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MUNDORICAT

Qorxmaz Agayev

Lonkaran tabii vilayati cay ekosistemlarinin ekoloji mikrobiologiyast ...................
Ziyafat Agayev, Telman Bayramov, Ziilfisli Rasulov, Sakira Rzayeva, Faridos
Soltanova

Conub-sorqi Azearbaycan ¢aylarmin hidroloji xiisusiyyatlori vo onlar1 yaradan
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LONKORAN TOBii VILAYOTI CAY EKOSISTEMLORININ EKOLOJI
MIKROBIOLOGIYASI

Qorxmaz Agayev

Lonkoran Dovlat Universiteti, Lonkoran, Azorbaycan
e-mail: gorxmaz-1976@mail.ru

DOI: 10.30546/2960-1975.2025.1.007

Xiilasa. Mogqalodo Lonkaran tobii vilayatinin asas ¢aylarinda (o ciimlodon Viloscay, Astaragay, Bolgarcay vo b.)
aparilmis ekoloji-mikrobioloji tadqiqatlarin naticalari taqdim olunur. Tadgiqatlar zamani su va lil niimunalari
miixtolif movsiimlords gotiiriilmiis, onlarin fiziki-kimyavi ve mikrobioloji gdstaricilori analiz edilmisdir.
Movsiimi dayisikliklerin mikrofloranin {imumi tarkibina, saprofit vo koliform bakteriyalarin yayilmasina tosiri
miloyyan olunmusdur. Homg¢inin ¢aylarm hidroqrafik rejimi, ¢irklonmo maonbalori vo antropogen tozyiqlor
kontekstinda ekoloji sabitliyin pozulma sobablori aragdirilmigdir. Noticolor gostorir ki, torpaq eroziyasi, maisot
vo sonaye tullantilari, geyri-normativ su istifadesi ¢ay ekosistemlorinin mikrobioloji voziyyotino monfi tosir
gostorir. Magalods, homginin bu proseslorin Xozorin conub-qorb sahillorindoki bioloji mohsuldarliga vo
ekosistem balansina olan tosirlori do vurgulanir.

Acar sozlor: Lonkoran tobii vilayeti, cay ekosistemlori, mikrobioloji gdstaricilor, saprofit bakteriyalar,
antropogen ¢irklonma

Giris

Lonkoran tobii vilaystini 6lkomizin digor region va orazilorindon forqlondiron osas
xlisusiyyatlordon biri do burada yiiksok sixligla formalasan ¢ay ekosistemlorinin
movcudlugudur.

Azorbaycan Respublikasinda movcud olan 8400-0 yaxin ¢aydan 2000-don ¢oxunun
mohz Lonkoran tobii vilaystindo yerlosmosi, bu orazinin c¢ay sobokasinin zonginliyi
baximindan xiisusi oshomiyyat dasidigin1 gostorir. Tabii vilayatds ¢ay sobokasinin sixligt 0,82
km/km? toskil edir ki, bu 6lks {izra orta gostoricidon toxminon 3-3,2 dofs yiiksokdir.

Lankoran tobii vilaystinde formalasan ¢ay ekosistemlori vo onlarin hidroqrafik rejimi
bilavasito atmosfer ¢okiintiilorinin illik miqdar1 vo paylanmasi ilo six gokildo baghdir [13,
5.90-110]. Bu xiisusiyyatlor caylarin su rejiminin osas monboyinin mohz yerli yagntilar
oldugunu gostorir. Regionun Azorbaycanin digor iqlimli orazilorindon osasli surotdo
forqlonmasinin baslica sobablorindon biri do mohz atmosfer ¢okiintiilorinin illik migdar1 vo
onlarin fasiller lizra paylanmasindaki 6ziinamoxsusluqdur. Belo ki, bu arazids yagintilarin 50—
60%-1 payiz foslino tosadiif edir, bu iso ilin soyuq aylarinda belo ¢aylarda suyun hacminin
azalmasina imkan vermir va s.

Lonkoran tobii vilayatinin saciyyavi xiisusiyyatlorindon biri ds ondan ibaratdir ki, bu
orazido formalasan caylarin monboyi demok olar ki, tamamilo Azorbaycanin sorhodlori
daxilinds yerlosir vo onlarin qida manbalari va su balansi 6lkomizin daxili ehtiyatlar1 hesabina
tomin olunur. Bu amil su ehtiyatlart mohdud olan Azarbaycan ti¢lin strateji ohomiyyat dasiyir
vo homin resurslarin daha somarali, magsadyonlii vo minimal itkilorle istifadosini miimkiin
edir.

Vilayatdoki ¢aylarin boyiik oksariyyati qisa axarli va yerli shamiyyatlidir. Bels ki, bu
arazidas yerloson ¢aylardan yalniz 64-niin uzunlugu 10-50 km, bir ¢ayin uzunlugu 50-100 km,
digorininki i1so 100-200 km arasindadir. Bunlar bolgonin hidroqrafik sabokasinin six, lakin
kicik ¢aylardan ibarat oldugunu tasdiglayir.

Lankoran tabii vilayatindoki caylarin {imumi uzunlugu 4418 km, onlarin sutoplayici
saholorinin (hovzealorinin) imumi orazisi isa 5200 km?-dir. Bolqarg¢aydan baglayaraq
Astaracaya gadar uzanan orazids yerloson caylarin birgs illik su sarfi toxminan 1400 milyon
m? vo ya orta hesabla saniyads 47,56 m? toskil edir. Bu rogom 6lkonin iimumi su balansinin
toqribon 4,7%-ni toskil etso do, regionun hidroqrafik rejiminds asas rolu atmosfer yagintilar
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oynadig1 {iclin bu ehtiyatlar nisboton tez bir zamanda borpa olunur. Notico etibarilo iso bu
caylar Lonkaran tobii vilayatinin ekoloji va tosarriifat hayatinda miithiim yer tutur.

Vilayatdoki ¢aylardan yalniz ikisi — Bolqar¢ay vo Astaracay tranzit caylar kimi
gqiymatlondirilir. Belo ki, Bolqarcaym 135 km uzunlugundaki hissesi Azorbaycan
Respublikasi ilo Iran Islam Respublikas1 arasinda sarhad xattini toskil edir vo bu ¢aym yalniz
33 km-lik axar1 6lkomizin orazisina daxildir. Astaragay iso tamamilo (36 km) hor iki 6lko
arasinda sorhad boyunca axaraq, sorhad ¢ay1 statusuna malikdir.

Lankaran tobii vilayetinde ¢aylardan istifade soviyyasi orazi vo movsiim iizrs forqlonir.
Belo ki, Viloscaydan simalda yerloson caylarin oksoriyyoti suvarma islorinin intensiv
aparildig1 yay aylarinda — xiisusilo iyun, iyul vo avqustda demok olar ki, quruyur. Bu, homin
caylarin su ehtiyatlarinin mohdudlugu vo suvarma mogsodilo hoddindon artiq istismart ilo
baghidir. Bununla yanasi, respublikanin digoer bdlgalorindon forqli olaraq, Lonkoran tobii
vilayatinda yerlogon ¢aylarda qis qitsululugu — yoni qis mejeni miisahido olunmur. Bu fakt
orazidoki caylarin su rejiminin osason iqlim amillori, xiisusilo do atmosfer c¢okiintiilori ilo
tonzimlonmasi ils izah edilir [4, s.198-202].

2. Lankaran tabii vilayati cay ekosistemlorinin ekoloj-mikrobioloji voziyyatlorinin
saciyyasi. Lonkoran tobii vilaystindoki caylar asason kicik dag-cay ekosistemloring aid olub
0z monbayini dagliq orazilordon gotiirdiiklori tiglin giicli axin silirotino malikdirlor. Bu
xlisusiyyat xiisusils intensiv yagintilar zamani 6ziinii daha qabariq gostorir. Belo hallarda dag
yamaclarinda vo mailli okin saholorinds torpagin eroziyaya ugramasi, asinmasi vo yuyularaq
cay vasitosilo diizon saholoro dasinmasi prosesi bas verir. Noticodo regionda cay
ekosistemlorinin morfoloji strukturunda bas veron doyisikliklor getdikco daha genis miqyas
alir. Bu doyisikliklorin asas sabablorindon biri do ¢ay yataglarinda yerloson ¢inqil vo qum
Ortiiyliniin ingaat mogsadils kiitlovi vo kortobii sokildo istismar olunmasidir. Bu kimi geyri-
ganuni vo nozarotsiz miidaxilslor caylarin axin rejimini, siirotini doyisdirir, mocra
morfologiyasinin pozulmasina, su itkisi soviyyasinin artmasina, infiltrasiya vo buxarlanma
proseslorinin qeyri-sabit hala golmasino sobob olur. Noticodo, cay ekosistemlorinin
hidrologiyas1 vo ekoloji tarazlig1 pozulur.

Vilayatdoki cay ekosistemlorinin sabitliyino monfi tosir gdstoron osas antropogen
amillor sirasinda ¢ay sularinin ¢irklonmosi vo geyri-somoarali istifado formalar1 xiisusilo
secilir. Bu amillor ¢ay ekosistemlorinin davamli inkisafi vo regionun su tohliikosizliyi
baximindan ciddi tohliiko yaradir.

Miiasir dovrde antropogen tosirlorin artmasi ilo olagodar olaraq, bir ¢ox caylara
miixtalif monbalordon, xiisusilo do maisat, sonaye vo kond tasarriifat1 foaliyystlori naticasindo
omolo golon ¢irkab sular axidilir. Bu, ¢ay ekosistemlorinin hidroekoloji voziyyastino monfi
tosir gostormoklo yanasi, sularin keyfiyyot gostoricilorinin ciddi sokildo pislogsmasine sobab
olur. Belo soraitdo suyun keyfiyystini yalniz onun tobii hidrokimyovi parametrlorino goéro
giymotlondirmok kifayat etmir; ¢irklonmoni xarakterizo edon digor kompleks gostoricilor do
nozors alinmalidir.

Cirklondirici maddslorin spektri genigdir vo bunlara orqanoleptik gdstoricilor (rong,
qoxu, dad), toksik komponentlor (agir metallar, pestisidlor va s.), mikrobioloji parametrlor
(bakteriyalar, viruslar, patogenlor) vo digar antropogen markerlor daxildir. Masalon, igmali
suyun keyfiyyatinin qiymotlondirilmasi tiglin ABS-da 19, Avropa 6lkoalorinin oksariyyatindo
21, kegmis SSRi-do iso 24 osas gostoriciden istifado olunurdu [8, 5.20-40]. Ustalik, togribon
300-0 yaxin miixtolif madds {izro mohdudlasdirict qatiliq (maksimal icazo verilon
konsentrasiya) doyarlori miioyyon edilmisdir. Belo ¢oxsayli parametr osasinda aparilan
gqiymatlondirmo, praktikada hom ¢otinlik toradir, hom do oldo olunan naticalorin
timumilosdirilmasini ¢otinlogdirir. Bu sobobdon, son ddvrlords ¢ay sularinin keyfiyyotini
kompleks sokildo oks etdiron inteqral (iimumilogdirilmis) gostoricilordon istifado daha
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mogqsadouygun hesab olunur. Bu yanasma xiisusilo ABS, Almaniya, Fransa vo Isve¢ kimi
inkisaf etmis 6lkalords siiratlo inkisaf etmokdadir [9, s.205-220, 14, s.155-180].

Inteqral gostaricilorden biri kimi bioloji induksiya iisulu genis tatbiq edilir. Bu iisulda
bozi mikroorqanizmlorin movcudlugu veo ya yoxlugu homin su hovzasinds ¢irklonma
dorocosini  gostoron bioloji indikator kimi qobul olunur. ©On effektiv qiymotlondirmo
metodlarindan biri suyun c¢irklonma saviyyesini miixtalif gostoricilor asasinda siniflogdiron
kompleks tosnifatlarin totbiqidir. Bu tosnifata osason, ¢ay sular1 6 qrupa ayrilir: ¢cox tomiz,
tomiz, az ¢irklonmis, miilayim ¢irklonmis, ¢irklonmis va giiclii ¢irklonmis [10, s.55-65].

F.S. Oliyevin bu tosnifat iizro apardig1 qiymotlondirmoys asason, Lonkarangay (Sifidor
maontaqosi) vo Tongarud cayr (Vaqo kandi) tomiz, Vilascay (Sixlar kondi) vo Istisugay (Alasa
kondi) iso miilayim cirklonmis sular kateqoriyasina aid edilmisdir. Bu qiymotlondirmolor
Sularmn Cirklonma indeksi (SCI) asasinda hoyata kegirilmisdir [1, 5.200-220].

O da geyd olunmalidir ki, regionda yerloson ¢aylar yalniz daxili tosorriifat vo moisot
ehtiyaclar {igiin deyil, hom do Xozor donizinin ekoloji vaziyyating tosir baximindan strateji
ohomiyyat dasiyir. Lonkoran tabii vilaystindoki ¢aylar yasayis montogolori torafindon intensiv
sokildo istifado olunmaqla yanasi, Xozor donizinin sahil sularinin fiziki-kimyovi
xlisusiyyatlorinin formalagmasinda vo Conubi Xozorin conub-qgorb self zonasinda timumi
bioloji mohsuldarligin yaranmasinda miihiim rol oynayir. Bu ¢aylar homginin Xozorin kegici
vo yarimkegici ixtiofaunasinin — yoni miixtalif baliq ndvlorinin hayat dovrolorinin miioyyon
morhololorindo istifado etdiklori yasayis vo miqrasiya miihitlorinin togokkiiliindo xiisusi
ohomiyyoato malikdir. Bu sababdon, regionun biitiin ¢ay ekosistemlorinin qorunmasi vo onlarin
Xazoarls qarsiligh slagslorinin davamli sokilds izlonmasi prioritet masalolordon biri olmalidir.

Conubi Xozorin baliq sorveti ehtiyatlarinin qorunmasinda hslledici rol oynayan
orazilordon biri do Qizilagac korfozidir. Xiisusilo kegon asrin 50-ci illorindo bandlo ayrilaraq
sirin sulu hovzoys ¢evrilmis Kicik Qizilagac korfazinin ekoloji vo bioloji hayatiliyinin tomin
olunmasinda Qumbas1 vo Viloscayin rolu mithiim shomiyyast kasb edir. Bu iki ¢ayin korfozdo
su dovriyyasinin vo ekoloji tarazligin saxlanmasinda oynadig1 funksional rol, oraziys yalniz
ekoloji deyil, ham ds iqtisadi, bioloji vo elmi cohatdon strateji status qazandirir. Lakin son
illor bu caylarla Kicik Qizilagac korfozi arasinda su miibadilssinin pozulmasi, yoni tobii
hidroloji olagalorin tonzimlonmomasi vo su axinlarmin qarsisinin alinmasi sobabindan, o,
todricon yarimbataqliq oraziys ¢evrilmis, pprosesin fosadlart son doroco ciddi ekoloji
problemlors gotirib ¢ixarmisdir. Boylk vo Kicik Qizilagac korfozlorindo aparilan son elmi
todqiqatlar noticosindo siibuta yetirilmisdir ki, kigik korfozde yazin sonu vo payizin ilk
yarisinda anaerobioz — yoni oksigensiz hayat soraitinin Ustlinliik toskil etdiyi proseslor bas
verir vo bunun naticosindo bentik (dibdo yasayan) vo bentofaq (dib orqanizmleri ilo
qgidalanan) canlilar kiitlovi sokildo mohv olurlar [3, s.10-15].

Gorilindiiyli kimi, yalniz hidroloji rejimin doyigmosi naticasindo Conubi Xozorin on
qiymatli vo borokatli sahslorindon biri 6z 6nom vo funksiyasini itirmok tohliikasi ilo
tizlosmisdir. Bu faktlar bir daha siibut edir ki, Lonkoran tobii vilayatinin ¢ay ekosistemlori
yalniz regional deyil, hom do Xozor donizi soviyyssindo ekoloji sabitlik vo bioloji
mohsuldarliq {igiin ovazsiz rol oynayir. Bu sababdon onlarin qorunmasi vo davamli istifadosi
istigamotinda kompleks va elmi asaslandirilmis todbirlarin goriillmasi zaruridir.

Su ehtiyatlarindan istifado edon miixtolif istehlak¢ilar (kommunal-moigot sektoru,
sonaye miassisalori, kond tosorriifatt vo s.) liclin suyun keyfiyyotini miioyyon edon osas
hidrokimyavi parametrlordon biri onun imumi minerallasma dorocasidir. Bu gdstorici
caylarda aximin miqdari ils six gokilda bagli olub, su rejiminin mdvsiimi doyiskonliyi fonunda
dinamik xarakter dasiyir. Suyun sorfi azaldiqca, xiisusilo do vegetasiya dovriinde, onun
minerallagsma soviyyasi yiiksalmoys meyil gostorir. Bu, xiisuson yuyulmaya meyilli
hidrokarbonatl siixurlarin genis yayildig1 hvzalords daha qabariq sokilde 6ziinii gostorir.
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Azorbaycan orazisindo hidroloji todqgiqatlar aparmis morhum S.N. Riistomov [5, s.50-
70] vo M.A. Mommoadovun [4, s.120-145] arasdirmalarina osason, Lonkoran tobii
vilayatindoki c¢aylarin suyu kimyovi torkib etibarilo hidrokarbonatli-kalsiumlu sular sinfino
aid olub, vilayatinin morkozi vo conub hissasindoki ¢aylar kalsium-karbonatli, simal-sorqindo
(Vilosgay hovzasi) vo Astaragayin orta hovzasindoki axarlar xloridli sulara aid olunur.

Lonkoran tabii vilaystinds yerlason caylarin oksoriyyati {iglin orta illik minerallagsma
doracasi 200-500 mq/1 intervalinda dayisir ki, bu da Umumdiinya Sohiyya Toskilatinin qobul
etdiyi igmali su standartlarina uygun olaraq orta saviyysli minerallasma kateqoriyasina aiddir.
Belo sular hom i¢mali su kimi istifadoys, hom do kond tosorriifatt mogsadlori tigiin, xiisusilo
suvarma islorindo totbiqe yararlidir. Minerallasma soviyyasinin mdvsiimi doyiskonliyi do
misahido olunur. Belo ki, yay aylarinda (iyul-avqust) su sorfinin azalmasi fonunda
minerallagma maksimum hadda ¢atir, oksing, ilin soyuq va riitubatli dovriinds (mart—oktyabr)
¢ay aximinin artmasi naticasinds bu gostorici minimal olur. Bu doyisikliklor ¢aylarin tipik su
rejimini oks etdiron miithiim hidrokimyovi gostaricilordon biridir.

