

unfortunately for earlier winters there are 

no complete data on the thickness of the 

drift ice, but data are 
duration and length of the 
give a mean growth rate of 4 km/day. The 

77.7,i= -" a= 

extreme values of 1.5 km and 10 km per day 
obviously attributable to temperature - de-

2. 



pendent smaller or larger volumes of drift 
ice (e. g. in the particularly cold winter 
of 1928/ 20). Hence the winter of 1962/62 
conforms to the general rule, also as far 
as the temperatureo as are concerned ; it 
was merely extraordinarily long, with the 

result tha.: the longest ice sheet so far ob-
served was formed. 

d. Ice Sheet and Water Level. 

In contrast to drift ice, the ice sheet can 
have a substantial influence on water level. 
We can obtain a picture of the extent of 
the resulting pondage on the basis of a num-
ber of observations, since we have no reli-
able comoutationa. From the records of the 
river stations at ronanworth and Schafetall 
for the winter of 1962/63 it can be Been 
that the pondage amounted to about 150 cm. 
The ice sheet reached ',3chafatall on Feb. 4; 
from Feb. 4 to 8, the level there rose from 
270 cm to 430 cm. Using 
these levels correspond to 
220 m3/sec. respectively, 
increase of 180 m3/sec.The 
the Donauworth station on Feb. 5; it 
followed by a rise from 80 to 230 cm on 
Feb. 5/6. 

the key curves, 

a flow of 40 and 

i.e. an apparent 

ice sheet reached 
was 

From this area no further values are 
available for the years 1900 - 1962, since 
no ice sheet was formed there. But older 

observations dating from 1891 and 1895 in-
dicate that in those years the ice sheet 
caused a rise in the water level of 150 and 
120 cm respectively. 

So if we proceed from the previously 
established fact that drift ice occurs only 
at levels below mean water level, and if it 
is assumed that in the unfavourable event 
that also at mean water level pondage due 
to the ice sheet amounts to 150 cm, we ob-
tain maximum water levels of 170 + 150 = 320 
cm at Donauw6rth and of 380 + 150 = 530 an at 

Schafstall.These levels still lie far below 

mean high water and hence involve no parti-

cular danger. 

e. Embacle. 

It ie now necessary to proceed to conside-

rations on embacle conditions. In this con-

nection the processes on the Danube above 

Weltenburg differ considerably from those 
on the downstream stretch, where extensive 

ice displacements occured when a detached 

sheet of ice - sometimes coupled with in-

creased flow of water struck a still 

firm ice sheet. On the stretch of the Da-

nube under consideration there have Bo far 

never been any major displacements, since 

the preconditions for embacle from upstream -

are not given. Ice floes may build up 

against obstacles (e.g. bridges with narrow 

stream openings) and often cause consider-

able pondage there. Such local displace-

ments are likewise unknown in this area. 

In the case of embacle conditions no 

higher water levels are encountered than 

for an ice sheet. In the winter of 1962/63, 
the ice sheet receded on Feb. 18 to below 

Donauworth. From Feb. 18 to 20, the water 

level dropped from 210 to 100 cm. The wa-

ter level at Schhfstall dropped in a simi-

lar manner. After a further spell of frost 

from Feb. 23 to March 5, the higher water re-
suiting from the thawing of the snow did not 
arrive until March 13 and 20, with two peaks 
of 325 and 350 cm at Donauwbrth and of 525 
and 550 cm at SchKfstall. The fact that this 
rise was not affected by ice is proved by 
the flow hydrograph of another water level 
not influenced by an ice sheet. In this lat-
ter case the same water level movements were 
encountered without any preceding ice sheets. 

Observations for other years also show 
that detachment of an ice sheet or of exten-
sive bank ice causes no difficulties. 

4. Ice Conditions in Pondage Areas 

a. Pondage Areas without preceding flow street-
ches. 
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On this point comprehensive empirical infor-
mation is available from the chains of power 
stations that are in operation. An unbroken 
sheet of ice forme first in the lower part 
of the pondage area with a Blow flow of wa-
ter at temperatures of about -VC. As the 
temperature falls further, the ice sheet 
grows upstream at a rate of about 500 m/day; 
the thickness of the ice also increases. The 
power station inlet channels always remain 
ice-free, as do the outflow channels for 
some distance below the powerstations. As 
the frost becomes milder, the ice sheet 
thaws rapidly from upstream to down-
stmam. Hence there is no danger that pos-
sible thaw spates will come up against 
large ice sheets in the pondage area, as by 
that time the ice cover has melted, if not 
entirely at least for the most part, espe-
cially in the main channel. This is demon - 

strated very clearly by the extent of the 

ice cover of the Winzburg pondage area in 

the winter of 1962/63. On March 7 the ice 

cover was already melted, while the water 
reached its mean level only on March 10. The 

ice cover has no'influence on the water le-

vel in the pondage area. 

b. Pondage areas with preceding flow stretches. 

Here the processes described in the fore-
going section are superimposed on those in 

the open river, i.e., the drift ice arriv-

ing from upstream will form an extension of 

the ice cover in the pondage area and build 

up an ice sheet similar to that in the open 

river. In the flow stretch above the pondage 

area, the same water levels will occur as 

were previously derived for the event of a 

stationary ice sheet. In the pondage area 

itself the fluctuation of the water levels 

is not so large. Here pondage rising to 

about mean high water leyel must be reckoned 

with. The stationary ice sheet will be 

broken down by the ice being pushed into 

the pdRage area. At the same time the ice 

cover there will break up; according to ex-

perience hitherto this will happen so early 

and rapidly that the embacle process, i.e. 

the drifting of the ice sheet built up in 

front of the ice cover, is not hindered. The 

weirs are no obstacle to drifting in the 

downstream direction and therefore cannot 

cause ice displacement; nor do they hinder 

movement downstream of substantial ice 



sheets. A precondition for this, however,is 
that water can flow over the weir gates, 
i.e., it must be possible to lower them or 
they must be equipped with hinged shutters 
such as are planned for the Bertoldsheim 
weir. The fall over the weir simultaneously 
breaks up large ice floes so that no not-
able amount of drift ice will arrive at the 
next barrage. 

At this point it should be emphasized 
that this statement can be regarded for the 
time being as being valid only for the 
stretch of river under consideration here. 
Whether and to what extent it also applies 
to pondage areas on other stretches would 
have to be examined for each individual 
Case 

5. Forecast of Ice Conditions in the Area of the 

Bertoldeheim Danube Barrage 

Now, what conclusions canbe drawn from the 
foregoing data for the Bertholdeheim Danube bar-
rage? 

a. Development of the ice sheet abye Bertold-
sheim. 

