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_ AQRESSIV SULFAT MOHLULLARINDA KAPILYAR SORULMA
MUHITINDO SEMENT DASININ DAYANIQLILIGININ TODQIQAT METODU

Giris. Barpa olunmayan tobii ehtiyatlara
gonasatlo bagli problemlari holl etmok Ugiin
yeni nasil beton istehsalina miasir yanasmala-
ra, yoni kompozit yapisdiricilardan istifado
edorok modifikasiya olunmus beton istehsali-
na kegmoak tolob olunur. Bu yanasmanin ma-
hiyyasti on bahali sement komponenti olan
klinkerin shamiyyatli kimyavi aktivliys vo da-
xili enerji ehtiyatina malik olan tobii vo tex-
nogen mansali ultradispers mineral kompo-
nentlarlo gismoan avaz edilmasindan ibaratdir.

Yapisdiricilarin yiiksok keyfiyyatli kom-
pozisiyalarini yaratmaq ti¢ilin ilkin olaraq ak-
tiv mineral komponentlorin istifadosine asas-
lanan istehsal texnologiyasini mogsodyonli
sokilda idars etmak, onlarin xassalorini aktiv-
losdirmak (c¢tin kimyavi modifikatorlardan
vo muasir texnoloji usullardan istifado etmok
Vo on rasional yapigdirici torkiblorinin iglon-
mosi Ugun todgigatlar aparmaq lazimdir.

Portlandsement miixtalif xarici aqres-
siv miihitlorin toesirina maruz qalir, yani kor-
roziyaya ugtayirlar. Korroziya noticosindo
dagilan material vo mamulatlar bir ilds isteh-
sal olunan imumi materialin boyiik bir qis-
mini togkil edir. Korroziyadan yaranan itgilor
cox boylik oldugundan ondan miihafiza do
boyiik xarclor tolob edir [1, 2] .

Materiallarin aqressiv miihitlorde korro-
ziyaya ugramasi, hazirlanan momulatlarin is
soraitini ¢otinlosdirir, digor hallarda iso qo-
naot moagsadils korroziyaya az davamli vo ya
davamsiz materiallardan istifado edilmasi il-
bail korroziyadan yaranan itgilorin artmasina
sobab olur. Korroziya proseslarinin dyranil-
moasi vo ondan mithafizo aktual masalo hesab

olunur.

Tikintido istifado olunan materiallarin
muoyyan qismi sulfat korroziyasina maoruz
galir. O torkibinds sulfatlar olan grunt sulari-
nin tasirine moruz qalmasi naticasinds bas
verir. Sulfatli aqressiv miihitlorin yayilmasi
ham 6lkamizda, ham da xaricds bu noév kor-
roziyaya aid ¢oxlu todqiqatlarin aparilmasina
sobob olmusdur. V.M. Moskvinin tosnifatina
asasan, Il név korroziya proseslari kimi tos-
nif edilon sulfat korroziyasinin bas vermasi
Vo inkisaf xiisusiyyatlori otrafli dyronilmis-
dir. Sulfat agressiyasi, betonun namlanmasi
Vo qurumasi ilo miisayiat olunarsa, shamiy-
yatli dorocado artir. Sulfat korroziyasindan
muhafizo mogsadilo asagi CsA torkibli se-
mentlordan istifade etmok lazimdir. Bu se-
ment sulfatadavamli portland sementi kimi
istehsal olunur. Siilfatadavamli portlandse-
ment adi portlandsementin bir névidur va so-
nuncudan asasan sistematik olaraq donma va
arima va ya nomlonmo vo quruma soraitindo
sulfat aqressiyasina qarst artan dayaniqliq
g6starmoasi ilo farglonir [3] .

Sement das1 aqressiv miihitla tomasda ol-
duqda, kontraksiya barkimanin ilkin marholo-
larinds aqressiv ionlarin dasm daxilina ¢akil-
masina sabab ola bilar. Bu, xiisusila tohli-
kalidir, ¢linki bu anda dasin strukturu halo do
six deyildir. Boyiik masamaloro vo kanallara
malikdir, bu da xarici korroziyadan daha dagi-
dic1 olan daxili korroziyaya sobob ola bilar [4].

Nozoros almaq lazimdir ki, zararli tosirlor
tokco mayelarin tasirilo mohdudlasmir. Qaz-
lar, xususilo turs gazlar1 da, materiallarda
kimyavi korroziya proseslarina sabab ola bi-
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lor. Bundan basqa, sement daginin dovri ola-
raq dondurulmasi vo donu ag¢ilmasi, namlan-
masi Vo qurudulmas: kimi mixtalif fiziki
amillar, xisusan do tamponaj sement dasinin
daima agressiv muhito moruz qaldig: hallar-
da, materiallarin korroziyasinin pislosmasinag
Vo dagilmasina gotirib ¢ixarir [5].

Torkibindo ylksak hidravlik aktivliys
malik pussolan slavalari olan sementlor sul-
fatlarin tosirine ylksok davamli olan sement
materiali yaratmaga qadirdir. Bu olavalor kal-
sium hidroksidi saxlamaga komok edir, onun
moahlulda mévcudlugunu azaldir vo sementin
dagilmasina sabab ola bilon kalsium hidro-
sulfoaliiminatin meydana galmasinin garsisi-
n1 alir. Belo oslavalors vulkan tuflari, pemza,
silisium torkibli ¢cokmo siixurlari, yanmig gil
maddolori vo kdmirdon va sistdon alinan toz
halinda olan kiil kimi tobii materiallar daxil-
dir. Pussolan sementlor sulfat korroziyasin-
dan, xususilo asag1 vo adi temperaturda go-
runmasinda effektivdir. Bununla belo, mag-
nezium korroziyasi zamani pussolan sement-
lor, xususon da silisiumlu olavalari ilo adi
portlandsementlori ilo migayisods daha az
dayaniqliq gostora bilor. Magnezium korrozi-
yasinin qarsisint almaq tiglin torkibinds toz
halinda kiil olan sementlardon istifado etmok
daha moagsadauygundur [6].

Sulfatl sulara davamliligi istisna olmag-
la, insaat va texniki xususiyyatlarina gora sul-
fatadavamli sementlor adi sementlordan forg-
lonmir. Lakin klinkerin mineraloji torkibi
(C3A migdarinin mahdud olmasi) vo pussola-
nli portlandsement ti¢lin aktiv alavanin yik-
sok miqdarda olmas1 sobabindon ilkin barki-
mo dovrlarinde méhkomliyin zaif artmasini
geyd etmok lazimdir. Fiziki faktorlara, mate-
rialin sismo va y1gisma deformasiyasi ilo mii-
sahido olunan, bir-birlarini avoz edon nom-
lonms va quruma, sement dasinin masamalo-
rinds holl olan duzlarmn yigilmasi, asason do
su ilo doymus halda betonun ndvbs ilo don-
masi vo donu agilmasi daxildir.

Sulfatlar aksor hallarda tabii sularda olur.
Gollorda vo caylarda SO4% sulfat ionlarmin
miqdari orta hesabla 60 mq/1-a gadardir. Mine-
rallagdirilmis yeralt1 sularda onun miqdari xey-
li ylksokdir. Duzlulugu 33-35 ¢/l olan daniz

suyunda SO4%~ migdar1 2500-2700 mg/I-dir.

Suda olan sulfatlar sement dasi1 ilo gar-
siligl tasirds olanda, bir torafdon, sement da-
siin torkib hissalarinin hallolma gabiliyyati-
ni oshomiyyatli doracads artirmaga v bununla
da birinci tip korroziyanin inkisafin siiratlon-
dirmays, digor torafdon, sulfatdaki kationun
sement dagindan kalsium ionu ilo avazlonmo-
si ilo mubadils reaksiyalarinin inkisafina, yo-
ni ikinci ndv korroziyaya soabob olur. Sulfat-
larin tasiri Gglinct nov korroziya proseslori-
nin inkisafina da sabob ola bilor.

Sement dasinin sulfatlarin tasirine qarst
dayanigligi tictin on boyiik shamiyyati ettrin-
git adlanan kalsium hidrosulfoaliiminatdir:

3Ca0-A12,03-3CaS04-32H20

va kalsium hidrosulfokarboksilikat-taumasit-
dir.
3Ca0-Si02-503-C0O2:14,5H,0

Betonda ettringitin omolo galmasi zama-
ni1 sulfat korroziyas1 masalalari Kifayast gador
otrafli todqiq edilmisdir. Bununla bels, korro-
ziyaya davamliliga dair son todqgiqgatlar gos-
tormisdir ki, ettringitlo yanasi betonda tauma-
sit do amala golir.

Taumasit nadir, lakin tapilan mineraldir,
adoton metamorfik stixurlarda tapilir. Tlk dofo
1874-cii ildo kosf edilmisdir. Onun struktur
formulu ettringito oxsayir. Hor iki mineral
oxsar kristal qurulusa malikdir, lakin tauma-
sit silikat torkibli, ettringit iso aluminat torki-
bli fazadir. Betonda taumasit sementin kalsi-
um silikatlar, kalsium karbonat vo sulfatlar
arasinda reaksiyasi noticasindo amalo golir.
Oxsar faktlar Boyiik Britaniya, Fransa, Belgi-
ka, ABS, Kanada, Italiya vo Conubi Afrika
kimi bir gox 6lkalords geydo alinmigdir.

Ettringitin amalo golmasi zamani sulfat-
lar sementin tarkibinds olan kalsium hidro-
aliminatlarla reaksiyaya girir. Taumasit iss
betonun dagilmasina sabab olan kalsium hid-
rosilikatlardan amalo galir. Taumasit kristal-
larinin amala golmasi tigiin manbalarin olma-
s1 lazimdir: kalsium silikatlar, sulfatlar vo
karbonatlar. Kalsium silikatlarinin monbayi
sement dasidir. Sulfatlarin monbayi xarici
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muhitdir, mosalan, atrafdak: qrunt vo ya do-
niz suyu. Doldurucunun tarkibinds olan piri-
tin pargalanmasi naticasinds do sulfatlar oma-
lo galo bilor. Karbonatlar iss sement dasinin,
iri vo ya xirda doldurucunun shangli kompo-
nentlarindo olur.

Tadqgiqat ignido Beton vo Damir-Beton
Elmi-Tadqgiqat Institutunun toklif etdiyi me-
todikadan istifado olunmusdur.

Mohlul niimunslarinin Kapilyar sorulma
soraitindo todiqiq olunmasi ii¢lin qurgunun
prinsipial sxemi sokil 1-do gdstorilmisdir.

W

Psli havamn isti
| elektrik ventilyatorla
verilmasi

A
L,"f‘tnf‘;‘g:gj? |
/

3% Na2S04 mohlul

Mohlulun saviyyasi olan vanna

Sakil 1. Mahlul niimunalarinin kapilyar
sorulma saraitinds sinagi ti¢iin qurgunun
prinsipial sxemi

Niimunolor ndvba ilo temperaturu 20+£5°C
vo 40£5°C olan hava axinina moruz qalmisdr.
Qurgu har giin 8 saat sondiirtiliirdii.

Sement osasinda niimunolor Olgiilori
28x48 sm olan vannalara yerlosdirilmisdir.
Vannanin qapaginda hazirlanan niimunslori
yerlosdirilmok ii¢lin sayr 15 olan 6zoklor
maovcuddur. Aqgressiv mohlul kimi istifado
edilon 5% Na>SO4 mohlulu hor bir aydan bir
doyisdirilmisdir.

Sinaqlar zaman1 4x4x16 sm 6l¢iido olan
niimunalor 5% Na;SOs mohluluna yariya
godor yerlosdirilir. A¢iq qalan hissolori iso
dovri olaraq isti (temperatur 40+5°C) va so-
yuq (temperatur 20+5°C) havanin tosirino
moruz qalir.

Kapilyar sorulmaya gors sinaglarda gos-

torilon rejimloa isloyan iisul islonilmisdir. Belo
ki, bu Gsul 5% Na>SOs mahluluna gisman sa-
linmis niimunslorin har giin 8 saat agiq hisso-
lorini hava axininda saxlamagq, 16 saat iso ha-
va axini olmayan bir goraitdon ibarstdir. Belo
soraitdo sulfat mohluluna qoyulan niimunalo-
rin dagilmasi aciq hissalords bag verir. Bunu
vizual olaraq da gérmok miimkiindiir.
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Agressiv sulfat mahlullarinda kapilyar
sorulma miihitinds sement dasinin
dayamqhihiginin tadqiqat metodu

XULASO

Tadqiqatlar gostordi ki, suda olan sulfat-
lar sement dasi ilo garsiligh tasirds olanda, bir
torofdon, sement dasmin torkib hissalarinin
hallolma gabiliyyatini oshomiyyatli daracods
artirmaga vo bununla da birinci tip korroziya-
nin inkisafini stiratlondirmoys, digor torafdon,
sulfatdaki kationun sement dagindan kalsium
ionu ilo avazlonmasi ilo mibadilo reaksiyala-
rinin inkisafina, yoni ikinci nov korroziyaya
sobob olur. Sulfatlarin tosiri t¢linct név kor-
roziya proseslorinin inkisafina da sabab ola bi-
lor. Sinaglar zamani 4x4x16 sm 6lgiido olan
niimunalor 5% Na>SO4 mohluluna yariya qo-
dor yerlosdirilmisdir. A¢iq qalan hissolori is9
dovri olaraq isti (temperatur 40+5°C) vo soyuq
(temperatur 20+5°C) havanin tesirine maruz
galmigdir. Kapilyar sorulmaya gors sinaglarda
gostarilon rejimlo igloyan iisul islonilmisdir.
Bels ki, bu iisul 5% Na2SOs mohluluna qis-
man salimig niimunalarin har giin § saat agiq
hissalorini hava axininda saxlamag, 16 saat isa
hava axmi olmayan bir soraitdon ibaratdir.
Belo soraitdo sulfat mohluluna qoyulan niimu-
nalorin dagilmasi agiq hissolorde bas verir.
Bunu vizual olaraq da gérmok miimkiindjir.

Acar sOzlar: sulfatadavamh, aqressiv
muhit, sement dasi, korroziya, sulfat mahlulu,
ettringit

AxoOepoBa C.M., I'yceiinos H.O.

MeToauka uccae0BaHUsA 10JT0BEYHOCTH
LIEMEHTHOI'0 KAMHS B YCJIOBHAX KalMJI-
JIAPHOIO MOACOCAa B arPeCCUBHbIX
cyab(daTHBIX pacTBOpax

PE3IOME

HccnenoBanus mokasaiy, 4To Cyab(arsl,
HaxoJsLIMecs B BOJAE, IPU B3aUMOACHCTBUY C
LIEMEHTHBIM KaMHEM, C OJTHON CTOPOHBI, 3HA-

10

YUTEIHHO YBETUYUBAIOT PACTBOPUMOCTH KOM-
MTOHEHTOB LIEMEHTHOT'O KaMHSI, TEM CaMbIM YC-
KOpsisi pa3BUTHE Koppo3uu | Tuna, a ¢ Apyroit
CTOPOHBI, MIPUBOJAT K PA3BUTHIO OOMEHHBIX
IIPOLIECCOB. PEAKIUH C 3aMEILIEHUEM KaTHOHA
B cylb(haTe HOHAMU KalblUg U3 IEMEHTHOTO
KaMHsI, TO €CTh BBI3BIBAET KOPPO3UIO BTOPOTO
tuna. BozneiictBue cynb(haToB MOXKET TaKxke
MPUBECTH K PA3BUTHIO KOPPO3UOHHBIX MPO-
LIECCOB TpeThero Tuma. B xone ucnbiTaHuii
00pasibl pazmepoM 4x4x16 cM momemanmich
HaronoBuHy B 5% pactBop NaxSOs. OTkpbI-
ThIC YaCTH NMEPUOTUIECKH MOBEPTaINCh BO3-
neiictButo ropsuero (temmneparypa 40+5°C) u
xononHoro (temmneparypa 204+5°C) Bozmyxa.
Pa3zpaboran meToj, paboTaromuil B pekume,
MOKA3aHHOM B HCIIBITAHUSIX, 32 CUET KaIlui-
JsipHOrO mojcoca. Takum oOpa3oM, JaHHBIH
METO/I 3aKJTF0UAETCS B BBICPKUBAHUN OTKPBI-
TBIX YacTed oOpa3IOB YACTHUYHO IMOTPY>KEH-
HeIMU B 5% pactBop NaxSOs B mOTOKE BO3-
Jlyxa B TEYEHHUE 8 4acOB €KEAHEBHO U B COC-
TOSIHUU 0€3 OTOKa BO3/TyXa B TeueHue 16 ya-
coB. B Takux ycnoBusx o0pasibl, MOMEICH-
HBIE B CyNIb(haTHBII pacTBOp, pacmnagaroTcs B
OTKPBITBIX YaCTSAX. JTO TAKKE MOXHO YBH-
JIETh BU3YaIIbHO.

Kntouegvle cnosa: cynvgpamocmoiikuil,
azpeccueHas cpeoa, YyemeHmHull KameHb, Kop-
po3us, CyIb@amublii pacmeop, SMmpuHUm

Akbarova S.M., Huseynov N.O.

Research methodology of durability
of cement stone under conditions of
capillary succession in aggressive
sulfate solutions

SUMMARY

Studies have shown that sulfates present
in water, when interacting with cement stone,
on the one hand, significantly increase the
solubility of the components of the cement
stone, thereby accelerating the development
of type I corrosion, and on the other hand,
lead to the development of exchange proces-
ses. reactions with the substitution of the
cation in the sulfate by calcium ions from the



Journal ecology and water economy
Ekologiya va su tasarriifati jurnall,

Ne3, 06.2025

cement stone, i.e. causes type Il corrosion.
The effect of sulfates can also lead to the
development of type Il corrosion processes.
During the tests, 4x4x16 cm samples were
half-immersed in a 5% Na>SO4 solution. The
open parts were periodically exposed to hot
(temperature 40+5°C) and cold (temperature
20+5°C) air. A method has been developed
that operates in the mode demonstrated in the
tests, due to capillary suction. Thus, this
method consists of maintaining the open parts
of the samples partially immersed in a 5%

UOT 691.618.93

Na>S04 solution in an air flow for 8 hours
daily and in a state without an air flow for 16
hours. Under such conditions, samples placed
in a sulfate solution disintegrate in the expo-
sed parts. This can also be seen visually.

Key words: sulfate-resistant, aggressive
environment, cement stone, corrosion, sulfate
solution, ettringite

Moaqalaya AzMIU-nun “Materialsiinaslq”
kqfedrasmzn bas miiallimi, t.0.f.d.,
LH. Mommadova ray vermisdir.

IXOLILOV Y.X., 20KBOROVA S.M, 20LIiYEV F.I.

'Baki Miihondislik Universiteti
2Azarbaycan Memarhq va Insaat Universiteti

y.halilov@mail.ru, sevinjakbaroval6@gmail.com, farhadaliyev1995@gmail.com

0ZOKLi SUSONIN TORKIBININ VO TEXNOLOGIYASININ iSLONMOSI

Giris. Istilik izolyasiyasinim ilk vo ¢ox va-
cib ekoloji aspekti onun enerji sorfinin azaldil-
masina yonolmosidir. Istilik izolyasiya mate-
riallarinin istifadosi istilik itkisini shamiyyatli
dorocodo azaltmaga imkan verir. Bu da 6z
nOvbasindo anonavi istilik manbalarinin, mo-
salon, istilik sistemlorinin istifadasinin azal-
masina gatirib ¢ixarir. Bu, atmosfera karbon
gazi emissiyalarini azaltmaga vo qlobal istilog-
mo ilo miibarizo aparmaga kdmok edir. Istilik
izolyasiya materialinin se¢imi obyektin xarak-
teri, onun miihafizo metodunun mogsade-
uygunlugu, materialin istehsal qabiliyyati vo
movcudlugu ilo miioyyan edilir. Segimin va-
cib bir xiisusiyyati do izolyasiyanin uzun-
Omurliiliyii 1lo osas tikinti material1 arasindaki
uygunlugdur [1]. Enerjinin 6tlridlmasi baxi-
mindan, miihafizo konstruksiyalarin istilik
izolyasiyas1 li¢lin istifado olunan materialin
osas xiisusiyyati istilikkeciriciliyi amsal ilo
xarakteriza olunan istilik 6tiirmo miigavimati-
dir. Istilik izolyasiya materiallarinm istilikke-
ciricilik omsalinin qiymatine mosa-molorin
sixhigl, temperaturu, nomliyi, torkibi, 6l¢ilisii
vo yerlosmasi tosir edir [2, 3]. Istilik izolyasiya
konstruksiyalarmi layiholondirorkon, materi-
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allarin istilikkegiriciliyini shamiyyatli do-
rocodo artira bilon otraf miihitin  tem-
peraturunu vo namliyini do nazors almaq
lazimdir [4].

Ozakli qeyri-uzvi istilik izolyasiya mate-
riallar1 arasinda kopiiklii siiso daha cox yayil-
misdir. Material ekoloji cohatdon tomiz hesab
olunur va an ¢ox istifads edilon tikinti mate-
riallariin (karpic va beton) xidmat miiddati-
na toxminan barabar olan istismar miiddatine
malikdir. Bu uzunémdarlilik onun geyri-tzvi
torkibi vo qapalt masamali strukturu ilo bag-
lidir. Bu da ona buxarin tesirine qars1 daya-
niqliq va ytiksok saxtayadavamliliq verir [5].
Kopiiklii siigosinin osas ¢atismamazligl onun
yiksok qgiymati vo kopiiklii polistirol vo ya
mineral liflorlo miiqayisado toxminaon 20%
olan daha yiiksok istilikkeciriciliyidir [6].
KOpiiklii siisonin sonaye istehsali tullantilarin
utilizasiyast problemini hall etmoys kdmaok
edir vo tabii ehtiyatlara toxunmadan yeni ef-
fektiv vo uzunomiirli istilik izolyasiya mate-
rialt ilo tomin edir. Kopiiklii siiso (6zakli siigo,
qazh stigo) 6zakli qurulusa malik yliksok ma-
samali bir materialdir, borabor paylanmis
0zoklar nazik divarlarla ayrilir (sokil 1). Ma-
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terial adin1 qatilagsmis kdpiiys bonzoyon gori-
nusiino gore almisdir (CTB EN 13167, TOCT
EN 13167). O miixtolif iisullarla oldo edilir:
tozsokilli siiso ilo gazomologatirici garisigin
bismosi ilo (toz iisulu); vakuum altinda yum-
saldilmis siisonin kopiiklonmaosi ilo; slisonin
bigirilmasi prosesinds yaxsi kopiikklonmaya
sabab olan maddslorin daxil edilmasi ilo vas.
Insaat magsadlori iigiin kopiiklii siiso, siiso
tozunun gazomologatirici alavalorlo (karbon,
ohongdasi, mormor) laxtalagsmast yolu ilo ol-
do edilir. Material 800...900 °C-5 gadar qizd-
irilma zamana siiso hissaciklori 6zli maye vo-
ziyyatina qadar yumsalir, karbon iso oksidle-
sarak siiso kiitlasini kopiiklondiran qaz halin-
da olan mohsullar (CO2 va CO) amala gatirir.
Soyudugdan sonra 6l¢tisti 0,1...2—-3 mm olan,
hermetik gapali heksaqonal vo sferik siiso
6zoklordon ibarat yiingiil mosamoli material
(masamalilik 80...95%) omolo golir. Materi-
alin bu qurulusu 6zaklorin qaz miihitinin at-
mosferlo qarsiligl tosirini aradan qaldirir vo
vaxt kecdikco onun fiziki vo texniki xiisusiy-
yatlorinin sabitliyini tomin edir.

c)
Sakil 1. Kopiiklii siiso niimunalari (a, b, c)

Apardigimiz todgiqatlarin moagsadi yerli
vulkan kiillori vo siini siiso torkibli olavolorin
(poncara siisosi tullantisi vo xiisusi bisirilmis
borsilikat frit) komoyi ilo 6zokli siiso torki-
binin va texnologiyasinin islonmasidir. Bor-
silikat torkibli fritin todqiqatlarda istifadasi
onunla osaslandirilmigdir ki, pancora siisosi
daha yiiksok temperaturda bisir (1500-
1600°C), istehsal tullantilarinin hocmi gox
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azdir (miiasir texnologiyalarda 10%-i agmir)
va slisonin miiasir float galibloma texnologi-
yasinda yaranan tullantilart siigabisirmani in-
tensivlaesdirmok iigiin ¢ox vaxt zoruri kom-
ponent kimi siliso sixtasina slava olunur. Bo-
rsilikat fritlor daha asag1 temperaturda alinir
(1300-1350°C), xammal torkibinin keyfiyyo-
tino tolablar ronglayici qarisiglarin mévcud-
lugu baximindan sort deyil, liyiitma prosesina
enerji xarclori xeyli azdir.

Molumdur ki, 6lkomizda vulkan killari-
nin boyiik ehtiyatlart mévcuddur. Bazi hesab-
lamalara gors bu siixurlarin imumi ehtiyat1 80
milyon tonu asir [ 7]. Vulkan kiillori magmanin
piiskiirmo mohsullariin yer Gzlnds siiratlo
soyumast naticosinds yaranir vo onlarin struk-
turu amorf sligovart tabiato, kifayat qadoar yiik-
sok dispersliya malikdir. Bu, kiillorin tyiidil-
masina ¢akilon xorclori xeyli azalda bilor. Bazi
hallarda vulkan killarinds siiso fazanin miq-
dar1 80-90%-o ¢atir. Ona goro onlarn 6zokli
sliso istehsalinda istifadosinin miimkiinlUyd-
niin tadqiqi kifayat qodor miihiim, aktual elmi-
praktiki mosaladir.

Molladag vulkan kiilii Ceyrang¢dl vulkan
kil yatagimin bir hissosi olmagla boyiik so-
naye shomiyyetino malikdir, yataq ilk baxis-
dan bircinslidir, makroskopik miisahidasi sii-
sovari hissociklorin kifayat qodor ¢ox oldugu-
na dolalst edir. Bununla belo Molladag vul-
kan kiiliinlin istifado saholorinin miioyyon
edilmasi tiglin onun ilk 6nco kimyavi-minera-
l0ji torkibinin dyranilmasi magsadouygun he-
sab edilmisdir.

Vulkan kiiliiniin mineraloji torkibi Yapo-
niyanin Rigako sirkatinin Miniflex 600 rent-
gen difraktometrinds (mis anodlu), kimyavi
torkibi iso Almaniyanin Bruker sirkatinin S8
TIGER rentgen spektrometrinds tadqiq edil-
migdir. Vulkan kiiliiniin kimyavi-mineraloji
torkibi keyfiyyot vo komiyyat baximindan qiy-
motlondirilmisdir (Codval 1-2, sok. 2). Tadqi-
qat isindos siiso tullantilar1 v ya borsilikat friti
osas xammallar kimi gotiirtilorak onlarin bir
hissasi vulkan kiilii ilo avoz edilmisdir. Tocri-
balar ii¢iin istifado olunan vulkan kiilii 6nce-
don Ne063 olokda (163 desik/sm?) su sirnag
altinda yuyulmus vo gozlo goriinen iri yad qa-
risiglardan tomizlonmisdir.
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Coxsayli adabiyyatlarin [8-17] arasdiril-
mas1 gostorir ki, 700-900°C temperatur inter-
valinda yumsalan sistemlords karbonat torkib-
li (CaCOs, MgCOs3 vo s.), 800-1000°C tem-
peratur intervalinda yumsalan sistemloardo iso
karbon (his, grafit) qazomalogatiricilori daha
effektivdir. Fikrimizco, sliso tullantisi (vo ya
borsilikat friti) ilo vulkan kiilii garisiminin qiz-
dirllmasi zamani maye siiso fazanin yaranmast
3 morhalodo bas verir. Ovvalca 600-700°C
intervalinda garisimin baza siiso komponenti
(stiso tullantist vo ya frit) yumsalir, 700-
900°C-do yaranmus siiso arintisinde vulkan
kiiliiniin bir hissasinin hall olmast ils nisbaton
Oziilii yeni torkibli orinti vo nohayot, 800-
1000°C-do vulkan kiilii ilo zongin qaliq siiso
arintisinin amalo golmasi prosesi bas verir.
Bisirma siiratinin yiiksok oldugunu nozors
alsaq hor temperatur ti¢lin miivafiq qazomo-
logotiricinin istifado olunmasi nozori baxim-
dan effektiv ola bilor. Bunun {i¢iin todgiqgatla-
rimizda 600-700°C temperatur oblastinda mo-
samoliliyi tomin etmok ii¢lin natrium me-
tilsilikonatdan, 700-900°C temperatur (iciin
mormar tozundan va 800-1000°C temperatur
intervalinda son mosamologmoni tomin etmok
ucln grafit tozundan ibarat kompleks mosa-
moamologatiricidon (KM) istifads edilmisdir.
KM-in torkibi 1:1:1 nisbatindo gotiiriilmiis
natrium metilsilikonatdan, mormor tozu vo
grafitdon ibarat olmusdur. QazomologatiriCi-
nin sixta torkibinds miqdar1 100 k.h. sixtaya 3
k.h. toskil etmisdir. Kalium metilsilikonatin
gazomologatirici kimi se¢ilmasi tlizvi torkibli
olmasi ilo hom gazomalagatirma prosesina ve-
13 bilocayi tohfa, hom da natriumlu-silisiumlu
birlosma olmagla silikat mineralomoalogalmo-
do intensifikator rolunu oynaya bilocoyi ilo
osaslandirilmigdir. Molumdur ki, sixtanin na-
rinlig1 na gadar goxdursa, mosamalar bircinsli
va barabar paylanmis, materialin méhkomliyi
iso yiiksok olur. Niimunslorin hazirlanmasi
tictin vulkan kiilii, stiso (vo ya frit) tozu vo KM
kiirali ¢ini doyirmanda iiyiidiilmiis vo silindrik
metal goliba (d=5 sm, h=5 sm) tokiilorak qo-
liblonmisdir. Bu zaman narinliq, desiyinin 6l-
ciilori 008 Ne-li alokda (5476 des/sm?) galigim
miqgdarinin 10%-don az olmasi sorti ilo noza-
rotdo saxlanilmigdir.
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Cadval 1.
Molladag vulkan kiiliiniin kimyavi tarkibi

Oksidlor va onlarin miqdari, %
3,67 Na.O
1,05 MgO
13,92 Al20s
70,70 SiO;
0,10 P20s
0,15 SO3
3,93 K20
2,33 CaO
0,31 TiO2
0,13 MnO
3,25 Fe203
0,0205 SrO
0,0198 Rb20O
0,07 CI
0,35 YTI
Cadval 2.
Molladag vulkan kalinin mineralolji

torkibi
Vulkan kulinin

0 % mineralolji terliibi, kiitla %
S| ¢|7F 2|37 °
11 12 3 74 |100

000
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Sakil 2. Vulkan kiiliiniin difraktogrammasi.

Qoaliblomoadon avval niimunslarin golib-
don daha asan ¢ixmasi ligiin onun divarlari
kaolin, asbest vo sudan ibarat (k.h. ilo 2:1:1)
garisigla yaglanmigdir. Qaliblonmis niimune-
lor bir pillali bisirmos texnologiyasi ilo hoyata
kegirilmigdir. Bu texnologiyaya osason nii-
munolor mufel sobasinda maksimal siiratlo
(~3 saat orzindo) nozordo tutulan temperatura
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godor qizdirilir, bu temperaturda 1 saat sax-
lanildigdan vo 650°C-ya qodar siiratlo (soba-
nin iist qapagi aciq vaziyyata kegirilir) soyu-
duldugdan sonra yavas soyutma rejimino
kegirilorak (sobanin qapagi yenidon baglanir)
tab1 alinmisdir. Umumi termiki emal miiddoti
9-11 saat ¢okmisdir. Niimunolor mufel soba-
sinda bisirilib soyuduldugdan sonra onlarin
orta sixlig1 (OCT EN 1602-2011) vo (OCT
2409-95) toyin edilmisdir.

Analizin naticalorindon gorinduyd kimi
vulkan kiilii osason amorf faza ilo tomsil
olunmusdur (74%). Digar ¢ol gpat1, kvars vo s.
ilo tomsil olunan fazalarin miqdart timumilik-
ds 26% haddindadir. Yiiksok migdarda amorf
fazanin va ¢ol gpatinin méveudlugu Molladag
vulkan kiiliiniin 6zokli siiso istehsalinda istifa-
ds edils bilacoyinin miimkiinliiyilinii gostorir.

ODOBIYYAT

1. JloroB B.A. IlepcrieKTHBHBIC TETLIOU30JI-
ALMOHHBIE MAaTEPHUAJIbI C )KECTKOU CTPYK-
Typoit  //CTpouTeNbHBIE  MaTepHUabL.
Nell.2004., c. 8-9; EDN: https://elibrary.
ru /IBEKUL

2. F. D'Alessandro, S. Schiavoni, F. Bianchi,
F. Asdrubali Insulation materials for the
building sector: a review and comparative
analysis Renew. Sustain. Energy Rev., 62
(2016), pp. 988-1011

3. T.H. MuxaiinycoBa, E.A. OronblioBa,
A.A. Mynerun, 10.9. Con. ®usnyeckue
CBOMCTBa TCIUIOU3O0JIAIUOHHBIX MaTrcepua-
JIOB M KOHCTPYKTHBHBIE CITIOCOOBI TEILIO-
n30JAuuK nomenienuii //Bectauk Ilckos-
CKOro rocyaapCTBEHHOI0O YHHUBCPCHUTETA
Ne8 (2016) c. 159-163.

4. Y.Wang, K. Liu, Y. Liu, D. Wang, J. Liu.
The impact of temperature and relative
humidity dependent thermal conductivity
of insulation materials on heat transfer
through the building envelope, J. of Buil-
ding Engineering 46 (2022)

5. J.Konig, R.R.Petersen, N.Iversen, Y.Yue.
Suppressing the effect of cullet composition
on the formation and properties of foamed
glass //Ceramics International 44 (2018).

14

6. J. Konig, R. R. Petersen, Y. Yue, D. Suvo-
rov. Gas-releasing reactions in foam-glass
formation using carbon and MnxOy as the
foaming agents // Ceramics International
43 (2017).

7. Papadopoulos, A.M. State of the art in
thermal insulation materials and aims for
future developments. Energy Build. —
2005. No. 37. — pp. 77-86.

8. Natsievsky S.Yu., Alekseeva L.V. Heat-
efficient building materials based on per-
lite //Building materials. — 2011. — Ne6. —
P. 52-54.

9. Shill F. Foam glass. M.: Publishing house
of literature. by design 1965.-307 p. The
influence of raw materials on the properti-
es of foam glass and development pros-
pects.

10. Latyntseva E.A., Podoinikova Ya, R.,

Bezrukova T.A., Murtazina A.A. Cons-

11. truction materials and products, 2020. -
p. 44-48.

12. Study on Factors Affecting Properties of
Foam Glass Made from Waste Glass.
Yang Liu, Jianjun Xie, Peng Hao. Jour-
nal of Renewable Materials 9(2):237-
253. 10.32604/jrm.2021.012228

13. Demidovich B.K., Sadchenko N.P. Foam
glass-technology and application //Indus-
trial construction materials. Series: Glass
industry. - M.: VNIIESM, 1990. -Issue 9.-
45 p.

14. Anchiloev N.N., Damdinova D.R., Pav-
lov V.E. Foam glass based on local clay
raw materials and cullet: structure and
properties. Bulletin of the Buryat State
University. Chemistry. Physics. 2017.
Issue 2-3.

15. Damdinova D.R. Foam glass with im-
proved structural properties based on ef-
fusive rocks. //News of Universities.
Construction. - 2006. -Ne11-12.-p.35-42.

16. Damdinova D.R., Pavlov V.E., Anchilo-

17. ev N.N. Foam glass of the "cullet-clay-
sodium hydroxide" system: compositi-
ons, structure and properties. //Construc-
tion materials. -2014.- Ne8.-P. 38-40.



Journal ecology and water economy
Ekologiya va su tasarriifati jurnall,

Ne3, 06.2025

18. Patent. Foam glass. RU124905U1Patent.
Composition for producing foam glass.
RU2164898

Xalilov Y.X., 20kboarova S.M, 29liyev F.I.
LBaki Miihondislik Universiteti, ?Az. MIU

OzaKli siisonin tarkibinin va
texnologiyasinin islonmasi

XULASO

Tadgiqat isinds vulkan kiiliiniin istifads-
si ilo 6zokli siisonin alinmasinin mimkun-
liyli 6yronilmisdir. Molladag vulkan kiiliiniin
Kimyavi-mineraloji torkibinin §yronilmasi
naticasinde miioyyon edilmisdir ki, o alyu-
mosilikat torkibli olub osason kvars, ¢ol spati
vo amorf faza ilo tomsil olunmusdur. Aparil-
mis eksperimentlorlo vulkan kiilii - pancara
stisasi qurintis1 vo vulkan kiilii - borsilikat frit
garisiglarinin qazomoloagatici ilo birlikde me-
samolosdirilmoasinin optimal torkibi va termi-
ki emalinin asas texnoloji parametrlori miioy-
yon edilmisdir.

Acar sozlar: Vulkan kiilii, o6zakli siisa,
istilik izolyasiya materiali, amorf faza.

Xamuaos 10.X., 2Ak6eposa C.M.,
2Anues @.H.

L Baxunckuii Huoicenepnviii Yruusepcumem
2 A3epbationcanckuti ApxumexmypHo-
CmpoumenvHuiti Ynueepcumem

Pa3paboTka cocTaBa U TEXHOJIOTHH
STYEHCTOr0 CTEKJIa

PE3IOME

B xone uccrnenoBaHus u3ydanach BO3-
MO>XHOCTb TIOJTYIE€HHSI TIEHOCTEKJIA C UCTIONb-
30BaHUEM BYJIKAHMUYECKOTO neria. B pe3ynb-
TaTe U3y4CHHUS] XUMHUYECKOTO M MUHEPAJIOTH-
YEeCKOro COCTaBa BYJIKAHMYECKOIO IerJa
MecTopoXxaeHuss Moimaaar ObII0 YCTaHOB-
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JICHO, YTO OH COJACPIKUT AIIFOMOCHJIUKATHI U
NpEJICTABICH B OCHOBHOM KBapIieM, MOJie-
BBIM IITIaTOM U amop(dHO# ¢a3oii. B pe3yib-
TaTe TMPOBEIACHHBIX IKCIIEPUMEHTOB OIpe-
JICNICHBl ONTUMAJIbHBIA COCTaB U OCHOBHBIC
TEXHOJIOTHYECKUE TapaMeTphl TepMOoOpa-
OOTKH CMeceil BYJIKaHHYECKOro Ieruia - OT-
XOJIOB IPOM3BOJICTBA OKOHHOIO CTEKJIa H
BYJIKAHUYECKOTO Teria — OOpOCHIMKATHOM
(GPUTTHI B COYETAHUH C TICHOOOpa30BaTEIeM.

Kniwouesvie cnosa: eynxanuueckuii ne-
nei, NeHOCMEKI0, MEeNIOU3ONAYUOHHBLUL Md-
mepuan, amop@uas gaza

1Khalilov Ya.Kh., 2Akbarova S.M.,
2Aliyev F.1.

!Baku Engineering University
2Azerbaijan Architecture and
Construction University

Development of composition and
technology of cellular glass

SUMMARY

The study examined the possibility of
producing cellular glass using volcanic ash.
As a result of studying the chemical and
mineralogical composition of volcanic ash
from the Molladag deposit, it was found that
it contains aluminosilicates and is represen-
ted mainly by quartz, feldspar and an
amorphous phase. As a result of the experi-
ments, the optimal composition and main
technological parameters of heat treatment of
mixtures of volcanic ash - window glass
production waste and volcanic ash -
borosilicate frit together with a blowing agent
were determined.

Key words: volcanic ash, cellular glass,
thermal insulation material, amorphous phase
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MOMMODOVA V.V., QULIYEVA T.Q., EYVAZOV S. S.

AGILLI TOSORRUFATLARDA XUSUSI BITKILOR UCUN
EVAPOTRANSPIiRASIYANIN QIYMOTLONDIRILMOSI

Giris. Su catismazlig1 va iqlim doyiskon-
liyi sobabindon, kond tosaorriifati bitkilorino
xas olan molumatlara osaslanan metodlara
empirik evapotranspirasiya (ET) modellari -
nin paradigmasinda (miioyyan tarixi dovr or-
zinds elmdos moévcud konseptual sxem, prob-
lemin qoyulusu, halli vo 6yronilmasi modeli,
todqgigat metodunu bildiran osas elmi baxis)
doyisiklik tolob olunur. Penman-Monteyt
FAO-56 tonliyi holo do ET qiymatlondirmok
ticiin xiisusi standart olsa da, onun daqiqliyi
statik mohsul amsallarindan (K¢) vo kobud
meteoroloji molumatlardan asililigi sababin-
don miixtalif ¢esidlor vo artim meorhaloalori
ticin mohduddur. Bu bosluglar, torpaq nov-
lori vo mikroiglim iigiin real vaxt ET prog-
nozlasdirmaga imkan veron dorin todgigat
sensorlar1 (DL) vo Internet (IoT) sobakalorin-
do yaranmis son inkisaflarla doldurulur [1].
Tullantt neyron sobokolorinin (CNN) suya
aid olan problemlori agkar etmok {iciin peyk
gorlintiilorini vo torpag-bitki-atmosfer dina-
mikasinda miivaqqgoti asililiglarin  (RNN)
modelini neca isladiyini gostormak {igiin bu
todqgiqat anonavi ET modellarini (Hargreaves
va Priestley-Taylor kimi) miiqayise edir DL
alternativlori asasinda. Biz soya tosarriifatin-
da 35% su istehlakini minimuma endirmok
liclin torpaq riitubst gostaricilori vo NDVI
(normallagdirilmig bitki forq indeksi) molu-
matlarin1 birlasdiron DL hibrid qurlusunun
bir nlimunosini togdim edirik [2].

Hargrivs-Samani kimi temperatur tonlik-
lori tez-tez ononavi evapotranspirasiya hesab-
lamasinda (ET) istifado olunur.

Diistur 1 (enanavi baza xotti) [3]:

ET0=0.0023%(Tmeant+
+17.8)x (Tmax_Tmin)O'sx Ra

Harada: Tmean, Tmax, Tmin - gUindliz temperaturu
(°C); Ra- Yerdonkonar siialanma (MJ/m?/giin)
Hesablama sadsliyino baxmayaraq, bu
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tisul  ritubot, kiillok vo  giinos
stialanmasima mohal qoymadan 20-30% =
geyri-doqiqliklor  toqdim  edir.  Saho
todqgiqatlarina goro, riitubatli bolgolordo su
istehlakint 25-40% artiir vo daha quru
bolgolords 15-25% asag1 qiymatlondirir.

Miiasir sistemlor ASCE-Penman-Mon-
teyt tonliyinden istifads edir, mikroiqlim do-
yisonloari inteqrasiya edir:

Diistur 2 (qabagqcil fizika osasinda) [4]:

ET0=(0.408A(Rn-G) +yT+
-Uz2(es-€a))/ (A+y(1+0.34u2))

Harada: Rn — Tomiz radiasiya (MJ/m?/gilin);
G — torpagn istilik axin1 sixlig1 (MJ/m?% giin);
Uz2— 2 m (m/s) hiindiirliikds kiilok siirati; es-€a
— buxar tozyiq ¢atismazhigi (kPa).

Bu, + sohvlorini 5-8% -o qodor azaldir,
lakin kigik tosarriifatlar ii¢iin bahali olan ge-
nis sensor molumatlari tolob edir.

Daorin 6yronma (DL) dinamik olaraq fizi-
kaya osaslanan modellarin gatismazliglarini
aradan qaldirmaq tgiin bir neco monbadon
alman bitkilor vo su arasindaki qarsiligh
olageni dyranir:

Diistur 3 (DL oasasinda ET giymaotlondi-
rilmasi) [5]:

ETcrop=fCNN
(NDVI,050i1)+fLSTM(T,RH,u2,Rs)

Harada: fCNN: NDVI peykindon alinan vo

torpaq riitubotini emal edon sinir sobokosi

(torpaq 0); fLSTMM: Miivaqgati iqlim molu-

matlarin1 simulyasiya edon uzunmiiddotli

yaddas sobokoasi (temperatur T, riitubot RH,
kiilok up, glinos radiasiyasi Rs)

Onanavi metodlardan tstiinliiklori:

1. Kond tosorriifatr bitkilori {i¢iin spesifiklik:
DL modellori 3-5% =* geyri-daqiqliys nail
olmaq tg¢iin kond tosorriifati bitkilorinin
fenologiyasini (masalon, gargidali vo soya
ET oyrilori) qeyd edir.
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2. Molumat birlosmosi: Peyk goriintiilorini og-
yalarin Internetinin ucuz sensorlari ilo bir-
logdirir (masalon, torpaq riitubat sensorlari).

3. Yerlosdirilmasi: Raspberry Pi kvant DL mo-
dellori gecikmoni iki saniyodon az azaldir.
Ononavi planlagdirma sabit mohsul omsal-

larindan (Kc) istifads edir:

Diistur 4 (statik planlasdirma) [6]:

Dirr=ETcropXKcexA

Mbohdudiyyat: Torpaq — bitki - atmosfer
(SPAC) kontinuumuna mohal qoymamaq
dinamikas1 sababindon 30-50% artiq suvarma.

DL osasli adaptiv planlasdirma:

Diistur 5 (dinamik modellogdirma SPAC) [7]:

tir= .[ ((\llleaf'\llsoil) / (Rplant))dt

Harada: y torpagq: torpaga aid olan su po-
tensial1 (hiperspektral sensorlar); Rpiant -Hid-
ravlik qurasdirma miiqavimeti (DL ilo qiy-
motlondirilir)

Mohsuldarliq: 85-92% totbiq somorali-
liyina nail olur, hava prognozlari ils torpaq vo
bitki molumatlari birlogdirir. DL prognozlas-
dirict idaraetms ilo nasoslarin isini optimal-
lagdirir:

Diistur 6 (enerji optimallagdirilmasi) [8]:

Esaved = ((Qd1)/(Qstatic))*+Estatic

Harada: QDL: DL prognozlasdirilan axin
Natica: tezlik tonzimlonan siiriiciilor sa-
yasinda 35-65% enerjiya qonaat.
Diistur 7 (suya aid olan somoraliliyin in-
deksi - DL) [9]:

WEIDL = ((ETerop ETDL)/(Y-ETCrop))

DL vo ononovi miiqayisa:

— Ononavi: 0.55-0.65

— DL:0,85-0,92

Diistur 8 (investisiyalarin iqtisadi golir-
liliyi) [10]:

ROI :((Y‘Pcrop)'(Eirr'Cenergy))/(Cd I)
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NOTIiCO

Empirik tonliklordon (diistur 1) DL (diis-
tur 3) idars olunan ET modellorino godor olan
tokamiil ii¢ doyismoni oks etdirir:

1. Multimodal moalumat inteqrasiyasi: DL {i¢
standart modeldon forqli olaraq yeddidon
¢ox doyisoni birlosdirir.

2. Real vaxt adaptasiyast: Edge Al saho vo-

3. ziyyatlarino bes dogiqodon az miiddotds
cavab vermoys imkan verir.

4. Doqiqlik: + 25% =+ 3% -0 godor sshvlori
azaltmagqla resurslardan istifado somarali-
liyi maksimuma ¢atdirilir.

RESULT

From empirical equations (formula 1) to

ET models governed by DL (formula 3), evo-

lution reflects three paradigm changes:

1. Multimodal data integration: DL combines

more than seven variables, as opposed to
three standard models.

2. Real-time adaptation: Edge Al allows you
to respond to field situations in less than
five minutes.

3. Accuracy: Resource efficiency is maximi-
zed by reducing errors to 25% + 3% =.

PE3VYJIBTAT

Ot sMnupuyeckux ypaBHeHUH (hopmy-

na 1) no moneneir ET, ympasnsgembix DL

(popmyna 3), sBOIIOIUS OTpaXKAET TPH U3Me-

HEHHSI TAPaAT MBI

1. MynsTUMOAanbHasE MHTETPANNS JaHHBIX:
DL ob6wveagunsier Oojnee ceMu TepeMeH-
HBIX, B OTJIMYHUE OT TPEX CTAHJAPTHBIX MO-
JENIEN.

2. Apanranus B peadbHoM BpemeHu: Edge
Al mo3BoJIIeT pearupoBaTh Ha IOJIEBBIE
CUTYallU1 MEHee YeM 32 ISTh MUHYT.

3. Tounoctb: 3(pPeKTUBHOCTH HCITOIB30BA-
HUSl PECYpPCOB MaKCHUMHU3HPYETCS 3a CUeT
CHWD)KEHMsI orpemHocten 10 25% + 3% +



10.

Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ne3, 06.2025

ODOBIYYAT

Karbasi M., Jamei M., Ali M., Attention-
based neural networks for accurate eva-
potranspiration prediction under partial
data availability. Expert Systems with Ap-
plications, 2023, 213, 119284.

Elbeltagi A., Srivastava A., Pandey M.,
Coupling meteorological and satellite data
with deep learning for improved ETO
estimation in data-scarce regions. Journal
of Hydrology, 2022, 615, 128634.

Garcia L., Rodriguez A., Reyes J., A deep
neural network approach for daily referen-
ce ET prediction using limited climatic da-
ta. Computers and Electronics in Agricul-
ture, 2020, 175, 105516.

Wang H., Zhang L., Dawes W.R., Impro-
ving daily ETO estimation using hybrid
deep learning models with limited input
variables. Hydrological Processes, 2020,
34(4), c. 998-1012.

Huang J., Gbmez-Dans J.L., LewisP.E., A
multi-task learning approach for simulta-
eous crop classification and ET estimation
using Sentinel-2 imagery. Remote Sen-
sing of Environment, 2019, 231, 111240.

Yamag S.S., Todorovic M., Transformer-
based deep learning models for multi-step
ahead reference ET prediction. Journal of
Hydrology, 2023, 617, 128996.

Li W., Awais M., Ru C., Spatiotemporal
hybrid CNN-GRU model for regional ETO
estimation using public weather station
data. Agricultural Water Management,
2021, 245, 106575.

Patil A.P., Deka P.C., Extreme gradient
boosting (XGBoost) model for prediction
of daily ETO in different agro-climatic zo-
nes. Theoretical and Applied Climatology,
2022, 148(3-4), c. 723-741.

Saggi M.K., Jain S., A survey on deep
learning approaches for evapotranspirati-
on estimation in precision agriculture. A-
rtificial Intelligence in Agriculture, 2022,
6, 146-163.

Feng Y., Cui N., Gong D., Zhang K., Eva-
luation of random forests and long short-

18

11. term memory networks for reference ET
prediction. Agricultural and Forest Mete-
orology, 2021, 298-299, 108286.

Agilh tasarriifatlarda xiisusi bitkilor
liciin evapotranspirasiyanin
giymoatlandirilmasi

XULASO

Daqiq kond tosarriifati suyun maksimum
istifadasi li¢iin evapotranspirasiyanin (ET) de-
qiq hesablanmasina osaslanir. Penman-Mon-
teith kimi ananavi ET modellari, onlar imu-
milogdirilmis meteoroloji molumatlara osas-
landigindan, spesifik madoniyyatlor {i¢iin do-
yiskonliyi tez-tez gbozdon qacirirlar. Bu arag-
dirma, avvallar goriinmomis doqiqliklo xiisusi
madoniyyatlor iiciin real vaxt ETH hesabla-
masinin Osyalarin interneti (I0T) asasli sensor
sobokaloeri il birlikds dorin dyronmas (DL) ya-
nasmalar1 sayasindo miimkiin oldugunu aras-
dirir. DL modellori (CNN vo LSTM kimi)
multispektral goriintiilori, torpaq riitubat
sensorlarimi vo mikroiglim mslumatlarini bir-
losdirorok suvarma qrafiklorini dinamik so-
kilds doyisir. Bu, mohsuldarligi qoruyarken
kan su tullantilarin1 20-40% azaltmaga imkan
Verir.

Belo yiiksok emal toloblori vo boyiik to-
lim molumat dasti talablori kimi manealors
baxmayaraq, federal tolim vo sorhad Al doyi-
sikliklor gobul maneoslori azaldir. Agill kond
tasarriifati sistemlorinin miqyasini vo inamini
artirmagq tigiin hesabatda on miiasir variantlar,
o ctimlodan blokgeyn dostokli suyun yoxlani-
st vo ET modellosdirilmasi iiglin raqomsal
okizlor do nozordon kegirilir. DL osasli ET
hesablanmasi, iqlim doyisikliyi su mahdudiy-
yatlorini artirdigindan, xiisusilo quraq yerlor-
do davaml1 kond tesorriifat: {i¢lin vacib ola-
cag.

Acar sozlar: Evapotranspirasiyanin mo-
dellogdirilmasi, kond tasarriifatinda dorin ta-
lim, daqiq suvarma, loT sensorlari, kond ta-
sarriifati bitkilari ticiin su ehtiyact, su ehtiyat-
larinin davamly idara edilmasi.
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SUMMARY

Deep learning for crop-specific
evapotranspiration estimation
in Smart Farms

Precision agriculture relies on precise eva-
potranspiration (ET) calculation to maximize
water use. Conventional ET models, like Pe-
nman-Monteith, frequently overlook crop-sp-
ecific variability since they are based on
generalized meteorological data. This study in-
vestigates how real-time, crop-specific ET cal-
culation with previously unheard-of precision
IS made possible by deep learning (DL)
approaches in conjunction with Internet of
Things (loT)-based sensor networks. DL mo-
dels (such as CNNs and LSTMs) dynamically
modify irrigation schedules by combining mul-
tispectral imaging, soil moisture sensors, and
microclimate data. This reduces water waste by
20-40% while preserving crop output.

Despite obstacles, such as high process-
sing requirements and the requirement for big
training datasets, developments in federated
learning and edge Al are reducing adoption
hurdles. In order to improve scalability and
confidence in smart agricultural systems, the
report also explores cutting-edge options in-
cluding blockchain-enabled water audits and
digital twins for ET simulation. DL-driven ET
calculation will be essential for sustainable ag-
riculture, especially in arid places, as climate
change intensifies water constraint.

Keywords: Evapotranspiration modeling,
deep learning in agriculture, precision irriga-
tion, 10T sensors, crop water demand, sus-
tainable water management.

PE3IOME
I'nyGokoe o0yueHue oneHKe
IBANOTPAHCIIMPAIUH TJIA KOHKPETHBIX

KYJbTYP HAa HHTEJLUIEKTYaJbHbIX (pepMax

To4dHOE cenbcKoe X035 MUCTBO ONMUPAETCS
Ha TOYHBIN pacueTt 3Banorpancnupanuu (ET)
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JUISI MAKCUMAaJIbHOTO HCIIOIb30BaHUS BOJIBI.
Tpamuunonnsie moaenu ET, Takue kak Pen-
man-Monteith, gacTo ymyckaroT U3 BUIy U3-
MEHYHMBOCTH JJI KOHKPETHBIX KYIBTYp, MOC-
KOJIbKY OHM OCHOBaHBI Ha 000OILIEHHBIX Me-
TEOPOJIOTUYECKUX JTaHHBIX. B 3TOM Hccneno-
BAHUU HCCIEAyeTcs, Kak Bbluuciaenue ET B
peaTbHOM BpPEMEHM JUIsi KOHKPETHBIX KYIIb-
TYp C paHee HEeCIbIXaHHOW TOYHOCTBIO CTAJIO
BO3MOXKHBIM OJiarofaps mojaxoaam riy0oko-
ro oOyuenus (DL) B coueTaHuu ¢ CEHCOPHBI-
MU CeTSMHU Ha OCHOBe VHTepHeTa Bemei
(IoT). Mogenu DL (takue kak CNN u
LSTM) nuHamMu4ecku H3MEHSIOT TpauKu
OpOIIICHUsI, KOMOMHUPYS MYJIbTUCIIEKTPAIb-
HbIC W300paKCHHS, JATYUKUA BIIAKHOCTH
MOYBHI U JAHHBIE O MUKPOKIUMATE. DTO MO3-
BOJISIET COKpPATUTh BOAHBIE OTXOAbI Ha 20-
40% mpu coxpaHEeHUH YpOKaNHOCTH.
Hecmotpst Ha mpemsTCcTBHsI, TaKWE Kak
BBICOKHE TpeOOBaHUs K 00paboTKe u Tpeho-
BaHUA K OonpIMM HabopaM 00yYarommx
JIAHHBIX, U3MCHEHUS B (erepaTuBHOM 00Y-
yeHuu U norpannyHoM MU cHmkarot npern-
ATCTBUSA N7 TpHUHATHUS. UTOOBI MOBBICUTH
MacCIITaOUPYEMOCTh 1 YBEPEHHOCTb B UHTEI-
JIEKTYalIbHBIX CEIBCKOXO3HCTBEHHBIX CHUC-
TeMaX, B OTYETE TAK)KE pAaCCMATPUBAIOTCS Ca-
MbI€ COBPEMEHHbBIEC BapHAHTHI, BKIIOYAs ay-
TUTBl BOJABI C TOAJEPKKOW ONOKueiiHa H
nru(poBbie OIU3HEIBI JUISI MOJSITUPOBAHUS
ET. Pacuer ET na ocHoBe DL Oyzner nmers
BaXHOE 3HAYCHHE JUIS YCTONYMBOIO CENIbC-
KOTO XO034iCTBa, OCOOCHHO B 3aCYILIHBBIX
MeCTaX, ITOCKOJIbKY W3MCHCHHE KJIMMaTa
YCHJIMBAET BOJIHBIC OTPAaHUUICHHSI.
Knrwoueswie cnosa: Mooenuposanue s6a-
HOMPAHCRUpayuL, MoyHoe opouieHue, 0am-
yuku loT, nompedbnocms 8 600e 05l CelbCKO-
XO3AUCMBEHHbIX — KVIAbMYp,  YCMOUYUBOE
ynpasenue 800HbIMU PeCypCamil.

