AIAXEIPI2ZH E2QTEPIKQN KAl
[TAPAKTIQN YAATIKQN
2Y2THMATQN

KAOHIHTH2 TEQPTIO2 2YAAIOZ

MA®HMA 3°



O KUkAog tou Alwtou ota Ydatika Zuotiuata

H kUpLa tnyr OAwv Twv popdwv alwtou ival to otolxelako alwto (N,) (78% otnv atuoodatpa).

OL SlodoxLkeC Olepyaoiec HETAOXNMUATIOHOU €EVWOEWV olWTOU ONMWC O METAUOYXNHUOTIOMOC TOU
OpYaVIKOU alwTou O€ OPUWVIA, HETA O vItpwdn Kol TEAOC o€ VITPIKA armoteAoUv tov KUkAo tou
AlwTtov ota udaTLkA cuoTAUATA.

O KukAog AlwTtou glval onpavtlkog yla tnv aéloAoynon tng moLotnToc evog udATIKOU CUCTAUOTOC.
KaBe Stadikaoia petaoxnuatiopol tTouv alwiou w¢ ouvaptnon Tou Xpovou ypadeTal:

dN,

=k N £N'
dt ’

Ormou N, eival oL ouykevIpwoelg Twv dtadopwv popdwv alwtou (mg/l), ky ; elval oL cuvteleoteg
pHetaoxnuatiopoL tne i-popdnc alwtou (day?), N’ n etopon i n amopdakpuvon alwtou AOyw AAAwY
Siepyaowwv (mg/(l day)
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KUplec Slepyaoiec petaoXNUATIONOU alwTtou ota USATLKA CUCTAHOTA

Aéopevon alwtou amno tnv atpoodalpa
Nitpormoinon

Adopoiwon alwTtou oo opyavioUoUC
Amtovitpornoinon

Appwviornoinon

Awaduyn appwviog otnv atpocdalpa

SOuewLNE



Aepyaoieg Napaywyng kot KatavaAdwong OpyavikoU Alwtou

dt

J Organic
N
Algae
respiration
L 4
settling
dN
org
— g, pA—K

NOI’

» Ammonia
N
g _ksettl N

YynAot puBpuoti petaoynuatiopov cuppaivouv oe
CUOTHAHOTA PE XaAUNAEC TaxUTNTEC Kat uPnAn

napouoia Baktnpldiwv.

1. To opyaviko AlwTto EKAUETOL OTTO TOUC
LSPOBLOUC OPYAVIOUOUC KATA TNV OVATIVON)
TOUC.

2. KaTomiv LETATPETMETOL EV LEPEL OE AULUWVLOKO
A{WTO KOl EV LEPEL KATOKAOETAL OTOV TTUBEVAL.

Omnou A slval n ouykevipwon tng aAyng (mg/l),

a, €lval To THRpa TNG Bropadlag aAyng mov cupPaleL otnv
£KAuoN 0pyaVIKOU alwTtou HECW TNE OVATIVONG
(kupaivetat petaéy 0.07 €wg 0.09 mg N ava mg aAync),
p elval o puBuOC EKAuonC opyavikoU alwTou AOYWw
avarmvong (day?),

K org ELVOLL O PUBLLOG LETALOXNHUATIOMOU TOU OPYQAVLKOU
alwtou ot appwvia (day?), petafv 0.02 ewc 0.4 day?,

K settt EVALL O PUBUOG WNUATOTIONONG OPYAVLIKOU a{wTOoU
(day?), peta€v 0.001 kot 0.1 day?,

N,z N CUYKEVTpWON opyavikou afwtou (mg/l).



Kwdikag yia tov YIToAoylopo tng Zuykévipwong Opyavikou A{wtou

install.packages("deSolve")
library(deSolve)

## time sequence

time <- seq(from=0, to=10, by = 0.01)

# parameters: a named vector

parameters <- c(alpha = 0.09, rho = 0.5,
K N org=0.1, K N _sett=0.5,
Algae = 2.0)

# initial conditions: also a named vector
state <- ¢(x = 0.5)

#write a function

OrgNitrogen <- function(t, state, parameters){
with(as.list(c(state, parameters)),{
dx <- alpha*rho*Algae-K_N_org*x-K_N_sett*x
return(list(dx))



