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AzMIiU-nun 50 iLLLIiK YUBILEYI

MOMMODOVA G.H., HAQVERDIYEVA T.A.

AZORBAYCANDA MEMAR VO iINSAAT MUHODISI HAZIRLIGI

Bundvrasi 105 il avval goyulan memar
Vo insaat yonliimlii miithondis ixtisaslarinin bu
giin hazirh@mi hoayata keciron Azorbaycan
Memarliq vo Insaat Universitetinin bu il 50
yast tamam olur. Azarbaycan xalqnin minil-
liklor boyu tikib qurmaga olan havasi Gox say-
1 moadoaniyyat abidalori yaratmis vo bagoriy-
yato boxs etmisdir. MUasir dévirds bu anons
davam etdirilir vo daha miitoroqqgi texnika vo
texnologiyalarin totbigi ilo unikal bina va qur-
gular ucaldilir. Bels tikililorin ingasinda uni-
versitetimizin vo onun yetirmoalarinin omoyi
az deyildir. Muasir 6lkomizin tikinti sektoru-
nun inkisafina digqget hoalo 1969-cu ildo Hey-
dor ©lirza oglu Oliyev Azarbaycan rahbarliyi-
no secildiyi dovirdon baslamisdir. O dovirda
respublikamiz sosial-igtisadi hayatin biitiin
sahalorinds, 0 climladon insaat sahasindo do
dirgalis yoluna godom goymus, milli-monavi
dayarlorin gorunub saxlanilmasi vo daha da
zonginlosdirilmasi istigamatindos real addim-
lar atmigdir. Kegan oasrin 70-80-ci illorinda
memarliq vo insaat sahasi xususilo inkisaf et-
moys baslamisdir. Belo bir dévirdo 6lkads
qurub vo yaradan ganc milli kadrlara, baca-
riql1 vo ixtisasli memar vo ingaat miihondislo-
ra ehtiyac durmadan artirdi. Elo bu sababdon
do mustoqil foaliyyot gostoran vo ixtisash
mitoxossis yetisdiron xtsusi ali tohsil ocagi-
na ehtiyac vardi vo Azorbaycan Insaat M-
hondislori Institutunun (AzIMI) yaradilmasi
zorurati yaranmigdi. Azorbaycan memarligi-
nin inkisafinda bdyiik rolu olan ulu 6ndor
Heydor Oliyevin bu zoruratin reallasmasin-
daki miistosna xidmaotlorini xususi geyd edil-
molidir. Azorbaycan insaat Miithondislori Ins-
titutu (indiki Azorbaycan Memarliq vo Insaat
Universiteti) Cingiz Ildirim admma Azarbay-
can Politexnik Institutunun noazdindo foaliy-
yot gOstoron Memarhq, Insaat, Hidromeliora-
siya vo Nogliyyat fakultalorinin bazasinda ya-
radildi. Tocrlbali tohsil toskilatgisi, texnika

elmlari noamizadi, professor Sonan Mustafa-
yev Azarbaycan Insaat Miihandislori Institu-
tuna ilk rektor vazifasins tayin olundu.

Olkomizdas insaat sahesi Uglin kadr hazir-
liginin yeni moarholasing baslanildi. Ingaat sa-
hasine gostarilon bu qayg: noticesinds Insti-
tutun maddi bazas1 vo pedaqoji potensiali in-
kigaf etmis, miitoxassis hazirhgmin keyfiy-
yati artmigdir. Belaliklo, 6lkomizdo memarliq
V5 ingaat ali tohsilinin tomali ¢atin, ancaq so-
rofli pillalor Uzarinds quruldu. Homin dovir-
da AziMi-nin strukturu misyysnlosmis, yeni
fakilto vo sobalor yaradilmig, maddi-texniki
baza formalasdirilmis vo yeni kollektivi ya-
ranmisdir. AzPi-don AzIMi-ys keg¢mis pro-
fessor-musllim heyatinin siralarina cavan elm
adamlar1 vo tocriibali istehsalatgi-miitoxassis-
lor colb olunmusdu. Yeni kollektivdo saglam
munasibatlorin, tolobkar vo ciddi tehsil mihi-
tinin yaradilmasi, nizam-intizamin tomin edi-
Imasinds Sonan Mustafayevin boyik amayi
va rohbarlik bacarigi miihiim rol oynamigdir.

1981-ci ildo Bilinyad Sordarov AzIMIi-
nin rektoru tayin edildikdan sonra ganc toh-
sil ocaginin inkisafina, maddi-texniki baza-
sinin davamli olaraq yaxsilasdirilmasina xii-
susi digget yetirilmisdir. Homin dénomdas
universitetin elm va tohsil markazi kimi for-
malasmasinda, maddi-texniki bazasimnin ge-
niglondirilmosinds, kadr potensialinin yiik-
saldilmasinda professor Buniyat Sardarovun
rolu boytik olmusdur. O, gonc kadrlarin tod-
risa calb olunmasina va onlarin todgiqatgi-
muoallim kimi formalagmalarina xiisusi diq-
got yetirmisdir.

1993-ci ildo Qeybulla Qeybullayev
Azorbaycan Insaat Miihandislori Universiteti-
no rektor tayin edildi. Bu dovrds taloblors uy-
gun yeni struktur boélmalori yaranmaga bas-
lanmigdi. Bu illords respublika tikinti kom-
pleksinin aparict miitoxassislori do Universi-
tetin todris prosesino calb olunur, onlarin bo-
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yuk tacriiboys asaslanan biliklarindan istifado
edilirdi. Universitetdo respublikada insaat vo
memarliq istigamatini tam ohato edon 9 ixti-
sas Uzro elmlor namizadi va elmlor doktoru
daracalarini muayyanlagdiran ii¢ ixtisaslagdi-
rilmig sura yaradilmisdi.

Zaman, AzMIU-dan yeni ideyalar va
yeni inkisaf yolunu miiayyanlosdirmayi to-
lob edirdi. Belo bir dévrde — 2000-ci ildo
professor Gll¢bhro Mommadova rektor to-
yin olundu. Hamun dévirds tahsil sistemin-
doki tokmillosmalarlo paralel, daxili struktur
dayisikliklori do hoyata kegirilir, mitoxassis
hazirligr vo idaragilik strukturu optimallasdi-
rilirdi. Homin il universitetin adi doyisdi-
rilmis vo “Azorbaycan Memarliq vo Insaat
Universiteti” adlandirilmigdir. Yeni tahsil
doayarlorinin formalagsma moarhalosindo mia-
sir tohsil sisteminin talablarina uygun olaraq,
Universitetin modernlogsmasini va foaaliyyati-
nin genislonmasini tomin edoan yeni struktur
bélmalarinin yaradilirt.

Azorbaycan Respublikasinin Prezidenti
[lham Oliyevin genismiqyaslh quruculuq fo-
aliyyati 6lkomizdo memarliq vo ingaat saho-
sinin inkisafina yeni tokan vermisdi. Muasir
dOvriin ¢agiriglarini asas gotlrorok hazirda
universietin foaliyysti modernlasmok va bey-
nalmilallogsmokls inkisaf etmok, 6lka vo bey-
nalxalg saviyyada niifuzunu artirmaq, miite-
xassis hazirligi strukturunu tokmillagdirmak
va keyfiyyatli tadrisi tomin etmok, birge toh-
sil programlarinin sayini vo naticaliliyini ar-
tirmag, professor-muollim heyatinin pedaqoji
Vo elmi-todgiqat faaliyyatini stimullagdirmag,
tolobalorin ham miitaxassis, hom vatonparvar
gonclar olaraq yetismasini tomin etmak, ham-
¢inin universitetin maddi-texniki bazasini in-
Kisaf etdirmok istigamotino yonalmisdir.

Siratlo modernlogon Azarbaycan Res-
publikasmin tohsil sisteminin insan kapitali-
nin inkisafi ¢agirisina cavab vermasi Ugln
yeni addimlarin atilmasi vo tohsilin keyfiy-
yat gostoricilorinin diinya standartlarina g¢at-
dirllmast mogsadi ilo tohsilin idarsetmo sis-
temi yenidon qurulur. Mdasir dovirds uni-
versitetimiz inkisaf edir, beynalmilallogsma
yolunda iralloyir. Universitetdo keyfiyyot
nozarati, diinya Olkalori arasinda shomiyyatli
movge tutan, saristali miallim vo mitoxas-

sislar, qabaqcil texnologiyalara asaslanan in-
frastruktura malik tohsil sistemini yaratmaq
ucun universitet foaliyyst gostorir.

Azorbaycan Respublikasinin ali tohsil
sisteminin beynoalxalq rogabatliyini artiriima-
s1 lizra Dovlat programinin prioritetlorini asas
tutularaq universitetin elmi-todgigat morkas-
zino gevrilmosi istiqamotinds ¢ox sayl islor
goriildii. “Insaat materiallarinda nanotexnolo-
giya” laboratoriyasinin, “Zalzalo muhandisli-
yi” elmi-tadgigat morkazininva onun nazdin-
do “Sonlu elementlor metodu ssasli qurgula-
rin modellogdirilmasi vo analizi” laboratori-
yasinin vo “Funksional analiz vo totbiglori”
elmi-tadqiqat laboratoriyasinin va S. yaradil-
mas1 nozars ¢arpacaq islordondir.

Son illar universitetin beynalmiloallosmasi
Vo rogemsallasdirilmasi, miitaraqqgi tohsil mi-
hitinin formalasdirilmasi, universitetin miasir
imicinin formalasdirilmasi, kiitlovi informasi-
ya vasitolorindon istifads, elekrton slagslorin
genislondirilmasi va universitet hoyatinin icti-
maiyyato operativ ¢atdirilmasi, professor-mu-
allim heyyatinin tolobalorlo kommunikasiya-
s alagalorinin inkisaf etdirilmasi magsadi
ilo IKT morkozi genislonmis va strukturu tok-
millogdirilmisdir.

Tohsilin inkisafi tizro DOvlot Strategiya-
sinin qarstya qoydugu vazifolori rohbar tuta-
rag universitetds tadris, talim-tarbiys vo elmi
metodiki islarin ylksok saviyyads toskili, tah-
silin keyfiyyatini vo kadr hazirhgimi yaxsilas-
dirmaq, universiyetin strukturunu miiasirlos-
dirilir vo tokmillosdirili. Hazirda universitetds
7 fakulto, ixtisasartirma vo acnabi votondas-
larin hazirhigi fakiltolori, kollec va lisey fo-
aliyyat gostorir. Kollec vo lisey daxil olmagla
universitetimizds tohsil alanlarin {imumi say1
13506 nofor toskil edir. Universitetdo baka-
lavriat saviyyasinds 27 ixtisas (8856 talabo),
magistratura soviyyasinds isa 25 ixtisasin 65
ixtisaslagmasi {izro (1668 nafor) kadr hazirli-
g1 hoyata kegirildi. Umumiyyatls, universite-
timizdo tohsil 3 dildo - azorbaycan, rus va
ingilis dillorindo aparilir. Hazirda universi-
tetdo Tirkiya, iran, Cin, Giirciistan, Rusiya,
Ukrayna, Moldova, Turkmonistan, Ozbokis-
tan, Qazaxistan, Ofqanistan, Pakistan, Traq,
Yoman, Suriya va s. 6lka vatondaslari (imu-
mi say1 464 nafor) tohsil alir. Hazirda kadir
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hazirhigini hoyata kegiron 565 nofor (stat
cadvali Gzra 500 stat), kollecds isa 149 no-
for (stat codvali Uzro 147 stat) olmagla 32
kafedrada professor-misllim heysti foaliy-
yat gostorir.

Universitetds ixtisaslarin beynalxalq ak-
kreditasiyadan kegmosinin vo hamginin ikili
diplom layihalarinin reallasdirilmasi sahalo-
rinds do kifayat godor islor goriilmiisdiir. Bu
moqsads tadris programlarinin yenilonmasini
Va pilot programlar hazirlanmisdir. Memarliq
tohsili Gzro nifuzlu Britaniya Memarlarinin
Kral Institutu (RIBA) torofindon Azarbaycan
Memarliq vo Insaat Universitetinin (AzMIU)
Memarliq fakiiltesinin memarliq bakalavr
programu ilk dofo akkreditasiya olunub. Eks-
pertlor Memarliq fakiltasinds todrisin kadr
potensiali, maddi-texniki bazasinin keyfiyys-
ti, tohsil muhiti vo zoruri olan biitiin faktlar
tohlillor edarak musbat giymatlondirdilor. Be-
laliklo, Memarliq ixtisas1 niifuzlu beynalxalq
toskilatin - RIBA akkreditasiyasini oldo et-
migdir. Digor, Beynalxalg Akkreditasiya va
Reyting Agentliyi (IAAR) torofinden Azor-
baycan Memarliq vo Insaat Universitetinda
hazirligr aparilan bakalavriat soviyyasindo 2
Ixtisas vo magistratura soviyyasinds 1 ixtisas-
lagsma proqramimin akkreditasiyasi Kegirildi.
Nogliyyat fakultosinin Nogliyyat tikintisi mu-
hondisliyi (bakalavr), insaat fakiiltosinin In-
saat miihondisliyi (bakalavr) ixtisaslar1 vo In-
saat miithondisliyi magistr ixtisaslagsmas1 bey-
nolxalq akkreditasiya almiglar. Aparilan ak-
kreditasiyanin magsadi s6zligedan sahalar (iz-
ro kadr hazirhgmim keyfiyyati vo beynolxalq
soviyys uygunlugunu yoxlamaq olmusdur.

Memarliq va ingaat sahasinda 6lkomiz-
do an iri elmi-tadgigat markazi olan Univer-
sitetimizin alimlori aktual istigamatlordos el-
mi arasdirmalar aparir, tohsilin mozmununu
elmi nailiyyatlorlo zonginlosdirir, beynalxalq
elmi alagalarini glinbagiin genislondirirlar.

Diinyanin on tanminmis reyting bazalarin-
dan biri olan Boyiik Britaniyanin “Quacqua-
relli Symonds™ (QS) reyting cadvalinds din-
yanin tanmmis universitetlori siyahisina Azor-
baycandan 7 universiteti, o climlodon AzMIU-
nun da adi daxil edildi. Boyik Britaniyanin
"The Times Higher Education™ nasri dlinya-
nin an nufuzlu universitetlorinin ndvbati rey-

ting cadvalina (Impact Rankings-2022) Azar-
baycan Memarliq vo Insaat Universiteti ikinci
dofa daxil oldu. U-Multirank Avropa Birliyi
torofindon yaradilan boyiik beynalxalg rey-
ting codvalinde, AzZMIU Avropa ekspertlori
torafindon giymatlondirilorak 8 gostarici Gizra
yuksak natics alds edoarok “A” kateqoriyasini
aldi. Eyni zamanda Azorbaycan Memarliq
vo Insaat Universiteti 6-c1 dofs “UI Green
Metric World University” beynoalxalq rey-
tinq bazasinin “Ekoloji cohstdon diinyanin
on dayaniqli universitetlori” siyahisina daxil
oldu. 2022-ci ildo AzMIU diinyanin 1050
universiteti arasindan 625-ci yerds, 6lka (z-
ra universitet 2-ci yerds gorarlagdi. 2017-ci
ildon etibaran Universitet Round University
Ranking (RUR Ranking) beynolxalq reyting
sisteminda diinyanin an yaxsi universitetlori
sirasina daxil oldu vo 2022-ci ildo diinyanin
on yaxst 1000 universiteti arasinda 903-cl
yerdo, 0lka Uzra iso 2-ci yerds gorarlasdi.
Nazirlor Kabinetinin “Ali tahsilin baka-
lav (asas (baza ali) tibb tohsili) saviyyasi Uzra
ixtisaslarin (programlarin) tosnifati”na asason
islahatlar cargivasinds bir sira ixtisaslarin ad-
lar1 miiasirlosdirilmis vo Avropa universitet-
lorinin tocrlibasine uygunlagdirilmigdir. Bozi
ixtisaslarin adlarinda doyisiklik edilmoss do,
onlarimn tohsil programlarinin mozmunu yeni-
don islonmis vo tokmillosdirilmisdir. Azor-
baycan Memarliq vo Insaat Universitetindo
do bu islahatlar ¢orgivasinds ixtisaslarin adla-
1 doyisdirilmis, yeni ixtisaslar yaradilmigdi.
Universitetdo kadir hazirligi hoyata kegirilon
bozi ixtisaslarin adlar1 doyisdirildi, o ¢iimlo-
don Meliorasiya va su tosarriifati tikintisi mii-
hondisliyi — Meliorasiya muhondisliyi, Yerus-
tl nogliyyat vasitalorinin muhandisliyi — Lo-
gistika vo nogliyyat texnologiyalari miihan-
disliyi, Geodeziya va Xaritogilik muhondisliyi
— Geomatika vo geodeziya muhandisliyi, Yer
qurulusu, torpaq va sohar kadastr1 — Yer quru-
lusu vo dasimnmaz omlak kadastri, Miihondis
sistemlari vo qurgularimn tikintisi miithondisliyi
— Kommunikasiya sistemlori muhandisliyi,
Fovgalads hallar va hayat faaliyyatinin tahli-
kosizliyi mihandisliyi — Hayat faaliyystinin
tohlikasizliyi miihandisliyi, Sanayenin toskili
vo idarsedilmasi — Biznesin idareedilmasi, In-
formasiya texnologiyalar1 sistemlori — Infor-
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masiya texnologiyalari, Texnoloji masm vo
avadanliglar1 miihandisliyi — Masin miihon-
disliyi adlandirildi. Bu doyisikliklar muasir
saho talablorina uygun terminologiyanin tatbi-
gini tamin etmakls yanasi, tolobalorin ixtisas-
lasdig1 saho Uzro bilik vo bacariglarin1 daha
daqiq sokilda oks etdirmoak moagsadi dasiyir.

Beynolxalq tohsil sistemlarins inteqrasi-
ya Vo omok bazarmin cagiriglarina cavab
vermok baximindan shamiyyatli sayilan yeni
ixtisaslar, o cimladon Soaharsalma, Elektrik
Vo elektronika muhandisliyi, Nagliyyat mii-
hondisliyi, Senaye muhondisliyi, Dayanigli
inkisafin idaro edilmasi, Igtisadiyyat, Infor-
masiya tohliikasizliyi izro kadr hazirligs ho-
yata kecirilmoays basladi. Yeni ixtisaslar tizro
todrisin togkili miiasir comiyyatin inkisafi ilo
olagodar olaraq ehtiyac duyulan sahslords
ixtisaslasmani tomin etmoys YyOnalmisdir.
Bu ixtisaslar toloboloro miuasir texnologiya-
lar va global inkisafin taloblori Uzra muvafiq
biliklor toqdim edarok, onlarin beynoalxalq
saviyyads rogabat gabiliyyatini artirir.

Son illor magistratura saviyyasinds yeni-
Dizayn istisasi iizro Vizual dizayn vo media
ixtisaslasmas, Iqtisadiyyat istisasi iizro Layi-
holarin idars olunmasi ixtisaslagsmasi, Elek-
trik vo elektronika muhandisliyi istisasi lizro
Elektrik tochizatinin optimallagdirilmast vo
modellosdirilmosi ixtisaslasmasi, Informasiya
texnologiyalar1 istisasi iizra Kibertohlikasiz-
lik ixtisaslasmasi, Kommunikasiya sistemlori
muhondisliyi istisasi tizro Bina va qurgularin
mikroiglimini toamin edan sistemlar, Su tachi-
zat1, Sohor infrastrukturunda smart texnologi-
yalar ixtisaslagmalari, Logistika vo nagliyyat
texnologiyalart mihandisliyi istisas1 tizro
Nogliyyat logistikasi ixtisaslagmasi, Meliora-
siya mihondisliyi istisasi tizra Su ehtiyatlari-
nin kompleks istifadasi, idaro edilmasi vo
monitoringi, Hidrotexniki tikinti, Meliorasiya
muhendis sistemlorinin tikintisi vo istismari
ixtisaslasmalari, Saharsalma istisasi tizro Da-
yanigl soharsalma vo region planlagdiriima-
s1, Dayamigli soharsalma vo region planlasdi-
rilmast (SABAH magistraturasi) ixtisaslas-
masi, MBA proqramu iizro Binesin togkili vo

10

idars edilmosi ixtisastn Menecment, Marke-
ting, Tikintinin idars edilmasi, Daginmaz am-
lakin idara edilmasi, Nogliyyatin idara olun-
masi, Tikinti sahasinds investisiyalarin idara
edilmasi, Logistika vo tochizat zancirinin ida-
ra edilmasi, Otraf miihitin idars edilmasi, La-
yihalorin idars olunmasi, Maliyys, Oqli miil-
Kiyyotin idaro edilmosi, Insan resurslarmm
idaro edilmasi, Biznes vo data analitikasi,
Idaroetmado informasiya sistemlori, Sonaye-
nin toskili vo idara edilmasi ixtisaslasmalart
Uzro mitoXassis hazirlig aparilir.

Universitetin maddi-texniki bazasiin, o
cumladon yeni todris binasi insasi, todris
otaglarinin vo laboratoriyalarin yeni avadan-
ligla tociz olunmasi, kompiiter parkinin ye-
nilonmisdir. Beynolxalq grantlar vo BP sir-
kotinin dostayi ilo 5 laboratoriya - Agilli ev,
Elektrik vo elektronika, Enerji somoraliliyi
va barpa olunan enerji monbalori, Insaat mii-
hondisliyinin layihalondirms laboratoriyalari
acild1 vo miiasir avadanlhglarla tochiz olun-
du. Partnyor istehsalat toskilatlar1 ilo oamok-
daslig noticasindo Nogliyyat fakdltasinin
nozdindo «Logistika vo tochizat zanciri»
morkozi, PROYAPI sirkati torofindon Insaat
fakiltasinin nozdinds xususi programlarla
tochiz edilmis «Insaat miihondisliyinds layi-
holondirmoy laboratoriyasi istifadoyos veril-
misdir.

Artiq 2024-cl ildo Azorbaycan Memar-
liq vo Insaat Universiteti Azorbaycan Res-
publikast Elm va Tohsil Nazirliyinin tabeli-
yindo publik hiiquqi soxs statusunda foaliy-
yat gostorir. Universitetdo amok bazarinin
toloblorino cavab veron, rogaboto davamli
yiksok ixtisaslt miitoxassislor hazirlamaq is-
tigamotinds islor davam etdirilir, todrisin
keyfiyyatinin yiksaldilmasini tomin edil-
mosi asas faktorlar kimi daim diggot morka-
zinds saxlanilacaq. AzMIU inkisaf edir, mii-
asirlasir, beynalmilallasir, intellektual poten-
sialim1  yiiksaldir, mitoxassis hazirliginin
keyfiyyatini on yuksok standartlara catdir-
maq Ucun yorulmadan foaliyyot gostorir vo
bundan sonra da gdstaracak.
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SOBOKONIN, QUYU VO SAXTALARIN DIN EN 13508-2:2011 STANDARTINA
UYGUN VIiZUAL MUAYINO METODLARI, TOHLILi VO ZODOLORIN
SOCIiYYOVI XUSUSIYYOTLORININ TOSVIRI

Giris. Muasir dévriimizds insanlarin six
moskunlasdigi saharlor tullant1 sularin boytik
hocmdos formalasdigi va ekoloji mahitin po-
zulmasina hossas olan mokanlardandir. Ya-
say1s moantagalarini yasayis zoruratlori ils to-
min etmok Uglin gaz, su, istilik, kanalizasiya
borulari, telefon, elektrik, intellektual idaro
etmo, internet kabellari bu montagalarin ot-
rafinda kiigo vo sokilordo yerlosdirilir. Istis-
marin diizgiin togkil olunmamasi Qozalarin
asas sababidir. Kommunal xidmatlarin istis-
mar borularinda goza zamani adston torpag
¢cOkmasi bag verir, naticodoa klganin bir his-
Sasi tam yararsiz hala diisiir. Bu tip gozalart
aradan qaldirmaq lgiin agiq qazma tsulun-
dan istifads olunur. Lakin a¢iq gazma tisulu
ilo tomir islorinin aparilmasi zamani digor
infrastruktur xidmat obyektlori gozanin ara-
dan galdirilmasinda manes obyektina gevrilo
bilor. Bu sobabdan bir ¢ox inkisaf etmis 61-
kolordo boru vo kanal tipli qurgulardan isti-
fado edon xidmatlor boru daxili diagnostika
usullarindan yararlanaraq négsanlarin qarsi-
sin1 boylik gozalar bas vermodon alirlar.

Istismarin diizgiin toskili zamam kanali-
zasiya borulart 50-70 il xidmat gostarir. Da-
ha sonra borularin istismar émriinii daxili to-
mir Usullarindan biri ilo 50 vo bazon 80 il
muddatina godor uzadirlar.

Sohar kanalizasiya sobokasinin davamli
vo effektiv idaro edilmasi tigiin sabakoanin
mitomadi diagnostikast miihim ohomiyyat
kasb edir. Bu sahado DIN EN 13508-2:2011
Avropa standart1 blttn diinyada Xatlorin vi-
zual miayinasi metodlarin1 miiayyanlagdirir
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vo miayina naticalorinin osasinda rayin ya-
zilmasini tonzimlayir. Sobokanin texniki vo-
ziyyatinin muayinasi G¢tn mixtalif texnolo-
giyalar istifado edilo bilar, lakin giymatlon-
dirmo DIN EN 13508-2:2011 standart1 Gizra
muoayyan sartlors uygun aparilmalidir.

Bu mogalodo DIN EN 13508-2:2011 stan-
dartinin asas prinsiplori, totbig sahslori va
muasir vizual miayins metodlarinin effektiv-
liyi nozordon kegirilmisdir.

Materiallar vo metodlar. Sobokonin di-
agnostikast DIN EN 13508-2:2011 standarti-
na asasan bir nego moarholadan ibaratdir:

1. Verilonlorin toplanmasi: Tullanti sulari-
nin konarlasdirilmasi sisteminin hidravlik
baximindan dogiglogdirilmasi.

2. Vizual miayina: CCTV (Closed Circuit
Television) kameralari, lazer skanerlori
vo SONAR (Sound Navigation and Ran-
ging) texnologiyalarindan istifado edorok
borularin daxili voziyyatinin verilonlori-
nin alds edilmasi.

3. Qiymatlondirma va son ray: Miayina no-
ticolorinin DIN EN 13508-2:2011 stan-
dartina uygun tosnifati, qgiymatlondirilmo-
si Vo movcud voziyyato uygun son rayin
tortib edilmasi.

4. Qorar Qgobul edilmasi: Son roys uygun
olaraq borunun aginma daracasine uygun
olarag gazmadan boru daxili tomir Gsu-
luna gorar verilmasi (bu halda borunun
daxilden saglamlagdirilmasinin 12 iisu-
lundan uygun olan biri segilorak asas go-
tlralur) vo yaxud talab olunarsa borunun
yeni boru ils avaz edilmasi.
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Toatbig sahalari. DIN EN 13508-2:2011
standart1 ¢orcivasinds vizual diagnostika
muxtalif sahalords genis totbiq olunur:

1. Su tachizat1 vo kanalizasiya sistemlori —
sistemlorin istismar muddotini artirir va
goza hallarin aradan qaldirir.

2. Neft vo gaz sonayesi — boru xatlorinda
tohlukasizliyin vo sizma risklarinin idara
olunmasina komoaklik edir.

Tahlil va muzakiralar. Boru, quyu va
saxtalarin diagnostikas1 iiciin texnologi-
yalar. Sabokonin diagnostikasi zamani1 miix-
tolif parametrlorin dogiq mioayyon edilmasi
vacib faktordur. Diagnostika zamani boru-
nun texniki voaziyyatini 3 asas miayins tsulu
ilo toyin edir:

1. CCTV kameralar (kabello monitora bagl
kamera) vo guzguilorlo diagnostika: Bu iki
qurgu borularin sothindoaki catlari, defor-
masiya Vo digor struktur qlisurlarinin as-
karlanmasi tigiin genis istifads olunur (so-
kil 1 va 2).

Sakil 1. CCTV
kameralar

Sokil 2. Glzgularla
diagnostika

2. Lazer profilometr texnologiyasi: Borularin

diametri vo formasinda bas veran doyisiklik-
lori miayyan etmok Ggln lazerlordon istifa-
do tsulu.

SONAR diagnostika {iisullari: Borularin su
ilo dolu hissalorinda ¢okintilarin va digar
manealarin askar edilmasi Usuludur. Bu za-
man Uzoarinds sas dalgalarindan istifado edo-
rok boruda yerlogon yad obyektin 6lglsiind,
mosafasini, eyni zamanda boruda lil gatinin
hinduarltyund  6lgarak monitora Otursn ci-
haz yerlogdirilir. Cihaz su tizorindo harokot
etmok Ugcln iki hava balonun Uzarinds quras-
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dirtlir.  Cihazin tzarindo vizual muayina
Uclin kamerada yerlogdirilir (sokil 3).

\

Sakil 3.

Boru, quyu va saxtalarin diagnostikasi-
nin dsaslari. Borularin diagnostikasi zamani
daxili noégsanlarin giymatlondirilmasi doérd
istigamot Uzro apartlir:

1. Borunun strukturunda bas vermis dYi-
sikliklor. Bu halda borunun diametrinin
ufuqi, saquli doyismosi, boru arasi kip-
kaclorin siiriismasi, boru divarinin asin-
mas1, boru divarinda ¢okmo Vo digar zo-
dalora uygun boruda bas veran dayisiklik-
lor Gictin DIN EN 13508-2:2011 standar-
tinda uygun parametrlor gqeyd edilmisdir.
Standartda hor bir zadoni ayr1 ayriligda
hansi gostaricilora gora giymatlondirilmo-
si tosvir edilir va naticads borunun zado-
sinin daracasi tayin olunur. Har bir ndg-
san kod vasitasilo tosvir edilir. Bu kodlar
vasitosilo nogsanlar verilonlor bazasinda
kodlasdirilir.

NUmuna 1. (sokil 4)

a. Tikinti nogsam1 (BAD). Borular agiz-agi-

za diizglin tonzimlanmoayib.

. Iki borunun birlasmadan siiriismosi

. Boru siirligmosi miisahido edilir (BAJ-A).

. Stirisma - simmetriya oxu Uzra 100-150

mm, iki borunun radial stirismasi iso 200
mm toskil edir (BAJ-B).

c. Iki boru arasi kiplosdirici yoxdur
Kohna borunun daxili diagnostikasindan

sonra har bir négsan tigiin uygun bandlor se-
cildikdan vo son hesabat tortib edildikdan
sonra istismar yararligini uygun DWA-A
143-2 texniki gostarisinda geyd olunan koh-
nalik tiplarino boliiriik. Borunun bu ciir sorti
bolunmasi névbati addimin planimi tartib et-
moaya Vo amoliyyatlar1 tosdiq etmoya imkan
yaradir. Kohna borular daxili qilisurlarindan
asil1 olaraq adoaton 3 tipa bolundr.

N -
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1-ci tip kéhna borular. Bu tips boru-
nun divarlarinda catlarin, asinmanin vo iKi
boruarasi kiplosmonin olmamasi kimi ndq-
sanlar daxildir. Muxtalif tip borularda catla-
rin eni 1-Ci tipdo 0.15 mm asagi, lakin do-
mir-beton borularda 0.3 mm-o goadar gabul
edilir. Bu cur borular yenilonmadan, daxili,
xirda tomir islori aparilaraq istismar edilo
bilor. Cuzi zads zamani polietilen borular
daxilindon tomir edilorok daha bir neco il
xidmoto yararli sayilir. Bu ciir tomir tsulu
200-500 mm diametrli borularda tokorli ba-
lon vasitasilo yerino yetirilir. Balon Gzarina
gotranli stisa lif gqoyulur vo balon borunun
daxilina yeridilir. Qazali hissays catan za-
man balon dayandirilir, daha sonra balon si-
sirdilir vo gotranli siigalifi zadali hissoays ya-
pisdirilir. Bir middat torpanmoz voziyyatdo
bolunu saxlamagla gotranin boruya tam ya-
pismasi tomin edilir. Qatranin qurumaq za-
Man1 tamam olan zaman (zaman gotran sati-
lan qablarin tizorinds istehsalgi torafindon
geyd edilir) balonun havasi buraxiliq va ba-
lon borunun daxilindon ¢ixarilir. Qatranli sii-
so lif isa ¢at hissasni tam gqapamuis olur.
2-ci tip kohna borular. 2-ci tip borular
iSo ¢ox sayda catlarin olmasi, ¢atlarin ham
ufuqgi, hamds saquli yayilmasi va bu gatlarin
uzunlugunun 30 sm-o ¢atmasi miioyyan edi-
lir. Asagidak: sortlor 6danilorsa 2-ci tip bo-
rularin tullanti suyu dasimaq gabiliyyatinda
oldugu gobul edilir. Lakin bu borularin nég-
sanlar1 aradan qaldirilmasa vo daxili ¢atlarin
doldurulmas1 kimi cari tomir islori gorul-
mMoazs9, qisa zamandan sonra borular yenilon-
moali, saglamlasdirilmalidir:
— Catlar yenidir vo ya boru désonmasi za-
Mman1 yaranib. Boru ddsonmosi zamani
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yaranan catlar borunun glizergahinda bo-
ruya tasir edon hec bir dinamiki yikin ol-
madigin1 gostarir. Borunun tullant1 su da-
styiciliq gabiliyyatine tosir etmir. Tullanti
sularmin borunun catlarindan siiziilorok
torpaga sizmasi miisahids edilmir.

— Borunun formasinin doyismasi uzun mud-
dot gatlar Gzarinds yerlosdirilmis gips mar-
kerlorlo miisahido edilmisdir vo borunun
formasinin doyigmasi 6% azdir.

— Borunun guizargahi boyu zomin va qrunt
sulart hagqinda informasiya toplanmali-
dir, borunun statik ytiko davamliligr ytik-
sok oldugu halda va qrunt sularinin infil-
trasiyas1 miigahido edilmirso boru istis-
mar Ucln gonastboxs hesab olunur vo
saglamlasdirma {igiin novbaya qoyulur.
Borunun saglamlagdirilmasi 2-ci tip kéhna

borularda ilk catlarin uzunlugu 40-50 sm-o

godor genislondiyi zaman yerina yetirildiyin-
do, borunun xidmat middsti seg¢ilmis astar

materialin noviindon asili olaraq 50 ildon 70

ilo godor uzana bilor. Boazi hallarda muayina

aparilan hissoda borunun yalniz 20-30 faizi

2 tip k6hno boru tipins aid edilarss, bu za-

man daxili manjet vasitosilo zodali yerin

funksionllagin tam tomin etmok mumkin-

dir. Bu prosedur yalniz diametri 1000 mm

boyik borularda, boru daxilinds insan tors-

findon aparilir.
3-cu tip kéhna borular. 3-cii tip kéhna
borunun toyin edilmasi xUsusi yanagma tolob

edir. Ik ndvbade DIN EN 13508-2:2011

standartinda gostorilon boru nogsanlarina uy-

gun roy tortib edilmalidir. Sabokonin miay-
yan hissasina xidmot edan kollektorun 6z bu-
raxiciliq gabliyyatinin gismon vo yaxud tam
itirmasi haqqinda roy verilmasi tomir (su-
lunun secilmasi Giclin osas amildir. DIN EN

13508-2:2011 standartina gors tortib edilmis

royds geyd olunan qiisurlara ssaslanaraq bo-

runun dastyiciliq qabliyyati boru daxili tozyiq

testi vasitasilo yoxlanilir. Borunun daxili di-

varlarma tozyiq silindri vasitasi ilo tozyiq edi-

lir va boruda deformasiya 0lg¢iiliir. 9gar boru

10 sm-don ¢ox deformasiyaya ugrayarsa 3-cl

tip k6hno boruya aid edilir. Bu tip borularda

tullant1 suyunun eksfiltrasiyas1 vo grunt sula-
rinin infiltrasiyast miisahido olunur. Bu boru-
larin zaman itkisi olmadan saglanlasdirilmasi
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tovsiys edilir. Lakin agor borularin basdiril-
ma dorinliyi dayaz olarsa va borunun giizor-
gah1 boyu nagliyyat vasitalarinin intensivliyi
aktivdirss, kulli miqdarda boru atrafi ¢gokmo-
lor mévcuddursa bu borularin saglamlagdiril-
masi tovsiys olunmur va agiq gazma iisulu ilo
tomir edilmalidir.

1. Qiymatlondirmo aparildigdan sonra son
rays uygun borunun istismar yararligi to-
yin edilir. Zodonin daracasindan asili ola-
raq buraxiciliq qabiliyyatini 45-70 faiz
saxlamis borular daxildon tomir edilorak,
saglamlasdirilaraq yenidoan istismara gay-
tarilir. Borunun struktur biitévluyu DIN
EN 13508-2:2011 standartina uygun qiy-
matlondirilir, borunun hidravlik buraxici-
liq qabiliyyati 30 faiz vo daha az olarsa,
borunun yenisi ilo avoz edilmasi tovsiyya
olunur. Borunun buraxiciliq qabiliyyati-
nin asagl enmasinin sababi yad cisimlar,
lillonma, yaxud boru kiracidirss, borunun
funksionaligin1 gaytarmaq ti¢iin borunun
xususi texnika vasitosilo tomizlanmasina
dair texniki gostoris tortib olunur.

2. Borunun texniki inventar vaziyyati zro
giymotlondirmo. Bu halda boruya edilmis
gosulmalar va daxil olan tullant1 su miq-
dar1 nozoro almir. Kanalizasiya borula-
rinin doluluq daracasi, qrunt sularmin bo-
ruya daxil olmasi vo yaxud borudan tor-
paga sizmalar tullanti suyunun keyfiyys-
tino tasir edir. Bu halda biz ham boru da-
xili texnoloji prosesin pozulmasi, hom do
aerasiya Usulu ilo tomizlomo prosesi ge-
don qurgularda problemlorlo (zlogirik.
Eyni zamanda bu hallar strafin ekoloju vo-
vaziyyatinin pozulmasina sobob ola bilar.

3. DIN EN 13508-2:2011 giymotlondirma
standartina daxil olmayan fovgalads hal.
Saxtalarin, quyularin vo texniki baxis

nogtalorinin diagnostikasi bu noqtalorin lizo-

rinds acilaraq optik vo vizual Usulla yerina
yetirilir. Borularda oldugu kimi quyularda
da giymatlondirmo dord istigamatdo aparilir:

1. Saxtalarin, quyularin vo texniki baxis
noqgtalorinin struktur doyismosi. Saxtala-
rin, quyularin vo texniki baxis noqtale-
rinin struktur doyismasi Uzra giymatlon-
dirmo formanin itirilmasi, catlar, tikinti
sohvi, dlizgiin olmayan birlagmaloar, pillo-
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konin zadalonmoasi, quyu gapaginin zado-
lonmosi, divarin vo yaxud nov hissonin
dagilmasina gora tayin edilir. Boru nog-
sanlarmin tosviri zamani oldugu kimi, har
bir ndgsan kod vasitasilo tasvir edilir. Bu
kodlar vasitasilo ndgsanlar verilonlar ba-
zasinda kodlasdirilir.
NUmuna 2 (sokil 5).

a. Suvag qiisuru (DAE)

1.Quyudaxili suvagin olmamasi, qismon

yaxud tam

b. Divarin qiisuru (DAD)

1.Divarin horgiilii hissasinds horgiiarasi

bosluglar (DAD-B)

c. Pillakan qusuru (DAQ)

Tl

Sokil 5. Quyudaxili qisurlar

1. Pillokanin ¢lrdyub tokilmasi (DAQ-B)

d. Infiltrasiya (DBF)

1. Quyuya su sirnagimin daxil olmasi (DBF-C)

2. Saxtalarin, quyularin vo texniki baxis
noqgtolorinin istismar yararhigi. Saxtala-
rin, quyularin vo texniki baxis noqtalori-
nin istismar yararligint quyu daxilinda
tullanti sularinin horokatinin qarsisini
alan sobablor poza bilor. Agac koklari,
bork tullantilar, ¢okiintiilor tullanti suyun
harokatini angolloyir. Infiltrasiya vo eks-
filtrasiya hallar1 ndgsan sayilir.

3. Saxtalarin, quyularin vo texniki baxis
ndqtalorinin texniki invertar voziyyati.

4. DIN EN 13508-2 giymatlondirmo stan-
dartina daxil olmayan fovqgslada hal.

Yeni texnologiyalar va inksaf tendensi-
yalari. Son illords inkisaf edon texnologiya-
lar diagnostika sahesindo daha dagiq molu-
matlarin toplanmasina imkanlar yaradir. Siini
intellekt vasitasilo molumatlar daha suratli vo
doqiq analiz edilir. Naticodo qisa miiddot or-
zinds biz borunun texniki vaziyyati hagqinda
genis molumat almis oluruq. Bozi hallarda
yalniz kamera vasitasilo aldo edilon verilonlor
borunun divarlarinin  dayaniqligt haqqinda
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tam molumat vermir. Bu halda hipersprektral
gorintiloms texnologiyasi boru daxili mate-
rialin kimyovi torkibini analiz etmoays imkan
verir. Lakin texnologiya ¢ox bahali oldugu
uctin bu diagnostika Gsulu yalniz strateji sho-
miyyatli boyiik tinellords aparilir.

DIN EN 13508-2:2011 standartinin tatbi-
qi soboko, quyu Vo saxtalarin istismar miid-
datini artirir vo tez bir zamanda hansi tamir
usulu ilo noégsanin aradan qaldirilmasinin
Qorarini vermays imkan yaradir. Standartin
tolimatina uygun olaraq aparilan miixtolif
nov diagnostika tisullarinin istifadasi borula-
rn struktur biitovliiyiinii qorumagla yanasi
infrakstrukturun etibarhigmi tomin etmok
baximindan miithiim rol oynayir. Miasir tex-
nologiyalarla diagnostika xarclorin optimal-
lasdirilmasina vo tomir proseslorinin daha
doaqiq planlasdiriimasina komok edir.

NOTICO

Sayahot etdiyim bir nego Avropa 6lkasin-
do kegirdiyim gortislor vo tanis oldugum tod-
gigtlarm naticalori géstormisdir ki, DIN EN
13508-2:2011 standartinin totbigi naticasin-
do su vo kanalizasiya sobakalarinin etibarlh-
1181 shomiyyatli doracods artmigdir. Xiisusilo
Almaniya, Polsa vo Fransada apardigim toh-
lillorin naticasi diagnostikanin osasanda is-
tismar planinin qurulmasi vo vaxtinda cari
tomirlorlo boylk gozalarin garsisinin alin-
masi, bu 6lkalorda istismar edilon borularin
omrunun 25-30 il uzandigin1 gostorilmisdir.
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XULASO

DIN EN 13508-2:2011 sobokoa, quyu vo
saxtalarin diagnostikasi zamani alds edilmis
gorintuloro uygun vaziyystin kvalifikasiya
edilmasi tiglin miiasir metodlar1 miiayyanlos-
diran beynolxalq standartdir. Muxtalif tex-
nologiyalar v analiz tisullar1 vasitasi ilo sis-
temin texniki vaziyystinin dogiq giymatlon-
dirilmosi miimkiindiir. Standartin tatbigi in-
frastruktur obyektlorinin etibarligint artir-
mag vo amoaliyyat xarclorini azaltmaq baxi-
mindan shomiyyatlidir.

Acar sozlar: su va kanalizasiya saboka-
si, quyular va saxtalar, beynalxalq standart,
diagnostika, sonar muayina, hipersprektral
goruntilama, lazer profilometr.

ABSTRACT

DIN EN 13508-2:2011 is an international
standard that establishes contemporary method-
ologies for the qualification of the condition of
sewer systems, manholes, and inspection cham-
bers based on diagnostic imaging. The standard
enables precise evaluation of the technical state
of infrastructure through the application of ad-
vanced technologies and analytical approaches.

The implementation of this standard plays
a crucial role in enhancing the reliability of
water and wastewater infrastructure and con-
tributes to the reduction of operational expen-
ditures. Among the diagnostic techniques em-
ployed are sonar inspection, hyperspectral
imaging, and laser profilometry, all of which
facilitate comprehensive condition assessment
and support informed maintenance planning.

Keywords: water and wastewater networks,
manholes and inspection chambers, internati-
onal standard, diagnostics, sonar inspection,
hyperspectral imaging, laser profilometry.

Moaqaloya ADSEA, Su va Meliorasiya Elmi
Tadgiqat Institutu, PHS, “Su va kanalizasiya
sistemlorinin todgigati” sobasinin bas elmi
iscisi, tii.f.d. Z.0. TarixxaZar ray vermigdir.
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ASSESSMENT METHODS OF DRINKING WATER QUALITY

Clean water is generally defined as water
free from microbial, chemical and physical
contamination. This includes contaminants
that pose a health risk (e.g., disease-causing
bacteria, toxic metals) and contaminants that
do not pose a health risk but can make water
unpleasant to drink (e.g., bad taste due to high
iron levels). Roughly speaking, water qu-
ality can be divided into three areas: Micro-
bial contamination generally refers to the
presence of disease-causing (or pathogenic)
microbes entering water sources that have
come into contact with faecal material. Com-
mon examples include Salmonella Typhi and
Vibrio cholerae, which cause typhoid fever
and cholera, respectively, as well as pathoge-
nic strains of Escherichia coli (E. coli). The
World Health Organization (WHO) consi-
ders microbial pathogens to be the highest
priority in water treatment given their ability
to cause infectious diseases. Chemical pol-
lution refers to metals, organic compounds,
and other chemicals that pose potential
health risks. Water naturally contains many
chemicals (such as sodium and calcium),
most of which do not cause any health prob-
lems. Some chemicals pose risks to human
health, especially for children and when con-
taminated water is consumed over time. They
can originate from both natural sources and
human activities such as industrial waste dis-
posal and agriculture. Physical pollution re-
fers to conditions related to the physical state
of water, such as color, odor, temperature,
and turbidity (cloudiness caused by the pre-
sence of small particles such as soil partic-
les). Most of these do not pose a direct health
risk, but can affect other factors (for exam-
ple, soil particles in turbid water can harbor
bacteria) and sometimes make the water un-
pleasant to drink. There are several methods
of testing the quality of drinking water. Dif-
ferent answers will inform different testing
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strategies because you want to make sure
that the information you collect will be use-
ful in reaching your goals. For example, te-
sting a well for faecal contamination will
involve a different study design than asses-
sing the impact of mining activities on a ri-
ver. If possible, consult a water quality
professional for advice on what to check
and testing methods. If not, take some time
to think about what information you need
and how you can most practically get it. De-
cide what to try. Limitations of time, fun-
ding and access to analytical services make
it impossible to test water samples for all
types of contamination. Instead, you should
choose the tests that best suit your applicati-
on goals. Because of the diversity of poten-
tially pathogenic microbes in contaminated
water, microbial contamination is generally
assessed using indicator organisms rather
than testing for all the different types of
microbes. Indicator organisms are usually
bacterial species found in the environment
only recently introduced in the faeces of
warm-blooded animals. Coliform bacteria
are the most common indicator organisms
used. Although coliform bacteria are some-
times found naturally, their presence in a
water sample is a sign of possible fecal con-
tamination. A specific type of coliform bac-
teria, E, typically cannot survive long outsi-
de the digestive tract of warm-blooded ani-
mals, thereby confirming fecal contamina-
tion by its presence (note, however, that on-
ly some strains of E. coli are directly patho-
genic in themselves). If pesticides or other
complex chemicals are of concern, selecting
appropriate test targets for chemical conta-
mination can require considerable expertise
(given their potential to degrade or react in
the environment over time), but commercial
field tests are available for contaminants
such as nitrate and arsenic. There are a vari-
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ety of test methods available for most water
quality characteristics, and it is wise to ex-
plore options based on your specific intere-
sts. Be sure to consider the precision and
detection limit for each option you consider
(ie, can it accurately distinguish 40 to 50
parts per million of a contaminant, or just
10 to 100? Generally, there is a trade-off
between the cost/effort/expertise involved
in a particular testing procedure and the ri-
gor of the data obtained. Field kits are avali-
lable for many tests, for example, but will
generally provide results with lower reliabi-
lity and precision than a designated ana-
Iytical laboratory. Microbial testing met-
hods generally involve a cultivation process
in which a water sample is combined with a
medium that provides nutrients for the gro-
wth of the bacteria of interest while sup-
pressing the growth of others. The media is
then incubated so that any viable bacteria in
the sample grow to the point where the ini-
tial concentration can be estimated.

4. Plan your test program. Once you ha-
ve identified appropriate test methods, deve-
lop them into a broader program plan, inclu-
ding sample collection time and repetition,
team logistics, and quality control measures.
In addition to sample collection and analysis,
consider whether additional data collection is
necessary to meet program objectives. Exam-
ples may include information about water-
borne diseases from local health clinics or
reports received by community members
about water quality and related health prob-
lems. Consistent record keeping during a
testing program can be difficult - perhaps the
best approach is to develop standard data
sheets to be completed for each sample colle-
cted. In addition to recording the GPS coor-
dinates for each sample site, you should also
photograph the source and record informati-
on such as weather conditions (such as ra-
infall) that may affect water quality.

5. Take a test. In general, you should
carefully read the instructions specific to
your test equipment and supplies. A few
general rules, in addition: Sterilization Be-
cause it is easy to introduce contamination
into or between samples (especially with
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microbial work in improvised laboratory
settings), it is important to maintain a sterile
working environment. Be aware that it is
also quite possible to make yourself sick
when working with environmental samples!
Wear gloves if possible and sterilize your
lab and equipment before and after use. If
you don't have access to a designated lab
area, you can use foil or plastic sheeting to
create a flat, easy-to-clean work surface.
Small glass or metal equipment can be ste-
rilized by exposing it to the open flame of a
gas burner or stove (other flames may cause
soot to build up). Glass, metal and heat-re-
sistant plastics can also be disinfected by
immersing them in boiling water for 15 mi-
nutes. Note that bleach is generally a poor
choice for disinfecting equipment as it tends
to leave a residue unless the equipment is
thoroughly rinsed with sterile water (but it
can be useful for cleaning your workspace).
Sample collection Samples should be as
representative of typical water conditions as
possible. For example, when sampling from
a well or tap, water usually needs to flow for
several minutes to flush the system before
collection. A sufficient volume of water sho-
uld be collected to repeat planned analyses,
as well as in case of errors. If you are using a
testing laboratory for analysis, ask about the
appropriate volume to collect and see if they
can provide sterile containers. In general, at
least 100 ml should be collected for micro-
biological testing. After collection, samples
should be kept cool (on ice if possible) and
processed within 24 hours to minimize the
extent of bacterial growth or death before
analysis can alter water quality. Samples sto-
red more than 30 hours after collection sho-
uld not be tested. It is generally worthwhile
to include a protocol covering these conside-
rations in your trial plan to ensure consis-
tency between the various stages of samp-
ling, especially if sampling will be perfor-
med by multiple individuals. Sterilization As
it is easy to introduce contamination into or
between samples Sample Analysis Again the
specifics here will depend on the nature of
the methods you choose, but some general
practices are broadly applicable. For examp-
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le, analysis of control samples with known
concentrations of target substances is gene-
rally necessary as a quality control experi-
ment to verify the accuracy of your test met-
hod. Alternatively, a subset of samples (eg 1
in 20) can be tested in duplicate or triplicate
to ensure that the results are comparable.
With microbial testing for presence/absence,
it is usual to use sterile water blanks as con-
trols. Additionally, if you split the sample at
any point, shake it vigorously for 10 seconds
beforehand. Larger water constituents such
as sediment and microbes can settle out
over time, necessitating remixing to ensure
subsamples are representative of the whole.
Dilutions are a commonly used approach
when a particular test has the ability to de-
tect a smaller range of concentrations than
may be present in the environment. For
example, if a test to measure the number of
viable E. coli in a sample can reliably detect
concentrations between 10 and 100 bacteria
per 100 mL of sample, but environmental
concentrations are likely to range from 100
to 1000 bacteria per 100 mL, 10 dilutions in
90 mL of sterile water (10-1 dilution) ml
sample can be used. In addition, when am-
bient concentrations are unknown, testing a
series of dilutions simultaneously can in-
crease the chance that at least one will yield
a useful result (especially with microbial
work in improvised laboratory settings) ma-
intaining a sterile work environment is im-
portant. Be aware that it is also quite pos-
sible to make yourself sick when working
with environmental samples! Wear gloves if
possible and sterilize your lab and equip-
ment before and after use. If you don't have
access to a designated lab area, you can use
foil or plastic sheeting to create a flat, easy-
to-clean work surface. Small glass or metal
equipment can be sterilized by exposing it
to the open flame of a gas burner or stove
(other flames may cause soot to build up).
Glass, metal and heat-resistant plastics can
also be disinfected by immersing them in bo-
iling water for 15 minutes. Note that bleach
is generally a poor choice for disinfecting
equipment, as it tends to leave a residue un-
less the equipment is thoroughly rinsed with
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sterile water (but it can be useful for cleaning
your workspace).

