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This is the English translation of the summary from an applied demonstration project report. The 

I original full-length report is in Russian and follows the English report. 
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Project Summary 

Purpose and Scope of Project 

The purpose of this project was to develop a computer modelling program to provide short- 
term forecasts of flood movement in the Amu Darya River. At present the Aral Sea problem 
is typical of the problems facing the planet, especially in the Central Asian countries. The 
main water sources for the Aral Sea are the Amu Darya and the Syr Darya rivers. The water 
from these rivers is used intensively for the economic sectors in the Central Asian countries. 
In order to use it efficiently and manage it optimally during operations, a 1-5 day advanced 
forecast for the Amu Darya flow (the Tuyamuyun Reservoir inflow) is required. 

Many researchers have tried to develop a model showing the changes in the Amu Darya's 
river flow during flooding. The resulting models did not meet the accuracy requirements for 
hydrological forecasting due to the very complicated hydrological process. The initial 
information is not sufficient for the detailed equations of the Saint-Venan-type model. The 
simplified models of Kalinin-Milukov or Maskingam do not take into account that the flood's 
lag time depends upon water discharge. 

Project Results and Findings 

During this project the "reservoir model" for river flow in an unstable channel was used. 
The model is based on the non-linear relationship between water discharge and the river 
channel's hydraulic parameters, taking into account the Amu Darya channel's high level of 
instability. The "reservoir model" allows water discharges in the lower reaches to be 
calculated based on known water levels and discharges in the upper reaches. The main 
advantages of the model are the dependence of flood lag upon flood discharge and the use of 
standard observations made at the hydrologic stations as primary model parameters, which 
simplifies its adaptation to a real water body and facilitates its further use. 

When the model was first tested on the Amu Darya River in 1992, it showed good correlation 
between the measured and calculated hydrographs, which indicated good prospects for 
positive results on this project. 

As is well known, the technology for hydrologic forecasting requires that predetermined 
values be obtained at precise times and at the lowest possible costs. This package of programs 
was developed to reduce costs by simplifying work for staff. The programs are designed for 
specialists with different qualifications and include a hydrologic model and hydrologic 
database. 

The forecast's lead time is determined by the long distanc on the river between the Kerki 
gauge line and the Darganata gauge line (434 krn), with th : flood peak's lag-time being two 
to five days. 



The following work has been completed under this project: 

A hydrological database adjusted to river reaches has been developed. 

Programs for visual analysis and statistical processing of the measured 
hydrologic data have been worked out. 

Flow data have been transferred to magnetic tapes and checked by 
matching hydrographs. 

. Essential water use information for the middle Amu Darya River has 
been collected and shown in the summary table. 

Methods have been developed for adapting the hydrologic model to 
different information systems. 

Numerical experiments were conducted to assess the compatibility of 
the forecast method for the Arnu Darya River during the period of 1985 
- 1996. . 

Technology for automated forecasting using computer programs has 
been developed. 

The results of numerical experiments for the period of 1985 - 1996 showed that it is possible 
to use this project's results for short-term forecasting of the Amu Darya River's flow in the 
Darganat section and for inflow to the Tuyarnuyun Reservoir. The forecast method was rated 
95 percent accurate according to W. Juemou's method, based on the World Meteorological 
Organization's standards (see W. Juemou., 1994, Methods for VeriJication of Hydrological 
Forecasts WMO / TD - No 61 7 )  and 82 percent accurate according to Uzbekistan's system, 
based on up to a 10% deviation from actual discharges. The efficiency constituted less than 
0.29 for the whole period, where 0.75-0.8 is rated as satisfactory, 0.6-0.75 is good, and less 
than 0.6 is excellent. 

Application of Results 

The results and the hydrologic model could be used in water management agencies for 
research on modelling river flow during flooding. 

The results of the project could be used in the future for: 

developing forecasting methods in other basins 
modeling optimal water use 
river channel balance calculations 
modeling the movement of pollutants in the river 
building a network model for the river basin 



Greater detail on what these uses entail is provided in the full-length report. 

For the best use of the project results it is necessary to distribute the program package and the 
model description among the main users, the hydro-meteorological services of Turkmenistan 
and Uzbekistan and the BVO "Amu Darya." 

The results may also be used to develop an optimal water use regime, for example in 
calculating the movement of pollutants along the Amu Darya or developing a forecasting 
method for the Syr Darya River. 