Lonkoran vilaystinin ¢aylar1 az minerallagsmis sularla xarakterizo olunsa bels, regionda
yerlogon bozi iri yasayls montagolorinin su tominatinda miihiim ohomiyyato malik olan
Viloscayda minerallasma saviyyasinin yiiksok oldugu miioyyon edilmisdir. Miixtslif fosillor
izro bu ¢ayda minerallasmanin doyismo araligi 456-902 mq/l toskil edir ki, bu da vilaystin
digor caylaria nisbaton 2—3 dofs artiqdir. Bels bir forq Viloscayin su keyfiyyatinin hom tobii
geokimyovi amillordon, hom do otraf miihito yonolik antropogen tasirlordon daha intensiv
sokilda tosirlondiyini gostarir.

Yay movsiimiindo ¢aylarin qitsulu fazaya daxil olmasi noticosindo onlarin su sorfi
ohomiyyotli dorocodo azalir. Bu soraitds c¢aylarin, xiisusilo asagi axin hissolorindo,
hidrogeoloji baximdan qrunt sulari {igiin tobii drenaj funksiyasini yerino yetirmosi miisahido
olunur. Natica etibarils, ¢ay sularinin minerallasma soviyyasi artir vo bununla yanasi, osas ion
komponentlorindon olan xlorid (Cl7), sulfat (SO+*") vo natrium (Na') ionlarinin
konsentrasiyas1 normativ hadlori kegorak yiiksalir. Bu, ¢aylarin hidrogeokimyavi balansinda
miithiim doyisikliklors sabab olur vo suyun keyfiyyatino birbasa monfi tosir gostorir.

Umumilikds, Lonkoran tobii vilaystinin ¢ay hdvzolorindo miisahido olunan osas
cirklonmo monbalori agsagidaki kimi miioyyon olunur:

— yasayls montagolorindon axidilan kommunal-maisot monsoli ¢irkab sulart;

— kond tosarriifat1 sahalorinds genis sokilde istifado olunan iizvi (heyvan moansali
tullantilar) vo mineral giibralor.

Bu ¢irklondiricilor soth sularina ya birbasa, ya da siiziilmo vo sothi axinlar vasitasilo
daxil olaraq ¢ay sularinin kimyovi vo mikrobioloji torkibinin doyigmosine sabab olur.
Beloliklo, qitsulu dovrdo tobii amillorlo yanasi, antropogen tosirlor do caylarin ekoloji
vaziyyatinin pislogsmosindo miihiim rol oynayir.

Qeyd etmok lazimdir ki, Lonkoran tobii vilayatindo cay hdvzolorinds okingilik
infrastrukturu yiiksok soviyyoads inkisaf etmisdir. Eyni zamanda, son illords enerji qithgr vo
genismiqyash tikinti islori ilo olagadar olaraq mesaliklor kasilir, dag yamaclarinda otarilma
intensivlosir, torpaq Ortiiylinde bitki qat1 seyralir vo naticods ¢ay sularima boylik hacmdo
terrigen-alliivial hissaciklor garigir. Bundan slava, giibralor, pestisidlor, detergentlor vo digor
cirklondiricilorin ¢ay ekosistemlorino monfi tosirlori movcuddur. Mdveud monbalars asason,
yalniz Talis daglarindan axan cay sularinda askar olunan fenollarin vo agir metal duzlari-
birlogsmolorinin miqdari sanitar normalarin 2 dofo {izorindadir [2, s.80-100]. Homg¢inin geyd
olunur ki, Lonkoran tobii vilayatindo c¢ay sularina orta hesabla ildo toxminon 125 min ton
imumi kimyovi maddo qarisir. Xiisusilo, on ¢ox c¢irklonmoys moruz qalan Viloscay vo
Qizilagac korfozinin orazisino hor il 27 min ton kimyavi birlosmolor, 3—4 ton neft monsoli
karbohidratlar, 18—-20 min ton asili maddslar, eloco do 1000 tona qodar iizvi tobii substratlar

10



[
—

Xk
e

daxil olur. Bu maddslorin miqdari ¢ay ekosistemlorinin ekoloji voziyyatino vo iimumi bioloji
miixtalifliyine monfi tosir gostorir.

Saciyyovi cohatlorindon biri odur ki, Azorbaycanin digor fiziki-cografi bdlgolorindon
forqli olaraq, Lonkoran tabii vilayatinde cay ekosistemlori daha kompakt vo lokal xarakter
dastyir. Bu i1so homin ekosistemlordo bas veron ekoloji doyisikliklorin vizual vo todqiqat
baximindan daha aydin miisahido olunmasina sgorait yaradir. Bu xiisusiyyat c¢ay
ekosistemlorinin hassasligini vo ekoloji balansdaki doyisikliklorin intensivliyini daha gabariq
sokildo ortaya qoyur.

Son 25-30 il arzindo bolgado miisahido olunan bir sira ekoloji vo sosial tosirlor —
xlisusilo enerji dastyicilar ilo tominatdaki catismazliglar, meso orazilorindo tobii tarazligin
pozulmasi, dag otoklori vo meso konarlarinda yerloson kolluq saholordo bitki Ortiiyiiniin
seyroklosmasi vo tapdanmasi regional iqlim soraitindo do doyisiklik ehtimalini giindomao
gotirmisdir. Bu antropogen monsoli doyisikliklor tobii landsaft komplekslorindo struktur-
funksional pozuntulara sabab olmusdur [6, s.75-84]. Bu moanfi doyisikliklorin tosiri ¢aylarda
sediment (asil1 vo bark mineral maddo) ylikiiniin artiminda da 6ziinii gostorir. Bels ki, son illor
orzinds ¢aylarin asili-bork daginiq materiallarinin orta illik hacmi avvalki illorlo miiqayisads
toxminon 1,2-3 dofo artmisdir. Hidroloji analizlor siibut edir ki, bu artim birinci névbado
meso Ortiiyliniin seyroklogsmaosi ilo olageli olaraq giiclonmis torpaq eroziyast ilo baglidir.
Naticado, caylar vasitasilo ¢okiintii soklindo dasinan terrigen (torpag-monsoli) maddslorin
miqdart artaraq, su hovzalorinin hidrokimyavi vo morfometrik parametrlorini doyisdirmisdir.

Qeyd etmak lazimdir ki, Lonkoran tobii vilaystindoki ¢aylardan avvallar baslica olaraq
kond tosorriiftinda suvarmada istifado edildiyi halda son 20-25 ildo onlardan moisotdo do
istifado ilden-ilo artir. Belo ki, Azorbaycan Respublikasinin Dovlot Statistika Komitasinin
Azorbaycan Meliorasiya vo Su Tosorriifati A¢iq Sohmdar Comiyyotinin molumatlarina
osaslanan rosmi agiqlamasima goro bolgedo iimumi su istehlaki 2000-ci ildo 33,4 min. m®
olmusdursa, 2023-cii ildo bu 5 dofoys qoder artaraq 152,8 min. m3-o catmigdir.Cay
hovzalerine bu illerds atilan cirkab sularin timumi hacmi 0,01 min. m3-den 1,7 mln. m®-dak
artmisdir. Eyni zamanda da bolgods su itkisi do ¢coxalmigdir. Belo ki, rosmi sonaddo gostorilir
ki, bolgads timumi su itkisi 2002-ci ildo 18,1 mln m?*?, 2017-c1 ildo iso 39,1 mln m? togkil
etmisdir.

Tosssiiflo qeyd olunmalidir ki, Lonkoran tobii vilaystinds yerloson caylar vo ¢ay
hovzolorinin  miihafizosi {lizro zoruri todbirlor hoyata kecirilmir. ©Orazidoki c¢aylarin
oksariyyatinda suqoruyucu va ekoloji qoruma todbirlorinin olmamasi homin su obyektlorinin
tobii rejiminin pozulmasina sabob olur. Cay sahillori, xiisusilo kond, gosabo vo sohor yasayis
mantogalorine yaxin orazilordo ¢ay maocralarinin vo sahil zolaglarmin tikinti vo insaat
materiallarinin (xiisusilo ¢ingil vo qum) istismart magsadilo genis sokilds istifado olunmasi
miisahido edilir.

Regionda shalinin keyfiyyatli igmali su ils tominatinda da ciddi ¢atinliklor mévcuddur.
Suyun ekoloji miihafizosi masalasi bolgads daha ¢ox diqgat vo toxirasalinmaz todbirlor tolob
edir. Hazirda igmoali suya olan tolobat asason artezian vo quyu sulari hesabina ddonilir. Lakin
yagintilarin miqdarinin yiliksok oldugu payiz, qis vo yaz aylarinda quyulardaki su soviyyasi
koskin sokildo qalxir vo naticado su torpaq sothino godor c¢ixir. Bu hal iso ¢irkab sularinin
asanligla quyulara gqarismasina vo igcmoli suyun mikrobioloji ¢irklonmosino gotirib ¢ixarir.
Xiisusilo grunt sularmin sotho yaxin yerlosdiyi orazilordo tomiz vo tohliikosiz su ilo tominat
mogsadilo regionda mdvcud olan tobii su monbolorindon istifado daha moagsodouygun hesab
edilir.

Aparilan miisahidslore osason, bdlge ¢aylarmin maocralarinda vo sahillorinde ingaat
mogsadile aparilan das vo ¢inqil istismari su soviyyosinin azalmasina, bunun naoticosindo iso
otraf torpaglarda su eroziyasinin intensivlogsmosing sobab olur. Eyni zamanda, ¢ay axarlarinin
tobii rejimo uygun olmayan sokildo doyisdirilmosi vo geotermal sularin nizamsiz sokildo
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caylara vo ya otrafa axidilmasi torpaglarin batagliglasma prosesini siirotlondirir. Bozi
orazilords torpaglarin dasinmasi noticosinds genis sahoni ohato edon durgun ¢irkli su hovzalori
(gblmagolor) formalagsmisdir ki, bu da malyariya kimi infeksion xastoliklorin yayilmasi iigiin
alverisli sorait yaradir. Bu hallar gostorir ki, Lonkoran tobii vilayatinds ¢ay ekosistemlarinin
gorunmasi, su ehtiyatlarinin dayaniqh istifadosi vo otraf mihitin saglamligi mogsadilo
kompleks tadbirlorin hoyata kecirilmasi zoruridir.

Lonkoran tobii vilayotinin cay ekosistemlori bolgodoki ekoloji ziddiyyetlorin vo
transformasiyalarin osason antropogen tosirlorlo bagli oldugunu aydin sokildo gostarir.
Masalon, Qumbasicayin sularinin Kicik Qizilagac korfozine nozordo tutulan hocmdo daxil
olmamasi naticasinds bu ekoloji baximdan doayarli su-bataqliq kompleksi ciddi dayisikliklora
moaruz qalmis, korfozin hidroloji rejimi, su-duz balansi va bioekoloji durumu pozulmusdur.

Umumilikda, shalinin six moskunlasdig1 orazilorde moisat, kond tosarriifat: vo sonaye
saholorinds caylardan intensiv istifado ekosistem sabitliyini tohliiko altina alir. Buna goro do
cay resurslarindan somorali istifads vo onlarin ekoloji tarazligmmin barpast prioritet
mosalolordondir. Bu kontekstdo ¢aylarin hidrokimyavi vo ekoloji-mikrobioloji voziyyatinin
kompleks gokilds todqiqi miiasir elmi aragdirmalarin asas istigamatlorindon biri olmalidir.

Lonkoran tobii vilaystindo su balansi, tosorriifat chomiyysti vo diger xiisusiyyatlorino
goro secilmis 10 cayda ilkin olaraq ilin fasillorine uygun miisahidolor aparilmis vo
mikrobioloji tadqiqatlar {i¢iin su ilo birlikds lil vo qrunt niimunslori toplanmisdir. Bu caylar
arasinda Astaracay, Pensorcay (Tongorudgay), Lonkorangay, Girdonogay, Veravulgay,
Qumbasicay, Boladigay, Vilsscay, GOytopacay vo Bolgarcay yer alir. Niimunalor hom tomiz,
monba sahoalorindon, hom iri yasayis montogoalorinin yaxinligindan, hom do heyvandarliq vo
qusculuq tosarriifatlar: ilo alagali, eloco do digoar istehsal sahalarinin ¢irkab sularinin axidildig
orazilordon oldo edilmisdir.

Olavo olaraq, ¢ay mocralarina yaxin yerlogon saholorde, ohali terofindon moigot
mogsadlori iiglin genis istifado olunan quyu sularindan da niimunoslor toplanaraq analiz
edilmisdir. Niimunolor hor dofs steril siiso gablarla gotiiriilmiis vo ilkin mikrobioloji okmolor
yerindo aparilmigdir. Daha sonra niimunolorin kameral islonmo ilo tamamlanmisdir.
Mikrobioloji analizlor zaman1 mdvcud vo genis totbiq olunan metod vo tovsiyalorden istifads
edilmis, mikrofloranin imumi miqdar1t — birbasa filtrlor iizorindo mikroskop altinda saymaq
tsulu ilo mioyyonlogdirilmigdir [12, s.20-40]. Hor ekspedisiyada ¢ay sularinin fiziki
gostaricilorindon olan temperatur vo soffafliq soviyyolori daimi olaraq 6l¢iilmiisdiir. Bundan
olavo, sularda alloxton maongoli, osason antropogen tosirlor noticosindo yaranan iizvi
maddolarlo ¢irklonmonin bariz gdstoricisi sayilan bioloji oksigen moasrafi (BOM) do otrafl
sokildo todqiq olunmusdur. Bu mogsadlo G.G. Vinberq torafindon toklif edilmis Vinkler-
Vinberq tisulundan istifads edilmisdir [7, s.25-50].

Oldo olunan mikrob kulturalarinin say vo torkibino ke¢mozdon ovval qeyd etmok
lazimdir ki, tadqiq olunan ¢aylarda suyun soffafligr il boyu ¢ox asagi soviyyado — 0,1-0,2
metr arasinda doyisir. Yay fosli istisna olmagqla, diger biitiin mdvsiimlorde sularda bulanigliq
daha giicliidiir vo bu xtisusilo yagmurlu dovrlordo daha qabariq sokildo 6ziinii gostorir. Cay
sularinda osason terrigen mansali, yoni torpaqdan golon ¢okiintiilor listlinliik toskil edir. Buna
goro do mikrofloranin timumi say gostoricilori biitlin niimuns gotiiriilon montagolordo oxsar
soviyyodo miisahido olunur. Yagislar noticosindo sularda bulaniqhigin artdigr dovrlorde
saprofit bakteriyalarin petri fincanlarinda omalo golon koloniyalarin morfoloji xiisusiyyatlori,
ronglori va digar gostaricilorinde forqlilik ¢ox zaif va ya demak olar ki, nazare ¢arpmur.

Maraqhdir ki, oldo edilon bakteriya kulturalarinda oxsar cohotlorin iistiinliik togkil
etmosini M. Fyodorov [15, s.120-160] vo A. Rodina [11, s.70-110] alloxton mikrofloranin,
yoni torpaq mongali mikroorqanizmlorin sulara qarismasi ilo olagolondirmislor. ©gor bu
ehtimalla razilagsaq, o zaman qeyd olunan mikroflora torkibinin osason torpaq
mikroorganizmlorine moaxsus olmasi montigli vo gobul edilondir.
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Lonkaran tabii vilayati ¢cay ekosistemlarinda timumi mikrofloranin, saprofit va koliform
bakteriyalarin migdart (2024-ci il).

Qis Yaz
Caylar MUM, SP, KB/ml MUM, SP, KB/ml
min/ml min/ml min/ml min/ml
Astaracay 1,9 22,0 150,0 3,2 41,0 310,0
Pensorgay 3,3 12,0 200,0 3,1 25,0 210,0
Lonkorangay 4,2 33 600,0 53 42,0 320
Girdonicay 2,2 24 125,0 51 25,0 210,0
Veravulgay 2,3 5,0 20,0 43 10,0 60,0
Boladicay 1,5 2,0 30,0 2,7 14,0 210,0
Qumbasigay 43 11,0 70,0 5,6 9,6 170,0
Viloggay 4,2 16,0 450,0 11,2 40,0 200,0
Goytopacay 3,4 26,0 170,0 8,3 14,0 210,0
Bolgarcay 3,2 45 150,0 54 35,0 250,0

Qeyd etmok lazimdir ki, Lonkaran tobii vilayotinds on iri sayilan, yuxarida adi ¢okilon
caylarin hamisi nisboton qisa uzunluga malikdir vo maillik deracalari yiiksok oldugundan su
stirotlo axir. Bu sobobdon, torpaq mensali terrigen hissaciklor vo digor bark maddslor cay
maocrasinda tam ¢okmiir vo monbadan yagis sulart ils birlikds vadilore qadar asanligla yayilir.
Elo bu amil osas sobob kimi mikrofloranin timumi say gostericilorinin ¢aymn biitiin axar
boyunca oxsar saviyyado galmasina gotirib ¢ixarir. Bununla belo, mikrob kulturalariin
keyfiyyat gostaricilarinda seckili forgliliklor miisahids olunur (Yuxarida cadvals bax).

Olduqca saciyyovidir ki, saprofit bakteriyalarin kulturalarinda morfoloji nov
xlisusiyyatlori iizro aparilan miisahidalor noticosinds ¢ay sularinda mantagolora gora forqli
naticalar aldo olunmusdur. Belo ki, torpaq mikroflorast iistiinliik togkil edon saholordo mikrob
kulturalarinda mikrokoklar, aktinomisetlor vo ibtidai goboloklorin say1 ¢ox olur. Oksing, iizvi
cirklonmonin bas verdiyi orazilordon goétiiriilmiis niimunslords iso sarsinlor, ¢opvari bakterial
formalar vo timumiyyatlo sporsuz bakteriyalar 75-80%-o qodar istiinliik togkil edir. Bundan
olavo, caylarin iizvi ¢irklonmasinin miioyyanlosdirilmasinda biodestruksiya ilo bagli naticalor
xlisusi shomiyyat kasb edir. Ciinki saprofit bakteriyalarin kamiyyot va keyfiyyst baximindan
doyismasi mithitds mdvcud olan iizvi maddaslarin torkibi vo konsentrasiyasindan asilidir. Bu
baximdan yay faslinds sldo olunan naticalor daha maraqli hesab olunur vo hdvzalarin ekoloji
voziyyatini nisbaton aciq sokildo niimayis etdirir.