Sample collection Samples should be
as representative of typical water conditions
as possible. For example, when sampling
from a well or tap, water usually needs to
flow for several minutes to flush the system
before collection. A sufficient volume of
water should be collected to repeat planned
analyses, as well as in case of errors. If you
are using a testing laboratory for analysis,
ask about the appropriate volume to collect
and see if they can provide sterile contai-
ners. In general, at least 100 ml should be
collected for microbiological testing. After
collection, samples should be kept cool (on
ice if possible) and processed within 24
hours to minimize the extent of bacterial
growth or death before analysis can alter
water quality. Samples stored more than 30
hours after collection should not be tested.
It is generally worthwhile to include a pro-
tocol covering these considerations in your
trial plan to ensure consistency between the
various stages of sampling, particularly if
sampling will be performed by multiple in-
dividuals.

6. Interpret and turn data into action Gi-
ven the number of potential ways for error to
enter the sampling and analysis process, re-
sults should be interpreted with caution.

Figure 1.
Important results (such as the detection of
unexpected contamination or the apparent
safety of a water source at risk) should be
verified by replication before action is taken
(ideally, your test plan will take this into ac-
count). In particular, a water source should
not be considered safe until it has a consistent
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history of continuous testing that accounts for
seasonal changes in conditions (eg, a surface
spring that produces safe water in the dry
season may become contaminated by runoff
during the wet season). If you are dissemina-
ting results locally, consider your approach
carefully, given that it may be difficult to
convey nuanced findings to a non-technical
audience.

Removal of phenol and chlorophe-
nols from water. A new o0zone generator
has recently been developed and described.
It consists of a coaxial dielectric barrier-dis-
charge reactor and operates air at atmosphe-
ric pressure. Flowing water is one of the
dielectric layers. The same volume of ozone
and ozonized water is formed. The resulting
ozone concentration is suitable for drinking
and wastewater treatment. This type of o0zo-
ne generator has significant advantages over
the classic ones, where the produced ozone
is dissolved in water in a bubble column re-
actor and the undissolved ozone must be re-
moved because it is very toxic. In our gene-
rator, there is no loss during the formation
and dissolution of ozone water. Consequent-
ly, the efficiency is higher since the ozone
emission occurs in a closed system. No addi-
tional equipment is required for gas splitting.
Simple equipment and higher efficiency can
lower operating costs compared to conventi-
onal ozonizers. However, the new ozonizer
is a laboratory model and it needs to be opti-
mized. After growth, it will be possible to
better estimate the operating costs Depen-
ding on the experimental conditions, the new
ozonizer provided a concentration of dissol-
ved ozone in water of 7-40 mg/l after about 1
hour of operation. These values were much
higher than the 0.2 mg/L obtained by the
author using a reactor based on needle-plate
discharge of corona [2]. Although the impro-
vement and optimization of the new ozone
generator has not been completed, in pa-
rallel, a major project is underway to disin-
fect and purify water for its possible use.
Dissolved ozone water for drinking and dirty
water treatment, disinfection in the food
industry, etc. has many applications such as
[3]. This paper presents the results obtained
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for the removal of phenol from water by me-
ans of novel ozone generators. In all cases,
before and after water treatment with ozone,
the concentration of relevant phenol [4], dis-
solved and residual ozone [5] was determi-
ned by standard methods. The experiments
were conducted at the laboratory level. As a
rule, it was intended to scale up the use of
this type of ozone generator for the removal
of phenol in waterworks. Such implementa-
tion is needed in Serbia and Montenegro and
possibly in other countries. Increase in phe-
nols due to accidents and waste water (main-
ly coal thermal power plants), e.g. In the Ibar
River, it sometimes disrupts the production
of drinking water for several cities in Serbia.
The shortage of drinking water sometimes
lasted for several weeks. In Serbia and Mon-
tenegro, the maximum allowed concentrati-
on of phenols in river water is 0.01 mg/l, but
sometimes it is 10 times higher during inci-
dents. Bottled drinking water should contain
no phenols, while other drinking waters may
contain up to 0.001 mg/L (in some EU coun-
tries, e.g. Austria).
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Figure 2. Ozone water laboratory
equipment

a-completed circuit, b-electrode part an
inner grounded stainless steel electrode (1), a
flowing water layer (2) and an outer glass bar-
rier electrode (3). A high voltage line frequ-
ency is applied between the inner and outer
electrodes. Ozone is formed in a filamentary
discharge held in the gap between the outer
glass barrier electrode (3) and the flowing
water layer (2) as the inner barrier electrode
of a coaxial dielectric barrier discharge
(DBD) reactor. Water from the reservoir (5)
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flows up the wvertical hollow cylindrical
electrode and flows down the thin dielectric
film on the electrode (Figure 1, enlarged
section). After passing through the DBD re-
actor, the water flows into the lower reser
voir (4). It can be pumped into the upper re-
servoir by pump (6). In this system, two
devices, an ozonator and an ozone solvent
column, are connected. There are no losses
during the formation and dissolution of 0zo-
ne in water. Consequently, the efficiency is
higher because the ozone emission occurs in
a closed system. A more detailed descripti-
on of the new ozonizer, as well as technical
details such as voltage, discharge power,
water flow, etc., has been published previ-
ously [1]. Five samples (A, B, C, D and E)
were used to test the capability of the new
ozonizer to remove phenol from water. All
samples were prepared by dissolving analyti-
cal gradephenol, 4-chlorophenol or 2, 4-di-
chlorophenol in bidistilled or Danube water.
In all cases, a 5 L water sample containing
6 mg/L of the corresponding phenol was pas-
sed through the ozonizer once. Samples A,
B, and C were prepared by dissolving analy-
tical grade phenol, 4-chlorophenol, or 2,4-di-
chlorophenol in bidistilled water. Samples D
and F were prepared by dissolving phenol in
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Figure 3. Phenol and Ozone
concentration changes over time.

two different water samples taken from the
Danube River. The pH of the water used for
the preparation of samples D and E was 6.2
and 6.5, respectively, and the corresponding
COD values were 92 and 105 mg O2/L.
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Ozonation lasted for 1 hour, but the total
contact time was up to 94 hours. The con-
centration of dissolved ozone in water was
7-40 mg/l. The ozone dose expressed as mg
03/mg C was 2.6, 2.0, and 2.6 for phenol,
4-chlorophenol, or 2,4-dichlorophenol, res-
pectively. In all cases, particles of water
solutions are taken from the ozonizer before
and after water treatment with ozone.

The concentrations of relevant phenol
[4], dissolved and residual ozone [5] were
determined by standard methods. These de-
terminations were made 24, 48, 72 and 96
hours after ozonation. All determinations
were performed in triplicate to achieve the
desired reliability of results.
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NOTICO

Moaqalodo bozi tomizlomo {isullarindan
istifado edorkon morkozlosdirilmis su tachi-
zatinda olan sularda fenolun, tetraxlormeta-
nin, domir vo marqansin Yiksok konsentrasi-
yalarda olmasi1 gostorilmisdir.

Natica etibarils, ozon emissiyast gapali
sistemdo bas verdiyi ili¢iin somaralilik daha
yuksokdir. Yeni ozonizatorun daha otrafl
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tosviri, homginin texniki detallar, masolon, KUCJIOMHOCb 800bl, YUCMASL 600d, NEPMAH-
gorginlik, axidma giicii, su axini va s. avval- 2AHAMHO-OKUCIUMENbHASL CHOCOOHOCHb.
lor nogr edilmisdir.

Acar sozlar: su tochizati, nasos stanSi- SUMMARY
yalari, ozonlama kamerasi, suyun tursulugu,
tomiz su, permanganatin oksidlasma qabi- It has been shown that when using some
liyyati. purification methods, phenol, tetrachlormet-

hane, iron and manganese can be found in
AHHOTAIIUSA high concentrations in the waters of centrali-
zed water supply.

Bbu10 MokasaHo, 4TO MPH HCIOJIb30Ba- Consequently, the efficiency is higher
HUM HEKOTOPBIX METOJOB OYHMCTKH BOJa B because ozone emission occurs in a closed
LCHTPAIN30BAHHOM BOJOCHA0KEHUH MOIKET system. A more detailed description of the
coxepxkath (eHou, Terpaxiopmeras, JKene- new ozonizer, as well as technical details,
30 M MapraHell B BHICOKUX KOHIICHTPALUSIX. such as voltage, discharge power, water

CrenoBatenbHO, 3PPEKTUBHOCTD BBIIIIE, flow, etc. previously published.

TIOCKOJIBKY BBIOPOCHI 030HA TPOHCXOIAT B Key words: water supply, pumping stati-
3aMKHYTOH cucteme. boiee moapoOHoe omu- ons, ozonation chamber, water acidity, clean
CaHHE HOBOIO O30HATOPA, a TAKXKE TEXHM- water, permanganate oxidation capacity.
YeCKHe JIeTalH, TaKUe KaK HampshKeHUe, ) _ _
MOLLHOCTb Pa3psiia, PACXosl BOABI U T. 1. pa- The article was reviewed by G.H. Feyziyeva,
Hee OIyGIINKOBAHO. associate professor of the “Construction

of Engineering Systems and Facilities”
department of the Azerbaijan University
of Architecture and Construction.
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DIRECTIONS FOR THE EFFICIENT ORGANIZATION OF COMMUNICATION
SERVICES IN THE IMPLEMENTATION OF ELECTRONIC GOVERNMENT

PROJECTS

In the process of implementing e-go- internet or communication networks is limi-
vernment projects, effective organization of ted and difficult to provide. Large-scale infra-
communication services can be carried out structure is necessary for the successful im-
in a number of key directions. These directi- plementation of e-government projects. Sa-
ons are related to both the state's support for tellite communications perform several im-
the development of information and commu- portant functions in this area:
nication technologies (ICT) and the streng- Services that are not dependent on loca-
thening of the communications infrastructu- tion: E-government services should be exten-
re that serves citizens, enterprises, and orga- ded to every region. The problem of lack of
nizations. The following main directions can internet connectivity in remote and hard-to-
be highlighted: reach areas is solved by satellite communi-

1. Efficiency of satellite communication cation, thus providing government services to
application: Satellite communications play a users even in the most remote locations.
crucial role in the implementation of e-gove- Fast and reliable data exchange: It is pos-
rnment projects. This technology makes ser- sible to transmit data quickly and securely via

vices accessible in areas where access to the
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satellite. This enables effective sharing of
information in e-government applications.

Accessibility in case of emergencies:
During natural disasters and other emergen-
cies, traditional means of communication
may not work. In this case, satellite commu-
nications play an indispensable role in ensu-
ring the uninterrupted operation of govern-
ment services.

Global relations and integration: Satel-
lite communications facilitate international
information exchange and connection to glo-
bal systems. This form of communication is
essential for e-government systems to com-
ply with international standards.

Thus, satellite communication is an im-
portant technology for ensuring the continu-
ous and effective operation of e-government
systems.

2. Improving and expanding communi-
cation infrastructure: The development of
modern and fast communication networks is
very important for the successful implemen-
tation of e-government projects. The expan-
sion of fiber-optic networks, the introduction
of 5G technologies, and the expansion of di-
gital communications infrastructure enable
the rapid and high - quality use of electronic
Services.

3. Implementation of cloud services:
The application of cloud technologies cre-
ates new opportunities for the provision of
secure and efficient electronic services for
government agencies and citizens. Cloud
services play an important role in integrating
government information systems and effici-
ently managing resources.

Cloud-based services are a key compo-
nent of digital transformation and offer signi-
ficant benefits for both businesses and gover-
nment agencies. The use of cloud technolo-
gies has increased in Azerbaijan in recent ti-
mes and is making significant contributions
to the development of digital infrastructure.

Advantages of Cloud Services: Effici-
ency and agility: Cloud services simplify the
processes of data management, storage, and
processing for organizations, thus providing
a more flexible and faster workflow.
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Cost optimization: Compared to physi-
cal servers and storage solutions, cloud ser-
vices are more cost-effective because custo-
mers only pay for the resources they use.

Security: Modern cloud services provi-
de a high level of data security. Appropriate
easures are taken to back up data and protect
against data loss.

As a result, the widespread adoption of
cloud services in Azerbaijan supports the
rapid development of digital infrastructure
and allows for the creation of more flexible,
innovative solutions. This leads to the opti-
mization of operations and the provision of
better quality digital services in both the
public and private sectors.

4. Increasing the security of communi-
cation services: Information security is one
of the most important factors for the succes-
sful implementation and efficiency of e-go-
vernment projects. It is very important to
implement various cybersecurity measures
to protect personal data and secure commu-
nication channels. This not only increases
the efficiency of government services, but
also ensures that citizens and the state use
reliable and secure services. National strate-
gies in the field of cybersecurity have been
developed in Azerbaijan and various secu-
rity standards have been implemented for
state institutions and the private sector. Both
government agencies and telecommunicati-
ons companies are implementing modern
technologies and international security stan-
dards to ensure data protection and the con-
tinuity of network services. These measures
not only increase the security of communi-
cation services, but also protect users' pri-
vacy and data integrity.

5. Integration of mobile communicati-
on services: Improving mobile communica-
tions infrastructure is of great importance to
provide citizens with easy and fast access to
electronic services through mobile technolo-
gies. Mobile applications, SMS services, and
mobile authentication tools make the use of
e-government services more accessible and
efficient.

Integration of Mobile Payments and
Electronic Services: Mobile payment servi-
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ces: Mobile payment platforms have become
more widespread as a result of the integration
of banking services with mobile communica-
tion services. Users can conveniently use mo-
bile money transfers, e-commerce and other
services by conducting financial transactions
through their phones. This increases the speed
of transactions for both individual users and
businesses and makes financial transactions
easier and more secure.

The integration of mobile communica-
tion services has a positive impact on the de-
velopment of digital infrastructure in Azer-
baijan and provides more flexible and effi-
cient services to both citizens and busines-
ses. This process creates conditions for the
rapid spread of digital transformation and in-
novation in the country, while also enabling
the provision of public services in a more ef-
fective and user-friendly manner.

As a result, mobile technologies make
access to electronic services more accessible
and make it more convenient for citizens to
use government services. This also accelera-
tes society's integration into the digital world.

6. Digitalization of public services: The
full digitalization of public services within
the framework of e-government projects is
an important step to ensure faster, more
transparent and efficient implementation of
the services provided by the state to citizens.
This process is made possible by converting
all paper-based procedures into electronic
format and making services available online.
At the same time, citizen applications and
inquiries are resolved online, eliminating
bureaucratic obstacles.

7. Citizen Information and Training:
For the effective use of communication servi-
ces, it is very important to increase the skills
of citizens and civil servants to use these
services. For this purpose, it is important to
organize various trainings and seminars, as
well as develop educational programs to de-
velop the ICT skills of citizens and govern-
ment employees. This not only ensures wider
use of digital services, but also accelerates
citizens' adaptation to electronic services.

8. Resource and Service Management:
For the efficient use of communication servi-

23

ces, proper management of these services and
resources is essential. For this purpose, the
introduction of automation systems, centrali-
zation and simplification of services are of
great importance. Automated systems not on-
ly ensure faster and more efficient delivery of
services, but also help optimize resources.
Centralization of e-government services also
simplifies management processes and makes
access to government services easier.

With the implementation of these direc-
tions, public services will become more ef-
fective and transparent, and citizens will be
able to use public services more convenient-
ly. This also accelerates the country's digital
transformation and enables the implemen-
tation of innovative solutions.

The improvement of the communication
system in connection with the widespread im-
plementation of e-government projects sho-
uld, first of all, be based on the application of
the latest achievements of scientific and
technical progress in this field. This, in turn,
should be based on the development and im-
plementation of communication technology in
accordance with international standards. On
the other hand, progressive norms and stan-
dards should be applied regarding the use of
labor and other resources. The need for pe-
rsonnel and other resources should be deter-
mined based on marketing research. The utili-
zation indicators of these resources must be
planned, recorded, and analyzed. The work of
communication service units should be coor-
dinated with the work of e-government units.
Thus, information received from the produc-
tion and service sectors must be analyzed in a
timely manner and decisions must be made.

The related work of the communication
system with the e-government center should
enable practical, automatic management and
the adoption of new decisions. In general, e-
government centers should be used as a sing-
le system together with communication servi-
ces. Thus, the effective use of electronic in-
formation centers and communication servi-
ces as a single system should be based on the
following principles:

— Scientific approach. Taking into account
the achievements of scientific and techni-
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cal progress in the field of communication
systems, the requirements of objective
economic laws should be taken into acco-
unt in the planning, organization and ma-
nagement of the efficient use of resources.
System approach. Communication sys-
tems should be viewed as a single cyber-
netic system. Thus, the interactions and
effects of all elements of this complete
system must be taken into account.
Comprehensive approach. In addressing
the issues of increasing the economic and
environmental efficiency of resource use in
the communication system, technical-tech-
nological, environmental protection, orga-
nizational, ideological-educational, psycho-
logical, physiological, social and economic
factors should be taken into account in a
complex manner.

Optimality. Considering that the planning,
economic, organizational and manage-
ment issues of resource use in the commu-
nication system and its sections are multi-
variate, it is required to select the best (op-
timal) option from these options according
to the accepted criteria. Selecting the opti-
mal option requires economic-mathemati-
cal modeling of the efficient use of resour-
ces and the application of appropriate mat-
hematical optimization methods. The im-
plementation of the appropriate economic
and mathematical model is achieved thro-
ugh the application of information and
communication technologies.

Efficiency. Measures to be planned to ad-
dress the issues of increasing the economic
and environmental efficiency of reso-urce
use in the communication system must be
economically efficient. Therefore, the eco-
nomic efficiency of the measures to be im-
plemented must be determined in advance.
Ecological balance.Organization of com-
munication processes based on the latest
technology. Ecological balance is ensured
by switching vehicles used in communica-
tion system enterprises to liquid-gas fuel.
Thrift. All resources at the disposal of the
communication system should be fully
utilized, and a current and strategic busi-
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ness plan for the efficient use of natural,
material and technical, various types of
energy, labor, and financial resources
should be developed and prepared. The
current and strategic business plan for the
efficient use of resources must be imple-
mented according to the action-calendar
action program-schedule.

Appropriate coordination of field and ter-
ritorial management. Planning and mana-
ging the efficient use of resources in the
communications system requires coordina-
tion of sectoral (ministries) and territorial
(executive authorities) factors (measures).
Material and moral encouragement. Sti-
mulation of the material and moral inte-
rests of the collective should be ensured
in increasing the economic and ecological
efficiency of resource use in the commu-
nication system.

Correct coordination of personal, collecti-
ve and state (national) interests. Personal,
collective, and public (state) interests rela-
ted to the protection, appropriation, and
efficiency of resources in the communica-
tions system must be properly aligned and
reconciled. It should be noted that the
general public (state) interest should be
accepted as the main criterion here.
Ensuring the participation of each indivi-
dual management and employee in the
protection, appropriation and manage-
ment of resources. In addition to individu-
al leader-ship, the active participation of
each employee should be ensured in the
preparation and implementation of measu-
res to protect resources in the communi-
cation system and increase the economic
and environmental efficiency of their use.
Organization of control and verification of
implementation. It is considered necessary
to organize control and verify the imple-
mentation of measures to protect resources
in the communication system and increase
the economic and ecological efficiency of
their use.

The organization of control over the effi-
cient management of the work of trans-
port and communication infrastructure
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units in the communication system and

the verification of implementation should

also be in the focus of attention.

Taking into account the above principles,
when developing a current and strategic bu-
siness plan in a communication system, the
main indicators of the use of natural, mate-
rial-technical, energy, labor, information and
financial resources at the disposal of all sec-
tions of that system in accordance with the
business plan should be planned, recorded
and evaluated through comparative analysis
according to the following methodology.

1. Indicators of efficient use of natural reso-
urces:

a) The profitability ratio of natural resources
IS measured by the revenue per manat of
expenditure on natural resources.

b) The profitability ratio of natural resources
is measured by the profit per manat of
expenditure on natural resources.

2. Indicators of efficient use of material and
technical resources of the communication
system:

a) The profitability ratio of material and tech-
nical resources is measured by the revenue
per manat of expenses incurred on materi-
al and technical resources.

b) The profitability ratio of material and tec-
hnical resources is measured by the profit
per manat of expenses incurred on materi-
rial and technical resources.

3. Indicators of efficient use of energy resour-
ces:

a) The profitability ratio of energy resources

is measured by the revenue per manat of ex-
penditure on energy resources.

b) The profitability ratio of energy resources
is measured by the profit per manat of
expenditure on energy resources.

4. Indicators of efficient use of labor reso-
urces of the communication system:

a) The profitability ratio of labor resources
iIs measured by the income per manat of
the wage fund.

b) The profitability ratio of labor resources
is measured by the profit per manat of the
wage fund.

5. Indicators of efficient use of financial
resources of the communication system:
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a) The profitability ratio of a long-term loan
is measured by the income per manat of a
long-term loan.

b) The profitability ratio of a long-term loan
is measured by the profit per manat of a
long-term loan.

V) The profitability ratio of a short-term loan
is measured by the income per manat of a
short-term loan.

d) The profitability ratio of a short-term loan
iIs measured by the profit per manat of a
short-term loan.
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QARABAG ARAZBOYU DUZONLIYININ FiZiKi-COGRAFi VO EKOLOJI SORAITI

Giris. Todqiqat aparilan saho Azorbay- siyyatlorino uygun olaraq asason yaz vo yay
canin Cobrayil rayonu orazisindo, daha do- aylarinda bas veron dasqinlarla xarakterizo
qiq desok, Dorzili kondindon togribon 2,5 Olunur. Bu da onu miivafiq olaraq daghq vo
km mosafods, simal istigamatinds yerlosir. yamac ¢aylari kateqoriyasina daxil edir. Orazi

Bu saho homginin Hokari vo Incogay geoloji baximdan osason {igiincii vo dérdunci
caylarinin birlosdiyi hidroqovsaq zonasinda dovr cokiintiilori ilo formalasmisdir. Ugiincii
yerlagir vo Cobrayilin dagatoyi diizonlik his- dovr ¢okiintiilori litoloji baximdan gil, gilli
sosing daxildir. Orazinin yiiksoklik soviyyasi qumdasi vo konglomeratlardan ibaratdir. Dor-
osason 350-425 metr araliginda doyisir. Bu dlincii dovriin asag1 hissasinda iss ¢inqillardan
yuksokliklor orazinin topoqrafik xiisusiyyat- ibarat tobagolor genis yayilmigdir vo bu ¢o-
larini miioyyanlosdirir vo onu asason yamac- kintiilor Cabrayilin dagotayi diizenliyinin bo-
I1 vo dalgali diizonlik kimi sociyyalondirir. yiik bir hissasini ohato edir. Bu ¢okuntiilar al-
Cografi baximdan buras1 Mixtokon dag silsi- lvial-proliivial vo deltvial-prolivial mangali
lasinin conub-gorq yamacinda yerlasir, bura- formalarla tomsil olunur. Bu proseslor notico-
da iso Hokari ¢ay1 axir. Bu cay orazinin 9sas sindo orazido miiasir geoloji tobagolor for-
hidrografik elementi kimi ¢ixis edir vo timu- malagmisdir ki, bunlar osason ¢aylarin yatag-
mi su goboakasinin formalagsmasinda mihiim larinda rast goalinir vo gil, qumlu-gilli materi-
rol oynayir [1]. allar, das-¢inqil garisiglari, konglomeratlar vo

Hokaeri ¢ayinin su rejimi onun tabii x{isu- digor komponentlordon ibaratdir.
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Boazi sahslords bu miiasir yataqlar sath-
do nazik ortiik amolo gatirarak relyefs vizual
tosir edir. Orazinin relyefi, torpaq vo bitki
Ortiiyli, iqlim soraiti vo bu komponentlorin
yuksokliya bagl olaraq doyismosi burada
torpaq vo su ehtiyatlarinin formalasmasina
tosir edir. Bununla yanasi, bu komponentlors
insan tasiri naticasindo antropogen cirklon-
mo vo torpaq deqradasiyast bas verir. Belo
doyisikliklor orazinin golocokdo daha somo-
roli istifadosini tomin etmok {i¢iin miivafiq
tadgiqatlarin aparilmasini vo qoruma todbir-
lorinin goriilmasini zoruri edir. Digor torof-
don, iglimds bas veran global va lokal dayi-
sikliklor, o ctimladon su qithg kimi prob-
lemlor bu orazido golacokds iglima uygun-
lagdirilmis strategiyalarin hazirlanmasini va-
cib edir [2].

Ki¢ik Qafqaz daglari Boylk Qafqaz
daglar1 kimi ardicil daglar omoalo gotirmir.
Azorbaycanda Kigik Qafgazin simal hisso-
sinin osasin1 Sahdag homg¢inin Murovdag
toskil edir. Kigik Qafgaz 620 km uzunlu-
gunda olub, BOyiik Qafqazin conub hissa-
sindo yerlogir. Burada on uca dag Gamis
dagidir (3725 m). Kigik Qafqaz daglarinin
Olkomizdoki hissosi, osas olaraq suayricisi
olmayan vo miixtolif istigamotloro uzanan
silsilolordon ibaratdir. Bunlara Murovdag,
Qarabag, Mixtokon silsilalori, Zangozur,
Sahdag, Daraloyaz silsilalorinin bazi hisso-
lori aid edilir. Mixtékon KQ-da dag silsilo-
sidir. Qarabag yaylasiyla vo onun silsilosi
arasinda, Hokori ilo Tortor gaylarinin su ay-
ricilarinda yerlosir. Hiindurllyd 3,618 m
togkil edir. Qarabagin vulkan yaylasindan
conub sorqde Hokoari ¢ayinin qollarinin (Za-
buxcay, Salva, Qorgucay, Hocazsu) arasin-
da genis hamar sothi olan yaylalar vardir.
Bu yaylalardan on boyiikii Hokori vo Bor-
gusad caylar1 arasinda yerloson Yazi yayla-
sidir. Hiindiirliiyii tagribon 655-1203 m tos-
kil edir. Qarabag vulkan yaylasindan co-
nub-sorqdes Hokori ¢aymin qollar1 (Zabux-
cay, Hocazsu. Solvo, Qorcucay) arasinda
yuxanda gostarilon tiralorle yanasi genis ha-
mar sathli yaylalar mévcuddur. Bunlardan
on boyliyii Hokori vo Borgiisad ¢aylar1 ara-
sindak1 Yazi yaylasidir (hiindiirliiyti 650-
1200 m).
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Iqlim, relyef. Todgiqat aparilan orazido
iqlim amillori tokco torpaq amologolma pro-
sesinds deyil, eyni zamanda su ehtiyatlarinin
formalasmasinda vo ¢ay sobokalorinin axim
saviyyasinin miioyyon olunmasinda da osas
amillordon biri kimi ¢ixis edir. Bu regionda
hokm siiron iglim goraiti oraziyo xas olan
cografi movqge, relyefin miirokkobliyi vo
doniz saviyyassindon olan hiindiirlilys gors
forqli mikroiglim zona-larinin yaranmasina
sobob olur. Todqiqat sahosi, 0z cografi
movgeyino osason, asason miilayim isti vo
yar1 quraq iqlim tipi ilo saciyyalonir [3].

Genetik baximdan orazi Borgiisad cayi-
nin gadim alliivial-proliivial yelgokon diizon-
liklarinin tasiri altinda formalasmisdir. Bu dii-
zonliklor osason ¢aylarin gotirdiyi ¢okuUnt
materiallart ilo — gil, qum, ¢inqil, homginin
vulkanik mongoli kiil gatlari ilo zongindir.
Vulkanik gatlarin mévcudlugu bu orazinin ge-
oloji ke¢misindo vulkanik foalligin miihiim
yer tutdugunu siibut edir. Bu tobagslorin omo-
lo golmoasi ilo paralel olaraq relyef do zamanla
formalagmis, naticodo maili vo dalgali diizon-
liklor yaranmugdir.

Orazids illik hava temperaturu orta he-
sabla 13,2-13,3°C arasinda doyisir va bu, ig-
limin miilayim istiliyini gostorir. Yagintinin
illik migdar1 350-500 mm araliginda doyisir
ki, bu da regionun yari quraq oldugunu tos-
digloyir. Orazido gar nadir hallarda yagir vo
yagan qar da uzun miiddet qalmir, yoni mii-
vaqqati xarakter dasiyir. Qis movsumu bura-
da miilayim soyuqluqla xarakterizo olunur.
On isti aylar orzindo temperatur 25°C-o qo-
dor yiiksalir, on soyuq aylarda iso bu gostori-
ci 1,0-1,5°C-a gadar enir. Temperaturun illik
doyismasi asason yanvar aymnda minimum
soviyyaya catir, iyul ayinda iso maksimuma
galxir [4].

[ldo temperaturun yiiksolmosi osason ap-
relin avvelindon baglayir vo bu proses yay
boyunca davam edir. Noyabr ayindan isa
temperaturda enis miisahido olunur. ilin bii-
tiin aylarinda orta ayliq temperatur miisbot
gostaricilorlo miisahido olunur, lakin bazi so-
yuq qis giinlorinds -21°C-o godor monfi tem-
peratur geydo alina bilir. Bu da arazido nadir
hallarda olsa da, sort qis soraitinin miimk{n
oldugunu gostorir. On yiiksok temperatur
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gOstaricilari asasan iyun va iyul aylarinda ge-
ydo alinir vo bu zaman maksimum tempera-
tur 39-41°C soviyyasina qodar qalxa bilir [5].

Uzunmiiddatli miisahidosloro asason, ya-
gintinin illik miqdar1 orta hesabla 467-486
mm civarindadir. Yagintinin bolgiisii fosillor
Uzra borabor olmur. ©On ¢ox yaginti yaz-yay
aylarinda (xtisusilo aprel-iyun dovriindo) dii-
stir. Bu aylarda yagintilarin artmasi torpaq
nomliliyi vo bitki Ortiiyliniin inkisafi baxi-
mindan miihiim rol oynayir. Payiz aylarinda,
XUsusilo sentyabr-oktyabrda iso yagint1 miq-
dar1 azalir vo yalniz ciizi soviyyado yagislar
misahida olunur.

Orazido havanin riitubat doracesi do
muhim iqlim gostaricilorindon biridir. Su
buxarmin elastikliyi (miitloq riitubat) ilo 6l-
cllon riitubat gostoricilori osason havanin
temperaturuna paralel doyisir. Miitloq riitu-
botin maksimum doyorlori yay aylarinda —
iyul va avqustda miigahido olunur (15,7-16,3
RM), minimum dayarlor iso yanvar ayinda
geydo alinir (4,9 RM). Nisbi riitubat gostori-
cilori do mévsiimoa goéra dayisir: qis aylarin-
da bu gostaricilor yiiksok olub 77%-o qodor
cata bilor, yay aylarinda — xiisusilo iyulda iso
on asagi soviyyaya — 50%-o godor diistir.

Havanin su buxar ilo doymamasi, yoni
rutubot catismazhigr 2,6-18,3 RM arasinda
dayisir. Bu gdstorici su balansinin vo buxar-
lanmanin hesablanmasi ti¢ciin mithiim oho-
miyyat dastyir. Kiilok rejimi do orazido hava
soraitino tosir edon osas amillordondir. Yerli
musahide moalumatlarma goérs, bu bolgods da-
ha ¢ox simal-qorb vo conub-gorq kiiloklori tis-
tiinliik toskil edir. Kiiloyin orta siirati il boyu
1,8-2,7 m/s araliginda doyisir. Giicli veo
firtmal1 kiiloklor ¢ox nadir hallarda miisahido
olunur vo osason simal istigamotindon osir.
Belo kiiloklar ilds comi 19 giin qeyds alinir.

Orazido buxarlanma doyari 980 mm so-
viyyasindos hesablanir. Bu gostorici yay ayla-
rinda, xiisusilo iyulda maksimuma — 178 mm-
9, qisda iso minimuma — 27-29 mm-o qadar
enir. Bu yiiksok buxarlanma gostaricilori regi-
onda su ¢atismazlig riskini artirir vo torpagla-
r1in qurumasina sabab ola bilor. Todqiq olunan
Cobrayil dagatoyi diizonliyi gil vo bos siixur-
larin bollugu, qida elementlorinin azhig1r vo
grunt sularmim zaifliyi ilo xarakterizo olunur.
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Molumatlara osason, burada qrunt sularmnin
soviyyasi son illords aparilan 6lgmalor zamani
22 metr darinlikde miiayyan edilmisdir. Qrunt
sularinin ¢ixig derinliyi bozi yerlorde 50-100
metr arasinda doyiso bilor.

Bu sular asason sulu hidrokarbonat nat-
rium tipino aiddir vo minerallagma soviyyasi
¢ox asagl — toqribon 0,5 g/l-o0 qodordir. Bu
iso onlarin texniki vo bazi hallarda mohdud
migyasda moisat mogsadlori tiglin istifads
oluna bilacayini gostorir.

Torpaq, bitki ortlyd. Tadqiq olunan
orazi — Kigik Qafqazin conub-sorq hissasin-
ds yerloson dagliq vo dagstoyi zonalar — tor-
paq vo bitki Ortliyli baximindan olduqca
muxtslif vo zongin landsaftlarla xarakterizo
olunur. Orazi asason 620 metr yiiksoklikdon
baslayaraq daha yiliksok dagliq saholora go-
dor uzanir vo burada asason dag-¢6l vo dag-
meso landsaft tiplori miisahido olunur. Bu
torpaq vo landsaft sistemlarinin formalagma-
sinda iqlim soraiti, relyefin miixtalifliyi, hid-
roloji rejim vo geoloji qurulus miithiim rol
oynamisdir.

Orazido yayilmig torpaq Ortiiyli osason
sabalid1 vo gohvayi torpaq tiplori ilo tomsil
olunur. Bu torpaqglar osason yar1 quraq vo
miilayim isti iglim goraitinde, maili diizonlik
vo al¢aq dagliq saholordo formalasir. Sabali-
d1 torpaglarin fiziki vo kimyovi torkibi onla-
rin okingilik ti¢lin yararl oldugunu gostorir.
Qohvayi torpaqlar iso osason dag-meso qur-
saginda formalasir vo orqanik maddslorlo
zongin olur.

Dag-¢6l landsaftlar1 iso daha cox asagi
dagliq vo dagotoyi saholords yayilmisdir. Bu
landsaftlar uzun illor orzinds insan tosarriifat
foaliyyati noticosindo miioyyon doyisikliklara
moruz qalmisdir. Xiisusilo tizlimgiilik vo
okingilik moagsadilo torpaqlarin intensiv isti-
fadosi onlarm tobii torkibini gismon doyis-
misdir. Buna baxmayaraq, bu saholor hals do
kond tosarriifati liglin miithiim ochomiyyat kosb
edir. Okin saholarinds torpaqlarin struktur ba-
ximindan par¢alanmasi, humus qatinin azal-
mas1 vo eroziya proseslorinin giiclonmasi mii-
sahido olunur.

Orta dagliq bolgolords iso dag-meso lan-
dsaftlarina daha ¢ox rast golinir. Bu saholordo
osason @ohvayi dag-meso vo gohvayi torpaq
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tiplori tstiinliik toskil edir. Bu torpaglar, xu-
susilo mesa alt1 saholords yaxs1 inkisaf etmis-
dir. Organik gatin qalmhgi, humusun miqdari
vo torpaq strukturu burada bitki OrtUydnin
sixligina miisbat tosir gostorir. Mesolor iso
burada osason enliyarpaqli agaclardan ibarat-
dir vo onlarmn bdylik bir hissasi tarixi dovrlor-
do insan faaliyyati noticasindos gismon qiril-
mis va ya doyisdirilmisdir.

Orazido yayilan mesolordo fistiq, palid,
volos vo cinar agaclart genis sokildo tomsil
olunur. Bu agac novlari 6z méhkom kok sis-
temi vo torpagi tutma xiisusiyyati ilo eroziya
proseslorinin qarsisini almaga komok edir.
XUsusilo Bositgay Dovlot Tobiot Qorugu ora-
zisindo ¢inar agaclarmin qorunmasi mogse-
dilo xiisusi miihafizo todbirlori gorullr. Bu
orazilords torpaq Ortiiyii asason torflu vo ¢im-
li dag-comon torpaglar ilo saciyyslonir. Bu
torpaglar yaylaglar kimi istifado olunur vo
burada genis yayilmis otlaq saholori yerlosir.

Kicik Qafqazin yiiksok dagliq hissals-
rindo — 605 metrdon baslayaraq 1795 metra-
dok olan sahalords — enliyarpaqli mesolor ge-
nis yayllmisdir. Bu mesolor hom biomuxte-
liflik baximindan, hom do torpaq formalas-
mas1 baximindan ¢ox shomiyyatlidir. Burada
asason Sorq palidi, Sorq fistig1 vo Giircii pali-
d1 kimi giymatli agac novlori ustiinliik toskil
edir. Fistiglt mesoliklor bu saholordo mohsul-
darligi yiiksok olan qarisiq mesalorin for-
malagmasina sobab olur. Palid vo fistigdan
basqa, burada valas, miixtalif nov agcaqayin,
cOko vo digor enliyarpaqlt agaclara da rast
galinir.

Six fistigh mesoliklordo ot Ortiiyli demak
olar ki, yoxdur, ¢iinki six kolga soraiti ot bit-
Kilorinin inkisafin1 mohdudlasdirir. Ancaq
seyrak fistiqlt orazilordo zongin ot ortlyl
mUisahido olunur. Bu orazilordo bdoyiirtkon,
ay1dosoyi, gormosov vo mixtalif taxil otlari
genis sokilde yayilmigdir. Dag yamaclarinda
159 daha ¢ox qusarmudu vo Giircii palidi bit-
Kilori yayilib. Yiiksok dagliq sahalords — yo-
ni 1700-2100 metr araliginda — park tipli, ya-
ni seyrok va genis tacli agaclardan ibarot me-
soliklor mévcuddur. Bu mesoalor subalp zona-
sinda yerlasir va subalp mesaliyi adlanir.

Bu orazilords torpaq ortiiyii osason ¢o-
monlosmis qonur torpaqlar, gohvoyi dag-
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meso torpaglart vo torflu-¢imli ¢omon tor-
paq tiplorindon ibaratdir. Bu torpaqglar kond
tosorriifat1 liglin o godor do yararli olmasa
da, yay otlaglar1 kimi ¢ox genis istifads olu-
nur. Bu sahalordo son illords aparilan torpaq
todqiqatlar — xtisusilo Baki Torpaq Ekspe-
disiyast vo Azarbaycan Dovlat Yerqurulusu
Layiho Institutu torafinden — torpaq ortlyi-
niin genis tohlilini aparmis vo bu sahoslorin
torpaq miixtolifliyini bir daha siibut etmis-
dir. Bu todqiqatlar gostormisdir ki, zonanin
diizon hissalorinds, xlisusilo meso altinda vo
okino yararli saholordo gohvoyi-gomon-me-
$9 vo gohvayi-meso torpaqlarinin miixtolif
alt tiplori genis saholordo yayilmigdir. Bu
isa bolganin torpaq ortiiyiiniin tobii miixtalif-
liyini vo kond tosarriifati potensialini gosto-
ron osas faktorlardandir.

NOTICO

Qarabag Araz ¢ay1 boyu diizonliyi Azor-
baycan Respublikasinin Cobrayil rayonu
orazisinda, dagatoyi diizonlik sahasinds yer-
losir. Bu diizonlik spesifik olaraq Darzili
kondindan toqriban 2,5 kilometr simal istiga-
motinda yerlosorok, Hokori vo Incacay cay-
larinin birlagdiyi hidroqovsaq daxilinds yer-
logir. Orazi, cografi mévqeyino va relyef xii-
susiyyatlorino gora Qarabag vilayatinin co-
nub-sorq hissosindo miithiim morfostruktur
vahidlordon biri kimi qiymatlondirilir. Qara-
bag arazboyu diizonliyi regionun hidroqrafik
vo geoloji proseslorinin dinamikasina da bir-
basa tosir gostarir.

Bu diizonlik asason 350 metrdon basla-
yaraq 425 metradok yiiksokliklordo yerlosir
vo maili-yamach diizonlik formasi ilo xarak-
terizo olunur. Orazido miisahido olunan ya-
macliliq, dagotoyi sahodon ¢ay vadilorine
dogru todricon enon relyef qurulusu il izah
olunur. Diizonliyin bu ciir formalagmasi bu-
rada hom tobii su axinlarinin istigamating,
hom do torpaq va bitki Ortiiyiiniin strukturu-
na tosir géstormisdir. Orazinin bu morfoloji
XUsusiyyati kond tosorriifat1 foaliyyati iigiin
do miioyyan fistlinliiklor yaratmisdir, ¢ilinki
yamacli diizonliklor suvarma sistemlorinin
qurulmasinda vo torpaq miinbitliyinin qo-
runmasinda alverislidir.
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RESULT

The Karabakh Araz River Plain is loca-
ted in the foothill plain area of the Jabrayil
district of the Republic of Azerbaijan. This
plain is specifically located approximately
2.5 kilometers north of the village of Darzili,
within the hydrojunction where the Hakari
and Inchachay rivers merge. The territory is
considered one of the important morpho-
structural units in the southeastern part of
the Karabakh region due to its geographical
location and relief features. The Karabakh
Araz River Plain also directly affects the
dynamics of the hydrographic and geologi-
cal processes of the region.

This plain is mainly located at altitudes
ranging from 350 meters to 425 meters and
is characterized by a sloping plain shape.
The slope observed in the area is explained
by the relief structure that gradually descen-
ds from the foothills to the river valleys.
This formation of the plain has affected both
the direction of natural water flows and the
structure of soil and vegetation. This mor-
phological feature of the area has also crea-
ted certain advantages for agricultural activi-
ties, since sloping plains are favorable for
the construction of irrigation systems and
the preservation of soil fertility.

PE3YJIBTAT

Kapabaxckas nmpuapa3sckasi paBHUHA pac-
NOJI0XKEHa Ha MPeAropHoil paBHuHe [xebpa-
WIBCKOTO paiioHa AsepOaiijkanckoir Pec-
nyOnuKHu. DTa paBHHMHA PAcIoNio’KeHa MpHU-
MEPHO B 2,5 KM K ceBepy OT epeBHHU [lap3u-
M, B MecTe CiusiHMs pek Xakapu u MHua-
yail. PalioH mo cBoemy reorpaguieckomy
MOJIOXKEHHIO M OCOOCHHOCTSIM penbeda cuu-
TaeTcsd OJHUM M3 BaXKHBIX MOPPOCTPYKTYp-
HBIX 00pa3zoBaHuii 1oro-BoctouHoi yactu Ka-
pabaxckoro pernoHa. KapabGaxcko-Apasckas
HU3MEHHOCTh TaK)K€ HalpsIMyl0 BIUSET Ha
JUHAMHUKY THIPOTpaduiecKux M TeoJOTrH-
YECKHX IIPOLIECCOB PETUOHA.

OTa paBHMHA B OCHOBHOM PacIoJIOKeHa
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Ha BbicoTe OT 350 10 425 MeTpoB U XapakTe-
pusyercs nmokatoi gopmoit paBHuHBI. Hab-
JI0JJaeMblii Ha JAHHOW TEPPUTOPUH YKJIIOH
0OBSICHIETCSI CTPYKTYpOH penbeda, KoTopast
MIOCTETIEHHO TMOHMXAeTcsd OT MPearopuil K
peuHbIM jnoiauHamM. PopMUpOBaHUE PaABHHU-
HbI TOBJIMSJIO KaK HA HalpaBJICHHE €CTeCT-
BEHHBIX BOJIHBIX IOTOKOB, TaK U Ha CTPYK-
TYpy MOYBBI U PACTUTEIBHOCTH. ITa MOP(O-
Joruyeckas 0COOEHHOCTh MECTHOCTH TaKXkKe
co3zala onpejesieHHbIe MPEUMYIIECTBa AJIs
CEJIbCKOXO035UCTBEHHON JEATEIBbHOCTH, 1MOC-
KOJIbKY HAaKJIOHHBIE PAaBHHHBI ONAronpHsT-
HBI JIJISl CO3/IaHHSI OPOCUTEIBHBIX CHUCTEM M
MOA/ICPKAHUS TIII0IOPOIHS TTOYUBBHI.
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XULASO

Qarabag Arazboyu diizonliyinin
fiziki - cografi va ekoloji saraiti

Qarabag Arazboyu diizonliyinin geoloji
qurulusuna goldikdos iso, burada asason Ugln-
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cl vo dordunci dovr geoloji gokuntilari ig-
tirak edir. Bu geoloji dovrlors aid tobagalor
orazido uzun geoloji proseslor naticasinda
formalagmisdir vo ham litoloji, ham do mine-
ral torkib baximindan shomiyyatlidir. Uglincii
dovr cokiintiilari litoloji qurulus baximindan
asason gil, gilli qumdasi vo konglomerat sii-
xurlari ilo tomsil olunur. Bu siixurlarin yayil-
mas1 arazinin kegmisindo ¢ay yataglarinin vo
2061 hovzalorinin méveudlugunu gostarir.

Gil vo gilli stixurlar bu orazilordo yiik-
sok su tutum qabiliyystino malik oldugun-
dan, onlar torpaq altinda suyun toplanmasina
va bitki Ortliylinlin inkisafina da sorait yara-
dir. Konglomerat gatlar1 isa ¢ay va sel sula-
rinin dasimis oldugu iri vo orta dlgiilii dasla-
rin sementlonmasi noticosindo yaranmigdir
va bu da o demokdir ki, arazi uzun miiddot
aktiv hidrogeoloji proseslora moruz galmis-
dir. Bu ¢okiintiilor homginin torpagin filtra-
siya qabiliyyoting, su rejimina vo eroziya
prosesloring tosir gostorir.

Dordiincli dovr ¢okiintiilori iso asasan
alltivial vo proliivial monsolidir vo orazido
genis yayilmigdir. Bu ¢okiintiilor osason ¢ay-
larin vo yamaclardan axan sellorin gotirdiyi
materiallardan formalagmisdir. Ddrdiincti
dovr ¢okiintiilori hom mexaniki torkib, hom
do geokimyavi baximdan oldugca muxtalif-
dir. Bu qatlarda gil, qum, ¢inqil, ham¢inin
organik qaliglar tapila bilor. Bu iso arazids
torpag munbitliyinin formalagsmasinda mii-
hiim rol oynayir. Dérdiincti dévr formasiya
cokuntuleri regionun miiasir landsaft qurulu-
suna birbasa tosir gostoron osas tobii ele-
mentlordondir.

Bu orazi hom morfoloji, hom iqlim va
torpag-iqlim xiisusiyyatlori baximindan da
digor diizonlik orazilorden forqlonir. ©razids
miisahido olunan yamaclh diizenliklor, ¢ay
yataglar1 vo hidroqovsaglar bolgonin torpaq
Ortiiyliniin formalagmasina, bitki Ortliyliniin
miixtalifliyino vo timumilikds ekosistem ba-
lansina tosir edon baslica amillor sirasinda-
dir. Qarabag Arazboyu diizonliyi hom tobii
resurslarin todqiqi baximindan, hom ds okin-
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cilik vo su tosorriifatt layiholorinin planlag-
dirilmasinda miihiim shomiyyat kosb edir.

Acgar sozlar: su sobokasi, iqlim soraiti,
mikroiglim zonalari, maksimum temperatur,
torpaq Ortuya.

SUMMARY

Physiographic and environmental
conditions of the plain along the
Karabakh-Araz River

As for the geological structure of the Ka-
rabakh Arazboyu Plain, it mainly consists of
tertiary and quaternary geological sediments.
The layers belonging to these geological
periods were formed as a result of long geo-
logical processes in the area and are signi-
ficant in terms of both lithology and mineral
composition. Tertiary sediments are mainly
represented by clay, clayey sandstone and
conglomerate rocks in terms of lithology. The
distribution of these rocks indicates the pre-
sence of river beds and lake basins in the past
of the area.

Since clay and clayey rocks have a high
water holding capacity in these areas, they
also create conditions for water accumulati-
on under the soil and the development of
vegetation. Conglomerate layers are formed
as a result of the cementation of large and
medium-sized stones carried by river and
flood waters, which means that the area has
been exposed to active hydrogeological pro-
cesses for a long time. These deposits also
affect the filtration capacity of the soil, the
water regime and erosion processes.

Quaternary sediments are mainly of al-
luvial and proluvial origin and are widesp-
read in the area. These sediments are mainly
formed from materials brought by rivers and
floods flowing from the slopes. Quaternary
sediments are quite diverse in terms of both
mechanical composition and geochemical
properties. Clay, sand, gravel, as well as or-
ganic residues can be found in these layers.
This plays an important role in the formation
of soil fertility in the area. Quaternary for-
mation sediments are one of the main natu-
ral elements that directly affect the modern
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landscape structure of the region.

This area differs from other plain areas
in terms of both morphology and climate
and soil-climatic characteristics. The sloping
plains, river beds and hydrojunctions obser-
ved in the area are among the main factors
affecting the formation of the region's soil
cover, the diversity of vegetation and the
overall ecosystem balance. The Karabakh
Arazboyu plain is of great importance both
in terms of the study of natural resources
and in the planning of agricultural and water
management projects.

Keywords: water supply network, cli-
mate conditions, microclimate zones, maxi-
mum temperature, soil cover.

PE3IOME

Du3uko-reorpapuyeckue u
IKOJIOTHYECKHE YCI0BUS PABHUHBI
Ba0Jb pekn KapaGax-Apa3

Urto Kacaercs reoJIornueckoro CTpOCHUs
Kapabaxckoit Apa3ckoii paBHHHBI, TO OHa B
OCHOBHOM CJIOKCHA TpeTI/I‘IHI)IMI/I n quBep-
TUYHBIMM T'€OJOTHYSCKUMHU  OTJIOKEHUSIMH.
Crou, OTHOCSIIHECT K DTUM I'€OJIOTHUECKHUM
nepuosiamM, o0pa3oBajkcCh B Pe3yibTaTe M-
TCIIbHBIX T'COJIOTHYCCKHUX HpOHeCCOB Ha HaH-
HOM TEPPUTOPUHU U UMEIOT BAXKHOE 3HAUECHUE
KaK C TOYKHN 3p€HI/I$[ JIUTOJIOTHH, TaK U MUHE-
panbHOro cocraBa. Ilo nuTONOrHMUECKOMY
COCTaBy TpCTI/I‘-IHBIG OTJIOXKCHUSA HpGI[CTaB-
JIEHBbI TPEUMYILECTBEHHO ITIUHUCTHIMU, TJIH-
HHUCTO-TICCHAaHUKOBBIMH U KOHFJ’IOMepaTOBI)I-
MU nopojamu. Pacnpenenenue 3THUX MOpPOJ
yKaSBIBaeT Ha HAJINYHUC B HpOHIJ'IOM Ha 3TOI71
TEPPUTOPUHU PEUHBIX PyCell U 03epHBIX Oac-
CEHHOB.

