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['ENIKA

‘Eva atré Ta ouvnOEoTepa TTpoBARMATA OTNV
EMICTAMN TNG UOpOoAoyiag

To TPOPANMa  auTtd ETTIAUETAI UE  TEXVIKEC
0100guanNC TTANUUUPAC



2TNV TEPITTTWON TNG 0100gUONG OE TUNMO
, €&ival ouvnOwg YyvwoTo TO
udpoypapnua OCE €va ONMEIO TOU
udaTOPEUNATOG KOl  avalnTeital  TO
udpoypapnua oe Hia BEon TTou BpioKeTAl
OoTa KOTAVTN. TO YyvWwoTO udpoypapnua
ovopadleTal Kal (yiaTi
TTEPIYPAPElI TNV €I0000 TOU VEPOU Of €vda
OUYKEKPIMEVO TUNMO UDATOPEUMATOC) KAl TO
(NTOUMEVO udpoypagnua ovouaderal



To TpoBAnua TnG O10600gUCNG MECA ATTO
gival avdAoyo HE aAUTO TNG
0100guONg O€ TTOTAMO, ME TN dl1a@OPA OTI N
Tapoxn oTnv €000 TIPAYMATOTTOIEITAI
MECO OTTO TOV KOl OUVOEETAI
MovoonuavTa HME TN OTAOMN. H peEyioTn
OTABUN TTOU TTOPATNPEITAI OTOV UTTEPXEIAIOTH
UTTEICEPXETOI OTN OlAOTACIOAOYNON Kal TO
OXEOIQOMO TOU PPAYUATOC.



‘EoTw Ol {nreital N PETATOTTION TOU TTANUMUPOYPAPAUATOG
ammd TN Béon A otn Béon B ota KAtavrin €vOog TTOTAMOU.
Eivai, dnAadr), yvwoTO TO OAIKO TTANUMUpPOYPAPNMA OTN
0con , TTOU TTPOKANONKE aTrd pia karalyida, Kai
(nteital TO avTioTOIXO TTANUMUpPoOypApnua oTn B¢on

. Mg Tnv TTapadoxn OTI N TTAEUPIKN €I0P0N OTO TUNMO
A-B, dnAadr n amoppon TnG evdlaueons Aekavng eivai
QUEANTEQ, TO TTANUMUPOYPA@PNUO

(7:1)

1. MikpOTePN TTANUMPUPIKN QIXUA max Q4(£) > max Qp(£)
2. MeyaAUTepn didpkela Tg(A) <Tg(B) (7.2)

3. MeyaAutepn xpovikr) uotépnon UGSV REEVESSIE N IC @ I VHc)

4. ‘1310 TTANUUUPIKO OYKO 7, = "Qﬂdf : [di[ —V, (7.4)



O1 1010TNTEC AUTEG, TTOU UTTOPOUV va TTaparnenbouv Kal oTo
2XAua 7.1, o@eiAovial OTNV  ATTOONKEUTIKOTNTA TWV
QPUOIKWYV  UDATOPEUNATWY KAl  OTIC  TPIBEC  TTOU
avatmrtucoovtal. Av  Ta udartopsvuara  Oev  €ixav
QATTOONKEUTIKOTNTA, N dlaTapaxf oTnV €i0000 TOU TUAMATOG
udaTOPEUNATOC Ba PETAPEPOTAV AVETTNPEAOTN OTNV £€000
TOU TMAMOATOG, ME MIA XPOVIKI) UOoTEPNON, OTTWG YiveTal
OTOUG TIPIOCMATIKOUG avoIXTOUGC aywyoucs. Autin n
£CA0BEvVION TNG TTANUUUPIKAG aIXMAG, Opa avakou@lioTIKA
WG TTPOC TNV QATTOTPOTIN KATAOTPOPWYV aATTO TTANMMUPEG.
AvTioTOIXQ, N OTAOIOKN €EKTOVWON TNG TTANUMUPOC pEoa
ATTO TOV UTTEPXEIAIOTH) KATA TN 0100€UCn TNG TTANMMUPAG
OTOV TAMIEUTHPA, OPA UTTEP TNG ACQAAEIAG Kal CUMBAAAEI
oTNn dnuioupyia OIKOVOMIKOTEPWV KOTAOKEUWV
QTTOTANIEUONG TOU VEPOU.



Zxnipa 7.1 lMAnuuupoypapruara gicodou Q, (t) kai efodou Qg ().
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Yopoviikeg MeOooor

0] 0166euong XPNOIMOTTOIOUV TIG
eCICWOEIC a0TOBOUG pPONG OE AVOIKTOUG aywyoug
(e€¢lowoelig  Saint  Venant)., H  emidpaon T1NnG
atrofnkeuong TOU TOTAMOU TTAVW OTO KUHA
TEPIYPAPETAI ME TNV €IOWON OUVEXEIONG KAl N
EMIOPAON TWV AVWHOAIWV KOl TNG TPAXUTNTAS TNG
KOIiTnNGg ME TNV &diowon Twv pomwv (Chow, 1959,
Henderson, 1966). O eCICWOEIC AUTEC, OTNV TIEPITITWON
d100euCNG TOU TTANUMUPIKOU KUJOTOC  O€ TPAMO
udATOPEUNATOC UE
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OTTOU:

X, t o1 avecaptntec MeETABANTEC TIOU €KPPAlouvV TNV
aTTo0TAC0N KAl TO XpOovo Kal Yy(X,t), V(X,t) oI ecapTnUEVEG
UETABANTEC TTOU ek@palouv 1O PBABOC poNnc Kal TNV
Taxutnta, avrtiotoixa (Miyikou, 1990)