First of all, the following computation is 
intended to provide information on how the 
ice sheets would have developed in the 
years 1900 - 1963, if the Bertoldeheim bar-
rage had existed at that time. 

The Bertoldsheim Danube barrage is lo-
cated at kilometre mark 97.8. For the 
building up of the ice sheet it was assum-
ed that in the pondage area an ice cover 
had formed up to kilometre mark 94. With 
the previously derived equation S = 0.115 . 
t (km), we first computed the ice sheet for 
the winter of 1962/63 on the basis of the 
drift ice arriving from upstream. 

By analogy with the preceding presen-
tation this gives a picture of the ice con-
ditions on the GUnzburg - Bertoldeheim 
stretch and shows how the drift ice would 
have built up on the upstream side of the 
ice cover. 

Now let. us consider the diagram of 
the two ice sheets; on the one hand the 
actually observed ice sheet above Welten-
burg (including the subsequent calcula-
tions), and on the other the fictions, com-
puted ice sheet above Bertoldeheim. We can 
draw the following interesting comparison: 

In the period from Dec. 24ato Dec.31, 1962, 
the ice sheet at Weltenburg became 37 km 

longer, while that at Bertoldsheim would 

have grown 12.6 km; similarly from Jan. 12 

to 25, 1963, the growth figures are 72 and 

39 km respectively, and from Feb.l to 7, 

1963, 30 and 12 km respectively. Altoget-

her the Weltemburg ice sheet grew 139 km 

as against 63.6 at Bertoldeheim. 

The stretch of river from ainzburg 

(at that time.the last dam on the Upper 

Danube) to Weltenburg is 145 km long, and 

that from Gtinzburg to Bertoldeheim 70 km. 

Hence the increase in the ice sheet is 

roughly proportional to the length of the r-

ver stretch (139 :63.9 = 2.2; 145:70 . 2.1). 

215 

From this it can further he concluded that 
the ice sheets which will build up above the 
Bertoldsheim barrage will be analogously 
proportional to the ice sheets above Welten-
burg is 170 km long. Now that tLe first sec-
tion of the Upper Danube hne been completed 
to the Faiminger barrage (Danube kilometre 
mar 42.4), the free-flowing stretch above 
Bertoldeheim is reduced to 55 km and thus 
comprises only a third of the Ulm-Weltemburg 
stretch. 

If now the ice sheets recorded for the 
years 1900-1963 on the etrett of river 
above Weltenburg are converted at this ratio 
of 3:1 for the open stretch above Brrtold-
sheirn, we obtain the length of the ice sheet 
above Bertoldeheim. 

The calculation carried out here presup-
poses that substantial drift ice formation 
on the upper stretch of the Danube also re-
sults in an ice sheet at Weltenburg. That 

this is true is shown by the graph in which 
the number of drift ice days at DonauwOrth 
and the length of the ice sheets above Wel-
tenburg are plotted one below the other.Only 
in a 
was 
v er, 
was 
that 
1 km 

few years with drift ice nt ronauworth 

there no ice sheet at Weltenhurg.Hawe-

in order to cover these years, too, it 

assumed in a theoretical examination 

the ice sheet above Bertoldeheim grows 

on each day on which drift ice is ob-

served at Donauworth. The assumption of a 

growth rate of 1 km/day seems justified on 

the basis of the previously determined va-

lues, since only drift ice of slight to me-

dium thickness can pass the Weltenburg Nar-
rows without forming an ice sheet. A more 

exact computation was not possible, because 

no data are available on the thickness of 
the drift ice for earlier years. So this 

examination can only round of the picture 

previously obtained. 

b. The influence of water levels. 

again 
years 

We determined the influence of the ice sheet 

on the water level previously, that is, a 
maximum rise of 150 cm, on the basis of the 

water level recordings at Donauworth and 

Schafetall. This applies similarly to the 

ice sheet in the free flowing stretch above 

the Bertoldsheim pondage area. It was 
fore further computed what water 
would have been encountered at the 
worth river station, if the drift ice 
1900 - 1963 had built up an ice sheet up 
Donauworth. Without bothering you with 
computation process, I would like to draw 

attention to the values in the just column, 

which give the maximum water levels, in-

cluding 150 cm for the rise due to ice. The 

statement made in connection with the exami-

nation of the ice sheet, that when an ice 

sheet exists maximum levels of 320 cm will 

be attained at Donauworth, in confirmed. 

With regard to the probable water le-
vels in the pondage area and the forms 
ice movement, may I refer back to what was 
said previously. 

In eumming up, I would like to refer 

to the graph with which the ice sheets in the 

1900 - 1963 ought to have been calculated. 

there-

levels 
Donau-

in 
to 
the 

of 



According to thin grarh, there would have been 
about 25 years with ice sheets extending as 
rule 10 to 20 km in an upstream direction, and in 
about five canes they would have reached the 
nearest town, Donauwbrth. However, danger to real 
estate on the banks need not be reckoned with, 
because in spite of the rise due to ice the water 
levels will remain below the mean high water mark. 

6. Experience in the first winter after the com-

missioning of the Bertoldsbeim barrage 

a. The ice sheet in January 1968. 

The Bertoldsbeim barrage was commissioned 
in September :'467 and had to undergo its 
first test with an ice sheet in January 

First of all, the situation is illua-
:-Jtted by a plan of the lay-out. The bar-
rage is located at river kilometre mark 
97.8. Above it extends the pondage area, 
which i3 enclosed by dams and has a width 
of up to 3C0 m. "Mile on the left bank of 
the river the barrage is extended by a high-
water dam reaching far upstream, on the 
right the dam ends a more 5 km above the 
barrage,to allow high water to flow into the 
hinterland.There are river gauging stations 
at the end of this dam at kilometre mark 
92.8 and at kilometre mark 91.8 a short 
distance below the mouth of the river Lech 
at Marxheim. 

Jan. 8 marked the beginning of a frost 
Period with tempratures between -10° and 
-25°C. First, ice formed at the banks of 
the artificial lake and then an unbroken 
ice cover which on Jan. 12 extended to ki-

lometre mark 95.6, that is, a distance of 
about 2 km. Also on Jan. 12 drift ice ar-
rived from upstream, building up 

This
the  ice 

sheet to about kilometre mark 89. ice 
sheet also caused a rise in the water le-
vel of 50 cm at the gauging station at the 
end of the barrage and of 150 cm at the 
Marxheim river station. With the sudden 
rise in temperature on Jan. 15 - over 20°C 
warmer - this ice sheet rapidly began to 
move and penetrated into the upper part of 
the pondage area. 