The program package and the hydrologic model are also recommended for use by water 
agencies to: 

develop the optimal water use regime in the Amu Darya basin and 
coordinate it among different water agencies and the Central Asian 
Republics. 

carry out control evaluations of water protection measures, for example 
calculating the water balance along the river considering water users 
demand on the regional level, or determining the water resources 
deficit in the Amu Darya basin. 

Potential Impacts 

The results of this project may help in addressing controversial issues related to computations 
of water balance and flow in the Amu Darya basin. 

Utilization of the model during regular flow periods will improve the operating regime of the 
Tuyzmuyunsk hydro unit and reduce the wasting of water, and improve the water 
management regime in the lower Amu Darya River. Using the model for calculating river 
flow during flooding will aid in developing methods for optimal water management of the 
middle Amu Darya, by imitating the work of water diversion operations under any given 
conditions of water use. 

The results of this project could be used to assess the influence of water-saving technologies 
on the water regime of the Amu Darya and to improve the environmental conditions of the 
Aral Sea basin by saving water. 

RegioniJ Cooperation 

Regional cooperation took place under this project through the open exchange of hydrologic 
information between the hydro-meteorological services of Uzbekistan and Turkmenistan, and 
in consultations on the best way to present computer programs and the hydrologic model. 



HOBbIE 
HE3ABIiICEiMbIE TOCYWCTBA 

OTFIET 

C. Mamo~- OKTR~PL 1996 r. 
Delivery Order 08, Task B 



iii 

iii 

iii 



2 Bo~osa6op (V) E3: CGPOC (S) KOMeKTOPHO - ~ p e H ~ H b M  BOA 1 - 19 
no Ae6aGc~o~y Benomy 3a nepHop, 1991 - 1995 r. ( M ~ / c ) .  



1) 

M m e ~ a m u u e c ~ o e  MOgeAUpOBaHUe U COBpeMeHHble M€!lYlOgbl 

rugpoAorusecKux pacremoB u R ~ O ~ H O ~ O B " ,  IO. M. A~HHCOB, 
C. B. MR~KOB. Tp.CAHMTMM 

" ~ e ~ a  u ~ o ~ m m m e p " ,  C. B. MRIXOB, ra3e~a  "npaB~a  BOCTOK~". T~LUK~HT, 
22 MapTa 1996 r. 

" ~ 3 r ~ g  u3 K O C M O C ~  na n y c m w t 1 ,  C. B. MRIXOB, ra3e~a  '7Ipa~Aa 
BOCTOK~". T~ILIK~HT, 18 MIoHR 1996 r. 

"3ma s a r a g o s ~ a ~  ~ ~ y g a p b d ' ,  C. B. Marxo~ ,  r a s e ~ a  " n p a ~ ~ a  B o c ~ o ~ a " .  
T~IIIK~HT, 30 HK)M 19C"j. 

" The Problems of Water Stora.je in the Desert", S. V. Myagkov, 
L. Shayahova, at the FRIEND seminar, WMO Publ. 

"A Model of the Forecast of the Drainage water", S. V. Myagkov, at the 
3rd USMCIS Hydrological Seminar. Tashkent, Sept. 1996 

iii 



r. ropa 

II. nroijr~a 

lI. IIOCT 

HYDATA Hydrological qata processing and analysis system developed 
for use on IBM and IBM - compatible personal computers, 
software from the Institute of Hydrology Wallingford 
Oxfordshire OX 10 8BB UK ( C m ~ e ~ a  rqqonormecnm 
AaHHbIX ) 





I P ~ ~ Y A ~ T ~ T ~ I  ¶MCAeHHbIX 3KCIIePHMeHTOB 3a IIepHOA 1985 - 1996 rO&,bI 

IIOKa3ahM B03MOXHOCTb MCIIOAb30BCWHR Pe3yRbTaTOB I IpOeKTa  &@5I 

I 
KpaTKOCpO¶HOrO I IpOrHO3a  CTOKa f h y ~ , a ~ b M  B CTBOpe AapraHa~a M lIPkITOKa K 

T Y R M ~ I ~ H C K O M ~  B O A O X P a H E L U T ~ .  Me~op, I I P O l Y I O S H P O B ~  6b1~ 0 4 e H e H  K a K  

MeTOA, HMeIOIL@ 95% TOPHOC'IW 110 CHCTeMe OJJeHKH Y. X~MO. B 

I 
OCHOByCHCTeMM X ~ M O  A e r M  CTaYqapTLI  B C ~ M ~ O B O ~ ~  M ~ T ~ P ~ O A O ~ ~ C K O ~ ~  

o p r a ~ ~ 3 a q ~ r n "  (pa6o~a Juemou, 1994, b Iethods for verification of hydrological 
forecasts WMO/TD - NO 650 ). B COO: BeTCTBMEI C CMCT~MO% C T ~ a p T E . I 3 ~ H M  

I 
y36emc~ma, , & , ~ H H ~ I ~  MeTOA 04eHMBlL&CR, KaK M M ~ I o I I J ~  82% T0PHOCTE.I. 

