@

0

&
g

MNOAYTEXNEIO KPHTHX
TMHMA MHXANIKQN MNMEPIBAAAONTOZ

EPFAZTHPIAKH AZXKHZH : «MovTteAotroinon @opTiong atmrd onUeIakég TTnyES

putTavong»

- — e ."' T

e

MdaOnua: EQapuoyécg o€ MepiBallovTikd MovTéAa

Ovouatemmwvupo & AM doitn)

Kuplak @coxdpn 2018050043

Eidog Ava@opdcg : ATOMIKA
Huepopnyvia EktéAeong : 18/11/2022
Hpapyﬁr]via Mapdadoong 03/12/2022

’O/vz/pa Ava@popdc

Epyaotipio 1: «MovteAoTroinon
POPTIONG ATTO ONMEIAKEG TTNYES
puTTAVONG»




EPFAZTHPIAKH AZKHZH : «MovTeAoTroinon @opTiong atrd onUeIakEg TTNyEG
pUTTAVONG»

Eloaywyn

H Alpvn Avolpayla Bploketal votia Tou vouou AttwAoakapvaviag, Tng Ztepedg EANGSAC Kalt
amEXEL 5 YAU. amo tnv oAn Tou Ayplviou. Ixnuatiletol petafl Twv Bouvwv NavaltwAlkol Kot
ApakuvBou, amod ta omola Tpododoteital Kal Ta VeEPA TNG. ATEXEL armd thv Tpuywvida 2 YAu.,
adoU TIG Ywpilel povo pla Awpida Enpag. Ta mAeovalovta vepd TNG SLOXETEVOVTAL LIE TNV
Suwpuya tou Alpnkou otov AxeAwo, SUTIKA Tou AyyeAokaotpou. Me SLwpuya cuvEEeTaL Kol e
v Tpyywvida, Tng omolag 6€xetal ta mAsovalovta vepd. EXeL oXrUa EMIUNKEG UE XAMUNAEC
0xBe¢. To PEYLOTO PUNKOG TNG Elval 6 XALL. KAl TO TIAATOC TNG Ttepimou 3 YAW., Evw n eTLpAveLd TNG
dOavel ta 13 TeT. YAU.

NpoBAnua

‘Eva gpyootdcto BLoAoyikol kabaplopol epumAoutilel éva motdypt pe 5000 kg/year StaAuto
dwoddpo. To MoTAL AUTO elopéeL otn Alpvn AucLpaxeia, mou BplokeTal oTo Voo
AuctwAoakapvaviag, pe rapoxf 6*106 m3 /year. H apyLkr cuykévipwaon tou Stahutol
dwodopou otn Alpvn givar 8 pg/L. O dykog tng Aipvng eivat 107 m3 Kot 0 CUVTEAEOTHG
kaBilnong tou pwaddpou 0,05/day.

MeBobdohoyla-AnoteAeopata
21O MOPOKATW Tivaka tapouadtdalovral ta SeSoUEVA TN EPYOOTNPLAOKNG OKNOELG

Nivakacg 1
Aegdopéva Aipvng Avouayeta
META TNV pPETATPOT
‘Opog Twn Movadeg | Twun Movadeg
®doptio W 5000 | kg/year 13698630137 | ug/day
Noapoyn motauol 6000000 | m"3/year | 16438356,16 | L/day
Co 8 | ug/L
\' 10000000 | m~3 10000000000 ‘ L
ks 0,05 | /day
Xpovog napavoung | 608,3333 | days

Epwtnua 1°

Na ypadtel to toollyLo palag tov dwadodpou yia tn Alpvn Auctpaxeio utoBétovtag OtL
umapxeL otaBepr pon).

