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DAGLIQ ORAZILORDO FOALIYYOT GOSTORON SU TOCHIZATI
SISTEMLORININ OPTIMAL iS REJIMLORININ HESABLANMASI

Moaqalada asagi saviyyada yerlagmis su moanbayindan qidalanan, yamac hissasinda ardicil
yerlogmis nasos stansiyalari, su anbarlari, yuxart diizanlik hissasinda isa bond qurgulari-kanal
hissalari ila boliinmiis a¢iq suvarma kanalindan ibarat, dagliq massivda yerlogmis su tachizati
sisteminin optimal idara olunmasi masalasing baxilmisdir. Masalo 3 nasos stansiyasi-su anbari, 2
bond qurgusu-kanal hissasi va har anbardan va kanal hissasindan bir taolabat mantagasi — su
gotiiran obyekt iigiin hall olunmugdur. Masalanin halli Matlab sisteminda yerina yetirilmisdir vo
alinmus naticalor tohlil olunmusdur.

Acgar sozlor: nasos stansiyasi, su tochizati, talabat montaQasi, su anbari, kanal hissasi, band
qurgusu.
Giris

Diinyanin bir ¢ox oOlkalorinda ohalinin xeyli hissssi ya daglarin yamaclarinda, ya da
miioyyan godar diizonlik hissasi olan dag massivlarinds yasayir. Miiasir oadabiyyatda dagliq
massivlardo maskunlagmis shalinin vo kond tesarriifati obyektlarinin su ilo tominati sistemlarinin
qurulmasi va idara olunmasi lizra ¢oxlu sayda elmi islor vardir. Bu islorin oksoriyyatinds dagliq
massivlords sorfi nisboton az olan suvarma sistemlorinin qurulmasi daha slverisli sayilir. Belo
sistemlorin oksoriyystindo suvarmanin damci tisulu ilo Vo ya yagis aqreqatlarinin kémoyi ilo
hoyata kegirilmosi tovsiyo olunur. Baxilan texnikanin totbigi suvarma sisteminds sorfin tez-tez
doyismasina sobab olur. Buna baxmayaraq, dagliq suvarma sistemlarinin operativ idars olunmasi
masalalorinin riyazi yazilist halo kifayat godar ohato olunmamisdir [1].

Moqalods dagliq arazids foaliyyat gostaran su tochizati sistemina baxilir. Sistemin xidmot
etdiyi tolobat montagalorini iki ndve ayirmaq olar: yamacda yerloson vo magistral boru kamori
vasitasi ilo tomin olunan montagalor; hiindiirliiyiin nisbaton az meyilli orazisinds yerlogon va
boru kamoarinin davami olan agiq kanal vasitasi ilo tomin edilon montagalor (sokil 1).
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Sokil 1. Hiindiirliikds yerloson diizonliyi olan su tachizati sistemi
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Sokilda gostarilon su tachizati sisteminin yamacda yerlagan talobat mantagoloarini (T) su ils
tomin etmok ti¢iin nasos stansiyasi (N) — boru kamari (B) — su anbari (A) ardicilligindan ibarat
bolmoalari olan yamac hissasi va diizenlik massivda yerloson talobat mantagalarini su ilo tamin
etmok tiglin band qurgusu (BQ) — kanal hissasi (KH) ardicilligindan ibarat, sonda iss goza su
buraxici qurgu ilo qurtaran diizanlik hissasi vardir.

Belaliklo, baxilan sistemin yamac hissasi K sayda nasos stansiyast — boru kemori — su

anbar1 — tolobat mantagalari olan magistral boru kamari ils, diizonlik hissasi isa n sayda band
qurgusu - kanal hissasi — talobat moantagalari olan magistral kanal vasitasi ilo tomin edilir [2].

Ardicil yerlogsmis N1, No, ...,Nk - nasos stansiyalar1 vasitasi ilo monbadon gétiiriilon su By,...,
By - boru kamori hissalori vasitasi ilo Ay, ..., A - anbarlarina verilir, oradan iso BQy+1, ..., BQk+n-
bond qurgular vasitasi ilo magistral kanalin KHy.1, ..., KHy.n hissaloring axidilir.

Anbarlardan su Ty, ..., Ty, , kanal hissolorindon iso Ty, .., Te,,  tolobat

montagalorina verilir. Sistemds yigilan artiq suyu konara axitmaq lg¢iin magistral kanalin
sonunda QQ -su buraxici qurgu qoyulmusdur.