Y 3 6 e ~ c ~ a . z  CHCTeMa OCHOBilHa H a  B03MOXHOCTM OTKAOHeHEZ B 10% OT 

@wmmec~oro pacxoAa B O ~ .  ~ C @ # I ~ K T ~ I B H O C T ~  p a 3 p a 6 0 T a H H 0 r 0  MeTopla  
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OCHOBH~R 4em pa6ola1 IIO I IpOeKTy  - 3TO pa3pa60~a~b MeTOA rrpomo3a CTOKa 

P e K H  A ~ y ~ a p b m  I I O ~ B O M I O ~ H ~ I  C ~ ~ ~ A ~ W O B ~ ~ M ~ H H O C T ~ I O  OT O # E € X  A0 IIRTH 

C ~ T O K  I I ~ O ~ H O ~ H P O B ~ T ~  pacxop, BOWI B c T B o p e  ,A,apraHa~a zit I I ~ ~ O K  K 

TIORM~IOHCKOM~ BOAOXPaHHAHJUy. &GI HaEZR.ySIIIer0 I IpeACTaBAeHEB 

pe3YRbTaTOB p a 6 0 T b 1  H ~ O ~ X O ~ M O  6 b I A 0  pa3pa6o~a~b K O M m e K C  IIpOI'paMM, 

I I O ~ B O A S I O ~ H ~ %  paC9XTbIBaTb  I I P O r H 0 3  CTOKa H a  IIePCOHaAhHOM KOMIIbIOTePe B 

OIIePaTHBHOM P e X M M e .  





I I o m  BCR ~ p o r p a @ m e c ~ a  c e n  Gacceka M a p m  CocpeAoToPeHa B 

~ O P H O ~  ¶aC?.r;z. OT CILEIRHHX peK Baxm U &- AMy~apbX HMeeT IIpE;PTOKH 

TOALKO H a  npoTzmeHm 180 KM, Ha O C T ~ R ~ H O ~ ~  qacm peKa pa36kfpae~cx Ha 

opomeHHe, TepReT BOW Ha HcnapeHHe H @ E L Z ~ T P ~ E ~ [ I O .  CTOK pem AMyp,apm 
@OPMHPY~TCR B OCHOBHOM CTOKOM PeK Baxm H &H$,X. CTOK 3TEM p e K  
06pa3ye~cx 3a CW2T TiUIHIGI Ce30HHOrO CHWa H BbICOKOrOPHbIX A e v O B ,  

~ o m e f i  B BeceHHe - oce~mfi  nepHoA. 



Ha P a c m e  OT T e c H m m  k I R b m ~  AO II. A a p r a ~ a ~ a  ,a,omHa pem npno6pe~ae~ 
XOPOILIO BbIPCiXeHHJ7'IO x p k 1 ~ 0 0 6 p a 3 ~ y 1 0  QOPMY. UHPHH~ A O M H b I  B I IpeAeAaX 

2.0 - 4.0 KM. Eepero~b~e 06pb1~bI CAOXeHbI B OCHOBHOM KOHTMHeTaRbHbIMH 

TpeTMXHbIMH OTAOXeHHRMH, KOTOpbIe IIpeACTaBAeHbI ~ o w e f i  XeATOBaTO - 
CePbIX PI XeATbIX JECKOB, PbIXhbM IIeCWGfMKOB. PYCAO P e K H  cna6o H y M e p e H H 0  

H3BWUXCTOe, y M e p e H H 0  pa3BeTBAeHHOe. ~ P O T O K I ~ :  H OCTpOBa BCTpe9aIOTCB 

PepfcO. % OTIIENHe OT BePXHkM YWICTKOB n p e o 6 n ~ a e ~  r n y 6 ~ ~ H m  3P03kIR. 

n0 CTOKY B3BeILIeHHbIX HaHOCOB m a p b ~  3aHHMaeT O m 0  H 3  I IepBbIX MeCT H a  