Owing to the extraordinarily rapid 
rise in temperature, at that time the ice 
cover of the artificial lake had not yet 
thawed, so that at the gauging stations the 
water level rose a further 40 cm. But just 
a few hours later, the ice cover on the 
artificial Lake was successfully broken up 
by allowing part of the stored .water to 
flow off. This freed the way for the ice 
masses into the broad part of the artifi-
cial lake and the water subsided to the 
normal level in quite a short time. In the 
evening of Jan. 15, the drifting ice began 
to float over the' weir. This continued al-
most 2 days, while at the same time the wa-
ter level rose considerably. The only dif-
ficulties that arose were in the operation 
of the power station, where the ice inflow 
blocked the power station inlet channel and 
the machines had to be stopped from time to 
time. The ice flowing over the weir was 
broken so small by the fall over the weir 
that it caused no trouble in the lower 216 

stretch of the river. Even at the construe-.
tion site of the next barrage about 10 km 
downstream almost no ice blocks were obser-
ved. 

b. Conclusion and Summary 

If a comparison is undertaken of these ice 
conditions with previous investigations -
the latter date from earlier years - en -the 
whole a high degree of agreement can be es-
tablished. Drift ice and sheet ice bring no 
particular dangers. The critical point is 

the penetration of the detached ice sheet 
into the pondage area. When the ice cover 
there is broken - and this was the case 

within a short time despite the unusual 
weather conditions - the ice can be allow-

ed to move downstream without any further 

risk. 

On the basis of our experience and for 

the regulated stretch of river under consi-

deration, we are of the opinion that nothmg 

should be done to disturb ice formation on 

the pondage areas. Any measures to break 

the ice and make it drift downstream are to 

little purpose unless a thaw has set in and 

the ice is melting. Pondage areas at the 

end of a free-flowing stretch of river will 

always give rise to special problems, which 

must be examined in the light of local con-

ditions. But by holding up drift ice they 

relieve the lower stretch of river and re-

duce ice sheet formation there. 

I am unable to judge to what extent the in-

vestigations described here are also applicable to 

other river stretches. I should hr pleased, 

however, if it should prove that I have made a 

positive contribution to the problem of barrages 

and ice conditions in general. 
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HYDRAULIC RESEARCH OF ICE REGIME CHANGES ON A RIVER DUE TO 

WATER SCHEME CONSTRUCTION 

By BRACHTL, I. 
Water Research Institute, Bratislava,Karlovesk6 9 

Pes vome 

Peam43aUnA noAmoro npoexTe MGHROT pexsw TO-

geHMR. 3THM cnocobom 6m x3secTnan nepemena splutter() 
pexxma pexx Oboe enecexa B nepxoA moposa B rpanx-
uax sepxnero H xxxxero TO140HPIR soAnoro npoexTa,oco-
6exxo BO BpOuR xorAa BOABAROTCR .716A NAM AOHHIA AbA 

n pexe. 

C nououuo rPApayzmgocKnx mccne,Rosanxn sosmo-
ISO onpeAefixTh mecTo Ha xoTopom byAeT marpomomAaTb-
cx AsA, xoTopmil neceT pexa, H AseT B031101HOCTb Ayg-
wero BOHRTHR AelicTexx paanmx map perpixposammx ma 
Toxiimmy narpomomAennoro AbAa x ma meAenym iaccy B 

rAYtmlle PeKH H Ha xeX, xoTopmg aaAepxxsawrce ma 
Aposax, xoTopme 3enen5mich rAe-To B pexe. C nomo-
whm rmApsywiecxxx mccneAosammA ?dome() paccmoTpeTbx 
OaaHHT6 pa3H618 Marbl H cnocoOm mansinyxxxxx B soAnom 
npoeKTe, xoTopma mmeeT 3a ue.u. BMABAMTI. peaepsyaps 
PYxase peKH oT npoxoAa AbAa. 

The city of Bratislava has been jeopardized 
by summer and winter floods. At summer floods the 
Danube water level increases relatively slowly, 
thus enabling to ensure at least the most urgent 
safety measures. Winter floods are much more 
hazardous, since after an ice jam occurence water 
level immediately begins to rise, very often by 
several meters.Bratislava was jeopardized in last 
years in 1947 and 1956 when at a discharge of 
1200 m3/sec. or 1700 mi/sec.water level increased 
to a level, corresponding to discharges higher 
than 9000 m3/s (Fig.l, 2). During the historical 
flood in February 1850, when a part of the city 
was ruined, water level increased nearly two MP-

tree above the level of the nowadays quay. 

The longterm observations of ice phenomena 
in the Bratislava region of the Danube have shown, 
the ice jama endangering the city regularly occur 
in the sharp bend downstream of the town, in the 
km 1863. 

The project of the Danube utilization down-
stream of Bratislava considers the reservoir con-
struction near Hru4ov. The backwater of this re 

Summary 

The regime of a stream will be change by 
construction of water scheme. Thus an expressive 
change of the winter regime of the river would be 
induced in the frosty period in the reach up-
stream and downstream of the water scheme, espe-

cially when ice or frazil ice run occured. 

Hydraulic research should make possible to 

determine the place where the ice, brought by the 

river, would deposit and enables to better under-_ 

stand the effect of different regulation measures 

on the thickness of deposited ice and frazile ice 

mass and on water level at ice jam rise. By means 

of hydraulic research it is possible to consider 

and evaluate different measures and ways of mani-

pulation in the water scheme, the aim of which is 

to loosen the reser'r and backwater end from 

ice run. 

,servoir should reach up to the periphery of Bra-
tislava. 

With regard to unsatisfying present state of 
safety as far as the ice floods is concerned and 
with respect to the planned reservoir construdinn 
and its expected effect on the river winter regime 
the possibilities of protection of the city were 
.tested by means of a hydraulic model. A model in 

the scale 1:200/75 was used, with stabile bottom, 
representing the reach from the km 1860 to the km 

1878. The flood plain was also -demonstrated on 

the model, so that the water level course in the 
model could have been verified in the range from 

-800 m3 to 10,400 m3/s. 