[TockonbKy rMHA U TIIMHUCTHIE TOPOAbI
B OTHX palOHax 00JIaTalOT BBICOKOW BOO-
yIEPKUBAIOIIECH CIOCOOHOCTBIO, OHU TaKXkKe
CO3/AI0T YCJIOBUS TSI HAKOTICHUS BOJIBI TIO]]
3emiiell U pa3BUTHUSl pacTtutTenbHOCTH. KoH-
TJIOMEPATOBBIE CIIOM OOpa3oBaIUCh B Pe-
3yJIbTAaTe LIEMEHTAMU KPYIHBIX U CPEOHUX
KaMHEW, IEPEHOCUMBIX PEUHBIMHU U TTABOJIKO-
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BBIMH BOJIAMH, YTO CBHJICTEIICTBYET O JIJIH-
TEIHHOM BO3JICHCTBUU HA TEPPUTOPHUIO aK-
TUBHBIX THJIPOTCOJIOTUIECKUX TPOIIECCOB.
OTH OTJIOXKEHHS TaK)Ke BIMSAIOT Ha QUIbTpa-
[MOHHYIO CIIOCOOHOCTH TIOYBBI, BOJHBIN pe-
YKUM H TIPOLIECCHI APO3HH.

YeTBepTUYHBIE OTIOKECHHS UMCIOT B OC-
HOBHOM QJUTIOBHAJIBLHOE M IPOJFOBUATLHOE
MPOUCXOXICHUE M HIMPOKO PACIpPOCTpaHe-
Hbl Ha TEPPUTOPUU. DTHU OTIIOKEHUS 0Opa-
30BaJICh B OCHOBHOM U3 MaTEpUajOB, MPH-
HECEHHBIX PEKaMHU M TaBOJKAMH, CTEKalo-
[IMMH TI0 CKJIOHaM. UeTBepTUYHBIE OTIIOXKE-
HUS YpE3BbIUAHO Pa3HOOOpa3HbI Kak I10
MEXaHHYECKOMY COCTaBY, TaK U IO TCOXH-
MUU. B 3THX Cl0AX MOXHO OOHApYKUTh
TJIMHY, TIECOK, TPaBHid, a TaKKe OpraHuvec-
KM€ OCTaTKU. DTO UTPaeT BaXHYIO pOJib B
(OPMUPOBAHUHU TIJIOIOPOUS TOYB Ha JIaH-
HO# Tepputopur. OTIOKCHUS YCTBEPTUIHO-
ro Mepuoja SBJISIOTCS OJHUM M3 OCHOBHBIX
MIPUPOTHBIX 3JIEMEHTOB, OKa3bIBAIOIIMX HE-
MOCPEACTBCHHOE BIIMSIHHE HAa COBPEMEHHYIO
naHaAmadTHYIO CTPYKTYPY perHoHa.

DTa TeppPUTOPHS OTIUIACTCS OT JAPYTUX
PaBHUHHBIX TEPPUTOPHI Kak 1Mo mMopdoio-
TUYECKHUM, TaK U 10 KIIMMATHYECKHUM U I10Y-
BEHHO-KJIUMAaTUYECKUM  XapaKTEPUCTUKAM.
HakJioHHBIE paBHUHBI, pyclia PeK W THIPO-
y37bl, HaOJI01aeMble B 3TOM paiioHe, SBIIS-
IOTCS OJJHUMH U3 OCHOBHBIX (DAKTOPOB, BIIH-
AKX Ha (opMHpOBaHUE MOYBEHHO-pAC-
TUTETFHOTO TIOKPOBA PETHOHA, Pa3HOOOpa-
3M€ PAaCTUTENBHOCTH U 00Iuii OamaHc KO-
cuctembl. Kapabaxckast Apasckas HU3MEH-
HOCTBb MMeeT OOIbIIOE 3HAYEHHUE KAaK C TOY-
KM 3PCHHSI Pa3BEIKH TMPUPOIHBIX PECYPCOB,
TaKk M ¢ TOYKHU 3PEHHSI TUNIAHUPOBAHUS CElb-
CKOXO3SIMCTBEHHBIX M BOJOXO3SIHCTBEHHBIX
MIPOEKTOB.

Knwueevie cnoea: eooocnaboicenue,
KIuMamuyeckue Yciosus, MUKPOIKOHOMU-
yecKue 30Hbl, MAKCUMAIbHAS MeMnepamy-
pa, nouseHHoe NOKpblmue.

Moagalaya AzMIU-nun “Melorasiya va su
toSarriifat tikintisi” kafedrasinin dosenti
a.u.f.d. S.A. Valiyeva ray vermisdir.
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DEVELOPMENT OF A METHODOLOGY FOR CALCULATING THE
STABILITY OF THE FACILITY WITH ENGINEERING MEASURES
AGAINST LEAKAGE IN LEVEL-RAISING BUTTRESS-TYPE DAMS

Introduction. In the engineering practi-
ce of reinforced concrete dams of the cantile-
ver type, cylindrical plane and (arched) dome
shapes of the covers resting on the back
supports are encountered [1; 2]. Water leaks
from the reservoir occur not only along the
foundation of cantilever type dams, but also
along the edges of the side walls. It is very
important to check the stability of such dams
from the influence of static loads for the
spatial state, taking into account the forces
directed in different directions.

When finding the seepage pressure force
from the base of a buttress-type dam, the
depth of the sheet pile foundation in the foun-
dation of a planar cover and the effects of this
pressure force on the front vertical face of
this underground structure were not taken
into account [6]. When checking the stability
of the structure on the plane sliding surface,
all effects should be taken into account in the
joint calculation scheme of the cover and the
support, maintaining symmetry with the axis
of a single wall located between the axes of
the adjacent rear walls in the center.

The spigot barrier in front of the flat
cover tooth extends the leakage path, creating
a linear slope in the cross section of this bar-
rier in the area of the leakage pressure load,
which plays an important role in increasing
the stability of the device in any case.

Reserach Methods. By applying a verti-
cal sheet pile fence to the underside of the in-
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clined plane cover of a cantilevered reinfor-
ced concrete dam, a new calculation metho-
dology is developed to theoretically determi-
ne the stability of the foundation of the struc-
ture against seepage, plane sliding, and over-
turning.

Considering all the dimensions of the
dam in the plan, in the case of calculating the
resistance to sliding in space, it is important
to take into account each of the forces and
effects for the cases where the water envi-
ronment is not encountered and is reached at
the lower water by-pass (Fig. 1). It is impor-
tant to include the active pressure load effect
of the soil in the foundation from the upper
by-pass to the underground element of the
facing plate in the calculation scheme [8].
Considering that the width of one span in the
device is La, the length is bs, the number of
spans is n and the thickness of one of the re-
taining walls between the spans is d, the full
length for such a dam is found as follows:

1)

The force of the activated compressive
load acting on the front face of the undergro-
und element of the front plane plate of the
soil located in the foundation from the above
bye can be determined as follows (Figure 1):

L=nL, +(n+1)d

Eak = (2)

%(Gal +0,, )haL ,
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where, ha — depth of the active pressure of
the foundation soil on the front face of the
tooth in the cover plate in the zone of influ-
ence; o, , o, — the active soil pressure diag-

ram has characteristic ordinates, which are
found as follows [7]:

2
Gaz = 7/qr. (hek + ha)tg

?
o, =7, h, tg?] 45° -2 |,
a 7/q. kg( j (3)

ygr.and  ggr.— the volume weight and internal
friction angle of the lightened soil in the fo-
undation remaining in the water influence
zone; hex- The depth of the soil in the equi-
valent foundation that can compensate for
the effect of water with a depth of Hy in the
upstream side:

hek. = Lu . Hlv
Var.

(4)

v — IS the volume weight of the aquatic en-
vironment:

w=1,0 t.f.\m?3

The corresponding weights of the paral-
lelogram-shaped structure at the top of the
flat plate and the trapezoidal-shaped structu-
re at the bottom (located on the foundation
soil) and with a length of L are calculated
using the following formulas:

1
Ga :7bqub|—; Gzz :§7b(b1+b2)ha'|-;

(5)
G, =G, +G, = 7bL[qub +(b1 +b2)ha]’

bq — The width of the flat surface of the but-
tress dam at the level of the edge of the struc-
ture; Hp — is the construction height of a but-
tress type dam, found as the sum of the depth
of the water environment (Hy) in the upstre-
am bye and the height taken as a reserve (d):

Hp=H1+de

The weight of all the supports (walls) of the
buttress dam, which are n+1 in thickness d
and have a width of b4 seats, at the rear of the
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plan can be calculated as follows (Figure 1):

Gy Z%(n+l)7bb4Hbd , (6)

where: bs — is the width of the rear retaining
walls at their base on the ground located at
the foundation, and is found by the expressi-
on ba=(m1+mgz)Hp.
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Figure 1. Scheme for calculating the

stability of a buttress-type reinforced

concrete levee dam with an inclined
plane cover in the process of landslides.

For the case where there is a water envi-
ronment in the upper by-pass and there is no
water environment in the lower by-pass (Fi-
gure 1, a), the forces created by hydrostatic
pressure in the horizontal and vertical direc-
tions on a plane-shaped plate are determined
by the following formulas [4]:

1 1
Ew1 :§7wH12L; Wl :EmlylezL: rnle1 (7)

In order to find the pressure force cau-
sed by the static seepage flow, i.e. the water
level in the by-passes does not change, the
section of the device span with a width of La
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and the lower sides of each wall of the sup-
ports with a thickness of d should be con-
sidered separately. In each of the considered
cases, the opening of the contour element of
the plane-shaped plate located in the foun-
dation soil should be designed to fully solve
the problem, taking into account the double
length of the sheet pile (Fig. 2). The seepage
flow ends at the end point of the tooth “4” in
the spans of the device, and at the exit point
“5” on the lower surface of the supporting
walls at the back, which rests on the founda-
tion. The values of the seepage forces in the
case of a horizontal effect on the front verti-
cal face of the underground part of the incli-
ned plate are determined by the following
formulas in the spans and supports:

A R ALN

1 (8)
E, =§(n+1)(Psl+Psz)ha-d,

In the open contour of the tooth under
the inclined cover plate and the underground

part of the tooth and the lower face of the
retaining wall, the hydrostatic pressure load
of the seepage flow at this distance of doub-
le the depth of the sheet pile wall acts only
on both faces of the sheet pile. Therefore,
the trapezoidal parts of the seepage pressure
load curve KNNK and KNNK on the fully
open underground contour of the device will
not affect the bottom of the elements of the
dam resting on the foundation. The verti-
cally directed seepage forces acting on the
mentioned elements of the dam can be
calculated according to the scheme in Figure
2 by the following formulas [9]:

W51 =—n(p52 + psk)blLa’
i<n+1)(psz+psk)bld:
>ty (b +by)L,

1

Wsz :_npSN
W, = 2(n+1) Py (b +b,+b,)d.
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Figure 2. Leakage calculation scheme for buttress dam foundation with sheet pile foundation.
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Where, Py, Py, Py — P,,+Py Psk Vo PsN'
The ordinates at the pressure characteristic
points (cuts) of the leakage flow at the
foundation of the device are, and at the
starting point of the leakage process “1”, Ps1
is the maximum value of the hydrostatic
pressure load in the upper by-pass, while the
ordinates at other points are found due to the
similarity of the triangles in the opening
diagram of the underground contour:

A11'50A22'5; A11'500A22"4; A11'500AKK'5;
A11'500ANN'5; A11'500AKK "4; A11'500ANN '4

2h +b +b,+b
Py=rHs; Pszzh +;htjl-blk-)|3-b3-:b Vs
a s 4
2h
LI R ST
h, +2h +b, +b,
2h + b, +b, +h,
Psk: 2 '7WH1;
h, +2h +b, +b; +b,
Lo +b,+b, (10)
P = 2 7uHi;
h,+2h +b, +b; +b,
2@+%Q+Q
Pa=——F 7 7Hs
h, +2h +b, +b,
1
' §Q+Q
PSN:—'}/WHl
h, +2h +b, +b,

where: ha, b1, b3, bs — length of the exposed
sections along the underground contour of
the dam; y» and yw — are the volume weights
of concrete and water medium, respectively:

w=2,4t.0./m%; 5,=1,0t.q./m>;

The slope distance between points “3”
and “4” of the underground contour is found
geometrically as follows:

by =12+ (b, -

(11)

m{(GA +Gy + W, —Wy —Wy, W, Jtg 7, +c[bL+(n +1)db4]}

The coefficient ensuring the reliability
of dams made of reinforced concrete materi-
als of the cantilever type due to sliding on a
flat surface is determined from the following
expression (condition) [2]:

n, EsUr < [}T] ’ Psax ) (12)

here: ny — it is a coefficient that considers
the compatibility of the impact conditions of
the loads and is used in the conditions for
considering the impact of earthquakes for
the most dangerous cases: n;=0,9; m — is the
coefficient of the operating conditions of the
device and when earthquake seismic effects
are taken into account, m=1.1 is taken [1];
Espeed and Pt — are taken as the sliding and
holding forces in the plane sliding of the le-
vel-raising buttress type dam, and are deter-
mined by the following expressions for the
case where the water environment is only in
the upper part of the facility:

Es[]r. = E’\N1 + Eak. + Esl + E52 ’
P = (G, +G, W, W, —w, —,(13)
~Ws, —Ws, )+c[ L+ (n+1)db, ]

f — The friction coefficient with the soil
is taken as the tangent of the friction angle
from the inside of the soil in the foundation:

f=tg g

When finding the force holding the
structure against the sliding process, the
force created by the adhesion intensity was
taken into account on both sides of the lower
sides of the retaining and cladding walls of
the underground part of the dam.

Substituting formulas (13) into conditi-
on (12), the reliability coefficient (Ke) of the
dam when water is present only in the ups-
tream by-pass can be determined from the
following formula [3]:

K:

e

n, (Ey, +Ey +Es +E)
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In solving such problems in levee dams,
only the unsheared effect of the seepage
pressure force on the underground elements
in the structure was taken into account in
finding both the sliding and retaining forces.

When the depth of the water environ-
ment in the branches of a reinforced concrete
cantilever dam is Hz in the upper branch and
H. in the lower branch, the dam operates
under the influence of static pressure [5].
Even if there is water in the lower branch, the
seepage process starts only at point “1”” along
the underground contour of the flat plate and
ends at point “4”. Therefore, the pressure of
the seepage process starting from point “1”
ends at point “4” of the underground contour
section, being equal to zero [6]. In this case,
the seepage pressures for points “2”, “K”” and
“N” are determined based on the similarity
signs in the triangles (Figure 2):

2h+ bl+b3
P"_— H ’
““ht2h +b b, W
L
SN—R:EWIQIQ’M © s
2h +— bl+b3+b
P H ;
" h,+2h, +bl+b3+b T
2b+b,+D,
'7WHst.

P =
h, +2h +b +b, +b,

Taking these expressions into account, the
forces created by the pressure of the seepage
flow acting on the vertical surface and the
underlying surfaces of the plane plate in the
underground part are calculated by the
following expressions:

E, =%n(PS’1+PS”Z)haLa =%nx

2h
X 1+L st aLa
h, +b, +b, +2h, (16)
1 1 ! " 1
E', :E-(n+1)(Psl +P)h,d :E-(n+1)x
x| 1+ by +D, +b, + 2N, rwHe hd
h, +b, +b, +b, +2h, '
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The values of the vertical forces caused by
the seepage flow pressure acting on different
parts of the underground elements of the
dam are determined by the following for-
mulas:

1_.
W, =7 Py (n+1)bd;

W, ——Ps”g( b, +b, +b, )(n+1)d;

17)
W's1 :%n(PSZ_FPS"K)bllTi;
1 . (1
Ws2 :Enp sz(§b1+b3)|-a

The ordinates in the pressure load diag-
ram that lightens the device can be determi-
ned by the following formulas [9]:

=%y (VDSL—Vl)z;/WHZ; (18)
=7 (VDSL—-V2) =y, (H,+h,).

Taking into account formulas (18), we can
find the value of the horizontal lightening
force acting on the front surface of the pla-
nar cover of the device from the upper side
of the dam by the following expressions:

The values of the vertical pressure force
acting on different surfaces of the under-
ground part of the device, which relieves the
dam, are calculated using the following
expressions:

W, {Pyz +%(Py2 +Py4)b3}L=

:{(H +ha)bl+%(H +ha)b3}yWL;
W, =(n+1)P,b,d =(n+1)x,H,b,d.

Y2

(20)

The force of the hydrostatic pressure of
the water environment in the lower basin
acting on the flat plate and the weight acting
on the soil at the base of the device are found
by the following formulas [10]:
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1
E,, =5 WiHiL;

L (21)
G, :Em/w (2b4 _mleLa) H,L..

m{(G, +Gy +W, +Gg —Wg Wy ~Wo W, —W, -W, )igy, +[bL+(n +1)db4]c}

Taking into account expressions (15)+(21), the
reliability coefficient for the stability of a rein-
forced concrete buttressed level dam due to
sliding on a flat surface is determined as fol-
lows [5, p.72]:

K:

e

where, [ke] - is the permissible value of the
safety factor for surface sliding of a buttress
type dam and is taken as 1.25; 1.2; 1.15 and
1.1 for class I, II, 111, IV dams, respectively
[6, p. 66].

The following initial data were used to
find the stability coefficient for planar sli-
ding based on the proposed calculation met-
hodology for a buttress-type dam:

The depths of the water environment in
static conditions on the front side (at the up-
per bye) and on the back side (at the lower
bye) of the buttress dam:

H,=21m, H,=4,5m;

- The width of the dam at the edge level
and the reserve height from the NCL in
the upstream side up to that level:

b, =6m, d,=3m;

- slope coefficients on the surfaces of the
flat cover at the front of the dam and the
retaining wall at the back:

m, =0,5, m, =0,75;

- the depth of the cover plate tooth in the
foundation soil: ha=2,4 m;

- the depth of the suspension sheet pile fen-
ce's foundation soil, starting from the bot-
tom face of the plate's tooth structure:
hsh=10 m;

- the volume weight of the foundation soil in
a lightened state, the cohesion and the angle
of internal friction:

tf.

t.f.
y=165

C:].,ZF, §0=300,

n, (Ey +Ey +Es +E +E, —E, )
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>[K, ] (22)

- number and width of passages: n=5; La=8 m;
- the thickness of each of the retaining wal-
Is: d=2 m.

When there is water only in the upper
by-pass, according to the calculations, the
corresponding values of the reliability coef-
ficients (ke) against plane sliding in the vari-
ants where the sheet pile wall is not applied
in the foundation of the buttress dam (hs=0)
are 1.44 and 1.5.

When there is water in both byways of
the device, these coefficients have the values
of 1.38 and 1.424. As can be seen, the sheet
pile fence applied in the anti-seepage device
increases the reliability coefficient of the dam
against plane sliding on the foundation soil in
both cases of the considered problems. This
can lead to savings in concrete material, pro-
vided that the strength of the individual ele-
ments of the device is maintained.

With the formulas (1)+(22), it is possib-
le to calculate not only buttress-type dams,
but also such retaining walls and buttress
gravity-type dams for their resistance to sli-
ding on a flat surface. This calculation met-
hod can also be applied to other hydraulic
structures operating under the influence of
pressurized seepage flow in the foundation
soil.
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ABSTRACT

In the front part of the buttress reinforced
concrete dam, under the tooth of the inclined
flat floor, there is an anti-seepage hanging
sheet pile wall. On the vertical section where
the sheet pile wall of the underground parts
of the structure is located, the ordinate of the
load diagram of the seepage pressure drops
sharply. For this reason, the seepage pressure
force also decreases, as a result, the stability
coefficients of flat shear and overturning in-
crease. All of the above is described in detail
in this article.

Keywords: Filtration pressure force,
sheet pile wall, plate in the shape of a flat
floor, supporting wall, underground conto-
ur, stability coefficient
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XULASO

Kontrfors tipli domir-beton bondin 6n
toraofindo mailib voziyyotdo nozords tutulan
mustovi formali Ortiik 16vhasinin biindvra
gruntundaki disinin altinda sizma oleyhino
asma spunt ¢opori yerlosdirilir. Spunt ¢opo-
rin yerlosdiyi saquli kasik tizra qurgunun ye-
ralt1 hissosina tasir gdstoran sizma tozyiq yu-
kliniin epiiriiniin ordinatinda gofil diismo ya-
ranir. Ona gora do sizma tozyiq qlvvasinin
qiymatinds azalma bas verir ki, bu da qurgu-
nun miistovi siirlismaya vo agsmaya goro da-
yaniqliq omsalinin artmasina gatirib ¢ixarir.
Qeyd olunanlar elmi moqalads 6z oksini tap-
migdir.

Acar sozlar: Sizma tazyiq qiivvasi, spunt
¢apar, miistavi formall ortiik l6vhasi, dayaq
divarlan, yeralti kontur, dayaniqgliq amsali
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Bas cTeHKa. Ha BepTHKanbHOM pa3pese rae
HaxXOJIUTCS IIITYHTOBAsi CTCHKU TOJ3EMHBIX
yacuel COOpYyKEeHHsI, OpAMHATA 3IIOPbI HAr-
PY3KH (QWIBTPAIMOHHOTO JaBJICHUS PE3KO
cnaznaet. [lo sToil mpuunHe cuna GuIbTpa-
[IMOHHOTO JIaBJICHUS TAaK)K€ YMEHBIIAETCS, B
pe3ynbrate KO3()PHUIHEHTH YCTOWYMBOCTU
MIJIOCKOTO CABUTA U OMIPOKHIBIBAHUS YBEIH-
yuBaroTCcs. Bee BhIIeykazaHHOE TOIPOOHO
W3JI0KEHO B IAaHHOU CTaThe.
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ZORBOLIYEV M.S., SALMANOVA Z.S., ABISOV F.9.

Azarbycan Memarhq va InsaatUniversiteti

HiDROTEXNIKi QURGULARDA KAVITASiYA PROSESININ TODQiQi

Respublikada alternativ enerji monbalo-
rinin inkisafi vo bu sahoys ¢ox 6nom ve-
rilmasi ilo olaqadar goriilen islor xalq tasar-
rifatinin inkisafi ilo six alaqgolidir. Bu da 6z
ndvbasinde hayatimizin an asas nemati sayi-
lan su ilo baghdir.Xalqimizin durmadan in-
Kisaf edon rifah1 su ehtiyatlarina olan tolaba-
t1 artirir vo sudan gonaatlo istifadesini tolob
edir. Bu sobobdon su ehtiyatlarinin yaradil-
mas1 vo biitlin istiqgamatlords qonastcil istifa-
donin hoyata kesirilmoasi sahasinds boyiik is-
lor goriilmolidir. Hidrotexniki qurgular osa-
sinda yaradilan su anbarlar1 ¢ayin tobii axi-
mindan daha somorali vo magsads uygun is-
tifado etmoyo imkan yaradir. Beloki, su an-
barlar1 toplanmis su ehtiyatlar1 osasinda su-
dan istifadoyo goro xalq tesorriifatinin miix-
tolif saholori ticlin - olverigli sorait yaradir.
Eyni zamanda dasqin vaxti sel sulariin yi-
gilmasmi vo asag1 byefo axidilmasi proses-
lorini nizamlayir. Su anbarlarinda vo elaco
do hidroqovsaqlarda suqgobuledici qurgular
asas hidrotexnikii qurgulardandir .Bu qurgu-
lar su anbarindan sudan tolobata uygun isti-
fado olunmasini hoyata kegirir.Hidrotexniki
qurgularin istismari zamani bu igin tam mag-
sadyonlii sokildo hoyata kecirmok {igiin su-
gabuledici v suburaxici qurgunun hidravliki
1s rejimi daima normal tomin olunmalidir.
Buna baxmayaraq bir ¢cox hallarda, asason
do axinin rejimlori doyisdiyi hallarda normal
hidravliki is rejimi pozulur, kavitasiya pro-
sesi yaranir. Kavitasiyanin yaranmasi vo
konstruksiyaya gostordiyi tosir naticosindo
hidrotexniki qurgunun ayri-ayri hissolorindo
eroziyalarin yaranmasi bas verir. Eroziya
bas veron hissalordo todricon bas veron da-
gilmalar miioyyon dovrdon sonra qurgunun
tam siradan ¢ixmasina sobab olur. Bu pro-
sesin arasdirilmasi va tadqiqi ilo bagl biitlin
kavitasiya prosesinin Oyronilmosi vacibdir.
Ona goro do kavitasiya prosesinin todqiqi,
prognozu va hesablanma metodikasinin hid-
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rotexniki qurgular {izra islonmoasi konstruksi-
ya baximdan hor zaman do 6z aktualligini
saxlayur.

Hidrodiiyilinlordo, su anbarlarinda, su
govsaglarinda bas vermis kavitasiya ilo oalage-
dar dagntilara Rusiyada Sayano-Susinski,
Turkiyodo Kaban, Pakistanda Tarbella, ABS-
da Dborjak SES-si, Azarbaycanda Arpagay su
anbarlarmi gostormok olar. Bu iso biitiin diin-
yada anonovi konstruksiyalara malik qurgula-
rin tikintisinin genig movqe dagimast ilo vo ya-
xin vaxtlara qadar aldo olunmus bilik soviyyo-
sino goro kavitasiya prosesinin todqiqi vo
kavitasiya eroziyasinin proqnozlagdirma me-
todikasinin miasir toloblors cavab veracok so-
viyyada olmamasi ils izah olunur.

Hidrotexniki qurgularda kavitasiyanin
qasisin1 almaq {igiin ancaq bir ne¢o tovsiyo
xarakterli odobiyyatlardan istifads olunur ki,
bu monboloro goro kavitasiya qurgularin
xarakterik hissolorindo konkret formalarda
bas verir. Qurgular kavitasiya soraitindo
hoqigotds uzun miiddat isloys bilor. Ciinki
kavitasiyadan yaranan eroziyanin artmasi
muoyyan vaxt arzinds ¢ox zoif xarakter da-
styir vo onun gostoricilori buraxila bilon
hadlordon ¢ox olmur.

Bir ¢ox hallarda hidrotexniki qurgularda
osason do suburaxan, sutullayan hidrotexniki
qurgularda yaranan kavitasiyanin tam qarsi-
sin1 almaq miimkiin olmur. Suburaxan qur-
gularin daxilindo axmin siirati 15-20m/san
va yuxari olduqda onun ayri-ayr1 elementlo-
rinds vo asason do gapilar kamerasinda, qa-
pilarin idare olundugu hissalords kavitasiya
hadisosi bas verir. Hidrotexniki qurgularin
kavitasiyaya mohkomliyi kavitasiya prosesi-
nin bas verdiyi vaxtdan konstruksiyanin
mohkom va etibarli is rejiminin tomin edil-
mosi kimi baxmaq lazimdir.

Hidrotexniki qurgularin kavitasiya toh-
lUkasizliyinin tomin olunmasi masalasinin
goyulusu miixtolif formali ola bilor. Bu qur-
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gularda konkret sorait {iglin axinin hidravlik
parametrlori, iizlik materilainin gostaricilori,
qurgunun kavitasiya soraitindo islomosi va-
xt1 verilorso, yaranacaq soraitdo boyiik siir-
otli axmin tosirindon yarana bilacok erozi-
yanin moahdud o6lgiileri vo axin siiratinin bu-
raxila bilon hoddi giymotinin toyin edilmasi
mumkundr.

Azorbaycan respublikasinda su anbarla-
rinin, hidrodiiyiinlorinin daxilinds layiholon-
dirilon vo tikilon suburaxici qurgularinda,
onlarin ayri-ayr1 elementar hissalorindo, ga-
pilarin yerlosdiyi hissalards,qapilarin pazla-
rinda, tokorli miistovi gapilarinda va bir-bi-
rindon 6lgiistine gora ¢ox az farqglonan, lakin
eyni konfiqurasiyaya malik qapilar kamera-
sinda kavitasiya prosesi bas vera bilor. Res-
publikanin hidrotexniki obyektlorindo subu-
raxan hidrotexniki qurgularinda qgapilar1 yer-
losdiyi gapilar kamerasi ilo olan hissa asagi-
daki xarakter xiisusiyyatlora malikdir:

a) Enino kosiyin miiqayisaco olduqca kigik
Olciilori vo orta basqiya gors

b) Qapilarin miixtolif agiq vaziyyatlarinda
uzun miiddatli islomasi vo layiholordos ka-
vitasiyaya qarsi1 todbirlorin olmamasi;

¢) Kameranin asagi hissasinin bogulmasi vo
bunun qarsisini almagq tiglin onun en kasi-
yinin osaslanmadan genisglondirilmosidir.

Aparulan miusahidslor gostarir ki, bu his-
sonin catigmamazligi miistovi qapilarin né-
viino goro deyil, bilavasito onlarin kompa-
novkalarina, hesabatlarina gore va layihalon-
dirilmosina dair moalum qaydalara, talablora
riayot edilmomasidir (1).

Tohliikali kavitasiya eroziyasinin qarsi-
sin1 almaqdan 6trii todbiri segmok {icilin 9sas
baxilan qurgunun va ya elementin konstruk-
tiv xilisusiyyatini nazara almaq lazimdir. Bu-
rada qurgunun dasidigi moqsad vo masuliy-
yotlilik dorocosi nozordo tutulur. Qurgunun
osas elementlorinin kavitasiyanin tosiri nati-
casindoa siradan ¢ixmasi, eloco do miirokkab
va boyiik maliyys xorclori tolob edon tomirs
galmasi ilo olagodar bas veron kavitasiya
eroziyalarina yol vermok olmaz. Basqa hal-
larda qurgunun islomosino mane olmayan vo
tomir miiddotinde aradan qaldirilmasi miim-
kiin olan kavitasiya eroziyasia yol vermok
olar. Ona gora do layihalondirmado kavita-
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siya eroziyasinin prognozunu hoyata kegir-
mok lazimdir. Bununla da verilmis soraitdo
variantlarin texniki vo iqtisadi cohotdon mii-
gayisasi naticasinds hollini tapmaq lazimdir.
Istisna hallarda, osasen do I sinif qurgular
Ucln kavitasiya vo kavitasiya eroziyasina da
todqiqatlar aparilmalidir.

Layihado kavitasiyaya ugramaq tohlU-
kosi olan konstruksiyanin iglonmasini noza-
rot etmays imkan veron nozarat-0l¢U cihaz-
lar1 nazords tutulmalidir. Eyni zamanda ba-
xilan hal lgln kavitasiya eroziyasina maruz
galan konstruksiyanin vaxtasiri tomir edil-
masing vo qiymatli vasait tolob olunmamasi-
na sorait yaradilmaldir.

Kavitasiya ugrayan qurgularin vo onlarin
elementlorinin  layihslondirilmasinde m&h-
komliya olan hesablamalarda dinamiki kavita-
siya yiiklorinin tosiri nazors almmalidir. Bu
yiKlorin tasirini hesabladiqda iso molum olan
hesabi gostaricilordon istifade etmali vo lazim
goldiyi halda uygun olaraq laboratoriya todqi-
gatlar1 aparilmalidir.

[k dofs Zaqafqaziyada 1990-c1 ildo Azor-
baycanda Hidrotexnika vo Meliorasiya Elmi
Tadqigat Institutunda “ Hidrotexniki qurgular”
laboratoriyasinda “Kavitasiya stendi” yaradil-
migdir. Bu stend vasitosilo axmin basqist
H=40-50 metrdon bdylik olduqda vo siirati
V=15-30 m/san vo ¢ox olan hallarda miixtalif
hidrotexniki qurgularin suburaxici hissalorinin
konstruksiyalarimi kavitasiya baximindan 0y-
ronilmasi hoyata kegirilirdi. Bu laboratoriya
qurgusu imkanlarina géroa Rusiyada, Ukray-
nada mévcud olan boyiik kavitasiya stendlori
ilo yanas1 dururdu.

Bu todqiqatlar zamani konstruksiyada
muxtalif lizliikk materialindan istifado etmok-
lo, kavitasiya noticosindo yaranan eroziya
Oyranilmigdir. Suburaxan qurgularda kavita-
Siyaya osas moruz qalan hissa gapilar kame-
rasi vo aparici su komori miixtolif variantlar-
da todqiq olunaraq kavitasiya soraitindo eti-
bagrl is rejimino vo moéhkom konstruksiya-
ya malik miiasir konfiqurasiyali qapilar ka-
meras1 vo miistovi qapilar toklif edilmisdir.

Qapilar kamerasi va aparict hissonin sorf
buraxma qabiliyyatinin vo boyiik tozyiqo
mohkamliyinin tomin olunmasi {ig¢lin natura
Olgtilorinin 1:16 miqyasinda orqanin siigodon
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hazirlanmis kontruktiv formasimi doyismok
imkanma malik olan modeli qurulmusdur.
Qurgunun modellosdirilmosindo naturadaki
oxsarliq tomin edilmigdir. Konstruksiya daxi-
lindo axmin basqisiz, basqili vo basqisiz re-
jimdan basqil1 kegid kimi hallar tadqiq olun-
musdur. Kameradan kegon axin agirliq qiiv-
vasinin tosiri altinda oldugundan modellogdir-
mo Frud kriteriyasi osasinda aparilir (2).

Kvadratik  miigavimotlor  zonasinin
olmas1 modellosdirmoni sadoslosdirir.

Modelin biitiin hissoelorde suburaxma
gabiliyyatinin toyininds kvadratik axma reji-
mi miisahido olunur, yoni yerli vo uzununa
muqgavimatlor {iciin Remog>Rensh miigayiso
edilir vo eyni zamanda hidravliki miigavimot
omsallar1 uygun olaraq modelds vo naturada
bir-birino borabordir.

Kavitasiyanin yaranmasi soraiti kavita-
siya parametri ilo xarakterize olunur:

Burada Pxar — axinin konstruksiya yaxinligin-
daki miitloq tozyiqidir. Uxar — axinin kons-
truksiya yaxinligindaki xarakterik siirotidir.
Kavitasiyanin kameranin elementindo
faktiki baslangic momenti kavitasiya para-
metrinin “bohran” qiymati (kosn) olub, qur-
gunun baxilan hissasi {liglin vahid qiytmeto
malikdir. Kavitasiyanin olmasi sorti: K=Kpsh
olduqda kavitasiya baglayir. K<Kpsh 0ldugda
iso kavitasiya mo@vcuddur. K parametrinin
haddino goéro modellogdirma sorti miqyas
diizalisi 1lo agagidaki kimi toyin edilir.

Kn =/ 77i 'Km

Ani — modellogdirmanin sartindon asilt ola-
raq miqyasa diizolis haddidir.

Miqyas diizalisi 47i=fi(Re, We) asilili-
gimin Re>10" giymotlorinds nazors almamagq
olar. Bels ki,onlar boylik miqyasli modellor-
do istifade olunur. Digor torafdon avtomo-
dellosdirmoa Fruda gora modellogsmoads Veber
odadinin haddi gqiymatini tomin edacokdir.
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1
2

_UJT_ ud
Cm [ 5}2
P
Cm — kapilyer sabiti; & va p — uygun olaraq
suyun sothi gorilmasi vo sixligidir.
& p=const oldugu halda (3) ifadosi

asagidaki sorto gotirilir
UJ1>A

We

©)

(4)

L.I. Levinin verilonlorino géro A hoddi
A=3+4 m/san arasi doyisir. Modelin se¢ilmis
hondasi miqyasi (4) sortini 6dayir.

Kavitasiya parametri Eyler kriteriyasini
ifado edon formadan biridir. Onun qiymati-
nin naturada vo modelds eyni olmasi axinin
dinamiklik oxsarliginin noticasidir.

Qapilar kamerasinda kavitasiaya mon-
bolori pazlarv vo qapilarin yaxinliogindaki
konstruksiyalardir. Modelds aparilan todqi-
gatlar gostorir ki, kavitasiya ovval gapinin
pazinin arxa tinindo “paza spiral soklinds”
yaranir. Bu nazik spiral buxar-gaz gabarcig-
lar1 soklindo olub axinin divardan ayrilma
zonasinda qalinligi 1-2mm-o ¢atanda gozlo
miisahido olunur. Bu kavitasiyanin baglangic
marhalasidir. Osas qapinin todricon bagl vo-
ziyyotindo qapilarin asagi hissosindo bir da-
ha aydin goriiniir. Tomir vo asas qapilar ara-
s1 hissado komponovkanin ovval genislon-
masi vo sonra iso daralmasi ilo aximin siiroti
artir vo axinlt konstruksiya arasinda dibdon,
divarlardan vo tavandan ayrilma zonalar1 bas
verir. Axinin biitiin rejimlori liciin qurulmus
kavitasiya xarakteristikalart mohz homin
ayrilma zonalarinda kavitasiya prosesinin
bas verdiyini gostorir. Kavitasiya manbale-
rindon biri ds tavanda yerloson doyisan hiin-
dirliikdon amals golon dirsokdir. Osas qapi-
nin baglanmasi ilo (n=0.9) kavitasiya bulu-
du tavanda yox olur va qapinin asagi hisso-
sinda yaranir. Bu proses basqisiz vo doyison
rejimlordo aydin goriiniir.Pazlarda vo onlar-
dan sonra kavitasiyanin yaranmasinin 9sas
sabobi pazin Ol¢iilorinin kameranin 6lgtilori
ilo miiqayisadoe bdyiik olmasidir.

Azarbaycan respublikasinda dorinlik su-
buraxici qurgularda istifado olunan qapilar
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kamerast mohdud olunmus vaziyystds va an-

caq kameranin asagi hissosindo axinin basqi-

s1z rejiminds tatbiq oluna bilor. Bu kameralar
liciin asagidaki doyisikliklorin edilmasi tov-
siyyo olunur.

1. Qapilar arasi hissodo tavanin soviyyasi to-
mir gapisindan avval olan tavanin soviy-
yasing godar galdirtlmalidir (bununla qur-
gunun suburaxma qabiliyyati do 10-15%
artacaqdir);

2. Tokorli qapilar siirlison qapilarla ovoz
edilmali vo bunun hesabina pazlarin eni
do azalmalidir (bununla slagodar kavitasi-
ya parametrinin bohran qiymati 20% aza-
lacaqdir.).

Respublika orazisindo suburaxici vo hom-
cinin gapali sutullayici qurgular layiholon-
dirilir vo tikintisi hoyata kegirilir. Bu qurgu-
larda yerlogon basqili boru komarlarinin his-
solorinin gatirici vo aparict nahiyasindo metal-
polad {tizliiklordon istifads olunur. Kavitasiya
hadisesi zamani yaranmis eroziya proSesi Ki-
cik siiratlorlo vo stabil halda xarakterizo edilir.
Kavitasi eroziyasi hadisasinin naticalori metal
Uzliiklords daha yaxs1 qeyd edilir. Mohz buna
g0ros do verilmis vaxt orzinds kavitasiya erozi-
yasinin faktiki haddini miioyyonlosdirmok ¢o-
tin deyildir. Hadisonin prognozunun birinci
marhalosi onun bas vermasi vo yaranma vax-
tmin qeyd olunmasidir. Prognozun ikinci mar-
holasi kavitasiya erozisiyasinin darinliyinin
tez bir zamanda toyin olunmasidir.

Sutullayanin trakti onun uzunlugu bo-
yunca bir sira xarakterik hissolora boliiniir.

Har bir dayaqda xarakterik tozyiqlor va siirat-

lor toyin edilir. Alman gostaricilora gora fak-

tiki kavitasiya parametrinin qiymoti hesab-
lanir. Ki>Khpsh sorti osasinda K=Kpsh qiymati
toyin edilir. Alinan qiymotlor osasinda sutul-
layicinin biitiin traktt boyunca onun sathinin
hazirlanmasi keyfiyyotino toloblor hazirlanir.
ogor hesablamalar noticosindo suasiranin sot-
hi {izorindo onun hor hansi hissasinds kavita-
Siya eroziyasmin inkisafi, artmasi miioyyon
olunursa, bu halda o hissads tobii axinin aera-
siyas1 yoxdursa, oraya dagmtidan miihafizo
etmok tiglin siini sokilda talab olunan miqdar-
da hava verilmolidir. Tolob olunan havanin
miqdart iso axmin torkibindoki havanin miq-
darindan (S, %) asili olaraq va=f/(Rp) qrafi-
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kindon gotUriiliir. Lazimi miqdarda havanin
verilmasi {iglin miixtalif novlii aerotorlar tot-
biq olunur ki, onlarin arxasindan ayrilmis zo-
naya hava otiiriiliir. Aerotorlarin asas 3 novii
var: pillokonvari ¢ixinti, deflektor vo kombi-
no olunmus pillokonvari ¢ixintt vo deflektor
(yoni birlikdo gotiirtilmiis halda)

Axinin soraitindon, sothin hamarliq xara-
kteristikasindan, acrotor totbiq olunacaq his-
sonin uzunlugundan asili olaraq aerotorun 6l-
cllori vo yerlogsmasi toyin olunur. ©gor mii-
dafio olunan hisso do qalxmis sotho malik-
dirsa, sorbast diison sirnag yaxin yerdadirsa,
aerotorlarin say1 az ola bilor. Miistovi diba
malik olan hallarda iso aerotorlarin say1 ¢ox
ola bilor. Aerotorlar aras1 mosafs birinci ae-
rotordan axin kegdikdon sonra sirnagin soth-
don ayrilma mosafosindon bdyiik olmalidir.

Deflektotlarin hiindirliiklorini artirmag-
la ondan sonra axindan divardan ayrilma zo-
nasinin uzunlugu artir. Bu halda axinin 6l¢ii-
lori artir vo bu da yan divarlarin hiindirlik-
lorinin artmasinmi tolob edir. Divardan aral
yuxart hissonin mailliyi 1:7-don 1:15-5 qe-
dor, onun hiindiirliiyii 4-40 sm hoddindo, pil-
lokonvari ¢ixint1 variantinda tmumi hindr-
lik 1,5-2,0 m qodor gotirilir. Divarlarda
qurasdirilan deflektorlarin hiindUrliyli ado-
ton kigik olur ki, divarlarin yaxinliginda dal-
galanmanin intensivliuyi az olsun. Deflek-
torlarin dibde hiindiirliyii (0,05-0,15)h, di-
varlarda isa (0,05-0,1)b/2, ancaq miitlaq 6l¢ii
Az suyun axdig sothin texnoloji ayriliyindon
¢ox olmalidir.

Comi divardan araliyan vo pillokenvari
cixintida (z+Az>h) hiindiirliiyli ¢ox ola biler
ki, aerotorlardan sonra axin o qador divardan
ayrilsin ki, hava axin vasitasile ayrilmis zo-
naya daxil olsun. Bu halda xususi havabura-
xan qurgunun olmasina ehtiyac qalmir. Ha-
vanin verilmasi ligiin agiq pazlarin yerlosdi-
rilmosi halinda onlar1 sotho normal isti-
qamoatdo yerlosdirmok lazimdir. Darinlik pa-
zinin konstruksiyast onun daxilindo suyun
yigilmasina imkan vermamalidir.

Masuliyyati boyiik olan qurgularda kons-
truksiya ilo aerotorlar aras1 mosafoni model
tadqiqatlati esasinda daqiqlosdirmok tovsiyya
olunur. Axmin divardan ayrildig1 zonaya ha-
vanin verilmosi qurgunun daxili sothinin key-
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fiyyatino qoyulmus talobin azaldilmasina, bu
da tikinti islorinin aparilmasina qoyulan imu-
mi toloblarls toyin olunur.
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XULASO

Suburaxan qurgularin kavitasiya tohlu-
kosizliyi hidrotexniki qurgularin qarsisinda
duran aktual vo miirokkob problemlordon bi-
ridir. Oksor hallarda, suraxan qurgularda
bosluglarin meydana golmasinin qarsisini al-
maq miimkiin deyil. Suburaxan qurgularin
daxilinda 20-25 m/s axin siiratinda konstruk-
siyanin miioyyan hissolorindo vo osason do
gap1 kameralarinda bosluglarin yaranmasi
gac¢ilmazdir. Hidrotexniki qurgularin kavita-
Siya problemi yalniz tam kavitasiya kimi
deyil, bas verdikds etibarli is rejimini tomin
edon bir vasito kimi nozordon kegirilmolidir.

Bir qurgunun kavitasiya tohliikasizliyini
tomin etmok vozifosi miixtolif formalarda to-
yin edils bilor. Sugobuledici qurgularda xii-
susi gorait ticlin axinin hidravlik parametrlo-
ri, Ortiik materialinin mohsuldarhigi vo kavi-
tasiya soraitindo qurgunun islomo miiddoti
molumdursa, eroziya dl¢tilori vo yiiksok axin
suratinin tasirindon yaranan yol verilon axin
sUrati miioyyan edilo bilor.

Acgar sozlor: suburaxan qurgu, kavita-
Siya prosesi,basqi,axinin stirati,qapilar ka-
merasi, eroziya, miistavi qapilar.

PE3IOME

KapurannonHas 6€30MacHOCTh YCTpOii-
CTB IIYOMHHBIX BOJIONPUEMHUKOB SIBJIIETCS
OJTHOW U3 aKTYyaJIbHBIX U CJIOXHBIX MPOOIIEM,
CTOSIIIMX Tepell TUAPOTEXHUYECKUMH CO-
OpYKECHUSMH.

B OGonpmmHCcTBE CiiydaeB HEBO3MOXKHO
IIPEJOTBPATUTh KAaBUTALMIO, BO3ZHUKAIOIIYIO
Ha BOJOIPOITYCKHBIX ycTpoicTBax. [Ipu cko-
pPOCTH IIOTOKA BHYTPU BOJOINPOILYCKHBIX YyC-
TpoicTB 2025 M/C, B OTJIENIBHBIX YaCTSIX yC-
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TPOMCTBA, 2 B OCHOBHOM B JIBEPHBIX Kamepax
BO3HMKHOBEHHE KaBHTAllMM Hen30exHo. B
THJIPaBIMYECKUX YCTpOHCTBaxX mpolriema Ka-
BUTALIUM JOJDKHA PacCMaTpUBAThCSI HE TOJIb-
KO Kak IOJIHAs KaBUTAllMA, a KaK CPEeICTBO
oOecrieueHHst MpU €€ BO3HUKHOBEHHH Ha/l-
€KHOT0 pekuMa paboThl.

3amaua obOecnedyeHUs] KaBUTAIMOHHOU
0e30MacHOCTH YCTPOIICTBA MOXKET OBITh MO-
CTaBlieHa B pa3nuyHbIX (opmax. Ecnmm us-
BECTHBI TUIPABIMYECKHUE MapaMeTphl MOTO-
Ka JIJIi KOHKPETHBIX YCJIOBUM Ha BOAOIPHU-
E€MHBIX YCTpPOWCTBax, MOKa3aTelu OOIHUII0-
BOYHOI'O MaTepuasia, BpeMsi paboThl yCTPOui-
CTBa NpPU YCIOBHUSAX KaBUTAIMH, TO MOTYT
OBITH OIIPEJEIIEHBI PA3MEPBI APO3UHU U JIOMY-
CTHMasi CKOPOCTh MOTOKa, BOSHHUKAIOUIAs OT
BO3JICHCTBUS BBICOKOW CKOPOCTH IIOTOKA.

Knrouesvle cnosa: 600onponyckuoii co-
opyocenue, KasUumayuoHHvlll npoyecc, 0dg-
JleHue, CKOpOCmb NOMOKA, 3AME0PHAs Ka-
mepa, 2po3usl, NI0CKUe 3ameopol.

RESUME
Cavitation safety of deep water intake

devices is one of the most urgent and com-
plex problems facing hydraulic structures.

UDS 624.196.7

In most cases, it is impossible to prevent
cavitation that occurs on water intake devic-
es. At a flow rate inside water intake devices
of 20-25 m/s, in certain parts of the device,
and mainly in door chambers, cavitation is
inevitable. In hydraulic devices, the cavita-
tion problem should be considered not only
as complete cavitation, but as a means of
ensuring a reliable operating mode when it
occurs.

The task of ensuring cavitation safety of
a device can be set in various forms. If the
hydraulic parameters of the flow for specific
conditions on water intake devices, the indi-
cators of the lining material, the operating
time of the device under cavitation condi-
tions are known, then the erosion dimen-
sions and the permissible flow rate arising
from the impact of a high flow rate can be
determined.

Key words: culvert, cavitation process,
pressure, flow velocity, gate chamber, ero-
sion, flat gates.
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GASANOV E.E., GARAEVA AA.

Azerbaijan University of Architecture and Construction

TECHNOLOGIES OF CONSTRUCTION OF RATIONAL
STRUCTURES OF ANTI-FILTRATION LININGS ON CHANNELS

Intoduction. Anti-filtration measures ap-
plied in main and irrigation canals are the
reasons for reducing water loss from its filtra-
tion through the surfaces of the wetted pe-
rimeter. For this purpose, it is necessary to
apply some engineering and technological
measures that will affect the reduction of wa-
ter loss through filtration.

As the results of field studies show, the
most effective types of anti-seepage devices
on irrigation canals are combined linings with
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film screens - concrete-film and soil-film, as
well as structures with polymer coatings [1,
2,3, 4].

Concrete in the construction of anti-
seepage linings occupies 60-70% of the total
capital investment. It should be noted here
that precast reinforced concrete slabs and
monolithic concrete, despite their relatively
high water resistance (grade B4-B6 with a
water permeability coefficient of 10-8 -10-9
cm/s), are not used for their intended purpose
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as an anti-seepage structure.

In concrete film linings they are used
only as protective coatings, which leads to a
significant increase in the cost of the entire
structure of the anti-seepage lining.

Methods and solution. World experi-
ence in the design and construction of main
canals indicates the advisability of using
monolithic concrete structures and combined
linings for the anti-seepage protection of
large canals [5].

The purpose of using combined facings
is as follows: protection consists of using a
concrete film facing in the upper part of the
slope directly in the zone of wave impacts
and a soil-film screen - along the bottom and
the rest of the slope with the installation of a
ballast made of compacted loam.

According to the results of the analysis,
the use of sheet polymeric materials based
on butyl rubber or polyolefins with a thick-
ness of about 1-2 mm is effective for creat-
ing combined linings for full-flowing main
channels.

Recently, a combined lining design has
been proposed, consisting of a butyl rubber
coating (geomembrane) on the bottom and
part of the channel slope and a concrete film
lining in the zone of wave and ice impact
(Figure 1) [6].

For collector-drainage system channels,
where the salt level in the water exceeds the
norms several times, it is advisable to use
concrete made of composite reinforcement.
The use of this combined lining will reduce
the cost of building anti-filtration protection,
reduce construction time, reduce the rough-
ness of the channel and increase its capacity.

Figure 1 - Combined cladding using shee
polymer material (geomembrane)
1 - sheet polymer material (geomembrane);
2 - polyethylene film; 3 - prefabricated NPK
slabs; 4 - joint seam
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Materials based on butyl rubber with a
thickness of 1-2 mm, and bitumen-polymer
compositions with a reinforcing base of 3
mm thickness can be used as sheet polymer
materials for creating combined facings. In
addition, geomembranes made of high- and
low-density polyethylene with a thickness of
1.5-2.5 mm can be used for this purpose.

In order to reduce water losses from
channels due to filtration, other combined
lining designs can also be used [7], the dia-
grams of which are presented in Figure 2.

a)

 ———r 6

7

Figure 2 — Combined facing structures
a — with protective soil coating; b — with protec-
tive concrete coating on slopes; 1 — butyl rubber
film 1-2 mm; 2 — loam; 3 — gravel; 4 — concrete;
5 —fiberglass; 6 — sand; 7 — polyethylene film
0.2 mm

As can be seen from Figure 2, a com-
bined lining structure, which is an anti-
filtration screen made of butyl rubber mate-
rial, is laid along the perimeter of the chan-
nel on a layer of sand t=5-10 cm, on top of
which loam is poured.