3eMHOM LIIape. Ee CTOK I I P e B n C X O m  CTOK Hma H B BepXHeM T e q e H H H  

n p E I 6 ~ 3 E T e ~ b ~ o  P a B e H  CT0K)I B3BeUIeHHbI.X HaHOCOB P e K H  KoAo~Z~,A,O B AeAhTe, 

npo K O T O P ~  aMepI;rKaHqM oepas~o r o B o p m  , TO ee " ~ o ~ a  C ~ K O M  r y c T a ,  

w06b1 ee lIETI7;, I-3 CAHLUKOM X w a ,  m06b1 I I ~ x ~ T ~ ~ ~ .  ~ O A O B O ~ ~  CTOK B3BeIIIeHHbIX 

HCiHOCOB Y r. Kepm B C p e M e M  COCTaBRReT 200 MN3.T. 



I 
Ha y%lCTKe OT r. K e p ~ I 4  A 0  %ip@0y B MHOrOBO,A,HbIe H 6m3me K CPe,A,HeMY 110 

I 
BOWOCTH rOJ,bI I I P O H C X O W  HeKOTOpOe yl3eAWIeHHe CTOKa B3BeIIIeHHbIX 

HaHOCOB K K O H W  YTiCTKa  ( p a 3 M b I ~  ~ Y C A ~ ) .  B MaAOBO,A,HbIe CTOK HaHOCOB 

IIPaKTKCIeCKM O,A,HHaKOB. 



ymy6ne~-lrme, B TO B p e M R  K a K  B ApylTfX H ~ O ~ O ~ O T ,  OTMeTKa Ma PeKM 

IIOBbIIIIaeTCX.  TOT I IPOqeCC HeI IpePbIBHO IIP0AOA)RaeTCR kI o ~ Y c A ~ B A H B ~ ~ T c R  

~ o R ~ I I I M M  KONMPeCTBOM B3BeIIIeHHbIX kI BAeKOMbIX IIO ,t$3y HaHOCOB. 

Y ~ e r n ~ ~ a e ~ c a  pacxop, BOW, a B M e c T e  c HHM M CKOPOCT~ T e q e H z m  EI: IIOTOK 

BO,A,bI I I O w H M a e T  CO wa IIeCOK kI IIepeHOCPiT er0 H a  ,Z@JTOe MeCTO. CHHX~~TCR 
pacxop, M CKOPOCT~ BOUI M ~ a ~ 6 0 n e e  T x x e m e  9 a c T H q b I  O c e A a m T  H a  wo. 
T ~ K M M  06pa30~ #I0 PeKkI  HaXOAEzTCX B IIOCTORHHOM mHaME;meCKOM I IpOqeCCe .  

A 3 T 0  IIPHBO,?QIT K TOMY, UTO IIPM OJ,FfHaKOBbIX YPOBHRX B O W  M O X e T  6b1~b 
pa3JM?I~b1ij[ PaCXOA, M 0IIET.b p a c n e ~ ~ b ~ f i  paCXO,&, B O W  OTMFIaeTCR OT MCTEfHHOrO. 

B fhy&,apbe %KT0 H ~ ~ M O & X ? T C X  I IpOqeCC p a 3 M b I B a  #3a PeKkI  l l p M  CHlDKeHEIE3: 

CKOPOCTH BO&,bI, T O  Ka3ClAOCb 6b1 IIPOTEfBOPePEzT 3aKOHaM lTQpaBhl.IKM. HO 3TOT 

npoqecc O ~ ~ R C H R ~ T C R  r r e p e M e p e H H e M  IIPOAOALH~IX n e c m m c b I x  rpm IIO -He 

p e K H .  

~ O C T  K e p ~ a  p a c n o n o x e H  B qexrrpe K ~ ~ K H H C K O ~ O  oasmca, ~ 6 ~ 1 3 3 k I  x e ~ e 3 ~ 0  - 
A O ~ O X H O ~ ~  CTaHU,MM K e p m n .  npJ&lera~oJUM MeCTHOCTb IIpeACTaBAReT ~060fi 
C A ~ ~ O B C X O ~ L M ~ ~ H I ~ Y I O  PaBHkIHY, K O T O P M  H a  3HaYE;ITeAbHOM PaCCTORHMH OT PeKLl  

no ~ e ~ o 6 e p e x b m  r r o c T e r r e H H o  nepexom B n e c Y a q n o  ~ C T ~ I H I O .  A o m a  pem 
HeRCHO BbIPElXeHHaR. npmo6epex~asr I I 0 f i ~ a  ~ ~ ~ 0 f i  0.1 -0.4 KM, AJTOBM. 