Mbaqalays AzMIU-nun
“Meliorasiya va su tasarriifati tikintisi’
kafedrasinin dosenti, a.0.f.d.

V.H. Salimova ray vermisdir.

’
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3APBAJIMEBA .M. MAMEDOVAT.T.

Cmpoumenvuuwiii Konneoc npu Azepbaiiodncanckom
Ynueepcumeme Apxumexkmypor u Cmpoumenvcmea

AHAJIN3 TIPUMEHEHUA HCKYCCTBEHHOI'O UHTEJUVIEKTA
B CUCTEMAX BOAOOYUCTKH

B nmocnennue roxpl TEXHOJIOTMM HCKYC-
crBeHHoro uHremiekta (UMW) nonyunnu mm-
pPOKOE PpaclpOCTpaHEHHE B CaMbIX DPa3HBIX
cdepax, BKIIOYAs OYUCTKY CTOYHBIX BOJI.
['no6anbHBIN pocT HaceNeHUs, pa3BUTHE IIPO-
MBILIUIEHHOCTH U U3MEHEHHE KJIuMara co3za-
IOT JIONOJHUTENbHbIE BBI3OBBI JUISI CHCTEM
BOJIOOYMCTKH, TPEOYIOIIUX MHHOBALIMOHHBIX
petenuil. VICKycCTBEHHBI HMHTEIIEKT I10-
MOraeT ONTUMU3UPOBATh POLIECCHl OUMCTKH,
CHWXATh 3aTpaTbl U MHUHUMHU3UPOBATh BO3-
JICMCTBHE HA OKPYKAIOLIYIO CPENY.

TpanuioHHbIE METOIbI OYUCTKH CTOY-
HBIX BOJI UMEIOT psijl OTpaHUYEHUIl: OHU Tpe-
OyIOT 3HAUUTEIbHBIX 3aTpaT Ha 3KCILTyara-
IIMI0, 3aBUCAT OT YEJIOBEYECKOro (akropa u
nopoil HeaEeKTUBHBI NPU U3MEHEHHUHU COC-
TaBa 3arpsi3HeHni. Buenpenne M nossossaer
MOBBICUTh TOYHOCTb aHaJM3a, aBTOMAaTHU3HU-
pOBaTh MPOLIECCHl U MPOTHO3UPOBATh MOTEH-
LIUAJIbHBIE PUCKH, YTO JAEJIAET BOAOOYUCTKY
Oosee Ha/IeXKHON U IKOHOMHUYHOM.

HcKycCTBEHHBII MHTEIEKT MPUMEHSET-
Csl Ha BCEX 3Talax OYMCTKU CTOYHBIX BOJ: OT
MOHUTOPHUHIa cOCTaBa 3arps3HeHHi 10 ymnpa-
BJIEHUsI 000pyIOBaHMEM U MpoduIaKTHYeC-
Koro obOcmyxuBanus. KiroueBble TexXHOJO-
THH, UCTIOJIb3yeMbIE B JIaHHOU cdepe, BKITIO-
Yal0T MalIMHHOE OOyueHHe MO3BOJISIOMNI
aHaAJIM3MPOBaTh JaHHbIE, COOpaHHbIE AATYH-
KaMH B OUYHCTHBIX COOPY>KEHHSAX, U BBISBIISATD
3akoHOMepHOcTU. Hanpumep:

— PerpeccronHble MOJENM MPOTHO3HPYIOT
YPOBEHD 3arpsi3HEHUN B BOAE;

— Kunaccuduxanmonnsle aaropuTMmbl HJIEH-
TUQHUIUPYIOT THITBI 3arps3HSIONINX Be-
I1ECTB;

— I'myOokue HelipoceTn aHATU3UPYIOT U300-
pa’keHus1 BOABI JJIi aBTOMAaTHYECKOTO OIl-
pelieNieHus CTENIeHH 3arpsi3HEHNS.
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HeiipoceTeBble MO€JH CIIOCOOHBI
00pabaThIBaTh OIPOMHBIE MACCHUBBI JAHHBIX U
MIPE/ICKA3bIBATh IIOBEACHUE CHUCTEM BOJO-
ouucTKH. OHU UCHIOJIB3YIOTCS B!

— VYnpaieHUr OMOJIOTMYECKUMH pEaKTopa-
MU (KOHTPOJIb MUKPOOPIaHW3MOB, y4acT-
BYIOIIUX B OUUCTKE);

— Ontumu3anuy MporeccoB QUIbTPALNY;

— IlpenckazaTenbHOM OOCTYKMBaHHH 000-
pYyJOBaHUSI.

Hudpossie nBoitnuku (Digital Twins) B
cUCTEMaxX IMPEJCTABISAIOT COO0N BHPTYaib-
Hbl€ KOIIMM OYHMCTHBIX COOPYKEHUH, I103-
BOJISIS1 TECTUPOBATh Pa3IMyuHbIE CLIEHApUU pa-
OOTBI ¥ TPOrHO3UPOBATH BO3MOKHBIE COOH.

OnHuM U3 KII0YeBbIX Npeumyniects MU
SBJISIETCSl CIIOCOOHOCTh aHAJM3UPOBATh OT-
POMHBIE 00BbEMBI JAHHBIX B PEKUME pPeaIbHO-
ro BpeMeHu. COBpEMEHHBIE CUCTEMBI BOJIO-
OUUCTKHM OCHAIIEHbl JaTYMKaMH, coOuparo-
MU UH(OPMALIUIO O COCTABE BOBI, TEMIIE-
patype, ypoBHe pH M KOHILIEHTpauuu Bpe.-
HBIX BEILLECTB.

Haruuku [oT nepenarot nanuble B 001ay-
Hble MatdopMmsl, rae anroputmsl MU obpa-
0aThIBalOT MH(OPMAIMIO U NPUHUMAIOT pe-
IIEHUs] O HEOOXOJIUMBIX KOPPEKTHPOBKAaX B
OUYHUCTHBIX IpoIIeccax.

WU MoXkeT nmporHo3upoBaTh NW3MEHEHUS
cocTaBa BOJbl, OCHOBBIBAsCh Ha HMCTOpHYEC-
KUX JaHHBIX U KJIMMAaTHUYECKUX YCIOBUSX.
OT0 0COOEHHO Ba)KHO I CE30HHBIX U3MEHe-
HUW KauecTBa Boabl. UM urpaer pemaronryro
pOJIb B aBTOMAaTH3allMH OYHUCTHBIX COOpYKe-
HU, yMeHbIIasi MOTPeOHOCTh B PYYHOM YII-
paBJIEHUH U TOBBIIIAS HAJAEKHOCThH IMPOLIEC-
coB. CoBpemennbie MN-cucteMbl cIOCOOHBI
aBTOMAaTHYECKH PETYINPOBATH TI03UPOBKY pe-
areHTOB, U3MEHATh MapaMeTpbl (UIbTPALIUH
U YIpaBJsATh paboToi HACOCOB, MUHUMU3U-
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pysl DHEPro3aTparsl.

MamaHoe 00y4YeHue aHATM3UPYyeT J1aH-
HbIE O paboTe HACOCOB U (DMIBTPOB, MPOT-
HO3UpPYSl BO3MOXKHBIE COOM. DTO IOMOraeT
NPOBECTH MPODYUITAKTHIECKOE OOCITYKHUBAHNE
JI0 TIOSIBJIEHUSI TPOOJIEM, YTO CHHMIKAET JKC-
IUTyaTallMOHHBIE PACXO/BL.

WU ontuMusupyer morpedieHHe 3JeK-
TPO3HEPI'UH, PEryIUpYs pabOTy a3POTEHKOB U
OMOpEaKTOpOB B 3aBUCHMOCTH OT COCTaBa
CTOYHBIX BOJ. JTO J€aeT MPOLECChl OYMCTKU
6oJ1ee FIKOJIOTMYHBIMU U SKOHOMUYHBIMHU.

Hanpumep, Kommnanuss Thames Water
(BemukoOputanusi) HCIONB3YyeT HEHpPOCETH
JUI TIPOTHO3MPOBAHUS 3arpsA3HEHUN U pery-
JMPOBAHHUS TAPaMETPOB OYUCTKHU, YTO 1103BO-
JISIET 3HAYUTEIbHO CHU3UTDH PACX0J XUMUYEC-
KHUX pEarcHTOoB.

CuHranypckue O4YMCTHbIE CTaHIUM UH-
terpupytor UM u gatuuku loT, uyToOsI B pe-
QIBHOM BPEMEHU OTCIIEKUBATh YPOBEHb 3a-
IPA3HEHUH U aJJalTUPOBATh METO/IbI OUMCTKH.

B psne aMepukaHCKMX rOpoJOB BHEApeE-
Hbl MM-crucTemsl [U1s1 TPOrHO3UPOBAHMSI BbI-
X072 000pyJOBaHMs U3 CTPOs, YTO TIOMOTaeT
n30eXaTh aBapUMHBIX CUTYaIH 1 SKOHOMUTh
peCypCBL.

WU npoposkaeT pa3BUBATHCS, NpeiJia-
rasi Bce OoJjiee COBEpILIEHHBIE PELICHUS IS
BOJIOOYMCTKU. B mepcrexTBe MOXKHO 0XKH-
JlaTh:

— IlosHOCTBIO aBTOHOMHBIX OYMCTHBIX CO-
OpYKCHHI;

— Hurerpaunn MM ¢ cucremamu ympasiie-
HUS TOPOJICKUM BOJIOCHAOKEHUEM;

— MHcnonbs3oBaHusS KBaHTOBOTO MAIIMHHOTO
o0ydeHust Juia 6oyiee TOYHBIX MPOTHO30B
3arpsI3HEHUM;

— IloBeimmenuss 3¢ddexTuBHOCTH OUOIOTH-
YECKON OYMCTKH.

HccnenoBanue, NpOBENCHHOE YHUBEp-
cureroM Kamudopuuu B 2023 rony, nokasa-
JI0, YTO IPUMEHEHNE NPEAUKTUBHBIX MOZAEIIEH
Ha OCHOBE MAIIIMHHOTO O0Y4EHHsI MO3BOJISET
COKpAaTHUTh 3aTpaThl HA OYUCTKY BOJBI Ha IO
25% 3a cuer ONTHMHU3ALUHU JO3UPOBAHMS
XUMHUYECKUX peareHToB. B pamkax mpoekTa
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OBUTH TIPOTECTUPOBAHBI PETPECCUOHHBIC MO-
JIeTTN, KOTOPBIC TPENICKA3bIBAIOT W3MEHEHUS
COCTaBa BOJIbI HA OCHOBE MCTOPUYECKHX JaH-
HBIX.

[IpenyKTUBHAS aHAIUTHKA B OYMCTHBIX
COOPYXEHHUSIX UTPaeT KIOYEBYIO POJIb B I10-
BBIIICHUHU 3()()EKTUBHOCTH TPOILIECCOB BOIO-
OYKCTKH, CHIDKCHUH 3aTpaT U MpeaoTBpalle-
HUU aBApUMHBIX CHTyauuil. Bor neranbHoe
PacKpBITHE €€ TIPUMCHEHHS:

1. Coop u obpabomra 0anHbIX 8 pedicume
peanvroeo epemenu. COBPEMEHHBIC OYHUCT-
HBIE COOPY)KEHHSI OCHAIICHbI qaTyukamu [oT,
KOTOpBIE HETPEPHIBHO COOMPAIOT TaHHBIE O
COCTaBe BOJIBI, Temreparype, ypoBHe pH,
KOHIICHTPAIIMU BPEIHBIX BELICCTB M JPYTUX
napaMmerpax. OTH JaHHbIE MEPENaloTCs B
oOJyauHbIe M1aTHOPMBI, TJIE AITOPUTMBI Ma-
IMHHOTO O0YYEHHsI aHATM3UPYIOT HHpOpMa-
VO U BBISBIISIIOT 3aKOHOMEPHOCTH.

2. Ilpoenosuposanue usmeneHul cocma-
6a 600bl. Monieny MallmHHOTO O0Yy4YeHHS HC-
MOJIB3YIOT UCTOPUYUECKHE JIAaHHBIC O COCTaBe
BOJIbI, & TAKXKE YYUTHIBAIOT BHEIIHUE (aKTO-
PBI, TAKHE KaK CE30HHBIE KOJICOAHMsI, OCaIKU
U TeMIIepaTypa oKpyxatolien cpensl. Hanpu-
Mep, perpecCHOHHBIE MOJIENIM MOT'YT TIPEJICKa-
3bIBaTh YPOBEHb 3arpsi3HEHUI Ha OCHOBE I10-
TOJTHBIX YCJIOBHM, CHIKAsi PUCK MTPEBBIIICHHS
MPEETBHO JOMYCTUMBIX HOPM.

3. Onmumuszayusi 003UPOBKU pPeazenmos.
OJHMM U3 BaXKHBIX IPUMEHEHUH MPEANKTHB-
HOW aQHAJIWTUKHU SBISETCS aBTOMATHYECKAs
KOPPEKTUPOBKA JO3UPOBKU XUMUUYECKUX pea-
reHToB. Hampumep, KOMIaHWH, HCHOIB3YIO-
7€ aITOPUTMBI MAITMHHOTO O0YYEHHUsI, COK-
paTuiIn NoTpedIeHne KOaryasHTOB U JIe3UH-
¢bumpyromux cpeacts Ha 15-25%, 6e3 no-
TEpU KayecTBa OUMCTKH.

4. [IlpeockazamenvHoe 00CIyHCUBAHUE
000pyoosanusi. OYUCTHBIC CTAHIIMHA HCIIOJNb-
3YIOT MIPEIUKTUBHYIO QaHATUTHKY JUIS IPOTHO-
3UPOBaHMS BBIXO/IA M3 CTPOSI HACOCOB, (hrITh-
TPOB ¥ JIPYTHX JJIEMEHTOB. AHAIN3 BpEMEH-
HBIX PSJIOB JIAaHHBIX O BHOpAIMH, Harpy3ke W
TeMIieparype 000pyaOBaHUs TIO3BOJISIET 32 2—
3 Hexenu 10 cOOS BBIABIIATH NOTEHIMAIbHBIE
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HEHCIPABHOCTH M MPOBOJUTH MPO(UIAKTH-
YyecKkoe 00CITyKUBaHHUE.

5. AoanmusHoe ynpasnenue ouonocuyec-
Kumu peaxmopamu. Hexotopble CTaHIIUK UH-
TErPUPYIOT HEUPOCETEBbIE MOJEIU ISl KOH-
Tpodast 3a OHOJIOTMYECKUMH  TPOLECCaMu
ourcTku. Anroputmbel MW ananu3upyrot coc-
TaB CTOYHBIX BOJ U QAANTHPYIOT YCIOBHS IS
MHUKpPOOPTaHU3MOB, YUaCTBYIOIIUX B OYHCTKE.
OTO MO3BOJIAET YBENIWYUTH 3()(PEeKTUBHOCTH
ouonornyeckoii ounctku Ha 30%, cHmKas
NoTpedIIeHre SHEPTUH.

[TpenuKkTHBHAS aHATTUTHKA - 3TO PEBOJIIO-
ITUOHHBIN TIOJIXO/I K YITPABICHUIO BOAOOYHUCT-
HBIMU TIporieccaMu. OHa HE TOJBKO TMO3BOJI-
SIeT MPEJICKA3bIBATh 3arPsI3HEHUS U cOOU B pa-
0ote 00opyIOBaHMUs, HO U 00CCIIeYMBACT THO-
Koe ¥ d3PPEKTUBHOE YIPABICHUE PECYPCAMH.
C pa3BUTHEM TEXHOJOTHA MOXHO OKHIATh
eme Oosiee TOYHBIX MPOTHO30B U TMOJTHOU
ABTOMATH3aIlM1 OYUCTHBIX CTaHIUH.

B Hunepnmanmax oduncTHas cTaHUuA
Waternet BHenpuna IUQPPOBBIE TBOMHUKH,
MO3BOJISIOIINE MOJIETUPOBATh PabOTy OYUCT-
HBIX COOPYXCHHH W TPOTHO3UPOBATH BO3-
MokHbIe cOou. [lo maHHBIM OTdeTa KOMMa-
HUH, UCTIOJIb30BAaHUE TEXHOJIOTUH TIO3BOJIHIIO
COKpAaTHTh BpeMsl pearipoBaHUs Ha aBapHii-
HbIE CUTYaIuH Ha 35% W CHU3UTH PacXo/Ibl Ha
peMOHT 000pYIOBaHHUS.

UccnenoBatenu u3 TexXHOIOTHUECKOTO
uHCcTUTyTa J[XKOpMmKUHM pa3paboTanu Helpo-
CETEBYIO MOJIENb, KOHTPOJIUPYIOUIYIO paboTy
OMOpPEaKTOPOB, HCIONIB3YIOIIUX MHUKPOOpra-
HU3MBI JJTs1 yJAICHUSI OPTaHMYECKUX 3arpsi3-
HEHU. ABTOMAaTHU3MPOBAHHOE PEryJIUpPOBa-
HUE TapaMeTPOB MO3BOJIWIO YBEIUYUTH d(h-
(EeKTUBHOCTh OMOJIOTMUECKON OYUCTKH Ha
30%, cHmkast moTpeOIeHre YHEPTHH.

B 2024 rony Jlaboparopus IBM nposena
9KCTIIEPUMEHT, B KOTOPOM KBaHTOBBIE HEHpPOC-
€TH aHAJTU3UPOBAIN COCTAaB BOJBI B pealbHOM
BpeMeHH. B oTimune oT KiIacCHuYecKux MeTo-
JIOB, KBAaHTOBBII aHATH3 TTO3BOJIIT YBEITHIHUTh
TOYHOCTh KJIACCHU(HUKAIINK  3arPS3HSIONINX
BenecTB Ha 70 40%, OTKpBIBasi HOBBIE BO3-
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MO’KHOCTH JJIS1 IPOrHO3UPOBAHMS U KOHTPOJIS
Ka4yeCcTBa BOJBL.

Ycnensble Kelichl MHTETpaiy OJI0KYei-
Ha Hauu npumeHenue B Cunramype. [Inat-
dopma PUB Smart Water Grid ucnomns3yer
onokuerin 1 UM 11 MOHUTOpUHTa KayecTBa
BOJIbl M1 @BTOMAaTU4ECKOr0 OOHOBJICHHS aH-
HBIX. OTO MO3BOJISIET MUHUMHU3HPOBATH PUCK
MOJIETIKY JAHHBIX U 00€CIIEUMBAET MPO3pay-
HOCTb KOHTPOJISI OYUCTKH.
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A3epbaiioxcanckuil Ynueepcumem
Apxumexmypot u Cmpoumensvcmea
Konneoae «Cmpoumenscmeoy ¢ cocmaese
nYOIUYHO20 IOPUOUYECKO20 TUUA

AHHOTANUA

Hcnons3oBaHue HCKYCCTBCHHOI'O HWH-
TCJJICKTA B OYUCTKE CTOYHEBIX BOJ] OTKPLIBACT
HOBBIC BO3MOXHOCTH AJIA yCTOﬁ‘IHBOFO yi-
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paBiieHUs BOAHBIMU pecypcamu. U mo3Bour-
SIeT TOBBICUTh TOYHOCTH OYHCTKH, CHU3HTH
3aTpaThl © MUHUMH3UPOBATh BO3/ICHCTBUE HA
OKpy>Karolyto cpeny. B Oynymiem pa3zputue
ATHX TEXHOJOTHHA MOXXET MPUBECTH K IOSB-
JICHHUIO TIOJTHOCTBEO aBTOHOMHBIX OYHCTHBIX
CTaHIIUM, CITOCOOHBIX 3(PPEKTUBHO peryiu-
pOBaTh MPOLIECCH 0€3 yyacTus 4eJI0BeKa.
Knrwoueewie cnosa: Hckyccmeennwiii un-
meJieKm, Kauecmseo 600bl, OKPYHCAIOWAsL
cpeoa, oHuCmKa CMo4HbIX 800, AGMOMAMU-
3ayusi NPoYeccos8, YPOBeHb 3acPSA3HEHUSL.

USD 628.3; 004.8
Zarbalieva Sh.M., Mammadova T.T.

Construction College under the Azerbaijan
University of Architecture and Construction
is a public legal entity

Analysis of the application of artificial
intelligence in water purification systems

SUMMARY

Successful blockchain integration cases
have found application in Singapore. The
PUB Smart Water Grid platform uses
blockchain and Al to monitor water quality
and automatically update data. This minimi-
zes the risk of data falsification and ensures
transparency in cleaning control. hus, the use
of artificial intelligence in wastewater treat-
ment opens up new opportunities for susta-
inable water management. Al allows for in-
creased precision of treatment, reduced costs,
and minimized environmental impact. In the
future, the development of these technologies
may lead to the emergence of fully autono-
mous treatment plants capable of effectively
regulating processes without human inter-
vention.
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Keywords: Artificial intelligence, water
quality, environment, wastewater treatment,
process automation, pollution level.

UOT 628.3; 004.8
Zarbalieva S.M., Mommdova T.T.
AzMIU-nun Nazdind> Insaat Kolleci, PHS

Su tomizloma sistemlorinda
suni intelaktin tatbiqinin tohlili

XULASO

Ugurlu blok¢eyn (blockchain texnologi-
yas1 biznes sobokosi daxilindo soffaf molumat
mibadilosine imkan veran inkisaf etmis
verilonlor bazas1 mexanizmidir) inteqrasiyasi
hallar1 artiq Singapurda 0z totbigini tapdi.
PUB Smart Water Grid platformasi suyun
keyfiyyotino nozarot etmok vo molumatlar
avtomatik yenilomok ii¢iin blok¢eyn vo Siini
Intellektdon (SI) istifados edir. Bu, molumat-
larin saxtalasdirilmasi riskini minimuma en-
dirmoays komok edir vo molumatlarin tomiz-
lonmasine nozarstin soffafligini tomin edir.
SI suyun tomizlonmosinin doqigliyini artir-
maga, xarclari azaltmaga vo otraf miihits to-
sirlori minimuma endirmoys imkan verir. Go-
locokdo bu texnologiyalarin inkisafi insan
mudaxilosi olmadan proseslori effektiv sokil-
ds tonzimloyo bilon tam avtonom tomizlayici
qurgularin yaranmasina sabob ola bilor.

Acar sézlar: Suni intellekt, suyun keyfiy-
yati, atraf miihit, islonmis sularin tamizlonmo-
si, proseslorin avtomatlasdirilmasi, ¢irklon-
manin daracasi.

Ha cmamuwio om3swvie dana doyem
Koisvinopounckuii Ynueepcumema umenu
Kopxvim Ama 2. Kvizvinopoa, Pecnybnuxa

Kaszaxcman LLILM. Ymbemosa
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YK 663.1

MEXTHUEBA JI.H.

baxunckuu I'ocyoapcmeennvlii Yuugepcumem

P KABUMNHHBIE 3ABOJIEBAHUA JEPEBBEB U KYCTAPHHUKOB,
PACTYIIUX HA TEPPUTOPUU I'YBUHCKOI'O PANOHA

['puOHbIe 3200€BaHNs HAHOCSAT OIPOM-
HBII YpoH jecy. ['ubenb 1epeBbeB U KycTap-
HUKOB BEJIET K PE3KOW MEPecTpOMKe BCETro
PacTUTENHHOTO COO0IIEeCTBA, U3MEHEHHIO 3a-
IIMTHBIX CBOMCTB Jieca: HapyIIalTCsi oOora-
HieHne aTMoc(eprl KUCIOPOI0M, BOJIOPEry-
JUpYIOIIasi, BOJOOXPAHHAS W TOYBO3AIIUT-
Has ¢pyHKkIuH neca. CienoBarensHo npu 6o-
JIe3HH HAOJIFOJIaeTCsl TOT WIM WHOW MAaTOJO-
TUYECKHI mporiecc.

B necax ['yOuHckoro paiioHa UMeEOTCS
YHHUKAJIbHbBIE SKOCUCTEMBI ¢ OOJIBIIUM Pa3HO-
o0pa3ueM JpeBeCHBIX U KYCTAPHUKOBBIX pac-
TeHui. OCHOBHBIE BUBI MTOUBHI XapaKTepH-
3yIOTCSl JIyTOBO-JIECHOM, KamTaHoBoil. Ha
TEPPUTOPUHU UMEIOTCS ANIBITUNACKAS U CyOab-
nUiicKast JIyroBasi pacTUTENbHOCTH. [leHpo-
dopa paifoHa mpeAcTaBlieHHA PA3TUIHBIMU
BugamMu ayba (Quercus sp.), KaBKa3CKOTO
rpaba (Carpinus caucasika). B ocHOBHBIX
JIECHBIX (hOpMAIUSAX TPEICTABICHHBI: Ty00-
BO-TpaboBeie U J1yOOBO-OyKoBBIE Jeca. B
HIDKHEM TPaBSHUCTOM SIpyCe€ JTHUX JIECHBIX
MacCHBOB OOMJIBHO IPUCYTCTBYET pa3HOTpa-
BUE U 371aKHU. B HIDKHEM IpEeBECHO-KyCTapHU-
KOBOM sipyce Ipou3pacTaroT: Oapbapuc
(Berberis sp.), aita (Cydonia oblonga), 60-
speimauk  (Crataegus sp.), s6mons (Malus
L.), rpyma (Pyrus L.),munoBuuk (Rosaceae),
BCTPEYAIOTCS JEPEBbsl U3 cemelcTBa OyKo-
Boie (Fagaceae).

JlepeBbs U KyCTapHUKH pacTylIue Ha Tep-
putopun ['yOMHCKOro paiioHa MoJBEp:KEHBI
BO3/IeiicTBUIO TpUOHBIX 3aboneBaHuil. OmHO
U3 HHUX-p)KaBuMHA. PkaBumHa Ha JepeBbsIX-
3TO pacHpocTpaHeHHas rpuOHas 00Je3Hb, KO-
TOpast TOpakaeT AePEeBbs M KyCTapHHUKH. bo-
JIE3Hb NPOSIBIISIETCS] HA PACTEHUSIX U CEPhE3HO
CHIDKaeT WX HMMMYHHUTET, B pPE3yJIbTare Te
CTaHOBSATCS BOCIIPUMMUHUBBIE K X001y U BO3-
JIEMCTBHIO OKPYXKarolen cpepl. 3HaYalIbHO
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rpub mopaxkaeT moderu, MoToM MePEXOaUT Ha
aucths. Ha HMKHEW IOBEpXHOCTH JIMCTHEB
MOSIBJISIIOTCS] XapaKTEePHBIE PKaBble HAPOCTBHI,
KOTOpBIE YBEJIMUNBAOTCA.

HapocTsl, KoTOpHBIE €el1ie Ha3bIBAIOT ITyC-
TyJaMH, CyXU€ Ha OILyIlb, IPU MOBPEXICHUN
PacCHIAlOTCS: BHYTPH COAEPIKATHCS CIOPBI
rpu0a, KOTOpBII U BbI3bIBAaET Oosie3Hb. M3-3a
MIOPAXCHUS JINCTHEB CTPaZaeT OOMEH Belec-
TB BHYTPU DPACTEHHUS, HAUMHAIOTCA COOM B
nporecce (POTOCHHTE3a, OCTaHABIUBAETCS
POCT, MOBPEX/ICHHBIE JIUCThsl U IOOETH OTMH-
paroT U OTMAAAIOT, HOBBIEC MEPECTAIOT MOSIB-
astes. B kauecTBe OCHOBHOTO XO35MHA PAKAB-
YUHHBIE IPUObI HEPEIKO BHIOMPAIOT XBOWHBIE
pacTeHus1, B KaueCTBe IPOMEXYTOYHOTO JIHC-
TBEHHBbIE. MarepuaioM Uil HCCIIeTOBaHUI
CITY’KWITH JIUCThSI C XapaKTEPHBIMU MSATHAMU
OpPaHXXEBOTO IIBETA, BETBH JIEPEBHEB W
KyCTapHUKOB TIOPaXXEHHbIE PrKaBUMHHBIMU
rpubamMu, KOTopble ObUTM cOOpaHbl B TPO-
1ecce MapuIpyTHOro 00CIe0BaHus B IEPUO]]
¢ 2024-2025 roma. OtGupanu obpasibl ape-
BECHBIX M KYCTapHHMKOBBIX PAacTeHUH C Xa-
pPaKTEpPHBIMU TIPU3HAKAMU TIOPAXKECHUS TPH-
6amu. OCHOBHOE BHHMaHHE MPH O0TOOpE 00-
pamany Ha BETeTaTHBHBIE M TE€HEPaTHBHBIC
OpraHbl pacTeHUH, UMEIOIINE CUMIITOMBI T10-
paskeHus rpudamu.

P>xaBuMHHBIE TPUOBI-00IMTaTHBIE Mapa-
3WUTHl PACTEHHIA, B TIPUPOJIE HE CIIOCOOHBIE K
carnpoTpoHOMy cylecTBoBaHuio. Bee cra-
JIMH UX Pa3BUTHS IPOXOJIAIT HA KHUBBIX pacTe-
HUsIX. Ha mepBbIX 3Tamax 3apakeHHs pacre-
HUI pyKaBUMHHBIC TPUObI HE YOMBAIOT TKaHHU,
B KOTOpbI€ OHU NMPOHHUKIU. TOJIBKO B KOHIIE
BEreTalliy PaCTeHHUH, Kora Tpud MmepexoanT
K CIIOPOHOILIEHHUIO, TOSBIISIOTCS Y4acTKU OT-
Mupatoiei Tkanu. ['pu0 u3Biekaer U3 pac-
TEHUH HYXXKHbIE €My IMUTaTeJIbHbIE BEIECTBA,
0CITaldIIsIst ¥ CHIKAS MX TIPOYKTHBHOCTD. W3-
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BECTHO, JIOKAJbHOE IOPAXKECHUE PACTCHUN
PPKaBUMHHBIMU TpUOaMu, KOTJa UX MHLEIUI
pacnpocTpaHsieTcss Ha HeOOJbLIOe paccTos-
HUE OT MECTa NPOHUKHOBEHHUS POCTKOB TEX
WJIN UHBIX cIIOp rpuoda.

HexoTopble BUbI p2KaBUMHHBIX TPUOOB B
TKaHSX 3apaXEHHBIX pacTEHUM pa3BUBAIOT
MHOTOJIETHUN MULIENINH, HA KOTOPOM KaXIYHO
BECHY HOSBISIOTCS cropoHouieHus. Harpu-
Mep, NPHU MOPAKEHUU MOMOKEBEIIBHUKA BO3-
OyauTenb TPYIIEBOH pXKaBUYMHBI 0Opasyer
MHULIEIIUH, IPOHUKAIOLIEH B IPEBECHHY U BbI-
3BIBAOIIECH HEOOJIBIIYIO IPUITYXJIOCTh BETBEH
B MECTE 3apaXEHUsl. ITH MECTa BECHOU OCIIH-
3HSIIOTCS U HAa HUX €XKET0JIHO B TEUCHUE psijia
JeT pa3BUBAIOTCA Teneirocnopsl rpuda. Bu-
IIbl PKABUYMHHBIX TPUOOB OOBIYHO 3apa’karoT
OJTHM WJIM HECKOJBKO OJIM3KOPOJICTBEHHBIX
BUJIOB pacteHuil. Hampumep, Bo3Oyaurtesn
P’KaBYMHBI TPyLI Mapa3sUTHPYET TOJIBKO Ha
3TOM PACTEHUH, BO30YAUTENh PIKAaBUMHBI S0-
JIOHU-TOJIBKO Ha si610He. Ha cMopoaune mna-
pasuTupyer prkaBuMHHBIAN Trpub-Cronartium
ribicola, mecramm cuaBHO HOpaXkaroIIeh
JIUCThSI W BBI3BIBAIOIINN IPEKIECBPEMEHHBIN
miucronaj. Ha cMoponuHe pa3BuBaroTcs ype-
JI0-, TEJIEHUTOCIIOPHI, SUUIUU. DIUAUUA TIep-
BOHAYaIbHO TU(PepeHIupyeTcs Ha IBE Yac-
TU: OOpaleHHYI0 K HUKHEMY 3IHJep-MHCY-
CTEpPUJIbHYIO, CIIO)KEHHYIO U3 KPYIHBIX, Oell-
HBIX COJIEPKUMBIM IMY3bIPEBUIHBIX KJIETOK, U
IUIOJTYIIYIO, CIIOKEHHYIO U3 TH(, Oorarbix
IUTOILIa3MOM. B 1uTonnasMe mnosBIISIFOTCS
JIBYXbSIIEPHbIE KJIETKH, BO3HUKAIOIIUE OT
CIIMSHUS JABYX OJIHO - SIJICPHBIX, MPOUCXOMS-
IIUX B CBOIO OYEPEIb OT COCAVHEHUS raruio-
UJHBIX TH( pa3HBIX MOJIOBBIX 3HAKOB. Mate-
PHHCKasl KJIETKA 3HUIUOCIIOp AETIUTCS Ha JIBE
JBYXbsIJIEPHbIE HEPABHBIE TI0 00bEMY KIIETKH.
VY BepxHei, 6oniee KpyIHOM, BbipabaThIBaeTCs
TOJICTass O0OJIOYKA, W OHA IpeBpallaeTcs B
AIMUINOCIOPY, HWKHSAS — MPOMEXY - TOYHAs
KJIETKa-0CTaeTCsl TOHKOCTEHHOM U TO037Hee
paspyaercs.. SUUANOCIIOPHI IPOPaCcTaroT, U
POCTKH HX 4epe3 yCThbUIIAa IPOHUKAIOT B TKa-
HU, TJe GOPMUPYETCS MEXKKIETOUHBINA JUKa-
PUOTHYHBIA MHLIENHNH ¢ rayctopusimu. Ha Ta-
KOM JIBYXBSJIEPHOM MHILEINHU DPA3BUBACTCS
JIETHEE CIIOPOHOILIEHHE TI'puda-yperoCropsbl.
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Kaxnas ypegocnopa CUIUT Ha KJIETKE-HOXKKE.
ITon naBiieHMEM YperOCIOPOHOLIEHUN SIH-
JIEpMHUC JINCTA WU cTeOsIs pa3pblBaeTcs, 00-
Ha)Kasi JKeNThIe, Oypble, KUPIUYHO-KPACHBIE
WIN OpaH)KEBbIE MOTYLIEUKH YpEeroCcIop -To,
YTO Ha3bIBACTCS PHKABUMHHOW. YPENOCIOPHI
OTPBIBAIOTCS] OT CBOMX HOXEK, PACCEUBAIOTCS
B BO3/1yX€ U MOT'YT CHOBA 3apa)KaTh PACTCHHUS.
ITpopacTasi, OHM pa3BUBAIOT IUILIOMIHBIN
MULEINN, TPOHUKAIOUIMNA uYepe3 YCTbULA B
TKaHM pacTeHui. Yepes HECKOJIBKO JHEHU CHO-
Ba 00pa3yroTCsl ypenoClophl, BbI3bIBAOILUE
HOBBIC 3apaKCHUS PAcTeHHH. TakuxX HOBBIX
MIOKOJICHUH ypeoCIop 3a JIETO MOXKET ObITh
110 fecsit. Yem ObIcTpee nMpo- XOAUT MEPUOJL
OT 3apaXEHUs /10 BO3HUKHOBEHMS HOBOTO
IIOKOJIEHUSl ~ Ypelroclop, TeM  CUJIbHEE
pa3BHBacTCs Ha pacTEHUsIX prkaBynHa [6] .

[To Mepe ucTouieHusI TUTaTENBLHOTO Cy0-
cTpaTa (pacTeHus) BO3HUKAIOT HOBBIE CIIOPO-
HOILIEHUS-TEJIEUTOCTIOPbl UM 3UMHHE CIIO-
pbl. O00JIOUKH TENEUTOCIIOpP TOJICTHIE, TEM-
HO-Oypsie. [Ipu nmopakeHnu pacTeHuii K KOH-
Iy BEreTaluy MOIyLIeUKH TeIeUTOCIIOp MOK-
PBIBAIOT CTEOJIU U JINCTOBBIE TUIACTUHKU Yep-
HBIMU MPOAOJBHBIMU MosiocaMu. IlosTomy
9TOT BUJ P’KaBUMHBI HA3BIBAIOT YEPHOH U JIH-
HeltHoii. Teneitocriopsl Bo30OynuTenst cTed-
JIEBOM p’KaBUMHBI CIYKaT JJIsl IEPE3UMOBKHU
rpuba, mpopacras mnocjue nepuoia noxkos. 3u-
MYIOT OHU Ha JUKHUX 3JIaKax, Ha 3UMYIOIINX
creOmsax. TenedTocmopbl K BeCHE MOYTH
BCEr/la MOrudaroT OT BO3/ECUCTBUS MOYBEH-
HBIX MUKPOOpPraHu3MoB [5, 6].

PxaBunHa my6a-Bo30yauTess, rpud-Cro-
nartium conigenum.Ilpu 3aboneBaHUH TOSB-
JISIFOTCSI OPaH)KEBO-KOPUYHEBBIE ITY3bIPbKU Ha
HWDKHEH CTOPOHE JIMCTHEB, MX IOXKEITCHUE,
JIOCPOYHOE OIaJIaHue JINCThEB M ollee 3a-
MEJIEHUE POCTA.

PxaBumHa Oyka-Bo30yauTens rpud-Cro-
nartium quercum. Dta GoJe3Hb pacnpocTpa-
HEHa BO BCeM MHpe. Y MOpaXeHHbIX pacTe-
HUHM Ha OJHOM CTOPOHE CTBOJA MOSBISAIOTCS
HeOobIre morycheprudeckoe B3ayTHe, KO-
TOpOE€ YBEIHYMBAsCh, NMpeBpariaercs B che-
pHYECcKoe, a 3aTeM yJUIHHSIOTCS. 3apaxeHue
NPUBOJUT K 3aJIep’KKE pocTa UM OBICTPOi
ru0eay pacTeHHUs.
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PxaBunHa MIMIIOBHHMKA - BO30YIUTENb
rpu6 - Phragmidium disciflorum u P.tubercu-
latum. B mae Ha moberax u Ha BepXHEH CTOpO-
HE JIMCTA MOSIBJIAIOTCS KEITO-pHKaBble Oyrop-
KU: Ha HWKHEU-SIpPKHUE OpaH)KeBbIe My3bIPKH-
MOJYIICYKHU, KOTOPBIE PACHBUISIOT CIOPHIL.
Jluctes 3ackixarot, onagaroT. Ha HeonmaBmmx
JIMCThSAX Ha HIDKHEH CTOPOHE K OCEHH IOAaY-
1IeYKU OyperoT, IOTOM CTaHOBSITCS YEPHBIMHU.
BeTBu MoryT MoKpbIBaThCs SI3BaMH, pacTpec-
KUBAaThCsA, 3aTEM YCBIXalT. Pacmpocrpane-
HUIO 00JIE3HU CIIOCOOCTBYET Terliasi oroja u
BBICOKAs! BJIQYKHOCTb.

PxxaBunnHa rpymu, s0710HU-BO30OYAM-
tesb rpuo-Cymnosporangium sabinae. I'pu6
3UMHIOIO CTAHIO )KU3HEHHOTO [IUKJIIA TPOXO0-
JUT Ha MOXOKEBEIbHUKE B CTa/IUU TEJIEHTOC-
nop. [Ipu nmpopacranuu Tenerocnopsl 0opa-
3ytorcsi Oasuamu ¢ Oasumamocnopamu. [lpum
MOMOIIIH 0a3UINOCTIOP MPOUCXOAUT MEPBUY-
HOE 3apa)keHHEe MOJIOJbIX IucTheB. Henocra-
TOYHOE KOJMYECTBO OCAJIKOB WJIM TOHHUXKE-
HUE CPEIHENCKaJHON TeMIepaTypsl B Teue-
HUU JIBYX JIEKa]l allpelis 3aJIepKUBAIOT CPOKU
nosiBiieHus 3a0osieBanusa. HabOmionenus 3a
JUHAMUKOM BBLJIETA U PACCEUBAHMS CIIOP MO-
Ka3aJld, YTO B MapTe-anpese BCTPEeyaroTcs B
OCHOBHOM II€PE3MMOBABILINECS TEIEUTOCIIO-
PBl, paccerBaHME SLUIUOCIIOP HAYNHAETCS C
KOHIIa amnpessi-Hayaja Mas U MPOJ0JHKAEeTCs
B TEUEHUHU BCEr0 BEreTallMOHHOTO MEPHO/a.

PxxaBuriHa  OOSIPBHINIHUKA-BO30YAUTEND
rpud-Cymnosporangium tremelloides. I'pu6
Mopa)kaeT JIUCTh M TOOErd Ha, KOTOPBIX
MOSIBJISIETCS P>KABYMHHBIA HAJIET COCTOSIIMI
u3 criop rpuda. [loGeru cunbHO U3rubdaroTcs,
IPUOCTaHABJIMBAIOTCS B POCTE, YAaCTO 3aChl-
xaroT. JIMCThsl pacTeHUM Takke TMOKpbIBa-
IOTCSI P’)KaBBIMU TISITHAMU YCHIXAIOT U OTIIA-
natoT. MHdeknus coxpaHseTcst B pacTUTENb-
HBIX OCTaTKaxX M B KOPE MOPa’k€HHBIX MOJIO-
IeIx To0eroB. Ecnu oOHapykeHa prkaBunHA
Ha JIEPEBBAX U KYCTapHUKAX, TO MPOBOIUTCS
cOop Bcex pacTUTENBHBIX OCTATKOB, 00pe3ka
Y CKUTAHUE 3aCOXIINX U Je(hOPMHUPOBAHHBIX
noGeroB. [Ipu nposiBIeHUN MEPBBIX PHKABBIX
MATEH TPOU3BOAT ONPHICKUBAHUE KYCTOB
ONpeJIeTICHHBIMU MpernapaTaMu.
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OtmeTHM, 9TO TpUOHBIMU OOJIE3HAMMU JIe-
PEBbsI U KYCTApHUKHU HAaubOOJIee 9acTo 3apaa-
I0TCS B HIDKHEM M CPEIHEM TOPHOM IIOsICe.
AKTHBHOMY Pa3BUTHIO pKaBUMHHBIX TPHOOB,
CIOCOOCTBYET TeMITepaTypa U BICOKas BIIaXK-
HOCTb.
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Mehdiyeva L.N.

Quba rayonu Jrazisinda biton agac
vd kol bitkilorinds pas xastaliyi

XULASO

Mogalods Quba rayonu administrativ
orazisinda biton agac va kol bitkilorinds pas
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xostaliyi barasindo mévcud molumatlar timii-
milosdirilmisdir. Miioyyon edilmisdir ki, xas-
taliys yoluxmus agac va kollarin yarpaglarin-
da pas gobaloklori loko yaradir vo bir miiddot-
don sonra orada parazitin sporlari omalo golir.
Bitkilor quruyur vo mohf olur.

Miisaidoalor zamani molum olmusdur ki,
asagi vo orta dag qursaqglarinda bitkilorin pas
xoastoliyino yoluxmasi daha yiiksokdir.

Agar sozlor: spor, basidiospor, etsidi,
basidi, teliospor

MexTtuena JI.H.

P:xaBunHHbIe 3a00/1eBaHNS 1epeBbeB U
KYCTAPHHKOB, PACTYIIIMX HA TePPUTOPUH
I'yOunckoro paiiona

PE3IOME

Onnoit u3 60J€3HEHM Mopa)xarolue Jiepe-
Bbsl U KyCTapHUKH, PACTYIINE HA TEPPUTOPUHU
['ybunckoro paiioHa, siBiisieTcsl p>kaBunHa. B
CBSI3U C 3TUM PaCCMOTPEHBI PA3JIMYHbIE BUJIbI
pacTeHul, mopaxeHHbIE ITOU OOJIE3HBIO. Y C-
TaHOBJICHO, YTO P>KaBUYMHHBIE TPUOBI TIOpa-
KAIOT JIEPEBbS M KYCTAPHUKH, BBI3BIBAS Y
HUX pa3lInyHble NATHA Ha JUCThiIX. [lopa-
KEHHBIC PACTEHUS BBICHIXAIOT U MOTUOAIOT.
BbIIBIIEHO, UTO B HMXKHEM U CPEIHEM TOp-
HOM TIOSICE pacTeHHUsl OOJIbIIE TO/IBEPIKEHBI
P>KaBUMHHBIM OOJIE3HSIM.

Knroueeswvie cnosa: cnopwi, bazuouocno-
Pbl, SYUOUlU, MeTUOCNOPbl, OAZUOUU

Mehdiyeva L.N.

Rust diseases of tres and shrubs
growing in the Cubinsky region

SUMMARY

One of the diseases affecting trees and
shrubs growind in the Guba region is rust.In
this regard,various plant species affected by
this disease are considered. It has been estab-
lished that rust fungi affect trees and shrubs,
causing various spots on their leavers. Af-
fected plants dry out and die. It was found that
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in the lower and middle mountain zones, Mbaqalaya AMEA-nin Botanika Institutunun
plants are more susceptible to rust diseases. “Fitososioloji ekosistem” sobasinin aparict

Key words: spores, basidiospores, aeci- elmi is¢isi biologiya iizra folsafo doktoru,
dia, teliospores, basidia dosent, R.T. Abdiyeva ray vermisdir.
UOT: 663

ZEYNALOVA Z. A.
Baki Doviat Universiteti

ABSERON ZONASINDA BECORILON KOLOM VO
BADIMCAN BIiTKILORININ MiKOBIOTASI

Abseron zonasinda okilon kolom vo ba- Mikroorganizmlor bir torafden torpagi
dimcan bitkilorinin kokotrafi mikrofloras: 0y- humus maddasi ilo, digor torafdon bitkilorin
ranilmisdir. Miiayyan olunub ki, toravaz bit- monimsays bildiyi qida elementlori 1o tochiz
kilorinin kokotrafi mikroflorasi vegetasiya edirlor, hazirda adi bitkilor ilo mikioorganizm-
dovrlorindon asili olaraq dayisir. Mikroskopik lorin qarsiligh olagasinin dyronilmosine dair
goboloklorin inkisafi liglin uygun olan dovr — bir ¢cox iglor hosr edilmigdir.
bitkilarin ¢i¢oklonma dovriidiir. Tadqiqatlar siibut etmisdir ki, bitki kok-

Abseron tovaozgilik tosarriifatinin agiq sa- larinin boyilimasi prosesinda torpaga bozi tizvi
hasinda kolom va badimcan bitkilorinin kokat- mineral birlosmolor ifraz edirlor. Bu maddalar,
rafi mikrofloras1 dyronilmisdir. Bu bitkilarin torpaq mikroorqanizmlarinin qida monbayini,
kokotrafinda genis yayilmis Aspergillus, Pe- kokotrafindaki  mikroorgnizmlorin  foalligini
nisillium, Maucor, Trichoderma, Fusarium, artirir. Mikroorqanizmlor do 6z ndvbasindo
Cladosnorium goboloklaridir: bunlardan slavo bitkilorin osas vo olave qida maddslori ilo
az miqgdarda Stemphillium vo Dematium-a tochiz olinmasinda shomiyyatli rol oynayir.
rast golinir. Beloliklo, torpagda bu orqanimlor bir sira

Tadqigat aparilan bu bitkilorin koékotrafi izvi vo mineral maddslorin pargalanmasini vo
mikroflorasi dorinlikdon asili olaraq miixtalif- sintez olunmasi prosesindo amolo golon oasas
dir ki, 0,5-15 sm-darinlikdo bu miqdar daha biogen elementlarin (N, P, S, Fe) dovr etmasi
¢ox, asagi dorinliklordo (25-40) iso miqdar get- liciin gorait yaradirlar.
dikca azalir. Torpagin qatlarindan vo vegetasi- Kok otrafinda bitkilors ilk tosir gostoron
ya dovrlarindon asili olaraq mikroskopik gobo- fermentlor, vitaminlor, honnonlar, amin tursu-
loklorin miqdar va cins miixtallifliyi doyisir. lar1 pigmentlor va basqalar1 mikroorqanizmlor

Torpaqda kiilli miqdarda miixtalif bak- torafindon amolos golon biotik qrup maddolari-
teriyalar, siial1 gdbolokloar, ibtidailor, yosunlar, dir. Bu maddalorin torpagda olmalarini vo on-
mikroskopik gobaloklor vo basqa mikroor- larin bitkilors tosirini alimlor 6z iglorinda (6,
ganizm qruplar vardir. 7, 8) gostormislor. Bu birlosmalori torpaqda

Mikroorganizmlarin say1 har hanst tip tor- coxaltigda mikroorganizmlor bitkilorin qida-
paqda 1 gr-da milyarddan artiq olur. Bu mik- lanma soraitini yaxsilagdirir.
roorqanizm qruplari torpaqda gedon proseslor- Mikrobioloji tacriibalor gostorir ki, tor-
do faal istirak edib, bitkilar torafinden manim- paq novi vo lizoarindo okilon bitkilor torpaq
sanila bilon goklo diisiir. biodinamikasina kaskin tasir edir.

Digor torofdon torpaqda yasayan bu Alinan naticalor va onlarin miizakirs-
canlilarin boylik kiitlosi yiiksok biokimyovi si. Tadgiqgat li¢iin gotiiriilmiis torpaq niimu-
foalliga malikdir. Bu mikroorqanizm qruplari noalorinin analizi naticasinds asagidaki gébo-
Uzvi vo mineral birlogmolari arasi kosilmodon lok cins vo ndvlori Oyronilmisdir.

parcalayaraq sintez edirlor.
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1. cins. Aspergillus Mich; nov: Aspergillus
flavipes Bain, Aspergillus candidus Zink,
Aspergillus glancus Var.

2. cins Penicillim Zink; nov: Penicillium
Sartorv thom, Penicillium impilicatum Bi-
ourge; Penicillum artum Gil et Abb.

3. cins Trichoderma Resoon ex Hries; nov:
Trichoderma viride Persoon ex Fries.

4. cins. Cladosporium /ink ex Fries; nov:
Clad. Herbarilum Zink ex Fries,

5. cins. Alternaria Nocs ex Uallroth; nov:
Alt.grisca Sziivineji.

6. cins. Stemphillium Uallroth; nov: stem
ilicus

7. cins. Torula. Persoon ex Fnes; ndv: Tonila
herbarum Zink ex Trie

Oyronilon torovez bitkilorinin kokatra-
finda tosadiif olunan mikroskopik goboloklor
yayilmisdir. Bu goboaloklorin yayilmasi bitki-
lorin ndv miixralifliyindon vo miixtalif vege-
tasiya dovrlorindon asilidir (Buimaii B.1., T'e-
pacumoB b.A.).

Mikroskopik gobaloklorin on yiiksok mig-
dar1 ¢igoklonmo fazasinda nozors ¢arpir. Bu da
bitki koklorinin boyiimasi ilo olagadardir. Belo
ki, bitki koklorinin boyiimasi prosesinda torpa-
ga bazi lizvi vo mineral birlosmoalar ifraz olu-
nur.

Uzvi vo mineral maddalor torpaq mikro-
organizmlorinin vo kok otrafi mikroskopik
gobakoklorin foalligin artirir.

Tadqiq olunan torpaqglarin 0-5, 5-15, 25-
40 sm dorinliklordon goétiirtiilmiis niimunalo-
rindo mikroskopik goboloklorin yayilmasi
doracosi miixtolif olmusdur. Belo ki, kolom

bitkisinin kok otrafinda 0,5 sm dorinlikdon
gOtiiriilmiis 1 qr torpaqda gobaloklorin mig-
dar1 2644 oldugu halda, badimcan bitkisinin
kok atrafinda bu migdar 1200 olmusdur.

Kolom bitkisinin kok otrafinda mikrosko-
pik gobaloklarin yayilmasna digqgat yetirdikdo
basqa ganunauygunluqglar da diggati colb edir.
Belo ki, 0-5 sm dorinlikdon goéturilmiis 1 qgr
torpagda Aspergillus olmadigi halda, 1686 Pe-
nicilluma 120 Alternariyaya, 126 Mucora, 125
Fusariuma tosadiif olunmusdur; 0-5 sm do-
rinlikdo Aspergillus gobaloyi olmadigi halda,
5-15 sm dorinlikdon gotiiriilmiis torpagimi 1
gr-da 250 Asperillusa tosadiif olunmusdur.
Cadvaldon goriindiiyti kimi 0-5 sm, 5-15 sm
dorinliklara nisbaton 15-25 sm dorinlikds mik-
roskopik gobaloklarin ¢ox az gismina torpagin
agagl dorinliyindo (24-40 sm) tosaduf olunur.
Belo goboloklorin ¢ox az gismino torpagin
agagl dorinliyinda (24-40 sm) tosadif olunur.
Belo goboaloklora Aspergillus, Trichoderma vo
Mucoru gostormok olar. Bu gobaloklar torpa-
gin asag1 dorinlikdo tosadiif olunsalar da azliq
toskil edirlar.

Tadqiq olunan toravoz bitkilorinin kok
otrafinda yayilan mikroskopik goéboloklorin
imumi miqdar1 vo név miixtalifliyinin miiqa-
yisasi gostorir ki, yuxari qatlardan agag qat-
lara endikco mikroskopik gobaloklorin miq-
dart vo nov mixtalifliyi azalir. Belo ki, kolom
vo badimcan bitkisinin kok otrafinda gobe-
loklorin miqdarinin az olmasina baxmayaraq,
nov miixtalifliyine isa on ¢ox kalom bitkisin-
ds an azi1 iso badimcanda tosadiif olunur.

Tadqiq edilon kalom va badimcan bitkilorinin kékatrafinda tasadiif edilon miixtalif
cins gobalaklor (1 qr miitloq quru torpaq hesabi ila)

. ... | Niimuno go- Gobarin Goboloklarin cins torkibi
Bltk}lafl tlriilon dorin- | SN | Umumi | Asperg | Penicil | Tricho | Cladoip | Altema | Fusa- | Muc
n noévi . ) ) . . ) .
likla, sm-loa miqdari illus lium derma orium ria rium or
0-5 1 *2644 1686 126 125 | 126
Kalom 5-15 2 1413 870 109
15-25 3 1364 250 870 226 114
25-40 4 327 113 795 109
0-5 5 1200 109 109 210
Badimc 5-15 6 930 610 244 222
an 15-25 7 347 697 233 347
25-40 8 327
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Mikroskopik gobaloklorin imumi miq-
darmin vo nov torkibinin doyismasi artib-
azalmasi bizim fikrimizca bitkilorin vegetasi-
ya dovrii ilo olagodardir. Torpaqda bitkilora
tosir gostoron fermentlor, vitaminlor, hor-
monlar, amin tursulari, pigmentlor vo basga-
lar1 mikroorqanizmlar torafindon amolo galon
biotik qrup maddalardir. Bu birlagmalari tor-
paqda ¢oxaltmaqla mikroorganizmlar bitkila-
rin qidalanma soraitini yaxsilasdirir. (ibrahi-
mov A.S., Abdulova Z.A.)
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Z. A. Zeynalova

Abseron zonasinda becarilon kalom
vd badimcan bitkilorinin mikobiotasi

XULASO

Abseron zonasinda becorilon kolom vo
badimcan bitkilorinin mikobiotas1 &yronil-
misdir. Miioyyon olunmusdur ki, kolom vo
badimcan bitkilarinin ¢igoklomasi dovriinda,
kok otrafinda hom mikroskopik gobaloklorin,

hom do mikroorqanizmlorin miqdar artir, bu
da bitkilorinin koklorinin boylimasi dovrin-
do, fizioloji aktiv maddoslor sintez etmasi ilo
olagodardir.

Acar sozlar: mikroflora, torpaq biodina-
mikasi, gobalaklor, torpaq niimunalori.

3eiinasioBa 3.A.

MuxkpodJiopa NpuKOPHEBbIX PACTEHUI -
KAIMyCThl M 0aKJI2KaHA BbIPAILIEHHBIX
B 30HaX A01IepoHa

PE3IOME

bouta u3yuena mukpodiopa mpukopHe-
BBIX PACTEHUH KalyCThl U OaKJia)kaHa B 30HaX
AOIepoHa TOro, yCTaHOBJIEHHO, 4YTO JIs
pasBUTHSI MHUKPOCKOIIMYECKUX I'pUOOB MOJI-
XOJISI11Iee BpEMSI-TIEPUO/I [IBETCHHUS [IBETCHUH.

Knroueente cnosa: 0OB0U{HbLIE PACNIEHUA,
MuKpoghnopa, nougennvie 06pasybl

Z. A. Zeynalova

The Microflora of Resosphere of some
vegetative plants in Absherona

SUMMARY

The Microflora of resosphere of same
vegetative plants was studied in Absherona.
It was determined that resosphere of microf-
lora of plants changes depending on the
period and variations. So, the most important
period for the depelopment of microscopic
fungies is the period.

Key words: vegetable plant, microflora,
fungus, soil sample.

Magalaya AR Elm va Tahsil Nazirliyinin
Botanika Intitutunun Algologiya va
Lixenobriologiya laboratoriyasinin miidiri:
b.e n.dos. S.Muxtarova ray vermisdir.
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CAYLARIN YERLiIi YUMALARINA DAIR HESABLAMA METODIKALARI

Caylarin mocrasinda bas veran yerli yu-
ma proseslorinin hesablanmasinda asason bir
ne¢d vacib va ilkin goéstorici asas gotirullr.
Bu gostaricilorin sirasinda ¢ay axininin uzun
illar arzinds miisahido olunmus c¢oxillik sorf
doyorlari, yoni ¢aydan kegon suyun orta vo
maksimum miqdarlart mithiim rol oynayair.
Eyni zamanda, caym mocrasinda harokot
edon suyun siiroti, yoani saniyado ne¢o metr
masafa qat etmasi va bu siiratin illor {izro do-
yiskonliyi do nozors alinir. Bundan slava, cay
maocrasinin yerlosdiyi arazidoki geoloji sorait
— torpaq qatlarinin névii, laylarin darinliyi,
mexaniki xiisusiyyatlori vo eroziyaya qarst
davamlilig1 kimi parametrlor do hesabat ii¢lin
vacib sortlordondir.