The first experiments with simulation of ice 

jam, being expected in the region at the end of 

the reservoir backwater, were performed in winter 
time and natural ice was used.The water level was 

fixed at the elevation 131,50 meanwhile the uni-

form minimum discharge flew into the reservoir.In 

the course of the night an ice cover 7 mm thick 
appeared on the water surface of the reservoir. 
The ice thickness in the model cannot be converted. 
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'to reality; width respect to the channel width thP 
conditions of similarity could not be taken as 
fulfilled. The Danube channel remained unfrozen as 
influenced by the streaming water and thus, close 
to the river bank only, the border ice was created 
from the km 1864 in the upstream direction(Fig.3). 
Then we began to dose the ice flops into the mo-
del prepared in this way. The ice flops used ap-
proximately corresponded, as far as their size is 
concerned, to the ice-frazile ice flops occuring 
during the ice run on the Danube. The required 
amount of the ice was obtained by crushing the 
thin ice from the near lake to a suitable size. 

We began to dose the ice flops into the mo-
del in the km 1878 at a discharge of 860 m3/e. 
During the ice run the water level rise was ob-
served due to the increase of the reniotance. 

cee':f,.cient. Close to the km 1867 the drift - ice 
began to accumulate at the end of the ice cover, 
the ice layer grew thicker, the discharge profile 
was getting reduced and the water level quickly 
increased. The course of ice-jam forming is shown 
in Fig. 4.After half-hour duration of the experi-
ment, corresponding to almost 12 hours in the 
reality, the water level got stable, whereby it 
increased by about 2,5 m in the km 1870. 

After the ice-jam was built up in this way 
the discharge was increased to 1500 m3/e, mean-
while the drift-ice dosing went on. The higher 
discharge caused even more intensive ice- floes 
accumulation. The ice layer thickness increased , 
the ice-jam front drifted towards the km 1864, 
where a mighty ice barrier was created. Water le-
vel reached the level of the summer flood of 1954, 
the discharge being 10,400 m3/s and got stable 
after a half-hour. 

with respect to the model size and ice- co-
ver thickness in the reach of the backwater end 
it could not by expected that ice-jam release 

could be attained by means of the water level mai-
pulation within the reservoir,or due to increased 
discharge to the mddel. Therefore a 100 m wide 
path was cut through the reservoir ice cover in 
the route of the streamline. The drift-ice was 
skimmed through this path into the reservoir and 
in the reach of Bratislava the water level got 
stable a little above that of summer time at the 
same discharge (effect of border ice). 

The experiment described sustained some of 
our presupposition (site of the ice-jam origin, 
longitudinal shape of the ice-jam, effect of the 
increased discharge on the ice-jam stability,....) 
though it is taken only as a qualitative one. Work 
connected with this experiment was rather cumber-

some and measurements completely dependent upon 
We have, they-pfore, 

(PE) for simulating 
as 

and 

meteorological conditins. 

decided to use polyethylene 

of ice run. It has the same specific gravity 

ice. Chipped waste PE was used, its shape 

agglomeration being more similar to the true 

drift-ice than PE balls of cylinders. Though it 

was proved that even when PE was used for ice si-

mulating, it was not possible to establish the 

height of the ice-jam by means of the study on 

hydraulic scale model, it was possible to deter-

mine the site of the most probable ice-jam origin, 

the course of the ice run and to consider the ef-

fect of respective training works on ice run from 

the threatened river sections. 

As to be able to cope with respective 

problems we have appreciated in the first place 

the course of the surface velocities in the Danu-

be section studied (Fig. 5). From this course a 

velocity decrease in the bends downstream the 
bridge is evident. Unfavourable streaming in bows 
(the streamline hits ono the right bank of the 
low bend) and velocity reduction to this region 
make possible the ice-jam creation. As far as the 
ice-jam origin in field is concerned, it is as 
follows: 

River bank ice begins to accumulate on a 
mighty leftside gravel bench in km 1863, thus gra-
fually reducing the streamline. Frazile ice floes 
transported by the Danube follow the concave bank 
between kme 1865 and 1864 and in extension of the 
embankment line they cross the river towards the 
right Danube embankment, hit onto it and partly 
get stuck to it.During longterm frosts the frazap 
ice floes get joint, hit on the embankments, get 
compacted or larger cakes are broken from the ri-
ver bank. If such large pieces of ice comes into 
the relatively narrow channel with a reduced sur-
face velocity the ice bridge develope,growing very 
quickly thus creating the base of the future ice-
jam. 

It is quite evident that we cannot antici-
pate similar ice-jam development on the model. We 
have no possibility to join different parts of the 

material, used for ice simulating. we therefore 
had to help the ice-jam development by installing 
a net at the end of the model, in the km 1860, 
which would hold back the transported "ice", and 

this would fill the channel in the upstream direc-

tion. Thus the reach studied between the km 1862 
to km 1870 was filled with ice without any local 

intervention. After the channel was filled with 

ice to about the km 1877 the water level in the 
model was let to etabilize.When water level stabi-
lization was achieved the ice thickness in each 

500 m in the whole section was measured. Then the 
net, retaining the ice mass, was removed from the 
downstream end of the model and channel release 

was observed at respective channel training 
works.(Fige.6 and 7). In this way five different 

training works were tested on the model for Myth 

caeee: natural Danube water level and water level 

swelled due to the water scheme. 

Following conclusions can be drawn from 
this study: 
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1) The sharp double bend downstream the city 

interfere the ice run, and brings about 

the ice-jams and jeopardize the city of 

Bratielava.In this bend the surface ve-
locities decrease occurs the channel be-

ing expressively narrowed by the leftside 

mighty gravel bench.Further narrowing 
has been caused by the accumulation of 

border ice to the gravel bench. 

2) Some excavation works in the channel and 

dredging of gravel benches to the eleva-
tion of the water level at a diechargeof 
860m3/8 did not improve the ice skimming 

through this Danube reach. Freezing of 

the lanUbe occurs at decreased and low 

dischergps.Excavation of benches contri-
butes to an additional surface velocities 

decrease thus enabling the development of 

the ice cover. Ice-frazile ice floes , 

transported from the upper reach of the 

flat gravel benches and get stuck there. 
Water level increase due to the ice- jam 

development does not practically increase 

the discharge profile and the regulation 
measures of this character were not pro-



ved as very effective. 

3) The river bed widening to a width of 170m 
resulted in a better release of the city 
periphery. At this training work a suffi-
cient water layer remains under the ice 
in the Danube increases the ice cover 
gets lifted and floated away. 