AeBb16  6eper y K p e n n e H  B O , A , O ~ ~ ~ E I T H ~ I M I ~ I  A ~ M ~ w M .  06a 6epera n o p o c ~ ~  
OCOKO& KaMbIIIIOM, TPOCTHHKOM. 





& ~ 0 6  IIpIFXHH06 RBllRIoTCR P e 3 K H e  H3MeHeHE.IR PaCXOAOB BO,A,bI B TePeHHH 

CYTOK H OTCYTCTBHe 60~ee PaCTbIX 110 BpeMeHH H J,AHHe P a C T K a  ~ 3 ~ e p e H d ,  

KaK H ~ o ~ x o ~ ~ J ~ M o ~  YCAOBHe HCIIOAb30BaHHR B AaHHOM MeTOAe CTCiHAapTHbIX 

KPHBLIX A O ~ ~ I ' ~ H M R  lTyacco~a XZAM B ~ ~ O ~ ~ O C T H O ~  K P H B O ~  Eypa~osa. 





I 
?. npo~ep ,e~a  ~ a m a q ~ x  rmpo~orznec~ofi MoAem K IIapaMeTpaM pem 



r ~ e  Wj - 3a11ac BOW H a  j -TOM P a c T K e ,  

Qjl Qj-1 - B ~ I x o ~ $ I J H ~  H BXO,&,HO~~ PaCXO,&&I B O W  COOTBeTCTBeHHO, 

p j - IIpI.rrOK H a  ycIaCTKe ( C ~ P O C  ,QeH?iXHbIX BOA, OCE@,KH H AP.), 

Vj - n o T e p n  BOWI ( B O A O ~ ~ ~ O P ,  X c n a p e H H e  M ~ p . ) .  



 TOT IIO&XOA H e  ~ p e 6 y e T  o ~ I , H o ~ H ~ ~ H o ~  33aMCHMOCTEI XaPafCTePMCTMK IIOTOKa OT 

~ ~ O B H &  BO,&,bI B P e K e ,  T.K. &MI HeYCTaHOBHBIIIerOCR TePeHEI5I HeAb3R B B O m  

AOlIJ?UIeHHe 06 O,A,H03HaqHOCTEI CBR3H PaCXOAOB C S O B H R M H .  



rAe A - I I A O ~ ~ , A J ,  nonepeworo c e q e H m  n o T o K a ,  

Q - pacxoW1 B O A ~ I ,  

t - mar pacse~a no B ~ ~ M ~ H H .  





1.4.2 Memogaz a g m a q u u  mogenu 

,&AE TOqHOrO peUIeHEE3 T ~ ~ H C ~ O ~ M ~ M M  TtaBO-a Heo6xopiMo 3HaTb BCe 

CocTaBmim~Ixe BoffHoro 6ma~ca H a  pacneTHoM F a c T K e  pew. Ho B 

onepamHoM pemMe 3 ~ a  nrpo6~e~a pemaeTcx He BcerAa. I ~ O ~ T O M ~  ,A,AX 

pacseTa npor~03a 6 m  ~b16pa~b1 napahelLbHbIe I I O P ; X O ~ .  



,&AS ~o~osa6opa  Zi c6poca KOMeKTOpHO -ApeHtUKHbIX BOA TaKHCe BOSMOXHO 

IIPHHRTb Cpe,A,HHe 3Ha¶eHHB,  HO B B W Y  H ~ K O T O P O ~ ~ :  He3aBHCkIMOCTH 3TIM 

I I a p a M e T p O B  OT IIPMPO,A,HbIX IIPOqeCCOB H ~ O ~ X O ~ M O  IIPOBO- KOPpeKTHPOBKY 

C y.IeTOM BllkIRHMR 06weii: CETIyZlIJMH. 



K O M ~ I A ~ K C H ~ I B  IIOAXOA. ~ A ~ B H M M  KPE?TePHeM I IpOrHO3a  R B M e T C R  er0 T09HOCTb. 

~ O ~ T O M Y  PjUT IIOBbIIIIeHHR T09HOCTH IIPOr'H03a AYgIIIe HCIIOAb30BaTb 

K O M I I A ~ K C H ~ I ~ ~  IIOp;XOA, I I P H  KOTOPOM H3BeCTHbIe COCTaBIIRIOJUHe YgETTbIBaIOTCS. 