Belo hesablamalarda istifado olunan mii-
hiim yanasmalardan biri do miihafizs divarla-
rinin layihalondirilmasidir. Bu divarlar ¢aym
sel sularinin yaratdigi giiclii axin naticosindo
sahilboyu orazilords torpagin yuyulmasinin
va sahil eroziyasinin qarsisini almaq UgUn
nozordo tutulmus méhkomlondirici konstruk-
siyalardir. Hesabat zamani model kimi homin
mUhafizs divarinin macrada yerlogon on dorin
vo on tohliikali hissasi segilir. Bu se¢im, ¢ay-
da bas vera bilocok on alverissiz vo ekstremal
soraito qarst layihonin davamliligin1 tomin
etmok mogsadils edilir [2].

Sadalanan biitiin bu parametrlor — yoni ¢a-
yin sarfi, suyun siirati vo macranin geoloji xii-
susiyyatlori miioyyan olunduqdan sonra, ¢a-
yin macrasinin sabitliyini va axiin bu mac-
rada yaratdig: tosirlora garst dayaniqliligim
giymoatlondirmok miimkiindiir. Bunun ii¢iin
macranin dayaniqli maililik bucagi hesabla-
nir. Bu maililik, ¢ay macrasinin na daracado
dik va ya ensiz olmasi barads informasiya ve-
rir va bu doracanin hesablanmasi ti¢iin xiisusi
olaraq gqobul edilmis (1) nomrali diisturdan is-
tifado olunur [1].
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AVSTlS 10/22
id=[ - l ¢y

Vo2m

(1) dusturunda istifads olunan A - omsali
effektiv mocra omshidir vo (2) disturu il he-
sablanir.

A L 2

(a0 + D @
Bu kontekstdo “d” gostoricisi ¢aymn macra-
sinda yerlogon torpaq va ¢inqil gatlarinin tor-
Kibini, daha daqiq desak, bu gatlarin qranulo-
metrik — yani zarracik olgiilorine gora fraksi-
yalara boliinmiis torkibini ifads edir. Bu pa-
rametr ¢ayin dibindos vo sahillorinds yerlogon
materiallarin donacik 6lgiilari tizra paylanma-
sin1 gostarir vo mocrada bas vera bilocok yu-
yulma vo eroziya hallarint modellogdirmak
ticlin cox vacib gostaricilordon biridir. Frak-
siya no qadar iri vo ya xirda olarsa, axinin ho-
min materiala tosiri do farqli olur.

Axinin sahilo nazoron effektiv bucagi iso
cayin su kiitlosinin macraya, daha doqiq de-
sok, sahil xottino hansi bucaq altinda ¢irpil-
mas1 vo ya yaxinlasmasi ilo bagli olan mu-
hiim hidravliki gostericidir. Bu bucaq, axinin
sahilo olan hiicum istigamatini vo bu istiga-
moatdo na qadar giiclii eroziya vo yuyulma bas
veracayini miloyyanlosdirir. Belo ki, ogor
axin sahilo dik va ya kaskin bucaq altinda ya-
xinlagirsa, homin hissado torpaq laylariin
yuyulmasi riski shomiyyatli darocedo artir.
Bu sobabdon do bu bucagin hesablanmasi
yerli yuma risklorinin doyarlondirilmasindo
miihiim rol oynayir [3].

Bununla yanasi, hesabat zamani iki mii-
hiim maililik parametri do nozors alinir. Bun-
lardan biri macranin dayaniqliq mailliyi adla-
nir vo bu, cayin axarinin 6z sabitliyini qoru-
yub saxlaya bilocoyi on dik maililik doracasi-
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dir. Digori iso tipik layiha mailliyidir va bu,
cayin siini gokildo formalasdirilan vo ya layi-
ho iizro nozords tutulan maililik doracesini
ifado edir. Hor iki gostarici, layiho zamani su-
yun horakot istigamoti vo yuma potensialini
dizgiin qiymotlondirmak ti¢iin nazars alinir.
Sonda, axinin sahilo nozaeron effektiv bucagi-
nin doyari konkret olaraq (3) nomrali diistur
vasitosilo hesablanir. Bu diistur ¢ay miihon-
disliyi vo hidravlik hesablama sahosinds ta-
ninmis nazariyyalara asaslanir vo axinin di-
namik tosirini riyazi sokildo ifado etmoyo im-
kan verir [4]. Bu bucaq osasinda sahilds bas
vera bilacak potensial yuma zonalart vo mii-
hafizo todbirlorinin zoruriliyi qiymotlondiri-
lir.
B = arccos(I4i) (4)

Caylarda yerli yuma zamani hesablama-
larda orta dorinlik ¢ayin yuma siirati koloko-
tlrlik amsali vo macranin dayanigliql mailli-
yindan asilidir. Cayin orta darinliyi (5) dis-
turu ilo hesablanr.

3
nx*xV
HOZHor:[ yl

N

Yuma darinliklorinin hesablama metodi-
kalarmin todqiqi zamani an vacib vo yuma
dorinliyinin toyinindo birbasa tosir gdstoran
parametr orta yuma sustidir hansi ki, orta
yuma suratindan va orta darinlikdan asilidir.

(5)

Vor — Vy*Hg/g

(6)
Yuxarida gostorilon parametrlori tayin etdik-
don sonra ilkin vo son yuma doarinliklorini
toyin eda bilorik [5]. Bunlar agagida (7) vo (8)
diisturlarinda gostorilmisdir.

I/
6x(V 4
M+Sinﬁ*(m—6)

— Vy
Hy = Ho T+mi +11 (D)
H,=Hy+——— —d,0 (8)
y = fo Je — Omax
6xKx*) d
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NOTIiCO

Caylarin moacrasinda bas veran yerli yuma
proseslorinin daqiq vo elmi osaslarla qiymot-
londirilmasi ti¢iin bir sira hidravliki vo geoloji
parametrlor miioyyon olunmalidir. Bu para-
metrloro ¢ayin ¢oxillik sorfi, suyun axin siirati,
macranin geoloji qurulusu vo miihafizo kons-
truksiyalarinin yerlosdiyi saholorin xiisusiy-
yotlori daxildir. Hesablamalarda asas moqsad
cay axarinin dayaniqliligini va sahil eroziyasi-
nin qarsisinin alinmasi tigiin optimal texniki
hallori miioyyan etmokdir. Macranin dayanig-
ligh mailliyi vo axinin sahils tosir bucagi mii-
hiim gostaricilordir vo xiisusi diisturlarla he-
sablanaraq eroziya risklorinin giymatlondiril-
moasine imkan verir. Axinin macraya bucaqli
daxil olmasi yuma ehtimalin1 artirir vo bu ba-
ximdan effektiv bucagin hesablanmasi mii-
hiim rol oynayir. Orta dorinlik, yuma siirati vo
bu parametrlor osasinda toyin olunan ilkin vo
son yuma darinliklori ¢gay miihandisliyi layiho-
lorindo  sahilbarkitma todbirlorinin  diizglin
planlagdirilmasina gorait yaradir. Beloliklo,
yerli yuma hesablamalar1 ¢ay miihitinds mii-
handis miidaxilalorinin davamli va tohliikosiz
hoyata kecirilmasi ti¢lin asasli miithondis-tex-
niki baza rolunu oynayir.

PE3YJIBTAT

Jns ToyHOM M HayyHO OOOCHOBaHHOMU
OLICHKH IIPOLIECCOB JIOKAJIBHOIO pa3MbIBa B
pyciax peKk HEeoOXOIMMO OINpeNeTuTb P
TUJIPABIMYECKUX M N€OJIOTUYECKUX MTapaMeT-
poB. K 3TM napameTrpam OTHOCSATCSI MHOT'O-
JCTHUE 3HAYEHUS pacxola PEKH, CKOPOCTb
[IOTOKA, I'€OJIOTMYECKOE CTPOCHHUE pPyClIa U
0COOEHHOCTH Y4YacTKOB, IJI€ Pa3MEIIAIOTCs
3alIUTHbIE KOHCTpYKUMH. OCHOBHasl IIENb
pacy€ToB — OLIEHUTh YCTOMYMUBOCTB PyClIa pe-
KU 1 ONIPENIEIUTh ONTUMAJIbHBIE TEXHUYECKHE
peleHust Ui MperoTBpalleHust OeperoBoit
9pO3HHU. Y CTOMYMBBIN YKIIOH pycia u 3¢ dek-
TUBHBIA yrojl BO3/EHUCTBUS MOTOKa Ha Oeper
ABJISIIOTCS] BAKHBIMU TI0KA3aTENSIMU, KOTOPBIE
PaCCUMTHIBAKOTCS € IMOMOIIBIO CHEINATBHBIX
(dbopMyIT U TIO3BOJISIIOT OLEHUTh PUCK 3PO3HH.
B ciydae, ecnu MOTOK IO OCTPBIM YIJIOM
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yaapsieT o Oeper, BepOoSITHOCTh pa3MbIBa Cy-
IIIECTBEHHO BO3PAcTacT, MOITOMY BBIYUCIIE-
HHE 3TOTO YIJIa MMEET BaKHOE 3HA4YCHHUE.
Cpenusist riryOuHa, CKOPOCTH pa3MbIBa M Ha UX
OCHOBE OmpesensieMble HadyajlbHas U KOHEY-
Hasl TJTyOUHBI pa3MbIBa CO3/IAl0T HHKEHEPHO-
TEXHUYECKYIO0 OCHOBY JUISI IPABUIIBHOTO I1JIa-
HHUPOBAHUS OEPEro3aniuTHBIX MEPONPUSITHIL.
Takum 00pa3oM, pacd€Tbl JIOKAIBHOIO pPa3-
MBIBA MIPAIOT KIIOYEBYIO POJb B oOecriede-
HUM HaJE&KHOCTH M OE301IaCHOCTH WHIKEHEp-
HBIX BMEIIATEIBCTB B PEYHON Cpe/Ie.

RESULT

For an accurate and scientifically grounded
assessment of local scour processes in riverbe-
ds, it is necessary to determine several key
hydraulic and geological parameters. These
include the river’s multi-year discharge valu-
es, flow velocity, the geological structure of
the riverbed, and characteristics of the areas
where protective structures are placed. The
primary purpose of these calculations is to
evaluate the riverbed’s stability and to deter-
mine optimal technical solutions to prevent
bank erosion. The stable slope of the riverbed
and the effective angle of flow impact on the
bank are important indicators, calculated
using specific formulas, which help assess the
erosion risk. When the flow strikes the bank at
a sharp angle, the likelihood of erosion signi-
ficantly increases; therefore, calculating this
angle is essential. The average depth, scouring
velocity, and the initial and final scour depths
determined based on these factors provide an
engineering foundation for effective riverbank
protection planning. Thus, local scour calcula-
tions play a key role in ensuring the reliability
and safety of engineering interventions within
the river environment.
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Caylarin yerli yumalarina dair
hesablama metodikalar1

XULASO

Moqalads ¢ay macralarinda bas veran yer-
li yuma proseslorinin hesablanmasi {igiin isti-
fado olunan osas metodikalar izah olunur.
Hesablama zamani c¢ayin sorfi, axin siirati,
macranin geoloji qurulusu vo torpaq qatlari-
nin xiisusiyyatlori nozora alinir. Yuma risklo-
rini qiymatlondirmak ii¢lin miixtalif diistur-
larla macranin mailliyi, axmin sahilo doymo
bucagi, orta dorinlik vo yuma siirati hesab-
lanir. Bu parametrlor osasinda ilkin vo son
yuma dorinliklori miioyyon edilir vo miihafi-
zo tadbirlori layiholondirilir.
Acar sozlar: Cay axini, yerli yuma, mii-
hafiza divarlari, macramin mailliyi, eroziya
va yuyulma

MeTtoa pacuera JIOKaJIbHOIro
NOAMBIBAHUA PEK

PE3IOME

B cratbe paccmMaTpuBarOTCSI OCHOBHBIE
METOJIMKH pacyeTa MECTHBIX MPOIIECCOB BbI-
MBIBaHMs B pycnax pek. /g pacueToB yuu-
THIBAIOTCS TaKHE apaMeTphbl, KaK pacxoj pe-
KM, CKOPOCTb TEYEHUsI, T€0JIOTMUECKHUE OCO-
OEHHOCTH pyclia U XapaKTePUCTHUKU MTOYBEH-
HBIX cJ10€B. [ OLIeHKU PUCKOB BHIMBIBAHHS
PacCUMTHIBAIOTCS pPAa3JIMYHbIE MapaMeTphl,
TaKkMe Kak HAKJIOH pycia, Yrojl HamaJeHHs
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MOTOKa Ha Oeper, cpemHsisi TiyOMHa U CKO-
pocTh BbIMbIBaHUs. Ha ocHOBe 3THX mapa-
METPOB OIPEICISIIOTCS HavaabHas U KOHEY-
Hasi TyOWHA BBIMBIBAHHUS, & TaKXKe MPOEK-
TUPYIOTCSI MEPOTIPUSITHS TI0 3aIIHTE.

Knwuesvie cnosa: [lomok pexu, mecm-
HasL cmupka, 000poHUmMebHble CMeHbl, Ha-
KJIOH PYCAd, 2PO3Usi U bIMbLBAHUE

Calculation methods of
local washing of rivers

SUMMARY
The article discusses the main methodo-

logies for calculating local erosion processes
in riverbeds. Key parameters for calculations
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include river discharge, flow velocity,
geological characteristics of the riverbed, and
the properties of soil layers. To assess erosion
risks, various factors such as the slope of the
riverbed, the angle of flow impact on the
bank, average depth, and erosion rate are
calculated. Based on these parameters, initial
and final erosion depths are determined, and
protection measures are designed.

Keywords: Stream flow, local washing,
protective walls, channel slope, erosion and
washout.

Ha cmamvio om3vie oana doyenm xagheopoi
"Menuopayuu u 6000X0351UCMBEHHO20 CIMPO-
umenvcmea” A3.ACY, C.A. Beniiesa.
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DRENAJSIZ VO DRENAJLI BIRCINSLI TORPAQ BONDLORIN
Y.A. ZAMARIN USULU iLO SIZMAYA HESABLANMA METODIKASI

Giris. Bircinsli torpaq bandlorin gévdasi
zoif susizdiran qruntlardan ibaroat olduqda,
onlardan algcaq vo orta basqili hidroqovsaq-
larda soviyyaqaldiran qurgu kimi istifads et-
mak olar. Su anbar1 hidrodiiyiinlorinin asagi
biyefindo su olmadiqda, yaxud depressiya
oyrisinin torpaq bandin asagi yamacindan ¢i-
xigsinda sizma axmi bu yamaci yuyulmaya
moruz qoymadig1 halda homin yamacin da-
ban hissasinds banket prizmali drenajdan isti-
fado edilmir. Yoni, torpaq bandin asag1 biyef-
doki quru yamacinda sizma axini bu yamaci
suffoziyaya moruz qoymursa, drenajin yer-
losdirilmasina ehtiyac qalmir. Torpaq bandin
asag1 yamaci daimi olaraq su mahitinin tasiri
altinda qaldiqda, bond gdvdoesindon basqili
sizma axmnimin tohliikesiz voziyyotdo asagi
biyefo xaric olmasi {i¢iin yamaca sdykonan,
yaxud banket prizmali drenajlar bu masalonin
hallindo miihiim rol oynaynr.

Bircinsli torpaq bondin asagi yamacin-
dan ¢ixan sizma aximimnin bu yamacin daban
hissasini yuyub dagitma halinda miihondisi
todbir olaraq, bond gdvdasi daxilinds perfo-
rasiyali boru (plastmasdan) daxilindo yerlos-
dirmis ticqat siizgoclo ohatolonmis drenajin
totbiqi toklif olunmusdur. Bu hal agag: biyef-
da suyun olmadig1 vaziyyaetlor tiglin alverigli
hesab edilmisdir [1]. Belo konstruksiyali dre-
najin perforasiyali borusunun {ifliqi morkozi
xatti lizro daxildon On divarmim daban noqto-
sindon yerlogsma mosafasi, baxilan bu variant-
da bondin agag1 yamacinin band oturacagina
proyeksiyasimin 1/3-1 qodor gotiiriilmiisdiir.

Qeyd edilon en kasik konstruksiyali bir-

cinsli torpag bandlorin govdasininin Y.A. Za-
marin metodu ilo sizmaya hesablanmasi rast
golinon masalalorin hallini asanlasdirir. Band
gbvdasinin sizma hesablamalarinin asanlag-
mast iso onun asag1 yamacinin silindrik soth
lizro siirlismoya gora dayanighiga hesablanma
prosesini nazori baximdan hom doaqiqlosdirir,
hom do aldo olunmus noticalorin etibarligini
artirir.

Problemin goyulusu. Bircinsli torpaq bon-
dlorin asag1 biyefindo suyun olmadigi vo ol-
dugu hallarda sizma axininin band gévdasin-
don ¢ix1s ordinatinin grafiki yolla toyini mosa-
lalorin hom ¢atinlikla, hom da geyri-daqiq hall
olmasina gatirib, ¢ixarir. Bu mosaloalorin asan-
ligla va daqiq hall edilmasi U¢lin Y.A. Zamarin
metodundan istifads etmok olar.

Respublikamizin Colilabad rayonundaki
Misargay tizorindoki su anbar1 hidroqovsagi-
nin torpaq bondinin suffoziya hadisosinin to-
siri noticasinds yuyularagq ugmasi, bels band-
lorin konstruksiyalarinin sec¢ilmosinds, siz-
maya va dayaniqliga hesablamalarinin aparil-
masinda yol verilmis ciddi sohvlor sababin-
don olmusdur. Belo hadisalora vo torpaq su-
riismolorine diinyada tez-tez rast golinir [4].
Bu fosadlarin bas verma sababini dlizgiin ay-
dinlasdirmaq U¢ln qurgu konstruksiyalarmin
texniki gostaricciloring, onlarm hesablama-
larda oynadig1 roluna vo ilkin olaraq sizma
axin1 tasirlorinin nozori metodlarla miioyyon-
losdirilmasine digqget yetirilmolidir.

Problemin halli. Asag1 biyefindo su ol-
mayan drenajsiz bircinsli torpaq bandlorin
sizmaya hesablanmasinda osas ¢atinlik yuxa-
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11 biyefdon sizma axininin depressiya oyrisi-
nin bandin orta hissesinadak olan zonasi da-
xilinds ordinatlarinin tapilmasidir. Bu maso-
lonin hallini asanlagdirmaq Ugtn Y.A. Zama-
rin, bandin orta hissasinin yuxari biyefa toraf
olan konar sorhaddinadok parabolik tonlikls
ifado olunan depressiya ayrisinin Su anbarin-
daki normal bogulmus soviyyadok (NBS-9)
homin ganunla davam etmoasina toklif edib-
dir. Depressiya oyrisinin baglangic ndqtosin-
don torpaq bandin yuxar1 biyef yamacinadok
olan dorinlik eH gobul olunmusdur, burada
da €=0,4 gobul edilon omsaldir, H iso NBS-
don bandin oturacaq soviyyasinadok olan do-
rinIikdir(gZ]. ' _

Boand gévdasindon sizma axinimin hidrav-
liki vo hondasi parametrlorini tapmaqg Ugln

asason Darsi vo Dyupi diisturlarindan istifados
etmok olar. Depressiya oyrisinin ixtiyari ko-
siyinds ordinatinin y, sizma axminin siiratinin
L oldugunu nazars alaraq sizma omsali kb 0lan
bond govdosindon homin kosikdon kecgon
(s1zan) xdsusi sarfi (sokil 1) Darsi dusturu ilo
tapmaq olar [3]:

h-y

a=vy=kJ =k-=

Y, 1)

burada: h — depressiya oayrisinin band gasinin
yuxar1 biyefo torof olan konar kosiyindoki
ordinatidir.

Sokil 1-da gostarilon hesablama sxemina
osason depressiya oyrisinin xarakterik vo ix-
tiyari kosiklordoki ordinatlar1 tapmagq ii¢lin
dord odad Dyupi va bir adad Darsi dusturun-
dan istifado etmok olar. Dyupi diisturlarini
asagidaki kimi yaza bilorik:

q HZ_hZ
—_— 2
ke 2mi(eH+d) @
q H2_a2
k= 2fm (sH¥d)sbem (B =a)]: )
b |_ 1 2 b OJ
g hz _a : 4)

ky 2|b+ma(Hh—a0)]]|

g h*-y

K, 2X

Darsi disturu iso torpag bandin asagi
yamacindan ¢ixis zonasi ii¢iin yazilir:

©)

aO
q :Uglx.ao = kb‘]slx.ao = kb 'TnZa_O'ao =
% a_a, ©
’ m2’ kb m,

Depressiya oyrisinin bondin asagi ya-
macindan ¢ixis ordinatini (a,) tapmagq Ggln
(3) vo (6) ifadslorinin sag toroflorinin bora-
barliyi tonliyindan istifads edirik:

H? -& a
0 -

2([m(eH +d)+b+omz (Hh—a0)]] :Ez’ (7)

8,=L,— L2 —H?,
harada ki,
1

L, = ™ [ b+moHy+my (eH +d)1] (8)

Depressiya oayrisinin h ordinatini bandin hor
iki yamacliq amsalina (m1 va my), ¢ixisindaki1
ao ordinatina; asag1 yamacliq amsalina (m,)
Vo o ordinatina gors tapmaq olar. Masoloni
geyd edilon birinci halda hall etmok (g¢lin (2)
va (6) ifadslorinin sag toraflorinin barabarliyi
sortindon istifada etmok lazimdir:

H 2 h2 ~ ao .
2mi(eH+d) m,’ 9)
m,h* =m,H?-2m (eH +d)a,;
Masalani ikinci halda hall etdikds, (4) va (6)

diisturlarinin sag toroflorinin barabarliyindon
alinan tonlikdon h ordinatini tapiriq:

h* —a’ a
0 = m:
2 b 0 2
he—a?=2-%.[b+m H -a)l (o
0 m L 2 b OJ

2

h=\/a§+2- :1—02-[b+m2(Hb ~a,)]




(7) va (9), yaxud (7) vo (10) diisturlarindan
istifado etmoklo depressiya ayrisinin vacib va
axtarilan xarakterik ordinatlar1 ilkin verilon-
lor asasinda asanliqla tapila bilir. Bu metodi-
ka depressiya ayrisinin a ¢1x1s ordinatini tap-
mag Ucln cadval tortib etmokdon va grafiklor
qurmaqdan azad edir.

Depressiya ayrisinin ixtiyari kasikds ordi-
natini tapmagq tciin (4) va (5) ifadslorini y-o
goro hall etmaklo asagidaki tonliyi aliriq:

he—y? h? —a?
2X 2|_|_b+ mz (Hy —ao)ﬂ
(h2 a’ ) X

:b+m2(Hb—ao)

h? _ g2
y= \/hz - 0 X (11)

Y
/, Q.
‘\ ¢ ’ Ll] Eom ey

de, seya eyrisinin
P

L m,(sy+cx)+€+m (H QML

Sakil 1. Bircinsli drenajsiz torpaq bandin Y.A. Zamarin metodu ilo sizmaya hesablanma sxemi.

Y.A. Zamarinin toklif etdiyi hesablama
metodikasinin mahiyysti ondan ibaratdir ki,
banket prizma formasina malik drenajli tor-
paqg bondlorin agag1 biyetindo suyun olmadigi
vo oldugu hallarin har birindo band gévdasin-
don sizma axinmin depressiya oyrisinin Xa-
rakterik ordinatlarini va ixtiyari kosikds olan
ordinatin1 yuxarida geyd edilon nozari yolla
tapmaq miumkindur [6]. Belo en kasik forma-
11 drenajin tistdon eninin bgr., htindtrltyunin
Har, daxili vo xarici yamacliq omsallarinin
mivafiqg ms vo m4 qiymatlorini (sokil 2, a,b)
noazora almagla, depressiya oyrisinin asagi bi-
yefdo su olmadiqda drenaja daxil olma mo-
safasi (sokil 2,a), band qarsisindaki suyun do-
rinliyinin (H) toxminon 5+6%-i qador olur
[5,s. 248]: £~(0,05+0,06)H. Onda bircinsli
torpaq bondlor Tigiin depressiya oyrisinin
baslangic noqtesindon hi ordinatinadok vo
son noqtasinadok olan uzunluqlart (sokil 2,a)
asagidaki ifadslorlo tapilir:

L1—m1(sH+d)+b+
+m (H H )— (42

dr.

L=Li+7. (13)

(11) disturunun alindig1 analoji yolla
depressiya oyrisinin tonliyini asagidaki kimi
olds etmok olar:

q HZQ H2_y2.
K, = 2(L—x)

b 2L’kb_

2 _\p2 2
9_H-y _H°. (14)

x={ qiymotini (14)-do yerina yazib, (13)-0 do
nozars alsaq, y=h: ordinatimi agagidaki kimi
toyin eds bilorik (sokil 2,a):

m:JHZ—Ei(L—@:

- / _EL L

(15)



X=b+m; (Hb - Hdr.)—mSHdr. + ¢ qiymo-

tini, (12) vo (13) ifadslorini (14) tonliyinda
yerind yazdigda y=h ordinatmin hesablanma

disturunu aliriq:

. _H?
hz\/H ——m(eH+d). (16

Bircinsli drenajli torpaq bondin asag1 bi-
yefinda ho dorinliyinda su olduqgda (sokil 2,b),

depressiya ayrisinin drenaja daxil olma masa-
fosi asagidaki diisturla hesablanir [5,S. 249]:

ﬁ=0ﬂ&ﬁ?%H—mf—Hh (17)

burada:
L= ml(aH +d)+b+

+m(H -H )-m(H -h)
2 b dr. 3 dr.

0
2 2

(depresscya ayrisi~
flén fzh. &jc)

(18)

Sakil 2. Drenajli bircinsli torpaq bondlarin Y.A. Zamarin
metodu ila sizmaya hesablanma sxemilori:

a) asag biyefds su olmadigda; b) asag biyefds su oldugda.

Depressiya oayrisinin tam uzunlugu iso
olar:

Belo torpaq bandlords depressiya oyrisi-
ni qurmaq tc¢ln Dyupinin iki disturundan is-
tifado edo bilorik:

H2 _he
kﬂb:_zﬁo; (20)
Q _ HZ_yZ
« 20L-x) @)

(20) vo (21) diisturlarindan depressiya
oyrisini qurmagq U¢Un asagidaki tonliyi aliriq:

7 12
y=\/H2—H_;-{L—x\. (22)

(22) tonliyinda X =msh, + Aqiymotini no-
zord alaraq, y=h1 ordinatini tapiriq:

5 HZ_hZ
h,=|H> - ° -(L-msho—¢1). (23)

x=h+ma (Ho —Har. ) —ms (Har. —ho ) + ¢,
absisini (mosafasini) depressiya oyrisinin
(22) tonliyindo nazors almagla, L-in (18) vo

(19) diisturlarini yerino yazmaqla y=h ordi-
natin1 agagidaki diisturla hesablaya bilorik:



2 _ h2
h:\/HZ—H Lho-m1(8H+d). (24)

Belolikla, (1)+(24) diisturlarin hor bir va-
riantlarda layiholondirilon bircinsli torpaq
bondlori sizmaya tam olaraq hesablamaga im-
kan verir. Bu hesablama metodikas1 doqiqliyi-
no vo vaxt etibarilo qisa miiddotdo basa cata
bilmasina gora talobalor, layihagilor vo elmi-
todqiqat islori aparan miitoxassislor {i¢iin ol-
dugca olverislidir.
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XULASO

Elmi moqalods drenajsiz vo drenajli bir-
cinsli torpaq bandlorin Y.A. Zamarin tisulu
ilo sizmaya hesablanma metodikasina baxil-
migdir. Bu hesablama metodikasinda depres-
siya ayrisinin biitiin uzunlugu boyu tenliyi
parabolik ganunla doyisir. Bu metodikanin
ustunliiyl depressiya oayrisinin torpag bandin

asag1 yamacindan ¢ixis ordinatimi qrafiki yol-
la tapilmasindan azad edib, doqiq dusturla ta-
pilmasindadir.

Acar sozlar: depresiyya oyrisi, yamacliq
omsali, basqili sizma, bircinsli torpaq band,
banket prizmali drenaj.

PE3IOME

B Hay4HOH cTaThe pacCMOTpEHA METOIU-
Ka (uIbTpanMoOHHOTO pacdera 0e3 JpeHax-
HBIMU M JIPEHAKHBIMH yYCTPONCTBAMH OJTHO-
POJIHOM 3eMJITHOM IIOTHUHBI 0 MeTony E.A.
3amapunHa. [lo »3TOlf pacdeTHOl MeTonuKe
YpaBHEHUE U3MEHSIETCS 110 TapabOoITIECKOMY
3aKOHY Ha BCEW JTMHE KPUBOHW JICTIPECCHH.
[IpenmyIiecTBO 3TOTO METO/Ia B IIIOM, YTO OH
0CBOOOWCIAaET OT rpaIecKOro MOX0KIACHHE
OpJIMHATHI BBIXOJ[a KPUBOM JICTIPECCHUU U3 HU3-
KOTO OTKOCA 3eMJISTHOW TUTOTHHBI U OTIPE/IEI-
ATCS IO IPYTOM TOYHOU popmyrie.

Kniouesvie cnoea: xpusas nenpeccui,
kod(umeHT oTkoce HamopHas (uIbTpa-
s, OJHOPOJHAsI 3eMJIsTHas IJIOTHHA, JApe-
HaX ¢ OaHKETHOU MpHu3Maek.

SUMMARY

The scientific article examines the met-
hodology for calculating the seepage of un-
drained and drained homogeneous earth
dams using the Y.A. Zamarin method. In this
calculation methodology, the equation of the
depression curve along the entire length
changes according to a parabolic law. The
advantage of this methodology is that the
ordinate of the depression curve exiting the
lower slope of the earth dam is freed from the
need to find it graphically and is found by an
exact formula.

Keywords: depression curve, slope coef-
ficient, pressure seepage, homogeneous earth
dam, banked prismatic drainage.

Moagalaya AzMIU-nun “Meliorasiya va su
tasarriifat: tikintisi” kafedrasinin dosenti
M.S. Zarbaliyev ray vermisdir.
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AZMIU

MUGAN DUZUNDO SUVARILAN COMON-BOZ TORPAQLARIN
OSASDIAQNOSTIK OLAMOTLORI

Mugan diiziindo yerloson suvarilan ¢o-
mon-boz torpaq saholori uzun illor arzindo
kond tasarriifat1 faaliyyati ilo intensiv sokildo
istifado olunmusdur. Bu orazilords aparilan
kond tosarriifat1 foaliyyeti, xiisusilo do suvar-
ma tadbirlori naticosinda torpaqlar miixtalif
doracalords sorlagsmaya moruz galmigdir. Sor-
lagma, torpagin torkibinds hall olunmus duz-
larm y1gilmasi ilo bagli olan va torpagin kond
tosorriifat1 mohsuldarligini azaldan ciddi bir
problemdir. Bu baximdan, qarsiya qoyulmus
konkret elmi moagsadlors uygun olarag, mux-
talif illords va farqli dévrlords bir cox torpag-
stinas alimlor va saha iizro ixtisaslasmis tod-
qiqatgilar torafindon bu torpaq sahslori otrafli
sokildo Oyronilmisdir. Hor bir todqigat dov-
riindos torpagin fiziki, kimyovi vo bioloji xii-
susiyyatlori nazars alinaraq, onlarm agrar is-
tifadoyo yararliligi tohlil edilmis vo miixtolif
parametrlor lizro qiymotlondirmolor aparil-
misdir [1].

Aparilmis torpaq meliorativ todqiqatla-
rin naticalorine asasan, xususils taxil bitkila-
rinin okildiyi sahslords torpaq keyfiyyatinin
monitoringi magsadilo imumilikds 24 kosim
qoyulmusdur. Har bir kasim torpaq qatlarmnin
voziyyaetini toyin etmok {igiin strateji olaraq
secilmis vo yerli relyefs, torpaq tiploring vo
suvarma rejimlorine uygunlasdirilmisdir [2].
Bu kasimlorin yerlosdiyi arazilorde sahovi is-
lor aparilaraq, torpaq niimunslori toplanmis
va laboratoriya soraitindo miiasir elmi meto-
dikalar osasinda tohlillordon kegirilmisdir.
Xiisusilo, torpagm sorlasma soviyyosini va
kimyavi torkibini daha yaxs1 anlamaqg Ugun
niimunalor 0-50 sm vo 0-100 sm darinliklor-
don gotiiriilmiis vo bu qatlar {izro noticolor
sistemlosdirilorak timumilogdirilmisdir.

Bu aragdirmalarin davami olaraq, taxil
bitkilori altinda yerloson vo 3 ndmrali kosim

kimi geyd edilon saho relyefin daha hamar va
diiz hissasindo yerlosdiyi {i¢iin secilmisdir.
Bu orazi torpagomologatirici slixurlar baxi-
mindan asason alliivial ¢Okiintiilorlo forma-
lagmigdir. Alliivial mongali siixurlar, ¢ay vo
axar sularm gotirdiyi mineral vo organik ma-
teriallarin ¢okmosi noticosindo yaranan tor-
paq tiploridir vo adoton yaxs1 mohsuldarliga
malik olurlar. Lakin intensiv suvarma va qey-
ri-effektiv meliorasiya todbirlori naticosindo
belo sahoalordo do sorlagsma problemi meyda-
na ¢ixa bilor.

Arasdirmalar noticosindo molum olmus-
dur ki, bu sahados kalsium karbonat (CaCOs)
birlosmosinin torpaq profilindoki ehtiyati
osason suvarma sularinin torkibindoki karbo-
nathi maddolordon asili olaraq formalagmis-
dir. Basqa so6zlo desok, suvarma Ugun istifado
olunan sularm kimyavi torkibi torpagda kar-
bonat birlosmalorinin migdarina bilavasits te-
sir gdstormisdir. Miivafiq analizlorin notico-
lorina goro, torpaq profilinde CaCOs-un pay-
lanmas1 nisbaton bircins olmus, yalniz ciizi
farglorls doyismisdir. Belo ki, 0-50 sm dorin-
likdo bu maddonin miqdar1 16,3%, 0-100 sm
dorinlikde ise 17,66% saviyyesinda qeydo
alinmisdir Ki, bu da torpagin karbonatliliq do-
rocasinin yiiksok oldugunu gdstorir.

Karbonatlarm torpaqda yiiksok miqdar-
da olmasi, torpaq strukturu va su rejimi baxi-
mindan manfi naticolor dogurur [3]. Xiisusi-
la, karbonatlarin coxlugu torpagin sorakotlos-
masi prosesini siirotlondirir. Sorakotlosmis
torpaglar isa 6z su-fiziki xiisusiyyatlorina go-
ro normal torpaglardan xeyli deracados forqle-
nir vo adoton kond tosorriifatinda istifadosi
zamani ciddi ¢atinliklor yaradir. Belo torpag-
lar islanma zamani struktur xiisusiyyatlorini
itirarak yapisqan vo kegirmoz hala galir, nati-
cada suyun torpaq profili boyunca horakati



longiyir. Torpaq quruduqda iss onun sathinda
qalin qaysaq tebaqosi vo dorin ¢atlar amala
golir. Bu cur fiziki doyisikliklor torpagin me-
xaniki becarilmoasini ¢atinlogdirir va agrotex-
niki todbirlorin effektivliyini azaldir. Notico-
do, bu torpaqglarda kond tosarriifat: foaliyyot-
lori, xiisusilo da texnika ilo okin vo suvarma
islori daha ¢ox resurs vo zohmat tolob edir.
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Sakil 1.Suvarilan ¢coman boz torpaglarin
bazi kimyavi va fiziki-kimyavi géstoricilori
(taxil bitkisi)

Lazimi meliorativ todbirlor hoyata ke-
cirmoklo karbonathig1 azaltmaq, sorakotliyin
garsisint almaq vo miinbitliyi barpa etmok
mumkindir. Meliorasiya olunan suvarilan

torpaglarda karbonatliq, humusun tasirin-
don vo bitki Ortiiylindon asilidir. Belo ki,
pambiq va taxil akinlorinin intensiv suvaril-
mast naticosindo torpaqda karbonatlarin
miqdar1 azalir. Son illorde qrunt sularinin
yer sot hino yaxinlagmasi karbonatligin ¢o-
xalmast ilo alagodardir. Bildiyimiz kimi, bu

proseslor homin torpaglarda sorlagsma va so-
rakotlosmonin yaranmasina sobob olmus-
dur. Sorakat torpaglarm meliorativ vaziyya-
tini yaxsilasdirmaq tciin kimyavi melio-
rantlardan istifado olunur. Kimyovi melio-
rant kimi gips, kal sium xlor, sulfat tursusu,
kikurd, sintetik polimerlordon va s. istifado
edilir. Bunlarin igarisindo an genis yayilani
kimyavi meliorant gipsdir ki, bu da torpagmn
ham kimyavi va hom da su-fiziki xassalorini
yaxsilasdirir.

Torpaga verilon kimyovi meliorantin
miqdar1 20-30t/ha qodar ola bilor. Kimyavi
meliorant kimi torkibinds ¢oxlu migdarda
gips olan dag siixurlarindan va Kimya sona-
yesi tullantilarindan istifado olunur [4].
Kimyavi meliorantin verilmosi vo torpaq-
larm yuyulmasi dorin sum vo dorin yum-
saltma fonunda aparilarsa, daha yaxsi no-
ticalor aldo edlilir

Cadval 1.
Mugan diiziinda tocriiba sahasindoa taxil bitikisi altinda suvarilan
¢oman-boz torpaqlarimin asas kimyavi xassalori

_ Q Udulmus osaslar
LD 7] d T mg.ekv %
E2 1 Eg| Ex Ss| Y=
o o 59 5 < o)
MoE | A T o %) Ca Mg | Na | Comi| Ca Mg Na

- &)

3 0-50 13 | 7,7 | 16,09 2,595
0-100 | 1,03 | 76| 17,66 2,163

5 0-50 116 | 75| 1966| 0,634
0-100 09 75| 17,09| 0,529
12 0-50 17 76| 2151| 0,247
0-100 | 1,32 77| 21,87 0,263

1029 | 462 | 10| 1591 | 64,67 | 29,04| 6,29
1035 | 4,23 | 1,06| 1584 | 66,17 | 27,04| 6,79

15,5 1063 | 1,8 | 2792 | 5551 | 38,07 | 6,42
16,23 | 10,53 | 1,84 | 28,60 | 56,74 | 36,82 | 6,44
11,79 6,87 | 1,30| 19,96 | 59,06 | 34,42 | 6,52
12,62 6,06 | 1,35| 20,03| 63,00 | 30,25| 6,75

NOTICO

Mugan diiziinde yerloson suvarilan ¢o-
man-boz torpaqglar uzunmiiddatli kond tasor-
riifat1 faaliyyati vo suvarma naticasinde mix-
tolif doracados sorlagsmaya vo sorakotlosmoyo

moruz qalmigdir. Aragdirmalar gostorir ki,
torpaglarda CaCOs-un yiiksok miqdarda ol-
masi torpaq strukturu vo su rejimina monfi to-
sir gdstararok kond tosorriifat iglorini ¢otin-
losdirir. Profil iizro analizlor bu torpaqlarin
karbonatliliq saviyyasinin yiiksok oldugunu



tosdiqloyir. Effektiv meliorasiya dorin sum
vo suvarma ilo birgo aparildigda mohsuldar-
ligin artirilmasina imkan verir.

PE3YJIBTAT

Opouraemble JIyroBo-cepble MOYBbI My-
TFaHCKOW PaBHUHBI B PE3YyJIbTaTe JUIMTEIBHON
CEJIbCKOXO3SMCTBEHHON JIESTEIIbHOCTH U UP-
pUralyy MOABEPIIIMCh Pa3IMYHBIM CTEIEH-
sIM 3aCOJIEHUS U coJloHLeBaHus. Mccnenosa-
HUS TIOKa3alM, 4TO BBICOKOE COJIEp’KaHUe
CaCOs B nouBeHHOM Mpo(use OTpULIATENb-
HO BJIMSIET Ha CTPYKTYPY U BOJHBIN PEXUM
MOYBBI, 3aTPYAHSISI TPOBEICHHE arpapHbIX
paboT. AHanM3 MOYB MOJATBEPXKIAET BBHICO-
KU ypoBeHb KapOOHAaTHOCTH. JlJis ymydiiie-
HUA arpo(u3nyecKux CBOICTB MOYB U Mpe-
OTBpAICHHs] COJIOHILEBAHUS TMPUMEHSIOTCS
XUMHYECKHE METHOPAHTHI, IPEUMYIIIECTBEH-
HO rurnc. Hamnydmue pe3ynabTarsl joctura-
I0TCS IIPY BHECEHUH MEJIMOPAHTOB B COYETa-
HUM C INIyOOKUM PBIXJICHMEM U IPOMBIBKOU
[I0YB, YTO CHOCOOCTBYET MOBBILIEHUIO YpO-
KAMHOCTH.

RESULT

The irrigated meadow-gray soils of the
Mughan plain have been exposed to varying
degrees of salinization and solonetz for-
mation as a result of long-term agricultural
activity and irrigation. Research has shown
that the high content of CaCO; in the soil
profile negatively affects soil structure and
water regime, making agricultural operations
more difficult. Soil analysis confirms a high
level of carbonates. The best results are achi-
eved when ameliorants are applied alongside
deep plowing and leaching, which contribute
to increased crop productivity.
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Mugan diiziinds suvarilan ¢coman-boz
torpaqlarin asasdiagnostik slamatlori

XULASO

Mugan diiziindo yerloson suvarilan ¢o-
man-boz torpaqlar uzunmiiddatli kond tasor-
riifat1 foaliyyoti noticosindo miixtalif dorocado
sorlasmaya vo karbonatlasmaya moruz qal-
mugdir. Tadqigatlar bu torpaglarda CaCOs-un
yiiksak migdarda toplandigmni vo bu sababdon
onlarin su-fiziki xiisusiyyatlorinin pislosdiyini
gostormisdir. Sorakatlosmonin garsisini almaq
vo mohsuldarlig1 artirmaq mogsadilo kimyovi
meliorantlardan, xiisusilo gipsdon istifado
tovsiys olunur.

Acar sozlar: Sorlasma, karbonatlasma,
¢omoan-boz torpaglar, kimyavi meliorant, Mu-
gan diizanliyi.

OcHoOBHbBIE THATHOCTHYECKHE PU3HAKHT
opolIaeMbIX Cepo-KAITAHOBBIX MOYB
MYTaHCKOH pPAaBHUHBI

PE3IOME

Oporraemble cepo-KalITaHOBBIE ITOYBBI
MyraHcko#l paBHUHBI MOJIBEPIIIUCH Pa3iny-
HOIl CTeneHu 3acojieHus U KapOoHaTHpOBa-
HUS B pe3yJbTaTe JUINTEebHOM CebCKOX035i-
CTBEHHOI1 aesTenbHOCTH. MccnenoBanus mo-
Ka3aJM, 4TO B 3TUX MOYBAX HAKOIIEHO BBICO-
koe kosmdectBo CaCOs, 4TO yXyZAmaeT ux
BO/IHO-(hu3nyeckue cBoicTBa. J[ist mpenoTs-
paleHusl 3aCOJICHHSI U MOBBIIIEHUS MPOTYK-
THUBHOCTH PEKOMEH]IyeTCs] HCIIOJIb30BAHHUE XH-
MHUYECKUX MEJIHOPAHTOB, 0COOEHHO THUIICA.

Knioueswie cnosa: 3aconenue, kapboua-
MupoeaHue, cepo-KaumaHnogvle Nnouevl, Xu-
Muyecku menuopaum, Myz2anckas pasHuHa.



Main diagnostic features of irrigated
chernozem-gray soil of the mugan plain

SUMMARY

Irrigated chernozem - gray soils of the
Mugan Plain have been subject to various
degrees of salinization and carbonatization
due to long-term agricultural activities. Rese-
arch has shown that these soils have accumu-
lated high levels of CaCOs, which negatively
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affects their water-physical properties. To
prevent salinization and increase productivi-
ty, the use of chemical ameliorants, especial-
ly gypsum, is recommended.

Keywords: Salinization, carbonatizati-
on, chernozem-gray soils, chemical amelio-
rant, Mugan Plain.
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COBPEMEHHBIE ITIOAXO0/1bl K MEJIMOPAIINUU 3ACOJIEHHBIX
MOYB KYPA-APA3CKOM HU3MEHHOCTH

3acosnenue nous B Kypa-Apasckoil HU3-
MEHHOCTH SIBJISIETCSI CEPhE3HOU MPOOIEMOM,
OrPaHUYMBAIOLICH Pa3BUTHE CEIBCKOIO XO03-
AWCTBA M CHI)KEHUEM IUIOJOPOJUS 3EMEIlb.
Ot0T npouecc 00ycIOBIEH pAIOM (aKTopoB,
Cpeax KOTOPBIX MOXHO BBIAEIUTH reorpagu-
YecKue, THAPOre0IOrMuecKre U aHTPOIIOTeH-
Hbl€ IPUYMHBI.

Bo-nepBbix, reorpadguueckue u Kiuma-
TUYECKUE YCIIOBUS PErMoHa CHOCOOCTBYIOT
HaKOIUICHHUIO cojie B mouBe. Brbicokas uc-
[apsieMOCTb B COYETAaHUH C HEIOCTaTOYHBIM
KOJIMYECTBOM OCAJKOB NPHUBOAUT K MHTEH-
CHUBHOMY 3aCOJICHUIO BEPXHUX CJI0EB IPYHTA.

Bo-BTOpBIX, ruaporeosoruyeckue ¢ax-
TOPBI TAK)KE UTPAIOT KJIFOUEBYIO pOJIb. I pyH-
TOBBIE BOJbI, COIEPKALUE MTOBBIIIEHHOE KO-
JIMYECTBO COJIEH, TOCTENEHHO MOHUMAIOTCS
K IOBEPXHOCTH, YCYryOJisisi mpobiiemy.

Kpome T0ro, aHTpOIoreHHoe BO3JEHCT-
BHE 3HAUUTEIILHO YCKOPSIET IIPOLIECCHI JIerpa-
nauuu noys. HempaBuiibHOE opolieHue, uc-
[10JIb30BaHME MUHEPAIM30BaHHBIX BOJ U OT-
CyTCTBHE dPPEKTUBHBIX JPEHAKHBIX CHCTEM
IIPUBOJAT K JAJIbHENILIEMY YBEIIMYEHHUIO KOH-
LIEHTPALUU COJIEN B MOYBE, CHUXKAsA €€ IpH-

TOJTHOCTh JUISI CEIBCKOXO3SIMCTBEHHOTO HC-
TIOJTh30BaHHSI.

st 5ddhekTHBHOTO pereHus mpooOaeMbl
TpeOyeTcsl KOMIUICKCHBIM TMOJIXO0/, BKIHOYa-
IOIIMI TPOBEJICHUE MEITHOPATUBHBIX MEPO-
NPUATUH, YIydIIEHUE CHCTEMBbl JpEHaKa U
BHEJIPCHUE YCTOWYHBBIX CEIIbCKOXO3SIICTBEH-
HBIX TEXHOJIOTH, CIIOCOOHBIX MUHHUMHU3HPO-
BaTh HETATUBHOE BO3/ICHCTBHUE 3aCOJICHUSL.

Kypa - Apasckas npezcrapisier coboii 00-
HIMPHYIO JIETPECCHOHHYIO TEPPUTOPHIO, pac-
HOJIOKCHHYIO MeX 1y XpeoTamu bosbiioro n
Masoro KaBkasa, nMeroImasi OTKpbITBIH BBIXO/T
k Kacrimiickomy mopto Ha BocToke. DU3MKO-
reorpadMuecKue XapaKTEePUCTHKH PETHOHA
JIeNIal0T €ro OJHUM M3 Haubosee CI0XKHBIX
00BEKTOB Il MIPOBEAECHUS METHOPATUBHBIX
MEpPONPUATHIA. APUIHBIN KIUMAaT U BBICOKas
ucnapsemocts (850-1150 MM B rox) 3HAUYU-
TEJIbHO MPEBBILAIOT 00BEM aTMOC(HEpHBIX
ocazkoB (200-450 Mm), 4TO CIOCOOCTBYET HH-
TEHCHUBHOMY HAaKOIIJICHHIO COJIeHl B IOYBe.
Penbed MecTHOCTH OTIIMYAETCS BRICOKOH CTe-
HEHbIO Pa3HO0Opa3Hs M BKIIIOYAET HECKOIBKO
reoMop(OJIOTHUECKUX KOMIUIEKCOB U (popM.
CoBpemeHHbIe penbedHbIe 00pa30BaHuUs Mpe-



MMYILECTBEHHO MPECTaBICHBI aKKyMYJISTHUB-

HO-/ICTIOBHAIGHBIMH M JUTFOBHAIBHO-TIPOJIFO-

BHUAJIBHBIMHA PAaBHUHAMH, @ TAKXKe TOrOPHBI-

MU PEYHBIMU KOHYCaMH BBIHOCOB, HI3MEHHBI-

MU PEYHBIMH JIOJIMHAMH, JIETTFTOBBIMUA 00pa30-

BaHUSIMH, IPEBHUMH ¥ COBPEMEHHBIMH JIary-

HaMH, a TaKKe KOHTAKTHBIMHU JICTIPECCUSIMHU

(mo nanueM B.P. Bonobyesa u ap.).

Pexu Kypa u Apas, ceirpaBiime Kioye-
BYIO poOJib B ()OPMHPOBAHUU TIOBEPXHOCTH
HE3MEHHOCTH, JIEJIAT €€ Ha TISITh KPYITHBIX
MIPUPOJTHBIX 30H — TaK HAa3bIBAEMBIX CTETICH:
— IHIupsanckas crens (7300 kB. kM)
Kapabaxckas cremnb (3248 kB. kM)
Mubckast cremnb (3570 kB. kM)
Myranckas crensb (5096 kB. kM)
CanbsiHckast crenb (936 KB. KM)

[Ipn Apasckas noJIMHA TakKe SBISAETCS
9acThIO0 HU3MEHHOCTH 1 3aHMaeT 110 kB. kM.

Kaxxmas m3 5THX 30H OTIMYaeTCs 0CO-
OEHHOCTSAMU [IOYBEHHOI'O COCTaBa U CTENIEHU
3ac0JIeHHOCTH. [I0uBBI HU3MEHHOCTH Xapak-
TEPU3YIOTCSl pa3IMYHBIMU THIIAMHU 3acoJie-
HUSL:

- XuopuaHoe U cyab(paTHO-XJIOPUIHOE 3a-
cosiearie (Myranckas u CanbsHCKasl CTe-
M) — XapakTepusyeTcs BBICOKOH Moj-
BHXKHOCTBIO COJIEH, 4YTO 00JIeryaer ux Bbl-
MBbIBaHHE.

- XnopuaHo-cyasaTHoe U cynbdaTHOE 3a-
conenue (IllupBanckas u KapabGaxckas
crenu, IOxHas Myranp) — HaOIrOMaeTCS
CMEILIaHHbIN THUII 3aCOJICHUS, TPEOYIOLIHiA
KOMIUIEKCHOTO 0JIX0/1a K MEJIMOPALHH.

— CopnoBo-cynbarHoe 3aconenue (Kapa-
6axckass 1 MuiibcKasi cTenu) — IpUBOJIUT
K 3HAYUTEIbHOMY YXYJIIIEHUIO arpodu-
3MYECKHX CBOWCTB IOYBBI.

— CopnoBoe 3acosieHHe (KOHYC BBIHOCA PEKU
Teprep B Kapabaxckoii crenu) — BbI3bIBaeT
IEJIOYHYIO PEaKIUIo CpeJibl, TPEOYIOLIYIO
crnenn(pUIecKux MeToI0B 00pabOTKH.

Paznuuus B (UIBTPALMOHHBIX CBOMCT-
Bax MOYB CO3/AIOT CJIOKHOCTh NMPHU BbIOOpE
CHCTEMBI JIpeHaxa. B HekoTopwix pailioHax
ko3 duuueHT ¢uibTpauuu gocturaer 5-10
M/CYT, TOT/1a KaK B JIpyTUX OH COCTaBIIsIeT Me-
Hee 1 M/cyT, 4TO 3aTpyIHSAET OTBOJI COJIEHBIX
BOJ M TpeOyeT MHIUBUIYaTbHOTO MOAX0/1a B

MeJMopaTuBHBIX padorax. Ilo pesympraram

uccnenoBanniit ASHUUT'uM (K.I'.TeiimypoB)

nouBsl Kypa-Apa3ckoil HUI3MEHHOCTH MOKHO

YCIOBHO pAa3Je/iuTh Ha JIBE OCHOBHBIE

TPYIIIBL:

[lepBas rpynma — XOpoIlO MPOMbIBae-
Mble N0YBBL. [10UBBI aIIFOBHAIBHOTO TPOMC-
XOXKJIEHMS C XJIOPUIHO-HATPUEBBIM 3acoJie-
HUEM HUMEIOT BBICOKYIO (HIBTPALIOHHYIO
crocoOHocTh. [Ipu MpombIBKE MOTOKH BOJbI
PaBHOMEPHO NPOHUKAIOT B IOYBOTPYHTHI,
pacTBOpsst M BBIHOCS BIIIyOb TOKCUYHBIE CO-
T (XJI0publ). DTH MOYBBI OBICTPO OCBOOOXK-
JA0TCs OT coJielt 0e3 yXyAleHus arpopusu-
YECKHUX CBOWCTB.

K maHHOM rpyrmme oTHOCSTC:

— XJOpuAHbIE MOYBBI C COACPKAHUEM XJIO-
pa 40-60% (CeBepnas Myrans, CanbsiH-
CKasi paBHUHA)

— CynbdaTHO-XJIOpUIHBIE TIOYBBI C COJEp-
xaHueMm xsopa 25-30% (roro-BocrouHas
[[IupBaub, CeBepHast Myranb, y3Kue npu-
MOpCKHE TOJIOCH BAOJb Kacnuiickoro
MOpST)

Bropas rpymnmna — TpyIHO IpOMBIBAEMBIE
11ouBbl. [10YBBI MOATOPHBIX PaBHUH C JEIIIO-
BHAJIbHO-IIPOJIIOBUAIBHBIM TIPOMCXOKICHU-
eM, cojiepKaliue cyab(hpaTHO-MarHueBO-HaT-
PHEBBIE COJIM, UMEIOT 3aTPYAHEHHYIO COJIe-
oTrady. B McxoqHOM COCTOSHUM OHU 00Ja-
JIAl0T HEOJIaronpHsATHBIMU arpo(u3n4ecKu-
MU CBOWCTBAMH U CKIIOHHBI K OCOJIOHIICBA-
Huto. IIpoMbIBOUHBIE BOJBI JBUTArOTCS IO
TpPEIlMHAaM, a HE PaBHOMEPHBIM IIOTOKOM,
YTO IPUBOJUT K YACTUYHOMY yJAJICHHUIO TOK-
CHYHBIX COJIEH M yXyALIeHHIO arpodusnyec-
KHX XapaKTEpUCTHK IIOYB.

K sroii rpynmne otHOCSTCS:

- XJopuaHO-Ccynb(haTHbIe MOYBHI (3ama Ho-
[upBanckas paBHuHa, IOxHas Myrans,
Kapabaxckast paBHUHA)

— Cynbdarsasie nouss! (IupBaHckas pas-
HuHa, IOxHas Myrans, Kapabaxckas pas-
HUHA)

— Cynbdarnsie noussl ¢ runcoM (IupBan-
cKkas paBHuHa, FOxHast Myranp)

Oco6ast rpymnmna — co/loBble TOYBHI. BbI-
JeNAeTcsl OTAEIbHAs rpymna Io4B, CoAepKa-
IIMX COJIM COOBOTO Psizia, 00IaJat0IIKX BbI-



COKOM I1I€JI0OYHON peakue. ITH NOUBbI Tpe-
Oy10T cienu(pUIecKnX METOI0B TPOMBIBKH H
HEUTpAIN3aLHHN IEJTOYHOCTH.

Menunopanus 3acosieHHbIX ITo4B Kypa-
Apa3cKoil HU3MEHHOCTH J0JDKHA YYUTHIBATh
ux ocoOeHHOCTH. B 9acTHOCTH, MpPOMBIBKA
[I0YB BTOPOM IpymnIiibl (TPyIAHOMEIHOPUPYE-
MBIX) TpeOyeT NPUMEHEHUS ClIELIMATIbHBIX TEX-
HOJIOTH1, TOCKOJIbKY TPaIUIIMOHHBIE METO/IBI
Hea(ppeKTUBHBI. B pe3ynbrate MHOTOJIETHUX
uccnenoBanuil cnenuanuctel AsHUNT'uM
pa3paboTaiy HOBbIE TEXHOJIOTUH TPOMBIBKH,
a/JIalITUPOBAHHbIE K OCOOEHHOCTSM IMOYBO-
IPYHTOB PETHOHA.