# Now call the R function 'ode’, to perform the integration
# the basic arguments of 'ode' are

# y: the vector of initial conditions

# times: the vector with the time sequence
# func: the R function as described above

# parms: vector of pfmaers/ Apxtkr 2uvBnkn
Xpovikn Meplodog

out <- ode(y = state, /
times = time,

. - JuvVAPTNON TTOU TTEPLEXEL TLC OLODOPLKEC EELOWOELG
func = OrgNitrogen,

parms = parameters) <« YToBEPEC TWV EELOWOEWV

# the resulting object has the values of the integration
# at each time point in the vector of times

print(head(out)) # first 6 lines
summary(out) #get summary statistics

plot(out, ylab = «kAmmonia Nitrogen, mg/I", xlab = "Time, days",
ylim =¢(0,1))
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Aepyaoicg Napaywyng kot KatavaAwong Appwviokol A{wtou

Onwc¢ daivetal oto dSuthavo oxnua, n moootnTa
NG AUHwWVLaG:
1. Au€avetal oto uSATIKO cuoTNUA AOYW

TOU LETOOXNMATIONOU TOU opyavikoU alwTtou, Ko
2. Auéavetal AOyw tn¢ moootTnTac Tou

Oxygen
Ammonia Nitrite
N N
Benthos
Algae Algae
growth
dN
dimm — KN ,org |\lorg o KN amm I\Iamm

ameAeuBepwVETAL ATIO TOUG OPYAVLIOHOUG TTOU
UTTAPXOUV oToV MUBEvVA Tou Ttotapov (to BEvOog).
3. Mewwvetal Aoyw tn¢ adopoiwong tng amo Toug
LSPOBLOUC OpYOVIOUOUC

4. AOyw TNG VITPOTOiNoNG KAl TNG LETATPOTING TNG
o€ vitpwdn alata (rmapouvoia oéuyovou).

Ormou N, N CUYKEVTPWON TNG OPLUWVIAG/UUWVLIAKWY AAATWV
(mg/l), N, N ouykevipwon opyavikou afwtou (mg/l), Ky ,mm O
PUOUOC LETAOXNMUATIOMOU TNEC AUpwViaG o vitpwdn Adyw
oteibwong (day™) petagu 0.10 kat 1.00 day™, Ky ;. 0 pUBLOG
LETAOXNUOATLOHOU TOU OpYyavLkoU UALKOU o€ appwvia (day™).



install.packages("deSolve")
library(deSolve)

## time sequence
time <- seq(from=0, to=10, by = 0.01)

# parameters: a named vector

parameters <- c(alpha = 0.09, rho = 0.5,
K N org=0.1, K N sett=0.5,
K_N_amm =0.7, Algae = 2.0)

# initial conditions: also a named vector
state <- ¢(x1 = 0.5, x2 = 0.8)

Nitrogen <- function(t, state, parameters){
with(

as.list(c(state, parameters)),{
dx1 <- alpha*rho*Algae - K_N_org*x1 - K_N_sett*x1
dx2 <- K_N_org*x1-K_N_amm®*x2

return(list(c(dx1, dx2))) }

)

}



out <- ode(y = state, times = time,
func = Nitrogen, parms = parameters)

# the resulting object has the values of the integration
# at each time point in the vector of times

# print the first 6 lines
print(head(out))

summary(out)
par(mfrow=c(1,2))

plot(out[,1], out[,2], type ="1", ylab = "Organic Nitrogen, mg/I", xlab = "Time, days")
plot(out[,1], out[,3], type ="1", ylab = "Ammonia Nitrogen, mg/I", xlab = "Time, days")
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Aepyaoicg Napaywyng kot KatavaAwong Alwtou Nitpwdwv

Oxygen Oxygen

Onwc daivetal oto SutAavo oxnua, n LetaBoAn
Tou alwTtou Twv VItpwdwv odeileTal:

it Nitrate 1. AL'JEHIOI’] ouyKévr’pwonq Aévw’oﬁsiéwon NG
—— QuUwviag o€ vitpwdn (vitpomoinon),

N N 2. Melwon CUYKEVTPWONG AOYW TIEPALTEPW

l oeldbwon vitpwdwyv o€ VITpKA AAata

(vitpomoinon) ta omoia adopolwvovtol amnd TouG

LSpPOBLOUC OpyaVIOUOUC OTIWE N AAyN.
Ammonia Algae

Ornou N, .., N CUYKEVTPWON TNG OPpWVING/AUUWVLIAKWY QAATWY
N (mg/1), Ni;i N ouykevTpwon vitpwdwv aAdatwv (mg/l), Ky .nm ©
nitri PUOUOC HETAOYXNMUATLOMOU TNC AU WVIOC O vitpwdn Adyw
oteldwong (day*) petatu 0.10 kat 1.00 day™, Ky ;i © pPUBHOG
LETAOXNUOTIOUOU TWV VITPWOWV OE VITPLKA AAATA, LLE TIHEG
HetaL 0.2 kat 2.0 (day™?).