Along the channel slope, the layer
thickness is equal to 0.2 m, and along the
bottom - 0.5 m. In order to improve the pro-
tection of the anti-filtration polymer screen
on the slopes, a mount of gravel preparation
with a thickness of t=0.3 m is provided. A
loam layer laid on butyl rubber material
plays the role of a protective layer, protect-
ing it from damage when backfilling the
gravel-pebble layer.

To ensure strength on the slope, butyl
rubber is sealed in trenches with monolithic
concrete or weighted with gravel mixed with
pebbles. The installation of this type of lin-
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ing will ensure reliable protection of the an-
ti-filtration device, as well as reduce the cost
and time of construction

Further on (see Fig. 2, b) a design of
combined cladding is given, which is a cov-
ering of concrete laid along the slopes of the
channel on a polyethylene layer t = 0.2 mm,
protected from above and below by fiber-
glass fabric.

When concrete is exposed to defor-
mations, the fabric protects the layer from
ruptures, as a result of which its durability
and integrity are preserved. The filtration
flow actively passes along the bottom of the
channel and for this purpose a sheet polymer
material is laid on the bottom of the channel,
connected with the help of adhesive mastic
to the layer laid along the slopes.

CANAL LINING

8 ANCHOR TRENCH

EXPANTION JOINTS
B ik \\

TN "3 S A
\ EOTEXTILE GEOMEMBRANE /

e
G
\\ CAST-IN-SITU / (A

X PRE CAST BLOCK 7

Fig. 3 Anti-filtration structure
used in channels

This design of the anti-filtration screen
ensures maximum channel capacity, as well
as reliable fastening of the slopes.

The most difficult issue is the anti-fil-
tration protection of large main channels
with a flow rate of more than 50 m®/s, where
a highly reliable lining design is recommen-
ded (Figure 4) [8].

Figure 4 - Design of anti-seepage
lining of increased reliability
1 - concrete monolithic or prefabricated coating
10-15 cm or 6 cm thick; 2 - protective geotextile
liners; 3 - anti-seepage element made of sheet
polymer material 1-2 mm thick; 4 - catch ditch

The proposed design is presented from
reinforced concrete or concrete covering,
also from monolithic concrete or precast
NPK slabs with a thickness of 10-15 cm or 6
cm, which are limited by protective rubber
gaskets made of geotextile with a thickness
of 0.5-1 mm.

The anti-filtration elements used in the
design are made of sheet polymer material 1-
2 mm thick, which has the necessary strength
and high resistance to puncture and tearing,
increasing the reliability of the device.

The proposed design of geomembrane
lining is made in approximately 70% of cas-
es from PVC, and in 30% - from flexible
polyethylene of various densities, hypalon,
polypropylene or high-density polyethylene.

The technology of production of works
on installation of anti-filtration elements will
be as follows. When laying monolithic con-
crete on the bottom, a film is embedded in it
by 20-30 cm, then a deformation compensa-
tor is installed in the form of vertical folds
of the layer.

After which, between the monolithic
and prefabricated parts of the cladding, cu-
bes of concrete mixture are installed, the
voids of which are filled with cement mor-
tar. After preliminary filling of the channel
with water, the soil under the slabs subsides
at the junction of the slopes with the bottom.

The protective pad 4, glued to the bot-
tom of the slab 5, allows the deformation
compensator to slide without contacting the
rough surface of the concrete slabs. If a ce-
ment-sand mixture is prepared in a ratio of
1:3 by weight, this ensures sufficient mobili-
ty of the solution and allows saving cement
when performing injection work.

Results and discussions. The main
technological machines for laying reinforced
concrete slabs on channel slopes are boom
cranes with slings of various lengths. Partic-
ular attention should be paid to not damag-
ing the layer coating [9].

If the supporting surface of the slab is
strictly parallel to the slope surface, then the
slab will touch the slope surface with its en-
tire plane at once, which will not cause
damage to the layer.
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Technology of installation of anti-filtration
polyethylene layer in the channel.

If the supporting surface of the slab is
not parallel to the slope surface (the most
common case), then when lowering the slab
may touch the layer either with its lower
(Figure 5, a) or upper (Figure 5, b) edge. In
this case, the position of the slab when
touching the layer will affect its possible
damage.

Figure 5 - Scheme of laying
facing slabs on the slope
a - later damage by the lower edge of the slab;
b - layer damage by the upper edge of the slab:
1 - facing slab; 2 - layer sheet

A practical analysis of the implementa-
tion of schemes for laying reinforced con-
crete slabs on the surface of slopes during
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the construction of combined cladding

shows that:

— the best conditions for contact and full
support of the reinforced concrete slab on
the channel slope are created when the
slab touches the surface of the slope with
its upper edge;

— the worst condition is the case when the
slab touches the slope surface with its
lower edge.

To increase the anti-filtration efficiency
of the linings, the author proposed a number
of construction methods and technologies.
The proposed technology ensures the integ-
rity of the film sheet and the impermeability
of the expansion joint.
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ABSTRACT

Water loss from channels due to filtra-
tion is of interest to many scientists involved
in the design and construction of hydraulic
structures and main channels in particular.
Main canals are one of the long linear struc-
tures for transporting water both in open and
closed channels. Many of the canals are built
and operated in a ground environment where
the level of water filtration from the surface
of the wetted perimeter is very high.

The increasing demand for water cur-
rently requires a rational approach to the use
of water resources with minimal losses. For
this purpose, special attention is paid to the
correct choice of the design of anti-seepage
elements. This article provides a compara-
tive analysis for the selection of anti-seepage
elements used in the main canals of Azerbai-
jan.

Key words: filtration, main channel,
concrete lining, anti-filtration structure, ce-
mentation.
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SU ANBARI HIDRODUYUNLORININ YUXARI BYEFINDO YERLOSON
SORT YAMACLARIN MOHKOMLONDIRILMO PROSESINDO MUHONDISI
KONSTRUKSIYANIN TOTBiQi VO HESABLANMA METODIKASI

Cay mocrasindan konarda, mocrada an-
barlarinin yuxari byefinda yerlogon yamaclar-
da basqili sizma, suffoziya, ugma va siirlismo
hadisalorinin gabaginin alinmasi tgiin tikinti
islori vo istismar dovriindo bir ne¢o mithondi-
si todbir hoyata kegirilo bilor. Su anbarinin
yaradilmasinda osas soviyyagaldirict qurgu
Kimi torpaq bonddon istifado olunur. Axinin
sizma yolunun band govdesindo uzadilmasi,
yaxud yiikgotiiron asagr byefdoki yamacda
grunt massivinin qazilaraq konarlagdirilmasi
qurgu osasinin barkidilma tadbirlorindon biri
hesab olunur [6]. Yerli tikinti materiallar ilo
insa olunan bondin enino kosiyindo markozi
oxa nazoron ham keyfiyystli, hom do moh-
komliyi olan t6kmao qruntlarla tikilon dis vo
bazon bu disin alt torofinds dorins istiqgamat-
do sement pordslorlo ya sizmanin yolunun
uzadilmagqla, ya da ki, sizma axminin tama-
milo dayandirilmasiyla hoyata kegirilmis olar.
S1zma axin1 prosesinin tam dayandirilmasi o
halda bas vera bilar ki, sementdon olan pardo-
nin suke¢irmoyan tobagonin sothini dalib keg-
masi lazimdir. Sement pordonin totbiqi siz-
manin giiclii getdiyi halda olur. Sizma axin
yolunun uzadilmasindan o6trii asma tipli se-
ment pardslar daha cox totbiq edilir. Miithan-
dis qurgusunun iizorinds hor hansi konstruk-
siyanin tohliikasiz yerlosdirilmasi {iglin bii-
novradoki qruntda suffoziya hadisasinin bas
verib-vermamasi miioyyan edlmalidir.

Su anbari hidrodiiyiinlorinin yuxart bye-
findoki sututar hissodo dibdoki vo yamacdaki
qrunt laylarinin yiiksak su sizdira bilma qabi-
liyyati olduqda, tist tobaqo gazilaraq konarlas-
dirilir. Yamacin iist sathindon méhkomlondi-
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rilmasindaon o6trii gil, yaxud gillics qruntlar1 ga-
zilib ¢ixarilmig saholor ekranlasdirila bilor. Bu
metod miihondisi miihafizo todbirlori kimi
o6nomli hesab edilir. Tobii yamaclarin ekran-
lasdirilmas1 dedikds dibdoki tobagonin moh-
komlondirilmasi, sahillorin ekranlasdirilmasi,
maocranin ponurlagdirmasi islori nozords tutu-
lubdur. Tatbiq olunan bu ciir miithandisi kon-
struksiyalar su anbar1 qovsaglarinin sututar sa-
halorini méhkomlondirmokdir. Homginin an-
bardan sizmasi su itkilorinin garsisini almaq
tictin méhkamlandirma tadbirlori band govdasi
ilo asasinda eyni zamanda apariimalidur.

Su anbar hidroqovsaqlar1 sahillorindoki
yamaclar1 mithafizo etmokdon 6trii su kiitlosi-
nin tosiri altinda galan dayanigsiz yamaclar
boyu ekranlagdirma, suyun normal bogulmus
soviyyasindon yuxaridaki saholordoki yamac-
lar {izro kontrbanketlor vo istinad divarlarin-
dan istifado edilo bilar [3]. Su kiitlosinin tosiri
altinda qalan yamaclarda layiholondirilon yer-
li tikinti materiallar ilo insa olunan bandlorin
yuxaridaki biyefinin yamaclariyla miigqayiso-
do materiala daha ¢ox gonaot olunarsa, anba-
rin su ilo doldurulmasindan ovval giiclii su-
sizdiran yamaclarda bermasiz, hamginin tok-
minlagdirilon gillica ekranla barkidilma islori-
nin aparilmast moslohat bilinir (1). Belo mii-
hondis konstruksiyalarinin layihslondirmo mor-
halasindo nozori metoddan istifado olunmagla
hom sizma, hom do siiriismo hesablanmalarinin
apartlmasi ¢ox vacibdir. Sizmanin prosesinin
tosirini hansi doracods azaltmagi miioyyanlos-
dirmokdon 6trii sort yamaclara séykenon vo-
ziyyoatdo tistdon eni J1; susizdirmayan grunt la-
yinda dibdon olan eni ¢&; ekranlasmanin hiin-
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darlyund He; gillico ekranda xarici, daxilden
sorhad xattlorinin  yamaclarinin  omsallari:

m, =ctge,, M, =cCtgc,; ortalasmis eni
5= %(51 +6,) gotiiriilorok ekran yamacinin

omsali: m = ctge ; ortalasmus qalinhigr Sina

gotiiriilon ekranlasmis hissodo normal bogu-
lan saviyys ilo kesismo noqtesindon endiril-
mis perpendikulyar xatlo sizmanin diisma oy-
risinin lazimi ho dorinliyindon asagidaki biy-
efdo ¢ixis ordinati ilo aradaki mosafo Lo ol-
dugda, sizmanin depresiya oyrisinin ekran
elementindon ¢ix1s hiindiirliiylinii toyin etmok
sizma prosesinin tasirinin no azaldiginin va-
cib bir gostoricisidir. Ekranin arxasinda olan
grunt massivi ilo eyni cins qrunt massivind
cevirilmo sorti ¢arcivasindo virtual qalinlig
(&) miloyyonlosdirmok zorurati yaranir [1]:

k, ..
5U:k—y5sma : (1)

[

Harada ki, ke vo ky — muvafiq olaraq ekran
elementini vo sort tobii yamaci togkil edon
gruntun sizdirmasi omsallaridir.

St yamacwn gllics
gl evantagdinituog

Sw_anfarnn urzu R
dr yevin tofii Usath xatti

0}

5|

) ‘31 0’2—4_“‘/

¢,

=R, ces

Tw

Sokil 1. Su anbart hidrogovsaginin yuxar
biyefinda yerlasan sart tabii torpaq yamacimin
ekranlasdirma prosesinda sizmaya va
dayamiqliliga hesablanma sxemi.

Ekran elementinin {ifiiq istiqamati {izro
eni agagidaki kimi tapilir:

Kk
L, = % S5 )
sina «,

Ekran arxasinda sizmanin diismo oayriSi-
nin ordinat qiymatinin (he) tapilma prosesin-
do Dyupi diisturunun asagidaki sokildo ifa-
do olunan tonliklorindon [4] istifadosi moso-
loni hoallins yaxilasdirir (sokil 1):

q _(H.—d)’-h

K 2(L+L-L)
_ (H,—d)" - _ (3
2{L0+5(”j’+1j—2m(He—d—he)}
_ ¢, .
~2(C,+2mh,)’
a_ h-h
K, 2(L+L)
he —he _
“2[m(H,—d-h)+L-5] @
he—hy
~2(C,~mh,)’

g:%a_m(He_d_he);

L, =m(H,-d-h,)-5;

€

C = LO+5(&+1]—2m(He—d); (5)
Ke

C,=(H,—d)"~hZ;
C,=L,~5+m(H,~d).

harada ki, d — ekran elementinin gasinin sa-
viyya yiiksakliyinin vo yuxari byefin NBS-si
arasinda yerloson hiindiirliiytidiir.

(3) ila (4) tonliklarinda sol toraflorin ba-
rabar olmalarina osason sag toroflorinin do
barabarliyini yaza bilorik:
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he2 — ho2 — Cz ) (6)
C,+2mh,

(6) tonliyini asagidaki sokildo yazmaq
olar:

2mh? —2mhZh, + Ch’ —Ch? =C,C, —C,mh;; 7)
(2mh, +C,)h? =m(2h2 -C,)h, +CiZ +C,C,.

(7) tonliyindan sizmanin diisma ayrisinin
he ordinat qiymotinin tapilmasi prosesinds
secmd metodunu, yaxud EXCEL 2016 prog-
ramini totbiq etmok olar. Ancaq bu tonliyin
sagdaki vo soldaki toraflorini he ordinatindan
asili olaraq forqli ifadolor soklindo yazaraq,
grafiki metodla da bu ordinati tapa bilorik:

f,(h, )=(2mh, +C,)hZ; ®)
f,(h,)=m(2h? -C,)h, +Ch? +C,C,.
(8) funksiyalarin1 (7) tonliyinds yerino
yazdiqda:
fl(he): fz(he) (9)
funksiyalariin barabarliyindon, onlarin qu-

rulmus grafiklorinin kosismo noqtosine osa-
son axtarilan he ordinati tapilir (sokil 2).

R £ ()

£ ()

AN

Sakil 2. Ekran arxast diisma ayrisinin he
ordinatinin qrafiki metodla tapilma sxemi.

Ekran daxili sizma axininin diisma ayri-
si boyu xiisusi kosiklordoki ordinatlarin mo -

lum olan giymatlarini nazars alaraq, he ordi-
nat1 y oxu ilo tam ist-listo diismasi sortinin
gargivasinds bu ayrini oks etdiron ndqtalarin
koordinatlar1 Dyupi diisturlarin istifado et-
moklo tapilir [2]:

qg_hi-y* q_ h-h
k, 2x 'k, 2(L+L)’
h2_y2 h2_h2

2 2(L,+L)’ (10)
. 2 _h-h
h—y* = Lol X;
=
_ |he-
LAY

Ekran arxasindaki he ordinat xotti ilo siiriis-
moanin silindrik sathinin depressiya ayrisi ilo
kosigsmo ndqtasine godar olan X = A/l mosa-
fasinin sonunda hk ordinati he Ordinatindan
asili olaraq (10) tonliyindon asagidaki diis-
turla tapilir:

h, = \/hj -t (12)
[

Ekran elementi ilo borkidilon tobii ya-
maclar {lgiin sokil 1-do gostorilon silindrik
formaya malik siirlismo xatti boyunca daya-
nigliligin toyin olunmasinda yuxari byefdoki
suyun hidrostatiki tozyiqin yaratdigr qiivve
sUriismo morkozino gora saxlayan qiivvo sok-
lindo tosir gostorir. Hidrodinamiki qiivvado
yamaca siirlisdiiriicti deyil, bir saxlayici qiiv-
vo soklindo tosir etmis olur. Bunun baslica
sababi hidrodinamiki qiivvenin 6z tosir zo-
nasinda yuxaridaki byefdon asagidaki byefo
dogru istigamotinmis olmasidir. Siirlismo
prosesi iso anbarin daxiline dogru istigamat-
lonir. Goriilon miihondisi tadbirlorin natico-
sindo yamaci ekranlagdirilma metodu ilo
barkildilon sart tabii yamaclarda silindrik sii-
rligmonin sathi lizra dayaniqliq omsali asagi-
daki diisturla toyin oluna bilor [5]:

G, cosaitge, +2c,/; + D tgep, + D, +W ;ﬂ

Ky =

° (12)

2G;sing,
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burada: 2Gicosai , tgg 2Gisina: - yamacda
silindrik formaya malik siirlismonin sath xatti
boyunca susizdirmayan vo susizdiran qrunt
tobagosinin agirligmin tosirilo yaranmis sax-
layan, siirtisdiiron qiivvalor asagidaki kimi ta-
pilir:

XG,sing, =G sing, +

+G, sina, +G;sina; (13)

XG, cose;tgep =G, cosatge, +

+G, cosa,tgep, + G, cosa, tg ¢,.

2C;/; - ilismo qiivvesinin soth boyu tam
qiymatidir:
X0l =Cl +Cl,+Cly;  (14)

l1, 12 vo I3 - geyd olunan sahoalor iizra
stirlisma sothinin uzunluglar olar:

7R, _ 7R, .

= 180° Pila= 180° Zx (15)
’ _ R, B
31800 7

D: vo Dn — uygun olaraq satho normal
yOnolon vo toxunma istiqgamotinds tosir gos-
toron siirlisdiirmadon yaranan hidrodinamiki
guvvalarin toplananlari olub, asagidaki diis-
turla toyin edilirlor:

D, = Dcos[ 90° — (o, +y) |=
=Dsin(a, +y);

D, = Dsin[90° — (e, +y/) |=
=Dcos(a, +y).

(16)

ad — saquli istigamotdo yonolon xotlo Dn —
quvvasinin arasinda galan bucaq; y - siiriis-
ma sahasindoki depressiya diisma oyrisininin
mailli parcalara gotirilma xatti ilo iifiiqi xott
arasinda qalan bucaq olub, asagidaki kimi
tapilir:

Ah
=arct — 17
W gM (17)

Ah — sizma axminin soth xattini oks etdiron
depressiya oyrisinin diisma hiindiirliiyii olub,
6lgma yolu ilo tapilir; D — hidrodinamiki
guvva olub, asagidaki diisturla toyin olunur:

D=y, (18)
e o t.q
7,, —su miihitinin hacmi ¢okisi: y, =1, Om— ~

3
kN, . . .
le—S, I — slirismo zonasmin daxilindo
m
bas vermis sizma axininin qradiyenti olub,

asagidaki sokildo tapilir:

Ah,

i=tgy = Vi (19)

o - Ustdon depressiya diismo ayrisinin, sol-
dan ekranin gobul edilon orta merkozi (da-
xili) xottinin, asagidaki zonadan sukecirmo-
yan tabaqo sothinin, sagdaki zonadan silin-
drik formaya malik siiriigdiiriicti sothlo sor-
hodlonmis hidrodinamik qiivveni yaradan
zonanin saholori comidir (sokil 3). Bu saha
asagidaki kimi analitik ifadslorlo hesablanir:

=0+ 0, +0,+0,+0,+ 0y, (20)
h h hz hz 1/2
= | ydX—Sgpac = [hez j X
@] -t
B
(21)
(-5
x| | —2—2h | -
L+L
, h2—h? 1.,
_\/[he Lol hkj }5(“ #h)-
1
o 36%0 f-SResin, =
(22)
Rz ”ﬂz
"2 [180o Smﬁzj’
ot h_o_ 1 e (23)

2tga 2tg ¢

:%hesim//-he cosw:%hjsinzw; (24)

w, :{he cos;//—%[M—

R, (sin B, —sin B,) ]sin 1//}>< (25)
x| AC=R, (sin B, —sin B,) ]-cosy;
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R,
~_ i g
% R, Ginf-sinf)

L o=
Lﬁe/f;d

b —————————

LD+L1

Sakil 3. Su anbart hidrogovsaginin yuxaridaki biyef yamacinda ekranlasma
prosesinda sart tabii yamacin siinilagdirilmis vaziyyatinda sizma zonasinda
hidrodinamiki qiivvanin tayin edilma sxemi.

@, =%-[he COSl//—(AE—

R, (sin B, —sin 3,))sin (//]X

; (26)

><\/hk2 +R?(sin B, —sin ,6’4)2 —[ . cosy —(Ar=R,(sin 4, —sin 3, ))sin W]Z

Ro — silindrik formaya malik siiriisma zonasi-
nin “O” markazi noqtasinin sathi shatoloyon
radiusu; W - su anbar1 qovsaginin yuxari bye-
finds suyunun siini yamaca hidrostatiki toz-
yiq qiivvesi olub, asagidaki dusturla hesab-
lanir:

W :%yW(He —d+H,)’, (@7

Hs - siirlismo zonasinin vo ekran elementinin
dibdoki xottinin asagidaki hissosi ilo ¢ixis
nogtasinin arasinda olan hiindiirliikdiirdiir;
- hidrostatiki tozyiq qiivvesi ilo siirligmo
morkozi arasinda qalan masafadir, bu masa-
foya homin qiivvenin qolu deyilir:
r, = R, cos( 5, —,@)—%(He —d+H,). (28)
Qeyd olunanlara asason (1)+(28) diistur-
larilo su anbarindan sizma vo yuyulma tosir-
larine moruz gala bilon eyni bircinsli sort to-
bii yamaclarda yuxaridaki byefds ekranlas-
dirma ilo barkidilmadon sonraki merhalado
silindrik formaya malik siiriismo sothi tizro
dayaniqliliga statiki yoxlanilmasinin aparil-
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mas1 miimkiin ola bilar.

Ekranlasdirma konstruksiyasi bir miihon-
disi todbir olaraq, su anbari hidrogovsaqla-
rinin yuxart byefinds ekoloji miihitin yaxsi-
lasdirmasina xidmat edir. Belo konstruksiya-
dan vo onun hesablama metodikasindan cay
mocralarmi sahil yamaclarinin méhkomlon-
dirilmasinds do istifads etmok olar. Bu da yu-
yulan ¢ay hovzalorinds ekoloji problemlorin
azalmasina gotirib ¢ixara bilor.
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XULASO

Elmi magalads su anbari hidroqovsagla-
rinin yuxari byefinds tobii sort yamacin bar-
Kidilmasinin ekranlasdirilma konstruksiyasi,
bu konstruksiyanin sizmaya vo dayanigliga
hesablanma metodikasi verilmisdir. Silindrik
soth {izro silirlismoyo qarsi saxlayict qiivvo
Kimi rol oynayan hidrodinamiki qiivva ek-
ranlasdirilmis hissodon sonra tobii yamacda
basqili sizma zonasinda analitik ifads ilo to-
yin edilmigdir. Hesablanma metodikasinda
orta galinligh ekran tobii yamac qruntuna
ekvivalent gruntla virtual avoz olunmusdur.

Acar sozlor: basqili sizma, yamacin méh-
komlandirilmasi, siirtisma, ekranlasdima, hid-
rodinamiki qiivva, istinad divarlari.

PE3IOME

B Hay4HOM cTaThe IpeCTaBIEHA YKPEII-
JIEHHE €CTECTBEHHOIO IOJ3aIoLIell 0TKOca C
KOHCTPYKIIEH 3KpaHUPOBaHME, pacyeTHas Me-
TOJMKa (PUIBTPALMU U YCTOWYMBOCTH B BEPX-
HeM Obe(a BOIOXpaHMIIIIIEHHOTO THIPOY3J1a.

UOT: 631.6

['uaponuiHamuueckas cujia Kak yAep:KUBaro-
el CKOJIbKEHUE IMITMHIPUIECKEH MOBEpX-
HOCTH HAa3HA4Y€HO C aHAIMTHYECKOH (popmy-
JIOW 3a KPaHUPOBAHHON HAIIOPHOM y4acTKE B
€CTECTBEHHOM OTKOce. B pacueTHOM meTou-
K€ CPEIHETOJIIIMHHON AKpaH MepeMEHSEeTCs
BUPTYaJIbHOM C SKBHMBAJCHTHOI T'PYHTOM ec-
TECTBEHHOM OTKOCA.

Knrouesvle cnosa: nanopnoii ¢hunompa-
Yuu, YKpenieHue omrocd, CKOIbI’CEHUe, IKPa-
HUpOBaHue, 2UOPOOUHAMUYECKAs CUTA, NOO-
NOPHOU CMEHKU.

SUMMARY

The scientific article presents the streng-
thening of a natural creeping slope with a
screening structure, the calculation method of
filtration and stability in the upper pool of a
reservoir hydroelectric power station. The hy-
drodynamic force as a retaining sliding cylin-
drical surface is assigned with an analytical
formula for a screened pressure section in a
natural slope. In the calculation method, the
average thickness of the screen changes virtual
with an equivalent soil of the natural slope.

Keywords: pressure filtration, slope
strengthening, sliding, screening, hydrody-
namic force, retaining wall.
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"THE IMPACT OF MELIORATIVE MEASURES ON SOILS
AND GROUNDWATER IN THE MUGHAN PLAIN."

Introduction: Since Azerbaijan is loca-
ted in an arid (dry) climate zone, the devel-
opment of agriculture in the region has al-
ways been possible through artificial irriga-
tion. The scarcity of water resources in the
country, their uneven distribution across re-
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gions, and the tendency of soils in major ag-
ricultural areas to become saline have made
land reclamation and irrigation essential.
The Mughan Plain is a vast and fertile plain
located in the southern part of Azerbaijan. In
this area, especially when irrigation is ap-
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plied for agricultural purposes, soil saliniza-
tion creates serious problems. These pro-
cesses reduce soil fertility and negatively
impact the profitability of agriculture. The
meliorative measures in the Mughan Plain
include various activities aimed at improv-
ing the quality of soils and groundwater, in-
creasing productivity, and preventing issues
such as salinization. These measures aim to
enhance soil fertility and eliminate the diffi-
culties that arise in irrigation. Over 60% of
the soils in the Mughan Plain, located in the
plain zone, have been affected by varying
degrees of salinization and salinization pro-
cesses. The salinization of soils in the Mu-
ghan Plain has occurred due to the evapora-
tion caused by the lowering of the Caspian
Sea level, leading to changes in its bed. On
the other hand, the salinization occurring in
the Kura-Araz plain can be attributed to the
influence of the flow of groundwater with
increased mineralization in the foothill zone.
Additionally, the seepage of underground
mineralized waters from the Kura and Araz
rivers along the coastline has led to the sali-
nization of soils and groundwater. Long-
term experiences related to the operation of
irrigation systems show that the process of
secondary salinization is directly dependent
on factors such as water loss during irriga-
tion, increased seepage losses from soil-ca-
nal systems, and increased evaporation from
the soil surface.

It is very important to study the effects
of meliorative measures applied in the Mu-
ghan Plain on soil salinization and ground-
water.

Analysis and Discussions: Over 60%
of the soils in the Mughan Plain, located in
the plain zone, have been affected by vary-
ing degrees of salinization and salinization
processes. The initial salinization of the soils
in the Mughan Plain occurred due to the
evaporation resulting from the lowering of
the Caspian Sea level and the resulting
changes in its bed. On the other hand, the
salinization occurring in the Kura-Araz plain
can be attributed to the influence of the flow
of groundwater with increased mineraliza-
tion in the foothill zone. Additionally, the
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seepage of underground mineralized waters
from the Kura and Araz rivers along the co-
astline has contributed to the salinization of
both soil and groundwater. Long-term expe-
riences related to the operation of irrigation
systems show that the process of secondary
salinization is most directly dependent on
factors such as water loss during irrigation,
increased seepage losses from soil-canal
systems, and increased evaporation from the
soil surface. In the ecoethical problems of
our country, the salinization and alkalization
of arid soils holds a special place. Salinized
soils are widespread in Azerbaijan. Alt-
hough salinization and alkalization are natu-
ral processes in the soil, when necessary
measures are not taken in time, these pro-
cesses expand their area, negatively affect-
ing both agricultural product production and
natural biocenoses, including the winter
grazing formations characteristic of plain
areas and the plain forests. Therefore, such
soils are considered both melioratively and
ecologically unfavorable, and the need arises
for appropriate ecological and meliorative
measures (such as drainage, leaching, chem-
ical amelioration, and certain administrative
and legal actions) to prevent their negative
dynamics, mitigate their effects, and restore
them to a productive state.

In our country, which has favorable cli-
matic conditions, the development of agricul-
ture began with the regulation of water reso-
urces and their distribution across different
regions. For this purpose, large water reser-
voirs were created, and irrigation systems
were built to improve the water supply in var-
ious regions of the republic.

The focus on irrigation increased at the
end of the 19th century and the beginning of
the 20th century. The main reason for this
was the rapid development of Russia's textile
industry during this period, and the fact that
the raw materials required for it could be
cheaply produced in regions within the Em-
pire (Central Asia and the Caucasus).

In 1866, the "Caucasus Industrial Socie-
ty" was established, and the development of
cotton growing in irrigated areas became its
main task. For this purpose, engineers na-
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med Belli and Quba were sent to Azerbaijan,
and they were tasked with studying the po-
tential for irrigating soils in Eastern Transca-
ucasia, including the Mughan-Salyan plain
in Azerbaijan.

In general, between 1901 and 1917, four
irrigation systems were built and put into op-
eration in Azerbaijan's Mughan plain: "Ga-
litsin," "Lower Mughan,” "Middle Mughan,"
and "Upper Mughan" (South Mughan Canal).
The total length of these systems was 209
km, with a water discharge of 130 m3/s, cove-
ring an irrigated area of 169,000 hectares.

The deficiencies in the irrigation of the
Mughan Plain, soil salinization, and land
degradation have necessitated the strength-
ening of scientific research and the prepara-
tion of necessary measures. For this purpose,
the Water Inspection in the Caucasus was
established as early as 1890. In 1910, hy-
drogeological work began in Transcaucasia,
and in 1912, the first soil-chemistry labora-
tory was created. In 1913, irrigation stand-
ards (hydromodule) were studied, and later,
large-scale meliorative works were carried
out.

Meliorative measures improve the phys-
ical, chemical, and biological properties of
the soil, thus increasing its fertility. The me-
liorative measures carried out in the Mughan
Plain, particularly irrigation and measures to
prevent soil salinization, play an important
role. The construction of collector-drainage
systems and other activities in the Mughan
Plain help prevent the most severe ecologi-
cal problem of the region—salinization, alka-
lization, and secondary salinization—thereby
protecting the land resources of the Mughan
Plain.

One of the factors that negatively affects
the high and stable yield of agricultural crops
in irrigated areas is alkalization. Alkalization
should be considered as a partially independ-
ent problem, as it plays an active role in the
fertility of the soils in the Mil plain. The neg-
ative impact of alkalized soils on the devel-
opment and productivity of agricultural crops
is related to the presence of soda in the soil
solution and sodium and magnesium cations
in the exchangeable complex. Taking into ac-
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count the formation conditions and character-
istics of alkalized soils, various methods are
mainly used to improve them and increase
their fertility, in other words, to solve the
problem of alkalization. For example, the
chemical amelioration method — this method
involves applying chemical ameliorants in
equivalent amounts to the sodium ions in the
exchangeable complex of the soil and the al-
kalinity of the soil.

The agrobiological method is used in the
application of a complex of agronomic and
biological measures, and in this case, deep
plowing and plantation techniques are used,
along with utilizing layers containing gypsum
and calcium carbonate, ensuring their dissolu-
tion. In general, in order to wash and clean so-
ils from salts, it is necessary to know the de-
gree of salinization. The amount of salts in the
soil is conditionally divided into certain lev-
els, and they are given names. The degree of
salinity is also characterized by toxicity indi-
cators. Soluble salts such as NaCl, NaxSOsa,
MgClz, CaClz, MgSO4, Na2COs, Na(HCOs)
are more toxic to plants. The main task in soil
leaching is to remove the salts from the soil
layer where the plant roots spread. When we
refer to the layer where plant roots spread, we
generally mean the upper one-meter layer of
soil, because the root systems of most agricul-
tural crops are located entirely or mainly in
this one-meter layer. This layer is called the
"reference layer." Light and medium-textured
soils have high desalinization capacity, mak-
ing it easier to remove salts from them. Meli-
orative measures improve the structure of the
soil, allowing for more even distribution of
water within the soil. This enhances the water
and air circulation in the soil, supporting plant
development.

In order to study the impact of meliora-
tive measures (irrigation, soil leaching, agro-
technical measures, etc.) on soil and groun-
dwater in the Mughan Plain, experimental
work was conducted in the areas of the villa-
ges of Saricalar, Qara Nuru, Qazanbatan,
Obilkand, and Cafarxan in the Saatl district.
The experiments examined the dynamics of
changes in the salt regime of the soils and
the mineralization degree of groundwater.
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For this purpose, water samples were taken
from the collector systems, which drain soil
layers and groundwater from the agricultural
fields, and chemical analysis was conducted.

Based on the analysis, the amount of
salts distributed in the one-meter layer of soil
and their anion-cation composition were de-
termined. The results of the analysis are pre-
sented in Table 1. The salt content and the
amount of salts in the soils of the experimen-
tal areas vary from 0.513% to 1.177% based
on dry residue. The amount of chloride, the
most harmful salt ion for plants, in these soils
Is 0.008% to 0.048%. Soils with such a salt
composition belong to the group of non-sali-
ne and weakly saline soils. The amount of
sulfate ions in the soil is higher than that of
other ions. However, the high value of this
ion is explained by the sufficient presence of
CaSOs4 (gypsum), which is not harmful to
plants. This indicates that the soils are well-
supplied with gypsum. The balanced form of
anions and cations in the studied soils is con-
sidered a very positive sign. In general, the
salinization process in the soil is character-
ized by both the amount of harmful salts and
the type of salinization. The experiment
shows that the meliorative measures taken in
the Mughan Plain are showing favorable re-
sults. The measures implemented allow for

high productivity from agricultural crops.

One of the indicators characterizing the
effectiveness or ineffectiveness of meliora-
tive measures taken in the Mughan Plain is
the change in the mineralization degree and
chemical composition of groundwater. It
should be noted that the groundwater is
drained from the area via the collector-
drainage network. If the groundwater has a
high degree of mineralization, the mineraliza-
tion degree of the collector water should also
be high. Chemical analysis was conducted on
water samples taken from collectors operat-
ing in five different areas, and it was deter-
mined that the mineralization degree of all
collector waters varies between 1.74 and 4.41
g/l (Table 2). Based on the research, it was
found that the mineralization degree of the
collector drainage water in these areas previ-
ously ranged between 25-50 g/l. The more
than tenfold reduction in the mineralization
degree of the collector-drainage waters is at-
tributed to the operation of the collector-
drainage network built and put into operation
in the Mughan Plain. In other words, the me-
liorative measures implemented in the area
have not only prevented the secondary salini-
zation of the soils but also enabled the desali-
nation of groundwater.

Table 1.
Degree of Salinization and Chemical Composition of the Soil in the One-Meter Layer (%)
Ne | CutNessi | COs% | HCOs | CIF | SO | Ca?* | Mg?" | Na™+K* Z;’Itg' rega’ue pH
1. N1 0 0,041 | 0,022 | 0,461 | 0,029 | 0,008 | 0,217 | 0,765 | 0,749 | 7,8
2. N2 0 0,043 | 0,036 | 0,421 | 0,012 | 0,009 | 0,204 | 0,725 | 0,675 | 7,8
3. N3 0 0,041 | 0,048 | 0,376 | 0,021 | 0,011 | 0,473 | 0,630 | 0,613 | 8,1
4. N4 0 0,047 | 0,024 | 0,307 | 0,009 | 0,006 | 0,149 | 0,565 | 0,519 | 8,2
5. N5 0 0,030 | 0,009 | 0,781 | 0,008 | 0,011 | 0,367 | 1,216 | 1,064 | 7,99
6. N6 0 0,041 | 0,048 | 0,830 | 0,016 | 0,015 | 0,448 | 1,391 | 1,177 | 7,9
7. N7 0 0,048 | 0,011 | 0,374 | 0,008 | 0,009 | 0,479 | 0,616 | 0,513 | 7,9
8. N8 0 0,048 | 0,009 | 0,397 | 0,009 | 0,007 | 0,192 | 0,635 | 0,700 | 7,7
9. N9 0 0,043 | 0,008 | 0,404 | 0,008 | 0,004 | 0,198 | 0,734 | 0,695 | 8,0
10. N10 0 0,047 | 0,010 | 0,400 | 0,007 | 0,003 | 0,465 | 0,169 | 0,730 | 7,8

Note: N1 - Saricalar village-1, N2 - Saricalar village-2, N3 - Qara Nuru village-1, N4 - Qara Nuru village-2,N5 -
Qazanbatan village-1, N6 - Qazanbatan village-2, N7 - Obilkand-1, N8 - Obilkand-2, N9 - Caoforxan village-1, N10 -
Coforxan village-2

The analysis of the actual data shows
that the chemical composition of the collec-
tor waters, and consequently the groundwa

ter, is also changing in a favorable direction.
Specifically, the amount of anions and cati-
ons in the chemical composition of the col-
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lector waters does not exceed the permissi-
ble limits. Only in one open drainage area
does the amount of sulfate ions exceed the

permissible limit. This is most likely related
to local salinization of the soil in that area.

Table 2.
Results of water analysis
Ne | Assigned indicators Unit of N1 N2 N3 N4 N5
measurement

1. |pH pH vahidi 7,49 8,12 7,70 8,05 7,87
2. |Turbidity ma/I 6,57 11,60 21,0 2,2 3,48
3. |Bicarbonate ,(HCOs) ma/I 366,06 | 366,06 | 488,08 | 366,06 | 671,11
4. |Sulfate, (SOs)* ma/I 653,21 | 563,87 | 721,89 | 662,33 | 1695,46
5. [Chloride, (Cl) mq/I 701,91 | 233,97 | 361,59 | 659,37 | 709,0
6. |Calcium, (Ca)** mq/I 160,32 | 140,28 | 110,22 | 150,30 | 280,56
7. |Magnesium, (Mg)?* ma/I 127,58 | 66,83 | 11543 | 139,73 | 230,85
8. |Sodium+Potassium, (Na*+K*) ma/I 5225 | 296,0 | 4558 | 484,75 | 8325
9. |Total mineralization, (Z;) ma/l 2432,0 | 1748,0 | 2253,0 | 1978,0 | 4419,0

Note: N1-Saricalar village, Main collector; N2-Qara Nuru village, Collector; N3-Qazanbatan
village, Open drain; N4-0bilkand village, Collector; N5-Caofarxan village D 1-1, Open drain.

Result. As a result of the melioration
measures implemented in the Mugan plain,
the meliorative condition of the soils has
improved, the process of secondary saliniza-
tion has been eliminated, and the mineraliza-
tion level of groundwater has decreased. The
salt content has formed in a favorable direc-
tion. This enables high productivity from
agricultural crops.
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Cafarova 9.Y.

Mugan diiziinds meliorativ tadbirlorin
torpaqlara vd qrunt sularmna tasiri.

XULASO

Moqalodo Mugan diizii soraitindo apari-
lan meliorativ todbirlorin torpagin duz reji-
ming va qrunt sularmin minerallagsma doraco-
sino vo kimyavi torkibing tosiri sorh edilmis-
dir. Miiayyan edilmisdir ki, meliorativ tadbir-
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lor, (yuma, suvarma vo aqrotexniki todbirlor)
hesabina torpaqglarda tokrar sorlasma prosesi
dayanmis, duz rejimi sabitlogsmis vo onlar ya-
rarl1 hala salinmisdir. Eyni zamanda qrunt
sularinin minerallasma doracasi azalmig vo
onlarin kimyovi torkibi yaxsilagmigdir.

Acar sozlar: torpaq, qrunt sulari, tod-
birlor, duz rejimi, minerallasma meliorativ
tadbirlar, dayisma

Mxadaposa A.S.

Binsinue MeJTHOPATHBHBIX
MEpONPHUATHHA HA MOYBbI U TPYHTOBbIE
BOAbI MyraHckoil paBHUHBI

PE3IOME

B cratee paccMOTpeHO BIIMSHHME MEJU-
OpaTUBHBIX MEPOIPHUATHA Ha COJIEBOM pe-
UM TIOYBbI, MHUHEPAIN3ALHUIO TPYHTOBBIX
BOJ M MX XMMMUYECKUN COCTaB B YCIIOBHAX
MyraHCKOl paBHUHBI. Y CTaHOBIIEHO, YTO
Omarosaps MeIMOPAaTUBHBIM MEPOIIPHUATUIM
(mpombIBaHUE, OPOUIEHHE U arpoTexXHU4Ye-
CKHE MEpOIpPHATHS) NPOLECC MOBTOPHOTO
3aCOJICHUsI TIOYB ObLI OCTaHOBJIEH, COJIEBOU
PEXUM CTaOMIM3UPOBAJICS, U MOYBHI ObUIH
IIPUBENIEHBI B IPUTOJHOE COCTOAHME. TaKxke
ObUTa yMEHbIIeHa MHUHepaIu3anus rpyHTO-
BBIX BOJ M YJIYYIIEH UX XUMUYECKUH COC-
TaB.
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The Impact of Melioration Measures
on Soils and Groundwater in the
Mughan Plain

ABSTRACT

The article discusses the impact of me-
lioration measures on soil salinity and the
mineralization degree and chemical compo-
sition of groundwater in the conditions of
the Mughan Plain. It has been determined
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that due to melioration measures (washing,
irrigation, and agro-technical activities), the
process of secondary salinization in the soils
was halted, the salt regime stabilized, and
the soils were restored to a usable state. At
the same time, the degree of mineralization
of groundwater decreased, and their chemi-
cal composition improved.

Keywords: soil, groundwater, measures,
salt regime, mineralization, melioration me-
asures, changes.
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SUTULLAYAN QURGULARDé KAVITASIYANIN YARANMASI iLO
OLAQODAR TOZYIQIN VO SUROTIN PAYLANMASININ TODQIQI

Sutullayan hidrotexniki qurgularin osa-
son boyiik sorflora vo tozyiglora hesablandi-
gindan onlarin layihslondirilmosinds kavita-
Siya vo aerasiya proseslori Oyronilir. Bu hid-
rotexniki qurgular boyilik mosuliyyat dasidi-
gindan onlarin qozasiz vo normal is soraiti
tomin olunmalidir. Bununla slagadar har bir
sutullayan qurgunun hansi torpoqrafik sora-
itdo vo hansi hidravliki parametrlora goro la-
yiholondirilmasi asas gotiiriliir.

Sutullayict qurgularin néviiniin vo kons-
tuksiyasimin secilmosi yerli soraitdon: ¢ayin
coxillik hidroloji rejimindon, buraxilan sorf-
don, ¢aym aximindan, segilmis yerin geoloji
vo hidrogeoloji soraitindon, istismar sortlo-
rindon vo yerli amillordon asili olaraq apari-
lir. Sutullayici qurgular gapali en kasiys ma-
lik olur, boru vo tunel soklindoa tikilir. Belo-
liklo, kompanovkaya va tikintinin toskilino
goyulmus normalardan vo toloblordon asili
olaraq suyun buraxilmasi boru, tunel soklin-
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dos olmaqla sahilds vo suyun derinliyinds ol-
magdla bondin gévdasinds tikilir.

Sutullayanin basliq hissasinin 6l¢iilori
va formasini segarkon axinin parametrloring
gOra kavitasiya eroziyasinin yaranmamasini
tomin etmok lazimdir. Kavitasiyanin yaran-
masmi yoxlamaq ii¢iin beton vo ya metal
Uzllyiin sothinin geyri barabar hissalorinda
tozyiqin vo axiin xarakterik siirotini (Uxar)
bilmok lazimdir. Baslhigin tavan hissasindo
tozyiqin paylanmasinin orta qiymati tozyiqin
azalma omsal ((TP) vasitasilo tapilir:

C_p=—zg(z\j'02_z‘) @

Burada zy». - suyun soviyyasinin yuxar1 byef-
da qiymati, zp - basliq hissonin baxilan noqte-
sinds pyezometrik basqi, Vo - bagligin sonun-
da axmin kosikdaki orta stiratidir, CiF,- omsali

todqiqat soraitinds vo analitik sokildo basligin
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foza vo miistovi soraitindo miixtaliif formalari
ticlin  Oyronilmisdir. Tozyiqin doyismasinin
(dOylntiisiiniin) tozyiqin azalmasi omsalina
tosirini asagidaki asililigla nozors almaq la-
zimdir.

Cp =C,+AS (2)
Hardaki 6 — tozyiq doyiintiisiiniin standarti-
nin nisbi qiymeti, A — omsaldir, bu halda
todgiqatlar asasinda qurguya tosir edon mak-
simal yiiko gbro miioyyan edilir.

o P
Op

(3)

Burada op - qurgunun baxilan elementindo
tozyiq doyigmasini va ya pulsasiyasini gosto-
rir. Pmax - baxilan elements tosir edon maksi-
mum yikdur.

Kavitasiyanin yaranmamasini tomin et-
mok liclin qurgunun basliginin hamar olma-
yan hissalorinds onun sathini elo segmok la-
zimdir ki, Cppur- giymatindon kicik olsun:

2
L +%_7P/t_ Koo IZXS
Cp <Cppyr = VZ2/2g (4)
t

Burada Kpsh - basligin sathinin konstruksiya-
sindan asili olaraq kavitasiya odadinin boh-
ran qiymotidir; vxar - baxilan sothdo xarakte-
rik siirat; Pa - atmosfer tozyiqi; Pt-parla doy-
mus tozyiq; ti - yuxari byefds suyun soviyyo-
st altinda olan hissados dorinlikdir.
Sutullayanin bagliginin sothini daha sado
formada vo minimal 6lgiilorlo se¢dikda Cp -

nin qiymoti boyiik alinir. Burada Cp<Cppur OI-

mas ti¢iin bu halda Cppur qiymati boylik gotl-

rilmoalidir. Cppur - nin boyiik qiymotino iso
asagidaki yollarla nail ola bilorik:

1) Borunun sorf buraxmaq qabiliyyatini azal-
dilmast ilo axinin siiratini (vt) azaltmag;

2) Betonun sothindo miiasir texnologiyani
totbiq etmoklo hamar olmayan hiindiirluk-
lorin minimuma endirilmoklo, vxar slirot
azalir.

3) Konstruksiyanin tinlori olan hissalords ko-
lo kotiirliiklori hamarlamagqla Kosh qiymati-
ni azaltmali.
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Sutullayanin basliginin sothi hor bir ba-
x1lan halda miixtalif variantlarin iqtisadi co-
hotdon miiqayisasi naticosindo se¢ilmolidir.

Suburaxanin bagligdan sonraki borusu-
nun kasiyinde Cp qiymsti bashigin sondaki
giymatina barabor gotiiriiliir. Bu halda pye-
zometrik basqi asagidaki kimi hesablanir:

(5)

Burada 2w - sutullayanin ovvalindon baxi-
lan kosiya godor olan hissado comi hidravliki
itkilordir. Baxilan hissado kavitasiyanin ol-
mamasi t¢lin asagidaki sort tomin olunmali-
dir.

P P P

7|+7a_7t
% >Kb6h (6)
29

Basqili sutullayan qurgunun tunelinin
uzunluq boyunca birdon genislonmasi enerji-
nin sondiiriilmasi baximindan g¢ox olverisli
olub, kavitasiya dagmntilarinin qarsisim alir.
Birdon genislonmods enerjinin sénmasi ge-
nislonon hissonin genislonma doracasindon vo
onun konfiqurasiyasindan asilidir. Enerji itki-
si a=90° vo Do/D1<0,4 olduqda (sokil 1), Bo-
rdo diisturu ilo doqiqlikls toyin oluna bilor:

(Vl_VZ)sz\ﬁzg V_22
24 ‘29 *2g

Burada Vi va V2 — borunun genislonmodan
ovval vo sonraki hissolords axinin orta siirs-
tidir. Yerli miigavimat omsallar1 asagidaki
Kimi toyin olunur.

h:

. (7)

(8)

Burada w1 vo @2 - uygun olaraq borunun
genislonmadon ovval va sonraki hissalarinin
en kosiklorinin sahaloridir.

Borunun kavitasiyadan dagilmasinin toh-
liikasini azaltmaq genislonmads diffuzor otiir-
molorindon istifado edilmolidir. Bu halda ka-
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vitasiyanin yaranmasinin analizi sokil 1, b vo
ona uygun kavitasiya adadlorinin béhran qiy-
motlori Kysh asagidaki asililigla toyin edilir:

Kzzg(HO_Hbﬁh) (9)
A

Burada Ho vo Vo — boruda birdon genislon-

moyo girisde miitloq pyezometrik basqi vo

orta suratdir. Hosh — subuxarina uygun pye-
zometrik basqidir.

Sutullayan qurgularin enerji sondiiron
kameralarda layihslondirilmasindo asagida-
kilar nozors alinmalidir:

— genislonon hissado divarlarda artmis tozyiq
doyiintiilori 1=5D1 uzunlugunda sonocok.
Divarlarda tozyiq ddylntiilorinin maksi-
mum qiymoti genislonan hissonin baglan-
gicina qadoar (0,2-2,0)D1 masafods olur.

— birdon genislonmodon sonra divarlarda
tozyiq doyiintiilori Do/D1=0,85-do daha
intensiv olub, bu soraitdo kameraya giris-
do vo onun daxilindo siirot basqilarinin
forgi 30 %-o catir. Kavitasiya yaranan
halda tozyiq doylintiisii yarim dofa va bir
neco dofo ¢ox artir.

— birdon genislonmodon sonra enina kosikdo
ortalagmus siiratlorin geyri-borabor paylan-
masi1 axin boyunca asagi dogru hamarlanir
vo axinda inkisaf ertmis kavitasiya olma-
dig1 soraitds siiratlorin borabar paylanmasi
geniglonon hissonin baslangicindan 5D1
mosafasinds bas verir.

— genislonan hissada pyezometrik basqinin
barpasit |=5D: uzunlugunda olur. Bu da
imkan verir ki, enerji sondiiron kameranin
uzunlugu Lk=(5-6)D1 olsun.

Enerji sondiiron kameranin sorf omsali
kamerada aximin genislonmo doracasindon
asilidir vo kameraya girisds kosiyin comi sa-
hasinin o vo onun enino kosik sahosi @1
olan nisbati ilo toyin edilir (wo/®1).

Eyni zamanda kameranin girisinin comi
enind kasiyl vo onun ¢ixisindaki enina kosik
sahasinin nisbati ilo wo/w tayin edilir.

wol01<0,1 va wolw2<I oldugda enerji
sOndiiron kamerada basqu itkisi birdon genis-
lonmado basqr itkisinin Borda diisturu ilo he-
sablanir. Bu halda qurgunun sorf amsali enerji
itkisi kamerasini nozoro almagla faktiki qiy-
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giymatdon 5 %-o qadoar az olacaqdir [6].

Suburaxanlarda aparilmis todqiqatlar
gOstorir ki, enerji sondiiron kamerada
H, —H,, .
K=—2_"b_-23 olanda kavitasiya yara-
H,—H,
nir.
o A
Ve &-— s — -« -
)
K B84
0.6 F—
=
P
0.4
. \n\
0.2 G\\a
o AN
.2 oy (=X -y a8 zo/;ﬁ,
€)

Sakil 1. Su kamoarinin geniglonmasi sxemi
(@) va geniglonma amsalindan asililig

grafiki (b)

Burada Hz — kameranin sonunda miitlaq
pyezometrik basqidir. Kavitasiya omsali
K=1,1-0 godor azaldiqda kavitasiya daha da
intensivlosir. Umumiyystlo kameranin divar-
larinda kavitasiya eroziyalarinin bas vermasi
K=1,0 oldugda, divarlarin dagilmasi iso
K=0,6 oldugda olur. Enerji sondiiron kamera-
da tozyiqin doyismo amplitudasi kameranin
giris kosiyinds siirot basqisinin 35 %-ns cata
bilar.