Taxkum o6pazom, s d3pHEeKTUBHON Me-
JIMOpalliK 3aCOJIEHHBIX 3eMenb Kypa-Apas-
CKOM HHU3MEHHOCTH HEOOXOIMMO HCIIONb30-
BaTh AU(PEpeHINPOBAHHBIN MOAXO, Y4H-
THIBAIOIINI 0COOCHHOCTH 3aCOJICHHS, (DUITh-
TpallOHHbIE CBOWCTBA MOYB M HMX CHOCO0-
HOCTB K COJIeOTAa4e. DTO MO3BOJUT obecre-
YUTh PAIOHAIBHOE HCIOJIb30BAHUE CEIlb-
CKOXO3SMCTBEHHBIX YTOJUN M MOBBICUTH UX
IIPOAYKTUBHOCTb.

B nocnenHue roael METOAbl Mennopa-
LIUY 3aCOJIEHHBIX 3€MeJlb 3HAUUTEIBHO 3BOJI-
IOLMOHUPOBAIM. BMmecTto TpaaMLMOHHBIX
croco00B, TaKUX KaK MOBEPXHOCTHOE IPO-
MBIBaHHE, AKTUBHO BHEJPSAIOTCS TEXHOJIOTUU
C y4eTOM OCOOCHHOCTEH MOYBOIPYHTOB M
MUHUMAaJIbHOIO BO3JCHCTBUS Ha OKpYXKaro-
uyto cpeay. KitoueBble coBpeMeHHbIE 10J1-
XOIbl BKJIFOUYAIOT:

I'my6unnoe npenupoBanue — [lo3Bonser
3QQEeKTUBHO YAAIATh COJM, HE Hapylas
CTPYKTYpy nouBbl. [IpuMeHeHHe coBpeMeH-
HBIX JIPEHAXHBIX CHCTEM, TAaKUX KaK ropu-
30HTAJIbHBIE KAIWUIAPHBIE APEHAXH U OHO-
(GWIbTpallMOHHBIE CIIOM, MOBBIIIAET 3Pdek-
TUBHOCTB IIPOMBIBKU U IIPEJOTBpAIIAET MOB-
TOPHOE 3aCOJICHUE.

KanenpHO€E Opo11€HHE ¢ KOHTPOJIEM CO-
neBoro OanaHca — TexHOJIOTUS J1O3UpPOBaH-
HOM IT0J1a4M BOJBI C BO3MOXHOCTBIO MOHHUTO-
pHUHTa JIEKTPONPOBOAHOCTH MOYBBI IOMOTa-
eT n30eXaTh JIOKAJIIbHOTO 3aCOJIEHUS] U CHU-
KAET pacxo] MPOMBIBHBIX BOJI.

[IpumeHnenne crienuanbHbIX MEIMOpPaH-
TOB — BHECEHHE TI'HIica, pocdorurnca u opra-

HUYECKUX n00aBOK yJydIaer
CTPYKTYpy IOYBBI, CHUYKAET LIEIIOYHOCTb U
YBEJIMYUBAET €€  IpPOHHUIAeMOCTh. B
YaCTHOCTH, THIIC CIIOCOOCTBYET 3aMEIICHHIO
HATpUsS KaJbIIMEM, YTO yIayd4lnaeT (U3UKO-
XMMHYECKHUE CBOMCTBA MIOYBBI.

buonoruueckas Menuopanusi — UCHOJIb-
30BaHUE pPACTEHUH-TAIO(PUTOB (HAIpUMeEp,
COJIIHKH U J1eGe/ibl) COoCOOCTBYET €CTECTB-
€HHOMY yJaJIeHHIO cojiel U3 rpyHTa. VX kop-
HEBbIE€ CHUCTEMbI AKTUBHO MOTJIOLIAIOT HaT-
pUi, yiIydilas HOYBEHHBIM COCTaB. YMHBIE
CUCTEMBI YNPaBIE€HUS BOJHBIMH pecypcaMu
— HOBeHImMe pa3paboTku B obsactu mudpo-
BOI'O MOHUTOPUHTA MMO3BOJISIIOT KOHTPOJIUPO-
BaTh YPOBEHb I'PYHTOBBIX BOJ B PEaJIbHOM
BpEMEHH, IPEIOTBpaIiasi MpoIecCchl BTOPUY-
HOTO 3aCOJICHHUSL.

CoBpeMeHHbIE METO/IbI METHOPALIUH Ha-
IpaBJIEHbl HE TOJbKO Ha BOCCTAHOBJICHHE
IIOYB, HO U HAa MHUHHMMU3ALUIO yIiepOa KO-
cucteme. KiroueBble HalpaBIeHHs 3KOJIOTH-
YeCcKH 0€30MacHbIX MOIX0A0B BKIKOYAIOT:

CHmKeHue HCIOJIb30BAHNS XUMHYECKUX
peareHTOB — OpraHuyecKue YIy4IIUTENIH U
OMOJIOTNYECKHE METOJIbl MO3BOJISIOT MHHHU-
MU3HpOBaTh NIPUMEHEHNUE arpeCCUBHBIX XH-
MUYECKHUX BEIIECTB. ArpojIeCOMEIUOpaLys —
3aKyagKa 3allUTHBIX JIECHBIX II0JIOC BJOJIb
CEJIbCKOXO35MCTBEHHBIX YIOJUH CIIOCOOCTB-
yeT PeryJupOBaHMIO IPYHTOBBIX BOJ U CHU-
JKEHUIO NCIIApPEHHUs], YTO YMEHBIIAET COJICHA-
KOIUICHUE.

PanmonaneHoO€ yrpaBieHUE JPEHAXHBI-
MU BOJaMH — BHenpenue cucteM BTOPUYHO-
I'0 MCIIOJIb30BaHMsI IPOMBIBHBIX BOJI II03BOJI-
€T CHMKaTh BOJO3aTPaTbl U MUHUMM3UPO-
BaTb HEraTMBHOE BO3JICHCTBUE HA OKPYKaIO-
LIYXO CPEy.

Hnsa s¢dextuBHOrO pemenust mpoodie-
MBI 3aCOJIEHHUS IOJIE3HO YYMTHIBATh YCIIEII-
Hbl€ TPAKTUKH MEIUOpalUH, pealu30BaH-
HbBlE B JPYTUX PETHOHAX C aHAJIOTWYHBIMU
ycanoBussMu. Hanpumep, npumeHeHUe MyJib-
TU(QYHKIMOHATIBHBIX JIPEHAXKHBIX CHUCTEM B
ABcTanuy, cCOYETAIOUIUX ECTECTBEHHOE OCY-
nieHue ¢ 6uopuIbTpaluei, No3BOJIUIO 3HA-
YUTEJIBbHO CHHU3UTh YPOBEHb 3aCOJIEHHOCTU
CEJIbCKOXO03sMCcTBEHHBIX 3eMenb. B CIIA uc-



M0JIb30BAHUE CEHCOPHBIX TEXHOJOTHHA s
MOHHUTOPHUHTA BJIAKXHOCTH U 3aCOJICHUS T103-
BOJISIET (pepMepaM B pealibHOM BPEMEHH KOP-
PEKTUPOBATh CTPATETHH TOJIMBA. B CTEITHBIX
parioHax KaszaxcraHa akTHBHO BHEIPSIOTCS
METOJIbl THIPOMEIMOPAIINH, BKIIOYAs pery-
JUPOBaHUE PEKHMa IPYHTOBBIX BOJ M OWO-
JIOTUYECKOE BOCCTAHOBJICHHUE 1OYB.

Ha Tepputopun Kypa-Apasckoil HU3-
MEHHOCTH pEaTi30BaHbl MacHITa0HBIE TPO-
€KThl TI0 CO3JIaHUI0 KOJUIEKTOPHO-ApPEHaX-
HBIX CHCTEM, KOTOPBIE HIPAIOT KIIIOUYEBYIO
pOJIb B YIYYIIEHUU COCTOSIHUSI 3aCOJIEHHBIX
MOYB. DTH MH)KEHEPHBIE COOPYKEHHS CIIO-
COOCTBYIOT PaCUIMPEHHUIO IIOLIAIHN OpolIae-
MBIX 3eMelb, o0ecnieunBas 3 HEeKTUBHOE pe-
IyJIMpOBaHUE BOJHO-COJEBOro OanaHca H
MpeAoTBpallas JajnpHenee 3acojenune. On-
HUM W3 BOKHEHIINX acNeKTOB (DYHKITMOHH-
POBaHMS JAHHBIX CHUCTEM SIBIIIETCS OTBOJI
MUHEPaAJIM30BAHHBIX APEHAXHBIX BOJ, KOTO-
PBIi OCYIIIECTBIIAECTCS MOCPeCTBOM [ J1aBHO-
IIUPBAHCKUX U [J1aBHOMYraHCKUX KOJUIEK-
TOPOB. DTHU TUAPOTEXHUUECKHE COOPYKEHHUS
00€eCIeunBarOT TPAHCIIOPTHPOBKY H30BITOY-
HBIX COJIel U MUHEpaIM30BaHHBIX BOJ, Hal-
paBiss ux B Kacniuiickoe Mope, 4To mo3BOJI-
€T TMOJJIePKUBATh HKOJIOTUYECKYIO CTa-
OUIIBHOCTH PETMOHA U MpeAOTBpalaTh Jer-
pajaluio Moys.

DKcrepuMeHTalIbHbIE PaboThl MPOBOIU-
JIMCh Ha yJacTKax 1wromansio 1,5 u 2,0 ra, roe
BpEMEHHBIEC JPEHBI PACIONAralluCh C MEX-
IpeHHBIMH paccTostHusMU 25 u 50 meTpos.

[IpombiBounas HopMa coctaBmia 11800 m*/ra,
a MPOJIOJDKUTEILHOCTh TIPOMBIBKH — 5 Mec-
s1eB. B xo1e skcriepruMeHTa KaTo bl yCTaHaB-
JIMBAJIMCh B HYOKHUX YaCTSX BPEMEHHBIX JIPEH,
a aHOJIbI — B CPEHHUX YACTSIX.
Pe3ynbpTaThl 3KCIEpUMEHTa IOKa3aly,
YTO Ha YYacTKaX ¢ MEXIAPEHHBIM PaccTos-
HUEM 25 METPOB CYTOYHBIC, ICKAHBIC U MeC-
STYHBIC JPEHAXKHBIC MOJYIH MPU OOBIYHOM
MIPOMBIBKE COCTaBUIIM COOTBETCTBEHHO 1,49;
1,20; 1,06 n/cex/ra, a mpu IpUMEHEHUH DJICK-
Tpomenuoparuu — 2,49; 1,99; 1,60 n/cex/ra.
DTO CBUICTEIBCTBYET O 3HAYUTEIILHOM YBE-
JTUYCHUU APEHAKHBIX Moysel B 1,67; 1,66
u 1,50 paza. Ha yyacTtkax ¢ MEeXIpECHHBIM
paccrosiHieM 50 METpPOB yBEIWYCHHE Jpe-
HOKHBIX MOJAYJICH OBIJIO MEHEee BBIPaKCH-
HBIM ¥ coctasmwio 1,28; 1,13 u 1,08 i/cex/ra.

Kpome Toro, aHanm3 JaHHBIX MOKa3all,
YTO Ha y4acTKaxX C paCCTOSTHUEM MEXTy Bpe-
MEHHBIMHU ApeHamu 25 meTpoB B cioe 0-1,0
M Tpu OOBIYHON TIPOMBIBKE COJICPKAHUE CO-
JIEH CHU3WJIOCH: IUIOTHBIN ocTaToK Ha 41,5%,
xyiop Ha 62,3%. [Ipn npruMeHeHnH 31eKTpo-
MEJTMOPAIMK ATH TIOKA3aTeNN YITyUIIIHCh:
IUIOTHBIM OCTaTOK CcHu3MiICcS Ha 74,5%, a
xJji0p — Ha 82,5%.

Takum 00pa3om, IEKTPOMETHOPAIUS B
COYETAaHHH C JIPYTUMHU METOJaMHU IMPOMBIBKH
MOYB JICMOHCTPUPYET BBICOKYIO 3((HEeKTHB-
HOCTB B OOpbOE ¢ 3aCOJICHHEM, CIIOCOOCTBYS
VIIYYIICHHIO BOJHO-COJICBOTO PEXUMa M T10-
BBIIICHUIO TPOJAYKTUBHOCTH CEJIbCKOXO35ii-
CTBEHHBIX 3€MEb.

Tabnuya 1

Brusnue npomvieox na OperadcHblii MOOYIb 6DEMEHHBIX OPEeH

Bapuant onbiTa JlpeHnaxHbie MOJTyJH, JI/CEK.ra
CYTOYHBIN ‘ neKaga | MeCSYHBIN
MesxapeHHoe paccTosiHIe 25 M
ITpombIBKa BOJ10# (BapuaHT IPOBEPKH) 1,49 1,20 1,06
[IpombIBKa BOJOM ¢ TPUMEHEHUEM HIIEKTPUUECKOTO TOKA 2,49 1,99 1,60
CooTHOIIIEHHE IPEHAKHBIX MOJIYJIEH IO BApHUAHTOM 1,67 1,66 1,50
MesxapenHoe pacctosiHue 50 M
ITpombIBKa BOJI0# (BapuaHT MPOBEPKH) 0,74 0,60 0,56
[IpombIBKa BOJOM ¢ MPUMEHEHUEM IIIEKTPUUECKOTO TOKA 0,95 0,68 0,60
CooTHollIeHHE IPEHAXKHBIX MOJYJIEH 110 BApUAHTOM 1,28 1,13 1,08




H3zmenenue 3aconenus 6 pe3ylibmanme npomvbleKU

Tabruya 2

MexapeHHoe paccTosiHie 25 MeTpoB

MexnapenHoe paccrosaue 50 meTpos

)

é = BAPUAHT MPOBEPKU | JIEKTPOMENIMOPALINS | BApUAHT IIPOBEPKU | DIIEKTPOMEIMOPALIMS

= JI0 Tpo- oclie JI0 TIpo- IocIie JI0 TIpo- mocie JI0 TIpo- mocie

— MBIBKH | IPOMBIBKU | MBIBKH | TIPOMBIBKH | MBIBKM | MIPOMBIBKM | MBIBKH | MIPOMBIBKU

I110THBIN OCTATOK
0-20 2,255 1,136 2,487 0,906 2,873 1,167 2,697 1,060
20-40 2,266 1,198 2,118 0,960 2,414 1,525 2,472 0,030
40-60 1,908 1,232 1,974 0,784 2,302 1,457 2,408 0,933
60-80 1,900 1,290 1,968 0,874 2,201 1,173 2,401 0,982
80-100 1,677 0,998 1,883 0,830 1,868 1,003 2,239 0,783
100-125 1,409 0,883 2,130 0,788 1,821 0,682 1,953 0,933
125-150 1,272 0,858 2,145 0,754 1,702 0,750 2,284 0,972
Xiop

0-20 0,202 0,066 0,214 0,025 0,279 0,033 0,279 0,034
20-40 1,185 0,042 0,173 0,021 0,186 0,071 0,228 0,037
40-60 1,159 0,066 0, 157 0,035 0,168 0,111 0,223 0,041
60-80 0,155 0,079 0,162 0,039 0,180 0,065 0,214 0,037
80-100 0,148 0,065 0,179 0,035 0,160 0,053 0,185 0,039
100-125 0,126 0,046 0,206 0,048 0,152 0,039 0,174 0,057
125-150 0,124 0,048 0,219 0,045 0,168 0,042 0,249 0,053

Ha yuacTtkax, rae paccrosHHEe MEXIy
BPEMEHHBIMH JpeHaMu cocTaBisio 50 mer-
POB, coJiep>KaHue coJiel B MOYBE MpU 0ObIY-
HOW MpOMBbIBKE CHU3WICA: 45,8% NIOTHBIN
oCTaToK, 65,6% xyopa, B TO BpeMs Kak IIpU
WCIIOJb30BAHUU  DJIEKTPOMEINOPALUN  3TH
3HAYEHUS COOTBETCTBEHHO cocTaBsuiu 69,5%
n 83,1%. Pe3ynbrarbl CBHUIETEIBCTBYET O
TOM, YTO BHEAPEHHE 3SIIEKTPOMEIUOPALUU
IIPUBEJIO K YBEJIMYEHUIO CHUKEHUS COJIepKa-
HUS COJIEW B IPOMBIBAEMBIX IOUYBAX COOTBET-
ctBeHHO B 1,80 u 1,32 pa3a Ha ywacTkax c
MEKJIPEHHBIM PAcCTOSIHUEM 25 METpOB U B
1,52 u 1,26 pa3a Ha yuactkax 50 MeTpOB.

Kak otmeueHo panee, [Uisl MOBBIIEHUS
3¢ dEeKTUBHOCTU Mpoliecca BhIlIETaunBaHUs
paccoJIeHHs] 3aCOJICHHBIX IMOYB C TSDKEJBIM
MEXaHUYECKUM COCTABOM, U YIYUIIEHHS CO-
JIOHIIOBBIX M COJIOBO3ACOJIEHHBIX IIOYB Ha
HIupBanckoit m KapabGaxckoil paBHHHAX,
LIIMPOKO MCIOJIB30BAJICS METOJ XUMUYECKON
Menuopanuu. KonuecTBo XMMUYECKUX Me-
JIMOPAHTOB, MPUMEHSIEMBIX MIPU PACCOJICHUS,
KaK MpPaBWIIO, CIEAYET PACCUUTHIBATH HA OC-
HOBE CYyMMBI BPEIHBIX HOHOB B IIouBe. MeTo-
JIMKa pacueTa KOJIMYECTBA XUMHYECKUX Me-
JIMOPAHTOB, NpeanoxkeHHas B.M.AraebiMm,

MOXKET OBITh OTpe/eieHa CIACAYIOMUMH 3a-
BUCHUMOCTSMU [5, 7].
1. Jlns rumnca

Q=|[Na,—(Sx-0,1)+
+((Sco, Heo, ~1,0)||-0,86-h-10000d,

2. J1y1st cepHOM KUCIIOTBI
Ck=|Nan —(Sk-0,1) +

+(Sco, + Heo, 1,0))] -0, 49- h 100004,

3nech: Q — Konm4yecTBO rwHica, kr/ra; Cy —
KOJIMYECTBO CEPHOM KHUCIOTHI, Kr/ra; Nan —
KOJIMYECTBO IMOTJIONIEHHOTO HATPHUSI, MI/IKB.
B 100 r mo4BBI; Sk — cCymMMa MOTJIOMIEHHBIX
kaTnoHOB, Mr/3kB. B 100 r moussr; 0,1 — ko-
a¢hdumrenT, BeIpaxkaronuii 0e3BpeIHOE KO-
JIM4ecTBO Hatpus, paBHbli 10 % cymmel oc-
HOBaHUM, morjomeHHsix B 100 rpammax
MOYBEI, B MI'/3KB.; 1,0 — KOJTUYECTBO IICIOYH,
Oe3BpenHoe s pacteHui, mMr/akB. B 100 r
nouBbl; Sco, + Hco, — cymma oOmux mie-
aoyeit (CO3+HCO3) B BeCOBOM aHaJIU3€ BO-
nb1, Mr/3kB. Ha 100 r noussr;, 0,86 — >xBUBa-
nentHas macca rurnca (CaSOas), mr/aks.; 0,49
— DKBUBAJCHTHAas Macca CEpPHOM KHUCIOTHI
(H2S04), Mr/3kB.; h — ToNIMHA PacYETHOTO



CII0s1 TpyHTA, M; ds — 00bEMHBIN BEC IPYHTA,
r/cm3; 10000 — momma s 01HOTO reKTapa, M2.
BbiBoa: AnanTanusi COBpEMEHHBIX MTOA-
XO0JIOB K MEJIMOPALMM 3aCOJICHHBIX 3€MENb
Kypa-Apa3zckoii HU3MEHHOCTH TpeOyeT KoM-
IJIEKCHOTO TOJXO0Ja, BKJIIOYAIOLIEr0 WHHO-
BalIMOHHbBIE TEXHOJIOT U, IKOJIOTUYECKH Oe3-
OIIaCHBbIE METOJBI U IEPEIOBOM MEXKIyHa-
pPOAHBINA ONBIT. BHEIpEHNE YMHBIX CHCTEM
KOHTPOJISI, ONTHUMH3ALN IPEHAXkKA U UCTIO0JIb-
30BaHUE NPHUPOAHBIX MEXAHU3MOB BOCCTa-
HOBJICHUS ITO3BOJIUT 3HAYUTEIIBHO IMOBBICUTH
MIPOYKTUBHOCTb  CEJIBCKOXO35MCTBEHHBIX
YroJIuid U 00eCeYnTh UX JOJTOCPOUHYIO YC-
TOMYUBOCTb.
bracooapnocms: PaboTa BhIMOTHEHA B
pamKax nporpamMMHO-1€1€BOro (pruHaHCUPO-
BAaHUS TI0 HAYYHBIM, HAyYHO-TEXHHUYECKUM
nporpamMam Ha 2023-2025 rogst MHuBO
PK BR21882415 «Pa3paboTka TEeXHOJOTHH
0€30MacHO yTUIM3AIUU CTOYHBIX BOJ IS
[I0JIMBa KOPMOBBIX KYJIBTYp M JPEBECHBIX
HacakJIeHUH B YCIOBUAX Je(UIIUTa BOJBI B
Ks3putopimHackoii 00actiy.
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Ymberona LLI.M., M 3ap6anues.C.,
Hacupau J.A.

CoBpeMeHHbBIE TOAXO0/IbI K MeJINOPAIIUH
3acoJieHHbIX T0YB Kypa-Apa3ckoi
HU3MEHHOCTH

PE3IOME

3acojieHne ITI0YB SBISIETCS OIHOM W3
CEPBE3HBIX MPOOJIEM, BIHSIONIMX HA TUIOO-
poIre CeNbCKOX03IMCTBEHHBIX 3eMenb. Oco-
O0eHHO ocTpo 3Ta mpoodiiema crouT B Kypa-
Apaszckoil HU3BMEHHOCTH, T KITUMaTHYECKUE
YCIIOBUS M 0COOCHHOCTH THIPOT'EOJIOTHH CII0-
COOCTBYIOT WHTEHCHBHOMY 3acojicHHIO. B
JTAHHOM CTaThe pacCMaTPHUBAIOTCS COBPEMEH-
HBIE METOJbl U TEXHOJIOTHH MEJTUOPAIIUU Ta-
KHX TT0YB, HAIIPABJICHHBIC HA MOBBIIICHUE MX
MPOJYKTUBHOCTH W YCTOWYMBOCTH K Jallb-
HEeHIIeMy JIerpaupOBaHHUIO.

Knroueevie cnoea: saconenue nous,
CenbCKoe XO03AUCMmB0, UCnapeuue, 0CAOKU,
2uopozeoniocuyeckue hakmopul, cpyHmosvie
600bl.

Umbetova S.M., Zarbaliyev M.S.,
Nasirli E.O.

Kura-Araz ovah@ininin
sorlanmasina maasir yanasmalar

XULASO

Torpagin soranlagsmasi kond tosorriifat:
torpaglarinin miinbitliyino tosir edon ciddi
problemlordon biridir. Iglim soraiti vo hidro-
geoloji xiisusiyyatlori intensiv soranlagsmaya
sobab olan Kiir-Araz ovaliginda bu problem
xiisusilo aktualdir. Bu moagalods bels torpag-
larin mohsuldarligini va golocok deqradasiya-
ya qarst miiqavimatini artirmaga yonolmis



meliorasiyanin miasir iisullar1 vo texnologi-
yalar1 arasdirilir.

Agar sozlar: torpagin soranlagmasi,
kand tasarriifat, buxarlanma, yagintinin
miqgdari, hidrogeoloji faktorlar, grunt sular:.

Umbetova Sh.M., Zarbalhev M.S.,
Nasirh E.A.

Modern approaches to reclamation of
saline soils 1n the Kura-Araks lowland

SUMMARY

Soil salinization is one of the serious
problems affecting the fertility of agricultural

UOT: 631.6.

lands. This problem is especially acute in the
Kura-Araks Lowland, where climatic condi-
tions and hydrogeological features contribute
to intensive salinization. This article exami-
nes modern methods and technologies for
reclamation of such soils, aimed at increasing
their productivity and resistance to further
degradation.

Keywords: soil salinization, agriculture,
evaporation, precipitation, hydrogeological
factors, groundwater.

Ha cmamvwio omswig oan
3asedyrowuil kagheopou "Menuopayuu u
8000X035UCMBEHHO20 cmpoumenbcmea”

A3.ACY, npogeccop 3.C. Mycaes.

V.V. MOMMODOVA, 9.C. MOMMOIDOV, K.Q. ABDULLAYEVA, EYVAZOV S. S.

SU EHTIYATLARININ IDARD EDILMOSINDO Al
VO I0T AGILLI SUVARMA SISTEMLORININ ROLU

Giris. Kond tosorriifat1 su ehtiyatlarmin
idaro olunmasi sahosindo miihiim hadiso on-
onovi suvarma tsullarindan agilli suvarma
tisullarina ke¢iddir. Bu arasdirma miiasir he-
sablama metodlar1 va rogomsal sensor texno-
logiyalarin iki yanasmanm vacib diisturlarini
qarsi-qarsiya qoyaraq artan doqiglik vo so-
moaralilik tomin etdiyini gostorir. Az sayda
doyison vo empirik qiymatlondirmslorden
asili olan ananoavi yanagmalar ¢ox vaxt boyuk
miqdarda enerji vo su sorf edir [1]. Digor
torofdon, agilli suvarma sistemlori resurslar-
dan maksimum istifado etmok {i¢iin adaptiv
idaroetmo algoritmlorindon, real vaxt molu-
matlarinin inteqrasiyasindan vo miirokkob fi-
ziki modellordon istifads edir [2].

Temperatur asaslh sado qiymotlondirme-
lordon tutmus miirokkab diferensial tonliklora
va polinomial optimallagdirmalara godor, bo-
yiik riyazi miirokkaobliyin suvarma somarali-
liyinin artimin1 kamiyyatca qiymotlondirmoe-
ya imkan verdiyini gostormok Uguin sokkiz il-
listrasiya diisturundan istifads edorok asagi-
da bu metodoloji variasiyalar1 nozordon kegi-
rocayik. Aparict mithondislik vo kond tosorr-

tifat1 universitetlorinin roy edilon todqi-
qatlar1 vo texniki sonadlori bu mévzunu tos-
digloyon etibarli monbalordon biridir [3].

Etalon evapotranspirasiyanin (ETo) sa-
dolosdirilmis qiymetlondirilmasi iigiin yalniz
temperatur molumatlarindan istifado edon
Hargrevza tonliyi tez-tez adi suvarma tsulla-
rinda istifado olunur:

Dustur 1 (asas oanonavi) [4]:

ETo=10.0023 x (Tmean +
+178) X (Tmax - Tm|n) 05, Ra

Harada: T_mean, T_max, T_min = glndiz
temperaturu (° C); Ra-yerdonkonar siialanma
(MJ/m2/gin)

Bu yanagma hesablama baximmdan sa-
dadir, lakin riitubet, kiilok vo giinos radiasi-
yast kKimi amillors mohal qoymadigindan, 20-
30% = xota haddi var. Sahs todqiqatlarina go-
ro, quraq bolgolordo su tolobatini 15-25%
azaldir va riitubatli iqlimds 25-40% artirir.

Miiasir sistemlords istifado olunan stan-
dartlagdirilmis Penman-Monteyt ASCE ton-
liyi daqiqlik ii¢iin bir ne¢a mikroiglim doyi-



sonini ehtiva edir:
Dustur 2 (Muasir) [5]:

ETo = [0.408A(Rn - G) + y(900/(T+
+273))uz(es - €2)] / [A + y(1 + 0.34u2)]

Harada: Ry - tomiz sialanma (MJ/m 2/giin); G
-torpagn istilik axin1 sixligi (MJ/m 2/giin; uz
-kiiloyin siirati 2 m/s; es - €a - buxar tozyiq
catigsmazhig1 (kPa)

Amerika Insaat Miihondislori Comiyyati
tasdiq etdi ki, aerodinamik va enerji balansi-
nin komponentlori daxil edildikds + 5-8% -2
qadar azalir. Bu distur, real vaxt rejiminda
sensorlarin malumatlarmma dinamik uygunla-
san [oT asash suvarma nazaratgilorini qurur.

Suvarma planinin optimallagdiriimasi.

Ononavi planlagdirma sabit intervalda suya
ayrilan biidcoys ssaslanir:

Formula 3 (enonavi planlasdirma) [6]:

Dirr=ETcropXKgxA

Harada: ETcrop - kond tosarriifat1 bitkilorinin
hesablanmis evapotranspirasiyasi (mm/gin);
Kq - empirik «sigorta amili» (adaton 1.2-1.5);
A - suvarma sahosi (ha)

Bu xotti Usul tez-tez torpagin nom saxla-
yan xiisusiyyatlorino mohal qoymadig: {igiin
30-50% drenaj itkisino sabab olur.

Torpag-bitki vo atmosfer modellosdiril-
mosi (SPAC) agilli sistemlords istifads olunur:

Dustur 4 (Muasir planlagdirma) [7]:

tin=I[0_FC - 0(t)]/[K(y) x VH] dt

Harada: Orc - sahads riitubat; 0 (t) - doyison
torpaq riitubsti; K (y) = torpagin hidro kegi-
ricilik funksiyasi; V H = hidravlik gradiyent

Sensor molumatlar: ilo diferensial ton-
liklor asasinda bu metodun iterativ holli 85-
92% totbiq somoraliliyi verir. K (y) funksiya-
smin prognozlari torpag toxumasimin tosnifa-
t1 vasitosilo magin dyronmosini daxil etmoklo
daha da tokmillosdirilir.

Enerji somaraliliyi hesablamalari. Adi sis-
temlor statik nasos enerji ehtiyacint hesab-
layr:

Dustur 5 (9Onoanavi enerji) [8]:

E=(QxHxpxqg)/(3.6x10"6 x 1)

Harada: Q=axin (m?3/saat); H=timumi dina-
mik tozyiq (m); n=nasos somaraliliyi (0.6-0.7
tipik komiyyat).

Bu, gismon yiiklomo soraitindo 20-40%
enerji sorf edorak hesablama noqtesinde da-
imi iglomayi nozords tutur. Miiasir sistemlor
real vaxt diizalislori ilo qohumluq ganunla-
riin istifadesini optimallagdirir:

Dustur 6 (Muasir enerji) [9]:

Eopt = (Qact/ Qdes) 3 X Edes

Harada: Qact -faktiki talob olunan xarc; Qges -
hesablama xarclori; Eqes - hesablama enerjisi
T. Bu 35-65% enerjiyo qonaot edir.

Miigayisali performans gostaricilori mi-
asir metodlarm nazari Ustlnlyd 6lglsiz per-
formans gostoricilori vasitosilo komiyyatco
qiymatlondirils bilar:

Diistur 7 (suya aid olan somaraliliyi in-
deksi) [10]:

WEI = (Y/ETa) / (Ymax/ETc)

Harada: Y — faktiki golir; ETa — faktiki buxar-
lanma; Ymax — maksimum geyds alinmis ¢1-
x1s; ET¢ -ET hesablama talobi
Ononavi yanagmalarla miiqayisodo agilli
suvarma sistemlori adoton 0.55-0.65 ilo
miiqayisado WEI 0.85-0.92 giymaotlorine catir.
Dustur 8 (Enerji performansi) [11]:

EP = (Y X Pcrop)/ Eirr

Harada: Pcrop - mohsulun bazar qiymati; Eirr -
suvarma enerjisi (kwWh)

Saho molumatlar1 gostarir ki, EP tozyiq
altinda suvarma zamani 2,1-2,8kVt/saatdan
(enonoavi) 2,1-2,8/kVt/saata (enonovi) 4.5-
6.2/kWh (agilli sistemlorda) qodar artir.

NOTICO

Suvarma diisturlarinin islonib hazirlan-
mas1 temperatur asaslt asas qiymotlondirmae-
lordon (formula 1) baglayaraq miirokkob in-
tegro-differensial modellars (diistur 4) vo po-
linomial optimallagsmalara (diistur 6) kec-
makla su ehtiyatlarinin idars olunmasinin do-

gigliyi vo somoarsliliyinin mantiqi yolunu



gostorir. U¢ miihiim hadise bu iroliloyisi

miioyyanlosdirir:

1. BOylk Dayison: Suvarma toloblorini daha
diggatlo modellosdirmoya imkan veran adi
iisullarda yalniz tigdon forqli olaraq, yed-
diden ¢ox iqlim va torpaq xiisusiyyatlori
miasir diisturlara daxil edilmisdir.

2. Dinamik hesablamalara toloblor: Sensor-
larin molumatlarina cavab veran haqiqi
zamanli iterativ adaptiv sistemlor hesabla-
malarda statik uygunlagsmalari oavoz etdi.

3. Daqiqliyin artirilmasi: Fizika osasl intel-
lektual sistemlordo xota hoddi empirik
modellordo + 25% -don + 5% -0 gqodor kos-
kin sokildo azalmisdir.

Molumat géstarir ki, muasir, alqoritmlo-
ro osaslanan suvarma tisullar1 kond tasarriifati
su ehtiyatlarmin idaro edilmasinds paradiq-
manin doyigsmasini gostorir vo artan su catig-
mazlig1 zamani1 dayaniqliga dogru sinaqdan
kecirilmis vo dogru yolu tomin edir.

RESULT

The development of irrigation formulas
shows a logical way to improve the accuracy
and efficiency of water management by mo-
ving from basic temperature estimates (for-
mula 1) to complex integral-differential mo-
dels (formula 4) and polynomial optimization
(formula 6). Three important developments
shape this progress:

1. The larger variable is included: unlike on-
ly the three conventional methods, which
allow more careful modeling of irrigation
requirements, more than seven climatic
and soil characteristics are included in mo-
dern formulas.

2. Dynamic computing requirements: In
real-time, iterative adaptive systems that
respond to sensor data have replaced static
adaptations in computing.

3. Improving accuracy: In physics-based in-
telligent systems, the error threshold drop-
ped dramatically from + 25% + 5% in em-
pirical models.

Evidence shows that modern, algorithm-
based irrigation methods point to a paradigm
shift in agricultural water management and

provide the right path to sustainability when
water scarcity increases.

PE3YJIBTAT

Pazpabotka popmys opolieHus MoKa3bi-
BAET JIOTHYECKHIA ITyTh TOBBIIICHUS] TOYHOCTH
1 3(QPEKTUBHOCTH YIIPABIICHUS BOJAHBIMU pe-
Cypcam IyTeM Iepexoa OT OCHOBHBIX TEM-
nepaTypHbIX OleHOK (dopmyna 1) K crox-
HBIM MHTErpajbHO-Iu((epeHINaTbHbIM MO-
nensMm (popmyna 4) ¥ TOJTUHOMUATIBHON O
tumu3anmu (popmyna 6). Tpu BaKHBIX COOBI-
THUS OTPEIEISAIOT ITOT IPOrpecc:

1. bonbas nepeMeHHas BKJIIOYEHA: B OTJIH-
YHe TOJIBKO OT TpeX OOBIYHBIX METOJIOB,
KOTOpBIE MO3BOJISIIOT 0oJiee TIIATEIbHO
MOJIETTUPOBATh TPEOOBAHUS K OPOIICHHUIO,
Oojsee ceMH KIMMAaTHYECKUX M IOYBEH-
HBIX XapaKTEPUCTHK BKJIFOUYEHBI B COBpE-
MEHHBIC (DOPMYJIBI.

2. TpeboBaHUs K JTMHAMHYECKUM BBIYHCIIC-
HUSIM: B pEXKHME PEalIbHOI'O BPEMEHH UTe-
paTUBHbIE aJaNTHBHBIE CHCTEMBI, OTBE-
YaloLMe JaHHBIM JAaTYMKOB, 3aMEHHIIN
CTaTUYECKHE alaliTALlUU B BBIUYUCICHUSAX.

3. IloBblllIEHHE TOYHOCTU: B MHTEIUIEKTY-
JIBHBIX CHCTEMaxX Ha OCHOBE (PU3MKH IIO-
por ommboK pe3ko cHu3mICA ¢ £25%15%
B HMIIUPUUYECKUX MOJEIISAX.

JlaHHBIE TIOKa3bIBAIOT, YTO COBPEMEH-
Hbl€, OCHOBaHHbIE Ha AJIrOPUTMaxX METOJbI
OpOLICHMS yKa3bIBalOT HAa U3MEHEHUE Iapa-
UMbl B YIPABJIEHUH CEJIbCKOXO3SHCTBEH-
HBIMHU BOJIHBIMU pecypcaMy U 00ecrieunBatoT
BEPHBIH MyTh K YCTOHYMBOCTHU IIPU yBEIHYE-
HUM JePULINTA BOIbI.
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XULASO

Su ehtiyatlarinin daqiq idars edilmasinda
Al a3 IoT agilli suvarma sistemlorinin
rolu

Kond tosarriifat1 suvarma sini intellekt

vo l0T tarafindon su ehtiyatlarmin intellektu-
al idareetmo texnologiyalar1 ilo inqilab olu-
nur. Real vaxt rejimindo hava, okin ehtiyac-
lar1 va torpaq riitubet sensorlarindan istifads
edarak, bu sistemlor mohsuldarlig1 vo moh-
suldarligi shomiyyotli doracods artiraraq su-
yun istifadesini optimallasdirir. 10T cihazlari
avtomatik idarosetms vo uzaqdan monitoring
imkanlarmi toklif edir, stini intellekta asasla-
nan analitika iso suvarmanin dinamik plan-
lagdirilmasina imkan verir. Bu sistemlor su
istehlakini (30-50%) vo enerji istifadosini do-
yigon otraf miihit parametrlori asasinda suyun
paylanmasini doqiq tonzimlomokls azaldir.

Daha genis taninma, totbiq xorclori vo
texniki miirokkoblik kimi manesloro baxma-
yaraq, sensorlarin doyorinin azalmasi vo Al
modellorinin yaxsilasdirilmas: ilo dostoklo-
nir. Agilli suvarma, xiisusilo su ehtiyatlar
mohdud olan orazilorde davamli kond tasor-
riifat1 G¢Un hoyati bir hadisadir. Sistemin per-
formansmi vo etibarliligini daha da artirmaq
ticlin golocok inkisaflar daha siiratli reaksiya
miiddoti iigiin sorhad hesablamalar1 vo su
ehtiyatlarmin tohliikosiz  izlonmosi {igiin
blockchain daxil ola biler.

Acar sozlar: Agilli suvarma, kond tasor-
riifatinda suni intellekt, 10T sensorlari, dagiq
akingilik, su gonaati, davamli kond tasarrii-
fat..

SUMMARY

Smart Irrigation Systems Al and 10T for
Precision Water Management

Agricultural irrigation is being revoluti-
onized by Al and 10T through intelligent water
management technologies. Utilizing weather
information, crop needs, and real-time soil
moisture sensors, these systems optimize wa-
ter use, greatly increasing productivity and
yields. 10T devices offer automated control
and remote monitoring capabilities, while Al-
powered analytics allow for dynamic irri-
gation scheduling. These systems lower water
use (by 30-50%) and energy utilization by
accurately regulating water distribution based
on environmental variables.



Wider acceptance is being fueled by de-
clining sensor costs and better Al models,
despite obstacles like implementation costs
and technical complexity. Smart irrigation is
a vital development for sustainable agricultu-
re, especially in areas with limited water re-
sources. To further improve system perfor-
mance and dependability, future develop-
ments might include edge computing for
quicker reaction times and blockchain for
safe tracking of water resources.

Keywords: Smart irrigation, Al in agricultu-
re, 10T sensors, precision farming, water conser-
vation, sustainable agriculture.

PE3IOME

HNHTe/vIeKTyaIbHbIE MPPUTAIHOHHBIE
cucreMbl Al v 1oT niag Tou”oro
ylnpaBJieHUsI BOAHBIMH pecypcamMu

CeNbCKOXO3SIMCTBEHHOE OPOIICHUE pe-
posmormonuszupyercs MU u [oT ¢ momobro
MHTEJUIEKTYaJIbHBIX TEXHOJIOTHIA YIIPaBIEHUS
BOJIHBIMU pecypcamu. Hcmonb3ys unpop-
Mall{IO O MOTOJE, MOTPEOHOCTH CeNbCKOX03-
SIMCTBEHHBIX KYJIBTYP M JaTYUKU BIKHOCTH
MOYBBI B PEKUME PEATbHOTO BPEMEHHU, ITH
CUCTEMbl ONTHUMH3UPYIOT HCIOJIb30BaHUE
BOJIbl, 3HAYUTENILHO TOBBIIIAS IMPOU3BO-
JTUTEIbHOCTh U YPOXKAWHOCTh. Y CTPOUCTBA
[oT npeanmaratoT BO3MO>KHOCTH aBTOMATHU-
YEeCKOT0 yIPaBJICHUS U yaIEHHOTO MOHUTO-

UOT:330.1

pHYHTa, a aHAJIUTUKA HA OCHOBE UCKYCCTBEH-
HOTO MHTEJUIEKTa MO3BOJISIET JIMHAMUYECKH
IUTAHUPOBATh  OPOIICHUE. OJTH CHCTEMBI
cHIKarT notpedinenue Bopl (Ha 30-50%) u
MCII0JIb30BAHUE YPHEPTUH 32 CUET TOYHOTO pe-
TYJUPOBaHUsl paclpeiesieHus BOJAbl Ha OC-
HOBE MEPEMEHHBIX MapaMeTPOB OKPYKaro-

el Cpeibl.

bosiee mmpokoe npu3HaHUE MOIACPKH-
BAeTCSl CHIDKCHUEM CTOUMOCTH JIATYMKOB U
yirydimenrnem moaenen MM, Hecmotps Ha Ta-
KHe TIPEISITCTBHS, KaK 3aTpaThl Ha BHE-
pEHUE ¥ TEXHUYECKAs CIIOKHOCTb.

YMHOE OpOILIECHUE SBJISETCA KU3HEHHO
BaYXHBIM COOBITHEM JUIsl YCTOWYUBOTO CEJbC-
KOTO XO35HCTBa, OCOOEHHO B paloHAX C
OTpPaHWYCHHBIMH BOJTHBIMH pecypcamu. J1Jis
JATEHEUTIIETO TIOBBIIIICHHUS TIPOU3BOIUTEITh-
HOCTH W HAJICKHOCTH CHUCTEMBI Oyaymiue
pa3paboOTKH MOTYT BKJIFOYATH TOTPAaHUIHBIC
BBIYUCIICHHS ISl OoJiee OBICTPOrO0 BPEMEHH
peaknuu W OJOKYEHH st 0€30MacHoOro OT-
CJIe)KUBAHUS BOJAHBIX PECYPCOB.

Kniouesvie cnosa: HUnmennexkmyanvnoe
opouternue, U 6 cenvbckom xossiicmee, oam-
yuku 10T, mounoe 3emnedenue, 6odocoepedic-
eHue, YCMOoUYU8oe CelbCKoe X03AUCMB0.

Mbagalaya Regional Su Meliorasiya
Xidmati Publik Hiiqugi Saxsin Bas
maslahatcisi R.V. Mammadova
ray vermisdir.

YUSIFOV E.O., ALLAHVERDIYEV F.V.
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SU TOCHIZATI SISTEMLORININ AVTOMATLASDIRILMASI
VO AGILLI IDARDETMO MODELLORININ QURULMASI

Su tochizat1 sistemlori comiyyatlorin da-
yaniqli inkisafinda osas infrastruktur saholo-
rindon biridir. Ohalinin artmasi, urbanizasiya-
nin stiratlonmasi va igqlim doyisikliklorinin ya-
ratdig1 cagirislar su ehtiyatlarinin daha somo-
rali vo davamli idars edilmasini zoruri edir.

Ononavi idaroetmo yanagmalari iso miirok-
kobloson tolobat vo tobii ehtiyatlarin moh-
dudlugu fonunda kifayst qodor effektiv cavab
vera bilmir. Bu soboabdan, su tachizat1 sobokoe-
lorinin avtomatlagdirilmasi vo agilli idarsetmo
modellorinin qurulmasi prioritet sahslordon



birins ¢evrilmisdir. Avtomatlasdirma texnolo-
giyalari real vaxtda monitoring, operativ ida-
roetmo va goza hallarmin 6nlonmosi imkanlari
yaratmagla sistemlorin gevikliyini vo dayaniqg-
liligm artirir. Eyni zamanda, agilli idaroetmo
modellari siini intellekt, boylk verilonlor ana-
litikas1 vo optimallagdirma alqoritmlori vasito-
silo su tachizat1 sistemlorinin resurs sorfiyyati-
n1 azaldir, itkilori minimuma endirir vo xidmot
keyfiyyatini yiiksoldir. Belo yanagmalar, hom
do enerji istehlakinin optimallagdirilmast vo
otraf miihito tosirin azaldilmasi baximindan
strateji ohomiyyat dasiyir.

Su tochizati sistemlori insanlarin hoyat
keyfiyyotinin va ictimai saglamligin tomin
olunmasinda miihiim rol oynaywr. ©halinin
artmasi, soharlogsmonin genislonmasi vo sona-
yerlosmoa prosesi su tochizati sobokalorinin da-
ha effektiv, etibarli va ¢evik idars olunmasini
zaruri etmigdir. Ononavi idaroetmo metodlari
doyiskon tolobat, goza risklori vo resurslarin
geyri-somarali istifadasi Kimi problemlor gar-
sisinda mohdud imkanlara malik oldugundan,
muasir dovrds avtomatlasdirma texnologiya-
larinin tatbiqi gagilmaz olmusdur. Su tochizati
sistemlorinin avtomatlagdirilmasi suyun top-
lanmasi, tomizlonmasi, 6tiirtilmasi vo paylan-
mas1 proseslorinin real vaxtda izlonmosi vo
idars olunmasi U¢lin texnoloji hallorin tatbiqi-
ni nozords tutur. Avtomatlasdirilmis sistemlar,
operativ molumat axini, agilli gorar gobuletmo
vo goza hallarna stirotli reaksiya imkanlar1 ya-
radaraq su infrastrukturunun dmumi somorali-
liyini artirr [1].

Miiasir texnoloji inkisaf morholosinds
idaroetmo sistemloring olan toloblor kdkli so-
kildo doyismisdir. Sadoca proseslori nozarstdo
saxlamaq kifayot etmir; doyiskon sortlora uy-
gunlasan, prognozlagdiran vo 6z foaliyyetini
optimallagdiran idaroetmeo yanasmalarina ehti-
yac yaranmigdir. Bu kontekstds agilli idaroet-
mo modellari ananavi sistemlorin mohdudiy-
yotlorini asaraq, suni intellekt, boyik verilon-
lor analitikasi, sensor sobokalari vo optimal-
lagdirma texnologiyalarinin inteqrasiyasi osa-
sinda qurulur. Agilli idarsetmo modellari, real
vaxt rejiminds verilon molumatlar1 emal eds-
rok qarar gabuletmoni siiratlondirir, sistemlo-
rin cevikliyini vo dayaniqliligmni artirir. Bu

modellor doyison sortlori vo risklori 6ncadon
tohlil edorok, omoliyyat xorclorini azaldir,
resurslardan somoarali istifadoni tomin edir vo
Xidmat keyfiyyetini yiiksoldir.

Muasir su tochizat1 sistemlorinin etibarl
vo somarali idars olunmasi glin real vaxt re-
jiminds molumat toplama, tohlil vo operativ
gorar gobuletmo imkanlarma ehtiyac vardir.
Bu taloblori qarsilamagq tgtin SCADA (Super-
visory Control and Data Acquisition) sistem-
lori miihtim rol oynayir. SCADA texnologiya-
s1SU anbarlari, Nnasos stansiyalari, klapanlar vo
boru kemarlori Kimi infrastruktur elementlori
tizorindo morkozlogdirilmis monitoring vo
idarsetmoni tomin edir. SCADA sistemlori
vasitosilo su tochizatr sobokosinin miixtalif
noqtalorindon golon molumatlar toplanir, emal
edilir vo analiz olunur. Beloliklo, istismargilar
sobokoanin cari vaziyyatina dair dolgun infor-
masiyaya malik olur, nasazliqlar1 erkon agkar
edir vo sistem parametrlorini optimal rejimda
saxlamagq ti¢lin dorhal miidaxilo eds bilirlor.
Su tachizati sistemlorinin effektiv vo fasilosiz
islomasi U¢lin ¢evik monitoring, doqiq idaraet-
mo vo operativ cavabvermo imkanlar1 mihim
rol oynayir [4]. Bu moagsadlo, miasir avtomat-
lasdirma sistemlorinds sensorlar, PLC qurgu-
lar1 vo alarm-hadiso idaraetmo mexanizmlori
genis sokildo totbiq edilir. Sensorlar vo aktu-
atorlar sobokonin miixtalif noqtolorindo toz-
yiq, soviyya, axin siirati vo suyun keyfiyyati
kimi vacib parametrlori 6lgorak sistemo real
vaxtda molumat 6tirdr. Bu molumatlar su toc-
hizat1 sobokosinin voziyyatini daim izlomaya
vo anomaliyalar1 erkon agkar etmoys imkan
verir. PLC (Programmable Logic Controller)
qurgular1 iso yerli idaroetmo modullar1 kimi
¢ixis edarak, nasoslarin iso salinmasi, klapan-
larin acilib-baglanmasi vo diger mexaniki
omodliyyatlarin avtomatik yerino yetirilmosini
tomin edir. Bu, insan miidaxilosini azaldir va
omoliyyatlarin sabitliyini artirir. Bundan ola-
va, alarm va hadisa idaraetmo sistemlori Kritik
problemlorin (masalon, tozyiqin diigmosi, Su-
yun ¢irklonmasi vo ya nasos nasazliqlari) vax-
tinda askarlanmasimi va cavab tadbirlorinin av-
tomatik aktivlesdirilmasini mimkin edir. Bu
yanasma su tochizatinda fasilolorin va resurs
israfinin garsisini almaga komok edir [5].



Sonaye, nogliyyat, enerji vo su tochizati
kimi miixtolif saholords agilli idarsetmo mo-
dellorinin totbiqi rogomsal transformasiyanin
osas istigamatlorindon birino ¢evrilmisdir. Bu
yanagmalar yalniz omoliyyatlarin effektivli-
yini artirmagqla kifaystlonmir, hom do strateji
planlagdirmant vo davamli inkisafi dostokls-
yir. Su tochizati sistemlorinin idars olunma-
sinda miiasir texnologiyalarm totbiqi su re-
surslarinin qorunmasi, xidmoat keyfiyyatinin
artirilmas1 vo amoaliyyat xarclorinin optimal-
lagdirilmas1 baximindan strateji ohomiyyat da-
styir. Inkisaf etmis 6lkolordo bu istiqgamotdo
aparilan yeniliklor naticosinda agilli su soba-
kalori, avtomatlasdirilmis nasos stansiyalari
va sizma agkarlama sistemlori kimi qabaqcil
texnoloji hallor genis totbiq olunmaga basla-
migdir. Agilli su sobakalori real vaxtda suyun
keyfiyyotinin vo sorfiyyatinin monitoringina
imkan verarak resurslarin daha somorali idars
olunmasini tomin edir. Avtomatlagdirilmis na-
S0s stansiyalar1 iso enerji sarfiyyatini optimal-
lagdirmaq va suyun tozyiqine uygun ¢evik ida-
roetmoni hoyata ke¢irmok {i¢iin qurulur. Bu-
nunla yanasi, sizma agkarlama sistemlori genis
Su sobakalarinds itkilorin erkon askar edilmo-
sino va minimum xarclo aradan galdirilmasina
sorait yaradir [3].

Su tachizati sistemlorinin avtomatlasdiril-
mas1 va agilli idaroetmo modellorinin qurul-
mas1 miasir dovrds sektorun effektivliyini vo
dayaniqliligini artirmaq {igiin osas istigamot-
lordon biri hesab edilir. Bu yanagsma su resurs-
larindan daha somorali istifadoni toamin etmok-
lo yanasi, enerji sorfiyyatimi azaldir, qoza vo
nasazliglarin erkon askar olunmasina, homgi-
nin idarsetmods operativliyin yiiksalmasino
sorait yaradir. Beloliklo, sistemlor daha cevik,
tohliikasiz vo davamli foaliyyet gdstora bilir.
Bununla yanagi, bu sahado texnoloji yeniliklo-
rin totbiqi miioyyon ¢atinliklorlo do miisayiot
olunur. Yiiksok ilkin investisiya toloblori, IT
tohliikosizliyi risklori va ixtisasli miitoxassis-
lara olan ehtiyac kimi problemlor agilli su go-
bakalorinin genis miqyasda tatbiqinin qarsi-
sinda duran osas maneslordir.

Su tochizati sistemlorinin avtomatlasdiril-
masi vo agilli idaroetmo modellorinin qurul -

mas1 miasir dovrda su resurslarmin somoarali,
dayaniqli vo gevik idars olunmasi UgUn zaruri
yanagma kimi ¢ixis edir. Avtomatlagdirilmisg
idaroetmoa sistemlori real vaxtda monitoring vo
operativ gorar gobuletmo imkanlar1 yaradarag,
resurs istifadosini optimallasdirir, enerji xarc-
lorini azaldir vo infrastrukturun istismar mud-
dotini uzadir. Agilli idarsetmoa modellori iso
stini intellekt, boytlik verilonlor analitikasi vo
optimallasdirma texnologiyalar1 vasitasilo Su
tochizat sistemlorini daha prognozlasdirila bi-
lon, adaptiv vo goza hallarina gars1 davamli
hala gotirir. Bu yanasmalar sayasinda su itki-
lorinin azaldilmasi, xidmot keyfiyyatinin yUk-
soldilmasi va ekoloji tasirin minimuma endi-
rilmosi tomin edilir. Lakin bu sistemlorin
ugurla tatbiqi U¢ln yiiksok ilkin investisiyala-
rin calb olunmast, IT tohliikesizliyinin tomin
edilmasi vo ixtisash kadr potensialinin forma-
lasdirilmas1 vacib sortlor kimi qalir. Umu-
miyyatlo, su tochizati sistemlorinin avtomat-
lagdirilmasi vo agilli idaroetmo modellorinin
genislondirilmosi golocokds su tohliikasizliyi-
nin gqorunmasina, iqtisadi somaraliliyin artiril-
masina va atraf mihitin dayanigh idars olun-
masina miithiim tohfo veracokdir.
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Yusifov E.A., Allahverdiyev F.V.
SUMMARY

In modern times, the application of auto-
mation and intelligent control models is of
great importance for the effective and susta-
inable operation of water supply systems.
Since traditional control methods cannot res-
pond promptly to problems such as variable
demand, losses and energy consumption, there
is a need for innovative technologies in the
field of water supply. Automation technolo-
gies — SCADA (Supervisory Control and Data
Acquisition) systems, PLC (Programmable
Logic Controller) devices and sensor net-
works — provide real-time monitoring and
control of reservoirs, pumping stations and pi-
peline networks. This approach increases the
flexibility of systems, minimizes accidents
and reduces the need for human intervention.
Intelligent control models are built by integra-
ting sensors, artificial intelligence algorithms,
optimization methods and machine learning
technologies. These models optimize functi-
ons such as leak detection in water supply sys-
tems, energy-efficient management of pumps,
continuous monitoring of water quality and
demand forecasting. Thanks to intelligent ana-
lysis and decision support systems, adaptation
and sustainability of water networks to dyna-
mically changing conditions are ensured. As a
result, the automation of water supply systems
and the implementation of intelligent manage-
ment models make a significant contribution
to improving water security in urban and rural
communities, ensuring the efficient use of re-
sources, reducing energy costs and minimi-
zing environmental impact.

Keywords: water supply, management,
models, automation.
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B name Bpemsi nmpUMEHEHHE MoOJEeH
aBTOMATH3aIMU U MHTEJJIEKTYaIbHOTO YIIpaB-

JICHHSI UMEET OOJIBIIIOe 3HAUCHHUE IS d(-
(PEeKTHBHOM 1 YCTOHYMBOMN pabOTHI CUCTEM BO-
nocHaOkeHus. [1OCKOJIbKY TpaauIMOHHBIC
METOJIbI YIIPaBJICHHS HE TIO3BOJIIOT OIepa-
TUBHO pearupoBaTh Ha TAKUE MPOOJIEMBI, KaK
MIEPEMEHHBII CIIPOC, MOTEPH U TOTPEOICHHE
SHEPTUH, BO3HUKACT HEOOXOJIMMOCTh B WH-
HOBAITMOHHBIX TEXHOJIOTUSIX B 00JIACTH BOIO-
cHaOeHus. TeXHOJIOTUN aBTOMATHU3AIMHA —
cucteMbl SCADA (Supervisory Control and
Data Acquisition), ycrpoiictea PLC (Prog-
rammable Logic Controller) u cencopnbie ce-
TH — 00ECTICYNBAIOT MOHUTOPUHT U YIIpaBIIe-
HUE B PSKUME PEaIbHOTO BPEMEHHU pe3epBya-
pamMu, HACOCHBIMU CTAHITUSMU U CETIMU TPY-
6ompoBooB. Takoi MoaX0 MOBBIIIAET THO-
KOCTh CHCTEM, MUHUMHU3UPYET aBapUU U CHU-
KaeT HeoOXO0AMMOCTh BMENIaTeIhCTBA YeIlo-
Beka. Mo/1e MHTEJUIEKTYyaIbHOTO YIIpaBJie-
HUS CTPOSITCS IIyTEeM MHTETPAllUN JTATIUKOB,
QITOPUTMOB HMCKYCCTBEHHOTO HHTEIIJICKTA,
METOJIOB ONTHUMH3AIMA U TEXHOJOTUH Ma-
IIMHHOTO 00YYeHUs. DT MOJCITH ONITHUMH3H-
pyloT Takue (YHKIMH, KaKk OOHapyKECHHE
yTEYeK B CUCTEMaX BOJIOCHAOKEHHSI, DHEPTO-
s dexTrBHOE yIIpaBICHUE HACOCAMH, HETIpe-
PBIBHBII MOHUTOPUHT Ka4eCTBa BOJIBI U TIPOT-
HO3HMpOBaHUE crpoca. biaromaps cucremam
WHTEJUICKTYaJIbHOTO aHAN3a M TOIICPKKU
NPUHSTHS PEIICHUH 00ecTieYnBaeTCs aIarnTa-
IS ¥ YCTOWYMBOCTD BOJIOIIPOBOJIHBIX CETEH K
JTMHAMHYECKH MEHSIOIIUMCSI YCITOBHSIM. B pe-
3yJIbTaTe aBTOMATHU3aIMsI CUCTEM BOJIOCHAO-
KCHHS U BHEJIPCHUE MHTEIUICKTYaIbHBIX MO-
JIeTICH  yIpaBJICHUsT BHOCST CYIIECTBEHHBIN
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KURMUKCAYDA SEL AXINLARINDAN MUDAFIO TODBIRLORININ
SECILMOSINDO HIDROTEXNIKI QURGULARIN ROLUNUN TODQIQi

Kiirmiikcay Boylik Qafqaz silsilesinin
conub yamacinda yerlosir vo Qax inzibati
rayonunun orazisina daxildir. Cayin monboyi
Kunaxaysu, Bulanigsu vo Agsu caylarinin
birlosmasindon omoalo golir. Kiirmiik¢ayin
0zlnun sel tohliikaliliyi ilo bolgados segilon on
tipik selli gaydir. Cayin Umumi uzunlugu 55
km, cay hovzosinin su toplayict sahasi 562
km*> vo c¢aymn orta mailliyi 0,057-yo
barabardir. Suayirict xatlinin uzunlugu 160
km, oyrilik amsal1 isa 1,91-dir. Aximi, asason
yeralt1 (54%) qar (38%) va qisman do yagis
(18%) sularmdan amoalo golir [1].