Natica. Lonkoran tobii vilayatinin todqiq edilmis vo adlar1 yuxarida coadvaldo
gostorilmis 10 on iri ¢ay ekosistemlorinde qis aylarinda yazla miigayisado toxminan 2 dofs
azdir. Bu nisbot saprofit bakteriyalarin miqdarinda da eyni sokildo 6zilinii gostorir. Lakin
koliform bakteriyalarin yaz foslindoki miqdar qis aylarinda 6lgiilon gostericilordon 10 dofs
yiiksokdir. Bu, yaz yagislar1 vo orimis qar sular1 vasitosilo torpaqdan yuyulan alloxton iizvi
maddalarin ¢oxalmasi ilo olagolondirile bilor. Bundan olave, todqiq olunan g¢aylarm biitiin
montagolorinde koliform bakteriyalarin agkar olunmasi onu gostorir ki, bu ekosistemlor
koliform bakteriyalarla ¢irklonmaya moruz qalan manbolors malikdirlor. ©hali torsfinden bu
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caylarin maoisot ehtiyaclar tigiin genis istifado edildiyi nozoro alinaraq, onlarin fekal
cirklonmasindon qorunmasi, yoni biitiin hdvzo lizro sanitariya vo ekoloji rejimlorin ciddi
sokildo tomin olunmasi zoruridir.
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ECOLOGICAL MICROBIOLOGY OF RIVER ECOSYSTEMS |IN THE
LANKARAN NATURAL REGION

Gorkhmaz Agayev
Lankaran State University, Lankaran, Azerbaijan

The article presents the results of ecological and microbiological investigations conducted in the main rivers of
the Lankaran natural region (including the Vileshchay, Astarachay, Bolgarchay, and others). During the
research, water and sediment samples were collected across different seasons and analyzed for their
physicochemical and microbiological parameters. The influence of seasonal variations on the overall
composition of microflora, as well as the distribution of saprophytic and coliform bacteria, was determined. In
addition, the study examined the causes of ecological instability within the context of river hydrographic
regimes, pollution sources, and anthropogenic pressures. The results indicate that soil erosion, domestic and
industrial waste, and non-regulated water usage have a negative impact on the microbiological status of river
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ecosystems. The article also highlights the implications of these processes for biological productivity and
ecosystem balance along the southwestern shores of the Caspian Sea.

Keywords: Lankaran natural region, river ecosystems, microbiological indicators, saprophytic bacteria,
anthropogenic pollution

KOJIOTMYECKASI MUKPOBHOJIOT UsI PEUHBIX 3KOCUCTEM
JJEHKOPAHCKOM MPUPOJHOM OBJACTH

I'opxma3 Araes
JIAHKsIpaHCKHUH roCyJapCTBEHHBI YHUBEPCUTET, JIstHKsApaH, A3epbaiiKkan

B crathe mpencraBieHBl PE3yNbTAaThl JKOJIOTO-MHKPOOHMOJIOIMYECKUX HCCIICIOBAaHUM, INPOBENEHHBIX B
OCHOBHBIX pekax JIeHKopaHCKOW mpupoaHOW obmactd (B TOM umciie B pekax Bumsnmaid, Acrapavai,
Bounrapuaii u np.). B xoze uccnenoBanuii ObutM 0TOOpaHbI MPOOBI BOJBI U MJIa B Pa3HbIE CE30HBI rojia, a TaKkkKe
MIPOAHATU3UPOBAHbl UX (PU3MKO-XMMHUUYECKHE M MUKPOOMOJOTHYECKHE IIOKa3aTesid. Y CTaHOBJICHO BIMSHHE
CC30HHBIX M3MEHEHHMH Ha 0OmuMii cocTaB MHKPO(IIOpPHI, a TaKXKe Ha pPAcCIpOCTPAHCHHE CAlpPO(PUTHBIX MU
konmudopmMHbIX Oakrepuif. Kpome TOro, B KOHTEKCTE THAPOTPA(YUYECKOrO pEXHMMa PEK, HCTOYHHKOB
3arpsi3HEHUSI M AHTPOIIOTEHHOTO JaBICHHUS OBIIM WM3YYeHbl NPHYMHBI HAPYIICHHS HKOJIOTHYECKOH
CTaOMIBHOCTH. Pe3ysbTaThl MOKA3bIBAIOT, YTO SPO3HUs MOYB, OBITOBBIC M IIPOMBIIUICHHBIE CTOYHBIC BOJBI, a
TaKke  HECOONIOZECHHE  HOPMATHBOB  BOJAOINOJIB30BAHHMS  OKa3bIBAIOT  HETAaTUBHOC  BIMSHUE  HA
MHUKPOOHMOJIOTHYECKOE COCTOSIHME PEYHBIX AIKOCHCTeM. B cTarbe Taroke NOAUEPKUBACTCS BIMSHUE OSTHX
MPOLIECCOB Ha OMOJIOTMYECKYIO MPOJAYKTUBHOCTD U DKOJIOTHUECKOE PAaBHOBECHE NMPHOPEKHBIX PaiOHOB HOTO-
3anaaHoil yactu Kacrmiickoro mMops.

KnaioueBble ciaoBa: JIsHkspaHCcKas NpHpPOAHAs 00NacTh, PpEYHbIE AKOCHCTEMBI, MHUKPOOHOJIOTHUECKHE
roKasaTesu, canpoduTHeie OaKTepHH, aHTPONIOI€HHOE 3arpsi3HEHUE

Daxil oldu: 17.03.2025 Cap edildi: 26.05.2025
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Xilass. Mogalods Azorbaycan Respublikasinin Kigik Qafgaz tobii vilaysti ¢aylarmin (Naxgivan MR istisna
olmagla) osas hidroloji xususiyatlori vo onlarin formalagsmasina tasir edon amillor tohlil edilmisdir. Miioyyan
edilmisdir ki, arazi ¢aylar1 daha ¢ox tobii tanzimlomoys malik olmagla onlarin gida moanbayinin 60%-dan ¢oxunu
yeralt1 sular togkil edir. Cay hovzolorinin orta yiksokliyi artdigca yeralti qidalanma dahada artir. Qeyd etmok
lazzimdir ki, orazi caylarmin su ehtiyatlar1 vo hidroloji xUsusiyystlorino regional iglim doyismolori, cay
hévzalarinin morfometrik gostoricilori, antropogen amillor ilo yanasi arazinin uzun illor ermoni iggal altinda
olmasinin da giiclii tosiri olmusdur. Bu ise 6z ndvbasinds tobii vilayat caylarinda sularin kemiyyat vo keyfiyyat
gostaricilarinin rejiminin formalagmasina sabab olur. Bels ki, son 30 ilds tobii vilayatdo axan srazi ¢aylari ciddi
stirotdo ¢irklonmoys moruz qalmalari ilo yanasi qis azsulu dovr aximinin artmast miisahide olunmus, illik
aximin, dasqin vo giirsulu dovr aximlarinin hacmi azalmaqla {imumi su ehtiyatlarinda ciddi azalma miigahids
olunmusdur (14 %). Todqiqatgilar gostorir ki, belo davam etsa yaxin golocokds tabii vilayat ¢aylarinin axim
komiyyati daha 30-35% azala bilar.

Acar sozlar: hidroloji xUsusiyyatlor, axim komiyyati, ¢ay aximi, axim fazalari, ¢ay sobokasi, iglim doyismolari,
rejim xUsusiyyatlori, qidalanma rejimi

Giris

Muasir global iglim doyismolori ddvriinds surstlo artan diinya shalisinin su tominati
mosalasi on aktual problem kimi bosoriyyati narahat edir. Iqlim doyismalori, xUsusils, global
istilogsmonin regional tozahirlori su ehtiyatlarinin azalmasina, ohalinin orzaq tominatina,
regionlarin ekoloji tohllkasizliyino vo tohliksli hidrometeoroloji proseslorin artmasina
birbaga tosir gostorir. Ayri-ayr1 6lkolordo muxtalif xarakter dasiyan bu problem Azorbaycan
Respublikasi tigiin do son illor daha aktual xarakter dasiyir. Azorbaycan Respublikasinin
biitiin regionlarinin, o ciimlodon isgaldan azad olmus orazilorimizin son illordoki davamli
intensiv sosial-igtisadi inkisafi, yeni kondlorin, gosobalorin, diger yasayis montagalorinin
salinmasi, sonaye vo kond tosorriifati miiassisslorinin yaradilmasi, aqrar sektorun inkisafi,
turizmin inkisafi suya olan tolobati hiss olunacaq doracods artirmaqdadir. Golocokds su
tominatin1 yaxsilagsdirmaq {iglin yalniz sudan istifadoni azaltmaq, ondan genaatlo istifads
etmok kifayst deyil, eyni zamanda su ehtiyatlarimizin artirilmasi istigamotinds tadqiqatlar vo
praktiki islor siiratlondirilmalidir. Bu istigamatdo son illor Azorbaycan Respublikasinin
Prezidenti Conab ilham Oliyev torafindon bir sira gorarlar vo layiholor gobul edilmisdir ki,
sonuncu saroncam (05 aprel 2021-ci il) birbasa isgaldan azad edilmis orazilorin su
ehtiyatlariin yaxsilasdirilmasi va idars olunmasi ilo baghdir.
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Azorbaycanin orazisinin boyik bir hissasi arid zonada yerlosdiyino géra onun Umumi va
xususilo yerli su ehtiyatlar1 (30,9 km®) mohdud olmasi ilo yanas1 hom da arazi lizro ¢ox geyri-
borabar paylanmisdir. Nozors alsaq ki, bu ehtiyatlarin 2/3 hissasi transsorhad ¢aylarda qonsu
dovlatlorin orazisinds formalagsdiqgdan sonra respublikamizin orazisine daxil olur, onda
problemin na godar dorin oldugu daha aydin goriiniir. Digar torafdon 6lkamizin 20%-s godar
arazisinin 30 ilo yaximn bir dovrdo ermoni iggali altinda olmasi, orada yerloson su ehtiyatlari
haqqinda molumatlarin olmamasi vo ya kOhno olmasi biitovliikds respublikamizin, o
cumladan, Kigik Qafgaz orazisindo yerloson ¢aylarin hidroloji xisiisiyyatlori vo onlari
yaradan sabablori, onlarin ekoloji xiisusiyyatlorini vo arazinin su ehtiyatlarin1 kamiyyat vo
keyfiyyat gostaricilori baximindan yenidon giymatlondirilmasini talob edir.

Tahlil vo mizakirs

Azorbaycanin, o cimlodon Kigik Qafgaz tobii vilaystinin su ehtiyatlarinin sistematiki
geydiyyatt 1920-ci illorin axirlarindan baglansa da, onlarin  metodiki osaslarla
giymotlondirilmasi 50-ci illorin ovvallorindon aparilmigdir. Bu todgigatlar S.H.Ristomov
torofindon baslanmig, sonradan R.M.Qasqay vo basqalari torafindon davam etdirilmigdir [1,
s.115].

Su ehtiyatlariin idars olunmasi mogsadi ilo Kicik Qafgaz c¢aylari tizorindo XUsusi
ohomiyyato malik olan miisahide montagolori 1925-ci ildon yaradilmaga baslanmisdir. Ilk
belo miisahide montagalori Gancagay, Tortarcay, Somkircay vo Kiirokgay tizorinds yaradilmas,
sonra bunlarin say1 49-o catdirtlmigdir. Lakin geyri-mUayyan sobablor tziindon 50-ci illorin
axir1 va 60-ci illarin avvallorinds bu miisahido montagalarin bir hissasi baglanmigdir. Malum
Qarabag hadisalori naticasinds ise arazide mdvcud olan miisahido mantagalorinin oksariyyati
tamamilo faaliyyatini dayandirmiglar. Noticods arazids yerloson c¢aylarin ¢ox hissasinda 30 ilo
yaxin bir dovrde miisahidslorin aparilmamasi bununla slagadar ¢atinliklor yaratmis, orazidos
yerlogmis ¢aylarin aximmin miixtalif xarakteristikalarini, onlarin hidroloji xtisusiyatlorini vo
su chtiyatlarim doagigliklo giymatlondirmok miimkiin olmamisdir. Ermoni isgalina son
goyuldugdan sonra méhtorom Prezidentimiz Conab [.8liyevin malum sarancamu ilo orazids
bu istigamatds genis miqyash tadbirlor hayata kegirilmokdadir.
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Sakil 1. Kicik Qafqgaz vilayatinin ¢ay sabakasi

Azorbaycan Respublikasinin qorbinds, osasoen Ermonistan vo gismon Gircistanla
sorhoddo yerlosmis Kigik Qafgaz tobii vilaystin Gmumi sahosi 29040,381 km? olub
Azorbaycan Respublikasi arazisinin togriban 25%-ni toskil edir [4, s.7]. Orazi ¢aylarinin su
h6vzasinin imimi sahasi isa 37800 km? olub onun ¢ox hissasi (22400 km? ) Kiir ¢cayinin sag
gollar1, bir hissasi(15400 km?) iso Araz gayini sol qollar1 hévzasinin payina diisiir [8, s.14]
(Sokil 1).

Kicik Qafgaz tobii vilayati orazisinds axan va arazinin su ehtiyatlarinin asasini togkil
edon caylar asason Xozor donizi hdvzasins aid olub onlarin timiimi say1 4206-o baraboardir ki,
bu ¢aylarin da 4100-don ¢oxunun uzunlugu 10 km-don azdir. Orazi ¢aylarinin aximina aid
odobiyyat vo stasionar miisahido molumatlarmin tohlili gostorir ki, caylar orazinin osas
hidroqgrafik sobokosini yaradirlar. Bu gaylarin bir sira morfometrik xiisusiystlori asagidaki
cadval 1-do gostorilmisdir.

Kicik Qafgaz tabii vilayati caylarinin an bashca morfometrik xiisiisiyyatlori Cadval 1.

Ne | Cayin adi Uzun- | HOvzo- | Monbs | Sixliq | Osas gida | Sutopla- | Axim | Orta illik
lugu, | sinin yinin dora- | manbayi yict hov | omsalt | axim
km sah,km? | yiiksok- | cosi zosininn | h/x hacmi
liyi,m- | km/ orta 105 m?®
lo km? hiind.,m
1 Tortor cay 200 2650 3120 0,82 | y/altiqar 1820 0,40 721
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2 | Borglisadgay | 178 2711 3040 0,53 | y/alti,gar 690
(Bazarcay)

3 Xagingay 119 657 2100 0,82 | yagis,y/alt1 | 1558 0,38 104,9
4 Qarqarcay 115 1490 2080 0,49 |yagig,y/alt1 | 1241 0,21 66,5
5 Hokari gay 113 2570 2580 0,31 | y/altiqar 1690 0,29 303
6 | Kondolon cay | 102 536 1780 0,63 | yagis,y/alti 780 0,17 18,9
7 Oxgu cay 83 1140 3285 0,65 | qar, y/alt 1980 315,4
8 Qurucay 82 512 2320 0,68 | yagis,qar 1160 0,19 43,6
9 Harancay 81 441 2580 0,53 y/alt,gar 1158 0,37 105,2
10 Boasitcay 44 354 2600 0,47 y/alt,gar 1460 51,0
11 | Caxmaqgcay 18 38 1770 0,52 y/alt,gar 1140 3,18
12 | Padardorocay | 16 58 500 0,70 y/alt,gar 850 9,14
13 | Agstafacay 133 2586 3000 0,58 | yagis,qar 1418 0,28 416,0
14 Hasonsu 71 352 2660 0,84 | y/alti,yagis | 1156 0,29 68,0
15 Axincacay 76 1178 1950 0,63 qar, y/alti 1142 0,27 130,41
16 Tovuzgay 42 278 1900 0,93 | y/altiqar 1490 0,21 32,5
17 osrikcay 48 170 1750 0,82 | y/alt,qar 1420 0,26 5,8
18 Zayamgay 90 942 2020 0,78 | y/alti,qar 1312 0,35 155,5
19 Zahircay 58 326 1860 0,75 | y/altiqar 1083 49,0
20 Samkircay 95 1170 3220 0,83 | y/alti,qar 1900 0,41 270,0
21 Qosqarcay 76 798 2360 0,39 | yags, qar 769 0,25 107,4
22 Gancacay 99 752 2814 0,64 y/alt,qgar 2090 0,40 144
23 Kirokcay 126 2080 3100 0,36 | y/alti,qar 797 457
24 Gorancay 81 623 3100 0,53 | y/alti,yag 1158 0,35 105,2
25 Incacay 83 205 2580 0,78 | y/altiqar 1018 48,0
26 Uncacay 51 351 1370 0,14 | yagis,y/alt1 840 21,1
27 Caylak 32 190 1700 0,36 | yagis,y/alti 990 6,0
28 Qozlucay 28 100 1520 0,28 | yagis,y/alti 860 6,0
29 Cayri 58 326 1,81 | y/alti,qar 1083 0,31 49,0
30 | Horadizcay 13 32 980 0,005 | yagis,y/alti 600 1,58
31 | Cobrayilcay 12 38 0,01 | yagis,y/alt1 650 2,9
32 Dassalahli 29 82 0,29 y/alti,qar 720 9,50
33 Acisu 13 40 0,10 y/alti,qar 610 7,90
34 Cobancay 15 47 0,12 | y/alti,qar 650 7,90
35 | Qaranliqcay 18 54 0,27 | y/altiqar 920 7,29
36 | Xonasencay 52 234 0,37 | y/alti,yagis 820 13,9
37 | Kondslongay | 102 536 1780 0,63 | y/alti,yagis 708

38 Sorsu 63 0,16 | y/alti,yagis 670 11,0
39 | Agcaqosun 45 32 y/alti,yagis 170

Caylarin axmminin rejim xdsusiyyatlorini  dyronmok Gglin hidrologiyada miixtolif
metodlardan istifado olunur. Lakin hamin metodlar cay hovzalorinin tobii soraitini otrafli
O0yronmadon onlarin rejim xiisusiyyatlorini izah eds bilmir. Moahz bu sobobdon ¢aylarin
hidroloji rejim x{susiyyatlorinin cografi-hidroloji Oyronilmasi daha perspektivlidir ki,
mogaloda bu masalalors genis yer verilir.

Axim ¢ay hovzalarinds goxsayli proseslorin naticosinds formalagir. Axim amolo gotiron
amillar ¢ay aximinin yaranmasina birbasa vo dolay1 yolla tasir gostoran sabablordir. Caylarin
rejimino Vo axim xarakteristikalarina tosir gostoron bittn fiziki-cografi amillor iki grupa
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boltndr: iglim va soth amillori. iqlim, xiisusile yagmtilarn illik migdar1 ¢ay sebako sixligini
Vo ¢aylarin sululugunu miioyyan edon osas amil olsa da, yegano amil deyil. Bels ki, Kigik
Qafqaz tobii vilayati arazisinds axan ¢aylarin ¢ay soboka sixligina, onlarin axim komiyyatina
onun illik rejimina bir sira amillor tasir edir ki, onlarin igarisinds asas yeri orazinin relyefi,
burada movcud daglarin yerlogsmo istiqamati, Sothin meyillik daracasi, hdvzonin geoloji
qurulusu, ¢ay hévzslorinin landsaft xiisusiyyatlori, atmosfer yagintilari, yeralt1 sular, havanin
temperaturu vo ratubstliliyi tutur.