YOpoAoyikec MgBodol

EVEXEI TIG ESIOWOEIG OUVEXEIAG OF
YPOMUMIK| N HN YPAMMIKA HOPPN Kl TIG ESIOCWOEIG
mOoOOTNTAG Kivhong WG OXEéo€lg dvAUeoa OTnv
AaTroONKEUTIKOTNTA KOI TNV TrapoxXn n oraéun ot Tunua
TTOTAPOU 1| O€ TOPIEUTPO. 2TNV TIEPITITWON TNG OI0dEUONG
O€ TAUIEUTNPA UTTEIOEPXETAI OKOUO IO OXEON TTOU OUVOEEI TNV
TTAPOXM €5000U pe TN OTABUN OTov UTTEPXEINIOTH. [1pOoKeITal
YEVIKQ YIO aTTAOUCTEPEG EGICWOEIG OE OXEON PE TIG UDPAUAIKEG,
OTIG OTIOIEG YIVOVTOI OPKETEG TTAPAOOXEG WG TIPOG TNV
TTEQIYPAPI TWV PAIVONEVWYV dlI0dEUONC.

2TO
KEPAAQIO QUTO TTEPIYPAPOVTAlI UOVO Ol UOPOAOYIKEC HEBODOI
QI00EUONG, YIA TNV TTEPITITWON UOATOPEUNATOC Kal TAUIEUTHPA.



YAPOAOI'IKH AIOAEYXH XE
IHOTAMI

OAec o1 yéBodol d16deuonc o€ TTOTAMI, aATTO pia B6éon A
avavtn o€ pia aGAAn B€on karavin B, Pacifovral otnv
atrAoTroiNUEVN ATTO TOV (1938) pop®n TNG
£CiOWONG TNG OUVEXEIAG:

| —Q =dS /dt (7.6)

OTTOU:

| =ne€&iopon oTo TUNMA TOU TToTApOU A-B,

* Q = n gkpor) aTTo TO TUNMO TOU TTOTAMOU KAl

* d;/d; = n yETABOAN TNG ATTOONKEUTIKOTNTAG OTO TUNUA TOU
TTOTAMOU.



Ot1av n eiopon €ivalr peyaAutepn atro
TNV EKPON, OTTWC CUMBAIVEI KATA TIGC TIPWTEC XPOVIKEC OTIVUES
TNG TIANUUUPOC, N METABOAN TG ATTOBNKEUTIKOTNTAG E€ival
OETIKA, TTOU onuaivel OTl N ATTOBNKEUTIKOTNTA TOU TUAMOATOG
TOU TTOTAMOU au&avel. ATTO KATTOIO XPOVIKI OTIYUN KOl META N
EKPON TOU TUNMATOC YIVETAI HEYOAAUTEPN ATTO TNV E10PON), OTTWG
@aiveralr kar oto 2xAua 7.2. Tote n METABOAN TNG
QTTOONKEUTIKOTNTAG  €ival  QPVNTIKA, TIOU Onuaiver  OTl
TTPAYMATOTTIOIEITAI ATTOPOPTION TOU UOATOPEUMATOG.



Zynpa 7.2 MeTaBoAr 10oluyiou E/10DONC KaI EKDOIIC E TO XPOVO.




H aixpyn Tou TTANUpUPOYPA@HMATOS EICPONG Eival TTAVTA
MEYOAUTEPN ATTO TNV AIXMA TOU TTANMMUPOYPAPHHMATOS
EKPONG, OTav Oev UTTAPXEI TTAEUPIKA €1o0pon. AuTh N
JUEiwoN TNG aIXuNG, avTioTaBuieTal ammo TV au¢non 1ng
XPOVIKNG OIAPKEIOG TOU TTANMMUUPOYPAPAMOATOG, WOTE O
OUVOAIKOG OYKOG KATW QTTO TIG KOAUTTUAEG €10pONG Kal
EKPONG va €ival ioog (ME TNV TTPOUTTIOBECN QUOIKA OTI OEV
UTTAPXOUV QTTWAEIEC). Ta CUPTTIEPACUATA AQUTA MUTTOPOUV
va TTaparnpenBouv kal oTo 2XNua 7.3, OTToU TTaPICTAVETAI
n 0100euCcn €VOC TTANUMUPIKOU KUUATOG AVAUECO O€ TPEIC
OIAPOPETIKEC BECEIC TOU UDATOPEUNATOGC
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Zynua 7.3 To nAnuuupoypapnua orrn 8gon A, B kai C oTav 1) NAEUPIKI} EI0por} Eivar
HNOEVIKT].




O1 YeVIKEC OXEOEIC TTOU OUVOEOUV TNV atroBnkeuon S oTo Tunua A-B
Kal TNV TTapoxn Q, ME TN oTABUN TOU vEPOU OTO UDATOPEUMA Eival:

S =b(H-H,)" (7.7)

Q=a(H-H,)" (7.8)

OT1ou:

*a, b, m kal n gival oTABEPEC TTOU TTPOKUTITOUV ATTO YPAMMIKN
TTaAivopounon,

* Hn otdBun oTO TTOTAMI KAl

" Ho n o1ABUN O0TaV N ATTOBNKEUTIKOTNTA ) N TTAPOXI AvTioTOIXA
gival uNOEVIKN.