looluyLlo palag Tov pwodopou

Qin - -Q out

w
k,,Cin, V




dalve)
dt

Onou W = Q;, * Cip,

= Qin * Cin — Qout * Coue T *V

r = —kg x C (1"5tdéng avtidpaon)
Kot adoi undpyet otabepri pori n Qin = Qour = @
Ztn ouvéxela Slatpwvrag pe Tov oyko(V) n e§lowaon maipvel tnv akdAoudn popdn:

dac W Q@ C—k sC

_——=— — — % —_ *

at Vv Vv s
OTOV T = % (Méoog vépavdikds ypdvog Tapaovig)
Apa to LoolUylo pmopel va ekppaotel wg:

dC W C K %C w dC+C <1+k>
—_——=—_———— * = — = — * | —
dt V = s vV dt T s

Epwtnpa 2°
Na yivel n avaAutikn Abon tng dtadopikng e€lowaong yLa to LooluyLo Tou 1°° epwTHUATOG.

Ao 1o LoolUylo palog(1° epwtnua) mapatnpeite otL eival Stadopikr e§lowaon Kot
OUYKEKPLUEVA N OMOYEVAG ypauuLkn e€iowan 17 tdgng tng popdnic: ¥y’ + p(x) - y = q(x)

Omnou y’=%
p(0)=(3+ k)
y=C
q(x)=7
Me yevikn Abon:
y =1y, e PO 4 PO, fot eP® . g(t)-dt (1)

Onou:

P@) = [ p@ac

P(t) =f(ks+%>dt=(ks+%>t

AvtikaBlotwvtag otnv efiowaon(1):

p® = (k)

t
OH=>Cc=¢,- e_(k5+%)t + e_(k5+%)t : -f e("“%)t % dt
0




> C=Core )t 4 VlL) x (1 — e‘G“‘S)*)(z)

Epwtnua 3°

Me tn Xprion tou excel va yivel n aptBuntikr) AUon Touv MPoKUTTEL and th Avon Tng
Stadopikig autng e§iowong.

MapaKATW TAPOUGCLALETAL VA KOUUATL Ot TOV THVOKO TWV ATIOTEAECUATWY yLa ThY
apLlBunTKN G AUon tng dladopikng e€lowang (0AGKANPOG o Ttivakag mapouoLaleTal oTo
napaptnua Nivakag 3), CUVOALKA £YLVE O UTTOAOYLOMOG Lo 272 HEPEC . EvOelkTIKA yiveTal o
UTTOAOYLOUOG TNG CUYKEVTPWONC Tou pwaodopou thg SeUTEPNS YPAUUNG LE TOV TPOTIO IOV
umnoloylotnke kal oto excel pe tnv e€lowon (2).

‘ (1 - e—(%+’<s)-t)

C=Cy+* e_(%-'—ks)*t +

1
V(7 k)
1 1
- g o (Goa3at005)1 13698630137 _ (1 3 e_(oﬁ“)’os)'l)
10000000000-(-=—+0,05)

=8,93%2
L
Nivakacg 1

Xpovog | Zuykévipwon
tdays) | ("%, )

0 8
8,93242802
9,817924181
10,6588507
11,45745091
12,2158552
12,93608677
13,62006695
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8 | 14,26962039

9 | 14,88647988
10 | 15,47229101
11 | 16,02861654
12 | 16,55694056
13 | 17,05867247
14 | 17,53515073
15 | 17,98764643
16 | 18,41736668
17 | 18,82545784

Epwtnua 4°

‘Onwg Kat L€ TO MPONYOUHEVO EPWTNHA VA YiVEL N aplBuntikr) AUon pe tn Xprion tou excel va
ocUpdwva e tn LéEBodo Euler.

lNa Tov urtoAoyLlopd TNG aplBuNTIkAg AVong pe TV HEBobdo Euler xpnotpomnolnbnke n akdAoubn
eflowon:

ac
Ci+1 = Ci +EAt (3)

‘Omnou: At=To XpoVLKO Brila (VLo TO CUYKEKPLUEVO TIPOPBAN U ETUAEXONKE TO XPOVLKO Bripa
ava 1 pépa)

dac , w 1 ’ I '
= To Llo0CUYL0 KOL LOOVUTE JE v C- (; + ks) (1o epwTnua)omou 1o C; avtLoToLxEL

OTLG TLUEG TTOU UTtoAoyiotnkav oto 30 EpwTnUa.