,&U B O , A , H O ~ ~ A ~ H C O B ~ I X  paCW?TOB G~ZILI.I HCIIORb30BaI-IbI C P e m e M e C S I H b I e  

3HaqeHHR ~o~osa6opa  H c6poca KOMeKTOpHO -,qXHCiXHhur BOA. 

M C I I O A ~ ~ O B ~ R E I C ~  AaHHbIe  IIO TeppE.ITOPHH T ~ K M ~ H M C T W ~  IIO A e G a G c ~ o ~ y  
BEAORTY ( ~ ~ I B L I I ~ R  %~~&KoYcK~R:  o6~acl-b) 3a r r e p H o A  199 1 - 1995 roAa, 
~ o & , o s a 6 0 p  K ~ ~ ~ K ~ M C K O ~ O  H AMy6p a p c K o r o  K a H m a .  B ~ a 6 .  2 n p M s e A e H b I  

I I a p a M e T p b I  ~o~osa6opa  H c6poca KOlvreKTOpHO -ApeHCl3KHbm BOA. 

XpaHeHMR, II~PBENHOG 06pa60m H O ~ ~ C I I ~ P ~ H M I I  ~ M C T P O ~ O  AOCTyIIa K 

A~HHLIM 6bna pa3pa60~a~a 6a3a A~HHMX. p a c s e T a  n a p a M e T p o B  M o A e m  



TaGnklrqa 2 Bo~osa6op (V) $3 C6p0c (S) KOMeKTOpHO -P;PeH=HbIX BOA no 
AeGa6c~o~y  Benomy 3a IrepMop, 1991 - 1995 r. [ ~ 3 / c ]  





H H ~ M ~ P ~ H H ~ I X  e x e w e B H r m  p a c x o A o B  BO,A,M B cmope ,A,aprma~a. 3 m e ~ ~ a  
xopomas c x o ~ ~ o c n  060m m p o r p a $ o ~ ,  oco6e~1-10  rip^ I I p o x o q e H n k I  

GOUIIIEM IIaBOmQB. 

river : Amudarya station: Darganata year: 1994 

Jan Feb Mar Rpr May Jun Jul Aug Sem Oct NOV Dec 

'-/ ....... measured - conputed 

npra pa3pa60~~e BOC O O X ~ ~ H H L I X  M ~ ~ O I I ~ E I R I Z . I ~ %  B 6acceCke AMy,qapmi 
peKOMeH,&,yeTCR HCIIC lLb30BaTb I Ipepr l lmaeMyIo  ~ P O A O I T F T e C K y I o  MOAeAb 

a1111po6aqm HOB= i&eTO$,oB Eiz IIPHPOAOXPaHHbIX T ~ X H O A O M ~  i[ BBbIBPJ3HMSI 

knr cna6b1x CTOPOH. MCIIOR~~YFF pacgemym cxeMy BO~MOXHO pacwrram 
ripoqecc T ~ ~ H C @ O ~ M ~ ~ E M  3arpx3~mxqm B e m e c m  IIO m e  pem A ~ y ~ a p b H  c 







Ha PHC. 6 IIPeJ,CTaBAeH pac¶e~EIbI$I r ~ q p ~ r ~ a @  HeBX30K BO,&,HOrO 6 w c a  Ha 
y s a c T K e  Kepm - Aaprma~a 3a rrepxop, 199 1 - 1995 row. B ~ ~ A ~ H C O B O M  

y p a B H e H -  6~ YgTeHbI  ~0~03a60p H a  opomeme, C ~ ~ O C  KOMeKTOpHO - 
ApeHWKHbIX BOA, H C I I a p e H H e  C ~ 0 ~ 0 2  IIOBePXHOCTH. 3aMeTHM1 ¶TO 

" y a c a q H o H H b r e  pa3~0c-m 6o~ee  B c e r o  ~ a 6 m p , a I O ~ c r r  B rrepl~opp~ pesmtx 
I I a B O ~ O B b I X  CKa9KOB. 

Jan Feb Mar Rar May Jun Jul Rug Sea O c t  NOU D e c  

Pmc. 6 rpacf?knc H ~ B R ~ O K  B o w o r 0  6 m c a  H a  y s a c T K e  Kepm -Aaprma~a. 
~ O C T ~ O ~ H  C HCIIOAb30BaHHeM MOAeRbHbIX paC¶eTOB. 