Kiirmiikgayin orta ¢oxillik su sarfi uzun-
lugu boyu ona tokiilon qollarla géro ohomiy-
yotli dorocado doyisir. Saribag montogoasindo
orta coxillik su sarfi 0,6 m3/san-dir, lakin Kr-
miikcaym on boyiik qolu olan Hamamgayin
tokulduyul yerdon asagida iss bu sarf’5 m3/san-
ya ¢atir. Ag¢ayin tokiildiiylindon orta ¢oxillik
su sarfi 6 m¥/san-ys barabardir, onun hacmi isa
180-190 mIn.m3-dir. Daha asagiya getdikco
macrada su sorfi azalir ki, bu da asason ¢ay
aximmdan suvarmada istifado olunduguna
g0ra va ¢ixis konusu arazisinds gedon aximm-
dan olan sizmalar hesabina bas verir.

Sel sularinin sahilgoruyucu qurgulari as-
masl, yasayls montagalorinin va saholorin su al-
tinda qalmasina sobob ola bilor. Bu baximdan,
suyun maksimal su saviyyasinin toyini vacib
mosalalordan biridir. Bu clr hesablamalar das-
qmnlarin garsisini almaq ve insanlarin hoyatimi
gorumag U¢un vacibdir.

Insaat norma vo gaydalarma osason (CHull
20-14.83) maksimal sarflorin tominat faizi asa-
gidaki disturla hesablanir:

P .100% L)
n+1

burada: n - maksimal su sarflorinin say1 (illorin
say1), m - azalan sira ilo diiziilmis.
Qmax - n sira ndmrasi (1) tonliyi Kritsiki-
Menkel tonliyidir [4].
Maksimal su sorflorinin orta hesabi
qiymati belo hesablanir

> Qi)

Qor.max = (2)

Osas hesablamalarda variasiya omsali C»,
asimmetriya omsali Cs vo tominat faizi P
hesablanir. Ovval modul omsali hesablanir:

— Qumx_ 3
K Qor.max ( )

burada: Qimax - ilkin maksimal su sorfidir.
Variasiya omsah Cy, asagidaki diisturla he-

sablanir:
" (K -1)
R SCETI
n-1

Assimetriya omsali iso asagidaki diisturla

hesablanir:
3 (K -1
i=1

=G0 (n-1}(n-2) ()

C,

Tominat faizinin toyini A.Xazonin toklifino
gora (C_s>2C v):
p="=05 1009 ©)
n

M.O. Mommodov dag ¢aylar1 {igiin
tominat faizinin hesablanmasmi asagidaki
kimi toklif etmisdir [7]:
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Kurmikeay cayinin fliusu montaqgasi iizro maksimal su sarflorinin

taminat ayrisinin parametrlorinin hesablanmasi

Cadval 1.

w v E; %
5 E e E Qg S 7 @ g | =E
= H J J J g | o
g g S oz oz oz X E
M_
1 2 3 4 5 6 7 8 9 10
1953 | 5,43 1 420 8,066 7,066 49,93 3528 303 0,18
1954 | 17 2 255 4,897 3,897 15,19 59,19 6,06 1,33
1955 14,9 3 202 3879 2,897 8,29 23 86 909 3,23
1956 12,5 4 111 2,13 1,13 1,28 145 1212 9,37
1957 19,9 5 79,6 1,528 0,528 0,279 0,147 1515| 13,67
1958 11,8 6 71,8 1,379 0,379 0,143 0,0544 18,18 | 16,84
1959 11,4 7 69,9 1,342 0,342 0,117 0,4 21,21 19,77
1960 | 968 8 424 0,814 -0,185 0,345 -0,064 24,24 2385
1961 | 9,76 9 38,2 0,734 -0,266 0,709 -0,0189 27,27 26,95
1962 12,8 10 34,8 0,668 -0,332 0,11 0,365 30,3 30,03
1963 | 7,61 11 27,4 0526 -0,474 0,224 0,106 33,33| 33,19
1964 | 348 12 239 0,459 -0,541 0,293 0,158 36,36 | 36,25
1965 | 239 13 23,9 0,459 -0,541 0,293 0,158 39,39 | 39,27
1966 15 14 20,9 0,4 -0,6 0,36 0,22 42,42 | 42,34
1967 | 424 15 202 0,388 -0,612 0,375 0,23 45,45 | 45,37
1958 | 38,2 16 19,9 0,382 -0,618 0,382 0,236 48,48 | 484
1969 27,4 17 19,4 0,37 -0,627 0,394 0,247 51,51| 51,93
1970 19,4 18 17 0,326 -0,674 0,454 0,306 54,54 | 54,49
1972 15,7 19 16,5 0,317 -0,683 0,466 0,319 57,57 | 57,52
1973 | 255 20 15,7 0,3 -0,7 0,49 0,343 60,6 60,55
1976 | 420 21 15 0,288 0,71 0,507 -0,36 63,63| 63,59
1978 | 20,2 22 14,9 0,286 0,714 0,509 0,364 66,66 | 66,62
1979 16,5 23 132 0253 -0,746 0,557 0,415 69,69 | 69,66
1981 69,9 24 12,8 0,246 -0,754 0,569 -0,429 72,72 | 72,69
1982 79,6 25 12,8 0,245 -0,755 0,569 -0,429 75,75 | 75,75
1983 111 26 12,5 0,24 -0,76 0,577 -0,439 78,78 | 78,75
1984 202 27 118 0,227 -0,773 0,598 -0,462 81,81| 81,8
1985 20,9 28 114 0,219 -078 0,61 -0,476 84,84 | 84,82
1986 71,8 29 9,76 0,187 -081 066 -0,535 87,87 | 87,85
1987 12,8 30 9,68 0186 -0,814 0662 -0,539 90,9 90,89
1988 239 31 7,61 0,146 -0,854 0,724 -0,623 93,93| 93,93
13,2 32 543 0,104 -0,896 0,802 -0,719 96,96 | 96,96
1666,38 428,98

Burada Km— modul omsalidir, z — Uist gdstari-
cisidir, variasiya amsalinin qiymatino gora
secilir. Belo ki,

07<Cy<18 Z=4
03<C, <07 Z=5

Cr» <03

Z=5

Cadval 1-don maksimal su sarflorinin gos-




tariciloring osason Kiirmiikcaya aid Ilisu mento-
qosi Uglin aggidaki hesablamalar mogsads uy-
gundur.

Empirik tominat oyrisinin momentlor tGsulu
ilo hesablamalar 1-8 diisturlart ilo toyin edilir:

S0

. j=1 <ormax __

Qor.max - n (8)
3

_ 166638 _, o, M’
S

Variasiya omsali (4) tonliyindon:

(Ki—1)?

- T )
Cl’:\/zrln—l—z\/gm =16

Assimetriya omsali (5) tonliyindon

ny" (K—1)°
S 3. (n-1)-(n-2)

32.428.98
1.683-31.30

= 3.1 (10)

Variasiya omsali Cy ila:
Cs = 1.85C, toskil edir.

Cadval 1-dos Kritsiki-Menkel vo M.O. Mom-
madovun diisturlart  ilo  tominat faizlori
hesablanmusdir [4, 7].

Beloliklo, codval 1 asasmnda Kiirmiik¢ayin
maksimal su sarflorinin empirik tominat oyrisini
qgurmag ug¢un hesablamalar aparilmigdir.

Analitik tominat syrisini qurmaq Uciin Fos-
ter-Ribkin Gisulundan istifads edilir.

Tominat oyrisinin ordinat1 vo empirik mo-
dul amsali sonucuya asason belo hesablanir

(11)

burada K — verilmis tominat-faizino muvafiq
ordinatdir, @ — binominal konaragixma omsali-

Kp:(D'CU‘l'l

dir, C, — variasiya amsalidir.

Sahilgoruqucu qurgular 1% tominatl mak-
simal su sarflari qiymotlorina asasan layiholon-
dirilir. Bu komiyystin ohomiyyatini nazors ala-
raq alave bir hesablama tsulunu da geyd edok.
Belo ki, Kiirmiikgaymn 1% tominatli maksimal
su sarfinin tayin edilmasini Zaqafqaziya Regio-
nal EImi-Todgigat Institutu torofindon tortib
edilmis “TexHuueckue ykasaHus 10 pacyeTy
MaKCHMaJIbHOTO CTOKa peK B ycioBusix KaBka-
3a” gostorislori osasinda aparilmisdir. .[6]

Kifayst godor todqiq olunmamis ¢aylar
uctin maksimal sarflorin hesabati asagidak: tsul-

larda, apiva RilRGdundan, toyin identik fiziki-

cografi soraitdo yerloson vo tadqiq olunmus
analoji caylara aid molumatlardan istifado
edilmoklo;
- regional
etmoklo.
Kiirmiik¢ayin Foster-Ribkin tisulu ilo he-
sablanmus analitik tominat oyrisinin ordinatlar1

empirik ddsturlardan istifado

Qurmax =46.04m° /san;

v

Qafgaz soraiti Uictin (10) dusturu taklif olun-

musdur
B

vy W

burada, g - axmm maksimal moduldur,
m3/c.km?; B - su galirinin maksimal moduldur,
m3/c.km?; F - ¢ayin suyigici sahasi, km?; b - az
saholi zonada axin modullunun reduksiyasinin
sonmasini saviyyalorindon parametrdir; n -
reduksiya doracasini gostaricisidir.

Cadval 2.
Foster-Ribkin cadvalindan istifads edib, hesablama aparilarkon miixtalif
taminatl maksimal su sarflarinin tayin edilmasi

P 01 1 3 5 10 20 30 50 60 70 80 90 9% |9
[0 729 402|263 [202 |118 042 (003 [-04 05 057 |[-062 |-065 |-066 |-067
®*Cv 1094 [603  [395 [303 177 063|045 |06 075 |0.855 [-093 [-0975 |-099 [-0.998
Kp=0*Cv+1 11.94 [729 [495 [403 277 163 [1046 |04 025 [0145 [007 [0025 |00l |0.002
Qp=Kp*Qormax |5493 |3256 |227.7 |1855 [1275 |7505 |48.11 |18.42 |1151 |6.68 322 [115 046 |0.092
Kp=®*Cv+1 1231 |82 499 [391 259 1465 [0946 |-0385 [025 |0175 |013 |0121 |02 |0117
Qp=Kp*Qormax [556.7 |377.9 [229.7 [180 |[119.24 [67.44 [4355 [17.72 [1151 [806 599 [557 55 |539




Ikinci Gisula daha dorin diqqet yetirok. Serqi
Qafgaz caylar1 tiglin su toplayici saha
300<F<100 km? oldugu halda 5% tominath
maksimal su sorfini toyin etmok {igiin asagidak1
distur magsads uygun hesab edilir:

20.8

oy = — 14
5% = F+10)°.5 (14)
5% tominatli maksimal su sorfindon digor
tominath sorfloro keg¢mok {i¢iin asagidaki
cadvaldan istifads olunur (cadval 3):

Cadval 3.
5% tominath maksimal su sarfindon digor
taminath sarflora ke¢mak UgUN cadval

P% [00101]| 1 2 5 (10| 25

A |28]22(152]128| 1 (08|06

(11) tonliyindon vo Sakil 3-dan istifado edo-
rok Kiirmiikg¢ayin 1% tominatli maksimal su sor-
fini toyin edok.

Kiirmiikgayin  sutoplayict  sahasinin
F=564 km? oldugunu nozoro alib, gso
qiymsotini hesablayaq:

_ 208 _ 208 _
T = (564410)°%  (574)°° 5
208 e (15)
== =om
23.95 san

Qax soharinin va kondlorinin sel va das-
qinlardan qorunmasina nozor yetirok. Qeyd
edildiyi kimi, sahilgoruyucu qurgularin layiho-
londirilmesi iigiin ¢ayin 1% tominath maksimal
sorf gotiiriiliir. Real miisahidolora asaslanan he-
sablamalarimiza géro Kiirmiik¢ayin 1% tomi-
natli maksimal su sorfi Q1%ma.x=500m?*/s toyin
edilmisdir.

Kiirmiikgaym Qax sohari arazisinds dib g6-
tiirmolorinin minimal diametri dmi,=0.01-0.2 m,
bozi hallarda iso dmix=0.005m Olgiisiindo
olurlar, maksimal diametri is9 Dmax=0.4-0.5m
toskil edir.

Kiirmiikgayda axmin illik maksimal ls-
nolmosi p=35-60 kq/m?, on yiiksok qiymaoti
189 270-300 kg/m® miisahido edilir.

Kirmiik¢ayin kegmis «Azorkontrakt»
sanatoriyasit hissosindo mocrasinin  orta
mayilliyi i = 0.036 toyin edilib.

Sel dasqin1 zamani suyun asas mocrasin-
da, eni B=150 m, orta darinliyi ho=1,08 m su-
yun siiroti Vo=3,1 m/s toyin edilmisdir.
“Azorkontrakt” sanatoriyasi hissoda sahilqo-
ruyucu damir-beton qurgular saquli vizyatda
tikilibdir. Korpiidon asagi hissada beton pli-
tolori / BUS-Iar istifado olunmusdur.

Hidromorfoloji xiisusiyyatlori doyisdir-
mok Uc¢ln asagida ¢ayin macrasimi togkil edon
stixurlar vo onlarin qranulpmetrik torkibi,
aximin dorinliyi vo imumi kolo-k6trlik om-
salinin nisbati hamarligi H/d, en kosiyinin
formas1 parametri B/A, yamacinin hidrodina-
mik dayaniqliq bucagi nazors alinmagqla sokil
4-do tortib edilib.

Macranin dayanqligi, yaxud yuyulan va
yuyulmayan voziyyotini toyin etmok {iciin
S.T.Altuninin [3] dusturundan istifado etmok
moqsadouygundur:

K.=(B-J*0.2)/Qmo  (16)

burada B - macranin eni, m-1a; J - su aximinin
mailliyi; Qmo - mocraformalasdiran su sorfi,
md/s.

S.T.Altuninin dag ¢aylarmin moacrasiin
dayanqlig1 tgtin K,=0.9-1.0 gobul edilmasini
moqsadouygunlugunu todqiqatlarla osaslan-
dirmugdir.

Kirmikgcay icin mocra formalasdiran su
sorfi Qme=500m?/s, K.=3.45 tayin edilib, bu da
dayanqlig1 xarakterizo edon K,=1.0 qiymo-
tindon 3.45 dofo forqlonir. Demaoli, Kiirmiik-
caym macrasi deformasiyaya ugrayir.

K.F. Artamanov, V.F. Talmaza vo A.N.
Kroskin dag ¢aylarinin yuyulmasi vo mocra-
nin tomizlonmesinin genis todqiqatlar1 osa-
sinda genis tovsiyalor hazirlamiglar.[5]

K.F.Artmanova gors sahilgoruyucu ban-
din biindvresinde macranin yuylmasimnimn do-
rinliyi belos toyin edilir: [2]

hy = H, - ho, (17)

125
H, = (ho + 0.224AC) V"o . (18
p (0 ) dg_-s—Ka ( )



burada H, - sahilgoruyucu bandin mumi hiin-
diirliiyilinii toyin edon 6l¢li, m-19; ho - axinin
orta dorinliyi, m-1s; h, - bandin dibinin yerli
yuyulma darinliyi, m-la; V, - axinin orta siir-
oti, m/s; 1 - sahilqoruyucu bandin qurgunun
preskiya uzunlugu, m-ls; d - sahilgoruyucu

bandin uzunlugu, m-lo; A, C - omsallar, bon-
din basqili yamacdan (0) vo y=d/Dmax-dan
asilt olaraq codveldon tapilir. K, - bondin
planda axinin istigamatino oaylonmasindon o°
bucagindan asili olarag K = f(a) cadvalindon
tapilir.

Cadval 4.
Kiirmiik¢ayin macrast UgUn yuyulmayan siiratlor va kala-kotUrlUK amsallar:
Stxurlar Fraksiyal | Aximin yuyulmayan Nisbi Kalo-kétlrlik amsali,
arm dia- siirati 3, m/san hamarhq n=f(a/d, ¢)
ad1 novu metrlori H=1m H-3m H/d pn=8° p=15° p=45°
Xirda,
Qum orta, 0.05-0.25 | 0.2-0.39 0.25-41 | 20000-4000 0.011-0.017 0.0135-0.0195 0.02-0.03
iri
0.25-1.0 0.39-55 0.41-.62 4000-1000 0.017-0.011 0.0195-0.0225 0.03-0.37
1.0-25 0.55-.62 | 0.62-0.75 1000-400 0.019-0.205 0.022-0.0295 0.037-0.405
Xirda,
Cimqil orta, 2550 0.62-.85 | 0.75-0.95 400-200 0.0205-0.22 0.0235-0.025 | 0.0405-0.045
iri
5.0-10.0 0.85-.16 | 0.95-.25 200-100 0.022-0.029 0.025-0.027 0.045-0.049
okt.15 1.16-25 | 1.25-1.46 100-66.7 0.029-0.2-0292 0.027-0.0274 0.049-0.05
Cingil Xirda,
da; orta, 15-25 1.25-15 | 1.46-1.76 66.7-40 0.0292-0.0294 0.0274-0.0278 | 0.050-0.051
iri
25-40 1.5-1.76 1.76-2.2 40-25 0.0294-0.0296 0.0278-0.0292 | 0.051-0.052
40-75 1.76-2.1 2.2-2.75 25-13.3 0.0236-0.0238 0.0282-0.0284 | 0.052-0.053
Ca Xirda,
das)ll orta, 75-100 2.1-2.3 2.75-2.87 | 13.03.2010 0.0238-0.024 0.0284-0.029 0.053-0.054
iri
100-150 2.3-25 2.87-3.28 | 10.06.1967 0.024-0.0275 0.029-0.033 0.054-0.062
150-200 2.5-2.67 | 3.28-3.58 6.67-5.0 0.0275-0.03 0.033-0.037 0.062-0.073
Qaya | Orta, 300 278 40 333 0.036 0.075 0.09
par¢ast I
500 2.8 4.45 2.0 0.05 0.064 0.143

Hesablamalar iki tip sahilgoruyucu qur-
gular {i¢ilin aparilmigdir. Birinci tip qurgula-
rin saquli vaziyyatds oldugu hal, yoni 6=90°.
Ikinci tip qurgular iso yamacli 6=45° olan
qurgulardir. Sokildon gdriiniir ki, qurgunun
yamact (m=0), yoni 6=90° olan qurgunun
yerli dib yuyulmasi 3,92 m-dan 3,96 m-dok,
qurgularin yamaci m=1, yani 6=45°-lar ii¢lin
yerli dib yuyulmasi 2,68 m-don 4,08 m-dok
ola bilir. Sahilqoruyucu qurgunun 6=45° ol-
dugu zaman qurgunun imumi hiindiirliyi
H,=7.0 m va qurgunun yamaci 6=45° oldugu
zaman Hy=5.16m hesablanmigdir. Ehtiyat
omsali K=1.15 nozoro alsaq: 6=90° {i¢iin
H,=7.0-1.15=8.1m, 6=45° Uglin H,=5.16-
1.15 =5.93 m alinr.

Demoli, Kirmiikgayda Qax sohari orazi-
sindo 6=90° olduqda sahilqoruyucu qurgula-
rn timumi hiindirliyi Hp=8.1 m-don vo
0=45° oldugda sahilgoruyucu qurgularin

timumi hiindiirliyti H,=5.93 m az olmama-
Idir.

Cadval 5 va cadval 6 -da sahilgoruyucu
qurgularin biindvrosindo basqili yamacin
doracosindon asili olaraq iimumi vo yerli
yuyulmanin qiymatlori verilmisdir.

Cadval 5.
Sahilqoruyucu qurgularin biinévrasinda basqili
yamacin darinliyi va timumi va yerli yuyulmanin

qiymatlari
0=90° 0 =45°

Hp, m I;l;’ I;;” hy,, m
7,04 596 | 5,16 4,08
6,95 587 | 514 4,06
5,98 49 | 5,05 3,98

59 4,82 | 5,02 3,94
5,08 4 4,8 3,72

5 3,92 | 3,68 2,6




Cadval 6.

Kiirmiik¢ayin hidromorfoloji parametrlarina asasan sahilqoruyucu qurgularin
biingvrasinin yuyulmaya hesablanmalarimin naticalari

N | Qmax1%| Vor | ho | B | dor | Dmax | 0=d/D | A C |Ka|Ka| J | hp, | Hp Qeyd
(m¥s) | (m/s) | (m) | (m) | (m) | (m) (m) | (m
1 2 3 4 5 6 7 8 9 | 10 [11[12] 13| 14 | 15 16
1 500 31 1.08 | 150 | 0.01 0.4 0.025 | 44 |3.015| 08 | 345|3.036| 482 | 59 11=35m
1.08 | 150 | 0.01 0.5 0.02 44 1032 108 | 49 | 598 | 1=7,44m
2 500 31 1.08 | 150 | 0.02 0.4 0.05 44 1030608 | ” | 7 |392 | 50 | a=178
1.08 | 150 | 0.02 0.5 0.04 44 1031|108 | ” | ” | 400 | 508 6 =90°
s | 500 31 | 108 (150 | 001 | 04 %%225 388(0095| 08| 7 | ~ | 394|502 |1|1::73§4mm
1.08 | 150 | 0.01 0.5 388030508 | ” | ” | 408 |516 9:'450
T [ [2]m]n] ot o mlimlss| =] = |2 3] =
| | o [ [gE] 2 o |2 0sman] | (om0 o
| o | an || o 00| 08 | o 2oz [ o amn e g
Yuxarida geyd edilon hesablamalarin hor 5. Istismar miiddotino osason bandlarin vaxt-
biri Kiirmiikcay hovzosindo sellora qarsi asir1 barpasinin hoyata kegirilmosi;
todbirlor hazirlayarkon nozordo tutulmusdur. 6. Caym bond tikilmoyon saholorindo cay

Caylarda sellor gozlonilmadon yarandigimdan maocrasinin hor il dasqin vo seldon ovval

onlarin garsisini almaq tam miimkiin olmur. tomizlonmaosi;

Buna baxmayaraq, bir sira effektiv {isullar 7. Caym boyunca tabii va slini meso ortiiklo-

totbiq etmoklo sellords insanlarin hoyatma vo rinin qorunmasi vo miihafizosinin tomin

tosorriifatina vurdugu ziyant minimuma en- edilmosi.

dirmok olar. Kiirmiikcayda sellorin qarsisini

almaq t¢lin asagidaki todbirlorin miintozom ODOBIYYAT

sokildo hoyata kegirilmosi mogsadouygun-

dur: 1. Dag caylarinda sel axinlarinin todqiqi vo
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XULASO

Elmi maqalado Kiirmikgayda sel vo das-
qmnlarla miibarizosinds totbiq olunan todbir-
lor tohlil edilmisdir. Osas noticolordon biri
odur ki, maksimal sel axinlar1 vo dorinlik yu-
yulmalar1 diizgiin toyin olunarsa, sahilqoru-
yucu qurgularin konstruksiyasi va 6lgiilori ilo
bu axmlarin tohliikesiz noql edilmasi vo otraf
miihito tosirlorinin  minimuma endirilmosi
mumkandur.

Acgar sozlar: sel axinlari, sahilgoruyucu
qurgular, sellorin idara edilmasi, maksimal
su sarflori, axin, hidrotexniki qurgular, tomi-
nat faizi

PE3IOME

B HayuHOl cTaThe aHANM3UPYIOTCS Me-
pBI, IpUMEHsieMble 17151 OOpHOBI ¢ HaBOJHE-
HUSMHU U MaBoAKaMu Ha peke KropMrokuai.
OcCHOBHOM BBIBOJI 3aKJIIOYAE€TCAd B TOM, YTO
€CJIM TMPAaBWIBHO OIpPENEIUTh MaKCHMallb-
HbI€ TABOIKOBbIE MOTOKH U TITYOUHY 3PO3HUH,

UOT 631.6

BO3MOKHO TPOEKTUPOBATh U ONPEACIATH
pa3Mepsl Oepero3aluTHEIX COOPYKEHUH Ta-
KUM 00pa3zoM, 4ToObl o0ecnieunTs Oezomnac-

HOE OTBEJICHUE ITHX MMOTOKOB M MUHUMU3H-
POBaTh UX BIMSIHUE HA OKPYKAIOIIYIO CPEAY.

Knroueewie cnoea: nasooxkosvie nomoxiu,
bepezozauyummusle cOOpYHCeHUsl, YNpagieHue
HABOOHEHUAMU, MAKCUMATbHBIL PACX00 60-
Obl, NOMOKU, 2UOPOMEXHUYECKUE COOPYIHCe-
HUsl, KO3 uyuenm HaoderCHOCmu.

SUMMARY

The scientific article analyzes the me-
asures implemented for flood and torrent
control in the Kurmukchay River. One of the
main findings is that if the maximum flood
flows and erosion depths are correctly
determined, it is possible to design and size
the coastal protection structures in such a way
that ensures the safe conveyance of these
flows and minimizes their environmental
impact.

Keywords: flood flows, coastal protect-
tion structures, coastal protection zones,
maximum water discharge, flow, hydraulic
structures, reliability factor.

Moagqalaya AZMIU-nun “Meliorasiya va su
tasorriifati” tikintisi kafedrasinin dosenti
A.O. Miirsalov ray vermisdir.

OLIYEV B.H. OHMODOVA A.R.

AzZMIU

ABSERON YARIMADASINDA SUVARILAN TORPAQLARIN PROBLEMLORI

Respublikanin torpaq ortiiyli rongarong-
liyi vo miixtalifliyi ilo forqlonir. Torpaq ndvle-
rind goro Respublika diinyanin on zongin yer-
lorindon biridir. Cografi paylanmasmna gora
torpaq ndvlori saquli zonalliga moruz qalir. Ol-
ko xaritasinds torpaqlarin ndvleri vo yarim-
tiplori gostarilmisdir. Buraya 90-a qoadar tip vo
yarimtip aiddir. Asagidaki torpaqlar genis
yayilmigdir. Bu torpaqlar hiindiir dagligdan
Kir-Araz ovaligina vo Xozar denizino qadar

olan arazilori ohats edir: dag-¢omon torpaglar,
gonur-dag meso torpaglar, dag-gara torpaglar,
boz-qohvayi torpaglar (sabalidi), sar1 torpag-
lar, boz torpaglar, boz torpaglar, boz -qonur ¢o-
mon torpaglar, soranlar, sorakot vo s. torpaglar.
Azorbaycan Respublikasinm timumi torpaq
sahosi 8.6 mln. hektardan artiqdir. Bu tor-
paqlarin 4.5 min. hektar1 kond tosarriifatina ya-
rarli torpaqlardir. Suvarilan torpaqlarda: tex-
niki bitkilar, yem bitkilori, izUmlik vo baglar,



taxil vo S. yerlosir.

Olko orazisinin soranlasmis, bataqlas-
mig, gucli eroziyaya ugramis, dasli, qayalig-
lar vo s. olan torpaglari var ki, bunlarda suva-
rilmayan torpaqlardwr. Faizlo qeyd etsok
37.4%-1, hektarlarla iso 3.240 mln. ha togkil
edir [3].

Son 30 ilds respublikada suvarilan akin-
cilik siiratlo inkisaf etmisdir. Olkados suvari-
lan orazilorin sahosini artirmaq magsadils su
tosarriifat: vo meliorasiya qurgularinin tikin-
tisino yliksok miqdarda maliyys ayrilmigdir
va bunun naticasinda suvarilan orazilorin sa-
hasi 350 min ha qodar artirilmisdir. Azorbay-
can Respublikasinda suvarilan orazilorin
sahosi 1 .94 mIn ha olmusdursa, hazirda 6lke-
do suvarilan orazilorin sahasi 1.43 miln. ha
toskil edir [1].

Olko orazisindo suvarilan torpaqlarin
meliorativ vaziyyatinin yarali hala salinmasi,
hidrogeoloji vo meliorativ voziyyastinin ton-
zimlonmasi magsadi ilo suvarma sobokolori-
nin tikintisi ilo paralel olaraq, sahslarin quru-
dulmas1 da aparilmisdir. Qurudulma prosesi
dedikdo saholordo drenlorin qurasdirilmasi
nozordo tutulur. Suvarilan torpaqlarda 1965
ci ilds 230 min hektarda drenaj qurasdirilmis-
dirsa, 2000 ci ilds artiq bu raqgom 500 hektar-
dan ¢ox suvarilan torpaq sahoalorindo drenaj
qurasdirilmisdir. Drenaj sobokolori suvarilan
torpaglarin 42% ni ohato edirRespub. asrin
70-80 ci illarinda 547 min 489 hektar orazido
cari yuyulma aparilib, homginin 447 min 649
hektar orazi iki dofs suya basdirma ilo apa-
rilmisdir [1].

Azorbaycan Respublikasinda yararsiz
torpaq saholori: soranlarin sahosi 9712 hek-
tar, ¢ox siddotli vo siddotli sorlagsmis torpaq
saholori 154980 hektar, orta dorocods sorlas-
mis torpaqglar 125238 hektar, zoif sorlasmis
torpaglar 130576 hektar olmusdur. Bu orazi-
lorde aparilmis cari yuma naticosindo on il
miiddotindo torpaqglarin sahasi agagidaki Kimi
doyismisdir:

— Soranlarin sahasi - 69 hektar

— Cox siddatli vo siddatli sorlasmis torpag-
lar - 9069 hektar

— Orta doracads sorlasmis torpaglar — 27200
hektar

— Zoif sorlasmig torpaqlar — 117811 hektar.

Naticada soran olmayan torpaq sahalori
126,983 ha- dan 393,340 ha- a qador yiiksal-
migdir [6].

Praktiki olaraq yarimadanin torpaq sothi
tamamilo texnogen dayisikliklors moruz qalir.
Bu bolgads ¢irklonmis va yaxud deqradasiya-
ya ugramis torpaqlarin orta sahoasi 25000 hek-
tar toskil edir. Sahonin boyiik hissasi bitum-
lasdirilmis, neft karbohidrogenlori ilo ¢irklon-
mis, gazma slamlar1 ilo doldurulmus anbarlar
onlarla hektar srazini zabt etmigdir. 18 min
hektar torpaq arazilori xam neft vo neft moh-
sullar1 ila ¢irklonmis, 1300 hektar torpaq ora-
zilori kimya zavodlarinin tullantilart ilo ¢irk-
lonarok istifadoyo yararsiz hala diismiisdiir.
Sadoco SOCAR-1n neftlo ¢irklonmis 7440
hektardan ¢ox orazisi var ki, bunun da 2800
hektar1 tomizlonmali va prioritet kimi barpa
edilmolidir. Cirklonma dorinliyi 2 vo 3 metro,
cirklonmo daracasi isa 20-30 % vo ya daha ¢ox
ola bilor. Aparilmis ¢ox sayli tadqigatlar nati-
cosindo Abseronda ¢irklonmo dorinliyi belo-
dir:

— 10 sm- o godar 1029 hektar
— 25 sm- o gadar 857.3 hektar
— 50 sm- o godor 1285.3 hektar
— 50 sm- don dorin oldugda 2420.6 hektar
olur [7].
Adi miihitds torpaqda oziiniitomizloma
proseslori movcuddur. Proses zamani neft
maddolorini parcalaya bilon tobii torpag mik-
roorqanizmlori olur. Oziiniitomizlomo pro-
sesi bir ildon on ilo godor davam edo bilor [4].
Yeralt1 vo yerUstl sularin ¢irklonmasine
sabab, quru sathinin ¢irklonmasi naticasinda
do olur. Neft vo nefto mohsullari ilo ¢irklonmis
200 don ¢ox su hovuzlar1 yarimadada yerlosir.
Burada neftlo ¢irklonmis hovuzlarin sahasi 2
min. hektara catir. Boylk sor, Zig vo basqa
hovuzlar1 buna misal géstarmok olar [4].

Azorbaycanda torpaqlarm bir qismi ero-
ziya miixtolif novlori naticosinds yararsiz ha-
la diisiir. Bu 6lke orazisindo olan torpaqlarin
36.4%-ni toskil edir. Homin torpaq sahslori-
na: zoif, orta va siddotli doracods yuyulmus
torpaglar aiddir. Bunun 14.1%-i zaif yuyul-
mus torpaglar, 10.7%-i orta yuyulmus tor-



paqglar, 11.6%-i iso siddstli yuyulmus torpag-

lardir. Eroziya proseslorinin intensivliyi va

formas1 Azorbaycanin ayri-ayri rayonlarinin

tobii amillorindon vo antropogen tasirlorin-

don asili olaraq miixtalif soviyyado inkisaf et-

misdir.

— 30.8%- i Mil-Qarabag diizunin torpaqlari

— 48.2%-1 Quba-Xagmaz zonasinin torpag-
lart

— 40.3%-1 Abseron yarimadasinin torpaqlari

— 27.7%- i Sirvan dlzUnun torpaqlart

— 55.7 %-i Soki-Zagatala zonasmin torpagla-
r1 miixtolif eroziyaya moruz qalmisdir [2].

Abseron yarimadasinda suvarilan tor-
paqlarin asas problemlorinds birids torpagla-
rin eroziya moruz qalmasidir. Eroziya tobiot
hadisolori naticosindo torpaga tosir edon pro-
sesdir. Eroziya torpagin {ist miinbit gatmnin
giiclii kiiloklar, sel sular1, antropogen faktor-
larin tasiri naticosinds mahv olmasina sobab
olur. Bunun naticasindas istifadoys yararli tor-
paq saholori azalir. Bildiyimiz kimi, eroziya-
nin miixtolif formali var vo bu formalarin har
biri torpag1 miixtalif yollarla doyisdirir [1].

Eroziyaya moruz qalan orazilori, osason
giiclii kiilok olan diizonliklor, homg¢inin das-
qmn tohliikesi olan sahalor toskil edilir. Isto-
nilon massiv fonunda giiclii eroziyaya ugra-
mus arazilor kaskin sokilda secilir. Buna misal
olaraq koskin sokildo eroziyaya moruz qalan
orazilords siirlismoalori, bork gayalarin ¢ixin-
tilarini, ¢ilpaq gayalar1 vo s. gostormok olar.

Qeyd edilonlors 6lkomizin on boylik ra-
yonu olan Abseron yarimadasinda genis tosa-
diif olunur. Abseron yarimadasi xozri vo gi-
lavar kiiloklorine hakimdir. Bu kiiloklor ra-
yon orazisinin bdyiik bir hissosindo miinbit
torpaq qatini ugurub, orazini sohra vo yarim-
sohraya cevirib. Bunun goro do torpagin
miinbit qat1 eroziyaya moruz qalmis vo nati-
cado ¢ilpaqlagmigdir. Kiilokdon gorunan ora-
zilor var ki, burada tosarriifatcilar okingiliklo
masgul olur [3].

Car Il Aleksandr Abserona sofori zamani
bu yer haqqinda demisdir ki, susuz vo ¢ilpaq
giinos altinda yanan sohra siirgiin “katorqa”
liciin on miinbit yerdir. Torpaq eroziyasi ila
miibarizo, Nobel qardaslarinin Abserona, o
vaxtlar halo do populyar olmayan Bakiya

ayaq basdigdan sonra aparilmisdir. Eroziya-
nin inkisafinin garsisin1 miixtalif vasitolorlo
almaq olar. Bununla belo son iki asr orzindo
yarimada da bir ¢ox sahalorin yararl hala sa-
linmasinin sahidi olmusuq [6].

Eroziyadan osason olkomizdo kond to-
sarriifat1 sahoalori vo yollar ziyan ¢okir. Buna
sobab olarag son dovrlordo mesaliklarin qiri-
laraq siradan ¢ixarilmasidir Ki, bunun natico-
sinda diizenlik arazids giiclii kiilok eroziyasi
bas verir vo kond tosorriifatina yararh torpaq
sahalori azalir. Fermerlor torpaq sahslorinin
konarinda yerloson meso zolaglarmmin oho-
miyyatini dork etmodiklori Uguin, agaclar: qir-
magla okin saholorini artirmaq barads fikirlo-
sirlor [7].

Eroziya ilo bioloji miibarizo aparmaq
Uclin eroziya prosesini yavaslatmaq va qarsi-
s almag U¢lin eroziyaya ugramis arazilordo
coxillik otlar okilmali, mesoaliklar yaxud kond
tosarriifat1 bitkilori okilmoalidir. Bitki tobaqgasi
no godor zongin olsa, eroziyaya ugramis ora-
zilords problem bir 0 gadar tez hoall olunacag.
Suvarma tisullarmin se¢ilmasi do eroziya ilo
miibarizo aparan zaman boyilik rol oynayir.
Belo ki, suvarma zamani1 eroziya prosesi mi-
nimuma salinsin yaxud da tamamilo garsisi
almsin deys, eroziyaya moruz qgalan saholor-
do suvarma texnikasi, suyun sorfi, zolagin ya-
xud smwimmm uzunlugu, suvarma miiddoti
diizgiin secilmolidir. Ona goro do suvarma
texnikas1 hazirlanarkon orazinin mailliyi, tor-
pagin mexaniki torkibi, novii, su udma qa-
biliyyati eroziyaya qars1 miibarizo aparan za-
man nozara alinmalidir [5].

Eroziya prosesi sirimla suvarilan okin sa-
halorinds, suvarilma aparilmayan okin sahs-
lorindon forqlidir. Bunun sababi sirimlara su
vuruldugda sadaca sirim aginmaya maruz ga-
lir. Su monbayi tok bir ndqtoeds oldugundan
va axinlar asag1 dogru harokat etdikco sizma
sobabindon kigilirlor. Ciloms tisulu ilo bitki-
lori suvarmaq yagis yagmasina bonzayir. An-
cag, sahonin bir hissasi su qobul edir. Bu tisul
ilo suvarmada, su yiiksok siirotlo vurularsa
orazido eroziya prosesinin bas vermo ehtimali
olur. Eroziya prosesinin intensiv oldugu za-
man sirimlar vo yarganlar omala golir ki, bu
da okingilik sahalorini yararsiz hala gatirir vo



torpagin saxlanmasini ¢atinlosdirir [3].

Suvarilma aparilmayan okin sahslarindo
eroziya yagisin va yaxud garm arimosinin va
ya har ikisinin siirati torpagn infiltrasiya qa-
biliyyatini agsdigda bas verir. Torpaq saxtaya
moruz qalaraq dondugu halda va infiltrasiya
doracasi sifira ¢atdigda vo qarin orimasing
sobab olan yagis yagdiqda vo ya birdon-bira
geyri-adi yiiksok temperatur yarandigda va
donmus torpaqda qar siirotlo oridikds agir
eroziya bas verir. Bu halda su eniglo harakot
edir. Su monbadon olava olunduqca axin
artir. Yagis vo qarin orimasi demok olar ki,
tam olaraq torpaq sothinin ohata edir. Suva-
rilma aparilmayan okin saholorindos ero-
ziyanin azaldilmasinda bitki tobaqasi mithiim
rol oynayir. Belo ki, bitki toboqosi yagan ya-
g15 damcilarmin torpaq sathina tosirini mini-
muma endirorok miihiim rol oynayir [2].

Yuxarida da geyd etdiyim kimi eroziya-
nm iki tipi vardir: su va kiilok eroziyasi. Osa-
son Boyik Qafgazin conub, gismon gimal-
sorq yamaclarinda, dagliq saholords su erozi-
yasina daha ¢ox tosadiif edilir.

Su eroziyasinin asagidaki ndvlori vardir.
1. Yagislar1 xiisusiyyotino gora SU eroziyast
2. Su tutma xiisusiyyatino goro su eroziyasi
3. Torpagm xiisusiyyatino gora SU eroziyast

4. Atmosfer xiisusiyyatino gors su eroziyasi

Suyun boyik gisminin su dovraninda ya-
g1s kimi dovr etdiyindon, yagislar1 su erozi-
yasinin asas sobabkar1 Kimi hesab etmoak olar.
Olavo olaraq da yagintinin fasilosiz yagmasi,
yagmtinin mévsiimi paylanmasi, yagmtinin
miqdar1 ona monfi tasir gostorir. Yagigin fasi-
losiz yagmast vo yagan yagisim miqdart ¢ox
oldugu toqdirdo eroziyanm siddotli olmasi
yiiksok olur. Hazirki iqlim dayiskanliyi kon-
tekstindo yagintilarin movsiimi paylanmasi
miihiim shomiyyat kasb edir [7].

Eroziyaya moruz qalan har torpaq novii
suyun tasirina farqli reaksiya verir. Torpaglar
yerdon yers goro doyisir. Torpagin tosir edon
xassolori: fiziki, bioloji vo kimyovi xassalori-
dir. Fiziki xasso dedikdo qurulusu, torkibi,
sixlig1, mosamoliyi aiddir. Kimyavi xassasi
onun hidrogen gostaricisi (pH), miisbat ionu,
gida maddslarinin torkibi aiddir. Bioloji xas-
sosi isa bitki tobagosinin, torpaq faunasinin,

mikroorganizmlarin olmasi vo ya olmamasi-
dir [1].

Hava soraiti va iqlim soraitido bolgada su
ilo eroziyaya ohomiyyatli dorocodo komok
edir. Hava hadisalori bitki tobagasinin bioloji
dovrii ilo yanasi hidroloji dovriine do tosir
gostora bilor [6].

Eroziyanin digor novii olan kiilok erozi-
yas1 Respublikamizin torpaq ortiiyiine boyik
ziyan vurur. Kiilok eroziyasi an ¢oxX Abseron
yarimadasinda, Qobustanda, Xagmaz — Do-
vaci, Gilozi — Qaradag- Olot doniz sahillorin-
do, Ceyrancol, Mil, Mugan ¢d6llorindo daha
cox tosadiif olunur. Har il kiilok eroziyasi no-
ticosindo kond tosorriifati sahoalorino kiilli
miqdarda zoror verir. Torpagin iist toboqgosi
kiilok eroziyasi noticosindo ucgurularaq 6z
miinbitliyini itirir, aldo olunacaq mohsulun
miqdar1 azalir vo yaxud tamamilo yararsiz
hala diisiir. Olkomizda kiilok eroziyas1 sabe-
bindon yararsiz hala diismiis torpaglarin
Umumi sahasi 200,000 ha-dir. Bir ¢ox alimlo-
rin hesablamalarma osason 2.5 sm qazilmis
torpaq tobogosidon hor hektarda 1500 kq
kompost, 0.45- 1 ton azot, 0.1-0.2 ton fosfor,
toxmini 3500 kq kalium ¢ixarilir. Kiilok ero-
ziyasi ilo birlikdo, kond tosorriifat1 orazilorini,
meyvo baglarini, kanallari, magistral yollari,
domir yollarmi, tikinti meydangalarini vo s.
saholori ohats edon kiiloyin uguraraq gotirdiyi
qum vo basga materiallarmm omolo gotirdiyi
problemlorin garsisini almag o godar do asan
deyil [2].

Eroziyanin basqa bir ndviido suvarma
eroziyasidir. Kond tosorriifat1 bitkilorinin su-
varildigi dovrde meydana ¢ixir. Az suvarma,
torpaga haddindon artiq suyun vurulmasi,
orazinin sellomo yolu vasitosilo aparilmasi
naticasindo okin saholorindoki xirda hissacik-
lor yuyulur vo torpagm keyfiyyati zoifloyir.
Bu hadiss dik yamaclarda intensiv olur. Bii-
tiin suvarilan orazilords rast golmok olur.

Torpaqlarin soranlasmasi: Respublika
orazisindo on boylik problemlordon biri do
torpaglarin  sorlasmisdir. Respublika orazi-
sindo sorlasmaya moruz qalmis torpaqlarin
sahasi 2 mIn hektardan ¢oxdur. ©On ¢ox sor-
lasmaya moruz galan 1.32 min hektar orazini
ohato edon Kur-Araz ovaligmin payma diisiir.



Olko orazisindo suvarilan 1.43 min hektar
torpaglarin 600 min hektardan ¢oxu sorlas-
maya moruz qalmisdir. Bu torpaqlarin 224
min hektar1 daha koskin sorlagsmis torpaglar-
dir. Sorlagsmig torpaglar1 Nax¢ivan Muxtar
Respublikasinda, qismon Abseron yarimada-
sinda, Siyozon, X1z1 rayonlarinda va S. yerlor-
do mbévcuddur. Sorlasmaya qarsi toadbirlor za-
manin da goriilmazsa, onun sahasi genislanir,
bitki gatmin va torpaqlarin daha boyik sahs-
do deqradasiyasina sobab olur [4].

Irriqasiya qaydalarmna diizgin riayat edil-
madikds, avvallor soran olmayan va ya hor-
torafli yuyuldugdan sonra diizgun istifads ol-
unmayan orazilor soranlasir. Bu hadiso saholo-
rin tokrar sorlasmasi adlanir.

Respublika orazisindo torpaqlar agir to-
sirlora moruz qalirlar. Bunun noticosi miiasir
antropogen miigavimot soraitidir. Uzun illor
insan sonaye, kond tasarriifati, moigat va s fa-
aliyyoti sobabindon Respublikada yarali tor-
paq saholori azalir, miinbitliyi iso zoifloyir.
Bu oslindo diinya 6lkolorindo bas veran qlo-
bal bir problemdir. Torpaq problemi son 60
ildo ¢ox artmugdir. Noticodo faydali miinbit
torpaqlarin ehtiyatlar1 azalib, mohsuldarliq
asag diisiib [2].

Torpaqlarin deqredasiyasi: Uzun illor
aparilan todqigatlarin naticolorine asasan, 0l-
ko arazisindo torpaq ehtiyatlar1 deqradasiya-
ya ugrayir. Torpaglarin deqradasiyaya moruz
galmas1 asagidaki amillordon asilidir:

— Bioloji foalligin itirilmosi

— Humusun itirilmasi

— Su, kiilok noticosinds torpagin eroziyasi

— Torpaqda qida catismamazligmin yaran-
mast

— Torpaq da qrunt sularinin saviyyosinin
qalxmasi ilo torpaqlarin soranlagmasi vo
sorakotlogsmosi

— Kimyovi — texnoloji vo kimyavi maddslo-
rin itirilmasi

— Torpagda namliyin azalmasi

— Neft yataqlar1 naticesindo

— Sohar, yol, kanal, hava limani, usaq mey-
dancalari, su obyektlori, borular, bataqliq
va S. torpaqlarin degradasiyaya moruz gal-
masina sobob olur.

Respublika orazisinds torpaq Ortilyiiniin
cografi ekologiyasinin yaxsilasdirilmasi {igiin
bir sira tadbirlorin goriilmasi talob olunur. Bu
tadbirlors asagidakilar aiddir: torpaq ehtiyatla-
r1 vo amok vasitalorinin {izorindo miilkiyyot
predimentinin doyisdirilmasi, eroziya tohliiko-
si ilo miibariza, su vo torpaq ehtiyatlarinin in-
ventarlagdirilmasi, torpaq qanunu, torpagin
istifadoyos yararliliginin qiymatlondirilmasi,
meliorasiya va irrigasiya sistemlorinin hoyata
kecirilmasi, torpagin miinbitliyins vo suvarma
suyunun keyfiyystino nozarat vo s. [2].

Torpaqlarin neftlo cirklonmasi: Azor-
baycan Respublikasinin 30 000 hektari neftlo
cirklonorok yararsiz hala diigmiisdiir. Neftlo
cirklonarak yararsiz hala diigmiis torpaqlarin
osas hissasi, Abseron yarimadasinin payma
diisiir. Bu da 25000 hektardan gox srazini oha-
to edir. 50 hektardan ¢ox srazini Sirvanneft vo
Salyanneft, az hissoni iso Siyazon neft vo digor
balaca yataqglar toskil edir. Kulli migdarda qu-
yu suyunun va neft mohsullarinin soths axidil-
masi, yeralt1 sularin soviyyasinin qalxmasina
v torpagin yenidon soranlamasina gotirib ¢1-
xarir. Abseron yarimadasinda torpagin Ust to-
bagosinin deqradasiyasina vo ¢irklonmosino
sabab, otraf miihitin mithafizasi nazora alin-
madan neftin gazilaraq ¢ixarilmasi, neft yatag-
larina diizglin riayat olunmamasi, neft vo ga-
zin, kimyovi yaxud radioaktiv maddslorin,
yiiksok minerallagmis tullantilarin yer sothino
axidilmasi sabab olur. Respublikada daha ¢ox
cirklonma Abseron yarimadasinin Binagodi,
Sabungu, Suraxani vo Xozor rayonlarinin neft
madonlari ilo shato olunmus arazilerinde ma-
sahido olunur. Bu torpaqlarin rekultivasiyasi
oldugca ¢otindir [3].

Torpaqlarin texnogen ¢irklonmasi: Mo-
don tullantilarinin yaratdig: ¢irklonme texno-
gen ¢irklonmo adlanir. Texnogen cirklonmoyo
daha ¢ox Azarbaycanin Dagkoson rayonunda
yerloson, Dagkoson sanaye kompleksindo rast
golinir. Bu nov ¢irklonmo 1200 hektar orazini
ohato edir. Qaya laylar1 bu srazinin 500 hekta-
rin1 ohato edir. Alunit madon laylar1 Dagko-
sonda 300 hektar sahoni, kobalt modon laylar:
189 25 hektar sahoni ohato edir. Godoboydo
yerloson mis madon siixurlarininin sahasi 150



hektardir. Meliorativ iglorin bu ciir laylarda
aparilmasi olverislidir [2].

Abseron yarimadasinda torpaq sothinin
pislosmasi vo yararsiz hala diismasi bir sira
amillordon asilidir. Bu amillors neft vo gaz ha-
silat1, onlarin ¢ixarilmast; tikinti obyektlorinin
tikintisi va tikintido istifado olunacaq mate-
riallarin istehsali; sanaye, tikinti vo moisat tul-
lantilarinin utilizasiyasi, torpag eroziyasi aid-
dir. Bunun noticasindo Abseron yarimadasin-
da suvarilan torpaq saholori azalmigdir.
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NOTICO

Respublikanin timumi torpaq sahasi 8.6
mln. hektardan ¢coxdur. 4,5 min. hektar1 akine
yararli torpaq sahoaloridir. 1.43 mln. hektar
iso suvarilan torpaqglardir. Abseron yarimada-
sinda Respublika ohalisinin 40%-i, 70-80%-i
iso sonaye potensiali yerlosir. Bu da orazido
ekoloji problemin olmasina vo naticads tor-

paqlarin yararsiz hala diismosino sobob
olur. Abseron yarimadasinin torpaqlari kiilok
Vo su eroziyasi, yeralti sularm soviyyasinin
qalxmasi, deqradasiya, neft vo neft mohsulla-
rmin ¢ixarilmasi, texnogen ¢irklonmo sobo-
bindon yararsiz hala diisiir.

RESULT

The total land area of the republic is more
than 8.6 million ha. 4.5 million ha are arable
land. 1.43 million ha are irrigated lands. 40%
of the population of the republic and 70-80%
of the industrial potential are located on the
Absheron peninsula. This leads to ecological
problems in the area and, as a result, the lands
become unusable. The lands of the Absheron
peninsula become unusable due to wind and
water erosion, rising groundwater levels,
degradation, extraction of oil and oil products,
and technogenic pollution.

PE3YJIBTAT

OOmas mwiomaapb 3eMeb PECIyOIUKH
cocTaBiigeT 8,6 MJH ra. 6oJblle, 4eMm xa. 4,5
MJIH T€KTapOB 3€Mellb, PUTOTHBIX ISl BO3-
nensiBanus. 1,43 muH. [la, 3T0 opouiaembie
3emiu. Ha AnmepoHckoM mostyocTpoBe mpo-
xuBaeT 40% HaceneHHs peciyOJIuKU U cocC-
penoroueHo 70-80% ee MPOMBILIIEHHOTO
MOTEHIIHada. OTO BbI3bIBAECT SKOJOTHMUECKUE
npoOiieMbl B 3TOM paliOHE U B KOHEYHOM
UTOTE JeNaeT 3eMJII0 HEMpPUTOTHOU JyIs
UCIIOJIb30BaHUs.  3eMJid  AMIIEPOHCKOTrO
MOJIyOCTPOBA MPHUXOJAAT B HETOJHOCTh M3-32
BETPOBOM U BOJHOHN 3pO3UH, MOBBIINICHUS
YpOBHSA TPYHTOBBIX BOJ, JAerpajaluu,
00y HePTH U HEPTENpPOaAYKTOB, a TAKKe
TEXHOTE€HHOT'O 3arps3HEHUS.

Moagalaya AzMIU-nun “Meliorasiya
va SU tasarriifat: tikintisi” kafedrasinin
dosenti A.1. Haciyev ray vermigdir.
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AGILLI SOHORLORDO SU TOCHIZATININ ROQOMSALLASDIRILMASI:
PROBLEM VO PERSPEKTIVLOR

Son illords goharlorin davamli inkigafi vo
effektiv idara olunmasi U¢lin miixtalif texno-
logiyalarm totbiqino genis yer verilir. Agilli
soharlor texnoloji inqilabin asas horokatverici
qiivvosi olaraq, resurslarin ekoloji tarazligi
goruyaraq daha somorali idars edilmasini to-
min edir. Xiisusilo suyun idaragiliyi bu pro-
sesdo kritik rol oynayrr, cilinki o, tokco insan
hayati {i¢iin vacib deyil, hom do onun global
miqyasda sohvsiz istifadasi asas prioritetlor-
dondir. Innovativ su idaroetms sistemlorinin
rogomsal ¢evrilmosi, soharlorin infrastruktu-
runu daha dinamik idars etmoys va ehtiyatsiz
israfa mane olmaga komok edir. Bu moqaloda
agill1 soharlords su tochizatinin rogomsallas-
dirilmasi, totbiq edilon texnologiyalar va {iz-
losilon asas ¢otinliklor tohlil olunacag.

Sohorlordo suyun rogomsal idaragiliyi
tokca boru komorlori vo nasos stansiyalar1 Ki-
mi fiziki komponentlori deyil, hom do molu-
matlarm real vaxt rejimindo somorali sokildo
oOtilirtilmosini vo emal edilmosini zoruri edir.
Bu prosesds asas rol oynayan texnologiyalar
arasinda Internet osyalar1 (10T) vo Boyik Ve-
rilor (Big Data) sistemlori xiisusi yer tutur.
Agilli sensorlar har saniys su istehlaki haq-
qinda molumat toplayaraq morkozi komputer
sistemlorina gondorir. Bu texnologiya suyun
daha gonaotcil vo effektiv idaro edilmosini
mumkin edir. Daha sonra, bu molumatlar su-
yun tozyiqi, keyfiyyati, axin siirati vo s. Kimi
miixtolif parametrlorini izlomoays imkan ve-
rir. Molumatlarm toplanmasi ve analizi , sis-
temin daha optimal olmasina va resurlarin da
daha digqotli vo somoarsli istifadosine komok
edir.

Boylik verilonlor sistemlori do agilli su
tochizati sistemlori li¢lin an vacib niianslar-
dan biridir.Sobokodon toplanan molumatlar,
molumat bazasinda saxlanilir vo miixtolif
alotlor ilo tohlil edilir.Bu tohlil, sobakonin

miixtolif noqtolorindo olan potensial prob-
lemlori agkar etmoys va onlarin garsisini vax-
tinda, hegbir folakot bas vermodon qarsisini
almaga imkan verir. Mosoalon, su sorfiyyatini
azaldan vo sobokodoki problemlori ovvalcs-
don toxmin edon model va alqoritmalar bu
yolla inkisaf etdirilo bilar. Bu texnologiyalar
homginin su tochizatmin idars olunmasi za-
man1 qararverma proseslorini daha operativ
hoyata kecirmoyo imkan verir vo miimkiin
sohvlarin minimuma endirilmasina sorait ya-
radir.