'Onw¢ Kol 0To TPONYOUEVO EPWTNHO 0KOAOUBEL EVEEIKTLKA O UTTOAOYLOMOG TNG CUYKEVTPWONG
ToUu pwaodopou pe tv pEBodo Euler Tng SeUTEPNC YPOUUAG LE TOV TPOTIO TTOU UTIOAOYIOTNKE Kall
oto excel (e€lowon(3)).

C C +dC At
= — %
1 0 dt

N (13698630137) o ( 1 005) .
—_— | — 8% | —— % *
10000000000 608,33
=9,84%<

L

MapaKATW AMeLKOVIIETE €val KOUUATL TOU TIVAKQ LE TOL ATTOTEAECHATA YL TNV CUYKEVTPWON
ToU pwodopou pe tnv péBodo tou Euler (0AOKANPOG O TtivaKkog MAPOUCLALETAL OTO TTAPAPTN A
Mivakag 4).

Nivakag 2

Xpovog 1 )
t(days) Cie ( L )

0 8
1 9,840986




50 epwtnua

2 10,68075
3 11,47825
a4 12,23561
5 12,95484
6 13,63788
7 14,28654
8 14,90255
9 15,48755
10 16,04311
11 16,5707
12 17,07174
13 17,54756
14 17,99943
15 18,42856
16 18,83609
17 19,2231

Na oxedlactouv ta Staypaupata mov Ba mapouaotdlouv TV aAAayn TNG CUYKEVTPWONG LIE TOV
XPOVO yLa TO EpWTHMOTA 3 KaL 4.

Juykévtpwon (ug/L)

Aldypoppa 3° EpwtHatog
30

25
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15

10
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Xpovoc t(days)




Awdypappa 4°° EpwtAUaToq

30
25
20
15

10

Juykévtpwon (pg/L)

0 50 100 150 200 250 300
Xpovog t(days)

Kal ota duo Slaypapupata mapatnpeite pa cuvexng auénon TG CUYKEVTPWONG TOU
dwoddpou pEXPL TNV 50 nUEpa Kal LeTa apyilel Kal oTtabepormoleite mepimou oto 26 pe 27 %.
Erong kot ta Suo Staypappata €xouv Ty dla popdn Kot Eeklvouv va otabepomotlolvTtal Kal T SUo OTLG
50 nuépeg.
6° Epwtnua

Na urtoAoyLotei n cuykévipwon tou dwodopou yia TV Aivn av gival KATw anod otabepég
ouVONKeg KoL o€ ToLa Tpod LK Katdotaon Bpioketal n Alpvn.

MNa otaBepég ouvBrKeg LO‘)(L'JEL% =0

Apa amno tnv e€iowaon Tou Looluyiou tng nalag mou Ppebnke:

0=Y (1+k>
=0=——(C-|[=
1% T $
c w
= SS — 1
4 (;+ks)
13698630137

o 10000000000'(W133+0'05)

= 26,53 ¥
L

Apa n tpodLkn Kataotacon mou Bpioketal n Alpvn elvol eUTpodLKA YLATL N CUYKEVTPWAN TOU

dwoddpou Eemepva ta 20 ,ug/L .




70 epwtnua

210 TeAeuTtaio epwtnpa {NTELTE va UTIOAOYLOTEL O XPOVOG TIOU XEPLATETE HEXPL N CUYKEVTPWON
Tou pwodopou va HelwBel katd 50% av o BLoAoyLlkOG aTapatouoe va pixvel doptia otn Alpvn
Kal Sev umtapyel enavagdopd tou pwodopou amnod To [nua.

Adou Sev unapyel emavadopd Tou pwodOpou Ao To NUa TOTE 0 CUVTEAEDTNC KaBilnong
(k) wooUtal pe 0 kau emiong O eivat kat to poptio w ytati avadépel 0Tl 0 BLOAOYLIKOG OTAUETNOE
va pixvel poptia otn Alpvn.

