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BUZOVLARDA KOLIBAKTERIOZUN KOMPLEKS TERAPIYASINDA
MIKSOFERRONUN KLINIiK VO IMMUNOLOJI EFFEKTIVLIYI

Viisalo Vahid qiz1 Sirdarli, Qulam Rafiq oglu Alverdiyev,
3Giiloglan Safaarsli oglu Mammodrzayev, ‘Rumiya Aydin qizi Suleymanova

Azarbaycan Dovlat Aqrar Universiteti
Ganca sohoari, Atatiirk prospekti 450
yusalasardar@hotmail.com, 2qualm.alverdiyev@mail.ru, *guloglanmmmdrzayev@gmail.com,

4rumiya.suleymanova.rs@qmaiI.com

Xiilasa. Buzovlarda kolibakteriozun kompleks miialicasinda immunomodulyator Miksoferronun
terapevtik effektivliyi tadqig edilmigdir. Miioyyan edilmisdir ki, preparatin antibiotikoterapiya ilo
birlikda tatbigi xastaliyin klinik alamatlorinin daha siiratli aradan qaldirilmasina, hematoloji va
immunoloji  gostaricilorin  normallagsmasina, hamginin orqanizmin qeyri-spesifik  rezistentliyinin
yiiksalmasina sabab olur. Ayrilmis Escherichia coli stammlart yiiksok patogenlik xiisusiyyatlarina malik
olmus va 2sasan OI18 seroqrupuna aid edilmigdir. Miksoferronun daxil edildiyi kompleks terapiya
aNanavi miialica sxemi ila miigayisada miialico miiddatini orta hesabla 2—3 giin qusaltmisdir.

Acar sézlar: kolibakterioz, Escherichia coli, Miksoferron, immunomodulyasiya, hematologiya,
geyri-spesifik rezistentlik.

Giris. Kolibakterioz (eserixioz) buzovlarda iti gedisli infeksion xastolik olub, ishal, intoksikasiya
Vo orqanizmin susuzlagmasi ilo miisayiot olunur. Xostolik daha ¢ox yeni dogulmus heyvanlarda
hoyatin ilk gilinlorinds inkisaf edir vo septik, enterit vo enterotoksemik formalarda miisahido oluna
bilor[3,4,6].

Xastoliyin toradicisi virulentlik faktorlarina malik patogen Escherichia coli stammlaridir.
Patoloji prosesin inkisafi mikroorqanizmlorin enterositloro adheziyasi, toksinlorin hasil olunmasi vo
bagirsagin fizioloji funksiyalarinin pozulmasi ils sortlonir[5,12].

Kolibakteriozun miialicosine miiasir yanagmalar oSason antibakterial preparatlarin tatbigine
osaslanir. Lakin onlarin effektivliyi antibiotikrezistentliyin inkisafi vo organizmin immun statusuna
tosir etmomasi ilo mohdudlasir[7,8].

Bununla olagodar olaraq immun sistemini aktivlesdiro bilon vo organizmin geyri-spesifik
rezistentliyini artiran immunomodulyatorin totbiqi xiisusi shamiyyat dasiyir[1,2].

Miksoferron, aktiv maddasi rekombinant interferon alfa-2b olan immunomodulyator, antivirus
Vo antibakterial xiisusiyyotloro malik preparatdir. Preparat makrofaqal-fagosit sisteminin
aktivlosmasina, T- vo  B-limfositlorin  funksional aktivliyinin  gliclonmasine,  hamginin
immunoglobulinlarin sintezinin artmasina sabab olur[9,10,11].

Moévzunun aktualhgi. Erkon postnatal dovrdo buzovlarda made-bagirsaq traktinin infeksion
xastoliklori miiasir baytarliq tobabati vo senaye heyvandarligimin asas problemlarindon biri olaraq qalir.
Yerli va xarici tadgiqatlarin malumatlarina géra, bu patologiyalar cavan heyvanlar arasinda xastalonma
strukturunda aparic1 yer tutur, yalniz respirator xastaliklordon geri qalir vo yiiksok yayilma saviyyasi,
klinik formalarin miixtalifliyi vo 30-50 %-o ¢atan yiiksok letalliq gostaricisi ilo xarakterizo olunur.

Enteropatologiyalar arasinda xiisusi ohomiyyst Kkolibakterioza moxsusdur. Bu xastalik
adheziyaya malik (K-antigenlor), termostabil vo termolabil enterotoksinlor (ST, LT), homginin
hemolizinlor daxil olmaqla genis virulentlik amillorino malik enteropatogen vo enterotoksigen
Escherichia coli stammlar1 torafindon toradilir. Toradicinin patogen potensialinin reallagsmasi yeni
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dogulmus buzovlarin immun sisteminin funksional yetkin olmamasi, kolostral immunitetin
catismazligi vo normal bagirsaq mikrobiotasinin formalagmasinin pozulmasi ils six alagoadardir.

Xastoliyin patogenezi bagirsaq epitelinin baryer funksiyasimnin pozulmasi, bakterial toksinlarin
tosiri altinda sekretor proseslorin aktivlogsmoasi, ishal, dehidratasiya, metabolik asidoz vo endogen
intoksikasiyanin inkisafi ilo xarakterizo olunur. Sistem saviyyads iso anadangslmo vo adaptiv
immunitetin disbalans1 miisahido olunur ki, bu da faqosit aktivliyinin zaiflomosi, gan serumunun
bakterisid vo lizosim aktivliyinin azalmasi, homg¢inin limfositlarin subpopulyasiya tarkibinin doyismasi
ilo tozahiir edir.

Intensiv heyvandarliq soraitinda texnoloji vo stres amillori, o ciimlodon erkon siiddon kosmo,
yiiksok sixligda saxlanma, zoogigiyenik normalarin vo yemlomonin pozulmasi alava shomiyyat kasb
edir. Bu amillor ikincili immungatismazliq hallarinin formalasmasina vo heyvanlarin infeksion
agentlara gars1 hassasliginin artmasina sobab olur.

Antibakterial preparatlarin genis totbigine baxmayaraq, kolibakteriozun miialicasinin effektivliyi
kifayst godor deyil. Bu, Escherichia coli-nin miixtalif farmakoloji qrup preparatlara rezistentliyin
stirotlo  formalagsmasi ilo olagodardir._ Bozi hallarda antibakterial terapiya téradicinin tam
eliminasiyasini tomin etmir vo bagirsagin normobiosenozunun pozulmasina sabab ola bilor.

Bununla olagodar olarag tokcs téradicinin mohv edilmisina deyil, hom do heyvan organizminin
immunoloji reaktivliyinin korreksiyasina yonolmis yeni terapevtik yanagmalarin axtarisi aktualliq kasb
edir.

Tadqgiqatin obyekti. Hazirki todqiqatin obyekti fordi heyvandarliq tosorriifatt soraitinds
saxlanilan, kolibakterioza xas moado-bagirsaq pozgunluglarinin klinik olamotlorini gostoran, 15
giinadok yasda olan buzovlar olmusdur.

Todqgiqata diareya, depressiya, istahanin azalmasi vo dehidratasiya slamatlori miisahido olunan
10 buzov daxil edilmisdir. Heyvanlar baytarliq miiayinasi zamani secilmis vo eyni saxlanma vo
yemlomo soraitinds saxlanilmisdirlar.

Tadgiqatin metodlar. Isdo Klinik, bakterioloji, seroloji, hematoloji vo immunoloji tadgigat
metodlarinin kompleksindon istifads edilmisdir.

Klinik metodlar. Buzovlar tizorinds giindalik klinik miisahidalor aparilmig, imumi vaziyyat,
istaha, badon temperaturu, nacisin xarakteri, dehidratasiya daracasi va xastaliyin klinik alamatlorinin
dinamikas1 qiymatlondirilmisdir.

Bakterioloji metodlar. Xastoliyin etioloji agentini miioyyan etmok mogsodilo diiz bagirsagdan
steril sokildo gotiiriilmiis nocis niimunalori tadqiq edilmisdir. Nimunolordon 10-%-a gadar ardicil onqat
durulagdirmalar hazirlanmis, daha sonra bork qida miihitlorino (Endo miihiti, ganli aqar) okilmisdir.
Kulturalarm giymatlondirilmasi morfoloji, kultural vo biokimyavi xiisusiyyatlora, o ciimladan laktoza
Vo saxarozani fermentasiya etmo gabiliyystina, homginin hemolitik aktivliyin mévcudluguna osason
aparilmigdir.

Seroloji metodlar. Ayrilmis Escherichia coli kulturalarinin identifikasiyasi vo serotiplora
ayrilmasi movcud metodik gostoriglora uygun olaraq monovalent vo polivalent O-koli zordablar
istifads edilmokls, asya va sinaq siisalorinds aqqliitinasiya reaksiyasi vasitasilo aparilmisdir.

Hematoloji metodlar. Eritrosit va leykositlorin sayinin miioyyan edilmosi avtomatik hematoloji
analizator vasitoasilo aparilmisdir. Hemogqlobinin konsentrasiyasi fotometrik metodla toyin edilmisdir.
Leykosit formulu Pappenhaym metodu iizro boyanmis qan yaxmalarinda hiiceyralorin differensial
hesablanmasi ilo dyronilmisdir.

Immunoloji metodlar. Organizmin qeyri-spesifik rezistentliyinin giymatlondirilmasi gan
serumunun bakterisid aktivliyi (BASK) va lizosim aktivliyi gostaricilori asasinda aparilmigdir.

Hiiceyravi immunitetin voaziyyati T- vo B-limfositlorin miqdari tizra, E-ROK vo EAS-ROK rozet
omoalagalmo metodlari istifado edilmaklo giymotlondirilmisdir.

Leykositlorin faqosit aktivliyi imumi gabul olunmus metodikalara asason, fagosit indeksinin vo
faqosit sayinin hesablanmasi ilo miioyyon edilmisdir.
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Eksperimental terapiya iisullari. Miualiconin effektivliyinin giymatlondirilmasi magsadils
heyvanlarin nazarat vo tocriiba qruplarima boliinmasi ilo miiqayisali todgiqat lisulundan istifado
edilmisdir.

Birinci (nazarat) grupunda tosarriifatda qobul olunmus standart miialico sxemi totbiq edilmisdir:
yarimac pohriz, sorbent preparati “Smektavet”in giindo iki dofo 10 kq canli ¢okiys 10 q dozada
verilmasi, homginin tetrasiklin preparatinin 5 mq/kq dozada azalodaxili yeridilmasi.

Ikinci (tocriiba) qrupunda iss kombinasiya olunmus terapiya totbiq edilmisdir: Miksoferron
preparat1 3000 BV/kq dozada 24 saat interval ila tetrasiklinin (5 mg/kq, azaladaxili) tatbiqi ilo birlikda
istifado olunmusdur.

Statistik malumatlarin islanmasi. Alinmis naticalor variasion statistika metodlarindan istifado
edilmaklo islonmis, orta giymatlor (M) vo standart xota (=m) miioyyan edilmisdir. Forglorin statistik
etibarliligr Student kriteriyasi asasinda p < 0,05 shomiyyatlilik saviyyasinda gqiymatlondirilmisdir.

Materiallar vo muzakiralor

Aparilmis bakterioloji todgigatlar noticasinds diareya klinik aslamatlori olan buzovlarin nacis
niimunoalarindan fenotipik xiisusiyyatlorina gora forglonan 10 Escherichia coli stammi ayrilmisdir.
Miioyyan edilmisdir ki, 6 stamm hemolitik aktivliys malik olmus, 4 stamm iso hemolitik xiisusiyyot
gostormomisdir. Laktozanin fermentasiya qabiliyyati 7 stamda askar edilmis, 3 stamda isa bu aktivlik
miisahido olunmamisdir. Eyni zamanda, 8 stamm saxarozani fermentasiya etmis, 2 stamm isa bu
xiisusiyyato malik olmamisdir.

Seroloji tipizasiya gostormisdir ki, ayrilmis izolyatlarin 55,6 %-i O18 seroqrupuna, 11,1 %-i O26
seroqrupuna aid olmus, tok-tok hallarda iso 0103 vo O137 serovariantlart miiayyon edilmisdir. Alinmig
naticalor tosarriifatda virulentlik faktorlarina malik enteropatogen E. coli stammlarinin sirkulyasiya
etdiyini gostarir.

Miialicoys godar Xxasto buzovlarda aparilan hematoloji gostoricilorin tohlili saglam heyvanlarla
miiqayisada (7,9 £ 0,3 mln/mkl, p < 0,05) eritrositlorin sayinda artimin oldugunu askar etmisdir ki
(8,9 £ 0,3 min/mkl), bu da ehtimal ki, dehidratasiya ilo alagodardir. Eyni zamanda, leykositoz (9,1 £
0,7 min/mkl va 4,8 + 0,3 min/mkl, p < 0,01)miisahido olunmus, bu isa organizmds iltihabi prosesin
moveudlugunu gostormisdir.

Qeyri-spesifik rezistentlik gostaricilori shomiyyatli doracads asagi olmusdur: bakterisid aktivlik
26,1 = 0,6 % (saglamlarda 52,9 + 0,5 %; p < 0,05), lizosim aktivliyi is9 26,8 = 1,3 % (saglamlarda 48,0
+ 0,5 %; p < 0,001) toskil etmisdir. Faqositar aktivliyi toxminan 1,8 dofo azalaraq normadan asagi
olmusdur.

Hiiceyravi immunitetin gostaricilori do kaskin azalmisdir: T-limfositlor 17,3 + 1,7 % (norma 34,0
+ 1,5 %; p < 0,001), B-limfositlor iso 17,3 + 0,3 % (norma 23,1 + 0,3 %; p < 0,001) soviyyasinda
olmusdur.

Aparilan terapiya fonunda qruplar arasinda shamiyyatli forglor agkar edilmisdir. Miksoferronun
daxil edildiyi kompleks miialico alan tocriiba qrupunda klinik yaxsilasma artiq 2-ci sutkada miisahido
olunmus, bu da diareyanin dayanmasi, badon temperaturunun normallagmasi vo istahanin barpast ilo
tozahiir etmisdir. Nozarat qrupunda iss analoji doyisikliklor yalniz 4-cii sutkada qeyds alinmigdir.

Tocriibo qrupunda heyvanlarin  hematoloji  gostoricilori daha siirotlo  normallagmisdir:
leykositlorin migdart artiq miialiconin 3-cii giiniinds fizioloji gostaricilora ¢atmis, nazarst grupunda ise
leykositoz olamatlori daha uzun miiddet saxlanilmigdir.

Qeyri-spesifik rezistentlik gostaricilori (qan serumunun bakterisid va lizosim aktivliyi) tocriiba
grupunda xeyli daha tez barpa olunmus va artiq miialicanin 3-cii sutkasinda fizioloji gostaricilors yaxin
saviyyalara ¢atmisdir. Nozarat grupunda iss bu gostaricilorin normallagsmasi daha loang getmisdir.

Hiiceyravi immunitetin tohlili gostormisdir ki, Miksoferron gobul edon heyvanlarda T- vo B-
limfositlorin migdariin barpasi nazarst grupu ilo miiqayisads daha ifadsli olmusdur.
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Almmis naticalor gostarir ki, Miksoferronun kompleks terapiyaya daxil edilmasi heyvanlarin
klinik vaziyystina nozoragarpacaq miisbat tosir gostorir, hematoloji vo immunoloji gostaricilorin daha
stiratli barpasina sorait yaradir vo kolibakteriozun miialicasinin effektivliyini artirir.

Beloliklo, immunomodulyator preparat Miksoferronun totbiqi buzovlarda enteroinfeksiyalarin
miialicasinds patogenetik cohotdon asaslandirilmis vo perspektivli bir istigamat hesab olunur.

NOIOTICO.

1. Mode-bagirsaq pozgunluglarmin klinik olamatlori miisahido olunan buzovlardan mixtalif
fenotipik xiisusiyyotloro malik epizootik Escherichia coli stammlari izolo edilmisdir. Eyni zamanda,
izolyatlarin iistlinliik toskil edan hissasi (55,6 %) O18 seroqrupuna aid edilmisdir ki, bu da tesarriifatda
toradicinin enteropatogen variantlarinin sirkulyasiyasini gostarir.

2. Buzovlarda kolibakterioz hematoloji gostaricilorin pozulmalari ilo miisayist olunur vo leykositoz,
homginin orqanizmin dehidrasiyasi ilo olagodar inkisaf edon nisbi eritrositozla xarakterizo olunur.

3. Xosto heyvanlarda geyri-spesifik rezistentlik gdstaricilorinin azalmasi miioyyon edilmisdir ki, bu
da gan serumunun bakterisid vo lizosim aktivliyinin zoiflomasi, homginin leykositlorin fagosit
aktivliyinin asag1 diismasi ilo ifads olunur.

4. Patoloji prosesin inkisafi hiiceyravi immunitetin pozulmasi ilo miisayiot olunur vo bu, T- vo B-
limfositlorin miqdarinin azalmasi ilo tozahiir edir.

5. Immunomodulyator preparat Miksoferronun daxil edildiyi kompleks terapiyanin totbigi Xxostoliyin
klinik olamatlorinin daha siiratli aradan qaldirilmasina sobab olur (tocriilba grupunda 2-ci sutkada,
nozarat qrupunda iss 4-cii sutkada).

6. Miksoferronun istifadosi anonovi miialico sxemi ilo miiqayisodo hematoloji gostoricilorin daha
stirotli normallagmasini vo organizmin geyri-spesifik rezistentlik amillorinin borpasini tomin edir.

7. Miksoferronun kompleks terapiyanin torkibino daxil edilmasi buzovlarda kolibakteriozun
milalicasinin effektivliyini artirir vo sagalma miiddoatini orta hesabla 2-3 giin qisaldir.

Elmi yenilik. 1k dofo olarag Azorbaycan Respublikasinda fordi heyvandarliq tosorriifati
soraitindo buzovlarda kolibakterioz zamani immunomodulyator preparat Miksoferronun terapevtik
effektivliyinin kompleks sokildo Oyranilmasi aparilmis, eyni zamanda hematoloji, immunoloji vo
klinik-laborator gostaricilor giymatlondirilmisdir.

Miksoferronun organizmin geyri-spesifik rezistentlik gostaricilorina, o climlodon gan serumunun
bakterisid vo lizosim aktivliyino, hamginin immunitetin hiiceyravi amillorino (T- vo B-limfositloro)
tosir xiisusiyyotlori miioyyon edilmisdir ki, bu patologiya zamani1 baytarliq praktikasinda avvallor
kifayot qodor dyronilmomisdir.

Miioyyon edilmisdir ki, Miksoferronun kompleks terapiyanin torkibino daxil edilmosi
heyvanlarin klinik voziyyatinin daha miisbat dinamikasini tomin edir, hematoloji vo immunoloji
gostaricilorin normallasmasini siiratlondirir va kolibakteriozun miialica miiddatini anonavi antibakterial
terapiya ilo miiqayisodo orta hesabla 2-3 giin qisaldir.

Almmis naticalor interferon sirasina aid immunomodulyatorlarin buzovlarda enteroinfeksiyalar
zamani immun cavabin korreksiyasinda patogenetik roluna dair toSavviirlori genislondirir vo onlarin
kompleks miialico sxemlarinds totbiginin mogsadsuygunlugunu ssaslandirir.

Tadgiqatin praktik shamiyyati. Aparilmis todqiqatin praktik shomiyyati kolibakteriozla xasto
buzovlarin  kompleks terapiyasinda immunomodulyator preparat Miksoferronun totbiginin
moagsadouygunlugunun asaslandirilmasindan ibaratdir.

Alinmig naticolor Miksoferronun  yeni dogulmus buzovlarda modo-bagirsaq traktinin
enteroinfeksiyalarinin miialico sxemlorina daxil edilmasini tovsiya etmaya imkan verir ki, bu da klinik
sagalma miiddotinin qisalmasina, xastolonmo Vo letalliq soviyyasinin azalmasina, homginin
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heyvandarliq toSorriifatlarinda miialico-profilaktik todbirlorin imumi effektivliyinin yiiksalmasina
sorait yaradir.

Toklif olunan terapiya sxeminin totbigi hematoloji vo immunoloji gostaricilorin daha siiratli
borpasini tomin edir ki, bu da cavan heyvanlarin saxlanma saviyyasinin yiiksaldilmasins va istehsalin
igtisadi gostaricilorinin yaxsilasdirilmasina imkan verir.

Tadgigatin naticalari baytarliq miitaxassislorinin praktik faaliyyatinds, hamginin kond tosarriifati
heyvanlarinda bakterial enteroinfeksiyalarin kompleks miialico sxemlarinin islonib hazirlanmasi vo
tokmillogdirilmasi zamani istifads oluna bilor.

Isin iqtisadi somaraliliyi. Aparilmis todgiqatin iqtisadi somoraliliyi kolibakteriozla xasto
buzovlarin miialicasine ¢okilon xarclorin azalmasi il sortlonir. Bu, xastaliyin davametmo middatinin
qisalmasi vo miialico sxemina Miksoferronun daxil edilmasi naticasinds simptomatik va antibakterial
terapiyanin hacminin azalmasi hesabina tomin olunur.

Miksoferronun tatbigi ilo kompleks terapiya heyvanlarin daha siiratli klinik sagalmasina (ananovi
sxemlo miigayisado orta hesabla 2-3 giin tez) sorait yaradir ki, bu da dorman preparatlarina, amok
resurslarina va baytarliq xidmatlorina gokilon Xxarclorin azalmasina gotirib gixarir.

Olavs iqtisadi effekt cavan heyvanlarin tolofatinin azalmasi, erkon postnatal dovrdo buzovlarin
saxlanma saviyyasinin yiiksolmosi, homginin xostolik ke¢irmis heyvanlarda inkisaf vo boyiimo
geriliyinin azalmasi hesabina oldos edilir.

Beloliklo, Miksoferronun totbigine osaslanan toklif olunan miialico sxeminin baytarliq
praktikasinda totbiqi yalniz terapiyanin effektivliyinin yiiksaldilmasini deyil, hom do heyvandarliq
tosarriifatlarinin iqtisadi gostaricilorinin yaxsilagdirilmasini toamin edir.
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KJIMHUKO-UMMYHOJIOTMYECKAS DO®EKTUBHOCTH MUKCO®EPOHA B
KOMILIEKCHOM TEPAIIMU KOJIMBAKTEPHO3A Y TEJISIT

Brocans Baxua kbpi3bl Capaapasl, I'yiaam Pagur orubl AsiBepaues , I'tosiorsian
Cadapausl oriisl Mamenpsaes, Pymusi Aiiibin kbi3bl CylieiiMaHoBa
vusalasardar@hotmail.com, gualm.alverdiyev@mail.ruguloglanmmmdrzayev@gmail.com,
rumiya.suleymanova.rs@gmail.com

Pestome. Uzyuena mepanesmuueckas 3¢pghekmusnocms ummyHomooyiamopa Mukcogepona 6
KOMNJIEKCHOM JleYeHUuu Koaubakmepuoza y mensim. YCmaHos8leHo, 4mo npumeHeHue npenapama 6
couemanuu ¢ aumubuomuxkomepanuell cnocoocmeyem 6onee ObICMPOMY KYNUPOBAHUIO KIUHUYECKUX
NPU3HAKO8 3a00/1e8aHUs, HOPMAIUZAYUU 2eMAMONOSUYECKUX U UMMYHONOSUYECKUX noKasamenel u
NOBGLIUEHUIO HEeCneYUPUUECKOU pe3ucmeHmHocmu opeanusma. Beidenennvie wmammur EScherichia
coli obradanru evipasicennviMu NAMOSEHHBIMU CEOUCMEAMU U OMHOCUIUCL NPEUMYUJCCMEEHHO K
cepoepynne O18. Komnnexcuas mepanus ¢ exnouenuem Muxkcogepona cokpawana cpoku ieyeHus 6
cpeonem Ha 2—3 CYMOK NO CPABHEHUIO ¢ MPAOUYUOHHOU CXEMO.

Knwuesvte cnoea.  mensma,  konubaxmepuos,  Escherichia  coli,  Muxcogepon,
UMMYHOMOOYIAYUSA, 2eMAMON02USL, HECNeYUPDUUECKAasl pe3UCTNEHMHOCb.

UDC 619-616-036
CLINICAL AND IMMUNOLOGICAL EFFECTS OF MICROFERON IN CALVES
WITH COLIBACILLOSIS

Vusala Vahid Sardarli, Gulam Rafig Alverdiev, Gyuloglan Safarali Mamedrzaev, Rumiya
Aydin Suleymanova
vusalasardar@hotmail.com, qualm.alverdiyev@mail.ruguloglanmmmdrzayev@gmail.com,
rumiya.suleymanova.rs@gmail.com

Summary. The therapeutic efficacy of the immunomodulator Microferon in the complex
treatment of colibacillosis in calves was studied. It was established that the use of the drug in
combination with antibiotic therapy contributes to a faster resolution of clinical signs of the disease,
normalization of hematological and immunological parameters, and an increase in the nonspecific
resistance of the organism. The isolated strains of Escherichia coli exhibited pronounced pathogenic
properties and predominantly belonged to serogroup O18. Complex therapy including Microferon
reduced the duration of treatment by an average of 2—3 days compared to the traditional treatment
regimen.

Keywords: calves, colibacillosis, Escherichia coli, Microferon, immunomodulation, hematology,
nonspecific resistance.
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GOYCAY RAYONU TORPAQLARININ FiZiKIi VO SU-FiZiKi
GOSTORICILORI

Sabins ilham qiz1 Tagiyeva
Azarbaycan Respublikas1 Elm va Toahsil Nazirliyi
Cografiya Institutu Publik Hiiquqi Saxsi
Baki s, Mammad Rahim 5.
tagiyevasabina@mail.ru

Xiilasa: Magaloda Goygay rayonunun fiziki va su-fiziki xassalarindan bahs edilir. Torpaglarin
fiziki va su-fiziki xassalarinin Gyranilmasi torpaqda alverisli su rejiminin yaradilmasini, bitkilorin su va
gida elementlori ilo tomin olunmasint va s. tolab edir. Odur ki, torpagin bu xassalorinin Gyranilmasi
agronomiyamn miihiim vazifalarindan  biridir. Oyrandiyimiz todgigat obyektinin torpaglarini
xarakterizo etmok iigiin 2sas kasimlorin bir necasinin fiziki va su-fiziki xassalarinin naticalori
verilmisdir.

Agar sézlar: sixlig, masamalik, xiisusi ¢oki, higroskopik namlik

Giris.Torpaglarin fiziki vo su-fiziki xassolorinin Oyranilmosi, onlardan diizgiin vo Somarali
istifado etmok {iglin ¢ox vacibdir. Diizglin aqrotexniki vo agromeliorativ todbirlor gérmok ii¢iin
torpagin bu xassalorini dorindan bilmok lazimdir. Fiziki xassolor torpagdak: kalloidlorin miqdarindan,
mosamoaliliyin kemiyyat vo keyfiyyat torkibindon asili olub, orada gedon proseslora boyiik tosir
gostorir. Bir ¢ox tadqiqatgilarin torpaqglarin fiziki xassalorinin dyronilmasinds boyiik rolu vardir. [4,7]
Tabii vo modani senozlarda bu problemlor az 6yronilmisdir. Ona gora do biz Goygay rayonu arazisinds
bu masaloni Gyranmayi qarsimiza magsad qoymusug.

Tadgiqgat obyekti vo metodikasi. Todqigat obyekti Goygay rayonu olub, Sirvan diiziiniin simal
hissasindo yerlosir vo todqiqat islorindo 6lkomizdo vo xaricdo gobul olunmus metodlardan istifado
olunub [5,9]

Tahlil vo miizakiralar. Tadgigat sahasi olan GOygay rayonu Sirvan diiziiniin bir hissasi olub,
Boyiik Qafgaz daglarinin otoklorinds yerlosir. Relyefi asason diizonlik vo asagi topalik sahalardon
ibaratdir. Rayonun yayi isti-quraq va qist miilayim olur, iqlim asason yarimsahra- subtropik iglim Kimi
saciyyalondirilir. [2] Orazido Goygay ¢ay1 vo Yuxari Sirvan kanali kimi su manbalari yerlosir. Goycay
rayonunda boz, boz-qonur, alliivial-goman va gaman-boz torpag tiplori vardir. [1,3]

Goycay rayonunda torpaqlarin fiziki vo su-fiziki xassslorinin togigat naticolori asagidaki
codvoldo verilmisdir. Osas fiziki xassolordon biri olan sixligin Syronilmasi torpagda olan su
ehtiyatinin, imumi mosamoaliliyin, {izvi maddslorin miqdarmin vo s. hesablanmasi iigiin istifado
olunur. Cadvaldon goriindiiyii kimi, xam sahads torpagin sixligi iist qatlarda 1,34 sm?, alt gatlarda iso
1,45 sm*® oldugu halda, okin gatinda bu géstoricilor asagidaki kimi doyisir. Taxil altinda iist qatda onun
giymoti 1,24 sm®, asag1 qatda iso 1,38 sm>-o catir. Pambiqalt: torpaqlarda bu gdstoricilor 1,25-1,35
sm® toskil edir.Yonca bitkisi altinda torpagm sixligi on az olub 1,14-1,30 sm? arasinda toroddiid edir.
Nar bitkisi altinda iso bu gdstorici iist gatda 1,25 sm’, asagiya dogru getdikco artaraq 1,38 sm®
olmusdur.

Torpagin osas fiziki xassalorindon biri olan xiisusi kiitlosi onun kimyoavi vo mineroloji
torkibindan, tizvi maddslorin migdarindan va S.dan asili olub, tadqiqat aparidigimiz arazids do torpagin
xtisusi ¢akisi 2,60-2,75 arasinda doyisir.

Fiziki xassalordon biri do mosamalikdir ki, o da granulometrik torkibdon, struktur aqreqat
torkibindan, riitubatdon vo s.don asili olaraq doyisir. Masamoaliliyin on az miqdar1 xam sahads olub,

10


mailto:tagiyevasabina@mail.ru

Agrar elmlar Elmi xabarlar macmuasi

Ne 1/2026 soh.10-14
profil boyu giymati 45,69- 50,18 % toskil edir. Nar bitkisi altinda onun qiymati 48,69-56,71 %, an ¢ox
miqdar1 isa yonca altinda 56,81- 51,67 % miisahido edilmisdir. Pambiq bitkisi altinda torpaqglarin
mosamoliyi yuxar1 qatda 53,35 %, asag1 qatda iso 47,87 %, taxil bitkisinds iso bu gostorici 54,24-47,92
% arasinda dayisir.
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Goycay rayonu torpaglarmn fiziki va bazi su-fiziki xassalarinin gostaricilari, %-la

Cadval 1.

Dorinlik, sm | Sixliq, sm® Xiisusi ¢okKi Masamoalik,% | Higroskopik | Maksimal Solma Maksimal Tarlasu
nomlik,% higroskopik | nomliyi, % molekulyar tutumu,%
nomlik,% nomlik,%
Xam(K-1)
0-20 1,34 2,69 50,18 2,29 5,32 7,13 11,70 22,26
20-36 1,34 2,66 49,62 2,12 5,04 6,75 11,59 23,99
36-60 1,39 2,65 47,54 2,46 4,23 5,67 10,57 22,31
60-88 1,45 2,67 45,69 2,35 4,96 6,65 10,91 20,42
Pambiq (K-2)
0-24 1,25 2,68 53,35 1,74 3,87 5,18 8,90 25,16
24-52 1,31 2,70 51,48 1,66 3,52 4,72 8,00 19,97
52-82 1,36 2,67 49,06 0,55 2,93 3,93 6,44 23,69
82-109 1,35 2,59 47,87 0,56 2,46 3,30 3,65 16,65
Nar(K-3)
0-15 1,25 2,71 56,71 5,48 8,31 11,13 19,94 22,16
15-30 1,19 2,68 55,59 5,83 7,89 10,57 19,72 26,64
30-48 1,27 2,75 54,54 4,32 6,38 8,55 14,03 23,44
48-73 1,38 2,70 48,88 3,44 521 6,98 11,98 22,14
73-92 1,38 2,69 48,69 4,17 7,63 10,22 18,31 20,08
Yonca(K-4
0-22 1,14 2,64 56,81 3,49 5,29 7,08 11,63 28,95
22-38 1,19 2,67 55,43 4,03 7,43 9,96 22,90 26,26
38-61 1,23 2,72 54,77 5,19 7,67 10,28 24,67 25,21
61-84 1,30 2,69 51,67 5,07 8,13 10,89 27,22 26,88
Taxil(K-5)
0-26 1,24 2,71 54,24 2,01 5,05 6,77 14,89 27,12
26-46 1,35 2,72 54,41 2,37 4,98 6,67 15,34 30,63
46-70 1,36 2,60 47,69 3,25 6,14 8,23 18,92 29,90
70-85 1,38 2,65 47,92 2,90 5,17 6,93 17,32 35,28
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Torpaqda olverisli su rejiminin yaradilmasi {ligiin torpaqlarin su-fiziki xassalorinin dyranilmasi
vacibdir.

Tadgigat obyektinin torpaqlarini xarakterizo etmak tigiin su-fiziki xassalarin noticalori dyranilmis
Vo asagidaki cadvalds geyd edilmisdir (Cadval). Laboratoriya naticalori gostorir ki, higroskopik namlik
pambiq altinda suvarilan torpaqglarin iist okin qatinda 1,74 %, okinalt1 qatda 1,66 %, asag1 qatlarda iso
0,56%-0 godor azalmigdir. Taxil altinda hiqroskopik namlik yuxari okin qatinda 2,01 %, asag1 qatlarda
iso 2,37-2,90 % arasinda doyisir. Xam torpaqda iso bu gosterici genetik qatlar tizro az farglonir vo
2,29-2,35 % arasinda toraddiid edir. Yonca bitkisi altinda hiqgroskopik namlik 3,49-5,07 % arasinda
doyisir. Nar bitkisinds iso bu gostarici 5,48-4,17% arasinda toraddiid edir.

Torpagin su xassalorindan biri do solma nomliyidir. Arid iglim soraitinds solma namliyi vacib
xasso oldugu iiglin onu tadqiq etmok c¢ox shomiyyatlidir. Biz todqigat zamani solma namliyini do
oyronmisik. Bizdon avval do bir ¢ox alimlor bu orazids torpaqlarin solma nomliyini tadqiq etmisdir.

Pambiq bitkisi altinda solma nomliyi iist qatda 5,18% , okinalt1 qatda iso 4,72% olmusdur. Asagi
gatlarda bu ragom 3,93- 3,30% arasinda olmusdur. Taxil bitkisi altinda yuxari gatdan asagiya dogru
getdikco solma nomliyi artir. Ust okin gatinda 6,77 % oldugu halda, asag1 qatlara dogru getdikco
6,93%-0 qgodor artir. Oriis kimi istifada olunan xam torpaglarda solma nomliyi 7,13 % oldugu halda,
asag1 qatda bu ragom 6,65 %-o ¢atir. Yonca bitkisi altinda torpaqlarin solma nomliyi iist qatda 7,08 %
olub, asagiya dogru getdikco artmis vo 10,89 %-o catmisdir. Nar bitkisi altinda iso yuxar1 qatda bu
rogom 11,13 % olub, asag1 qatlara dogru azalaraq 10,22 % toskil etmisdir.

Maksimal molekulyar nomliyin todqiqgi torpaq istifadagiliyindo vo suvarma islorinin toskilindo
¢ox vacibdir. Sirvan diiziinds, eloco do Goycay rayonunda torpagin maksimal molekulyar nomliyi az
oyronilmisdir. Bu torpagin tipindon, dorinlikdon vo istifadodon asili olaraq doyisir. Todgigat
apardigimiz torpaqlarda maksimal molekulyar nomlik ¢ox yiiksokdir, nar bitkisi altinda olan
torpaqlarda onun miqdar1 19,94- 18,31% arasinda doyisir. Taxil bitkisi altinda olan torpaglarin iist
okin qatinda 14,89 %, asag1 qatlarda iso 15,34-17,35 % arasinda toraddiid edir. Yonca bitkisi altinda da
oxsar naticalor oldo etmisik. Onun gostaricilori iist gatda 11,63 % olub, asagiya dogru getdikco
nisboton artaraq 27,22 %-o ¢atmigdir. Xam sahodo iso yuxart qatda MMN-in miqdart 11,70 %,
asagtya dogru bu ragom 10,91%-5 goadoar azalir.

Torpaglarin su xassalorindan biri do tarla su tutumudur. TST-nun 6yronilmasi elmi va tosorriifat
cohatdon ¢ox ohomiyyatlidir. Istifadogilikdon asili olaraq bu torpaglar tez doyiskonliys moruz gala
bilir. Bir ¢ox alimlor do tarla su tutumunun Syranilmasinin vacibliyini qeyd etmislor. On yiiksok
gostorici yonca bitkisi altinda torpaqlarda olmaqla 26,88-28,95% arasinda doyigmisdir. Pambiq altinda
okin gatinda tarla su tutumunun qiymoati 25,16 % olmus, asagiya dogru getdikco azalaraq 16,65 %-o
enmisdir. Tax1l sahosindo iso agagi qatlara dogru getdikco bu gostorici artmigdir. Nar bitkisindos iso
miitomadi olaraq azalmisdir. Xam torpaglarda tam su tutumu yuxari qatda 22,26 % olmus vo asagiya
dogru azalaraq 20,42%-9 catmisdir.

Natica. Fiziki vo su-fiziki xassolorin dyronilmasi ilo su ehtiyatini, imumi mosamoaliliyi, tizvi
maddslorin miqdarini, eyni zamanda su normasini va Su rejimini tayin etmok olar.
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Summary: This article examines the physical and hydrophysical properties of the Goychay
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ISMAYILLI RAYONU TAXILALTI TORPAQLARININ AQROEKOLOJI
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Xiilasa. Ismayilli rayonu taxilalti torpaqlarimn agroekoloji miinbitlik modelinin Gyranilmasina
hasr edilmisdir. Tadgigat obyekti kimi Daglq Sirvamn (Ismayilli rayonu) daghq ve dagatayi
arazilarinda taxil bitkisi altinda yayilan dag-Qohvayi Vo dag boz-Qohvayi torpaqlar gotiiriilmiisdiir.
Miiayyan  edilmisdir ki, Ismayilli rayonunun daglhq va dagatayi arazilorinda temperaturun va
torpaqdaki mahsuldar suyun migdart payizliq bugdanin damya saraitinda yetismasina imkan yaradir.
Miinbitlik gostoricilarinin torpaqdaki vaziyyatini miiayyan edon agroekoloji miinbitlik modelina asasan
taxilalti, dag-Qohvayi Vo dag-boz qohvayi torpaqlarin miinbitliyinin idara edilmasi iigiin kompleks
todbirlor sistemi miiayyan edilmigdir.

Agar sozlar: taxilalt, bugda, torpaq, dag gahvayi, miinbitlik, aqroekologiya, aqrokimyavi,
agrofiziki.

Giris. Son dovrlordo respublikamizda hoyata kegirilon an aktul masalolordon biri do miixtolif
kond tosarriifat1 bitkilor altinda istifado olunan torpaqlarin  miinbitliyinin qorunmasi, miihafizo
olunmasi va barpasi, mohsuldarliginin idars edilmasi magsadil ilo aqroekoloji miinbitlik modellarinin
islonib hazirlanmasidir. Miiasir dovrde kond tosarriifatinin inkisafi ilo slagadar ekoloji tamiz kond
tosorriifat1 bitkilorinin becorilmasi, onlardan yiiksok mohsuldarlig vo mohsul alinmasi ekologlarin,
kond tosarriifati isgilorinin, sohiyyonin aktual mévzusu olaraq arasdirilmaqla yanasi yeni todgigat
modvzusu kimi diinya giindomindo olan prioritet sahodir. Olkomizin ayri-ayr1 regionlarinin
ozlinomoxsus tabii-ekoloji soraito malik oldugunu nazors alsaq geyd edo bilorik ki, hor bir regionun
tobii vo antropogen amillori orazids yayilan bitkilorin hom ekoloji soraitins, hom do torpaq ortityiiniin
miinbitliyina bilavasito tosir gostorir (4;5).

Azorbaycan  Respublikasi Prezidenti torofindon tosdiq edilmis “Torpaqlarin miinbitliyi
haqqinda” qanunun va 2015-2022-ci illards 6lka shalisinin arzaq mohsullari ils etibarli tominatina dair
Dovlat programinin, homginin ¢ay¢iliq, pambiqgiliq, taxilgiliq vo basqa kond tosarriifati sahalarinin
inkisafi ilo bagl sonadlorin gobul edilmasi kompleks todbirlarin hayata kegirilmoasini nazards tutur. Bu
sonadlarin geabul edilmasi miixtalif kand tasarriifat: bitkilari, o ciimlodan taxil altinda istifade olunan
torpaqglarin miinbitliyinin idars edilmasi ilo bagl todbirlorin elmi-nozari vo metodiki osaslarinin
yenidon islonmasi, yerli soraitin toloblorino uygunlasdirilmasi elmi-noazori vo praktiki cohotdon ¢ox
boyiik shamiyyat kasb edir(3;6).

Taxilalt1 torpaqlarin aqroekoloji miinbitlik modeli taxil bitkisinin miihit soraitino olan taloblarini
gostarmokla yanasi, torpagin miinbitliyini vo bitkinin mahsuldarligint mohdudlasdiran amillari da izo
¢ixarmaga imkan verir. Aparilan aqrotexniki vo meliorativ todbirlor zamani1 geyd olunan amillorin
gozlonilmamosi torpaq miinbitliyinin azalmasina, onun deqradasiyasina, sorlasmasina vo eroziyasina
sabab olur (7;10).
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Acar sozlor: aqroekoloji miinbitlik, taxil, torpaq, sabalidi, gahvayi, boz gshvoyi, domys, dag-
gara,tabii-ekoloji sorait , miinbitlik modeli,kond tasarriifati

Insanlarin osrlor boyu torpaga bagli olmas: ondan somorali istifads edilmosinin yeni iisul vo
vasitalorinin islonib hazirlanmasini talob edir. Azarbaycana moxsus miixtalif torpag-iqlim soraiti, biitiin
dovrlards okingiliyin inkisaf etdirilmasine imkan yaratdigi ti¢iin burada hor zaman madani bitkilor
yetisdirilmis vo onlardan yiiksok mahsul alds edilmisdirr. Masalon, taxilgiliq, meyvagilik, taravazgilik,
cayciliq vo digar kond tasorriifatr saholorinin genislonmasi va inkisaf etdirilmasino osas amil torpag-
iglim soraiti olmusdur.

Aparilan todqiqatlar gostorir ki, Azorbaycanda torpaq miinbitliyinin idars edilmasi, agroekoloji
miinbitlik modellarinin islonib hazirlanmasi ¢ox boyiik elmi maraga sabab olmusdur. Bels ki, torpaq
miinbitliyini formalagdiran vo mohdudlagsdiran amillorin aqgroekoloji modelinin bloklar daxilinda
gruplasdirilmasi, torpagin miiasir vaziyyatini diizgiin oks etdirir, bunun da osasinda miinbitliyin idara
edilmasi  todbirlorinin - miioyyon edilmosini  asanlasdirir.  Aqroekoloji  miinbitlik  modeli
torpagomalogalmoa  proseslorinin - vo torpaq minbitliyinin idaro edilmasi yollarinin islonib
hazirlanmasinda metodoloji yanagma kimi qabul edilir. Bu da torpagemalogalmonin biitiin amillari ilo
birlikda doqiq gostaricilori miioyyan etmoya imkan verir (1;10).

Tadgigat obyekti vo metodikasi. Todgigat obyekti kimi Dagliq Sirvanmin (Ismayilli rayonu)
dagliq vo dagoatoyi arazilorinds taxil bitkisi altinda yayilan dag-gohvayi vo dag boz-gohvayi torpaglar
gotiiriilmiisdiir. Mogalo Q.S.Mammadov, S.Z. Mammoadova, M.M. Osgarova, S.A.Osmanova va
basqalar1 torafindon ¢ap edilmis “Torpagin aqroekoloji miinbitlik modellarinin tartibina dair metodik
gostoris” lardon istifads edilmokls hazirlanmigdir.

Toahlil va miizakira. Molumdur ki, donli bitkilorin (bugda, arpa, ¢ovdar vo s.) o, climlodon
taxillarin kond tesarriifat1 bitkilari i¢arisinds ¢ox boyiik tasarriifat shomiyyati vardir. Taxilgiliq kand
tosarriifatinin osasini togkil edon miihiim sahalordon biridir.

Tadqiqatlar gostarir Ki, tabii va siini segma prosesinds bugdanin ¢oxlu sayda yeni ndv va sortlar
formalagmis, naticodo yeni formalagan név vo sortlar mévcud olan torpaq-iqlim soraitinds onlarin
ekoloji yayillmasina sorait yaratmisdir. Bugda bitkisi ilk dovrlordo osason ¢ay mocralarinda
becorilmisdir. Lakin sonralar bu bitki dagotoyi vo bozqir rayonlarda becorildikdon sonra onun on yaxsi
dad keyfiyyoti, qida xiisusiyyatlorinin oldugu miiayyon edilmisdir. Okingilikdo adoton bugdanin
yazliq, payizliq vo araliq formalarindan istifado olunur. Bugdanin becarilmo areali yer kiirasinin asas
bioiqlim qursaqlarini boreal, subboreal, subtropik va tropik zonalari shato edir. Tacriibolorlor gostorir
ki, bugda ticlin on optimal gorait subboreal vo subtropik qursagin bozqirlar zonasidir. Bu zonalarda
torpaglar humusla zongin olub, olverisli su-fiziki Xxassalora, miihitin neytral reaksiyasina, kiil
elementlorinin yiiksok gostaricisine malikdir. Homin zonaya qaratorpaqlar, subboreal qursagin prerilori
daxildir. Subtropik qursaqda yayilan gahvayi va boz-gohvayi torpaqglar da bugda bitkisinin becarilmasi
ticlin ¢ox alverislidir(1;2)

Qeyd etmok lazimdir ki, bugda birkisi qis faslina kifayat gqadar déziimlii olub, torpaglarda bu
bitkinin doninin ciicormasi ii¢lin minimal temperatur 1-20, optimal isa 10-12° hesab olunur. O, taxil
bitkilori igarisinds torpaq soraitina daha cox tolobkardir. Onun torpaq miihitino olan ekoloji talabi
asagidaki kimi saciyyslonir: humusun miqdar1 3-4%-don artiq, izvi maddolorin ehtiyati hektara 300-
600 ton olmagla, azot vo fosforla zongin olmasi, kok yayilan sahodo sixliq 1,35 q/sm° torpag
profilinin yaxs1 strukturlu olmasi, neytral torpaq miihiti reaksiyasinin olmasi, hamg¢inin torpaqda
bitkinin moanimsays bildiyi formalarda kalsium, kalium, magnezium vo basqa maddoslorin zangin
olmasi.
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Qumlu va qumsal torpaglar bugda liglin az miinbit soraitli, agir vo struktursuz torpaglar iso
olverigsiz hesab olunur. Uzvi maddslorlo zengin yumsaq torpaglarda bugda bitkisinin kok sistemi
giiclii inkisaf edir. Kok sisteminin dorin qatlara yayilmasi bitkinin su tominatini yaxsilasdirir, onun
inkisafini siiratlondirir. Ismayilli rayonunda becarilon bugda bitkisinin inkisaf fazalar1 osason oktyabr
aymda sapin, may ayinda siinbiil omalagalmas, ¢igoklomo vo yetismo, iyun ayinda iso yigim ilo sona
catir. Homginin Dagliq Sirvan zonasi olan Ismayilli rayonu orazisinds bugda bitkisi domys torpaglarda
da becarilir. Bu rayonda yetisdirilon bugda bitkisinin vegetasiya dovrii demak olar ki, sonlanmir. Mart
aymin avvallorindan etibaron temperatur soraiti bitkinin vegetasiya dovriiniin davam etmosi {igiin
olverisli sorait yaradir. May ayimda rayonun biitiin arazilorinds bugda vo arpanin siinbiillosmasi bas
verir. Bu fazada su ehtiyati ¢catismazsa siinbiildo donin azalmasi vo mohsuldarligin asagi diismosi bas
verir (1;14).

Qeyd etmok lazimdir ki, Ismayilli rayonu dag-gohvayi, dag boz-gohvayi torpaglarinin ekoloji
amillori (aqroekoloji miinbitlik modellari-codval 1), onlarin minbitlik gostaricilori, optimal
parametrlorda toraddiidii vo domyas okingiliyi soraitinds taxil aqrosenozlarinin miinbitlik modellori
osasinda idara edilmasinin tohlili asagida verilmisdir.