I 
3.1.4 MogenupoBanurr mpancnopma 3arp113~1~mqux 

I B ~ O A ~ L Z I E I H C T B ~  c A y g a e B  6accefi~ p e K H  I I p e p p a B M e T  co6oH ceTb IIOTOKOB 

( p e ~ H  H K ~ H ~ A ~ I ) ,  O C O ~ ~ H H O  B 3 0 H e  HCIIORb30BaHHR CTOKa. H a n p ~ ~ e p  PePHLVI 

I 
c e T b  B QepraHc~oH A o m H e ,  % i p n ~ ~  - Axa~rapaHc~kIH 6acce&, A e / ~ b ~ a  

A M Y & ~ P ~ H  B n p H a p a / ~ b e  kI ApJTHe. B 3TOM CAJWae MOAeAb IIPeACTaBllReTCR B 

B m e  COeAHHeHPiS F a C T K O B  p e K  kI KaHaAOB. r ~ e  6 0 ~ 0 ~ 0 6  IIPEITOK H a  OTJ,eRbHOM 

I 
JWaCTKe BbIpCDKaeTCR B B W e  B b I X O ~ J I J W O  PaCXOAa C J,pJTOrO. ~ O A O ~ H ~ ~ I  

CHCTeMa 6b1na npe,A,cTasneHa w X O P ~ ~ M C K O ~ ~  O ~ A ~ C T H ,  Myagkov ( 1995 ), H 

no~asana xopomne pe3y~b~a~b1. 







&i3a AElHHbIX IIPeP,CTaBRReT ~0601% KOMILheKC IIpOI'paMM PjLR IIePCOHaRbHOrO 

KOMIIb IoTepa  mna IBM C o I I ~ ~ ~ I J H o H H o ~ ~  c m ~ e ~ o f i  MS-DOS. Ijasa 
c ~ a 6 x e ~ a  C H C T ~ M O ~ X  " HELP - WINDOWS", 9TO II03BOAEIT I IOAb30BaTeNO pexe 
0 6 p a 1 q a ~ b c R  K TeXHlEleCKOMY OIIHCaHHKl. 

n e p e ~ o ~  AaHHbIX B QOPM~T ASCII H o6pamo ( ~eo6xopf.1~ PjLR 

CBSI3H 6a3b1 P,aHHbIX C A p p M H  CHCTeMaMkI, ASCII - American 
Standartd Code for Information Interchange, h e p ~ ~ ~ c w i 6  
C T ~ H A ~ P T H ~ I I ? ~  KOP, H H @ O P M ~ ~ M O H H O ~ O  0 6 M e H a ) .  



MMR @ a h a  COCTOMT k13 HmeKCa CTBOpa kI paCIIIT?fpeHkIR, KOTOpOe RBRReTCR - 
KOAOM x p a ~ k ~ ~ o i j [  HH@O~M~IJH.IM. Oa6.iu=1 A ~ H H ~ I X  coAepxaTcR B ,AypeKTopna 
RUNOFF. 

*.run - AaHHbIe 0 eXepT-IeBHbIX PaCXOAax B O W ;  

. lev - AaHHbIe 0 eXepT-IeBHbIX ypOBHXX B O a I ;  

*.mea -AaHHbIe 06 H3MePeHHbIX PaCXOAax BOPPI; 
upper.dat -AaHHbIe no BepXHeMy CTBOPY; 
dowadat -p,aHHbIe no HkIHCHeMy CTBOPY. 

struct STATION { 
char Indriv[9]; /* 9  cop, Bojporo o 6 a e ~ ~ a  
char River[50]; /* 50 ~ a 3 ~ a ~ ~ e  pem 
char Indst[5] ; /* 5 ~ o p ,  cTaHqkIm 
char Stvor[SO]; /* 50 Ha3BaHHe CTaHIJJXH 
float Distan; /* 4 paccToRme OT YCTM 

float Sqvare; /* 4 morqa$,b 6acceB~a 
float Zero; /* 4 BbICOTa CTaHIJHkI 
char Terry[SO]; /* 50 ~ a s ~ a ~ k ~ e  Teppmopm 
int KolZap; /* 2 KOiWXeCTBO AaHHbIX B @she 