Ao v e€lowon Tou Looluylou YIVETE QVTIKATACTAON TWV TOPOTMAVW:
t

0 ¢
w_Y_.(2 a _ _c_jydc_ _d_ dC_ 1.t Cy=_¢t = T
dt_ﬂyfc(r-i'}fs):)dt_ T =>ch_ Tfodt:ln(co)_ >C=Cxer

AdoU n ouykévtpwon pelwBnke 50% n C yivetal C=% OTIOTE OV OVTLKOTOOTABEL OTNV MAPATIAVW
e€lowon kat AuBel wg mpog t urtoAoyilete 0 XpOVOG MOU XEPLALETE N CUYKEVTPWON TOU
dwoddpou va pelwdel katd 50%.

C t 1 t 1 t t
7O=Co*e_?:§=e_?=>ln(§)=—;=>ln(1)—ln(2)=—;

>t =1In(2) x7 >t =1In(2) * 608,33 = 421,66 days

BlBALoypadia
1. Epyaotnplakég onpewwoelg pabnuartog, «Epapuoyeg os MepBarloviikd
Movtéla»

2. Jerald L. ,MeptBarovtika MovtéAa, 2" EkSoon, Ekdoong T{LoAa,2017
3. Ot duokeg Aipveg Tng AttwAoakapvaviag: Avotpayia

Mapaptnua
Nivakacg 4
Epwtnua 3
Xpovog 1
t(days) e—(;+ks}-t 1- _(1+k ).t Co* e—(;-hks}-t Tuykévtpwon C(ﬂg/mﬂ)
1 e\t /0 8 8
0,949667044 0,050332956 7,597336354 8,93242802
0,901867495 0,098132505 7,214939959 9,817924181
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

253
254
255
256
257
258
259
260
261
262
263

0,856473838
0,813364978
0,772425915
0,733547435
0,696625825
0,661562588
0,628264187
0,596641794
0,566611049

0,53809184
0,511008087

0,48528754
0,460861583
0,437665058
0,415636082
0,394715889
0,374848672

0,35598143
0,338063832
0,321048081
0,304888782
0,289542828
0,274969282
0,261129265
0,247985857
0,235503996
0,223650384
0,212393399
0,201703011
0,191550703

0,18190939
0,172753352

2,1162E-06
2,00968E-06
1,90853E-06
1,81247E-06
1,72124E-06
1,6346E-06
1,55233E-06
1,4742E-06
1,4E-06
1,32953E-06
1,26261E-06

0,143526162
0,186635022
0,227574085
0,266452565
0,303374175
0,338437412
0,371735813
0,403358206
0,433388951

0,46190816
0,488991913

0,51471246
0,539138417
0,562334942
0,584363918
0,605284111
0,625151328

0,64401857
0,661936168
0,678951919
0,695111218
0,710457172
0,725030718
0,738870735
0,752014143
0,764496004
0,776349616
0,787606601
0,798296989
0,808449297

0,81809061
0,827246648

0,999997884
0,99999799
0,999998091
0,999998188
0,999998279
0,999998365
0,999998448
0,999998526
0,9999986
0,99999867
0,999998737

6,851790705
6,506919826
6,179407318
5,868379482
5,573006597
5,292500702
5,026113498

4,77313435

4,53288839
4,304734719
4,088064696
3,882300317
3,686892666
3,501320461
3,325088653
3,157727112
2,998789373

2,84785144

2,70451066
2,568384644
2,439110253
2,316342625
2,199754254

2,08903412
1,983886858
1,884031968
1,789203071
1,699147192
1,613624091
1,532405621
1,455275117
1,382026818

1,69296E-05
1,60775E-05
1,52682E-05
1,44997E-05
1,37699E-05
1,30768E-05
1,24186E-05
1,17936E-05

1,12E-05
1,06362E-05
1,01009E-05

10,6588507
11,45745091

12,2158552
12,93608677
13,62006695
14,26962039
14,88647988
15,47229101
16,02861654
16,55694056
17,05867247
17,53515073
17,98764643
18,41736668
18,82545784
19,21300857
19,58105272
19,93057213
20,26249919
20,57771938