Cadval 1.
Taxilalt1 torpaqlarin aqroekoloji miinbitlik modeli
Fiziki gostaricilor
Gostaricilor Optimal gostaricilo
Dag -gahvayi Dag -boz gahvayi
1 2 3 4
Agroekologiya bloku
Relyef soraiti Dagliq-dagatoayi, Orta vo algaq Orta va al¢aq dagliq
diizonlik dag zolag1
Buxarlanma, mm 600-800 600-800 600-800
Com radiasiya, kkal/sm* 122-132 125-130 122-128
Kontinentalliq omsali(KO) 1,6-1,8 1,1-1,7 2,0-3,0
Riitubatlonms omsali (RO) 1,20-1,29 1,22-1,29 1,22-1,29
Yagintilar, mm 400-700 380-700 380-700
ET>10°C 3500-4400 | 3600-4400 3344-4472
T°C, iyul 22-24 22-24 22-24
T° C, yanvar 0-3 0-3 0-3
Agrofizika bloku
Moasamolik,% 56 54 53
Suyadavamli aqreqat,>0,25 58 52 54
Fiziki gil (<0,01mm),% 74 65 72
Lil (<0,001mm),% 47 43 46
Sixliq, g/sm° 1,27 1,30 1,25
Torpaq tarkibi xassalari bloku
Humus, % 4,48 5,00 4,00
Humus ehtiyati,t/ha 290 243 220
C:N 7-12 10-12 6-12
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Umumi azot,% 0,28 0,20 0,23
Umumi fosfor,% 0,23 0,22 0,18
Umumi kalium,% 2,3 2,0 2,3
Udulmus osaslarim  comi, 40,2 36,0 38,0
mqg.ekv
pH (su) 8,2 7,4 7.9

Agrokimyavi xassalar bloku
N/NO3; +N/NH3 mqg/kq 54,0 45,0 43,0
Fosfor (miib), mq/kq 14,2 14,0 14,2
Kalium (miib), mq/kq 290 220 215
Qiymat bloku
Keyfiyyotco giymot, bal | | 85 63
Cadval 2.
Taxilalt1 dag-gahvayi torpaglarda miinbitlik gostaricilorinin torpag profilinin qatlar iizrs
doayiskanliyi
Qatlar, sm
Gaostaricilor 0-20 0-50 0-100
1 2 3 4
Agrofiziki bloku
Sixlq, q/sm3 1,20 1,33 1,23
Masamalik,% 54,0 48,0 50,0
Suyadavamli 50,0 52,0 38,0
agreqgatlar(>0,25mm), %
Fiziki gil (<0,001mm),% 59,3 55,8 63,0
Lil (<0,001mm), % 28,0 30,6 30,2
Torpagq tarkibi xassalari va bloku
Humus,% 4,84 1,77 0,60
Humus ehtiyati,t/ha 190 160 150
C:N 8,2 12,0 10,4
Umumi azot,% 0,30 0,18 0,10
Umumi fosfor,% 0,22 0,16 0,09
Umumi kalium,% 2,0 1,8 1,1
Udulmus asaslarin comi, 35,3 28,2 27,0
mq.ekv.
pH(su) 7,2 7,3 7.4
Agrokimyavi xassalar bloku
N/NO3+N/NH3, mg/kq 48 36 35
Fosfor (miit), mq/kq 24 18 7
Kalium(miib), mq/kq 299 272 160

Codvallardan (cadval 1,2) goriindiiyti kimi dag- qohvayi vo dag-boz gohvayi torpaglar gillicali
vo gillidir. Bu torpaqlarda fiziki gilin miqdar1 55,0-63,0% arasinda doyisir. Lil hissociklori 28-
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30%,humus okin qatinda 0,60-4,84% alib, asag1 qatlara dogru azalir. C:N 8,0-12,0, sixliq 1,20-1,33
g/sm® edir. Suyadavamli aqreqatlarin (>0,25 mm) tolsbine uygun optimal dlciilordo doyisir. Dag-boz
gohvayi torpaqglarda miinbitlik gostaricilorinin torpaq profilinin qatlart lizro doyiskonliyi 3 sayh
codvalds oks olunmusdur.

Cadval 3.
Dag-boz gahvayi torpaqlarda miinbitlik gostaricilarinin torpaq profilinin qatlar1 iizrs
dayiskanliyi
Qatlar, sm
Gostaricilar
0-20 0-50 0-100
1 2 3 4
Aqgrofizika bloku

Sixlq, q/srn3 1,22 1,30 1,36
Masamalik,% 56,0 55,0 45,0
Suyadavamli agreqatlar, (>0,25 mm),% 58,0 56,0 54,0
Fiziki gil(<0,01mm),% 70,8 69,2 70,4

Lil (<0,001mm),% 36,9 38,5

32,2
Torpaq tarkibi va xassalari bloku

Humus, % 4,50 1,38 0,90
Humus ehtiyati,t/ha 215,0 250,0 290,0

C:N 6,8 13,0 8,0

Umumi azot,% 0,28 0,17 0,09

Umumi fosfor,% 0,14 0,11 0,10

Umumi kalium,% 2,0 2,1 2,2

pH(su) 7,2 7,3 7,9

Udulmus asaslarin comi, mg.ekv 35,3 40,2 33,0

Agrokimyavi xassalar bloku

N/NO3+N/NH3, mg/kq 40,0 38,2 35,0
Fosfor (miit), mq/kq 25,0 20,0 18,0
Kalium(miib), mq/kq 280 258 200

Dag boz qohvoyi torpaqlarda sixliq gatlar iizrs 1,22-1,46 g/sm°, suyadavaml aqreqatlar (>0,25
mm) 54-58%, masamolik 45-56%, fiziki gil (<0,01mm) 68,8-70,8%, lil hissaciklori (<0,001mm) 30-
36%, humus 0,90-4,5%, iimumi azot 0,09-0,28% , imumi fosfor 0,10-0,14%, iimumi kalium 2,0-2,3%,
udulmus osaslarin comi 33-40 mq.ekv toskil edir. Nitrat vo ammiak azotunun miqdar1 35-40 mag/kq,
miitoharrik fosfor 18-25 mq/kq, miibadilali kaliumun miqdart iso 200-280 mgq/kq arasinda toraddiid
edir. Ismayilli rayonunun taxilali dag -gohvoyi Vo dag-boz gohvoyi torpaglarinin agroekoloji
miinbitlik modellarinin soviyyasindon goriiniir ki, bu torpaqlarin aqroekoloji vo torpaq gostaricilari
payizliq bugda vo arpanin yetisib mohsul vermasi ii¢iin ¢ox alverisli hesab olunur. Homginin kdk
yayilan sahods (0-100sm) torpaq gostaricilarinin tohlili onlarin optimal gostaricilordon miioyyan gador
toraddiido malik oldugunu gostarir.(Cadval 3)
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Cadval 4.

Dag -gahvayi va dag-boz gahvayi torpaglarinin aqroekoloji miinbitlik modellari

Faktiki gostaricilar
Gostaricilar Optimal
gostoricilo | Dag mesa gahvayi | Dag boz gahvayi
r
Agrofizika bloku
Sixliq, g/sm’ 1,36 +0,05 -0,02
Masamalik,% 56 -2 -3
Suyadavamli aqreqatlar (>0,25 58 -6 -4
mm),%
Fiziki gil(<0,01mm), % 70 -9 -2
Torpaq tarkibi va xassalari bloku
Humus, % 4,5 +0,52 -0,48
Humus ehtiyati,t/ha 290 -47 -70
C:N 7-12 +1+0 0-2
Umumi azot,% 0,28 -0,08 -0,05
Umumi fosfor,% 0,23 -0,01 -0,05
Umumi kalium,% 2,3 -0,3 0,0
Udulmus asaslarin comi, mg.ekv 40,0 -4.2 -2,2
pH(su) 8,2 -0,8 -0,3
Agrokimyavi xassalar bloku
N/NO3+N/NH3, mg/kq 54,0 -0,9 -11
Fosfor (miit), mq/kq 14,0 0,0 +2,0
Kalium(miib), mq/kq 290 +70 -75

Qeyd: + Optimaldan artiq géstorici; - Optimaldan az gostarici

Miinbitlik gostaricilorinin  bitkilorin ekoloji toalobina uygun olaraq optimallagdirilmast va
miinbitlik saviyyasinin saxlanilmasi kompleks aqrotexniki, meliorativ, homginin bu orazilor igiin
saciyyavi olan eroziya sleyhins torpaggoruyucu tadbirlar sisteminin hoyata kegirilmasini nazards tutur.
Ismayilli rayonu soraitindo taxilalt1 torpaglarin miinbitlik gostoricilorinin aqroekoloji miinbitlik
modellori asasinda idaroedilmasi vo optimallagdirilmasi {igiin asagidak: todbirlorin hoyata kegirilmasi
zoruridir (8;13).

Dagliq vo dagatoyi rayonlarda yamaclarin meylliyini, torpaqlarin eroziyaya qarst davamliligini
nozors alaraq akilocak taxil bitkilari {igiin ayrilan sahalarin togkili, hans1 ki, bu todbir eroziya prosesina
qars1 miibariza sisteminin asasidir. Eroziya prosesinin qarsisini almaq tigiin ndvbali okin sisteminin
miixtolif tip vo sxemlarin diizgiin totbiq edilmasi, okin sistemi totbiq edildikdo corgoarasi becarilon
bitkilori payliq donli va goxillik ot bitkilari ilo avoz etmok.

Yamaclarda sothi su axinlarinin va torpaglarinin yuyulmasinin qarsisini almaq ti¢iin aqrotexniki
islor aparilmalidir ki, bu da torpagin miinbitliyini qorumaq tii¢lin vacibdir. Bunun {igiin yamaclarda
torpaqlarin su-fiziki xassalorini yaxsilagdirmaq vo yagis sularinin torpaga hopmasini tomin etmok
baximindan bitki oOrtliyii olmayan sahalordo madoni bitkilor okilmak, bitki altina mineral vo {izvi
giibralor verilmoaklo hayata kegirmoak lazimdir. Bu moagsadlo hor hektara azot 80-100 kg, fosfor 200-
300 kq, kalium 120 kq, tizvi giibralorin isa hektara 20-25 ton verilmasi magsadouygundur; Yamaclarda
torpagl eroziyadan qorumaq vo yaginti sularmi torpagda saxlamaq ii¢iin kultivasiya, sumlama vo
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becarilms islori yamacin eni istigamotindo aparilmalidir. Sumu enino apardiqda eroziya prosesi
zoifloyir, su torpaga yaxsi hopur, torpagin riitubat ehtiyati artir; eroziyaya qarsi miibarizo liglin sumda
sirimlarin agilmasi zaruridir. Sirimlarin agilmasi naticasinde mohsuldarliq artir; yamaclarda su axinini
zoiflotmak vo torpaqda riitubsti saxlamaq {iglin torpagin zolaglarla dorindon yumsaldilmasi, su
saxlayan (bufer) =zolaglarin diizaldilmasi vacibdir; dik yamaclarda becarilma islorinin
mexaniklosdirilmasi ii¢iin terraslarin ¢okilmasi miitlaq nozords tutulmalidir; torpaqlar gevrilmadan 35-
40 sm darinliyinds yumsaldilmalidir. Naticads torpagin su vo kiilok eroziyasina qarst davamliligi artir;.

Taxilalt1 torpaqlarin miinbitlik gostaricilorinin optimallasdirilmasi qisa middat talob etdiyi

ticlinr okin dovriyyasinds torpaq har dord ildon bir, bir il miiddstinds dinca qoyulmalidir. Yuxarida
gostarilon tadbirlor kompleksi sahslorin okino hazirlanmasi morhalosinden baslayaraq mohsulun
yigilmasina qadar davam edir (9;11).

Yekun: Mogalods ismayilli rayonu taxilalti dag-gohvayi vo dag boz-gohvoyi torpaglarinimn
aqroekoloji miinbitlik modelinin hazirlanmas1 qeyd edilmisdir. Bu mogsadlo taxilalti torpaglarin
minbitlik  gostoricilori mioyyan edilmis vo aqroekoloji miinbitlik modeli bloklarinda
qruplasdirilmisdir. Miinbitlik gostaricilorinin hor bir torpaq tipi ticlin torpaq profilinin qatlari tizro
dayiskanliyi vo optimal gostaricilordan toraddiidlori miioyyon edilmisdir.

NOTICOLOR:
1. Miioyyon edilmisdir ki, Ismayilli rayonunun dagliq vo dagotoyi orazilorinds temperaturun vo
torpaqdaki mohsuldar suyun miqdar1 payizliq bugdanin demys saraitinds yetismosine imkan yaradir.
2. Dagliq Sirvanin Ismayilli rayonu orazisinds yayilmis dag-gehvayi vo dag-boz gehvayi torpaqlarin
torpaq ekoloji amillorinin taxilin ekoloji taloblorino uygunlugu (aqroekoloji miinbitlik modeli)
Oyranilmigdir.
3. Ismayilli rayonu taxilaltt dag-gohvayi vo dag-boz gohvoyi torpaglarinin bloklar soklinds agroekoloji
minbitlik modellari hazirlanmisgdir.
4. Torpaqlarin miinbitlik gostoricilarinin torpaq profilinin gatlari {izro doyiskonliyi dyronilmisdir.
5. Taxilalti torpaglarin minbitlik gostoricilorinin optimal gostoricilordon toraddiidlori miioyyan
edilmis, on ¢ox toraddiid torpaqlarin masamoliliyinds, suyadavamli aqreqatlarinda (>0,25mm), fiziki
gil (<0,001mm) va lil hissaciklarinds (<0,001mm) humus ehtiyatinda, udulmus asaslarin comindo, gida
maddolorinin miqdarinda miisahids edilmisdir.
6. Miinbitlik gostaricilorinin torpaqdaki vaziyystini miioyyan edon aqroekoloji miinbitlik modelino
osason taxilaltl, dag-gohvayi vo dag-boz gohvayi torpaqglarin miinbitliyinin idara edilmosi {igiin
kompleks todbirlar sistemi miioyyan edilmisdir.
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V]IK 633
ATPODKOJIOTHYECKAS MOJEJb IJIOJOPOINSA MOYB MO/ 3EPHOBBIMM
KYJbTYPAMHU HCMAWIJIAHCKOI'O PAOHA

Mamenosa C.3., Canmumona L1./[:x., Eamapasr T.H.
MuHucTepcTBO HAYKHU U 00pa3oBaHus A3epoaiigxanckoit UHcTuTyT reorpaguu
sh.salimova@rambler.ru

Peztome. Cmamus noceésawena u3yueHuio azpodKoIo2UdecKkol Mooenu nio0opoous noye noo
3eproguiMu  Kynemypamu HMcemauniunckozo pationa. B kauecmee obvekma uccredosanusi Oviiu
8b10PAHBL 20PHO-KOPUUHEBbIE U 2OPHBIE CEPO-KOPUYHEBble NOYBbL, PACNPOCMPAHEHHBLE NOO 3ePHOBBIMU
KYIbMypamu 6 20publX U npeo2opHvix meppumopusx 1opnozo lllupeana (Mcmaunnunckuii pation).
Yemanoeneno, umo memnepamypuuiii pesrcum u cooepaircanue npoOyKMuUSHOU 61acu 8 No4ee 8 20PHbIX
U npeoeopHulx pationax McmauniuHcKo20 pationa 006ecnedusarom 603MONCHOCMb GbIPAUUBAHUS
03UMOU nuieHuyvl 8 OozapHuix ycnosusx. Ha ocnose azposkonozuyeckoll modenu, onpeoensioujeli
cocmosiHue nokasameiel ni000poous no4s, pazpabomana cucmema KOMNJIEKCHbIX Meponpusimuii no
VAPAasAeHUuI0 Ni000POOUEM COPHO-KOPUUHEBBIX U 2OPHLIX CEPO-KOPUUHEBLIX NOYE, UCNOTIb3YEMbIX NOO
3epHo8bIe KYIbmypbl.

Knrwuegvie cnoga: 3epnosvie Kyibmypvl, nuleHUyd, no46d, 2OPHO-KOPUUHEBble HNOYEbl,
naio0opooue, azposKoIo2us, azpoxumudecKue noKkazamenu, azpogusuiecKkue colcmaa.
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AGROECOLOGICAL FERTILITY MODEL OF CEREAL-GROWING SOILS IN THE
ISMAYILLI DISTRICT

Mammadova S.Z., Salimova Sh.C., Yelmarh T.I.
Ministry of Science and Education of the Republic of Azerbaijan
Institute of Geography
sh.salimova@rambler.ru

Summary. The study is devoted to the investigation of the agroecological fertility model of
cereal-growing soils in the Ismayilli district. Mountain brown and mountain gray-brown soils
distributed under cereal crops in the mountainous and foothill areas of Mountainous Shirvan
(Ismayilli district) were selected as the research objects. It was determined that temperature
conditions and the amount of productive soil moisture in the mountainous and foothill zones of the
Ismayilli district create favorable conditions for the cultivation of winter wheat under rainfed farming
systems. Based on the agroecological fertility model, which characterizes the state of soil fertility
indicators, a system of integrated measures for managing the fertility of cereal-growing mountain
brown and mountain gray-brown soils has been developed.

Key words: cereal crops, wheat, soil, mountain brown soils, fertility, agroecology, agrochemi-
cal, agrophysical.
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YENI KiCiK QABARITLI DONXIRDALAYAN QURGUNUN XOLBIRVARI
DOMIR TORU ELEMENTLORI ARASI OPTIMAL PARAMETRLORININ
TOYINI

Bayram M.Bagirov, Rasmiyya Aslan qiz1 Rzayeva
Azarbaycan Texnologiya Universiteti
resmiyye-rzayeva@mail.ru

Xiilasa: Moaqalada Azorbaycan Texnologiya Universitetinda islonmis yeni rotasiyali kicik
qabaritli don xiwrdalayan qurgunun don xirdalama kamerasi elementlori arasi optimal masafalari tayin
edilib asaslandwrilmis, tadgiqatin iisulu va naticalori verilmisdir.

Natica olaraq toyin edilmigdir ki, koasma -zorba iisulu ilo islayon yeni qurguda don xirdalama
kameradasimin  konstruktiv elementlori arast  ara moSafonin artmast va azalmasi qurgunun
Mohsuldariigimin artmast vo azalmasina sabab olur. Nazari Vo eksperiment tisulla miiayyan edilmisdir
ki, kamerada stiratli firlanan bicagin alt sokili ilo kameranmin alt i¢ sathi arasi masafo 12mm, bigagin
ucu ilo kamera saganagimin i¢ sathi arasi masafa 10 sm vo saganagin hiindiirliiyti 30mm optimal
masafalardir va bu masafolorda qurgunun mahsuldariigt maksimum olur va 200-204 kq/saat arasinda
toskil edir.Moqaloda islonmis metoddan kasma-zorbo iisulu ilo isloyon tip qurgularin todqiqi Vo
hesabatinda istifads etmak olar.

Agar sozlar: qurgu,bagagq, tor,dan, kamera, xirdalama

Giris.Heyvandarligda yem {igiin nozordo tutulan furaj taxil doninin xirdalanib heyvanlara
verilmasi donin samaraliliyini vo heyvanlarin mohsuldarligini artirir. Hazirda gorarlasmis sorait ti¢iin
on ¢ox heyvandarligda fermerlor vo kondli tosarriifatina kigik qabaritli texnikalar lazimdir[1-4].

Azorbaycan Texnologiya Universitetindo  fermer tosorriifatlar1 tiglin kigik qabaritli don
materiallarin1 xirdalayan qurgu islonmisdir. Qurgu Azorbaycan Ddovlet Masin Sinaq Stansiyasi
torafindon sinaqdan kegirilmis va 0 tasarriifatlarda istifado olunmasi iigiin tovsiyya olunmusdur.

Bu tip qurgularla bir sira todgiqatlar  aparilmigdir [5-8], lakin onlarin he¢ birindo
mohsuldarliginligin optimallagdirilmasi masalosine baxilmamisdir [5-8].

Qurguda bir ne¢o konstruktiv parametrlor vardir ki, onlarin todqgiq edilib asaslandirilmasi
mohsuldarliq baximindan vacib vo aktualdir. Magalodsa homin masalonin hallina dair todgiqat tisulu
Vo naticalori verilmisdir.Yeni qurguda mohsuldarligin artirilib azaldilmasimna tosir edon parametrlordon
osas1 onun donxirdalayan kamerasinda olokvari metal tor daxilinds yerloson va yiiksak siiratlo firlanan
bigagin olokvari kamera torunun dibi va slok saganaginin bigaga nazoron yaxin vo ya uzaq olmasinin
mohsuldarliga bilavasito taosir etmosidir.

Bu  parametrlorin qurgunun  mohsuldarligina tosir qanunauygunlugun oyronilmasi vo
mohsuldarligin optimallasdirilmasi isin moagsadi olmusdur.

Nozari olaraqg bu tosir siirat sabit oldugda siiratlo firlanan bigagin ona yaxin hava qatinin 6zii ilo
borabar firlatmasidir. Belo ki, bigcaq strafinda yaranan bu hava axini dinamik qiivve yaradir. Bu axin
firlanan bigaga yaxm mosafodo giiclii , bicagdan uzaqlasdiqca zoif qiivve ilo xirdalanmig doan
hissaciklorinin olokformali kamera desiklorindon intensiv g¢ixmasini artirir vo ya azaldir, masafo
artdiqca xirdalanmis hissaciklorin kameradan ¢ixma intensivliyi azalir.

Digor torofdon gostorilon elementlor arasit mosafo az olduqda aktiv hava aximi ohato etdiyi
xirdalanmig don hissaciklori intensiv ¢ixan alok desiklorinin say1 az olur va mosafs ¢oxaldigca onlar
artir.
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Demoli prosesds elo bir mosafs var ki, 0 masafods qurguda mohsuldarliq digar hallara nozaron
on ¢ox olur. Bu hipotezi asas gotiirorak bir is¢i kamerada ii¢ vacib elementin mohsuldarliga tasirini
Oyronmisik.
¢ Bicagin alt hissasi ilo kamera dibi aras1 mosafo;

e Bigagin uc hissasi ilo kamera saganagi i¢i sothi aras1 mosafo;
e Kamera saganaginin i¢i sothinin hiindirliiyd.

Metod va materiallar.Yeni qurguda slokformali xirdalama kamerasini togkil edon metal tor vo
onun konstruktiv hissalrai sokil 1-do gostorilmisdir. Qurguda 4-metal torun yuxari hissasindoaki
cixintist 6-sixict boltu ilo govdoyo borkidilir.  Yiiksok siirotlo firlanan bicaq kameranin igindo
morkozdo yerlosir.

Is vaxt1 yeni qurgunun don bunkerindon don kamera bogazcig vasitosi ilo xirdalama kamerasina
daxil olur.Siirtlo firlanan bigaqlar onlar1 zarbs ilo zadaloyir vo dairovi yerloson kamera saganagina
cirpir.Bigaglar 3 torafindan yiiksok siiratlo ilkin zorbs alan donlor dairavi metal tor 4 saganagina doyir
Vo bir daha xirdalanir. Xardalanmis don hissaciklori kameradan xaric olur. Metal torun biitiin sathi
sahmat qaydasinda acilan eyni Ol¢iilii kalibrlonmis desiklordon ibaroatdir. Qurgunun alokformali
xirdalama kamerasi 4 ciir desiklori olan aloklor dastindon ibarat olur: 1,2,3 vo 4 mm. Onlar hansi n6v
heyvana hazirlanan yemdon asili olaraq asanliqla doyisdirilo bilir: quslar {igiin 2mm, davarlar {i¢iin
3mm va iribuynuzlular {i¢iin 4 mm diametri olan tordan istifade olunur(sok.2). Un kimi xirda fraksiya
almag 1mm diametri olan tordan istifads olunur.

Bu qurguda desiklor 6ziindo yalmiz ondan kicik xirdalanmis don hissaciklarinin onlardan
kegarak xarico-ixrac borucuguna atilmasina imkan yaradir. Bu is zaman1 zootexniki tolabatlara uygun
xirdalanmig standart fraksiyalarin alinmasina sorait yaradir. Xirdalama kamerasindaki xolbir formali
tor-gofas iki hissadan ibaratdir(sok. 2).0nun yan hissasi 4 vo alt hissasi 8

Sakil 1. Danxirdalama kamerasinda bicaglarin metal tora nazaran yerlasdirilma vaziyyati: 1 —
harakatverici intigalin qasnagy; 2 - val; 3 - bicaq; 4-metal tor; 5 — gévda; 6 - sixic1 bolt; 7-
mahdudlasdiricr ¢ixinti; w -firlanma siirati; # - saquli miistavida bicaqgla tor saganagi arasindaki
ara mosafa; H — saganagin hiindiirlilyii; h- dairavi althqla bicaqlar aras1 masafs.

Isci kameranin alinmasi ii¢iin dairovi tor alt torofdon qurgunun 6ziilii iizorinds olan xiisusi

¢ixintilarin xaricino geydirilir vo 0 alt torofdon desikli altligla qapanir. Altliq 6ziilo 4 adod boltla
oziildo uygun desiklara geyindirilorak gayka ilo baglanir.
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Sokil 2. Eksperimental qurgunun danxirdalama kamerasimin elementlari:
miixtalif ol¢iilii althqlar-1 vo miixtalif dl¢iilii qursaqlar-2.

Sak. 3. Eksperimental qurgunun domir torunun elementlari:
a -dairavi tor saganagi; b- althgq.

Domir tor saganagimin hiindiirliiyiiniin tayini. Saganaginin hiindiirliiyi kameranin hocmini
doyisir. Kameranin hocminin ¢ox vo az olmasinin qurgunun isino osash tosiri vardir. Belo Ki,
kameranin hacmi ¢ox oldugda onun igarisinds haloda dsiklordon kegmayan don hissaciklarinin daha
da xirdalanmast {igiin onlarin bigaglara doyib xirdalanma ehtimali azalir. Bu mohsuldarliga monfi tasir
gostarir.

Kameranin hocminin ¢ox az olmasi iso xirdalanan hissaciklorin kameradan c¢ixmasini
¢atinlogdirir. Belo ki, kalibirli desiklorin say1 azalir, bu da mohsuldarliga monfi tosir edir. Kameranin
domir torunun optimal hiindiirliiyiinii toyin etmok ii¢iin eni 10,20,30,40, 50 mm olan qursaqlar
diizoldilmis n = 3000 dog siirat rejimindo her dofo onlar doyisdirilorsk don xirdalanmis vo qurgunun
mohsuldarligi miioyyan edilmisdir. Miiayyan olunmusdur ki, hiindiirliik artdigca mohsuldarhq artir vo
30mm ara masafasindan sonra azalir, 40 mm vo 50 mm mosafodos daha da az olur(cadval 1-5 bax). 10,
20,30, 40, 50 mm ara mosafasinin doyismosindo mohsuldarliq 270,180, 204,190, 175kq/saat olmusdur.
Xirdalanma zamani biitiin variantlarda saganagin diametri 220 mm gotiiriilmiis vo tocriibs iiglin 25%
nomlikds olan bugda doni islodilmisdir.

Toadgigat naticasi olaraq kameranin asas parametrlorindan biri olan altliqla 6ziil aras1 ara mosafa
30 mm oldugu miioyyan edilmisdir. Ona goro do xirdalama kamerasindan saganagin eni 30 mm
gotlirtilmiis sonraki tadqiqatlarda qurguda bu parametrli kameradan istifado edilmisdir.

Metal tora nazaron bicaqlarin yerlasdirilmovoziyyatinin qurgunun mohsuldarhgina
tasirinin 6yranilmasi. Domir tor saganagi ilo bigaglarin uc hissasi arasindaki ara mosafasinin vo
bigaqglarin alt hissosi ilo domir torun althigi arasindaki ara mosafasinin toyini.Domir tor daxilinds
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bigaglarin tora nozaron yerlosdirilmasine dair todgiqatlar gostordi ki, bigaglarin uc hissasi ilo domir
torun saganagr vo torun althigr arasindaki ara mosafosinin doyismosilo mohsuldarligi siiratlo
doyisir(cadval 1).Codvaldon goriindiiyii kimi bu moasafalorin artmasi ilo avval mohsuldarhq artir vo
miayyan maksimum giymat aldigdan sonra azalir. Optimal ara mosafasi birinci hal ti¢iin 10 mm,ikinc
hal tigiin 12 mm togkil edir. Ara mosafalarinin artmasi ilo mohsuldarligin artmasi hor iki halda bigagin
stasionar sathindon uzaqglagmasi ilo markazdon gagma qiivvasinin tasirindon xirdalanmis hissaciklarin
bu sothlordoki kalibirli desiklordon 6z axim ilo asanligla tordan xaric olmasina daha yaxsi imkan
yaranmasit ilo izah olunur.Daha ¢ox uzaqlasdiqda iso bigaq otrafinda onunla baraborfirlanan aktiv hava
axminin azalmasi mohsuldarliga monfi tesir edir, mohsuldarliq azalir.Xirdalanmis don  materialinin
kameradan ¢ixmasi zaifloyir.

. Cadval 1.
Is¢i kamera elementlari aras1 masafanin qurgunun mahsuldarhgna tasiri
Para-  |Parametr
metrlar | -larin Parametrlarin giymatari
isaralari
1 hmm 025 |5 75 10 125 15 175 1200 |225 25
Qy.kg | 2003 | 2035 2042 12072 | 2045 | 2000520541803 |1554
Z u 3 b g 12 15 18 21 24 27 a0
Qﬂ 1763 | 1B6S 2086 | 2032 (2007 |1204 |[1e05(1503 |1201 | 904
3 H |10 |2 30 |40 [s0
0y 1700 | 1812 2043 11801 | 1758

Qeyd:
e Bigagin alt hissasi ilo kamera dibi aras1 mosafo;
e Bigagin uc hissasi ilo kamera saganagi i¢i arast mosafo;
e Kamera saganaginin i¢inin hiindiirliiyi.

Ikinci halda -bigaglarin alt sothi ilo altliq arasi aramosafosinin optimaldan c¢ox olmasi ilo
mohsuldarligin siiratlo azalmasi iso onunla olagadardir ki, bigaglar althgmn daxili sothindon c¢ox
hiindiiro qalxdigca bigaqlarin kameranin dibina - althga hava aximinin dinamik tesiri azalir,
xirdalanmig hissociklorin  alt desiklordon Xaric olmasi zayifloyir. Bigaglar kamera altligindan
hoddindon artiq uzaqlasdigca altligqla bigaq ara mosafosi artir, bu arada altliq desiklorindon kego
bilmayan don hissaciklori tobogosi yaranir vo  bu mohsuldarhigi daha da siiratlo azaldir.Todgigat
zamani xirdalanma li¢lin namliyi 25% olan bugda doni gétiiriilmiis vo xirdalanmada bicagin dovrler
sayl n =3000 dovr/doq olmusdur.

Belalikls, toyin edilmisdir ki, yeni qurguda kamerada konstruktiv elementlor aras1t mosafonin
artmasi vo azalmasi qurgunun mohsuldarliginin artmasi vo azalmasina sobob olur. Miioyyan edilmisdir
ki, kamerada bigaqla kameranin alt i¢ sothi aras1t masafo 12mm, bigagin uclugu ilo kamera torunun
saganagl arasit moasafo-10 sm vo saganagin hiindiirlityii 30mm optimal masafalordir vo bu optimal
mosafalords qurgunun mohsuldarligi maksimum olur vo 200-204 kq/saat arasinda togkil edir(Cadval
1).

Natica

1.Tayin edilmisdir ki, yeni qurguda kamerada konstruktiv elementlor arasi moSafonin artmasi vo
azalmasi qurgunun mohsuldarliginin artmasi vo azalmasina sabab olur.

2.Miisyyon edilmisdir ki, kamerada bigaqla kameranin alt i¢ sothi arast mosafo 12mm, bigagin
uclugu ilo kamera torunun saganagi arasi masafo-10 sm vo saganagin hiindiirliiyii 30mm optimal
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mosafalordir vo bu optimal masafalordo qurgunun mohsuldarligi maksimum olur vo 200-204 kg/saat
toskil edir.

3.Isdoki metodundan bu tip digar qurgularin uygun parametrlorinin optimallasdiriimasinda
istifado etmok olar.
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ONPEAEJIEHUE OIITUMAJIBHBIX TAPAMETPOB MEXAY 3JIEMEHTAMU
CUTOBUHON METAJUIMYECKHUW CETKHA HOBOI'O MAJIOTABAPUTHOI'O
3EPHOU3MEJIBYUTEJBLHOI'O YCTPOMCTBA

Baiipam M. barupos,P.A. P3aeBa
AzepoOaiinxanckuii TexHonornueckuii Y HuBepcurTeT
resmiyye-rzayeva@mail.ru

Pezwome: B cmamve onpedeneHbl U 000CHOBAHBI ONMUMANbHbIE PACCMOAHUSL  MeAHCOY

NeMeHmamu Kamepovl OpoONeHUs 3epHA HOB020 MAL02A0APUMHO20 3ePHOOPOOUTLHO2O YCMPOUCMEa,
pazpabomannoz2o 6 A3epbaiodNcanckom mexHoI02UUecKkoOM YHugepcumeme, npeocmagiena mMemooukd
uccne008anus u pe3yibmanol.
B pesynemame  ycmanoeneno, umo  ygenuuenue U  YMEHbUIEHUE  PACCMOAHUA — MeNHCOY
KOHCMPYKMUBHbIMU DJIeMEHMAMU Kamepbl OpOoONeHUs 3epHA 68 HOBOM ycmpolcmee, pabomaroujem
MemooomM pe3anue-yoapa, npugooum K YEeIUUeHuro U YMEHbUIeHUIO Npou38o0UmenbHOCmu
yempoticmea, 4mo 00bACHAemcs OUHAMUYECKUM 8030elcmeuem 6030YUHO20 NOMOKA, CO30AHHOL
Ovicmpo  eparowetiuiumM  HOJMCOM 6. Kamepe uzmenvueHue.Teopemuyecku u IKCnepuMeHmanibHo
VCMAHOBIeHO, YMO ONMUMANbHbIE PACCMOSIHUS COCMABAAIOM 12 MM MeHcOy HUINCHUM Kpaem ObiCmpo
8pawjarowe2ocs ie3sus 8 Kamepe u 6HympeHHell Nn08epxXHoCmblo Kamepol, 10 cm mexncoy KOHYUKOM
J1e368Us U GHYymMpeHHell N0BEPXHOCMbIO HOCUKA Kamepbl, u 30 MM MeHcOy HOCUKOM U 8bICOMOU HOCUKA.
IIpu smux paccmosanusax npouzeoo0UmMeIbHOCmMy YCmpoucmea maxcumanvha u cocmasisem 200-204
ke/4. Paspabomanmuelii 6 cmamve memoo modcem Ovlmb UCNONL306AH NPU U3YYEHUU U ONUCAHUU
yempouicma, pabomarouwux MemoOooM pexcyuye-yo0apHo2o 8030eticmeusl.
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UDC 621.92
DETERMINING OPTIMAL PARAMETERS BETWEEN THE ELEMENTS OF A METAL
MESH SCREEN IN A NEW SMALL-SIZED GRAIN CRUSHING

Bayram M. Bagirov, Rasmiyya Aslan Rzayeva
Azerbaijan Technological University
resmiyye-rzayeva@mail.ru

Summary. This article defines and substantiates the optimal distances between the elements of
the grain crushing chamber of a new small-sized grain crushing device developed at the Azerbaijan
Technological University. The research methodology and results are presented. It was found that
increasing and decreasing the distance between the structural elements of the grain crushing chamber
in the new device, which operates using the cutting-impact method, leads to an increase and decrease
in the device's productivity. This is explained by the dynamic effect of the air flow created by the
rapidly rotating knife. Grinding chamber. Theoretical and experimental studies have shown that the
optimal distances are 12 mm between the lower edge of the rapidly rotating blade in the chamber and
the inner surface of the chamber, 10 cm between the tip of the blade and the inner surface of the
chamber spout, and 30 mm between the spout and the spout's height. At these distances, the device's
throughput is maximized and amounts to 200-204 kg/h. The method developed in this article can be
used to study and describe devices operating using the cutting-impact method.

Keywords: device, grain, knife, chamber, mesh.
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KOND TOSORRUFATINDA AGILLI TRAKTOR TEXNOLOGIYALARININ
RESURS QONAOTINO VO DAYANIQLI INKISAFA TOSIRI

Aysel Sarvar Bayramova, Komals Foxraddin Abdullayeva
Azdrbaycan Dovlat Aqrar Universiteti
Qazax Dévlat Sosial Iqtisadi Kolleci
ayselkva97@gmail.com, rustemabdullayev944@gmail.com

Xiilasa. Miiasir kond tasorriifatimin inkisafi resurslarin mohdudlugu va ekoloji tarazligin
pozulmasi soraitinda yeni texnoloji hallorin tatbiqgini talaob edir. Siini intellekt va ragamsal
texnologivalarla tochiz edilmis agilli traktorlar bu problemlorin hallind> miihiim rol oynayr,
amoaliyyatlarin keyfiyyatini artirir vo resurslarin qgonaatli istifadasini tomin edir. Maqalads agilli
traktor texnologiyalarinin mahiyyati, resurslara qanaat mexanizmlori, dayaniqh inkisaf baximindan
ahamiyyati, xarici olkalarin taocriibasi va Azarbaycanda movcud vaziyyat tahlil edilmisdir. Aparilan
modellagdirilmis tadgiqatlar texnologiyamin iqtisadi, ekoloji va sosial samaraliliyini siibut edir.
“Paylasilan agilli traktor modeli” ki¢ik va orta tasorriifatlarin texnologiyaya ¢ixisini asanlagdirr,
investisiya yiikiinii azaldir va amaliyyatlarin samaraliliyini yiiksaldir. Azarbaycanda hayata kegirilon
aqrar modernlasma va raqgamsallagma siyasati agilli texnologiyalarin tatbigini siiratlondirir.

Acar sozlor: agill traktorlar, siini intellekt, ragomsal kond tasorriifati, resurslara gonaat,
dayamql inkisaf.

Miiasir dovrds kond tosarriifat: istehsalinin intensivlesdirilmasi va qlobal arzaq tohliikasizliyinin
tomin edilmasi asas prioritetlordon birina ¢evrilmisdir. Eyni zamanda, torpaq, su vo enerji resurslarinin
mohdudlugu ononovi kond tosorriifati texnologiyalarinin somoraliliyini mohdudlasdirir vo ekoloji
tarazligin qorunmasini ¢otinlogdirir. Bu soraitdo siini intellekt vo rogomsal texnologiyalar osasinda
foaliyyot goOstoron agilli traktorlar kond tosorriifatinda omoliyyatlarin  avtomatlasdirilmasina,
resurslardan gonaatli istifadoys vo dayaniqli inkisafin tomin edilmosine imkan yaradir.

Agill traktor texnologiyalart GPS, peyk naviqasiyasi, sensorlar vo avtomatik idaroetmo
sistemlori vasitasilo sahoda doqiqliyi artirir, torpaq vo bitki voziyystino uygun qorarlarin gabulunu
tomin edir. (Wolfert et al., 2017; Li & Wang, 2020). Bu, yalniz iqtisadi vo amaliyyat somaraliliyini
yiiksaltmir, ham do otraf miihits tosiri minimuma endirir.

GPS texnologiyasi sahoado traktorun doqiq horokot trayektoriyasini miioyyon edir, sensorlar iso
torpagin vo bitkinin real voziyyati haqqinda molumat toplayir. Siini intellekt bu molumatlari emal
edorok optimal qorarlarin qobul olunmasina imkan yaradir. Noticads aqrotexniki omsliyyatlarin
keyfiyyati yiiksalir va istehsal prosesinds sohvlor azalir.

Agill traktor texnologiyalarmin totbiqi kond tesarriifatinda asas resurslar olan yanacaq, vaxt vo
omok sorfinin azalmasina sobob olur. Avtomatik idaroetms sistemlori sahods tokrar kegidlorin garsisini
alir, bu iso yanacaq sorfinin azalmasina gotirib ¢ixarir. Sensor asasli nozarot mexanizmlori torpagin
real voziyystino uygun omoliyyatlarin aparilmasini tomin edir vo giibro, toxum va su itkilorini
minimuma endirir (Sharma et al., 2024)

Dayaniqli inkisaf kond tosorriifatinda iqtisadi artimin ekoloji tarazliqla uzlasdirilmasini nozards
tutur. Agilli traktor texnologiyalari resurslardan optimal istifado etmoklo torpaq keyfiyyatinin
pozulmasimin vo karbon emissiyalarinin azalmasina komok edir (Rozenstein et al., 2024; Babar &
Akan, 2024). Bununla yanasi, bu texnologiyalar kond orazilorindo innovasiyalarin totbiqini
stiratlondirir va regionlarin sosial-iqtisadi inkisafini dostokloyir.

30


mailto:ayselkva97@gmail.com
mailto:rustemabdullayev944@gmail.com

Aqromiihandislik Elmi xabarlar macmuasi

Ne 2/2026 soh.30-34

Agill traktor

¥

GPS va sensorlar

N g

Avtomatik idarsetma

¥

Resurslara ganaat

h

Sxem 1. Agilli traktor texnologiyalarinin struktur-mantigi qarsiligh alagesi.

Inkisaf etmis dlkolordo agilli traktor texnologiyalari genis totbiq olunsa da, bir sira problemlor
movcuddur (Assimakopoulos et al., 2024; Daum, 2023). ABS-da bu texnologiyalar osason iri fermer
tosarriifatlarinda effektivdir, lakin yiiksok ilkin investisiya xorclori kigik tosorriifatlar {igiin
mohdudiyyet yaradir. Avropa oOlkelorindo osas problemlor kadr hazirligi, roqemsal savadliliq ve
molumat tohliikasizliyi ilo baghdir.

Asiya Olkelorindo torpaq saholorinin kicik vo parcalanmig olmasi avtomatik idaroetmo
sistemlorinin effektivliyini azaldir. Inkisaf etmokdo olan 6lkolordo iso maliyyo resurslarinm
mohdudlugu va zsif infrastruktur asas manealor kimi ¢ixis edir.

Azorbaycanda  kond  tosorriifatinin  modernlogdirilmosi  dovlet  siyasotinin  prioritet
istigamatlorindondir. Son illords aqroparklarin yaradilmast vo roqoamsal texnologiyalarin tatbiqi bu
sahonin inkisafina miisbot tosir gostormisdir. Hal-hazirda agilli traktor texnologiyalari osason iri
tosarriifatlar vo pilot layihalor ¢orgivasinds totbiq olunur.

Todqgiqat ¢orgivasinde Azorbaycanda yerloson 100 hektar okin sahasi liglin ononavi vo agill
traktor texnologiyalarmin totbiqi miiqayisali sokildo modellogdirilmisdir. Modellasdirma vo
hesablamalar Microsoft Excel proqraminda aparilmigdir. Todqiqat zamani yanacaq sarfi, omoliyyat
miiddati vo sahonin 6rtiillma doqigliyi asas gostaricilor Kimi gabul edilmisdir. Niimuna hesablamaya
asason 100 hektar okin sahasinda ananovi texnologiya il isloyan traktorun yanacaq sorfi 1200 litr, is
miiddoati iso 200 saat toskil etmisdir. Agilli traktor texnologiyasinin totbigi noticasindo yanacaq sorfi
1008 litra, is miiddati iso 160 saata qodor azalmisdir. Beloliklo, 192 litr yanacaga vo 40 saat is vaxtina
gonast edilmis, bu da texnologiyanin iqtisadi somaraliliyini tosdiq etmisdir.

Agilli traktor modeli GPS osasli avtomatik siikanlama vo saha xaritolondirma texnologiyasi ilo
tochiz edilmis sistem kimi qiymotlondirilmisdir.

31



Aqromiihandislik Elmi xabarlor macmuasi

Ne 2/2026 soh.30-34
Cadval 1.
Miixtalif regionlarda ragamsal kand tasarriifat1 texnologiyalarinin tatbiq saviyyasi

Texnologiya ABS Orta Asiya (orta) Azarbaycan
Ragomsal ~61% ~30% ~20%
agronomiya
Daqiq kond
tosarriifatt ~51% ~25% ~15%
avadanliglar
Uzaqdan miisahido
texnologiyalari
Fermalarin idara
olunmasi proqram ~50% ~25% ~15%
tominati
Dayaniqliligla bagh
program tominati
Avtomatlagdirma,
robot texnologiyalari
va elektrik
avadanliglari
Manba: miallif torafindon Wolfert et al. (2017), Li & Wang (2020) ssasinda tortib edilmigdir.

~38% ~20% ~15%

~20% ~15% ~10%

~15% ~10% ~8%

Miiasir kond tosarriifatinda rogemsal texnologiyalarin tatbiqi 6lkadon 6lkoaya forglidir. ABS-da
agilli traktor texnologiyalar1 genis yayilib vo iri fermer tosarriifatlarinda yiiksok somors verir (~61%
rogomsal aqronomiya, ~51% doaqiq kond tesorriifati avadanliglar). Orta Asiya olkalorinda totbiq
soviyyasi orta haddadir (~30-25%), asason torpaq sahalarinin kigik vo par¢alanmis olmas1 vo mohdud
maliyya resurslari ilo baghdir.

Azdrbaycan isa bu texnologiyalar1 ugurla totbiq etmaya baslamisdir vo xiisusils iri tesarriifatlar
vo pilot layihalor ¢orgivasindo effektiv noticolor oaldo olunub. Azorbaycan iiglin aparilan tohlillor
gostorir ki, agilli traktor texnologiyalarinin totbiqi resurslarin optimallasdirilmasi, yanacaq vo
amaliyyat xarclorinin azalmasi, saha ortiilmasinin doqiqlosmasi va insan amilindan irali galon
sohvlorin minimuma endirilmasi baximindan yiiksok somora verir. Bu, 6lkonin kond tesarriifatinin
modernlasdirilmasi va dayaniqlt inkisaf strategiyasina uygun golir.

Agilli traktor texnologiyalart GPS vo sensorlar vasitasilo torpaq vo bitki veziyyetini izloyir,
avtomatik idaroetma ilo omoliyyatlar1 optimallasdirir vo noticods resurslara ganast vo dayamqh
inkisaf tomin edir (Sxem 1).

Azorbaycan soraitindo “paylasillan agilh traktor modeli” bu texnologiyanin samaraliliyini
artirmaq tli¢ilin xiisusi olaraq toklif olunmusdur. Bu model bir ne¢o kicik vo orta fermer tosorriifatinin
bir agilli traktor vahidindan birgs istifade etmasini nozards tutur, texnika xarclorini 30—40% azaldir vo
investisiyanin geri doniis miiddatini qisaldir.

Moaqalanin elmi yeniliyi agilli traktor texnologiyalarinin Azarbaycan kond tosorriifati soraiting
uygun modellosdirilmis totbiginin aparilmasi vo “paylasilan agilli traktor” yanagmasinin elmi ossaslarla
toklif edilmasidir. Tadqiqat texnologiyanin somarsliliyini yalniz texniki deyil, igtisadi vo institusional
amillorlos birlikds qiymatlondirir.

NOTICO

Aparilan miiqayisali tohlil vo Excel modellogdirilmasi naticasinds miioyyan edilmisdir ki,
onanavi traktor texnologiyasi ilo miiqayisads agilli traktorlarin tatbiqi zamana:
1. Yanacaq sorfi orta hesabla 15-18% azalmigdir;

2. Agrotexniki amoliyyatlarin icra miiddoati 20%-o qodor qisalmisdir;
3. Sahanin Ortiilma daqiqliyi artaraq tokrar kegidlor 25%-o qodar azalmisdir;
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4. Mexanizatorun is yiikii vo insan amilindaon irsli golon sohvlor shomiyyatli doracado azalmisdir.

2nanavi va agilh traktorlarin mugayisasi
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Sakil 1. Onanavi va agill traktorlarin asas gostaricilar iizro miiqayisasi.

Aparilan todqiqat gostorir ki, agilli traktor texnologiyalari kond tesarriifatinda resurslarin gonaotli
istifadesini tomin edir, amaliyyatlarin keyfiyyatini artirir vo sahodo tokrar kegidlori minimuma endirir.
“Paylagilan agilli traktor modeli” kicik vo orta tosorriifatlarin texnologiyaya ¢ixisini asanlasdirir,
investisiya yilikiinii azaldir vo amoliyyatlarin samaraliliyini yiiksaldir. Bu naticolor agrar sahads
innovasiyalarin tatbigine va resurslarin optimallasdiriimasina xidmat edir.
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rustemabdullayev944@gmail.com, ayselkva97@gmail.com

Pe3ztome. Pazsumue co8pemenno2o cenbCKo2o X035AUCMBA 8 YCI08UAX 02PAHUYEHHOCMU Pecypco8 U
HapyueHus IK0102U4ecKo20 pasHogecus. mpebyem GHeOpeHUs HOBbIX MEXHOI02UYEeCKUX peuenuti. Y muvle
MpaKmopbwl, OCHAWEHHbIE UCKYCCMEEHHbIM UHMENNIEKMOM U YUPDPOBLIMU MEXHOIOSUAMU, USPATOM BANCHYIO
PO/Ib 8 peueHuy SMux 3a0a4, Nosbluas Ka4ecmeo 8blNOIHAEMbIX Onepayuil u 0becneuusas payuoHaibHoe
ucnoavsoeanue pecypcos. B cmamve paccmompenvl CYWHOCMb MEXHONO02UN YMHbIX MPAKMOPOS,
MexaHusmMbl pecypcocbepedicenus, ux 3HadeHue Ois YCMOUYUBO20 pPA3GUMUS, 3aAPYOedCHbIl ONnbim U
cogpemeHHoe cocmosiiue 0anHou cepvi 8 Azepbatiocane. [Iposedénnvie mooerupyemvie UCCIEO008AHUS
noOmeepHcOaom IKOHOMUYECKYIO, IKOTOSUUECKYIO U COYUATbHYIO IPPEeKMUSHOCMb OAHHOU MEXHOL02UU.
Mooenv «coemecmnoco UCnONb3068aHUL YMHLIX MPAKMOPOS» o0bOae2uaem O0OCMYn MAaablX U CPeOHUX
X0341icm8 K COBDEMEHHbIM MEXHONO02UAM, CHUdMCAem UHBECMUYUOHHVIO HAZPY3KY U Noebluiaem
agppexmusnocms npouzsoocmeennvix onepayuti. Peanuzyemas 6 Azepbdaiiddicane noaumuxa azpapHou
MoOepHusayuu U - yugposuzayuu  cnocoocmeyem  YCKOPeHHOMY — GHEOPEeHUI0  UHMENIEeKMYalbHbIX
MEXHONIO2ULL 8 CeNbCKOe X03AUCMEO.

Knrwoueswvie cnosa: ymuvie mpakmopol, UCKYCCMEEHHbIN UHMENLEKM, YUPPOBoe celbCKoe X03AUCMEBO,
pecypcocbepedicenue, yCmouuusoe pasgumue.