H eliowon 7.8 trpoutroBitel OTI N OXEon
OoTABOUNG-TTAPOXNG OPICETAI KATA MOVOOIKO
TPOTTO, TTOU I0XUEl MOVO Of€ OUVONKEG
MOVIUNG KaI OMOIoOHOP®PNG PONG. 2TNV
TPACN, 0 avodIKOG Kal KaBodIKOC KAADOC TNG
TANUMUUPOC  oxnuatilouv  Bpoxo, OTTWG
Qaiveral oto 2xNua 7.4. Avaloyn €ival Kai n
Hop®Pn TNG e€giowaong 7.7 KAl KATA OUVETTEIA
KOl n  €giowon TOoU  Ouvdéel TNV
aTToONnKeUTIKOTNTA S PE TNV TTapoxn Q.
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Zxripa 7.4 SxEon avaueoa ot oTdéun Kar Trv rnapoxr;.




O1 udpoloyIkEC pEBodOI cuOoXeTICOUV TNV ATTOONKEUTIKOTATA ME TNV
TTapOoX 10000V Kal £COO0U HUE MIA YEVIKOTEPN OXEON TNG MOPPNC:

s =§-[x]’"”’ +(1-x)Qm")

)

OTTOU Ol OUVTEAECTEC b, @, m, n gival AuToi TTOU TTEPIYPAPOVTAI
OTIG ECIOWOEIC 7.7 Kal 7.8. 'Exouv Yivel TTOAEG EKTIUNOEIC YIA
TNV TIUN QUTWV TWV COUVTEAEOTWYV, Ol ATTAOUCTEPEC ATIO TIC
OTTOiEC  Bewpouv  YPAUMIK)  OCUCOXETION  METAEU NG
ATTOBNKEUTIKOTNTAG KAl TNG E10PONG KAl EKPONC.



H eiowon 7.9 kaver tnv Ttrapadoxn Ot n
ATTOONKEUTIKOTNTA ECOAPTATAI CUYXPOVWG ATTO
TNV €10PON KOl TNV EKPON KAl OTNPIfETAlI OTO
OlIaXWPICHO TNG ATTOONKEUTIKOTNTOS TOU
TMAMATOG TTOTOMOU O€ TIPICHATIKA Kl
o@nNVoEIdN, OTTWG PAiVETAI OTO ZXAMO 7.5.

H  Trpioyarikl  amoBnkeuTikoTNTa  BewpeiTal
guvaptTnon TNG €KPONG, &vw N o@ENVOoEIdNGg
o@eiAETAl OTN Ola@OPA E€I0PONGC KAl EKPONG Kal
gival ouvapTnon auTnc¢ TNG dlagpopac.



Zpnvoedng

MpiopaTIKn

Zxnipa 7.5 Alaxwpiouoc anoBnkeuTikoTnTas udaropeULIaTos OE NPIoUArTiK Kar
aPnVOEIoT]. »




M£Bodog Muskingum

givalr Mgia amrAn udpoAoyikn
pEBodog yia  TOV  umroAoyiopo  Tng  8106guong

TMANUUUPOYPAPNPATOG  OE  TUAUO  UOATOPEUUATOG.
2Uvouddlel TNV €Ciowon TNG OUVEXEIDC ME MIa  egiowon

UTTOAOYIOPJOU TG  amroBnkeuong Tou  oTtnpiletalr  OTO
OlaXWPIOUO TNG QaTTOONKEUTIKOTNTAC OE TIPIOUATIKA KAl
OQNVOEION, YO TNV €§aywyn HMIAG avVAOPOUIKNG OXeaNng,
UTTOAOYIOMOU TNG EKPONG.

2Uppwva pe TN HEBodO Muskingum n OUVOAIKA ATToBnKEUON
TOU UdATOPEUPATOC UTTOPEI va BewpnOcei ion e To aBpoloua
TNG TIPIOUATIKAG aTToOnkeuong Kal TG  O@PNVoEIdOUC
ammofnkeuong, Tou ouUpgwva ue Tov McCarthy (1938),

UTTOPEI va atrAotroinBei otnv akOAouOn ypauuikn e€iocwon:

Sor = Spooy + Soony =KQ + Kx(I - Q)= KX + 1- x)Q] K@)




Epapuoloviac Tnv €Ciowon TnNG OUVEXEIAC OTO TUNUA TOU
udATOPEUNATOC UE TN HOPPI TTETTEPACHEVWY dIAPOPWYV TTPOKUTTTEI:

= (7 - Q)At (7.11)

(7.13)

Kal TEAOG, £ClowvovTag TIG (7.12) kai (7.13) Aappaverai:

K (0 + (- )Qp)- 2, + (- X)Q,) | =

Iatdypp Qu*@) @y
2 2




H teAeutaia, av AubBei wg Tpog K, divel:

X +Q=-x)Qp)-\X; +(1-Xx)Q;

(7.15)
- 0.588{(7,,1 + 1,) = (@1 + @)

evw av AuBei wg Tpog Q ;,; AapBaveTal n yevikn  popen
NG €giowaong Muskingum:

(7.16)

~Kx+0.5A¢

" K-Kx+0.5A¢ (7.17)
Kx+05A¢

- K-Kx+0.5A¢ (7.18)
K-Kx-0.5A¢ (719)

2 T K-Kx+05Af




H eCiowon Muskingum eival pia avadpouikr) oxEon Trou
OUVOEEl TNV TTAPOXN €COO0U MIAGC XPOVIKAC OTIYUNG j+1, HE
TNV TTapOXn £€COO0OU TNV TTPONYOUMEVN XPOVIKN OTIYUN | Kal
TIC TTAPOXEC E10000U TIC XPOVIKEG OTIYMEC |, J+1. 2ZUVETTWC,
oTav emmAUETAl €va TTPORANpa diddsuong PYE popPn TTivaka,
N €TTiAUCN YIVETAI ava ypauuD.