Agilli su tochizat1 sistemlorinin keyfiy-
yati bazi dlkolorin ugurlu tocriibalori natico-
sindo balli olur. Masolon, Sinqapurda hoyata
kecirilon “NEWater” layihosi ¢or¢ivasindo
cirkab sular1 miiasir tomizlomo metodlari ilo
emal edilib vo yenidon istifadoys toqdim olu-
nur. Bu proses iso agilli texnologiyalar tors-
findon daimi olaraq izlonir vo nozarat edilir.
Digor bir niimuns olaraq, Barcelona sohori
gostarilo bilor; burada suyun keyfiyyati, sor-
fiyyat1 vo tozyiqi agilli rogomsal sistemlor va-
sitosilo izlonir. Bu praktik niimunolor agkar
edir ki, rogomsal texnologiyalarin diizgiin tot-
biqi resurslardan istifadonin effektivliyini
ikigat artiraraq, onlarin idaraetms prosesindo
keyfiyyot gdstaricilorini yaxsilasdirir.

Siini intellekt texnologiyarmim su tachi-
zat1 sistemlorindos totbiqi giin ke¢dikca inki-
saf edir. Xiisusilo, prognozlasdirict analitika
totbiq edilorok su sarfiyyatinda mimkin olan
problemlor éncodon askar edilo bilir. istifado-
cilorin su istifade qaydalarini dyronon sis-
temlor, hor evo na godor su lazim oldugunu
daqiq hesablayaraq, he¢ bir damcinin bosa
getmomoasini tomin edir. Eyni zamanda, Siini
intellekt modellori su borularindaki tozyiq
doyisikliklorini analiz edorak, sizmalarin bag
vera bilacayi yerlori ovvalcadon miiayyan edo



bilir. Bu proseslor, ham infrastrukturun qo-
runmasina hom do xidmat xorclorinin azaldil-
masina tohfo verir.

Agilli su tochizat1 sistemlorinds avto-
matlagdirma miithiim rol oynayir. Masalon,
sobokadaki tozyiqi idara edon va boru komor-
lorindaki axini1 optimal soviyyaya gatiron na-
soslar, suyun somorsli sokildo istifadogiyo
catdirilmasmi tomin edir. Bu innovativ ya-
nasma tokco su itkilorini minimuma endir-
moklo kifaystlonmir, hom do biitiin su infra-
strukturunu iglim doyisikliyi vo digor tobii
folakotloro qarst daha davamli hala gotirir.
Bu vo bonzor digor texnologiyalar, artan so-
hor ohalisinin suya olan tolobatin1 daha
optimal gokilds idars etmosino komok olur.

Biitiin bu texnoloji imkanlarla yanasi,
agilli sistemlorin totbiqi bozi ¢otinliklorlo
qarsilasa bilor. Agilli sohorlords su tochizati
sistemlorinin roqomsallagdirilmasinda osas
problemlordon biri, mévcud infrastrukturun
kohnolmis olmasidir. Arasdirmalar gostorir
Ki, Avropanin 70%-don ¢oX soharinds istifa-
do edilon su sobokolari 50 ildon kéhnadir va
bu da rogomsal texnologiyalarin inteqrasiya-
sin1 ohomiyyatli dorocads ¢otinlosdirir. Yeni
texnologiyalarla hazirki sistemlorin inteqra-
siyasi UgUn yiiksok doracods maliyyo vo vaxt
sormayasi tolob olunur. Kéhnolmis boru vo
nasoslar innovativ texnologiyalarla uygunla-
sa bilmadikda, sobokonin dayanigliligi vo so-
maraliliyi zaifloys bilor.

Maliyyo masalalori do Agilli su tochizati
sistemlorinin qurasdirilmasinda bdyiikk vo
ohomiyyatli bir maneadir. Agilli su tochizat1
sistemlorinin qurulmasi yiiksak ilkin sormays
tolob edir. Lakin bu investisiyalar, sistemin
uzun miiddat istifado olunmasindan sonra 0z
naticosini verir, ¢iinki suyun somarali istifa-
dasi vo sobokolorin optimallasdirilmasi says-
sindo digor xorc xarclori azalmaga baslayur.
Lakin, maliyye mohdudiyyatlori ilo tizlogon
bir ¢ox sohords bu yatirimin qarsilanmasi bo-
yiik ¢otinlik yarada biler.

Bununla yanasi, sosial vo hliqugi masa-
lalor do bu texnologiyalarin qurasdirilmasi
{iciin ciddi maneolor yaradir. Ictimaiyyatin
agilli su sistemlorine etimadsizliginin osas

sobabi soxsi molumatlarin istifadosi vo sax-
lanmasi ilo bagh soffafligin olmamasidir. Bu
sahodo etik gaydalarin vo agiq siyasotlorin
hazirlanmas1 votondaslarin etimadini qazan-
maq ti¢lin vacib addimdir.

Agilli su tochizati sistemlorinin rogom-
sallagdirilmasi ilo aldo edilon molumatlarin
kiber hiicumlardan qorunmasi vo tohliikosiz-
lik tomin edilmasi an yiiksok prioritetdir. In-
terneto bagl [oT cihazlar1 vo SCADA sistem-
lori, genis miqyasda molumatlar1 yigaraq,
morkozi idaroetma sistemlorino Otlrdr. Lakin
bu proses sistemi potensial kiber hiicumlara
qars1 hossas edir. Bu torz hiicumlar naticasin-
do molumatlarin olo kegirilmasi, nasoslarm
siradan ¢ixarilmasi vo foaliyystindos problem-
lorin yarandilmas1 miimkiindiir. Agilli su so-
bakalorindo end-to-end sifroloms texnologi-
yalarinin vo kvant-kriptoqrafiya tisullarmin
totbiqi miitloq prioritet olmalidir. Taohliikosiz-
lik sistemlorindoki hor hansi bir zaiflik noinki
infrastrukturun isinin pozulmasina, hom do
ekoloji tarazligin geri donmoz sokildo pozul-
masi risklorino gotirib ¢ixara bilor.

Azorbaycanda da su tochizati sistemlo-
rinin avtomatlasdirilmasi istigamotindo ilkin
addimlar atilsa da, bu sahads daha boyik tad-
birlora ehtiyac var.”Azorsu” ASC kimi qu-
rumlar bozi orazilordo SCADA sistemlorini
totbiq etso do, bu sistemlorin digor orazilor
lizro do genislondirilmasi hoalo ki reallagsma-
yib. Lakin 6lkads agilli sistemli layihalorinin
aktuallig1 bu sahado yeniliklorin golocokds
daha genis sokildo istifade olunacagma timid
yaradir. Bu baximdan, golocok planlar vo
strategiyalara agilli su sistemlorini do daxil
etmok vacibdir.

Agill1 soharlords su tochizatinin rogom-
sallasdirilmasi, sohor infrastrukturunun ideal-
lasdirilmasi vo su resurslarinin daha somorali
istifado edilmoasi baximmdan bdylik bir po-
tensiala malikdir. Internet of Things vo Big
Data kimi texnologiyalar , su itkilorinin azal-
dilmasi, problemlorin 6ncadon toxmin edil-
masi va suyun istifadogilora ¢atdirilma prose-
sinin daha somarali hala golmasi baximindan
ohaliys miistesna imkanlar toqdim edir. Go-
locok arasdirmalar agilli su tachizati sistem-



lorinds suini intellekt sistemlorine yonalmali-
dir. Bu texnologiyalar sayasindo su itkisi vo
nasazliglarin avtomatik sokilds askar edilmo-
si, dncadon prognozlasdirilmasi, elocs do re-
surslarn daha somorsli istifado olunmasi
mumkdin olacaqdir. Suni intellekt totbiq olun-
mus sistemlor yalniz sobokalorin mdvcud vo-
ziyyatinin optimallasdirilmasma deyil, hom
do golocokdo tamamilo avtomatlagdirilmas,
stiratli vo prognozverici su tochizati infra-
strukturunun qurulmasina sorait yaradacaq-
dir. Bu baximdan, texnologiyanin hazirki in-
kisaf prosesini nozars alarag elmi tadgigatlarin
bu istigamotdo dorinlosdirilmosi xiisusi oho-
miyyet dastyir. Lakin, hazirki infrasturukturun
kohno olmasi, maliyyo resurslar1 vo ganun-
vericilik mosalalori kimi bazi problemlor, bu
texnologiyalarin tatbiqino mane ola bilor. Go-
locokds, yeni texnologiyalarin inkisafi vo
ohalinin onlara adaptasiyasi ilo bu ¢atinliklor
getdikca holl olacaq va agilli su tachizati Sis-
temlori daha genis miqyasda totbiq olunmaga
baslayacaqdir. Azarbaycanda iso bu texnolo-
giyalarin totbiqi liclin dovlot programlarinda
miitlaq bu mdvzu barads yeni xiisusi maddalor
alava olunmaly, yerli infrastruktur yenilonmoli
va bu keg¢ids hazirlanmalidir. Bununla yanasi,
agillt sohorlordo su tochizati sistemlorinin
totbiqi sadaco texnoloji inkisaf deyil, hom do
galocayimiz ilo bagl mithim ekoloji facislorin
garsisini1 almagq tiglin boytlik sansdir.
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Digitalization of water supply in smart
cities: challenges and perspectives

ABSTRACT

The digitization of water supply in smart
cities is one of the key priorities for modern
cities. The integration of digital technologies,
especially the Internet of Things and Big
Data systems, is crucial for the efficient use
of water resources and the improvement of
water supply networks. These technologies
allow real-time monitoring of parameters
such as water quality, pressure, and flow rate,
with problems predicted and quickly addres-
sed. Automated systems and smart pumps
ensure the delivery of water to users in a
higher quality and prevent water wastage.
However, there are obstacles in the imple-
mentation of these systems, such as outdated
infrastructure, high financial costs, and legal
challenges. Additionally, the public's adapta-
tion to these technologies and the security of
citizens' data require special attention. In the
future, the optimization of smart water supply
systems will rely on the application of artifi-
cial intelligence and cloud-based technolo-
gies. These technologies will enable the fast
processing of data, allowing systems to react
in a timely manner and develop conservation
strategies. As a result, technical efficiency
will increase, encouraging responsible beha-
vior towards water usage, while improving
the quality of life and ensuring ecological



sustainability.
Keywords: smart water supply, urban
infrastructure, water management.
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Aszepbaiiddcanckul Ynugepcumem
Apxumexmypwol u Cmpoumenbcmea

HudpoBusanus BogoCcHAGKEHUA B
YMHBIX IOpoAax: npoodJjeMbl u
NnepcneKTUBbI

PE3IOME

Hudposuzanus BOJOCHAOKEHUS B yM-
HBIX TOPOJIaX SBJISCTCS OJHUM H3 OCHOBHBIX
MIPUOPUTETOB JJIT COBPEMEHHBIX TOPOJIOB.
Jl1st 3 (HEeKTUBHOTO MCTOTB30BaHUS BOTHBIX
PECYPCOB M yIyUIICHHUS KadecTBa CETeH BO-
JNOoCHAOKEHMsI, UHTETpaus UPPOBBIX TEX-
HoJlorui, ocobeHHo HHTepHera Bemel u
CHCTEM OOJIBIIMX JAHHBIX, KMEET OOJIBIIOE
3HaueHue. bmaromaps STUM TEXHOJOTHIM
MOXHO B PEAJIbHOM BPEMEHH OTCJIC)KHBATh
TaKue TapaMeTphl, KaK KadeCTBO BOJIbI,
JABJICHUE W CKOPOCTh IMOTOKA, a MPOOJIEeMBbI
MPEACKA3BIBAIOTCS U PEIIaloTCs ObICTPO. AB-
TOMAaTHU3UPOBAHHBIC CUCTEMbI M1 YMHBIC HACO-
CBI CITIOCOOCTBYIOT 00JIee KaueCTBEHHOM JI0C-

UOT631.6

TaBKE BOJbI TIOJIb30BATEIISIM U MIPEA0TBpaIa-
10T ee nepepacxod. OnHako B mpolecce
BHEJIPEHUS ITUX CUCTEM CYIIECTBYIOT MPEIi-
ATCTBUS, TaKWe Kak ycrapeBmias wuHppa-
CTPYKTYpa, BRICOKHE (PMHAHCOBBIC 3aTPATHI U
IOpUIUYECKUE CIIOKHOCTU. Takxke HEo0xo-
MO YIENATh 0c000€ BHHUMAaHWE MPHUBBIKA-
HUIO OOIIECTBA K ATUM TEXHOJIOTUAM U 0e3-
OTIAaCHOCTH JIaHHBIX HaceneHus. B Oymymiem
JUTSL OITUMH3AIIUNA CUCTEM BOJIOCHAOXKEHUS B
YMHBIX TOPOJIaxX BaXHBIM CTaHET BHEJPEHUE
TEXHOJIOTUI MCKYCCTBEHHOTO WHTEJUICKTA W
00JIaYHBIX BBIYMCICHUN. OTH TEXHOJOTUU
MO3BOJIAT OBICTPO 0OpabaThIBATH JaHHBIE,
obecrieunBasi OTIEPATHBHYIO PEAKIIUIO CHC-
TeM U pa3paboTKy cTpaTerwii SkKoHOMUH. B
pe3yibTaTe YBEIWYUTCS TeXHU4Yeckas 3¢-
(beKTUBHOCTH, Oy/IeT crIocoOCTBOBATH OTBET-
CTBEHHOMY OTHOIIICHWIO HAceNeHUs K BOJ-
HBIM pecypcaM, a TaKKe TOBBICHTCSI KauecT-
BO JKU3HH U 00€CTIEUUTCSI SKOJIOrHUecKas yc-
TONYHBOCTb.

Knrwoueevie cnosa: ymnoe 600ocHad-
JIceHue, 20poocKas uHgpacmpykmypa, yn-
pasenue 800HbIMU PecypCamu.

Moaqalaya AzMIU-nun “Miihondis sistemlaori
va qurgularinin tikintisi” kafedrasinin
dosenti M.A. Oliyev ray vermisdir.

OLIYEV B.H. 9HMBODOVA A.R. ABDULLAZADO A.Z.

AzMIU

ABSERON YARIMDASININ SUVARMA SISTEMLORI
VO ONLARIN MUASIR VOZIYYOTIi

Respublikamizin kifayot qader su ¢atig-
mayan rayonlarinda o ciimloden Abseronda
kond tosarriifat: bitkilorindon yiiksok vo sabit
mohsul gotiirmok i¢lin suvarma on vacib, to-
xirosalinmaz amillordon biri hesab olunur.
Belo Ki, kond tosarriifat1 bitkilorinin vegetasi-
ya dovriinds vo ya miloyyan inkisaf fazalarin-
da tobii riitubat catigsmamasina gora bitkilorin
suvarilmasi zaruroti yaranir. Suvarma torpa-
g minbitliyini barpa edon elementlordon

biri olub bitkinin su tolobatin1 6domokls ya-
nas1, hom do torpagn istiliyino, hava rejimi-
n9, kimyavi torkibine vo ondak: bakteriyala-
rin mikrobioloji foaliyystina tosir gostarir.
Gunumiizds ugurlu sokilds kond tosarrii-
fat1 mohsullarinin istehsalinda diizgtn qurul-
mus suvarma sistemi vacib xarakter dastyir.
Keg¢on minilliklor zaman1 suvarma hartorafli
aragdirilmis, dizguin suvarma sisteminin yara-
dilmasi Uguin bir sira vasitalar tatbiq olunmus-



dur, bu da 6z novbasinds konsepsiyanin — me-
liorasiyanin, kond tosorriifat1 torpaqlarinin
yaxsilasdirilmas: prosesinin torkib hissasi
kimi nozardon kegirilir [2].

Qeyd olunanlarla slagodar insanlar osa-
son qgida vo su catismazlig1 problemlori ilo
qarsilasir. 1-ci halda torpaqglarin suvarilma-
sinda mohsuldarlig1 artirmaga imkan verirso,
2-ci halda iso yalniz ¢atismazhigi artirir.

Kond tosarriifatt mohsullarinin istehsali
zamani yiliksok mohsuldarliq almaq tigiin bir
neco amil asas rol oynayir. Kond tosorriifati
bitkilori becarilmoys baslandigi doviirden
etibaron suvarmadan istifads olunur [5].

Suvarma torpaga suyun siini sokildo,
miixtalif borular, nasoslar va spreylar sistem-
lori vasitasilo verilmosi prosesdir. Torpagla-
rin suvarilmasi orazido olan bitkilor iigiin, az
yagism yagmasi vo kifayot qodor su monbo-
lori olmadig1 halda totbiq olunur, hom¢inin
davamli olaraq yagisin yagmamasi, orazido
quraglhigin hokm slirmesi ilo olagodar suvar-
madan istifado olunur. Suvarmanin bir ¢oX
novlori vardir. Bozi ndvlorindo su barabor
sokildo biitiin sahoyo verilir, bazilorindo iso
su damcilar vasitosilo bitkinin kdk zonasina
vurulur [4].

Abseron Suvarma Sistemlori Idarasi to-
rofindan rayon arazisindo meliorativ todbirlor
davam edir. Idaro yaz-yay suvarma mévsimii
corcivosindo Abseron magistral kanalinda
genismiqyash Kollektor va drenaj sobokolari-
nin lildon vo tullantilardan tomizlomo islorini
artiq yekunlagdirtb. Bu kanal yarimadanin
osas suvarma kanali hesab olunur. Samur-
Abseron kanalinin davami olaraq Ceyranba-
tan su anbaridan baslayaraq Gurgan qosobs-
Si arazisindo Xazors tokulir. Kanalin uzunlu-
gu 72 km toskil edir. Tosorriifat daxili hisse-
lords su borulardan istifado etmoklo 6tirdldr.
Magistral kanal {izorinde mdvcud olan 40
odad nasos stansiyalarin hor birine baxis ke-
cirilib vo tomir iglori aparilib. Hazirda nasos
stansiyalar sayasinda bitiin bdyik tosorriifat-
lar suvarilir. Suvarilan saholor zeytun baglari,
badam baglari, bugda vo arpa sahsloridir. Su
magistral kanaldan vo onun agiq qollarindan
nasoslar vastasi ilo tosorriifat daxili sobokoyo
vurulur. Basqilt boru kemarinin Gmumi uzun-

lugu 1056 km, a¢1q golarinin uzunlugu iso 37
km-dir. Abseronun suvarma sistemi yagis
tipli suvarma noviino goro hesablanmigdir.
Yarimadanin demak olar ki, bitiin orazisi ga-
pali sistemlo suvarilir. Burada suvarilan orazi
25,7 min hektara qador geniglonmisdir.10,1
min ha sahonin suvarma sistemi ilo tomin
olunmasi tovsiyyo olunur [1].

Idaro 70 km magistral, 33 km qol kanal-
lar1 ilo birlikdo imumi uzunlugu 100 kilo-
metrdon artiq olan Abseron magistral kana-
lma xidmot edir ki, hazirda bu kanal bir-neco
istigamotdo masin mexanizmlor torafindon
tomizlonir. Islor dord istiqgamotdo davam edir.
Miitomadi goriilon iglora baxmayaraq kanalin
bazi hissalorinda, asason do yasayis montoqgo-
lorindon kegon orazilorindo tez-tez ¢irklonmo
hallar1 bas verir. Holo do moaigot tullantilar:
kanala atilir (sokil 1). Buna baxmayaraq go-
riilon toxirasalinmaz islor noticasinds kanalda
suyun normal aximni1 tomin edilir [2].




Qeyd edok ki, Abseron Suvarma Sistem-
lori Idarasi 17 min hektardan artiq suvarilan
torpaq sahasino xidmat edir. Homin saholordo
okilon miixtalif N0V kond tosorriifat1 bitkilori-
nin normalara uygun olaraq suvarilmasi idars
torofindon miitomadi olaraq tomin edilir [2].

Suya basdirma iisulu — donli bitkilor-
don olan ¢altiyin suvarilmasinda, soran tor-
paqglarin yuyulmasinda, liman suvarmasinda
totbig olunur. Bu iisuldan istifado edorkon
sahado xiisusi loklor quragdirmaq lazimdir.
Lakloar hoam enina, hom da uzununa olaraq bo-
lindr. Loklor 10+15 sm su toabagasi ilo doldu-
rulur va suyun cazibo qiivvasinin tosiri ilo su
torpaga hopur. Qurasdirilan loklorin sahosi
torpagin su tutma xiisusiyyotindon, torpagin
noviindan, suvarma suratindon, yer sothinin
yamacindan vo su sizdirma omsalindan asili
olaraq toyin edilir. Suvarma davamli olaraq
sualt1 tisulla aparildigda qida maddslori yu-
yularaqg asagi tobagoalors 6turalir, temperatur,
hava soraiti vo torpagin qurulusu pozulur.
Bunun Uc¢ln do mohsul yigimimdan sonra tor-
pagin miinbitliyini siini sokildo artirmaq la-
zimdir [1].

Torpaqalti suvarma- Yeralt1 suvarma
ilo torpaq sathindon miioyyan dorinlikda va bir
birindon uygun mosafods yerloson borular
vasitosilo suvarilacaq sahoyo su verilir. Su
borularda olan desiklor vasitasilo torpagi nom-
londirir. Digor suvarma isullarmdan forqli
olaraq torpaqalt1 suvarmada su torpaga Yyu-
xaridan asagiya dogru deyil, hor hansi dorin-
likds yerlosdirilmis nomlondiricilor yaxud de-
sikli borular vasitasilo asagidan daxil olur [4].
Su agiq suvarma kanallarindan yaxud
paylayici borulardan tozyiqli, tozyiqsiz va
vakuum rejimlorindo nomlondiricilors verilo
bilor. Tozyigsiz sistemlords su sobakays da-
xil olur vo 6z axin1 hesabina borular vasitasilo
horokat edir. Tozyiqli sistemlords iso su XxU-
susi nasoslar vasitasilo sobokoys verilir.

Yeralt1 suvarma ilo sohorotrafi orazilor-
do yasilliglarm vo bir sira kond tasarriifati bit-
kilorinin suvarilmasinda moisot tullant1 vo
sonaye sularindan istifads edilir. Bu suvarma
tisulu intensiv bitkilorin suvarilmasi ii¢iin
sarfolidir. Masolon: pambaigq, tltln, torovoz vo
s. Cilinki biitiin tikinti vo istismar xarclori
yiiksok kapital qoyulusuna baxmayaraq
birinci ildo tam 6donilir[ 1].

Daha bir suvarma novi olan damer Usu-
lu ilo suvarma Abseron yarimadasinda daha
effektiv sayilan iisullardan biridir. Yuxarida
da geyd etdiyimiz kimi, yarimadanin torpag-
larmin ¢ox hissosi sorandir. Bu torpaqlar
damc1 Usulu ils sulandigda duz suda hall ola-
rag daha dorin gatlara kegir, naticads bitkinin
koklori yayilmis saho-dorinlik duzsuzlasir vo
bitkinin inkisafi Ggln alverisli mihit yaranir.
Bu tisul suyun az oldugu, catismazlig sorai-
tindos, daglq soraitdo az mohsuldar soraitdo
cox gozol effekt verir. Gostorilon soraitdo
odobiyyatlarda gostorildiyi kimi damct Gsulu
ilo suvarmada damciladicilarda suyun bora-
bar paylanmasi iiglin sistemin texnoloji apa-
ratlarini nasos vo basqa komponentlori tok-
millogdirmok lazimdi (sokil 3) [4].

Zolaglarla suvarma — 6z axini ilo suvar-
manin digar n6Vvi zolaq suvarma tsuludur. Bu
isulla osason bugda, ot bitkilori, yonca vo s
bitkilorin suvarilmasinda istifado olunur.



Homginin duzlagmis torpaqlarm yuyulmasin-
da, riitiibattoplayic1 suvarmada da zolaq usu-
lu totbiq edilir. Ensiz vo enli olmaqla zolag-
larin iki névii vardir. Suvarma zamani oki-
lacok sahodo maillik az olarsa enli, gox olarsa
ensiz zolaq totbiq olunur. Sahonin relyefin-
don asili olaraq enli zolaqlarda hor zolagin
eni 20-30 sm araliginda olur. [4]

e

Sokil 3.

Kond tosarriifat: bitkilorinin suvarilma-
sinda enli zolaglarm tatbiqi torpagin istifado
omsali artirir. Zolaqlarin uzunlugu asagidaki
xiisusiyyatlorino gors toyin edilir:

— Sahonin mailliyine gora

— Mbohsul gotiiriilmasi tigiin yetisdirilon bit-
kinin noviine gors

— Mexaniki torkibina gora

Genis totbiq olunan daha bir suvarma
névi - sirim suvarma iisuludu. Bu Usul da
Abseron yarimadasimda genis totbiq olunur.
Sath suvarma tisulunun an samarali névidir.
Bu isulla suvarmada torpaq nisbaton az
suvarma normast talob edir vo torpagin struk-
turu doyigmir. Sirim suvarma Gsulu daha ¢ox

cargalorlo okilon bitkilorin suvarilmasinda is-
tifado olunur. Bunlara aiddir: pambiq, torovoz
bitkilori, qargidali, ¢oltik, bugda, meyvo vo
liziim baglar1 vo s. Kond tosorriifat1 bitkilori
sirim Usulu ilo suvarildigi zaman, torpagm (st
tabagoesinde maillik 0.002-0.02 oldugu halda
somaralidir [1].

Sirim suvarma sistemindon soran torpag-
larin yuyularaq yararli hala salinmasinda,
¢oltiyin yetisdirilmosinds istifado olunur.
Nasoslar vasitosilo su borulardan sirimlara
axir. Sirim suvarmada yerli sel sularindan is-
tifads edilir.

Sirimlar bir-birindon
xassaloring gora forqlonirlor:
Dorinlik
En kasiyin qurulusuna gora
Uzunluga
Aralarindaki moasafoya goro
Suyun torpaga hopmasina goro
Suyun axma siiratino goro

Sirimlar dorinliyine goro dayaz, orta vo
dorin olurlar. Dayaz sirimlarda dorinlik 8-12
sm araliginda, orta dorinlikli sirimlarda 12-16
sm, dorin dorinlikli sirimlarda iso 16-22 sm
olur [5].

Hazirki dovrds t.e.d., prof. Bohram Hii-
seyn oglu Oliyev torofindon bitkilori vegeta-
siya dovriindo fasilosiz su ilo tochiz etmok
liclin miiasir avtomatik suya qonaot edon su-
varma, texnika vo texnologiyalar sistemi ya-
radilmigdir. Bu sistemo aiddir:

— Impulsla yagish sistem;
— Impulsla su buraxma sistemi;
— Damci1 iisulu ilo suvarma sistemi

Impulslu yagisla sulama sistemindo kend
tasarriifat1 bitkilori tolabatina gora sulanir [1].

Sulama sistemi hoyata kegirmok Uguln

Eroziya vo Suvarma Elmi Todqiqat Institutu
torafindon mikrosuvarma va polietilen slang-
lardan istifado etmoklo suvarma mexanizmlo-
ri irali stirtilmisdiir [3].

Hans1 suvarma iisulundan tstbiq olun-
dugu zaman, torpagin novii nozors almmali-
dir. Qeyd edak Ki, torpagm qurulus va tekstu-
ras1 torpaqgda suyun bolgust baximindan shoe-
miyyatli olduguna goro mivafiq suvarma
metodu se¢ilmoalidir.

asagidaki



Misal olaraq geyd edo bilarik ki, ylingiil
torkibli torpaglarda ¢ilomos Usulu, agir tarkibli
torpaglarda damci suvarma effektivdir. Bunun
sobobi iso agir torpaqglarda kapilyar harakatin,
yungul torpaglarda iso yiiksok saviyyado
suyun paylanmasi vahidliyi ilo slagoadardir.

Hansi1 suvarma tsulunun tatbiq olunaca-
gina qorar verarkon, hava soraiti va iglim no-
zaoro almmalidir. Suvarmanm ¢ilomo ndviin-
don istifads, kiilokli soraitds olverisli deyil.
Lakin damcilarla suvarma tisulu miisbat xii-
susiyyatloro malikdir. Homg¢inin ¢iloyicilor-
don temperaturun ¢ox va buxarlanmanin ol-
dugu yerlords istifado olunmasi Ustinlik tos-
kil edir [3].

Beloliklo, 6lkomizds torpaglarm melio-
rativ yolla yuyulub okin Gi¢lin yararh hala sa-
lmib istifado edilmosinin artirilmasit daim
digget morkozindo olmusdur. Torpaglarin
meliorasiyast vo onlardan kond tosarriifat
ticlin istifado masololori kompleks gaydada
hall edilmosi garsiya mogsod qoyulmusdur.
Bunun (g¢lin suvarilan va qurudulan torpagla-
rin istifado somoroliliyi yiiksaldilmali, su to-
sorriifat1 tikintisinin texniki soviyyasi vo
keyfiyyoti yaxsilagdirilmalidir. Suyu gonaot-
lo iglodon suvarma texnologiyalarina kegmo-
li, su ehtiyatlarmdan vo yararli torpaq sahalo-
rindon somorali istifado etmok U¢ln tadbirlor
hazirlanmali vo hoyata kecirilmolidir. Ha-
zirda 6lkomizdo suvarma okingiliyindo ¢ox
zohmot tolob edon islori mexaniklosdirmok,
avtomatlasdirmaq, omoyin mohsuldarligmi
artrmaq lclin yeni texneloji avadanliglar
istehsal olunaraq tokmillasdirilmodadir.

Abseron yarimdasinin suvarma
sistemlori va onlarin maasir vaziyyati

XULASO

Umumi sahosi 222 min hektar olan Ab-
seron yarimadasmin bdyiik bir hissasini so-
ran torpaqlar, o ciimlodon 33 min hektarmi
yararsiz torpaqlar, 10,6 min hektarmi iso
neftlo ¢irklonmis torpaglar taskil edir. Burada
yagintinin az olmasi vo yarimadada yegana
Sumqayit ¢caymin olmasi, hom do bildiyimiz
kimi yayda bu cayda suyun olmamasi tosor-

riifatlar1 stini suratds su ilo tomin etmok mac-
buriyyotindo qoyur. Yararsiz torpaglarin ki-
fayot godor ciddi rogomlor oldugunu nozora
alaraq deys bilorik ki, belo orazilords suvar-
ma sistemlorinin yaradilmasina boyiik ehti-
yac var. Bunun {i¢iin do moqalodo Abseron
yarimadasinda istifado olunan suvarma sis-
temlari vo onlarin tatbiqi barads bir sira vacib
niianslar qeyd etmisik.

Acgar sozlar: meliorasiya, suvarma, tex-
noloji aparatlar, kollektor-drenaj sobakalori.

Irrigation systems of the Absheron
Peninsula and their current status

SUMMARY

A large part of the Absheron Peninsula,
with a total area of 222 thousand hectares, is
made up of saline soils, including 33
thousand hectares of waste lands, and 10.6
thousand hectares of oil-contaminated lands.
The low rainfall here and the presence of the
only Sumgayit River on the peninsula, as
well as the lack of water in this river in the
summer, as we know, force farms to provide
water artificially. Considering that there are
quite serious numbers of waste lands, we can
say that there is a great need to create irriga-
tion systems in such areas. For this reason, in
the article we have noted a number of impor-
tant nuances about the irrigation systems
used on the Absheron Peninsula and their ap-
plication.

Keywords: land reclamation, irrigation,
technological devices, collector-drainage
networks, etc.

PE3IOME

OpocuresbHbIE CHCTEMBI ANIIIEPOHCKOT0
MOJIyOCTPOBA U HX COBPEMEHHOE
COCTOSIHHE

3HAUYUTENbHYI0O YacTh ANIIEPOHCKOTO
MOJIyOCTpOBa, 0O0IIel Mmiomanapio 222 ThIC.
ra, COCTaB/ISIOT 3aCOJICHHBIC IOYBEI, B TOM
grcne 33 ThIC. Ta - OpocoBsie 3emiu, a 10,6
TBIC. Ta - He()Te3arpsi3HEHHBIE 3eMui. Maroe



KOJIMYECTBO OCAJKOB 37I€Ch U HAIMYME E1H-
CTBEHHOW Ha noJryocTpoBe peku Cymraut, a
TaKK€ MaJOBOJHOCTb 3TOM PEKH B JIETHUU
MIEepHO/I, KaK U3BECTHO, BBIHYKJAIOT XO3sii-
cTBa o0ecreunBaTh BOJOW HMCKYCCTBEHHO.
VYuuTbiBas HaJW4ue JOBOJIBHO 3HAUUTENb-
HOT'0 KOJIM4eCTBa OPOCOBBIX 3€MEJIb, MOXKHO
CKa3zaTh, YTO CYIIECTBYET OoJbIIasi moTpeo-
HOCTb B CO3/IaHUU OPOCHUTEIbHBIX CUCTEM Ha
Takux Tepputopusix. [losTomy B craThe Mbl
OTMETHUJIH PsiJi BAKHBIX HIOAHCOB, CBSI3aHHBIX
C UCMOJb3yeMbIMU Ha AMNIIEPOHCKOM MOJY-
OCTPOBE OpPOCHUTEIbHBIMU CHCTEMaMHU U HX
MIPUMEHEHHEM.

Knroueswvie cnosa: menuopayus, opoute-
HUe, MEexXHON02UYeCKUe COOPYHCEHUs, KO-
JIeKMOPHO-OPEHANCHbIe Cemu U M.
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PASAYEV E.P., RUSTOMOVA R.Q.,

BOHRAMTOPO HIDROQOVSAGININ VAXTASIRI
YUYULAN SUDURULDUCU QURGUSU

Giris. Bohromtopo hidroqovsaginda yer-
loson sudurulducu qurgu, Araz ¢aymdan go-
tiiriilon suyun ilkin tomizlonmasi va ¢okunti-
lordon azad edilmasi iiglin miihiim texniki
moarhoalolari 6ziinds birlosdiran kompleks mi-
handis qurulusudur. Bu qurgu, giris hissodon
baslayaraq avankamera, durulma kameralari,
yuma sistemi va ¢ixis kamerasi Kimi bir nego
osas texniki komponentlordon ibaratdir. Bu
hissalorin hor biri suyun axm dinamikasini
tonzimlomak, c¢okiintiilori stizmok vo son
morholods  tomizlonmis suyun tosorriifat
magsadloring yonlondirilmasini tomin etmok
Uciin nazards tutulmusdur. Moagalads bu qur-
gunun ayri-ayr1 hissalorinin texniki gostori-
cilori vo funksional rolu genis sokildo tohlil
olunur.

a) Girig hissa vo avankamera. Bu hisso
sudurulducu qurgunun ilkin morhalasi hesab
olunur va Araz ¢aymnin axini istigamatinds sol
sahildo yerlosir. Giris hissonin asas funksiyast
Araz cayindan golon suyun qurguya diizgiin,
nizaml1 vo kontrollu sokilda 6tiiriilmasini to-
min etmokdir. Bu hissads yerloson sugabuledi-

edici va yuyucu gapilar, suyun axin istigamo-
tino uygun yerlosdirilmisdir va har biri mix-
tolif texniki parametrloro malikdir [1].

Qurguda timumilikds 4 adod yuyucu qap1
yerlogdirilib. Bu gapilarin 6lgiilori bh=5.0x1.2
metr, gucii iso 7.5 kilovat taskil edir vo 6n to-
rofdo yerlosdirilmisdir. Digor torofdon, su-
gobuledici qapilar da 4 ododdir vo dSlgiilori
bh=5.0x3.0 metr, glcl iso 7.5 kilovat olmagla
arxada yerlogir. Bu gapilar suyu birbasa Araz
cayindan alaraq, sudurulducunun igorising
otardr [2]. Qapilarin yerlosmo bucagi va 6lci-
lari elo hesablanib Ki, suyun siirati minimuma
enarok kameraya daxil olsun va bu, lilin ¢ok-
diirtilmasini asanlasdirir.

Avankamera iso girig hisso ilo durulma
kamerasi arasinda yerlasir vo axinin sabitlog-
dirilmasi, suyun barabar paylanmasi, eloca do
enerji itkisini minimuma endirmok moqsadi
dasiyir. Bu kameranin girisindo is¢i eni
b=28.0 metr, son hissads isa b=15.0 metr
toskil edir. Bu forq axmin genis sahadon daha
dar sahaya kegmosini tomin edir va naticads
axin sorfi azalir, suyun hindirliyl iso sabit



qalir. Bu mexanizm sayesinds, durulma
prosesi t¢un optimal hidravlik sorait yaranir.

b) Sudurulducu qurgunun asas durul-
ma kamerast va yuma kamerasit. Suduruldu-
cunun asas funksional bolmesi durulma vo
yuma kameralarmdan ibaratdir. Bu hissads 9
odod boyiikk durulma kamerast yerlogir vo
onlarin har biri daxilinds 2 Kigik su paylayici
kamera ilo birlikds isloyir. Bu kameralarin
har birinin uzunlugu 119.5 metr togkil edir Ki,
bu da suyun lil va digar ¢okokliklordon ayril-
masma kifayot qodor vaxt vo mosafs verir.
Hor bir kamera daxilindo suyun axini yavas-
ladilir, belaliklo, asili gotirmolor ¢okiir vo su
tomizlonmis formada sonraki moarhaloys yon-
londirilir.

Durulma kameralarinin giris hissasinda
mustovi metal siparlor qurasdirilib. Bu sipor-
lor suyun aximnmin istigamatini nizamlayir vo
cokiintiilorin kameralarin dibinds toplanma-
smi asanlasdirir. ©lava olarag, suyun daxilol-
ma prosesini tonzimlomok ti¢lin 18 odad su-
gobuledici gapit mdvcuddur. Bu qapilarin
texniki gostaricilori bxh=5.5x2.7 metr, glicl
1s9 7.5 kilovat togkil edir.

Kameralarm sonunda iso iki mihim tex-
niki element yerlosir: asagi byefo 6turuci ka-
mera va liltullan galereya. Asagi byefs 0tliri-
cll kamera vasitasilo durulmus tomiz Su siste-
min novbati marhalasing — yoni ¢ix1s kamera-
sina Otiiriiliir. Liltutan qalereya iso, asason, yu-
ma islori zamani y1gilan lilli suyun axidilmasi
va sistemdon konarlagdirilmasi Uglin nazordo
tutulmusdur [3]. Bu qalereya zaman-zaman
texniki problemlor yaratsa da, sistemin Gmumi
1s prinsipinda vacib yer tutur.

Qalereyanin sonunda yerlogon dorinlik
gapilari, sistemdon axidilan suyun hocmini
v istigamatini tonzimloyir. Bu mogsadlo 36
odod yuyucu gapr qurasdirilmigdir. Hor
birinin 6l¢lsl bxh=2.4x1.5 metr, glicli iso 7.5
kilovat toskil edir.

C) Cixts kamerasi. Sudurulducunun son
morholosi ¢ixig kamerasidir. Bu kamerada
durulmus vo tomizlonmis su, artiq lil vo digor
hissaciklordon azad olmus vaziyyatds aparici
su boliisdiiriicii kameralara tokuldir. Bu su da-
ha sonra magistral kanallara yonlondirilir vo
kond tosorriifat1 sahalorinin suvarilmasi Ugun
istifads olunur.

"Bahramtapa hidroqovgaginin tamir barpasi1" obyekti iizra f'.r { \5.‘ 3\
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Sokil 2 Bafﬁzlmmtapa hidrogovsaginin vaxtagsir: yuyulan sudurulducu gurgunun plan:

Cixis kamerasinin funksiyasi yalniz su-
yun 6tiirtilmasi ilo bitmir. Burada ham do su-
yun sabit axinla vo nizamli sokildo boliisdii-
riillmasi tomin edilir. Beloaliklo, sudurulma
sisteminin bu morhaloesi do imumi suvarma
infrastrukturunun ~ somoarali  islomosindo
hoalledici rol oynayir [4].

Bohromtopa hidroqovsaginda yerloson
sudurulducu qurgu texniki baximdan kom-
pleks, funksional baximdan iso strateji oho-
miyyatli bir mithondis qurgusudur. Onun hor
bir hissosi — giris modulu, avankamera, du-
rulma vo yuma kameralari, ¢ix1s kameralar1 —
sistemin dayaniqli islomasi va keyfiyyatli su-
yun tomin edilmasi U¢ilin vacibdir. Gostorilon
texniki parametrlor vo qurgularin funksional-
l1g1 suyun keyfiyyotino vo suvarma somora-
liliyino birbasa tosir gostorir [5].

NOTICO

Bohromtopoe hidroqovsaginda yerloson
sudurulducu qurgu, 6z texniki strukturu vo
funksional imkanlar1 ilo miihondislik baxi-
mindan yiiksok shomiyyat dasiyir. Girig his-
sosi vo avankamera vasitasilo suyun istiga-
motlonmosi, axinin sabitlogdirilmosi vo enerji

itkilorinin minimuma endirilmasi tomin olu-
nur. Durulma vo yuma kameralar1 vasitosilo
suyun lil vo digor ¢okiintiilordon tomiz-
lonmosi, sistemin effektivliyini artirr. Cixis
kamerasi iso tomizlonmis suyun nizaml1 so-
kilds boliisdiiriilmoasine sorait yaradir. Biitiin
bu komponentlor bir yerds isloyorok, suvar-
ma sisteminin somarsliliyini yiiksoldir vo
kond tosarriifatinda istifado olunan suyun
keyfiyyatini artirir.

RESULT

The sedimentation facility located at the
Bahramptepe hydrojunction is of high engine-
ering and strategic significance due to its tech-
nical structure and functional design. The
intake section and forebay regulate water
inflow, stabilize the flow, and minimize ener-
gy losses. Sedimentation and flushing cham-
bers enable effective separation of silt and
other sediments, increasing system efficiency.
The outlet chamber ensures the stable and
controlled distribution of the treated water. All
these components work in unison to enhance
irrigation efficiency and improve the quality of
water used in agriculture.



PE3YJIBTAT

OcayiouHasi yCTaHOBKA, pacloyIOKEHHas Ha
ruapoysie behpamrerne, nmpeacrasiser co6oi
WH)XEHEPHO U CTPATETUYECKU BaXKHOE COOPY-
KeHue Oyaroaapsi CBOei TEXHUUYECKON CTPYK-
Type ¥ (QyHKIIMOHAILBHOMY YCTpOHCTBY. Bxos-
HOM MOAYJb M aBaHKamepa 00ecleyuBaroT
MPaBIJIHHOE HAIPABJICHHE TIOTOKA, €ro CTadu-
T30 1 MUHIMH3ALHUIO TIOTEPh SHEPTHH.
Kameps! ocaxkieHus 1 IPOMBIBKH CIIOCOOCT-
BYIOT 3(P(peKTUBHOMY yJAJICHUIO WA U IPYrHX
MIPUMECEH, TIOBBITIIas 001TYI0 3()(PEKTUBHOCTD
cucTeMBbI. BhImyckHas kamepa obecrieunBaeT
paBHOMEpPHOE pacIpeesicHHe OYHIIEHHON
BOJBI. Bce aieMeHTsl KoMIIekca padoTaroT
COTJIACOBaHHO, CITOCOOCTBYS TIOBBIIICHUO d(-
(EKTHBHOCTH OPOIICHUS M YIYYIICHHUIO Ka-
9YeCcTBa BOJIBI TSI CEITLCKOTO XO3SIHCTBA.

XULASO

Bu mogqalods Bohromtopo hidroqovsagin-
da yerloson sudurulducu qurgunun texniki
strukturu va asas funksional elementlori tohlil
olunur. Qurguya daxil olan giris hisso, avan-
kamera, durulma vo yuma kameralari, eloco
do ¢ixis kameras1 miihondis baximindan ot-
rafl1 izah edilir. Hor bir hissonin 6l¢iilori, glic
gostaricilori vo funksional rolu geyd olunur.
Mogsad, Araz ¢ayindan alinan suyun ¢okiin-
tiillordon tomizlonorok suvarma mogsadilo
keyfiyyatli sokildo 6tiiriilmasinin tomin edil-
mosidir.

Acar sazlar: sudurulducu gurgu, durulma
kamerasi, avankamera, ¢okiintii, Araz ¢ayt

SUMMARY

This article analyzes the technical
structure and main functional components of
the sedimentation facility located at the Bah-
ramptepe hydro junction. The system con-
sists of the intake unit, forebay, sedimentati-
on and flushing chambers, as well as the out-
let chamber. Each part is described in terms
of dimensions, power specifications, and
hydraulic purpose. The primary objective is
to ensure that the water taken from the Araz

River is effectively clarified and transferred
for irrigation use.

Keywords: sedimentation facility, sedi-
mentation chamber, forebay, sediment, Araz
River

PE3IOME

B nanHO#1 cTaThe paccMaTpUBaEeTCs TEX-
HUYECKasi CTPYKTypa U OCHOBHbIE (DYHKIIMO-
HaJbHBIE 3JIEMEHTBHI WJIOBOYJIOBUTENS, pac-
MOJIO)KEHHOTro Ha rujpoysie behpsmrene.
[TogpoOHO omnuchIBatOTCS BXOJHAsl YacTh,
aBaHKaMmepa, KaMepbl OTCTOSI U IPOMBIBKH, a
TaKke BbIXOJHas kamepa. [IpuBoasarcs pas-
MEpBl, MOIIHOCTHBIE XapAKTEPUCTHKUA U
(GyHKIIMOHAJIbHOE Ha3HAUYEHUE KaXKJOTo dJe-
MeHTa. llenp 3akmrodaercss B TOM, YTOOBI
o0ecreynTh OYMUCTKY BOJIbI, MOCTYIAOLIEH
u3 peku Apas, OT OCaJKOB M €€ KayeCTBEH-
HYIO 110Ja4y JUIsl OPOLLIEHUSI.

Kniouesvie cnosa: unosoynosumens,
Kamepa omcmosl, aankamepa, 0CaooK.
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Abstract

This paper is a review of the science behind
the structural design of bridges and its
evolution over the last 2000 years, going
from stone arches to long-span systems.
Throughout history, the construction of
bridges always reflected on societies’
technological advancements. From Romans
using stones and masonry, to the use of
wrought and cast iron, then to developing
truss topologies. Then finally suspension
and cable-stayed bridges in more recent
history. The fact is that bridges were always
at the forefront of engineering innovation.
This analysis summarizes the structural
concepts that govern arches, beams, trusses,
suspension bridges and cable-stayed bridges,
as well as failures that occurred over time
and the lessons that were learnt by
engineers. These failures helped engineers
redesign structures towards aerodynamic
resilience, redundancy and stability.
Expertise and structural health monitoring
are known to have an impact on durability
and lifecycle performance of advanced ultra-
high performance concrete. The objective of
this review is to help the reader establish a
connection between form, force flow,
construction methods, and design criteria.

1.0 Introduction
The type of materials that were used, the
methods used to analyze bridges, and the

techniques used for their construction are
reflected on bridges and their respective
eras. Keeping strength and durability as a
priority, Chinese and Romans used stone
arch bridges to cross terrain, while the more
advanced engineers of the Industrial
Revolution took advantage of wrought and
cast iron, which helped achieve stronger
bridges with record-long spans. In the 20th
century, every aspect of engineering behind
bridges evolved, including aerodynamics
and knowledge of load paths. After learning
from past failures, the structural design of
long-span structures evolved. This paper
provides a both structural and historical
review of how design decisions follow
through to materials, loading paths and
construction logistics.

2.0 Classification of Structural Design
Bridges are commonly classified by their
primary load-carrying mechanism:
2.1.Beam and girder bridges:

They transfer loads by bending to support.
2.2.Arch bridges:

Bridges with this design carry axial

compression along a funicular line with
thrust taken by abutments and ties.



2.3.Truss bridges:

These types of bridges discretize bending
into axial forces in webs and chords,
enabling light, repetitive members.
2.4.Suspension bridges:

Are suspended by hanging a flexible deck
from the main cables with towers and

anchorages carrying cable forces. Stiffness
is provided by trusses or orthotropic decks.

2.5.Cable-stayed bridges:

This design supports the deck directly by
inclined stays to one or more towers. The
deck participates as a compression strut.

2.6.Tied arches:

Tied arches close the horizontal thrust with
a tension tie, reducing abutment demand.

2.7.Box-girder and orthotropic decks:

This bridge type utilizes torsional stiffness
and weight for aerodynamics and
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3.0 Masonry Arches and Roman Concrete
By aligning compressive stress with
geometry, stone and brick arches provided
reliable and durable crossings. Hooke's
insight of 1675, “as hangs the flexible line,
so but inverted will stand the rigid arch”,
formalized the relation between an arch’s
thrust line and a hanging cable. This
principle was later framed by graphical
statics and modern limit analysis of
masonry.

Using advanced masonry paired with “opus
caementicium”, a hydraulic concrete from
volcanic ash and lime, enabled Romans to
build robust arches and vaults. Recent
material studies attribute the longevity of the
Roman concrete to the hot-mixed and self-
healing lime clasts.

The Zhaozhou Bridge, which was completed
in the early seventh century in China,
introduced to engineers worldwide the stone
segmental open-spandrel arch, which helped
reduce horizontal thrust and flood loads.
This historical bridge is recognized as the
world’s oldest surviving open-spandrel stone
arch and has a short, but impressive for its
time, span of about 37 meters.

4.0 Industrial Revolution: Timber, Iron,
and Trusses

In Europe and North America alike, the use
of timber and trussed systems that were
protected from weather allowed for medium
spans. Then, the use of iron in construction
of bridges further extended span and
durability. The 1779 “Iron Bridge”, which is
located in Coalbrookdale, Shropshire, was
the world’s first major cast-iron arch. Its
1781 opening motivated the broader
structural use of cast iron. The Warren truss
patent of 1848 formalized alternating
diagonals and parallel chords in 1848. The
Pratt truss and Howe truss, using available



timber and iron, configured diagonals and
verticals for economical axial action.

Year Event

1781 Iron Bridge opens, first
major cast-iron bridge

1844 Pratt truss patent in the
United States

1848 Warren truss patent in
Britain

Figure 2 - important historical events

5.0 Suspension Bridges

By placing materials under tension,
suspension bridges were able to achieve
even longer spans. The Menai Suspension
Bridge, completed in 1826 over the Menai
strait, is the first major suspension crossing
made from wrought iron in the world. The
Brooklyn Bridge (1883) used steel wire
cables and stiffening trusses for deflection
control and dynamic response. It introduced
techniques for caisson foundations and cable
spinning.

The unexpected collapse of the Tacoma
Narrows Bridge in 1940 revealed the
aerodynamic risks behind utilizing thin
plate-girder decks. Its collapse prompted
engineers to quickly rework the structural
designs of long-span bridges to better
accommodate aerodynamic countermeasures
and torsionally stiffer sections.

6.0 Cable-Stayed Bridges: Renewal and
System Behavior

Modern cable-stayed bridges matured after
the Strémsund Bridge of 1955. In the 50s
and 60s, German engineers advanced multi-
cable arrangements and construction
methods. These advancements allowed for
spans ranging from 200 meters to 1000
meters. Proceedings of the International
Association for Bridges and Structural
Engineering (IABSE) document how

analysis and staged construction control
deck camber and cable forces, which are
recurring themes in long-span bridges.

7.0 Reinforced and Prestressed Concrete
The availability to construct medium span
bridges and complex geometries was
achieved by the use of reinforced concrete.
As soon as strong, low-relaxation steel with
reliable anchorage systems were available,
prestressed  concrete  transformed  the
engineering of long-span structures.

Historical surveys trace early patents in the
late nineteenth century, the technical
stagnation due to inadequate steel, and the
eventual consolidation under Freyssinet,
Magnel, and Finsterwalder, whose bridges
defined the material’s architectural and
structural identity.

Not long after, segmental construction
alongside epoxy joints and match-casting
allowed for higher quality for long viaducts.
All the while stay-cable bridges blurred
typological lines.

8.0 Modern Long Spans and Landmark
Achievements

By the twentieth century, suspension bridges
have achieved impressive spans. As an
example, the Japanese Akashi Kaikyo
Bridge, which opened in 1998, had a 1991
meter main span. The bridge was designed
to handle seismic activity and harsh winds.
Publications document how its dual-hinged
stiffening girder and tuned mass dampers
lengthened the span of the bridge by a whole
meter due to tower movement during an
earthquake in 1995. By the late 90s cable-
stayed bridges, such as the Tatara Bridge,
reached spans of 890 meters. This feat
reflected the growing trust of engineers in
stay systems and erection control.

9.0 Core Structural Behaviors



9.1 Beams and Girders

Flexure and shear govern. To achieve
efficiencies, plate and box girders use depth
and plate optimization, cross-frames and
diaphragms add torsional stability. Newer
guidelines  tackle study for staged
construction, twist and curvature, and
fatigue-sensitive particulars.

9.2 Arches

If its thrust line stays within the masonry or
section kern for expected loading cases, the
arch is very stable. Modern assessments of
historic masonry involve limit analysis and
graphical methods based on thrusts and
Hooke’s line. The deck tie of a tied arch
reduces thrust which eases foundation
demands.

9.3 Trusses

Triangulated systems convert bending to
axial forces. The renowned Pratt truss,
Howe truss, and Warren truss designs use
materials and joint methods that were
available at the time. Today’s scheme is
ruled by fatigue at connections.

9.4 Suspension

Main cables carry gravity loads to
anchorages. Serviceability and stability are
managed by deck stiffness. In modern
history, investigations made aeroelastics
evaluations normalized and made the use of
streamlined closed-box decks for long spans
a common practice by engineers worldwide
following the collapse of the Tacoma
Narrows bridge.

9.5 Cable-stayed

Inclined stays have vertical parts that
support the deck and horizontal parts that
oppose it. The way things are arranged with
stiffness and axis of the deck, controls the
deflection and also has redundancy.

10.0 Codified Practice and Seismic Design
Civil engineers’ approach to design
changed, shifting from stress to load and
resistance  focused  design.  Seismic
provisions in American Association of State
Highway and Transportation Officials
(AASHTO) Load and Resistance Factor
Design (LRFD) and state criteria reflect
displacement  based concepts  and
performance categories. These categories
often represent hazard levels by an
approximately 1000 year return period
design event for normal bridges. The
documentation provided by Caltrans and the
Federal Highway Administration (FHWA)
provide guidance and regular updates.

11.0 Materials and Durability: Steel,
Concrete, and UHPC

Throughout the last ten years, steel and its
composition and properties continued to
advance and evolve, improving steel’s
toughness, weldability and resistance to
fatigue. FHWA'’s historical review analyzes
and documents these changes, as well as the
effect of these changes on bridge
performance.

Lifecycle costs of concrete are usually
controlled by issues like chloride durability.
Fortunately, ultra high  performance
concrete  (UHPC) has much better
durability. Manuals provided by the FHWA
describe UHPC field-cast joints for faster
construction.

12.0 Failure Case Histories and Design
Lessons

Engineers always take advantage of
previous failures, which influence modern
design codes and practices, to keep
constructing safer bridges. As an example,
the collapse of the Tacoma Narrows Bridge
prompted more rigorous wind tunnel testing
for long-span bridges and aerodynamic
criteria.



After the collapse of the Morandi Bridge in
2018, engineers had their attention drawn to
durability of stay systems and system
redundancy, as well as corrosion of post-
tensioned wires.

Taking advantage of previous failures to
learn and improve new constructions is of
high importance to professionals in the field.

13.0 Conclusion

Over the last two millennia, the engineering
behind bridges evolved from short stone
arches to long-span suspension bridges. One
of the reasons why ancient stone arches
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QARABAG iQTiSADI RAYONUNDA BiNA VO TiKiLiLORIiN
REKONSTRUKSIYA XUSUSIYYOTLORININ ANALIZIi

Giris. Qarabag iqtisadi rayonu Azorbaycan
Respublikasinin strateji cohotdon miihiim bol-
golorindan biridir. Bu orazi uzun illor arzindo
isgal altinda qaldigindan, infrastruktur, yasayis
va qeyri-yasayis binalart ciddi sokildo dagilmis
V9 yararsiz vaziyyato diismiisdiir. 2020-ci il Vo-
ton miiharibasindon sonra Azarbaycan hokumati
toraofindon Qarabagda yenidonqurma va barpa
islorino baglanilmig, xiisusilo do bina vo ti-
kililarin rekonstruksiyast digqet morkazinds ol-
musdur. Rekonstruksiya prosesi tokca fiziki bor-
padan ibarot olmayib, hom do miiasir standart-
lara uygun, davamli, dayanigli vo enerji somo-
rali tikinti prinsiploring asaslanir. Bu proses hom
urbanizasiya siyasating, hom ds ekoloji tarazliga
uygun hoyata kegirilir.

Qarabag iqtisadi rayonunda aparilan re-
konstruksiya iglori bir ne¢co marhsloys boliiniir:
ilkin texniki qiymatlondirms, layiholondirmo, ti-
kinti vo nozarat morhalolori. ©vvalca orazido
yerlogon bina vo tikililorin mévcud voziyyeti 6y-
ronilir, onlarin texniki cohatden yararliligi analiz
olunur. (Dassalahl1 R., 5 Mart 2021)Cox zaman
bu tikililorin tam sokiilmasi vo ya yalniz dastyici
elementlorin qorunaraq rekonstruksiya edilmasi
mosolosi giindomo golir. Burada osas meyar
tohliikasizlik, texniki dayamiqliliq ve miiasir
toloblors uygunlugdur. Bu mogsadlo miiasir tex-
nologiyalardan, o ciimlodon 3D modellagdirma
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v dronlarla monitoring texnologiyalarindan is-
tifads edilir. Qarabagda barpa edilon binalarin la-
yihalondirilmasi zamani seysmik risklor, torpaq
relifi, iglim soraiti vo golocok urbanizasiya plan-
lar1 nozora alinir. Burada memarliq vo miihon-
dislik birgo sokildo foaliyyot gostororak hor bir
obyektin hom funksional, hom dos estetik baxim-
dan uygun tikilmosino zomin yaradir. (Mam-
madov, A.2022 )Barpa vo rekonstruksiya za-
mani yerli tikinti materiallarma tstiinliik veril-
moasi, bu sahads hom iqtisadi, ham da ekoloji
baximdan somoralilik yaradir.