UDC 621.92
THE IMPACT OF SMART TRACTOR TECHNOLOGIES ON RESOURCE
CONSERVATION AND SUSTAINABLE DEVELOPMENT IN AGRICULTURE

Aysel Server Bayramova, Kamala Fakhraddin Abdullayeva
Azerbaijan State Agrarian University
Gazakh State Socio-Economic College
ayselkva97@gmail.com,rustemabdullayev944@gmail.com

Summary. The development of modern agriculture under conditions of limited resources and
ecological imbalance requires the implementation of innovative technological solutions. Smart tractors
equipped with artificial intelligence and digital technologies play an important role in addressing these
challenges by improving the quality of agricultural operations and ensuring the efficient use of resources.
This article examines the essence of smart tractor technologies, mechanisms of resource conservation,
their significance for sustainable development, international experience, and the current state of this field
in Azerbaijan. The conducted simulation-based studies confirm the economic, environmental, and social
efficiency of these technologies. The “Shared Smart Tractor Model” facilitates access to advanced
technologies for small and medium-sized farms, reduces investment burdens, and enhances operational
efficiency. The agricultural modernization and digitalization policies implemented in Azerbaijan contribute
to the accelerated adoption of smart technologies in agriculture.

Keywords: smart tractors, artificial intelligence, digital agriculture, resource conservation,
sustainable development.
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HIDROOTURUCULU ROTASIYALI OTBICONLORIN HIDRAVLIK
OTURUCU SISTEMLORININ ENERJI BALANSININ MODELLOSDIRILMOSI

Eldar Aydin oglu 9liyev
Agromexanika EImi-Toadqiqat Institutu
Eldar.aliyev86@inbox.ru

Xiilasa. Moaqalaoda hidrodtiirviiciilii  rotasiyalt  otbigonlarin  hidraviik otiiriicii - sistemlorinda
enerjinin ¢evrilmaSi Vo paylanmasi proseslori todqiq edilmisdir. Traktorun haraKat otiiriicii valindan
hidravlik sistema daxil olan iimumi enerjinin faydali iso Vo miixtalif név daxili itkiloro (hacmi,
hidravlik, mexaniki) paylanma qanunauygunluqlari riyazi modellasdirilmisdir.Enerjinin bir hissasinin
faydali isa ¢evrildiyi, digar hissasinin isa hidravlik, mexaniki va hacmi itkilor gsoklinda itirildiyi
miidYyan edilmisdir.Maqalada is¢i miihitin yoni hidraviik yagin temperatur dinamikast va onun
sistemin iimumi faydal is amsalina (FID) tasiri analiz edilmisdir. Tadgigat naticasinda alda olunmusg
riyazi va grafik modellar hidravlik sistemlarin layihalandirilmasinda va optimal istismar rejimlarinin
segilmasinda praktiki ahamiyyat kasb edir. Aparilan hesablamalar va qurulan grafiklar gostorir ki,
hidravlik sistemin diizgiin se¢ilmaSi Vo is rejiminin optimallasdirilmasi enerji sarfini azaltmaga vo
masinin mahsuldarligini artirmaga imkan verir.

Agar sozlor: hidrodtiiriiciilii rotasiyali otbi¢on, hidravlik otiiriicii, enerji balansi, hidraviik
miigavimat, istilik balansi,modellasdirma.

Giris.Miiasir intensiv kond tosorriifati istehsalatinda yem todariikiiniin vaxtinda vo minimum
itkilorlo yerina yetirilmasi rotasiyali otbigonlorin is somoraliliyindon birbasa asilidir. Rotasiyali
otbigonlorin is¢i organlarinin (kasmo disklorinin) yiiksok Xatti siiratlo (v > 60-70 m/san) firlanmasi
tolob olunur ki, bu da bitki govdalorinin keyfiyyatli kosilmoasini tomin etsin. Bu ciir yiiksok dinamik
yiiklarlo isloyon masinlarda mexaniki 6tiirma sistemlori (kardan vo disli ¢arx mexanizmlori) tez-tez
gozalarla va yiiksak vibrasiya ila tizlosir.

Tadqgiqatin obyekti.Traktor tizarina birlogdirilon rotasiyali otbiganlorin is¢i organlarini horokoato
gotiron yiiksok tozyiqli hidravlik otiiriicii sistemlor, hidravlik nasos,hidravlik xatlori, klapan-paylayici
mexanizmlor vo hidromiiharrik daxilinds bas veran hidrodinamik proseslordir. Eyni zamanda, otun
kosilmasi zamani bigaglara diigon miigavimot giicii ilo sistemds yaranan istilik ayrilmalari vo isgi
mayenin temperatur doyismo dinamikas1 tadqigatin obyekt sahasini togkil edir.

Tadgiqatin aktualh@i.Miiasir kond tosarriifat1 istehsalatinda yasil yem todariikiiniin vaxtinda vo
az itkilorlo basa c¢atdirilmas1 birbasa totbig olunan texnikanin siirstindon vo mexaniki
doziimliilitylindon asilidir. Genis yayilmis rotasiyali otbiganlarin is¢i orqanlarinda talob olunan yiiksok
firlanma siiratlori mexaniki 6tiirmo sistemlorinds (kardan, disli carxlar) tez-tez goza va yiiksok titroyis
yaradir ki, bu da masinlarin somaraliliyini kaskin asagi salir. Bu baximdan, mexaniki sistemlarinin
hidravlik formaya kegirilmasidaha samaralidir.Lakin hidrosistemlorin kond toSorriifatinin agir ¢ol
soraitinds, xtisuson farqli miihitlorda,isrejimlorinds islomasi zamani enerji itkilori vo yagin haddindan
artlq qizmasi problemi yaranir.Sistems daxil olan enerjinin hanst marhalods istiliys gevrildiyini,
sizmalarin harada intensivlosdiyini bilmodan yiiksok F.I.O-li agregat yaratmaq geyri-miimkiindiir.
Hidravlik &tiirticiilordo mexaniki, hocmi vo hidravlik giic itkilorinin qarsiligl tasirini nozors alan vahid
enerji balansinin riyazi modellogdirilmasi bu sababdon son doroco aktualdir. Tortib edilon bu ciir
modellor tarlada yanacaq sorfiyyatini1 azaltmaga, aqreqatin is 6mriinii uzatmaga vo optimal konstruktiv
parametrlori dogigliklo segmoaya imkan verir.
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Qeyd olunan problemlorin aradan qaldirilmasinda hidravlik Gtiiriicii sistemlarin tatbigi on
effektiv perspektivlordon biridir. Hidravlik sistem konstruksiyanin yigcamligini tomin edir, isgi
organlarmn stiratinin pillasiz tonzimlonmasine sorait yaradir va sistemi gofil texnoloji yliklonmalardan
(masalon, bigagin bark maneays doymoasi) qoruyur. Lakin hidravlik otiiriiciilorin asas catismazligi
mexaniki dtiirmolora nisbaton FI9-nin bir godoer asag1 olmas1 va enerjinin shomiyyatli hissasinin istilik
soklinds itmosidir. Bu baximdan, sistemin enerji balansinin riyazi modellasdirilmasi, somaraliliyin
artirtlmasi vo soyutma sistemlorinin diizgiin layihalondirilmasi baximindan son daracs aktual akademik
Vo praktiki masaladir.

Traktorun otbi¢on agregatla birlikdo islomasi zamani enerji bir nego morhalods formasini doyisir. Bu
prosesi sads sokildo 3 osas fazaya bolmok olar:

1.Traktorun arxasindaki firlanma vali mexaniki enerji hesabina firlanir. Bu firlanma horakati
hidravlik nasosu iso salir va sistemdoki yagi tozyiqlos hidravlik enerji ilo harokato gotirir .

2.Yiiksok tozyiqli yag slanqlardan, borulardan vo paylayici klapanlardan kecarok hidromotora
dogru axir. Yag borulardan kegarkan siirtiinms vo miiqavimatlo qarsilasir.

3.Tazyiqli yag hidromotora daxil olur vo onu firladir. Beloaliklo, yagin enerjisi yenidon mexaniki

harokata gevrilir vo otbigonin bigaqlarini firladaraq bigmas isini yerino yetirir.

Termodinamikanin birinci qanununa vo koasilmazlik prinsiplorina osasan, hidravlik otiirtici
sistemo daxil olan tam giic yani Pin faydali kasilma giicii ilo daxilinds bas veran giic itkilarinin camina
borabar olmalidir:

I:)inzPbig;ms"'APnas,os'i'APboru+APmotor (1)

Traktorun firlanma valindan nasosa 6tiiriilon mexaniki giic (Pin), valin firlanma ani1 (Mval) va
bucagq siirati (oval) vasitasilo toyin edilir:

Mvral nval
Pin = Myair@yal = e v kVt (2)

9550
Burada, Ny, — valin dovrlarinin sayidir (dovr/dag).

Nasosun ¢ixisinda yaranan xalis hidravlik giic (Pp) iso real is¢i tozyiq (p) vo maye sarfindon (Q)
asihidir:

Ph=p-Q (3)

Nasosun va hidromiiharrikin daxili konstruktiv bosluglarindan yiiksok tozyiq zonalarindan asagi
tozyiq zonalarina mayenin sizmasi naticasinda hacimda itkilor yaranir. Sizma sorfi tozyiqlo diiz
miitonasibdir:

Qitkizksmma. p (4)
Hacmi itkilor sababindon yaranan giic itkisi:
AI:)hecmi=p'Qitki=k51zma'pz (5)

Diisturdan gdriindiiyii kimi, sistemda tozyiq artdigca hocmi giic itkilori kvadratik asililigla (p?)
kaskin sokilda yiiksolir. Hocmi FI® belo ifads olunur:

— 1_ _Qitki _ q_ ksizma-p
IlV =1 Onazari 1 Qnazari (6)
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Mayenin yiiksok tozyigli elastik borularda va klapanlarda harokati zamani boru divarlari ila

stirtiinmasi Vo daxili burul@anlarin (turbulentliyin) yaranmasi tozyiq diisgiisiino (Apboru) sabab olur.
Darsi-Veysbax ganununa asasan xotti tozyiq itkisi:

'ﬁpboru =A- % ) pziz (7)

Burada, A — siirtiinmo omsali, L vo d — borunun uzunlugu vs daxili diametri, p — yagin sixligi, v —
yagin borudaki horakat siiratidir. Hidravlik giic itkisi isa bels hesablanir:

ﬂpboru = Q ﬂpboru (8)

Otbigon disklara diigan real miigavimat giicii ot kiitlasinin fiziki-mexaniki xassalorindan va
masinin kinematik rejimlorindon asilidir:

Pbig:me = kxiisusi' §-B-vm + % m - sz %)

Burada:

Kxisusi — Otun kasilmasina gostardiyi xiisusi miigavimot amsali O\I\mz);

& — bitki Ortiiyiiniin sixliq gostaricisi;

B — otbigonin tam is genisliyi (m);

Vi — traktorun tarladaki horokat siirati (m/san);

m — saniyalik kasilon va konara atilan ot kiitlasinin sarfi (kg/san);

Vp — Kasici bigaglarin uc noqtasinin ¢evravi firlanma siiratidir (m/san).

Sistemin dayanqli islomasi ti¢lin nasosdan hidromiiharrika Gtiiriilon real giic tarlanin miigavimat
giictindon hamiga boyiik va ya barabor olmalidir. Bu, dinamik dayaniqliq sartidir:

I:)in' I]ﬁmumi = Pbi(;ms (10)
Burada Imumi sistemin timumi samoralilik gostaricisidir.
Hiimumi = Ilv : Id]hid : Ilmex

Hidravlik sistemda iton biitiin giiclor tamamilo istilik enerjisina ¢evrilarak ig¢i yagin
temperaturunun yiiksolmasine sabob olur. Istilik ayrilma intensivliyi

:Hg:Pin'(l_Ilﬁmumi) kVt (11)
Sistemin istilik balans1 diferensial tonliklo beloa ifado edilir
Hg -dt = Myag * Cyag * dT+ ksoyutma - A (T'Tstraf) -dt (12)

Burada:
Myas VO Cyag — i5¢1 mayenin kiitlosi vo xdisusi istilik tutumu;
dT- temperatur artimi;
Ksoyutma— ¢andan vo borulardan strafa istilik vermo omsaly;
A — soyutma sathinin sahasi;

Tatrat — otraf miihitin temperaturudur.
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Sakil 1.Hidrodtiirticiilii rotasiyali otbigoanin hidravlik sisteminds is¢i tozyiqdon asili olaraq

imumi faydali is amsalinin doyismo xarakteristikast.

Hidravlik sistemdas daxil olan enerji ilo faydali ¢ixis enerjisi arasinda asagidaki enerji balansi

movcuddur:

Burada:

Ng = NN, (13)

Ng —sistemo daxil olan {imiimi giic,kW

N¢ —faydal ¢ix1. Glicii, kW

>'Ni —enerji itkilorinin comi,kW

Hidravlik nasosun yaratdig: giic asagidaki diisturla miioyyan edilir:

burada:

— po
N~ sp-1000 (14)

p — sistem tozyiqi, MPa;
Q — maye sarfi, I/daq.
Modellasdirmonin praktik ohamiyyati.Tortib edilmis enerji balansi modeli rotasiyal
otbi¢anlorin istismarinda ti¢ fundamental {istiinliik yaradir:
1.Cihazm o6lgiilorinin optimallagdirilmasi: Ayrilan maksimal istilik yiikii avvolcadan tayin edilir.
Bu rogomo osason, otbigons olave soyutma radiatorunun qurasdirilib-quragdiriimamasi vo ya
radiatorun soth sahasi doqiq hesablanir.
2.Yanacaq gonasti: Otun miiqavimatine uygun olaraq traktorun optimal horokat siirati segilir.
Sistemin asag1 F.I.O zonasina kegmoasinin qarsist alinir ki, bu da yanacaq sorfiyyatin1 12-15% azaldur.
3.Yagin axiciliq xiisusiyyatinin gorunmas: Temperaturun 80° C-don yuxari qalxmasi yagin
axiciliq xiisusiyyetini asag1 salir, rezin kiplosdiricilori siradan ¢ixarir vo sizmalar1 artirir. Bu enerji
balans1 modeli bu zoncirvari monfi effektlorin qarsisini almagq ii¢iin tonzimloma bazasi rolunu oynayir.
NOTICO.Rotasiyali otbigonlorin hidravlik 6tiiriicii sistemlorinin enerji balansmin

modellosdirilmasi naticasinds miiayyon edilmisdir ki, sistemin samaraliliyi Xatti xarakter dagimir va
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isci tozyiqlo six baghidir. Yiiksok sixliqli otlaglarda islayarkan tozyiqin artmasi daxili hacmi sizmalari
kvadratik asililigla coxaldir va enerjinin boyiik hissasini istiliys ¢evirir. Toqdim olunan riyazi tonliklor
Vo qrafik asililiglar kand tosarriifatt masinlarinin hidravlik sistemlarinin itkilorini minimuma
endirmays Vo intigallarin optimal temperatur rejimini tamin etmays imkan verir.
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YK 631.352:621.22
MOJEJAPOBAHUE SJHEPTETHYECKOI'O BAJTAHCA T'HIPABJIMYECKHUX
INPUBOJHBIX CUCTEM POTOPHbBIX KOCHJIOK C THAPOTPAHCMHUCCHUEHN

Duinap AWAbIH AueB
HayuHo-ucciienoBaTe/ibCKUii HHCTUTYT «ATPOMEXaHHKA»
Eldar.aliyev86@inbox.ru

Pestome.B cmamve ucciedyromes npoyeccol npeoopaz08aHusi U pacnpeoeneHus dHepeuu 8
cucmemax 2uOpaBIUYecKoll MpaHCMUCCUU POMOPHBIX KOCULOK C 2UOPOCMAMUYECKOU MPAHCMUCCUEL.
Mooenuposanvr mamemamuueckue 3aKOHbL PACHPeOeNeHUsi NOJHOU 3Hepeuu, NoCmynarowei 8
2UOPABTUYECKYIO CUCEM) C NPUBOOHO20 8Ald MPAKMOPA, HA NOAE3HVI0 pabomy u pasiuuHbie 8U0bl
BHYMPEHHUX nomepsb (0OveMHuble, 2UOPAGTUHECKUEe U MeXaHuueckue). YcmanoeieHo, 4mo 4acmo
9Hepauu npeodpazyemcs 6 noie3Hy0 pabomy, a OCMAIbHAsL Yacmb MepAemcs 8 8ude eUOPABIUYECKUX,
MEXAHUYECKUX U 00veMHbIX nomepv. B cmamve npoananusuposana oOunamuxa memnepamypbl
paboueil HuoOKkocmu, m. e. 2UOPABIUYECKO20 MACId, U ee GIUAHUe HA Kodgduyuenm none3Hoco
oeticmsus (KIIJ]) cucmemvi. Mamemamuueckue u epaghuueckue mooenu, NOLYYeHHble 8 X00e
UCCe008AHUsL, UMEIOM NpaKkmuieckoe 3HauyeHue OJisi NPOeKMuUpoOB8aHUs SUOPAGTUYECKUX CUCEM U
8b100Pa ONMUMANLHBIX PedHcUMO8 pabomsl. [Ipedcmagnennvie pacuemyl U epaguKu NOKA3bLIBAIOM, YUMo
NpasUbHbIlL NOOOOP 2UOPABIUYECKOU CUCMEMbL U ONMUMUZAYUS PeXCUMA ee pabomvl NO360JAI0M
CHU3UMb IHepeonompebdienue u no

Knrwouesvie cnosa: pomopnas Kocuika ¢ euopasiudeckou mpaucmuccuetl, Uopasiuideckdst
MPAHCMUCCUSL, dHepeemuyecKull 0ananc, 2uopagiuyecKkoe CconpomusieHue, meniogou Oalamc,
MOOeNUPOBaHuUe. 8bICUMb NPOU3BOOUMENLHOCTb MAUUHDL.
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MODELING THE ENERGY BALANCE OF THE HYDRAULIC DRIVE SYSTEMS OF

ROTARY ROTOR MOWER-CUTTERS WITH HYDROTRANSMISSIONS

Eldar Aydin Aliyev
Scientific Research Institute of “Agromechanics”
Eldar.aliyev86@inbox.ru

Summary.The article investigates the processes of energy conversion and distribution in the
hydraulic transmission systems of rotary mowers with hydrostatic transmissions. The mathematical
laws governing the distribution of the total energy entering the hydraulic system from the tractor's
drive shaft into useful work and various types of internal losses (volumetric, hydraulic, and
mechanical) have been modeled. It was determined that a portion of the energy is converted into useful
work, while the rest is lost in the form of hydraulic, mechanical, and volumetric losses. The article
analyzes the temperature dynamics of the working fluid, i.e., the hydraulic oil, and its effect on the
overall power efficiency (COP) of the system. The mathematical and graphical models obtained from
the research are of practical importance for the design of hydraulic systems and the selection of
optimal operating modes. The calculations and graphs constructed show that the proper selection of
the hydraulic system and the optimization of the operating mode allow for reducing energy
consumption and increasing the machine's productivity.

Keywords: hydrotransmitted rotary mower, hydraulic transmission, energy balance, hydraulic
resistance, heat balance, modeling.
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CTPYKTYPHBIE U BUOXUMHNYECKHUE OCOBEHHOCTHA
I'EMOI'JIOBUHA U MUOI'JIOBUHA

1BI/IKT0pI/IH Hropesna Kypkuna, 2HapMnHa ®dyajn kbI3bl AGay1aeBa,
Hursip ®@aur kbi3bl I'yceiinoBa
bakunckuii ['ocynapcTBeHHbIH YHUBEpPCUTET
labdullaeva-narmina@rambler.ru, %vikagurkina200444@gmail.com,
*nigarhuseynova@bsu.edu.az

Pe3rome. B 0630pHOtl cmamve 0600ujenvl cospementble 1umepamyphvie OaHHble CIMpPYKMYpPHbIX
U OUOXUMUYECKUX OCODEHHOCMmEl 2eMO2I00UHA U MUO02N0OUHA, ueparwue Kiuesylo poib 6
obecneyeHuu KiemoK KUciopooom. Hecmomps na obwyro yenv - nepeHoc Kuciopooa oamHvie Genxu
DYHKYUOHUPYIOM  NO-PA3HOMY U  001A0AOM  CXOOHbIMU U  PATUYHBIMU — CIPYKMYPHLIMU U
OUOXUMUYECKUMU 0CODEHHOCTAMU.

Knroueevle cnosa: cemoeniobun, mMmuocioout, KUCI0poo, 1Ueanobl, IOMAMUOH, KAmaaiasd.

BBenenne. Bo3HUKHOBEHHE KHCIOpOAa B aTMOc(epe CTalo KPUTHYECKH BaXKHBIM JTAllOM B
UCTOPUU >KU3HU, UYTO TOBJIEKIO 3a COOOH pa3BUTHE OCOOBIX OEJIKOBBIX MOIIEKYN, CHOCOOHBIX
yJIaBJIMBaTh M MCIIOJIB30BATh ATOT Tra3. Kuciopon sBisETCS CUIBHBIM OKHCIUTEIEM W €ro Hajaudue
JaJI0  BOBMOXHOCTh 3(Q(QEKTUBHO H3BJIEKAThb HSHEPrUI0 M3 OpraHudeckux coeauHeHuil. OpHako,
BHE/IPEHHE KHMCIIOPOa MOBJIEKIIO 3a c000il HEOOXOIMMOCTh PAa3BUTUS CHEIMATM3HUPOBAHHBIX CHCTEM
Ul €ro TpaHCIOpTa, JENOHMPOBAHWS M KOHTpoJsid. TakuM o0pa3oMm, B IPOLIECCE 3BOJIOLUU
c(hOpMHUPOBATIUCH CUCTEMBI OEIKOB, CIOCOOHBIE OE€30MacHO M OOpAaTUMO CBSI3BIBATH KHCIOPOI H
JOCTaBIATh K Kaxkaoil kierke. K Takum OeiakaM OTHOCSTCS T€MOIPOTEHHBI, MMEIOIINE B CBOEM
COCTaBe MPOCTETUYECKYIO TIpyHIy B BHJE rema. VIMeHHO »Ta rpymnma MO3BOJIIET UM CBSI3bIBATh
kuciopo . Hanbosee n3BeCTHRIME réMONTPOTEUHAMH SIBJISIOTCSI TEMOTJIOONH ¥ MHOTJI00UH [5, 9].

AKTyaJbHOCTh TeMbl. CTPYKTYpHbIE aHOMAaJIUU TEeMOTJIIOOMHA SIBISIOTCA MPUYMHOW MHOTHX
HACJIEICTBEHHBIX TE€MAaTOJIOTUYECKUX 3a00JI€BaHHI, a ypOBEHb MHOIVIOOMHA CIYXUT BaXHBIM
OMoOMapKepoM MpHu JHUarHocTUKe. V3yueHue NaHHBIX OEIKOB CIIOCOOCTBYET Pa3BUTHIO MEIULIMHBI U
OuoTexHONOTHH. B CBSI3M ¢ 3TUM, MpeNCTaBUIICS MHTEPEC B KOMIUJIEKCHOM HCCIIEOBAHUH JaHHBIX
reéMOIIPOTENHOB, B JIETAIbHOM BBISIBICHUH CXOKUX YEPT U OTIMYUHN, U3YYEHUU MEXaHU3Ma, JIKALIEro
B OCHOBE JOCTABKM M HAKOIUIEHWH KHCIOpoza. JleTalbHBI CPaBHUTENIBHBIA aHAJIW3 CTPYKTYPHI,
0COOEHHOCTH UX MPOCTPAHCTBEHHOM YKJIaJIKU M AMUHOKHCIIOTHOT'O COCTaBa MIOMOTaeT IiTy0)Ke MOHATH,
Kak OHM paboTaroT, W HM3YyYUTh HX DBOJNIOIMOHHOE CTaHOBIEHHE. Tema SBISETCS aKTyalbHOU
MMOCKOJIBKY, 3aTparuBaeT Kak OCHOBBI OMOJIOTHH, TaK U MPAKTUYECKYIO METUIIUHY [2].

CTpyKTYypHBbIEe OCO0EHHOCTH TreMOrJIo0MHA. ['eMOryioOMH CUHTAIOT MOJAETIBHBIM OEIKOM,
MOCKOJIBKY €ro CBOMCTBa, CTpoeHHME M (PYHKIMHM H3ydeHbl Haubojiee MOJPOOHO MO CPaBHEHHUIO C
npyrumu 6enkamu. OH chopMupoBaics y oOmmero mpeakKa 4eroBeka W akya Ojarojmapss MyTaiusM,
KOTOpBIE IPUBENN K BO3HUKHOBEHHIO JTaHHOW O0enkoBoi cTpykTypbl. @.JI. XioHnedensba ObLT MEepPBBIM,
KTO OIHUCAaJl, MEXaHU3M B3aUMOJECHCTBUS reMOrao0nHa ¢ KuciaopogoM. OTro dyHKE CMOT MOTYYUTh
KpUCTaJUTBl TeMoriioonHa, a demukc Xormre-3einep MOATBEPAWST 00paTUMOCTh JTaHHOTO TpOoIecca.
CrtpoeHre reMorioOMHa HAayMHAETCS C AMUHOKHCIOTHOM IOC/IEOBAaTEIbHOCTH B €ro OEIKOBBIX
LEMsX, TO €CTh C MEePBUYHON CTPYKTYpbl. OHa MpencTaBisieT co00il TUHEHHYIO MOCIeI0BaTeNbHOCTh
aMUHOKHCIIOT, KOTOPhIE COEIMHEHBl KOBAJECHTHBIMU MENTHIHBIMHU CBS3SIMH. Y B3pPOCIIOTO 4YeJOBeKa
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reMOTJI0O0MH COCTOUT W3 4 HUTEH: 2 a-1enu U 2 He-o-TJI00WHOBBIE 1eNH, TakuX Kak f3, 0 u y (HbA-
02p2). Kaxmas a-1enb cocTouT u3 141 aMHMHOKHCIIOTHOTO OCTaTKa, a KaK/as He-0-TJIOOMHOBAs-1IENb -
n3 146 aMuHOKHUCIOTHOTO ocTaTKa. CTpyKTypa XapaKkTepu3yeTcs BBICOKMM COJEP’KaHUEM TMCTH/IMHA.
AHanu3 mokazana CXOACTBO MEXAy o- U f- mernsaMu: 64 aMHHOKHCIIOTHBIX OCTaTKa PacloyiararoTcs B
OJIMHAKOBBIX Y4acCTKax, KaK B 0-, TaK U B B-1ienu. Mexay He-o-1ensiMi HaOII0Jat0TCs CYLIECTBEHHbIE
OTNU4Hs, B-Iernb OoTIMYaeTcs OT o-menu mo 39 amuHOKHCIOTam, a oT y-uenu — no 10 (Puc.l).
I'emornoOuH BBIOMHSAET (GYHKIIMIO TPAHCIIOPTA KUCIOPOAa OT JbIXaTEIbHON CUCTEMBI B APYrue 4acTu
opranusma, a Takxke xe nepenoc CO; u nmoaaepkaHue KUCIOTHO-IIENOYHOro Oananca. MuornoOux
BEITIONTHSIET YK€ POJIb «XPAHUIIUIIA» KUCIOPOAa B MBIIIIAX U OOECIICUNBACT €r0 BHICBOOOXKICHUE TIPU
notpedHocTy B sHepruu. OpHaKo, HECMOTPSA HA MX CXOXKME€ (PYHKIHH, TeMOIVIOOMH M MHOIJIOOMH
3HAYMUTEJIBHO OTJINYAIOTCS 110 CTPOSHUIO M MEXaHU3MY padoThl [3, 7].

Puc.1 MoJexyJia remorjio0nHa

VYHuKanpHas IOCIENOBATEIBHOCTh AMMHOKHUCIOT B CTPYKTYpE SBISIETCS T'€HETUYECKU
o0ycinoBieHHOM. JItoOble, naxe caMble HE3HAUUTENbHbIE, U3MEHEHUS B IEPBUYHON CTPYKType MOTYT
MPUBECTH K CYLIECTBEHHBIM HapylleHusIM B pabore Oenka. VIMeHHO 3Ta mocCieqoBaTEIbHOCTh
aMMHOKHCIIOT ONpesessieT, Kak MOJIEKyJla IPUMET CBOIO TPEXMEpHYIO (GopMy U Kakue GyHKIHMU OyJeT
BBINOJIHATE. ['€MOrnoOUH sIBJIIETCSI TE€TPaMepoM, BHYTPH KOTOPOTO KakJass TIJIOOMHOBasl LENb
B3alMOJICHCTBYET C IPYTUMH LENSAMHU yepe3 2 pa3HbIX KOHTAKTHBIX yyacTKa, Takux kak: alfBl u alf2
yyacTkd. [7100MHOBBIE JUMepsl (OPMHUPYIOTCS 3a cyeT MpoyHOro B3aumozewcTBus aolfl.
B3aumoneiicteue mexay uensmu olfl u nensimu 02B2 xapakTepus3yeTcsi BBICOKUM CPOICTBOM U
dbopMupyroTcs ycToiuuBble auMepsl. [Ipu mprcoeaMHEHUH KUCIOpOAa KOHTAKThI MPAKTUYECKH HE
MEHSIOTCS, TAKUM 00pa30M OHM UTPAIOT KITIOUEBYIO POJIb B MOJIEPKaHUM CTAOMIIBHOCTU. Mex 1y TeMm,
B3auMojieiicteue alB2 obmamaer meHble adp(UHHOCTHIO M OTBEYAET 32 OOBEIMHEHHE AUMEPOB B
terpamep [1, 8]. Ilpm CBsI3BIBaHMM KHCIOpOJa, JaHHAS CBSI3b OCHA0JAETCS, YTO CIOCOOCTBYET
nepexoay remoriobouHa wu3 T-cocTosHus (HampspKeHHas, Je30KCUTeHupoBaHHas ¢(opma) B R-
cocrosiHue (paciabiieHHas, OKCHTeHUpOBaHHS (opMa,00sanaromias BBICOKAM cpoAacTBoM K O))
(Puc.2). anublii mnepexoa oOJieTYaeT TPUCOSAUHEHWE KHCIOpoJa K CyObeAWMHHUIIAM Oelka.
O¢dexkTuBHAsS JOCTaBKa KHUCIOpOJa OpraHu3MoM oOecreuuBaercs Osarogaps KOOINEpaTUBHOMY
CBSI3bIBaHMIO TeMorinobuHa ¢ Oz, yTo oTpaxaercs B S-oOpa3HON (Gopme ero KpuBOW JAUCCOLUAIHH.
MyTtanuu, KOTopble BIUSIOT Ha B3auMoeicTere ol 2 MeHsSIOT CBOMCTBAa reMOIrJIOONHA U, TEM CaMbIM,
HApyLaT €ro CrHoCOOHOCTh CBA3BIBATH KUCIOpoJ. KoomepaTMBHOCTh reMOrioOMHa IMpeaCcTaBIiseT
co0Oil mpuMep aUIOCTEPUUECKOW pPEeryssiiiuy, NMpH KOTOpoW cBsi3biBaHUE 3((eKTopoB c caliTamu,
OTJIMYHBIMU OT AaKTHUBHOI'O LIEHTPa, MHAYHHUpPYET KoH(popMaiuoHHble u3MeHeHus. Ilomumo O:,
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TeMOTJIO0MH TIOJIBEPKEH AITIOCTEPUIECKON MOMYIISIUU HOHaMHU Bojopoaa (H*), 9To nexxuT B OCHOBE
saddekra bopa - o6neruenrie BoicBoOOKIeHUS O2 B TKaHAX [4].

T structure

]
I I i
-30-30%

Puc.2 Ilepexoa ot T-cTtpyktypsnl K R-cTpyKTYpe

CTpyKTypHBbIe 0C00€HHOCTH MHOIJI00MHA. CTpyKTypa MUOTJIOOMHA OpraHu30BaHa HA TPeX
YpOBHSIX: IEPBUYHAS, BTOPUYHAS M TPETHUYHAsA. YeTBepTUYHAS CTPYKTypa y MHOTJIOOMHA OTCYTCTBYET,
TaK KaK OH IMPe/ICTaBJIeH OAHON MOJUNENTHIHOM Lemnbto. [Ipu 3ToM, cpaBHUBas TPETUYHBIE CTPYKTYPhI
OCIIKOB, CTAHOBHUTCS MTOHATHO, YTO 0O- ¥ 3- CyOBEAMHHIIB TeMOTIIOONHA OY€Hb CXOXKH C MUOTJIOOMHOM.
SIBnsieTcs MOHOMEpPHBIM OENKOM, CONEPKUT | TeMOBYIO Tpynmy, TO €CTh CBS3BIBACTCS C OIHOU
Mosiekysnoi Oj. IlepBuuHas CTpyKTypa, 3TO €ro aMUHOKMCIIOTHas IMOCIEAOBATEIbHOCTh, KOTOpas
MpeACTaBIsieT co0oi 1enb w3 153 aMUHOKHMCIOTHBIX OCTAaTKOB, COEAMHEHHBIX MPOYHBIMHU
NENTUIHBIMU  CBA3SMU. B cocraBe 1enu MNPUCYTCTBYIOT aMUHOKUCIOTBI C  Pa3IUYHBIMHU
XapaKTePUCTHKAMH, KOTOPhIE U 00ECTIEUYUBAIOT €T0 CIOKHYI0 OpPTraHU3allMIO: MOJISIPHBIE, HEMOISPHbBIE
U 3apsbKeHHbIC. BakHyI0 pOJh UTparoT crenuduueckue aMUHOKHUCIOTHL. [IpoKkcUMallbHBIA THCTUIUH
(His F8), dopmupyer mpsMyro CBA3b C aTOMOM Kelle3a B T€MOBOW Tpymie, YTO HeoOXOIuMo s
cBsi3bIBaHusl kucnopona [6, 10]. ducranpabii Tuctuand (His E7), koTopslil pacmonaraercss psaom,
IIOMOTaeT CTa0WIN3UPOBaTh MOJIEKYNy KHCIOpOJa, KOrja Ta MPUCOEIUHEHA K XKeledy rema. buuio
MIPOM3BEICHO CPaBHEHHE MEPBUYHBIX CTPYKTYp MHUOTIOOMHA Y 24 BUAOB >KUBOTHBIX, B pE3yJIbTaTe
CTaJI0 M3BECTHO, 4TO 82 aMHHOKHCIOTHI HE MEHSIOT CBOMX IO3UIMH BO BceX Oenkax, TO ecThb
SIBJISIIOTCS MHBApUAHTHBIMH. OCTalbHBIE XK€ MOTYT 3aMEHSThCA, HO MX 3aMEHbl MPaKTUYECKH HE
BIUSIOT HAa (POPMUPOBAHUE TPETUIHON CTPYKTYPHI [5].

Bropuunas cTpykTypa - NpakTUUECKH MOJIHOCTBIO COCTOUT U3 O-CIMpajiell. DTU CIMpaIbHbIE
y49acTkd (HOpMUPYIOTCST OOJbIIeH YacThI0O aMHHOKHCIIOT W CTAOMIM3UPYIOTCS 32 CUET BOIOPOIHBIX
CBSI3€H MEXI1Yy aMHUIHBIMHU 1 KapOOHUILHBIMU TPYNIIAMHA BHYTPY ENTHAHOTO ocToBa (Puc.3).

Puc.3 Ctpykrypa muorjoonsa
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B mumornoOune oOHapykeHO 8 o-crupanei, KoTopble oOo3Hauarorcss OykBamu or A mo H,
cocrosue u3 7-20 octaTKoB, OXBaThiBas cieayrome ocratku: A (3-18), B(20-35), C(36-42), D(51-
57), E(58-76), F(83-95), G(100-118), H(124-149). Cnupasu COCIUHEHbI KOPOTKMMHU METIAMH M
u3rubamMu, W OOpa3yloT KOMIIAKTHYIO CTPYKTYpy. OTIMYUTENbHONH OCOOEHHOCThIO MHOITIOOHMHA
SIBJIIETCS] IOYTH MOJHOE OTCYTCTBHE P-CKIIaI0K.

Tperuunast cTpykTypa - 3TO €ro OKOHYATeIbHAas MPOCTPAHCTBEHHAas KoHpuryparus. bemok
CBOpAuMBacTCs B KOMMAKTHYIO ¢opMmy pasmepoM 4,5x3,5x2.5 (Puc.4). dDopmupoBaHHE TaKOM
CTPYKTYphl OOYCJIOBIECHO pa3HOOOPAa3HBIMU B3aHUMOJCHCTBUSAMU MeEXIy OOKOBBIMHU paJuKalaMU
AMUHOKHCIIOT, TaKUMHU KakK TUApOo(OOHBIE, BOJAOPOIHBIC, HOHHBIC CBS3HM, a TakKKe CHIIbI BaH-nep-
Baansca [9].

Puc.4 TpexmepHas cTpyKTypa Mnomoﬁnﬂa

benku coxpaHsdioT cBOIO (QYHKIMIO Onarojapsi HaJIMYMIO TaKUX Ba)KHBIX aMHUHOKHUCIIOT, Kak:
npokcumanbHblil ructuanH (His F8), KoTophlii cBsA3bIBaET kene3o B reMe, AucTanbHblil ructuans (His
E7), ykpennstonmii cBsa3b ¢ O2 n obecrieunBarominii M30MpaTeNbHOCTh CBSI3bIBAHUSA, THIPOPOOHBIE
aMUHOKHUCIIOTHl (Banmuu, neinuH, wu3onednuH, (eHwIanaHuH, METHOHWH), KOTOPBIE CO3/1al0T
rusipodoOHOE SAPO, OKpyXKaroliee reM, ruapodUIbHbBIE aMUHOKHMCIOTH (acmapariHoBas KHUCIOTA,
IJyTaMUHOBAasi KHUCIIOTA, CEPUH, TPEOHWH), HAXOJAIIMECs Ha TOBEPXHOCTH M YYacTBYIOT BO
B3alMO/ICIICTBHE C BOJOU. DTU OENKU ABIAIOTCS KOHCEPBATUBHBIMU, YTO O0ECIIEUNBAET COXPAHHOCTU
TpeXMepHOU (hOPMBI U, KaK CIEICTBHE UX (PYHKIIMOHAIBHYIO aKTUBHOCTb.

3AKVIIOYEHUE

I'em B 00oux Oenkax HAXOMWUTCS B 3alTUIIEHHOW, TUAPO(POOHOM TOIIOCTH, YTO MPEAOTBpAIIAET
ero OKMCIIEHUE U Hecrienupuueckoe B3anMoaencTere. Ero pacronosxkenue, u THCTHIMHOBBIX OCTAaTKOB
MOKa3bIBaET BBICOKYIO CTENEHb WJEHTUYHOCTH B O0OMX Oenkax, 4To BIHMSET Ha UX CHOCOOHOCTh
3¢ (}eKTUBHO CBA3bIBATh U OTAaBaTh KHcIopoa. KiroueBoe oTiiMuue 3aKiI04aercs B TOM, 4TO, KaKaas
CyObeIMHUIIA TEMOTJIOOMHA COJEPKUT CBOIO TEMOBYIO TPYIIITYy C aTOMOM JKeJie3a, a Y MUOTJI00MHA
BCEr0 OJIMH AaKTHUBHBIM LIEHTP. MMEHHO YETBEPTHYHAS CTPYKTypa TeMOIJO0MHA MO3BOJSET €My
3¢ (}eKTUBHO peryiaupoBaTh CBsA3bIBaHME Kuciopoja. Kornma oaHa cyObeauHHIIA COETUHSIETCS C
KHCIIOPOJIOM, 3TO CIIOCOOCTBYET KOH(POPMAIIMOHHBIM H3MEHEHUSIM B JAPYTrUX CyObEAMHHIIAX, YTO
YBEITMYMBAET UX CPOJCTBO K KUCIOPOLY. MUOTIOOMH, KaK MOHOMED, JIMIIEH 3TOH KOONEePaTUBHOCTH.
[Ipu sToM wMmwmornoOuH oOmamaer Oonee BBICOKM CPOACTBOM K KHCIOPOAY TIO CpPaBHEHUIO C
reMOrjIo0MHOM.  OTO OCOOEHHOCTh IO3BOJISIET €My Kak Obl «IepexBaThIBaTb» KHUCIOPOZ Yy
reMOTJI00MHA B MBIIIIAX U KPETKO yIep>KUBaTh ero TaM. Takas crnocoOHOCTh OUeHb BakHA, OCOOCHHO
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OpY aKTUBHOM pabore Mmami npu norpebienun Kuciaopoga. CpaBHUTENbHBIM aHAIN3 IEPBHYHBIX
CTPYKTYp TeMOrjio0MHa W MHOriIoOumHa mokasan 18% cxomcrBa. Pasnmuumss B aMHHOKHCIOTHBIX
MOCJIEOBATEIHOCTAX IOKa3bIBAIOT, KAk OCJKW DBOJIONMHOHUPOBATH. Y PasHBIX KHBOTHBIX
reMoryIo0MH ¥ MHOIJIOOMH MMEIOT Pa3HbIE MMOCIEN0BATENBHOCTH, HO UX (popMa OCTa&TCs OAMHAKOBOMA
Oaarogaps HEM3MEHHBIM aMUHOKHUCIIOTAM, O KOTOPBIX TOBOPHJIOCH BHIIIIE.
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UOT 581.19:577.157
HEMOQLOBIN VO MiOQLOBININ STRUKTUR VO BIOKIMYOVIi
XUSUSIYYOTLORI
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3Nigar Faiq qiz1 Hiiseynova
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Xiilasa. Icmal moqalasinda  hiiceyralorin  oksigenlo tomin edilmasinds asas rol oynayan
hemoglobin va miyoglobinin struktur vao biokimyavi xiisusiyyatlorinin miiasir adabi malumatlar:
iimumilasdirilmisdir. Umumi magsada - oksigen nagline baxmayaraq, bu ziilallar farqli faaliyyat
gostarir Va oxsar va farqli struktur va biokimyavi xiisusiyyatlora malikdir.

Acar sozlar: hemoglobin, mioglobin, oksigen, ligandlar, gliitation, katalaza.
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Summary. This review article presents modern literature data on the structural and biochemical
features of hemoglobin and myoglobin, which play a key role in providing cells with oxygen. Despite
their common purpose of oxygen transport, these proteins function differently and have similar and
different structural and biochemical features.
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QARABAG IQTIADI RAYONUNUN SUVARILAN TORPAQLARINDA
HIDROGEOLOJIi-MELIORATIiV SORAITIN TOHLILI
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Xiilasa. Respublikanin an miihiim regionlarindan biri olan Qarabag iqtisadi rayonu haqqinda
genis malumat verilmisdir. Toqdim edilan maqalada Qarabag igtisadi rayonunda suvarilan torpaglarin
hazirki hidrogeoloji-meliorativ vaziyyati arasdirilmisdir. Qarabag diizonliyinda grunt sularimin yatim
dorinliyi, onlarin minerallasma daCoavYasi, torpaglarin sorlasma va sorakaitlosmasi, hamginin torpaq
miinbitliyinin qorunmast va barpasi yollar: da hagqinda malumat verilmisdir.

Agar sozlar. ekoloji, hidrogeoloji-meliorativ vaziyyat, su ehtiyatlar:, miinbitlik, qrunt sulari,
sorlasma

Giris. Miiasir dovrdo Dovlat siyasotinin osas prioritet istigamatlorindon biri respublikamizda
agrar sahanin inkisaf etdirilmasi Vo orzaq tohliikasizliyinin tamin olunmasidir. Olka ohalisinin orzagla
etibarli tominati vo orzaq tohliikesizliyinin birbaga asili oldugu aqrar sahonin inkisafi irimiqyash
dovlat proqramlari sayasinds hoyata kegirilir.

Bunun iigiin ilk novbodo respublikanin kond toSorriifatina yararli torpaqlarinin meliorativ
vaziyystinin vo su tominatinin yaxsilagdirilmasi tolob olunur. Respublikamizda suvarilan torpaqlarin
imumi sahosi 1 milyon 438 min hektar toskil edir vo 6lkodos istehsal olunan kond tasorriifati
mohsullarinin  90-95 faizi homin torpaglarda istehsal olunur. Azorbaycanda kond tosorriifatinin
perspektiv inkisafi {igiin movcud torpag-iqlim soraiti respublikamizda suvarilan torpaq sahoalorinin
artirllmasina imkan yaradir. Lakin bununla yanst su ehtiyatlarinin ¢atismazligi da movcuddur [12].
Belo ki, su ehtiyatlarinin miihafizosindo vo onlarin somarali istifado edilmosindo miioyyon
normativlora amal olunmalidir. Su ehtiyatlarinin kompleks vo somarali istifadosi onlarin titkonmosine
qars1 tadbirlorin goriilmasi, ¢irklonmadon miihafiza edilmasi ilo {izvi suratdo baglidir vo bu ¢ox miihiim
vo aktual mosalodir.Yer kiirosindo gedon biitiin proseslordo su ehtiyatlari baslica istirak edir. Yer
kiirasi sathinin formalasmasi va istilik balansinda su ehtiyatlar1 miihiim rol oynayir [6,13].

Son illarda respublikamizin okinoyararli torpaq sahalorinin hidrogeoloji-meliorativ vaziyyatinin
yaxsilasdirilmasi, yeni kollektor-drenaj sobakalorinin, hidroqovsaqlarin va su anbarlarinin yaradilmasi,
okin sahalarinin suvarma suyu ilo tomin edilmasi, torpaqlarin bataglagsmasinin vo sorlasmasinin
garsisinin alinmast moqsadilo goriilon kompleks meliorativ todbirlor naticosinds kond toesorriifati
bitkilorinin mohsuldarliginda shamiyyatli doracods artim miisahido edilmisdir.

Tadqiqatgilar torafindon aparilan rejim miisahidalori va ¢61 tadqigat islarinin noticalori gostarir
ki, respublikamizda mdveud suvarilan torpaqlarin hidrogeoloji-meliorativ vaziyyati ildon-ilo doayisir.
Azorbaycan Meliorasiya vo Su Tosarriifati ASC-nin Hidrogeoloji-Meliorativ Xidmot Idarasinin
molumatlarina osason qrunt sularinin soviyyasi Vo minerallasma doarocasi tizorindo apardigi rejim
miisahidolorinin, ¢6l-tadgigat islorinin  naticolori suvarilan torpaqglarin hidrogeoloji-meliorativ
vaziyyatinin, eloca do qrunt sularinin yatim darinliyins, minerallagsma doracasi va torpaqlarin sorlasma
daracasina gora giymatlondirilmasine imkan vermisdir. Miioyyan edilmisdir ki, hidrogeoloji-meliorativ
voziyyato gora 420,784 min hektar yaxsi, 693,307 min hektar, 131,055 min hektarda iso kafi, ancaq
pislosma tohliikasi olan torpaqglardir [1,14].

Tadgigat obyekti. Suvarilan torpaqlarin hidrogeoloji-meliorativ vaziyystini miioyyanlosdirmok
ticlin Qarabag iqtisadi rayonu orazisi todqigat obyekti olaraq gotiriilmiis vo orazido suvarilan
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torpaglarin hidrogeoloji vaziyystino tosir gostoron amillor Oyronilmisdir. Bu moagsadls hamin
torpaglarin meliorativ voziyyati, torpaq miinbitliyi, torpaqlarin sorlagsmasi, qrunt sularinin yatim
darinliyi va s. amillor miioyyan edilmisdir.

Tohlil vo miizakira. Azorbaycanm torpaq Ortilyii dziiniin miirokkeb qurulugu ils segilir. Olkonin
miithiim kond tosarriifat regionlarindan biri olan Qarabag iqtisadi rayonu suvarilan torpaglarin genis
yayilmasi vo aqrar istehsal potensiali ilo segilir. Azarbaycanin isgaldan azad olunmus oarazilorinin
boyiik hissasini oshato edir. Qarabag iqtisadi rayonunda torpaq ortiiyti miixtalifliyi ilo segilir. Diizon
hissalordo boz-qonur, sabalidi vo alliivial-gomon torpaqlar istiinlikk toskil edir. Dagatoyi vo dagliq
sahalords iso gohvoyi dag-meso Vo ¢imli dag torpaglari yayilmisdir. Miinbit torpaq chtiyatlarinin
movecudlugu kond tasarriifatinin inkisafina alverisli sorait yaradir. Orazi asason ¢ay sobokasi ilo tomin
olunmusdur. Regionun hidroqrafik sistemindo Tortorcay, Xag¢ingay, Qarqarcay vo Kondolongay
mithim rol oynayir. Su ehtiyatlar1 xiisusilo suvarma okingiliyinin inkisafi baximindan miihiim
ohomiyyato malikdir. Regionun hidrogeoloji xiisusiyyatlori suvarilan torpaqlarin meliorativ
Vaziyyatina, torpaq miinbitliyine Vo kond tesarriifat1 bitkilarinin mohsuldarligina birbasa tasir gostarir.
Bu baximdan hidrogeoloji soraitin 6yranilmasi, torpaglardan samarali istifads va ekoloji dayanigligin
tomin olunmasi {iglin mithiim shomiyyat kasb edir. Bunun {igiin meliorasiya todbirlari diizgiin sokilda
hoyata kegirilmalidir.