Tikinti v istismar tocriibalorini aragdir-
ma asasinda xiisusi tocriibi vo nazori tadqig-
atlar islomok vo yeni miiasir konstruksiyalar
vo qurgularin hesablanma metodlarini irsli
surmoklo golocok layiholorin yaxsilasmasina
v ucuzlagmasina nail olmagq, tikintinin key-
fiyyotini, méhkomliyini vo iqtisadi somoarali-
yini artirmagq olur.

Bu mosalods asas rol yiiksok siiratli axi-
nin nazariyyasinin inkisafi vo onun hidrotex-
niki qurgularin elementloring tosirinin todqi-
qi oynayir. Son illor alimlar torafindon axi-
nin dinamiki vo kavitasiya tosirloring dair
bdyiikk hocmds tadqiqatlar aparilmis, yeni
konstruksiyalar igslonmisdir. Bu konstruksi-
yalar ytiksak siiratli axin zamani ziyanlh ka-
vitasiya tosirino miigavimot gostors bilir.
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Ancaq konkret praktiki mosoalonin hollindo
iso biitliin suallar holo tam iglonmomisdir.
Bura basqinin artmasi ilo sutullayicinin vo
yeni konstruktiv mosalolorin hallini tapmaq
daxildir. Bels ki, basqinin artmasi sutullayici
qurgunun bdyiik tominatla islomasini tomin
etmokdir. Yeni tzlik material konstruksiya-
siin islonmosi, oan bdyiik basqilarda islon-
mok qabiliyyetinin tomin olunmasi, bazon
iso bir sira hallarda sutullayan qurgularin
cox boylik konstruksiyalarindan imtina edil-
masing vo bununla kiilli miqdarda materiala
genaost edilmasino nail olmaq olar.
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XULASO

Magqals su anbarlarinin sutullayict qurgu-
larinda kavitasiyanin yaranmasi ilo slagodar
surotin vo tozyiqin Ol¢lilmasi va tozyiqin
konstruksiya daxilindo paylanmasi todqiq
edilmisdir. Sutullayanin bagliginin sathini da-
ha sado formada vo minimal Olciilorlo seg-
moklo kavitasiya prosesinin garsisinin alinma-
s1 mosalosing baxilmigdir. Basqili sutullayan
qurgunun tunelinin uzunluq boyunca birdon
genislonmasi enerjinin sondiiriilmasi baximin-
dan ¢ox olverisli olub, kavitasiya dagmntilari-
nin qarsisi alir. Birdon genislonmods ener-
Jinin sonmasi genislonan hissonin genislonma
doracasindon vo onun konfiqurasiyasindan
asilidur.

Acgar sozlor: basqili borukomoari, sutul-
layan qurgu,hidravliki rejimlor, axinin sathi
kavitasiya prosesi, basqilt boru, tazyiq
doyiintiisti, xarakterik siirat, tunel.

PE3IOME

B cTtatbe paccMOTpeHBI BOIPOCHI H3Me-
pPEeHHS CKOPOCTH W JaBIICHHsI, a TaKXe HC-
CJIEZIOBAHUS paclpe/ielieHusl JaBIeHUs, CBS-
3aHHOTO IIpoIecca ObUT PacCCMOTPEH ITyTeM
BbIOOpa MOBEPXHOCTH BOJIOCOPOCHOI! TOJIOB-
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ki Oosiee mpocToil GOpMBI U C MUHHUMAJIb-
HbIMHU pa3mepamu. BHesanHoe pacmupeHue
TYHHEJIS IO JJIMHE OYEHb OJIArOMPHUSITHO C
TOYKH 3PEHUSI PACCEHBAHUS SHEPTUU W IS
NPEJOTBPALICHUS Pa3pYIICHUsT H3-3a KaBU-
tanuu. PaccestHue SHEpruM MpH BHE3AITHOM
pacuIMpeHH 3aBUCHT OT CTETICHU paciIupe-
HUS PACHIUPSIONICHCS YacTH U ee KOH(pHUry-
panuu.

Knroueswvie cnosa: nanopuwiii mpyoo-
npoBo0, B000COPOCHOE COOPYIHCEHUS, 2UO-
pasiuyecKue pexicumvl, npoyecc Kasumayuu,
NOBEPXHOCMU NOMOKA, UMNYIbC OA6TIeHUS,
XapaKmepucmuyeckas CKOpoCcmy, MyHHelb.

RESUME

The article discusses the issues of me-
asuring the velocity and pressure,as well as

VK999

the study of the pressure distribution, the as-
sociated process was considered bu cho-
osing the surface of the spillway head of a
simple shape and with minimal dimensions.
The sudden expansion of the tunnel along
the length is very favorable in tems of ener-
gy dissipation and to prevent destruction due
to cavitation. The energy dissipation during
sudden expansion depends on the degree of
expansion of the expanding part and its con-
figuration.

Key words: pressure pipeline, spillway
structur, hidravlic regimes, cavitation pro-
cess, flow surfaces, pressure pulse,
characteristic velocity, tunnel.
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HCTOPHUSA PA3BUTUA MEJIUOPATUBHOM HAYKH B ABEPBANJIKAHE

MyraHckasi ONBITHO - MEIMOPATUBHAs
craniust (MOMC) 6bu1a IepBBHIM HayYHO-UC-
CJIEZIOBATENIbCKUM LIEHTPOM B 00JaCTU MEJH-
Opalliy 3aCOJIEHHBIX MOYB B A3zepOaiimxkane
U cUMTanach OAHOM 13 nepBbiX B COBETCKOM
Coroze. MyraHnckass METMOpAaTUBHAs CTaHIIMS
umeer 96-J1eTHIOI UCTOPHUIO, U 33 3TO BpeMs
371eCh ObLT HAKOIUIEH OTPOMHBIHN OIIBIT, KOTO-
pBIil cuMTaercs mpekpacHoW 0a3o0iM A HC-
CJIETOBaHMUS 3aCOJIEHHBIX II0OYB M IIKOJION
NIEPEA0BOro OmblTa. BuaHble HaydHbIE yde-
HbIe Hayalli CBOIO HAYYHYIO JIEATEIbHOCTH B
neiictByromeM MOMC Ha cranuuu B J[xa-
dapxane mo OopbOe C 3aCONIEHHOW MeIun-
OpaLMEH.

Ho pesomonnn Ha FOxHoM KaBkaze cy-
IIECTBOBAJI0O OCHOBHBIX TPU y4YacTKa HCCIIE-
noBanuii. Oto Kapassunckoe, Kyraucckoe n
ArcraMHCKOE OIBITHBIE TMOJS, KOTOpbIE
ObLIM CO3/MaHbl COOTBETCTBEHHO B 1894,
1895 u 1912 ronax. B 1914 rony B [Ixxadap-
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xaHckol MecTHocTH CeBepHoil Myranu Obl-
Ja cOo3JaHa CEJIEKLUMOHHAs IUIAHTALUS IS
MEJIHOpaLMH 3aCOJIEHHBIX 3€MEITb.

ITocne ycranoBnenns COBETCKON BIacTH
B AzepOaiimxane B Munb-MyraHckoi pas-
HUHE ObUIM MOCTPOEHBI KaHAaJIbI JIJIsl Opolle-
HUS, IEPBOOYEPETHOE BHUMAHUE YIEISIIOCh
PEKOHCTPYKIIMM ONBITHOM CTaHUMH B J[ka-
dapxane, u Brepsbie B 1928-1931 rogax Ha
mwiomaan 100 ra B ONBITHBIX IEJIAX OBLIa
IIOCTPOEHA 3aKpbITasi APEHAXXHasl CEThb pa3-
JUYHBIX KOHCTpYKIMH (pucyHok 1). Ha Ga3ze
ATOW CETH MPOBOJNUINCH HAYYHO-UCCIIEA0BA-
TeJIbCKUE PabOThl MO MPOMBIBKE U OUUCTKE
CHJIBHO3aCOJIEHHBIX TI0YB.

Ha Mpyranckoil MenuMopaTMBHOW CTaH-
LIMU TI0YBBI TI0 MEXaHUYECKOMY COCTaBY M3-
MEHYMBBI KaK 110 TI1yOuHe, Tak U MO IJIaHy.
Hecmotps Ha TO, 4TO AMaMeTp 4acTHIL 11OY-
Bel KkoJsieonercst ot 0,01 mo 0,005 mm, ero
MIPOHUIIAEMOCTh BBICOKA. DKCIIEPUMEHT ObLI



Journal ecology and water economy Ne2, 04.2025
Ekologiya va su tasarriifatt jurnal, Ne2, 04.2025

MPOBEJICH CEPUUHBIM METOJIOM Ha 22 CKBa-
KUHAX TIyOMHOHN 4-6 M ¥ yCTAaHOBJICHO, YTO
3HaueHHe Kod(dunreHTta GUIbTpaId KO-
nebnercs B npexaenax 9,5-57,3 m/c. Tounoe
BEpOSATHOE 3Ha4YeHHE Kod(pdunrenta Guib-
TpamuWy s TUIONIAJW ONBITHOM CTaHIMH
MIPUHUMAJIOCh paBHBIM 14-15 m/c.

Pucynox 1. Ilnan koanekmopHo-operaxicHot
cemu /[ocaghapxana.
1-2uopozceonocuueckue coopyorcenus;
2-CK8adiCUumbl 01 83Musi NPoO NOYBblL
u 600v1, 3-/icapapxanckuii Koiiekmop;
4-Hoevlii Xapvkosckuil Kanal.

KomnekTopHo-ApeHakHast CeTh Ha OIIbIT-
HOM YYacTKE€ COCTOSUIA M3 TITyOOKOTO OTKPHI-
TOTO KOJUIEKTOpa, 6 3aKPBITHIX APEH, OJHOTO
OTKpPBITOTO JIpeHa W HACOCHOW cTaHImu. Ha-
COCHasi CTaHlus Obuta ymnpasnHeHa B 1948
TO/ly, M C T€X TOp JAPEHAKHBIE BOIBI CBOOOI-
HO MOCTYNAIOT B IVIaBHBIN KoJiekTop. B 3aBu-
CHMOCTH OT TEXHHYECKHX XapaKTEPHUCTHK
JpeHaXu cTpowauch pasHod mHbl (1000,
840 u 780 ™), yxmnonos (0,0019, 0,0013 u
0,0011), rmyounst (1,81-4,25 M) u nuamerpa
(15,20 u 22,5 cm). 3akpsITas IpeHaXHas! KOH-
CTPYKIIUS BBITIOJHEHA U3 OETOHHBIX (/=75 cm)
n kepamuueckux (/=80 cm) tpy6. Tommmua
CTEHOK TpyO cocTapisiia 2,5 CM, a pacCTOsIHUE
MEXTy TpyOaMH B MECTaX CTBIKOB MPH CTPOU-
TEJILCTBE — 25 MM. FIMEHHO uepe3 3Ty Tpelu-
HY TPYHTOBBIC BOJIBI TIOMAIAIOT B CTOK. [[pe-
HaXKHasi TpyOa ocHarieHa (QUIBTPYIOLMM Ma-
TEPHATIOM JUTS 3alUTHI APSHAKA OT 3aMJICHUS
U TIOBBILICHUSI €r0 BOJIOIOIIONIAIONIEH cro-
cobnoctu. Tak, B apenax II, I, XI u XII ape-
HaXKHasi TPyOa MOJHOCTBIO MEpeKphITa (Prithb-
TPOM W3 COPTHPOBAHHOTO TPABHUS TOJIIMHON
15 cm, a B apenax I u IV — nanonosuny. B
Hielb MEXIy TpyOamu MOMENad BOMIOK U
HajeBanu Opacner. PaccrosiHue Mexnay cro-
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kamu cocrapisieT 350 u 580 M, KaKApIi CTOK
00Opy/IOBaH TpeMsl MPHUEMHBIMH OTBEPCTUSI-
MU, TIPOMBIBHBIM KOJIOJIEM U JHOKOM. CMOT-
POBOI KOJIOJEIl BBHINOJIHEH M3 O€TOHa, €ro
muametp cocrasisier 100 cm (puc. 2). Hacro-
Amee BpeMs B MyraHckol IBITHO-MeENIMopa-
TUBHOI CTaHIIMU CMOTPOBBIE KOJOJIIBI pe-
KOHCTPYHPOBaHbI U MOJICPHU3UPOBAHBI.

Pucynox 2. Jlpenasxxcnas koncmpyxkyus,
ucnonvsyemasn 6 MMTC.

Poccuiickue crienuanucTel IPUHUMAIIN
aKTUBHOE Y4YacTHE€ B CO3/IaHUH, CTPOUTENb-
CTBE U 10 CTporiKe MyraHCKOM OIBITHO-MENH-
OpaTMBHOM CTaHIIMH, BBINOJHEHUH HAy4YHO-
UCCIeIoBaTeNbeKuX padoT. OHM Hamucanu U
OIyOJIMKOBAJIM MHOYKECTBO HAYYHBIX DPabOT.
Hayunsii tpyn «Myraackoe OpOCUTEIBHOE
XO035MCTBO», HanMcaHHbIA B 1918 rogy mep-
BbIM PYKOBOJMUTENEM ONBITHOrO moisi X.A.
JleGeneBbIM, ObUT TIEPBBIM PE3YIHTATOM HC-
CIICZIOBaHMM, TPOBEACHHBIX IO HW3YyYECHHIO
npo0seM opoiieHus Ha Myranu U uMmen oco-
60e 3HaueHue 11 yueHbIx. [lo3nHee mpodec-
COp, JIeKaH CebCKOXO03SHCTBEHHOTO (haKyJib-
Tera A3epOailJUkaHCKOTO MOJUTEXHUYECKOTO
nHcturyta X.A. JleGeneB chirpain OOJbIIYIO
pOJIb B PEKOHCTPYKLMHU M Pa3BUTHU CTAHLUHU
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Myranb. [lo ero mpemmoxkenuro B 1924-25
rogax Ha Myrasckoil MeNHOpPaTHUBHOW CTa-
HIMU ObUTH CO3[aHbl Ja0opaTopuu AJsl U3Y-
YeHUs BOAOYACPKUBAIOIIEH CIIOCOOHOCTH T10-
YB ¥ aHaJIM3a XUMHUYECKOTO COCTaBa IPYHTO-
BbIX BOA. Take HauyaTo CTPOMTENHCTBO Ma-
THCTPAIBHOTO KOJUIEKTOpA MPOTSHKEHHOCTHIO
2 kM. Hakonell, Ha HEOOIBIINX TEPPUTOPUIX
ObUTM TPOBE/IEHBI SKCIEPUMEHTBHI 110 CHHKE-
HUIO YPOBHSI IPYHTOBBIX BOJ| C HCIOJIb30Ba-
nuem KamudopHuiickoro meroa.

B pe3ynbraTe KOJUIEKTUBHBIX HAYYHBIX
WCCJICI0BaHMM, TTPOBENCHHBIX B 1922-1924
ronax, A.A.Muxues B 1924 rony B baky u3-
nan kHury «OneITel 1 HaOMIOAeHUsT HAa My-
raiu». JTa KHUT'a, cUMTaromascs Haubolee
[EHHBIM TPYAOM, B OCHOBHOM IIOCBSIIIEHA
OpOILEHUIO CEJIbCKOXO3SIICTBEHHBIX KYJIb-
Typ, peXuMaM U mpuemam opoieHus. Kiu-
MaT U [OYBEHHbIE YCI0BUsI Myranu BechbMma
Pa3HOOOpa3HbI.

ConecTolKOCTh IPeHaXHBIX TPYO (Tpu
MUHepanu3aluu TpyHTOBbIX Boz 30-50 1/m)
Obuta ycraHoBieHa B 1935 rony IlnotHuko-
BbM [LK., Anbrmanom P.C. u B 1964 rony
®eiirun MLIL. y3nan. Ilo cnosam ML.IIL. Deii-
ra, OETOHHBIE TPYObI HAXOJATCS B XOPOIIEM
COCTOSIHUM, @ KOppO3us, Mpoucxosmias B Oe-
TOHE, HOCUT 3aryxarommii xapaxrep. M.IL
@elrnH npeuIokKWI MIMPOKOE NPUMEHEHHE
Takux TpyO i Musib-MyraHckoi 30HBI U
YTIBEpPXKJaJl, YTO MCIOJIb30BAHUE H3BECTKO-
BbIX TPaBUMHBIX MaTrepUaioB B KauyecTBE
¢buibTpa SABISETCS NPOPUIAKTHUECKONW Me-
pOIi 1Mo MpeOTBPAILEHUI0 KOPPO3UU OETOHa.
Jpenaxknas cucrema, nocTpoeHHass Ha Myr-
AQHCKOW MEJMOPATUBHOM OIBITHOW CTaHIIWU,
6e3ynpeuno paboraer yxe 70 ner. I'pyHTo-
BbI€ BOJIbI ONPECHSIOTCS HA OOJBIINX TITyOH-
HaX U BEPOATHOCTb IOBTOPHOI'O 3aCOJICHUS
nmouB cHu3miack. B 1930 roxy B AsepOaiin-
JKaHE JEUCTBOBAIO 24 ONBITHBIX CTaHLUU.
Cpenu HUX BeAylllee MECTO 3aHMMasia MyraH-
CKasl ONBITHO-MeNuoparuBHas craHuus. [lo-
TOMY YTO Ha 3TOW CTaHIMH B PE3YJbTATE KOM-
IUIEKCHOTO M3Y4YEHUS! MEJIMOPATUBHBIX U ar-
POHOMHYECKHX HayK paboTaiu ¥ HaOHpaluCh
OIbITa BbLIANOIIMECS crequanucTel. Cpenn
CIEIUAIMCTOB, W3YYaBIINX METOJBI OOPHOBI
C 3aCOJICHHBIMM IIOYBAaMH, MOXHO Ha3BaThb
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beconoBa H.A., Jlumo H.A., MuneBa A.A.,
TropemnoBa C.U., CaBapanckoro @.I1., ®u-
ropoBckoro M.b., I'poccreiima A.A., Kanoka
A K., Kopobkuna C.b., Kymmnra M.b., Ho-
xuHa JLJI., TImotamkoBa IL.K., Ckpsbuna
9. ., TutoBa H.A., lommna A.A., I'yceii-
HoBa X.M., AounoBa M., Araesa B., Benue-
Ba M., JIxxadapoBa X.®., Mycradaera IlI.,
MancypoBa M., ParumoBa M. u apyrux. B
pe3yabTare UCCICIOBaHUM, POBEICHHBIX Ha
MyraHcKkoi METMOpPAaTUBHOM OIBITHOM CTaH-
LU TI0 OXpaHe BEPXHET0 METPOBOT'O CJIOS 3a-
COJICHHBIX ITOYB, U3Y4€HBbl HOPMa MPOMBIBKH,
TEXHOJIOTUSI U ONTHUMAJILHOE BPEMS MTPOMBIB-
ku. HecMoTpst Ha mpoBOMMBIE METHOPATUB-
HBIC MEPOIPUATHUS, TPOIECC OUMUCTKH 3aCO-
JICHHBIX TIOYB OT COJIM WMJIET KpaifHe MeJjIeH-
HO. [l peanuzaimu 3Toro Tpedyercsi MHOTO
BpEMEHH U YIOpHOro Tpyda. B Hacrosiee
BpeMsl C MOJI3EMHBIMH BOJAMHU, CTEKAIOIIUMU
¢ Myrano-CanbsiHckoi paBHuHBI B Kacnniic-
KOE MOpE uepe3 KOJUIEKTOPHO-IAPEHAKHYIO
cucreMy, exxeroano ynamsercs 1200000 TonH
BpeAHbIX cojieil. Ha OCHOBaHMM MHOTOJETHHX
HKCIIEPUMEHTOB, MPOBOIUMBIX Ha MyTraHCKOM
MEJTMOPATUBHOW OMBITHOM CTAHIIUU, YCTAHOB-
JIEHO, YTO C MOMOUIbIO 33aKPBITOTO JApeHa)ka
MO>KHO OYHMCTHUThH IOYBY OT COJICH Ha ITyOuHe
9-12 m B Teuenue 10-15 ner.

BricaskeHHbIE B 1TOYBY pacTEHHSI TTOJIMBA-
10T (PEXUM OPOIICHHUSI C MPOMBIBKOH), obec-
MeYNBasi OYUCTKY HIDKHUX CIIOEB OT COJICH.
JInst mpaBUIBHOTO arpOTEXHUYECKOTO MOJIMBA
pacTeHU WCCIIEIOBAHUSAMH, MPOBEIACHHBIMU
y4eHbIMU Myranckon MeIMOpaTUBHOM OIIBIT-
HOM CTaHIIUU, OIPENEICHbI MPOJIOIKUTENb-
HOCTb IMOJIMBHON HOPMBI M ONTUMAJIbHBIA Ba-
PHAHT TEXHOJOTHU TOJIMBA (TIOBEPXHOCTHBIH
Y TIOJI3EMHBIH TIOJTUB, TTOJIUB JIOKIACM U T.1T).

C uenbto u3ydeHus 3¢p(HeKTUBHOCTH pa-
OOTBHI CUCTEMBI TOPU3OHTAITHHOTO JAPECHAXKA B
[HupBanckoil paBHUHE U S(DPEKTHBHOCTU
TEXHOJIOTHH TPOMBIBKH 3aCOJIEHHBIX IMOYB B
Ymxapckom paiioHe ¢ 1960-x romoB Obuia
co3mana [llupBaHcKas ONBITHO-IpPEHAXKHAS
cranuus miomanaso 980 ra. Ilox pykoBoa-
ctBoM A.I'. AXyHJI0Ba Ha 3TOM y4yacTKe Obl-
JU TIOCTPOCHBI TIyOOKHE TOPU30HTAIBHBIC
JIPEHBI, PACCTOSIHHUSI MEXJy KOTOPBIMH CO-
craBisimu 200, 400 u 600 metpos. [ns mo-
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MCKa ONTUMAJIBLHOTO BapuaHTa MpU UCCIIE0-
BaHUH KOJUICKTOPHO-IPEHAXHON CEeTH OBbLIH
MOCTPOCHBI APEHBI, B TOM YHCJE OTKPBITHIE
U 3aKpBIThIC, C PA3IMYHOM KOHCTPYKIHUEH
(tabmuna 1) u pasaeivu ykionamu (0,001;
0,0017; 0,002; 0,0045) (pucyHoxk 3).

Bake
L

Qulsbaud

arx

Pucynox 3. I[Inan cemu SDTS.

B IlupBaHCKOW 30HE€ M OCOOCHHO B
[lupBaHCKOM OMNBITHOM APEHAXXKHOM ydacT-
ke (puc. 4) u3yveHreM BbIOOpa ONTUMATILHO-
ro BapHaHTa T'MIPABIMYECKOr0 pexHuMa pa-
00TBl KOJUIEKTOPHO-APEHAXKHOU CETH, CTPO-
UTEJIbCTBA JpEHa)Xka, METO/J0B OCBOEHUS
3MeNlb U UX OKCIUIyaTallud B BETETalMOH-
HBIN TIepHO/l 3aHUMANIUCH JOKTOpa TEXHUYE-
ckux Hayk A.I. beiibyroB, A.I'. AXyH/10B,
9.M.3iiBazoB, X.®./xadapos, A.K.Anumos,
JIOKTOpa CENIbCKOXO3SMCTBEHHBIX HAayK A.J[XK.
[Nammmos, A.I.Opymxkes, H.bammpos, K.I'.
TeliMypoB, KaHAUAATBl TEXHUUYECKUX HA YK
3.C. MycaeB, M.C.Mypanaraes, I'.J].Xacaes,
A.b.Ab6aynnaes, ®.d.Axynnosa, T.M.Anues.

Ha ocHOBaHMM MHOTrOJIETHErO OMbITa U
PEKOMEHAALUN JKCIIEPTOB MOXHO CHEIaTh
BBIBOJ[, YTO 3aCOJIEHHBIE TSDKENbIE MOYBBI C
IUI0X0M BOJAOIPOHUIIAEMOCTBIO XapaKTEpU3Yy-
IOTCSl TJIOXHM BOJIOTIOTJIOUICHHUEM, OTCYT-
CTBYEM CTPYKTYpbl M 3aTPyIHEHHBIM OTBO-
JIOM BOJIbI U coiti. UTOOBI YCKOPUTH MPOMBIB-
Ky TaKuX IPYHTOB, Hallli Y4EHbIE, UMEHA KO-
TOPBIX YKa3aHbl BbIIIE, B PE3YyJbTaTe€ CBOUX
UccIeJ0BaHM pa3paboTanu 0a30ByIO TEXHO-
JIOTHIO MTPOMBIBKH, KOTOpasi HallLIa IIUPOKOE
IIPUMEHEHHE B NPOM3BOJCTBE. B 3aBucuMo-
CTH OT CTENEeHU BOJONPOHUIIAEMOCTH IPyHTa
IPU TOCTOSIHHOM JIPEHUPOBAaHUM IPHHSTA
OCHOBHAsI TEXHOJIOTHSI IPOMBIBKH (Ta0II. 2).
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Pucynox 4. Koncmpyxyus
Openadica, ucnonvzyemas 6 C{TM.
a) open Ne 15, b)) open Ne 16,

C) open Ne 17,18, d) open Ne 19, 20.

DKCIEPUMEHTHI TTOKA3bIBAIOT, YTO TEKYIIYIO
MIPOMBIBKY CIJIETyeT MPOBOJUTH €XKETOTHO B
OKTAOpe-peBpase IMyTeM TI0JIa4yd BOJBI B
o6weme (5-10) Tric. M3 Ha rekTap, 4TO OIHO-
BPEMEHHO 3aMEHSET PEeXHM OpOIICHHUS |
MaKCHUMaJIbHO CHOCOOCTBYET PacCOJICHHUIO
noyBel. VccremoBaHusl TOKa3bIBAIOT, YTO
ecii ToJIOBHOM yuacTok apeHaxka (50-150
M) coopykaTh 0e3 (puiIbTpa, 3TO HE MeIIaeT
HOpMalbHOU paboTe IpeHa)ka, Tak Kak BO-
JTOCOOPHHUKH  TIEPIIEHANKYIISIPHBIE TOJIOBHO-
My YYacTKH JpEH, caMH paboTaroT Kak Jipe-
HaX, TO €CTh TOJIOBHOW y4acTOK 3aKPBITOTO
IpeHaxa nnuHod 50-150 M ocraercs Bblle
YPOBHS IMOHW)XCHHUS TPYHTOBBIX BOJ, B pe-
3yJlbTaTe B OTY YacTh JPEHaka HE MOCTyMa-
I0T TpyHTOBBIE BOnbl. [loaTomy Aszepbaii-
JOUKAHCKUM HAy4YHO-HCCIIeIOBATEIbCKUI WH-
CTUTYT THAPOTEXHUKH U METHOPAIH TPE/I-
JIOKUJ CTPOUTH YaCcTH 3aKPBITHIX JIPEH, BIa-
JIAIOIIAE B OTKPBITBIE BOJOCOOpPHUKH, O€3
UCIIONIb30BaHUsL JOPOTOCTOSIIIUX (UIBTPY-
IONNX MarepuaioB. B pesymbrate OBLIO
COKOHOMJIEHO MHOTO (DWIIBTPYIOIIEr0 Mare-
puana. B Hacrosmiee BpeMsi 3TO TpeasioKe-
HUE [IMPOKO TPHUMEHseTCS B Hallel pec-
myOMKe.
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Tabauuya 1.

HOMED
JpeHaxeu

KOHCTPYKLUS ApeHaxei

Muamerp
TpyOHI,
MM

Jnuvna,
TpyOHI,
cM

Jnuna

JAPCH,
M

D-6
u

D-9

AcbectonieMeHTHbIE TPYObl yCTpaumBaioT APYyr 3a
JpYrOM Ha IpaBUIHON MOATOTOBKE TOMIMHON 10-
15 cM u TOMBKO MecTo coemuHeHHs TpyO (25-30
cM) coopykatot 6e3 dunbTpa B 200 M OT yCThSL.

150

600

1020

D-7

B HIKHEM MONyKpyre MOJMATUIEHOBOM TPyOBI CO
crenenpto nepdoparmu 0,49% BckpoiBanock 100-
105 oTBepcTHil HA MOTOHOMETP JUAMETPOM 5-6 MM.
HwxHuii monykpyr apeHaxka 3achlaeTcs IeCYyaHo-
rpaBUITHON CMECHIO.

150

600

980

D-8

[To BceMy nepuMeTpy MOJIUITUIICHOBOM TPYOBI OTK-
PBIBAIOTCSI OTBEPCTHS AUAMETPOM 5-6 MM U KO3(-
¢unuent orBepctusa cocrasiser 0,36%. Komnnue-
ctBo otBepctuil Ha metp — 200-210. TpyOa 3acwi-
MAaeTCs MeCYaHO-TPABUMHON CMEChIO TONIUHON 10-
15 cMm o Bcemy nepumerpy.

150

600

904

D-10

[To mepumeTrpy LEMEHTHOH TpPyObl BCKPBIBAJIOCH
OTBEPCTHE MAMETPOM 5-6 MM CO CpelHUM KO3(-
¢unuentom oreepcrus 1,0%. Tpyba nokpeiBaercs
buIbTpyOIKUM MaTepranioM ToimuHoi 20-25 cm
110 BCEMY NIEPUMETPY.

141

300

1000

D-11

B HuxHEM nonykpyre acoecTolieMeHTHOI TpyObl B
[IaXMAaTHOM TMOpsJIKe ObLIM MpOpe3aHbl ILIEeNH, a
cama Tpy0Oa /10 TOJOBUHBI BHICOTHI ObLJIa CHaOXKeHa
(GWIBTPYIOIIUM MaTEPHAIIOM.

141

300

1000

D-12

Becpk nmepumerp rMHSHOTO TPyOYaTOro BOJOCTOKA
C Ipope3siMH MO OOKaM MOKPBIT (DUIBTPYIOLUIUM
MaTepUaJIOM.

150

33

1000

D-13

OpnnHa yacTb JpPEHBI, BBINOJHEHHAs U3 MOPUCTOrO
TeJa W3 TJIMHUCTOTO MaTepuayia IPOU3BOJICTBA
A3.HMUNI'uM, ynoxeHa Ha IpaBUIHYIO MTOATOTOB-
Ky TonuuHo# 10-15 cm, a apyras 4acth cHaOxeHa
(GWIBTPYIOIIUM MaTEpPHUAJIOM.

180

60

1000

D-15

Kepamuueckast TpyOka (nByxcinoitnas mapka BB-T)
MOKpPHITA CTEKJIOBOJOKHOM, a HWXHHUHI MOJIYKpPYT
TpYOKH 3aII0JIHEH MECYaHHBIM (QHIIBTPOM.

150

110

840

D-16

JlpeHaxx U3 MIMHSAHBIX TPYO C MecuaHO-TPaBUITHBIM
bunbTpOM

150

33

720

D-17
D-18

JlpeHaxx ¢ KepaMHYeCKUMM TpyOamu, MecyaHo-
rpaBuifHBIM (punabTpoM. Ha cThike TpyO ycraHoBIEe-
HO creksoTkanb BB-T mumpunoii 40 cm.

150

121

620

D-19
D-20

JlpeHax c moJIMATUIICHOBOM TpyOO#l C OTBEPCTHIMU
10 BCEMY MEPUMETPY, ApPEHaXX 00epHYyTOH 0azaib-
TOBBIM BOJIOKHOM TOJIIIMHON 3 CM.

150

600

400
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Tabauua 2
Koadpunuent Hopwma npomEbIB-
Ne (pun P P 3 TexHOIOTHS TPOMBIBKH TTOYBBI
bunpTpaum, M/CyT |  KH, TBIC. M°/Ta
IIyTeM co3maHus BpeMEHHBIX HEMTYOOKHX
1 0,1:0,3 10-30 YT p Y
CTOKOB K ITSITHaM ITO/Ia€TCsl IPOMBIBOYHAS BOJIA.
IIpumensia riryOOKYIO BCHAIIKY U
2 0,05:0,1 10-30 p YOOKYIO Y
BpPEMEHHBIE HETJTYOOKHE PEHBI.
ITpumenenue riry00OKO# BCHallIKX, BPEMEHHBIX
HETJIYOOKHUX JApEH, BHECEHHUE B ITI0YBY XUMUYE-
3 | ecmu menbie 0,05 10+30 y ADCH, Y
CKHMX MEJIMOPAHTOB, 110/1a4a TOCTOSTHHOTO
AIEKTPUIYECKOTO TOKA.

B MenopaTuBHON NpaKkTUKE CTPOUTENb-
CTBa OpPOMIAEMBIX 3E€MeNb IOMHMO OCHOB-
HBIX TIyO0okux (3,0-3,5 M) 3aKpBITBIX JOpeH
MPUMEHSIOTCS Takke Heriryookue (1,5-2,0
M) 3aKpbITble JIpeHbl. Takue JIpeHbl ydacT-
BYIOT B MPOIIECCE PACCOJCHUS MOYB Jaxe
1ocjae MacIiTabHOro MPOMBIBHOTO CE€30HA U
MO3BOJISIIOT YBEJIMYUTH PACCTOSHHE MEXITY
II1yOOKHMH JPEHaMH.

B nameii pecniy6inke takast 23ppexTuB-
Has JpeHakHas CUCTeMa IpUMEHeHa (Ha
IIPaKTHKE, TOCTPOCHHOM Ha Iuiouaau 28 ra)
Ha TeppuTopuu JleBauyMHCKOro pailoHa, a
TaK)Ke€ Ha ONBITHOM TIOJIe, 3aJI0KEHHOM Ha
wiomaau 28 rekrapoB Ha TeppuTopuu dep-
Mepckoro xossucrsa Huzamm VY pxapckoro
paiiona. IloiaydyeHHble pe3ynbTaThl MOKAa3bl-
BAIOT, YTO MPHMEHEHHE TaKWUX JpEHaXeH
YBEJIMYMBAET CTOK BOJIBI C OCYILIAeMOM Tep-
pUTOpPUH B MEPUOJ NPOMBIBKU. B 2-3 pa3sa.
[TpombIBaeMasi TEppUTOpUS B TEUCHHE He-
CKOJIBKHX JIET OYMIIAETCS OT COJEeH B ITUKIIE
IPOMBIBKH, M 3TOT MPOLIECC MPOOKAETCS B
TEUYEHUE BCEro IEpPHO/a CEIbCKOXO3SICT-
BEHHOT'O MCIIOJIb30BAaHUS 3EMJIH.

[lpumeHeHHe TakuX JIPEHAXKHBIX CHC-
TEM IeJIecCO00pa3HoO ISl CEIbCKOXO3sHCT-
BEHHOTO HCITOJIb30BaHMs CIa0OMpOHHUIIae-
MBIX 3acojeHHbIX nouB lupBanckoii, Kapa-
6axckoit u FOxHo-MyraHckoil paBHUH C T-
KETIBIM MEXaHWYECKHM COCTaBoM. B mpe-
Ha)KHBIX CHUCTEMax HErIyOOKHe JpeHbl 0o-
nee >QQPEKTUBHBI, €CITU OHU COOPYKEHBI U3
ruOkux TpyO 0e3 TpaHieu. [lpeHaku Takoil
KOHCTPYKUUU ObLIM mpuMeHeHbl D.M. Dii-
Ba30BbIM B Ioceske Exu fmma XbI3UHCKO-
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ro paiioHa M MPOBEIEHBI HAYYHO- UCCIEN0-
BaTeNIbCKUE pabOTHI.

[TpuMeHSIOTCS TakXke IMecuyaHo-TpaBuii-
HbIE CMEIIAHHBIA (QUIBTPYIOIIUE MaTepHa-
Jbl U HUCKYCCTBEHHBIE BOJIOKHUCTBIE (HIIb-
Tpyrolue Marepuaibl (0a3anbTOBOE BOJIOK-
HO, CTEKJISHHBIN WJ1 1 Jp.). ONBITHBIM ITyTEM
YCTAQHOBJICHO, YTO (MIBTPYIOIINE MaTepua-
Jbl U3 UCKYCCTBEHHBIX BOJIOKOH 3aLIUILIAIOT
CIIOKM OT 3aWJIeHus U obecreunBaioT Oec-
NPENATCTBEHHOE TEYEHUE BOJBI 110 TpyOam.
Takue QUIbTPBI MOAXOAAT AJIS JIFOOBIX MOY-
BEHHBIX YCJIOBUI M MOTYT NPUMEHATHCS B
IIPOU3BO/JICTBE.

Ha ocHoBaHMM 1a00paTOpHBIX U TOJE-
BBIX HCCIICIOBAaHWW yCTAHOBJIEHO, YTO 3aK-
pbIThIe JpeHbl 3(()EeKTUBHO paboOTarOT MpU
TOJILIMHE 0a3aJIbTOBOTO MaTa B CXXAaTOM CO-
crosaum 1,5-3,0 cMm.

B VYmxapckom pailoHe KpBITBIE APEHHI,
MOCTPOCHHBIE M3 0a3albTOBBIX (PHIBTPYIO-
IUX MaTEpUAJIOB, U JIPEHBI, TIOCTPOCHHBIC
U3 [eCYaHO-TPaBUHHOIO Marepuana, IpH
OJIMHAKOBBIX YCIIOBHSX AKCIUTyaTaruu (Io-
JMB TOJl PAaCTEHUSIMHM XJIOITYATHUKA) Cpel-
HUA MOJYJb JpPEHaXka 3a BEreTallMOHHBIN
nepuoJ kojnebnercs B npenenax 0,09-0,105
n/c Ha rextap st nepBoix u 0,089-0,100 n/c
Ha TeKTap JJs BTOpPHIX. B aTOT mepuoxa mak-
CHUMaJIbHBI MOMYINb JApeHaka Kojebnercs B
npeaenax 0,25-0,30 u 0,22-0,29 n/cex/ra
cooTBeTCTBEHHO. C HCIOJIB30BaHUEM TAKHX
GUIBTPYIONIMX MaTEPUAIIOB TIOCTPOSHBI Jpe-
Ha)XHBbIE cUCTeMBbl B Ypkape, Kropmammupe,
Arcy, I'eiiuae u npyrux paiioHax. @uIbTpy-
IOIIMe MaTepuaybl U3 HCKYCCTBEHHOIO BO-
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JIOKHA JIETKUE, JUIsl UX MepEeBO3KU TpedyeTcs
MEHBILIE TPAHCIIOPTHBIX CPENICTB, COBEPILICH-
CTBYIOTCSI TE€XHOJIOTMM CTPOMTENIBCTBA, a 32
CUET HMX CHMKAIOTCSI 3aTpaTbl Ha CTpPOU-
TenbCcTBO. HaywHo-uccienoBarensckue pa-
00THI, MPOBOAMMBIE HA MyraHCKOW Menuo-
paTuBHOM ONbITHOM cTaHuuu U [lIupBaHnckon
ONBITHOW OCYLIMTENBHOW CTaHLIUH, TPUBJICK-
M BHHUMaHHE 3apyOeXHBIX CIElUaTNCTOB
KaK TepeI0BOM OIBIT ¥ OYAYT MPUBJIEKATh UX
B JAJILHEUIIIEM.

[IpoBeneHHBIE KOMIUIEKCHO- MEJIMOpa-
TUBHBIE MEpONPHUATHS B HAINpPABICHUU HC-
CJIEIOBaHUsI MHTEHCUBHBIX JPEHAXKHBIX CH-
creM B MOMC 1103BOJIMIIN YCOBEPILIEHCTBO-
BaTh CYIIECTBYIOIIUE M pa3paboTaTh HOBHIC
TEXHOJIOTMYECKUE CXEMbI 10 MPOMBIBKE 3a-
COJICHHBIX 3€MEJIb, IPUMEHSSI B IPOU3BOJI-
CTBE MOBBIIATh MX 3()()EKTUBHOCTH U MOBBI-
CUTh YPOBEHb JIOCTHUIKEHUU OTPACIEBOM Me-
JUOpaTUBHOW Hayku B ycioBusax Kypa-
ApakCUHCKON HU3MEHHOCTH.

B MyraHnckoil cTaHIIUM BOIPOCHI MEU-
opaluu IO NPEJOTBPAILIECHUI0O BTOPUYHOIO
3acoyieHHst U 0OecTieueHus] Pa3BUTHS Pacco-
JIEHUM TOYBOTPYHTOB B Oosiee TiyOoOKue
CIOM MO NpPOQWI0 paccCMaTpUBAINUCH B
KOMIUIEKCE C CEeJIbCKOXO035HCTBEHHBIM OCBO-
€HHUEM JTHX 3EMEIIb.

VYuureBasi =~ 3aCyllUIMBOCTH  KJIMMAara
3]1ECh, CUCTEMA 3€MJIEICTINSI OCHOBBIBAECTCS HA
Hay4YHO — 0OOCHOBaHHBII CEBOOOOPOT, Mojia-
4y cOallaHCHPOBAHHBIX 103 yaoOpeHuii ¢oc-
¢opa, a3oTa, KaaMs, MOBBIIIEHUIO CTPYKTYpO-
00pa3oBaHus TOYB, BO3JEIBIBAHUEM MHOTO-
JIETHUX TpaB M BHECEHHWEM OpraHU4eCcKuX
ynoOpeHnid ¥ TIpUMEHEHHE TOYBO-00eperaro-
el arporexHuku. [IpakTuka mpoBeneHHBIX
JIOJTOBPEMEHHBIX THAPOTEXHUUYECKUX U CEllb-
CKOXO3SICTBEHHBIX MEJIHMOPATHUBHBIX paboT
10 OPOIIEHHIO TPOMBIBHOTO M HETIPOMBIBHOTO
PEKMMaMH HapsAy C YIy4LIEHUEM CTPYKTYyp-
HOCTH U IUIOJIOPOAMS TI0YB, 0OOTAIlIEHHEM UX
[IUTATEIbHBIMUA BEIIECTBAMU II03BOJIMIIO CO-
3/1aTh TEOPUIO MPEBPAILIEHHs CHIIbHO3aCOIEH-
HBIX, HE JAIOIIMX HUKAKOTO ypoxkasi Oecruiof-
HBIX 3€Mellb B BBICOKOKYJIbTYPEHHBIE MOJIS-
opoulaemble 3eMiaM. B Hacrosiee Bpems B
MyraHCKOM CTaHIMM MENHopanus 3eMelb
MIOJTHOCTBIO 3aBEPIIEHA, TaK Kak, BEpOST-
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HOCTh UX BTOPUYHOIO 3aCOJICHHS TTOJIHOCTHIO
MPEAOTBPALLEHA.

BaarogapHocts: PaGora BbIMONHEHA B
paMKax MporpaMma-1eaeBoro (puHaHCHpOBa-
HUS TI0 HAYYHBIM, HAYYHO-TEXHUYECKUM IPO-
rpammam Ha 2023-2025 romer BR21882415
«Pa3paboTka TeXHOJIOTUH O€30IaCHOM yTHIIH-
3allMA CTOYHBIX BOJ JUIS TOJMBA KOPMOBBIX
KYJIbTYpP M JPEBECHBIX HACAKICHUN B YCIO-
BUsiX jgepurmra Boabl B KBI3BUIOPIMHCKOM
00J1acTH.

|
3AYCAN r"hL)i{UT:',XNIiA Vo MELiORAS]YA ELM-ISTEHSALAT BIRLIY\
SiYA TOCRQ)BO STANSIYASI
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PUC.5. MEPE]
AIMUHUCTPATUBHBIM 3JAHUEM
M.O.M.C

Puc.6. OTpeMOHTHPOBAHHBII CMOTPOBOI
KOJI0/lel]l HA Momc, cJieBa HANPaBO:
M.C. 3apobanues, lII.M. YmbeToBa.
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HcTtopusi pa3BUTHS MeJIMOPATHUBHOM
HayKHU B A3epoaiigxane

PE3IOME

B craTbe ocBermaroTcs o ucropusi, cosja-
HUE W JCATEIBHOCTh ONBITHO-MEINOPATHB-
Has craHuuu AsepOaiimkana. Pabora My-
TaHCKOW OIBITHO-MEJIMOPATUBHON CTAHIIMH
KakK IIKOJIa MepPeJOBOTO OMbITa MPHUBICKAET K
ceOe BHMMaHne He Tonbko ObBiIci CCCP, a
TaK)Ke YYEHbIX U IPOU3BOICTBEHHUKOB 3apy-
OeXHBIX cTpaH. B crarbe MaHbI pPe3ylbTaThl
uccienoBanus 3¢dexTuBHOCTH pabOTHI 3aK-
PBITBIX JIpEH Pa3IMYHBIX KOHCTPYKIMH. AHa-
IM3Upys paboTy 3aKpbITOrO JApeHaxa, ObLIO
YCTaHOBJIEHO 3(PPEKTUBHBIM KOHCTPYKIMH
JpeHaxa.

[To pe3ynpTaTaM HCCIIEIOBAaHUI TPOBE-
JICHHBIX Ha OIBITHO-MEJIHOPATUBHBIX CTaH-
USAX OIpenesieHo PPEeKTUBHOCTh PaOOTHI
JpeH KOHCTPYKIMH 1 OblJIa peKOMEHI0BaHa
camas > PeKTUBHAS U3 HUX.
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Knrwuesvie cnoea: menuopayus, 3aco-
JIeHHble NOYBbL, OPOULeHUS, 3AKPbIMblU Ope-
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Z.S. Musaev, Sh.M.Umbetova,
M.S. Zarbahyav, E.A.Nasirh.

History of development of
melioration science in Azerbaijan

ABSTRACT

The article covers the history, creation
and activities of the experimental meliora-
tion station of Azerbaijan. The work of the
Mughan experimental melioration station as
a school of advanced experience attracts the
attention of not only the former USSR, but
also scientists and manufacturers of foreign
countries.

The article presents the results of a
study of the efficiency of closed drains of
various designs. Analyzing the operation of
closed drainage, it was established that the
drainage design is effective. Based on the
results of studies conducted at experimental
melioration stations, the efficiency of the
drainage designs was determined and the
most effective of them was recommended.

Key words: melioration, experimental
meliorative station, irrigation, saline soils,
closed drainage network, pumping sation,
droung water, filtration coefficient.

Om3vi6 0an Ha cmamuio
Odoyenm kagedpwl «Menuopayus u

8000X03AUCMBEHHOE CIPOUNETLCIBOY
A34ACY, H.A. Cagaposa.
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ENGINEERING FACILITIES AND CONSTRUCTION STRUCTURES
MUHONDIS QURGULARI VO INSAAT KONSTRUKSIYALARI

YIIK 625.20

KAPAEBA C.A., KUBAEBA T.C.

Azepbatiodcanckuii Apxumexmypno-CmpoumenvHulil Yuueepcumem

INEPECEYEHUE ABTOMOBUWJIBHBIMHA JOPOI'AMMU OITIOJI3BHEBBIX CKJIOHOB

Ononsnu: lpuuuna ux nosenenus. Me-
ponpuamusn no 6opvoe ¢ nHumu. I'aBHEN-
MM (PU3UKO-T€0JIOTUYECKUM SIBIICHUEM, CBSI-
3aHHBIM C JIEATEIHHOCTHIO TOBEPXHOCTHBIX U
MOJI3EMHBIX BOJ, ABJIIIOTCS OMOA3HU. Ono-
JI3HU SIBJISIFOTCSI 4YaCTOW MPUYMHOM paspyliie-
HUS1 J0OPOT, TPOJIOKEHHBIX IO KOCOTOPaM.

HccnenoBaHue OIOJIBHEBBIX IPOLIECCOB
SBJISIETCS] AKTYAJIbHOW TEMOW KakK MpH CTPOHU-
TEJILCTBE HOBBIX 00BEKTOB, TAK U MPU IKCILITY-
aTalllu y>Ke Bo3BeJleHHbIX. CHCTeMaTHYeCcKOe
HaOJII0/IeHNE 32 ONOJI3HIMH MO3BOJISET Mpe.-
OTBPaTUTh pa3pylIEHNE OTKOCOB (KaK ecTecT-
BEHHBIX, TaK U UCKYCCTBEHHBIX ), CKIIOHOB, He
JIOITYCTUTh yIpO3bl aBAPUMHBIX CHUTYallUd B
3JIaHUSAX U COOPYXKEHUSX, a 3HAUUT H30eXKaTh
YEJIOBEYECKHUE JKEPTBBI.

AKTyanbHOCTh TeMBI T A3zepOaiikaHa
00yCJIOBJIEeHa HAJMYMEM MHOXKECTBA TEppH-
TOPHUH, IIOJBEPKEHHBIX OIOJI3HEBBIM IIPOLEC-
cam. CocraBieHa 3JIeKTpOHHasi KapTa OIoJI3-
HEH, IJIe OTMEYEHBI OIIaCHBbIE OIIOJI3HEBBIE
YUYacCTKHU B pa3HbIX permoHax AsepOaiikaHa,
B ToM ymcie B baky u Ha AGIepoHCKOM 1o-
JyOCTPOBE: KaXKJIbIi U3 KOTOPBIX UMEET P
ocobenHocreil. Hanpumep, npu o0ycTpoiict-
Be AXCYMHCKOTO IepeBaja, Ha MarucTpalib-
HOU Jnopore ['yOa-XbIHalbIK HUMeNa MECTO
yacTasi 1o/ipe3ka CKJIOHOB, IIPU 3TOM penbed
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TEpsUl CBOKO YycToWuuBOCTb. Kpome stOro,
BJIOJIb JIOPOTH PACHOJIOKEHBI MHOTOYHCIICH-
HbIe OOBEKTHI OT/AbIXA. BHITOBBIE BOJBI 3TUX
00BEKTOB IMPOHUKAIOT B 3aCHIIIAHHBIN TTOYBO-
TPYHT, CIIOCOOCTBYSl €ro IMEpPEeMEUICHUIO U
BO3HUKHOBEHHIO OMOJI3HEBBIX sIBIEHUN. Wnu
B ['egabeiickoM paiioHe, B pe3yib

TaTe MpoNMBHBIX AOKIAEH, AKTUBU3UPO-
BAJIMCh 30HBI OINOJ3HS B cenax AMpbIBaHT U
[MTaxmar. B xoxe XO3SIMICTBEHHON JESTENb-
HOCTHU YEJIOBEK CIIOCOOCTBYET H3MEHEHUIO
TEPMHYECKOTO U BOAHOTO PEXKUMA TPYHTOB,
pexuMa IMOA3EMHBIX BOJ, BIAXXHOCTHU IOY-
BOTPYHTa, YTO B CBOIO O4Yepeab CIOCOOCT-
BYET BO3HUKHOBEHHIO OIOJI3HEM.

KommiekcHsiii ananu3 MmopdomeTpuyec-
KUX IIOKa3aTesieil MO3BOJSET CKa3aTh, 4YTO
OHU IPEAONPENEIIUIA BO3MOKHOCTh BO3HHK-
HOBEHHsI OIOJ3HEBBIX IporeccoB. IToatomy
HEOOXOIUMO TIPU XO3SHUCTBEHHOW JESATENb-
HOCTU COXpPaHSTh PAaBHOBECHE M YCTONYM-
BOCTb IIPUPOJIBI.