4) A marked improvement of str►aming condi-
tions bringing about the release of this 
reach of the Danube from ice is to be 
achieved by dressing and deepening the 
bend between the km 1862 to 1865. Uniform 
and relatively straight channel can be 
considered as optimum with respect to ice 
and summer floods (?ig.8). 

5) Protection of the city of Bratislava 
against ice floods could be provided also 
by means of a bypass. In this case it 
would be. of course necessary to be able 
to govern the discharge in the bypass 
channel. Without this possibility the by-
pass would either unfavourably effect the 
bedload regime of the stream or the high 
intake sill would prevent the decrease 
of the water level,caueed by the ice-jam, 
developed above the bypass channel out-
let should bp, in any case, situated in 
a suitable distance downstream the double 
bend, as to prevent the deterioration of 
the present state. 

6) In the case of the water scheme construc-

tion downstream of Bratislava the fre-

quent ice floes accumulation at the end 

of the reservoir backwater should be ta-

ken into consideration. Still before the 

thaw it would be necessary to cut through 

the reservoir ice cover a path towards 

the tow of the accumulated ice. Thus the 

ice-jam would loose its support and it 

would be possible to lift the ice muse 

by means of water level increasing in the 

reservoir and to convey it into the re-

servoir by means of a sudden repeated 

decreasing. 
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WIPEAFZEHhE OCHOb AAR RPOrH03A 3AWIEHMR BOACACTAHAJIMI4 
HEROTOPMX rpc HA AYHAE Y ErolIPKTORAX 

KHz. MAPYIHECKY rABPLIZA - Rum. CTONECKY XELIA 

Pea iome 

1. VamepeHma, npoBeAeattlau Ha nocmy Opmoia Ha 

p../synak, muca)ummech BaBemeHHMK aanocos, ABARtxrcAAID-

CMaTO4Hmmm AAR npcsepxm OFIKAmMeHmi 6aZaHCa xaHocos 

Ha BloCumx cmaitumax. 

name4aeTcR, 4T0 nporHos RBAeHmn memexelma 

moplamorteal pyc.n AyHaR paarpomoxaeHmem a :ie./teatime 

Bopomu, npomaBoAmmcit Ha oCHOBOMBH rmApozormqecxmx 

3AeUeHTOB DT cmanaWA B KoHUB BoAompaxmAmms. 

2. rpaxyaomemlmqecxxe mpmeme om Opmona ymasm-

Balcor, qmo rpanyAomempmqeclotk cocTaB BoBewentimx Ha-

HOCOB ABAJtemcA Owiee TOHKHM gem mime no &Halo, Ho 

npm cpasxmmeahmom anuAstee m3meHenm0 Ha Axxxe soAo-

TOKa OTOT BmBoA AsAxemen Aorm4Hwit. 

Mmail BBRAy TOT CtaKT, 4T0 B Opmose cymecm-

Byem Ooxismoe monmxtecmso B8BTmX npoO, mornm npoms-

BoAmmb mmameRbHmii axanme rpaxyAouempmttecxxx coors-

BOB. 

,IAA nporxoou attnexmA oaep, oOpasyemmx Ha Bo-

Aomoxax aarpomowAemmem, HyNcHo o6A3amexbxo msyqmmb 

wiemeHTM, mapaxmcpmaymme ecmecmBeHx0 pestmas BoAo-

motto. 

B Hacmostmem coofteHmm Mb] attaxmompyem xecmozb-

x0 oAemettToB (mymHocms x rpaxcocTaB HaHOCOB, HOCH-

WAX B BBBeMeHHom COCTORHHM, BOAOTOKOM) nonpodyA 

(popmyAmpoBamb Hexqmopme  c000pamettmA oftero xapax - 

Tepa na ocHosammm memepetimMi ppoBeAexxmx ZIM omAe-

Re rmApomempmm 143 M C n X, Ha p.Aymae H Ha npmmo -

max. 

Oco6exHo Mb] aHaAmbxpyem peeyAbmamm,noRyttettxue 

Ha nocmy OputoBa Ha p.AyHae, muesli BBmAy mx sHameHmA 

ARA npornooa mopqoAcruttecxmx mometteHmil,momopme no-

RBATCA B pycAe pemm cosAattmem rmApoomepremmqecmok 

x cyAoxoAnoR CHCTemM "iieJteeHme BopoTa". 
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Summar yt 

1. r.easurement carried out at the station 

Oriiava upon the river Danube corresponds to the 

measurements of alluvium and serves for the control 

of alluvium balance at the upper stations. 

It is mentioned that the forecasting of the 

bed morphology changes phenomenon of the Danube 

near the Iron Gate is carried out on the basis of 

hydrological elements from the stations at the end 

of accumulation lake. 

2. The Granulometrical curves from Orz6ava 

show that the granulomettical composition of weig-

hed alluvium is thiner than that upon the up 

part of the Danube,but when the comparative analy-

sis of changes along the total length of the water 

stream in carried out that result is logical. 

Having in view the fact that in Or5ava 

there is a larger number of picked up samples,a 

through analysis of granulometrical compositions 

could be carried out. 

1. gameoeHme mymHocmx BOAM H pesynlmamm. xacaxMate-
CA BBBEMOHHEX HaHOCOB Ha nocmy 0pmoBa Ha _p.Avitte 

Eme c 1947 r. HaReAm npomasoAmms Ha omom noc-

my cmcmemammlecitme mamepexma BeBemexHmx HaHocoB. 

AAA oapeAenexmx MyrnocrM exeAseputo npomasoAAT-

CA BBRTMe npod B 9 TO4KaX Ha npocrimxm, a tateattto B 3 

BepmmttaAbxmx Tottmax, namoAAwmxca y 6epera, Ha 0,25 

H 0,5 me mmottim mot m B 3 monmax - nottepxsocal,,ce-

peAmma, AHo - no maxAoit Bepmmitaam. 

Cymoqmax MyTHOCTB onpeAensemcA FMK CpBAHHB AB-

BATmX nyHmmmpyemmx myTxocTek. 

B nepmoA 1963-1965 rr. npomaBoAxamcs KOHT 

poxhisme mamepeHmA no 5 BepmmmaxAm. flpM cpasttenmn 

cpeAmetl gymxocTm no cemenstm, noxygeHmott no 3,coom-

BeTemBexmo 5 BepTmxtaARm noxygm.rocb xopOmee coena - 
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ItyRomeTp17c.1 m p,1,cxo;;ou AAA OTAeAbHWX Hi o0 He uorxm 

AOcTao.amTi. Romero CLOTHOMOHItA (nvmAoxemme 9), BO 
UOrAH eeM04aTb, 4TO AAA uazembxxx pacx0Aox peCTOT 
KOAH4eCTBO MELICHI,HMX 4.1 11X14170. 