Tadqigatin magsadi, masalonin qoyulusu

Tadgigatin moagsadi baxilan su tochizati sisteminin somorali idarsolunma algoritminin
islonmoasidir [3].
Masalanin halli ii¢iin parametrlorin asagidaki Sarhad giymotlori molum olmalidir:
- nasos stansiyalarmin vo band qurgularinin minimal vo maksimal sarflori:
min max .
Qi 1Qi y 1=14,n-1;

min
ij

™ i=Ln j=1J,;

- talobat mantagolarinin minimal vo maksimal sarflari: g

- Joza qurgusunun minimal vo maksimal sorfi: Q™ Q™ ;

- anbarlarm vo kanal hissolorinin minimal vo maksimal hacmlori:V,™ V™ i=1,n.

Baslangic sortlor kimi asagidakilar gotiiriiliir: |

- nasos aqreqatlarinin, bond qurgularin, tolobat montogslorinin vo goza qurgusunun
baslangic sorflori: Q7 =Q;(t,),i=Ln-1; g =0q;(t,).i=1n,j=13; Q" =Q(t,)-i;

- anbarlarda va kanal hissalorindo suyun baslangic hacmlori: Vi’= Vi(ty), i=1 n;

- moasalonin hall miiddati arzinds suyun tolobatgilara verilmali vo goza qurgusundan
axidilmali olan sorflori: (1), i=1n, j =1,3.;0(), te [to, T].

Forz edok ki, Cj;- tolobatgilara vaxtinda verilmayan vahid hacmds su iigiin corimo, cl-

goza qurgusundan axidilan vahid hacmdo su tiglin carimadir.
Beloliklo, masalonin riyazi qoyulusunu asagidaki kimi yazmagq olar:
nasos stansiyalari, band qurgulari, qoza qurgusu vo tolobat montagolorinda sorflarin elo

Qut), Q(t), a;(t) giymatlorinin, anbarlarda va kanal hissalerinds isa hacmlarin elo V; (t) giy-

moatlorinin tapilmasi talob olunur Ki, [ty, T] zaman intervalinda talabat montagalorinds axidilan
suyun sorflori lazim olan g (t) giymotlordon minimum forglonsin vo goza qurgusundan mi-
nimum hacmds su axidilsin.

Masalani hall etmok tigiin [to, T] vaxt dovrii elo kigik [tp1, t;], p=1 P, tp=T parcalarina
boliiniir ki, onlarin har birinds nasos stansiyalarinda, band qurgularinda, talobat montagalorinds
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Vo (oza qurgusunda lazim olan va verilon sarflor, anbarlarda vo kanal hissalorinds hacmlor sabit
qalsin. Bu kamiyyatlori Q°; quP , aijp ,1=1J,;Q", V', k =1 n,Vvap=1 Pilosisaro edak.
Onda suyun optimal paylanmasi grafikinin tortib olunmasi masalasini belo yazmaq olar:

nasos stansiyalarinin, talobat mantagoalarinin vo goza qurgusunun elo Qkp,(:hf},Qp sorf-
larinin tapilmasi talob olunur ki, suyun verilmasi ti¢tin imumi xarclor minimum olsun:

C= Z[Zn:(zklcij‘ch? —aijp‘j+Cqu](tp —t,,) =>min (1)

Vo asagidaki mohdudiyyatlor 6danilsin:
- nasos aqreqatlarinin sarflori {igiin

Q™<Q’< Q™, i=1n, p=1P;
)
- tolobat mantagolarinin sarflori tiglin
a5 <ay< g™, j=1 =1n, p=1P
3)
- Joza qurgusunun sorfi li¢iin
Q™,<QP< Q™ p=1P; 4)

- anbarlarda va kanal hissalorinds suyun hacmina goyulan mahdudiyyatlor

Viminsvipsvimax ) i :11 ) p=11 ; (5)

- suyun sarfi va hacmi arasinda slags

Ji

ARAARES {Qip -QM* _Z(qUP _q“P l) Q- iEIl)]'(tp _tp—l)’ i=Ln, p=1P. 6)

j=1

(1)-do miitloq qiymat isarasi arasinda yerlogon hadlor oldugu tigiin, (1) — (6) masalasi geyri-
Xatti programlagdirma mosalasidir.