O1 d¢ ouvteAeoTéC Co, Q1 kal C2 , AeiTtoupyouv OUCIACTIKA
WG OUVTEAEOTEC BapuTtnTag Kal aBpoilovTal oTn pyovada.



eKQpadel TO XpOVO TTOU Xpeladeral 10
TTANUMUPIKO KUMA YIa va OlaVUOEl TO OUYKEKPIMEVO
TUAUO TOU TIOTAMOU KAl €ival TIEPITTOU iOnN ME TN
XPOVIKN ATTO0TOON TWV QAIX MWV TWV
TTANUMUPOYPAPNUATWY EI00O0U Kal E€OO0U.

gival adlaoTato pEyEBOC Kal ekppadel
TNV €CA0OEvIOn TOU TTANMMUPIKOU KUPATOG. AauBavel
TINEG ammd O €wg 0.5, pe TIC MEYOAAEC TIMEC va
QVTIOTOIXOUV O€ MIKPN €caocBevion KAl OUVETTWG
TTAPATTIANOCIEC TTAPOXEC AIXMNG oTa
TTANMUUPOYPAPUATA  €I0000U KOl €EO000U, OTTWG
QAiVETAlI OTO ZXNUa 7.6.



Exk@pdadlel eTionG TN CUPMPETOXN TNG €I0PONG KAl TG EKPONC
oTnv aTroBNKEUTIKOTNTA TOU TMAMATOC TOU

UOATOPEUHPATOG, OTTWG @avnke oTnv egiowan (7.10).
Otav o1 o1aBueg o€ eva TUNPA TTOTAPOU KaBopigovTal
ATTOKAEICTIKA ATTO TNV TTAPOXH OTO KATAVTN AKPO, OTTWG
Yia TTAPAOEIYHA OTNV TTEPITITWON €VOG UTTEPXEIAIOTN N
TAPIEUTAPQ, N TIUR TOU OUVTEAECTN X €ival ion pe T0 O.
Otav Opwg, n atmmoppon OTa AVAVTN CUUMETEXEI OTOV
KaBopiopuo TOU  TTPOQIA _ TNG  UDATIVRG  ETTIQAVEIAG,
oxnpatiCoviag tn o@nvoeidrn amobnkeuan, n TIUn Tou x
augaveral kal @Tavel 1o 0.50 g€ OPOIOUOPPOUG AYWYOUG,
OTTOU N €I0POI KAl N EKPON OUMMPETEXOUV E£EIOOU.

270 2XNPa 7.6 @aiveTal TO OI0OOEUUEVO TTANUUUPOYPAPNUa
VIO XAPOAKTNPIOTIKEC TIMEC TNC TTAPAMETPOU ¥. EuoTdBeia
NG apIBUNTIKAG pHEBOOOU Muskingum ETTITUYXAVETAI €QV
nKT;pr] )TOU BApaTtog At KuuaiveTal avaueoa o1o 2Ky Kai
2K(1-x



Zxynua 7.6 AI00upeva nANULUOOYPaQRUaTa yia XapakTipIoTIKEC TILEC TOU X.



Edv Ta TTAnUUUpOYpaAPAMATA EI0000U Kol £E000U OTO THNHO TOU
TTOTOMOU Ogv gival Ol100éoipa, TOTE n MéEon TaXUTNTO TOU
TTANMMUPIKOU KUMOTOG Yia OI1d@opa OYXAMOATAO TOU TTOTOMOU
MTTOPEiI va €KTINNOEI WG ocuvaAPTNON TNG MEONG TaXUTNTOG V Yia
MiO QVTITTPOOWTTEUTIKA TIMAR Ttrapoxns Q. H Taxutnta Tou
KUMOTOG YIO HOVIMN KOl OMOIOMOP®N POK MTTOPEI VO EKTINNOEI pE
xpnon tn¢ e&iowong Manning i Chezy. O1 taxutnTeg TOU
TTANUUUPIKOU KUUATOG Yia dliagopa oXuaTta Tou Trotapou divovral
oTov [livaka 7.1

NMivaxacg 7.1 O/ TayuTnTeS TOU NANULUPIKOU KULATOC yia JIdgopa oxriuara Tou
rnoTauovu.

Ixjpanovapod |  Manning |  Chezy |

MAaty OpBoywvio
MAaTU NapaBoAikod




Ta TToU £¢eTAdoVTal UE TN
uEBodo Muskingum eivai:

1. AivovTtal TO TTANUUUpOYpAPNUa €I0000U Kal Ol
OUVTEAEOTEC K Kal x Kal {nTeiTal TO
TTANMUUPOYPAPNUa £COO0U (YVWOTO WS UBU
TTPOBANMa oTn d16dEUOoN O€ TTOTAI)

2. AivovTal Ta TTANUPUpOoypa@ruaTa eI0000U Kal 000U
Kal {nTouvTal ol CUVTEAEOTEC K Kal Y (YVWOTO W¢
AVTIOTPOYO TTPORANUA oTn 0160dEUCN O€E TTOTAUI)



Euv0u mmpoBAnua: Aiodsuon mAnuuupoypa@nuarog

[la TV €TTiAUON TOU €UBEWC TTPOPBAAMATOC UTToAOYiovTal
apxika ol ouvteAeateg Muskingum Co, Ci kai Co
AvTIKaBIOTWVTAG OTIG £glowaoelg (7.17) ewg (7.19) TG
TIeG Twv K, At Kal X. 2Tn OUVEXEIQ YIVETQI Xpnon Tng
egiowaong Musklngum n omoia &xel avaOPOMIKN
epappoyn. O1 €10pogg |, Kal P gival yvwaTég yia KaBe
XPOVIKA OTIyUn Kal n dI00guon TTPAYUATOTTOIEITAI YIA
OIa00XIKA XPOVIKA PAuarta, XENOIYOTIOIWVTAS TO
EUvoylopévo Qis1 WG Q; YO TO ETTOUEVO XPOVIKO

nua.