PaznuyaroT nmpupoaHble U UCKYCCTBEH-
Hble pakTophl. K mpupoansiM ¢akTopam oT-
HOCSITCS: TE€0JIOTHYECKOE CTPOEHHUE, TEKTO-
HUYECKUE JBUKECHUSA, NEATEIbHOCTD MOA3EM-
HBIX ¥ TOBEPXHOCTHBIX BOJI, XapaKTeP peiib-



Journal ecology and water economy N2, 04.2025
Ekologiya va su tasarriifatt jurnal, Ne2, 04.2025

eda, atMmocdepHbIe 0CaTKU 1 BEIBETPUBAHUE,
3emiierpsicenus, cypgosus. K uckyccrpen-
HBIM - TIOJ[pe3Ka CKJIOHOB, Harpy3Ka, MpeBbI-
HIarolasi KPUTUYECKYI0, Ha MOPOJIbl, ciara-
IOIIHME CKIIOH, YBIXHEHHE MOPOJ, ciararo-
IIMX CKJIOHBI, pacllaXMBaHUE CKJIOHOB U yJa-
JICHUE PACTUTEIHHOCTH.

[Tpu3Hakamu OMOJI3HEBBIX CMELIECHUH SIB-
JSIFOTCS. TPEIIUHBI Ha CKIJIOHAX, CTEHKH OTpPBI-
Ba, 00pa3yroLMecs Ipu CMELEHUN OIOJI3He-
BOTO y4acTKa, BaJibl U3 CKOJIB3KUX MOPOJ, cad-
JIEBUIHO HM30THYTbIE M paclUICIUIEHHbIE Je-
PEBbS, TPEIIMHBI HA COOPYKEHHSX, PACIIONO-
YKEHHBIX BOJIM3U OpOBKM CKJIOHA U Ha CKJIOHE.

OdeHb Ba)XHBIM MOMEHTOM IIPH TIPOEK-
TUPOBaHUM HAChIlEW M BBIEMOK, IPU CTPO-
UTEIBCTBE JKEJIE3HBIX U aBTOMOOMIIBHBIX J0-
por, sBJsEeTCs MPOTHO3MPOBAHUE YCTONYM-
BOCTU CKJIOHOB M OTKOCOB. YCTOMYMBOCTH
CKJIOHOB M OTKOCOB MOJKET OBbITh OLICHEHa
METOZOM aHAJIOTHH, a PU HEOOXOJMMOCTH
BBINOJIHSAIOTCS. COOTBETCTBYIOIINE PACUEThl U
MoJenMpoBaHre. MeToa WHXEeHEpHO-Te0I0-
IMYECKUX aHAJOTMHM OCHOBAH Ha HUCIOJIb30-
BaHWU JAaHHBIX HaAOMIOJEHMM 3a ycToiuu-
BOCTBIO OTKOCOB M CKJIOHOB TaKOH ke Kpy-
TU3HBI, CIIO)KEHHBIX CXOIHBIMH IIOPOJIaMHU.
[To naHHBIM 3THX HaOMIOJEHUN MOAOUPAIOT-
Csl aHAJIOTH U3y4aeMOro yJ4acTKa.

B nporecce ropusix padot npu o0cneno-
BaHUU OTIOJI3HEH MPOBOAST THIATENBHO THI-
poreoJjoruyeckrue HaOJ0JeHUS - ONPEEINISIOT
pa3mep OacceifHa, ¢ KOTOpOTro CTeKaeT Bojia K
OTIOJI3HIO, YCJIOBUS (DMIIBTPALIUU BOJBI B TEJIE
OTIOJNI3HSI, MECTa BBIXOJA TPYHTOBBIX BOJ,
pacnpezienieHue BIaXHOCTH B TeJle ONOI3HS U
Ha TpaHUIlEe CKOoNbXeHus. [IporuBoomonsHe-
BbI€ T€OTEXHUYECKHE MEpOINPHUATUS BeCchMa
Pa3HOOOpa3HBI U HAMEUYAIOTCS B 3aBUCHMOCTH
OT MX COCTOSIHUS U cTaauu pa3Butusa. Korna
OTTOJI3€Hb HaXO/IUTCS B IEPBOM CTaJTUH CBOETO
pa3BUTHS, NpaBUIbHAS IPOTUBOOIOI3HEBAS
npo(HITAKTHKA ¥ COOTBETCTBYIOIIUE MTPETYTI-
peIUTENbHBIE MEPBl MOT'YT OKa3aThCsl BIIOJIHE
JOCTaTOYHBIMHA JUTSI 00ECTICUSHHUS €T0 YCTOM-
yrBOCTH. ONOI3HU, HAXOAALIMECS B aKTUBHOM
CTaZMy Pa3BUTHA, TPEOYIOT PUMEHEHHUS pa-
JMKaJIbHBIX Mep 0opbObl ¢ HUMU. [Ipu nuzyye-
HUH WHXCHEPHO-TEOJIOTHYECKUX YCIIOBHHI 3a-
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JIEraHusI IIOPOJT HEOOXOTMMO OIPEISIUTH COC-
TaB, CTPOCHHE, COCTOSHUE, (PU3MKO-MEXaHH-
YeCKME XapaKTCPHCTHKH IOPOJ: YACIbHbIN
BEC, MTOPUCTOCTh, KOA(MPHIMEHT TPEIMHOBA-
TOCTH, YAEIBHOE CILEIIEHHE M YTOJI BHYTPEH-
HETO TPEHHsI, COIPOTHBIICHUE TIOPOJIBbI Ha CKa-
THE W Ha CABUT | Jp. BHENTHUMY pU3HAKAMH
OIOJI3HEBOT'O CKJIOHA SBJISIETCS, HEPOBHAS T10-
BEPXHOCTh CKJIOHA C OIOJI3HEBBIMHU IIUPKAMH,
TO €CTh C YalllaMH CPbIBA ¥ OyrpamMu BBIHPA-
uus (puc. 1);

— HM30THYTHIA BH CTBOJIOB JIECa,;

— TpELMHBI BIOJb CKIOHA.

Cnonamouid zpyam

Puc. 1. I[losepxnocms cknona c
ONON3HEBbIMU YUPKAMU

Mepornpusitusi o 60ps0e ¢ ONMOI3HAMU
MOTYT OBITh MPABUJILHO 3alPOCKTUPOBAHHBI
TOJIBKO TIOCJI€ TIPOBEPOUYHBIX PACUYETOB KOA(-
duIenTa ycToiYMBOCTH CKJIOHA K¢ 10 CTPO-
utenbcTBa. CKIIOH CUMTAETCS YCTOMYMBBIM,
eciu

Kyc >K oon,

rie Ky — koappuuyeHT yctonunBoct; Koon —
ero JOIycKaeMoe 3HaueHue; Y crierHas 0opb-
0a ¢ ONOI3HIMHU BO3MOXKHA TOJIBKO HAa OCHOBE
JIETAJIbHOTO U3y4YEHHS BCEX NIPUYMH, BbI3bIBA-
IOLIUX UX NOSBJICHUE, U TPABUIILHOTO BEIOOpA
MEPONPUATHH 10 3aKPEIUIEHUIO CKIIOHOB. [l
TMIOBBIILIEHNS YCTOWYHMBOCTH OTOJI3HEBBIX CKIIO-
HOB HEOOJIBIION MOIIHOCTH BO3MOXKHA IpHU-
ChIIIKa KOHTpOaHKeTa, YacTH4YHas pasrpys3ka
CKJIOHA ITyTEM CPE3KH I'pPyHTa M YCTPOMCTBO
MOJIMIOPHBIX CTEHOK. YCTAaHOBUB 1O JIaHHBIM
TororpaMueckoil ChbeMKH IJIaH OTOJI3HEBO-
IO y4acTKa, a 10 HHKEHEPHO-T€0JIOTHYECKUM
00CIeI0BaHUsIM — HalpaBJeHUEe U MOIIIHOCTb
MIOTOKOB I'PYHTOBBIX BOJI, B IIEPBYIO O4Yepeb
IIPUHUMAIOT MEpbl K IIOJHOMY OTBOAY OT
OTIOJI3HEBOTO Y4acTKa IOBEPXHOCTHBIX H
IPYHTOBBIX BOJl, yCTpauBasi CUCTEMY KaHaB U
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npeHaxeld. BaxHbM (hakTOpoM, KOHTPOIH-

PYIOIIUM JABM)KCHHUSI MacC Ha CKJIOHAX, SIBJIS-

€TCsl THUAPOCTATUYECKOE JaBJIEHHUE, KOTOPOE

JIEHCTBYET Kak OOKOBOE JIaBJICHUE B TOpax U

TPEUIMHAX TOPOJ] TaK W, KaK IMOJHUMAIOIIAs

CuIIa, ICHCTBYIOIIAsl Ha TIOJIOIIBY BOJAOHEIIPO-

HUIAEMBIX WM MaJIOMPOHUIIAEMBIX TIACTOB.

HeoOxomimo oOecrieunBaTs OTBOX  JIOXK-
JICBBIX BOJA U BOJIOTOKOB OT Y4acTKa OMOJI3HS
HAMKpaTYaHIIIM ITyTeM, u30erast MPOTSHKEHHBIX
TOPHM3OHTANIBHBIX OCYIIUTEIBHBIX KaHaB. B Tex
MeCTax, TJIe UMEETCsl BOSMOYKHOCTh MH(MIIBTpa-
MM BOABI M3 KaHalla B CKJIOH, HEOOXOIMMO
NPOJIOKUTH TPyObl. Bces apeHakHas cucrema
JIOJKHA TTOCTOSIHHO TIOICPYKUBATHCS B pabouemM
COCTOSIHIH, OCOOEHHO B 3UMHHE MECSLIBL.

OTBOJ BOABLI M3 OIIOJ3HEBOIO MacCHBa U

MpPEAOTBpAIIEHUE TPOHUKHOBEHUS B HETO

BOJIBI JIOCTUTACTCS PSIJIOM MEPOTIPUSATHI:

— OTBOJ] MTOBEPXHOCTHBIX BOJ MPU TOMOIIH
HAroOpHBIX U BOJOOTBOJHBIX KaHAB U TIIA-
TEIbHOMN IUIAHUPOBKH TTOBEPXHOCTH OMOJI-
3HEBOI'0 MAaCcCHBa;

— TepexBaT APeHaKaMU IMOCTYIAOIIUX C BbI-
IePaCOIOKEHHON YaCTH CKJIOHA TPYHTO-
BBIX BOJI;

— OCYIIICHHE TeJIa OTOI3HS APEHAKAMH MTPU
HAJIMYUU B HEM BOJIOHOCHBIX ITPOCIIOEK.

st mpe1oTBpaIeH s OMOJI3aHuUs ITOPO/T

WM 1715 IPEKPAIleHUs OMTOJI3HEBON MOABUXK-

KA B ONPEJIEICHHBIX T€OJIOTHYECKUX U T'eo-

TEXHUUYECKUX YCIOBHSIX MPUMEHSIOTCS MOJ-

MOPHBIC CTCHKH, CBaW, KOHTPOAHKETHI, KOH-

TpdopcHbIe CTONOHI U Ap. Bee 3Tu reotexHu-

YECKUE COOPYKECHHUS CTICIIHATLHO PaCCUUTHI-

BAlOTCA C yYETOM BCEX CIBUTAIOMIMX CHUJT U

CHUJI YIEPKUBAIOIIUX.

OCHOBHBIM yCIIOBHEM IPU BO3BEACHHUU
MIOJIMTOPHBIX COOPYKCHHH SIBIISICTCS 3aJI0KE-
HUE UX Ha HecMmemaeMoMm (ynaamente. B
OOJIBIIMHCTBE clyyaeB B 00phOe ¢ OMOJ3HS-
MU TPUMEHSIOTCS KOMIUIEKCHBIE MEPOTIpUs-
THUS: BMECTE C MOATIOPHBIMU COOPYKECHUSIMU
3aKJIaJIBIBAIOTCS JPEHaXXHBbIC Tanepew, Ha-
TOpHBIC KaHABBI, POU3BOIUTCS YIIOJIAKHBA-
IoIas cpe3ka U IUIAaHUPOBKA CKJIOHA, YCTpa-
WBaeTCS KOHTPOAHKET U JIp.

Y CTOMYHMBOCTh OMACHOTO CKIIOHA MOYKET
ObITh 0OecrieueHa cpe3Koil BBEPXY, T.€. yMEHb-
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IIEHUEM Beca AaKTHMBHOM YacTH OIIOJBHI U
HPHUTPY3KOH B €ro0 OCHOBAaHUH. DTO OCOOCHHO
BaXHO I CKJIOHOB, Macca IopoJ] KOTOPbIX He
YMEHBLIACTCS] BCIICACTBUE OTHSITHSI.

s mepexBara NMpUTEKAOUX MTOBEPX-
HOCTHBIX BO/Jl, HATOPHBIE KaHABBI, paciojara-
IOT 10 IEPUMETPY 3a TPAHUIICH OIOJI3HEBOT'O
y4acTKa ¢ HarOpHOU CTOpOHBL. Boxy oTBOASAT
3a Tpenessl OIOJI3HEBOro ydacTka. Harop-
HbIC KaHaBbl MPOCKTUPYIOT C YKIOHAMHU HE
6onee 20—-30%o, Ha3HAYASI CEUCHHE U YKPET-
JeHue KaHaB 1o pacyery. [Ipum OGousbimom
IIPUTOKE BOJBI NPELyCMAaTPUBAIOT ABA WIU
TPH psiia HATOPHBIX KaHAB C CAMOCTOSTEIIb-
HBIM OTBOJIOM BOJIbI 32 MPE/CIIbI yIaCTKa.

—_—__'________———————-"—‘_'_\-—_
——————

k)

N
7 v

Puc. 2. Cxema nepexeama no8epxHocmHuix
600 HA2OPHBIMU KAHABAMU.
1, 2, 3, 4 - nacopHble Kanagul;
5 - 8Bo0onponyckHsie coOopyHceHUs.

e

Jlnis mepexBata rpyHTOBBIX BOJ IO T'pa-
HUIIE OIIOJI3HEBOIO YYaCTKa U B TEJIE ONOJI3HS
3aKJIaJpIBalOT ApeHaxu. [lomepeunsie npe-
Ha)XXW, MPOKJIaJbIBaeMble MEPHIEHAUKYISIPHO
K HalpaBJCHUIO JABMKEHHs TPYHTOBBIX BOJ,
yCTpauBalOT B HE3aTPOHYTOM OIOJI3HEM 4ac-
TH FTOPHOT'O CKJIOHA, TaK KaKk HeOOoJIbIIasi Mo/1-
BIYKKA OTOJI3HS MOXKET HapyUIUTh OTBOJ BO-
JIBI TIO IPEHAKY.

Uraniens

Puc.3. Cxema nepexeama epynmoswvix
800 cucmemou OpeHaxcel.

OpmHako ATH Mephl HE HAIUIHA eIle TpH-
MEHEHHMSI B TPAKTUKE JOPOKHOTO CTPOUTEIIb-
CTBa, T11e JUTsl 00PHOBI C OTION3HAMH PUMEH-
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AIOTCSI UCKIIFOUUTENIBHO MEPONPUATHS IO OT-
BOJYy IOBEPXHOCTHBIX M TPYHTOBBIX BOJ U
YCTPOMCTBY NOJIIOPHBIX CTEH, TOAEPIKHUBA-
IOLIMX HEOOJIBIINE YYACTKU OTKOCOB.

Hcxonsa W3 BBILIECKa3aHHOIO, MOXEM
COCTaBUTh B TAOJUYHOW (hopMe NPUUMHBI
OTIOJI3HSI U MEPBI OOPHOBI C HUM.

OcHoBHast uzaes NpOEKTUPOBAHUSA MEPO-
IPUATUNA 110 TOBBIIMICHUIO YCTOMYMBOCTH
OIIOJI3HEBBIX MAaCCUBOB, 110 KOTOPBIM IIPOXO-
JUT J10pOra, 3TO yCTpaHEHHUE NPUYHH, BbI3bI-
BalOIMX OIOJI3aHUE, B IEPBYIO OYEPEIb,
IpeloTBpalleHHe MPOHUKaHUs BoJbl. Obec-
[IEYEHHE YCTOMYUBOCTH BO3BOJAUMBIX COOPY-

JKEHUH B 30HE JICVCTBUI OMOJI3HS MPECIIENY-
€T 1eJIb TMOBBIIIEHNS 0€30MaCHOCTH U BKJIIO-
YaeT MEpOIPHATHS: N0 yJAIICHUIO HEYCTOM-
YHBOT'O0 MacCcHUBa Ha BCIO €r0 MOUTHOCTH (0-
KOPEHHBIX HEOIOJI3HEOMACHBIX MOPOJ); 3aK-
JaKy MIyOOKHX (PyHAAaMEHTOB, OMUPAIOIIH-
XCsl Ha YCTOWYMBBIE IOPOABI; YCTPONCTBO
dbyHIaMEHTOB M3 OypOHAOMBHBIX CBail; UC-
MOJIb30BaHNE KAPKACHBIX KOHCTPYKIIMIA; ap-
MHUPOBAaHHUE KPYTHIX OTKOCOB T'€OCHHTETH-
YeCKMMHU CETKaMHM M KapKacamu; MpHMEHe-
HUE KEJIe300€TOHHBIX IOSICOB; YCTPOUCTBO
nehOpMaIMOHHBIX IITBOB

Tabauya 1.

Ilpuuunsl ononsueil u mepovl 60PLOLL C HUMU.

AKTHUBHBIE IMPUYIUHBI

Meps! 60pbObI

BBI3BIBAIOIIMEC OIIOJIA3HU

MeponpusTus

Bun pabotsl

N3mMmeHeHue HaIIpsAXKCH-
HOro COCTOSAHHA
TJIMHUCTBIX ITOPO/I.

HJIN OTKOCOB.

YIOJIA)XUBAHUE CKIIOHOB

Cpe3ka 3eMIIIHBIX Macc C BEpxXHeEl
YaCTH OTKOCA U YKJIAJKa UX y MOAHO-
KU CIOSI IPUTPY3KU B MECTE OXKHJIa-
€MOTO BHITTUPAHUSI.

IToa3eMHbIE BOJIEL.
BBIIIIE OIIOJI3HSL.

HCpCXBaT IIOA3CMHBIX BOJ

['opuzoHTaNBHBIN qpeHaX: TpyOUaThIi
JpeHaXx, JpeHaXxHas rajepes, Topu-
30HTAIBHBIE CKBA)XUHBI-IpPEHBL. Bep-
TUKQJIBHBI JpeHax: 3a0uBHbIE U
CKBO3HBIE (DHIIBTPBI, KOJOJIIBI.

[ToBepXHOCTHBIE BOJBI.

3amuTa OeperoB oT abpas3uu.

BomnHooTOOMHEIE CTEHBI, BOJIHOJIO-
MBI, TOJIBOJHBIC ¥ HAJIBOJAHBIC OYHBI.

ATMOC]epHbIe OCaIKH.

3amura OeperoB OT SPO3MH.
PerynupoBanue nmoBepxHOCT-
HOTO CTOKA. 3aIiyTa TpyHTOB
MOBEPXHOCTHU CKJIOHA.

Momenne otkoca. Kamennas Hao-
pocka. Jlorku. CtpyeHamnpaBisoime
coopyxkenus. OnepHoBka, M3omnsius
MOBEPXHOCTH.

CoOBOKYIHOCTb psAJia aK-
TUBHBIX TIPHUYHUH.

N3menenne puznko-MexaHu-
YECKUX CBOMCTB ITPYHTOB.

[Tonmopusie crensl. CBalHbIC PAIBI, -
KOHTpOAHKeThl. XUMHYECKOE 3aKper-

JIEHUE TPYHTOB.

CrenuanbHbIit
OIIOJI3HEBOH 30HE.

HCKOTOpHe BUABI OCs-
TCJIIBbHOCTH YCJIIOBCKA

pEXUM

B | CoXpaHEHHUE CKJIOHOB B YCTONYMBOM
coctosHNM. OrpaHU4eHHe B IPOMU3-
BOJICTBE CTPOUTENIBHBIX paboT.

OCHOBHBIE BBIBOIbI JAHHOU CTAaThH, 3aK-

JIOYAKOTCS B CIEAYIONIUX TyHKTAX:

1. Jlns uccnenoBaHusl OMOJI3HEH HEOOX0IUMO
co3/aBaTh KOMIUIEKCHYIO JKCIEIUINIO C
YYaCTUEM CIIELIMAIMCTOB PA3JIMYHON Cre-
OUAJIbHOCTHU, MNPOBOJUTH ACTAJIBHOC I'CO-
MOP(OIOTUIECKOE HCCIIEIOBAaHNE U COCTa-
BUTb COOTBETCTBYIOIIUEC KAPTHIL.

2. TloaroToBUTH MaKeT MPEATIOKEHHUH CIIeTIH-
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aJTMCTOB JIJISI KCILTyaTal[lK OOJI3HE Orac-
HBIX pallOHOB PEKOMEHIATEIHHOTO XapakK-
Tepa.

3. Pa3paboTaTh OIEHKY M MPOTHO3 yCTOWYH-
BOCTH OITOJI3HEBBIX CKJIIOHOB.

4. TloaroToBUTH CHEMAILHBIE HAYYHO-000C-
HOBaHHbIE METO/bI MCIOJIb30BAHHS OIOJI-
3HE OMACHBIX TEPPUTOPHUH.
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PEDEPAT

Onon3Hu SBJISAIOTCS 4acTOW MPUYMHON
paspyllIeHus JOpOr, MPOJIOKEHHBIX 10 KOCO-
ropam. [Ipu3HakamMu ONMOJI3HEBBIX CMEIICHUN
ABJIAIOTCS TPEILMHBI HAa CKIIOHAX, CTEHKU OT-
pbIBa, 00pa3yroIuecs IpU CMELIEHUH OIOJI3-
HEBOI'0 y4acCTKa, Bajbl U3 CKOJIB3KUX IIOPOI,

UOT 625.20

cabJIeBHUIHO N30THYTHIC U PACIICTIICHHBIE JIe-
PEBBS, TPEIIMHBI Ha COOPYKEHHSIX, PACIIOJIO-
JKCHHBIX BOJIM3U OpOBKH CKJIOHA M Ha CKJIOHE.
B cTatbe paccMOTpeHbI IPUYUHBI U MEPOTIPHU-
ATHS 110 OOPHOE C OTOJIBHAMH.

Knrwueswvie cnosa: Ononsznu, cpeska om-
KOCO8 3eMJISIH020 NOJIOMHA, NOONOPHbLE CHIEH-
KU, HA2OPHbLE KAHABbL, OPEHAIC.

ABSTRACT

Landslides are a common cause of des-
truction of roads built on hillsides. Signs of
landslide displacements are cracks on slopes,
breakaway walls formed during the displace-
ment of a landslide area, shafts of slippery
rocks, saber-shaped curved and split trees,
cracks in structures located near the edge of
the slope and on the slope. The article exami-
nes the causes and measures to combat lands-
lides.

Key words: Landslides, cutting of road-
bed slopes, retaining walls, mountain dit-
ches, drainage.

Maqgalaya AzMIU-nun “Nagliyyat”
fakultasinin dekan maavini t.i.f.d.,
dosent E.B. Quliyev ray vermisdir.

OHMODOV N.M., SODIiYEV R.B.

Azorbaycan Memarlq va Insaat Universiteti,
nizami.ahmadov@azmiu.edu.az, rovshan.sadiyev@azmiu.edu.az

AZORBAYCAN RESPUBLIKASININ YOL-igLiM RAYONLASMASI
VO YOL-IQLIM RAYONLASMASINA UYGUN KORPULORIN VO
YOLOTURUCULORIN TOMIiRLORARASI XiDMOT MUDDOTLORI

Torpaq yaraginin hoddindon artiq nom-
lonmoasi son daraca tohllikali bir prosesdir,
cunki yol geyiminin moéhkomliyi, tokmo va
gazma yamaclarinin sabitliyi xeyli azalir. So-
kil 1-do yol geyiminin torpaq yatagmin ga-
barmasi naticasinds deformasiyalar1 gostoril-
misdir [2].

Torpaq yataginin namlondirmo manbalo-
ri asagidakilardir:

- yaginti;
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Sokil 1. Torpaq yataginin qabamasz
naticasinda yol geyiminin deformasiyalart.
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- orazinin yamaclarindan yagis vo qarin ori-
masindan su axini;

- yeralt1 su saviyyasindon suyun kapillyarlar
vasitosi ilo qalxmasi;

- havadan su buxarlarinin kondensasiyast;

- torpaq hissaciklarinin ssthinds naminin ho-
rokati.

Azaorbaycan Respublikasinin arazisi 5 yol-
iglim zonasima boliiniir. Bolgtinlin asasini 6lko
arazisini iglim vo hidroloji soraitin rayonlas-
dirma toskil edir. Yol-iglim zonalarimi asagi-
daki kimi ayirmagq olar (sok. 2).

| - coxillik donmus gruntlarin yayilma zo-
nast. Bu zonada suyun igariys sizmasina ¢ox-
illik donmus gtuntlar mane olur, buna gors da
gruntun st laylar1 haddindean artiq nomlanir;

Yol-iqlim zonalariin sarhadlari. | yol-
iglim zonasi: Nax¢ivan Muxtar Respublika-
st. Sorhadlor: simalda Ermonistan, gerbda
Turkiyos va Iran, Sorqde Iran. Koordinatlar:
39° 35' vo 38° 53" sorq uzunluq dairasi vo 44°
46' vo 46° 04’ simal en dairosi. Yiksokliklor:
1182 m - 3829 m.

Lagin-Dagkason-Gadoboy zonasi. Sor-
hadlar: gorbds vo conubda Ermonistan. Koor-
dinatlar: 40° 48 va 39° 32’ sorq uzunlug dai-
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Il - hoddindon artiq nomlanms zonast. Ya-
gintilarin miqdarim shamiyyatli, buxarlan-
manin az v qrunt sularmin yiiksak saviyyada
yerlogmosi miisahido edilir;

I - ayri-ayr illards shamiyyatli nomlan-
Mo zonasidir. Yaz va payizda oshomiyyatli do-
racada namlanma ilo xarakteriza olunur;

IV — az namlonmo zonasi. ©homiyyatli
doracads buxarlanma vo az miqdarda yaginti
Sobabindon qruntun yuxar1 laylarinda orta
namlik ils xarakteriza olunur.

V — qurag zona. Gucll buxarlanma sabo-
bindan asagi namlik ilo xarakterizo olunur.

Yol-iglim rayonlagdirilmasi yalniz cogra-
fi orazinin imumi xarakteristikasidir [1].

Azarbaycan Respublikasinin
yol-iglim rayonlasmasi

~WASTARA

Sakil 2. Azarbaycan respublikasinin yol-iglim rayonlasmasi.

rosi vo 45° 34" vo 46° 35 simal en dairasi.
Yuksokliklor: 1203 m - 3724 m.

Balakan-Saki-Qoabala-Quba zonasi. Sar-
hodlar: gorbds Giirciistan, simalda Dagistan.
Koordinatlar: 41° 30" vo 41° 09’ sorq uzunlug
dairosi, 48° 05" vo 46° 15" simal en dairosi.
Yuksakliklor: 1007 m - 4243m.

Il yol-iglim zonasi: Nax¢ivan Muxtar
Respublikasi. Saorhadlor: simalda I yol-iglim
zonasl, conubda Iran. Koordinatlar: 39° 35 va
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38° 53 sorq uzunluq dairasi vo 44° 46" simal
en dairasi. Yuksokliklor: 935 m - 1927 m.

Qubadli-Susa-Xanlar-Qazax zonasi. Sor-
hadlor: simalda Giircustan, garbds Ermanistan
vo | yol-iglim zonas1, conubda Iran, sorqdo Il
yol-iglim zonasi. Koordinatlar: 41° 18" vo 39°
10’ sorq uzunlug dairasi, 45° 42’ vo 46° 53’ simal
en dairasi. YUksakliklor: 306 m - 1839 m.

Ismayilli-Qusar zonas1. Serhadlor: gorb-
do Giirciistan, simalda I yol-iqlim zonast vo
Dagistan, conubda va sorqds 111 yol-iglim zo-
nast. Koordinatlar: 41° 39" vo 41° 13’ sorq
uzunlug dairesi vo 48° 25 vo 46° 10’ simal en
dairasi. Yuksakliklor: 277 m - 2205 m.

Astara-Lerik-Yardimli zonasi. Sorhad-
lor: simalda va sorqda Il yol-iglim zonast,
gorbdos vo conubda iran. Koordinatlar: 39°
05’ vo 38° 26' sorq uzunlug dairasi vo 48° 19’
vo 48° 53" simal en dairesi. Yiksokliklor:
695 m - 1367 m.

Il yol-iglim zonasi: Cabrayil-Fiizuli-
Agdam-Gancoa-Samkir-Tovuz-Mingagevir-
Goycay-Dovagi-Xagmaz zonast. Sorhadlor:
conubda Iran, simal-gorbdo Giirciistan, si-
mal-sorqdo Dagistan, qorbds vo simalda II
yol-iglim zonasi vo conubda IV yol-iglim
zonas1. Koordinatlar: 41° 23" vo 39° 32’ sorq
uzunluq dairasi vo 49° 04" vo 47° 24 simal
en dairasi. Yuksakliklor: 59 m - 1371 m.

Lonkaran - Calilabad - Bilosuvar zonasi.
Sarhadlar: conub-gorbds 11 yol-iglim zonast,
gorbdo Iran, sorqda Xozor donizi, simalda vo
simal —sorqdos IV yol-iglim zonasi. Koordinat-
lar: 39° 43 va 38° 59" sorq uzunlug dairasi vo

47° 58 vo 48° 59 simal en dairasi. Yiiksoklik-
lor: 20 m - 862 m.

IV yol-iglim zonasi: Serhadlar: conub-
sarqda Xozar donizi, conub-goarbds I yol-ig-
lim zonas1 va Iran, garbda 111 yol-iglim zonasi,
simalda III yol-iglim zonas1. Koordinatlar: 41°
07 vo 39° 38’ sorq uzunluq dairasi va 49° 10
vo 49° 20" simal en dairosi. Yiiksoklik: -26 m -
1371 m.

V yol-iglim zonasi: Sarhadlar: sarqds Xo-
zar doanizi, gorbdo, simalda va conubda IV yol-
iqlim zonast. Yiiksokliklor: -28 m -1222 m.

Umumi istifadodo olan avtomobil yolla-
rinda istismar olunan siini qurgularin nogliy-
yat-istismar keyfiyyatlorinin yuksaldilmasi
onlarin fiziki vo monavi aginmalarinin natico-
lorinin aradan qaldirilmas: hesabina miim-
kindur.

Movcud siini qurgularin istismar prose-
sinin taloblorino uygunlugu asagidaki nogliy-
yat-istismar keyfiyyatlorinin tohlili ssasinda
giymatlondirilir: qurgunun yiikgotiirmoa gabi-
liyyoti, qurgunun qgabarit olgiilarinin nagliy-
yat vasitalorinin talab olunan harakati burax-
mag gabiliyyatino uygunlugu, harakatin toh-
lukasizlik soraiti, korpl kegidinin yerlogmasi,
korpii altinda suyu buraxmagq soraiti vo korpu
konstruksiyalarinin texniki voziyyati.

Umumi istifadodo olan avtomobil
yollarinda istismar olunan korpiilards va yol
oOtiiriictilorinds monovi asinmalarin  hesabi
muddatlori avtomobil nagliyyati vasitalorinin
horokot siddstlorinin artim temploarindon asili
olaraq cadval 1-0 uygun gobul edilir [3].

Cadval 1

Korpularda va yol étiiriiciilarinda manavi asinmalarin hesabi miiddatlari

Korpulards va yol étiiriiciilorinds manovi aginmalarin hesabi miiddatloari, il
Korpinin Igtisadi inkisaf soviyyasi Inkisaf etmis yol Az dyronilmis
gabariti nisbaton agagi olan sobokasino malik perspektivli
rayonlarda rayonlarda rayonlarda
<Q-7 19-41 13- 28 7-19
Q-8 28- 41 19- 28 13-19
Q-10 24- 28 16- 19 11-13
Q-115 19- 39 13- 25 13-18

Korpilards va yol 6tiiriictilorinds osas
konstruktiv elementlarin fiziki asinma soviy
yalorina gora xidmot muddatlori codval 2-yo
uygun gobul edilir.
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Kdrpilards va yol étiiriiciilorinds kons-
truktiv elementlorin asasli tomir iglarinin to-
mir lararas1 xidmot middatlori normalari cod-
val 3-0 uygun qgobul edilir.
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Cadval 2

Korpularda va yol étiiriiciilarinda asas konstruktiv elementlarin xidmat middatlari

Korpulorin konstruktiv elementlori

Xidmat muddatlori, il

Harakat hissasinin ortiiy 5-6
Hidroizolyasiya 6-8
Kompensator tipli deformasiya tikislori 2-3
«Siirligon tobogo» tipli deformasiya tikislori 4-5
Domirbeton asirim qurgulari:
yigma tava tipli 40-50
monolit tava vo gabirga tipli 60-70
diafragmali yigma gabirga tipli 30-40
diafragmasiz yigma gabirga tipli 50-60
Asirim qurgular:
bltév asirimli poladdomirbeton tipli 60-70
iki torofi aciq polad ferma tipli 50-60
Das vo beton korpilor >80
Massiv beton vo das dayaqlar > 80
Yi1gma domirbetondan ibarst dayaglar:
dirak tipli 60-70
svay Vo svay-dayagq tipli 40-50
Buttin ndv ozdllor >80
Borkidilmis tokmonin konuslari:
bitki okmoklo 5-6
désenmo Gsulu ilo 12-15
beton tavalarla 12-15
Su aximint istigamatlondiran dambalar:
désoanmo Usulu ilo barkidilmis 20-25
beton tavalarla barkidilmis 15-20
Cadval 3
Korpularda va yol dtiiriiciilorinda konstruktiv elementlarin asash tamir
islarinin tamirlararasi xidmat middatlori normalar:
Tomirlorara
Tomir islorinin normalari s1 miiddat,
il
Harakat hissasi
Asfaltbeton ortliyiin doyisdirilmasi (hidroizolyasiyanin doyisdirilmasi ilo birgo) 5
Saki bloklarinin gismon doyisdirilmasi 8
Asirim qurgular
Metal asirim qurgularinda zodolonmis qursaq elementlorinin vo fermalar sobokasinin 12
dayisdirilmasi
Asinmis metal agirim qurgularinin tam doayisdirilmasi 50
Karkas armaturlu domirbeton asirim qurgulari tirlarinin doyisdirilmasi 25
Ovvalcadan gorginlosdirilmis armaturlu  domirbeton asirim qurgular1 tirlarinin
doyisdirilmasi 40
Dayaq va dayaq hissalari
Massiv dayaqlarin tizliiklarinin barpasi 30
Dayagqlarin horgiilarinin va ist sathlorinin sementlogdirilmasi vo torkretlogdirilmasi 30
Kanar dayaq hissslorinds drenaclarin doyisdirilmasi 30
Rezin dayaq hissalorinin doyigdirilmasi 25
Korpiiniin torpaq yatag il birlagsmasi
Kegid tavalarmin tokmanin Gst drenac hissasi ila birgo doyisdirilmasi 10
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Korpularda va yol 6tiiriiciilorinds kons- loraras1 xidmot middatlori normalari cadval
truktiv elementlorin orta tomir islarinin tomir- 4-5 uygun gobul edilir.

Cadval 4

Korpularda va yol dtiiriiciilarinda konstruktiv elementlarin orta tamir
islarinin tamirlararasi xidmat middatlori normalar:

Tomir islorinin  normalar

Tomirlorarast middat, il

1 2
Harakat hissasi
Horakat hissasinin ortlyindos geyri-hamarliglarin, dalgalarin, ¢alalarin vo 1
catlarin tomiri
Deformasiya tikislori, sukenarlagdirici borucuqlar, tohliikasizlik goparlori 3
zonalarinda hidroizolyasiyanin tomiri
Qapali tipli deformasiya tikislorinin (hidroizolyasiyanin otraf sahadoki 3
Ortuytinin doyismasi ilo birgo) tomiri
Aciq tipli deformasiya tikiglorindo siiriiskon polad tobagolorinin
doyisdirilmasi 5
Baryer tipli metal ¢oparlarin doyisdirilmasi 10
Harokat hissasinin yeyilmo layinin barpasi (iist sath emali) 3
Sokilarda 6rtllyin dayisdirilmasi 8
Metal mohaccarlarin dayisdirilmasi 3
Metal asinm qurgulan
Asirim qurgularinin boya ilo ronglonmasi 4
Ayri-ayr1 elementlarin boya ilo ranglonmasi 3
Qusurlu pargimlarin dayisdirilmasi 20
Boltlarin doyisdirilmasi 10
Damirbeton asirim qurgulari
Catlarin, bosluglarin va gopuglarin doldurulmasi 5
Karkas armaturlu qurgularda miihafizo layinin barpasi 8
Owvalcadan garginlosdirilmis armaturlu qurgularda mihafizo layinin 15
barpasi 10
Elementlarin enins birlosma yerlarinin barpasi 8
Agressiv tosirlordon betonun mihafizasi (mihafizo laylarinin gokilmasi)
Dayagqlar va dayaq hissalari

Beton vo das dayaglarda catlarin doldurulmasi 15
Damirbeton konstruksiyal dayaqglarda ¢atlarin va gqopuglarin doldurulmasi 7
Ferma althiglarinin tomiri 20
Metal dayaq hissalorinin pasdan tomizlonmasi, boya ilo ronglonmasi vo 3
yaglanmasi
Vordoanoalarin vo ya balansirlarin voziyystlorinin diizlondirilmasi 10

Korpunin torpaq yatag ila birlosmasi
Torpagq yataginin ¢okmis hissasinin gruntla doldurulmas: vo kecid
tavalarinin yenidan désonmasi

Tikintidan 2 il sonra va daha
sonra isa har 7 ildan bir

Kdrpilorin qurtaracaglarinda stidtiriicii novlarin dayisdirilmasi 15

Kanar dayaglarda konuslarin yuyulmus hissalarinin barpasi 5

Sutanzimlayici qurgularin barpasi 3

Borkidilmo qurgularinin barpasi 3

Macranin tamizlonmoasi v sahillarin barpasi 10

Tomir zamani siini qurgularin kéhnalmis Metal konstruksiyali piyada korpiilarinin
konstruktiv elementlorinin daha méhkam va Vo borularin aginma miqdarlart 20% artiril-
igtisadi cohatdon daha samarali materiallarla malidar.
avazlonmosi mogsadouygundur. Siini qurgularin konstruksiyalarinin tex-
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niki vaziyyati onlarin xidmat muddatlarindan
Vo nasazliglarin doracalorindon asili olaraq
asinma miqdarlarma [3] goro asagidaki kimi
muoyyon edilir:

«0» daraca - qurgularin tamiri talob olun-
mur, qurgunun sathinds xirda zodslonmalor
movcuddur;

«I» daraca - qurguda zadalonmalor mov-
cuddur; bu qiisurlarin logv edilmasi vo ya in-
Kisaf etmolorinin garsisinin alinmasi cari sax-
lanilma, ayri-ayr1 hallarda isa tomir islori(boya
ilo ranglonma, hidroizolyasiyanin vo harokot
hissasinin tomiri) vasitoesilo hoyata kegirilir;

«11» daraca - qurguda zadalonmalar mov-
cuddur; bu qlisurlar orta vo ya asasl tomir is-
lori vasitasilo aradan galdirila bilar;

«I11» daraca - qurguda ciddi zodolonmo-

lor mévcuddur; bu qiisurlar qurgunun normal
istismarina manegilik toradir vo onlarin aradan
qaldirilmast ti¢lin elementlarin doyisdirilmasi
Vo ya yenidon qurulmasi kimi tocili barpa
islorinin yerina yetirilmasi tolab olunur [4].

Nasazliglarin daracalorini daha dagiq mi-
ayyan etmok (¢lin asas zodalonmolarin xarak-
teristikalar1 olavado, cadval 5-da verilibdir.

Domirbeton vo metal asirim qurgularin-
da nasazliglarin doracalorindon vo faktiki
xidmat muiddatlorindon asili olaraq asginma
miqgdarlar1 codval 6-ya asasan gabul edilir.

Korpii dayaqlarinda nasazliglarin daras-
calorindan va faktiki xidmot muiddatlorindon
asili olaraq asimnma miqdarlar1 coadval 7-ya
asason goabul edilir.

Cadval 5

Nasazhiglar daracalari Uzra asas qusurlar

Nasazliglarin
doracaloari

Osas zodalonmolorin xarakteristikalari

1

2

Metal asirim qurgulari

0 Fermalarin bas elementlorinin vo harokot hissssinin ayri-ayr1 yerlorindo boya
gatinin dagilmasi; birlagsmo elementlarinds yerli ayilmolar.

elementlorinin deformasiyalari.

| Fermalarin bas elementlorinin, harokat hissasinin, birlosma tikislarinin va birlagsmo
elementlorinin xirda korroziyasi; ayri-ayr1 pargimlorin zaiflomasi; ayri-ayri birlogsmo

I Fermalarin bas elementlorinin xirda korroziyaya, horokat hissasinin, birlogsma
tikiglarinin va birlogsmo elementlorinin iss ciddi korroziyaya ugramasi ilo miisayiat olunan
zadalonmalor; bas elementlarin birlagsmalarinds pargimlar grupunun zaiflomasi; ayri-ayri
birlosmoa elementlorinds qirilmalar.

movcudlugu; avtomobillarin

1 Fermalarin bas elementlorinin, harokat hissasinin, birlosma tikislarinin va birlagsma
elementlorinin, metal sathinin 10%-don ¢ox hissasinin zaiflomasi ilo miisayiot olunan
ciddi korroziyaya ugramasi; par¢im birlogsmoalorinds pozulmalar; fermalarin bag
elementlarinds, o ciimlodoan, st ara qatlari ils Ortiilmiis elementloarinds yorulma ¢atlarinin
mexaniki
rabitolorinds deformasiyalar vo qirilmalar.

tosirlori  naticosinds fermalarin  ¢opins

Damirbeton asirim qurgulan

0 Betonun sothindo Olclisi 0,2 mm-o godor olan tok catlar; mihafiza gatinin
gopuglari(armaturun a¢ilmamasi ilo).

galavilagmoalar voa su izlari.

| Betonun sathinda Olglleri 0,2 mm-o gadar olan goxsayl catlar; miihafizo qatinin
gopuglari, ayri-ayri yerlords armaturun agilmalari ilo; betonun sathinds ayri-ayri yerlardo

1 Betonun sathinds 6lcilari 0,3 mm-don boyiik olan ayri-ayr catlar, o ciimlodan, tirls-
rin divarlarinda iki torafi agiq vo maili ¢atlar; galovilogsma vo don agilmanin tasiri natics-
sinds tavanin betonunda ciddi zadalonmalar; mihafiza gatinda ciddi zodalonmalor vo ar-
maturun korroziyasi; goalovilosma vo don agilmanin tasiri noticasinds tavanin ayri-ayri
yerlorinda betonda ciddi zadalonmolor; avvalcadan garginlosdirilmis konstruksiyalarda
Olculari 0,10-0,15 mm olan ¢atlar; tirlor arasinda enino birlogsmolorin pozulmasi.
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2

Betonun sathinds 6lculari 0,3 mm-dan bdyiik olan ¢oxsayli catlar; 10% vo daha ¢ox
zoiflomasi ilo miisayiot olunan giiclii korroziya; qoalovilosmo vo don agilmanin tasiri
naticasinds tavalarin boyiik hissalorinda betonda ciddi zodalonmalar.

Dayagqlar, das va beton korpular

Massiv dayaglarda vo armaturun sathi agilmamis domirbeton konstruksiyalarda, ayri-
ayr1 tikiglordo mohlulun dagilmasi; ayri-ayri yerlordo horginin ssthinin 3 sm
dorinliyadok dagilmasi; massiv konstruksiyalarda olculari 0,5 mm-o gadar olan tok-tok
catlar; domirbeton konstruksiyalarda 6l¢llori 0,2 mm-o godor olan tok-tok catlar.

Dayagqlarin boyiik hissasinds tikislordo mohlulun dagilmasi; horgiiniin sathinin 3 sm
dorinliyadok, bazi yerlords isa 10 sm-dok dagilmasi; domirbeton konstruksiyalarda ayri-
ayr1 yerlordo armatur Ssthinin agilmasi; massiv konstruksiyalarda olgiilori 0,5 mm-o
godor olan coxsayli catlar, dlgiilori 2 mm-o godor olan tok-tok catlar; domirbeton
konstruksiyalarda 6lgulori 0,2 mm-o godar olan ¢oxsayli va 6lgulori 0,5 mm-o godor olan
tok-tok catlar; ayri-ayri yerlorda golavilosmo mohlulunun iz yerlori.

Tikislordo siriismo Vo tok-tok daslarin qopmast ilo miisayist olunan mahlulun
dagilmasi; massiv konstruksiyalarda horgtiniin 10 sm darinliyadok, ayri-ayri yerlords iso
10 sm-don g¢ox dagilmasi; damirbeton konstruksiyalarda armaturun 10 %-dok
korroziyaya ugramasi ilo miisayiat olunan mihafizo gatinin oksar hissasinin dagilmas;
massiv konstruksiyalarda 6lgllori 2 mm-o goadar olan goxsaylh inkisaf edon gatlar vo
Olctlari 5 mm-a godar olan tok-tok ¢atlar; doamirbeton konstruksiyalarda dl¢tlari 0,5 mm-
2 (odor olan ¢oxsayli inkisaf edon catlar vo 6lcilori 1 mm-a godar olan tok-tok catlar;
mohlulun intensiv stratds golavilosmosi.

Tikislords siirtismo Vo daslarin corgs vo ya qrup halinda qopmasi ilo miisayiat olunan
mohlulun dagilmasi; massiv konstruksiyalarda horgiiniin 10 sm dorinliyadok dagilmasi;
domirbeton konstruksiyalarda armaturun 10 %-don ¢ox korroziyaya ugramasi vo
armaturun deformasiya olunmasi ilo miisayist olunan betonun dagilmasi; konstruksiyani
hissalars ayiran iki torofli agiq catlar.

Cadval 6

Damirbeton va metal asirim qurgularinin asinmalarinin miqdari, faizlo

Nasazliglarin
doracalari

Faktiki xidmat muddati, il
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Korpii dayaqglarimin asinmalarimin miqdar, faizlo

Cadval 7

Nasazliglarin
doracalori

Faktiki xidmot muddati, il
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Notica. Moliumdur ki, zaman kec¢dikca
korpular va yoldtiricllor asinmaya vo 6z key-
fiyyat gostaricilorinin itirilmasina maruz galir.
Bu monada yollarda tikilon stni qurgularin,
istismar muddatinin sonuna godar arzu olunan
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Vo yaxs1 vaziyyatdo ola bilmasi tiglin normala-
ra uygun miinasib istismar strategiyasi segil-
molidir. Korpllards va yol 6tiriiciilarinds asas
konstruktiv elementlorin xidmot middatlorin-
don, asasli tomir iglorinin tomirloraras: miid-
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datlorindan va orta tomir iglarinin tamirlorarasi
muddotlorindan asili olaraq istismarin yering
yetirilmasi tgtin muxtalif lkslords fargli stan-
dartlar tizrs forgli yanagsmalar mévcuddur. Uy-
gun istismar strategiyasinin se¢ilmasi yekunda
igtisadi gostaricilordo mishst monada 6z aksi-
ni tapmalidir. Azorbaycanda siini qurgular
Uclin asason ononovi “standart” istismar pla-
nindan istifads edilir. Bazi 6lkalords geyd edi-
londan slavs “asagi biidcali” vo “uzadilmis” is-
tismar planindan istifado edilir.

“Asag1 biidcoli” istismar yanasmasinda
korpllarin istismari {iglin orta tomir islorinin
yerino yetirilmasino demak olar ki, maliyya
ayrilmir. Korpii vo yolotiricilorin istismarin-
da yalmz osasli tomir iglori yerino yetirilir.
Qeyd olunan yanagsmada qurgularin istismar
keyfiyyat gostoricilori asagi olsa da, iqtisadi
baximdan effektiv olur.

“Uzadilmig” istismar yanasmasinda iso
orta tomirlor aras1 miiddst daha six intensivlik-
do gotardlir. Demoak olar ki qurgunun istisma-
r1 dovriinds asasli tomir islorinin yerino yetiril-
moasina ehtiyyac duyulmur. Bu tsulun tatbiqi
ilo kdrpularin real normativ istismar muddati-
ni on azi1 30 ilo godor artirmaq miimkiindiir. Bu
tisulda qurgularin istismar keyfiyyat gostorici-
lori kifayat godor yiksak olur, lakin igtisadi
baximdan hoddindon artiq ¢ox vosait talob
edir.

Qeyd edilonlordon bu naticoya golmak
olar ki, istanilon insaat normalar1 ¢argivasin-
do qurgularin istismart ti¢iin har hanst bir ya-
nasmanin se¢ilmoasi, dovlstin vo ya ddvlot
qurumunun ayirdigr biidcadan, yolun sho-
miyyatini  gostoran texniki doracasindan
homginin magalads geyd edilon iglim rayon-
lagdirilmasindan asili olaraq qobul edils bilor.
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9hmadov N.M., Sadiyev R.B.

Azarbaycan Respublikasinin yol-iglim
rayonlasmasi va yol-iqlim rayonlasmasina
uygun korpiilarin va yol6tlracularin
tamirlorarasi xidmoat muddatlari

XULASO

Avtomobil yolunun etibarli iglomasi
yola tosir edon bir ¢ox tobii amillordon asili-
dir. Bunlardan an ¢ox tasir edonlori iglim vo
hidrogeoloji sorait, arazinin topoqrafiyasi vo
geoloji vaziyyatdir. Yollarin istismar1 zamani
torpaq yatagi vo yol geyimi, korpulor vo yol-
otrdcilori mitomadi olaraq su tasirine mo-
ruz qalir vo bu da yol geyiminin konstruktiv
laylarinin méhkamliyini todricon azaldir, qa-
liq deformasiyasi hadisolori meydana gatirir,
torpaq yatagmin yamaclarimin va ¢iyinlarin
dayaniqlig1 pozulur, siini qurgularin istismar
muddari azalir.

Agar sozlar: torpaq yatagi, yol geyimi,
yol-iglim zonalari, tamirlorarast  xidmoat
muddati, deformasiya.

Ahmadov N.M., Sadiyev R.B.

Road-chimate zoning of the republhic of
azerbaijan and service periods between
repairs of bridges and roadways
comphant with road-climate zoning

Abstract
The reliable operation of a highway de-

pends on many natural factors affecting the
road. The most influential of these are clima-
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tic and hydrogeological conditions, topo-
graphy of the territory, and geological con-
ditions. During the operation of roads, the
soil bed and road surface, bridges and over-
passes are constantly exposed to water, which
gradually reduces the strength of the struc-
tural layers of the road surface, causes perma-
nent deformation phenomena, impairs the
strength of the soil bed slopes and shoulders,

UOT 627.223.4

and reduces the service life of artificial struc-
tures.

Keywords: ground bed, road clothes,
road-climatic zones, service life between
repairs, deformation.

Moagalaya AzMIU-nun “Naqliyyat
Va logistika” kafedrasinin dosenti,
t.e.n. E.N. Yusifzada ray vermisdir.

OLIYEV i.Q., MURSOLOV A.9., MEHDIZADO C.A.

AzMIU

BORU KOMORLORI iLO DASINMANIN ISTISMAR SORAITININ TODQIiQi

Neft vo neft mohsullarinin dasinmasi
miixtolif yollarla miimkiindiir. Bu {tisullara
avtomobil nogliyyati, su noqliyyati, domir
yolu va boru kemarlari daxildir (sokil 1).