20,8770736
21,16136045
21,43133829
21,68772736

21,9312116
22,16244056
22,38203109
22,59056897
22,78861053
22,97668407
23,15529131
23,32490872

26,52515974
26,52516171
26,52516358
26,52516536
26,52516705
26,52516866
26,52517018
26,52517163

26,525173
26,52517431
26,52517555




264
265
266
267
268
269
270
271
272

Nivakag 5

1,19906E-06 0,999998801 9,59248E-06
1,13871E-06 0,999998861 9,10966E-06
1,08139E-06 0,999998919 8,65115E-06
1,02696E-06 0,999998973 8,21571E-06
9,75273E-07 0,999999025 7,80219E-06
9,26185E-07 0,999999074 7,40948E-06
8,79567E-07 0,99999912 7,03654E-06
8,35296E-07 0,999999165 6,68237E-06
7,93253E-07 0,999999207 6,34603E-06
| Epwtnua 4
Xpoviko Brua Xpovog

(At) t(days) ZUYKEVTPWON C(%) dc/dt Cist (%)

1 0 8 0,956712 8,956712

1 1 8,93242802 0,908558 9,840986

1 2 9,817924181 0,862828 10,68075

1 3 10,6588507 0,819399 11,47825

1 4 11,45745091 0,778156 12,23561

1 5 12,2158552 0,738989 12,95484

1 6 12,93608677 0,701794 13,63788

1 7 13,62006695 0,666471 14,28654

1 8 14,26962039 0,632925 14,90255

1 9 14,88647988 0,601068 15,48755

1 10 15,47229101 0,570815 16,04311

1 11 16,02861654 0,542084 16,5707

1 12 16,55694056 0,514799 17,07174

1 13 17,05867247 0,488888 17,54756

1 14 17,53515073 0,464281 17,99943

1 15 17,98764643 0,440912 18,42856

1 16 18,41736668 0,41872 18,83609

1 17 18,82545784 0,397644 19,2231

1 18 19,21300857 0,37763  19,59064

1 19 19,58105272 0,358622 19,93968

1 20 19,93057213 0,340572 20,27114

1 21 20,26249919 0,32343  20,58593

1 22 20,57771938 0,307151 20,88487

1 23 20,8770736 0,291691 21,16876

1 24 21,16136045 0,277009 21,43837

1 25 21,43133829 0,263067 21,6944

10

26,52517673
26,52517784
26,52517891
26,52517991
26,52518087
26,52518178
26,52518264
26,52518346
26,52518424
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26
27
28
29
30
31
32
33
34

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

21,68772736
21,9312116
22,16244056
22,38203109
22,59056897
22,78861053
22,97668407
23,15529131
23,32490872

26,52515766
26,52515974
26,52516171
26,52516358
26,52516536
26,52516705
26,52516866
26,52517018
26,52517163
26,525173
26,52517431
26,52517555
26,52517673
26,52517784
26,52517891
26,52517991
26,52518087
26,52518178
26,52518264
26,52518346
26,52518424

0,249826
0,237251
0,22531
0,213969
0,203199
0,192972
0,183259
0,174035
0,165275

2,13E-06
2,02E-06
1,92E-06
1,83E-06
1,73E-06
1,65E-06
1,56E-06
1,49E-06
1,41E-06
1,34E-06
1,27E-06
1,21E-06
1,15E-06
1,09E-06
1,03E-06
9,83E-07
9,33E-07
8,86E-07
8,41E-07
7,99E-07
7,59E-07

21,93755
22,16846
22,38775
22,596
22,79377
22,98158
23,15994
23,32933
23,49018

26,52516
26,52516
26,52516
26,52517
26,52517
26,52517
26,52517
26,52517
26,52517
26,52517
26,52518
26,52518
26,52518
26,52518
26,52518
26,52518
26,52518
26,52518
26,52518
26,52518
26,52519
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