Hor bir arazinin ¢aylarinin qidalanma soraiti vo aximin amalagalma prosesi adston onun
sutoplayic1 hovzo sahasinin yuksakliyi ilo mlsyyan olunur. Cay hovzasinin yiiksoklik
amplitudu no godar gox olarsa, arazinin iglimi vo aximin il arzinds paylanmasi bir o qadar
muxtolif olar. Kicik Qafqaz da dagliq orazisi oldugundan burada bu ganunauygunluq cox
ohamiyyatli rola malikdir.

Qeyd etmok lazimdir ki, respublikamizin digar regionlarindan forgli olaraq bu orazidos
cay sobokasi bir gadar six inkisaf etmisdir. Belo ki, Azarbaycan Respublikasi arazisinds ¢ay
sobokasinin orta sixl1g1 0,39 km/km? oldugu halda, Kicik Qafqazda bu ragom 0,43 km/km? -o
borabordir. Lakin Kiir ¢aymin sag qollar1 ii¢iin bu rogem 0,47 km/km? , Araz ¢aymin sol
gollar1 hobzasinds iso daha asagi, 0,32 km/km? olmag|la farglonir [8, s.17].

Tabii vilaystds ¢ay sobokasinin sixligr yiiksoklik zonalart iizra kaskin forglonir. Orazids
dizonlik bolgolorindon daglara dogru getdikco cay sobokosinin sixligi artaraq Oziiniin
maksimal hoddina osason orta dagliq qursaqda c¢atir. Bu qursaqdan asagi vo Yyuxari ¢ay
sobokasinin sixlig1 azalmaga baslayir. Belo ki, Qarabag silsilasindo 2500 m — don yuxari ¢ay
sobokasinin sixlig1 har km? -0 0,30-0,40 km diisdiiyii halda, 2500-1000 m yiiksoklik qursagina
1,00-1,75 km, 1000-500 m yiksaklik qursaginda 0,10- 0,20 km, 500 m-don asagi 0,05-0,10
km disiir. Zongozur vo Daraloyazds bu rogam mivafiq olarag 0,40-0,60 km, 0,80-1,00
km,0,20-0,40 km va 0,05-0,20 km nisbatinda dayisilir [2, s.168].

Gorundiyu kimi on yiiksok ¢ay sobokesinin sixligi 2500-1000 m (1,00-1,75 km/km?)
intervalinda miisahido olunur, bundan asagi vo yuxarida ¢ay sobokosinin sixlig1 zoif inkigaf
etmigdir. On asagi sixliq iso 500 m-don asag1 yiiksalik qursagina diisiir.

Orazi ¢aylarinin sululugu isa oksinas, yuxari qalxdiqca artir vo Kigik Qafqazin simal —
sorq yamaci orazisinds 3000 m yiiksoklikdo bu ragem 20 L/s. km? - o catir, simal-gorbdon
conub-sorgo dogru getdikco asag1 diisorok axim modulu 6 L/s.km?- 5 yaxin olur. Bunun 2sas
sobobi orazi ¢aylarmin monsobindon moanbayina dogru getdikco relyef xtsusiyystloridir [7,
s.75].

S.H.RiUstamov Azorbaycan Respublikasi oarazisinds axan gaylari rejim xiistisiyyatlori va
gida manbalarina gors 4 grupa bolir [6, s.79-81].

Kicik Qafgaz tobii vilayati arazisinds axan caylar rejim xususiyyatina asason dordunci
grupa aid edilir vo orazi ¢aylarimin illik aximinin 65-70%-ni yeraltt sular togkil edir ki, bu da
onun geoloji qurulusu-siixurlarin sukegirma qgabiliyyati ilo alagodardir. Miigayisa Ug¢iin geyd
etmak lazimdir ki, Azarbaycanin yerli ¢aylari tiglin bu raqom 42,2% toskil edir. Bunun baglica
sobabi oraziys diison atmosfer yagintilar1 sularmin vulkanik siixurlara hoparaq noticods yer
sathino ¢ixan bulaglarin bol sular ils slagadardir. Belo bir vaziyyot orazi ¢aylarin aximinin il
boyu tonzimlonmasinds shamiyyatli rol oynayir. Bu da ¢ay suyundan istifado baximindan
daha olverisli hesab olunur (sokil 2).
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Sakil 2. Kicik Qafqaz caylarinn illik yeralti aximi, mm-Io

Lakin orta dagliq qursaglarinda vo ondan asagi caylarin aximinda vo gursululugun
formalagmasinda yeralti sularla yanasi yagis vo qar sulari da ohomiyyotli rol oynayirlar.
Demok olar ki, Kicik Qafqazin biitiin ¢aylart yaz — yay ¢oxsulu rejimli gaylar grupuna
aiddirlor. Yaz — yay gursululugunu omolo gotiron amil gar sularidir. Aximin formalagma
zonasinda (1500-2000 m) birinci gar oktyabr — noyabr aylarinda diigiir. Dayaniqli gar isa
orazido dekabr ayindan aprel — may aylarina kimi olan dovrii ohato edir. Fevraldan marta
gader havanin temperaturunun artmasi garin arimasina sobab olmagla ¢aylarda gursulu rejimi
formalagdirir vo yaz — yay gursululugunun an yiiksok saviyyasi may — iyunda olur. Bu zaman
intensiv yagislarin yagmasi ¢aylarda giiclii axarlarin omalo galmasina sabab olur vo maksimal
soviyyo omolo gatirir. Yagis sular1 qar oarimo prosesi zamani katastrofik dasqinlarin amolo
galmasina sobab olur va yiksak sutoplayiciya malik olan gaylarda illik aximin 10-25 %-ini,
qar sulart iso 18-25 %-ini toskil edir. Orazinin algaq sutoplayiciya malik olan g¢aylarda
mesonin olmamasi va bitki Ortlyinin zoaif olmasi yagis suyunun yers hopmadan axmasina
sorait yaradir ki, bu da naticads bels ¢aylarda yagis sularinin paymi 50-60%-5 godar qaldirir.
Kicik qafqazin yiiksok sutoplayicilarda qgar sular1 Kiiriin sag qollarinda 25-40%, Arazin sol
gollarinda isa bu rogom orta ¢oxillik aximin 30%-ni toskil edir. Bazi ¢aylarda bu rogom 45%-
don (Oxcucay 48%) yiksak olur. Buna goro do yiksok dagligda an girsulu dévr iyunda
miisahido olundugu halda Sahdag silsilasindon axan ¢aylarda bu may aymda bas verir.

Bu gida monbalarinin nisbati ildon-ilo va hdvzonin yiiksoklik qursaqlarina gora doyisilir.
Noticods ayri-ayr1 ¢aylarda bu forgli olur. Masalon regionun miihiim ¢ayr olan Tartarin
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gidalanmasinda yeralt1 sular 65%, qar sular1 isa 31% toskil edir vo yiiksakliys dogru getdikco
bu rogem doyisilir.

Qeyd etmok lazimdir ki, ¢aylarin hidroloji rejimino boyuk tasir gdstoran iglim amillori
saquli zonalliga gora Vo ekspozisiyalara muvafiq olaraq doyisir. Tobii vilayatds hiindirlikdan
asil1 olaraq temperatur doyisdiyi kimi diison yagintilarin miqdar1 da miixtalifdir. Bels ki, 200-
1000 m hindurlikds diigon yagintilarin miqdar1 290-460 mm toskil etdiyi halda, 1000-3500 m
— do iso 570-790 mm yagmnt1 diisiir. Yagintilarin bu istigamotds doyismasi ¢aylarin axim
rejimino vo onlarin sixligma 6z tasirini gostorir. Bunun naticasidir ki, Kicik Qafqazin simal-
sorq yamact orazisinds orta illik aximin on bdylk komiyysti yilksok dagliqda, an Kicik
komiyyati iso Ganca - Qazax maili diizanliyinds miisahids olunur.

Gorundiylt kimi Kicik Qafqazda yuksaklik artdigca axim 2800-3000 m-o godar artir vo
sonra zoiflomays dogru gedir.

Cay soboko sixligina orazinin geoloji qurulusu (stixurlarin ¢atligi, masamaliyi va s.) do
tasir gostorir. Xlsusilo Kiiriin sag qollarinin hidroqrafik sobokasi uzun geoloji dévr orzinda
formalagmisdir. Orazinin geoloji qurulusunun soth aximina vo ¢ay soboko sixligina tosir
daracasini miiayyan etmok gln lava, tuf vo basqa vulkan monsgali suxur gatlarindan togkil
olunmus Qarabag vulkan yaylasini, onunla eyni yiiksoklikdo yerloson vo eyni miqdarda
yagint1 alan, lakin geoloji qurulusuna, xiisusilo relyefino va soth meyilliyino gbro ondan
kaskin farglonan dag yamaclari ilo miigayiso etmak kifayatdir.

Orazi ¢aylarmin hidroloji rejimins tosir edon amillordon biri do ¢ay hdvzalorinin landsaft
xususiyyatloridir. Kicik Qafgaz tobii vilayatinin landsaft xaritasinin tohlilindon gérundr ki,
arazi ¢aylarmin hovzalorindo mixtalif morfoloji vahidlor yayilmisdir. Cay hovzalorinds bitki
tiplorin moévcudlugu orazinin istilik vo ritubstlonmo soraiti ilo bagli oldugundan tobii
vilaystdo cay hovzalori orazinin landsaft tiplori ilo muoyyon edilir. Ciinki ¢aylarin hidroloji
rejimi baslica olarag, ¢ay hovzalarinin fiziki-cografi soraitindon asilidir. Bu, “caylar landsaftin
mohsuludur” ifadosinds 6z oksini tapmisdir [4, s. 23].

Qeyd olundugu kimi orazids ¢aylarin hovzslorindo miixtolif montogolor iizro landsaft
novlori imumi sahoyo goro cox miixtolifdir. Belo ki, orazi ¢aylarinda aximin il orzindo
paylanmasinda megolorin rolu ¢ox boyiik oldugundan ¢ay hovzolorinin mesoalik omsalina ciddi
oshamiyyat verilir. Ciinki mesoalordo qar Ortliyliniin oarimasi vo yagan leysan yagislar zamani
yeralt1 su ehtiyatlariin infiltrasiya noticesinde artmasina sabab olur ki, bu da orazide azsulu
rejim fazasinda ¢ay aximim artirmaqla yanast aximin il orzinde paylanmasini tonzimloyir.
Orazido mesalik omsali artdigca onun hidroloji rejimo tosiri 6ziinii daha qabariq sokilds
gostarir. Lakin son zamanlar insanlarin tosorriifat foaliyyati naticosinda ¢ay hdvzolorinin ¢ox
hissasindo mesalor qirilmis vo naticads bu ¢aylarin rejimine 6z tasirini gostormisdir.

Vilayatds yerloson caylar axim xiisusiyyatlorino goro osason daimi vo miivoqqoti axarl
olmagqla iki qrupa boliiniirlor [3, s.140].

1) Daimi caylar - monbolori 1200-2500 metr vo daha yiiksokdo yerlosir, onlarin
gidalanmasinda qar v yagis sularindan basqa yeralt1 sular biitiin il boyu istirak edir.

2) Miivoqqeti ¢aylar - dagotoyi zonada axan vo monboyi 1000-1200 metrdon yuxari
qalxmayan bu ¢aylarin qidalanmasinda yeralt1 sular ¢ox zaif istirak etdiyindoen onlarda axim
9sason yaz vo payiz yagislar: hesabina formalagir.

Qeyd etmok lazimdir ki, asasen orta dagliqdan yuxarida noyabr aymda vo ondan sonra
yagan qar, dayaniqli qar Ortiiyii yaradir. Qar Ortiiyii aprel ayindan arimoys baslayaraq may—
iyun ayinda an yuksok axim saviyyesi yaradib giiclii axim rejiminin formalagmasina sabob
olur.

Iyuldan oktyabr ayinm ovvalino kimi caylarin axim komiyyati minimum soviyyays
diislir. Oktyabr-noyabr aylarinda orazi g¢aylarinda payiz yagislart hesabina qisamiddatli
gursululuq bas verir. Bundan sonra mart ayma kimi tobii vilaystin oksor ¢aylarinda azsulu
dovr misahidos olunur [ 5, 5.174].
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Noaticados arazi ¢aylar1 aximin il arzinds paylanmasina gors U¢ fazaya boltndr:

1) Coxsulu va ya dasqin fazasi — aprel ayimndan iyul ayina qadarki dovri shate edir. Bu
dovrds arazinin timiimi ¢ay aximu illik aximin 60-65%-ni toskil edir.

2) Az sulu fazasi1 — avqust - oktyabr, dekabrdan - marta gqadarki dovri shate edir. Bu dovr
xususilo noyabrin axirindan marta qadar kifayst godor dayanigli qis azsululugu ilo miisahido
olunur.

3) Gursululug dovrii — oktyabr - noyabr aylarini1 ohato edir. Bu aylarda diison yagislar
qisamiiddatli dasqinlara sabab olur ki, bunlar hacmina goro yaz-yay dévrindoan xeyli gerids
qalir (sokil 3).

|~

m Coxsulu va dasqin = Azsulu fazasi Gursululuq fazasi

Sakil 3.Caylarda aximn il arzinds paylanmasi, %-ls

Caylarin aximimim ilboyu paylanmasinda bu qeyri-baraborlik tobii vilaystin mihim
caylarinda 6ziinii daha koaskin gostarir (Codval 2).

Orazi ¢aylarimin aximinin orta coxillik va il arzinds paylanmasi, m%/san Cadval 2
Caylar | Orta I 1 m (v |v VI [ VI [V IX | X X1 [ X
coxillik
Tortor | 18,5 1,97 1 8,05|10,9 | 24,8 | 42,7 [ 43,1 25,0157 | 125|120 105 | 8,85
Xagm | 1,93 099111189209 |338|313|217 156 |152 169|145 1,16
Qargar | 2,16 1,00|1,04 1,73 3,96 | 4,96 (4,42 243|155 |131|141|1,10]1,03
Hokori | 13,4 109113128229 |289|20,2|138|10,7 |116|11,3 108 |10,2

Belo ki, Kigik Qafqazin on bdyiik ¢ayr olan Tortor 6z baslangicini Konqur-Alagdz va
Qarabag silsilolorinin qovusdugu yerdo 2120 m yiksokilikdon gotirir vo sutoplayict
hévzoasinin orta yuksokliyi 1820 m olub rejim xisusiyystino goro yaz-yay aylarinda dasqin
amoala gatiron ¢aylar qrupuna daxildir. Qidalanmasinin 50-55%-ni yeralt1 sular, 25-30%-ni iso
qar sularn tutur. Cayda gursululug dovri mart-aprel aylarinda qarin arimasi hesabina baglayir
Vo an yuksak saviyyays may-iyun ayinda ¢atir. Azsulu dévr dekabr-fevral aylarini shato edir.
Tortor ¢aymin aximinin asas hacmi (80%) aprel-iyul ayinda, qalan hissasi iss digor dévrlordo
kecir. Belo ki, cayda orta ¢oxillik axim 18,5 m®/san oldugu halda, may-iyun aymda bu rogom
42-43 md [san-yo gatir (sokil 4).
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9razi ¢cay aximlarinin il arzinda paylanmasi

Il 1 \Y \ \ Vi VI IX X Xl Xl

Tortar Xagin Qarqar Hakari

Sokil 4.

Qis aylarinda Tortordo orta goxillik axim daha asag1 olub, 2 m®/san toskil edir. Xagingay
Vo Qarqar ¢aylarinda iso qis aylarinda on asagi axim misahido olunur, noticads dekabrdan
fevrala goador bu caylarda gis mejeni hokm siirlir. Yaz-yay va payiz aylarinda diison yagislar
naticasindo Xag¢in vo Qarqar ¢aylarinda ¢ox do hindlr olmayan gursululug samalo galir ki,
noticados bu dovrdo su sarfi 5-6 m?/san-ys catr.

Oz baslangicim1 Mixtdkon silsilosinin conub-sorq yamacinda yerloson Sistopo dagindan
(3413 m) sorqdo 2580 m yiiksoklikdon baslayib Bazarg¢aya (Borgusadgay) tokiilon Salva vo
Qagarsu caylarinin qovusmasindan omoala golon, osas qidasini yeralt1(62%), qar(23%),
gismon(15%) yagis sular toskil edon Hokori ¢ayinda orta goxillik axim 13,4 m® /san , may-
iyun ayinda iso bu rogem 28-29 m3 /san toskil edir. Qis aylarinda iso daha asagi axim olub
10,8 m® /san miisahids olunur.

Natica

Tadgiqat zamani aximin formalasmasina, su ehtiyatlarinin hacminin doyisilmosinds rol
oynayan aksar amillor nazara alinir. Bu amillar 3 qrupa ayrilir:

1) Orazinin soth ortiiyiinii toskil edon gostoricilor. Bunlara landsaftlar, bitki Ortiiyiiniin
sixligl, torpaq Ortliyli, torpaqlardan istifado fondu, torpaglarin qranulometrik torkibi,
stixurlarin litologiyasi va s. aiddir.

2) Morfometrik komiyyotlor. Bura orazinin relyefi (hiindiirlityli, meyilliyi, yamaclarin
baxarlilig1), cay hovzasinin sahasi, sathin {ifliqi vo saquli pargalanmasi, ¢ay sobokasinin sixligi
vo s. daxildir.

3) Iqlim va riitubotlonmo amillori. Bunlara havanmn temperaturu, atmosfer yagmtilari,
faktiki vo miimkiin buxarlanma, riitubotlonmo omsali, torpaqglarin maksimum susaxlama
qabiliyyati, torpaqlarin faktiki namliyi, hidroloji itkilar, ilkin abstraksiya kimi onlarla faktor
aid edilir.

Bu amillorin 0zlorinin daxilinde do komiyyat vo keyfiyyat doyisikliklorinin tezliyini
nazars almagqla 2 kateqoriyaya ayirmaq miimkiindiir: doyiskon vo dayaniqlt amillor.

1) Dayiskon amillor — zaman-mokan daxilindo komiyyat baximindan daha siiratli
doyisikliya moruz qalirlar. Onlara iglim, landsaft vo torpagin riitubatlonmoasi ilo bagl olan
parametrlor daxildir: yagimnti, temperatur, faktiki vo mumkin buxarlanma, rutubst omsali,
torpaglarin maksimum su tutumu, torpaqlarin faktiki riitubatliyi, ilkin abstraksiya, landsaftlar
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Vo torpaq fondu, bitki Ortliyliniin sixhigi, torpaglarin riitubstliyi, ssthin Ufugi ve saquli
pargalanmasi, ¢ay sobokasinin sixlig1 va s.