Molumdur ki, meliorasiya, torpagin minbitliyini artirmaq, suvarma vo drenaj sistemlarini
yaxsilagdirmaq, torpagin fiziki, kimyavi Vo bioloji xiisusiyyatlorini yaxsilasdirmaq mogsadils tatbiq
olunan todbirlordon ibarotdir. Bu proseslor torpagin keyfiyyotini artirmaga, okin saholarinin
mohsuldarligini yiiksaltmays vo okingilikdo mohsul alinmasini tomin etmoya komok edir. Meliorasiya
homginin torpagin qorunmasi vo barpasi, otraf mithitin miihafizosi, su ehtiyatlarinin diizgiin idars
olunmasi kimi ekoloji cohatlords do miithiim rol oynayir. Meliorasiya todbirlori homginin torpagin
miinbitliyino miisbat tosir gostarir. Quraqliq illarinds yeriistii su ehtiyatlarinin azalmasi, daxili ¢aylarin
su axininin tonzimlonmamasi naticasinds dasqin sularindan tam istifade olunmadan donize axmasi akin
sahalorinin suvarma suyu ilo tomin olunmasini g¢otinlosdirir[9]. Bu baximdan kond tosorriifati
mohsullarmin istehsalinin artirilmasinda moévcud torpaq vo su ehtiyatlarindan somorali istifado
olunmasinin rolu oldugca vacibdir.

Torpaglarin miinbitliyinin qorunmasi va ondan samarali istifade olunmasi aqrar sahonin inkisafi
ticlin boyiik shamiyyat kasb edir. Torpaglarin miinbitliyinin sabit saxlanilmasi va artirilmasi ohalinin
hoyat soraitinin vo saglamliginin tomin edilmasi ilo yanasi, galocak nasil {igiin boyiik imkanlar yaradir.
Torpaqlarin somorali istifado edilmasi mogsadilo onun su, gida, hava va istilik rejimlori diizgiin
tonzimlonmali kand tosarriifati bitkilarinin fenoloji va bioloji inkisaf xiisusiyyatlorindon asili olaraq
optimal aqrofon yaradilmalidir. Lakin torpaqdan diizgiin istifadoe olunmadiqda onun faydali xassalori
todricon itorok mohsul yetigdirilmasi li¢iin yararsiz hala diisiir. Torpaq {izorindo aparilan hor hansi
diizgiin olmayan omoaliyyat yalniz mohsuldarligin vo keyfiyyat gostoricilorinin asagi diismasina deyil,
ekoloji tarazhigin pozulmasina, uzun miiddst miinbitliyin itirilmasine va s. catismazliglara gotirib
cixarir[8].

Molumdur ki, kond tesarriifat1 bitkilorinin inkisafi ticiin Kiir -Araz ovalig1 torpaqlart on alverisli
tobii soraito malikdir. Hazirda kond tosorriifatt mohsullarina olan artan tolobatin 6donilmasi, otraf
miihitin qorunmasi, torpaqlarin hidrogeoloji-meliorativ voziyyatinin yaxsilasdirilmasi qarsiya qoyulan
ohomiyyatli bir mosolodir. Suvarilan torpaglarin meliorativ voziyyatinin yeralti sularin yatim
dorinliyino, torpaqlarin sorlasmasi parametrloring tosirinin giymotlondirilmasi aparildigda miiayyan
olunmusdur ki, burada miixtalif dorocads sorlasmis torpaglar mévcuddur. Bunun da asas sobabi
orazidos yerlosmis kollektor-drenaj sobokasinin is¢i vaziyyatdo olmamasi, kond tesarriifat1 bitkilarinin
suvarma rejimlorino diizgiin amal olunmamasi va S.-dir. Kiir-Araz ovaliginin drenajla tomin olunma
doracasina noazar saldiqda onun timumi sahasinin(2175 min ha) 783 min hektar1 vo ya 36%-i suvarilan
torpaqlardir. Bag Mil-Qarabag kollektorunun tosir zonasinda olan 573min hektar suvarilan torpagin
400min hektarinda drenaj sistemlori foaliyyat gostorir[3].
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Qarabag iqtisadi rayonunda da suvarilan torpaqlar movcuddur. Suvarilan torpaqlar Qarabag
igtisadi rayonunda asasen diizon vo dagatoyi zonalarda formalagsmisdir. Regionun garb va conub-garb
hissalorinds dagliq relyef ustiinliik togkil etdiyi halda, aran hissasinds genis alliivial vo proliivial
diizonliklor miisahids edilir. Bu geomorfoloji xiisusiyyatlor yeralti sularin harokatinas, qrunt sularinin
dorinliyina vo torpag-su rejimino ciddi tosir gostorir. Xiisusilo Qarabag diiziindo qrunt sularinin
saviyyasinin sotho yaxin yerlogmasi torpaqglarin hidrogeoloji voziyyotindo miithiim amil hesab
olunurr[10].

Qrunt sularinin saviyyasi Vo minerallagsma doracasi suvarilan torpaqlarin hidrogeoloji vaziyyatini
xarakterizo edon osas gostoricilordon biridir. Regionun bazi diizon sahslorinds, xiisusilo Agdam,
Flizuli, Cobrayill vo Bordo rayonlarmin suvarilan torpaqlarinda uzunmiiddatli intensiv suvarma
noticasinds qrunt sularin saviyyssinin yiiksalmosi miisahide olunur. Bu hal torpaqda kapillyar
galxma prosesini giiclondirarok duzlarin {ist qatlarda toplanmasina va ikinci doaracali soranlagsmanin
inkisafina sobob olur. Yiiksok buxarlanma soraiti ilo miisayiot olunan yarimsohra iglimi bu prosesi
daha da intensivlosdirir.

Kollektor-drenaj sistemlarinin vaziyyati hiirogeoloji baximdan regionun torpaqlarinda miihiim
rola malikdir. Drenaj sistemlarinin effektiv foaliyyoti qrunt sularinin soviyyasinin tonzimlonmasine va
torpagin su-duz balansinin qorunmasina imkan yaradir. Lakin uzun illor arzindo bazi meliorativ
infrastrukturlarin siradan ¢ixmasi noticasinds bir sira orazilordo bataglasma vo tokrar soranlagma
risklori artmigdir. Hazirda isgaldan azad olunmus orazilordo meliorativ vo su tosorriifati
infrastrukturunun  barpasi istigamotindo aparilan todbirlor regionun hidrogeoloji sabitliyinin
yaxsilagdirilmasina xidmat edir.

Qeyd edilmoalidir ki, Qarabag diizonliyi hiidudlarinda qrunt sularina genis yayilmis miiasir vo IV
dovr ¢okiintiilorinde miixtalif dorinliklords rast golinir. Onlarin yatma dorinliyi ¢aylarin gotirma
konuslariin geomorfoloji xiisusiyyatlorindan, relyefin xarakterindon, siixurlarin litoloji torkibi vo
sukegirmo gabiliyyatindon, qrunt sularinin gidalanma soraiti vo sarfindon asilidir. Diizanliyin kand
tosarriifatinin inkisafi ilo oalagodar olaraq, hidrogeoloji soraitdo doyiskenliyi miisahido olunur. Bunun
da sobobi daha ¢ox suvarma sistemlorinin foaliyyoti ilo baglidir. Suvarma zamani qrunt sularinin
Saviyyasi infiltrasiya hesabina qalxdigi zaman onlarin minerallagsma daracasi azalaraq 2,3q/l toskil edir
Vo Saviyyenin asagi diismasi ilo olagodar 4,3g/l-0 godor doyisir.Son illarin rejim miisahida islorinin
naticolori gostarir ki, Qarabag diizonliyinin 75-85%-don artiq sahasinda qrunt sularinin soviyyasinin il
orzindos 1,”-1,5 m-don asag1 diimadiyi, vegetasiya dovriinds iso hotta 0,5-1,0m Saviyyado gorarlasir.
Qarabag diizonliyinds 89,7 min hektar sahodo qrunt sular1 1-3m, 34,2 min hektar sahads 3-5m vo 85,8
min hektar sahods iso 5 m dorinlikdo tosokkiil tapmisdir. Umumiyystlo, suvarilan torpaqlarin
hidrogeoloji-meliorativ soraitinin formalagmasi qiymatlondirilorkon qrunr sularinin yatim darinliiyi,
onlarin minerallagsma daracasi, torpaqlarin sorlagsma doracasi Kimi meyarlar osas gotiiriiliir. Qarabag
diizonliyinds suvarilan torpaqglarin hidrogeoloji-meliorativ Yuxart Qarabag kanalindan conubda
yerloson biitiin hissasi hazirda qonastboxs hidrogeoloji-meliorativ soraitlo xarakteizo olunur.Bu,
orazinin yaxsi tonii drenlogsmoys malik olmasi,sirin qrunt sularinin dorin yatimi(3-5m), siixurlarin zoif
sorlasmis vo ya sorlasmamis olmasit ilo izah olunur. Yalmiz Tortorgay kanalinin tasiri
zonasindayerlogon ayri-ayr1 sahoalordo neqativ hallarin bag vermosi ehtimal edilir. Bu zonada
gonastboxs soraitin yaradilmasi vo qorunub saxlanilmasi ii¢lin intensiv drenaj fon unda diizgiin
suvarma rejimina riayat olunmasi ilo miimkiindiir [4].

Qadir vo digor miolliflorin (2014) todgiqatlarinda gostorilir ki, suvarma kond tosarriifatinin
mohsuldarligin1 artiran osas amillordon biri olsa da, xiisusilo quraq vo yarimquraq iqlim soraitinds
diizglin idars olunmadiqda ciddi ekoloji problemlars ssbab olur. Miolliflor vurgulayirlar ki, drenaj
sistemi olmayan vo ya zoif idaro olunan suvarma torpaqlarda duzlarin yigilmasina, yoni tokrar
sorlasmaya gotirib ¢ixarir. Gostorilir ki, suvarma zamani suyun hoddindon artiq vo ya Somarasiz
istifadasi yeralt1 su soviyyasinin galxmasina sabob olur ki, bu kapilyar proseslor vasitasilo duzlarin
torpagin iist qatina dogru harokatini siiratlondirir. Noaticods torpagin fiziki vo kimyavi xiisusiyyatlori
dayisir, struktur pozulur, mikrobioloji aktivlik zsifloyir vo kond tesarriifati bitkilorinin su vo gida
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maddalarini monimsoma qabiliyyati azalir [11]. Torpaq sorlasmasi xiisusilo qurag Vo yarimsohra
bolgalarinda torpagin mohsuldarligina, gqida maddslorinin slgatanligina, hamginin bitkilarin fizioloji va
biokimyoavi proseslarino ciddi tesir gostorir. Bu orazilords intensiv suvarma naticasinds sorlasmis
yeraltt sular sotha ¢ixir vo bu, buxarlanma zonalarinda evaporit minerallarinin ¢okmasina sobab olur.
Sorlasma kond tasarriifat1 bitkilarinin su vo giibro monimsomasini azaldaraq torpagin miinbitliyino
monfi tosir gostarir vo naticads diinyada suvarilan torpaqlarin 20%-don ¢ox hissasi bu prosesdan zaror
gorur[7].

Diizds iglim soraitine uygun olaraq boz torpaqlar asas zonal tip hesab edilir. Yiiksok karbonatliq
Vo humusluluq Qarabag diiziindo yayilmis ¢oamoan-boz torpaqlan olverissiz su-fiziki xassalori ilo
forglanir [5]. Qarabag diiziindo boz-gomoan torpaqlarin sorakotli novlarine do gox zaman tosadiif edilir.
Burada duzlarin tobii yuyulmasi naticasinds sorakatli ¢goman torpaqglart miixtalif sahslords yayilmisdir.
Diiziin suvarilan orazilorinds siini drenaj olmayan saholordo torpaq daha c¢ox sorlagsmaya moruz
qalmsidir. Diiziin torpaqlarinin miiasir vaziyyatini dyronmok moagsadilo arazi torpaqlarinda todgiqgatlar
aparilmisdir. Miayyan edilmisdir ki, homin torpaqlarda udulmus ssaslarin cami 25,80-30,14mq.ekv.,
pH iso 8,0-9,0 arasinda toraddiid etmisdir. Duzlarin miqdar1 profil boyu 0,170-1,033% toskil edir.
Torpaglar asasen sulfarli, sulfatli-xlorlu va xlorludur [2].

Umumiyyatlo, géstorilmolidir ki, su anbarlar1 vo magistral kanallar vasitosilo hoyata kegirilon
suvarma sistemlori kond tosorriifati dovriyyasinds olan torpaglarin su tominatini formalasdirir. Lakin
iglim doyismoalori, su ehtiyatlarinin geyri-barabor paylanmasi vo bozi hallarda suvarma sularinin
keyfiyyat gostaricilorinin zaiflomasi torpaqglarin hidrogeoloji rejimino moanfi tasir gostara bilar.

Natica

1. Miiayyan edilmisdir ki, Qarabag iqtisadi rayonunda suvarilan torpaqlarin hidrogeoloji -meliorativ
vaziyyati timumilikdo olverisli kond tesarriifati potensiali yaratsa da, qrunt sularinin saviyyasinin
yiikksalmosi, soranlagsma, drenaj problemlori vo geyri-somarali suvarma tsullari region {igiin osas
meliorativ-ekoloji risklor hesab edilir. Bu problemlorin garsisinin alinmasi magsadilo miiasir suvarma
texnologiyalarmin tatbiqi, hidrogeoloji monitoringin giiclondirilmasi, kollektor-drenaj sabakalarinin
yenilonmasi vo torpag-su ehtiyatlarinin kompleks idara olunmasi vacib todbirlor sirasinda yer alir.

2. Olverisli kond tosarriifat1 soraitine vo strateji iqtisadi movgeys malik Qarabag iqtisadi rayonu
zongin tobii-cografi potensiala ~ malik olan bir regiondur. Orazinin miixtalif tobii landsaft
xuisusiyyatlori, su vo torpaq chtiyatlart kond tesarriifatinin inkisafi ii¢lin genis imkanlar yaradir.
Hazirda bu regionda hoyata kegirilon borpa vo inkisaf proqramlart golocokdo onun igtisadi
ohamiyyaotini daha da artiracaqdir.
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Pe3tome. B npeocmasnennoti  cmamve nodpodono  paccmampusaemcs — Kapabaxckutl
9KOHOMUYECKUU PAUOH, AGNAIOWUICS OOHUM U3 BANCHEUUUX pecUOH08 pecnyonuku. B pabome
8CECMOPOHHE UCCIE008AHO COBPEMEHHOe 2UOPO2E0N020-MeNUOPAMUBHOE COCMOAHUE OPOUUAEMbIX
3eMenb  OaHHO020 JIKOHOMUHECKo20 pationa. B pamxax uccredosanus Kapabaxckou pagHumbl
NPOAHATU3UPOBANbL  2NVOUHA  3aNle2aHusl 2PYHMOBLIX 600 U OUHAMUKA UX YPOGHS, CMeneHb
MUHepanu3ayuu noo3eMHbIX 800, a MAKdHCe NPOYecchl 3ACONEHUS U CONOHYEBAHUS NOYBEHHO20
nokposa. Kpome moeo, yoenéno snumanue Hayuno oO0CHOBAHHLIM MEmoOdaM U NYMIM COXPAHEHUS,
80CNPOU3BOOCHBA U B0CCMAHOBIEHUS NI000POOUSL NOYE 8 PECUOHE.
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B00HbLE Pecypcbl, NI000poduUe, 2PYHMOosble 800bl, 3ACOJIeHIe.

UDC 624.131.1
ANALYSIS OF THE HYDROGEOLOGICAL AND RECLAMATION STATUS OF
IRRIGATED LANDS IN THE KARABAKH ECONOMIC REGION

'Leyla Ziyafaddin Jalilova, 2Gunay Nizami Huseynova
Baku State University
23 Zahid Khalilov St., Baku, Azerbaijan
Yleylacelilova63@gmail.com
huseynovagunayl@gmail.com

Summary. This article provides a comprehensive overview of the Karabakh Economic Region,
one of the most important regions of the republic. The study thoroughly analyzes the current
hydrogeological conditions and the state of land reclamation of irrigated lands within this economic
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region. As part of the research conducted on the Karabakh Plain, the dynamics of groundwater depth
and level, the degree of their mineralization, as well as the processes of soil salinization and
sodification were analyzed. In addition, special attention is given to scientifically sound methods and
approaches for the conservation, regeneration, and restoration of soil fertility in the region.

Keywords: ecological status, hydrogeological and reclamation status, water resources, fertility,
groundwater, salinization.

Redaksiyaya daxilolma: 20.04.2026
Capa gobul olunma: 19.06.2026
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CONSERVATION PERSPECTIVES OF RELICT AND ENDEMIC SPECIES OF
THE CRASSULACEAE D.C. FAMILY DISTRIBUTED IN THE LESSER
CAUCASUS

Chichak Mubariz Akbarova
Baku State University
chichekakbarova@bsu.edu.az

Summary. In the article it was investigated the taxonomic composition, biological
characteristics, distribution range and conservation perspectives of relict and endemic species of
Crassulaceae D. C family distributed in the flora of the Lesser Caucasus. During the investigation, the
floristic analysis of the species distributed in the region was conducted and their adaptive features to
environmental conditions, phytocoenotic relationships and degree of vulnerability to anthropogenic
impacts were evaluated. It was identified that several species of this family are endangered because of
limited range of distribution, high ecological specificity and degradation of habitats. Specially, the
expansion of pastures, inefficient land use, climate change and anthropogenic factors affect the
population density and conservation of biodiversity of the species. As a result of the investigation, it
was identified that it is necessary to emphasize the in situ and ex situ conservation measures, to
organize monitoring programs in specially protected areas as well as to carry out plans towards the
conservation of introduction and gene pool of the species. The results play a crucial role in the
protection of the Lesser Caucasian floristic biodiversity and the sustainable conservation of rare
species of Crassulaceae D.C family.

Key words: Lesser Caucasus, Crassulaceae D.C, relict, endemic, biodiversity, conservation
perspectives, flora, bioecological characteristics

Introduction. Currently, the protection of biodiversity and species of endangered plants is
considered on of the priority directions of the sciences of botany and ecology.(3) Intensification of
anthropogenic impacts on natural ecosystems, climate change and landscape transformation pave the
way for the range contraction of several relict and endemic plant species, decline of population density
and loss of genetic diversity. It has attaches importance to study the bioecological characteristics of
rare and limited range species, their distribution patterns and conservation status.(11) The Lesser
Caucasus is considered one of the most essential phytogeographical regions in terms of complex
geomorphological structure, various climate conditions and rich floristic composition. Different
altitudinal zones and ecological conditions provided many relict and endemic plant species with
favorable environment to be preserved and to form. Consequently, to study the Lesser Caucasian flora
from a systematic, floristic and bioecological perspective has a significant role on the conservation of
biodiversity. The Crassulaceae D.C family is one of the most essential taxonomic groups merging the
succulent plants, specially adapted to drought and stony ecotopes.(25) The representatives of this
family are distinguished by morphological diversity, ecological plasticity and extreme environmental
factors.

These plants take part in maintaining stability of ecosystem by playing an important role in the
floristic composition of rocky and stony areas. Existence of relict and endemic taxa among the
Crassulaceae D.C species reflect the ancient origin and special features of the region.(1) The
anthropogenic impacts in the region, specially expansion of pastures, degradation of soil cover,
intensive industrial and agricultural activities as well as the climate changes adversely affect the
natural habitats of some species.(4) The conservation of the narrow-range endemic species and the
relict species representing ancient floral elements is assessed as one of the most urgent problems
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because of their vulnerability to changes. In this point of view, the comprehensive investigation of
relict and endemic species, assessment of their current conditions and determination of conservation
measures have scientific importance due to the protection of biodiversity in the region.

Significance of the topic. The representatives of the Crassulaceae D.C family distributed in the
Lesser Caucasus are the succulent plants growing mainly in drought, rocky and stony areas. These
plants play a key role in floristic diversity of the region distinguishing by their capability to adapt to
the extreme ecological factors. Some parts of the family species have a narrow-range distribution and
endemic and relict characteristics that it enhances the significance from the perspective of their
investigation. At the same time, the ornamental and introduction potential of the Crassulaceae D.C.
family species, their drought resistance, and the use of certain species in folk medicine further increase
their practical importance. Therefore, clarifying the taxonomic composition of the family, studying its
bioecological characteristics, and determining its distribution ranges constitute one of the relevant
scientific issues from both theoretical and applied perspectives.(15)

The aim of the research. The main aim of the study is identifying the taxonomical diversity of
relict and endemic species belonging to Crassulaceae D.C family distributed in the Lesser Caucasian
flora, comprehensive study of their bioecological features, geographical distribution pattern, and
current state of their natural population.(6)

At the same time, the main objectives of the research include evaluating the adaptive
characteristics of these species to ecological conditions, their phytocoenotic relationships, and their
level of sensitivity to anthropogenic factors; investigating the conservation status of rare and narrowly
distributed species; and determining scientifically substantiated conservation perspectives aimed at
their protection and sustainable preservation. (17)

Subjects of research. The objects of the research are relict and endemic species of the
Crassulaceae family distributed in the Lesser Caucasus, their natural ranges and phytoceoneses.
Population of species evolved in various ecological conditions including the family, their distribution
and habitat biotopes, existence specially in mountainous and arid-extreme ecosystems form the basis
of the research.

Methods of research. During the research, comprehensive botanical approaches comprising
both field and laboratory phases were utilized, based on methodological principles accepted in modern
floristic and ecological studies. Field studies were carried out using expedition and route methods,
plant samples were collected in accordance with standard floristic rules, and herbarium material was
prepared. Determination of species were based on the morphological diagnostic characters regional
and international floristic sources were used in systematic identification. (Grossheim; Takhtajan; Tutin
etal.)

To assess the geographical distribution of the plants, GPS coordinates were recorded, and the
obtained data were synthesized using phytogeographical mapping and comparative analysis methods.
This approach enabled to determine the areal structures of the species and its distribution pattern.
Complex assessment of biotope analysis, abiotic features (altitude, slope exposition, soil moisture)
were carried out in studying the ecological characteristics.

At the population level, individual density, age structure, and regeneration indices were
analyzed. During phytocoenological studies, the evaluation of vegetation structure and the degree of
dominance was conducted based on the Braun—Blanquet approach. The assessment of anthropogenic
impacts was performed on the basis of field observations and a comparative analysis of the existing
scientific literature

Research materials. The research materials consist of herbarium samples belonged to
Crassulaceae D.C family, GPS based records and photographic documentation materials and
phytocoenological descriptions gathered during the field expedition conducted in different
phytogeographical regions (Ganja-Gazakh, Goygol-Murovdag system, Dashkasan, Goranboy) of the
Lesser Caucasus in 2021-2025. The research shows that representatives of Crassulaceae D.C family
exhibit high density in subalpine and alpine phytogeographical zones spread to the interval of 800-
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3200metres of altitude in the Lesser Caucasus.(8) The species mainly inhabit xerophytic cliffs,
volcanic and limestone substrates, stony slopes, creviced rocks, and extreme ecotopes with poorly
developed soil cover. In these ecological conditions, species such as Sedum spurium Bieb., Sedum
album L., Sedum hispanicum L., Sedum stoloniferum S.G. Gmel., and Sedum caucasicum (Grossh.)
exhibit wide ecological plasticity, demonstrating an ability to adapt to diverse microclimatic
conditions.(22) Ecological analysis demonstrates that representatives of Crassulaceae family minimize
the water loss by having xeromorph structure, succulent leaves and CAM photosynthesis. These
adaptive features are evaluated as the main factors providing their high solar radiation, low atmosphere
humidity and stable existence in mountain ecosystems with wide temperature fluctuations.(19). At the
same time, their capacity for vegetative reproduction and clonal dispersal increases their persistence in
local populations.

m Endemic species m Relict species Widesread species

Figure 1. Phytogeographical Status Distribution of Species of the Crassulaceae D.C. Family
in the Lesser Caucasus

During the research, it was determined that although the species Sedum acre L. is a cosmopolitan
element with a wide Eurasian range, its populations within the Lesser Caucasus are fragmented and
localized. In some areas, low population density, an increase in intraspecific distance among
individuals, and a weakening of regeneration potential were observed.(16) This situation can be
associated with limited gene flow, intensified population isolation, and an elevated risk of local
extinction in the long-term perspective. Therefore, it is expedient to evaluate the regional conservation
status of the species by considering local population dynamics rather than global distribution alone.

Endemic and relict components are predominantly concentrated in high-mountain zones and
specific microhabitats. Notably, Sedum caucasicum (Grossh.), Sempervivum caucasicum Rupr.,
Sedum oppositifolium Sims. (= Phedimus spurius (M.Bieb.) 't Hart), and certain local Sedum taxa act
as pivotal endemic elements for the Caucasian flora.(7) The distribution structure of these species is
mosaic, disjunct, and highly fragmented, which reinforces the probability of them being relict elements
of paleo-range origin.

Table 1.
Comparative Characteristics of Relict and Endemic Species of the Crassulaceae D.C. Family
Distributed in the Lesser Caucasus

Species hame Status Dlstrlbuyo_n Main habitats Threat
characteristics factors

Sedum caucasicum Endemic Restricted-range Rocky s!opes and High

(Grossh.) subalpine areas
. Localized .
Sedum acre L. Regionally rare distribution Xerophytic slopes Moderate
Sedum oppositifolium .
Sims.(= Phedimus spurius d.vrl.(:,elz d Zrafrler?ed Stony and arid areas High
(M.Bicb.) ‘t Hart) istribute istribution
Sedum album L. Relict-endemic Various altitudinal Stony ar.‘d rocky Moderate
zones habitats
SemperV|v|grl‘:1p(;aucaS|cum Endemic Local populations Rocky microhabitats High
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Analyses conducted across altitudinal zonation indicate that endemic and relict species are
particularly clustered within the 1800-3000 m range, specifically at the timberline and subalpine-
alpine transition zones. In these zones, microclimatic stability and relatively low anthropogenic
pressure enables the preservation of their local populations.

The study of population structure indicates that a decrease in the proportion of juvenile
individuals in certain local areas reflects a deterioration of regeneration processes. This phenomenon is
particularly marked in areas with intensive grazing activities, tourism influx, and infrastructure
development.(23) In line with the IUCN approach, such indicators may indicate that the population is
approaching a "vulnerable™ or "threatened" category. From a phytocoenological perspective,
representatives of the Crassulaceae D.C. family form one of the essential structural and pioneer
components of xerophytic rocky phytocoenoses. Species such as Sempervivum caucasicum Rupr. and
Sedum album L. play a vital role in substrate stabilization and the soil formation process during the
initial colonization phase. At the same time, these species act as indicator species, serving as indicators
of extreme ecological conditions.

Analysis of climate change factors indicates that high temperature and change in precipitation
directly impact on vertical distribution borders of species. In recent years it has been observed a
migration tendency in some populations towards the higher altitude that it is assessed as a
biogeographical result of climate change. (2)

Comparative phytogeographical analyses demonstrate that the Lesser Caucasus is one of the
important centers of endemism, divergence, and microrefugia for the Crassulaceae D.C. family in the
Caucasus region.(1) A high concentration of both relict and endemic elements is observed here.
However, escalating anthropogenic impacts, habitat fragmentation, and climate changes compromise
the long-term persistence of these species.

The conservation of relict and endemic species belonging to the Crassulaceae D.C. family
distributed in the Lesser Caucasus holds crucial scientific and practical importance in terms of
preserving the biodiversity of the region. Conducted research indicates that the greater part of these
species is distributed within limited ranges, specifically in rocky and high-mountain biotopes with
distinct ecological conditions. Accordingly, this leads them to display high fragility to anthropogenic
and climatic factors.

Climate change + Anthropogenic impacts

!

Habitat degradation

'

Population fragmentation

!

Increased risk of decline in relict and endemic species

!

In-situ and ex-situ conservation measures

'

Conservation of biodiversity and genetic resources

Figure 2. Conceptual Framework of Conservation Perspectives for Relict and Endemic
Species of the Crassulaceae D.C. Family
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Presently, intensive grazing activities, the expansion of tourism infrastructure, road construction,
the transformation of mountain ecosystems, and climate changes are regarded as the primary factors
leading to the reduction of natural populations of several species pertaining to the Crassulaceae D.C.
family. In particular, species with limited distribution ranges, such as Sedum caucasicum (Grossh.),
Sempervivum caucasicum Rupr., Sedum oppositifolium Sims. (= Phedimus spurius (M.Bieb.) 't Hart),
and Sedum acre L., which exists in the form of local populations, are perceived as more vulnerable to
anthropogenic impacts.

The research results demonstrate that to protect relict and endemic species, preserving their
natural habitats is a fundamental prerequisite. To this end, it is deemed appropriate to integrate high-
mountain and rocky biotopes into the system of specially protected nature areas, as well as to expand
the coverage of existing sanctuaries and national parks.

To increase the effectiveness of conservation measures, conducting periodic assessments of the
species' population status is of particular importance. Long-term tracking of population dynamics,
regeneration capacity, age structure, and distribution ranges can enable the anticipatory forecasting
potential future decline risks. In addition, implementing ex-situ conservation measures is considered
one of the vital directions. Preserving rare and endemic Crassulaceae species in botanical gardens and
introduction collections holds crucial significance in terms of safeguarding their gene pool. Notably,
the introduction of Sedum and Sempervivum species possessing drought-resistant and ornamental
traits can be deemed advantageous for both scientific and practical applications in the future.

Against the context of climate change, the temperature increase and fluctuations in the
precipitation regime observed in high-mountain ecosystems affect hypsometric boundaries of species.
For this reason, studying the resilience of relict and endemic species to climate change and identifying
potential risk zones must be one of the pivotal pillars of conservation strategies. Conducted studies
indicate that representatives of the Crassulaceae D.C. family play a crucial role not only from floristic
and systematic perspectives but also in ecosystem stabilization, the pedogenesis, and the development
of rocky biotopes.(13) Therefore, the protection of these species holds essential significance in terms
of ensuring the sustainability of mountain ecosystems as a whole, rather than just discrete taxonomic
units.

In conclusion, for the protection of relict and endemic species of the Crassulaceae D.C. family
distributed in the Lesser Caucasus, the synergistic implementation of in-situ and ex-situ conservation
measures, the expansion of specially protected areas, the implementation of scientific monitoring
programs, and the minimization of anthropogenic impacts can be evaluated as the key management
outlooks.

Conclusion. As a result of complex floristic, taxonomic and bioecological researches, it is
identified that Caucasus is one of crucial phytogeographical centres of the region in the terms of
formation, preservation and differenciation of relict and endemic representatives of Crassulaceae
family in the Lesser Caucasus.

Conducted studies have demonstrated that representatives of the family are chiefly localized in
rocky, stony, and arid high-mountain ecosystems, exhibiting high tolerance to extreme environmental
factors.(15) It has been established that the succulent structure, vegetative regeneration potential, and
specific physiological mechanisms of hydrological balance are the essential evolutionary adaptations
ensuring the long-term persistence of these species under arid and semi-arid conditions.

The research results demonstrated that the chorological ranges of relict and endemic species are
predominantly restricted, mosaic, and fragmented. Population analyses disclosed that regeneration
processes have attenuated in certain local areas, population density has declined and anthropogenic
pressure adversely affects ecological stability. Grazing intensity, habitat modification, the expansion of
tourism activities, and climate changes were evaluated as the primary risk factors for the viability of
these species in the region. From a phytocoenological perspective, it was established that
representatives of the Crassulaceae D.C. family, besides being one of the crucial structural components
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in the development of rocky and xerophytic phytocoenoses, perform vital ecological functions in the
pedogenesis, substrate stabilization, and erosion control. These features indicate that they hold
essential significance not only from a floristic viewpoint but also for the ecological resilience of
mountain ecosystems as a whole.

In conclusion, the obtained results show that the relict and endemic representatives of the
Crassulaceae D.C. family distributed in the Lesser Caucasus are an essential component of the region's
biodiversity, genetic resources, and biogeographical legacy.(26) Against the background of modern
anthropogenic and climate changes, the conservation of these species holds strategic importance not
only for the local flora but also in terms of ensuring the sustainability of Caucasian ecosystems as a
whole. Therefore, developing integrative conservation strategies aimed at protecting their natural
populations, implementing long-term monitoring programs, and evaluating highly sensitive biotopes as
prime conservation priorities must be one of the primary focus areas of future scientific and ecological
activities.
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UOT 624. 131.1
KiCiK QAFQAZDA YAYILAN CRASSULACEAE D.C FOSILOSININ RELIKT VO ENDEM
NOVLORININ MUHAFiZO PERSPEKTIVLORI

Ci¢ok Miibariz quz1 9kbarova
Baki Dovlat Universiteti
chichekakbarova@bsu.edu.az

Xiilasa. Magalada Kicik Qafgaz florasinda yayilmis Crassulaceae D.C. fasilasina aid relikt va
endem névlarin taksonomik torkibi, bioekoloji xiisusiyyatlori, yayilma areallari va miihafizo
perspektivlori arasdirilmisdir. Todqiqat zamani regionda yayilan néoviarin floristik analizi apariimas,
onlarin ekoloji saraito uygunlagsma xiisusiyyatlari, fitosenotik alagalari va antropogen tasirlora gars:
hassasliq daracasi qiymatlondirilmisdir. Miiayyan edilmisdir ki, faSilaya aid bazi néviar mahdud
arealda yayimasi, yiiksok ekoloji spesifikliyi va tabii yasayis miihitlarinin deqradasiyast sababindan
tohliika altindadur. Xiisusilo otlaq sahalorinin geniglonmasi, geyri-somarali torpagq istifadasi, iglim
dayisiklikiori va antropogen amillor bu noviarin populyasiya sixligina va biomiixtalifliyin gorunmasina
moanfi tasir gostarir. Tadgigat naticasinda relikt va endem noviarin in situ va ex situ miihafizo
todbirlorinin giiclandirilmasi, xiisusi miihafiza olunan tabiat arazilorindo monitoring programlarinin
taskili, hamginin névlarin introduksiya va genofondunun qorunmasi istigamatinda tadbirlarin hayata
kecirilmasinin vacibliyi miiayyan edilmigdir. Olda olunan naticalor Kicik Qafgazin floristik
biomiixtalifliyinin gorunmasi va Crassulaceae D.C. fasilasinin nadir noviorinin davamili miihafizasi
baximindan elmi va praktik ahamiyyat kasb edir.

Acar sozlar: Kicik Qafqaz, Crassulaceae D.C., relikt , endem, biomiixtaliflik, miihafizo
perspektivlori, flora, bioekoloji xiisusiyyatlar.
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YK 624.131.1
HNEPCIEKTUBBI OXPAHBI PEJIMKTOBBIX U DSHIEMUYHBIX BUJIOB CEMEACTBA
CRASSULACEAE DC. PACIPOCTPAHEHHBIX B MAJIOM KABKA3E

Unuexk M. AxkOepoBa
bakuHckHii rocy1apcTBeHHbIH YHUBEPCUTET
chichekakbarova@bsu.edu.az

Pe3stome. B cmamve ucciedyromest makcoHOMUYECKULl COCmae, OU0IK0I02UYecKue 0CoOeHHOCmU,
apeanvl pacnpocCmpaHeHus U NepcneKmusbl OXpPaHvl PeluKmoBuiX U IHOEMUUHBIX BUO08 ceMelicmea
Crassulaceae DC., pacnpocmpanénnvix 6o ¢nope Manoeo Kaskasza. B xoode uccrnedosanus npoeeoén
@ropucmuueckuti ananuz 6uU008, pPACNPOCMPAHEHHBIX 6 pecUOHe, OYEHEeHbl UX a0anmayuoHHble
0COOEHHOCMU K IKONOSUHECKUM YCA0BUSIM, (PUMOYEHOMUYECKUE C8A3U U CIEeNneHb YYECMEUmMenlbHOCHU
K QaHMPONOSEHHbIM B030eUCMEUsIM. YCMaHoeleHo, uYmo HeKomopbvie 6udbl OAHHO20 Ccemelcmea
Haxo0simcst  noo  yepo30ll  6CleOCMBUe OSPAHUYEHHO20 apednd PAacnpoCmpaHeHusl, GblCOKOU
9KOJIO2UHECKOU Cneyu@uuHocmu u 0ecpadayuu RpUpOOHbIX MeCmooOUmaHull.

B uwacmnocmu, pacwupenue nacmoébuwy, HepPAYUOHANbHOE 3eMIENONIb308AHUE, USMEHEHUS.
KAUMAma u aHmponoz2eHuvie akmopsbl OKA3bl8arom He2camugHoe IUAHUE HA NIOMHOCIb NONYAAYUL U
coxpanenue Ouopaznoobpasus. Ilo pezyromamam ucciedosauus onpeoeieHa HeoOX00UMOCmb
YCUunenuss Mep OXPAaHbl pPeluKmosvblX U IHOeMuunvlx 6udog N Situ u ex Situ, opeanusayuu
MOHUMOPUH2OBIX NPOSPAMM HA 0CODO OXPAHAEMBIX NPUPOOHLIX MEPPUMOPUSIX, A MAKIICE Peanru3ayuu
Meponpusmul N0 UHMPOOYKYUU U COXPAHEHUI0 2eHooHOa 6u008. TlonyuenHvle pe3yibmamsl UMeom
HAyYHOe U NPakmuyecKoe 3HaueHue Ol COXPAHeHUus ¢hropucmuiecko2o 6uopasnoobpasus Manoeo
Kasxaza u ycmotiuusoii oxpanol peoxux éuooe cemeticmea Crassulaceae DC.

Kniouesvie cnosa: Manvii Kasxas, Crassulaceae DC., peruxkmosvie 6uobl, sn0emuunvie 8uobl,
buopaznoobpasue, nepcnekmuebl 0OXpamul, Gaopa, buodIKoI02UecKUe 0COOeHHOCU.
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URBANIZASIYA SORAITINDO® EKOLOJI SISTEMLORIN
TRANSFORMASIYASI VO BIOMUXTOLIFLIYIN QORUNMASI
PROBLEMLORI

Qumru Vasif qiz1 Balaxanova
Azarbaycan Dovlar Pedaqoji Universiteti
Baki s, Uzeyir Hacibayli, 68
19 bqg 91@mail.ru

Xiilasa.EImi todgiqatda wurbanizasiya soraitindo ekoloji sistemlorin transformasiyasi va
biomiixtalifliyin qorunmasi problemlori kompleks sakilda todqiq edilmisdir. Tadgiqat Baki sahari va
Abseron yarimadasinda miixtalif urbanizasiya saviyyasina malik arazilorda aparilmis, torpaq, su, hava
va bioloji komponentlorin vaziyyati miigayisali sokilda qiymatlondirilmisdir. Orazilar antropogen
tasirin intensivliyina géra yiiksak urbanizasiya, orta urbanizasiya va nishaton tabii zonalar olmagla ii¢
qrupa ayrilmusdir.

Aparilmis analizlor naticasinda miiayyon edilmisdir ki, urbanizasiya daraCasinin artmasi torpaq
ekosistemlorindo agwr metallarin miqdarmin  yiiksolmasinag, humus ehtiyatlarimin  azalmasina va
mikrobioloji aktivliyin zaifloamasina sabab olur. Eyni zamanda su hovzalarinda nitrat vo fosfat
birlogsmalorinin artmasi eutrofikasiya proseslorini siiratlondirir, atmosfer miihitinda isa PM2.5 va
PM10 hissaciklorinin konsentrasiyast yiiksalarak ekoloji keyfiyyat gostaricilarini pislasdirir.

Tadqigat naticalori gostarmisdir ki, mikromiset gobalaklarinin va bitki ortiiyiiniin név miixtolifliyi
urbanizasiya gradienti boyunca azalwr. Yiiksok antropogen tasiro moruz qalan arazilarda asasan streso
davamli sinantrop novior tistiinliik togkil etdiyi halda, nisbatan tobii zonalarda nov zanginliyi va
mikrobioloji aktivlik daha yiiksak olmusdur. Bu isa biomiixtolifliyin ekosistemlorin dayanigliliginda vo
funksional sabitliyinda miihiim rol oynadigini tasdiglayir.

Miiayyan edilmisdir ki, yasillig sahalori Vo tobii landsaftlar urban ekosistemlarinda
biomiixtalifliyin qorunmasi, ekoloji tarazligin saxlanilmasi va antropogen tosirlorin azaldilmasi
baximindan miihiim ahomiyyat dasywr. Tadgigatin  naticalori  urbanizasiya saraitinda  ekoloji
monitoring sistemlarinin  tokmillogdirilmasi, yasilliq zonalarmmn genislondirilmasi va davaml
soharsalma strategiyalarinmin hazirlanmast iigiin elmi asas yaradir.

Agar sézlar: urbanizasiya, ekoloji sistemlor, biomiixtaliflik, mikromiset gobalaklori, torpag
ekosistemlori, antropogen tosir, ekoloji monitoring, ekosistem transformasiyasi, sahar ekosistemlori,
atraf miihitin miihafizasi

Giris.Miiasir dovrde urbanizasiya prosesi diinya miqyasinda sosial-iqtisadi inkisafin osas
istigamotlorindan biri kimi xarakterizo olunur. Ohali artimi, sonayelogmonin siiratlonmoasi, texnoloji
toragqi va soharlorin geniglonmosi naticasinds tobii ekosistemlor ciddi antropogen tasirlora moruz galir.
XXI1 asrda gohar miihitinin siiratlo transformasiyasi yalniz insanlarin yasayis vo foaliyyat saholorinin
genislonmasi ilo mohdudlasmir, eyni zamanda biosferdo bas veron ekoloji doyisikliklorin asas
sabablarindan birina ¢evrilir. Urbanizasiya prosesinin intensiv xarakter almasi ekoloji sistemlorin
strukturunda, funksional xiisusiyyatlorinde vo biomiixtaliflik gdstaricilorinds ciddi doyisikliklor
yaradir. Bu baximdan urbanizasiya soraitindo ekoloji sistemlorin transformasiyasinin dyranilmosi va
biomiixtolifliyin qorunmasi problemlorinin elmi osaslarla tohlili miiasir ekologiyanin aktual
istigamatlarindan biri hesab edilir.

Saharlogsma noticasinda torpaq Ortiiyliniin doyisdirilmasi, yasilliq saholorinin azalmasi, sonaye
tullantilarinin artmasi, atmosfer havasinin ¢irklonmasi, su ehtiyatlarinin deqradasiyasi vo antropogen

sas-kiiy ekosistemlarin tobii balansini pozur. Urbanizasiya ekoloji sistemlorin komponentlori arasinda
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movcud olan garsilight slagolorin zaiflomasine vo bir ¢ox canli novlorinin yasayis miihitlarinin
fragmentasiyasina sobob olur[1, s.73]. Naticads flora vo fauna névlarinin populyasiya sixligr azalir,
bozi novlor urban miihits uygunlasa bilmadiyi ti¢iin areallarini1 tork edir vo ya tamamilo yox olmaq
tohliikasi ilo iizlosir. Belo soraitdo urban ekosistemlords yalniz yiiksok adaptasiya gabiliyyatina malik
novlarin istiinliik gazanmasi bioloji miixtalifliyin homogenlosmasina gatirib ¢ixarir.

Ekoloji sistemlarin transformasiyasi urbanizasiyanin an miithiim naticalorindan biri hesab olunur.
Tobii landsaftlarin antropogen landsaftlarla ovoz olunmasi biosenozlarin strukturunu doyisdirir vo
enerji axminda, maddalor dovraninda, trofik alagslordo pozulmalar yaradir. Sohor ekosistemlorinda
temperaturun yiiksalmasi naticosinds formalasan “istilik adas1 effekti”, atmosferdo karbon qazinin va
digar cirklondiricilorin miqdarinin artmasi, torpaq eroziyasi vo su hovzeolorinin eutrofikasiyasi
urbanizasiyanin ekoloji naticalorinin asas gostoricilorindondir[2, s. 45] . Bu doayisikliklor yalniz ayri-
ayr1 novlars deyil, biitovliikds ekosistemlorin davamliligina va ekoloji tohliikasizliys tosir gostarir.

Biomiixtaliflik ekosistemlorin sabitliyini, mahsuldarligini va 6ziiniibarpa potensialini tomin edan
osas ekoloji amillordon biridir. Nov miixtalifliyi, genetik mixtaliflik vo ekosistem miixtolifliyi tobii
miihitin davamliliginin qorunmasinda mithiim rol oynayir. Lakin urbanizasiya prosesinin genislonmasi
biomiixtoaliflik {igiin asas tohliika monbalarindon biri hesab olunur. Sahorsalma faaliyyati naticasinds
tobii biotoplarin mohv edilmasi, yasilliq zonalarinin azalmasi, invaziv névlarin yayilmasi vo ekoloji
cirklonmonin giiclonmasi biomiixtalifliyin zaiflomasine sabab olur. Xiisusilo nadir vo endemik novlor
urbanizasiyanin tasirlorino daha hassas olduglari iigiin onlarin populyasiyalarinda ciddi azalmalar
miisahido edilir[3, s.24].

Miasir ekologiyada urban ekosistemlor antropogen ekosistemlorin xiisusi formasi kimi
giymotlondirilir. Bu sistemlordo insan foaliyyoti osas tonzimloyici faktor oldugundan tobii
oztiniitonzimlomo mexanizmlari zoifloyir. Urban miihitdo ekoloji tarazligin qorunmasi magsadils
yasilliq saholorinin artirilmasi, ekoloji planlagdirmanin totbigi, ekoloji monitoring sistemlorinin
yaradilmast vo davamli sohor inkisafi strategiyalarinin hazirlanmasi xiisusi shamiyyot kasb edir. Son
illorda “yasil sohar”, “ekoloji sohorsalma”, “dayaniqli urbanizasiya” vo “tobistosasli hallor” kimi
yanagmalar urbanizasiyanin monfi tosirlorinin azaldilmasi istigamotindo mithiim elmi-praktik
konsepsiyalar kimi formalagmigdir.

Urbanizasiya soraitinds biomiixtolifliyin qorunmasi yalniz ekoloji deyil, hom do sosial v igtisadi
baximdan miithiim shamiyyat dasiyir. Biomiixtalifliyin azalmasi ekosistem xidmatlorinin zaiflomasina,
iglim dayisikliklarinin tosirlorinin giiclonmasina vo insan saglamligi {iglin risklorin artmasina sabab
olur. Tobii ekosistemlorin deqradasiyast su vo hava keyfiyyatinin pislosmasine, torpaqlarin
mohsuldarliginin azalmasina va urban arazilords ekoloji risklorin yiiksalmasina gotirib ¢ixarir[4, s.24].
Buna gora do urbanizasiya prosesinin idars olunmasi zamani ekoloji tohliikasizlik prinsiplarinin nazors
alinmasi, biomiixtalifliyin qorunmasi tadbirlorinin hoyata kegirilmasi va ekoloji maariflondirmanin
gliclondirilmasi miithiim vozifalordan biridir.

Diinyanin bir ¢ox iri sohorlorinds urbanizasiya ilo biomiixtoliflik arasinda qarsiliqlt alagelorin
oyranilmasi mogsadilo genismiqyash todqiqatlar aparilir. Miasir elmi arasdirmalar gostorir ki, sohar
orazilorinda yasilliq zolaglarinin vo urban mesalorin artirilmasi, ekoloji koridorlarin yaradilmasi,
antropogen yiikklonmonin optimallagdirilmas1  vo  ekoloji  monitoring  sistemlorinin  totbiqi
biomiixtolifliyin qorunmasina miisbot tosir gostorir. Xiisusilo urban torpaglarda mikroorganizmlarin,
gobaloklarin vo digoar canli qruplarinin ekoloji funksiyalarmin 6yronilmasi sohar ekosistemlorinin
davamliliginin giymatlondirilmasi baximindan miihiim elmi shomiyyats malikdir.

Azorbaycan soraitindo do urbanizasiya prosesi xiisusilo iri gohorlords vo Sonaye zonalarinda
ekoloji sistemlora ciddi tosirlor gostorir. Baki sohori vo otraf orazilordo urbanizasiyanin intensiv
inkisafi noticasindo tobii landsaftlarin doyismosi, atmosfer havasiin ¢irklonmasi, torpaq Ortiiyiiniin
antropogen transformasiyasi vo biomiixtoliflik gostoricilorinin azalmasi miisahide olunur. Bu
baximdan urban ekosistemlordo bas veron ekoloji dayisikliklorin dyranilmasi vo biomixtalifliyin
gorunmasi problemlarinin todqiqi 6lkonin ekoloji tohliikasizliyi vo dayanigli inkisaf strategiyasi
baximindan xiisusi aktualliq kasb edir[5, s.288] .

62



Biologiya Elmi xabarlor macmuasi

Ne 2/2026 soh.61-72

Urbanizasiya soraitindo ekoloji sistemlorin transformasiyasi vo biomiixtalifliyin qorunmasi
problemlorinin 6yranilmasi ekosistemlorin davamliliginin tomin olunmasi, tobii resurslarin somarali
istifadasi vo insan-comiyyat-tobiot miinasibatlorinin optimallagdirilmasi1 baximmdan miihiim elmi-
praktik ohomiyyoto malikdir. Bu istigamotdo aparilan todqiqatlar urban miihitdo ekoloji tarazligin
gorunmasi, biomiixtalifliyin miihafizasi vo davamli sohar inkisafi modellorinin hazirlanmasi ti¢iin elmi
asaslarin formalasdirilmasina xidmat edir.

Movzunun aktualligi.Miiasir dovrdo urbanizasiya prosesinin siiratli inkisafi ekoloji sistemlors
tosir edon on miihiim antropogen amillordon biri hesab olunur. Diinya ohalisinin boyiik hissasinin
soharlordo maskunlagmasi, sonaye miiassisalorinin va nagliyyat infrastrukturunun genislonmasi, tabii
orazilorin yasayis vo istehsal sahalorine gevrilmasi biosferds ciddi ekoloji doyisikliklorin yaranmasina
Sabab olmusdur. Urbanizasiyanin intensiv xarakter almasi naticasinds tobii ekosistemlarin strukturunda
transformasiya prosesi siiratlonmis, biomiixtaliflik gostaricilorinds azalma, ekoloji tarazligin pozulmasi
Vo otraf miihitin deqradasiyasi kimi problemlor daha qabariq sokildo 6ziinii gostormaya baglamigdir.
Bu baximdan urbanizasiya soraitindo ekoloji sistemlorin transformasiyasi vo biomiixtalifliyin
gorunmasi problemlarinin dyranilmasi miiasir ekologiya elminin on aktual istigamatlarindan biri hesab
edilir.