Sakil 1. Neft va neft mahsullarinin naqli
lictin istifada edilon naqliyyat vasitalari
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Hor bir naql tisulunun se¢imi zamani da-
sinacaq mohsulun miqdar1 vo yerlosdiyi orazi
nazord alinmalidir. Hor bir halda, dasinma
xorclorinin minimum soviyyado olmasi asas
sortlordon biridir. Istismar vo analitik tocrii-
balor gostarir ki, noql iisullar1 arasinda an ef-
fektiv vo olverisli metod boru komori ilo naql-
dir. Bu tsulun totbiqi zamani1 maya doyari,
yani 100 kilometr masafoyo 1 ton neftin da-
sinmast tigiin tolob olunan xarc, digor nagl va-
riantlart ilo miiqayisodo daha agagidir. Bun-
dan olavo mdvsiimi sortlordon asili olmaya-
raq mohsulun tohliikesiz daginmasini tomin
etmok miimkiindiir.

Eyni zamanda, boru komori vasitosilo
naql olunan neft vo neft mohsullarinda itki mi-
nimal olur. Bu noql prosesi tam mexanikilog-
dirilmis vo avtomatlagdirilmis sokildo hoyata
kecirilir.

Doniz dibindon keg¢on boru komarlorinin
stabilliyi sualti1 agirliglarla tomin olunur, bu
da borunun xarici amillora, xiisusilo sualti
axinlara qarst dayaniqligini artirir. Borunun
agirlasdirilmast prosesi, onun beton tobogo
ilo Ortiilmasi demakdir.

Masalonin qoyulusu: Neft vo neft moh-
sullarinin dagmmasinda an samarali tisul kimi
gobul edilon boru kamari ilo naglin shomiyyati
nadon gaynagqlanir? Boru komorinin qurulmasi
prosesindos totbiq olunan asas qaynaq texnolo-
giyalar vo agirlasdirma metodlart hansilardir?
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Masalonin halli yollari: Boru ilo naglin
shomiyyati: Sualt1 boru komorinin marsrutu-
nun miayyan edilmasi layiha¢i mithondislor
torofindon hoyata kegirilmoali vo bu se¢im iq-
tisadi gostaricilora, texniki taloblora vo eko-
loji faktorlarla uygunlagdirilmalidir. Yataq-
lardan ¢ixarilan neft vo neft mohsullarinin da-
sinmasi li¢iin asason boru komarlori vo tan-
kerlor istifads edilir.

Tankerlorlo dasinma zamamni bir sira ¢a-
tigmazliqlar ortaya ¢ixir:

- Ekoloji ¢irklonmo basg verir. Xiisusilo, toh-
vil mantoqasinds yiikiinii bosaldan tanker
bos geri qayida bilmadiyi iiclin ballastina
su doldurulur. Naticads, bu ¢irkli suyun
bdyiik bir hissasi doniza axidilir.

- Tankerlo noqli fasilosiz sokildo hoyata ke-
¢irmok miimkiin deyil.

- Tankerlo dasinma iqtisadi baximdan sor-
fali hesab edilmir.

- Tankerlor yalniz xam neftin daginmasi
ticlin istifads olunur.

X
Sakil 2. Tanker gozas:

Bundan aydin olur ki, neft vo neft mah-
sullariin dasinmasinda tankerlorin istifadosi
0 godar do effektiv deyil. Qeyd olunan va bir
cox digar soboblora gora boru kamarinin isti-
fadasi ham uygun, ham do vacib sayilir.

Borunun beton ortikls agirlasdiriima-
s1: Tikinti tacriibasindan ballidir ki, sualtt boru
komarinin insasinda asason diametri 530 mm,
galinligi iso 14 mm olan borular istifado olu-
nur. Bu borular1 suda batirmaq {iglin onlar1
agirlagdirirlar. Bels ki, agirlagdirmanin miixto-
lif formalart mévcuddur. ©n effektiv hesab
edilon Usul iso betonla agirlasdirmadir (sokil
3). Bu zaman borunun sathina beton ortik tot-
big edilir. Beton ortlyun xdsusiyyatlari ilo
bagli layihays baxmaq lazimdir. Layihads be-
tonun hazirlanmast iigiin tolob olunan garigigin
(sement, qum, domir-kolgedan, su) torkibi, six-
l1ig1 vo Ortlyiin yekun galinligi gostorilir.
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Hazirlanmis borular onlar ii¢lin ayrilmis
meydangalarda yigilir. Beton ortiiyiin todricon
borkimasi {iglin iizorino xiisusi maye totbiq
edilir. 2-3 glin, bazon iso 5 giin sonra beton
ortiiklii borular tikintids istifadoys hazir olur.

Bundan slava, boru sothine totbiq olunan
beton ortiikk gatinin, borunu agirlasdirmagla
yanast, slavo qoruma funksiyasi da vardir. La-
kin boru kemarindo betonlama islori tamam-
landigdan sonra hidroizolyasiya todbirlari do
hoyata kegirilir. Hidroizolyastik tobaqo, aqres-
siv su miihitinds borunun sasthinin dagilmasi-
nin qarsisin1 almaga xidmot edir. insaat tocrii-
basinds asas hidroizolyasiya materiallart kimi
Brizol va Izol istifada olunur. Izolun (sokil 4)
torkibino toxminon 30%-9 gqodor dogranmis
rezin, 60-65% BN-III keyfiyyatli bitum, galan
hissasi zaif torkibli azbest va 2-3% plastiklos-
dirici maddo daxildir.

Sualt1 boru komarinin ingas1 zamani boru-
nu komorlosdirmak {icilin istifado olunan go-
mido aparilan qaynaq islori basa ¢atdiqdan vo
yoxlamalar icra edildikden sonra, borunun
beton oOrtiik totbiq olunmayan hissolorindo
xlisusi izolyasiya todbirlori hoyata kegirilir.
Bu tadbirlors asagidakilar daxildir: yuyulma,
qizdirilma, izolyasiya Ortiiyliniin ¢okilmasi,
aliminium listin baglanmas1 vo bosluqlara
poliuretan doldurulmasi.

_— : ST

———

Sakil 4. Lentvari izolyasiya olunmus borular
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Sakil 5. Borudiizon gami daxilinda
qaynagq islori

Qaynagq islari: Magistral boru komorlori-
nin Beynolxalq vo Milli standartlara uygun
olmasi ti¢iin yiiksok keyfiyyatli qaynaq islori
aparilmalidir. Buna goro do boru komorinin
insasinda qaynaq islorino va istifado olunan
materiallara xiisusi onom verilmolidir. Asagi-
da gostorilon elektrik qdvs gaynaq tsullari,
magistral borularin birlogdirilmasinds totbiq
edilon metodlardir:

1. Ortiiklii elektrodla ol ilo qdvs qaynagi;

2. Miidafis gazlar1 miihitindo yarimavtomat
vo avtomat qaynaq (Arqon);

3. Fliis altinda avtomat gaynagq.

Ortiklu elektrodlarla qévs gaynagla-
ri: Ortiiklii elektrod ilo montaj formasi asagi-
daki1 sokildo gostarilib:

Komiir elektrod

Doldurucu

Carayan manbayi

Qaynaq vannasi

¢ubuq
/‘ I
\\\

Sakil 6. Qovs qaynagi

Elektrodun ¢cubugu 6, elektrod qovsiiniin
7 istiliyi tosirindon oriyir vo metal 8 qaynaq
vannasina damcilar halinda yénolir. Ortiik
materiali 5 aridikdo, qdvs konarlarinda qoru-
yucu qaz atmosferi 4 vo orimis metal tizorin-
do posa vannasi 3 yaranir. Qaynaq vannasin-
daki metal vo posa siiratlo soyuma x{isusiy-
yatina malikdir. Naticado gaynaq tikisi 1 vo
onun iizorindo barkiyan posa gabigi 2 amolo
galir.

Miidafis qazlar1 miihitinds avtomat
gaynaq: Bu Usulda argon, helium kimi inert
gazlardan, karbon qazi, azot kimi faal qazlar-
dan, bazi hallarda isa qarisiq torkibli gazlar-
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dan istifado edilir. Arqon (4,) vo karbon
qaz1 (CO,) sonaye saholorindo genis totbiq
olunur. Bu gazlar metallarda holl olmayan,
rongsiz vo havadan agir qazlardir.

Sixilmis qaz halinda saxlanma: Arqonun
saxlanilmasi 15 MPa tozyiq altinda polad ¢al-
loklords icra edilir. Karbon gazi iso 5-10 MPa
tozyiq altinda gorunur. Argon qévs qaynagi
hom orimoyon, hom do oriyon elektrodlarla
aparila bilar. Qaynaq edilon metalin galinligi-
na goras elektrod secimi:

- 1.5 mm-don galin metallar1 qaynaq edor-
kon oriyan elektrodlar,

- 1 mm-don nazik metallarin gaynaq prose-
sindos isa arimayan elektrodlar totbiq olu-
nur (sokil 7).

Sakil 7. Argon-qovsli gaynaq sxemi

Orimoyan elektrod vasitasilo gaynaq: Bu
tisulda qazyandiricinin 4 daxilinds volfram
elektrod 3 yerlosdirilir vo arqon qazi qazyan-
diricidan buraxilir. Elektrod vasitosilo qay-
naq aparilan metal sothi arasinda qovs alov-
landirilir. Qatqr metali 2 qovs hissasing yo-
noldilorak, tikis metalinin konarlarini doldur-
maq Ui¢lin istifado edilir.

Miidafio qazlar1 miihitinds yarimavto-
mat qaynaq: Qalin divarli momulatlarin qay-
naq edilmasi iigiin arqon qOvs qaynaq tsulu
karbonlu va legirlonmis poladlar, aliminium,
titan, eloco do magnezium osash arintilor iigiin
totbiq olunur. Karbon qazi miihitinde qaynaq
prosesi yarimavtomatlagdirilmis vo tam avto-
matlagdirilmis qurgular vasitasilo hayata keci-
rilir (gokil 8).

Qaz qaynagi: Qaz gaynaq prosesi za-
mani qaynaqlanma zonasi orimo temperatu-
runa godor yuksak istiliklo qizdirilir (sokil 9).
Metal sathinin kanar hissalari 1 vo qatqu
maftili 2, qazyandiricidan 3 ¢ixan gaz alo-
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vu 4 vasitasilo aridilir. Qaz alovu, yanici ga-
zin oksigen miihitindo yanmasi naticasinds
yaranir.

Sakil 8. Karbon qazi miihitinda
gaynag sxemi
Karbon qazi miihitinda qévslii yarimavtomatik
qaynaq qurgusunun sxemi:
1-gaynaq carayani moanbayi; 2-qaz va elektrik
ticiin yandwici; 3-elektrod mofftili darticist
mexanizmi; 4-rotometr (sarfiyyat 6lcon);
S-reduktor (hamisa qaz quruducu reduktordan
sonra yerlasdirilir); 6- karbon qazi ii¢iin balon.

Qaz qaynaq islarinin taskilinda injek-
torlu qazyandiricilardan istifado olunur
(sokil 10). Bu qurgular asagi tazyiqls islayir
ki, bu da onlar1 daha tohlikasiz edir. Mahz bu
sobobdon injektorlu qazyandiricilar genis
totbig sahasino malikdir.

J /Q(lll]l maftil

/ / Qazyandirict
: w £

Qaynaq olunan
metal

e * S

Sokil 9. Qaz qaynagi sxemi

Sokil 10. Injektorlu qaz yandirici.

Fliis altinda avtomatik qaynaq: Bu
gaynaq usulu ortuksuz elektrik moaftili ilo
hoyata kegirilir. Fliis altinda avtomatik
gaynaq prosesinda hom elektrod maftilinin
verilmasi, hom do qaynaq tikisi boyunca
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harakati avtomatlagdirilmis vo mexaniklog-
dirilmisdir. Fliis altinda avtomatik qaynaq,
xususilo wuzun tikislarin birlasdirilmasi
dcin samarali hesab olunur (sokil 11).

Sakil 11. Fliis altinda avto qaynagq.

Aparici 5 va sixici 4 diyircaklor vasitasilo
elektrod moftili 3 otiiriiliir. Bunkerdon 1 golon
fliis gati, gaynaglanan metalin 7 konar his-
solorini doldurur. Qaynaqlama zamani elek-
trod moftili, corayan kegirici 6 vasitasilo cors-
yan monbayina qosularaq elektroda cevrilir.
Elektrod moftili il birlogdirilon metal araligin-
da qovs 11 yanir. Bu zaman fliis gat1 8 altinda
orimis metal vannasi 10 vo onun tistiinds ari-
mis posa 9 formalagir. Sorulma prosesi natico-
sinda, xortum 2 orimomis fliis qatin1 bunkere
gaytarir. Qapali qaz boslugu 12 iso qovs Sa-
hasinds yaranan buxardan omalo golir.

Qaynaqglama prosesinds, temperaturun
geyri-barabar paylanmasi, birlosms tikisi zo-
nasinda yaranan istilik naticasindo bas veran
fiziki-kimyovi doyisikliklor, qaynaq hissasi-
nin asas metalin xassolorind uygunlagsmasini
cotinlogdirir. Buna goro do qaynaqlama
oncasi metal qizdirilmalidir (sokil 12).

Sakil 12. Qaynaq islorindan avval
borunun kanarinin hazirlanma prosesi.
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Bu proses konar hissalorin bucaq altinda
ayrilmasi, galinlasdirilmasi vs ara boslugunun
formalagdirilmasindan ibarotdir (sokil 13).
Orimanin garsisini almag t¢in galinlagdiriima
aparilmadan, tam gaynaq olds etmok dgln isa
digar iki Usul totbiq edilir.

»
25

pd B

Sokil 13. Qaynaq olunan hissalarin
kanarlarinin galinligindan
astli olaraq hazirlanmasi sxemi.

Qaynaqlama islorindon sonra keyfiyyatin
yoxlanilmasi tigiin testlor hoyata kegirilir. Bu
mogsadle, Krowler Rentgen cihazi istifado
edilir. Krowler Rentgen cihazinin timumi go-
riniisii asagidaki sokildo (sokil 14) togqdim
olunmusdur. Daniz soraitinds iso gomids apa-
rilan gaynaq islorinin keyfiyyotini RotoScan
Paulis cihazi ilo yoxlayirlar (sokil 15).

Sokil 15.
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NOTIiCO

Doniz akvatoriyalarinda yerlogon yatag-
lardan ¢ixarilan neft vo neft mohsullarinin bo-
ru komarlori vasitasilo nagl edilmasing tistlin-
lik verilmosinin asas moagsadi, dasinma pro-
sesinin fasilosiz vo mévsiimdon asili olmadan
davam etdirilmasini, hamg¢inin ekoloji cohot-
don tohliikasizliyinin tomin olunmasini tomin
etmokdir. Sualt1 komorin ¢okilisi zamani, la-
yiholondirma islari gargivasindo trassa segGi-
mindo miivafiq kriteriyalara riayat edilmasi
zaruridir. Borularin agirlagdirilmasi {igiin tot-
biq edilon beton ortiik aqressiv miihito uygun
olmali vo bu moagsadls slakliportland 500
markal1 sementdon istifads edilmolidir.

Borularda aginma vo deformasiyanin qar-
sisin1 almaq T{cilin beton Ortiik totbigindon
ovval vo sonra izolyasiya islori aparilmalidir.
Lentvari izolyasiya qizdirilaraq totbiq edilmoli
vo ya maye halinda olan izolyasiya materiallar
istifado olunmalidir. Qaynaq islori istonilon
tisul vo saraitds standartlara uygun icra edilmo-
lidir. Qaynaq prosesindon avval boru halgosi
yonulub hazirlanmali, temperatur forqinin ya-
ranmamast li¢lin boru avvalcadan qizdirilmals,
daha sonra qaynaq icra olunmalidir. Qaynagin
keyfiyyatinin yoxlanilmasi vo miivafiq qeydlo-
rin aparilmasi vacib hesab edilir.
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XULASO

Boru kemari ilo naqlin ustiinliiklori vao
ohomiyyati, otraf miihitin qorunmasi moaqso-
dils ekoloji tadbirlarin prioritet hesab edilma-
si, xarclarin normativ ¢arcivada saxlanilmasi
vo movsiimdon asili olmayaraq fasilosiz nog-
lin tomin olunmasi ilo bagli miioyyan edil-
misdir. Noqgl tisullar1 arasinda an somorali he-
sab olunan boru komaori vasitasilo nogle xiisu-
si 6nam verilmisdir. Boru kemorinin layiho-
londirilmasi morhoalasinds, istismar zamani
tomir iglorinin toskili vo tikinti liglin ayrilan
kapital sormayonin optimal istifadesi osas
Kriteriyalardan biri saylir.

Acar sozlar: neft boru kamari, nagl Usu-
lu, beton Ortiik, izolyasiya tadbirlari, gaynag
islori.

PE3IOME

OnpeneneHsl NperMyIecTBa U BaKHOCTh
TpyOOIIPOBOTHOTO TPAHCIIOPTA, MPUOPHTH3A-
IS SKOJIOTUYECKUX MEPONPHATHIL IO OXpaHe
OKpY’KalOIeH Cpeapl, yaepXKaHWe 3aTpaTr B
HOpPMaTUBHOM 0a3e 1 obecriedeHre HenpephbIB-
HOCTH TPaHCTIOPTHPOBKH HE3aBHCHUMO OT CE30-
Ha. Ocoboe 3HayeHHe ObLIO YIENeHO TpaHC-
MIOPTHPOBKE O TPYOOIIPOBO/LY, KOTOpasi CUH-
TaeTca HamOosnee 3((EeKTUBHOI cpenu cro-
co00B TpaHCHOPTUPOBKH. OHUM U3 OCHOB-

UOT 658.656.13

HBIX KPHUTEPUEB SIBIISICTCS ONTHUMAJBHOE WC-
MOJIb30BaHKME KANMTAJbHBIX BIIOYKCHHI, HaIl-
paBIISIEMBIX Ha CTPOUTEILCTBO M OOCITYKHBa-
HHE TPYOOIIPOBOIa HA ATAIe MPOCKTHPOBAHUS
TpyOoIpoBoOIa.

Knroueewle cnoswt. negpmenposoo, cno-
cob mpaHcnopmupoexu, OemoHHoe NOKpbl-
mue, U30JAYUOHHbIE MEPONPUSMUSL, C8APOY-
Hble pabombi.

SUMMARY

The advantages and importance of pipe-
line transportation, prioritization of environ-
mental measures to protect the environment,
keeping costs within the regulatory frame-
work and ensuring continuous transportation
regardless of the season have been determi-
ned. Special importance was given to trans-
portation through the pipeline, which is con-
sidered the most efficient among the trans-
portation methods. One of the main criteria is
the optimal use of the capital investment allo-
cated for the construction and maintenance of
the pipeline during the pipeline design stage.

Key words: oil pipeline, transportation
method, concrete coating, insulation measu-
res, welding works.

Moagalaya AzMIU-nun “Meliorasiya
Va SU taSarriifat tikintisi” kafedrasinin
dosenti ©.C. Mammadov ray vermisdir.

CUMSUDOV S.Q., HUSEYNOV V.Z.

Azorbaycan Respublikasimin Prezidenti yaminda Déviat Idaracilik Akademiyast

AVTOMOBIL NOQLIYYATI SISTEMINDO iDAROETMONIN TOSKILi VO
TONZIMLONMOSININ TOKMILLOSDIRILMOSININ OSAS ISTIQAMOTLORI

Molum oldugu kimi 1940-c1 illardon
1990-c1 illadok 6lkadoki avtomobil nagliyya-
t1 tosorriifatlar1 Respublika Avtomobil Nog-
liyyati nazirliyi torafindon idaro olunurdu.
Regionlar vo iqtisadi rayonlarda yerlosdiri-
lon, formalasdirilan avtomobil tosarriifatlari-
nin 6lkonin inkisafinin stiratlondirilmasinda
rolu inkaredilmozdir.
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Avtonagliyyatin ham mistaqil (birbasa),
hom dos qaris1q dasimalari nazors alarag onun
idarsedilmasi fundamental elmi naticalora
osaslanmalidir. Kond tosorriifati sistemindo
masinlarinin istifadasinds do avtomobil nag-
liyyati vasitalori totbiq edilir.

Avtomobil nogliyyati sisteminda tosorrii-
fatlarin idarsetmo sturukturunun toskili vo
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tonzimlonmasinin tokmillosdirilmasina goyu-

lan toloblor asagidakilardir:

— Avtomobil naqgliyyati sisteminin idaroset-
ma strukturunun togkili vo tonzimlonmasi-
nin tokmillagdirilmasi ilo olagodar kom-
pleks todbirlorin islonib hazirlanmasinda
elmi-texniki toraqqginin nailiyystlori vo ob-
yektiv igtisadi qanunlarin taloblori nozars
alimmalidur.

— Avtomobil nagliyyati sisteminin idaroet-
mo strukturunun taskili va tonzimlonmasi-
nin tokmillagdirilmasi ilo olagodar kom-
pleks todbirlorin islonib hazirlanmasinda
avtomobil nogliyyati sistemina Vo onun to-
sorrifatlarina bir tam halinda kibernetik
sistem kKimi baxilmalidir. Bu halda kiber-
netik sistemin butln xassalari avtonagliy-
yat1 sistemina vo onun bitln tosorrifatla-
rima samil edilmolidir. Demoli, sistemin
bltun elementlori qarsiligh alagoads olub,
biri-birino qarsiligh tasir gostorirlar. Siste-
min har hansi bir elementina gostorilon to-
sir onun batin digar elementlarina mux-
tolif dorocads kegir. Sistemin ayri-ayri ele-
mentlorinin parametrlori tam sistemin pa-
rametrlorindan forglidir. Tam sistemin so-
moroaliliyi onun ayri-ayri elementlorinin
somoaraliliyindon asilidir.

— Avtomobil nogliyyati sisteminin idaroet-
mo strukturunun toskili vo tonzimlonma-
sinin tokmillogdirilmasi ilo olagodar texni-
ki-texnoloji, toskilati, ideya-tarbiyavi, psi-
xoloji, fizioloji, sosial-igtisadi amillarin
tosiri noazors alinmahdir.

— Avtomobil noqliyyati sistemindo elmi-
texniki toragqginin nailiyyatlorinin (yeni
texnika vo yeni texnologiyanin) totbiqi
mutomadi olaraq hoyata kegirilmalidir.

Toskilati amillor nozora alinarkon avto-
mobil nagliyyati sisteminda tolob olunan ka-
drlarin hazirlanmasi, onlarin mogsadsuygun
yerlosdirilmasi va somorali istifado olunmasi
diggst markazinds olmalidir.

Respublika naqliyyatinin  innovasiya
strategiyasinin vo Xidmotin rogabatgabiliy-
yatliliyinin yuksaldilmasinin idars edilmasi,
planlasdirilmasi va toskili ilo alagadar omok-
cilorin sosial-madani vo manzil-maisot sorai-
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tinin beynolxalq standartlara uygun yaxsilas-

dirilmasi tgiin tolob olunan har ciir sorait

yaradilmalidir.

Respublika noaqliyyatinin  innovasiya
strategiyasinin vo Xidmatin rogabstqabiliy-
yatliliyinin yuksaldilmasinin idara edilmasi,
planlagdirilmasi va togkili ilo olagodar omok-
cilorin amali faaliyysti maddi vo monavi co-
hotdon stimullasdiriimalidir. ©mak haqq: for-
ma Vo sistemlorinin diizgln secilmasi, amoak
soraitinin beynalxalq standartlara uygunlas-
dirilmasi, amak hagqqinin tarif sisteminin tok-
millagdirilmasi, habelo, miikafatlandirma sis-
teminin genis totbigi digget morkazinds ol-
malidir. Bununla yanasi gabaqcil amokgilarin
monavi stimullasdiriimasi ilo slagadar kom-
pleks ideya-tarbiyavi tadbirlor géralmalidir.
— Respublika naqliyyatinin innovasiya stra-

tegiyasinin va Xidmatin rogabatqgabiliyyat-
liliyinin yuksaldilmasinin idara edilmasi,
planlagdirilmasi va toskili ilo alagadar ucot
sisteminin tokmillosdirilmasi, beynolxalq
standartlara uygun amoli-texniki, mihasi-
bat, statistik vo idaroetmo ugotunun tok-
millosdirilmasi diggat markoazinds olmali-
dir.

— Avtomobil nogliyyati sistemindo idars-
etmo strukturunun taskili vo tonzimlonmo-
sinin tokmillosdirilmasi ilo slagadar gabul
edilocok idaraetmo, toskiletma vo plan-ig-
tisad gorarlarinin goxvariantli oldugu no-
zoro alinmalidir. Odur ki, bu qorarlarin
igtisadi-riyazi modeli qurulmali, miimkiin
olan saysiz-hesabsiz variantlardan on yax-
s1s1, yoni optimal variant se¢ilmalidir.

— Avtomobil nagliyyatt sistemindos idaroet-
ma strukturunun taskili va tonzimlonmasi-
nin tokmillosdirilmasi ilo slagadar qorar-
lar gobul edilorkan saha va orazi amillori
nozors alinmalidir.

— Avtomobil naqliyyati sisteminds idaroet-
ma strukturunun taskili va tonzimlonmasi-
nin tokmillasdirilmasi ilo slagadar gabul
edilacok gorarlar iqgtisadi cohatdon somo-
rali olmalidir. Qabul edilocok gorarlar ig-
tisadi cohotdon molum metodikaya goérs
osaslandirilmalidir.

1. Otraf mithitin qorunmasi va ekoloji tahli-
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kasizliyin tomin edilmasi. Avtomobil nag-
liyyat1 sisteminda hor bir tosorriifat Uzrs
cari vo strateji biznes-plan islonib hazirla-
narkon otraf miihitin qorunmasi va ekoloji
tohlukasizliyin tamin edilmasi ils slagodar
kompleks todbirlor planlagdiriimalidir. Bu
todbirlorin hayata kegirilmasina  xususi
ekologiya grupu noazarat edeir vo ayliq,
riibliik, yarimillik vo illik hesabat verir.

2. Avtomobil nogliyyati sisteminds yik vo
sornisin dagimalarinin planlasdirilmasi ilo
olagodar cari vo strateji biznes-plandaki
todbirlor biri-biri ilo tam uygunlasdiriima-
Iidur.

— Avtomobil naqliyyati sistemindo idaroet-
monin toskilat: strukturunun tokmillosdi-
rilmasi va biitévlikds nogliyyat sisteminin
igtisadi inkisafi 6lkenin resurslarina uy-
gunlugu tomin edilmolidir.

— Avtomobil nogliyyati sistemindo idaroet-
ma strukturunun tokmillosdirilmasinda,
kollektivin idara edilmasinds insan amili-
nin oncllliyd vo sosial adalat prinsipi na-
Zoro alinmalidir.

— Atomobil naqliyyati sistemindo tosorrifat-
larin saroncaminda olan tabii, material-
texniki, enerji, omok vo maliyys resurs-
larinin somoarali istifado olunmasi metod-
lar1 tokmillagdirilmalidir. Bu mogsadlos lo-
gistika vo onun osas prinsiplori genis is-
tifado eilmalidir.

— Avtomobil nogliyyatinda idarosetmanin
tokmillagdirilmasi  kompleks tadbirlori
bltovlikds vahid nogliyyat sisteminin di-
gor nagliyyat novlorindoki tadbirlorlo gar-
sihiglt olagads hayata kecirilmalidir. Belo
ki, nogliyyat novlorinin isinin qarsiliql
alagalorinin  somoraliliyi tomin edilmis
olsun. Bu moagsadls logistika va onun asas
prinsiplorina amal edilmalidir. Belaliklo,
an yeni texnologiyanin tatbigine osaslan-
mis logistikanin osas prinsiplori (kom-
plekslilik, elmilik, doqiqglik, sistemlilik,
tohliikasizlik, variantliliq, layihalondirma,
etibarliliq) nazaros alinmalidir.

Logistik prosesds istifads olunan resurs-
larin oan az (minimum) xarclorlo 6tlrdlmasi
tolob olunur.
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— Avtomobil nagliyyati sisteminin inkigaf
strategiyasi islayib hazirlayarkon 6lkanin
isteshal saholarindaki texniki vo texnoloji
inkisaf saviyyasi nazors alinmalidir.

— Avtomobil nagliyyat1 sistemindo idaroet-
mo strukturunun toskili vo tonzimlonmasi-
nin tokmillosdirilmasi ilo slagadar todbir-
lor iglonib hazirlanarkon soxsi, kollektiv
va dovlat (lmumxalg) monafelari nozara
alimmalidir.

— Avtomobil nagliyyat1 sistemindo idaroet-
mo strukturunun taskili va tanzimlonmasi-
nin tokmillosdirilmasi ilo slagadar todbir-
lorin hoyata kecirilmasina nozaratin togkili
Vo icranin yoxlanilmasi digqat morkazinds
olmalidir. Avtomobil nogliyyatinda dasi-
malarin fasilasizliyina dovlst nazaratinin
toskili do dasimalarin somoraliliyinin yik-
saldilmasins imkan yaradir.

Logistik prinsiplor nozors alinmagla res-
publikanin avtomobil nagliyyati sistemindo
idarsetmonin togkili vo tonzimlonmosindo
beynoslxalq standartlarin totbiqi diggot mor-
koazinds olmalidir. Odur ki, avtomobil nagliy-
yat1 sisteminda yaradilacaq elmi-istehsal bir-
liklorindo avtomobil nogliyyati sistemvasito-
lorinin somorali istifadasi ilo yanast onlarin
texniki hazirhiginin tomin edilmasi ti¢lin an
zoruri infrastrukturlar qurulmalidir. 9slinda
bu infrastrukturlar avtomobil noqliyyati vasi-
tolorinin texniki sazligini tomin etmali vo bu
159 goro mosuliyyst dasimalidirlar.

Elmi-texniki toraqqinin miiasir toloblori
osasinda tamamiils yeni elmi-texniki
standartlar islonmali vo hoyata kegirilmalidir.
Bu mogsadlo avtonaqliyyat istehsal birliyi
avtonoqliyyat sirkotlori ilo tosorriifat miiqavi-
lasi asasinda ¢ox ohomiyyatli vo somarali la-
yiholor isloyiv hoyata kegirmolidirlor. Belo-
likla, elmi-istehsal birliklori asagidaki layiho-
lor {izra cari vo strateji is planlari isloyib ha-
zirlamalidirlar. Bu planlarin nozori asaslari
ilo yanasi texniki-texnoloji toqvim planlar
islonmolidir. Bu texniki-texnoloji tominati,
kadrlara laminati, totbiqi ilo alagodar maliyya
tominat1 hazirlamagqla bu islorin totbiqi miid-
doti vo iqtisadi somarsliliyi miioyyan edilma-
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lidir. Burada osasli vasait qoyulusunun 6do-

nilmo miiddati va isin totbiqindon alds edils-

cok illik igtisadi somara (pul ifadesinds) mii-

ayyan edilmoalidir. ©lagodar nazirliklarin mi-

toxossi assosiyasi (heyati) torofindon layiho-

lar vo onlarin iqtisadi samaraliliyi qiymatlon-
dirilmalidir.

Avtomobil nogliyyati sistemindo idaroet-
moanin togkili vo tanzimlonmasinin tokmillos-
dirilmasi istigamatlori osason asagidaki kimi
ifads edils bilor:

— Avtomobil naqgliyyat1 vasitlalorin vo avto-
mobil nagliyyati miiassisolorini yerlagdi-
rilmasinin nozari asaslari;

— Avtomobil nagliyyat: vasitlolorin va avto-
mobil naqliyyati miiassisalorinin 6lkadas,
regionlarda vo sohiorlords yerlogdirilmaosi
sxeminin islonmasi vo asaslandiriimasi;

— Avtomobil noqgliyyati vasitlolori ilo digor
noqliyyat novleri isinin olagoalondirmo
sxeminin islonmasi vo asaslandirilmasi;

— Yik dagimalarinin naqliyyat novlori ara-
sinda boliisdiiriilmasinin asaslandirilmasi;

— Sornisin dagimalarinin naqgliyyat ndvlori
arasinda boliisdiiriilmasinin osaslandiril-
masi;

— Avtomobil noqgliyyati miiossisalorinin isi
ilo naqliyyat qovsaqlari isin olagoalondiril-
mosi sxeminin iglonmasi vo osaslandiril-
mast;

— Kiitlovi yiiklorin yiiklomo vo bosalma
montagalorindo avtomobillorin isi yiiklo-
mo vo bosaltma texniki vasitolorinin isi ilo
olagolondirilmalidir;

— Domiryolu stansiyalarinda, doniz vo hava
limanlarinda avtomobillorin homin mon-
togolordon hom yiik, hom do sornisin dasi-
malarinda bos dayanmalara yol verlme-
molidir;

— Paromla dagimalarda da bir ne¢o naqliyyat
noviiniin istirakinda ritmiklik tomin edil-
moklo bos dayanmalara yol verilmomo-
lidir. Bu isdo avtomobil naqliyyati vasito-
lori xiisusi ohomiyyat kas edir;

— “Tasis” programi iizra azoirbaycanin nag-
liyyat vo rabito olagolorinin genislondiril-
mosi diqgat morkozinds olmalidir.

— “Baki-Astara” domir yolunun Qazvinas qo-
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dor (Iran) qodor uzadilmasi vo buradan da
Azorbaycanin Yaxin Sorq 6lkelori ilo nog-
liyyat-ticarat olagalarinin inkisafi layihosi
hoyata kegirilmolidir;

— Azorbaycan Naxgivan torofdon Tiirkiya ilo
domiryolu va diger naqliyyat olagalarinin
daha da inkisafi sahasindo islor goriiliir;

— Layiholordon biri do iran orazisinden Ho-
rodizden Ordubada gqador domir yolunun
¢okilisi (Meqridon konar) vo buradan da
Tlrkiyayo ¢ixi¢ nozords tutulmusdur.
Bunlarla yanasi beynolxalq hava yol-
larinin iqtisadi cohatdon olverigli masstab
almaqdadir. Odur ki, avtonaqliyyatin isi
ila naqliyyat névlarinin isiin alagolondiril-
moasinin tokmillogdirilmasi bir sira elm-
metodik mosalalirinin hallini tolob edir.
Belo ki, naqliyyat masalalrinin hallinin
prinsip vo metodlarinin iglonmasi zoruri
moasalo kimi qarsiya qoyulur.

Nogliyyat ndvlorininiginin on samaorali
formada olagolondirilmosinin  elmi-nazari
prinsiplori bunlardir:

— dasimalara olan tolobatin 6donilmasi;

— saho vo istehsal-orazi idaraetmonin uzlag-
dirilmasi;

— qonaatgilik;

— fasilosizlik;

— proporsianalliq;

komplekslilik;

soxsi, kollektiv vo limumxalq menafels-

rinin olagolondirilmasi;

omalilik va perspektivlilik;

— limumxalq somoraliliyi.

Dagimalarin somorali togkili, planlasdi-
rilmasi1 vo amoli idaroedilmasi nagliyyat qov-
saqlar1 iginin tokmillosdirilmasini tolab edir.

Azorbaycan naqliyyat sisteminin idaro-
edilmosi sxemi iglonmoli vo layihalondiril-
molidir. Bu layihads (nagliyyat qovsaqlari ilo
olagodar) qarisiq dasimlarin sxemlori 6z ok-
sini tapmalidir. Nagliyyat qovsaqlarinda qa-
r1s1q dasimalarin sxemlori ilo yanasi yiiklo-
mo-bosaltma iglorinin yerino yetirilmo sxemi
va bu sxemla (naqliyyat govsaginda istifado
olunan) yiikloma-bosaltma mexanizmlari 6z
oksini tapmalidir. Bels ki, noqliyyat qovsaq-
larinda istifads olunan yiikloma-bosaltmama-
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sin vo avadanliglarin totbiqi asaslandiriimali-

dir.

Baki gohorindo formalasmis noqliyyat
govsaglarinin isi Baki Beynolxalq Daniz Ti-
carot Limani ilo olagedar olmalidir. indiye-
dok bu liman Azarbaycan Diinya Birliyi Ol-
kalari ilo noqliyyat-ticarat slagslarinin inki-
safinda miioyyen rolu olmusdur. Indi iso Bak1
Beynolxalq Doniz Ticaroat Limanin ikisafi ilo
olagodar 6lko bascisinin yeni soroncami bu
sahonin daha da boylik nailiyyatlor aldo et-
moasinag imkan vermisdir. Hal-hazirda Diinya
Birliyi Olkolori Baki Beynolxalq Daniz Ti-
carat Limani ilo alagoli foaliyyato soy goste-
rirlor. Bu sobabdon do hormotli preziden-
tinmiz Ilham Bliyev Baki Beynolxalq Doniz
Ticarst Limaninin inkisafi ilo olagadar yeni
forman1 beynslxalq ohomiyyst dasiyir vo
Olkomizin daha da genis somorali inkisafi
uciin yeni imkanlar yaranir.

Xiisusi geyd etmok lazimdir ki, Baki
Beynolxalq Daniz Ticarat Limaninin istirak-
cist (har bir naqliyyat ndviiniin rohbarliyi vo
mitoxassislori) limandaki ¢otinliyin tomin
edilmosindo mosuliyyot dasiyirlar. Nogliyyat
sisteminin birgo foaloyyatindo hor hansi bir
texniki nasazliglara yol vermalidirlor.

Nogliyyat qovsaqglarida istifado olunan
avtonogliyyat vasitolorino xiisusi toloblori
Baki Beynslxalq Doniz Ticarst Limani qa-
bagcadan rosmi bildirmis olur.

Baki Beynolxalq Daniz Ticarot Limani-
nin iginin tokmillosdirilmasinds Diinya Birli-
yi Olkalorinin bu sahads tacriibasi dyronilmo-
li va istifado edilmolidir. Digor rorafdon Baki
Beynolxalq Doniz Ticarit Limaninin idars
edilmosi fundamental elmi prinsiplora asas-
lanmalidir:

— marketinq todqiqatlar1 asasinda mohsulun
bazar tolobatlar1 dyronilmasi;

— elmilik, sistemlilik, komplekslilik, somo-
ralilik, gonaatlilik, optimalliq, saho vo ora-
zi amillorinin olagalondirilmasi, resursla-
rin somorali istifadesinin planlagdiriima-
sinda obyektiv iqtisadi qanunlarin tolablo-
rinin nozors alinmasi.

Yuxarida gostorilon prinsiblorlo yanasi
ekoloji tarazliq va atraf mithin miihafizasi ilo
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olgodar kompleks todbirlor islonib hazirlan-
mali vo hayata kegirilmalidir.
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Avtomobil naghiyyat: sistemindo
idaraetmanin taskili va tanzimlanmasinin
toakmillasdirilmasinin asas istigamatlari

XULASO

Magalads avtomobil nagliyyati sistemin-
do idara etmonin togkili va tanzimlanmasinin
tokmillosdirilmasinin oasas istigamatlori aras-
dirilmisdir. Burada avtomobil naqliyyatinin
garisiq dagimalarda vo Baki Beynolxalq Do-
niz Ticarat Limani ilo garsiligli alagolori hag-
qinda molumatlar verilmisdir.
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Acar sozlar: avtomobil nagliyyan, idaro-
etma, samoaralilik, kompleks yanagsma, sistem
yanasma, nazarat, elmilik, logistika, optimal-
lig.

OcHOBHBbIE HANIPaBJIEHUS
COBEPIIEHCTBOBAHUS OPraHU3alUN
U peryJupoBaHHe YNpaBJieHYeCKOil

JAesiTeJIbHOCTH B CHCTEMe

aBTOMOOWJIBHOI0 TPAHCIOPTA

PE3IOME

B nokmane paccMOTpeHbl OCHOBHBIC Ha-
MpaBJICHUSI COBEPIICHCTBOBAHUS OpraHU3a-
[IUU ¥ PEryJIHPOBAHUE YIPABICHUECKOM Jie-
SATEIILHOCTH B CUCTEME aBTOMOOMIIBHOTO Tpa-
HcropTa. PaccMOTpeHBI Tak k€ KOOpJWHA-
MU paboTa aBTOMOOMIIBHOTO TPAHCIIOPTA C
TPAHCIIOPTHBIMH Y3JIaMHU.

Knroueevrie cnosa: asmomobunvuwiil
Mpancnopm, ynpasienue, 3QpexmugHocmy,
KOMNAEKCHBIU NO0X00, CUCEMHbIU N00X00,
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KOHmMpOJlb, HAYYHOCNIb, Jocucmuka, onmu-
MAjlbHOCNb.

Main directions of improving the
organization and regulation of
management in the road
transport system

SUMMARY

The article examines the main directions
of improving the organization and regulation
of management in the road transport system. It
provides information on the interaction of
road transport in mixed transportation and
with the Baku International Sea Business Port.

Keywords: Road transport, manage-
ment, efficiency, complex approach, system
approach, control, scientificity, logistics,
optimality.

Magalaya AzTU-nun dosenti,
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SIRVANSAHLAR SARAY KOMPLEKSINO AID DAS KITABOLOR
UZORINDOKI YAZILARIN DEKODIFIKASIYASI VO BORPASINDA
SUNI INTELLEKTIN TOTBIQi IMKANLARININ OYRONILMOSI

Tarixi abidalor modoni irsimizin ayrilmaz
hissasidir vo onlarin Uzarindaki yazilar (epi-
grafik ornamentlor) hamin dovrin dini, siyasi
Vo moadani moanzarasini anlamagda muhim rol
oynayir. Malumdur ki, Azorbaycan osrazisinda
yuzlarlo gadim tarixi-madoniyyat abidslori var
onlar 6lkamizin zangin, gadim bir tarixa malik
olmasini subut edon asas gostaricilorindan bi-
ridir. Tarixin yazili yaddasi sayilan miixtolif
asarlar, salnamaloar vo kitablardan forgli olaraq
abidolar tariximizin das yaddasidir. Adaton ta-
rixi abidalorin dyranilmosi yeralt1 vo yerust
tarixi abidolor olmagla iki istigamotdo aparilir.
Oldugca maraqli vo saciyyavi haldir ki, Azor-
baycanin har iki ndv abidalori badii dekorativ
xususiyyatlori, ornament-naxis zonginliyi, kal-
ligrafik Ozolliklori baximindan zongin, forqli
6zlinamaxsus alamotlora malikdir [1].

Molumdur ki, oksar inkisaf etmis 6lkalords
oldugu kimi yeristu abidslorin insasinin on
muihim vo mohsuldar dovru orta asrlors tosa-
dif edir. Azorbaycan madaniyyati, adobiyyati,
musiqisi, homginin, xalgagiliq va dekorativ tot-
bigi senatin digar novlori orta asrlords inkisaf
edorok boylk dinyasvi ohamiyyat kasb etmi-
sdir. Bu ugurlar1 eyni zamanda Azarbaycanin
gadim vo osason orta osr memarlarinimn yarat-
diglart avozolunmaz, dinya memarhiginda vo
sohorsalmada 6ziinamaxsus yer tutan abidslori-
mizo do (Naxg¢ivandaki Momino Xatun (1186),
Qarabaglar (1162), Culfa yaxinligindaki Gii-
listan (X111 asr), Borda tirbolori (1322), Abse-
ronun midafio tikililori, Bakidaki Qiz galasi,
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Bayil qosri, Sirvansahlar sarayr (XV oasr), Al-
ban ddvrins aid lokid Kilsadag mabadlori, Sa-
max1 rayonunun Mirza kondindaki “Diri baba”
abidasi (1405), Araz ¢ay1 tizorindoki Xudafarin
korpilari (XI1 asr), Qazax rayonundaki Siniq
korpl (X1 osr), Soki xan sarayr (XVIII asr),
Susa sohorinin abidalori (XVIII asr)) samil et-
mok olar [2].

Yuxarida qeyd edildiyi kimi Orta osr
Azorbaycan memarliq abidalorinin on mihim
xususiyyatlarindan biri onlarin tizorinds haokk
olunmus yazilarin 6ziinamaxsus matn vo kal-
ligrafik cohotloridir. Xususilo, dini abidslor
Uzoarindo islonmis dini, hondasi vo nabati orna-
mentlor abidalorin yuksok badii dayarini mu-
ayyan edan asas amillordon biridir. Lakin za-
manla iglim tasirlori, miharibalor vo insan fo-
aliyyati noticasindo bu yazilar vo ornamentlor
zodolonmis, bazi hissalori isa tamamils silin-
misdir.

Azorbaycan Orta osr memarliq tarixinin an
miihiim abidoalorinden biri Baki sohor Igarisohor
tarixi memarliq Qorugu orazisinds yerlason Sir-
vangahlar Saray kompleksidir. Saray komplek-
si. X1 asrdon XVI asra gadar miiddat arzinda
tikilib. Saray daxil olmagla bazi binalar XV as-
rin avvallarinds, Sirvansah | Xalilullahin haki-
miyyati dovrinds tikilib. Osmanli imperiya-
st Bakini olo kegirondo saray orazisinds onu
sorqdon ohato edon saray divar ilo Sultan 111
Muradin adim1 dagtyan darvaza tikilib [3-7].
1964-cl ilds saray kompleksi "Sirvansahlar Sa-
ray1 Kompleksi" Dovloat tarixi-memarliq qorug-
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muzeyi elan edildi. 2000-ci ilds unikal memar-
lig vo modoniyyat kompleksi Baki soharinin
gala divarlart ilo ohato edilmis tarixi hisSasi —
Icarisohor va Qiz qalast ilo birlikdo UNESCO-
nun Umumdiinya irsi siyahisina daxil edildi.
2001-ci ildo Sirvansahlar sarayr Azorbaycan
Respublikas1 Nazirlor Kabineti torafindon di-
nya shomiyyatli memarliq abidasi kimi geydiy-
yata alindi. Miiasir dovrdo Sirvansahlar sarayi
Azorbaycan memarliginin incisi hesab edilir.
Digar milli madaniyyat abidslorinin yasadigi
taleyi tobii ki, Sirvansahlar sarayr da yasamis
Vo tarix boyu ciddi dagintilara moruz qalmisdir.

Molumdur Ki, 1723-cu ildo Baki sohori |
Pyotrun ordusu torafindon mihasirs olundu va
top atosino moruz qaldi. Bununla slagadar ola-
raq saraym conub-sorqi fasadi ziyan goriib.
Rusiya horbi nazirliyi saraydan tochizat anbari
kimi istifados etdiyi illords kegirdiyi tomir islo-
ri zamani dagilmus hissalorin barpasi ilo birlik-
do sarayin restavrasiyasi tictin 6nomli olan bir
sira detallar mahv oldu. Bu doévrds Bakida-
k1 Rus Pravoslav Kilsasi yerindo Baki kafed-
rali tikmok ti¢iin saraymn sokiilmasina nail ol-
maga calisdi. Ancaq bu xahis ¢ar hokumoti
organlar1 torafindon 0 sobobo gors rodd edildi
ki, saray otaqlar1 bdyiik anbarlar kimi istifado
edilir. 1918-ci il 31 mart soyqirimi zamani Sir-
vansahlar saray1r ziyan gordii. Ermonilorin at-
dig1 top moarmilari Sah mascidinin minarasini
ciddi zodoladi. Mixtolif ciddi kinstruktiv mu-
daxilalor abidanin ziyan gérmasins sabab oldu,
Uzoarinds naxislar vo yazilar hokk olunmus bir
sira das kitabolor ya mohv oldu, ya da dagilib,
parcalanib yox oldu. Ornament vo yazilarin bir
hissasi tamamilo itirildi, galan hissalords isa
yazi vo ornamentlor demok olar ki, goriinmaz
hala galdi.

Azorbaycan Xalq Clmhuriyyati dovriinda
(1918-1920) memarliq abidalorinin todqiqi vo
geydo alinmasi tiglin bir ¢ox todbirlor hoyata
kecirildi. 1918-ci ilin sonlarinda memar-texnik
Ismayil bay Nabioglu torafindon cox yiiksok
soviyyados Sirvansahlar saraymin gertyojlart ha-
zirlandi. 1932-1934-cl illordo Azoarbaycan abi-
dolorin qorunmasi markozi idarasi Moskva do-
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vlot restavrasiya emalatxanalar il birlikds Bo-
ris Zasipkinin layihasi osasinda boyiik tomir-
restavrasiya iglori apardi. 1937-1938-ci illorda
arxeolog V.N. Leviatovun rahborliyi ilo saray-
da arxeoloji qazintilar aparildi vo XII-XV asr-
lora aid bir cox nimunalar tapildi. 1945-ci ilds
saray ansamblinin arazisinds V.N. Leviatov to-
rofindon hoyata kegirilon arxeoloji qazntilar
zamani movcud abidalorin bindvralarinin gox
dorininds bir zamanlar six maskunlagsmanin ol-
dugu yasayis moskoni tapildi. Keramika mo-
mulatlarmin fraqgmentlori vo sikkolor yasayis
maskaninin VII-IX asrlors aid oldugunu gos-
torirdi. 1960-c1 ildo saray memarliq qoruguna,
1964-cl ildo "Sirvansahlar Saray1 Kompleksi"
Dovlat tarixi-memarliq qorug-muzeyins ¢evril-
di. 1992-ci ildo saray kompleksinin yeni restav-
rasiya isi bagladi vo 2006-c1 ildo tamamlandi.

Sirvansahlar Sarayr Azorbaycanin an 0no-
mli memarliq abidalarindan biri olmagla yana-
s1, lizarindoki epiqrafik yazilar vasitosilo dov-
rin estetik va dini dayarlarini aks etdiran nadir
nimunalordan biridir. Bu yazilarin orijinal for-
masint dagiglesdirmak, qoruyub saxlamaq vo
borpa etmok iso muasir dovrds yeni texnologi-
yalarin tatbiqini zaruri edir.

Aragdirmalar gostorir ki, son dévrlords bi-
tln dinyada godim memarliq abidalari Gizarin-
do yazilarin va ornamentlarin oxunmasi va bar-
pasi istigamatinds aparilan islorda stni intel-
lektin totbigino bdyuk ©nom verilir [8-17].
Gostoarilir ki, rogomsal texnologiyalarn totbigi
barpa islorinin diizgun teskili {igiin avazolun-
maz vasitoyo cevrilmokdodir. Yazi vo orna-
mentlorin itmis hissalorinin barpasi, eyni za-
manda digor abidoalor Gizorindoki yazi vo orna-
mentlorlo operativ mugayisenin aparilmasinda
stini intellektin totbigi boyuk perspektivior vad
etmokdadir. Masalon, son illar bu istigamotdo
alds olunmus nailiyyatlor heyrat dogurur. Asa-
gida miixtolif olkalordo Si texnologiyalarinin
totbiqi ilo barpa edilmis bazi abidalorin nimu-
nalari taqdim olunur:

1. Fransa-Notr-Dam Katedrali: 2019-cu ildo
bas veron yangindan sonra Notr-Dam Ka-
tedralinin barpasinda Ubisoft sirkati "Assas-


https://az.wikipedia.org/wiki/I_Pyotr
https://az.wikipedia.org/wiki/I_Pyotr
https://az.wikipedia.org/wiki/Rus_Pravoslav_Kils%C9%99si
https://az.wikipedia.org/wiki/Mart_soyq%C4%B1r%C4%B1m%C4%B1
https://az.wikipedia.org/wiki/%C5%9Eah_m%C9%99scidi
https://az.wikipedia.org/wiki/Az%C9%99rbaycan_Xalq_C%C3%BCmhuriyy%C9%99ti
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sin's Creed Unity" oyunundaki detall1 3D
modellorindon istifads edarok virtual realliq
tocriibasi yaratdi. Bu, miitoxassislora kated-
ralin orijinal goriiniisiinii barpa etmokds ko-
mak etdi.

2. Italiya-Kolizey: Roma sohorindoki Kolize-
yin fasadinin tahlili Gglin Roma La Sapien-
za Universitetinin todgiqatcilar1 SI osash
gOriintii tanima texnologiyasindan istifado
etdilor. Bu, abidanin orijinal dizaynini daha
yaxs1 anlamaga vo borpa islorini doqgiq
aparmaga imkan verdi.