Xiisusils yasayis binalarinda enerji somoro-
liliyi vo ekoloji uygunluq prinsiplori 6n plana
¢okilir. Binalarda alternativ enerji monbalorinin
- glinas panellari, izolyasiya sistemlori vo yagis
sularinin toplanmast {i¢iin sistemlorin totbiqi ge-
nislonmokdadir. (Musayev A., Zeynalov M.,
2021)Eyni zamanda, ictimai vo inzibati tikililor
ticiin do universal dizayn prinsiplori osas gotii-
riliir ki, bu da fiziki mahdudiyyatli insanlarin
rahat istifadosino imkan verir. Qarabag iqtisadi
rayonunda rekonstruksiya foaliyyastlori yalniz
fiziki miihitin deyil, sosial vo iqtisadi hayatin da
dirgolmasina sobab olur. Rekonstruksiya nati-
cosindo yaranan yeni yasayls mentogoleri, is
yerlori, moktab vo xostoxanalar bdlgado sabit
ohali moskunlagmasini togviq edir. Beloliklo, bi-
na va tikililorin rekonstruksiyas1 ham urbanistik,
hom do sosial-igtisadi inkisafin osas tomalidir.
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Qarabag iqtisadi rayonunun iimumi tas-
viri va tikinti infrastrukturunun hazirki va-
ziyyati. Qarabag iqtisadi rayonu Azorbaycan
Respublikasinin miihiim hissesini togkil edir vo
Olkonin conub-qgoarbinds yerlasir. Rayonun torki-
bino Xankondi sohori, Susa, Agdam, Fiizuli,
Cabrayil, Zongilan, Qubadli, Xocavond, Xocali
vo Lagin kimi inzibati orazilor daxildir. Qara-
bagin tobii ehtiyatlari, kond tosarriifati potensiali
va turizm imkanlar1 onu Azarbaycanin golocak
inkisafinda osas strateji zonalardan birino gevirir
[2, soh. 40].

Isgaldan avval Qarabagda mévcud olan ti-
kinti infrastrukturu osason sovet dovriiniin la-
yihalaring asaslanirdi. Lakin 30 ilo yaxin miid-
dotdos aparilan dagintilar noticosinds yasayis vo
ictimai binalarin oksoriyyati ya tamamilo mohv
edilmis, ya da ciddi sokildo zodolonmisdir.
2020-ci ildon sonra isa Azorbaycan dovlsti bu
orazilordo yenidonqurma proqramina start
verdi vo miiasir toloblors uygun infrastruktur
quruculuguna baglanildi.

Boarpa prosesino baglamazdan avval orazi-
do yerloson biitiin tikililorin texniki voziyyati
yerli vo beynolxalq ekspertlor torofindon qiy-
matlondirilir. Bu morhoalodo dastyict konstruk-
siyalarin [5, soh 73] mdéhkomliyi, fundament-
larin dayaniglilig1 vo timumi tohliikasizlik me-
yarlar1 nozors alinir. ©ksar hallarda avvalki ti-
kililorin rekonstruksiya {igiin yararsiz oldugu
miioyyan edilir vo onlarin yerinds sifirdan ti-
kinti hoyata kegirilir.

Rekonstruksiya prosesi va texnoloji ya-
nasmalar. Rekonstruksiya prosesino planlas-
dirma, layihalondirma, icra vo monitorinq mar-
hololori daxildir. Planlagdirma marhalasinda
strateji inkisaf planlarina uygun sokilds infras-
trukturun yerlogdirilmasi hoyata kegirilir. Layi-
halondirmads iso miiasir memarliq standartlari-
na vo seysmik risklora uygun layihalor hazirla-
nir. Tikinti marhalasinds stiratli vo keyfiyyatli
texnologiyalardan istifado edilir [4, soh. 88].

Qarabagda hoyata kecirilon rekonstruksiya
islorindo innovativ texnologiyalardan istifados
on plandadir. Buraya "agilli sohor" vo "agilh
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kond" modellari, glinas enerjisi panellori, yagis
suyu toplama sistemlori vo enerji somorali ma-
teriallar daxildir. Eyni zamanda, tokrar emal
olunan materiallardan istifade edilmasi ekoloji
balans1 qorumaga imkan verir.

Azorbaycan seysmik aktiv zonada yerlosdi-
yindon Qarabagda tikilon biitiin binalarin layiho-
lori seysmik dayaniqliliq talablorine uygun ol-
malidir. Bu moagsadlo miiasir konstruksiya sis-
temlori, elastik baglantilar vo dayaniqli armatur-
lardan istifado edilir. Homginin, istilik izolyasi-
yasi, LED isiglandirma vo enerji samarali pan-
coro sistemlori vasitosilo binalarin enerji sor-
fiyyat1 azaldilir.

Rekonstruksiya prosesi Qarabagda yalniz
binalarin yenidon tikilmasi deyil, hom do
soharsalma, planlasdirma va ekoloji tarazligin
borpast mogsadi dasiyir. Tikinti vo barpa
proseslari bir ne¢o asas marhaloys boliiniir:

1. Texniki qiymotlondirma. Movcud ti-
kililorin texniki voziyyetinin 6yronilmasi, dasi-
yic1 elementlorin yoxlanilmasi vo rekonstruk-
siya liclin uygun obyektlorin sec¢ilmaosi.

2. Layihalondirma. Tikililorin miiasir
standartlara uygun layiholorinin hazirlanmasi,
memarliq vo mihondislik hallorinin sintez
olunmas.

3. Tikinti vo rekonstruksiya. Yeni tex-
nologiyalarin tatbiqi ilo tikinti islorinin aparil-
masi. Buraya 3D modellogsdirmo, BIM (Buil-
ding Information Modeling), dron monitorinqi
vo smart tikinti metodikas1 daxildir.

4. Nozarat vo istismara hazirhq. Ti-
kililorin keyfiyystino nozarot, tohliikasizlik,
enerji somaraliliyl va dayaniqliliq baximindan
yoxlamalar.

Rekonstruksiyanin sosial-iqtisadi shomi-
yyati va perspektivlar. Rekonstruksiya prosesi
naticasinda moktablar, xastoxanalar, madoniy-
yot morkozlori vo ictimai obyektlor borpa
olunur. Bu iso ohalinin tohsils, sohiyyayo vo
sosial xidmatlors ¢ix1g imkanlarini geniglondirir.
Eyni zamanda, ohalinin geriys qayidist iiglin
rahat vo tohliikesiz sorait yaradilir [8, soh. 59-
61].
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Rekonstruksiya iglori bolgads yeni is yerlo-
rinin yaranmasina, yerli sanaye vo kond tosarrii-
fatinin inkisafina sorait yaradir. Tikinti materi-
allarinin yerli monbalardon slds olunmasi, xid-
mot sektorunun inkisafi vo kigik sahibkarligin
tosviqi iqtisadi foalligr artirir.

Hazirda Qarabagda hoyata kegirilon rekons-
truksiya layiholori tokco barpa yoniimli deyil,
hom do uzunmiiddotli davamli inkisaf prin-
siplorino osaslanir. Bu da regionun goalocokdo
turizm, sonaye vo kond tosorriifati baximindan
osas iqtisadi morkozlordon birino ¢evrilmosino
zomin yaradir.

Rekonstruksiya islori yalniz fiziki infra-
strukturun deyil, hom do sosial va iqtisadi ho-
yatin yenidon qurulmasina xidmot edir.
Qarabag iqtisadi rayonunda aparilan borpa
todbirlori agagidaki saholor {izro miisbot tosir
gostorir:

- Ohalinin maskunlasmasi. Yeni salinan ya-
say1s komplekslori vo infrastruktur votond-
aslarin bolgoys qayidisini stimullagdirir.

— s yerlorinin yaradilmas1 — Tikinti vo xid-
mot sektorlarinda yeni is yerlori agilir, bu iso
bdlgada igsizliyin azalmasina sabab olur.

— Tahsil va sahiyya obyektlari — Moktablor,
bagcalar, xostoxanalar vo digor sosial ob-
yektlor insanlarin keyfiyystli ictimai xid-
matlors ¢ixisini tomin edir.

— Olverisli investisiya miihiti — infrastruktu-
run barpasi vo hiiquqi miihitin sabitliy1 yerli
vo xarici investorlar iigiin colbedici sorait
yaradir.

- Milli irsin barpas1 — Qarabagda yerloson
tarixi-madoni abidolorin, moscidlorin  va
qalalarin rekonstruksiyast milli kimliyin
gorunmasinda miihiim rol oynayir.

NOTIiCO

Qarabag iqtisadi rayonunda bina vo ti-
kililorin rekonstruksiyasi, regionun borpast vo
inkisafi {iclin mithiim ohomiyyat kosb edir. Bu
proses, yalniz fiziki strukturun barpasi ilo bagh
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deyil, hom do iqtisadi, sosial vo madoni baxim-
dan da boyiik tesiro malikdir. Regionda bag ve-
ron mithariba naticasindos ¢oxsayl tikililor zodo-
lonmis vo ya tamamilo dagidilmigdir. Bu sobab-
don rekonstruksiya islori, bolgonin iqtisadiyya-
tinin barpasi, ig imkanlarinin yaradilmasi vo
sosial infrastrukturun giiclondirilmosi moagsadini
dasiyir [7, soh. 33].

Rekonstruksiya iglorinin hoyata kegirilmo-
sindo miixtalif texnologiyalar vo innovativ ya-
nasmalarin totbiqi vacibdir. Bu yanagmalar,
hom dos ekologiya baximindan daha davamli vo
tobii resurslarin qorunmasina yonslmis olmali-
dir. Eyni zamanda, Qarabag bolgasinin madoni
irsini qorumaq {i¢lin borpa islori ononovi
memarliq tislublarini nozors almali vo miiasir
infrastrukturla uygunlasdirilmalidir.

Bu analiz, Qarabag iqtisadi rayonunun go-
lacok inkisafi tiglin miithiim moalumatlar togdim
edir va tikinti sahasinds foaliyyat géstoron mii-
toxossislor, dovlot orqanlar1 vo miivafiq tos-
kilatlar tigiin rohbor olmaga xidmot edir. Qara-
bagda aparilacaq genismiqyasl rekonstruksiya
layihalari, homg¢inin regionun sosial va iqtisadi
sabitliyini tomin etmakls yanasi, ohalinin hoyat
soraitini yaxsilagdiracaqdir.
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Qarabag iqtisadi rayonunda
bina va tikililorin rekonstruksiya
xiisusiyyatlorinin analizi

XULASO

Uzun miiddat isgal altinda galmis orazilor-
da infrastrukturun dagidilmasi naticosindo bol-
gonin yenidon qurulmasi zorurati yaranmisdir.
2020-ci 1l Voton miiharibasindon sonra Azor-
baycan hokumati torafindon hoyata kegirilon r-
ekonstruksiya todbirlori miasir tikinti stan-
dartlarina, ekoloji vo enerji somaraliliyi pri-
nsiploring asaslanir. Todqiqatda rekonstruksiya
prosesinin marhalalari — texniki qiymatlondir-
mo, layiholondirma, tikinti vo nozarst morho-
lalori tohlil olunur. Homginin miiasir texnologi-
yalarin, seysmik dayaniqli konstruksiyalarin vo
yerli materiallardan istifadonin shomiyyati vur-
gulanir. Rekonstruksiya faaliyyastlorinin sosial-
iqtisadi inkisaf vo ohalinin bdlgoye qayidisina
tosiri do nozordon kegirilir.
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Analysis of the reconstruction
characteristics of buildings and structures
in the Karabakh economic region

ABSTRAKT

The destruction of infrastructure in the
long-occupied territories has necessitated the
reconstruction of the region. The reconstruc-
tion measures implemented by the Azerbaijani
government after the 2020 Patriotic War are
based on modern construction standards,
environmental and energy efficiency prin-
ciples. The study analyzes the stages of the
reconstruction process - technical assessment,
design, construction and control. It also
emphasizes the importance of modern
technologies, seismically resistant structures
and the use of local materials. The impact of
reconstruction activities on socio-economic
development and the return of the population to
the region is also considered.

Keywords: Karabakh economic region, re-
construction, buildings and structures, recons-
truction, infrastructure, urbanization, energy
efficiency, technical assessment, modern
construction technologies, socio-economic de-
velopment.
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RIYAZI OPTIMIZASIYA VO ONUN MUASIR DOVRDO TOTBIiQ SAHOLORI

Giris. Riyazi optimizasiya, gorarvermo
proseslorini riyazi modellorlo tohlil edib
optimal naticoni tapmaq lg¢iin istifado olunan
elmi sahadir. Daha texniki dillo ifads etsok,
miioyyon bir maqsad funksiyasini miimkiin
olan an yaxsi sakilds (maksimum va ya mini-
mum doyarda) tapmaga calisiriq. Mosalon,
monfosti maksimum etmok vo ya xarci mini-
mum etmok tli¢lin riyazi optimizasiyadan isti-
fado edo bilorik. Riyazi optimizasiya modeli
mohdudiyyatlordon ibarst ola vo ya olmaya
bilor. Amma real hoyat niimunalorinin demok
olar ki hamist modelsdo mohdudiyyatlarin ol-
masini tolob edir. Ona goro do bu mogqalods
sadoco mohdudiyyatli modellara yonolocoyik.
Misal iiclin mohdudiyyatli modeli on sado
sokildo agagidaki kimi gostora bilorik:

— maksimallagdir (vo ya minimallagdir) f(x)
Belo ki:
gx)<0; h(x)=0

Burada, f(x)— mogsod funskiyasi (optimallag-
dirmagq istadiyimiz funksiya); x — qorar doyise-
ni; g(x)0 vo h(x)=0 iso mohdudiyyatlordir.
Olbotto ki, modelin mohdudiyyatlorinin
say1 vo mohdudiyyatlorinin 6zii mosslodon me-
soloyo doyisiklik gostoracokdir. O climlodan,
masaloyo bagli olaraq qorar doyigoni birdon
cox da ola bilor. Mévzunu daha dolgun an-
lamaq ti¢iin bir nlimunays baxaq: Zavod A va
B mohsullart olmagla iki ndv mahsul istehsal
edir. Zavod bir adod A mohsulundan 40 AZN,
bir adod B mohsulundan isa 30 AZN xalis
manfaat alds edir. Amma bu mohsullari istehsal
etmok ticlin xlisusi név masin lazimdir vo za-
vodda olan masmin 100 saatliq istifade omrii
var. A mahsulunun har vahidi ti¢ilin 2 saathq, B
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mohsulunun har vahidi tigiin iso 3 saatliq masin
istifadasi tolob olunur. Masinin istifads 6mriinii
do nozoro almagla, imumi xalis monfooti mak-
simum etmok {iigiin ne¢o vahid A mohsulu vo
ne¢o vahid B moahsulu istehsal etmok lazimdir?
Bu mosalonin riyazi optimizasiya modelini
quraq:

Qorar dayisanlori: x=4 mohsulunun isteh-
sal say1, y=B mohsulunun istehsal say1 maksi-
mum 40x + 30y (magsad funksiyast). Belo ki:

2x+y<100; x=0;y =0

(mohdudiyyatlor)

Riyazi optimizasiya hom do amosliyyatlar
aragdirmasi sahosinin do osasini togkil etmok-
dadir. Yarandigr ilk illorde, Omaliyyatlar Aras-
dirmasi tamamils mohz riyazi optimizasiya idi.
Omoliyyatlar Arasdirmasi Ikinci Diinya Mii-
haribasi zamani1 Boyiik Britaniya vo ABS-da
verilmis horbi qorarlarin riyazi ndqteyi-
nozordon somoraliliyini artirmaq mogsadilo
yaradildi. Masalon o vaxti, donizds diismon
sualt1 gayiglarinin hiicumlar1 naticasindo olan
itkilori minimuma endirmok, horbi xarclorin
optimallagdirilmast  kimi movzular hayati
O6nom dasiyirdi. Giiniimiiz diinyasinda da riyazi
optimizasiyanin ¢ox miihiim totbiglorini goro
bilorik. Bu moqalods ovvalca riyazi optimi-
zasiya modellorinin forqli névloring, miimkiin
hall metodlarina va daha sonra iso onlarin real
hoyatdaki bozi vacib masalolora tatbigina
toxunacagiq.

Xatti proqramlasdirma. Xotti proqram-
lagdirma xtiisusi ndv riyazi optimizasiya mo-
delidir. Burada hom mogsad funksiyasi, hom do
mohdudiyyetlor yalmiz xotti funksiyalar
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soklindo ifado olunur. Mohdudiyyotlor adoton
borabarsizliklor vo barabarliklor soklinds olur
vo resurs mohdudiyyatlorini, texnoloji imkan-
lar1 vo ya digor real mohdudiyyatlori oks etdirir.
Xotti optimizasiya modeli standard formada
asagidaki sokildo ifads olunur:
Magsad funksiyast:
maksimum (vo ya minimum)

Z =C1x1 tCxy + ...+ Cpxy
Mohdudiyyoatlor:

A11X1 + x5 + ...t agxy, < by
Ap1X1 T AxpXy + ...+ AypXxy < by

Am1X1 T AmaXy + .o T QX < bm
X1,X2, oon , X =0

Burada, x4, x5, ..., x,, qorar doyisonloridir, ¢;(—
har doyigonin mogsad funksiyasina tosir om-
salidir, a;; — mahdudiyyat omsallar1 va b; re-
surs sorhadloridir. Qeyd etmok lazimdir ki, yu-
xarida gostordiyimiz model standard formada
ifade olunub vo miioyyaen transformasiyalar ilo
bu standard formaya doniisdiiriilo bilon hor
hans1 bir model xatti proqramlagsdirma modeli
say1lir.

Indi iso xatti programlasdirma modellinin
miimkiin hall metodlarina nazar yetirok. Elmi
odobiyyatda bu tip masalalorin halli li¢iin 3 asas
metoda rast golmok olar: Qrafik metodu, Daxili
Nogto metodu vo Simpleks metodu.

Qrafik metodu yalniz iki qorar doyisoni
olan xatti proqramlasdirma masalalorinin halli
ticiin istifado olunur. Bu metodun osas ideyasi
modelin mohdudiyyastlorinin amalo gotirdiyi
miimkiin hall sahasinin ikidlgiilii koordinat sis-
teminds tosvir edilmasidir. Daha sonra 1sa hall
sahasinin kenarinda hadof funksiyasinin mak-
simum va ya minimum qiymat aldig1 ndqtonin
tapilmasidir. Bu metod qrafik tosvira osaslan-
dig1 ticiin, iki doyisondon artiq sayda dayison
oldugunda qrafik tosviri olduqca c¢otinlosir.
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Dolayisiyla, Qrafik metodu boylik vo real hoyat
problemlori {igiin uygun deyil.

Daxili Noqto metodu 1980-ci illordo Na-
rendra Karmarkar torafindon kasf edilmis vo o
vaxtdan bari boyiik 6l¢iilii xotti proqramlagdir-
ma masalolorinin halli ii¢lin vacib alternativo
cevrilmisdir. Qrafik vo Simpleks metodlarin-
dan forqli olaraq, bu metod miimkiin hall sahs-
sinin konarinda deyil, i¢orisindo horokot edir.
Maogsad funksiyasini tokmillogdirorak miimkiin
sahonin daxilindo bir trayektoriya boyunca
optimal noqtays yaxinlasir. Daxili Noqto meto-
du boyiik mosalolar tigiin stiratlidir vo Simpleks
metodundan daha az iterasiya ilo notico oldo
olunur.

Simpleks metodu on ¢ox istifads olunan
alqoritmik hall tisuludur va istonilon boyiikliik-
do xotti programlagdirma modellorinin hallini
tapmagq tigiin istifado olunur. Bu metod Leonid
Kantorovi¢ torafindon iroli siiriilmiis vo daha
sonra George Dantzig torofindon inkisaf et-
dirilmisdir. Simpleks metodu miimkiin hall
sahosinin konar noqtalori iizerindo addim-ad-
dim harokat edorok mogsad funksiyasini yaxin-
lagir. Hor bir sonraki iterasiya moagsad funksi-
yasini yaxsilagdirirsa, o zaman alqoritm itera-
siyalara davam edir. Bir sonraki iterasiya moag-
sad funksiyasini yaxsilasdirmirsa, nohayat, o
noqto optimal holl ndqtesi hesab olunur. Sim-
pleks metodunun catismazliglart olaraq onu
deyo bilarik ki, bazi hallarda ¢oxlu iterasiyalar
talob edir vo Daxili Noqts metodu ilo miiqayi-
sada bazi boytik dl¢iilii masalalords zaif perfor-
mans gostora bilir.

Tam adadi proqramlasdirma. Tam adadi
programlagdirma biitlin qorar doyisonlorinin tam
adadls ifads olundugu xiisusi ndv xatti program-
lasdirma modelidir. Bu xiisusiyyat, bir ¢ox real
hoyat problemini daha doqiq modellosdirmoys
imkan verir. Bu tip modellar istehsal planlagdi-
rilmast (hor bir mohsul {i¢iin istehsal miqdarini
mioyyanlogdirmok) vo is bolgiisli (resurslarin
on effektiv sokildo paylanmasi) masalalorinda
¢ox totbiq olunur. Tam odadi programlagdirma
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modeli standard formada asagidaki sokildo ifado
olunur:

Magsad funksiyast:

maksimum (vo ya minimum)

Z =C1x1 tCxy + ...+ Cpxy
Mohdudiyyoatlor:

A11X1 + x5 + ..ot agx, < by
Ay1X1 + AyoXo + ...+ AopXy < by

Am1X1 T AmaXy + .o T QppXp < bm

X1, Xz, ... » Xn € N (N: natural adodlor ¢oxlugu)

Holl yollarina goldikde iss, tam ododi
programlagdirma modellari ¢otinlik derocasine
g0ra NP-¢atin hesab olunur. Bu o demokdir ki,
belo modellorin boylik hocmli masalalor {igiin
doaqiq ve effektiv halli ¢ox vaxt miimkiin olmur.
Buna goro do elmi odobiyyatda bu tip prob-
lemlorin toxmini hall yollar1 da toklif olunub. Bu
tip masalalorin halli {iglin 2 osas metoda rast
galmak olar: Saxolondirmoe vo Sorhodlomo me-
todu, Saxalonma vo Kasim metodu.

Saxoalonmo vo Sorhadlomo metodu axtaris
agaci qurur va beloco problemi alt problemlora
boliir. Hor alt problem ii¢iin yuxar1 vo agagi sor-
had tapilir vo sorhodin yaxsilasma ehtimali ol-
mayan budaqlar aragdirilmir. Beloco biitiin
miimkiin kombinasiyalar1 yoxlamadan proble-
mi hall etmak miimkiin olur. Bu metod biza do-
qiq hall verir, amma problemin o6l¢iisii boyii-
diikco hesablama vaxti koskin artir. Hesablama
vaxtinin kaskin artmasi bizi basga hall tisullar
haqqinda diisiinmoys sévq edir.

Saxolonmo vo Kosim metodu, yuxarida
miizakire etdiyimiz Saxolonma vo Sorhodlon-
mo metodunun tokmillosdirilmis versiyasidir.
Bu metod saxalonmo va kosim miistovilori kimi
iki osas yanagman istifads edir. Ovvalco saxo-
londirmo problemi alt mosalolora boliir (tam
odod olmayan hollora gora). Daha sonra iso ko-
sim miistovilori ise hallori qismon konarlagdir-
magq ti¢ilin ekstra mohdudiyyatlor olavs edir. Bu
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metod da doqiq vo global optimal halli (ogor
movcuddursa) verir. Lakin bdyiik hacmli mose-
lolordo budaq agaci boylik ola biler vo dolayi-
styla hesablama baximindan bu metod ¢ox agir
ola bilar. Beloaco, boyiik Ol¢iilii masalolor ti¢lin
bu metodu totbiq etsok, yaddas vo vaxt itkisino
yol vermis olariq.

Qeyri-xatti proqramlasdirma. Qeyri-xatti
programlasdirma, mogsad funksiyasi vo ya moh-
dudiyyatlordon on az biri qeyri-xatti oldugu
optimallagsdirma modelidir. Xotti proqramlas-
dirmadan va tam adadi programlasdirmadan for-
qli olaraq, bu tip modellor daha miirokkob qu-
rulusda olurlar v beloca onlarin halli tigiin daha
goliz metodlara miiraciot etmok lazim golir.
Qeyri-xatti modellor daha ¢ox reallig1 oks et-
dirdiyi {i¢iin, glinlimiiz diinyasinda daha genis
totbiglorina rast golirik. Qeyri-xatti proqramlag-
dirma modeli asagidaki kimi tosvir edilir:

Magsad funksiyast:
maksimum (vo ya minimum) f (x)

Mohdudiyyatlor:
gl(X)SO, i =172; ,ym
hj(x) = j=12,..,p

Burada f(x), g;(x) va h;j(x)-don an az biri
geyri-xotti funksiyadir.

Riyazi optimizasiyanin real hoyatdaki
bazi masalalars tatbiqi:

Daha 6nco qeyd etdiyimiz kimi, real hoyat-
dak1 bazi masalalari riyazi optimizasiyanin ko-
moayliyi ilo modellays bilarik. Gilinlimiiz diiny-
asinda ¢ox moshur iki massloni incoloyak:
Investisiya portfeli optimizasiyas1 vo Nogliyat
problemi.

Investisiya portfeli optimizasiyas1 mosalo-
sinda magsad odur ki, méveud kapitali bir nego
maliyys aktivi (masalon, sshmlor) arasinda el
boliisdiirak ki, risk minimum olsun va bu risk
qarsiliginda miioyyon olunmus miqdarda mi-
nimum gozlanilon goalir alds edilsin.

Onco qorar doyisonlorini asagidaki kimi
geyd edok: x; : portfelin i-ci aktivo yatirilan
payl. Modelin parameterlorini iso belo geyd
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edok: p; : i-ci aktivin gozlenilon goliri (u
gozlonilon golirlorin  vektoru olsun), w:
aktivlorin galirlorinin korrelasiya matriksi, R:
talob olunan minimum portfel goliri.

Bu moasoloni modellomoyo ¢alissaq asagi-
daki kimi kvadratik proqramlasdirma mosolosi
oldo etmis olaraq.

Mogsad funksiyast:

minimum x” wx
Mohdudiyyatlor:

uTx = R (gdzlonilon golir sorti)
Y, x; =1 (butin kapitalin sorf
olundugunuforz edorsak)
x; = 0 Vi (aktivlorin satilmasinin
qadagan olundugunu forz edarsok)

Indi iso naqliyat problemina nazar yetirak.
Bir nego tochizat montogosi (mosslon, fab-
riklor) va bir nego tolob montogosi (masalon,
magazalar). Hor bir tochizat montogosinin mii-
oyyan sayda tochizat miqdar1 var vo hor bir to-
lab mantagasinin do miioyyan sayda tolob miq-
dar1 var. Bu problemds magsod mahsullar toc-
hizat mantagalarindon talab maontagalaring el
dagimaqdir ki, imumi naqliyat xorci minimum
olsun.

Onca gorar doyisonlorini qeyd edok: i-ci
tochizat montagoesindan j-ci tolob montoqasineg
dasinacaq mohsulun miqdar1. Modelin parame-
terlorini isa belo geyd edok: m: tochizat man-
togolarinin say1, n: tolob montagalarinin sayi,
s;:i-c1 tochizat montogosinin tochizat miqdari
(i=12,..,m), dj :j-ci toloab montoqgasinin
tolob miqdan (j = 1,2, ...,n), ¢;;: i-ci tachizat
montogasindon j-ci tolob montogosine har bir
vahid mohsulun dasinma xorci.

Bu mosoloni modellomayas caligsaq asagi-
dak1 kimi xatti proqramlagdirma masalasi aldo
etmis olaraq.

Maogsad funksiyasti:

minimum Z = Y%, Y7 €5 Xy
Mohdudiyyatlor:
Yi=1%ij < s;Vi=1,2,..,m (hor tochizat
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montaqasi ligiin tochizat mohdudiyyati)
Yizixi;=2d; Vi=1,2,..,n (hor tolob mon-
tagasi tiglin talob mohdudiyyati); x;; = 0 Vi, j
(mohsul miqdar1 menfi ola bilmaz).

NOTICO

Riyazi optimizasiya miiasir dovrde elmi
vo texnoloji inkisafda miihiim yer tutur. Bu mo-
qalado gostorildiyi kimi, riyazi optimizasiya
modellori vasitosilo iqtisadiyyat, sonaye, ma-
liyya vo logistika kimi miixtalif sahslords re-
surslarin daha effektiv sokildo idara olunmasi
miimkiindiir. Xatti proqramlagdirma, tam adodi
programlasdirma vo qeyri-xotti proqramlag-
dirma kimi miixtalif modellor real hoyatda
qarsilagilan kompleks problemlorin sadolos-
dirilmis vo riyazi cohotdon analiz edilo bilon
formaya salinmasina imkan verir. Toqdim
olunan hall metodlar1 — qrafik metod, simpleks
metodu, daxili ndqte yanasmasi, saxalonma vo
sorhodlomo  kimi yanasmalar— miivafiq
modelin qurulusuna uygun olaraq secildikdas,
optimal vo praktiki noticolor verir. Masolon,
investisiya portfeli vo naqliyat problemi kimi
totbiglor, riyazi optimizasiyanin real hoyatla no
godor six olagade oldugunu vo gorarverma
proseslorinds na qador giiclii bir alot oldugunu
nlimayis etdirir. Notico olaraqg, bu sahonin hom
nozori cohatdon zonginliyi, hom do praktik
totbiq imkanlar1 onu mithandislik, idareetma vo
iqtisadiyyat kimi saholords ovazolunmaz edir.
Golocokdo texnologiyanin daha da inkisaf
etmasi ila birlikdo, riyazi optimizasiyanin daha
miirokkoab vo dinamik modellorlo  yeni
problemlorin hollinds do genis sokildo totbiq
olunacag gozlonilir.
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XULASO

Bu mogalads riyazi optimizasiya vo glinii-
miiz diinyasinda totbiq sahslori aragdirilmisdir.
Riyazi optimizasiya miioyyon magsad funksi-
yasinin miioyyon mohdudiyyatlor ¢ar¢ivasindo
maksimum vo ya minimum doyorini tapmaq
ticiin istifado olunan elmi tisuldur. Moqalado
xotti programlasdirma, tam odadi proq-
ramlagdirma vo geyri-xotti proqramlasdirma-
dan vo onlarim hall metodlarindan bohs olunur.
Holl metodlarina niimuns olaraq, qrafik metod,
simpleks metodu, daxili ndqte metodunu gos-
tora bilorik. Homg¢inin riyazi optimizasiya ma-
YK 621.6

salolorinin real hoyatdaki totbigine do yer veri-
lir. Masalon investisiya portfeli optimizasiyasi
vo naqliyyat problemi kimi real hoyatda genis
totbiglori olan problemlor tohlil edilir.

Acgar sozlar: riyazi optimizasiya, mini-
mum, maksimum, maqsad funksiyasi, optimiza-
siya, programlagdirma, hall metodlari, real ha-
yat tatbiglari

SUMMARY

In this scientific article, the application of
mathematical optimization is discussed. A ma-
thematical optimization is a scientific method
in which an aim is to find the maximum or mi-
nimum of an objective function. In this paper,
linear programming, mixed integer program-
ming, and non-linear programming models are
explained in detail. Furthermore, possible solu-
tions (graphical method, simplex method, inte-
rior-point method) to such type of problems are
presented as well. Apart from these, two real
world applications of mathematical optimiza-
tion are+displayed: Investment portfolio opti-
mization problem and transport problem.

Key word: mathematical optimization, mi-
nimum, maximum, objective function, optimi-
zation, programming, solution methods, real-
life applications.
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R.O. Allahverdiyev ray vermisdir

9. A.JOCHDPOB, 3.A.IOCUDPOBA

A3zepoaiioncanckuil Ynueepcumem Apxumexkmypot u Cmpoumenscmaea

MEXAHU3M NCITIOJb30BAHUSA HHI'MBUTOPOB B BOPBBE C 'NIPATAMUA

CornacHO MOJIETH aBTOACOPOIHH, CBS-
3aHHOM ¢ 0OpazoBaHueM ruapatos [1], Ha cBO-
0O0THOM MTOBEPXHOCTH JKHJIKON BOJIBI — MOHO

CJI0€ UMEIOTCS JBa THIA ILEeNed, Majble U
OoJblIMe, IPU KOHTAKTE 3TOM MOBEPXHOCTH C
MOJIEKYJIaMH ra3a IOCJIeHUE aBT0aIcCOpOUpy-
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IOTCSl 9TUMU LIESIMU U TaKUM 00paszoMm, B pe-
3yJIbTaTe MOHOCJION MPEeBpAIlaeTCs B KPUCTAILT
— TUJIpAT.

DTOT MEXaHU3M JaeT OCHOBAaHUE YTBEPXK-
Jarb, YTO MPU CMEUIMBAHUHM BOJBI C HMHIHU-
OUTOPOM 3TH MPOMEKYTKA B MOHOCIJIOE 3aHU-
MaroT MOJIEKYJIbl HHTUOUTOPA, TEM CAMBIM IIpe-
JoTBpaiias oopazoBanue rugaparanud. Kpome
TOT0, B PE3yJIbTaTe PAaCTBOPEHUS HHTUOUTOPA B
BOJI€ MIOHMKAETCS U SHEPTeTUYECKUN YPOBEHb
MOHOCJIOSI, YTO HE IO3BOJISIET PaCTBOPUTHCS
cujIaM BOJOPOIHBIX cBsI3el MEXIY
MOJIEKYIaMH BO/IBI, COCTAaBIISAIOIIUMU
CTPYKTYPY MOHOCJIOSI, MHBIMH CJIOBaMH, HE
MO3BOJISICT YBEIIMYUTHCS pa3MepaM BXOJIOB IS
MOJIEKYJI Ta3a B IIEJIIM MOHOCIIOS, U 3TO TaKKE
MO>KHO pacCMaTpHUBaTh KaK OAHY U3 MIPUYUH, B
OTPENICTICHHON CTENEeHH TMPENATCTBYIOIINUX
00pa3oBaHmIO THApaTanuu [2].

Takum 00pa3oM, MEXaHHU3M ITPEIOTBPAIIIC-
HUS 00pa3oBaHUs TUApATAIMM HWHTHOUTOPOB
MOXXHO OOBACHUTH TE€M, UYTO HMX MOJIEKYJIbI
3aHUMAIOT MIETM MOHOCIOS Ha CBOOOMHON
MTOBEPXHOCTH BOJIBI.

EcTecTBeHHO, YTO 3aM0JIHEHUE MPOCTPaH-
CTB MOHOCJIOSI MOJICKYJIaMH MHTUOUTOPOB 3a-
BUCHUT OT MHOTUX ()aKTOPOB, B TOM HHCIIE TEP-
MOJMHAMUYECKUX YCJIOBUU CHCTEMBI (/1aB-
JICHUS] U TEeMIIepaTrypbl), CBOWCTB WHTHOUTO-
POB, €€ JKECTKOCTH B BOJIE H T. I.

Jlnst mposicHeHus 3TOro BOmpoca BOCTOJb-
3yeMcsi Teopuet aacop6uu ['ubbca [3]. Ecnu
MPUMEHHUTH 3TO YPaBHEHHME K BOIHBIM PAacTBO-
paM uUHTHOMTOpa (epMeHTa, TO MOXKHO 3aru-

Carhb.
N daHzO

r,=-
u RT dH,

(1)

3nech Qu — konnyectBo MHrHOMTOpA, AACOP-
OMpPOBaHHOTO Ha CBOOOHOM IMOBEPXHOCTHOM
CJI0O€ BOJIbI, U KOJIMYECTBO MHTHOUTOpaA, pac-
TBOPEHHOTO B TOM k€ oObeme BOmbl; Ny —

pacTBOpUMOCTD I/IHFI/IGI/ITOpa B BOIC, O-H20-

IIOBEPXHOCTHOE HATSKEHHUE BOJIBI.
Kak BuaHO 13 ananusa ypaBHenus (1), mo-
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BEPXHOCTHAsA az[cop6u1/m I/IHFI/I6I/ITOpa MOXCT
HMCTb TIOJIOKHUTCIIbHOC WM OTPULATCIILHOC
3HAa4YCHUEC B 3aBHUCHUMOCTHU OT OTpHULATECIBHOIO

WIN TOJOXKUTENBHOIO 3HAYEHUS OO'HZ o/OH..

[TonoxutenpHOE 3HAYEHNE TTOBEPXHOCTHOM a/1-
copOruy HHrHOUTOpa yKa3bIBAET HA TO, YTO €T0
TBEPJOCTh HA MTOBEPXHOCTH JKUAKOCTH OOJIbIIIE
TBEpAOCTH B 00beMe, a OTpHLATEIbHOE
3HauU€HHE — Ha TO, YTO OHA MEHBIIIE.

PaccmoTpum 3TO pelieHne Ha mnpumepe
MHTHOUTOpa METAHOJA, HUCIOJIb3yEeMOTro JUIs
NPEIOTBPAICHUsT 00pa30BaHUS TUAPATALINH, U
OIICHUM €ro aJacopOIHI0 Ha TTOBEPXHOCTU MO-
HOCJIO0s1 BOJIBI (B 00JIACTH THAPATHOM KIIETKH) B
3aBHCHUMOCTH OT JKECTKOCTH HWHTHOUTOpa U
TEMIIepaTypsl pPacTBOpA.

st aTOro, ocHOBBIBasiCH Ha Teopuu [ no-
Oca [4], MOXKHO 3anucaTh JJIsl TOBEPXHOCTHOTO
MOHOCJIOSI BOJHBIX PACTBOPOB UHTMOUTOPOB:

Ny-Co
X, =—r2 2
U 1-(1-Cy)Ny (2)
3nech Xu — MOJIBHAsS J0JIs1 HHTHOUTOpPA B MO-
Hocloe (ruaparHbii 3a30p); Co — MoCTOsHHAS
BEJIMYMHA ISl TAHHOTO PacTBOpPa MpH JaHHOU
TeMIieparype.
OHU pacCUMTHIBAIOTCA TO CJIEAYIOLIEH
bopmyme:
9
(07920*01') lz’- RT
C,=e ’

(3)

0
3I[eCL O - HIOBECPXHOCTHOC HATAXKCHHUE BO-
Hj0

1p1, JIK/M%; 0, - MOIIHOCTh M3MEHEHHS IIO-
BEPXHOCTH MHIH6HTOpA, JIK/M%; I, — MOTBHBIH
00beM HHIHOMTOpA, M>/MONb; 7, — IMPHUHA
WHTHOUTOpA HA MIOBEPXHOCTH BOJIBI, M.

byaem cunTarh, 4TO TOIIMHA HHTHOUTOPA
Ha TTOBEPXHOCTH BOJBI IPUMEPHO PaBHA TOJI-
[IMHE MOHOCIIOS, MCXOMAS W3 aBTOAACOpOIH-
OHHOW MOJAENU 00pa30BaHUsl BOIBI, T.C. T, ~
Ty, o- 11oCi€e 9TOTO, TIOTOM:

I 4
CO _ e( H20 )/HQORT (4)
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(2) ycrmoBusi njsi MHTHOWTOpAa METaHOJA

npu 293 K Ha ocHOBE GOPMYIBL Uy, =40,2-
10773 /MOTB: Ty =31-10""m; O-Z =
72,82-10° Jlx/m?, O =22,6-10 Jx/m>

CH,0H
OTYETHI, HPOBEJIECHHBIE NPH €ro PpasIM4YHOM
motnocta ( N, .01 =0,100+0,6390 MonspHO#
JI0JIM), TOKA3bIBAIOT, Y4TO paclpesie]ieHue Me-

TaHOJIa Ha TOBEPXHOCTH BOJIBI U €€ 00BbeMe pa3-
JUYHO (PUCYHOK 1).
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MonbHas AoNnA MeTaHos1a B MOHOCAOE Ha NMOBEPXHOCTH BOAbl

06beMHan KOHLEHTPalLMa MeTaHoNa B BOJE (MONAPHaA uacTb)

Puc. 1. Pacnpedenenusiobvema memanoibHO20
UuHeUOUMOPA 6 BOOHE U HA ee NOBEPXHOCTU.

Hanpumep, ecnu HachlllHAs TUIOTHOCTh
MeTaHoJa B Boje cocrasisieT Ni=0,6390 MoJib-
4acTel, TO COOTBETCTBYIOIIAsT TIOBEPXHOCTHAS
TBEPIOCTh (B MOHOCIOE) COCTaBiuser X;
=0,9590 monsuacreii. [Ipuyem, ueM HUXKE TEM-
neparypa JKUAKOCTH ¥ BBIIIE KOHIICHTPAIUS
WHTHOUTOpPA, TeM OOJIbIIIE 3Ta Pa3HUIIA.

Takum 00pa3om, IPUHUMAsT BO BHUMaHHUE
TOT (aKT, 4TO THIPATHl 00Pa3ylOTCs HA TNHUU
KOHTAaKTa ra3-Boja, U3 BBIIIEHU3IOKEHHOIO MO-
’KHO CJIeJIaTh BBIBOJ, YTO MEXAHU3M JIEHCTBHUS
WHTHOUTOPOB MO MPEIOTBPAIICHUIO 00pa30Ba-
HUS THJIPATOB 3aKJTIOYACTCS B 3aITOJTHEHUU MO-
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JIeKylTaMH MHTUOUTOpa MPOCTPAHCTB TUIAPAT-
HOM 000J109KH (IIOBEPXHOCTHOIO MOHOCIIOS
BOJIbI), U OTO 3aMOJHEHUE TaKXKe TOPMO3HUT
MOBEPXHOCTHYIO JHUCCOIMAIMIO SKUIKOCTH.
Ona MOeT OBITh MOJOKUTEILHOW WA OTPH-
[aTEeJIbHON B 3aBUCIMOCTH OT M3MEHEHHSI KeC-
TKOCTH, TO €CTh KECTKOCTh HHTUOUTOPA Ha TO-
BEPXHOCTH JKUJIKOCTH MOXXET OBITh MEHBIIE
win 0oJblle ee 0ObEMHOM KECTKOCTH, U CUU-
TaeTcsl 1esecoo0pa3HbIM YUUTHIBAaTh BCE ITHU
¢baxTops! ipu OoprOE C TUApPaTaMu.

[IpennoxkeH MeXaHW3M MPEIOTBpPAIICHUS
00pazoBaHUs Ta30B C MMOMOIIHI0 HHTUOUTOPOB.
CoracHO 3TOMY MEXaHWU3MY, MOJICKYJbI HH-
ruOuTopa (MOHBI B ClIy4ae HCHOIb30BAHUS
AIIEKTPOJIMTOB) 3aHUMAIOT MPOCTPAHCTBA THJ-
paTHOW KIJIETKH, YTO SIBISIETCS MEXaHU3MOM
MIPEIOTBpAleHUs 00pa30BaHUs THAPATAIIUY T'a-
3aMH WHTUOMTOPOB M, TaKUM 00pa3oM, IMpe-
OTBpallleHUs] aACOPOIMH MOJIEKYN Tra3a 3TUMHU
npoctpaHcTBaMu. llpum 3TOM mperiaraercs
ujiess HEpaBHOMEPHOTO DPACHpENeNICHUsS HHIH-
OUTOPOB Ha MOBEPXHOCTHU BOJBI U B €€ 00BEME,
JUTSs 9€TO C UCTIoNIb30oBaHueM Teopuu [ nboca yr-
BEPXKJAeTCs, 4YTO HKECTKOCTb HWHTHOUTOpa
MeTaHoJa, HanboJiee IUPOKO MPUMEHSIEMOTO B
O6oprbe C rHaparamMu, Ha TMOBEPXHOCTU BOIBI
BBIIIIE, YEM €ro JKECTKOCTh B ee o0beme, U
CUUTAETCS 11eNIeCO00Pa3HbIM yYHUTHIBATh ITOT
(dakrop ipu 60prOE ¢ THApATAMHU.
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Hidratlarla miibarizads
ingibitorlardan istifado mexanizmi

XULASO

Qazlarin hidrat amolo gotirmasinin ingi-
bitorlar vasitasilo garsisinin alinma mexaniz-
mi irali sliriilmiisdiir. Bu mexanizma gors in-
gibitorlarin qazlarin hidrat omolo gotirmo-
sinin qarsisinin alinma mexanizmi kimi ingi-
bitor molekullarinin (elektrolitlordon istifa-
do halinda ionlarin) hidrat qofasi boslugla-
rin1 tutmasi vo belalikls do, gaz molekullari-
nin bu bosluglar torafindon adsorbsiya edil-
mosinin qarsisinin alinmasi gostorilir. Bu-
nunla borabor ingibitorlarin suyun sothindo
vo onun hojminds geyri-barabar paylanmasi
fikri irali siriliir vo bu mogsadlo Gibbs
nozariyyssindon istifado edilorok hidratlarla
miibarizads on genis istifado olunan metanol
ingibitorunun suyun sothindo qatiliginin
onun hgjmindoki qatiligindan artiq oldugu
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bildirilir va bu faktorun hidratlarla

miibarizods nozors alinmasi mogsads uygun
hesab edilir.

Yusifov E.A., Yusifova E.A.

Azerbaijan University of Architecture
and Construction

Mechanism of using inhibitors
in the fight against hydrates

SUMMARY

A mechanism for preventing the formation
of gases with the help of inhibitors is proposed.
According to this mechanism, molecules of the
inhibitor (ions in the case of using electrolytes)
occupy the spaces of the hydrate cell, which is
a mechanism for preventing the formation of
hydration by gases of inhibitors and, thus,
preventing the adsorption of molecules to gas
by these spaces. At the same time, the idea of
uneven distribution of inhibitors on the surface
of water and in its volume is proposed, for
which, using the Gibbs theory, it is argued that
the hardness of the inhibitor methanol, which
1s most widely used in the fight against
hydrates, is higher on the surface of water than
its hardness in its volume, and it is considered
expedient to take this factor into account when
fighting hydrates.

Oms3vi6 0ana Ha cmamuio 00YeHm Kagheopul
«Cmpoumensbcmeo UHHCEHEPHBIX CUCTNEM U
coopyorcenutty A3ACY, C.M. Axbaposa
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HUNDURMORTOBOLI BINALARIN iSTIiLiK SISTEMLORININ
ENERJIi SOMOROLILIYININ ARTIRILMASI USULU

Giris. Hiindiirmortobali binalarda istilik
tochizat1 sistemlorinin quragdirilma sxemlori-
nin sadosliyi vo sistemin enerji gonastli olmast
miihondis sistemlorinin qurasdirilmasinin osas
sartlorindon biridir.

Bozon layihasiz sistemlorin ¢okilisi mon-
zillords yasayan insanlarin hoyat torzino monfi
tosir gostorir vo enerji xarclorin artmasina so-
bab olur, komfort soraitin parametirlori arasina
uygunsuzluq yaradir. Bu iso yeni tikilon hiin-
diirmortabali  binalarin istilik sistemlorido
sxemlorin ¢okilisinds ¢atinliklor yaradir vo sis-
temin rentabelli is rejimi pozulur [5].

Moagqalodo goxmaortaboli binalarda istilik
sistemlorinin istismarinin optimallasdiriimasi
tisullar1 haqqinda sxemlor toklif olunur vo sis-
temin iqtisadi vo enerji potensiali qiymatlondi-
rilir.

Problemin tasviri. Bina morkozlosdirilmis
istilik enerjisi monbayino qosulduqda, istilik sis-
temlorinin 1s rejimlori yiiksok martabali binalar
tictin sistemlordon osasli sokilds forglonir. Sobab
abonentlor arasinda hidrostatik tozyiqin pa-
rametirlorinin doyiskonliyidir [5].

Istilik tochizat1 sistemlorindo duzsuzlas-
dirilmis, dorin yumsaldilmis su névler ilo xa-
rakterizo edilir.

Sobaks avadanliglarinin qizma sathlorinda
enerji dasiyicilarin noqli zamani arpin ¢okmae-
sinin, suda slamin yaranmasinin va daxili sath-
larin korroziyaya ugramasi zamani komaorlarin
en kasik sahaloari tadricon azlir, biu is9 tazyiqin
artmasina sabob olur. Tozyiqin azalmasi ilo
sistemdo su dovrani zaifloyir. Hiindiir mor-
tabalara enerji ¢atismamazlig bas verir. Uygun
olaraq yasayis saholorindo dezkonfort yaranir.
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Bu iso yol verilmozdir. Deyilanlorin garsisinin
alimmas1 liclin soboko suyunun torkibindoki
miloyyon maddolor ya tamamils xaric edilmali,
ya da miioyyon hodds qodor azaldilmalidir.
Orpin vo slamin omolo golmosi ilkin suda
codlug vo qolovilik ionlarinin olmasi ilo
sortlondiyindon bu ionlarin gatiliglarinin mii-
oyyan buraxila bilon hadds godor azaldilmasi
ti¢lin miixtalif metodlardan istifado edilir. Bu
metodlardan istifado etmoklo sistem daxili
cokiintiilorin garsisin1 almaq olur va tozyiqin
sistemdo artmasinin qarsist alinir. Bu zaman
oldo edilmis su keyfiyyotco istilik tochizati
sistemlori tiglin gobul edilmis normativ so-
nadlords nozords tutulmus sortlori 6domalidir
[7].

Moaqalods istilik sobokalori iigiin hazirla-
nan xiisusi torkibli sularin istehsalinin ekoloji
cohatdon tomiz texnoloji sxemlarinin ekoloji
aspektlorinin tohlili verilmisdir.

Binanin asag1 martobalorinds yerloson ci-
hazlar yuxarida yerloson cihazlardan xeyli ytik-
sok tozyiq altinda olur (sok.1). Binanin morts-
bolorinin say1 artdiqca, hiindiirliik farqinin
yaratdig1 hidrostatik tozyiqin istilik cihazlar
liclin icazo verilon maksimum doyari asmasi
ehtimali bir o qodor do yiiksokdir. Mdveud
normativ sonadloro [5] vo Azorbaycanda
timumi gobul edilmis dizayn tocriibasino osa-
son, icazo verilon tozyiq doyari on alverissiz se-
¢im {i¢iin gobul edilir.Istonilon halda sistemda
tozyiq 4-6 bar togkil edir.

Hazirda ¢oxmaoartobali binalar {i¢iin mor-
kozlogdirilmis istilik tochizatinin bir neg¢o tisulu
mdvecuddur:
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Sokil 1. Binanin istilik sisteminin
sxematik diagrami
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Sakil 2. Binanmin zona tizra istilik
sisteminin qurasdirma sxemi.

1) zonanin hiindiirliiyii asag1 soviyyado
yerlason istilik cihazlari va fitinglor {igiin icazo
verilon hidrostatik tozyiqin qiymatils ilo miioy-
yon edildiyi istilik sisteminin saquli ve-
zlyyatinin zonalagdirilmast;

2) cihazlarin qarsisinda tozyiq tonzimloyi-
cilorinin qurasdirilmast;

3) daha yiiksok tozyiqe tab gatirs bilon ci-
hazlarin va fitinqlorin qurasdirilmasi.
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Yuxarida gostorilon iisullarin hor birinin
miioyyon Ustlinliiklori vo manfi cohatlori var [1,
4, 7].

Bu giin Azaorbaycanda on ¢ox yayilmis
iisul istilik sistemlorinin saquli zona iizra qu-
rasdirilmasi tisuludur (sak. 3).

+120000

N

+60.000
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[
-

T 0000
N

Sakil 3. Suyun talab olunan parametriorini
tamin edan alternativ yol.

Sokildo gdstorilon cihazlar zonalar iizro
eyni hidrostatik tozyiq parametrlori tomin edi-
lir, lakin eyni sistemdao istifade edilon borularin
miqdarca artmasi sistemin miirokkabliyi artir
vo material sorfi ¢oxalir. Bundan olavo, mii-
oyyen sartlor daxilinds, zonalara boliinmao sxe-
mina uygun saviyyeler iizro texniki mortobo-
lorin qurasdirilmasina ehtiyac yaranir.

Istilik sistemindo enerji dastyicismin nor-
mada verilon statik tozyiqini tomin etmok ti¢lin
alternativ tisullardan biri kimi — rayonlagdirma
(zonalar {iizro paylama) metodunu noazardon
kegiracoyik. Onun mahiyyati ondan ibaratdir
ki, biitlin sistem {izro yuxart martobado
yerlason qurgular tiglin zoruri olan artiq tozyiq
yaradilir vo asagida yerloson qurgular nozarst
cihazlarindan istifade edorok artiq tozyiqi
azaltmagla qorunur. Bu iisula alternativ olaraq,
artlq tozyiqin borpasimma imkan veron cihaz-
lardan istifado edon istilik sistemloridir [6, 9].
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Istilik sisteminin tonzimlomo sxemi sokil 3 do
gostorilmigdir.

Hiindiirmartabali binalarin istilik sistemle-
rinda tozyiqin tonzimlonmasi yeni {isulu belo-
dir: sistemdo geri qayidis boru komorindo qu-
ragdirilmig hidravlik turbin (1) saftla nasosun
carxina qosulur (2). Giiclondirici nasos (3) yu-
xarida yerlogon istilik cihazlarina istilik verir.
Sonra, artiq tozyiqi olan soyuducu turbindon
kecir (sokil 3-do 1-ci movge). Axinin kinetik
enerjisi saftin firlanma isino ¢evrilir. Sonra axin
kompressor carxina otiiriiliir (2).

Turbin bigaglarindan kegorkon, soyuducu
axmninin artiq tozyiqi islenir. Bu, soyuducu
suyun magbul parametrlorini tomin edir, asagi
yiiksokliklordo yerlogon istilik cihazlarinin
normal islomasini tomin edir, onlarin yiiksok
tozyiq zonasina daxil olmasinin qarsisini alir.
Bu tosir pyezometrik qrafikdo aydin sokildo
niimayis etdirilir (sok. 4).

4
& ¥
b i
0 b
i

i)
Sokil 4. Istilik sisteminin piezometrik grafiki.

Sistemin hidrostatik rejimds islomasini
magistral boru komorindo quragdirilmig sokil
3-do (4-cii boand) nasosu tomin edilir. Nasos
torofindon axin (Sokil 3-do 4-cii bond) turbin
carxin1 horokoto gotirir. Turbinin qosuldugu
valdan golon firlanma momenti kompressora
(2) otiiriiliir vo bununla da istilik sistemindo
talob olunan statik tozyiq qurulur.

Maqalodo toklif edils tisul pillali (rayon-
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lasdirma) metoduna alternativdir vo enerjiyo
gonaot edilmasini oks etdirir [3].

Zonalara boliinmiis yiiksok mortobali bina
V9 artiq tozyiqin barpasina imkan veran bir ci-
hazdan istifado edon sistem ii¢iin imumi gobul
edilmig istilik sisteminin qiymoti miigayiso
edak:

Hiindlirmortabali binanin isitma sistemi-
nin hiindirliiyli m, borusunun diametri mm,
enerji sorfi m¥/saat olarsa, bu zaman istilik sis-
temi layihoasinin hoyata kegirilmosi ii¢lin kapi-
tal qoyulusunu qgiymsatlondirmokon osas ava-
danliglarin istifado edos bilorik. Bu zaman asa-
gidakilari bilmok vacibdir:

- materialin névii;
- giic(nasos) avadanliginin qiymati;
- boru,fitinq vo baglantilar.

Beloliklo, hiindiirmortobali binalarda enerji
tominatin1 hoyata kecirorkon enerji dasiyan
komorlar zonalar iizra bollinorak sistemin istilk
tominatin1 tolob edilon tozyiq vo sorflo tomin
edilir, tolabatcilart miintozom enerji tolabatini
fasilosiz 6doyir.

Qeyd etmok lazimdir zona iizro istilik sis-
teminin qiymotlondirilmasi osason materiallar
sarfindon asilidir.

NOTICO

Aparilmis todqiqatlar naticosindo hiindiir-
mortabali binalarin istilik sistemlorindo artan
tozyiqi tonzimlomoys imkan veran cihazin asas
sxemi hazirlanmigdir. ©nonovi hollorlo mii-
qayisado yeni metoddan istifadonin asagidaki
istlinliiklori miloyyon edilmigdir:

- material sorfi ohomiyyatli dorocodo azaldil-
masini tomin edilir;

- qurasdirilma iglorine, avadanliq vo armaturla-
rin xarclori azaldilir;

- daha zoif gilic nasoslarinin qurasdirilmasi
miimkiin olur;

- sistem torofindon enerji istehlakina qonast
edilmosini tomin edilir;

- olava texniki mortoba tikmays ehtiyac olmur.
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Hiindiirmartabasli binalarin istilik
sistemlorinin enerji somaraliliyinin
artirilmasi iisulu

XULASO

Maqalods hiindiirmoartabali yasayis bina-
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larda istilik sistemlorinin enerji somoraliliyinin
artirilmasi imkanlari nozardon kegirilir. Burada
yiiksok mortobali binalarda istilik sistemlorinin
quragdirilmasi vo istismarinin iisullar1 va istilik
cihazlarinda tazyiqin goflst artmasinin aradan
galdirilmasia yonolmis miihondislik hollori
togdim olunur vo c¢atismayan cohatlori
gostorilir.  Sonda  hiindiirmortoboli  yasayig
binalarinda istilik sistemlarinin istismari tigiin
yeni tisul vo sxemlor toklif olunur va enerjiyo
genast edon texnologiyanin totbiqinin iqtisadi
somaraliliyi qiymaotlondirilir.

Acar sozlar: istilik sistemi, rekuperasiya,
enerji samoaraliliyi, bicaqg mexanizmlori, artiq
tazyiq, enerjiya ganaat, coxmartabali bina.

Alasgharov G.A., Maharramov R.E.