IITOOW mmmomli. mcmee 3Ty mAem opeAcTaBuzx HOAX-
MeCTee ITEIH:00 4. CI e BammcmuocTm OT pacxoAa AAA 
cpeAmmx HeAH417H no mmTepmazau s 1000 us/cex. (npx-

zoxemme 10). B OTOM czykiae °Hem'. Homo 4TO AAA pac-
xoAos MeHbWe 4e cpe.amme pacxoAm, xpHime ymezmum - 

Ramon x uaRemLxmm pacxoAau. ZAA pacxoAos 150ssme 

win pammwx co cpeAmmu pacxoAom. 

AAPTCA OTriCCPIT..!:LHO COCTOAHMIWA H MOIMO omepTaTs 

°Amy cp•AUIDIO xpmoym. 
HueR OB11.1:zi, 4TO npu amazaae uopctozorm4ecxxxxs-

um11emz1 pycza aoAuToma aarpaxAemmeu oco6emmo mmTeo-

pecmm cpeAmme H OcAbwme pacxoAm, OyAeu aaHmuaTIcit 

oTmm. 

Ha 3TOA CTUMLII:ls rpamyRomeTpmm muzeOaxer uaxAy 

oTHocriTonomo invi,mitmv npeAmitaxm. 

AAA yuembwemmil OTHX npeACAOH um nonpoftmanmpaa 

ABABTL 3TOTeaeop Ha BOHM POSAH4H0a 060CCeMOMBOCTM. 

B npmnoxemmm 11 

rpOrtyZOMeTrOO Al-

npeAcTaaaemw xpmmme obecnegen-
mocrx rpaivitomeTIL:1 AEA paulimx xapaterepmmx AmaueT-
p OB. 

nOTouy, LITo obecnegemmocTb npeAcTLoAema xoop-

AHHOTOMM rafCCO a KPBBUe ARA paommx AmaumTpos AB-

222 

AAMTCA OpRiadMA, BWTOAReT, 4TO pacnpeAenamaa AsaA-

•TCA mopueou.mmu. 

He 2Toro rpCaxa morza onpeAeztaTb xpaame pas-
s011 06mcnegammocTx AAA cuaTaemaix pacxoAos. 

AAR oriecneqemmocTx B 90 a 95 npouexTosaTa xpx-

'We ALUM m npm.noxemxm 12. Ha OTOn xe Amarpauue 
ogeptiema m xpmman, COOTBEITCTByMeR o6ecneneHmocTxx 

50 npouexToB. 

3Tmu xe o6pa3ou amailm31:pomaAH 11 HBuspenmR,npo-

mameAmmmme Na c..aHuHRx 136111HISKy-Lb1E48 Na p. OAT A 

Paxonym H8 p. 0MpeT. 

AAA peKH CmpeT, He muemmaR B amaxmampyeuoil 80-

HO npaToxoa, xecyw:x 002),WHe HeHOCM B masememmouco-

cToRmum, nonoxemme RBBReTcR noxoxmu C Tem Ma Opmora 

(npailoxexxe 13). 

Hpa pexo OAT, HAteWBWA BbMe PWMHHIty Bunqa 3me-

qMTUJIL,HUa npwrox (AoTpy) B 3oHe 6oRbwa BtICOTM Mi-

HMX Hap -11iP, Rp1.15We AAR 60AbWHX Amauempoo npeAcTas-

JIRMT nepenou (npwloaexxe 14). 3TO OCIACHAeTCA 

4TO Bo spemm naBoxxom oco6oe moRmgecTmo 
Kpynsoro 

uaTepHaRa meceT AoTpy. 

AAR noRcHemHR Bbmecxasammoro, Ha ocHooammx Ao-

nontiTeAtHmx mauepemmq s xapaxTepmmx nepHoAaxTpanc-

nopTa mallocoB, nompoOyeTcR pa3Aezemmenp06, 
cooTmeT-

cTBylommx 060101 48CTAM HIMABOCI. 
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C YI C 0 K 

ymacTmaime Y KoHloPepemuld npmAyHaAcialx cTpaH no mApozorwaecimm 
nporHoaam 

L 1 S T 

of participants at the Fifth Conference of the Danubian Countries 
on Hydrological Forecasts 

A. CrIeUMELahHO 1103BEIHHMe rOCTM: 

Specially invited guests: 

1. Dr N.A. Bochin Sekretarijat HD - UNESCO - Paris 

2. Dr T. Palas - Sekretarijat CHy - WIA0 - Zeneva 

3. Dipl.Ing. Simeon Sinieonov Sekretarijat Dunayske 
komisije Budimpegta 

B. npeAcTaskiTexim HaIWOHEIABHMX KOWITeTOB MPS, 

Representative of the National Committees of IHD: 

4. Dipl.Ing. Hanz Schimp , president NC IHD 

Austrija - Wien 

5. Dipl.Ing.Aleksandar Petrov,sekreter NC IHD -Bugarske 

6. Dr Ing. ikUla5 Balco,sekreter NC IHD 6SSR Bratislava 

7. Prof.Dr Ing.Wilhelm Fridrich, president NC IHD FR 

Germany - Coblenc 

8. Dipl.Ing. J.Szilagyi, Menber HC IHD Hungary - 
Budapesta 

9. Dipl.Ing.Constantin Jonescu, member NC IHD 
Rumunie - Bukurest 

lo. Dr P.I. Miljukovl sekretair NC IHD SS3R - Moskva 

11. Dipl.Ing,Liilun Ivanovi6, president YC IHD 
Yugoslavia Beograd, 

Prvi Bulevar 104 

12. Dipl.Ing.Gradimir BoHo,sekretair IC IHD Yugoslavia.

Beograd tzgrada: SIV-II 

Prvi Bulevar 104 

13. Dr Ing.Radmilo Markovio,member YC IHD Yugoslavia 
Beograd,Bir6aninova 6 

14. Dr Ing.Slavoljub Jovanovio,member YC IHD Yugoslavia 

Beograd,Kuraulina 29 
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15. Lir Ing. P.iilorad Miloradov,Beograd,Vele I:igrinovc 26 

B. OcTaablime placTmocm: 

Other participants: 

Austria: 