To euBU TTPOLANUa eTTIAUETAI OTO OKOAOUBO TTaPAdEIYUA:



AvrioTpo@o mmpofBAnua: Ekriunon rwv mrapauErpwyv K Kai x

H emiAuon Tou avrioTpopou TrpoBARuaTog oTtnpileTal oTn
YPOUMIKA CUOXETION TWV O0pwVv S Kai [XI+(1-X)Q], ouppwva Pe
TNV £Ciowon:

S = K|[xI + (1 -x)Q] (7.20)

H ammoBnKeuTIKOTNTA S PTTOPEI VA UTTOAOYIOTEI YIa KABE XPOVIKI)
OTIYUr} avadpouika, uE PAon TNV TIPONYoUPEVN TIUR TNG
QATTOBNKEUTIKOTNTAG, XPNOIMOTIOIWVTAC TNV €CIOWAN OUVEXEIOC
LUE HOPPI TTETTEPATHEVWV OIAPOPWV:

(7.21)




Edv Ta TTANUUUpOYPAPAHATA EICPONGS KAl EKPONG EIVAI YVWOTA TOTE N
O1adikacia TTou akoAouBgiTal yia TNV EKTINNON TWV TTAPANETPWYV K Kal X
gival n €§nG:

1.  YmoAoyiopOG TWV HECWYV TIMWYV €10PONAG (Ij+1+1))/2 ko
ekpong (Qj+1 +Qj)/2 yia KAOE XpPOVIKK OTIYHUR

2. YToAoyIOHOG TNG OTIYHIAIOG ATTOBNKEUTIKOTNTAG S
(avadpopikd, pE XprRon TnG e§icwong 7.20) kail TnG TroooTNTAG XI+(1-X)Q

3. [pa@ikn ATTEIKOVION TWV OTIYMIAIWY TIHWV TNG
ATTOBNKEUTIKOTNTAG S 0€ oxéon ME TRV TTooOTNTA XI+(1-X)Q yIa did@opeg
TIMEG TOU ¥

4. EmAoyn Tou YPOAPAMATOG TTOU TTEPIYPAPEI Ta OUO HEYEDN
YPOMHMIKA, ONAadn €101 WoTE Ta onueia [xI+(1-x)Q, S] va diatdocoovTal
600 TO dUVATOV TTANCIEOTEPA O€ €VBEia.

5. YtmoAoyiouog TG TTapauéTpou K ws KAiong auTng Tng ubeiag,
OTaV N ATTOONKEUTIKOTNTA S ATTEIKOVICETOI OTOV KATAKOPUPO Agova.



7.3.2 M€6odog MUSKINGUM CREST SEGMENT

APKETEC POPEC gival €TTIOUUNTO va OIODEUTEI HEPOG 1) Mia JOVO
TIUN  €vOC  TTANUUUPOYPAPAMOTOGC  OTa  KATAvTn, OV
evola@EpouyV, dNAadr), OAEC Ol TINEC TNG XPOVOOEIPAC EKPONG,
OAAG  pOVO €va  TUAMO AQUTAGC TNG  XPOVOOEIPAG. 2TnVv
TTEPITITWON auTtA N £giowan (7.16) yia KABe XpOVIK OTIYUNR N
YPAPETAl WG ECNG:

Qn=Col,+Cyl, +C3 Q0,4 (7.23)

[la T xpovikn oTiyun n-1, n ammoppon Q,,; €ival N £¢NG:

1 =Coln 1+ Cil ,+C @ (7.24)

H avtikaraotaon twv 0IadoxXIKwV Q. 4 , Q ... 00NYEi OTNV €giowan:

Q= Kiln+Kalp +Kalp gt Koly [N




Ki =G

K> = CoC+C

K3 = KC;

K = Ki-]CZ yia >2

Me TNV TTapatravw Oladikaaoia ETTITPETTETAI O ATTEUDEIOC
UTTOAOYIOUOG MIAG OTTOIadNTIOTE TIMNG TNG TTApPOXNG
£CO000U Qn, WG OUVAPTNON TWV TTAPOXWV £10000U | XWwpPig
va TrponynBei n avadpouikn dOladikacia NG peBOdou
Muskingum. AvriBeta, atraiteital o0  avadPOMIKOC
UTTOAOYIOMOG N OpwVv TNG OTaBepAc K, TTou egival pia
arrAoucTtepn OladIKATIA.