2) Dayanigli amillor — miayyan zaman kasiyinds az doyisso da, mokan daxilinds forgli
giymatlorlo ifads olunur. Onlara asasen hovzonin morfometrik komiyyatlori (hundurlik,
meyillik, yamaclarin baxarliligi, hdvzonin sahasi), homginin torpaglarin qranulometrik tarkibi,
hidroloji torpaq qruplari (HSG), siixurlarin sukegirmo qabiliyysti vo s. daxildir. Todgigat
prosesinds dayanigli amillordon asason analoji bolgalarin secilmasinds, malumati olmayan
amillarin muayyan edilmasinds istifads olunub.

Respublikamizin digar bélgalarinag nisbaton Kigik Qafgaz tobii vilaystinds ¢ay sobokasi
bir godoar six inkisaf etmisdir vo bu yiksoklik zonalar1 {izro kaskin farglonir. Bélgada an
yilksok ¢ay sobokosinin sixlig1 1,00-1,75 km/km? olmagla 2500-1000m hiindirliiklordos inkisaf
etmigdir. Ondan asag1 vo yuxarida ¢ay sobakasi zaif inkisaf etmisdir.

Orazi gaylarimim on baslica xiisusiyystlorindon biri do burada yagis vo qar sularinin
vulkanik suxurlara hoparaq yer tizarins bol sulu bulaglar soklinds ¢ixmasi ilo slagodar olaraq
caylarin gidasinda yeralt1 sularin haddon artiq ¢ox yer tutmasidir. Xiisusils, Kigik Qafgazin
conub-sarg hissassinds Qarabag yaylasindan axan (Tartor, Xagin, Hokari vo Qarqargay) caylar
daha sox tobii tonzimlomoays malik olub onlari gidalandiran bulaq sular1 ¢ay aximinin 65-
70%-dan ¢oxunu taskil edir vo ylksakliya dogru getdikca bu ragom artir.

Qeyd etmok lazimdir ki, son 20 il orzinds global iglim doyismolorinin regional
tozahrlori va digar amillarin tasiri naticasinds arazinin ¢aylarinda qis azsulu dovr aximinin
artmas1 miisahido olunmus, illik aximin, dasqin vo gursulu dévr aximlarmin hacmi azalmagla
imiimi su chtiyatlarinda ciddi azalma miisahido olunur. Belo ki, son 30 ildo orazids su
ehtiyatlarinda tagriban 14 % azalma miisahido edilmisdir. Miisahidoalar gosterir ki, belo davam
etso yaxin golocakda tobii vilayat ¢aylarinin axim komiyyati daha 30-35% azala bilar.

Uzun geoloji dovr orzindo formalagmis tobii vilaysti caylarmin hidrografik sobokasi
hazirda da tobii proseslor vo insanlarin tosorriifat foaliyyoti noticosinds doyismoyo moruz
qalir. Caylarin iizorinds, orta vo asagi hissolorindo aparilan su — tosorriifat islori cay
aximlariin vo hdvzaonin tabii goraitinin doyismasine sobab olur. Antropogen amillorin tasiri
naticosinda orazi c¢aylari, xiisusilo transsorhod c¢aylart ciddi siirotdo ¢irklonmays moruz
qalmigdir. Belo ki, isgaldan azad olmus orazilorin ¢ay sularinda cirklonmo indeksinin (SCI)
qiymati 5,0-6,0 arasinda doyisir ki, bu da ciddi surotds ¢irklonmis hesab olunur. Boazi ¢aylarda
(Oxgugay, Qarqarcay va b.) SCI-nin qiymoti 6-don yuxaridir.
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The article analyzes the main hydrological characteristics of the rivers of the Lesser Caucasus natural region of
the Republic of Azerbaijan (except for the Nakhchivan Autonomous Republic) and the factors affecting their
formation. It was determined that the territorial rivers have a more natural regulation, and more than 60% of their
food source is groundwater. As the average elevation of the river basins increases, groundwater nutrition
increases further. It should be noted that the water resources and hydrological characteristics of the territorial
rivers, along with regional climate changes, morphometric indicators of river basins, and anthropogenic factors,
have also been strongly influenced by the long-term Armenian occupation of the territory. This, in turn, leads to
the formation of the regime of quantitative and qualitative indicators of water in natural rivers of the province.
Thus, in the last 30 years, in addition to the serious pollution of the rivers flowing in the natural province, an
increase in the winter low-water period flow has been observed, and a serious decrease in the total water
resources has been observed (14%) due to the decrease in the volume of the annual flow, flood and high-water
period flows. Researchers show that if this continues, the flow volume of the natural provincial rivers may
decrease by another 30-35% in the near future.

Keywords: hydrological characteristics, flow quantity, river flow, flow phases, river network, climate changes,
regime characteristics, nutrition regime

COBEHHOCTH ®OPMHUPOBAHHUA PEYHOI'O CTOKA B IIPUPOJHOM
PEI'MOH MAJIOT'O KABKA3A

3usipar Araes

Teabman BaiipamoB

3yab¢puaan Pacynos

laxupa P3aeBa

®apuna CositaHoBa

MuHucTEpCTBO HAyKu 1 00pa3zoBanus Azepbaiixanckoi Pecnyonuku, MHCTUTYT reorpadun UMEHH aKaJieMHuKa
l'acana Anuesa, baky, A3zepbaiimxan

JISHKSIpaHCKUH rocyIapCcTBEHHBIN yHUBEpCUTET, JISHKApaH, A3epOaiixan

B cratbe aHanM3MpYOTCS BaKHEWIME THAPOJIOTHYECKHE OCOOEHHOCTH MPHPOAHBIX pek MallokaBKa3CKOro
pernoHa AsepOaiimkanckoit PecnyOomuku (kpome HaxupiBanckoit MP) u  ¢opmupyromme ux (akTopsl.
YCTaHOBIIEHO, YTO PEKHU paiiOHa UMEIOT 0O0JIee ECTECTBEHHOE PETYIMPOBAHUE U MUTAIONIME UX MOA3EMHbBIC BOJIBI
cocTaBiAoT Oosiee 60% pPEYHOro CTOKa, NMPHUYEM C YBEJIMUCHHWEM BBICOTHI 3Ta BEJIMYMHA YBEIMIHMBACTCS.
Crenyer OTMETHUTb, YTO PETMOHAIbHBIE NMPOSBICHUS TI00ANBHBIX M3MEHEHHH KiIMMaTa, MOp(OMETpHYECKHE
3JIEMEHTHI 0acCeHOB PEK M aHTPOIOTeHHBIE (DAKTOPHI, a TaKXKe TOT (aKkT, YTO TEPPUTOPHS HA MPOTHKEHUH
MHOTHX JIET HaxOoJWjach MOJ apMsSHCKOW OKKyIalHeW, UMENH CHIbHOE BIMSHHE HAa BOAHBIE PECYPCHl U
THJPOJIOIMYECKUE XapaKTEPUCTUKU PEK TeppuTopuu. Takas CHTyalus BbI3Bajia Cepbe3Hble M3MEHEHHUS KauecTBa
BOIBI M peXHMa PEK, a MX ECTECTBEHHbIE 3aKOHBI OBLIM HapyimieHbl. Takum obOpazom, 3a mocnemanue 30 jer
perHoHabHBIE PEKH, MPOTEKAIOIHE B MPUPOIHOI 00IacTH, MOABEPraroTCsl CEPhe3HOMY 3arpsi3HEHUIO, a TaKIKe
YBEJIMYCHUIO CTOKA 3UMHEH MeXeHH, 00beMa roI0BOr0 CTOKa, MaBOAKOBBIX BOJ. CTOKH B TSDKEJIbIE MEPHOJIBI
YMEHBIIMIUCH, HaOmromaercs cepbesHoe (14%) cokpamenne oOmUX BOAHBIX pecypcoB. Ecimm Tak Oyner
MPOJIOIDKATHCS, TO B OiMdKaiiiiee BpeMsi CKOPOCTh CTOKa €CTECTBEHHBIX PErHOHAIIBHBIX PEK MOXKET CHU3UTHCS Ha
30-35%.

KaioueBble cjioBa: THApOIOTHYECKHE XAPAKTEPUCTUKH, 00BEM CTOKA, PEUHOH CTOK, (ha3bl CTOKa, peYHast CETh,
M3MEHEHHS KJINMaTa, Pe)KUMHBIE XapaKTePUCTUKH, PEXXUM ITUTAHUS

Daxil oldu: 17.03.2025 Cap edildi: 26.05.2025
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AnHoranusi. B maHHOW paboTe paccMaTpuBaeTcs BTOpas HadaldbHO-KpaeBas 3ajada Uil HEITHHEHHOTO
OTHOMEPHOTO HeCTallMOoHapHOTro ypaBHeHHs lllpemuHrepa co cHenuaNbHBIM TPAIUCHTHBIM CIIaraeéMbIM U C
W3MEPUMBIM OTPAaHMYCHHBIM KOMIDICKCHBIM MOTCHIIHAIOM, 3aBHCSIIMM TONBKO OT BpeMeHH. [Ipm 3ToM C
MOMOIIBI0 MeToAa ['anmepknHa [OKa3BIBaeTCS TeopeMa O CYIIECTBOBAHWM M CIUHCTBEHHOCTH pEIICHHUS
paccMaTprBaeMou BTOpOil HA4aJIbHO-KPaeBOU 3a/1auH.

KuroueBble cioBa: HenuHeliHoe ypaBHeHue lllpeaunrepa, rpaiueHTHOE cllaraeMoe, KOMIUIEKCHBIN MMOTeHIINAT,
Mertof ['anepkuHa

1. BBenenue

HauvanbHo-kpaeBble 3amaud Il JIMHEMHOTO M HEJIWHEHHOIO0 HECTALMOHAPHOTO
ypaBHenus IllpeaunHrepa 4acto BO3HHMKAIOT B KBAHTOBOM MeXaHHKeE, sIepHOI (usuke,
HEJIMHEWHOHN ONTHUKE W B JPYrHX O0JACTSIX COBPEMEHHOW (PM3UKH M TEXHHKH W H3yYCHHE

3THUX 3a/1a4 HOCUT KaK TEOPETUYECKHUH, TaK U MPAKTHUUYECKUI HMHTEepechl [1—3]. HavanpHo-

KpaeBble 3aJaud Uil JIMHEWHOTO M HEJIMHEHHOro HECTallMOHApHOTO YpaBHEHWH 0e3
CHENHATBHOTO TPAJAMEHTHOTO CJIaraéMoro paHee M3y4eHbI, Harmpumep, B paboTax [4—10]1/1

Jp., @ CO CHeLHalTbHbIM I'PaJIMEHTHBIM ClIaraeMbIM, HallpuMep, B paboTax [12—20] u 1p. Bo

BCeX 3TUX paboTax oT ko3pduuueHToB ypaBHeHus llpenunrepa, 3aBUCSAIINX OT BPEMEHHOMN
HepeMeHHoH, mnoTpeboBanuch AUdPepeHInpyeMOCTh 0 BpeMeHHOH nepemeHHoil. Crienyer
OTMETUTh, YTO HAYaJbHO-KpaeBble 3aJauu i1 HecTauuoHapHoro ypaBHeHus Illpenunrepa
0e3 crenualbHOro I'paJMEHTHOIO CJIaraeMoro, Korja Ko3((UIMEHThl 3aBUCUT TOJIBKO OT
BPEMEHHON IMEPEMEHHOW M SBISAIOTCS H3MEPUMBIMU OTIPAaHUYEHHBIMH (YHKIHUSMU paHee

u3yyeHsl B pabote [10]. [TonoGHast BTOpast HavajdbHO-KpaeBas 3ajaya s JIMHEHOTO

HECTAllMOHAPHOTO YpPaBHCHUA I_HpeIII/IHFepa CO CI€OUaJIbHBIM TPAAUCHTHBIM ClJlaraCMbIM,
Koraga mnoT€HOUall ABJIACTCA KOMILJIEKCHO3HAYHOM H3MepHMOﬁ OFpaHquHHOﬁ (I)YHKI.[PIGIZ,

3aBHCSIIAM TOJBKO OT BPEMEHHOW IEPEeMEHHOH, paHee HM3ydeHa B paboTe [11]. Onnako

Ha4yaJIbHO-KPAEeBbIE 3a/1a4M JUIsl HEJIMHEMHOrO0 HECTallMOHAapHOTo ypaBHeHMs lllpeaunrepa co
CIIELMAJIbHBIM TPAJUEHTHBIM CIAaracéMbIM, KOT[a IMOTEHLMAI SBISETCA KOMIUIEKCHO3HAYHOU
U3MEPUMON OrpaHMYEHHON (QYHKIMEH, 3aBUCSAIIMM TOJBKO OT BPEMEHHOW MEpeMEHHOM
[IOYTH HE U3ydeHsbl. 1103TOMy M3ydyeHue pa3pelmuMOCTh BTOPOM HavyalbHO-KPACBOM 3a1ayu
JUIl  HEIIMHEWHOro HecTaluMoHapHoro ypaBHeHus IllpenmmHrepa co  cnenuanbHbIM
TPAJIUCHTHBIM CJIAra€MbIM, KOIJa BEILIECTBEHHbIE U MHHUMBIE YaCTH KOMIUIEKCHOTO
MOTEHLIMaNa SBISIOTCS U3MEPUMBIMU OTPAHUYEHHBIMHU (QYHKIUSAMH, 3aBUCAIIUMHU TOJIBKO OT
BPEMEHHOH NIEPEMEHHOM NPEACTaBIIAET HEMAJbIA HAYYHBIN U IPAaBKTUYECKUN UHTEPEC.
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2. TlocTanoBKa 3a1a4n
Mycts 1>0, T >0 - sanannpie uncna, 0< x <1 ,0<t<T,Q =(0,1)x(0,t),Q=0, ;C*([0,T],B)

- 6aHaxoBO MpocTpaHcTBO (PyHKIMH, K -pa3 HenmpepblBHO nuddepeHIMPYEMbIX Ha OTPE3Ke
[O,T] CO 3HauYCHMsAMU B 0OaHaxoBOM mpocrpanctse B; L (0,1)-1e6eroBo mpocrpaHcTso

(GYHKIUH, CyMMHUPYEMBIX IO MOAYIIIO Ha MPOMEXKYTKE (O, I) co crenenbo p>1;L,(0,T;B)—
0aHaxOBO MPOCTPAHCTBO (YHKIMU, OMPEACICHHBIX W CYMMHPYEMBIX [0 MOIYJIbIO C
KBaJpaToOM Ha OTPE3KE [O,T] CO 3HaueHUsIMM B OaHaxoBOM InpocTtpaHcTBe B ;L (O,T; B)—
0aHax0BO MPOCTPAHCTBO M3MEPUMBIX OIPAaHHYCHHBIX Ha (O,T) GyHKIUH CO 3HAYCHUSIMH B
6anaxosom npoctpanctse B; CoGonesb mpoctpancteaW, (0,1),W " (Q) p=1 k>0, m=>0,
orpezieNieHbl, HanpuMep, B paboTtax [21— 23] .

PaccMoTpuM cienyrolnyr0 BTOPYHO Ha4yallbHO-KpPAeBYIO 3aaady o0 OIpeaesieHUH
byHKIMY W = y/(x t) U3 YCJIOBUH !

.0 . 0 .
V’+a0 +|a1(x,t)&l//—a(x)z//+vo(t)w+|v1(t)z//+a2|y/|2y/:f(x,t),(x,t)eQ,
2.1)
w(x ,O) o(x), xe(0,1), (2.2)
oy (01 _ov(hy _ =0,te(0,T),
OX OX
(2.3)
rIe i=\/—_1; a,>0- 3amaHHOE dYHCIIO; ;a,-KOMIUIEKCHOE YHCIIO, YJOBJIETBOPSIOIIEE
YCIIOBUAM:
a, =Rea, +ilma,, Ima, >0,Rea, <0,Ima, >2|Rea,|;
(2.4)

a(x), a (X, t) A (t) WV (t) - U3MEpUMble OrpaHUYEHHbIE (DYHKIUH, YJOBIETBOPSIOIINE

YCIIO0BUAM:
da(x d*a(x 0
to <a(X)< g, d(x ) <u,, % <ty Vxe(01), to 4, 44y, 15 =const > 0;
(2.5)
da, (x,t o%a, (x,t 0
|a1(x t)| Hys (gx )Igﬂs’% 6)((2 )QSyG,V(X,t)eQ,
a,(0,t)=a, (1I,t) =0, 44, sy, 4, 445 = cONSt > 0;
(2.6)
v, (t)‘Sbs,s:O,l,éte(O,T),bo,bl=const>O; 2.7)

@(x), f (X,t)- KoMIUIeKCHO3HAUHbIE (DYHKIIUH, YIOBIETBOPSIONIME YCIOBHSM:
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goesz(O,l),d(D(O) _dell) (2.8)
(

f esz’o (Q),
(2.9)

0
CumBon V 03Havaer “ mpu Mo4YTH BCex .

Omnpenenene 2.1. [lox pemienneM BTOpO HavyaibHO-KpaeBou 3amauu (2.1)-
(2.3) Oynem monumath GYHKIMIO y =y/(X,t) U3 npcrpancTBa W, (), YIOBIETBOPSIONIYIO

[3

ypaBHeHUO (2.1) mys mouTH Beex (X,t) € (2, a Ha4YaJIbHOMY YCJIOBHIO (2.2) JUIsl MOYTH BCEX

x €(0,1) u kpaebiM ycnousam (2.3) muist moutw Beex te(0,T).

3. PazpemmMoCTh BTOPOii HAa4YaAIbLHO-KPaeBoii 3a1a4n.

B osrom pasgene wucmone3ys Merton lanmepkuHa OyzneM JOKa3bIBaTh TEOpPEMY O
CYIIECTBOBAaHMU U €AMHCTBEHHOCTH PEILEHUs] pacCMaTpUBAeMOM BTOPOIl HaualbHO-KPaeBOM
3amaun (2.1)-(2.3).