Urbanizasiyanin geniglonmasi naticasinds tobii landsaftlarin antropogen landsaftlarla ovoz
olunmasi canli orqanizmlarin yasayis miihitlarinin mohv edilmasino vo ya fragmentasiyasina sabab
olur. Sohorlorin genislonmasi zamani yasilliq saholorinin azalmasi, torpaq Ortiiyiiniin doyismasi,
atmosfer havasinin vo su hdvzalorinin ¢irklonmasi ekosistemlorin funksional sabitliyini zoifladir.
Xiisusilo sanaye va nagliyyatin intensiv inkisaf etdiyi urban orazilorde antropogen tasirlor naticasinds
flora vo fauna novlarinin populyasiya dinamikasinda doyisikliklor bas verir, bir ¢ox novlorin say1 azalir
Vo bazi canli qruplari yox olmaq tohliikasi ilo iizlegir. Bu proseslor biomiixtalifliyin qorunmasi
mosalasini global ekoloji problemlor sirasina daxil etmisdir[6, s.24].

Movzunun aktualligini sortlondiron asas amillordon biri do iglim doyisikliklori ilo urbanizasiya
proseslori arasinda qarsiligli alagenin giiclonmasidir. Sohar orazilorindo atmosfers atilan istixana
qazlarinin miqdariin artmasi, “istilik adasi effekti”, torpaq vo su ehtiyatlarinin deqradasiyasi ekoloji
sistemlorin davamliligina monfi tasir gostarir. Urban ekosistemlords bas veran bu doyisikliklor hom
ekoloji, hom do sosial-igtisadi problemlorin yaranmasina sobab olur. Ekosistem xidmatlorinin
zoiflomosi, hava vo su keyfiyyatinin pislosmasi, insanlarin saglamligi {igiin risklorin artmasi
biomiixtolifliyin qorunmasinin yalniz tobistin mithafizasi deyil, eyni zamanda insan rifah1 baximimdan
da mithiim ohomiyyat dasidigini gostorir.

Miiasir elmi tadqigatlar siibut edir ki, biomiixtaliflik ekosistemlarin dayanigligini va 6ziiniibarpa
potensialin1 tomin edon osas amillordondir. Lakin urbanizasiya soraitindo antropogen yiiklonmanin
artmasi naticasinds ekoloji nislorin doyismasi, invaziv novlorin yayilmast vo tobii biosenozlarin
deqradasiyas1 biomiixtolifliyin azalmasina sobob olur. Xiisusilo urban torpaglarda mikroorganizmlarin,
mikromiset gobaloklorinin, bitki vo heyvan névlarinin ekoloji funksiyalarinda bas veran doyisikliklor
sohor ekosistemlorinin imumi sabitliyino tosir gostorir. Buna goro do urban ekosistemlards bioloji
miixtolifliyin voziyyatinin giymotlondirilmasi vo gorunma mexanizmlorinin islonib hazirlanmasi
miithiim elmi-praktik shomiyyato malikdir[7, s.23].

Azorbaycan soraitindo do wurbanizasiya prosesinin intensiv inkisafi ekoloji problemlarin
aktualligin1 daha da artirmigdir. Xiisusilo Baki soharindo vo digor iri sonaye markoazlorinda
urbanizasiyanin  tasiri  naticoesinde atmosfer havasinin ¢irklonmasi, torpaglarin  antropogen
deqradasiyasi, yasilliq orazilorinin azalmasi vo biomiixtaliflik gostaricilorinin zaiflomasi miisahido
olunur. Urban ekosistemlards ekoloji doyisikliklorin kompleks sokilda Gyranilmasi 6lkanin ekoloji
tohliikasizliyinin  tomin olunmasi, tobii resurslardan somaorali istifado vo dayanighi inkisaf
strategiyalarinin hazirlanmasi baximindan xtisusi shamiyyat kasb edir.

Bununla yanasi, miiasir dovrds davamli sohar inkigafi konsepsiyasinin prioritet istigamatlorindan
biri biomiixtalifliyin qorunmasi va urban ekosistemlorin ekoloji dayanigliginin tomin edilmasidir.
“Yasil sohor” konsepsiyasi, urban mesalorin salinmasi, ekoloji koridorlarin yaradilmasi, tobistosasl
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hollorin totbiqi vo ekoloji monitoring sistemlorinin inkisaf etdirilmasi urbanizasiyanin manfi
tosirlorinin azaldilmasina yonolmis osas todbirlor sirasindadir. Bu todbirlorin  effektivliyinin
giymatlondirilmoasi iso urban ekosistemlords bas veran transformasiya proseslarinin elmi osaslarla
oyranilmasini talob edir[8, s.23].

Urbanizasiya soraitindo ekoloji sistemlorin transformasiyasi vo biomiixtalifliyin gqorunmasi
problemlorinin todqiqi miasir ekologiyanin miihiim vo aktual elmi istigamotlorindan biri olmagla
yanasi, ham do ekoloji tohliikasizliyin tomin olunmasi, insan saglamliginin qorunmasi vo davamli
inkisaf prinsiplarinin hayata kecirilmasi baximindan bdyiik nozari vo praktik shamiyysto malikdir.

Tadgigatin magsadi.Tadqgigatin magsadi urbanizasiya soraitinds ekoloji sistemlorin struktur va
funksional dayisikliklorini aragdirmaq, antropogen tasirlorin biomiixtalifliys gostordiyi monfi tosirlori
giymatlondirmok va bu tasirlorin azaldilmasi ti¢iin ekoloji baximdan effektiv qorunma va idarsetmo
yanasmalarimi mioyyanlosdirmokdir. Eyni zamanda, urban ekosistemlords bioloji miixtalifliyin
movcud voaziyyatini tohlil etmak vo onun davamliliginin tomin olunmasi {iglin elmi asash tovsiyalor
hazirlamaq da asas mogsadlor sirasindadir.

Tadgigat obyekti.Todgigatin obyekti urbanizasiya soraitinds formalasan vo antropogen tasirlora
moruz galan ekoloji sistemlordir. Xiisusilo sohor miihitinde movcud olan tobii va yarimtabii
ekosistemlar, o climladan torpaq, su vo hava miihitlori, yasilliq zonalari, park vo bag sahalari, eloco do
bu miihitlards yasayan bitki, heyvan vo mikroorganizm komplekslori tadgiqatin asas obyektini toskil
edir. Eyni zamanda, urban ekosistemlords biomiixtalifliyin struktur vo funksional xiisusiyyatlori, név
torkibinds bas veran doyisikliklor vo antropogen yiiklonmonin tosiri do todgigat obyektino daxildir.

Tadgiqat metodlari. Todgigatda ekoloji sistemlorin urbanizasiya soraitinds transformasiyasini
Vo biomiixtaliflik gostaricilarini giymatlondirmak {igiin kompleks elmi metodlardan istifads edilmisdir.
Osas metod Kimi saha todqigatlar1 aparilaraq sohar va Sanaye miihitlarinds miixtalif ekoloji zonalardan
niimunalar toplanmis, ekosistemlarin vaziyyati yerinds miisahido olunmusdur.

Bununla yanagi, laboratoriya analizlori vasitasilo toplanmis niimunolordo bioloji mixtoliflik
gostoricilori, o ciimlodon mikroorganizmlorin vo digor canli qruplarinin torkibi vo yayilma
xtisusiyyatlori dyronilmisdir. Miiqayisoli ekoloji analiz metodundan istifado edilorok ¢irklonmis vo
nisbaton tomiz arazilor arasinda farglor miioyyan edilmisdir.

Statistik analiz metodlar vasitasilo aldo olunan naticalor emal edilmis, biomiixtaliflik indekslori
hesablanmig vo urbanizasiyanin ekosistemlora tosir doracasi giymotlondirilmigdir. Bundan olavs,
odobiyyat icmali metodu osasinda son illorin elmi manbolori tohlil edilorok naticoloro elmi
osaslandirma verilmisdir.

Materiallar va miizakiralor

Aparilmis todgiqatin material bazas1 Baki gohori vo Abseron yarimadasi orazisinds urbanizasiya
prosesinin miixtolif intensivlik dorocalorini ohato edon ekoloji monitoring sahalorindon toplanmis
kompleks torpaq, su, hava vo bioloji niimunolor asasinda formalasdirilmigdir. Secilmis orazilor
regionun ekoloji xiisusiyyatlorini, antropogen yiiklonmoa Soviyyasini vo tobii landsaftlarin
transformasiya doarocasini aks etdiracok sokildo planlagdirilmisdir. Bu yanasma urban ekosistemlorin
struktur va funksional doyisikliklorini daha obyektiv vo miigayisali sokilda giymotlondirmoys imkan
vermisdir.

Todqgigat zamani osas moaQsad urbanizasiya gradienti boyunca ekosistem komponentlarinin
(abiotik vo biotik faktorlarin) doyismo dinamikasini miioyyan etmok olmusdur. Bunun {igiin se¢ilmis
monitoring sahalorinds torpagin iist qatindan (0-20 sm) niimunoalor gotiiriilmiis, su obyektlarindon sath
suyu niimunalori toplanmis, atmosfer havasimin c¢irklonmo gostoricilori iss PM2.5 vo PM10
hissaciklori, azot vo karbon oksidlori asasinda giymotlondirilmisdir. Eyni zamanda, homin orazilords
movcud olan bitki Ortiiyli, mikroorqanizmlor Vo xiisusilo mikromiset gobaloklorinin yayilma
xiisusiyyatlori 6yronilmisdir. Bu materiallar ekosistemlorin bioloji miixtaliflik saviyyasini vo ekoloji
sabitlik gostaricilorini miioyyan etmok {igiin asas elmi baza rolunu oynamisdir.

Secilmis todgigat orazilori antropogen tasirin intensivliyino gors ti¢ asas zonaya ayrilmisdir. I
zona yiiksok sanaye va nagliyyat tasirino moruz galan orazilori ohats edir vo burada ekoloji yiikklonma
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maksimum soviyyadadir. Bu zonaya Baki-Sumgqayit sonaye dohlizi, Qaradag sonaye kompleksi,
Suraxani vo Sabungu sonaye Vo logistika sahslori daxil edilmisdir. II zona orta urbanizasiya
Saviyyasino malik yasayis vo qarisiq funksiyali sohor orazilorini Yasamal, Norimanov, Xotai vo
Binogoadi rayonlarimi ohato edir. Il zona iso nisbaton tobii ekoloji soraitini qoruyan yasilliq vo
rekreasiya orazilorindon Mordokan dendroloji zonasi, Siivolan—Buzovna sahil zolagi, Pirsagi
ekosistemi vo Abseron Milli Parki otrafi sahalordan ibaratdir.

Bu zonal bélgii ekosistemlarin antropogen tasirs reaksiyasini miiqayisali sokilds 6yranmak tigiin
elmi osas yaratmisdir. Belo ki, | zonada insan foaliyyati naticosindo ekosistemlorin giiclii
transformasiyasi, II zonada kegid xarakterli ekoloji doayisikliklar, 111 zonada iss tobii ekoloji tarazligin
nisbaton qorunmasi miisahido edilmisdir. Bu yanagma urbanizasiya prosesinin biomiixtalifliys, torpaq
Vo su resurslarina, eloco do atmosfer miihitino tosirini sistemli sokildo giymotlondirmoys imkan
vermisdir.

Umumilikds, todqigatin material bazas1 urban ekosistemlorin kompleks sokilda dyranilmasini
tomin edon ¢oxkomponentli elmi molumatlar toplusu kimi ¢ixis edir vo bu, ekoloji sistemlorin
transformasiyasi vo biomiixtalifliyin qorunmasi problemlarinin daha darindan tohlilins sorait yaradir.

Aparilmig analizlor gostorir Ki, urbanizasiya doracasinin artmasi ilo torpaq ekosistemloarinin
kimyavi vo bioloji strukturu ohomiyyatli doracads doyisir. Xiisusilo agir metallarin (Pb, Cd, Zn)
konsentrasiyasinin yiiksalmosi, humus qatinin azalmasi vo pH balansinda bas veran doyisikliklor
torpaq miihitinin antropogen tasir altinda deqradasiyaya ugradigini gostorir. Bu doyisikliklor torpagin
bioloji aktivliyini zsiflodir, mikroorqanizm populyasiyalarini azaldir vo ekosistemlorin 6ziiniibarpa
gabiliyyatini mohdudlasdirir.

Urbanizasiya gradienti {izra aparilmis miiqayisali tohlil asagidaki naticalori ortaya ¢ixarmisdir:

Cadval 1.
Torpaq ekosistemlarinin Kimyavi va bioloji gostaricilari

Pb Cd Zn Humus

Zona orazilar (mg/kg) | (mg/kg) | (mg/kg) (%)

pH

I 1-4 (Baki-Sumgqayit, Qaradag,

85-135 | 2542 | 220410 | 1.0-1.8 | 7.8-85
zona Suraxani, Sabuncu)

] 5-9 (Yasamal, Narimanov,

,0na Xotai, Binogodi) 40-70 1.1-2.0 | 150-260 | 2.8-39 | 7.2-7.8

10-14 (Mardokan, Siivalan,
Pirsag1, Abseron MP, 10-28 0.2-0.6 | 80-140 | 4.2-6.1 | 6.8-7.3
Qobustan)

i
Zona

I zonada (Baki-Sumgqayit sonaye dohlizi, Qaradag, Suraxani vo Sabungu) torpaq ekosistemlari an
yiiksok antropogen yiiklonmaya moruz galir. Bu orazilords Pb vo Cd kimi toksik elementlorin yiiksok
gostaricilori  sonaye emissiyalari, noagliyyat tullantilari vo texnogen ¢irklonmo monbalarinin
intensivliyini tosdiq edir. Humus miqdarinin 1.0-1.8% arasinda olmasi torpagin tizvi maddslarlo zaif
tomin olundugunu vo bioloji proseslorin zaiflodiyini gostarir.

Il zonada (Yasamal, Norimanov, Xotai, Binogoadi) gostaricilor orta soviyyadadir. Bu orazilords
antropogen tosir davam etso do, ekosistemlor miioyyan doracods stabilliyini saxlayir. Humus
miqdarinin 2.8-3.9% olmasi torpagin qismon barpa gabiliyystina malik oldugunu gostarir.

Il zonada (Moardokan, Siivalan, Pirsagi, Abseron Milli Parki otrafi vo Qobustan) iss torpaq
ekosistemlori daha stabil voziyystdodir. Agir metal konsentrasiyasinin asagi olmast vo humus
miqdarinin 4.2-6.1% araliginda doyigsmasi bu arazilorin tobii ekoloji tarazligini qorudugunu gostarir.
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Olds olunan naticalor urbanizasiya ilo torpag ekosistemlorinin deqradasiyasi arasinda giiclii
olagonin oldugunu tosdigloyir. I zonadan III zonaya dogru kec¢dikco agir metal girklonmosi azalir,
humus miqdar artir vo ekosistemlarin bioloji sabitliyi yiiksalir. Bu iss yasilliq zonalarinin va tabii
landsaftlarin urban ekosistemlorin dayaniqliginda miithiim rol oynadigini gostarir.

Urbanizasiya prosesinin intensivlosmasi ekosistemlorin mikrobioloji komponentlarina, xiisusilo
torpaq mikromisetlorinin struktur vo funksional gostariciloring ciddi tosir gostorir. Sohor miihitindos
artan antropogen tozyiq, agir metal ¢irklonmosi, torpagin sixlasmasi, tizvi maddslorin azalmasi vo
mikroiglim doyisikliklori mikromiset populyasiyalarnin hom komiyyst, hom do keyfiyyot
gostaricilarini doyisdirir. Noticads tobii ekosistemlar tiglin xarakterik olan ndv zanginliyi azalir, ekoloji
cohatdon davamli novler isa tadricon sinantrop formalarla avoz olunur. Bu proses ekosistemlarin
biogeokimyavi dovrlarinds pozulmalara va torpagin 6ziiniibarpa potensialinin zaiflomasina sabab olur.

Mikromisetlor torpaq ekosistemlorinds {izvi maddslorin par¢alanmasi, humus omologalmasi vo
gida elementlorinin dévraninda miihiim rol oynayan asas mikroorqanizm qruplarindan biridir. Onlarin
nov torkibinds vo aktivliyindo bas veron doyisikliklor ekosistemin @imumi saglamliq vaziyyatinin
gostaricisi kimi gobul edilir. Xiisusilo urbanizasiya gradienti boyunca mikromisetlorin struktur
dayisikliklorinin &yronilmasi ekoloji monitoring va biomiixtalifliyin giymatlondirilmasi baximindan
miithiim elmi shamiyyat dasiyir.

Aparilmig todqiqat ¢orgivasinds Baki sohori vo Abseron yarimadasi lizro secilmis miixtolif
antropogen tasir saviyyasino malik orazilordo mikromisetlorin nov torkibi, dominant cinslori vo
mikrobioloji aktivlik gostoricilori miiqayisali sokildo tohlil edilmisdir. Asagidaki codvaldo bu
gostaricilor urbanizasiya gradienti {izra imumilosdirilmisdir.

Cadval 2.
Mikromisetlorin név miixtalifliyi vo mikrobioloji aktivliyi
Zona | Nov say1 Dominant cinslar Mikrobioloji aktivlik indeksi
zolna 30-45 Aspergillus, Penicillium, Cladosporium 0.40-0.58
Z(;:\a 55-75 Qaris1q sinantrop vo tobii novlor 0.62-0.80
Z(I)Ir:a 85-110 | Alternaria, Trichoderma, indikator novlor 0.83-0.96

Almmis naticolor gostarir ki, mikromisetlorin nov miixtolifliyi urbanizasiya soviyyasi ilo tors
korrelyasiya toskil edir. Yiiksok antropogen tasiro moruz galan | zonada mikromisetlorin név sayi
nisbaton asagidir vo osasen stres soraitino davamli sinantrop ndvlorlo mohdudlasir. Bu zonada
Aspergillus, Penicillium vo Cladosporium Kimi cinslarin dominanthigi torpagda kimyavi va fiziki stres
faktorlarinin yiiksok oldugunu gostorir. Mikrobioloji aktivliyin asagi olmasi (0.40-0.58) {iizvi
maddolorin par¢alanma proseslorinin zaifladiyini vo ekosistem funksiyalarinin mohdudlasdigini tosdiq
edir.

Il zonada mikromisetlorin név miixtalifliyi orta soviyyadodir vo hom sinantrop, ham do tobii
ekoloji soraito uygunlagsmis novlorin paralel mévcudlugu miisahido olunur. Bu vaziyyat urbanizasiya
tosirinin kegid xarakter dasidigini vo ekosistemlorin tam deqradasiyaya ugramadigini gostorir.
Mikrobioloji aktivliyin 0.62—0.80 intervalinda olmasi torpagin gismon stabil funksional voziyyatini
saxladigim gostarir.

1l zonada iso mikromisetlorin yiiksok nov zonginliyi (85-110 nov) ekosistemlarin tabii
voziyyato yaxin oldugunu gostorir. Bu orazilords indikator ndvlorin, xtsusilo Alternaria vo
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Trichoderma cinslorinin istiinliik toskil etmasi torpagin ekoloji saglamliginin goéstaricisidir. Yiiksok
mikrobioloji aktivlik (0.83-0.96) {izvi maddalorin intensiv par¢alanmasini vo biogeokimyavi dovrlarin
stabil sokilds faaliyyat gostordiyini tasdiq edir.

Umumilikda naticalor gostarir ki, urbanizasiya torpaq mikromisetlorinin strukturunu sadelosdirir,
ekosistemlorin funksional dayanigligimi zaiflodir vo biomiixtslifliyin azalmasina sabob olur. Oksing,
tobii vo yasilliq zonalar1 mikromisetlorin yiiksok miixtalifliyini qoruyaraq ekosistem sabitliyinin asas
tominatgisi rolunu oynayair.

Urbanizasiya prosesinin intensivlosmosi su vo atmosfer ekosistemlorinin  keyfiyyast
gostaricilorino birbasa tosir gostoron osas antropogen amillordon biridir. Sshor miihitindo Sanaye
miiassisalarinin faaliyyati, nogliyyat emissiyalari, moaisat tullantilarinin artmasi va yasilliq sahalarinin
azalmasi naticasindo ham hidrosfer, hom do atmosfer komponentlorinds ciddi kimyavi va fiziki
doyisikliklor bas verir. Bu doyisikliklor ekosistemlorin funksional sabitliyini zaiflodir, bioloji
miixtolifliyi azaldir vo ekoloji tarazligin pozulmasmna gotirib ¢ixarir. Xiisusilo azot vo fosfor
birlosmalarinin su hovzalarinds artmasi eutrofikasiya prosesini siiratlondirir, atmosferds iss PM2.5 va
PM10 kimi toz hissaciklorinin yiiksalmasi insan saglamligi vo bitki ortiiyii ligiin risk yaradir.

Cadval 3.
Su va hava keyfiyyat gostaricilari

Zona | Nitrat (mg/L) | Fosfat (mg/L) | PM2.5 (ug/m?) | PM10 (ug/m?) Ekoloji vaziyyat
| zona 4268 2.8-4.6 52-78 80-120 | Yiiksok ¢irklonma
. 20-35 1.0-2.0 30-50 55-85 | Orta ¢irklonma
zona
zl)lrlla 7-14 0.2-0.7 10-18 20-40 | Yaxs1 ekoloji vaziyyat

Aparilmig analizlor gostarir ki, su ekosistemlorinin keyfiyyati urbanizasiya daracasi ilo tors
miitonasibdir. | zonada (senaye vo yiiksok nagliyyat yiikklonmasi olan arazilor) nitrat (42—68 mg/L) va
fosfat (2.8-4.6 mg/L) konsentrasiyalarinin yiiksok olmasi eutrofikasiya prosesinin intensivliyini
gostarir. Bu proses su hovzoalarinds fitoplanktonun haddindan artiq inkisafina sobab olur va naticado
oksigen c¢atigsmazligi (hipoksiya) yaranir. Hipoksik sorait hidrobioloji miixtalifliyin azalmasina vo
trofik zoncirin pozulmasina gatirib ¢ixarir.

II zonada gostoricilor orta saviyyadadir vo bu, urban tssirin gismon stabil oldugu kegid
ekosistemlorini oks etdirir. Bu arazilords su hovzalori tam deqradasiyaya ugramamis, lakin antropogen
yiikklonmoanin tosiri artiq miisahido olunur. Bu vaziyyat ekosistemlorin adaptasiya marhalasinds
oldugunu gostarir.

I11 zonada isa su keyfiyyati gostaricilori xeyli yaxsidir. Nitrat vo fosfat konsentrasiyalarinin asagi
olmas1 (7-14 mg/L va 0.2-0.7 mg/L) su ekosistemlarinin tabii balansin1 qorudugunu gostorir. Bu
orazilords eutrofikasiya riski minimaldir vo hidrobioloji miixtaliflik daha stabil saxlanilir.

Atmosfer gostaricilorina nazor saldiqda, 1 zonada PM2.5 vo PM10 hissaciklorinin yiiksok
soviyyodo olmasi sonaye emissiyalart vo avtomobil nogliyyatinin intensivliyini tosdiq edir. Bu
cirklonmo hom insan saglamligina, hom ds bitki Srtiiyiiniin fizioloji proseslorina manfi tosir gostorir. 11
zonada ¢irklonma orta saviyyadadir, 1l zonada iso hava keyfiyysti daha yaxsidir va ekoloji sorait
nisbaton stabildir.

Umumilikda neticalor gostorir ki, urbanizasiya su vo hava ekosistemlorinin keyfiyystini ciddi
sokilda pisloesdirir, lakin yasilliq zonalar1 va tabii arazilor bu tasiri gismon yumsaldaraq ekoloji balansin
qgorunmasinda miihiim rol oynayir.

Urbanizasiya prosesinin intensivlosmasi ekosistemlorin biotik komponentloring, xiisusils bitki vo
mikroorganizm qruplarinin név torkibine vo imumi biomiixtaliflik soviyyasino kompleks sokilda tasir
gostorir. Sohor miihitindo artan antropogen yiiklonma, yasayis vo Sonaye saholorinin genislonmasi,
yasilliq zonalarinin azalmasi vo ekoloji parcalanma (fragmentasiya) naticasinds tobii ekosistemlor
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todricon sadslosir vo név miixtalifliyi azalir. Bu proses ekosistemlarin struktur sabitliyini zaifladir vo
onlarin 6ziiniibarpa potensialint mohdudlasdirir.

Cadval 4.
Nov miixtalifliyinin miiqayisasi
Zona Bitki va mikroorganizmlarin nov say1 Ekoloji status
| zona 30-50 Asagi biomiixtaliflik
Il zona 55-80 Orta biomiixtaliflik
Il zona 85-110 Yiiksok biomiixtaliflik

Aparilmig todqiqatin noticalori gostorir ki, biomiixtaliflik gostoricilori urbanizasiya gradienti
boyunca kaskin va sistemli sokildo doyisir. I zonada (yiiksak sonaye va nagliyyat tasirina moaruz galan
orazilar) bitki vo mikroorganizm ndv zonginliyinin asagi olmasi ekosistemlorin ciddi antropogen tozyiq
altinda oldugunu gostorir. Bu zonada név sayr 30-50 intervalinda doyisir ki, bu da ekoloji miihitin
sadalogdiyini vo yalniz streso davamli sinantrop ndvlorin Ustiinliik toskil etdiyini tasdiglayir. Belo
soraitdo ekosistemlarin funksional slagslari zaiflayir, trofik sobokalor daralir vo bioloji sabitlik azalir.

II zonada biomiixtaliflik gostaricilori orta saviyyadadir (55-80 név). Bu arazilor kegid xarakterli
ekosistemlar kimi giymatlondirilir vo burada ham tabii, hom do antropogen tasirlora uygunlasmis
novlar paralel sokildo movcuddur. Bu vaziyyat ekosistemlorin tam deqradasiyaya ugramadigini, lakin
davamli urban tosir altinda transformasiya prosesindo oldugunu gostorir. Ekoloji statusun “orta
biomiixtoliflik” kimi giymatlondirilmasi bu zonalarin hom risk, hom do potensial barpa zonalart
oldugunu ortaya qoyur.

[l zonada iso biomiixtaliflik maksimum saviyyays yaxin gostoricilor niimayis etdirir (85-110
nov). Bu arazilords ekoloji sorait daha stabil, antropogen tasir iso minimaldir. Noticads bitki ortiiyii vo
mikrobioloji komponentlor arasinda yiiksok nov miixtalifliyi qorunur. Bu zonalar ekosistemlorin tabii
vaziyyatini oks etdirorok “ekoloji dayaniqliq zonalar” kimi ¢ixig edir vo urban miihit ii¢iin mithiim
bioloji refugium rolunu oynayir.

Alinan naticalor biomiixtaliflik vo urbanizasiya arasinda giiclii manfi korrelyasiyanin mévcud
oldugunu tasdiq edir. Urbanizasiya doaracasi artdiqca név zanginliyi azalir, ekosistemlor homogenlosir
va bioloji stabillik zaiflayir. Oksino, tabii vo yasilliq zonalarinda yiiksok biomiixtoliflik ekosistemlorin
davamliligini va ekoloji tarazligin qorunmasini tomin edon asas amil kimi ¢ixis edir.

Aparllmig  todqiqatin  imumilogdirilmis noticolori  gostorir ki, urbanizasiya proseslori
ekosistemlarin biitiin struktur vo funksional komponentlorino kompleks, ¢oxsahali vo qgarsiliql olagoli
tosir gostorir. Sohor miihitindo Sonaye istehsalinin geniglonmasi, nogliyyat intensivliyinin artmas,
moisot Vo texnogen tullantilarin g¢oxalmasi, eloco do yasilliq saholorinin azalmasi naticasinds
ekosistemlords ciddi antropogen transformasiyalar bas verir. Bu transformasiyalar torpaq, su vo
atmosfer miihitlorinin ¢irklonma soviyyasinin yiiksalmasi ilo yanasi, bioloji miixtalifliyin azalmasi vo
ekoloji sistemloarin funksional zaiflomasi ilo xarakterizs olunur.

Oldos olunan naticalor gostarir Ki, torpaq ekosistemlorinds agir metal ¢irklonmasinin artmasi,
humus qatinin azalmasi vo mikromiset populyasiyalarinin strukturunun sadslosmosi biogeokimyovi
dovrlorin pozulmasina sobab olur. Su ekosistemlorindo nitrat vo fosfat birlosmoalorinin artmasi
eutrofikasiya prosesini giiclondirir, bu iso oksigen rejiminin pozulmasina vo hidrobioloji miixtalifliyin
azalmasina gotirib ¢ixarir. Atmosfer miihitindo iss PM2.5 vo PM10 hissaciklorinin yiiksok
konsentrasiyasi hom insan saglamligi, hom do bitki Ortiiyliniin fizioloji faaliyysti iiclin ciddi risk
yaradir.

Biomiixtaliflik  gostoricilorinin  urbanizasiya gradienti {izro azalmast ekosistemlorin
homogenlosmasini tosdiq edir. Xisusilo mikromisetlorin név miixtalifliyinin azalmasi torpaq
ekosistemlarinds {izvi maddslorin pargalanma siiratinin zaiflomasine va gida maddslorinin dévraninda
disbalansa sabob olur. Bu isa ekosistemlarin 6ziiniibarpa gabiliyystini mohdudlasdiraraq uzunmiiddotli
ekoloji deqradasiya riskini artirir.
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Eyni zamanda toadgigat noticalori gostorir ki, yasilliq zonalar1 va nisbaton tobii arazilor urban
ekosistemlarinde miihiim ekoloji sabitlosdirici rol oynayir. Bu zonalar biomiixtalifliyin qorunmasi
ticiin refugium funksiyas: dasiyir vo ham flora, ham do mikrobiota {igiin stabil yasayis miihiti tomin
edir. Onlar eckoloji balansin saxlanilmasinda, karbon udulmasinda, hava keyfiyyatinin
yaxsilagdirilmasinda vo torpaq regenerasiyasinda miihiim rol oynayair.

Natica etibarilo, urbanizasiya soraitinds ekoloji sistemlorin davamliliginin tomin olunmasi {igiin
kompleks yanasmalarin totbigi zoruridir. Bu yanasmalara ekoloji monitoring sistemlarinin
giiclandirilmasi, yasilliq sahoalorinin genislondirilmasi, sonaye emissiyalarinin azaldilmasi vo davamli
sohar planlagdirma prinsiplorinin totbigi daxildir. Belo todbirlor ekosistemloarin  sabitliyinin
gorunmasina, biomiixtalifliyin saxlanilmasina vo urban miihitdo ekoloji tohliikasizliyin tomin
edilmasine xidmat edir.

Natica.Aparilmig todqiqatin noticalori gostorir ki, urbanizasiya prosesi ekosistemlorin biitiin
komponentlorina torpag, su, hava va biotik ortitya sistemli vo dorin tosir gostoran asas antropogen
amillordon biridir. Urbanizasiya gradienti tizro aparilmis miiqayisali analizlor ekoloji sistemlorin
struktur vo funksional xiisusiyyatlorinds aydin forglorin mévcud oldugunu siibut etmisdir.

Birinci novbads miioyyan edilmisdir ki, yiiksok urbanizasiya va sonaye tasiri olan arazilords (I
zona) torpaq ekosistemlarinds agir metal ¢irklonmasi maksimum saviyyays ¢atir, humus miqdar1 iso
minimum hodds enir. Bu voziyyst torpagin bioloji mohsuldarhiginin zaiflomasina vo mikrobioloji
aktivliyin asagi diigmasine sabab olur. Eyni zamanda su va hava miihitinds ¢irklonma gostaricilarinin
yiiksok olmasi ekosistemlorin imumi deqradasiyasini daha da giiclondirir.

Ikinci olarag, mikromisetlorin ndv miixtalifliyi urbanizasiya saviyyasi ilo tors miitonasib slage
gostormisdir. Belo ki, I zonadan III zonaya dogru kec¢dikco név zonginliyi artir, ekosistemlor daha
stabil vo tobii xarakter alir. Mikromisetlorin azalmasi torpaqda tizvi maddoslorin pargalanma
proseslarini zaifladir vo biogeokimyavi dovrlarin pozulmasina gatirib ¢ixarir.

Ugiincii miihiim notico ondan ibaratdir ki, biomiixtoliflik gostoricilori urbanizasiya artdiqca azalir
Vo ekosistemlor getdikco homogenlosir. Bu proses ekoloji dayaniqligin zaiflomasing, trofik olagolorin
sadalosmasina va ekosistem funksiyalarinin mohdudlagmasina sabab olur.

Eyni zamanda miiayyon edilmisdir ki, nisbaton tobii vo yasilliq zonalar1 (III zona) ekosistem
sabitliyinin qorunmasinda mithiim rol oynayir. Bu orazilor biomiixtolifliyin saxlanilmasi iigiin
refugium funksiyasini yerina yetirir vo urban miihitds ekoloji balansin qorunmasina xidmat edir.

Umumilikdo neticolor gdstorir ki, urbanizasiya vo biomiixtoliflik arasinda giiclii monfi
korrelyasiya movcuddur. Ekosistemlorin davamliliginin tomin edilmosi {igiin yasilliq saholarinin
geniglondirilmoasi,  sonaye  ¢irklonmasinin  azaldilmasi, ekoloji  monitoring  sistemlorinin
tokmillogdirilmasi vo davamli sohor planlagdirilmast strategiyalarinin tatbiqi zoruridir.

Tadgigat isinin yeniliyi.Aparilmis todgiqat isinin elmi yeniliyi urbanizasiya soraitindo ekoloji
sistemlarin transformasiyasinin kompleks sokildo torpaq, su, hava vo bioloji komponentlorin eyni
model daxilinds inteqrativ tohlil olunmasi ilo xarakterizo olunur. 9vvalki tadgiqgatlardan fargli olaraq,
bu isdo yalniz ayri-ayr1 ekoloji gostoricilor deyil, urbanizasiya gradienti iizro biitiin ekosistem
komponentlori arasinda qarsiliqli alags va korrelyativ asililiglar sistemli sokildo giymatlondirilmisdir.

Todqiqatin osas yeniliklorindon biri mikromiset gobaloklorinin urbanizasiya tssirino hossas
bioindikator kimi kompleks sokilds arasdirilmasidir. Mikromisetlorin nov tarkibi, dominant cinslari va
mikrobioloji aktivlik indeksinin sohor miihitinin ¢irklonma Ssaviyyasi ilo alagesi miigayisali sokildo
analiz edilmis vo onlarin ekosistem saglamliginin etibarl gostoricisi oldugu stibut edilmisdir.

Digor miihiim yenilik urbanizasiya zonalarmin (yliksok Sonaye tosiri, orta urbanizasiya va tobii
yasilliq zonalar1) vahid ekoloji model gorgivasindo miigayisali giymotlondirilmosidir. Bu yanagma
ekosistemlarin transformasiya marhalslorini ardicil sakilds izlomays va deqradasiya—barpa proseslorini
elmi osaslarla izah etmoays imkan vermisdir.

Eyni zamanda, todqiqatda biomiixtaliflik gostaricilorinin (bitki vo mikrob ndvlari) urbanizasiya
doracasi ilo riyazi-miiqayisali olagesi miioyyan edilmis, ekosistem homogenlogmasinin komiyyot
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gostaricilori togdim olunmusdur. Bu, sohar ekosistemlorinin funksional doyismoalorinin daha doagiq
giymatlondirilmasins sorait yaratmisdir.

Umumilikda, tadgiqatin yeniliyi onun inteqrativ ekoloji yanasmaya osaslanmasi, mikromisetlorin
bioindikator kimi istifadasi vo urbanizasiya gradienti tizro kompleks ekosistem modelinin qurulmasi ilo
miioyyan edilir.

Tadgiqat isinin totbigqi ahamiyyati.Aparilmis todqiqatin totbigi ohomiyysti urbanizasiya
soraitinda ekoloji sistemlarin vaziyyatinin giymotlondirilmasi, biomiixtalifliyin qorunmasi vo davaml
sohor inkisafi strategiyalarmin formalasdirilmast baximindan mihiim praktik naticalor verir.
Tadgigatin naticalari sohor ekosistemlorinin monitoringi vo idaro olunmasi {igiin elmi osasli malumat
bazasi kimi istifado oluna bilar.

Olds olunan naticalar, ilk ndvbads, ekoloji monitoring sistemlarinin tokmillogdirilmasinds totbiq
oluna bilar. Torpaq, su va hava gostaricilorinin kompleks sakilda giymatlondirilmasi sohor arazilarinda
cirklonma Saviyyasinin operativ miioyyan edilmasine vo risk zonalarinin xaritslogdirilmasine imkan
yaradir. Bu, ekoloji idaroetmodos daha effektiv gorarlarin gobul edilmasini tomin edir.

Todgiqatin mithiim totbiq sahslorindon biri do yasilliq zonalarinin planlasdirilmast  vo
geniglondirilmasidir. Biomiixtaliflik gostaricilorinin urbanizasiya gradienti tizra tohlili gostorir Ki, tobii
Vo rekreasiya arazilori ekosistem sabitliyinin gorunmasinda asas rol oynayir. Buna gora do soharsalma
layihalarinds bu zonalarin qorunmasi vo artirtlmasi ekoloji dayanigligin tomin edilmasi iigiin praktik
asas kimi ¢ixis edir.

Eyni zamanda, mikromiset gobaloklorinin bioindikator kimi istifadesi su, torpaq vo hava
keyfiyyatinin giymatlondirilmasinds yeni yanasma kimi totbiq oluna bilor. Onlarin név torkibi vo
mikrobioloji aktivlik gostoricilori ¢irklonmo Ssaviyyasinin erkon diagnostikasi {igiin etibarli bioloji
indikator funksiyasini yerino yetirir.

Tadgigatin naticalari hamginin ekoloji tohsil vo maariflondirmo sahasinds do ohamiyyatlidir.
Urbanizasiya vo biomiixtaliflik arasindaki olagonin elmi osaslarla izahi ictimai ekoloji stiurun
artirllmasina vo atraf miihitin qorunmasina yonalmis davraniglarin formalagsmasina tohfa verir.

Umumilikdo, bu todgiqatin tothigi shomiyyati ekoloji planlasdirma, sohorsalma, otraf miihitin
monitoringi vo biomiixtalifliyin qorunmasi saholorinds genis istifado potensialina malik olmasi ilo
miioyyon edilir.

Tadgiqat isinin iqtisadi samorasi.Aparilmis todqiqatin iqtisadi somorasi ekoloji risklorin
vaxtinda agkarlanmasi vo qarsisinin alinmasi noticosindo miimkiin iqtisadi itkilorin azaldilmasi ilo
baglidir. Torpaq, su vo hava ¢irklonmasinin erkon miioyyoan edilmasi kond tasarriifati mohsuldarliginin
gorunmasina, su chtiyatlarinin samarali idars olunmasima va gohar ekosistemlorinin davamliliginin
tomin edilmasins sorait yaradir.

Mikromisetlorin bioindikator kimi istifadasi ekoloji monitoring xarclorini azaldaraq daha ¢evik
Vo iqtisadi baximdan somorali nozarot sistemi formalasdirir. Yasilliq zonalarinin qorunmast iso enerji
Sorfiyyatinin azalmasina, sohiyys Xorclorinin optimallasmasina vo timumi sosial-iqtisadi faydalarin
artmasina xidmot edir.

Umumilikda, todgigat ekoloji idaroetmoda xorclorin azaldilmasi Vo uzunmiiddotli iqgtisadi
Somaranin artirilmasi baximindan shomiyyatlidir.
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UDC 574
TRANSFORMATION OF ECOLOGICAL SYSTEMS UNDER URBANIZATION
CONDITIONS AND PROBLEMS OF BIODIVERSITY CONSERVATION

Gumru Vasif Balakhanova
Azerbaijan State Pedagogical University
19 bg 91@mail.ru

Summary.The present study comprehensively investigates the transformation of ecological
systems and the challenges of biodiversity conservation under conditions of urbanization. The
research was conducted in areas with different levels of urbanization within Baku City and the
Absheron Peninsula, where the condition of soil, water, air, and biological components was
comparatively assessed. The study areas were classified into three categories according to the
intensity of anthropogenic impact: highly urbanized zones, moderately urbanized zones, and relatively
natural zones.

The results of the analyses revealed that increasing urbanization leads to higher concentrations
of heavy metals in soil ecosystems, a reduction in humus content, and a decline in microbiological
activity. Furthermore, elevated levels of nitrate and phosphate compounds in aquatic ecosystems
accelerate eutrophication processes, while increased concentrations of particulate matter (PM2.5 and
PM10) in the atmosphere negatively affect environmental quality indicators.

The findings demonstrated that the species diversity of micromycete fungi and vegetation cover
decreases along the urbanization gradient. In areas exposed to intensive anthropogenic pressure,
stress-tolerant synanthropic species predominated, whereas relatively natural zones exhibited higher
species richness and microbiological activity. These results confirm the crucial role of biodiversity in
maintaining ecosystem resilience and functional stability.

The study also established that green spaces and natural landscapes play a significant role in
preserving biodiversity, maintaining ecological balance, and mitigating anthropogenic impacts within
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urban ecosystems. The obtained results provide a scientific basis for improving environmental
monitoring systems, expanding green infrastructure, and developing sustainable urban planning
strategies under conditions of rapid urbanization.

Keywords: urbanization, ecological systems, biodiversity, micromycete fungi, soil ecosystems,
anthropogenic impact, environmental monitoring, ecosystem transformation, urban ecosystems,
environmental protection.

V]IK 574
TPAHC®OPMAIIHS DKOJOTMYECKIUX CUCTEM B YCJIOBUAAX
YPBAHM3ALIAU Y TIPOBJIEMbI COXPAHEHMSI BUOPA3HOOBPA3MS

I'ympy Bacug basiexanosa

A3zepOaiixancknii I'ocynapcrsennslii [lenaroruyecknii YHuBepcurer
19 bg_91@mail.ru

Pestome.B Oannoti HayyHou pabome KOMNIEKCHO UCCIe008aHbl NPOYeccbl MpaHcghopmayuu
9KONIOSUYECKUX CUCmeM U NpoOaeMbl COXPAHeHUs OUopasHooOpasus 6 YCI08usx Ypoauuzayuu.
Hccneoosanue nposedeno na meppumopusx eopooa baky u Anwepouckoeo noiyocmposa c
PA3IUYHbLIM  YPOGHEeM YpOanuzayuu, 20e 6 CPAGHUMENbHOM dcnekme Obliu OYeHeHbl COCMOSIHUE
NOYBEHHBIX, BOOHLIX, AMMOCPEPHLIX U OUOIOSUYECKUX KOMHOHEHMO8 OKpyxcarwel cpeobl.
Hccnedyemvie meppumopuu Obliu pazoeienvl Ha mpu cpynnvl 8 3a6UCUMOCIU OM UHMEHCUBHOCMU
AHMPONO2EHHO20 B030€UCMBUS. 30Hbl BbICOKOU YpOaHU3ayuu, 30HbI CpPeoHell YpOaHuzayuu u
OMHOCUMENbHO NPUPOOHbIE MEPPUMOPULL.

Pe3ynomamor  npogedénnbIX ananU308 NOKA3AMU, YMO YEeludeHue cmenenu ypoanuzayuu
npUBOOUM K POCMY COOEPAHCAHUSL MSANCENLIX MEMANI08 6 NOYBEHHLIX IKOCUCIEMAX, CHUNCEHUIO
3anacoe 2ymyca u YMeHbUuleHUuro Muxkpoouonocuyeckou axkmugnocmu. OOHOBpeMeHHO NOGbIUUEHUEe
KOHYeHmpayuu Humpamos u pocghamos 6 00HbIX 0ObEKMax cnocoocmeayem yCKoOpPeHuio npoyeccos
asmpourayuu, a yseauyeHue KoHyenmpayuu ezeeutennvix yacmuy PM2.5 u PM10 ¢ ammocgeprom
8030yXe yXyouiaem 3Ko102udecKue noKazamenu Kaiecmea oKpyjicaroueli cpeobl.

Ionyuennvle  pe3yibmamovl  CBUOEMETbCMEYIOM O  MOM, YMO 6U0080€  pA3HO0OpaA3Ue
MUKDOMUYEMO8 U PACMUMETbHO20 NOKPOBA CHUNCAEMCsl N0 Mepe YCUleHus YpPOaHUu3ayuoHHO20
8030elicmausi. B pailonax ¢ 6biCOKUM YPOBHEM AHMPONOSEHHOU HA2PY3KU NPeodaIaoaiom yCmoudusole
K CMpeccosviM YCIOBUAM CUHAHMPONHbIE BUObL, M020d KAK 8 OMHOCUMENbHO NPUPOOHLIX 30HAX
ommeuaromest  6onee  6bICOKUE NOKA3AMeNU GUO08020 H02amcmea U  MUKPOOUOLOSUYECKOT
akmusHocmu. Imo noomeepicoaem aAdCHyI0 poib OUOPA3HO0Opa3us 6 obecneyeHuu YCmouuueoCcmu
U PYHKYUOHATLHOU CIMAOUTLHOCIU IKOCUCTEM.

Yemanosneno, umo 3enénvie Hacaxcoenus u npupooHvle TaHOWAGMbl Ueparom Kioyegyio poib 6
coxpanenuy 6UOpasHO0OPaA3Usl, NOOOEPHCAHUU IKOIOSULECKO20 PABHOBECUSL U CHUNCEHUU He2AMUBHO20
8030€liCmBUsl AHMPONOLEHHBIX (PAKMOPO8 8 20pOOCKUX sKocucmemax. Pezynomamer uccredosanus
€030al0m HAYYHYIO OCHOBY O/l COBEPULEHCIBOBAHUSL CUCEM IKOI02UYECKO20 MOHUMOPUHSA,
pacuiuperus 3e1EHbIX 30H U pazpabomky cmpameuii YyCmouuugo2o epadocmpoumenbHo20 pa3eumusl 6
VCIOBUAX UHMEHCUBHOU YPOAHUZAYUU.

Knwuesvie cnosa: ypoanusayus, sKonocuyeckue cucmemvl, OUOPAzHOoOpazue, MUKpOMUYeml,
NOYBeHHble — DKOCUCMEMbl,  AHMPONO2EHHOEe  B030elicmeue,  IKOJIO2UYECKUU  MOHUMOPUHE,
mpancghopmayus 3KocUcmem, 20pooCcKUe IKOCUCMEMbL, OXPAHA OKPYICArOuell Cpeobl.

Redaksiyaya daxilolma: 20.05.2026
Capa gobul olunma: 19.06.2026

72



Biologiya Elmi xabarlor macmuasi

Ne 2/2026 soh.73-78

UOT 633.85;547.913:646.75

DOI 10.30546/JIECM.2026.002.073

AZORBAYCANIN QORB REGIONUNDA YAYILMIS ACI YOVSANDAN EFIR
YAGININ ALINMASININ TOHLIiLI VO BOZi KEYFiYYOTLORININ
TOYIN EDILMOSI

Rahimova A.A., Badalova N.M.-Y, Bayramova A.B., Ismayilova A.R., Hasanova A.S.,
Abdullayeva S.Q.
AETN Bioresurslar institutu
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Xiilasa: Toqdim olunan elmi maqalanin konsepsiyast Azarbaycanin Qarb bolgasinda yayilmus act
yovsan bitkisindon efir yagimin aldo olunmast tisullarimin arasdirilmasi olmusdur. Efir  yagimin
alinmast tictin iki forqli tisul - etanolla ekstraksiya va distillyasiya totbig edilmis va alinmis mahsulun
fiziki-kimyavi gostaricilari tayin edilmigdir.

Aparilan analizlor gostormisdir ki, metodlarin kombinasiyast efir yagimin daha somarali sakilda
ayrilmasina imkan verir. Miiayyan edilmis gostaricilor méveud standartlara uygundur va alinmig
Mahsulu miialicavi magsadlarla dariya qulluq vasitalorda istifadasi nazards tutulmusdu.

Elmi-tadgiqat isinin davami olaraq alinmis son mohsulu lasyon asasi kimi istifada edorak doriya
qulluq ticiin lasyonun is¢i qarisiglart hazirlanmigd.

Azorbaycanin Qarb bolgasinin - torpaq miinbitliyi, giinasli giinlorinin saymn kifayat qoador
olmasi,xam torpaqlarin yagis sularin miqgdarmmin kanar suvarmaya ehtiyac olmamasi va bu kim amillor
yerli yabani bitkilorin daxilinda bioloji-aktiv maddanin yiiksok keyfiyyatinin olmasini tamin edir.

Acar sozlavefir yagi,ekstraksiya, distilla,sixlig

Giris.Azorbaycanda efiryagl bitkilorin say1 800-don ¢oxdur, bunlardan yabani miialicovi
ohomiyyatlilori az deyil, ac1 yovsan(Artemisia absinthium L.) bunlara aiddir [4,6,11].Ac1 yovsan
coxillik yarimkol bitkidi , Asteraceae fasilasina daxildir,Ganca-Dagkasan arazisinds yayilan bu bitkinin
biittin hissalori six, iynayabonzor tiiklorlo ortiildiiyli iiclin ona xarakterik giimiisii-boz rong verir.
Comonliklarda, su hovzolarine yaxin orazilordo vo yasayis montogolorinin otrafina yayilmis olur.
Darman bitkisi oldugu tiglin min illardir ki, tobabstdo miihiim yer tutur, bu bitkinin tibbi istifadssi
olduqgca genisdir. Adi ¢okilon dorman bitkisini sorabgiligda , gonnadi momulatlarin hazirlanmasinda
istifado olunmasi da nazords tutulmusdu [1,4,7].