16. Dipl.Ing. Frithum Franz, Landesregioning,Klagenfurt 

17. Dr '.7eissel -n-

18. Dr Ing, Thomraser Ferdinand - - - 

19 . Dipl.Ing. Franz Josef, lolo Wien,Stubenring 1 

2o. Dipl,Ing.Gruber Otto,Bundesstrombanamt, Wien 

21. Dipl.Ing.Ernst Glessl,Hydrographisches Zentralbiro 

im Bundesministerium,Wien 
Marxergasse 2 

22. Dipl.ing.Kurt Schimunek, Osterreichische Donaukraft-

werke, A-loll Wien,Hochaus 

Gertenban 

23. Dipl.Ing.Urban Anton 

24. Dipl.Ing.Marek Gerhad, Linz 

25. Dr Ing. Kresser Werner, Technische Hochschule, Wien 

Karlsplatz 13 

26. Dopl.Ing. Gutknecht Klaus - Dieter -"-

27. Dip.Ing. Doleisch Manfred 

28. Dipl.Ing.Pruzsinszky Wolfgang, It 

29. Dip.Ipg.Knauer Kurt, Verbundgesellschaft, Wien 
Am Hof. 6A 

3o. Dr Cehak Konred, Zentralanstalt ffir Meteorologie 
and Geodynamik,Wien,Hohe 

Warte 38 

31. Dr Hans Jurgen Liebscher, 54 Koblenz, Kaizerin 
Augusta Aul 15 

32. Dr Ing. Hinrich Helmut -"—

Bulgaria: 

33. Dip.Ing. Stefan Stefanov, Sofija 

340 Diplaing.Gergi Gergov, Sofija 

oSSR: 

35, Dipl.ing.Sacherova Dagmar, Hydrometeorologicky 
ustav Brno 
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36. Dipl.Ing. Ivan Kunsch, Hydrometerologicky ustav 
Bratislava 

37, Dipl.Ing. BlaZej Nather, VUVH,Bratislava, 
Karloveska 9 

38. Dipl.Ing.Gabriela Babiakora, Hydrology and 
Hydrooulies Inst. SAS, 
Bratislava,Trnayska 20 

39. Dipl.Ing.Iudovit Molnar 

40. Dipl.Ing. Viliam Strauss 
'I 

41. Dip.Ing.Jaroslav Grban, Hydraulic Research Inst. 
Praha., Pod Terobkon 13 

42. Dipl.Ing. Zeleni Vaclav, Vyzkumny ustav melioraci, 
Praha, Molostrenske nom 2/25 

43. Dipl.Ing. Hladky, Bratislava 

Hungary: 

44. Andras Salamin, KOVIZAG, Budapest VIII,Rakocziut41 

45. Dr Ing.Laslo Goda, Danube Comision,Budapest VI, 
Benczur ut 25 

46. K. Bodi, VITUKI, Budapest, Rakoczi ut 

47. P. Bartha 

48. Zsuffa Istvap, Baja 

49. Kranitz Istvan, Baja 

Fed Rep. Germany: 

50. Dr Urlich de Haar, NC MHD,Bad Godesberg,Kenedy 
allee 4o 

51. John Alfred, Rhein - Mein - Donau AG, MUnchen, 
Leopold st. 28 

52, Ertl Walter, H 
MIS 

53. Dipl.Ing.Denker Martin, Bundesvarkehrsminiterium 
B o n 

54. Tuhrmann Hugo, MUnchen 2, Blutenburg Str, 6 

55. Dr Ing.Gerhard Mundt, Donaukraftwerk Jochenstein AG 
Pasoan D 839 Innstrape loa 

56. Dipl.Ing. Krisch Herbert 
ti 

11.1.1 ••=11,

57, Volk Joseph, Bayer Londesstelle fUr Gewesserkunde, 
MUnchen,Princregenten 
str, 24 
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58. Dr Schultz Gert, Coblenz 

59. Dr Orel Slfred, Kelag 

Ruertania: 

6o. Dipl.Ing. Marinesku, Bukure6t 

SSSR: 

61. Grema M. Mihailova, Gidrametcentr SSSR,Moskva, 
Bolgeviskaja 13 

62. Analolij I. Subotin, 

63. Meri I. Haskina 

64. Vasilij I. Saponikov 

65. Anatolij G. Levin 

66. Natalia S. Ne6aeva 

/I 

67. Tatjana V. Earkarevi6, GGI, Lenjingrada Vasilevski 

ostrov, 2 N 23 

68. Nina A. Aniskina 

69. Raisa P. Kaznina, Gidrometobservatoria,KrenenCug 

7o. Svetlana P. Pan6evka 

Swis s: 

71. Jensen Molger, Hydrologie, auerich, Voltastr 24 

YtigoslAt.;itt : 

72. Dipl.Ing. Vladimir Bi6ani6,"Elektroprojekt", 
Zagreb, Kupska bb 

73. Dipl.Ing. Ognjen Bonacci, Republi6ki hidrometeoro-
lo5ki zavod, Zagreb, Gri6 3 

74. Dipl.Ing.Oavlek Eugen, Geodetski fakultet,Zagreb, 
KaCioeva 26 

75. Dipl.Ing. Lvko "koklayski,Gradjevinski fakul-
tet, Skoplje 

76. Dr Dragomir Djukanovi6, "Jugel",Beograd,Balkan-
ska 13 

77. Mr Dipl.Ing.Branislav Djordjevi6, Institut 
"J. Cerni", Beograd,Vele 
Nigrinova 16 

78. Dipl.ing.Miodrag Bonnovi6 If 
ger1 Iwo 
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79. Frof.Inp; Ver6on, Grad jevinski fakultet, 
Beograd 

3o. Dr Ing.Dragutin ialgkatirovie 

81. Dipl.Ing.Bojkovi6 Lalivoje, Institut "J.Oerni", 
Beograd,Vele Nigrinove 16 

82. Dipl.Ing.Volf Zvonimir 

33. Dipl.Ing.Opricovi6 Serafim 

84. Dipl.Ing.Rauf Diakak 

to 

35. Dipl.Ing.Vecelin ToH6, RepubliCki Hidrometeoro-
loki zavod, Beograd, Buleva 
JNA 3 

86. Dr Jovan Popovi6 

37. DiploInts. Predrag D-Inikov 

33. nlosav Ocokovie 

39. Tatjana Djordjevie 

It 

9o. DraZeta Radivoje, Savezni hidrometeoroloi5ki zavod 
Beograd, Bir6aninova 6 

91. Dipl.Ing.Stevan Prohaska 

92. Dipl.Ing.Vojislav Vukovie 

93. Dipl.Ing.l.dilorad Radakovio 

94. Dipl.II:lg.Djordje Ili6 

95. Dipl.Ing.Mihailo Andjeli6 

96. biihailo Stankovia, Republieki hidrometeorologki 
zavod, Sarajevo, HadZi Loje 4 