Teopema 3.1. Ilycte uucino a, u QyHKUUH a(x), al(x,t), go(x), f(X,t)
yaoBieTBOpstOT yeinoBusM (2.5)-(2.9). Torma penyumpoBanHas 3amava (2.2)-(2.4) npu
KaxaoM VeV HMeeT eIMHCTBEHHOE PEIICHHE M3 MPOCTPAHCTBA sz'l(Q) U A 3TOro
pelIeHus CripaBeUIiBa OLeHKa:

2 2 2 6 6
¥ < o (s +1 T oy 1o 1 Tl
(3.1)
rne ¢, >0 - mocrostHHAsA

Moxa3zareabcTBo. BosbMeM Kakyro-mmbo  ¢yHaameHTanbHyro B W[(0,1) u
OpPTOHOPMHUPOBaHHYIO B L, (O, |)CI/ICTeMy byHKIMH U, = uk(X), k =1,2,..., Hapumep, cucremy
cOOCTBEHHBIX (DYHKIUI CIEAYIOUIUI CIIEKTPaIbHON 3aJauH:

LX (x) =AX (x),x £(0.1), X'(0) = X'(1) =0

(3.2)
npud =4, kK=12,..., rae oneparop L onpenensiercst hopmyIoii:

d2

L=-a,— +a(x). (3.3)

dx
MoxeM OTMETHTb, YTO CIEKTpalbHas 3aaaya (3.2) sABiseTcs  CHEKTPaJIbHOM 3aJaydeid,
U3y4yeHHOH B pabote [21]. ITosToMy C TOMOILIBIO pE3yAbTATOB ATOM pPaOOTHI MOXKEM
yTBEp)KIaTh, 4YTO CIEKTpaimbHas 3amada (3.2) wWMeeT HETPUBHAIBHBIC PEIICHHS
X :uk(x), k=12,..npu A=A, k=12,..., o0pasyouux CHOEKTp 3aa4d U OTH PELICHHS
obpasytor Gasuc B mpoctpanctBax W, (0,1),W;(0,1), wu chpaBeniuBel  yclOBHS

oprosopmuposannoct B L, (0,1) u oproronansnoctn 8 W;(0,1), W7 (0,1) B crenyromem

BUJIC:
|
(uk,um)Lz(ovl) :juk(x)um(x)dx:@m, (3.4)
0

rae O, cuMmBoibl KpoHekepa:
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sroibk=m (3.5)
“ 0, kzm, k,m=12,... '
ScHo, uTo pyHKLIUU U, (X), k =1,2,...0pTOrOHaJIbHBI U B CICAYIOIEMCMBICIIE:

¢(_ du, du
[U.u,] :(Luk,um)LZ(O’I) = I(ao d—x"a+a(x)ukum)dx =

0
=400, kkm=12,..;
(3.6)

{u, U, b =(Lu,, Lu, ) ) ==A6 km=12... (3.7)

B cwny mpemmomoxenus a(X)>u, >0 Bce coOctBeHHbie 3HaueHUIA =A ,K=12,...
y 1p Ho

BCIICCTBCHHLI, ITIOJIOKUTCIIbHBI K PACIIOJIOKCHBI B ITIOPAJAKE BO3paCTaHUA:

O<A<AL <A< <4 <., 4, > onpuk > . (3.8)

Hap}II[y C O TUMHU HpG,Z[HOJ‘IO)KI/IM, qTo
Ju

W2(0)) <d, <+x,k=12,..,

(3.9)

rae d,, kK =12,... -monoxurensHbIe OCTOSHHBIE.

ITo MEeToy FaﬂepKI/IHa HpI/I6J'II/I)KeHHOC PCUICHUC 6y,£[eM HCKAaTb B BUJAC:

o (x,t):gcp (t)u, (x), (3.10)

rae ¢, (t)= (1//“ (-,t),uk) ,k=12,...,N onpenensrorcs U3 ycIOBHiA:

Ly(0.1)

- d N N i aWN (’t)

+(v0 (t)y" (.,t),uk)LZ(O’I) +i(v1(t)1,//N ("t)’uk)Lz(o,l) +(a2‘z//'\‘ (.,t)‘zl//N (.,t),uk) = f (1),

L,(01)

k=12,..,N,te[0,T] (3.11)
¢ (0)=(y"(-0).4) =g, k=12..,N. (3.12)

Lo(01)
3nech f, (t):(f(.,t),uk) K k=12,.. N.

P = ((0’ Uy )LZ(O

Lp(0.1)

Cucrema (3.11) ectp Heuro WHOe, Kak cuctemMa N HeEIMHEHHBIX OOBIKHOBCHHBIX
muddepeHIaNbHBIX YPaBHEHUH C MEPEeMEHHBIMU  KOd((UIMEHTaMU U C TPaBON YacThiO

f e LQ(O,T) . Y3 Teopun 0OBIKHOBEHHBIX MH(QepeHIIMaTbHBIX YPAaBHEHHI W3BECTHO, YTO
3anada Komm (3.11), (3.12) umeeTr xota Obl 0HO OOOOIIEHHOE pEIIeHUE U3 MPOCTPAHCTBA
W, (0,T) (cm: Hanpumep, [24—26]).

Tenepp ycTaHOBUM OLIEHKY JUIs penieHust 3Toi 3anaun Komm.

Jlemma 3.1. [Ins pemienus cuctemsl (3.11), (3.12) BepHa oneHka:
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(@)

[Sr s [l

N
k=1

s N T e ILN;,%Q))’W € [0, T]s.N=12.. . (313)

JloKa3aTebCTBO JIeMMbI. YMHOXUM Kaxiaoe K-oe ypaBuenuwe u3 (3.11) Ha cBoe

g (t), HOJIyYEHHbIE paBeHcTBa pocyMmupyeM 110 K ot 1 1o N u npounTerpupyem mo t or

Hysst 10 t<T . B pesynbrare, ucnoib3ys GopMyily UHTETPUPOBAHUS 110 YACTSAM U YCIOBHUIO

du, (0) du,(I)
dx  dx

=0,k=12,.... umeem:

oyt _y oy
I— J— [
I{ a a"‘ X

2

19

+ia1(x,r ‘y/ ‘ dedwr

+I( ‘1// ‘ +iv, r)‘z//N‘2+a2‘x//N‘4)dxdr= I (x, 7" (x,7)dxd7, vt €[0,T].

W3 3T0TO0 paBeHCTBA BHIUUTHIBAS €0 KOMILIEKCHOE conmeeHHe U B TIOJIYYCHHOM PaBEHCTBE
UCHOoNb3ys AUPPEPEeHIIIPYEMOCTh QYHKIIMU &, (X,t) , TIONyYUM CHPaBEJIMBOCTh PABEHCTBA:

J.g‘l//NrdXdT-i- J.i(al(x,r)‘l//N ‘z)dXdT-i- 2Ima, I ‘ridXdr =
[oX &

- [t 2y a2 (o] @10
Q

BBuny Toro, uro QyHKIusa al(x,t) YIOBJIETBOPSIIOT OJHOPOAHBIM T'PAaHUYHBIM YCIOBHAM

a,(0,t)=a,(1,t)=0,te(0,T), Bropoe cnaraemoe pasusercs Hymo. C ydereM 5TOro H

ycioBui Ha Kod(duuMeHThl ypaBHeHHs U3 paBeHcTBa (3.14) HETpyAHO NOIYYUTh
CIIPaBEJIMBOCTh HEPABEHCTBA:

H'/’N( O +2im azﬂy/“‘rdxdrs Hz//N ("O)Hl(o,u)
Q,

2
L ()

La(o)

t
(s + 2041y (o), 07 VL[0T
0

(3.15)
Hcnons3ys popmyay (3.10) Mmoxkem HamucaTh CleAyrOIIee COOTHOIIHUE:

2 N
" ( 0) Ly(0.)) = ;‘C;\l ‘ < Z|¢k |(D||L2 0,l)

%
(3.16)

C nomolpo 3TOro cootHomeHus u3 (3.15) nony4yum cripaBeAIMBOCTb HEPABEHCTBA!

[ (O, oy, 21, [ " [z <ol 5, +1T17 ) +
Q,

+(y5+2b1+1)IHWN( T dr,Vte[O,T].

2
) L,(0.)

(3.17)
OTCIO,Z[a B CUJIIYy HCOTPULATCIBHOCTH BTOPOIr'0 ClIaracMoro JIEBOM YacCTHU DTOTrO HCPaBCHCTBA
nMEECM.:
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S N 2 A

+( 1t + 2, +1)IH1//N (. T)HLZ(O,I)dT Vte[0,T].

C IIOMOIIIBIO 3TOI'0 HEPABCHCTBA U JICMMBEI FpOHYOJ'IJ'Ia HETPYAHO IOJJYUYUTH CIIPABCAJIUMBOCTDH
OLCHKH!

2
o O o = el o+l ) vt 0T
(3.18)

B cumy »oroit omenkm wu3 HepaBeHCTBa (3.17) MOXEM YCTaHOBHTH CIPaBEIMBOCTH
CIEAYIOLIEH OLICHKU:

o

+2ImaH1//‘dxdr<c(||(p|| I o) veeloT]. (329)

Ly(0.1) Ly(ol

N

Teneps oneHUM . C aroii uenpio u yMmHOKHM K -0¢ ypaBHenue cucremsi (3.11) Ha

OX
cBoe AL, (t), a moTom mosyuennsie ypaBuenus npocymmupyem mo kK or 1 no N . Torxa,

TOJTY4EeHHOE PABECHCTBO IPOMHTErpUpyst 1o nutepsaiy (0,t) mMeem:
N N
g{(i % L™ —‘L(//N ‘2 +ia (X, 7) ala//x L™ dedz'jL
+I( l//Ll// +|V()1// Lz +a‘l//‘l//Ll// )dXdT—

= I f (x,7)Ly" (x,7)dxdz, vt €[0,T].

(3.20)

N3 aToro PaBCHCTBA BBIYHUTHIBAA €TI0 KOMIIJICKCHOC COIIPSKCHUC, UMCEM!

N —N
I[i(%uﬁ”+%Lz//”}+ia1(x,r)[a;/ Ly " +5;/ Ly " Ddxdr+
Q
+I( 1// LN - Ly )+iv1(r)(wNLt/7N+l/7NLl//N )dxdr+
o

+f(az\wN\2w”Ll/7N A AT )dxdr =
2

= J-( f (X,T) L™ (X,r)— f_(X,z') Ly " (X,r))dxdz',‘v’t € [O,T].
Q
(3.21)
Hcnons3ys dopmyny (3.3) mna onepatopa L u Gopmyny HMHTErpupoBaHHs MO 4YacTsIM, a

du,(0) _ i, (1)

TAKKC I'PAHUYHBIC YCIIOBUA d = d =0 wunmeeM:
X X

% o4 _ (&N oM oy" _
(5 o S o o

Q Q

. oy . opN(  otp" _ B
ilai(x,r) ™ Ly/Ndxdr:(J;(lai(x,r) | B +a(x)y" | [dxdzr =
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. op" oy : oy 7"
=—[iaa,(x,7 ——dxdz + | ia(x)a(x,7 dxdz, (3.23)

I(VO(T)WN Ly +iv, (7)y " Lg" )dxdz' =

Q

2

+J'(ia0v1(r) aé”XN

Q

(3.24)
(@ [y gl 7Ly ixdz =2iima, j a(x)|y"[ dedr+

T

+ia, ImaQ.[ —(‘WN‘ZWN) —_dxdr+

2 0 2 _y\oyw"
+a, Reazi —X(‘WN‘ l//N) —&(‘WN‘ l//N)— dxdr ,

(3.25)

If(x,r)szN(x,r)dxdr:j f(x,r)(—aow+a(x)y7’“(x,r)}ixdrz

2
o & OX

_J-( (x,7) 0" (x,7 )+a(x)f(x,r)l/7N (x,z-)]dxdr,Vte[O,T]. (3.26)

OX

C yuereM stux paBeHcTB (3.22) - (3.26) u3 paBenctBa (3.21) moiy4um CIpaBeTUBOCTh
CJIEIYIOIIETO PaBEHCTBA!

2 N A—N 2—N _N
ijao(a‘/’ op" oy oy jdxd +|j (a‘/’ 7 +a('g’t W“dedf—
Q

otox ox otox ox

ox  ox® OX

N
+|I (—1/7N+8L(// jdxdr+

oy

2 —N 2 N
—ijaoai(x,r [61// i al’” 8 xdz +

+2if[a0vl(r
gy Ima, j[ (\,,,\ Jua ax(\wrw)aa_ﬂdxm

—N N
+a,Rea, j{ (\t// \ ) g( _g(‘WN‘leN)%}dXdT:

33
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—N
:2ija Im[af(x’f)av/ (X'T)jdxdr+
OX OX

+2II l// Xz')dxdz' Vte[OT]

(3.27)
}ICHO, 4TO CIIpaBE€JIMBBI CIICAYIOIINEC paBCHCTBA:

: 0 2 w\ow" o 2 _n\ouw" B
Ia0|ma2(_[|:&(‘l//N‘ V/N)WJF&(‘V/N‘ WN) " }dxdr_

—N 2
dxdr+|2aolma jRe[ )2[&// J]dde,

t

(3.28)
—N N
aoReaI[ A Gk

=i2a, Reazj |m[(4/7”)2 [%j ]dxdr. (3.29)

C momo1iso 3THX (HOpMyIT U3 paBeHCTBa (3.27) HeTpyIHO MOJIYYUTH CIETYIOIIEE PABEHCTBO:
2
2 |dxdr+ j —\WN\ dxdz —

Iao

ou™ [ da, (x,7
_i%&[al(x,f)‘ g’x dedr+J.a0 =~
+i§(a (x2)[ )dxdr 8 (a(x)al(x,r))‘://““zdxdr+

2| [aov

+4a,

2
al//N| dxdz +
OX ‘

()" jdXdT-i- 2Ima2.[ ‘l//N‘4dXdr+

N2
dxdr+2aolma _[Re[ )2[8;; j ]dxdr+

+28,Rea, [ Im[(WN ) [%ﬂdxm_

~2[a, |m(af (x7) 0y (X'T)]dxdr+

OX OX
+2I a(x)lm( f(x7)g" x,r))dxdr,Vt e[0,T].

(3.30)
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B cuny ycnosuit @ (O, t) =q, (I ,t) =0,te (O,T ) TPEThE U MATOE CJIAraeMbI€ JICBOW YaCTH ATOTO

PaBCHCTBA PABHANOTCA HYIIIO. C YUETEM OSTOro M3 MOCICAHCTO PpaBCHCTBA HCTPYAHO
YCTAaHOBUTH CIIPABCAJIUBOCTD CICAYIOIIECIO HEPABCHCTBA!

o™ t 2 |
%Jg% dx + _([a(x)‘z//'“(x,t)‘zdx+ 2Ima2g£a(x)‘y/““4dxdr+
2 2
+4a, N|? M dxdr < ao.lf oy (x.0) dx + j.a(x)‘l//'“ (x,O)‘de+
da, (x,7)||0 8 (x, da(x
+a0§J; (ng % ;/ %dxdr+ ‘[[ 318)(7 % |a1 XTJ‘I// ‘dXdz‘+
+2J.La0‘v +a(x) vy (z)||w"] }dxdr+
+23,(Ima, +|Rea,|) ”x// ‘ dxd +2a0_|' ald % NaXX T)|dxdr+
+2J. X,r Hl// X, T ‘dxdz',Vte[O,T .

C nomorpio ycioBus (2.5) u ycnoBuil Ha K0d(h(PHUIIMEHTHI ypaBHEHUS, a TAaK)Ke HEPaBEHCTBA
Komu-byHSIKOBCKOTO M3 3TOr0 paBEHCTBA HETPYIHO MOTYUUTDh CIIPABEIIIUBOCTD CIEAYIOIIETO

HCPAaBCHCTBA:
2

N
a, a‘//a(-’t) 7 A Lon” 241 Ima, [|p" [ dxdz +
X L,(0,1) o &
N 2 N 2
+a, |m82£2”l//N‘2 aLX dxdz < a, M L(OI)"‘MH‘//N ("O)Hiz(o,l)—'_

N [2

+8, (s + 2D, +1).f o

Q

AXd 7+ (pe,ty + pypts + 2000, + 11 I ‘l//N ‘zdxdr+
Qt

of (X,z’) ? ,
+a°;£ e dxdz + ,ul“f(x,r)‘ dxdz,vte[0,T].
(3.31)
C nomorsio ¢popmyisl (3.10) HETpYAHO YCTAaHOBUTH CIIPABEVIMBOCTh HEPABEHCTRA!
(O e -
X Lol =Gy ”¢ Wi(ol) (3.32)

B cuny sroro HepaBeHcTBa U cootHomieHus (3.16), a Taxxke onenku (3.19) u3 HepaBeHCTBa
(3.31) mosryynm cipaBeJIMBOCTh HEPABEHCTRBA!

oy ()
OX

o[’
WYV | dxdr <
X

+ Zﬂlmazﬂy/”rdxdr+ ImaZJ.
Q, Q,

L(01) 0
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2

t al//N T
<Moo )+ o] |2l drvrefory,
0 (o)
(3.33)
13 5TOro HEpaBEHCTBA HMEEM:
ou™ (L t)| oy (o)
WL < lofey o g ) ]| 2D aeviecfor].
Lo(01) 0 Ly(01)
OTcro/ia ¢ MOMOIIBIO JIeMMbI I'pOHYOJIIa MOJYyYHM CIIPABETHBOCTD CIIEAYIOIIEH OIIEHKH:
ow™ (..t ’
a_X() = (Il 1/ ) <[0.71. (3.34)
L(ol
B cuity aT0ii ontenku u3 HepaBeHCTBA (3.33) ycTaHOBUM OIICHKY:
N 2 2
v (.Y +2ﬂlma2ﬂy/“‘4dxdr+ Ima, | dxdr <
ox L(0,) 0 Q
<o [hson) 1 e ) V2 <[]
(3.35)

2. N
— . C oToit nenpio u ymHoxum K -oe ypasnenue cucremsl (3.11) Ha cBoe

Teneps onieHUM
OX

AN (t), a MOTOM MOJydeHHbIe ypaBHeHus mpocymmupyem mo K or 1 go N . Tornma,

HUMCCM.:

ki.:[f(x O, (x)deaZe (t).