Bu mosoloni asanlagsdirmagq tiglin forz edok ki, talobat mantagalarinin axtarilan qk‘; sarflari

onlarin talab olunan E]'kjp giymatlorindan az deyildir (yani sistem tam tominatlidir).
(1) ifadasini sadslosdirsok, minimallagsma sortini asagidaki soklo salmaq olar:

=Z£i(zkciﬂ- (a7 —@,-")]H“Q"J (t, —tp4) = min (1)

Bu zaman (3) mohdudiyyati asagidaki soklo diisar:

a;f <af < q;™, j=1J., i=1n, p=1 (3

(19, (2), (3", (4), (5), (6) sistemi xatti programlagdirma masalasidir.
Bu masolonin halli noticesindo optimal sorflorin Q, g,f, Q" vo optimal hacmlorinV,”,
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i=13d,, i=1n, p=1 P giymetlori tapilir.

Masalanin halli iisullar: va axtarislar

Bu masalani hall etmak {igiin yamac hissasi ii¢ nasos — boru-anbar, diizonlik hissasi isa iki
kanal hissasindon ibarat olan vao sonunda gaza qurgusu qoyulmus su tochizati sistemina baxag.
Hor bir hissads bir tolobat mantagosi yerlasir (sokil 2).

BQs QQ
KH4 KH5 Im
Tst

T41

Sokil 2. Hiindiirliikds yerlogon diizanliyi olan bes hissali su tochizati sistemi

Baxilan (0, 12%), (12%, 24%) vaxt intervallari orzinds nasos stansiyalart vo bond
qurgularinin elo Q1,Q%, ..., Q3, Q2 sorflorinin, tolobat montogalorinin elo qiy, %4, ..., qt1, q34,
Qoza qurgusunun elo Q', Q® sorflorinin, anbarlar vo kanal hissslorinin elo Vi, V2, ..., V&, V2
hocmlarinin tapilmasi talob olunur ki, magsad funksiyasi minimum olsun:

c =p22;@(<>uqii’ —Cilaif)Jr Cquj(tp —t,,) =min @)
Vo asagidaki mahdudiyyatlor 6danilsin:
0<QP<Q™, i=15, p=12; (8)
G <af<qi™,i=15, p=12; ©)
VM ViP< V™ i=15, p=1,2; (10)
0<Q<Q™, p=12. (11)

VPVt = QP -0t - (e —ap ) - @ Qi) —t,u) =15, p=12; (1)
Burada Q° = 0, ¢4 =0,i=15, Q°=0.
Qalan parametrlorin giymatlori cadval 1-do verilmisdir.

Masalada montagalorin hesablanan sorflori onlarin tolob olunan sarflorinden az olmadig:
tictin bu mahdudiyyatlori masalonin qoyulusunda nozars alacagiq.
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Bunu nozars alsaq, masalonin agiq sokilds riyazi yazilisi bels olar:
0.21+(X3-0.5)+0.21+(X4-0.5)+0.22+(Xg-0.5)+0.22+(X10-0.5)+0.23(X15-0.5)+

+0.23-(X16-0.5)+0.24-(X21-0.7)+0.24- (X22-0.7)+0.25- (X27-0.7)+0.25- (X25-0.7) +
+0.26-(X31-0)+0.26-(X32-0) — min;