dNnitri — K N —K

dt N,amm "™ “amm N ,nitri



install.packages("deSolve")
library(deSolve)

## time sequence

time <- seq(from=0, to=10, by = 0.01)

# parameters: a named vector

parameters <- c(alpha = 0.09, rho = 0.5,
K_ N org=0.1, K N _sett=0.5,
KN _amm=0.7, K_ N _nitri=1.3,
Algae = 2.0)

# initial conditions: also a named vector
state <- ¢(x1 =0.5,x2=0.8,x3=1.2)

Nitrogen <- function(t, state, parameters){
with(
as.list(c(state, parameters)),{
dx1 <- alpha*rho*Algae - K_N_org*x1 - K_N_sett*x1
dx2 <- K_N_org*x1 - K_N_amm®*x2
dx3 <- K_N_amm*x2 - K_N_nitri*x3
return(list(c(dx1, dx2, dx3)))}



# Now call the R function 'ode’, to perform the integration# the basic arguments of 'ode' are# y: the vector of
initial conditions# times: the vector with the time sequence# func: the R function as described above#
parms: vector of parameters

out <- ode(y = state, times = time,
func = Nitrogen, parms = parameters)

# the resulting object has the values of the integration# at each time point in the vector of times
print(head(out)) # prints the first 6 lines

summary(out)

par(mfrow=c(1,3))

plot(out[,1], out[,2], type ="1", ylab = "Organic Nitrogen, mg/I", xlab = "Time, days")

plot(out[,1], out[,3], type ="1", ylab = "Ammonia Nitrogen, mg/I", xlab = "Time, days")
plot(out[,1], out[,4], type ="1", ylab = "Nitite Nitrogen, mg/I", xlab = "Time, days")
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Aepyaoicg Napaywyng kot KatavaAlwong Alwtouv NLtplkwv

Oxygen

Oxygen

ﬂ

l Nitrite

N

Ammonia

dN nitra __ K
dt

Nitrate
N

Algae

N, nitri I\Initri o é/,LlA

loxVeL to mponyouevo dtaypappa mtou deiyvel otl
N CUYKEVTPWON TOU Al{WwTOU TWV VITPLKWV OAATWY
HeTaBaAAeTal wg eENC:

1. AUEnon cuykEvTpwong Aoyw ofeibwon Twv
vitpwdwv (vitpormoinon),

2. Meilwon cuykevipwong Aoyw adopoiwong
VITPLKWV amto TV aAyn.

Ornou N, ;,; N ouykevTpwon vitpwdwy aidtwv (mg/l), Ky i 0
PUOUOC PETAOXNUATIOMOU TWV VITPWOWV OE VITPLKA AAATa, E
TIHEC peTall 0.2 kat 2.0 (day?), T etvat to tunpa tne Blopalog
TIAQLYKTOV TIOU OITOTEAE(TOL ATTO TO A{WTO KOl KU HOVETAL PETAED
0.01 kot 0.1 mg N avd mg aAyng.



install.packages("deSolve")
library(deSolve)

## time sequence
time <- seq(from=0, to=10, by = 0.01)

# parameters: a named vector

parameters <- c(alpha = 0.09, rho = 0.5,
K_ N org=0.1, K N_sett=0.5,
K_N_amm=0.7, K_N_nitri=1.3,
zita = 0.01, mi = 1.0, Algae = 2.0)

# initial conditions: also a named vector
state <- ¢(x1 =0.5, x2 =0.8,x3 =1.2, x4 = 1.5)



Nitrogen <- function(t, state, parameters){
with(
as.list(c(state, parameters)),{
dx1 <- alpha*rho*Algae - K_ N _org*x1 - K_N_sett*x1
dx2 <- K_N_org*x1-K_N_amm®*x2
dx3 <- K_N_amm*x2 - K_N_nitri*x3
dx4 <- K_N_nitri*x3 - zita*mi*Algae

return(list(c(dx1, dx2, dx3, dx4)))

}
)
}
out <- ode(y = state, times = time,
func = Nitrogen, parms = parameters)

print(head(out)) # print the first 6 lines
summary(out)
par(mfrow=c(2,2))
plot(out[,1], out[,2], type =
plot(out[,1], out[,3], type =
plot(out[,1], out[,4], type =
plot(out[,1], out[,5], type =

, ylab = "Organic Nitrogen, mg/I", xlab = "Time, days")

, ylab = "Ammonia Nitrogen, mg/I", xlab = "Time, days")
, ylab = "Nitrite Nitrogen, mg/I", xlab = "Time, days")

, Ylab = "Nitrate Nitrogen, mg/I", xlab = "Time, days")
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