Azerbaijan University of Architecture
and Construction
Email: gulagha.alasgarov@azmiu.edu.az

Method of increasing the energy efficiency
of heating systems of high-rise buildings

SUMMARY

The possibilities of increasing the energy
efficiency of heating systems in high-rise buil-
dings are considered. The article presents the
main methods of operating heating systems in
high-rise buildings and traditional engineering
solutions aimed at eliminating increased pressu-
re in heating devices. The main shortcomings of
existing solutions are indicated. A method for
operating heating systems in high-rise buildings
and a device for implementing it are proposed.
The economic effect of the application of
energy-saving technology is assessed.

Keywords: heating system, recuperation,
energy efficiency, blade mechanisms, excess
pressure, energy saving, multi-storey building.
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Cnoco0 nosbimieHnst 3Heprodgdex-
THBHOCTH CHCTEM OTOILJICHMSI
BBICOTHBIX 3/1aHMIi

PE3IOME

PaCCManI/IBaIOTCSI BO3MOKHOCTH ITOBBIIIC-
HHA SHEPI™ OB(b(l)eKTI/IBHOCTI/I CHUCTEM OTOINICHUA
B BBICOTHBIX 3JaHUAX. B crarbe MpeaACTaBJICHBI
OCHOBHBIE  CITOCOOBI OKCILTyarallui CUCTEM
OTOININICHUSA BBICOTHBIX 3l[aHI/If/'I U TpaauluOH-

UOT 517

HbIE UH)KEHEPHBIE PEILCHMS, HAaPaBJICHHbIC Ha
yCTpaHECHUE TIOBBIIIICHHOTO JABJICHUS B OTOTIH-
TenbHBIX npubopax. [TokazaHbl OCHOBHBIE He-
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INSAAT MUHONDISLIYINDO iSTIFADO EDILON MUHONDIS
RIYAZIYYATININ PRAKTIK OHOMIYYOTI

Giris. Insaat miihondisliyi sahasindo riya-
ziyyat homiso etibarl struktur vo infrastruktur
yaratmaqda osas rol oynamisdir. Giiniimiizdo
riyazi prinsiplorin praktiki tatbigi vo hesablama
metodlarinin inkisafi ilo, miithondis riyaziyyati
ingaat mihondisliyinin ayrilmaz bir hissosi
halina golmisdir. Insaat mithandisliyinda istifa-
do olunan osas riyazi metodlari, onlarin
praktiki totbiglorini vo miihondislik prob-
lemlorinin hallinds oynadiglar1 halledici rolu
aragdirir. Bu sahado istifado olunan riyaziy-
yatin xarakterik xiisusiyyatlori miixtalif mii-
handislik prinsiplorini dastokloyorak struktur
analizindon, materiallarin giiclinii qiymatlon-
dirmakdoan va layihalarin icrasina qadar bir gox
sahodo totbiq olunur. Insaat miihondisliyinda
riyaziyyat hom toqribi ham do doqiq hesab-
lamalar {i¢iin istifado olunur. Bozi hallarda da-
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ha siiratli naticolor aldo etmok {i¢iin toqribi me-
todlar totbiq olunur, masalon, taqribi struktur-
larin giicli vo dayaniqligi kimi. Lakin daha mii-
rokkab vo kritik layihoalords, masalon, korpiile-
rin va binalarin dizayninda, daqiq riyazi hesab-
lamalar talab olunur.

Insaat miithondisliyindo istifado edilon osas
riyazi konsepsiyalar asagidakilardir:

1. Struktur hesablamalar1 vo tohliikosizlik.
Insaat miihondisliyinda, binalar va digor struk-
tur elementlori dizayn edilorkon, onlarin giic vo
dayaniqliligr daqiq hesablamalarla miisyyan
edilir. Miihondis riyaziyyati, xiisuson statika vo
dinamika saholorindo genis sokildo istifado
olunur. Statikada, strukturun bir noqtedoki vo
ya timumilikdoki qiivvalora neco cavab verdiyi
hesablanir. Dinamikada is9, struktura tasir edon
doyiskon va horokatli qiivvalor nazors alinir.
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Riyazi hesablamalar vasitosilo, miithon-
dislor miixtalif yiik névlorini (Slgtilori, agirhq-
lar1, siiratlori vo s.) tohlil edir vo bu yiliko gora
strukturlarin na doracods dayaniqhi oldugunu
miioyyon edirlor. Moasalon, bir binanin hor han-
s1 bir zalzaloya qarsi neca reaksiya veracayini
giymatlondirmak iiglin diferensial tonliklor vo
vibrasiya analizi kimi miirokkob riyazi m-
etodlar istifado olunur. Bir ¢oxmartabali bina-
nin zolzolo zamani neco reaksiya veracoyini
Oyronmok {i¢iin, binanin dinamik xiisusiyyatlo-
rini qiymotlondiron frekanz yoni vibrasiya
dovrii vo modulyasiya hesablamalar1 aparilir.
Bu hesablamalar, binanin zaif ndqtalorini agkar
etmoyo vo giiclondirmalor aparmaga komok
edir, tohliikoesizlik tominatini artirir vo potensial
folakatlorin garsisini alir. [5]

2. Materiallarin tohlili vo secimi. Insaat
miithondisliyindo istifado olunan materiallarin
secimi do miihondis riyaziyyatina osaslanir.
Strukturda istifado olunacaq materiallarin
mohkomliyi, elastikliyi, vo doziimliliyii ¢ox
vacibdir. Miihondis riyaziyyati, materialin stres
vo deformasiya xiisusiyyetlorini miioyyon
etmoyo komok edir. Masalon, beton vo polad
kimi materiallar miixtalif gorginliklor altinda
neco davranir, hansi soraitdo ¢atlama riski
yaranir vo ya hansi soraitdo elastik xassalor
gorunur — bu ciir suallarin cavablari riyazi mo-
dellor vo hesablamalarla tapilir. Miihondis riya-
ziyyati, homgcinin materialin qiymoati ilo
strukturun dayaniqligini slagslondirarok iqti-
sadi baximdan on optimal se¢imi etmoyo ko-
mok edir.

3. Hidravlik vo otraf miihit hesablamalari.
Insaat miihondisliyinin bir digar miihiim sahosi
do hidravlik sistemlorin layihslondirilmasidir.
Su tochizati, kanalizasiya sistemlori vo ya su
anbarlar1 kimi layihalords, suyun axini, tazyiqi
vo digor parametrlor mithondis riyaziyyati ilo
modellosdirilir. Bu sahodo on c¢ox istifads
edilon riyazi metodlar arasinda Bernulli tonliyi
va hidrodinamik analiz yer alir. Bundan olavo,
insaatin otraf miihito tosirlorinin qiymotlondi-
rilmasi do miihandis riyaziyyatinin totbiqini to-
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lob edir. Insaatin yeralti su aximina, torpaq
strukturlarina vo hava keyfiyyatino tosiri nozo-
ro alinmali vo bu tosirlor statistik modellarls
giymaotlondirilmalidir. [3] Riyazi modellar, la-
yiholorin ekoloji dayaniqliligini tomin etmok
ticlin vacibdir. Hidravlik hesablamalar suyun
horakotini, tozyiqi, axini va digor su ilo slagoali
parametrlori miioyyon etmok {i¢iin istifado
olunur. Bu hesablamalar su tochizati sistemlori,
drenaj sobokolori, dasqin nozarat strukturlart vo
su tomizloma qurgularinin dizayninda miithiim
rol oynayir. Masolon, suyun miioyyon bir bol-
goyo catdirilmasi iigiin boru komarlorinin diiz-
giin dizayni, suyun axis siiratinin va tozyiqinin
diizglin hesablanmasi, dasqinlarin qarsisini al-
magq l¢iin strukturlarin giiclinii vo dayanigqligi-
n1 tomin etmok ii¢iin hidravlik modellordan is-
tifado edilir. Burada on ¢ox istifado edilon for-
mullardan biri Darcy-Weisbach tonliyidir. Bu
tonlik boru kamarinds suyun axis siiratini he-
sablamagq {i¢iin istifado edilir. Boru koamorindo
axin slratini tapmaq Ugiin asagidaki formulu
istifado edirik:
L pv?

AP=rp

Burada: AP — tozyiq forqi (Pa); f firlanma frik-
siyasinin omsal1 (Darcy firlanma omsali); L —
boru komorinin uzunlugu (m); D — borunun
diametri (m); p — suyun sixlig1 (kg/m?); v —axin
stirati (m/s).

Hidravlik sobokolorin tohlili iigilin suyun
axisinin va tozyiqinin miiayyan bir bolgaya cat-
dirtlmasini tomin edon digor bir miihiim ele-
ment soboko analizi vo soboko modelidir. Bu
model, axin siirotinin vo tozyiqinin miixtolif
hissolordo neco doyisocoyini miioyyon edir.
Bunun {iglin asagidaki prinsiplordon istifads
olunur:

Axinin Qorunmast: Axin, sobakadaki hor
hans1 bir noqtods qorunur. Yoni, hor hansi bir
borunun daxil olan axin miqdart ¢ixan axin
miqdarina barabar olmalidir.

Qin=Qout
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burada Q - axin migdaridir (m?/s).

Tozyiqin Qorunmasi (Bernoulli Tonliyi):
Bernoulli tonliyi, boru komorinds tozyiqin,
stiratin vo yiiksoklik forqinin neco doyisdiyini
toyin edir. Bu tonlik, borudaki axin gortlorinin
tazyiqi neca tasir etdiyini gostarir.

1
P+ Epv2 + pgh = consant

Bu tonlikdan istifado edorak, axin siirati
vo tozyiq forqini hesablayaraq boru komarinin
dizaynin1 optimallagdirmaq miimkiindiir.

Burada: P — tozyiq (Pa); p — sixliq
(kg/m?); v — axin siirati (m/s); g — yerin caziba
stirati (m/s?); h — yiiksoklik (m).

Insaat mithendisliyi layiholorindo otraf mii-
hitin qorunmasi vo ekosistemlora olan tosirin
minimuma endirilmasi {i¢lin otraf miihit hesab-
lamalar1 miihiim ohomiyyot kosb edir. Bu
hesablamalar layiholorin otraf miihito tosirini
giymotlondirir, masalon, su vo hava cirkliliyi,
sas-kiiy vo torpaq istifadasi. Otraf miihit hesab-
lamalar1 homg¢inin layihslorin davamliliq prin-
siplorino uygun sokildo dizayn edilmasini tomin
edir. mosalon, tobii resurslarin somorali isti-
fadosi, tullantilarin azaldilmasi va ekosistems
zororin qarsisinin alimmasi. Hidravlik hesab-
lamalar infrastrukturun tohliikesizliyini, otraf
miihit hesablamalar iso insaatin ekosistema zo-
ror vermamasini tomin edir. Natico olaraq, hid-
ravlik vo otraf miihit hesablamalar1 insaat mii-
handisliyindo hom strukturun funksionalligini
tomin etmok, hom do ekoloji dayaniqliligr qo-
rumaq baximindan vacib alotlordir [4].

4. Zaman vo mokanin optimallagdirilmasi.
Insaat layiholorinin somaorali vo vaxtinda ho-
yata kegirilmosi iiglin zamanin vo mokanin
diizgiin idars edilmasi liclin mithondis riyaziy-
yati totbiq olunur. Optimallasdirma alqoritmlo-
ri, insaatin biidcasini, zamanini vo resurslarini
balanslagdirmaq tli¢lin miihiim vasitadir. Mii-
hondis riyaziyyati, layitho menecerlorino risk-
lori miioyyon etmok vo bunlari minimuma en-
dirmok {iciin lazimi alatlori togdim edir. Insaat
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layiholorinin tochizat zoncirinin optimallas-
dirilmasi, materiallarin zamaninda alinmasi va
ig gliclinlin somorali istifadosi li¢lin idaroetmo
riyaziyyati va proqramlasdirma metodlari
(masalon, kritik yol analizi - CPM) istifads olu-
nur. Bu metodlar, layihonin morhololorini on
somarali sokildo planlasdirmaga komok edir.
Bir tikinti layihasi {i¢iin lazim olan materiallar
vo 1s giicli nozors aliaraq, miithondislor kritik
yol analizi ilo layihonin tamamlanma vaxtini
optimallasdirirlar [1].

5. Tikinti xarclari vo resurslarin idars edil-
mosi. Insaat layiholorinin on bdyiik cagiri-
larindan biri do maliyys resurslarinin diizgiin
idaro edilmosidir. Miithandislik layihalarindo,
materiallarin vo is¢i qiivvasinin optimallasdi-
rilmasi, layiho dovrii orzindo xarclorin nozarat
altinda saxlanilmasi, lineer proqramlagdirma
vo optimallasdirma kimi metodlarla hoyata ke-
cirilir. Bu, yalniz maliyys somaraliliyini artir-
magqla yanasi, layiholorin gecikmosinin vo ya
artiq xarclorin qarsisini alir. Mithondislorin ma-
teriallarin mohkomliyini vo dayanmigqligini qiy-
moatlondirmak {igiin apardiqlar riyazi hesabla-
malar strukturlar iiclin on uygun materialin
secilmasine komok edir. Biitiin bu prosesdo
optimizasiya metodlari miihiim rol oynayir.
Material xorclorini minimuma endirmok {i¢iin,
mithondislor ¢ox vaxt linear proqramlasdirma,
genetik alqoritmlor vo masolo halli optimal-
lagdirma metodlarindan istifads edirlor. Bir la-
yihado iki miixtolif material se¢imi (beton vo
polad) nozordon kecirilir. Riyazi optimal-
lagdirma vasitasilo, miihondislar, hans1 materi-
alin daha somarali vo gonaastli oldugunu hesab-
layaraq, xorclori azalda bilarlor [2].

NOTIiCO

Insaat miihondisliyindo miihondis riyaziy-
yatinin ohamiyyati inkar edilmazdir. Miiasir
miihondislik problemlorinin hallinds, riyazi
metodlarin totbiqi, dayanigl, tohliikesiz vo in-
novativ ingaat hollorinin yaradilmasina imkan
verir. Galacakds, ragomsal texnologiyalarin va
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hesablama metodlarinin daha da inkisafi ilo,
miihondis riyaziyyatinin insaat sektorunda rolu
daha da artacaq. Kompleks insaat layihslorinin
riyazi modellogdirilmosi, optimallagdirilmast
vo simulyasiyasi, miithondis riyaziyyatinin da-
im inkisaf edon vo ovozolunmaz bir saho ol-
dugunu tosdiqgloyir. Miihondis riyaziyyatinin
tohlil vo hesablamalarda istifadossi, hom do in-
saat layiholorinin daha dayaniqli vo uzunmiid-
dotli olmasina sorait yaradir. Gilindolik insaat
proseslorinin effektivliyini artirmaq, tohliike-
sizlik standartlarina uygunlugu tomin etmok,
vo ekoloji tosirlori minimuma endirmok ti¢lin
riyazi modellorin vo hesablamalarin totbiqi
vacibdir. Bununla yanasi, ingsaat miithondislori
bu riyazi alotlori istifado edorok layiho resurs-
larin1 daha somarali idars edo, vaxti optimallas-
dira vo biidconi uygun sakilda planlaya bilorlor.
Beloliklo, miihondis riyaziyyatinin totbiqi, hom
miihondislorin isini asanlasdirir, hom do natico
etibarilo daha etibarli, dayanigli vo uzunémidirlii
infrastruktur layihslorinin hoyata kegirilmasini
tomin edir.
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Insaat miihandisliyinds istifado
edilon miihandis riyaziyyatinin
praktik shomiyyati

XULASO

Insaat mithondisliyi sahesi, miiasir comiy-
yatin inkisafinda osas rol oynayan miihondislik
saholorindon biri olub, binalarin, korpiilerin,
yol infrastrukturlarinin vo digor miihondislik
layiholorinin layiholondirilmaesi, tikilmasi vo
saxlanilmasinda miihiim vozifolori yerino ye-
tirir. Insaat mithondisliyindo riyaziyyatmn tot-
biqi, layihoalorin struktur tohliikosizliyinin to-
min olunmasindan tutmus, resurslarin somarali
istifadesine qodor bir ¢ox sahado mithiim oho-
miyyot kasb edir. Riyaziyyat, strukturlarin da-
styici gabiliyyatinin hesablanmasindan basla-
yaraq, material se¢imi, yliik paylanmasi, tikinti
xarclorinin optimallagdirilmasi vo vaxt codval-
lorinin tortibino godor miixtalif saholordo mii-
hiim vasito kimi ¢ixis edir. Eyni zamanda, riya-
zi yanasmalar miihondislors tohliiko risklorini
azaltmagq, resurslardan somarali istifads etmok
va dovlat tonzimlomalorine uygunluq tomin et-
mokdo dastak olur.

Acar sozlar: insaat miihondisliyi, miihon-
dis riyaziyyati, struktur analiz, differensial ton-
liklor, sonlu element metodu, optimallagdirma

Practical importance of engineering
mathematics used in civil engineering

SUMMARY

Civil engineering is one of the engineer-
ing disciplines that plays a key role in the de-
velopment of modern society, performing im-
portant tasks in the design, construction and
maintenance of buildings, bridges, road infra-
structure and other engineering projects. The
application of mathematics in civil engineering
is of great importance in many areas, from en-
suring the structural safety of projects to the ef-
ficient use of resources. Mathematics acts as an
important tool in various fields, starting from
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calculating the bearing capacity of structures to
material selection, load distribution, optimiza-
tion of construction costs and preparation of
time schedules. At the same time, mathematical
approaches support engineers in reducing haz-
ard risks, using resources efficiently and ensur-
ing compliance with government regulations.
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Keywords: civil engineering, engineering
mathematics, structural analysis, differential
equations, finite element method, optimization.
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DONiZ HIDROTEXNiKi QURGULARINDA TOK SVAY DAYAGININ VO SVAY
CORGOLORININ BUNOVRO QRUNTLARINDA YARATDIGI GORGINLIKLi-
DEFORMASIYA ZONASININ NIUOYYONLOSDIRILMOSI

Giris. Doniz miihitindo ¢alinma motodu
ilo tikilon svay dayaqlar1 daha ¢ox domir-be-
tondan, metaldan, az hallarda iso agacdan vo
basga materiallardan hazirlanmis 6ziillorlo bii-
novra qruntuna borkidilir. Homin qurgularin
zoif biindvro qruntlart {izorinde layiholondiril-
mo hallarinda onlarin ¢okilari vo iizoring tosir
edon yiiklor dayanigl strukturlu qrunt tobaqe-
sino ¢alinma metodu ilo vurulan svaylarla
otliriiliir[1]. Qazma-tokmo metodu ilo tikilon
svay Oziillori do belo mosalolordo xiisusi rol
oynayirlar. Hom ¢alinma, hom do gazma-tokmo
tisulu ils tikilon svaylarin biindvre qruntlarina
tosirlorindaki forqli cohat odur ki, ¢galinma svay
dayaqlart vurulduqgcan, biinévradoki qruntlari
gorginlikli-deformasiya voziyystindo saxlayir,
qazma-tokma svay dayaqlar tikildikds is9, in-
saat prosesindo svay1 ohato edon qruntda gor-
ginlikli voziyyst yaranmir. Belo ki, ¢alinma
svay dayaqlarinin tikintisi dévriindoe biindvro-
doki qrunt ham zarbonin tesirine moruz qalir,
hom do ¢alinma dorinliyi boyunca sixilma to-
sind moruz qalmig olar. Qazma-tokma novli
svaylar tikildikcon svay dayaqlarinin yerlogmis
olduglar1 qrunt kiitlolori qazilmagla kenara ¢1-
xarilir [2]. Belo svay dayaqlarinin qazilmis qu-
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yularina qoyulan anker karsinin(borusunun) vo
tokiilocok sement, yaxud beton mohlulunun
malik oldugu ¢okisinin tosir yiiklori biindvra-
doki gruntlara tosir etmis olur.

Problemin qoyulusu. Doniz hidrotexniki
qurgularinin biindvrasini togkil edon qrunt lay-
larindan tistdoki tobaqosi six (bork), altdaki to-
bago isa dayanigsiz strukturlu qruntlardan tos-
kil olunarsa, toklikdo vo corgolordo vurulan
svaylarin bork tobaqo lizro yerlogsmosi (sokil 1)
qurguya yonalon tasirlorin ylik formasinda zoif
grunt tobogosinin sothing Otiiriilmasi, bu ciir
svaylarin yiikgbtiirma qabiliyystine yoxlanil-
mast etibarliliq baximindan praktiki ohomiy-
yotlidir [6]. Indiyodok aparilmis todqiqgat islo-
rinds bu ciir masalalorin halli ilo az rastlagilir.
Xiisusila sahilyani orazilords liman hidrotexni-
ki qurgularindaki svaylarin vuruldugu biindvra
qruntunda zaif tabagoali qruntun sathino Otiirii-
lon miintozom yiikiin intensivliyini, svaylarin
handasi yerlosmo movqelorindon asili miioy-
yonlosdirmok oldugca miirokkab vo ¢atindir.

Problemin halli. Torsans vo yanalma tipli
qurgularda hom tok-tok vurulan svaylarin, hom
da rostverqli corgo svaylarmin qrunt miihitine
goro daha doqiq hesablana bilmasi olduqgca
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vacibdir. Markozi oxu tizro N saquli qiivve-
sinin tosirino moruzqalan diison tok svayin
asagidaki ucundan (bork qrunt layima /4> dorin-
liyindo ¢alinmig) baglamagla, zoif qrunt to-
bogasinin sathineg 6tiiriilon tozyiq homin tozyiq
sothinin dairovi formada (sokil 1, a) oldugu
nozors alinaraq asagidaki diisturla toyin oluna
bilor[4]:
4N

i 7(0,891a)* " M
harada ki, a - zoif voziyystdoki qrunt tobaqge-
sinin sothinds olan tozyiq sahasinin diametri
olub, svay dayaginin asagi ucu soviyyasindon
bu tobogonin sothinadok olan 4; dorinliyinin
1,5 misli qodor gotiiriiliir: a=1,5h;.

P tozyiqini taparkon svay dayaginin 6zii-
niin ¢okisini do nozors alimaq vacibdir. Onda
(1) diisturunu agagidaki kimi yazmaq olar:

2
4 N+g ™ .
3 4 AN +yrd/

~ 7(0,891x1,5h,)°  1,7866h’7

2)

burada: d - silindr formasina malik svay daya-
ginin eninod kosiyinin diametri; / - svay dayagi-
nin tam uzunlugu; y - svay dayagi materialinin
hacmi ¢okisidir.

Svayli corgalordon zoif voziyyotdo olan
tobogo qruntunun soth miistovisine Otiiriilon
tozyiq yikiiniin intensivliyi molumdur ki, asa-
gidaki sokilda tapilir:

P = 4N/nd’ 3)
a - corgadoki svaylarin morkozindon kegon
oxlar arasinda olan mosafadir (sokil 1, b); NV -
bir odod svay dayagina diison saquli
istigamatds yuxaridan asagiya dogru yonolon
tozyiq qiivvosidir.

Lakin bels tozyiq yiiklorini doqiqliyi ilo
toyin etmokdon o6trii svaylarin har birindon
diison yiikii nozors almaqla p tozyiqi tapilir:
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2
4( N4y 70 zj )
4 4N d
. o

Zoif olan grunt tobagosinin iizorino yono-
lon tazyiq yiikiinii tapmagqla, homin qrunt mii-
hitinin hesabi-mexaniki parametrlorino osason
bu ciir svaylardan diison yiiklori dasiyib-dasi-
mamasi miioyyon oluna bilor. Belo proseso
Fransadaki Sena ¢ayinda subasar zonada tikil-
on svay Ozillorinin iizorinde yerlogon qur-
gularda bag veron gozani misal gostors bilorik.
Bu gozanin bas verdiyi vaxt svay dayagindan
zaif tobagali qrunt miihitinin sothino Otiiriilon
tozyiq ylikiinlin diizglin hesablana bilmomasi
va bu yiikiin nozore alinmamasi qurgunun yiik
tosirini qobul edon hissasindo ¢okmasi ilo no-
ticolonmisdir.

Doniz hidrotexniki qurgularinda svay
Oziillori liglin oan 6nomli masalalordon biri do
bu svaylarin biindvrasindoki qrunt miihitindo
yaranan gorginlikli - deformasiya zonasinin
ohato dairasinin miioyyonlosdilmasidir. Calin-
ma metodu ilo tikilo bilon svay dayaglar saqu-
li istigamatds vuruldugcan biindvra qruntunun
sothindon baslamagqla, svayin xaricinds saquli
soth xattino nozoran a bucag: ilo shatslonan
(orta hesabla 30°-lik) qrunt miihituni gorgin-
likli-deformasiya voziyyotindo saxlamis olur
[5]. Ancaq realliq onu gostorir ki, doniz suyu-
nun da agirligi birinci lay blindvra qruntunun
sothina diisdiiylindon, bu su miihitini homin la-
ya gora avaz eda bilon ekvivalent qruntun sot-
hindo a=30° ohato bucagmin gétiiriilmosi va-
cib hesab edilmalidir.

Belo gorginlikli-deformasiya vaziyyati sva-
yin tam ¢alinmasindan sonra agagi ucunun so-
viyyesinadak davam etmis olur. Svay dayaginin
hamin uclugundan asagidaki darinliklards nor-
mal gorginliyin maksimal ordinat1 svayin mar-
kozi oxu boyunca altinda yaranir vo agagidaki
ifada ilo tayin edilir (sokil 2, a):
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Sakil 1. Daniz hidrotexniki qurgularinin ¢alinma metodu ila tikilan tok svay dayaginin
va svayli cargalarin altda yerlagon zaif qrunt tabaqasinin sath miistavisina otiiriilon
tazyiq yiikiintin tayin olunma sxemi

2
o = 4 -7 L (5)
ar d? d?
4

burada: ¢ - svay dayaginin tam hiindiirliiyi-
diir Gorginlikli-deformasiya zonasmin silin-
drik formal1 svay dayaqlarinin xarici sothindon
ohato olunma radiusunu A.A. Ludun todqigat-
lar1 ilo agagidak diisturla hesablamagq olar [3]:

- \/%(el hy )tge ©
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Homin radius handosi yolla doqiq r=/,tga

diisturu ils tapila bilir. Svay dayaginin markozi
oxundan homin zonanin ohato olunma ra-
diusunu 1s9 asagidaki diisturla tapmagq olar:

%d +r =%+(£1+hek)tga, (7)

burada, /e - doniz suyunun biindvradoki 1-ci
grunt tobagosino ekvivalent olan dorinliyidir:
h=Hyw/yq;, H - donizin dorinliyi; yw Vo ygr -
doniz suyunun vo biindvro qruntunun hocmi
¢okiloridir; /,- svayn biindvra qruntuna ¢a-
linma dorinliyidir.
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Sakil 2. Doniz HTQ-db tok svayin va svay cargalarinin timumi hal ti¢iin
gorginlikli-deformasiya zonalarmmin tayin olunma sxemlori
Svay dayaglarinin asagidaki ucunun altin- raq, oy ordinatini tapa bilorik:
da gorginliklorin epiirlorinin  kosigsmasinin
R<a<2R sorti daxilinds (sokil 2, b), epiirlorin , a
kasigsmo sahosindon alinmis BCDF diizbucag- O = 2- E Oy =
lisinda FD=BC= oy, ordinat1 agagidaki kimi ta-
pila bilor. a
a — svay dayaqglarinin morkozi oxlarinin 21— x (8)
arasindaki tifiiqi moesafadir. Epiirlordoki AABE 2 (7/ ol +7H )tga tyed
va AFBD diizbucaqli iicbucaqglarinin oxsarliq AN
olamotlorindon yazmagq olar: X| —+ 7yl |<o
7Z'd2 qr

a

FD_FB. Oy 2R-a_,
AE 4B’ o, R R

Masalanin baxilan bu halinda /<a/R<2 olar.
(6) vo (7) -ni sonuncu diisturda nozors ala-
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Yekun normal garginlik epiiriinii masals-
nin bu halindpa almaq ti¢iin epiirlordo kosison
ordinatlarin comlonma iisulundan istifads edi-
lir [8]. Yoni, bir saquli xott boyunca lst-iisto
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diismiis ordinatlar comlonmoklo, digor hisso-
lars olava edilmalidir.

Doniz hidrotexniki qurgularinin ii¢ corgali
vurulan svay dayaglari ti¢iin corgoalorin (svayla-
rin) arasindaki ¢ mosafosinin, normal gorginlik
epliriiniin yayilmasinin R ohatos radiusundan ki-
¢ik olan halinda (a<R), yekun gorginliyin epiirii
qurulur (sokil 2, c).

Yuxaridaki qeyd edilon qaydalarda yekun
gorginliyin epliriiniin qurulma prosesindon
sonra kontur xottinin smiqgxotli formada alin-
mas1 malum olur. Normal gorginliyin hamin si-
nigxatli epiirds li¢ adod mohcul ordinat (o, o,
o2 va o3) vardir. Homin ordinatlarin har biri
diizbucaqli iigbucaqlardaki oxsarliq ganununa
asason toyin olunur.

AACD ~ AABE oldugu tigiin:
BE AB, o, a
CD AC’ o, R

qr

vaya
a
Glzﬁ ar =
_ 2ay,, y
2(yg ity H)toaty,d O
4N
X| —5+y/
(ndz ’ j
ABSK ~ABCF oldugu igiin:

Cr _BC. g_R_a_]_E-
CK BS" o, R R’
CFZ[J—E)%;

R
02=CD+CF; CD=oy;,
0, =04 + R Oy =
(10)

:(2—%)% >0y,
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ACGD ~ ASGQ oldugundan:

SQ_S6 50 R-a_, a

CD CG' o'_qr_ R R

SO = ( ] ;) .o,; 0r=SK+25Q; SK=oy;
O3 =0y +2(1—%j-0qr =

oo

(5) vo (7) ifadalorini (11)-ds yerina yazsaq,
alarq:

(11)

(o 4a AN
1 {3 2(€1+hek)tga+dJ(7m’2 +7€] (12)

Tok svay dayaqlarinin vo svayli corgalorin
yerlosmo movgelorinin xiisusi hallarda arag-
dirilmasi olduqca boylik shomiyyat edir. Tok
svay dayaqlar ii¢lin a=2R oldugu halda nor-
mal gorginlik epiirlorinin konar ndqtalori ist-
isto diismiis olur (sokil 3, a) vo svaylardan heg
birinin ylikgbtiirma gabiliyyatinds azalma bas
vermir. Iki corgo ilo vurulan svaylarda a=R ol-
dugu halda homin sorti (11) diisturunda yerina
yazaraq o3=o0y- oldugunu (sakil 3, b) vo svay-
lar aras1 masafs boyunca normal gorginliyin
qiymati sabit qalir.

Dorin salinan svay dayaqglarindan konar
toraflora dogru normal gorginliyin epiirlori
diizbucagli iicbucaq formasinda olurlar [7]. Ug
corgs ilo calinan svaylarda a=R olduqda, (5),
(9), (10) va (11) ifadslorindon normal gorginli-
yin sabit qaldig1 molum olur: o7 =c=03=0y-
Bels ki, bu halda svay dayaqlar1 arasindaki mo-
safo boyunca alt hissesindoki zonada gorginlik
eplriiniin ordinati sabit voziyyatdo qalir (sokil
3, ¢). Tadqiqatlarla biindvre qruntunun belo vo-
ziyyatlords stabil yliklonmosinin miioyyanlos-
dirilmasi, layihalondirilmo prosesi {li¢iin oldug-
ca olverisli gorait yaradir.
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Sokil 3. Tok svay dayaginin va svayli cargalarin xiisusi hallarda garginlikli va
deformasiyali zonalarinin miiayyanlasdirilma sxemlori

Homginin bels todqiqat islori imkan verir
ki, svay dayaqlarinin asag1 ucunun soviyyasin-
don baslayaraq ixtiyari dorinlikde yaranacaq
maosalalorin daha doqiq hall olunmasi svay 6ziil-
lorinin iistlindo quragdirilan doniz hidrotex tex-
niki qurgularinin dayanigliginin vo méhkom-
liyinin tominat1 {i¢iin oldugca ohamiyyat kasb
edir. Bu todqgiqat metodikas1 elocods korpii-
lorin, digar hidrotexniki qurgularim v yiiksok
mortabali binalarin biindvradas svay 6ziillari ilo
mohkomlandirilma masalalorinds helledici rol
oynaya bilor.
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XULASO

Doniz hidrotexniki qurgularinin biindvroe-
sindo ¢alinma metodu ilo tikilon tok svay daya-
ginin vo svay coargoalorinin bork qrunt miihitin-
do gorginlikli-deformasiya zonasit miioyyon
edilir. Homginin zaif qrunt tobogoasinin sathino
svaylar vasitasilo otiiriilon yiikiin intensivliyi
toyin olunur. Doniz miihitinin biinévra qrun-
tunda yaratdigi gorginlikli-deformasiya tosiri
nozora alinmagla, ¢alinma metodu ilo tikintisi
hoyata kegcirilon svay dayaqlariin asag1 uclari
soviyyesindo sabit qala  bilon normal gor-
ginliki vaziyyat liglin svaylarin morkozi oxlari
arasindaki masafalori tapmaq miimkiin olur.

Acar sozlar: tok svay dayagi, svay cargo-
lari, gorginlikli-deformasiya zonasi, ahata ra-
diusu, normal garginlik epiirii, sabit garginlikli
viiklonma

PE3IOME

OmnpeneneHa HaPsHKEHHO - Ae(pOpMHUpPO-
BaHHAsl 30HAa OJJMHOYHOM CBaWHOM OIIOPBI U Psi-
JIOB CBaif, BO3BOJMMBIX METOJOM 3a0MBKHU B
OCHOBaHUU MOPCKHMX THIPOTEXHUYECKHUX CO-
OpYKEHHMI B Cpelle MPOYHOro rpyHra. Taxxke
OIpeJieJieHa NHTEHCUBHOCTh Harpy3ku, Inepe-
JlaBaeMOM CBas MM Ha IOBEPXHOCTh ciIaboro
CJIOSl TPYHTA. YUUThIBas HapsKEHHO-Aehop-
MHUPOBaHHOE BO3JI€HCTBHE MOPCKOW Cpelbl Ha
TPYHT OCHOBaHHs, MOKHO HAaWTU PaCCTOSHUS
MEXy LIEHTPAJIbHBIMU OCSMH CBail I HOp-
MaJbHOTO HAIPSKEHHOIO COCTOSHUS, KOTOPOE
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MOJKET OCTaBaThCs IMOCTOSHHBIM Ha YpPOBHE
HUKHUX KOHIIOB CBaliHBIX OIIOP, BO3BOJUMBIX
METOIOM 3a0MBKH.

Knwuesvie cnosa: Oounounas ceatinas
onopa, psaosl c8atl, 30Ha HANPANCEHHO-0eqhop-
MUPOBAHHO20 COCMOSANUSL, PAOUYC NOKPLIMUS,
ONIOPA HOPMATILHBIX HANPSIICEHUL, NOCMOSIH-
HAsl Ha2py3Ka

SUMMARY

The stress-strain zone of a single pile sup-
port and pile rows constructed by the driving
method in the foundation of offshore hydraulic
structures is determined in the solid soil env-
ironment. The intensity of the load transmitted
by the piles to the surface of the weak soil layer
is also determined. Taking into account the
stress-strain effect of the marine environment
on the foundation soil, it is possible to find the
distances between the central axes of the piles
for a normal stress state that can remain
constant at the level of the lower ends of the
pile supports constructed by the driving
method.

Keywords: single pile support, pile rows,
Stress-strain zone, coverage radius, normal
stress diagram, constant stress loading.

Mbaqalaya Neftqazelmitadqiqatlayiha
Institutunun Neftgazmadon qurgularinin
diagnostikasi sobasinin aparict elmi isgisi
dos. L.F. Aslanov ray vermigdir.
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USAQ MOKANLARININ SSENARI YANASMA
METODU iL© MODELLOSMOSI

Pedaqoji dizaynin psixoloji vo pedaqoji
aspektlori géz qarsisinda alaraq, 9sas moq-
sadlora kodmok olan bir dizayn madoniyyati
{iciin bir sahado yaratmanizi tomin edar. Isti-
rake¢ilarin fordi inkisaflarinin inkisafi, psixo-
loji bir iqlim yaradilmasi vo yaradici bir fo-
aliyyot atmosferi vo komanda iizvlorinin
mohsuldarligy, fordi inkisaf ilo maraqlanan vo
kollektiv mogsad vo hodoflors ¢atan icma
tizvlorinin meydana golmosindo dizayn bu
anda pedaqoji foaliyyotin ohomiyyotli bir
komponenti olaraq qobul edilmoakdadir [1].

T. Novikov bildirib ki, "Dizayn model-
losdirmasi har bir bilik dolgunlugu olan mii-
vafiq obyektlorin idars olunmasini tomin
edir" [2]. Insan biliklorinin hazirki morhalosi
modellosdirms ideyalarinin intensiv inkisafi
ilo xarakterizo olunur. Miiasir sosial-modani
vaziyyata gora, tohsil miiassisalorinda tohsil
mozmununun alternativ modellorinin inkisa-
f1, tohsil vo yeni doyarlorin dyronilmasi Rusi-
ya tohsil sisteminds tohsilin inkisafi federal
programinin osas istigamatlorindon biri kimi
muoyyanlogdirilir.

Modellosdirma metodu strukturun, ida-
roetmo metodlarinin, montiqin islonmasini
yaxsilagdirmaq tigiin real obyektlorin vo ha-
disalorin qurulmasi va ya qurulmast {igiin ob-
yekt modellorinin tikintisi vo dyronilmasini
tolab edir. Bu model innovasiya rejimindo
mUlayyaon bir prosesi miioyyonlosdirmak vo
prognozlasdirmagq ii¢iin miixtalif yeniliklorin
imumi tosirini tomin edir [3].

Model tadrisinds avoz va banzarlik dero-

cosi ilo obyektin xiisusiyyotlorini bilmok
moqsadi oks etdiron todqiqatgt sistemi yarat-
maq vo ya se¢mok, todqiq etmak, bu movzu-
da malumat olds etmak iiciin dolay1 yoldur vo
unikal biliklara ¢evrilmis malumatlari tomin
etdirmok, obyekt va tocriibi tosdiglomoani to-
min etmoak {i¢iin istifado olunur. Bir modelin
yaradilmasi kiitlo vo ford arasindaki alagonin
umumi elmi prinsipini miayyanloasdirir. Mo-
del - birlogsmalor vo qarsiligl tesirlor yarat-
magla yeni bir keyfiyyat oldo etmok olar.

Bir model reallig1 abstraksiya soviyyosi-
na, yani ideal bir goriintays oks etdiron bir to-
rifdir. S6ziin genis monasinda bir model
"ovoz", "ovazetmo" (zehni va ya sorti: hor han-
st bir obyekt, proses vo ya fenomenin tosviri,
torifi, sxemi vo s.) kimi istifado olunan hor
hanst bir gortintiidiir.

Model formalariin niimayondsliyi ¢ox
muxtalifdir vo magsads uygun golir: zehni vo
sxematik, izahat, diagram, rosm, plan, proq-
ram, xarita. Modellogdirmos ehtimali onun go-
rintis modeli (model istehsal edon) 6ziini
gOstormomoasi, orijinal modellarin naticalari-
nin tikinti vo istismara verilmasi, bu xarite-
losma obyektlorin vo digor obyektlorin "asli"
vo agiq vo ya Ortiilii 1s ¢or¢ivoasindo onlarin
arasinda (imumiyyatle nazari vo ya empirik)
Umumilagdirilmasine dair avvolcadan Oyro-
nilmasino asaslanir. Bu sababla, ekoloji mo-
doaniyyatin kosmos inkisafinin ugurlu simul-
yasiyasi iigiin sadolik modellorini meydana
gotirorkon sorhodlorini gostoron, proseslor,
hadisalarin va hipotezlor bu anki nozariyyo-
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lars tolob edir.

Program 6yronmo yolu olaraq akademik
molumatin metoddan olaraq modellosdirma
tizorinds sixlasarkon vasaitin, peso yetkinlik
inkisaf vo ekoloji diisiinco, tolobalor ekoloji
stiurun formalagmasi, NB Vernigor modellos-
dirmo metodunun mahiyysti, model calisilan
obyektin otrafli xlisusiyyatlorini tosvir etmak
olaraq timumilasdirilmis obyekt haqqinda mo-
lumat gaynagidir, molumati timumilosdiril-
mis, miicorrad bir obyektdon bilinmoyan bir
muddsto yonlondirmok funksiyalarini yerina
yetirir. Homogen bir obyekt, rohbarlik vo
muxtalif funksiyalart qazandiran modelinin
transformasiyasidir tigiin asasdir, elm adam-
lar1 bu sokildo modellosdirma tisullar totbiq
sorhadlarini genislatdilar.

Modellasdirma funksiyalarinin miixtslif-
liyi va ¢ox saviyyali strukturu ilo mosgul olur.
Modellogdirma todris prosesi va todris meto-
du kimi todgigat metodu hesab olunur. Buna
g0ra, model forgli funksiyalarla tochiz edilor.
Aragdirma vasitosinin funksiyasi, golocokdo-
ki yetisdirma sisteminin layihosi, bir yaradi-
cilig obyekti olaraq, soxsiyyot inkisafinin
funksiyalarini olda edor [4].

Yeni metodologiya tabiatin sagirdlorinin
onanovi tanisgligindan tamamils forqlonir. Bu,
onillikler arzinde movcud olan bir texnikadir.
Modelin mozmunu, ekoloji yanagsmanin tals-
bolori tobiato toblig etmokdir. Tolobalorin otr-
af miihito qars1 ekssentrik miinasibatin yaxsi,
0zUnii mahdudlasdiran va yaradilis doyorlori-
na qars1 bir qarsiligh olaraq 6zsllesdirmays
tosviq etmok, ekoloji tohsilin, monaviyyatin
duygu va faaliyyat sahalorinin inkisafina vur-
gu, tobioto humanist yanagsma inkisaf etdir-
moak. Modelin ndvbati komponenti olan me-
todlar mazmunun hoyata kegirilmasi vo mag-
soda nail olmaq ligiin on yaxs1 yollar1 barada
bir fikir verir. Metodlar tolobalarin otraf mii-
hitlo garsiliqli madoni qarsiliglt slagolor for-
masini neca inkisaf etdirmok vo hoyat keyfiy-
yatinin yeni soviyyasino ¢atmagi neco tosviq
edo bilocoyini gdstorir. Inkisafin itoloyici gii-
cli, hanst texnologiyanin yonlondirildiyini
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aradan galdirmagq tigiin ohats edon diinya ilo
tolobalor olagalorinds eko-modoni balans-
sizliqdir.

Otraf tohsili texnologiya hazirlanmis yal-
niz ekosistemlorin movzusunda sagirdlori ge-
niglondirmak {igiin, tobii obyektlor islayisini
diizonloyon, eyni zamanda onlarin sshvatli kii-
ro, empatik hossasligin inkisafin1 tosviq qa-
nunlaridir. Sagirdlors 6z 6ziinii tanima yollari-
n1 oyratmok va onlari praktik ekoloji faaliyyat-
lara daxil etmok, tosobbiisii dostoklomak, to-
biotin tofokkiir edilmasi iiclin voziyystlor ya-
ratmaq vo onunla tomas qurmagq tigiin do la-
zimlidur.

Model interaktiv prosesinds doldurur vo
inkisaf edir. Buna baxmayaraq, todris moka-
ninin tortibi sortdir. M&vzunun tohsil sahasini
dizayn, movzuyla olagodar tohsil miihitinin
(madeniyyati) ustalasmaq prosesinin bir pro-
yeksiyasidir.

Bu dizaynin magsadi, tohsilin monast ilo
mUoyyanlogdirilir vo fon axtarisi, basqin di-
zayn paradigmasina uygun olaraq hoyata ke-
Girilir. Bu, mévzunun tohsil sahasinin dizay-
ninin, tohsil miihitinin dizaynina aparan toh-
sil miihitini idare etmoyi mogsad qoyan bir
faaliyyot olduguna inanmagq {i¢iin zomin ve-
rir. Eyni zamanda, miitosokkil tohsil prose-
sindo qarsiligli mosuliyyot modoni dasiyici
olan miiollim moévzusudur. Qarsiligh tosir
bir-birinin obyektlorinin tosirlori, qarsiligh
kondisiyalagdirma vo birlosmo, digorinin bir
obyekti olan proseslari oks etdiran falsafi bir
kateqoriyadir.

Tohsilli garsilight soraitindo 6ziinii inki-
saf etdirmo, pedaqoqun baslangicdak inkisaf
saviyyasinag vo sagirdin iinsiyyato kegmosino
asilidir vo naticolorinin 6zlari tarafindon tosis
edilmosiylo miioyyonlogdirilir. Modellagdir-
mo sahosi dialektik qarsiliqlt alageds (miial-
lim vo tolobonin foaliyyati) toskil edir.

Tohsil faaliyysti mdvzulart arasindaki
dialektik qarsiliqli, tamamilo moshur bir xa-
rakters malikdir vo addim-addim yuxarida
gostorilon marhalalorin hor birinds hoyata ke-
cirilir.
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Tadris mévzusunun garsiliglt alaqgosi da-
vamli olaraq ikitorafli bir proses kimi dizayn
etmoyi nozordos tutur. Beloco, modellogdirmo
ictimai otraf totbiqde inkisaf vo fordin eko-
modoni doyerlorin hoyata kegirilmosino aid
korporativ idaraetma va tohsil texnologiyasi,
usaq illorin vo yetkin comiyystin davamli or-
taq layiho foaliyyotlorinin bir sistem olaraq
totbiq olunmalidir va fordin ekoloji madaniy-
yatinin inkisaf sahasinin modelinin reallagdi-
rilmasi, aksiyolojik vo tokamiil tomolino sOy-
kanir.

Bioloji ekoloji madaniyyatin inkisafi tiglin
sahoni modellosdirmo kontekstindo bu yanas-
malarin hor biri miistoqillik qazanmir. Axioloji
yanasma modelin semantik istiqgamotlonmosini
tolobalarin eko-madoni doyarlorinin daxililog-
dirilmasi ti¢iin miioyyonlagdirir. Birlikds kegi-
rilon tokamiiliin yanasma tabii va tohsil prose-
Sinin ictimai Simbiyotik slaqo tizorinds digqot
va otrafda, usagin ortaq inkisaf vo otrafindaki
ictimai vo tobii otraf miihit, prioritetli amak-
dasliq ideallar1, istigamatlondirilmis soxsiyyat,
insani pedaqoji olaraq tohsil prosesinin nazara
alinmasini asanlasdirir.

Ssenari yanagma Oziinli inkisaf etdiron
bir sistemin modellemesini talab edir, tolaba-
lar ekoloji modaniyyatinin inkisaf edon mo-
delinin davamli, dinamik, sistemik xarakteri-
ni miloyyan edir. Subyektiv vo foaliyyat ya-
nasmasi, sosial va ekoloji performans tolobo-
lor 6ziinii reallagdirma iiciin bir bosluq olaca-
gin1 tohsil sahosi, bir inkisafi nazords tutur
adam, tobioto qars1 miisbat subyektiv movqge,
praktikada eko-modoni doyorlorin totbiq
olunmasi1 miisbat bir tacriibs mévzusu movqe
meydana golmasini tomin etdi.

Onlarn inkisafinda néqsanlarin xiisusiy-
yatlorini vo diizoldilmasi alaraq moktoboaqoe-
dor usaq, qoruma vo onlarin saglamhig: yax-
silasdirmaga inkisafi tigiin qrup kosmos, quru
vo vasaitlor, avadanliq vo vasitolorin tohsil
potensialina maksimum reallagmasi ii¢iin ob-
yekt foza bir miihit yaratmaqdir.

Inkisaf edon mévzu-mokan qabulu (mok-
tabaqgadar qrup, fosil) asagidakilari tomin et-
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molidir:

— tolim prosesinds istifado olunan miixtolif
tolim proqramlarinin hayata kegirilmasi;

— bir osas tohsil toskilati halinda, bunun
tiglin toloblar;

— tohsil prosesinin hoyata kegirildiyr milli-
maodoni iqlim soraitini nozors alinmasi.

Qrupun inkisaf etmokdo olan obyekt-
mokan miihiti, monali olaraq doymus, ¢evri-
1o, ¢ox funksiyali, doyison, olgatan vo tohlii-
kosiz olmalidir.

Moktobaqgadar bir togkilatda mévzu inki-
saf miihitini togkil edorkon, on ohomiyyatli
sort 0z forglondirici xiisusiyystlorino sahib
usaqlarin yas xiisusiyyatlarini vo ehtiyaclari-
n1 nazors almaqdir.

Hoyatin iiclincii ildaki usaq ti¢lin, aktiv
harokot halinda buluna bilacaklori sarbast vo
genis bir sahodo vardir — galxmag.

Hoyatin dordiincii ilindo usagin parlaq
xiisusiyyotlora sahib otrafli bir hekaya-rol
oyunu moarkazina ehtiyact vardir, usaq bo-
yiklor kimi goriinmo meyli, chomiyyatli vo
bdyiik olmaq tigiin edirlor.

Orta moktob caginda, 6z oyun diinyasini
yaradan homyasidlar1 ilo oynamaga ehtiyac
var. Bundan olavo, inkisaf edon miihitdo
muxtalif hayat illarinds psixoloji neoplazm-
larin formalagsmasi nozors alinmalidir. Eyni
zamanda, miithiim bir voziyyst, mévzunun
inkisaf etdiyi miihit ¢ox funksiyalidir. Biitiin
yas qruplarinda usaqlar istirahat vo istirahot
liclin rahat bir yer olmalidir. M6évzu inkisaf
mUhitinin mazmunu, usagin inkisaf muhitin-
doki maragin1 davam etdirmak ti¢lin bir y0-
nimll periodik olaraq zenginlagdirilmalidir.
Ayrica hor qrupda xiisusi bolgslor, usaqlarin
yas xiisusiyyatlorini vo ehtiyaclarini qarsila-
malidir usaqlarin tohsil oyun vo foaliyystlor
kosmos grupu Ugun materiallarin miixtalif
ehtiva edorlor forglondirici xiisusiyyatloro
sahib biitiin foaliyyatlordo usagin tok basina
aktiv moagsadli haraket {igiin yaradilmalidir.
Maozmununun tohsil funksiyasi vo usaqglarin
oxlaqi bir secki ilo qarsi-qarsiya oldugu vo-
ziyyatlorin yaradilmasi fokuslanmalisiniz in-
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Kisaf etmokdo otraf miihitin insasi1 istiqgame-
tinds imtina vo ya yoldas problemlari komoak
toklif vo ya kegmok, 6ziinii bir pay almaq vo
ya horokot edorlor. Otraf miihit omokdasgliq
moarkazi, miisbat alagolor, davranislarin togki-
1i, diggotli davranigdir. Media hoqigotinin ge-
niglonmosi, insanlarin zovqiiniin, estetik se-
cimloriniz, doyar sisteminin g¢evrilmasinin,
Iyerarxiyanin ictimai siiurda doyigmasinin
doyismosino gotirib ¢ixardi. Molumat axini
daim artir, epidemiya yayilir siiroti artir. Teatr
senografisi ¢alismasi noticosindo memarliq
va dizayninda teatral anlayislarin enterpolas-
yonunu miimkiin edon metodoloji analogiya-
lar ortaya ¢ixarilmisdir. Bu iki sonatin (teatr
vo otraf dizayni) sintetik sintez xiisusiyyati,
ifads vasitalorinin banzarliyi, badii material-
lar, dizayn hadoflori, ekoloji senografinin to-
mol anlayislarini toyin etmasing va 6ziing xas
Xususiyyatlori, 6zlinli, mozmununu, kompo-
nentlorini ortaya ¢ixarmasini tomin etmisdir.

Otraf miihitin otraf miihito baxisinin vi-
zual shomiyyatini miioyyan edon ekoloji tos-
Kilatin biitiin mokan hollidir. Orta osr mise-
en-sohnasi insan badoninin dinamik gabiliy-
yatloring uygun olaraq qurulmugdur. Ayri bir
granit dekorativ sonatlar, otraf miihitin arxi-
tektura xiisusiyyatlori, texniki xiisusiyyatlori,
ingaatgr kompozisiyanin plastik qabiliyyat-
lori, sohnanin inkisafiyla 6ziinii gosterir.

Badii kosmik yaradiciliginin biitiin yol-
lar1 yaxindan olagsli olmasina baxmayaragq,
XUsusi bir material novii, masalon usaqlarin
sahasi hakim ola biler.

Usagqlar ticiin saha otraf miihitin dizayni
bltiin sinxronik biitiin toraflori dasiyir. Usa-
gin kosmik miihitinin goriintiisii, diinyadaki
usagin vizual ohamiyyatini tosdiq edon, gor-
mao qabiliyyating asaslanan bir sira biitlin ot-
raf miihit materiallarina asaslanir. Usaq mii-
hiti dizayninin xarakterik olmasi, usagin tabii
molumatlari, hor seyi oyun harokat kimi go-
bul etdiyindo, badii bir fikir yaratmaqdan iba-
rotdir.

Usaq sahosi otraf miihitin sintetik mahiy-
yatini oks etdirir:
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— xiisusi bir torpaq sahasi olan simvollar vo
mOvzularda ekoloji aksiyalarin inkigafinin
stjet-dramatik sistemi;

— akustik, sas-musiqgi sistemi, intonasiya,
sas effekti, "sassizlik zonalar1" va iimumi-
likdo timumi ohval;

— ssenari - otraf miihitin togkilinin mokan
etibarlilig1 kimi vizual shomiyyati.

Bir usagi calbedici olan dominant, straf-
daki obyektlor atmosferi birbasa alagolondi-
rir. Otraf miihitin kontekstindo gobul edilon,
fantaziya ilo tamamilo gérmoli sokildo yara-
dilmis fantaziyalar yaradilir. Usagmn otraf
muhitinin agiq rongli vaziyyati yiingUllasdir-
mo ganunlarina osaslanir. Bu miihitdo isiq
Umumi bir is1q kimi isloyir, odanin is1q doy-
masini tomin edir. Ssenarinin Xiisusiyyatlo-
ring siini vo tobii isi1q sortlori "pillsli xarici
151q" (biitiin nlianslar alamatlori isiglandirma
tortibat1 (bir yonlii is1q sel is1q, va s.), rongli
edon toyin edilmis bir miihit yaratmaq oks
etdiron) olaraq ifads edilir. Rang hossas nagil,
cizgi filmi tanidic1 obyektlorin obyektiv diin-
ya rong palitras1 miixtalifliyinin tozahirtidiir.

Otraf mihit sahasinin toskilatin iki hisso-
ya boliinmasi ilo baglanir: horakoat olur vo qo-
bul edilir. Bir birliyi meydana gotiron bu iki
hissonin oslagolori, milli, janr vo digor xiisu-
siyyatlori oks etdirir. Bir usagi calbedici olan
dominant, otrafdaki obyektlor atmosferi bir-
basa olagoalondirir. Otraf miihitin kontekstin-
do gobul edilon, fantaziya ilo tamamilo gor-
moli sokilde yaradilmis fantaziyalar yaradilir.
Usagin otraf miihitinin agiq rongli vaziyyati
yungiillosdirmo qanunlarma osaslanir. Bu
muhitds is1q imumi bir is1q kimi isloyir. Sse-
narinin xiisusiyyotlorino siini vo tobii isi1q
sortlori "pillali xarici is1q" (biitlin niianslar
olamatlori isiglandirma tortibat1 (bir yonlii
151q sel 1s1q va s.), roangli edon toyin edilmis
bir miihit yaratmaq oks etdiron) olaraq ifade
edilir. Rong hassas nagil, cizgi filmi tanidict
obyektlorin obyektiv diinya rong palitrasi
miixtalifliyinin tozahtirtidiir.
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Modeling of children’s spaces using the
scenario approach method

Summary

The scenario approach requires mo-
deling a self-developing system, determining
the continuous, dynamic, nature of the
developing model of the ecological culture of
students. The method of modeling children’s
spaces requires the construction and study of
real objects or object models for their cons-
truction in order to improve the development
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of structure, management methods, logic.
The creation of a model determines the
general scientific principle of the relationship
between the mass and the individual.

KOcudona A.J.

A3epOaiizKaHCKU YHUBEPCUTET
Apxutektypsbl 1 CTpouTeJIbCTBA
Koanenxk «CTpouTeibCTBO» B COCTaBe
NyO0JTMYHOTO IOPUAUYECKOTO0 JUIA
MojaesimpoBanue 1eTCKHUX NPOCTPAHCTB
METO/I0M CLHIEeHAPHOT'0 MOAX0/1a

Pe3rome

CuenapHbIii moaxo TpeOyeT MOACIHPO-
BaHUS CAMOPA3BUBAOIIEHCS CHCTEMBI, BBISIB-
JICHHUST HETPEPBIBHOTO, JUHAMHYECKOTO Xa-
paKkTepa pa3BUBAIOLICHCS MOJEIH KOJIOTH-
YEeCKON KyJbTYpbI ydammxcs. Meron moje-
JTUPOBAHUS JETCKUX TPOCTPAHCTB TpeOyer
MMOCTPOCHUS U UBYUCHUA PCAJIbHBIX 00BEKTOB
WK Mofenell 00BEKTOB IJsl TOCTPOSHUS C
[ENBI0 YIIYYIICHUS PAa3BUTHUS CTPYKTYPHI,
METOJIOB ympaBieHuss u noruku. Co3naHue
MOJIeTI OTpesieNiaeT OOIIeHayUYHbIH MpPHUH-
NI B3aMOOTHOIIIEHUI MacCEI U HUHIUBUAY-
yMma.

Moaqaloyas AzMIU-nun “Dizayn”
kafedrasinin miidiri Y.©. Hactyev
ray vermigdir.
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