B oTOoM paBeHCcTBe wuCHONB3ys paBeHCTBO LU, =AU, u ¢ mnoMmompo (Gopmyisl

MHTETPUPOBAHUSI MO YaCTsIM INpeolOpa3dyeM KaKIblii MHTErpaj 3Toro paseHcTBa. Torma B
MOJIyUEHHOM PaBEHCTBE UcIob3ys Gopmyny (3.10) nmocne unrerpupoBanus no t ot Hyns 10
t<T nonquM CIPaBEUIMBOCTh PABEHCTBA:

|_|. Lz,// dxdz — I (Ly/N)LxﬁNdxdngJ;L(ai(x,r)ag:l]Lzﬁ“dxdr+

Q

+J'vO T ‘LV/N‘2dxdr+ijvl(r)‘LwN‘2dxdr+IL(az‘y/Nry/N)LgiNdxdr:
o Q o
= J. Lf (X,Z’)Ll/7N (X,T)dxdr,‘v’t S [O,T].
Q

(3.36)
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Temneps B 3TOM paBeHCTBE MPeodpa3yeM BTOPOE, TPEThE U IIECTOE cliaraeMmbie JeBoil yactu. C
MOMOIIIBIO (DOPMYIIBI:

L(Ly")=-a, %(LWN )+a(x)Ly"
(3.37)

u (bOpMYJ'IBI HHTEIPHUPOBHUSA 10 HaCTAM MOXXEM HallMCaTh CICAYIOIIEC PaBCHCTBO!:

_ G i
L(Ly" )LyNdxdr = —( Ly
[Hw)w LG
(3.38)
Jns mpeoOpa3oBaHMsl TPETBETO CjaraeMoro JeBod dacTu paBeHcTBa (3.36) cHauama

dxdz + [ a(x)|Ly"| dvdz, vt e[0,T].
Q

npeobpazyeM IOJAUHTErpaIbHOE BhIPAKEHUE L(ai(x t)a;/ J C nomoupio  GopmyIIsl
X

oneparopa L nmeem:
N

L[ai(x’t)aglx J=—%§X—Z(ai(x,t)ag j+a(x)a1(x,t)aglx -

9% (xt) oy doa, (x,t) da(x)
T e ~2a(x) x 7 ~a(x) ax VT
cay (x,t) O (1"
o/ ~ Ly +a1(xt)aX(Lz// ). (3.39)

Teneps npeodpaszyem miectoe cinaraemoe. C momoinipio Gopmyssl onepatopa L umeem:

L(az\s//“\zw”)= &7 (az\w % )+aa X" v =
oy

oy" i N 8'//N i N
—2a,a U
o 2 2( o ] 14
(3.40)
Toraa ¢ momormrsto Gopmyi (3.38) - (3.40) paBeHCTBo (3.36) Mmo>xem HamucaTh B BUJIE:

IJ LW Ll//NdXdT— J.aﬂ‘— Ly )

=2a ‘l// ‘ Ly —aa ‘1// ‘ w" —4a.a,

dxdz - J'a(x)‘Lz//N‘zdxdr—
. 0°a,(x,7)o _ . oa, (x,t da(x _
A[a a:aiz 2 ;/x L"”Nd"df"I(Za(x)%w(xi)—d(x )}VNLl//Ndxdr+

Qt t

+i.[28a18—‘Ly/ ‘ dxdr+|'[a1 (x,7 aa(Ll// )Ll//NdXdT+
Q

+J'v ‘Lz// ‘ dxdr+|jv ‘Ly/ ‘ dxdr+2a2ﬂz//”‘ ‘Lyx”‘ dxdz +

Q Q
2

N
v w" LNdxdr —
OX

+2a, j ‘WN‘Z‘Ll//N‘ZdXdT—aZJa(x)‘l//N ‘21//NLl/7NdXd2'—4a0a2
Q Q, )

N 2
—2@@4[%} " LNdxdr = j Lf (x, 7)™ (x,7)dxdz, vt €[0,T].

Ql QI
(3.41)

BrrauTeiBast u3 3TOr0 PAaBCHCTBA €0 KOMILJICKCHOC COIIPSKECHUC UMECM:
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|J.[ Lx,// +§t(L1/7N)Lz//dexdr+
ai a N —N a —N N
+4|j ‘Lz// ‘ dxdr+|.[a1 (x,7 (8 (Ln// )Lz// +&(LW )Lz// dedr—

%a,(x,7)( ow™ | _y 8(//
L Ly |dxdz -
'g{ Py ( o Vb e

- i [Za(x)%

x,t) +a1(x,t)d2—(xx)j(y/’“ L™ + " Ly ™ )dxdr+

420 [, (0) |y [ dxdz +ditma, [ |y [ Ly dxdz -
(o) Q

—2ilma, J. a(x)[w" ‘2 Re(y"Liz" )dxdz - 2i Rea, J. a(x)[w" ‘2 Im(y"Lyz" )dxdz -
Q o

N [2

| Re(y"Ly")

N [2

—8ia, | Im(y"Ly" )dxdz -

o X o X
81//N 2 al//N 2
. —N| =N : —Nj ,—~N _
_4|a0|ma2§£ Re{(gj 7N Ly dedr—4la0 Reazilm{( > ) 7" Ly ]dxdz-

=2i [ Im(Lf (x,7)Ly" (x,7))dxd7, vt €[0,T].

Q

(3.42)
Tenepp B 3TOM paBeHCTBE MpPeoOpazyeM TPEThE ClaraeMoe JIEBOM 4yacTH. SICHO, 4TO MMeeT

MECTO PABCHCTBO:
. 8 I 0D
|§{a1(x,r)(&(Lt//N)Ll//N +&(Ll//N)Ll//“jdxdr=|({&(a1(x,r)\u//“\2)dxdr—
- W\wa dxdz . (3.43)

Eciu y4ecTh 9TO PaBEHCTBO B JIeBOil YacTH paBeHCTBA (3.42), TO MOTYYHM CIIPaBELTHBOCT
paBenctBa, u3 koroporo B cury ycnosuii @ (0,t)=a (1,t)=0,te(0,T) ycranasiusaem

CIIpaBCAJIMBOCTD CICAYIOUICTO paBCHCTBA!

IH'—‘//N (Xi)\zdx—th” (x,O)\2 dx +

3I 831 (x7) ‘Lz// ‘ dxdr 2.[a0a a(x7) Re(ag;N LWdeXdr—

ox?
—ZI 2a(x)M+a1(xt)da—(x) Re( NL_N)dxerr
s ox " dx nd
+2_|.vl(r)‘L1//N‘2 dxdr+4lma2J"WN‘Z‘LV/N‘ZdXdr—
&

-2Ima, _[ a(x)‘wN ‘2 Re(t//N L™ )dxdr—ZRea2 I a(x)‘z//N ‘2 Im(l//N Ly )dxdr—
Q &
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N 2

-84, Re(g// L™ ) (I//NLl/7N)dXdT—

Qt
2
—4a, | R M dxd "Ly =
aomazje = w" Ly dxdr - 4a0ReajIm 1//Ll// Xdz =
19

=2[Im(Lf (x,7)Ly7 XT)dxdrv

Q

(3.44)
N

Ucnons3ys popmyny Ly ™ (x,0)=> "¢ (0)Lu, (x) u ycnosue (3.12) umeem:
k=1

" (x,0) =ickN (0)Lu ngkl_u sz(pk (3.45)

C npyro#t CTOpOHBI MOKEM HAIIUCATh CIIEAYIOLIEe paBeHCTBo

gﬂk(okuk(x):gﬂkj;w(fpk( &)déu, ( ZI(p x)Lu, (&)déu, (x).

C IMOMOIIbIO MHTCIPHUPOBHUA 110 YaCTAM I/IMeeM

gﬂk¢kuk j Lo(&)(x ), (£)déu, ().

k=170
YuuTsiBas 3TO paBEHCTBO B paBeHCTBe (3.45) nonyuum cieayrouiee paBeHCTBO:

Ly™ (x,0) = zj Lo (&) (X, (€)déu, (x) = 3 (Lp),u, (X) (3.46)

B cuity aT0i hopMyIibl HETPYIHO yCTaHOBI/ITB CIIPaBEJINBOCTh COOTHOILICHUS:

o™ (O = S0, < 3L It

N3 sToro cooTHomeHWs W BHIA omnepatopa L MoOKeM YCTaHOBHUTH CIPaBEIMBOCTH
HEPaBEHCTBA:

™ (O ) <l

(3.47)
C yuerem 3TOro COOTHOIIEHHS M3 paBeHCTBA (3.44) MOXKEM NOJYy4YUTh CIPaBEAJIUBOCTD
HEPABEHCTBA:
2
HLWN (1) L2(0|)+4Ima ”l/l ‘ ‘Ll/l ‘ dxdr < cll”(p”W2 o)
Ga1 X z' |8 a.l X, T |

Ly dxde + 2a0j oy |\Lw |dxdz +

|| ox
x)—’+|a1(x,t)|d—

+(2Ima, +2|Rea,|) j ‘l// ‘ ‘1// HLz// ‘dxdr+
O

D‘WN HL(//N‘dXdr+ 2'[ ‘Vl(r)HLwN ‘2 dxdz +

+zi(2a(

+(123,Ima, +123,|Rea,|)

N‘dxdr+

t
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+2I|Lf (X,’[)HL(//N (X,Z‘)‘dXdT,Vt S [O,T].
Q

(3.48)

Hcnone3ys ycnoBusi Ha KOI(PGUIUEHTHl ypaBHEHUs, HpHUMEHsAs HepaBeHCTBO Korum-

BynsixoBckoro u ycioBuii (2.5), a Taxke HepaBeHcTBO Komm ¢ & u ¢ BEIOOpoM & = I u3

OTOro HECPAaBECHCTBA UMEECM:
2
N
" (o)

L,(0.)

+ima, [l || dxdz < e ol +

19

+(B s + By s + 21 s + f1p 11, + 20, +1) HL{//N ‘dedr+
Q

N |2
+ao:”ej o dxdz + (2404 + t1,14,) Hl// ‘ dxdz + glma?:u”l ”l// ‘ dxdz +
[oN Q
4
+543] Ima, | W e+ flLf (x,7)[dxdz, vt e[0,T]. (3.49)
oN Q

B cuiny wu3BecTHOro HepaBeHCTBA (CM.[Zl], cTp. 78) MOXeM HamucaTh CleAyrolee

HEPaBEHCTBO:
3

oy"(..7)

Y dr,Vte [O,T] , (3.50)

L(0))

oy 4 L g2y (.11_)
F dXdTSﬂl. T

J

Q

La(o)
rac ﬂ>0' HCKOTOpasd IOCTOsHHAas. HpI/IMeHHH B npaBoﬁ 4acTu JOTOIr0 HCPABCHCTBA

HCPaBCHCTBO KOH_II/I'BYHHKOBCKOFO HNMECM:
6

2 t N
j W e <ﬁj —) d +ﬁj v () vte[0,T]. (3.51)
ox oy 29 L))
C yuereM 3TOro0 HepaBeHcTBa U3 (3.49) nmomydnM crieayromiee HepaBeHCTBO:
i Ol g+ 1mee [ e < el
+(B s + By s + 21 s + f1p 14, + 20, +1) HL(//N‘ dxdz +
Q
oy" ’ N |2 3 2 N4
+a0,u6_[ ——| dxdz + (Z,uly5+y2y4)”y/ ‘ dxdz + Elmazﬂl Hl// ‘ dxdz +
Q Q, o
t N 6 t| A2, N 2
w278t imayp |2V L7 +27a§|ma2ﬂj—a‘/’ Lol gy
ol %l ol Xl

+{|Lf (oo o, vee[0T].
Q

(3.52)
Ortcrona B cuity orieHok (3.19), (3.35) u HepaBeHCTBa:

L ”iz(g) <cyf 2

W, 0(0)

(3.53)

MMOJIYYHUM CIIPaBCIJIMBOCTh HCPABCHCTBA:
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2

2 2
" €O+ e [ "] e
t aZl//N T 2
LN (2 R N A I S o
t
+C15.(|)‘HLI//N( r LZ(OYI)dz-,Vte[O,T]. (3.54)

Hcnonb3ys ¢opmyny st omeparopa L HeTpymgHO yCTaHOBUTH —CIPaBEIMBOCTD
HEPaBEHCTBA:
o (1)

S BEPS PA &

L(0N)

L,(0.1) + a&OHWN ("t)HLZ(O,I) '

(3.55)
C yuerem 3TOro HepaBeHCTBa M oueHKHU (3.19) U3 HepaBeHCTBA MOJIYYUM CIIPABEIMBOCTh
CJICAYIOIIETO HEPAaBEHCTBA:

o (O, = a1 e

t

< cio{lothgon) + 1 ey 1l +1 o )+017IHLW )| o0Vt [0.T]. (356)

B cuny HeoTpunaTenbHOCTHM BTOPOIO  CIAaraéMoro MOXKEM HalucaTh — ClEAyHollee
HEPaBEHCTBO:

™ (O < 1e(||<0||wzm 1 P e 1 e
+C17IHL!// H dz' vte[0,T].

C MOMOIIIBIO JIeMMBI I POHYOIIIA B3 3TOr0 HEPABEHCTBA MOTYYNM CIIPABEATHBOCT OLCHKH:
2
H Ly ™ ("t)HLZ(OJ) S Gg (||¢”\i/22(0,|) +||f||\i/22'°(9) +||(p”5v21(o,|) +||f”;21*°(g))’w [0.7]. (3.57)
C ydeTeM 5Toif OIEHKH U3 HEPAaBEHCTBA (3.56) MOMYHHM CITyAYIOIIYIO OIEHKY:
HLWN (-1) ty Imaz.”y/N‘z‘Lri dxdz <
Q‘

L,(0.)

< cio g0 +1 Togriy llgon + oo )- v €071,

(3.58)
U3 HepaBenctsa (3.55) B cuity oneHok (3.19) u (3.57) umeem:
(T T I SO X
P ( )—020 Phwzon T 1 o) (plwzl(m) T oy ) V1 €10, ]
L,y(0,l
(3.59)

Cymmupys (3.18), (3. 34) 1 (3.59) monyyum cpaBeIMBOCTD CIEAYIOIICH OICHKH:
™ Ol < arllsion 1 egniey +lolhson 1 ooy ) 2 0T,

w on "~

(3.60)
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Teneps oneHuM . C aroii nenpio axaoe K-oe ypaBuenue cucremsr (3.11) Ha

dc (t
CBOE€ kd—t() U BCe MOJydeHHBIC paBeHCTBA mpocymmupyeMm mo K =1 no k=N . Torma

TOJy4eHHOE YpaBHEHHE HHTErpupys 110 unrepsany (0,T ) umeem:

Al w o oy op" \ O
t — |dxd
iU - ‘ +a, - +ia, (X,t)—— v~ —a(x)y at]dx T+

+'[( )% —+|v ()" a7+a ‘z// ‘ w" a;/t )dxdr_J'f dxdz

U3 sToro paBeHCTBa C MOMOIIBI0 HepaBeHCTBa Koln-byHSIKOBCKOro noiay4yum cieayrouee
HEPaBEHCTBO:

Q

+7 (42 +02 +07) || dxat + 7]a, | |y dxdt+7'|'|f|2dxdt.
Q Q Q

2
oy

2 2 N
V| dvdt < 722 ‘aiz s o
5| OX

(3.61)

Tenepp OLEHMM 4YeTBEpTOE CllaraeMoe IPaBO 4YacTH OSTOro HepaBeHCTBA. B cuiy
HEpaBEHCTBA, W3BECTHOTO U3 pPabOTHI [21,cmp.78], MOKEM Halucarh CIEAYIoNIee

HCPABCHCTBO:
1
N 2

1
HLDC(OJ) N H OX HWN ("t)Hiz(OJ) ML [O’T]'

o (.

(3.62)

3neck >0 - HekoTOpas mocTosHHAs. M3 9TOro HepaBeHCTBA B cHity oneHok (3.18) u (3.34)
UMeeM:
N 6 6 6
H‘// ("t)HLw(o,,) SCp (”¢”w21(0,|) +||f||W21‘o(Q)),Vl‘ E[O’ T] .
(3.63)
B cuity 7011 ottenku u onieHku (3.60) U3 HepaBEHCTBA MOIYYUM CIIPABEJIMBOCTD CIICTYIOIICH
OLIEHKH:
op"
ot

<o (lolhon + Flogrey Hlolhgon +1 Ty ) v <[0T @64)

L(Q)
UnTerpupys ob6e vactu ouenku (3.60) mo t mo uHTEepBaiy (O,T) U TOJIyYEHHYIO OLICHKY
CyMMI/Ipyﬂ C OLIEHKOH (3.64) moay4YnuM CIEAYIONIYIO OLIEHKY:

s < (190 1Ry o 1 o) 0TI N =12, (369)

THE Gy, >OHOCTO$IHHa$I He 3aBucutT oT N . Mcmome3ys 3Ty OIEGHKY C BBIOOPOM ¢, =C,,

HETPYAHO JI0Ka3aTh yTBepKAeHHe JeMMbl. JlemMa 3.1 Boka3aHa.
Teneps mpoI0IDKUM JTOKa3aTeNCTBO TeopeMbl. biaromaps onenke (3.13) unu (3.65) u3

MOCJIEI0BATEIBHOCTH {l//N (X,t)} MOKEM BBUICIUTH TOANOCIIECIOBATEIHEHOCTD {1//”” (x,t)},

KoTopas cxoautest K Gynkumm y(X,t) cnabo B mpocrpanctee W, (Q). Iokakem, uto 51a
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npraenbHas QyHKIUS w(x,t) SBJISIETCSl PEIICHUEM pelylUpoBaHHOM 3amgaun (2.2)-(2.4) B
cmbiciie ompeneneHuss 2.1. C oTol 1enpl0 CHa4yajga JOKaKeM, 4YTO 3Ta (QYHKIUS l//(X,t)
yIOBJETBOPSieT ypaBHeHUIO (2.1) nmns mouTu Bcex (X,t)eQ. ITostomy mpu N =N
ypaBHeHue u3 (3.11) yMHOXUM Ha IPOU3BOJBHYIO (DYHKILUIO 77, (t), rae 1, (t) ecth K- i
kod¢punmeHT Oypbe NpoU3BOIBHON (YHKIUHU 77 (X,t) U3 IPOCTPAHCTBA LQ(Q), TO €CTh
i (t) :(ﬁ("t)’uk)Lz(O,l) . ITonryuennbie ypaBHeHus ckiaasiBaeM o K ot K=1 10 N'<N_ u

pe3yNbTaT MPOMHTETPUPYEM B Iipenaesax ot Hyns 1o T . Torma nomyyum:

Npy 2N, Npy
i[iagt +aoaav)/(2 jtiai(x,t)algX —a(x)y" +

+ ()™ +iv, (™ +a, ‘l//

it 1 ()7 (xt) et =0
(3.66)

N’
a7st m060# GyHKIMU ﬁk (x.t)= Z (th, (x), N'<N, . B criy KOMIAKTHOCTH BIOXEHHS

=~

21
IMpOCTPaHCTBA W2' (Q) B IIPpOCTPAHCTBO L2( )MO)KCM HalucaTtp CJICAyromiee npeaciibHOC
COOTHOIICHHUMUCE:

Nm

v oy CHUJILHO B L, (Q)

(3.67)

opu M-—>oo. Torna HU3BCCTHO, YTO M3 IIOCICAOBATCIBHOCTHU {l//Nm (X,t)} MOJXHO BBIACIIUTDH

MOJIIIOCIIEIOBATEIbHOCTh, KOTOPYIO NIl OOIIHOCTH CHOBa O0O3HAUYUMM 4epe3 {WNm (X,t)},

CXOJIUTCS TIOYTH BCIOAY B (0, TO €CTh HMEET MECTO TIPEIEIbHOE COOTHOIIEHHE:
y/Nm (X,t) —>l//(X,t) ITOYTH BCEX (X,t) eQ mpu K > 0., (3.68)

C npyroift cTopoHsl, B cuiy Bioxenns mnpocrparctBa W,(€) B mpocTpaHCTBO

L, (O,T ‘W, (0,1 )) MO’KEM HAITHCATh CIIEYIOIIee HEPAaBEHCTBO!