97. Dipl.IngoLojze Ostanek, Republiai hidrometeoro-
logki zavod, LjubljanalRest-
ljeva 18 

98. Dipl.Ing.Feiderik Levicki, RepubliCki hidromete-
orologki zavod, Ljubljana 
Restljeva 13 

99. Dopl,Ing.Zdravko i.muni6,"Energoinvestu,Sarajevo 

loo. Dipl.Ing. (2,eljko 

1010 Dipl.Ing.Reuf Bearovie lRepubliaa komisija za 
vodoprivredu,Sarajevo, agribija 
br.3 

9 
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1o2. Dipl.Ing. Yomnlo Eilovanovia,Zdrueno vorlo-
privredno preduze6e,":;a7a", 
Beograd, Jvetozara corovioa 15 

l03. Dipl.Ing.Dane Andejevski,RepubliCki hidromete-
orolonci zavod, _;koplje 

1o4. Dipl.Ing. Velizar Popovi6 "Energoprojekt", 
Beograd, Brankova 4 

1o5. Dipl.Ing. Dragan Andrejevio 

1o6. Dipl.Ing. Borivoje Djokovi6, Beograd. 
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HOCWITHE ITZPO?HEPPETHT-IECHOI CHCTEDU H 01/40X0AH01 CHCTEIY4 
"41(EPAAE" 

UPOFPAMMA HYTEMECTBM 

15 Max 1969 r. BexrpaA - oT6mTme aBTo6ycom B 5 IlaC.00* 
OT rOCTHHIIM AO npmcTami 

nplicTaliB - oT6mTme B 

KJI ,g0B 0 - npiibmnre B 12 -qa c•00. 

dOeA.pium, HotieBKa B rOCTHHH_ 
flAy.epAant/ 

- B TelleHme Aim ocmoTp rDc Agep-
Aan. 

16 Max 1969 r. KJIaAoBo - saBTpax 

OT6LITHe aBTo6ycom B 7 qac.P). 

HeroTHH - KpaTmel oTAmx 

Cmtlepo - 06eA 

nocze o6eAa noceigelme ruApo-
CTaHUHH CHLIeBO 

HHmxa Balm pram H HOgeBKa 

17. maH 1969 r.limma BaHR - 3aBTpaK 

HHm - nocxe 3aBTpaxa ocmoTp ropoAa 

- oT6HTHe B 9 Ilac.00. 

- no Aopore He6oaBmme OCT@HOBICH 
H xpaTicoe o6bncxeHHe o pery.um_ 
posice peRH Bezmica mopaBa 

OnJrexan - o6eA, oemoTp namsiTinma 

- oT6mTue B 

FexrpaA - npii6mTme B 19 uac.00. 
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HOCEUHNE 3HEETETINECK01 CMCTUWII ITEEMMUMIN H ZvE20141-THHA 

RPOITAMVA HYTEMECTBMq 

14. mal 1969 roAP BezrpaA - OT6MTHe noe3Aa B 22 maca 38 mmm. 

noe3A M 804

15. mal 1969 roAa CapaeBo - npm6mTme moeciAa g 6 gac. 51 
- OT6MTHe ' u B 8 n 08 

moe3A M 1902 

MVH. 

15. Mal 1969 roAa fixome - npmibmTme B 11 gac 58 MHH. 
- OTBe3A aBToycom B Zy6b0BHHK 
- pa3meigemme B rocTuJimmIle uNynaPH°
- o6eA, plarm, mogeBxa 
- nocae o6eAa ocmoTp ropo,g . 

16. mal 1969 roAa Ay6poBmmic - 3aBlipaK, o6eA, ynxMH, H011eBKO 
- B Tegemme Ana HOCE7EHHE 11-V3 

TPEBRIEHMA 11 plc AVEPOBHHE 

17. matl 1969 roAa )1p5p0Bmmic - aanTpam, obeA 

mocxe o6eAa cxo6oAmoe ppema tr 
ocmoTp OCTp0B xolcpyw 

- oT15-1.Tme ma BOB3a.11 rproge aBToOycom 
1500 

o6HTme noe3AL 1602

18. Mai 1969 roAa BenrpaA - npu6mTme B . 6 gac 32 MHH. 
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VISIT TO THE HYDROPOWER PLANT, DAM AND LOCKS, UNDER 

CONSTRACTION, AT IRON CATES ON THE DANUBE 

PROGRAMME OF THE JOURNEY 

15.5.1969 Belgrade - departure at 5,30 h by dus from the 

hotel to the port 

port - departure at 6,00 h 

Kladovo - arrival at 12,00 h 
- lunch, dinner, lodging 
- in the afternoon visit to the 

builiding - site 

16.5.1969 Kladovo - break-fast 
- departure at_7too h by bus 

Negotin - short stay 

KnjaZevac - short stay 

Sidevo - lunch 
- after lunch visit to the HP Si6evo 

Ni5ka Banja - arrival, dinner and stay for the 

night 

17.5.1969 Nis6ka Banja - breakfast 

Ni5 - visit to the town after breakfast 

- departure at 9,0o h 
- stay and brief explanations on the 

river regulation scheme of the 

Great Morava 

Oplenac 

Belgrade 

- lunch 
- visit to the monument 

- departure at 17,00 h 

- arrival at 19,00 h 
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VISIT TO THE POWER PLANTS TREBINJICA AND DUBROVNIK 

PROGRAMME OF THE JOURNEY 

14.5.1969 Belgrade 

2arajevo 

- Departire at 22,38 h by the train 

No 80 
- arrival at 6,51 h 
- departure at 8,08 h by the train 

No 190 

Plo6e - arrival at 11,58 h 
- transport ty bus to Dubrovnik 

- accomodation at hotel "Kupari" 
- lunch, dinner, stay for the night 

- in the afte*noon.visit of the town 

16.5.1969 Dubrovnik - breakfast, lunch, dinner, stay for 

the night 
- Trechnical programme 
HP Trebi6njica and HP Dubrovnik 

17.5.1969 Dubrovnik - breakfast, lunch 
- in the forenoon free and visit to 

the town 
- departure by bus to the train 15,00
- departure of the train 16,02 h 

18.5.1969 Belgrade - arriva] at 6,32 h 

h 
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