Codval 1
Su tachizati sisteminin hidrotexniki qurgularinin osas xarakteristikalari
Qurgular | Para- | Dayi- | Minimal| Maksimal Baslangic| 1m® [Tolobatlar,
metrlor | sonlor | sorhed | sorhed [giymotlor | suyun | m®*san
giymatlori| giymatlori giymti,
. man/m®
% N-1, 01 X1 2.0 6.0 5.0 0.21 -
< m®s Q? Xs 2.0 6.0 - 0.21 -
s T-1, gt X3 0.0 15 1.0 0.21 0.5
m®/s q2 X4 0.0 15 - 0.21 0.5
- A-1, Vi Xs 200 1000 500 | 021 -
ke m? V2 X 200 1000 - 0.21 -
2 N-2, 0} X7 12 5.0 40 | 022 -
o | g | M 02 Xg 1.2 5.0 - 0.22 -
E[2 [ T-2 g X 0.0 13 0.6 0.22 05
& = 3
> | | mis q2 X10 0.0 1.3 - 0.22 0.5
~ A2, 7 X1 | 200 1000 500 | 0.22 -
m’ vZ | Xi | 200 | 1000 i 0.22 i
N-3, 1 Xi3 | 114 4.0 3.0 0.23 -
oL ms 2 Xu | 114 4.0 - 0.23 -
3 T-3, g X1s 0.0 1.2 1.0 0.23 05
- m%/s q2 X16 0.0 1.2 - 0.23 0.5
& | A3 Vi Xi7 | 200 800 500 | 0.23 -
m® V2 Xig 200 800 - 0.23 -
BQ-4, 1 X9 | 0.93 3.0 2.0 0.24 -
o | mis 2 Xzo | 093 3.0 - 0.24 -
2 T4, gl Xz | 0.0 1.2 10 | 024 | 07
5 | ms q2 X22 0.0 12 - 0.24 0.7
= | ¥ | K4 2 Xo3 | 600 | 10000 | 2000 | 0.24 -
2 m’ VZ | Xa | 600 | 10000 i 0.24 i
2 BQ-5, 1 Xos | 0.94 2.0 16 0.25 -
= m°/s é Xog 0.94 2.0 - 0.25 -
5| g | 15 g Xa7 0.0 12 0.6 0.25 0.7
* 12| mis 2 | X | 00 12 i 025 | 07
5 | KH-5, A X9 | 600 10000 | 2000 | 0.26 -
Lo m’ V2 X3 | 600 10000 - 0.26 -
QQ, 1 Xa1 | 0.0 1.0 - 0.26 -
m®/s 2 X3, 0.0 1.0 - 0.26 -
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021(X3-O5)+021(X4-05)+022(X9-05)+022(X10-05)+023(X15-05)+
+0.23-(X16-0.5)+0.24-(X21-0.7)+0.24- (X22-0.7)+0.25- (X27-0.7)+0.25- (X25-0.7)+
+0.26-(X31-0)+0.26-(X3,-0) >0;

X5-500=(X1-5.0-(X3-1)-X7+4)-43200;

XG-X5:(Xz-xl-(X4-X3)-X3+X7) -43200;

X11-500=(X7-4-(Xq-0.6)-X13+3)-43200;

X12-X11=(Xg-X7-(X10-X9)-X14+X13)-43200;

X17-500=(X13-3-(X15-1)-X19+2)-43200;

X18-X17=(X14-X13-(X16-X15)-X20+X19) -43200;

X23-2000:(X19-2-(X21-1)-X25+1.6)'43200;

X24-X23=(X20-X19-(X22-X21)-Xo6+X25) -43200;

X29-2000:(X25-1.6-(X27-0.6)-X31+0)'43200;

X30-X29=(X26-X25-(X28-X27)-X32+X31)-43200.

X1> 1; Xo>1; X3> 0.5; X4> 0.5; Xs5> 200; Xg> 200; X7> 1.2; Xg> 1.2; Xo> 0.5; X10> 0.5;
X11> 200; X12> 200; X13> 1.14; X14> 1.14; X15> 0.5; X16> 0.5; X17> 200; X18> 200;

X19> 0.93; Xo0> 0.93; Xo1> 0.7; X0o> 0.7; Xo3> 600; Xo4> 600; Xo5> 0.94; Xo6> 0.94;

X272 0.7; Xpg> 0.7 Xp9> 600; X30> 600; X31> 0; X30> 0;

X1< 6; Xo< 6; X3< 1.5; X4< 1.5; X5<1000; Xg < 1000; X7< 5; Xg< 5;X9< 1.3; X10< 1.3;

X20< 3; Xa1< 1.25 Xop < 1.25 X33< 10000; X34< 10000;X05< 25 Xoe< 25 Xo7< 1.2 Xpg < 1.2;
X29< 10000; X30< 10000; X31< 1; X3o< 1.

Magsad funksiyasinda vo mohdudiyyat sortlorinds ¢atismayan doyisonlorin omsallarinin

yerina sifir giymatlori gotiiriilmiis vo masalo Matlab sisteminds hall olunmusdur [4, 5]. Naticads
cadval 1-do gostarilon 32 sayda doyison liglin asagidaki qiymotlor alinmigdir:

X1=3.7; X2=3.7; X5=0.5; X4=0.5; X5=200; Xs=200; X;=3; Xs=3; X9=0.5; X10=0.5; X1;=200;
X]_ZZZOO; X13:2.9; X14:2.9; X15:0.5; X16:0.5; X17:200; Xlg=200; X19:2.3; X20:2.3;
X21:O.7; X22:O.7; X23:600; X24:600; X25:0.9; X26:O.9; X27:O.7; X28:0.7; X29:8385.3;
X30:8385.3; X31:O; X32:0.

Optimallagdirilma kriteriyasinin qiymati P~4920 olmusdur.
Alian naticalar va onlarin tatbiq imkanlar:

Dayisonlori parametrlorlo avaz etsok, codval 2-da gostarilon natico alinar.