3. Vatikan — Miigoddas Pyotr Bazilikasi: Vati-
kan, Microsoft vo Iconem sirkatlori ilo
omokdasliq edarak, Miigaddas Pyotr Bazili-
kasmnimn SI texnologiyasi ilo yaradilmis ro-
gamsal akizini taqdim etdi. Bu layihs, bazi-
likanin virtual turlarini miimkiin etdi vo bar-
pa islorinda istifads Ugiin dagiq 3D model
tomin etdi.

4. Cin-Dunxuan Mogao Magaralari: Dunxuan
Mogao Magaralariin qorunmasi itictn Sl
texnologiyalar1 tatbiq edildi. Bu layihs, ma-
garalarin rogomsal sanadlogdirilmasi vo bar-
pasina yonoldi, abidonin galocok nasillor
tiglin gorunmasina komok etdi.

5. Turkiyo—Efes Artemis Heykali: Efes Arxeo-
logiya Muzeyindo, Efes Artemidasinin {iziin-
daki kigik toxunuslar SI vasitasilo barpa edi-
Idi. Bu yanasma, oasarin orijinal gorintsiini
yenidon canlandirmaga imkan verdi.

Madani irs obyektlorinin dyranilmasinds
muihim sahalordan biri boyik hacmds molu-
matlarin tohlili va sorh edilmasi ti¢iin masin 6y-
ronmoa alqgoritmlarinin istifadssidir. Bu cir al-
goritmlar konservasiya va barpa islorini plan-
lagdirarkon vacib alst olan materiallarin dav-
ranigt haqqinda gizli niimunolori askarlamaga
Vo prognozlar vermays imkan verir. Mirokkab
faktura vo naxislart tohlil etmoys gadir olan
yiksok doqiqglikli neyron sobokalorin istifadasi
modani irsin barpasi kontekstinda calbedicidir.
Onlar godim freskalari, mozaikalar1 vo digor
elementlori yiksok dagigliklo aragdirmaga va
borpa etmays kémok edir. Barpa tocriibasinds
digar miihiim rol materiallarin qocalma proses-
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lorini modellogdirmok vo onlarin galocok dav-
ranigini prognozlasdirmagq tiglin siini intellektin
istifadosidir. Bu, an hassas saholari mioayyan
etmoys vo mumkin zarorin qarsisini almaga
imkan verir, belalikls, daha effektiv gorunma
tomin edilir. Darin 6yranms, 0 climladan gene-
rativ roqib sobokoalor (GAN) barpa faaliyyatlo-
rinin daha doqiq planlasdiriimasini asanlasdi-
ran real yaslanma modellorini yaratmaga im-
kan verir [18].

Miisahidoalor vo odabiyyatlarin arasdirma-
lar1 gostorir ki, 6lkamizds bu istigamatds goru-
lon islar halo genis viisot almayib. Bir sira mu-
zeylordo rogomsal texnologiyalarin tatbigi ilo
Vizualizasiya islarinin tatbigi (masalon, Qobus-
tan Dovlot Tarixi-Badii Qorugu) toqdiralayiq
hesab edilsa do, mohz geyd etdiyimiz istiga-
motlarda stni intellektin tatbiqi ilo gérilon islor
elmi ictimaiyyati raz1 sala bilmoz. Eyni zaman-
da geyd etmok lazimdir ki, halo abidolor izo-
rinds itirilmis hissalorin, yazi vo ornamentlarin
barpasi ti¢iin hollini gozloyan ¢oxsayli maddi
moadaniyyat nimunalari mévcuddur.

Qeyd etmok lazimdir siini intellektin tot-
bigi hom do osya vo predmetlorin: keramik,
sliso, metal gablarin avvalki vaziyyatinin bar-
pasinda da oshamiyyatli rol oynaya bilor. Ona
g0ra do suni intellektin totbiqgi ilo Sirvansah-
lar Saray kompleksi orazisindo tapilmis das
kitabolor (izorindoki yazilarin dekodifikasiyasi
Vo borpast mosalalarin dyronilmasi oldugca
aktual elmi-nazoari vo praktiki masalodir.

Tadqgiqatin moaqgsadi tarixi-modani irsin
gorunmasi ti¢iin innovativ yanasmalarin vacib-
liyini vurgulamagq vo stini intellektin bu sahods
oynadigi rolu dayarlondirmakdir. Todgigatlarin
gedisindo hamginin tarixi yazilarin barpasinda
istifado edilon ananovi vo miasir metodlarin
mugayiso edilmasi, slni intellekt texnologiya-
larinin effektivliyinin vo totbiqi perspektivio-
rinin tohlili nazords tutulmusdur.

Qeyd edildiyi kimi Suni Intellekt (Al) vo
rogomsal rekonstruksiya metodlari, tarixi ya-
zilarin barpasinda inqilabi yeniliklor togdim
edir. Masin 6yronmasi, kompyuter gérmo tex-
nologiyalar1 vo 3D modellosdirma Kimi inno-
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vativ yanagmalar vasitasilo silinmis vo ya zo-
dolonmis epiqrafik ornamentlori barpa etmok
mimkiindiir. Bu yanasma yalniz tarixi abido-
lorin gqorunmasina deyil, ham ds onlarin golo-
cok nasillora oldugu kimi gatdirilmasina xid-
mot edir. Tarixi epiqrafikanin qorunmasi va
barpasi sahasindo miiasir texnologiyalarin tot-
bigi bu abidoanin orijinal gérkemini yenidan
canlandirmagq ti¢iin yeni imkanlar yaradir.

Arasdirmamizda 06.03.2025-10.03.2025-
ci il tarixlorinds Sirvansahlar saray kompleksi
arazisinds “Qadim Qurani-Karim kitablar1 sor-
gisi’nds niimayis olunan eksponatlar asas tod-
gigat obyekti kimi segilmisdir. Todqiq olunan
eksponatlarin bazilarinin fotosokillori asagida
verilmisdir. Sirvansahlar saray1 orazisinds ni-
mayis olunan das kitabolorin fotosakillari (sokil
1, sokil 2):

Sakil 2.

Goriindliyli kimi eksponatlarda yazi vo
ornamentlorin bir hissasi nisbaton aydin go-
rinsa do digor hissalor demok olar ki, gorin-
mar vo ya gismon gorunar.

[k névbado biz méveud vaziyyati snonavi
usullarla dayarlondirmays calisdiq. Bels islords
saristasi olan miitoxassis calb edorok yazinin
mozmunun Qyronmoays Vo itmis hissanin bar-
pasma calisdigq. ik baxisdan yazinin dini moe-
zmunlu olmasi siibho dogurmasa da, matnin
tam sokildo dekodifikasiyasi gonastboxs olma-
di1 vo muoyyon suallar dogurdu.

98

Digor torofdon, ham do geyd etmok la-
zimdir ki, yazilarin arab vo ya fars dilinds ol-
masini miiayyan etmak do bu masalonin kom-
pleks holli G¢ln az 6nom dasimir. Xiisusilo,
bozi s6zlor hazirda hamin dillarin leksikonun-
dan ¢ixmis olmasi vo ya sivo Xarakter dasima-
st matnin duzgin torcimasinda olava prob-
lemlor yarada bilor.

Tobii ki, ornamentlorin barpasi ilo bagh
moasalonin dizgun halli G¢tn gadim abidalori-
nin xasusiyyatlorini va eyni zamanda handasi
Vo nobati ornamentlarin abidslordos totbigi ma-
salalarini bilan, hamginin rassamliq bacarigla-
r1 olan, genis erudisiyaya malik miitoXassislo-
rin tapilmasi elo do asan masalo deyil. Bali,
ononavi gaydada ornamentin retranslyasiya
edilorak tamamlanmasi hagigato yaxin natico
vera bilor, amma bu vaxt baximindan uzun
muddat tolob eda bilor, ham ds isin gedisindo
mioyyoan Xatalar gacgilmazdir. Eyni zamanda
bonzar abido va ornamentlorlo miigayiss ef-
fektiv olmaya bilordi.

Belaliklo, biz tadgigatlarimizin sonraki
morhalasinds suni intellektin miayyan etdiyi-
miz problemlorin hallinds bizo kdmok edo bil-
mo imkanlarint nazordon Kegirmayi gqarsiya
moaqsad qoydug.

Todgigat G¢ln suni intellekt ChatGPT
programindan istifado edilmisdir. Siini intel-
lektlo mukalimo konkret suallar vo rosmlor
Uzoarindon qurulmus vo cavablar doyisdirilmo-
don diqgats alinaraq tohlil edilmisdir.

Sokil 1-do niimayis olunan das kitabalarin
tosvirini Suni intellekto togdim edib, ovvalki
versiyasini barpa etmasini istadik (sokil 3).

$okil 3. V
ilkin barpa edilmis formasi
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Sakil 3-don gorinduyd Kimi suni intellekt
yazi va sokillori tam sokildo barpa edarak it-
mis vo pozulmus hissalorin mazmununu, eyni
zamanda torctimasini toqdim etmisdir. ©Onono-
vi Usullarda isa versiyalar forgli ola bilordi.
Ononovi qaydada das kitabolordo miitoxassis
torofindon forz edilon, ilkin baxis osasinda
OoXunan bozi s6zlor bunlardir:

1. & (Allah)

2. (022 (od-Dayyan — Allahin adlarindan
biri, "Hesab soran" monasinda)

< 4 (son)

¢ N (al-Obadi — Obadi olan)

<3l & (son vo son)
& 2 (icindo)

a2« (sOhrat, izzot)

cilal 8 vy & A & (miimkiin monalar:
yiiksalmok, iistiinliik)

SI iso torciimo olaraq tam monasini bu
sokildo toqdim etdi: <t & L 2l «li <l a
I TS TR U G 5 NN | vy DU |

Azorbaycan diline torclimesi:-“Diinya
kegicidir, diinya golir vo kegor, qurtulus da
kegar.”, “Robbim, Son monim timidimsan, Al-
lahim, monim Robbim Sanson. Allahdan bas-
ga ilah yoxdur, Allah an boytikdiir”

Bu ifadalor Islam diisiincosindoki diinya-
nin faniliyi vo Allahin abadi olmasi fikrini oks
etdirir. Orab kaligrafiyasi iso bu monavi mat-
na estetik doyar qatir.

Suni Intelektdon sokil-1 do verilon das ki-
tabolorin bagqa versiyasini barpa etmoasini is-
tadik (sokil 4).

NG~ W

versiyasi, “‘Bismillahir-Rahmanir-Rahim”

ifadasinin (me 24 s, M s 1) Kufic

Xatti ilo hakk olundugu barpa edilmis das
kitaba nimunasi.
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Daha sonra sokil-2 do verilmis das kitabo-
nin barpa versiyasi t¢lin suni intelekto mi-
raciot etdik vo sokil-2”-nin Kufi xatti ilo
yazilmis Quran ifadalori vo zorif geometrik
ornamentlarlo gargivolonmis versiyasini agkar
etdik (sokil 5).

Sakil 5. ,,Sokil-2 -da verilon das
kitabanin Suni intelektlo barpas:

Suni intelekt bildirdi ki, sokildoki yazilar
orab qrafikasi ilo hokk olunub vo Quran aye-
lori, islam dini ilo baglh ifadolordir. Kufi xotti

islubunda islonmis bu kitabolordoki sozlor
bunlardir:

Yoeaod ¥ Js oY alVial Y aly)

Azorbaycan dilino torciimasi: “Kim ‘La
ilaha illallah’ demozso, Allah ona rohm etmo-
sin. Allahdan basqa ibadato layiq tanr1 yoxdur.
Mohommod Allahin elgisidir. Allahdan basqa
ibadoto layiq tanri yoxdur. Mohommad Alla-
hin elgisidir. ”Bu yazi1 Islamin tomolini togkil
edon gohadat kalimasini ehtiva edir va bu ifa-
do miisalman olmagq ii¢lin asas sortdir. Climlo-
do deyilir ki, agor bir insan “La ilaha il-
lallah”— yoni “Allahdan bagqga ibadoto layiq
ilah yoxdur” demirsa, bu, ¢ox bdyiik bir etina-
sizliqdir va bels bir soxs Allahin rohmatindon
uzaq ola bilor.Sonraki tokrar olunan ciimlolor
1s9 imanin tosdiqi vo tobligi magsadi dasiyir.
Hom t6vhid (bir Allah inanci1), hom do risalot
(peygomborlik) gobul edilir.

Ononavi gaydada das kitabalords miito-
xassis torofindon forz edilon, ilkin baxis osa-
sinda oxunan bozi sdzlor bunlardir:
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Yaan ) Gea I il s’ o(Bismillahir-Rahmanir-
Rahim) “Rohmli vo Morhomatli Allahin adi
ilo 74 ¥) 4) ¥ o ”(La ilaha illallah) — “Allah
tokdir” (Muhammadu Rasulullah) —“Moshom-
mod Allahmn elgisidir cses ) 3 7dl) J g ) 2ana® o
a a2, ) — "Or-Rohman, Or-Rohim" (Allahin
rohman vo rohim sifotlori) 4 ¥4 Lo ile-
ha illollah" (Allahdan basqa ilah yoxdur). Bu
fadolor Islam memarliginda genis yayilib xii-
susan Sirvansahlar dovriiniin mascidlorindo,
tiirbalorinds vo saraylarinda rast galinir. Suni
intelekto daha forqli versiya li¢iin miiraciat et-
dik (sokil 6).

Eyni zamanda SI bu abidolordon ilham
alaraq portal yazilari,divar frizlori,tiirba vo
magbars yazilar: formasinda borpa da toqdim
etdi (sokil 7).

\\' 15 = I .
Sokil 6. “Sokil 17, “Sakil 2"-dan ilham
alinaraq SI yaratdig1 Divar Frizi
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Sokil 7. “Sakil 1”7 va “Sakil 2”-don ilham alinaraq SI yaratdigi ornamentlar.
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Beloliklo, aparilmis aragdirmalar naticasin-
da siini intellektin kémayi ilo Sirvansahlar saray
kompleksi orazisinds sargilonan arxeoloji ax-
tariglar naticasinds tapilmis eksponatlar tizorin-
doki yazi vo ornamentlorin tam mozmunu va
gOriiniisii rogqomsal vizual ifads ilo barpa olun-
mus, tarixi abidalorin Oyranilmasinds Sini in-
tellektin totbiginin zaruriliyi ananavi Gsullardan
forgli cohatlari konkret nimunalor (zarindon
genis sokildo muqayisa edilib osaslandirilmis-
dir. Gostarilmisdir ki, siini intellektin kémayi
ilo homginin qirilmis godim asyalarin barpasi vo
restavrasiyasimin diizgiin aparilmasi {i¢lin mii-
vafiq tovsiyslorin verilmasi do olduqca pers-
pektivlidir. Stni intellektin vo digar ragomsal
texnologiyalarin Azarbaycanin tarixi abidalori-
nin daha darindon Gyranilmasinds tatbiqgi pers-
pektivliyi siibut olunmusdur.
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XULASO

Tadqiqat isindo Azorbaycan Orta osr ta-
rixi memarliginin on gorkomli nlimunalorin-
don biri olan Sirvansahlar saray kompleksi
orazisindo sargilonan eksponatlarin {izarinds
hokk olunmus yazi vo ornamentlorin anonavi
va sini intellektin kémoayi ilo mugayisali so-
Kildo konkret nimunalar Gzarindan dayarlon-
dirilmasi hoyata kegirilmis, itmis vo pozulmus
hissalorin rogemsal texnologiyalarin komayi
ilo barpasi masalolori arasdirilmisdir. Gostoril-
misdir ki, siini intellektin (Al) kémoayi ilo yaz1
Vo ornamentlarin barpasi anonavi Gsullara nis-
baton daha tez vo uygun naticalor aldo etmays
imkan verir. Homginin geyd edilmisdir ki, qi-
rilmig godim ogyalarin restavrasiyasinin diiz-
giin aparilmasi lg¢iin siini intellektin komayi
ilo mivafiq tovsiyslorin verilmoasi oldugca
perspektivlidir. Moagalodo Sini intellektin va
digor rogomsal texnologiyalarin Azarbayca-
nin tarixi abidalorinin daha dorindon Oyranil-
mosinds totbiginin perspektivliyi stibut olun-
musdur.

Acar sozlar: Siini intellekt, Sirvansahlar
sarayt, abida, ornament, barpa

ABSTRACT

In the research work, the inscriptions and
ornaments carved on the exhibits exhibited in
the Shirvanshahs Palace complex, one of the
most prominent examples of medieval
historical architecture in Azerbaijan, were
evaluated wusing traditional and artificial
intelligence on specific examples, and the
issues of restoring lost and damaged parts
with the help of digital technologies were
investigated. It was shown that restoring
inscriptions and ornaments with the help of
artificial  intelligence allows for more
effective, faster and adequate results than
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traditional methods. It was also noted that
providing appropriate recommendations with
the help of artificial intelligence for the
correct restoration and restoration of broken
ancient objects is very promising. The article
proves the prospects of applying artificial
intelligence and other digital technologies in a
deeper study of the historical monuments of
Azerbaijan.

Keywords: Artificial intelligence, Shir-
vanshahs Palace, monument, ornament, resto-
ration.

Maqalaya Bak: Miihondislik Universitetinin
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Introduction. Submarine oil and gas
pipelines are considered one of the important
infrastructure projects of the modern energy
sector. These pipelines play a strategic role in
transporting oil and gas from offshore fields
to onshore processing plants or consumption
points. Laying submarine pipelines is a tech-
nologically complex process that requires in-
tensive application of engineering knowledge.
One of the main problems encountered in this
process is the complex relief and geological
structure of the seabed. Ensuring the pipeline's
endurance in deep-sea conditions, minimizing
environmental impact, and maintaining safety
for long-term operation are considered to be
the main priorities. For the implementation of
such projects, geophysical surveys of the sea-
bed are first carried out. As a result of the
analysis of geological and hydrological condi-
tions, the laying route is determined and pos-
sible risks are assessed. When choosing a
pipeline route, the influence of sea currents,
tectonic activity, subsidence zones, and un-
derwater landslides are taken into account. In
addition, the issue of environmental protection
requires special attention. In order to avoid
disrupting the balance of marine ecosystems,
environmental standards are followed during
the design and construction stages. As a result
of technological developments, modern
equipment and methods are widely used in
this field. Thanks to underwater robots (ROV)
and special welding technologies, pipeline
installation is carried out more accurately and
reliably. Also, the use of materials resistant to
high pressure and corrosion increases the lon-
gevity of pipelines. The condition of the pipe-
lines is constantly monitored during operation
through monitoring and control systems and
prompt intervention is carried out against po-
tential threats. At the same time, the imple-
mentation of such projects requires large in-
vestments in economic and financial terms.
Strong management strategies are applied and
resource optimization is carried out for the
successful completion of the project. Research
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conducted to solve existing technical and en-
vironmental problems in the field of laying
underwater oil and gas pipelines and create a
sustainable and safe infrastructure contributes
to the further development of this field. The
process of laying underwater oil and gas pipe-
lines is not limited to technical issues, but also
includes economic, environmental and legal
aspects. In the first stage, the geological and
hydrological characteristics of the seabed are
analyzed for the successful implementation of
the project. These analyses form the basis for
selecting the pipeline route and assessing pos-
sible risks. Risks such as tectonic activity,
landslides and subsidence areas affect the cor-
rect establishment of the technical parameters
of the project. During construction, high-
pressure and corrosion-resistant materials are
used to ensure the durability and safety of the
pipeline. Special protective coatings and insu-
lation layers are applied to increase the lon-
gevity of the pipes. In addition, welding and
joining technologies are carried out in accord-
ance with the latest standards, which pre-
serves the integrity of the structure. The appli-
cation of modern technologies in installation
work, in particular the use of underwater ro-
bots (ROV) and automated control systems,
allows for a safer and more efficient process.
These devices play an important role in the
installation, inspection and maintenance of the
pipeline. Special technological equipment is
also involved in order to overcome the diffi-
culties caused by weather conditions and sea
currents in deep sea conditions. Environmen-
tally sustainable approaches are envisaged as
one of the main principles of the project.
Monitoring is carried out to protect marine
ecosystems and special measures are taken to
minimize harmful impacts. For example,
blasting is limited, and the impact of noise
and waste on the marine environment is con-
trolled. High-level monitoring systems are
used to protect the safety and sustainability of
pipelines during operation. Fiber-optic sensors
and pressure control systems allow for prompt
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intervention as soon as any changes or leaks
are detected in the pipeline. These technolo-
gies play an important role in preventing envi-
ronmental and technical risks in a timely
manner. As for the financial aspects of the
project, the construction of underwater pipe-
lines is a process that requires significant in-
vestment. The effective application of project
management mechanisms is essential for op-
timizing costs and completing the work within
the planned period. Compliance with interna-
tional and national safety standards, as well as
ensuring compliance with legal and environ-
mental requirements, is one of the necessary
conditions for the successful implementation
of the project.

Literature review. Alekperov, N. (2018).
Design and Operation of Offshore Oil and Gas
Infrastructures. Baku: Elm Publishing House.
This book explains in detail the process of de-
signing and operating offshore oil and gas in-
frastructures. The author, starting from the ini-
tial design stage, extensively examines con-
struction, maintenance and operation proce-
dures. The book evaluates technological pro-
cesses and their environmental impacts, espe-
cially during the construction of submarine
pipelines. Project management and risk man-
agement strategies are analyzed through practi-
cal examples and analytical approaches.

Aliyev, R. (2020). Technological Pro-
cesses of Submarine Pipelines. Baku: Azer-
Nashr. This work by Aliyev explains the tech-
nologies of laying submarine pipelines and the
applied engineering methods. The book pre-
sents problems encountered in deep-sea con-
ditions and their technical solutions. The au-
thor also provides detailed information on
welding technologies, insulation systems and
the use of protective coatings. The principles
of operation of pipeline safety and monitoring
systems are also explained in detail.

Hasanov, A. (2019). Deep Sea Infrastruc-
ture Construction: Problems and Solutions.
Baku: Education Publishing House. This book
discusses the problems encountered during the
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construction of deep sea infrastructure and
their solutions. Hasanov pays particular atten-
tion to the assessment of geological and hydro-
logical conditions of the seabed. Topics such as
environmental safety, overcoming natural bar-
riers, and the application of modern technolo-
gies are examined in detail. The book also pro-
vides recommendations on design and safety
measures in accordance with international stan-
dards.

Zeynalov, F. (2021). Energy Project
Management and Risk Assessment. Baku:
Igtisad University Publishing House. This
work conducts in-depth analyses in the field
of energy project management and risk as-
sessment. Zeynalov explains the methods nec-
essary for the successful implementation of
projects, touching on financial, logistics, and
security issues. Technologies and approaches
applied for risk management and crisis resolu-
tion are widely discussed. The book also co-
vers standards and legal frameworks applied,
especially in international energy projects.

Mammadov, K. (2017). Ecological Moni-
toring and Safety of Oil and Gas Pipelines.
Baku: Ministry of Ecology and Natural Re-
sources Publishing House. This book exam-
ines the basic principles of ecological moni-
toring and pipeline safety. The author presents
modern approaches to the protection of ma-
rine ecosystems and waste management. The
book extensively explains the issues of envi-
ronmental risk assessment, prevention of envi-
ronmental hazards and application of preven-
tive measures.

Valiyev, E. (2016). Innovative Technolo-
gies in the Oil and Gas Industry. Baku: Nurlu
Publishing House. Valiyev examines the de-
velopment of innovative technologies applied
in the oil and gas industry and the effective-
ness of these technologies. The book explains
in detail modern technological innovations,
including underwater welding systems, sensor
technologies applied for pipeline monitoring,
and automated control systems.
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Abbasov, T. (2022). Design and Installation
of Underwater Pipelines. Baku: Azerbaijan
Technical University Publishing House. This
work covers the technical details of the design
and installation processes of underwater pipe-
lines. The author specifically discusses hydrolo-
gical and geophysical studies that should be tak-
en into account at the design stage. Practical re-
commendations are provided on the use of un-
derwater robots and automatic control technolo-
gies during installation.

Gurbanov, Sh. (2018). Offshore QOil and
Gas Extraction Technologies. Baku: Science
and Education Publishing House. In this book,
Gurbanov analyzes the technologies used for
offshore oil and gas extraction. The book ex-
tensively explains the construction of under-
water platforms, the organization of drilling
and transportation systems, as well as envi-
ronmental protection measures.

Muradov, Z. (2020). Ecological Risks and
Management of Oil and Gas Pipelines. Baku:
Ecology Publishing House. This work by Mu-
radov is dedicated to the management of envi-
ronmental risks and ways to reduce them. The
environmental hazards arising during the con-
struction and operation of pipelines and mod-
ern approaches to eliminating these hazards
are presented.

Gasimov, |. (2023). Legal Regulation of
Energy Projects and International Standards.
Baku: Law and Economics Publishing House.
This book examines the issues of legal regula-
tion of energy projects and compliance with
international standards. Gasimov provides ex-
tensive information on international legal
norms, environmental standards and safety
regulations. The book is considered an im-
portant source for specialists working in the
energy sector.

Material and method. This study used
various materials and methods to analyze the
problems encountered during the construction
of underwater oil and gas pipelines and to in-
vestigate ways to solve them. Initially, the ex-
isting literature was reviewed, scientific
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sources and technical documents were ana-
lyzed. In these sources, modern technologies
and methods for the design, installation, oper-
ation and management of offshore pipelines
and environmental risks were evaluated.
Technical protocols, engineering projects, hy-
drological and geological maps, as well as en-
vironmental monitoring data in accordance
with international standards were used as re-
search materials. During practical studies, the
experience of projects carried out in deep-sea
conditions was used and analytical data was
taken as a basis. A comprehensive approach
was applied in the methodology of the study.
At the first stage, theoretical studies were
conducted, during which the principles of en-
gineering and environmental safety were
evaluated. Then, the problems encountered
during the installation and operation of pipe-
lines were investigated through field studies.
The relief and geological structure of the sea-
bed were analyzed using special software and
geophysical modeling technologies. The cor-
rosion resistance and mechanical strength of
the pipeline materials were tested in laborato-
ry conditions. Water and soil samples were
also analyzed for ecological monitoring pur-
poses, and potential impacts on marine eco-
systems were assessed.
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Table 1.

Technical Problems in the Subsea Pipeline Laying Process

Problem Category

Causes

Solutions

Deep Sea Conditions

High pressure and water temperature

Use of highly durable materials

Geological Instability

Tectonic movements and landslides

Conducting geological surveys

Corrosion Risk

Presence of salt and chemicals in

Anti - corrosion coatings and ca-

seawater thodic protection
Pipeline Joint Welding and insulation issues Implementation of high-quality
Leakage welding technologies
Equipment Difficulties in remote monitoring and | Installation of automatic control
Malfunction control and monitoring systems

Source: Gasimov, I. (2023). Legal Regulation of Energy Projects and International Standards.
Baku: Law and Economics Publishing House.
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The technical problems encountered dur-
ing the construction and operation of subma-
rine oil and gas pipelines in deep sea condi-
tions are multifaceted and complex. One of
the main reasons for these problems is that the
deep sea environment has different character-
istics in terms of pressure and temperature.
Thus, the application of special materials and
construction solutions is required to ensure the
durability of pipelines in conditions of high
hydrostatic pressure and low temperature. In
order to overcome these problems, the use of
highly durable materials, reinforced coatings
and special insulation technologies is envis-
aged as the main measure. In addition, geo-
logical instability also creates serious difficul-
ties during the design and installation of sub-
marine pipelines. Tectonic movements, land-
slides and subsidence zones threaten the long-
term stability of pipelines. Geological and hy-
drological surveys conducted in advance are
of great importance for managing these risks.
Potential risks are identified through seabed
mapping and geophysical modeling and ap-
propriate measures are planned. Corrosion
risk is also one of the main problems of un-
derwater pipelines. Salt and other chemicals
in seawater affect the metal surfaces of pipes,
causing damage and reducing their service
life. To solve this problem, the surface of the
pipelines is protected with special insulating
coatings and cathodic protection systems are
applied. Cathodic protection technology in-
creases the durability of pipelines by protect-
ing them from electro-chemical corrosion. In
addition, regular technical inspections and
control measures also play an important role
in preventing corrosion risks. The tightness of
pipe joints is another technical problem.
Leaks may occur as a result of improper weld-
ing and insulation technologies when connect-
ing pipes. Such problems can cause major en-
vironmental disasters and economic losses
during operation. Therefore, it is important to
apply high-quality welding technologies and
test the joints in laboratory conditions. This
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approach ensures the integrity of the pipelines
and allows for their safe operation. Technical
equipment failure is also one of the main
problems encountered during the construction
and operation of subsea pipelines. Remote
monitoring and control difficulties create sig-
nificant challenges, especially in deep-sea en-
vironments. Underwater robots (ROVs) and
automated monitoring systems play an im-
portant role in overcoming these difficulties.
These technologies are used to constantly
monitor the condition of the pipelines, detect
leaks or other problems in time, and increase
the ability to intervene promptly.
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Table 2.

Environmental Problems and Risks

Environmental Problems

Impact Consequences

Proposed Solutions

Impact on Marine
Ecosystems

Destruction of fish and
marine life

Establishment of environmental monitor-
ing systems

Leaks and Oil Spills

Contamination of

Development of emergency response

seawater plans for leakage incidents
Noise and Vibration During | Reduction in Use of special technologies to reduce
Construction biodiversity noise

Waste Management

Sedimentation of waste
on the seabed

Creation of treated waste disposal sys-
tems

Spread of Chemical

Substances

Disruption of
ecosystems

Implementation of measures to minimize
biological impacts

Source: Muradov, Z. (2020). Ecological Risks and Management of Qil and Gas Pipelines. Ba-

ku: Ecology Publishing House.
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Environmental problems arising during the
construction of underwater oil and gas pipe-
lines are one of the important issues. These
problems are mainly related to the impact on
marine ecosystems, leaks and oil spills, noise
and vibrations during construction, waste man-
agement and the spread of chemicals. Each en-
vironmental problem was analyzed separately
and their causes and solutions were investigat-
ed. Impact on marine ecosystems is one of the
most common problems in this area. During
the construction and operation process, the
habitats of marine organisms may be disturbed,
and the population of fish and other organisms
may decrease. Excavations and pipelines on
the seabed cause water turbidity and disruption
of the balance of ecosystems. In order to min-
imize this problem, it is proposed to implement
ecological monitoring systems and implement
special measures to protect living organisms.
Leaks and oil spills are one of the serious risks
that can lead to ecological disasters. As a result
of accidents that may occur in pipelines, oil
and gas leaks may occur into the water, which
leads to pollution of seawater and the destruc-
tion of living organisms. In order to prevent
these risks, it is necessary to develop automatic
monitoring systems and emergency interven-
tion plans in order to detect leaks in time. In
cases of leaks, the application of special tech-
nologies for collecting and cleaning oil is con-
sidered as the main measure. Noise and vibra-
tions during construction also have a negative
impact on marine organisms. Marine mammals
and fish are especially sensitive to these ef-
fects. The noise generated by the equipment
used in the construction process can affect the
underwater acoustic environment, change the
migration routes of living organisms and dis-
rupt their communication. To solve these prob-
lems, the application of special technologies
and equipment is recommended to reduce the
noise level. Waste management is another im-
portant aspect of environmental problems. Res-
idues and chemicals that may fall into the sea
during construction and operation can nega-
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tively affect ecosystems. Improper waste man-
agement can lead to them sinking to the seabed
and causing long-term pollution. To prevent
this, it is important to implement special sys-
tems for waste collection and disposal and to
conduct regular monitoring. The spread of
chemical substances is also one of the envi-
ronmental problems of underwater pipelines.
The insulation materials and chemical protec-
tive layers used in pipelines can wear out over
time and spread into seawater. This process can
cause chemicals to have a negative impact on
water quality and the health of marine life. The
use of environmentally friendly materials and
strengthening technological control mecha-
nisms are among the main measures to prevent
chemical impacts.
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Table 3.
Economic and Management Problems of the Project
Economic and Management Causes of Problems Proposed Solutions
Problems
High Project Cost Expensiveness of Efficient project planning and
technological equipment budget optimization
Lack of Financial Resources Delays in investments Exploration of alternative funding
sources
Delayed Execution of Tasks Disruptions in the supply Strict control over time schedules
chain
Logistics and Material Transportation and delivery Strengthening of the supply chain
Shortages issues
Compliance with International | Difficulties in adapting to Implementation of processes
Requirements regulatory laws compliant with legal and technical
standards

Source: Gurbanov, Sh. (2018). Offshore Oil and Gas Production Technologies. Baku: Science
and Education Publishing House.
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Economic and management problems
arising during the construction of underwater
oil and gas pipelines are one of the main fac-
tors affecting the successful implementation
of the project. These problems mainly consist
of high project cost, lack of financial re-
sources, untimely work, lack of logistics and
materials, as well as compliance with interna-
tional requirements. Each problem was ana-
lyzed extensively and their causes and solu-
tions were investigated. High project cost is
one of the most important problems during
the construction and operation stages of pipe-
lines. This is mainly due to the high cost of
technological equipment, high cost of materi-
als and operating costs. The application of
special technologies in deep sea conditions
creates an additional financial burden. To
solve this problem, effective project plan-
ning, budget optimization and cost manage-
ment strategies should be applied. Lack of
financial resources is another important fac-
tor that can prevent the timely completion of
the project. There is a danger of incomplete
implementation of the work due to invest-
ment delays or insufficient financing. To pre-
vent these problems, it is important to explore
alternative sources of financing and strength-
en investment plans. International financial
institutions and state support can play an im-
portant role in the successful implementation
of the project. Works that are not completed
on time can cause serious delays in the over-
all planning of the project and additional
costs. Violation of planning at various stages
of the project complicates the sequence of
work and the efficient use of resources. To
solve this problem, it is required to carry out
work according to a precise schedule and
constantly monitor the implementation pro-
cess. The use of automated management sys-
tems and project management programs in-
creases the effectiveness of work in this area.
Logistics and material shortages are also
among the problems affecting the implemen-
tation of the project. Delays and transporta-
tion problems may occur, especially in the
process of delivering equipment and materi-
als to remote offshore platforms. Failure to
deliver materials on time slows down the
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construction process and causes additional
costs. To overcome this problem, it is im-
portant to strengthen the supply chain, opti-
mize warehouse resources, and effectively
manage transportation systems. Compliance
with international requirements is another
factor that complicates the implementation of
the project. Ensuring processes in line with
international and national standards, especial-
ly environmental and technical regulations,
requires additional time and resources. To
overcome these challenges, it is important to
increase the legal and technical knowledge of
project teams, obtain relevant certificates, and
cooperate with international consultants.

M Technical

20%; l problems
Environmental

problems

Economic

35%; l problems

Chart 1. Percentage Distribution of
Problems in Submarine Oil and Gas
Pipelines.

Source: Abbasov, T. (2022). Design and In-
stallation of Submarine Pipelines. Baku:
Azerbaijan Technical University Publishing
House.

The problems encountered during the
construction and operation of submarine oil
and gas pipelines are concentrated in three
main categories: technical, environmental and
economic problems. Each category creates its
own difficulties for the successful implemen-
tation of the project and requires specific ap-
proaches to overcome these problems. In gen-
eral, statistical analyses show that technical
problems account for 45%, environmental
problems for 35% and economic problems for
20%. Technical problems are the most com-
mon difficulties during the construction of
pipelines and cover approximately half of the
total problems. This category includes issues
such as high pressure and low temperature
arising in deep-sea conditions, geological in-
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stability, corrosion of pipelines, sealing prob-
lems in welds and joints, and malfunctions of
technical equipment. The application of spe-
cial materials and protection systems is neces-
sary in deep-sea conditions. Geological insta-
bilities, especially tectonic movements and
landslides, threaten the stability of pipelines.
To solve these problems, geophysical and hy-
drological surveys should be conducted, and
highly durable materials and corrosion protec-
tion technologies should be applied. Another
aspect of technical problems is related to the
ineffective operation of remote control and
monitoring systems. Automated control tech-
nologies and underwater robots (ROV) should
be widely applied to ensure the stability and
safety of pipelines. These technologies detect
leaks and damage in pipelines in a timely
manner and accelerate repair processes. Elim-
inating technical problems not only ensures
the longevity of pipelines, but also reduces
environmental and economic risks. Environ-
mental problems account for 35% of total
problems and mainly include issues such as
impact on marine ecosystems, oil spills, noise
and vibration during construction, waste man-
agement, and chemical spills. Disruption of
marine ecosystems is one of the greatest
threats during the construction and operation
of pipelines. Construction and excavation
work damage the habitats of marine organ-
isms and reduce their populations. In addition,
noise and vibration generated during con-
struction negatively affect the migration
routes and communication systems of marine
mammals. To prevent these problems, envi-
ronmental monitoring systems should be in-
stalled, environmental risk assessments
should be carried out and preventive measures
should be taken. Oil and gas leaks also consti-
tute a major part of environmental problems.
Oil spills into the water as a result of pipeline
accidents cause pollution of seawater and a
decrease in biodiversity. In order to minimize
these risks, automatic monitoring systems and
emergency response plans should be devel-
oped for the timely detection of leaks. In addi-
tion, procedures in accordance with safety
standards should be applied to manage waste
and prevent the spread of chemicals into the
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water. Economic problems account for 20%
of the total problems and mainly include is-
sues of project financing, logistics, timely de-
livery of materials and compliance with inter-
national requirements. The high cost of the
project and the high cost of technological
equipment necessitate the efficient use of fi-
nancial resources. Optimizing the project
budget and properly planning financial re-
sources is one of the main steps in solving
economic problems. At the same time, delays
and logistics problems in the supply chain
slow down the pipeline construction process
and cause additional costs. To solve these
problems, it is necessary to strengthen logis-
tics systems and ensure timely delivery of ma-
terials. It is also important to train specialist
teams and apply appropriate procedures to
ensure that the project is implemented in ac-
cordance with international standards and
meets legal requirements.

Conclusion. The problems encountered
during the construction of underwater oil and
gas pipelines fall into three main categories:
technical, environmental and economic diffi-
culties. Studies show that each of these prob-
lems poses serious obstacles to the successful
implementation and long-term operation of
the project. Technical problems include issues
such as high pressure and temperature, corro-
sion risk, leaky pipe joints and equipment
failure, especially in deep-sea conditions. The
application of durable materials, modern
welding technologies and automated control
systems plays a key role in solving these
problems. Environmental problems include
risks such as negative impacts on underwater
ecosystems, pollution caused by oil and gas
leaks, noise and vibration, waste management
and the spread of chemicals. To solve these
issues, it is important to implement environ-
mental monitoring systems, develop emer-
gency intervention plans to prevent leaks and
implement preventive measures to minimize
environmental impacts. Economic problems
include difficulties such as high project cost,
lack of financial resources, logistics and com-
pliance with international requirements. To
overcome these problems, it is necessary to
implement effective budget planning, explore
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alternative sources of financing, strengthen
the supply chain and ensure compliance with
international standards. As a result, it is im-
portant to apply technological innovations,
manage environmental and economic risks,
and develop modern engineering solutions
and management strategies during the con-
struction and operation of underwater oil and
gas pipelines. A comprehensive analysis of
the problems shows that a balanced solution
to technical, environmental and economic is-
sues, in addition to ensuring the sustainability
and safety of projects, creates conditions for
environmental protection and efficient use of
resources. In the future, the application of
more efficient and innovative technologies,
improving risk management mechanisms and
strengthening environmental sustainability
remain the main directions for ensuring sus-
tainable development in this area.
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Sualti neft-qaz boru komorlari
cakilisi dovrii qarsiya cixan problemlar

XULASO

Sualt1 neft-qaz boru kamoarlarinin ¢okilisi
zamani bir sira texniki, ekoloji vo iqtisadi
problemlorlo garsilasmaq miimkiindiir. Bu
problemlor osason doniz dibinin miirokkob
relyefi, geoloji geyri-sabitliklor, ekstremal
hava soraiti vo doniz axinlarinin giiclii tosiri
ilo baghdir. Cakilis prosesindo miihondislik
moasalalarinin halli, boru komarinin davamli-
liginin tomin edilmasi vo otraf miihito mini-
mal tosir gostorilmasi asas prioritetlordondir.
Boru komorlorinin qurasdirilmasi {igiin segi-
lon marsrutlarin geoloji vo hidroloji todqiqat-
lar1 aparilir. Bu zaman ¢6kma zonalari, tekto-
nik catlar vo sualt1 siirlismalor nozora alinir.
Bundan slava, doniz ekosistemlorinin qorun-
masi vo bioloji miixtalifliyin saxlaniimasi va-
cib sortlordon biridir. Cakilis prosesinds isti-
fads edilon texnologiyalarin doniz faunasina
va florasma tasirinin minimuma endirilmasi
moqsadilo miiasir metodlardan istifads olu-
nur. Tikinti va istismar dovriinde boru komor-
lorinin korroziyadan qorunmasi iigiin xiisusi
materiallar vo oOrtiiklor totbiq edilir. Boru ko-
morlorinin biitdvliiyiinii qorumagq {i¢iin avto-
matik monitoring sistemlori quragdirilir. Bu
sistemlor tozyiq doyisikliklorini vo sizmalari
dorhal askar edorak operativ miidaxilo imkan-
lar1 yaradir.Layiho maliyyolosdirilmasi vo
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yiksok texnoloji avadanliglarin  todariikii
iqtisadi baximdan olavo problemlor yaradir.

Xorclorin optimallasdirilmast va islorin
vaxtinda tamamlanmasi ii¢iin layiho idaroet-
mo mexanizmlori giiclondirilir. Beynolxalq
vo milli tohliikosizlik standartlarina riayot
edilmoklo tohliikasizliyin yiliksok soviyyado
tomin olunmasi asas sortdir.Beloliklo, sualti
neft-qaz boru kemorlarinin ¢okilisi prosesin-
do texniki va ekoloji problemlorin halli, da-
vamli vo tohliikesiz infrastrukturun yaradil-
mas1 liglin miiasir texnologiyalarin vo somo-
roli idaroetmo metodlarinin totbiqi vacibdir.
Sualti neft-qaz boru komorlorinin ¢okilisi
prosesinda 1izo ¢ixan problemlorin halli {i¢iin
innovativ yanasmalar va texnoloji inkisaflar-
dan genis istifado olunur. Layihslondirma
morholosindo doniz dibinin xaritolondirilmo-
si vo geofiziki todqiqatlarin aparilmasi mii-
hiim ohomiyyot kosb edir. Bu aragdirmalar
boru komorinin marsrutunun doqiqlosdiril-
masi vo potensial risklorin miioyyon edilmo-
si liclin asas molumatlar1 tomin edir. Kons-
truksiya materiallarinin se¢ilmosi do vacib
addimlardan biridir. Darin doniz soraitindo
yuksok tozyiq va korroziyaya davamli mate-
riallarin istifadesi boru komorinin uzun-
Omarliluyiinii tomin edir. Xiisusi izolyasiya
vo qoruyucu Ortiiklordon istifado edilmasi
sualtt komarlorin davamliligimi artirir. Bun-
dan olava, qaynaq va birlasdirma texnologi-
yalarinin keyfiyyoti do boru komarinin toh-
likosizliyi baximindan ohomiyyatlidir.

Acgar sozlor: Sualti robotlar (ROV), da-
rin daniz soraiti, €koloji tarazlig, innovativ
texnologiyalar, layiha idaraetmosi, risklorin
qiymatlondirilmasi, ekoloji monitoring, tex-
niki problemlar.
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PE3IOME
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ITpu crpoutenbcTBE MOJABOAHBIX Hedre-
U Ia30MPOBOJIOB MOKHO CTOJIKHYTBCS C PSJIOM
TEXHUYECKHX, SKOJOTMYECKUX M 3KOHOMUYEC-
KuX mpobiaeM. OTH mpoOsieMbl B OCHOBHOM
CBSI3aHBI CO CJIOXKHOM Tonorpagueil MOpcKoro
JIHA, Te0JIOTMYECKON HeCTaOWIbHOCTBIO, JKC-
TPEeMaJIbHBIMH IIOTOAHBIMH  YCIIOBUSIMU U
CWJIbHBIM BIIMSHUEM MOPCKHMX TeueHuil. Pe-
IIEHHE WH)KEHEPHBIX BOIIPOCOB, OOecreueHne
HETIPEPHIBHOCTH TPYOOIPOBOAA U MUHUMAIIb-
HOE BO3JICIICTBUE HA OKPY’KAIOIIYIO CpENy SIB-
JISIFOTCSL OJTHUMU M3 OCHOBHBIX IIPHOPUTETOB B
npoliecce cTpoutenscrsa. IIpoBoasrces reono-
TMYECKUE U THIIPOJIOTUYECKUE UCCIIENOBAHUS
BBIOpaHHBIX VIl IPOKJIAJAKU TPYyOOIIpOBOJIOB
MapiipyToB. [Ipy 3TOM y4YUTBHIBatOTCS 30HBI
[IPOCEAAHUS,, TEKTOHUYECKHE TpPEUIMHBl U
MOJBOJHBIE Oro3HU. Kpome Toro, onHUM U3
Ba)XKHBIX YCJIIOBHH SIBJISIETCS 3aIllUTa MOPCKUX
HKOCHUCTEM U COXpaHEHHE OHOJIOrMYEeCcKOro
pa3HooOpasus. Mcrnonb3ytoTcss COBpeMEHHbIE
METO/bl, TO3BOJISIIOIIME MUHUMU3HUPOBATh
BO3/ICIICTBUE MTPUMEHSIEMBIX B IIPOLIECCE CTPO-
UTENBCTBA TEXHOJIOTHI HA MOPCKYIO (ayHy H
Gbnopy. s 3ammThl TpyOOIpPOBOIOB OT KOP-
PO3UU B IPOLIECCE CTPOUTENBCTBA U IKCILTya-
TalMy MPUMEHSIOTCS ClielMalbHble MaTepua-
Jbl ¥ TOKPBITUA. J[71 3alMThl LEIOCTHOCTH
TpyOOIpPOBOJIOB YCTaHABIMBAIOTCSI aBTOMATHU-
YECKUE CUCTEMBI KOHTPOJIS. DTU CUCTEMBI MO-
MEHTAJIbHO OOHApYKMBAIOT W3MEHEHUs JaB-
JICHUS] U yTEYKH, CO3/1aBasi BO3MOKHOCTHU ISl
OlepaTHUBHOro0 BMemIatenscTBa. DduHaHCH-
pOBaHME MPOEKTa U MOCTaBKA BBICOKOTEXHO-
JIOTUYHOTO0 00OpYJIOBaHMS CO3/A0OT JIOMOJI-
HUTENbHBIE IPOOJIEMBI C SKOHOMUYECKOM TOY-
KU 3pEHMS.

VYKpeIuIstoTcsi MeXaHU3MBbI YIIpaBlIeHHs
MIPOEKTaMH JIsl ONTUMH3ALIMKU 3aTpaT U CBOE-
BPEMEHHOTO 3aBepieHus pabor. Obecriede-
HHE BBICOKOTO YpPOBHSI O€30MacHOCTH B CO-
OTBETCTBUU C MEXIYHAapOJHbIMH U HAalMO-
HaJbHBIMU CTaHAApTaMU OE30MacCHOCTH SB-
JsieTcs TaBHBIM ycnoBueM. [losTomy BaxkHO
NPUMEHITH COBPEMEHHBIE TEXHOJIOTUH U 3(-
(beKTUBHbIE METOIbI YIpaBIEHHUSA Ui pe-
IIEHUs] TEXHUYECKUX M HKOJIOTMYECKUX MpoO-
JIeM M CO3JIaHusl YCTOWYMBOW M Oe30macHon
UH(PACTPYKTYphl B MpOLECCE IMPOKIAIKH.
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N0/IBOJTHBIE He(hTe- U ra3onpoBo/sl. VIHHOBa-
IIMOHHBIE TIOJXOABI U TEXHOJOTHYECKUE pa3-
pPabOTKH MIMPOKO HMCHOJIB3YIOTCS JUIS pellie-
HUS 337134, BOSHUKAIOIIMX B TPOIECCE MPOK-
Ja7KH TIOBOJHBIX He(Te-H Ta30MpPOBOJIOB.
KaprtupoBanue MOpckoro jHa U reopusmyec-
KUE HCCIICIOBAHUSI UTPAIOT BXXHYIO POJIb HA
JTarne MPOCKTUPOBAHMS. IJTH HCCIICIOBAHUS
NPEOCTABISIOT  KIIFOUEBYIO  MH(OpMAIHIO
JUTSL OTIPEJICTICHUs] MapIIpyTa TPYyOOIpoOBOIa U
BBISIBJICHUSI TIOTCHIIMAIBLHBIX PUCKOB. BBIOOD
CTPOUTETHHBIX MATEPUAIIOB TAKXKE SIBIISCTCS
BOKHBIM IIaroM. Vcnosnp30BaHHE MaTepu-
QJIOB, YCTOWYHBBIX K BBICOKOMY JABIICHHUIO H
KOPPO3UH B TITyOOKOBOJHBIX YCIIOBHUSIX, 00ec-
NIEYMBAET JIOJTOBEYHOCTH TPYOOIIPOBO/A.

Knroueswie cnosa: [100600nbie pobomoi
(ROV), I'nybokosooHwvle ycnosus, IKonou-
yeckull bananc, HMHHOBaYUOHHBIE MEXHOTO-
euu, Ynpaenenue npoexmamu, Oyenka puc-
K08, DKonocudeckuti MoHumopume, Texnuuec-
Kue npoonembl.
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Problems faced during the laying of un-
derwater oil and gas pipelines

SUMMARY

A number of technical, environmental
and economic problems may be encountered
during the laying of underwater oil and gas
pipelines. These problems are mainly related
to the complex relief of the seabed, geologi-
cal instabilities, extreme weather conditions
and the strong influence of sea currents. The
main priorities during the laying process are
solving engineering issues, ensuring the du-
rability of the pipeline and minimal impact
on the environment. Geological and hydro-
logical studies of the routes selected for the
installation of pipelines are carried out. At
the same time, subsidence zones, tectonic
faults and underwater landslides are taken
into account. In addition, the protection of
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marine ecosystems and the preservation of
biological diversity are one of the important
conditions. Modern methods are used to
minimize the impact of the technologies
used in the laying process on marine fauna
and flora. Special materials and coatings are
applied to protect pipelines from corrosion
during construction and operation. Automat-
ic monitoring systems are installed to protect
the integrity of pipelines. These systems
immediately detect pressure changes and
leaks, creating opportunities for prompt in-
tervention. Project financing and the supply
of high-tech equipment create additional
problems from an economic point of
view.Project management mechanisms are
being strengthened to optimize costs and
complete work on time. Ensuring a high lev-
el of safety is a key condition by adhering to
international and national safety standards.
Thus, it is important to apply modern tech-
nologies and efficient management methods
to solve technical and environmental prob-
lems in the process of laying submarine oil
and gas pipelines, to create a sustainable and
safe infrastructure. Innovative approaches
and technological developments are widely
used to solve problems that arise during the
process of laying submarine oil and gas
pipelines. Mapping the seabed and conduct-
ing geophysical surveys at the design stage
is of great importance. These studies provide
basic information for specifying the pipeline
route and identifying potential risks. The
selection of construction materials is also
one of the important steps. The use of high-
pressure and corrosion-resistant materials in
deep-sea conditions ensures the longevity of
the pipeline. The use of special insulation
and protective coatings increases the dura-
bility of underwater pipelines. In addition,
the quality of welding and joining technolo-
gies is also important in terms of pipeline
safety.

Keywords: Underwater robots (ROV),
Deep sea conditions, Ecological balance, In-
novative technologies, Project management,
Risk assessment, Environmental monitoring,
Technical problems.
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