HV’Nm 25H¥’

L(0Tw5(01)) — w2(Q)

Torna B cuny ouenku (3.13) mpu N=N_,m=12,... umeem:

o™

MW@WS%WmZLZN

(3.69)

C IIOMOIIBIO 3TOT'O HepaBCHCTBa MOKCM HarrcCaTth CICAYIOIICC HCPABCHCTBO!

2 T
- j ”y/ " (1) s ! o (.,t)H‘;(O’I)dt,m _12.. (3.70)

C npyroii ctoponsl, B criry HepeHcTBa (3.62) mpu N =N, ,m=12,... umeem:

i

6

T T T
.([Hl//Nm ("t)Hi(m)dt = I.([Hl//Nm ("t)HiO(m) dt SC26.([H"’/Nm ( t WA(0,1) dt <
< Cy ™ 1(0,T;w21(o,|)) m=12,....

Torma B cuiy sToro HepaBeHCTBa M HepaBeHCTBa (3.69) u3 HepaBeHcTBa (3.70) momxydum
CHPaBEJIMBOCTh CIIEAYIOIIEr0 HepaBeHCTBA!
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2
Nm

287

N 2
H\W <C,,m=12,.
)

2

(3.71)
[TosTOMYy M3 3TOrO HEPAaBEHCTBA M CHJy H3BECTHBIX JIEMM U3 pabOTHI [22, cmp.330—331]

YCTaHOBHM CIIPaBEITUBOCTH CIIEAYIOIIETO MPEACTbHOIO COOTHOIICHHS
Nop |2 2
‘l// |1//| 7% cnabo B I_Z(Q)

(3.72)
opy M-—oco. VYyurbiBasg 3TO MPEACIbHOE COOTHOUIEHME M CJIadyl0 CXOAMMOCTh

TIOJITIOCIIEIOBATEIIEHOCTH {!//N””(X,t)}K byHKIMU l//(x,t) B TPOCTPAHCTBE W22’1(Q) u
nepexoass k mpexeny no N ,m=12,.. B uHTerpanbHoM TOXAecTBEe (3.66) momyyum
CHPaBEIIMBOCTh CIICAYIOIIEr0 HHTEIPAIILHOTO TOXKIECTBA!

2
I(i%+aogx—y:+ial(x,t)%—a(x)w+

Q

Vo (D) +iv, (t)y +a, | - f (x,t))ﬁ”’(x,t)dxdt =0

N’ N’
JUTsL TI000H (pyHKIMH 77k Z t)uk . B Buny Toro, uto nk Zﬁ t)uk
k=1 kL
SIBISETCS 9aCTHYHOM CyMMOH psina 77 (X, t ZUK t)uk ,apu N’ — oo gactuunas cymma

i (xt) cxomntes k pynkunn  77(X,t) B L, (Q) Toraa ¢ ydeTeM 3TOro eclIi HepexoanTh K
nmpeielly B TOCIHEIHEM TOX/IECTBE, TO IONYYMM TOro, 4To mpuenbHas dynkums y(X,t)
Y/IOBJIETBOPSET CIEYIOMEMY HHTETPATLHOMY TOKIECTBY:

Oy _ y . oy

l—+a,—+l1a,( X,t)——a(X)y +
1% 48, 2 via ()22 -l

Q

Ao () +ivy (V) + 35w w— T (x1))7(xt) dxdt =0
(3.73)
wis oot Gyukuun 7=7(Xt) u3 npocrpancrta L,(Q). Orcioma 3akmouaem, dTo

npezenbHas QyHKIUs l//(x,t) U3 IPOCTPAHCTBA W22'1 (Q) yJIOBJIETBOPSIET ypaBHEHHUIO (2.2)
JUTA TIOYTH BCEX (X,t)eQ. Teneps mokaxem, 4To 3Ta (QYHKIIHS 1//(X,t) W3 TPOCTPAHCTBA

sz’l (Q) YIIOBJIETBOPSIET HA4aJbHOMY YCJIOBHUIO (2.3) [UId IOYTH BCEX Xe(O,I), TO €CTb

yenosuio ¥ (X,0)=g(X), vXe (0,1). B crity TeopeM KOMIAKTHOIO BIOXKEHHS IIPOCTPAHCTBA
W, (Q) B mpocrpancrso C°([0,7],L,(0,! )) MOKEM HAIUCaTh CIEIyIoNiee INpeaebHOoe

COOTHOIIICHHCE:
(72 (.,t)—l//(.,t)HLz(O’l) -0 (3.74)

paBHOMepHO oTHOcHTenbHO t€[0,T] mpu M-—>co. Kpome TOro, MOXeM HAmucath
CIIEyIONIee HEPABEHCTRO:
v (-0) =], oy, <[ (-0) -y (..0)

Hl// B (DHLZ(O,I) ' (3.75)

L(0,1)
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Hcnonb3ys npenenbHoe cootHoteHue (3.74) npu t =0 mnomydyaem, 4To mepBoe ciaraeMoe B
MPaBOM YacTH ATOTO HEPABEHCTBA MPU M —> 00 cTpeMUTCA K HyIto. [loaToMy mokaxkem, 4To U
BTOPOE CIaraéMo€e B MIPABOM YaCTU 3TOr0 HEPABEHCTBA IIPU M —> 00 TAK)KE CTPEMUTCS K HYJIIO.
Hcnonb3ys dopmyny (3.10) umeem:

Npy

o (40) =320l (O (1) = Y0, (X) =0 ().

k=1

Bsuny toro, uro ¢)Nm (X) SABIISICTCS YaCTUYHOM CyMMOM psiga Dypre anst QyHKIMH @ = (D(X)

dp(0) _de(l)
dx dx

3TOrO €CIIM MEPEXOAUTH K IPEEely BO BTOPOM CJIaraéMoM MpaBoil yacTu HepaBeHCTBa (3.75),

TO TIpU

M —> cOTONlyYrM, YTO OHO CTPEMHUTCS K HYJIIO, TO €CTh HMEET MECTO IpelesibHOe

COOTHOUICHHE:

u3 nocrpaucrea W, (0,1), ynosierBopsiomei ycnosusm =0. C yuerem

Ht//Nm (.,0) —goHLZ(OYI) —0 npu m-— oo,

(3.76)

Takum 00pa3oM, C yd4eTeM 3TOro MpeaeIbHOTO COOTHOIICHUS M MPENEIbHOTO COOTHOUICHHUS
(3.74) npu t=0 ecnu mepexoauTh K Mpeaeay B 00eHX yacTsx HepaBeHCTBa (3.75), To mpu
M —> 00 TOJYYHM CIPABEIITUBOCTh COOTHOIICHHS:

Hl//(" 0) B (DHLZ(O,I) =0.

M3 »TOTO COOTHONICHUS nmojrydaeM, 4TO IpcAcibHaA Q)YHKHI/IH l//(X,t) YAOBJICTBOPACT

0
YCIOBHIO HadanbHOMy ycnosuio m3 (2.3), o ecth y(X,0)=¢(X),Vxe(0,1). Hakomer,
JOKa)KeM, 4TO MpeieabHas (QYHKIHS w(x,t) YIOBJIETBOPSET KpaeBbIM ycioBusM (2.4).
H3BecTHO M3 pabot [22,23] , YTO JUIs1 DJIEMEHTOB ITOIOCIIENOBATENHLHOCTH {{//N"‘(X,t)}B

CUITYy TEOPEMEI O CJICJaX UMECT MCCTO COOTHOIICHUA:
oy (0,.) oy (l,.
v (0.) av (L)
oX OX

L(0T),m=12,.

(3.77)
B cmy cBoiicTBa CXOIUMOCTH IOAINOCIENI0BATEIBHOCTH {(//Nm(x,t)} U3 TPOCTPAHCTBA

sz'l (Q) MMOJIYYHUM CIIPaBCIIINBOCTD NPEIACIbHBIX COOTHOIICHUM: opu M—©

81//“;)((0,.) —>8W8(XO") cna6o B L,(0,T), (3.78)
o™ (1,) ow(l,.
W&x( R '/’65( ) cago s L,(0T). (3.79)

C npyroéi CTOpPOHBI, JJi1 3JIEMEHTOB MOANOCIEA0BATEIbHOCTH {wNm(X,t)} UMEET MECTO
CIIeyIOIIE PaBEHCTBA

W (st) _§ton ) S g g

OX =t dx
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du, (0) _ du, (1)

W3 5TUX paBeHCTB B CUIY YCIIOBHUU
dx dx

=0 mnomy4nuM CHpaBeAIUBOCTh

CIEAYIOLIUX COOTHOIIEHUN:
oy (0,t) oy™(I,t) 0
x ;o

(3.80)
Jist V7€ L,(0,T) MoxeM HamuCaTh CICAYIOIINE PABEHCTBA:

]—aw(s’t)ﬁ(t)dt = ](W(S't) v (S’t)]ﬁ(t)dt +

y  OX ol OX OX

T N
oy " (s,t) _
+|———=7(t)dt,s=0,1. 3.81
! (b (3:81)
Torma ¢ yuerem cootHomenuii (3.80) u nmpenensHbIX cooTHomeHud (3.78), (3.79) ecnu
NEePeXOoaNTh K Mpeaeny B ooenx yactsax paBeHCTB (3.81), To oTTyaa mpu M — oo uist 000

Gynkuun 7 € L, (O,T)HonquM CIIPaBEUIMBOCTb COOTHOLLIEHUI:
1%5(0& =0,5=0,1.
W3 3TUX COOTHOLIEHUH NOJy4YyuM, 4YTO IMpeaenabHas (QyHKUus W(X,t) YAOBJIETBOPSIET
KpaeBbIM yCIOBUAM (2.4) 1i1st mouTtH Beex t e (O,T) , TO €CTb UMEET MECTO:
oy (0,t) ow(lt)
OX OX
Takum 00pa3oM, HaMH JI0Ka3aHO, YTO MpeaeibHas (QyHKIHS w(x,t) ABJIETCS PEIICHUEM

~0,vte(0T).

penyuupoBanHoi 3amaun (2.2)-(2.4) mpu kaxaom VeV U 3TO pelieHHe MPUHAIICKUT

MIPOCTPAHCTBY WZZ‘1 (Q) W s 3TOrO pElIeHHs crpaBeqinBa oieHka (3.1), xoTopas
HEMOCPEACTBEHHO clieAyeT U3 oreHkH (3.13) mocine nepexona K HIKHEMY IpeAenay Mo ciabo
CXOAAIIEHCS TOMOCIEI0BATENEHOCTH {wNm (X,t)} w3 W, (Q) x Gysxumn w(x,t).

Tenepp qOKakeM €AMHCTBEHHOCTh PELICHUs peAylupOoBaHHOM 3aauu (2.2)-(2.4) npu
kaxaom VeV . [lycte mro0bie aBe (QyHKIIUU w(x,t) U ¢(X,t) SBJIIIOTCSL  PELICHUSIMHU
peAyLUUpOBAHHOMN 3aJaun (2.2)-(2.4) npu KaXKIOM veV . O0603HaUYNM
W(X,t) = y/(x,t)—¢(x,t). Torga scHO, 4TO (QyHKUHA W= W(X,t) Oyner pelieHueM
cIIeAyIolIel HaualbHO-KPaeBOH 3a1auu:

ia\—NJraoaZ—VZVJrial(x,t)a—W—a(x)WJrv0 (t)w+iv,(t)w+a, (|:,//|2 +|¢|2)W+
ot OX OX
+a,pg=0,(xt)eQ,

(3.82)
w(x,0)=0, xe(0,1),
(3.83)
ow(0,t) _ow(lt) _ote(0T)
OX OX ’ A
(3.84)
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Baujy Toro, uto ¢yuxumn y(X,t) u ¢(X,t) ABIAIOTCS pELICHUAMU PEyHMPOBAHHOI 318K
(22)-(24) npun xaxgom VeV u npusamnexar npoctpanctey W, (Q)  dyHkums
W=W(X,t) GyaeT y/0BIETBOPATH CICAYIOLEMY HHTCIPATLHOMY TOX/ICCTBY:

2
éft(i%NJraoZTVZVJriai(x,r)%lv—a(x)w+v0(r)w+ivl(r)w+

+a2(|.//|2 +|¢|2)w+ azl//qﬁv_\l)ﬁ(x,r)dxdr:O,Vt e[0,T]
(3.85)
s 060t Gpyuxuun 77 € L, (Q) u navansuomy ycnosmio (3.83) ms mouru seex X €(0,1) u
KpaeBbIM yciioBusM (3.84) ans moutu Bcex te(O,T). B 3TOM MHTErpasibHOM TOXIIECTBE
BMECTO (PYHKIIHMH 77(X,t) BO3bMEM (DYHKIIHIO W(X,t) U3 MPOCTPAHCTBA W22'l (Q) Torna c

IMOMOIIBIO HHTCTPUPOBAHHA II0 YaCTAM MOXKCEM HallUMCAaTb PaBCHCTBO, HW3 KOTOPOIro
BBIYHUTBIBAsA €TO KOMIIJICKCHOC COIIPSAKCHUC UMCCM !

I(%NW+%NWjdxdr+i(al(x,r)%Nw+ai(x,r);—afwjdxdf+2J'v1(r)|w|2dxdr+

& Q

+21ma, j (|z//|2 +|¢|2)|W|2dxdz'+ 2Im azf Re(z//¢(v_v)2 )dxdr+
+2Rea, [ Im(y(W)’ Jixdz =0,vte[0,T].

(3.86)
[Ipeobpa3yss BTOpoe ciaraeMoe JIeBOM 4YacTH 3TOr0 PAaBEHCTBA M HCIOJNB3YS YCIOBHSI

aQ (O,t) =q (I ,t) =0te (O,T ) , IOJTyYUM CIIPaBEIMBOCTh CJIEIYIOLIEr0 PaBEHCTBA:

OW_ OW , o
S oW dedz 2] dxdr =
i(atWJr - Wj xdz + mang;<|w| +|g| )|w| xdr

=2 vy(r)|wf’dxdz - 2Ima, | Re(pp (W)’ Jixdz - 2Rea, [ Im(yg(w))dxdz, vt <[0.T].
& & &
W13 3TOro paBeHcTBa C MOMOUIBIO YClIoBHS (3.83) MOydyuM CIIpaBeUIMBOCTh HEPABEHCTBA:

M g, + 21ma, [ (juf +lof” ) cdlr <
&

< ZHVl(T)HW|2dXdT+ 2(Ima2 +|Rea2|)j|w||¢||V\42dxdr , Vte[0T].
o,

o

C nomol11bp0 HEPABEHCTBA 2|1//||¢| < |1//|2 + |¢|2 U YCIIOBUH Ha GYHKIIUU Vl(t) , @ TAKXKE YCIAOBUSA

(2.5), momy4uum cieayromiee HepaBEHCTBO:

[w( )+ %Imaz [ (1wl +1of" ) wi’dxdlz < 28, [|wf'dxdz, wte[0,T].
& Q

L(01)
B cuiny HeoTpHIIAaTETbHOCTH BTOPOTO CIAraeMoro JIEBOM YacTH TMOJIYYUM CIEAYIOLIee
HEPBEHCTBO:

2
L(0,l

w(..t) jz(m) <2 j [w(..7)

HpI/IMeHHH JICMMY FPOHYOJ'IJIa MOJIYYHUM CHPaBCIIIMBOCTb COOTHOILICHU:
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2
L(0,l

.1

=0, vte[oT].
Ortcrona cineayer, 4to
w(x,t)= O,@x e(0,1):vte[0,T].
W3 storo cooromenus u popmynsr  W(X,t)=y(X,t)—g@(X,t)crenyer emmucTBeHHOCTS

pelieHus peayupoBaHHoi 3anaun (2.2)-(2.4) npu xkaxaom VeV . Teopema 3.1 noka3zana.
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ZAMANDAN ASILI XUSUSI QRADIENT TORKIiBLI, OLCUL® BILON MOHDUD
KOMPLEKS POTENSIALLI QEYRI-XOTTIi QEYRI-STASIONAR SREDINGER
TONLIiYI UCUN iKiNCi NOV BASLANGIC-SORHOD MOSOLOSI

Natiq ibrahimov

Qabil Yaqub

Tuba Ulkar

Lonkaran D&vlat Universiteti, Lonkoaran, Azarbaycan
Qars Qafgaz Universiteti, Qars, Azorbaycan

Bu mogalodo xUsusi gradient hadli vo zamandan asili mohdud élgulon kompleks potensialli geyri-xstti geyri-
stasionar bir o6lculii Sredinger tonliyi c¢ln ikinci ndv baslagic-sorhod mosalasine baxilmisdir. Qalerkin
Usulundan istifado edorok baxilan baslagic-sarhad mosslasinin hollinin varhgi va yegansliyi teoremi isbat
edilmigdir.

Acar sozlar: geyri-xatti Sredinger tonliyi, gradient hadd, kompleks potensiall, Qalerkin Gsulu
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THE SECOND INITIAL-BOUNDARY VALUE PROBLEM FOR A NONLINEAR
ONE-DIMENSIONAL NONSTATIONARY SCHRODINGER EQUATION WITH A
SPECIAL GRADIENT TERM AND WITH A MEASURABLE LIMITED COMPLEX
POTENTIAL THAT DEPENDS ONLY ON TIME

Natig Ibrahimov

Gabil Yagub

Tuba Ulker

Lankaran State University, Lankaran, Azerbaijan
Kars Kafkas University, Kars, Turkey

In this paper, we consider the second initial-boundary value problem for a nonlinear one-dimensional
nonstationary Schrodinger equation with a special gradient term and with a measurable limited complex
potential that depends only on time. At the same time, using the Galerkin method, the theorem on the existence
and uniqueness of the solution of the second initial boundary value problem under consideration is proved.
Keywords: nonlinear Schrodinger equation, gradient term, complex potential, Galerkin method
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