Verilonlorin arasdirilmasi gostarir Ki, masalods ¢oxlu sayda dayisonlorin (masalo 32 sayda
dayison {iglin hall olunur) olmasina baxmayaraq, tolobat montagalorinin vo nasos stansiyalarinin
sarflaring, anbarlarin vo kanal hissalarinin hacmlarina goyulan mohdudiyystlor 6danilir, talobat
montagalarinds sarflor lazim olan qiymatlors maksimal yaxin alinir, qoza qurgusundan axidilan
suyun miqdari isa sifra boarabar olur.

Baxilan mosolodo optimallagdirma kriteriyasi ti¢in alinan qiymot ¢ox deyildir. Demali,
kifayat qodar dogiq cavab alinmigdir.

Bunlar1 noazors alsaq, belo naticoys galmok olar ki, toklif olunan idaroetms iisulu kifayat
gadar alverislidir va baxilan tipli obyektlards tatbiq oluna bilar.
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Cadval 2
Parametrlorin optimal giymatlori
Yamac hissasi Kanal hissoasi
Parametrlor Qiymatlor Parametrlor Qiymatlor
Q1 3.7 1 2.3
Q% 3.7 Qz 2.3
qi 0.5 qi 0.7
qi 0.5 qz 0.7
Vi 200 A 600
Vi 200 V2 600
Q3 3.0 Qi 0.9
Q3 3.0 Qz 0.9
q: 0.5 q: 0.7
q3 0.5 qé 0.7
Vi 200 v 8385
4 200 vz 8385
Q} 2.9 Q¢ 0
Q3 2.9 Qs 0
a3 0.5
q3 0.5
Vi 200
Vi 200

Moasaloni yiiksok arazilords foaliyyat gostoran su tochizati sistemlarinds tatbig etmok olar.

Bunun {igiin hamin obyektlordo avtomatlasdirilmis idarsetma sistemlori qurmag vo masalonin
hall algoritmini bu obyektlor tigiin uygunlasdirmaq lazimdir.
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PacueTr onTHMAJILHBIX PEKUMOB PadOTHI CHCTEM BO00OecTIeYeH s, PYHKIHOHUPYIOIIHX B
TOPHBIX YYaCTKAX 3eMJIH

B crathe paccmarpuBaeTcs 3amada ONTUMAJIBLHOTO YIIPABICHHS CHCTEMOW BOJ00OECTICUCHUS
TOPHOIO MAcCCHBa, IMHTAIOMICHCS W3 HIKEISKAIIEr0 MCTOYHHKA BOJBI, COCTOSIICH U3
MOCIIEIOBATEIbHBIX HACOCHBIX CTAHIMHA — CKJIAJOB BOJBI Ha CKIIOHE, IMEPErOpa)KMBAIOIINX
COOPY)KCHHsI — y4aCTKW KaHaja Ha BBIIICISKAIICH paBHHHE. 3ajavya pelieHa JJIsi CUCTEMBI C
TpEeMsi HACOCHBIMU CTaHIMSIMH — CKJIQJaMU W JBYMs MEPETOPAKUBAIOIIMMU COOPYKCHUSMU-
ydacTKaMM KaHaya. PellleHue 3ajadd OCYHIECTBICHO C IOMOIIbI0 MAaTEMaTHYeCKOrO IaKeTa
Mat1ab v aHaJTM3UPOBAHEI MOJTYYCHHBIC PE3YIbTATHI.

Knioueswie cnosa: nacocrnas cmanyus, 8000obecneuenue, nyHKm nompe0ienus, cKiao 600bl,
VUACMOK KAHANA, NePe2opajicusaouee coopylceHue.

Alasgar A.lsgandarov', Gulnara Y.Abbasova®

Sumgayit State University, Sumgayit, Azerbaijan

lelesger_54@mail.ru, “ugur-2001@mail.ru

Calculation of the optimum work regimes of the water supply systems activated in upland
territories

Paper considers the problem of optimal control of water supply system which is located in
upland territories, is feeding from the water sources settled in lowlands, is consisting of
sequential water pump stations-reservoirs located on the slope and creating a check areas of
channel in the upland territories. Problems has been solved for the system with 3 pump stations-
reservoirs and two checks of the channel, from each reservoir and each channel area being fed
from single intake point. Solution of the problem is realized by means of Matlab program and the
obtained results have been analyzed.

Key words: pump station, water supply, intake point, water reservoir, channel part, check.
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