1; 

struct DISCHARGE { 
int Year; /* rop, 



float Q[366]; /* pacxo@I, JJX BkIcoKocHoro roAa 
/* pacxop, Q [59] = - 1.0 

1; 

struct LEVEL { 
int Year; /* rop, 
float Q[366]; /* ~ ~ O B H H ,  P ~ L R  BHCOKOCHO~O roAa 

/* ypOBeHb Q[59] = - 1.0 
1; 

struct DISCHARGE { 
int Year; /* rop, 
int Month; /* ~ecrrq 
int Day; /* AeHb 
float DataQ[10]; /* 0 - 

/* 1 - 
/* 2 - 
/* 3 - 
/* 4 - 
/* 5 - 
/* 6 - 
/* 7 - 
/* 8 - 
/* 9 - 

1; 

struct DISHARGE { 
int Year; /* rop, 
int Month; /* Mecxq 
int Day; /* AeHb 
float DataQ[10]; /* 0 - JTpOBeHb 

/* 1 - pacxop, 
/* 2 - mowa,~,~, ceYeHm 
/* 3 - Cpe,A,HRR CKOpOCTb 
/* 4 - MaKCHMaRbHaR CKOpOCTb 
/* 5 - mHpnHa p e m  
/* 6 - cpeAHaa r y 6 n ~ a  
/* ? - paCXOA = F ( J  p 0 ~ e ~ b )  
/* 8 - H ~ ¶ ~ A . ~ H ~ I B  p ICXop, 
/' 9 - ~aqa/lb~bIZj[ YpOBeHb 

1; 



MAIN - M O A Y U  

basa-l.e~e - level. exe - runoff\ind-000 1 .lev 

H m e  lIpHBe,iJeHbI HeKOTOpbIe o6pa31~ 3KpaHa H 06pa34b1 BbIjJaBaeMbIX B 

B ~ I X O A H O ~  @& T ~ ~ A I ~ ~ L I ; .  B b ~ ~ a ~ a e ~ b I e  Ta6AIil4b1 B03MOXHO llPOCMOTPeTb Ha 
3 ~ p a ~ e  KoMrrbwrepa H pacDeqaTaTb Ha rrpmmepe. Q o p ~ a  Ta6~214 E I C I I O A ~ ~ Y ~ T  

$ O ~ M ~ T  I I ~ ~ I H R T ~ I ~ ~  j[ CCIiITeMbI HYDATA. 



I Year = 1986 

I ...... calculated - Darganata - Kerki 

I Jan Feb Mar Clpr Maw dun Jul flus S e a  Oct NOU Dec 

- Darsanata - K e r k i  



Jan Feb M a r  R p r  Mag Jun Jul R u g  S e p  Oct Nou Dec 

..... calculated - Darganata - Kerki 



1 ,..... calculated - Darganata - Kerki 

1991 IYz:L=Feb Mar Clpr M a g  dun Jul Rue Sep O c t  N o w  Dec n3/s 



Year = 3.995 
Jan Feb Mar Qor Mag dun Jul Rug Seo Oct NOU Dee n3/s 

I ...... caiculatad - Darganat r - Kerki 



I Year = 1992 
I Jan Feb Mar CIpr Mag Jun ' Jul Rug Seu Oct Nou Dec n3/s 

I ...... calculated - Darganata - Kerki 

Jan Feb Mar CIpr May Jun Jul Rug Seu Oct N O W  Dec 

...... calculated - Darganata - Kerki 



A Q - pacxop, BOW; 

A - IIAO~I~J,I, nonepessoro ce .se~m n o ~ o ~ a ;  
a, b - K O ~ @ @ H L J E ; ~ ~ H T ~ I  3aBHCHMOCTE.I. 



int nom [N] 
float L [NI 
float a 
float b 

[Nl 
P I  

float Qo -[N] 
float Co [N] 

int KOL - K O ~ ~ C T B O  P A ~ H O B  r ~ p o ~ o m e c ~ o r o  pma, 
float tau -War  no BpeMeHH MelKpy WleHaMH pma (cek), 
float QV - paCXOA BOPPI B HaPaRbHOM CTBOpe (~3/cek) ,  
float CV - MHHeptLAI33qE;rsI BO&I B Ha¶aRbHOM CTBOPe ( r / ~ ) ,  
float Qp [N] - 11pl-3T.o~ Ha ygaCTOK (~3/cek) ,  
float Cp [N] - ~ ~ ~ e p a n r j r s a q ~ a  n p m o ~ a  ( r / ~ ) ,  
float V [N] - ~0~03a60p  (~3/cek) .  
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