7.3.3 M€60dog SCS CONVEX

H pebodog auth avamtuxbnke amo 1 SCS  (Soll
Conservation Service) Kkal €ival TTapopola Tng peBooou
Muskingum Kkai eupewg Oladedopevn. H avaAuon Tou
2xNuato¢  7.10  TrapéxeEl  TIC  ECIOWOEIC  TTOU
XpnaoiygotrolouvTal oTn Pebodo. ETeIdn Ta euadd KATw
aTTO TIG OUO KOUTTUAEG €ival ioa Kal N aiXun €KPONG gival
HIKPOTEPN QTG TNV AIXPR  €I0PONG, Ol  KAUTTUAEG
olagTaupwvovTal o€ eva onueio A. 'EoTw Q1 kal Q2 U0
OIOOOXIKEG TIUEG TNG EKPONG, TTOU ATTEXOUV XPOVIKA KaTA
At 2€ KABE XPOVIKN OTIYUN, N KAOTAKOPUPN ATTO0TACN TWV
Q1 kal Q2 utropei va Bewpnbei w¢ KAGoua TN diapopac

11-Q1, ONAQON:
Q=Q:1+C{1; - Q1) @




H etiowon aut Ba utTopouce va XPnolgoTroinBei yia Tn
OI00geUOn TOU  TTANUUUPOYPAPNUATOC €I0PONGC €AV O
ouvTteAeoTI¢ Q ATav duvaTov va ekTINNBEi. ATTO TNV €Ciocwaon
(7.26) Aaupavera.

Q -0
Q1 (7.27)

EVW OTTO TNV aAVAAOYid TwV TTAEUPWY TwV TPIYWVWVY TTOU
giIkovidovtal 0TO €VOETO OXAMA, TTPOKUTTTEI:

_ Q-0

Ce =

)

K TG

otTou K gival 0 XpOvog atro 1o |, oTn ouviunon PeE Tnv €uBeia
TTOU TTEPVA ATTO T anueia Q, Kai Q..



Tpiyeovikég oxéoeig
oTOV OVIOVTO KAGSO

-3

Zynpa 7.10 TEwUETPIKEC OXEOEIC 1ToU Xpnoiononiénkav ornv SCS pebodo SI00eUoT.




O1rwc TTPOoKUTITEl ATTO TIG TEAEUTAIEC BUO EEIOWOEIC, O CUVTEAEOTNC Q
gival auvaptnon Twv At kai K. AnAadn:

AL
K

Ce

)

H péBodocg autr 1oxUel uovo Otav 0 ouvteAeoTC Ct KUPAIVETAI PETACU
O kai 1. Autd utropei va e¢ac@alIoTei ue TNV €TmIAoyr Tou BrAuaTtog At
TTOU OUVABWC ETTIAEYETAI va Eival MIKPOTEPO I} i00 TOU €VOG TTEUTITOU
TOU XPOVOU avOOOU TOU TTANUMUPOYPAPAUATOC EI0PONG.

H mapduetpoc K gival otabepr) Kal UTTOPEI va TTPOCEYYIOTEN ATTO TNV
avTiotoixn TG MEBGdou Muskingum. O cuvteAeoTtric Q €ival TTEPITTOU
TO OITTAQCIO TNG TTAPAMETPOU X TTou Trapoucialetal otn Muskingum.
Extiunon tng TTapauETpou K UTTOPEI va Yivel dlaipwvTtag TO UNKOG TOU
TMAMOTOG UDATOPEUNATOG ME TNV TAXUTNTA KUMATOC. H extipnon tou
ouvteAeot Ct TTOoU TIPOTEIVETAL ATTO TV SCS, O1aV 0EV UTTAPXOUV
AAAEC EKTINNOEIC Eival.



V1.7 )

OTTOU V N TaXUTNTA YIa 0TOBEPN Kal QVTITIPOOWTTEUTIKA
TTapoxn kai V+1.7 gival n TaxutnTa €VOg KIVARATIKOU KUJOTOG
OTO TUAMA Tou TToTapoU (Viessman and Lewis, 19935). O
puovadec otn oxéon (7.30) ival o€ TOdIA ava 6£UT£po)\a1TTo.

2¢ avtiBeon pe aAAeg peBodoug 010deuang, otn PeBodo
Convex SCS o uTtoAoyIoPOG TNG TTapoxng Q2 gival
AVEEAPTNTOG ATTO TNV TAUTOXPOVN €lopon 2. Q¢ ek ToUTOU, N
ueBoOOG PTTopEl va XpNoIUOTIoINGEI yia TNV EKTIUNON
TTANUPUPIKWY TTAPOXWV O€ XPOVIKEG OTIYUEG TTOU Ol
QVTIOTOIXEG EICPOEG OEV EIVAI YVWOTEG. AUTO TTOPEXEI Wi
MEBODO YIa £yKalpn TTPOYVWAON KAl TTPO0TACIA ATTO TIC
TTANUPUPEG, av XpNoIJoTToiNOei o€ cUVOUACHO PE NAEKTPOVIKA
OUCTAMATA TTPOEIDOTTOINONG, WOTE VA EKTIMATAI N ETTIKEIPEVN
TTANUPUPA OTA KATAVTN, TOUAAXIOTOV £Va XPOVIKO Briua Trpiv
QUTI TTPOYUATOTTOINOEI.



7.3.4 M€6odog MUSKINGUM - CUNGE

O Cunge €0¢€1¢e OTI JE TN HEBODO TWV TTETTEPATUEVWV DIAPOPUWV
n péEBodoc Muskingum MeTATPETTETAI OE €€iowaon OlAaxuong
KUJOTOG, IKavry va TIpoPAErel  Tnv  €CaocBévion  Tou
TTANUUUPIKOU KUPATOGS. AnAadn:

as
¢

-7-0=KIx1+(1-001=1-0 [N
t

2 UMBOoAICovTag Tnv eiopon | ye Q;, kai Tnv ekpor Q he Q 4,4
TTPOKUTITEI:

DO+ (- )08 - XQf ~(1- X)Qfu]=
(7.32)

1
5@ -t + Q) -Ql)



2TNV TeEAeuTaia oxéon o O&iKTNG 1 ekppalel TN BEon, evw e t
oUMBoAileTal N xpovikn oTiyury. Me Q oupBoAiCovTtal OAeC ol
QATTOPPOEC, AVECAPTNTA ATTO TO AV Eival €I0P0EC 1 EKPOEC. To
uéyeboc K=Ax/c €ivali pia otabepd atroBiKeuong TToU EXEI
uovadec xpovou. H egiowon (7.32) cival Ol TTETTEPAOMPEVEC
OIO@OPEC TNG TTAPOKATW E€CiCWONG TIOU €ival YyVWOTH WG
gciowon KivnuATIKOU KUMOTOG:

9@ .92 _j (7:33)

ot oX

OTTOU C N TOXUTNTQ TOU TTANMMUPIKOU KUPaTOC Kal Ay
TUNHOTA ATTOOTACGNG GTO TTOTAUI.