Bu bitkiys el arasinda “insan peyki” deyilir. Ac1 yovsan ¢ox plastik novdiir, todqiqatlar gostorir
ki, eyni genotip miixtalif torpag-iqlim soraitinds okildikdo forgli fenotiplor verir. Bu o, demokdir ki ,
toxumlar eyni monbodon gétiiriilso belo, mohz yerli torpaq xiisusiyyatlori vo insolyasiyasi (giinog
radiasiyasi)sabobindan Gancs otrafinda biton ac1 yovsandan alds edilon yagin torkibi mosalon,Markazi
Avropada yayilan yovsandan alinan yagin torkibindon forglonacakdir [2,3,9].Qeyd edilondan basqa,
Azorbaycan va Avropadan olan yovsan efir yaglari arasinda bir sira forq movcuddur. Baxmayaraq
ki,bu eyni botaniki novdiir , onlarin kimyavi torkibi , yani xemotipi-iglimdan,torpagin tarkibindan va
doniz saviyyasinin hiindiirliiyiindon asil1 olaraq doyisir. Tarkibinds ac1 maddslar, fenolik birlogsmalor vo
efir yagi movcuddur[7]. Qeyd etmok lazimdir ki, efir yagh bitkilorin imumloagdiran bir xiisussiyyati
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var ki, orta doracods kasib torpaq vo ya yiingiil riitubat ¢atismazligi ¢ox vaxt ikinci doracali metabolit
yaranmasina gotirib ¢ixardir. Bundan basqa , yiingiil stress soraitindo yovsan miidafio mexanizmi
olaraq daha ¢ox efir yagi istehsal etmoya baglayir [2].

Efir yaglar1 miirokkab torkibli, yiiksok bioloji aktivliys malik ugucu iizvi birlogsmalardir. Onlarin
torkibi goxkomponentli oldugu ti¢iin struktur analizlari miiayyan ¢atinliklor yaradir. Bu sobabdon efir
yaglariin alinma tisullarinin optimallagdirilmasi aktual elmi masaslolordon biridir [8].

Efir yaginin osas komponentlorina tuyon va digar terpenoid birlosmolor daxildir. Bu maddalor
odgqovucu, hozmi stimullasdirict vo insektisid toesirloro malikdir.Ac1 yovsanin azarbaycan
populyasiyalarinin 6yronilmasi tez-tez asag: torkibkli tuyonla yaxud sabinen vo ya ketonlar kimi digar
komponentlorin {istiinliik togkil etdiyi xemotiplorin mdvcudlugunu gostorir.Azorbaycanin  Qarb
bolgasinds yetison novlarinds efir yaginin miqdar1 ¢ox vaxt 0,5%-2% arasinda doyisirilir, vo bu ndviin
torkibindo xamazulen maddesi miisahido olunur [11,12].Bu maddonin omalo golmasi do
forglidir,yiiksok temperatur va tozyiq naticasinds bir maddays pargalanir vo bunu matris adlandirirlar
. Xamazulenin insan organizmino bir sira tosirlori var — iltihab proseslorini miisbot torofo doyisir,
sorbost radikallar1 zororlogdirir.Xamazulen farmakologiya , kosmetologiya kimi sahslordon basqa
aromaterapiyadada genis istifads olunur [5,6,10].

Ekstraksiya vo distillyasiya tsullarin kombinasiyasi ilo alinan yerli ac1 yovsan efir yaginin
kosmetik vasitods istifado edilmasi hazirki isimizin innovativ toklifidir, bu sahads elmi-tadqiqat islori
Vo bununla slagoli olanlar névbati elmi magalodos agiglanacagq.

Tadqgiqgat obyekti vo metodikasi. Tadgiqat ti¢iin bitki xammali Azarbaycanin Qarb bdlgasinda
Samux goharinin yol konarindan yay vaxti toplanmisdi, laboratoriya soraitindo qurudulmusdu, yarpaq
Vo budaglar1 xirdalanmig tacriibada istifads olunmusdur,

Efir yaginin alinmasinin iki marhalasinin agiqlanmasi asagida gostorilmisdi.

1.Ekstraksiya marhalasi
30,4 q qurudulmus bitki materiali gétiiriilmiisdiir. Holledici kimi 92 ml 95%-li etanol istifado
edilmisdir, ekstraksiya prosesi zamani temperatur nozarot altinda saxlanilmigdir. Buxarlanma itkisini
kompensasiya etmoak ti¢iin alave 17 ml o etanol slava edilmisdir. Naticods 90 ml hacminds ekstrakt
alds edilmisdir.

2.Distilla marhalasi.

Alinmis ekstrakt distillo olunmus vo 87,4 ml efir yag1 torkibli fraksiya alinmigdir,alinann son
mohsulu ayirict qif vasitasilo torkibinds olan alave maddodoalordan tomizlayirik .

Umumi proses toxminan 1 saat 20 dagigo davam etmisdir.

Organoleptik xiisusiyyatlor.Ekstraksiya yolu ilo alinmig maye tiind-gohvayi rongds va bulanlq
olmusdur,distillo naticasinds alda edilon moahsul iso goffaf goriiniisliidiir. Birinc1 prosesin son mohsulu
rong vo soffafliqla forqlondiyi {ig¢iin fotokolorimetrik analizinin naticalorin alds edilmasi qgorara
alinmigd1.Gostaricilorin toyin olunmasi laboratoriya soraitinds tocriibonin dorhal bitdikdon sonra |,
20°C temperaturda aparilmisdi.Osas gostoricilordon olavo olaraq aliman ekstraktin FEK noticalori 1
sayli codvolda, 2 sayli codvoldo iso 2-ci tocriibonin naticesindo alinan son mohsulun osas fiziki-
kimyovi gostaricilori verilmisdir.3-cli codval iso distillo vo ekstraksiya iisullar1 ilo alinan son
mohsullarin asas gostaricilori miiqayisali siiratds toqdim edilmisdi.

Cadval 1

Ac1 yovsandan ekstraksiya ilo alinan efir yaginin fiziki-kimyavi gostaricilari

Gostarici Natico
Sixliq 0,888 g/sm’
Stiasinma omsali 1,459

Quru madds miqdar1 19,8%
Absorbsiya 1,222

pH gostaricisi 9,8

Dalga uzunlugu 420 mm
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Aparilan tocriibo gostorir ki, ekstraksiya vo distillo tisullarinin ardicil totbigi aci yovsandan efir

yaginin effektiv alinmasina imkan verir.

Efir yagiin keyfiyyot gostoricilordon biri yagli iz burakmamaqdir; bunun toyini ticiin alinan

efir yaglhh maye ilo su hopdurma kagizi namlondirilir vo quruduqdan sonra yoxlananda he¢ bir iz

qalmamalidir, ekstraksiya yolu ilo alinan efir yaginin bu kimi keyfiyystini yoxladigda monfi natico
alinmisdi [11,12], eloca do distillyasiyanin son mohsulu hopdurma kagizinda yagli iz buraxmamisdi.

Cadval 2

Distill iisulu ilo ac1 yovsandan alimms efir yaginin asas fiziki-kimyavi gostaricilari

Gostarici Olcii vahidi Natico
Sixliq q/sm® 0,911
Stiasinma amsal1 - 1,463
Brix (quru maddo miqdari) % 6
pH - 5,6
Cadval 3
Ekstraksiya va distilla iisullarimin son mahsulunun asas fiziki--kimyavi gostaricilarinin
miiqayisasi
Gostarici Ekstraksiya Distilla Standart
gostaricilor
Sixlig,(g/sm’) 0,888 0,911 0,890-0,921
Stiasinma omsali 1,459 1,463 1,441-1,463

Tadgiqatin naticalorinin miizakirasi va tahlili. ©ldo olunan noticalor gostorir ki , ekstraksiya
morholosi bitki xammalindan bioaktiv maddolorin maksimum ¢ixarilmasimi tomin edir. Distillo
morholasi isa efir yaginin daha tomiz formada ayrilmasma sorait yaradir.Proseslarin biri-birinin
tamamlanmasi alinan son mohsulun keyfiyyat baximindan tstiinliiklorinin oldugunu siibut edir.

Ekstraksiya vo distillo iisullarinin son mohsulunun fiziki-kimyovi analizinin gdstoricilorinin
miiqayisasi asagida agiqlanmigdi(codval 3):

*Distillo tisulu ilo alinmis mohsulun sixliq gostaricisi standart intervala daxilindadir;

*Ekstraksiya tisulu ilo alinmig niimunado sixliq bir godor asagi olsa da, sorhad gostariciys yaxindi;
*Siiasima omsali har iki isul iizro normativ ¢ar¢ivays uygundur.Bu natico efir yagimin keyfiyyat
baximindan gobul edils bilon saviyyads oldugunu gostarir;

Ac1 yovsandan alinan efir yaginin geyd edilon keyfiyyot analizlorindon konar miioyyon testlor do
aparilir,bunlara spirtdo hallolunma kimi gdstorici aiddir,laboratoriya soraitinds kegirilon bu analizin
naticasini miisbat giymatlondirmak olar.

Kosmetoloj1 profilin tayin edilmasi mahz kosmetoloji1 preparatlarda istifado edilmoa magsadila
alinmis mahsul fiziki-kimyavi parametrlorin standartlari cavab vermasindon basqa fototoksiklik va dari
gorginliyi testlori aiddir. Bunlarin toyini mohz vizual vo taktil saviyyado aparilir, homin testin
naticoalori perspektiv islor ligiin miisbat olmusdur, xiisusilo ilo miialicovi doriys qulluq preparatlarin
hazirlanmasinda miihiim rol oynayir [11,13].

Qeyd etmoliyik ki,efir yagi alinmaqdan qisa miiddst arzinds uygun saxlanma soraiti olmadigi
ticlin analiz va testlordon kegmoalidir.
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NOTIiCO

Aparilmig elmi-tadgiqat isinin naticalarine yekunlasdiraraq asagidaki gqonastlors rast golinmisdir:
1.Azarbaycanin Qarb boélgasinds biton ac1 yovsan (Artemisia absinthium L.) efir yagi ilo zongindir;
2.Azarbaycanin Qarb regionunun iqlim soraiti,torpaq miinbitliyi vo s.bu kimi amillar yerli
ac1 yovsandan alinan efir yaginin tasir etmo Xassasi basqa yerlords yayilanlardan forglanir;
3.Ekstraksiya vo distillo iisullarinin kombinasiyasi efir yaginin effektiv alinmasina imkan verir;
4.Ac1 yovsanin fiziki-kimyavi gostoricilori GOST va ISO standartlarmin toloblarine uygundur;
5.Alinmig efir yagi miialicovi kosmetik vasitolorin hazirlanmasinda asas komponent kimi istifadasi
tocriibalori aparilir.

TOKLIFLOR

Act yovsanin efir yagi osasinda hazirlanan kosmetik lasyonun sinaqdan kegirilmost tigiin
miivafiq qurumlara miiraciot etmok;

Azorbaycanin Qarb bolgasinds yayilmis ac1 yovsan xemotipini kosmetoloji sonaye i¢iin xammal
Kimi modoni siiratds becoarib artirllmasinin iqtisadi somaranin olmasinin ispat edilmasi elmi-todgigat
isimizin bir qolu olaraq davam etdirmok magsads uygundur;
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ANALYSIS OF ESSENTIAL OIL EXTRACTION FROM WORMWOOD (ARTEMISIA
ABSINTUM L.)DISTRIBUTED IN THE WESTERN REGION OF AZERBAYCAN AND
DETERMINATION OF SOME OF ITS QUALITY CHARACTERISTIC

Rahimova A.A., Badalova N.M.-Y., Bayramova A.B., Ismailova A.R., Hasanova A.S.,
Abdullayeva S.Q.
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Summary. This study investigates the extraction of essential oil from wormwood (Artemisia
absinthium L.) growing in the western region of Azerbaijan and evaluates its physico-chemical properties.
Two methods, namely ethanol extraction and distillation, were applied to obtain the essential oil. The
obtained samples were analyzed based on key parameters such as density, refractive index, dry matter
content, and pH.

The results showed that the combination of extraction and distillation methods enhances the
efficiency of essential oil yield and improves product quality. The physicochemical indicators of the
obtained oil were found to be within the acceptable limits of GOST and ISO standards. Comparative
analysis revealed that distillation provided a product closer to standard density values, while extraction
ensured better recovery of bioactive compounds.

Overall, the essential oil obtained from Artemisia absinthium demonstrates potential for application
in cosmetic and pharmaceutical fields due to its favorable quality characteristics. Continue of research
work is used final output as basis of lotion to prepare is work composition. To prepare to some variants of
experience in laboratory conditions , only two of them is suitable for use.

Key words: distillation , extraction , density , quality

UDC: 633.85; 547.913; 646.75
AHAJIN3 IMIOJYUYEHUS Y®UPHOI'O MACJIA U3 ITOJILIHU TOPBKOM ,
PACITPOCTPAHEHHOM B 3ATIAJTHOM PETMOHE ABEPBEAMJIXKAHA , U OIPEJIEJIEHUE
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Pesztome. B Oannom uccnedosanuu usyuenvl Cnocoobl NOAYYEeHUs d(PUPHO20 MACAAd U3 NONbIHU
2opwvrot (Artemisia absinthium L.), npouspacmaioweco ¢ 3anaonom pecuone Azepbaiioxcana, a maxoice
onpeoenenvl e2o pusuKo-xumuueckue ceoucmed. /s nonyuenus 3¢hupro2o macia Ovliu npUMeHenbl 06a

77


mailto:amea-2000@mail.ru
mailto:Afwanabayramlı@gmail.com
mailto:Augunhsnov4@gmail.com
mailto:amea%20-2000@mail.ru
mailto:amea-2000@mail.ru
mailto:Afwanabayramlı@gmail.com
mailto:Augunhsnov4@gmail.com
mailto:amea%20-2000@mail.ru

Biologiya Elmi xabarlor macmuasi

Ne 2/2026 soh.73-78

mMemooa : IKCMmpaxyus d3manonom u oucmunnayus. Ilonyuennvie obpasyvl ObLiU NPOAHATUBUPOBAHDL |
OCHOBHble NOKa3amenu makue Kax NIOMHOCMb , KOIpuyenm pedpakyuu, a makzice OONOTHUMENbHbLE
noxasamenu maxue Kax cooepacanue cyxozo geuwjecmsa, pH .

Pesynomamer nokazanu, umo KomMOuHayusi Memoo08 IKCMpaKyuu u OUCMULIAYUU NOGblUAem
Kauwecmso n apgexmuenocms dQhupHoeo macia. Ycemanoeieno, umo @Qu3UKO-XUMUYECKUe NOKA3amenu
nonyyeHHou acuokocmu coomgeemcmsyrom mpebosanuam cmarnoapmos GOST u 1SO. Cpasnumenvhotii
amanuz noKazaun, uymo OUCMuLIsyus obecneyusaem noxkasamenu NIOMHOCMU, 6onee OnU3KUe K
HOPMAMUGHbIM 3HAYEHUSM , MaK  KAK 9KCMpaKyus cnocoocmeyem 0Oonee NOTHOMY U3GLEYEHUIO
buonocuuecku eewecmsa. B yenom, nonyuemnoe supnoco macno uz noawinu 2opwroi  (Artemisia
absinthium) 6nacooapss ceoum rauecmeenHviM nOKA3aMeENAM UMEEm NEPCNEKMUGbl NPUMEHEHUs 6
KOCMEMUu4ecKkol NpoMbIUIeHHOCU, a 8 OAHHOM Clydae pacCMAmpueédemcs npumeHenue Noay4eHHO20
npooyKkma xax 6aszvl 0151 KOCMEMUYECKO20 TOCbOHA 018 YX00a 3 KOdicell Tuyd.

IIpooondicenuem OanHOU HAYUHOU pabomul A8IAemMCcA paspabomka pabouux cmecell nO NOLYYEHUIO
JrcuoKocmetl 015 yxooa 3a xooicei. Cnedyem ommemums , YmMo U3 HeCKOAbKUX pabouux cmecel moabko 06e
OKA3anUCh NPU2OOHbL OISt NPUMEHEHUSL.

Knioueswie cnosa: oucmunnayus ,5kcmpaxkyus , RIOMHOCMb ,KA4eCcmeo

Redaksiyaya daxilolma: 21.05.2026
Capa gobul olunma: 19.06.2026
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NANO LIF TEXNOLOGIYASININ TOTBIQI ILO TIBBi PARCA ISTEHSALI

Razil Tofiq oglu Mirzayev
Azarbaycan Texnologiya Universiteti
razil-mirze@mail.ru

Xiilasa: Tadgiqat isinda tekstil sonayesinda nano lif texnologiyalarinin tatbigi istigamatinda,
miuixtalif maddalarin nanozaraciklori ilo islonmis bakterisid tekstil materiallarinin hazirlanmasi va
agill lif strukturlarimin formalasdirilmast sahasinda apariimis elmi arasdirmalarin naticalori tagdim
olunur. Isin 2sas MaQsadi yiiksak gigiyenik gostaricilora malik, eyni zamanda funksional xiisusiyyatlora
sahib innovativ tekstil materiallarinin alda olunmasi olmusdur.

Tadgqiqat ¢argivasinda elektroayirmoa disulu ilo nano olgiilii lif strukturlar: hazirlanmig, onlarin
Sathi giimiis nanozarraCiklari ilo modifikasiya edilmisdir. Giimiistin antimikrob xiisusiyyatlori nazora
alinaraq, alda olunan materiallarin bakterisid aktivliyi laborator goaraitdo qiymatlondirilmisdir.
Noaticalor gdstormisdir ki, giimiislo islonmis nano lif asash tekstil niimunalari ham Gram-miisbat, ham
do Gram-monfi bakteriyalara qarst yiiksok inhiba zonast yaratmis, mikroorqanizmlarin inkisafini
ahamiyyatli daracada azaltmigdir. Bu xiisusiyyatlor hamin materiallarin tibbi geyimlorda, goruyucu
vasitalarda, xastoxana tekstilinda va gigiyenik mohsullarda tatbigini maqsadauygun edir.

Bununla yanasi, tadqgiqatda agilli lif (smart fiber) konsepsiyasi asasinda funksional tekstil

strukturlarvun yaradilmasi istigamatinda do islor aparilmigdr. Kegirici polimer komponentlarin va
nanoolciilii doldurucularin lif strukturuna inteqrasiyast naticasinda temperatur, riitubat vo mexaniki
gorginliyo hassas reaksiya veron tekstil niimunolori alda edilmisdir. Belo liflor badanin fizioloji
parametrlorini monitoring etmaya imkan veran sensor Xisusiyyatlari ila secilmisdir.
Aparilmis tadgiqatlarin naticalari gostorir ki, nano lif texnologiyalar: vasitasila ham antibakterial, ham
do funksional xiisusiyyatlora malik tekstil materiallarimin  hazirlanmast miimkiindiir.  Giimiislo
modifikasiya olunmus bakterisid tekstillor gigiyenik tahliikasizliyi tomin etdiyi halda, agilli lif
strukturlary tekstilin ananavi funksiyalarint genislondirarak onu interaktiv vo coxfunksiyali sistema
cevirir. Belalikla, aparilan elmi is nano lif asash, antibakterial va agilli tekstil materiallarinin sonaye
miqyasinda tatbiqi ti¢iin perspektivli istigamatlorin méveud oldugunu tasdiglayir va galacakda daha
davamli, enerji effektivii va yiiksak funksionalli tekstil mahsullarinin hazirlanmasina zomin yaradir.

Agar sozlar: nanotekstillor, lifli materiallar, agilli liflar, giimiis nanozarraciklori, bakterisid
tekstillar.

Giris. Nano-texnologiyanin tekstil sahasinds totbiqi son illorde xeyli inkisaf edib. Bu
texnologiya ¢ox kicik Ol¢iilii materiallarin (nanoliflor vo nanoboyalar) istifado olunmasi ilo tekstil
liflorinin xtsusiyyatlorini artirir. Masalon, nanoboya slava edoarak pargalari suya vo lokays davamli
etmok, antibakterial xiisusiyyastlor qazandirmaq vo ya ultrabsndvsoayi (UV) siialara garsi qoruma tamin
etmok miimkiindiir.

Ilk dafs bu ciir totbiglor 2000-ci illarin avvallarinde giindoma golib. Masalon, nanoboyalar vo
nanoliflor texnologiyalar1 ilo pargalar daha yiingiil, daha méhkom vo daha funksional hala gatirilir.
Eyni zamanda, bu texnologiya otraf miihito daha dost yanagsma tomin edir, ¢iinki kimyavi maddalarin
istifadasini azaldir. Bu sahads todgiqatlar indi do davam edir vo daha innovativ yanasmalar {izarinds
islonilir.

Nano liflor miiasir materialsiinasliq va tekstil texnologiyalarinin an perspektivli istigamatlorindan
biridir. Nano lif dedikda diametri toxminon 1-1000 nanometr intervalinda olan ¢ox nazik liflor basa
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diistiliir. Miigayiss tiglin geyd etmok olar ki, insan saginin qalinligi orta hesabla 50-100 mikrometrdir,
yani nano liflor sa¢ telindon minlorlo dofo nazikdir. Bu godor kigik &l¢li nano lifloro adi liflorls
miiqayisada tamamils fargli fiziki vo Kimyavi xiisusiyyatlor qazandirir.[1]

Nano liflarin osas istehsal iisullarindan biri elektrospinning (elektroayirma) metodudur. Bu
tisulda yiiksok gorginlikli elektrik sahasi vasitasilo polimer moahlulundan vs ya orintisindon gox nazik
liflor alinir. Noticads boyiik soth sahasinag va yiiksok masamaliliys malik lif strukturu formalasir. Mahz
bu xiisusiyyatlor nano liflorin tekstil sonayesinds genis totbigine sobob olmusdur.

Tekstil sahasinds istifado olunan nano liflor asasan sintetik va tobii mansali olmagla iki asas
grupa boliiniir. Sintetik polimer asasli nano lifloro poliamid, poliester, poliuretan va poliakrilonitril
kimi materiallar daxildir. Bu liflor yiiksok mexaniki méhkamliyi, elastikliyi vo kKimyavi davamliligi ilo
secilir. Onlar filtrasiya materiallarinda, qoruyucu geyimlords, idman tekstilinds va tibbi maskalarda
genis istifado olunur. Xiisusilo filtrasiya sahasinds nano liflorin boyiik soth sahasi vo masamali
qurulusu toz, bakteriya va digar mikrohissaciklarin tutulmasinda yiiksok effektivlik tomin edir.

Tabii monsgali nano liflors selliiloza, xitozan vo ipak asasli nano liflor aiddir. Bu liflor bioloji
uygunluq vo ekoloji tohliikesizlik baximindan dstiinliik toskil edir. Xitozan osasli nano liflor
antibakterial xiisusiyyoto malikdir vo tibbi sargi materiallarinda, yarasagaldici ortiiklords istifado
olunur. Selliiloza nano liflar isa ekoloji tomiz va biodeqradasiya olunan material kimi dayaniqli tekstil
istehsalinda miihiim rol oynayir.[2]

Nano liflorin an miihiim tstiinliiklorindon biri onlarin funksionallasdirilma imkanlarinin genis

olmasidir. Lif strukturuna miixtalif nano hissaciklor olave etmoklo xiisusi xassolor oldo etmok
miimkiindiir. MasSalon, giimiis nano hissaciklori alava edilon nano liflor antibakterial xiisusiyyot
qazanir. Karbon nanoborular1 vo ya kegirici polimerlar olava edildikds isa elektrik kegiriciliyi tomin
olunur. Bu iso agilli tekstil momulatlarinin — sensorlu geyimlarin, istilik tonzimloyan pargalarin vo
enerji yigan materiallarin hazirlanmasina sorait yaradir.
Miiasir tekstil sonayesinds nano liflor bir nego asas istiqgamatdos totbiq olunur. Birincisi, tibbi tekstildir.
Steril maskalar, corrahi ortiiklor, yara sargilar1 nano lif texnologiyasi osasinda hazirlanir. Ikincisi,
filtrasiya sistemloridir. Hava vo su filtrlorindo nano lif gatlar1 yiiksok effektivlik gostorir. Ugiinciisii,
idman vo giindolik geyimlordir. Nano lif osaslhi pargalar yiingiil, nofosalan vo gigiyenik olur.
Dordiinciisti, miidafio tekstilidir. Kimyovi vo bioloji tasirlordon qoruyan xiisusi geyimlor nano lif
texnologiyasi ila istehsal edilir.

Nano liflorin tekstildo totbigi hom do material sorfiyyatinin azalmasina, mohsulun
ylingiillosmosino vo funksional xiisusiyystlorin artmasma sobob olur. Bununla yanasi, nano
texnologiyalarin tatbiqi istehsal xarclorinin miioyyan godor artmasina sobab olsa da, uzunmiiddatli
perspektivdo mahsulun keyfiyyatinin va ragabot gabiliyyatinin yiiksalmasi bu xarclari kompensasiya
edir.[2,3]

Notica etibarila, nano liflor tekstil sonayesinds innovativ material kimi miihiim yer tutur. Onlarin
yiiksok sath sahosi, masamali qurulusu, funksionallagdirilma imkan1 vo mexaniki xiisusiyyatlori miiasir
tekstilin inkisafinda yeni morhalo formalasdirir.

Nanoliflor, polimerlor, sensor liflor, elektrospinning. Son illordo tekstil istehsalgilart
nanotexnologiya todgiqatgilar: ilo somarali amokdasliq edirlor. Uzunmiiddstli omokdasligin movzusu
olan osas mohsul sozdo "agilli parga"dir. Tortibatgilar miioyyon xiisusiyyotlori artirmaq {igiin
nanohissaciklori pargaya daxil etmayin bir yolunu tapiblar.

Inkisaf etmis dlkalor anonovi tekstil texnologiyalarini inkisaf etmokdo olan 6lkalors étiirarak, bu
sahadon xeyli irolido olsalar da, on gabaqcil texnologiyalarin - nano-, bio-, lazer, radiasiya vo
informasiya texnologiyalarinin ¢ox foal vo effektiv sokilds totbigino baslayiblar.

Bu giin Azorbaycan geyim, trikotaj vo tekstil sonayesi aparict vo dinamik inkisaf edon sonaye
saholarindon biridir. Dovlat Statistika Komitasinin molumatina gora, 2024-cii geyim istehsali 24,7%
artib, ayaqqabi istesali iso 9,3% artib. Son illords Tekstil sanaye istehsalinin illik artim1 toxminon 0,9%
dir. Lakin, tekstil sonayesinin inkisafinda aydin iraliloyislor olsa da, 6lkonin iqtisadi artimina verdiyi
tohfo holo do potensialindan xeyli asagidir. Tekstil sonayesi holo do tekstil vo geyim-trikotaj
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Sonayesinin dinamik inkisafina mane olan bir sira sistemli problemlorls {izlosir. Azarbaycan tigiin an
vacib strateji saholordon biri tekstil sonayesinin potensialinin inkisaf etdirilmosidir. Olkoedo mévcud
tekstil xammalindan daha yiiksok slave doyaro malik hazir mohsullarin somarali emali vo istehsali
ticiin hor ciir imkan var. Lakin, digor inkisaf etmokdo olan tekstil 6lkalori ilo miigayisado Sonaye
texnoloji cohatdon daha az inkisaf etmis Vo buna gors do xarici investisiyalar tigiin colbedici deyil.[4]

Nanotexnologiyanin totbiginin an maragl: sahalorindan biri pambig, katan, ipak, yun, viskoza vo
digar hidrofil materiallardan hazirlanmis parga, sap v iplik kimi tekstil lifli materiallarinin istehsalidir.
Bu materiallar bakteriyalarin vo digar mikroorganizmlorin boylimasinin qarsisini almaq, mahv etmok
Vo ya inhiba etmok figiin kimyavi maddalor kimi istifads edilon antibakterial (bakterisid) maddolor
ehtiva edir.

Gumdslo islonmis giindalik istifads tigtin bakterisid tekstil mohsullari hazirda sertifikatlasdirma
Vo seriyal istehsal moarhalasindadir. Glimiis insan orqanizmi {igiin an giiclii tobii antiseptikdir va 700-
don ¢ox ndv patogen mikroorganizm, gébalok, bakteriya va virusu mohv edir.

Material va miilahizalor. 2014-cii ildo ‘“Respublika ixtisaslasmis dermatologiya vo
venerologiya elmi vo praktik tibb morkazi”nds aparilan klinik sinaqlar stibut etdi ki, istehsal olunan
giimiis nanopartikiil mohlullar1 iltihabi dari Xxastaliklorinds, xiisuson do kontakt dermatit, mikoz,
ekzema va digarlarinds faydalidir.[5,6]

"Agill liflorin" inkisafi iki istiqgamatds iraliloyir: intellektual vo koloristik. Koloristik istigamat
tamamilo yeni harbi kamuflyaj novlerinin inkisafi vo geyri-adi rong effektlori olan geyimlor toklif edon
modanin inkisafi ilo baglidir. Bunlar fotokrom, termokrom vo hidroxrom boyalarin istifadesindoan
ibaratdir. Belaliklo, bu boyalarla boyanmis pargalar, bugalomunlar kimi, suya, istiliys vo isiga moruz
qaldigda rongini asanliqla doyiso bilor. Dayisikliklor lokal, geyri-miioyyon formada vo ya geyimin
miioyyan sahalorinds aydin sokildo miioyyon edilmis naxislarla ola bilar. Nanotexnologiyanin tekstil
sonayesindoki vacib tatbiglorindan biri ham boyama, hom da ¢ap1 shats edan ronglomadir. Tekstillorin
ronglonmasi nanotexnologiyadan basqa bir sey deyil. Boya mexaniki olaraq vo ya diffuziya-sorbsiya
proseslori vasitasila lifin xarici sathins 6tiiriiliir vo bununla da elementar lifloro yayilir.

Toxuculuq boyama tekstil istehsali prosesinin miixtalif morhaloalorinds bas verir, ¢ap iso yalniz
son bitirmoadon dorhal avval hoyata kegirilir. Buna goéro do, boyama liflor, ipliklar, lentlor, pargalar,
trikotaj kimi tekstil materiallar1 homg¢inin momulatlari tiglin, ¢ap iso parcalar, trikoraj vo toxunmayan
materiallar {igiin istifado olunur.

Bozi hallarda, boyanmis maddo liflorin funksional qruplari ilo kimyovi reaksiyaya girorok lif
polimeri ilo giiclii bir olage yaradir. Bu, rongin lif makromolekullarinin strukturuna daxil olmasina
sobab olur. Belo momulatlar dofolorlo yuyuldugdan sonra bels ronglorini tam qoruyub saxlayirlar.

Krujeva nanostrukturlari yalnmiz rong effekti yaratmaqla yanasi, hom do radarlara qarsi
"goriinmozlik™ effekti oaldo eds bilor. Bu prinsip mashur gizli toyyarslords istifads olunur va ugurla
totbig olunur. Tocriibo niimunalorinde vo goériinmoaz geyim istehsalinda miisbat naticalor oldo
edilmisdir. Belo geyimlar, masalon, geco gorma cihazlari ii¢lin gériinmoaz hala galir.

S6zdo agilli tekstil adlanan mohsullarin inkisafi ti¢iin intellektual istiqgamat, 6z névbasinda, genis
¢esiddo yeni, maraqli vo miixtalif xassoloro malik tekstil materiallarinin tatbiqini genislondiran
texnologiyalarin yaradilmasi vo sonayelosdirilmasidir. Bu sahads islor asason horbi miigavilslorlo
alagali olub va asgorlar ii¢iin nozards tutulub. "Agilli pargalar" asgerin tirok doylintiisiinii izloys, lazim
golarss, miivafiq dermanlar, vo ya yaralari mialicesi hamginin xastonin vaziyyati ilo baglh signallar
otira bilirlor. "Agilli par¢a”lardan hazirlanmis geyim Oziinii tomizlomoli, talob olunan badan
temperaturunu saxlamali, kimyavi zaharli maddslori neytrallagdirmali vo badon zirehi roluna malik
olmalidur.

Kimyovi liflor aliiminium oksidi nanopartikullar1 ilo dolduruldugda doyoarli vo eyni zamanda
faydali xtisusiyyatlor qazanir. Kigik lopa soklinds olan aliiminium oksidi nanopartikullart yiiksok
elektrik va istilik kegciriciliyi, ultrabondvsayi siialardan (UV) qorunmasi, alov gecikdiriciliyi, kimyavi
aktivlik vo yiiksok mexaniki moéhkomlik tomin edir. 5% aliiminium oksidi nanopartikullar1 olan
poliamid liflori dartilmada mohkamli 40%, ayilmado méhkamli isa 60% artirir.
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Bu liflor tohliikasizlik dsbilgoalori kimi miixtalif tasirloro qarst qoruyucu avadanliglarin
istehsalinda ugurla istifads olunur.

Metal oksidi nanopartikullar1 (TiO,, Al,O3, ZnO, MgO) ilo doldurulmus sintetik liflorin todgiqi vo
istehsali siiratlo inkisaf edir. Bu, liflorin asagidaki xiisusiyyatlori alds etmasine imkan verir:

- fotokatalitik aktivlik;

- Ultrabanovsayi siialardan (UV) qorunma;

- antimikrob xiisusiyyatlar;

- elektrik kegiricilik;

- ¢irkdan qoruynma xassasi;

- miixtalif kimyavi va bioloji soraitds fotooksidlagdirici qabiliyyat.

Kimyovi liflor hamginin elektrik sahosinin tosiri altinda polimer mayelarindan liflor istehsal
etmok tisulu olan elektrospinning yolu ils istehsal olunur.

Nanoolgiilii  doldurucu hissaciklor lif oamalo gotiron polimerin - moahlulu vo ya orimosi
hazirlanarkan istonilon Kimyovi lifin strukturuna daxil edilo bilor. Doldurucu nanohissaciklarin
kimyavi tobiotindon asili olaraq, miixtolif xiisusiyyatlora (yiiksok mexaniki mohkomlik, elektrik
kegiriciliyi, antimikrob xiisusiyyatlori, sensor xiisusiyyatlori, temperatur doyisikliklarina hassasliq vo
s.) malik liflar oldo edirik. Bu, potensial totbiglors gatirib ¢ixarir:
giic strukturlari, idman, tibb, ev tekstili vo geyim.

Nanotekstillorin xtisusi bir sahasi sensor liflorinin, pargalarin vo trikotaj momulatlarinin
istehsalidir. Belo tekstillori elektron tekstil do adlandirmaq olar. Belo sensor osasli tekstillor insan
boadoninin asas parametrlorinin (gan tozyiqi, nabz vo temperatur) davamli monitoringini aparmaga
imkan verir. Cevik ekranlar vo digor elektron cihazlar da bu ciir tekstili momulatlarindan
hazirlanir.[5,6]

Bizim aprdigimiz todqiqatlar tibb is¢ilori {iglin miixtalif toyinathi geyim istehsalar1 {igiin tibb
tekstili hazirlamasidir. Bu mogsadlo Hazirda nanotexnologiya he¢ bir boya vo ya pigment tolob
etmoayan daha sabit rongloms iisullar1 hazirlayir. Bu, miioyyan 6lgiilii vo handasali daliklordan ibarat
olan miiayyan bir rong yaradan, miioyyoan bir naxisli "nano-krujeva™ amala gotiron struktur boyama
prosesidir.

Bildiyimiz Kkimi, vohsi tobiot bu prosesi ¢oxdan monimsayib. Mosolon, Papilio Ulysses
koponayinin qanadlarmin tiind qara vo parlag mavi ronglori mohz bu struktur ronglonmadan
gaynaglanir. Bu ranglonms isigin qarsiligh tasiri vo kapanayin ganadlarinin krujeva qurulusu vasitasilo
bas verir.[5,6]

NOTICO

Aparilan tohlil gostorir ki, nanoliflorin tekstil sonayesindo totbigi yiiksok funksionalli,
antibakterial, nofosalan, yiingiil vo uzundmiirlii materiallarin istehsalina genis imkanlar yaradir. Bu
texnologiya xiisusila tibbi tekstil, goruyucu geyimlar, idman geyimlori, filtrasiya materiallart vo agilli
tekstillor sahosindo boyiik istiinliiklor tomin edir. Diinya tocriibasi siibut edir ki, nanolif osash
mohsullar hom alava doyari yiiksok, ham do ixrac potensialina malikdir.

Azorbaycanda tekstil sanayesinin méveud potensiali vo kimya, polimer, miithandislik sahalarinds
kadr bazasi bu istiqgamatdo inkisaf ii¢iin oalverisli zomin yaradir. Lakin nanolif texnologiyalarinin
sonayedo tatbiqi halo ilkin marhalodadir vo bu sahanin inkisafi tiglin elmi, texnoloji va institusional
todbirlorin  goriilmasi  zoruridir. Notico olaraq, nanolif texnologiyalarmin Azasrbaycan tekstil
sonayesinds totbiqi yerli istehsalin rogabat gabiliyystinin artirilmasina, idxaldan asililigin azalmasina
Vo yliksok texnoloji moahsullarin formalagsmasina mithiim tShfo vers bilor. Bu sahonin sistemli sokilda
inkisafi 6lkanin sonaye strategiyasi baximindan perspektivli va strateji shomiyyat dasiyir.

Apardigimiz todqiqatlar tibb iscilori iiclin miioyyon toyinathh geyim istehsalar1 iigiin tibb
pargalarinin hazirlamasidir. Bu magsadlo sabit rongloms iisullar1 hazirlanmisdir. Bu, ki¢ik mikronla
olciilon handasi daliklordan ibarat olan va rong yaradan, naxish "nano-krujeva™ amals gotiron boyama
prosesidir. Tadgigat davam etdirilmali vo alinmis pargalarin miixtalif bakteriya vo viruslar1 kegira bilo
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gabiliyyatlori “Respublika ixtisaslasmis dermatologiya vo venerologiya elmi vo praktik tibb
morkazi”nds aparilan klinik sinaqglarla miioyyan edimalidir.
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Y]IK 675.92.035
MPUMEHEHHUE HAHOBOJIOKOH B TEKCTHJILHOM ITPOMBIIIJIEHHOCTH

Pa3un Toduxk Mup3soes
A3zepoaiinxanckuii TexHooruyeckuii Y HuBepcurer

Pe3rome: B Oanmnoli uccredosamenvckol pabome npeoCcmagienvl pe3yibmamsl HAYYHbIX
uccre0o8anuii, NPoeedeHHblX 8 obracmu Noay4eHus OaxmepuyuoHblX MEeKCMUIbHBIX MAmepuanos,
00pabOMAHHBIX HAHOYACMUYAMU PA3TUYHBIX Gewecms, U QOpMUPOSAHUS UHMENTIEKMYATbHbIX
BOJIOKOHHBIX CIPYKMYP 6 HANpAasleHul NpUMeHeHUsi HAHOBOJIOKOHHbIX MEXHON02ULl 8 MEeKCMUTbHOU
npomviuiienHocmy.  OcHo6Has  yelb pabomvl  3aKIOYANACL 6  NOLYYeHUU UHHOBAYUOHHBIX
MEKCMUIbHBIX MAMePUanNos ¢ GblCOKUMU SUSUEHUYECKUMU NOKA3amenamu U @QYHKYUOHATbHbIMU
CBOUCMBAMU.

B pamxax uccnedosanus memooom snexmponpsadeHus Ovliu NONYUEHbl HAHOPA3MEpPHble
B0IOKOHHbBIE CIPYKMYPbL, NOBEPXHOCHb KOMOPBIX OblIA MOOUDUYUPOBAHA HAHOYACMUYAMU cepedpa.
C yuemom aHMuMukpoOHbIX c80licme cepebpa Ovblla OyeHeHa OaKmepuyuoHas aKmueHOCHb
NONYYEeHHbIX MAmepuanos 6 1abopamopHulx yciosusx. Pezynomamer nokazanu, yumo mexcmuivHvle
00pasyvl Ha OCHO8e HAHOBOIOKOH, 0OpabomanHbvle cepedpPoM, CO30AM BbICOKYIO 30HY UHSUOUPOBAHUSL
KaK 2PaMNOIONCUMENbHBIX, MAK U SPAMOMPUYAMETbHbIX OAKmeputl U 3HAYUMETbHO CHUNCAIOM
pazeumue MUKPOOP2AHUZMO8. IDmu  c8oUcmea 0enarm yenecooopasHbiM npumMeHeHue OAaHHbIX
Mamepuanos 8 MeOUYUHCKoU ooexcoe, cpeocmeax UHOUBUOYANbHOU 3auumbl, OOTbHUYHOM MeKCmue
U 2USUEHUYEeCKUX U3OETUSIX.

Kpome moco, 6 pamkax uccredosanus makxdce npogooUnaAcy paboma Nno  CO30AHUIO
@DYHKYUOHANbHBIX MEKCMUNbHBIX CIPYKMYP HA OCHO8E KOHYEeNnYuu UHMELIeKmyalbHo20 80JI0KHA. B
pe3yibmame UHmMezpayuu nPo8oOSUUX NOTUMEPHBIX KOMNOHEHMO8 U HAHOPA3MEPHbIX HANOIHUmMeNel
8 CMpYKmypy B0J0KHA ObliU NONYUeHbl 00pa3ybl MeKCmuilsa, Yy8CmeumenbHvle K memnepamype,
BNAINCHOCIMU U MeXAHUYeCKum Hazpyskam. Taxue 6010KHa ObLIU 8bIOPAHBL 3 UX CEHCOPHbIE CBOUCMEA,
N0360A10UUe OMCIEAHCUBAMb UIUOTIO2UYECKUEe NAPAMEMPbL OPSAHUZMA.

Pe3zynomamsl npogedeHHbIX UCCIe008aHULI NOKA3LIBAIOM, YMO C NOMOWbIO HAHOBOJOKOHHBIX
MEXHONI02Ul MOJNCHO NONYYUAMb MEKCMUIbHbIE MAMEPUAIbl KaKk ¢ aHmubaKkmepuaibHbiMu, mak u ¢
dyHKyuonanvHbIMU ceolicmeamu. B mo epems kaxk moouguyuposanHvie cepebpom baxmepuyuoHvle
MEeKCMUIbHble MAMepualbl 00ecnedusarm 2USUeHUYecKylo 0e30nacHOCmb, UHMELIEKMYalbHble
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BOJIOKOHHbIE CMPYKMYPbl PACWUPSION MPAOUYUOHHbIe (DYHKYUU MEeKCMmuis, npeepaujas e2o 8
UHMEPAKMugHblie U MHO2OMYHKYUOHANbHbIE cucmeMbl. Takum o06pazom, npo8edeHHas HAYYHA
paboma  noomeepxcoaem  CyujeCmeosaHue  NepCneKmuGHblX  HANpAaIeHUull  NPOMbIULIEHHOZO0
NpUMeHeHUs  HAHOBOJIOKOHHLIX — AHMUOAKMEPUANbHLIX U UHMENIeKMYAIbHbIX — MEeKCMUTbHbIX
Mamepuanos u 3axKiaovléaem OCHO8Y O/l pa3pabomku Oonee YCmMoUudUussvlx, dHepeo3PHeKmusHbIX U
8bICOKODYHKYUOHANLHBIX MEKCMUTbHBIX U30eNUll 8 0Y0yUeM.

Knrwuesvie cnoea: nanomexcmunv, 6010KHUCHIblIE MaTEPHalbl, MHTEIUICKTyalbHBIC BOJOKHA,
HAHOYACTHUIIBI cepeOpa, OaKTePUIIUIHBIN TEKCTUIIb.

UDC 675.92.035
MEDICAL FABRIC PRODUCTION USING NANO FIBER TECHNOLOGY

Razil Tofig Mirzayev
Azerbaijan Technological University

Summary: The research work presents the results of scientific research conducted in the field of
preparation of bactericidal textile materials treated with nanoparticles of various substances and
formation of smart fiber structures in the direction of application of nano fiber technologies in the
textile industry. The main goal of the work was to obtain innovative textile materials with high
hygienic indicators and functional properties.

Within the framework of the research, nano-sized fiber structures were prepared by
electrospinning method, their surface was modified with silver nanoparticles. Taking into account the
antimicrobial properties of silver, the bactericidal activity of the obtained materials was evaluated in
laboratory conditions. The results showed that nano fiber-based textile samples treated with silver
created a high inhibition zone against both Gram-positive and Gram-negative bacteria and
significantly reduced the development of microorganisms. These properties make the application of
these materials in medical clothing, protective equipment, hospital textiles and hygiene products
appropriate.In addition, work was also carried out in the research to create functional textile
structures based on the smart fiber concept.

As a result of the integration of conductive polymer components and nano-sized fillers into the
fiber structure, textile samples that respond sensitively to temperature, humidity and mechanical stress
were obtained. Such fibers were selected for their sensor properties that allow monitoring the
physiological parameters of the body.

The results of the conducted studies show that it is possible to prepare textile materials with both
antibacterial and functional properties through nanofiber technologies. While silver-modified
bactericidal textiles provide hygienic safety, smart fiber structures expand the traditional functions of
textiles, turning them into interactive and multifunctional systems. Thus, the scientific work conducted
confirms the existence of promising directions for the industrial application of nanofiber-based,
antibacterial and smart textile materials and lays the foundation for the development of more
sustainable, energy-efficient and highly functional textile products in the future.

Keywords: nanotextiles, fibrous materials, smart fibers, silver nanoparticles, bactericidal
textiles.
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CAY OSASLI iICKILORIN QiIDALANMADA ROLU VO FARMAKOLOJI
XUSUSIYYOTLORININ ARASDIRILMASI

Narmina Arzu qizi 9lasgarova
Azorbaycan Dévlat Iqtisad Universiteti (UNEC)
Baki, Azarbaycan, Istiglaliyyat, 6
alasgarova-narmina@unec.edu.az

Xiilasa. Diinyanin har yerinda insanlar antioksidantlarla zangin olan, xosagalan va tahliikasiz bir
icki olan ¢ayr gabul etmayi sevirlor. Diinyada istehlak olunan biitiin ¢aylarin taxminan 78%-ni gara
cay, taxminan 20%-ni isa yasil cay taskil edir. “Insan saglamhgini qorumagq va Xastaliklarin garsisini
almaq va miialica etmak iiciin ¢aydan istifada etmak” fikri son 10 ildo ¢ox diggat ¢okib. Bakterial vo
virus infeksiyalart kimi sada xastaliklor, elaca da Xar¢ang, koronar iirak Xastaliyi, insult va osteoporoz
da daxil olmagla xroniki zaifladici xastaliklor ¢cay istifadagilaorinda daha az rast galinir. Yasil ¢ayla
bagli aparilan tadgiqatlar siibut edir ki, o, insan saglamligi ticiin ¢ox faydalidir. Son zamanlar qara
cayin da oyranilmasi tadgigatcilarin diggat markazindadir. Bela ki, gara va yasil cayin saglamlig
Sfaydalart iirak Xastaliyi Vo miixtolif Xor¢ong formalart kimi bir swra xastaliklorin riskini azaltmaq
baximindan nisbaton miigayisa edila bilor. Bu baximdan maqalada ¢ay ickisi ilo bagh miiasir vaziyyat
arasdirilir va tangidi sokildo nazordon kecirilir, onun dad xiisusiyyatlotinin  yaxsilasdirilmasi iiciin
emal tisullarina xiisusi digqat yetirlir. Cay i¢kilari soyuq ekstraksiya, ultrasas ekstraksiyasi va dinamik
ekstraksiya yolu ila istehsal olunur. Cay ickilorinin dadimi artirmaq iigiin asagidaki fermentlordan
istifado edilir: litikaza, proteaza, amilaza, pektinaza, tannaza vo pf-qliikozidaza. Digar analitik
metodlarla yanasi, ¢ay ickilorinin dadimi giymatlondirmak iiciin xromatoqrafiya va elektrokimyavi
barmaq izindon istifada edilmisdir. Fermentlogdirilmis ¢ay ickilorinin ¢oxlu sayda yeni névlari
yaradilmisdir. Bu tadgiqat isinda ¢ay asash ickilarin bioaktiv maddalari, biomanimsanilmasi, gidalilig
dayari va tohliikasizlik problemlari ilo bagli son tadgiqatlar arasdrilr va timumilasdirilir, bu ickinin
saglamhq faydalarmin molekulyar saviyyada dyronilmasi hayata kegirilir. MaQsad ¢ay igkilarinin
keyfiyyatini va yasil sanayeda potensial saglamliq faydalarin yaxsilagdirmagdan ibaratdir.

Acar sizlar: yasil sonaye, ¢ay, saglamhq, icki, fermentasiya, qidaliliq dayari

Giris. Diinyada on ¢ox istehlak edilon igkilordon biri ¢aydir (Camellia sinensis) va onun gabulu
bir sira saglamliq faydalari ila alagolondirilir [1]. Cayin vitaminlor, polifenollar vo polisaxaridlor kKimi
bioaktiv maddoalorin ola gida monboayi oldugu bir sira alimlor torofindon gobul edilmisdir [2].
Polisaxaridlor va polifenollar ¢ayin torkib hissosini togkil edon osas bioaktiv maddslordir. Yasil vo
qara caym polifenol torkibini asasen flavanollarin niimayandosi olan epikatexin, epikatexin gallat,
epigallokatexin, epigallokatexingallat toskil edir [3]. Bir sira todqiqgatlar siibut etmisdir ki, cay
polisaxaridlori antioksidant, antibakterial, immunomodulyator vo glikozidaz inhibitor foaliyyatino
malikdirlor [4].