EmAUvovTacg TNV eCiowon (7.32) w¢ TTPOC TNV AyVWwOoTN
QTTOPPEON, TTPOKUTITEI N TEAIKR MOP®PN TNG ECiOWONC
Muskingum-Cunge:

£+l £+l ¢ ¢
i =Co@; " +C1Q; + G0,

(7.34)

) _ _ At/K-2X
Otou: 0T 2(1-x)+At/K
At [K+2X

G = a0+ ALK

G

ol ouvTeAeaTEC Co, C1 kar C2 aBpoilovTal oTn povada.



H otaBepa x £xel TN popen:

(7.38)

OTTou:  So = €ival n KAion Tou TTUBUEVA Kal
Jo = €ival n 101K ATTOPPON

H Tiun TNG TaXUTNTAG TOU TTANMMUPIKOU KUPATOC C gival:

otTou V n JEon TaxuTnTa KAl TO M gival ioo ye 5/3 yia pyeyaAou
TTAQTOUG QUOIKA TToTAMIa. O TTapAyovTag M TTPOKUTITEI OTTO
TNV £&iocwaon TNG OMOIOUOPYPNG PONG:

(7.40)




7.4 AIOAEYZH NAHMMYPAZ ME2ZQ TAMIEYTHPA

2TNV mEPITITWON TG 5100gUoNG TTANUUUPOYPAPNHATOG
MECO O€ TAOMIEUTNPA IOXUOUV Ol YEVIKEG OPXES TNG
udpoAoyikng 5100gucng, TTOU AVaPEPOVTAI KAl OTN
0166euon o€ ToTapi. QOTOC0O, O TAUIEUTAPAG, OTTOU
arrobnkeuon Kai €l0porn GUVBEOVTAN UE povoonuavtn oxeon,
ATTOTEAEI EI0IKN TTEPITITWAON KAI OKOTTILO €ival VA EGETOOTEI
XwpIiotd. H oxnuartikr} d1artagn evog TAMIEUTAPO PE
UTTEPXEINIOTH TTapouaoialeTal aTo 2xNua 7.11

['la TO OKOTTO
QUTO KATAOKEUACETAI O UTTEPXEIAIOTNG TOU GPAYUATOG, O
OTTOIOG TIPETTEI VO E£XEI IKAVI TTAPOXETEUTIKOTNTA KAl
OlAO0TACEIG, WOTE TTANUPUPES TIPOKAAOUUEVES OTTO IOXUPEG
KOATalYIOES va gival OUVATO Va OIEPXOVTAI HECW AUTOU, XWPIG
Va TTOPOUCIOCTEl UTTEPTTHONGN TOU PAYUATOG, KO Kal av O
TOUIEUTRPAG €ival TTANPNG, KOTA TV £€vapcn TG TTANUUUPAOC.



Zynpa 7.11 O TaueuTnoac kai 1 EAEYXOLEVI EKOOI].




KabBwg 10 TTANupUpoypapnua €I0€pXETAI OTOV TAMIEUTAPA,
gival duvaTo va cuuouv Ta €CNG:

A. EQv o TapieuTnpag Ogv eival TTARPNG KOTA TNV evapgn Tng
TTANUUUPIKAG atroppong I(t), T0TE 0 OYKOG TNG TTANUPUPAG
OUYKEVTPWVETAI KAl aVUYWVEI TN aTdOun Tou vepou. H ekpon
aT1Td TOV TAMIEUTAPA KOTA TO OTAdIO AUTO €ival undEvIKN, Kal
n amobnkeuon vepou S 0TO PPAYHA augavel. Kata 1o oTAdIo
QUTO O TAMIEUTAPAG TTIPAYUATOTIOIEI TTARPN AVAOXEDN TNG
TTANMMUPAG, ONAQOI IOXUEIL:

AS

= I(t) (7.41)

At

B. Avuywaon tnG o1dbung 1000, WOTE va UTTEPREI TN OTEWN TOU
UTTEPXEIANIOTH Kal va apyioel n ekpor Q(t) atrd Tov UTTEPXEIAIOTH.
ToTe N o1AOUN ouvexilel va avUWPWVETAl PJEV, aAAG N avuywon
QuUTN Eival HEIWPEVN, OE oXEon ME TO OTADdIO (), €TTEION N EKPON
ATTO TOV UTTEPXEINIOTH MEIWVEI TN METABOAR TNG aTToBAKEUONG
OTO QPpPayua.



loxUel:

AS Spu—-S, 1,+1 Q,+0Q
= I(t)-Q(t Zneal " 2n _“‘nTindd  Kn n+1
At () (): A7 5 —-—-—— =

2(Spa —5p)

=(In +1n+1)"(Qn+1 '*‘Qn) =

|-t v 1)+ B2 -0, (7.42)

OTToU N, N+1 JIad0XIKEC XPOVIKEC OTIYMEG, TTOU ATTEXOUV KaTa At

2TIG TTAPATIAVW OXEOEIG Ta peyEdn [l ., BewpouvTal yvwoTd,
VIO OAEC TIC XPOVIKEC OTIYMEC N, €TTEION) TO udpoypaAPnua
EI0PONG OTOV TOMIEUTAPQ, MTTOPEI VA UTTOAOYIOTEI €K TWV
TTPOTEPWY. ETTopévwg n eciowan (7.42) atroteAei avadpouikn
OX€ON UTTOAOYIOUOU TWV AYyVWOTWV HeEYEOBwv S..; Kal Q. .q
guvapTtRoel Twv (NdN YVWOTWVY ATTé TO TTPONYOUPEVO Brua) Sn
Kol On.



ATTOMEVElI 0 KOBOPIoPOC TNG OoxEéong MeETagu S kal Q. Ta duo
auUTa PEYEDBN ouvdéovTal povoonuavta, 0eOOPEVOU OTI TOOO N
arrolnkeuon S, 6co kal n ekpony Q, opilovral pe Bdon TN
OTABUN TOU vEPOU TOU TapleuTnpa H. MNpayuaTt n ekpon Q atrod
TOV UTTEPXEIAIOTI €ival ouvNOwG (av Kal auto ECapTATAl ATTO TN
MOP®I) TOU UTTEPXEIAIOTI)) Mia ouvapTnon TS MOPYPNG:

Q=CY(H-Hy) K&5

OTTOU:

Q = n Tapoxn

Y = 10 TTAQTOC TOU UTTEPXEIAIOTN

H = 10 UYo¢ TNG OTABUNG TOU VEPOU OTOV UTTEPXEINIOTN
Ho = TO UYOC TNG OTEWNG TOU UTTEPXEIAIOTN

C = 0 ouvTeEAEOTAG TTAPOXNG (TUTTIKA TINA 3)

X = OUVTEAEOTNC ME TUTTIKA TN 3/2



XPNOIUOTTIOIWVTAC TNV TUTTIKN TIMNA TOU €KBETN X, N oxEon 7.43

YPAPETAI:
Q=CY(H-H,)**

OnAadrn, n TIApPOXN €ival JPoOvoonuavTIn ouvaptnon TNngG
oTA06uNG H ) Tou UYWoucg utrepxeiAiong H-Ho.

H ammoBnikeuon S €ival €miong yovoonuavrn ouvaptnon tng
OTABUNG VEPOU OTOV TAMIEUTAPA Kal diveTal ATTO TNV KAWTTUAN
oTA6uNG H-atmmobrikeuong S, TTOU ATTOTEAEI XAPAKTNPIOTIKO
TOU KAOE TAMIEUTNPA, TTPOKUTITEI ATTO TNV TOTTOYPAPIa TOU KAl
€ival EK TWV TTPOTEPWYV YVWOTH.

‘ETOI ytTOpEi VO ouvtaxBei o€ popen TTivaka i dlaypAapuaToc n

ouvapTnon: ( +Q, an = f(—+Qj TTOU OTTOTEAEI TN

Baon Twv UTTOAOYICPWY TNG apIBPNTIKNG uEBODOU. 'Eva TETOIO
dlaypauua divetal oto 2xAua 7.12.
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Mapoxn Q

Zxnpa 7.12 Zyson napoxric Q kar 2S/At+Q.




Me Bdaon TIC TIMEC QUTEC ATTO OIAYPAMMA N TTIVAKA, Eival
duvarto va emAUBEi n eciowon (7.42) avadpouikd. H
uEBOdOC auTn gival yvwoTh w¢ Storage indication N
Modified Puls method.

Ta BApaTta TTou akoAouBouvTal yia TNV €TiAucn TNG
01600&guoNnNGg o€ TAMIEUTH PO Eival:

a. ['1a TN Xpovikn oTiyun n=1, ommrote apxicel n
TTANUUUPA, uTTopEi va BewpnBei 011 Sn =0 kKal Qn =0
Apa atré Tnv eciowon (7.42) givai duvato va
UTTOAOYIOTEI TO APIOTEPO PMEAOG YIa N+1=2, WG €CNC:

25,

(C2+Q) =L + )+ -0) = (1, + 1)+ 0=(5; + ;) [WRGEE)



3. XpnoIgoTToIWVTAG TN oUvVAPTNON:
2S
— + Q2
A\l

25
o5,

UTTOPEI VA UTTOAOYIOTEI N TIUN Q2 JE YPAUMIKNA
TTAPEMPOAN OTIC TIMEC TOU TTIVAKQ, I ATTEUBEIQC aTTo
TO dlIAypaa.

LUE YVWOTO:



Y. 00 TTPETTEI OTN OUVEXEIQ VA EKTIUNOEI N TIWN

(282 j
Ouwcg 1oxver: ol

2 2
( AStn _an ( S Q j 2Qn )
OTTOTE Kal N

TIUN  auTh eKPPACETAl CUVAPTNOEl YVWOTWV PMEYEBWV.

O. n €miAucn Tou BrpaTog N=3, YiveTal he dedopEva aTTod
TO BiNa N=2, K.0.K. AVAOPOMIKA, HEXPI TO TTEPAC TNG
d100eUONC TNG TTANUUUPAC. ATTO KABE TIur TNG EKPONG
Q, MTTOPEI VO UTTOAOYIOTEI TO AVTIOTOIXO UYOC
UTTEPXEIAIONC H, av UTTapxEl oxeon ottwe n (7.44).