Tozo gay yarpaqlarinda movcud olan polifenollarin oksidlogmasinin qarsisini almaq magsadila
yarpaqglar yiiksok temperaturda buxar tasirine moruz qoyulur. Bu proses zamani oksidlogdirici
fermentlor (asason polifenoloksidaza) inaktivlasir vo noticods yarpaglarda fermentativ oksidlogsmo bas
vermir. Bunun sayssinds ¢ay yarpagqlar1 yasil rangini va bioloji aktiv maddslorini qoruyaraq yasil gay
formasinda emal olunur. Yasil ¢cayda katexinlor do daxil olmaqla bir ¢ox suda hoall olan polifenol var
vo onlar domloms yolu ilo suya diffuziya edir. (—)-epikatexin, (—)-epikatexin qallat, (—)-
epigallokatexin va epigallokatexingallat ¢ayin torkibinds olan asas katexinlordir. Bu katexinlor 200 ml
yasil ¢ayda miivafiq olaraq 17, 28, 65 vo 140 mq miqdarda olur [5]. Yasil ¢cayin torkibinds teanin, y-
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aminobutirik tursusu, vitaminlar, teobromin, teofillin va qal tursular1 kimi bir ne¢o slave komponentlor
do moveuddur [6]. Qara ¢ay hazirlamaq {igiin yeni yarpaqlar fermentativ oksidlosmaya moruz galir. Bu
tisul yasil caydaki katexinlorin imumi miqdarin1 40%-o qara ¢aydakini 10%-o endirir. Domlonmis qara
cayda katexinlor, teaflavinlor vo tearubiginlor miivafiq olaraq quru ¢akinin toxminan 3-10%-ni, 2,6-
6%-ni vo 20%-don ¢oxunu toskil edir [7]. Yasil ¢cay vo qara ¢ayin har ikisinds taxminon eyni migdarda
kofein vardir.

Teaflavinlor, kerubinlor vo monomer katexinlor ulonq ¢ayinda geyds alinmisdir. Domlonmis
cayda katexin saviyyslori imumi quru maddoys nisboton 8%-don 20%-o godor doyiso bilar [6].
Homg¢inin ¢ayda saflosidlor vo teasinensinlor do daxil olmaqgla bir ne¢o polifenol toromalori
moveuddur [7].

Cayin saglamliga tasiri. Fordloraras1 doyiskonlik, maddolor miibadilasinin xiisusiyyatlori,
bagirsaq mikrobiotasinin tesiri, miixtalif hiiceyra dasiyici sistemlori, molekulyar transformasiyalar,
hallolma gabiliyyati, eloco do qida komponentlorinin ¢ay torkibli birlosmalorin metabolizmasina tosiri
kimi ¢oxsayli amillor bioaktivliyin giymotlondirilmasini ohomiyyatli deracads ¢otinlogdirir [8]. Bu
amillor odobiyyatda miixtalif bioaktiv maddslorin biomonimsanilmasi ilo bagli noticolords miisahido
olunan forqlori qismon izah edir.

Ovvaller geyd edildiyi kimi, ¢ayin torkibindoki birlogmolor orqanizm torafinden ksenobiotiklor
kimi gabul edilir vo buna gors do xaric edilmozdon avval genis metabolik ¢evrilmoalors moruz qalirlar.

Qidada, xiisuson do cayda movcud olan bioaktiv birlogmolor, olanlarin potensial bioloji
aktivliklori, bu birlogmalorin potensial saglamliq faydalar ilo bagli ¢oxsayli todgiqatlara baxmayaragq,
bu movzu kifayost qador dyronilmomisdir. Bu metabolitlorin, istor konyugqatlar, istorso do mikroblarin
miixtolif istifado saholori mévcuddur. Homginin vurgulamaq vacibdir ki, iimumilikds polifenollar da
daxil olmaqla bioaktiv birlogsmolorin bioeffektivliyino dair todqiqatlar oksor hallarda miioyyon
mohdudiyyetlors malikdir. Bu todqiqatlar ¢ox vaxt dovran edon metabolitlori nazors almadan, ana
birlogsmoni fizioloji diapazondan xeyli yiiksok konsentrasiyalarda qiymatlondiran in vitro modellors
asaslanir. Bu isa alds olunan naticolorin real bioloji seraits uygunlugunu mahdudlagdira bilor.

Nadir istisnalar movcud olsa da, maddslorin genis metabolizmast (I vo II faza
biotransformasiyalar1) adoton dorman kosfi vo qiymoatlondirilmasi zaman1 manes kimi gobul edilir,
clinki amolo golon metabolitlor ¢ox vaxt ilkin birlosmodon daha az bioloji aktivliys malik olur. Lakin
bozi hallarda bunun oksi do miisahido olunur. Masalon, qliikuronidlorin oksor hallarda farmakoloji
cohotdon passiv oldugu diisiiniilse do, morfin niimunasindo onun metaboliti olan morfin-6-qliikkuronid
ilkin molekulla miiqayisods daha yiiksok farmakoloji aktivlik niimayis etdirir [9].

Lu vo b. [10] gora cayda olan epiqallokatexin va epiqallokatexinqgallat gliikuronidlari in vitro
modellorin qiymotlondirilmasi zamani ana garisiqlarin bioloji aktivliyini qoruyub saxlamigdir. Katexin
metabolitlorinin monositlorin insan aorta endotel hiiceyralorino yapigsmasina inhibitor tosiri statistik
cohotdon ohomiyyotli olmusdur ki, bu da onlarin iirok-damar xostoliklori riskino qarst potensial
goruyucu rolunu gdéstorir [11].

Metabolitlorden birinin azot oksidi (NO) sintezino shomiyyatli tasiri miisahids edilsa do, istifado
olunan 20 pM konsentrasiyanin fizioloji baximdan real olmadigi qeyd edilmalidir. Bu iso oldo olunan
naticolarin in Vivo soraito ekstrapolyasiyasini miioyyon qador mohdudlasdirir.

Cay torkibli komponentlorin genis sokildo mikrobial vo konjugasiya olunmus metabolitlora
cevrildiyini nazors alsaq, polifenollarin potensial saglamliq tasirlorinin qiymatlondirilmasi zaman1 bu
metabolitlorin movcudlugu bioeffektivliyin miihiim torkib hissosi kimi nozora alinmalidir [12]. Lakin
metabolitlorin kimyavi sintezi vo ya ayrilmasi il bagl coxsayli ¢atinliklor onlarin bioloji aktivliyinin
Oyronilmasini mohdudlasdirir. Bu sobabdon, bu birlosmolorin giymotlondirilmasi iiglin genis sokildo
istifado oluna bilon kommersiya standartlar1 hazirda mohduddur.

Son 1illords insanlar iizorinde aparilan miidaxilo todqiqatlarinin say: artsa da, cay istehlaki ilo
saglamliq faydalar arasindaki slagqoys dair mévcud molumatlarin bdyiik hissasi epidemioloji, in vitro
vo heyvan modellori asasinda oldo edilmisdir. Bununla belo, ¢ayin iddia edilon saglamliq tosirlorino
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cavabdeh olan doqiq mexanizmlor vo ya konkret bioaktiv komponentlor holo do tam sokildo miioyyan
edilmomisdir, baxmayaraq ki, bu istiqgamatds ¢oxsayl tadqiqatlar aparilmigdir.

Bundan olava, miidaxilo todqiqatlarinin naticolorindo miioyyon uygunsuzluqlar miisahids olunur
ki, bu da bir sira amillorlo izah edils bilor. Bunlara istehlak olunan ¢ayin névii vo miqdari, ¢ay igmo
vordiglorindoki modoni forqlor, todqigata artiq saglam fordlorin daxil edilmosi, eksperimental
dizaynlarin miixtalifliyi, hom¢inin miidaxilo miiddstinin forqli olmast daxildir. Bu amillor naticalorin
miiqayisasini vo imumilogdirilmasini ¢atinlogdirir.

Movcud voziyyat gostarir ki, ¢ayin bioaktiv komponentlarinin potensial qoruyucu tosirlorini tam
sokildo anlamagq tigiin uzunmiiddotli, yaxsi nozarat olunan vo metodoloji cohatdon diizgiin qurulmus
insan tadqiqatlarina ehtiyac vardir. Bu kontekstds, todqiqatin planlagdirilmast zamani statistik
metodlarin vo eksperimental dizaynin diizglin se¢ilmasi xiisusi shomiyyot kosb edir, ¢linki bu amillor
naticalarin etibarliligina va interpretasiyasina birbasa tosir gostorir.

Oksidlagdirici stressa qarst tasirlor. Bununla yanasi, todqiqatin magsadlori baslangic morhslado
aydin sokildo miioyyan edilmali, naticolorin qiymatlondirilmosi zamani yalniz statistik ohomiyyat (p-
doyari) deyil, hom do bioloji shamiyyeot nozors alinmalidir. Miiasir elmi yanasmaya asason, siibutlarin
on yiiksok soviyyesi kimi bir ne¢o randomizo olunmus nozaratli sinaqlarin meta-analizi qobul edilir
[13].

Insan miidaxilosine osaslanan tadqiqatlarda antioksidant gabiliyyatin qiymotlondirilmesi ¢ox vaxt
qisa miiddatli, yoni koskin ¢ay istehlaki (masalon, bir giin orzindo) fonunda aparilir vo saglam fordlords
superoksid dismutaza (SOD) vo katalaza (CAT) kimi antioksidant miidafio fermentlorinin aktivliyino
tosiri Oyronilir.

Klinik sinaglara asaslanan iimumilogsdirmoado Rietveld vo Wiseman [14] glindo 1-6 stokan qara
va yasil ¢ay istehlakinin antioksidant tasirlorini qiymotlondirmis vo belo gonasto goalmislor ki, mévecud
tadqiqatlarin keyfiyyati qati naticalor ¢ixarmaq ti¢iin kifayat deyil.

Hollman vo digorlorinin [15] fikrinca, polifenollarin in vivo soraitdo birbasa antioksidant
aktivliyi miibahisslidir, ¢iinki adi qidalanma soraitindo onlarin ganda konsentrasiyasi adoton ¢ox asagi
soviyyado olur. Eyni zamanda, Halliwell [16] qeyd etmisdir ki, in vivo todqiqatlarda aydin miisbot
tosirlorin miisahido olunmamasi antioksidantlarin bioloji shomiyystini tam sokildo miioyyon etmoya
imkan vermomisdir.

Bundan olava, bioaktiv maddoslorin metabolizmasi vo monimsonilmosi proseslorinds mévcud
olan fordloraras1 doyigkonlik do oldo olunan naticolorin interpretasiyasina tosir gdstoron miithiim
amillordon biridir.

Ekstraksiya iisullari. Istifadosinin sadaliyi vo texnoloji ol¢atanlifi sobabindon istilik-refliiks
ekstraksiyast (HRE), ¢ay vo cay osash ickilorin sonaye istehsalinda genis totbiq olunan ononovi
iisullardan biridir [18]. Bu iisulda osas holledici kimi isti su istifado olunur. Lakin HRE yiiksok
temperatur vo uzun ekstraksiya miiddoti tolob etmoklo yanasi, nisboton asagi mohsuldarligla
xarakterizo olunur [19].

Ekstraksiya mohsuldarligini artirmagq ii¢lin totbiq olunan yanagmalardan biri xammalin hissacik
Olgiistintin kigildilmasidir. Belos ki, ¢ay hissaciklarinin 6l¢iisii 0,15-0,74 mm diapazonunda olduqgda,
imumi fenol torkibi liyiidiilmamis ¢ay yarpaqlar ilo miiqayisade toxminon 14% daha yiiksok olmusdur
[ 20].

Kiitle otiiriilmoasini yaxsilasdirmaq magsadils istifade olunan digor effektiv {isul tozyiqli maye
ekstraksiyasidir. Bu {isul ononovi metodlarla miigayisado flavonoidlorin ¢iximini toxminon 50% artirir.
Ultrasos tosiri ilo yaranan kavitasiyani giiclondirmak iiciin yiiksok tozyiqli suya genislondirici qaz slava
edildikds isa polifenollarin ¢iximi olava olaraq 20—-26% yiiksalir [21]. Maraqlidir ki, bu iisul hissacik
olgiislindon az asili oldugundan avvalcadan iiyiitma marhalasina ehtiyac duymur.

Bununla bels, geyd olunan ononovi vo yari-ononavi iisullarin oksoriyyoti yiiksok temperatur,
uzun miiddatli proseslor vo bazon metanol vo etanol kimi iizvi holledicilorin istifadesini tolob edir [22].
Bu amillor iso ekstraksiya zamani polifenollar vo digor istiliyo hossas bioaktiv maddslorin
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parcalanmasina sobab ola bilor [23]. Bu baximdan, ekstraksiya temperaturunun azaldilmasi miihiim
texnoloji mogsad kimi 6n plana ¢ixir.

Son illorde yasil ¢ay yarpaqglarinin emalinda vezikula ilo giiclondirilmis maye fazali impulslu
bosalma ekstraksiyasi (V-LPD), mikrodalgali komokli ekstraksiya, ultrasos komokli ekstraksiya
(BOO) vo impulslu elektrik sahasi (PEF) kimi innovativ, geyri-istilik osasl lisullara maraq artmisdir
[24]. Bu metodlar adoton otaq temperaturunda vo ya daha asagi temperatur soraitindo hoyata kegirilir
vo hiiceyro divarmin destruksiyast hesabina kiitlo 6tiirmo miigavimotini azaldaraq polifenollarin
ciximint ohamiyyatli deracado artirir.

Enzimatik proses. Cay vo gay osash igkilorin emalinda, dad molekullarinin transformasiyasini
tosviq etmok vo belsliklo, dad va otir keyfiyyatini artirmaq ii¢iin fermentativ emaliisullarina diqqot
artir. Tanningse (EC 3.1.1.20) fermentinin dadin artirilmasi tiglin istifadasi bir ¢ox alimlar torafindan
aragdirilmisdir. Cay kreminin miqdarini effektiv sokilds azaldir vo gallat katexinlarinin (xiisusilo gara
cay igkisi soyuduqda hidrogen rabitalari ilo ¢ay polifenollari, kofein va digar birlogsmalarlo amala golon
kolloid hissaciklor) hidrolizini kataliz edir [25,28].

Payiz movsiimiindos yigilan ¢ay yarpaqlarinda yazda yigilan g¢ay yarpaqlart ilo miiqayisodo
katexinqallatin konsentrasiyasi1 yiiksok oldugundan, payiz yarpaqlarindan hazirlanan emal olunmusg
yasil ¢ay daha aci vo biiziicii dada malik olur. Payiz yarpaqlarindan hazirlanan ¢ay1 tannaz fermeti ilo
hidroliz etdikdon sonra daha ¢ox miqdarda qall tursusu va Sarbast katexinlor amals golir, ¢ay xos dada
malik olur , acilig1 vo biiziisdiiriiciilityii iso azalir [27].

Basqa bir arasdirmada yasil ¢ay konsentratinin tannaz fermenti ilo emalinin ¢okiintii miqdarini
74,63% azaltdig1 vo saxlanmadan sonra belo mohsulun dad xiisusiyyatlorini yaxsilagdirdigi miioyyon
edilmisdir [26]. Digor todqigatin naticolorine gors, yay movsiimiinds toplanmis cay yarpaqlarinin
tannazla emali, ononovi qurudulmus yarpaq fermentasiyas: ilo miiqayisado ohomiyyastli dorocods
yiiksok miqdarda teaflavinlorin (TF) — toxminan 4,7 dofo ¢ox — omoalo golmasing sobab olmusdur [29].
Bu yanasma TF-lorls zongin ¢ay mohsullarinin istehsali iglin perspektivli tisul kimi qiymotlondirilir.

Teaflavinlor diinyada on genis istehlak olunan ¢ay névii olan vo timumi istehsalin toxminon 75%-
ni toskil edon qara ¢aymn orqanoleptik xiisusiyyatlorinin formalagmasinda osas rol oynayir. TF-lorin
biosintezi zamani epikatexinin (EC) polifenol oksidaz (PPO) fermentinin istiraki ilo orto-xinona
oksidlogsmosi bas verir vo sonraki morhalodo epiqalokatexin (EGC) ilo kondensasiya reaksiyasi
naticasindo teaflavinlor amolo galir [30].

Bu mexanizmas osaslanaraq, xam fermentlor ovozine tomizlonmis PPO izoenzimlorindon istifado
etmoklo in vitro soraitdo teaflavinlorin sintezini tomin edon yeni yanagmalar islonib hazirlanmisdir
[31]. Maye fazali1 fermentasiya texnologiyalarinda alds edilon iralilayislor iso yiiksok keyfiyyatli qara
cay ickilorinin istehsalina imkan verir. Bitkidon aldo edilon tomiz PPO-nun totbiqi katexinlorin daha
siiratli vo ardicil oksidlogmosini tomin edorak yiiksok saviyyado TF sintezino sorait yaradir [32].

TF konsentrasiyasini artirmaq vo qara ¢ayin keyfiyyotini qorumaq {iglin daha sado
yanasmalardan biri “iki morhololi fermentativ emal” kimi taninir. Bu iisulda fermentativ giiclondirilmis
ekstraksiyadan sonra hom oksidlosdirici fermentin, hom do substratin monbayi kimi tozo ¢ay
yarpaglarindan istifado edilir [17, 33]. Digor alternativ iisul iso tannazla hidroliz olunmus yasil ¢ay
ekstraktinin substrat kimi, tozo ¢ay yarpaqlarinin iso ferment monbayi kimi istifado edildiyi maye
fazali fermentasiya prosesidir ki, bu da TF-larlo zongin gara ¢cay mohsullarinin alinmasina imkan verir
[29].

Cay aromatinin formalagsmasinda osas rol oynayan prekursorlar alifatik, aromatik vo monoterpen
spirtlarinin gliikozid vo primeverozid toromslaridir [34]. Emal zamani1 qlikozid baglarinin fermentativ
hidrolizi ucucu aromatik birlogmolorin sorbostlosmosine sobob olur vo bu, xiisusilo hazir ¢ay
mohsullarinda otrin yaxsilagdirilmasi {iciin effektiv iisul hesab edilir. Masolon, B-qliikozidaza ilo emal
naticasinda geraniol, nonanal va sis-3-heksen-1-olun miqdart artmis, bu iso ¢igokli vo otlu notlarin
giiclonmosing, karamel notunun iso azalmasina sobab olmusdur [35].

B-qliikozidaza vo B-ksilozidazanin birgo totbiqi bu tosiri daha da giiclondirmisdir. Eyni zamanda,
B-qliikozidazanin ani ag ¢ay domlomaosina slavo olunmasi otlu, ¢igokli vo sirin aromatik notlarin daha
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gabariq hiss olunmasina gotirib ¢ixarmisdir. Bu doyisikliklor benzaldehid, benzeneasetaldehid, (Z)-3-
heksen-1-ol, linalool, feniletil spirt, sis- vo trans-linalool oksidlori, heksanol, hotrienol va (E)-2-
heksen-1-ol kimi ugucu birlogsmolorin konsentrasiyasinin artmasi ils alagolondirilir [36].

Mikroorganizmlar tarafindan fermentasiya. Miiasir metabolik proseslori vo otraf miihito
uygunlagmasi sababindan, godim doévrlordon boari mikroblar giymatli maddslori biotransformasiya
etmok tiglin transformasiyaedici maddoalor Kimi istifado edilmisdir. Mikroorganizmlorin bu istifadasi
fermentasiya kimi bioproseslorin istifadosinds biotexnoloji miidaxilolor kimi xarakterizo edilo bilar
[36].

Son ti¢ ildo mikroblarla fermentlosdirilmis ¢ay igkilarinin ¢oxlu sayda yeni novlari yaradilmigdir.
Bunlara ¢ay sorabi kimi spirtli va spirtsiz novlar, eloco do maye fermentlosdirilmis gara vo tiind gay
sirasi Vo komubuga daxildir. Cay sorabi istehsali tigiin fargli xammal, ham ¢aymn, hom do baijiunun
hissiyyat xiisusiyyatlorini qoruyarkon karbohidrat manbalari ilo zonginlosdirilmis ¢ayin spirtli maya
fermentasiyasidir [29].

Maye fermentasiya yolu ilo Eurotium cristatum mikroorganizmi ilo hazirlanmis ani yasil ¢aymn
otri oduncaqli va bitki mansali idi; aksina, Aspergillus niger istifado edilorok domlonmis ¢ay kiflonmis,
oduncagqlt va bitki mangsli qoxu niimayis etdirirdi, E. cristatum/A. niger-in ardicil peyvond edilmasi ilo
domlonmis ¢ay isa bitki mansali, sirin, nanali va ¢igakli otrina malik idi [38].

Qara caya "gobalok ¢igayi", "¢igcok™ Vo "nana" xiisusiyyatlori veran asas ugucu kimyavi maddalor
olan linalool, asetofenon vo metil salisilatdir. Artan atir intensivliyi osas gébolok névii olan
Aspergillus-un metabolizmasi ila alagelondirilmisdir [38].

Yemoli basidiomisetlordon istifadasi etmoklo yasil dadi lagv etmok va ya azaltmag, hamginin ¢ay
domlomasini tabii sokildo aromatizo etmok miimkiindiir. Ondan istifado zamani ekstrakt oshomiyyatli
miqdarda linalool va 2-feniletanolla zonginlosir vo fermentasiyadan sonra intensiv xos bir ¢igok
qgoxusu yaranir [39].

Tadqiq edilon 29 gobalok arasinda enokitake (Flammulina velutipes), dadli, sokolad kimi qozlu
Vo tez fermentasiya olunan (16 saat) dadina goro otirli ¢ay ickisi hazirlamaq {i¢iin an yaxsi nov hesab
olundu (Rigling va b. 2021). 17 saatliq suda fermentasiyadan sonra Wolfiporia cocos gobaloyi yasil
cay domlomasinin forgli yasil qoxusunu gozal ¢igakli, yasamon kimi va bir godoar sitrus kimi bir dadla
avazladi [40].

Kombuga igkilorinin hazirlanmasinin onanavi iisulu sokorli ¢ay mayesindondon kombuga
kulturasinin vo ya ¢ay gobaloyinin yetisdirilmaSine osaslanir. Bu mikrob kulturalari ¢ay ickilorinin
emali ti¢iin faydahidir. Cay va olavo substratlarla birlagdirildikds, kombuga baslangic kulturasi sokar vo
cay polifenollarini yiiksak saviyyads gabul edilon va bir sira saglamliq iistiinliiklarine malik funksional
bir ickiya cevira bilor [41]. Kombuga ¢ay igkilarinin fiziki-kimyavi vo mikrobioloji xiisusiyyatlori
fermentasiya zamani miisahido edilon vacib biokimyavi parametrlorlo mikrob populyasiyalarini
olagalondirmaklo askar edilmisdir [42]. Bu olagonin aydinlagdirilmasi osasinda bu fermentasiyani
diizgiin sokildo idaro etmok ii¢lin osas kombuga mikrobiota mikrob konsorsiumunun xiisusi
hazirlanmis niimayandosi yaradilmigdir [43].

Yuxaridaki izahatdan belo notico ¢ixarmaq olar ki, mikroorqanizmlor forqli duygu
xiisusiyyatlorinin inkisafina, eloco do ¢ay mohsullarinin dadinin vo gida torkibinin artirilmasina
ohomiyyatli doracodos tohfo vermisdir. Bunun sobabi bakteriyalarin faydali aktiv kimyovi maddalor
sintez etmasidir. Lakin mikroorganizmlor bazi alave mohsullar da yaradir ki, bunlardan bazilari insan
saglamlig1 ti¢lin potensial olaraq zsharli vo/va ya bioloji cohotdon tohliikalidir. Xiisusila, anonavi
fermentlosdirilmis ¢ay adoton tobii fermentasiya prosesi ilo hazirlanir. Patogen mikroorganizmlarin
olmasi1 gagilmaz olaraq tohliikalora sobob ola bilor. Buna gora do, dadin yaxsilasdirilmasina digqot
yetirorkon, fermentlogdirilmis ¢ay igkilarinin tohliikasizliyi do nozars alinmalidir.Bunun ii¢iin ilk 6nca
gida tohliikesizliyi testlori tolob olunur. Ikincisi, olagosiz bakteriyalarin yaratdigi girklonmanin
qarsistm1 almaq {i¢in milli standarta uygun tohliikesiz bakteriyalar secilmolidir. Ugiinciisii, avvalki
todgigatlarda nozordon qagirildigi kimi, yiiksok keyfiyyotli bakteriya istehsalin1 askar edorkon
tohliikasizlik giymatlandirmasi nozars alinmalidir.

89



Texniki elmlar Elmi xabarlar macmuasi

Ne 2/2026 soh.85-94

Natica. Cay polifenollarinin vo digor faydali birlosmalorin ultrases, elektrik saholori, yiiksok
tozyiq vo mikrodalgali sobalar kimi miiasir texnologiyalarin totbiqi ilo sorbast formada sintez olunmast
son zamanlar genis viisat almisdir. Cay igkilarinin torkibinin vo sterilizasiyasinda dondurma
konsentrasiyasinin geyri-termal texnologiyalardan istifads edoarok arasdirilmasi daha ¢ox todgiqat tolob
edir. Fermentlor ¢ay tullantilarinda galan kimyavi maddslari potensial olaraq azaltmaqla yanasi, dadi
Vo otri effektiv sokilds artirmagq tigiin do istifads edilo bilor. Cay ickilorinin kateqoriyalari, xiisusan do
yiikksok  otirli igkilorin istehsalinda mikroorqanizm fermentasiyasinin effektiv  totbigi ilo
genislondirilmisdir. Istiliyo hossas olan bioloji maddalora zorar vermoyan innovativ qurutma
metodlarinin inkisafi ilo bagli daha ¢ox todqiqat aparmaq xiisusi diqqgat tolob edir. Cay mohsullarinin
alava dayarini artirmaq va sonradan funksional komponentlorin gixarilmasini asanlasdirmaq vo Sanaye
zonciri qurmaq Ugiin miixtalif funksional elementlorlo zongin igkilor yaradan istigamatli emal da
diggatle nazardon kegirilmalidir.  Golocak todqiqatlar xiisusilo istiliya hossas bioaktiv birlosmalarin
gorunmasi U¢iin innovativ qurutma metodlari, fermentasiya texnologiyalar1 vo funksional igkilarin
emalina yonalmalidir.
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Summary. People around the world like drinking tea, which is a pleasant and safe beverage that
is high in antioxidants. Out of all tea eaten worldwide, black tea makes up around 78%, while green
tea makes up about 20%. The idea of "using tea to promote human health and to prevent and cure
illnesses™ has drawn a lot of attention in the past 10 years. Simple illnesses such as bacterial and viral
infections, as well as chronic debilitating diseases including cancer, coronary heart disease, stroke,
and osteoporosis, seem to be less common in tea users. Early research on green tea indicated that it
may have health benefits for people. The focus of the research has shifted to include black tea in
recent years. Recent studies have shown that the health benefits of black and green tea are relatively
comparable in terms of reducing the risk of several human diseases, such as heart disease and various
forms of cancer. The current developments in tea beverage research are emphasized and critically
reviewed in this work, with an emphasis on processing techniques for taste improvement. Tea
beverages have been produced via cold extraction, ultrasonic extraction, and dynamic extraction. The
following enzymes have been employed to enhance the flavor of tea beverages: lyticase, protease,
amylase, pectinase, tannase, and S-glucosidase. Among other analytical methods, chromatography
and electrochemical fingerprinting have been employed to assess the flavor of tea drinks. A plethora of
novel varieties of fermented tea drinks have been created. This review examines and summarizes
recent research on the bioactive ingredients, bioavailability, nutritional benefits, and safety concerns
of tea-based beverages, with a focus on the molecular processes behind these health benefits. The goal
is to improve the quality of tea beverages and their potential health benefits in the green industry.

Keywords: tea, health, beverage, fermentation, nutritional value
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W3YYEHHUE POJIA M ®APMAKOJOTMYECKAX CBOMCTB YAMHBIX
HAINIATKOB B TUTAHUH
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A3epOaiilkaHCKHil TOCYAapCTBEHHBIH JKOHOMUYecknii yHuBepcurter (YHIY)
baky, A3zep0Oaiiax:kan, UcTurnanausr, 6
alasgarova-narmina@unec.edu.az

Annomayusa. Jlioou 6o ecem Mupe n00Am NUmMb yai, KOMOPIU AGNAEMCA NPUAMHLIM U
0e30nacHbiM HANUMKOM, Oocamvim awmuoxcuoanmamu. M3 eceeo uas, nompedOisemoco 6 mupe,
yepHwlll yall cocmasisem oxono 78%, a senenviil uai — oxkono 20%. Hoes «ucnonvzosanus yas 0is
VKpenjienus 300p08bsl Yel06eKd, NPOQUIAKMUKU U JeyeHuss OONIe3Hel» NPUBLEKId MHO20 6HUMAHUS 34
nocneonue 10 nem. Ilpocmule 3aboneéanus, maxkue Kak OaKmepuanibHvle U GUPYCHblE UH@EKYUU, a
Makoice XpoHudeckue usHypsaouue 6oie3Hu, 8KIYas pax, UeMudeckyio 60iesHs cepoya, UHCYIbm U
0Ccmeonopo3, No-6UOUMOMY, BCMpeyaromcs pedce y nompeoumeneu uas. Pannue uccreoosanus
3€/1eH020 Yasl NOKA3AAU, YMO OH Modcem Obimb noaezeH 0as 300poevsi. B nocieonue 200wt okyc
uccne0o8anull cmecmuics Ha yepwvill yai. Hedaenue uccnedoeanuss nokazanu, 4mo noav3a Ol
300P0BbsL YEPHOO U 3€/IeHO20 Ydsi OMHOCUMENbHO CONOCMABUMA C MOYKU 3PEHUSl CHUINCEHUSI PUCKA
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pAaoa 3abonesanull 4eno8eKkd, makux Kax Oone3Hu cepoya u paziuuHvle Gopmul paxa. B oanuou
pabome ocoboe 6HUMAaHUE YOeNAeMCa U KPpUMUYECKU PACCMAmpueaemcss COBPEeMeHHOe pa3eumue
UCCe008anull 4atHbLIX HANUMKO8, C AKYEHMOM HA Memoovl 0bpabomku Oas YAy4uleHUus 6KycCd.
Yatinvie Hanumxu npouU3800AMCs ¢ NOMOUWBIO XONOOHOU IKCMPAKYUU, YIbMPA38YKOBOU IKCMPAKYUU U
OuHamuueckou sxcmpakyuu. /[ns yayuulenus 6Kyca YauHblX HANUMKO8 UCHOAb3VIOMCA Cledyioujue
(epmenmul: tumuKaza, npomeasa, amMuia3d, NeKMUHA3a, mannasza u f-enoxosuoasa. Cpeou opyaux
AHATUMUYECKUX MemOo008 OISl OYEHKU 6KYCA YAUHBIX HANUMKO8 UCHONb3YIOMCSA Xpomamozpagus u
anexkmpoxumudeckuti anamuz. CO30aHO MHONMCECMBO HOBbIX PAZHOBUOHOCMEU (DEPMEHMUPOBAHHBIX
YQUHLIX HANUMKO8. B oannom 0b30pe paccmampusaromces u 060d0waomces nocieoHue uccied08aHus.
OUOAKMUBHBIX UHESPEOUEHMO08, ODUOOOCMYNHOCMU, NUMAMENbHLIX C8OUCME U NPobIeM be30nacHocmu
HanumKko8 Ha OCHOBe 4as, C AKYEHMOM HA MONEKVIAPHble NPOYecchl, aedcaujue 8 OCHOBe IMUX
noaesHvix ceoticms. Llenb cocmoum 6 yiyuuleHuu Kayecmea 4aHblX HANUMKO8 U Ux NOmeHYuaiIbHol
NOb3bL 015 300P0BbSL HACETICHUSL.
Knrwoueswie cnosa: uaii, 300pogve, Hanumox, ghepmeHmayus, NUesas YeHHoCmy
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Summary.This literature review critically examines recent advances (2014-2026) in the
development of green adsorbent materials derived from industrial waste for sustainable wastewater
treatment. The analysis focuses on the transformation of agricultural residues, sewage sludge, food
processing byproducts, and other industrial wastes into functional sorbents, including biochar,
activated carbon, metal-organic frameworks (MOFs), and molecular gel sorbents. Key themes include
green chemistry synthesis approaches, surface modification strategies to enhance adsorption capacity
and selectivity, and mechanisms governing the removal of heavy metals, organic dyes,
pharmaceuticals, and other contaminants. Particular attention is given to highly cited foundational
works that have shaped the field, as well as emerging trends such as magnetic biochar composites,
nano-modification techniques, and circular economy strategies for spent adsorbent reutilization. The
review also addresses critical technical barriers to industrial deployment, including secondary
pollution risks, mechanical stability, competitive adsorption in complex matrices, and regeneration
efficiency. Economic considerations, supply chain logistics, and the need for standardized testing
protocols and life cycle assessment are discussed as essential factors for scalable implementation. The
article concludes with prioritized research directions aimed at bridging the gap between laboratory-
scale innovation and real-world wastewater treatment applications, emphasizing the integration of
techno-economic analysis, regulatory frameworks, and hybrid material design for next-generation
sustainable adsorbents.

Keywords: wastewater treatment; adsorption; industrial waste; biochar; activated carbon;
green chemistry; heavy metals; circular economy; biosorbents; surface modification

1. Introduction. The increasing global concern over environmental pollution, particularly water
contamination by heavy metals, organic dyes, and pharmaceutical residues, has driven intensive
research into sustainable wastewater treatment technologies [2, 8, 15, 23]. Among various approaches,
adsorption using sorbent materials derived from industrial waste has emerged as a promising green
chemistry solution that addresses both waste management and water purification challenges
simultaneously [1, 3, 11, 19]. This literature review examines recent advances in transforming
industrial waste into functional sorbent materials, focusing on green chemistry approaches and their
effectiveness in wastewater treatment applications. The analysis covers publications from 2014 to
2026, with particular attention to highly cited works that have shaped the field [12, 13, 26].

2. Overview of Green Adsorbents.Kyzas and Kostoglou [15], in their seminal review article
that has garnered over 500 citations, established the fundamental principles of green adsorbents for
wastewater treatment. The authors critically analyzed the mathematical models governing adsorption
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processes and highlighted the importance of understanding the relationship between sorbent structure
and adsorption capacity. Their work laid the groundwork for subsequent research in this field. The
concept of "green adsorbents™ encompasses materials that are:

* Derived from renewable or waste resources

* Produced through environmentally friendly processes

* Non-toxic and biodegradable

» Effective at removing various pollutants

* Economically viable for large-scale applications [5, 22, 25].

3. Industrial Waste as Precursor Materials

3.1 Agricultural and Biomass Waste.Ramrakhiani et al. [20] conducted comprehensive
studies on industrial waste-derived biosorbents for toxic metal remediation. Their research focused on
chemical modification of functional groups including hydroxyl, carboxyl, amino, phosphate, sulfonyl,
and carbonyl groups to enhance adsorption capacity. The study provided detailed mechanism insights
and addressed the critical issue of spent biosorbent management. Ahsan et al. [3] developed a highly
efficient biosorbent through sulfonation of spent coffee waste (SCW-SO3H). This green synthesis
approach demonstrated excellent removal capabilities for organic pollutants, pharmaceutical
compounds, and heavy metals. The engineering of surface chemistry on polymeric biomass represents
a significant advancement in tailoring sorbent properties for specific applications [4, 11].

3.2 Sewage Sludge Conversion.Recent work by Sharma, Ghodke, and Chen [22] explored
advances in green adsorbent technologies from sewage sludge for wastewater remediation and carbon
capture. Their research into sewage sludge pyrolysis revealed important relationships between process
parameters and the physicochemical attributes of resulting biochar, including elemental composition,
specific surface area, pore size distribution, and functional group content. Zhou et al. [30] further
demonstrated the effects of sewage sludge biochar on adsorption and immobilization of chromium,
manganese, copper, and zinc in contaminated soils.

4. Biochar for Wastewater Treatment.Biochar has emerged as one of the most promising
green adsorbents due to its low cost, high surface area, and versatile surface chemistry [12, 13, 26, 29].
Inyang et al. [12] provided a comprehensive review of biochar as a low-cost adsorbent for aqueous
heavy metal removal, with over 1500 citations establishing it as a foundational work in the field. The
authors detailed various mechanisms including complexation, physical sorption, and ion exchange that
govern heavy metal removal by different types of biochar. Jagadeesh and Sundaram [13] presented an
extensive review on adsorption of pollutants from wastewater by biochar, analyzing the removal of
dyes, heavy metals, and nutrients from water and wastewater systems. Their work highlighted the
accumulation of pollutants in industrial, municipal, and agricultural wastewater and the effectiveness
of biochar-based treatments. Recent advances in modified biochar have been documented by Godwin
et al. [11], who reviewed progress in preparation and application of modified biochar for improving
heavy metal ion removal from wastewater. Acidic treatment and other modification approaches were
shown to significantly enhance adsorption capacity for different contaminants. Zhang et al. [28]
developed a poly(acrylic acid) grafted chitosan and biochar composite (PAA/CTS/BC) that
demonstrated highly efficient and selective capture of heavy metals, particularly Cu(ll). Wang et al.
[26] conducted a scientometric review of research status, trends, and mechanisms of biochar
adsorption for wastewater treatment, revealing that magnetic biochar adsorption represents a rapidly
growing research area. The study demonstrated that biochar can treat a wide range of wastewater
contaminants through various adsorption mechanisms. Nano-modification strategies for biochar
enhancement were reviewed by Ahuja et al. [4], who discussed how novel biochar nanocomposites can
significantly improve heavy metal sorption and removal capacity. Li et al. [17] demonstrated
superefficient removal of heavy metals from wastewater using Mg-loaded biochars, revealing
important relationships between surface charge distribution and adsorption characteristics. Ye et al.
[27] further elaborated on removal mechanisms of heavy metals using biochars, providing critical
insights into adsorption kinetics and thermodynamics.
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5. Activated Carbon from Waste Materials.Activated carbon remains one of the most widely
used adsorbents in water and wastewater treatment [1, 2, 6, 8, 21]. Cecen and Aktas [8] provided a
comprehensive treatment of activated carbon applications, emphasizing the integration of adsorption
and biological treatment processes in industrial wastewater treatment. Their work established
fundamental principles for designing combined treatment systems. The utilization of industrial waste
for activated carbon production has gained significant attention. Fahim et al. [9] demonstrated the
removal of chromium(lll) from tannery wastewater using activated carbon derived from sugar
industrial waste, showing how agricultural processing byproducts can be transformed into effective
adsorbents. Pap et al. [19] utilized fruit processing industry waste as a green activated carbon precursor
for treating heavy metals and chlorophenols contaminated water, using diluted phosphoric acid from
waste streams as an activating agent. Modified activated carbon materials have shown enhanced
performance for specific applications. Adhoum and Monser [1] investigated surface modification of
activated carbon by impregnation with tetrabutylammonium (TBA) and copper for improved phthalate
removal from industrial wastewater. Asenjo et al. [6] developed high-performance activated carbon
specifically optimized for benzene/toluene adsorption from industrial wastewater. Hybrid treatment
processes combining activated carbon with other technologies have shown promising results. Lesage et
al. [16] studied a hybrid process integrating activated carbon adsorption with membrane bioreactor
technology for industrial wastewater treatment, demonstrating that activated carbon addition could
structure biomass and enhance overall treatment efficiency. Walker and Weatherley [24] investigated
biological activated carbon treatment in stirred tank reactors, establishing important design parameters
for industrial applications. The foundational work by Schanz and Parry [21] on the activated carbon
industry provides historical context for understanding the evolution of carbon-based adsorption
technologies, while Ban et al. [7] explored fundamentals of electrosorption on activated carbon for
wastewater treatment of industrial effluents, establishing electrochemical principles that complement
traditional adsorption approaches. Ahmadpour [2] recently summarized current applications of
activated carbon adsorption in wastewater industries, highlighting emerging trends and optimization
strategies.

6. Advanced Functional Materials

6.1 Metal-Organic Frameworks (MOFs).Kaur et al. [14] presented a comprehensive review
of metal-organic framework-based materials for wastewater treatment. With over 200 citations, this
work established MOFs as superior adsorbent materials for removing hazardous pollutants. The
authors emphasized how the particular functional groups present in MOF-based materials can be
tailored for selective adsorption of specific contaminants. The integration of green chemistry principles
in MOF synthesis represents a significant advancement, with researchers developing methods that
minimize environmental impact while maintaining high adsorption performance [14, 18].

6.2 Molecular Gel Sorbents.Lim et al. [18] investigated molecular gel sorbent materials for
environmental remediation and wastewater treatment. Their work demonstrated how supramolecular
chemistry can be applied to create materials with tunable bulk properties through modification of
functional groups. The sol-gel transition characteristics of these materials offer unique advantages in
practical applications.

7. Green Chemistry Approaches.Sharma [23], in a comprehensive book chapter with 160
citations, outlined research trends and applications of green chemistry for dye removal from
wastewater. The work emphasized the importance of functional groups in dye molecules and their
interactions with sorbent surfaces. Anawar and Strezov [5] provided detailed insights into biosorbents
derived from natural and agricultural biomass wastes. Their analysis of cellulose, hemicellulose, and
lignin composition revealed how different functional groups contribute to adsorption mechanisms. The
sustainable green technology approach for treating nanoparticle metals in municipal and industrial
wastewater was particularly emphasized. Wang and Wang [25] presented perspectives on green
fabrication and sustainable utilization of adsorption materials, highlighting the cross-disciplinary
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integration of materials science, chemistry, and environmental science in developing new adsorption
materials with excellent performance characteristics.

8.Circular Economy Perspectives. The most recent contribution by Gkika and Kyzas [10]
addresses the reusability of spent adsorbents for a circular materials economy in the sustainable
chemical industry. This forward-looking work explores conversion pathways where spent adsorbents
are transformed into new functional materials, particularly for sustainable and cost-effective magnetic
sorbent production. This research direction aligns with global sustainability goals by:

* Minimizing waste generation from water treatment processes
» Extending the lifecycle of adsorbent materials
* Reducing overall treatment costs ¢ Creating value-added products from waste materials [10, 25].
9.Technical Barriers and Operational Stability.Despite the promising laboratory-scale
results, the transition of waste-derived sorbents from bench-scale experiments to full-scale industrial
implementation faces significant technical hurdles [8, 16, 24]. One of the primary concerns is the
potential for secondary pollution through leaching. While the sorbents are designed to capture
contaminants, the materials themselves, particularly those derived from sewage sludge or industrial
byproducts, may contain residual heavy metals or organic compounds that can leach back into the
treated water under changing pH or ionic strength conditions [9, 19, 30]. Recent stability studies
indicate that without proper post-synthesis washing and stabilization treatments, biochar derived from
contaminated biomass can release trapped pollutants during prolonged operation, negating the
environmental benefits [12, 27].

Furthermore, competitive adsorption in multi-component systems presents a complex challenge
[3, 13, 28]. Most laboratory studies utilize synthetic wastewater containing single pollutants, which
fails to replicate the complex matrix of real industrial effluents. In real-world scenarios, the presence
of natural organic matter (NOM), competing ions, and varying pH levels can significantly reduce the
adsorption capacity for target contaminants. For instance, the presence of calcium and magnesium ions
in hard water can occupy active sites intended for heavy metal removal, reducing efficiency by up to
40% in some documented cases [11, 17, 29].

Mechanical stability is another critical factor often overlooked in initial research [6, 21, 24].
Granular activated carbon and biochar pellets must withstand hydraulic pressure and friction in column
operations without disintegrating into fines, which could clog filtration systems or increase turbidity.
Waste-derived materials often exhibit lower mechanical strength compared to commercial counterparts
due to heterogeneous precursor composition. Additionally, the regeneration efficiency of these
materials tends to decrease over multiple adsorption-desorption cycles [1, 7, 10]. While fresh
biosorbents show high capacity, subsequent cycles often reveal structural degradation or irreversible
binding of pollutants, limiting the practical lifecycle of the material and increasing the frequency of
replacement [2, 22].

10.Economic Viability and Supply.Chain Logistics The economic feasibility of waste-derived
adsorbents is a decisive factor for their adoption in the wastewater treatment industry [8, 15, 25].
While the raw materials (agricultural waste, sludge) are often low-cost or negative-cost (waste disposal
fees), the processing costs can be substantial. Energy-intensive processes such as pyrolysis, chemical
activation, and surface modification contribute significantly to the overall production cost [4, 11, 19].
Comparative economic analyses suggest that for waste-derived activated carbon to compete with
commercial coal-based activated carbon, the production scale must be optimized to reduce energy
consumption per unit mass [1, 6, 21]. Transportation logistics also play a crucial role; biomass waste is
often bulky and geographically dispersed, leading to high collection and transportation costs that can
erode the economic advantage of using waste precursors [20, 22].

Supply chain consistency poses another risk for industrial scalability. Agricultural waste
availability is seasonal, leading to potential interruptions in sorbent production [3, 5, 13]. For
continuous industrial wastewater treatment plants, a consistent supply of adsorbent material is
mandatory. This necessitates the development of robust storage protocols or the blending of multiple
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waste streams to ensure uniform product quality throughout the year. Moreover, market acceptance
requires standardized certification. Currently, there is a lack of universal standards for characterizing
waste-derived adsorbents, making it difficult for regulatory bodies and industrial buyers to verify
performance and safety claims [14, 23, 26].

Cost-benefit analyses incorporating life cycle assessment (LCA) are essential to validate the
true sustainability of these materials [10, 25, 30]. While the direct material cost may be lower, the
environmental cost of chemical activators (such as phosphoric acid or zinc chloride) used in
production must be accounted for. Green activation methods using steam or CO2 are environmentally
preferable but often require higher temperatures and longer processing times, impacting energy costs
[2, 19, 22]. Therefore, the economic model must balance capital expenditure (CAPEX) for processing
equipment against operational expenditure (OPEX) for raw materials and energy. Recent techno-
economic models suggest that hybrid facilities co-located with waste generation sources (e.g., biochar
production at agricultural processing plants) offer the most viable economic pathway by minimizing
transportation costs and utilizing waste heat from industrial processes [11, 26, 29].

Research Focus Key Authors CUEiie
Green adsorbents review Kyzas & Kostoglou 505
Biochar for heavy metals Inyang et al. 1563
MOF-based materials Kaur et al. 217
Modified biochar Godwin et al. 266
Green chemistry for dyes Sharma 160

11. Key Findings and Research Trends

Analysis of the literature reveals several important trends:

* Increasing focus on multi-functional sorbents capable of removing diverse pollutant types
simultaneously [3, 13, 14, 28]
» Growing emphasis on surface chemistry engineering to enhance selectivity and capacity [1, 4, 11, 17,
19]
* Development of regeneration protocols to improve economic viability [2, 7, 10, 22, 24]
* Integration of magnetic properties for easy separation and recovery [10, 14, 26]
* Application of advanced characterization techniques to understand adsorption mechanisms [12, 15,
27, 29]
» Emerging focus on techno-economic analysis and lifecycle assessment (LCA) [10, 22, 25, 30]
* Investigation of mechanical stability and leaching potential in real wastewater matrices [6, 8, 9, 16,
24]

Conclusions. The transformation of industrial waste into functional sorbent materials represents
a significant advancement in sustainable wastewater treatment. The reviewed literature demonstrates
that green chemistry approaches can effectively convert various waste streams including agricultural
residues, sewage sludge, food processing waste, and industrial byproducts into high-performance
adsorbents while minimizing environmental impact. Biochar and activated carbon derived from waste
materials have shown particular promise due to their high surface areas, tunable surface chemistries,
and cost-effectiveness. Recent advances in surface modification techniques, including chemical
functionalization and nano-modification, have significantly enhanced the adsorption capacities and
selectivities of these materials. However, successful industrial deployment requires addressing
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technical barriers related to secondary pollution, mechanical stability, and competitive adsorption in
complex matrices. Economic viability hinges on optimizing supply chain logistics, reducing energy
consumption during activation, and establishing standardized quality certifications. Future research
directions should focus on:

To transition waste-derived sorbents from promising laboratory concepts to viable industrial
solutions, future research must move beyond simple capacity measurements and address the systemic
barriers identified in this review. The following priorities are critical for advancing the field:

« Bridging the Scale-Up Gap: Priority must be given to transitioning from batch-scale laboratory
experiments to continuous flow pilot systems. Most current studies rely on static conditions that fail to
replicate the hydraulic pressure, flow rates, and dynamic contaminant loads of real-world wastewater
treatment plants. Research must focus on column dynamics, pressure drop management, and the
engineering of reactor designs that can handle the physical heterogeneity of waste-derived materials
without clogging or channeling.

« Establishing Standardized Testing Protocols: The current lack of uniformity in performance
evaluation hinders meaningful comparison between different sorbents. There is an urgent need to
develop 1SO-standardized protocols that dictate specific parameters for pH, temperature, contact time,
and initial contaminant concentrations. Without standardized metrics, claims of "superior
performance” remain anecdotal, preventing industrial buyers from making data-driven decisions.

e Ensuring Long-Term Stability and Safe Regeneration: Economic viability is directly linked to
the lifespan of the adsorbent. Future work must rigorously investigate the mechanical integrity of
sorbents over hundreds of adsorption-desorption cycles. Crucially, research must address the risk of
secondary pollution; regeneration processes must be optimized to prevent the leaching of captured
toxins or the degradation of the sorbent matrix itself, which could release hazardous byproducts back
into the water stream.

o Developing Synergistic Hybrid Materials: Rather than relying on single-source precursors,
research should explore the synergistic potential of hybridizing multiple waste streams (e.g.,
combining nitrogen-rich sewage sludge with carbon-rich agricultural residue). This approach can tailor
surface chemistry to target specific pollutant classes more effectively than single-component sorbents,
potentially reducing the need for harsh chemical activation agents.

« Integrating Cradle-to-Grave Life Cycle Assessment (LCA): A material cannot be classified as
"green" based solely on its feedstock. Comprehensive LCAs are required to quantify the total
environmental footprint, including energy consumption during pyrolysis, the toxicity of chemical
activators, and transportation emissions. This will prevent "burden shifting,” where solving water
pollution inadvertently increases carbon emissions or chemical waste elsewhere in the lifecycle.

e Engineering Magnetic and Easily Separable Systems: Operational efficiency is a major
bottleneck in powder-based adsorption. Future developments should focus on embedding magnetic
nanoparticles within the waste matrix to facilitate rapid solid-liquid separation using external magnetic
fields. This eliminates the need for energy-intensive filtration or centrifugation steps, significantly
reducing operational costs and making the technology feasible for continuous flow applications.

e Conducting Comprehensive Techno-Economic Analyses (TEA): Academic studies often
overlook the true cost of production. Rigorous TEAs must be conducted to model Capital Expenditure
(CAPEX) and Operational Expenditure (OPEX) at an industrial scale. These analyses should account
for supply chain logistics, seasonal variability of biomass waste, and the market value of spent
sorbents (e.g., as fuel or soil amendment), providing investors with realistic ROI projections.

« Establishing Regulatory Frameworks and Certification: Finally, the widespread adoption of
waste-derived adsorbents is stalled by regulatory uncertainty. Research must collaborate with policy-
makers to establish safety certifications that verify the non-toxicity of the sorbents themselves. Clear
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regulatory pathways are needed to define when a "waste product” becomes a "validated treatment
material,” ensuring public safety and fostering market confidence.
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Xiilasa.Bu adabiyyat icmali tullanti sularvmin davamli tamizlonmoasi iigiin sanaye tullantilarindan
alinmis yagsil adsorbent materiallarin iglanmasinda son yeniliklari (2014-2026) tangidi sakilda tohlil edir.
Tahlil kand tasarriifati galiglarimin, kanalizasiya lillarinin, gida emali yan mahsullarinin va digar sanaye
tullantilarimin - biokomiir, aktiviogdirilmis karbon, metal-iizvi ¢oargivalor (MOF) va molekulyar gel
sorbentlari daxil olmagla funksional sorbentlara ¢evrilmasina yénalib. Osas mévzulara yasil kimya sintezi
vanasmalari, adsorbsiya tutumunu va selektivliliyi artirmaq tigiin sath modifikasiyast strategiyalari,
homginin agwr metallarin, iizvi boyalarin, farmasevtik preparatlarin va digar ¢irklondiricilorin
uzaqlasdirmasint idara edon mexanizmlar daxildir. Sahani formalasdiran yiiksak sitat edilan fundamental
asarlara, homginin magnit biokomiir kompozitlari, nano-modifikasiya texnikalart va islonmis adsorbentlorin
tokrar istifadasi diciin dairavi igtisadivyat strategivalar: kimi yeni trendlata xiisusi digqat yetirilir. Icmalda
homginin sonaye miqyasinda tatbiq iigiin kritik texniki manealor, o ciimlodan ikincili ¢irklanma risklori,
mexaniki sabitlik, kompleks matrislarda ragabatli adsorbsiya va regenerasiya effektiviiyi miizakira edilir.
Miqgyash tatbiq tigiin vacib amillor Kimi iqtisadi masalolar, tachizat zonciri logistikasi, homginin
standartlagdirilmig test protokollarina va hayat dovrii giymatlondirmasing ehtiyac miizakira edilir. Magala
laboratoriya miqyasl innovasiyalarla real tullanti sularimin tamizlonmasi totbiglori arasindaki boslugu
doldurmaga yonalmis prioritet todqiqat istiqamatlori ilo yekunlasir va novbati nasil davamli adsorbentlor
tictin texno-iqtisadi tohlil, normativ bazalar va hibrid material dizayninin inteqrasiyasini vurgulayir.

Agar sozlor:  tullanti  sularvmin  tomizlonmosi; adsorbsiya; Sonaye tullantilari;  biokémiir,
aktivlagdirilmis karbon; yasil kimya, agir metallar; dairavi igtisadiyyat; biosorbentlar; sath modifikasiyasi.
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Pestome. [lannviii aumepamypHulii 0030p KpUMUYECKU anaiuzupyem nocieotue oocmudicerus (2014—
2026 e2.) 6 pazpabomxe OIKOAO2UYECKU YUCMBIX AOCOPOYUOHHLIX MAMEPUATO8, NOJYYEHHbIX U3
NPOMBIUIEHHBIX  OMX0008, OISl YCMOUYUBOU OHUCMKU CMOYHBIX 600. AHanus @Goxycupyemcs Ha
mpancgopmayuu  CelbCKOX03AUCMBEHHbIX OCMAMKO8, 0CAOKO8 CMOYHbIX 600, NOOOYHBIX NPOOYKMOS
nuwesol nepepabomru u Opyeux NPOMbIUIEHHbIX OMX0008 6 (DYHKYUOHAIbHbIE COPOEeHMbl, GKIIOHAs
OUOY20Ib, AKMUBUPOBAHHBLIL Y20ab, Memann-opeanuyeckue kapkacvl (MOF) u monekynsiphvle cenesvle
copbenmul. Knoueevle memol K1I04AIOM NOOX00bI CUHME3A 3€/CHOU XUMUU, CmMpamecuu MoOUupuUKayuu
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nosepxHocmu OJisl NOBLIUEHUSI eMKOCMU U CENeKMUBHOCTNU A0COPOYUU, A MAKIHCEe MEXAHUIMbL YOANeHUS
MANCENLIX  MEMAl08, Op2AHUYECKUX Kpacumeieu, Gapmayesmuyeckux npenapamos u Opyeux
saepasnumeneu. QOcoboe 6HUMAHUE YOENEHO BbICOKOYUMUPYEMbIM (QYHOAMEHMANbHLIM — pabomam,
chopmuposasuum OauHylo 001ACMb  UCCIeO008AHUL, A MAK)’Ce HOBbIM MEHOSHYUAM, MAKUM KAk
MAZHUMHbBLE  OUOY2OIbHBIE KOMNO3UMDbL, Memoobl HAHO-MOOUpUKayuu U cmpameuu YUKIuYecKoul
9KOHOMUKU OISl  NOBMOPHO20 UCHOIb308AHUS OMPAOOMAHHBIX adcopbenmos. B o0630pe makoice
paccmampusaiomcst Kpumuieckue mexHuieckue 6apbepwvl 071 NPOMbIULLIEHHO20 6HEOPEHUS, 8KI0UAS PUCKU
B8MOPUYHO20 3A2PAZHEHUS, MEXAHUYECKYI0 CMAOUIbHOCMb, KOHKYPEHMHYIO a0COpOYUio 8 CIONCHBIX
mampuyax u s¢gdexmusnocms pecenepayuu. IKOHOMUYECKUE COOOPANCEHUs, JOSUCMUKA UYeNnodeK
NOCMABOK, a MAaKyice HeoOXO00UMOCMb CMAHOAPMUSUPOBAHHBIX NPOMOKON08 MeCMUpPO8AHUs U OYEHKU
agicusnennoco yuxna (LCA) obcyaxcoaromes Kak cyujecmeennvle (haxmopvl 0as MACUmadupyemotl
peanuszayuu. Cmamovsa 3a8epuiaemcs NPUOPUMEMHbIMU HANPAGIEHUAMU UCCIe008AHUN, HANPABIEeHHLIMU HA
npeoooieHue paspuléa Mexicoy 1aO0pamopHuIMU UHHOBAYUAMU U DEATbHbIMU NPUTLONCEHUIMU OYUCTNKU
CMOYHBIX 800, NOOYEPKUBAS UHMe2PAyur0 MexHUKo-3KoHomuueckoeo auamusza (TEA), nHopmamuenvix
PAMOK U OU3AUHA 2UOPUOHBIX MAMEPUATIO8 OISl A0COPOEHMO8 Clledyloue20 NOKONEHUS.

Knrouesvle cnosa: ouucmka cmoyHulXx 600, a0COpOYUs, NPOMbIUIEHHbIE OMX00bl, OU0Y20b,
AKMUBUPOBAHHDBLIL Y2O0JIb, 3€eHAsl XUMUSL, MAdCeNble MeMmalibl, YUKIUUeCKds IKOHOMUKA, Ouocopboenmol;
MOOUpuKayus NOBEPXHOCHU.
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ELEKTROMOBILLORIN OTRAF MUHITIN QORUNMASINDA ROLU VO
INKISAF PERSPEKTIVLORI
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Xiilasa: Noagliyyat noviori arasinda atraf miihito an ¢ox zarar veran avtomobil naqliyyatidir.
otraf miihitin yaxsilasdiriimasi yolunda perspektiv naqliyyat néviarindan istifads etmak magsadouygun
sayilir. Mbaqalada, elektromobillordan istifadonin vacibliyi, onlarin miisbat va manfi cahatlori
gostorilmisdir.

Acar sozlor: elektromobil, atraf miihit, elektrik batareyasi, elektrik doldurma mantaqasi,
infrastruktur.

Elektromobillor daxili yanacaq miiharrikli avtomobillorden forqli olaraq elektromobillor tobisto
daha az zoror vururlar. Elektromobillarin yiiksok ekoloji 6zalliyina sahib olduglarina dair siibutlardan
biri do istifado olunan xammal miqdar1 ola bilor. Masalon, bir elektromobil batareyalar1 6z foaliyyot
dovrii orzinds 30 kq metaldan istifado edirlor, orta statistik avtomobil 6z foaliyyst dovrii ¢or¢ivesindo
17.000 litr benzin yandirir. Goriindiiyii kimi forq goz qabagindadir [1]. Bu iki texnologiyalar
arasindaki forq getdikco daha da artacaq. Cilinki texnologiyalar giinii-giindon inkisaf etdirilir.
Elektromobillor otraf miihit tiglin daha da tomizsiz olduguna goérs va daxili yanacaq miiharriklori artiq
0z inkisafinin pik ndqtelorine ¢atdigina gore bu iki texnologiyalar arasinda forq daha da artir [2].

Azorbaycanda son illor elektriklo isloyon avtomobillordon istifadonin genislondirilmasi
istigamotindo 6nomli addimlar atilir. 2022-ci ildon elektromobillor vo onlar iiglin 2-ci vo 3-cii soviyyo
elektrik enerji doldurucularmin idxali vo satist ©DV-don azad edilib. Oton ildon zavod buraxilis
tarixindon 3 ilodok Otmis elektrik miiharrikli avtomobillorin idxalina gomriik riisumunun totbiqi
dayandirilib.

Statistika gostarir ki, bu tadbirlordon sonra 6lkays elektromobil idxali shamiyyatli deracads artib.
Belo ki, 6ton 1l Azorbaycana 125 milyon 268 min ABS dollar1 doyorinds 3102 adad yalniz elektrik
miiharriklo horokoto gotirilon noqliyyat vasitolori idxal edilib ki, bu da 2022-ci illo miiqayisodo
miivafiq olaraq 7,1 dofs va 6,4 dofo, 2021-ci illo miiqayisads iso 36,2 dofo vo 19,4 dofs ¢oxdur [3].

Diinyanin bir ¢ox o6lkolorindo nogliyyat vasitosinin otraf miihito monfi tosirinin azaldilmasi
mogsadi ilo ekoloji cohotdon tomiz vo yanacaq sorfiyyati az olan elektrik vo hibrid avtomobillorin
maddi cohotdon daha olgatan olmasi liclin genismiqyash strategiyalar hoyata kecirilir, togvigedici
addimlar atilir.

Son illords diinyada naqliyyat sektorunun elektriklosdirilmasi siiratlo inkisaf edir.
Elektromobillor (EV — Electric Vehicle) ananavi daxili yanma miiharrikli avtomobillarlo miiqayisada
daha az karbon emissiyas1 yaradir va ekoloji baximdan daha tohliikasiz hesab olunur.

Inkisaf etmis dlkolords elektromobillorin tatbiqi osason asagidaki moagsodlora xidmat edir:
atmosfero atilan zarorli qazlarin azaldilmast,
enerji samaraliliyinin artirilmast;
neft asililiginin azaldilmasi;
dayanigli nogliyyat sisteminin formalagdirilmasi.
Elektromobillarin inkisafi asason ii¢ morhalods bas vermisdir:
1. 1-ci marhals (1990-2010 illor)
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o Ilkin prioritet;
e Mbohdud istehsal;
e Zoif batareya texnologiyasi.

2. 2-ci marhald (2010-2020 illar)
e Litium-ion batareyalarin inkisafi;
o Ddvlet subsidiyalart;
o Elektrik doldurma stansiyalarinin artmasi.
3. 3-cii marhals (2020 - indiyadak)
o Kiitlovi istehsal;
o Avtomobil istehsalgilarinin tam elektrik modellors kegmosi;
o Batareya mosafasinin 400-500 km-o godor artmasi.
Inkisaf etmis 6lkolords elektromobil satislart siiratls artir. Bazi 6lkolorde 2023-cii ildo elektromobil
satis pay1 asagidaki kimi olmusdur:

Cadval 1.

Olko Elektromobil satis pay1

INorveg H82 % I

Isveg 58 %

[Danimarka 156 % |

INiderland 1148 % |

AB 10 %

[ABS || |

Bu gostaricilordon goriiniir ki, Simali Avropa 6lkalori elektromobil istifadesinds liderdirlor.
Elektromobil satiglarinin artimi illor {izra asagidaki kimi olmusdur:

| il | Satis (million) |
| 2018 | 2,0 |
| 2019 | 2,2 |
| 2020 | 3,0 |
| 2021 | 6,0 |
| 2022 | 10,0 |
| 2023 | 14,0 |
| 2024 | 17,0 |

Son illerda elektromobil satiglarinin payi1 diinya tizra 20%-don ¢ox olmusdur.

Golacak perspektivda ekspertlorin prognozlarina gora:

e 2030-cu ilds yeni avtomobillarin 75%-2 qadari elektrik ola bilar.

« Avropa lttifaqr 2050-ci ilo qodar karbon neytral noqliyyat sistemi yaratmag1 planlasdirir.

Ekologiya vo Tabii Sorvetlor Nazirliyinin verdiyi moalumata goro 6lkads elektrik miiharrikli
avtomobillorin idxalinda ohomiyyostli dorocodo artim miisahido olunur vo ekoloji tomiz nogliyyat
vasitolorindon istifado iizro zoruri infrastrukturun yaradilmasi, dovriyyesinin stimullagdirilmasi,
maliyyo olcatanliginin artirilmasi istiqgamotindo todbirlor goriiliir. Bu mogsadlo 6lkods ekoloji tomiz vo
tohliikosiz naqgliyyat vasitolorinin dévriyyssinin stimullasdirilmasi vo infrastrukturun tokmillogdirilmasi
iizro Is¢i Qrup foaliyyot gostarir. Isci qrupun hazirladign tokliflor osasinda hoyata kegirilon todbirlor
naticasinds 6lkado ekoloji tomiz noqliyyat vasitolorindon istifado genislonib. Stimullagdirici todbirlor
sayasinda elektrik miiharrikli avtomobillorin idxalinda shomiyyatli deracods artim miisahids olunur.
2024-cii ildo 6lkoaya 2022-ci illo miiqayisado 19 dofo ¢ox elektromobil idxal edilib [3].
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Hazirda elektromobillorin gqiymatinin votondaslar {igiin nisboton ol¢atan olmasit molumdur. Buna
sobab homin avtomobillarls bagli gomriik vo vergi azadetmalarinin totbiqidir. Hazirda elektromobillara
maraq boyiikdiir. Amma onlarin elektrik doldurma montogolorinin say1 olduqca azdir. Bu da alqi-satq1
omoliyyatlarina ¢ox tasir edir. Vo ¢ox toassiif ki, elektromobillori gotiron bozi sirkatlor onlarin servisini
qurmur. Bu da votondaglar ii¢lin elektromobillorin calbediciliyini azaldir vo onlar elektromobil almaga
toraddiid edirlor.

Elektrik avtomobillorindon istifadonin artirilmasi tiglin osas iki mosaloyo digget yetirmok
lazimdur. Birincisi, elektrik doldurma montoqgolarinin say1 artirilmalidir. ikincisi, elektromobil gatiron
sirkotlor qarsisinda tolob qoyulmalidir ki, 6lkado miitloq onlarin servisini qursunlar, votondaglart homin
avtomobillorin ehtiyat hissalori vo ustalari ilo tomin etsinlor.

Elektrik avtomobillorinin miisbat vo manfi cohatlari
Miisbat cohatlori:
Daha az istismar xarclori:
motor hissalori sado vo davamlidir;
yag doyisma, siirotlor qutusu, filtr doyismo kimi xarclor yoxdur.
Otraf miihits tosiri cox azdir.
Sakit vo rahat siirii tocriibosi:
elektrik miiharriki sassiz islayir, vibrasiya yaratmur, siirlicii vo sarnisin {igiin yiiksok komfortluluq
yaradir.
4. Siirat y1gma tezliyi yiiksokdir.
5. Dovlat dastoyi va vergi gilizostlori moveuddur.
6. Elektromaqnit aylaci var, hansi ki tocili durumlarda istifads olunur vo bu da etibarlilig1 vo
tohliikosizliyi artirir.
7. Benzinlos isloyon avtomobillorlo miiqayisads yiiksok somaraliliyi.

Mbonfi cahatlari:

1. Mohdud batareya ehtiyati. Hal-hazirda elektromobillorin gedis masafasi 250-500 km arasindadir.
Bu mosafs uzun soforlar iiciin kifayat etmoayo bilar, xiisusilo yliklomo montagolori az olan 6lkelorda.
Sarj (elektrik doldurma mantaqasi) infrastrukturunun azlig.

Yiiklomo miiddotinin uzunlugu:

normal sarj cihazi ilo tam dolma 6-12 saat ¢oka bilar;

stiratli sarj sistemlori (DC) az yayilib vo bahalidir.

Servis xidmatinin kifayot qodar olmamasi.

. Benzin va dizel yanacagi ila isloyon analoqlar1 ilo miigayisodos hals do satis qiymatinin yiiksok
olmas.

Elektrik avtomobillora kegid prosesi stiratlo davam edir. Qlobal saviyyads iglim doyismalarinin
tosirlorinin  yumsaldilmas1 togobbiislorine tohfo olaraq, dlkemiz istixana effektli qaz tullantilarinin
azaldilmas istigamatindos kifayot godor ambisiyali hodoflor gotiirtib.

Noatica: Ononovi noqliyyat vasitalorinin istifadasi qlobal ekoloji miihitin siiratlo ¢irklonmasing
gotirib cixarir. Agir sonaye sahasi olmayan 6lkolordo ekoloji duruma daha ¢ox tosir edon avtomobil
nogliyyatidir.  Ekoloji  durumun qorunmasinda perspektiv naqliyyat vasitolorinin  istifadesi
(elektromobillor vo kombino edilmis enerjili qurgulu noqgliyyat vasitolori) mogsodouygundur.
Elektromobilloerin istifadasi ekoloji durumun yaxsilagdirilmasi istigamatinds atilan xtisusi shomiyyatli
addimlardan sayilir. Elektromobillorin istismar1 iiclin miivafiq infrastrukturun yaradilmasi vo
elektromobillorin elektrik doldurma infrastrukturunun toskili do ¢ox vacibdir. Inkisaf etmis dlkolordo
dovlat dostayi texnoloji inkisaf vo ekoloji tolablor elektromobillarin siiratlo yayilmasina sobab olur.
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Summary. This article investigates the dynamic modeling of temperature, relative humidity, and
CO: levels in smart greenhouses. The objective is to evaluate the impact of microclimate parameters
on crop productivity and energy consumption, as well as to optimize real-time control systems based
on sensor data. The article presents mathematical models based on energy, mass, and CO: balance
equations, taking into account the physical and biological aspects of the greenhouse microclimate.
Measurements obtained from temperature, humidity, and CO: sensors are integrated into model
parameter identification and real-time forecasting through the digital twin concept. Simulation results
demonstrate that the models show good agreement with measurement data and enable the testing of
various control strategies. The results indicate that PID- and Model Predictive Control (MPC)-based
control strategies are effective in stabilizing the greenhouse microclimate and reducing energy
consumption. This study demonstrates the optimized control and forecasting capabilities of smart
greenhouse systems and establishes a foundation for future applications of artificial intelligence-based
adaptive control.

Keywords: greenhouse environment control; PID control; feedback control; multi-objective
optimization; evolutionary algorithms; nonlinear systems

1. Introduction.Smart greenhouses play a strategic role in modern agriculture by increasing
productivity, ensuring efficient resource utilization, and mitigating the effects of climate variability
[11]. Unlike conventional greenhouses, smart greenhouses maintain real-time control of key
microclimate parameters such as temperature, relative humidity, and carbon dioxide (CO:) through
sensors, automated actuators, and digital control algorithms [3]. The physiological development of
plants directly depends on these parameters: temperature determines the rate of enzymatic reactions
and growth, relative humidity regulates transpiration and water balance, and CO- concentration is the
primary factor governing the intensity of photosynthesis and, consequently, biomass formation [1]
(Figure 1). Deviation of these variables from their optimal ranges leads to reduced photosynthesis,
stress responses, and yield losses. Therefore, constructing dynamic models that describe how
temperature, humidity, and CO: vary over time and interact with one another inside the greenhouse is
critically important. Dynamic modeling enables these parameters to be described through differential
equations based on physical and biological processes and makes it possible to predict the future state
of the greenhouse environment. This approach goes beyond mere observation of the current state and
enables the calculation of optimal ventilation, heating, and CO- supply strategies for automatic control
systems. As a result, it is highly relevant in terms of reducing energy consumption and maximizing
crop productivity.
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Smart Greenhouse

Temp/Humidity CO:z Sensor

Plants

Heater/Fan CO:z Injector

Fig. 1. Diagram illustrating the microclimate parameters affecting crop productivity.

2. Physical and mathematical model of the greenhouse.The greenhouse microclimate
occupies a central role in plant cultivation systems, since key environmental parameters such as
temperature, relative humidity, and CO: concentration are directly related to plant photosynthesis,
transpiration, and growth processes [11]. To understand the dynamic behavior of these parameters, it is
necessary to construct mathematical models that serve as a foundation for the development of real-time
control strategies and optimization algorithms.

The most widely used approach for modeling the greenhouse environment is based on
differential equations derived from energy and mass balance principles. Such models link internal
environmental parameters with energy and mass exchange processes occurring between the air, plant
canopy, and covering materials (for example, energy balance for temperature, water vapor balance for
relative humidity, and mass balance for CO2) [7].

When describing temperature dynamics, the energy balance equation accounts for solar radiation
entering a plastic-covered greenhouse, as well as heat losses to the external environment and the
effects of ventilation systems (Figure 2). Such models are often expressed in the following general
differential form:

dT
T E = Qsolar _Qloss +Qc0ntro| , (1)
where Cr represents the heat capacity of the greenhouse air mass, Qsoar denotes incoming solar
radiation, Qyuss represents heat losses (due to ventilation, heat transfer through the covering, radiation
losses, and similar mechanisms), and Qcontror reflects the influence of active control elements [11].
When these differential equations are used as objective modeling tools, simulation results exhibit good
agreement with observed microclimate parameters and allow evaluation of the effectiveness of control
strategies.

For modeling relative humidity (RH), it is essential to establish a water vapor balance. This
balance takes into account evapotranspiration released by plant roots and leaves, vapor removal
through ventilation, and condensation processes. Such approaches help to theoretically define plant—air
interactions and the water cycle of the microclimate. Within this framework, models developed by
Stanghellini (1987) and other researchers have played a significant role in simulating humidity
dynamics [9], incorporating both heat and water vapor exchange and explicitly accounting for the
influence of plant transpiration. The relative humidity balance can be described by the following
equation:
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E -E
dRH — transp vent , (2)
dt V

air

where:
Etransp— the amount of water released into the air through plant transpiration;
Event — humidity lost due to ventilation and condensation;
Vair — greenhouse air volume.

Modeling the CO. balance follows a similar principle: it describes, in equation form, the
temporal variation of CO: entering from the atmosphere, CO. absorbed by plants through
photosynthesis, and CO:. removed via ventilation [7]. This approach makes it possible to
mathematically represent both the dynamics of CO. within the microclimate and the effect of this
variable on plant growth. Thus, integrated mathematical systems based on balance equations for
temperature, humidity, and CO: constitute the foundation of diagnostic and predictive microclimate
models and provide a basis for optimizing control strategies. These models are also calibrated using
sensor data, enabling more accurate real-time predictions and supporting filtering and forecasting
algorithms for automated control systems, which is essential for increasing productivity and reducing
energy consumption in agriculture [3]. The CO: balance can be expressed by the following equation:

dlco] R -
dt injection photosynthesis ent !

where:
Rinjection — CO- added through injection;
Rphotosynthesis — CO2 absorbed during photosynthesis;
Rvent — CO: lost due to ventilation.

e m -

Fig. 2. Block diagram of the energy balance.

3. Parameters and sensor-based data

In smart greenhouses, the reliability of dynamic models directly depends on the quality of
measurement systems and the correct identification of model parameters [3]. Sensor technologies
widely used for measuring temperature, relative humidity, and CO: include semiconductor temperature
sensors (for example, PT100/DS18B20), capacitive humidity sensors (for example, the SHT series),
and non-dispersive infrared (NDIR)-based CO: sensors [1]. NDIR sensors are considered the industrial
standard for CO: measurements in greenhouse environments because they offer high selectivity, long-
term stability, and low drift; typical measurement accuracy is within +(30-50) ppm. Combined
humidity and temperature sensor modules (for example, SHT3x, HDC1080) are widely applied in
greenhouse  networks due to factory calibration and low power consumption.
Figure 3 illustrates the temporal variation of variables measured by the sensors.

Identification of model parameters requires quantitative evaluation of the physical characteristics
of the greenhouse (air volume, heat capacity, thermal conductivity of the covering material, ventilation
coefficients), as well as biological processes (plant transpiration and CO: uptake associated with
photosynthesis). In the literature, methods such as least squares, recursive identification, and Kalman
filtering are used for this purpose [11]; these approaches enable online updating of parameters under
conditions of measurement noise and model uncertainty. For example, heat loss coefficients and
ventilation flow rates in the energy balance equation can be calibrated based on real measurements,
significantly reducing temperature prediction errors.
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Integration of real-time measurements with the mathematical model is implemented through the
concept of sensor—-model fusion (data assimilation). In this process, data streams received from sensors
are aligned with the state variables of the mathematical model (T, H, C), and algorithms such as the
Extended Kalman Filter (EKF), Ensemble Kalman Filter, or Moving Horizon Estimation are applied to
filter measurement errors and estimate hidden states (for example, actual transpiration intensity) [3].
As a result of this integration, a predictive, adaptive, and stable digital twin of the greenhouse
microclimate is formed; it enables control systems to compute optimal heating, ventilation, and CO-
injection decisions in real time. For example, the following equation can be used to estimate hidden
variables for temperature using an extended Kalman filter:

0 [
Tk‘k = Tk|k‘l+ Kk (Tmeasured -T k|k‘1j’ (4)

where:
Tyx — temperature estimated by the filter;
Kk — Kalman gain;
Tmeasured — temperature measured by the sensor.
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Fig. 3. Real-time sensor measurements in a smart greenhouse.

4. Simulation and analysis of results

After the construction of dynamic models, their reliability and practical applicability must be
evaluated through computer simulation and scientific analysis of the results. Simulation of the
greenhouse microclimate assesses the temporal evolution of real-time varying parameters —
temperature, relative humidity, and CO- levels—together with the influence of external environmental
conditions and the responses of control systems. Such simulation models are often implemented using
MATLAB/Simulink, Python, or dedicated simulation tools and are based on physical laws such as
energy, mass, and CO: balance equations [1].

For example, the dynamic microclimate model developed by Yildiz and Stombaugh predicts
temporal variations of multiple parameters inside the greenhouse, including temperature, relative
humidity, CO: concentration, solar radiation, and photosynthetically active radiation, and demonstrates
good agreement with real measurements [12]. Such models also make it possible to test the outcomes
of different system configurations (ventilation, cooling, covering materials) and control strategies,
thereby enabling the determination of optimal control parameters.
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One of the key indicators in the analysis of simulation results is the stability and response speed
of microclimate parameters under different control strategies. For instance, when the airflow rate of
ventilation systems is varied, a decrease in the average internal temperature and stabilization of
relative humidity are observed, which is consistent with the simulation results [6].

In addition, several studies indicate that artificial neural networks can replace or complement
traditional dynamic models; this approach is particularly effective for providing predictions based on
high-dimensional datasets [3, 8].

For simulation purposes, the model equations are integrated using Python or MATLAB.
As an example, the temporal variation of temperature is considered:

g (Qsolar - Qloss + Qcontrol ) (5)

T

T(t+At)=T(t)+

Simulation results are compared with measurement data to validate the reliability of the model:
- The difference between model outputs and sensor measurements remained within £0.5 °C.

— This is consistent with results reported in previous studies [11; 1].

Such simulation and result analysis make it possible to evaluate how effectively the model
performs under real greenhouse conditions and to optimize control strategies. Figure 4 presents a
graphical example of simulation results comparing different control scenarios, including predicted
temperature, humidity, and CO: levels versus real measurements.
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Fig. 4. Simulation results comparing temperature predictions with real measurements.

5. Intelligent control and optimization

Effective control of temperature, relative humidity, and CO: levels in smart greenhouses has
been extensively studied using both conventional and advanced control strategies. One of the most
widely used methods is PID (Proportional-Integral-Derivative) control, which remains a standard
choice in many greenhouse microclimate systems due to its simple architecture and broad
applicability. Since crops are highly sensitive to temperature and humidity, proper tuning of PID
controller parameters is crucial to achieve key dynamic performance metrics such as minimal

overshoot, fast settling time, and reduced steady-state error [5]. The implementation of a PID control
strategy is based on the following expression:
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u(t):er(t)+Kij;e(r)dr+Kdded—(tt), (6)

where:

e(t)=Tsewoint—I(2) — error between the setpoint and the measured temperature;
Kp, Ki, Kd — proportional, integral, and derivative gains;
u(t) — actuator output (fan speed, heating power).

Recent studies have applied enhanced PID variants and more advanced control frameworks to
significantly improve intelligent control performance. For example, the nonlinear Model Predictive
Control (NMPC) approach solves an optimization problem over time by predicting dynamic
microclimate models in advance, thereby reducing energy consumption and improving control
accuracy; compared to conventional MPC, this method can significantly decrease energy usage [10].

Model Predictive Control (MPC) is used to generate multivariable control decisions for multiple
output variables such as temperature, humidity, and CO., synchronously optimizing actuators
including fan speed, cooling systems, ventilation, heating, and CO: injection [2]. MPC can be
mathematically expressed as follows:

N
rp(ltp ; HTpred (t + k) _Tsetpoint

2 2

# A3 au(t )] ™)

where:
Tored(t+K) — predicted temperature at step k;
Au(t+k) — actuator adjustments;
A — weighting factor balancing energy consumption and comfort;
N — length of the prediction horizon.

Furthermore, multi-objective optimization algorithms—such as evolutionary-based methods and
particle swarm optimization (PSO)—are employed to tune PID and MPC parameters while balancing
multiple performance criteria (for example, maximizing productivity and minimizing energy
consumption) [5, 4]. These optimization frameworks also consider interactions among microclimate
variables, enabling more efficient control decisions (Figure 5).

Recent trends integrate conventional control methods with artificial intelligence and precise
predictive models. Such approaches enable self-learning control strategies that perform better under
nonlinear conditions, ensuring more stable microclimate regulation in smart greenhouses.
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Fig. 5. PID control of greenhouse temperature.
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6. Conclusions. This study demonstrates that dynamic modeling of temperature, relative
humidity, and CO: levels in smart greenhouses significantly enhances the effectiveness of
microclimate control.
The simulation results indicate that sensor-based identification of model parameters and integration
with  real-time measurements enable accurate prediction of greenhouse conditions.
For example, results related to temperature and CO: variations show strong agreement between model
outputs and measurement data, confirming — consistent with previous studies [11], [1] — that
microclimate parameters can be effectively predicted using mathematical models.

Comparison of control strategies shows that conventional PID controllers provide satisfactory
performance for simple systems and can maintain temperature close to the target level. However,
Model Predictive Control (MPC) and optimized PID approaches demonstrate superior performance in
more complex and multivariable systems; by synchronously controlling multiple actuators such as
ventilation, heating, and CO- injection, these approaches both reduce energy consumption and enhance
microclimate stability. These findings are consistent with multivariable optimization studies conducted
by Hu et al. [5] and Wang et al. [10].

In addition, prediction models based on artificial neural networks and real-time sensor
integration provide more flexible and adaptive control capabilities compared to traditional physical
models. The results show that such approaches maintain greenhouse stability even under nonlinear
conditions and optimize crop productivity. Overall, the study demonstrates that the combined
application of physical models and advanced optimization and artificial intelligence methods is
effective for microclimate control in smart greenhouse systems. This approach offers significant
potential for minimizing energy consumption, increasing productivity, and advancing sustainable
agricultural technologies in the future.
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UOT: 631.544 : 681.5
AGILLI iSTIXANALARDA TEMPERATURUN, RUTUBOTIN VO CO.-NiN DINAMIK
MODELLOSDIRILMOSI

! Kamran Révson oglu Qasimoyv, 2 Rovson Fazil oglu Qasimov
12 Azarbaycan Texnologiya Universiteti
! kamran.gasimov@deirvion.com, % 6292710@mail.ru

Xiilasa. Bu magaloda agilli istixanalarda temperaturun, nisbi riitubatin Vo karbon qazi (CO:)
saviyyasinin dinamik modellasdirilmasi todqiq olunur. Tadgigatin 2sas maqsadi  mikroiglim
parametrlorinin bitki mahsuldarligina va enerji Sarfiyyatina tasirini giymatlondirmoak, elaca da sensor
Malumatlarina 2saslanan real vaxt rejimli idaraetmo sistemlorini optimallasdirmaqdir. Moqalada
istixana mikroigliminin fiziki vo bioloji xiisusiyyatlori nazora alinmagla enerji, kiitlo vo CO: balans
tanliklarina asaslanan riyazi modellor togdim edilir. Temperatur, riitubat vo CO: sensorlarindan alda
edilon olgma  malumatlart  roQomsal okiz  konsepsiyasit  asasinda model  parametriorinin
identifikasiyasina va real vaxt prognozlasdirilmasina inteqrasiya olunur. Simulyasiya naticalori
modellorin olgma malumatlar ilo yiiksok uygunlug gostardiyini va miixtalif idaraetmo strategiyalarinin
simaqdan kegirilmasing imkan verdiyini niimayis etdirir. Noaticalor gostorir ki, PID va modelo
asaslanan  prognozlagdirict  idaroetma  (MPC)  strategiyalart  istixana  mikroigliminin
sabitlagdirilmasinda vo enerji Sorfiyyatimin azaldilmasinda effektivdir. Aparilmis taodqiqat agilli
istixana sistemlorinin optimallasdirilmis idaraetma Vo prognozlasdirma imkanlarim ortaya qoyur va
stini intellekto asaslanan adaptiv idaraetma sistemlarinin galacak tatbiqlari digiin elmi baza yaradir.

Agar sozlor: istixana miihitinin idaro olunmasi; PID idaraetmasi; oks-alagali idaraetmo;
¢oxmaQsadli optimallasdirma; evolyusion alqoritmlar; geyri-Xatti sistemlor.

YIK: 631.544 : 681.5
JAANHAMHNYECKOE MOJAEJIUMPOBAHUE TEMIIEPATYPBI, BJIA’KHOCTH U CO: B
NHTEJUVIEKTYAJIBHBIX TEIIJVIMIJAX

! Kampan Posman orast Kacymos, 2 Posuan Dasu1 OribI Kacymos
1.2 A3ep0ailxKaHCKNH TEXHOJIOTHYeCKMi YHHBEPCUTET
! kamran.gasimov@deirvlon.com, 2 6292710@mail.ru

Pe3ztome. B oannou cmamve paccmampueaemcs OUHAMUYEcKoe MOOEIUPOsanue memnepamypol,
OMHOCUMENbHOU GIANCHOCMU U KOHYenmpayuu ouoxcuoa yenepooa (CO:z) 6 unmenekmyanvbHuix
menauyax. OCHOBHOU Yenbl0 UCCIe008AHUs AGNAEMCA OYEHKA GIUAHUSA NApaAMempo8 MUKPOKIUMAMA
Ha NpOOYKMUBHOCMb PACMEHUI U dHEPLONoOmpeOieHue, a MaKice ONMUMUZAYUSL CUCTNEM YINPABIeHUs
8 pedxcume peanbHO20 6pPeMeHU HA OCHO8e OaHHblX Oamuuxos. B pabome npedcmasnenvi
MamemamuyecKue Mooenu, OCHOBAHHble HA YpasHeHusx oananca suepeuu, maccol u CO:, ¢ yuemom
@uszuueckux u OuonocudecKuUx ocobenHocmerl MUKpokiumama menauysl. Mzmepumenvhvie OanHbie,
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noiyuenHvle ¢ O0amuyuxkos memnepamypol, enaxchocmu u CQO: unmezpupyromcs 6 npoyecc
udeHmugurayuu napamempos mooenel U NPOSHOZUPOBAHUS 6 pealbHOM BpPeMEeHU 8 PAMKAX
KOHYyenyuu yugposozo 06oliHuKa. Pe3ynemamvl MOOenIupo8aHus OeMOHCMPUPYIOm Xopouiee
coenacosanue Mooeinei ¢ IKCNEPUMEHMANbHBIMU OAHHBIMU U BO3MOJNCHOCHb  MECMUPOBAHUS
PA3UYHBIX cmpame2utl YNpasieHus. Ycmanosieno, umo cmpameauu ynpasierus Ha ocHoee PID u
npocHosupylowe2o ynpasienus Ha ocHose mooeau (MPC) aensromcea  sgpgexkmusnvivu  0ns
cmaodunuzayuy  MUKpoOKIUMama meniuysl U CHUdMCeHusi 3Hepeonompebnenus. IIposedennoe
uccnedosanue noOmeepiHcoaen B03MOACHOCIU ONMUMUZUPOBAHHO20 YNPAGIEHUS U NPOSHO3UPOBAHUSL
UHMELIeKMYANbHbIX MENIUYHbIX cucmem u ¢opmupyem OCHO8Y OJisl OalbHelule20 6HeOpeHUs
A0anmueHbvIX cucmem Ynpasienus Ha 6ase UCKyCCmeeHH020 UHMEILLeKmdA.

Knroueevie cnosa: ynpasnenue menauunou cpeoou; PID-ynpasnenue,; ynpasienue ¢ 0opamuoul
CBA3b10; MHO2OKPUMEPUATbHAS ONMUMUZAYUSA, IEOTIOYUOHHBLE ANOPUMMYL, HEIUHEUHbIE CUCTNEMB.

Redaksiyaya daxilolma: 16.05.2026
Capa gobul olunma: 19.06.2026
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MUASIR TEXNOLOGIYALARDA KOMPOZIT MATERIALLARIN
STRUKTURU VO TOTBiQI PERSPEKTIVLORI

El¢in Mahammad oglu Cavadov
Goanca Dovlat Universiteti

Xiilasa. Bu moqaloda miiasir materialgiinashiigin an perspektivli istigamatlarindan biri olan kompozit
materiallarin elmi-nazori asaslary, onlarin struktur komponentlori Vo miiasir sonayedaki strateji ahamiyyati
atrafli sakilda tadqiq edilir. Kompozit materiallar, bir-birindan fargli fiziki va kimyavi xassalora malik iki va ya
daha ¢ox komponentin makrosaviyyada birlagmasindan yaranan, lakin oz torkib hissalorinin he¢ birindo
tokbasina moveud olmayan tistiin xiisusiyyatlor niimayis etdiron stini materiallardr. Magalada polimer, metal
vo keramika matrisli kompozitlorin miiqayisali analizi apariw, onlarm mexaniki mohkamliyi, korroziyaya
davamhligr vo xiisusi ¢okisi arasindaki korrelyasiya elmi faktlarla asaslandwrilir. Moaqaloda hamginin
aerokosmik sanaye, avtomobil istehsalr va barpa olunan enerji sektorlarinda kompozitlarin tatbiqi ilo alda edilon
texnoloji sigrayislar sarh olunur. Karbon lifli va nanostrukturlu kompozitlorin miihondislik konstruksiyalarinda
¢oki ganaati va enerji somaraliliyina tosiri kamiyyar gostoricilori ila tohlil edilir. Tadgigatin sonunda kompozit
materiallarin tokrar emall ilo bagli moveud ekoloji problemlar va bu sahadaki galacak inkisaf tendensiyalart,
xiisusilo biokompozitlorin perspektivlori miizakira olunur.

Acar séozlar: kompozit materiallar, matris, méhkomlandirici faz, polimerlar, nanokompozitlar,
mexaniki xassalor, xiisusi mohkamlik, anizotroplug, hibrid materiallar.

Materialsiinasliq miiasir texnoloji inkisafin osas siitunlarindan biri hesab olunur. Tarix boyu
istifado olunan ononavi materiallar — polad, aliminium vo agac sonaye vo miihondislik sahasindo
mithiim rol oynamigdir. Lakin son onilliklordo bu materiallarin fiziki vo mexaniki imkanlarinin
mohdudiyyatlori daha aydin sokildo iizo ¢ixmusdir. Xiisusilo yiiksok temperatur, aqressiv kimyavi
miihit vo dinamik yiiklar altinda isloyan sistemlor ii¢iin daha {istiin xiisusiyyatlora malik materiallara
ehtiyac yaranmigdir. Bu baximdan kompozit materiallar mithondislik sahosinds ingilabi doyisikliklora
Sabab olmusdur [2, s.12].

Kompozit materiallar miixtolif fiziki vo kimyovi xiisusiyyotloro malik iki vo ya daha cox
komponentin birlogsmasi naticasinds yaranir. Bu komponentlor makroskopik saviyyads bir-birindan
ayrilir vo aralarinda aydin sorhad moévcud olur. Kompozitlorin asas mogsadi fordi komponentlarin
istlin xisusiyyatlorini birlogdirarok daha yiiksok performansli material aldo etmoakdir. Bu baximdan
kompozitlor sinergetik materiallar kimi do xarakterizo olunur [4, s.5].

Kompozit materiallar asason iki oasas fazadan ibarotdir: matris vo moéhkomlondirici faza. Bu
fazalarin qarsiligh tasiri vo bir-biri ilo uygunlugu materialin iimumi mexaniki, fiziki vo kimyavi
xiisusiyyatlorini miioyyan edon osas amillordon biridir. Kompozitin yiiksok performans gostariciloring
malik olmasi yalniz ayri-ayr1 komponentlarin keyfiyyati ilo deyil, hom do onlarin qarsiliqlt slagssinin
effektivliyi ilo birbasa baghdir.

Matris faza kompozitin davamliligimi tomin edon osas mihit rolunu oynayir. O,
mohkomlandirici elementlari bir yerds saxlayaraq vahid struktur formalasdirir vo onlar1 xarici miihitin
tosirlorindon, mosolon, nom, temperatur doyisikliklori, kimyoavi Kkorroziya vo mexaniki
zodalonmoalardon goruyur. Bundan olave, matris totbiq olunan xarici yiiklori liflor arasinda borabar
paylayir vo lokal gorginlik konsentrasiyalarinin yaranmasinin qarsisini alir. Matris materialt homginin
kompozitin forma sabitliyini tomin edir, texnoloji emal proseslorini asanlasdirir vo zadalonmalarin
yayilmasini mohdudlagdiraraq materialin uzundmiirliiliiylinii artirir [5, s.33].

Matris materiallar1 6z novbasinds polimer, metal vo ya keramika osasli ola bilor vo se¢imi
totbiq sahosindon asili olaraq doyisir. Masalon, polimer matrislor yiingilliiyli vo korroziyaya
davamlilig1 ilo secildiyi halda, metal matrislor yiiksok temperatur vo mexaniki yiiklor altinda daha
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effektiv isloyir. Keramika matrislor iso ekstremal istilik soraitindo istifado olunur. Bu miixtaliflik
kompozit materiallarin genis totbiq imkanlarini tomin edir.

Mohkomlondirici faza iso materialin osas yiikdasiyici komponentidir vo onun mexaniki
mohkamliyini, sartliyini v elastiklik modulunu miiayysn edir. Bu faza adston liflor, hissaciklor vo ya
lay strukturlar1 soklinds olur. ©On genis istifado olunan méhkomlondirici elementlor karbon, siiso vo
aramid lifloridir. Bu liflor yiiksok mohkamlik, asagi sixliq vo yiiksok elastiklik modulu ilo xarakterizo
olunur. Masalan, karbon liflari yiiksak sartlik vo temperatur davamlilig ils segilir, stiso liflori iso daha
ucuz vo yaxst dielektrik xiisusiyyatlora malikdir [1, s.18].

Bundan olave, mohkomlondirici fazanin orientasiyasi (istiqgamatlonmasi) do kompozitin
xiisusiyyatlorina ciddi tosir gostarir. Liflorin bir istigamotds yerlogdirilmasi hamin istigamatdos yiiksok
mohkomlik tomin etss do, digar istigamatlords zsiflik yarada bilor. Buna géra do gox vaxt ¢oxqatli vo
miixtolif istigamatli lif strukturlan istifado olunur ki, bu da materialin izotropiyaya yaxin davranis
gOstarmasinag imkan yaradir.

Kompozitin effektivliyi matris ilo mohkomlondirici faza arasindaki adgeziya oalagosindon
birbasa asilidir. Bu olago fazalar arasinda yiikiin effektiv &tiirlilmasini tomin edir vo materialin
biitovliikde méhkamliyini artirir. ©gar bu alage zaif olarsa, totbiq olunan yiik liflors tam 6tiirilmiir vo
noticode kompozitin mexaniki xisusiyyatlori ohomiyyatli doracodo zoifloyir. Bu halda liflarin
matrisdon ayrilmasi (delaminasiya) vo mikrogatlarin yaranmasi miisahida olunur [4, s.22].

Adgeziya olagoesini giiclondirmok tigiin soth modifikasiyasi, kimyavi isloma va xiisusi baglayici
maddolordan istifado olunur. Miasir texnologiyalarda liflarin sothinin plazma va ya kimyavi tisullarla
islonmasi onlarin matrislo daha yaxsi1 birlosmasini tamin edir. Bu iso kompozitin ham méhkamliyini,
hom do yorulma davamliligini artirir.

Beloliklo, kompozit materiallarin struktur xiisusiyyatlori onlarin komponentlarinin Segimi,
qarsilighh  olagesi  vo  mikrostruktur saviyyado toskilindon asilidir. Bu amillorin  diizgiin
optimallagdirilmas: noticosinds yiiksok performansli vo miixtolif saholordo totbig oluna bilon
materiallar oldo edilir.

Kompozit materiallar matrisin néviine gors asason {i¢ qrupa boliiniir:

Polimer matrisli kompozitlor oan genis istifado olunan materiallardir. Onlar termoset (moSalon,
epoksid vo poliester) vo ya termoplastik polimerlordan ibarat olur. Bu tip kompozitlor yiingillityi,
korroziyaya davamliligi vo istehsal texnologiyasinin nisbaton sads olmast ilo segilir [1, s.45]. Bundan
olava, onlarin mexaniki xiisusiyyatlorini liflorin névii vo yerlosmo istigamoti ilo tonzimlomok
miimkiindiir. Bu sobabdoan onlar tikinti, avtomobil vo aviasiya sonayesinda genis totbiq edilir.

Metal matrisli kompozitlor yiiksok temperatur vo mexaniki yiiklor altinda islayan sistemlor tigiin
daha uygun hesab olunur. Bu kompozitlor adoton aliiminium, magnezium va titan asasli matrislordon
hazirlanir vo yiiksok mohkomlik, istilik kegiriciliyi vo asinmaya davamliliq kimi tstiinliikloro malikdir
[6, s.61]. Onlar agir is soraitinds stabil islomasi ilo segildiyindan, asason aerokosmik texnika va yiiksok
performans tolob edon avtomobil hissalarinin istehsalinda istifads olunur.

Keramika matrisli kompozitlor iso keramika materiallarinin tobii kovrakliyini azaltmaq
moqsadilo liflorlo méhkamlondirilmis strukturlardir. Bu materiallar ¢ox yiiksok temperaturlara,
oksidlogsmaya vo kimyavi tosirlora qarst yiiksok davamliliq niimayis etdirir [6, s.74]. Eyni zamanda
onlarn istilik dayaniqligi onlari reaktiv mithorriklor, gaz turbinlori vo digor ekstremal soraitds isloyan
qurgular tiglin olverisli edir. Bu tip kompozitlor yiiksok texnologiyali saholords miithiim shomiyyot
kasb edir.

Kompozit materiallarin on miihiim stiinliiklorindon biri onlarin mexaniki xiisusiyyatlorinin
ovvalcadan nozori vo empirik dsullarla prognozlasdirila bilmasidir. Bu xiisusiyyat miihandis
dizayninda bdyiik tstiinliik yaradir, ¢linki material istehsal olunmadan avvel onun davranigi miioyyan
edilo bilir. Bu mogsadls an genis istifads olunan yanasmalardan biri “qarisiqlar gaydasi” hesab olunur.
Bu metod kompozitin elastiklik modulu, moéhkamlik vo digor mexaniki parametrlorinin
hesablanmasinda istifads olunur va xiisusils liflo méhkomlondirilmis kompozitlor tigiin effektivdir.

Kompozitin lif istigamatinds elastiklik modulu asagidaki kimi ifads olunur:
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E.= EfVi+ EnVn
Burada:
E. — kompozitin elastiklik modulu
E: — liflorin elastiklik modulu
Em — matrisin elastiklik modulu
V; — liflarin hacm pay1
Vi — matrisin hocm payi
Matrisin hacm payi ise asagidaki diisturla miiayyan edilir:
Vn=1-T1
Bu ifadoalor gostorir ki, kompozitin timumi elastiklik modulu onun tarkibindaki komponentlarin
elastiklik modullar1 vo onlarin hocm paylarinin ¢akili ortasi kimi formalasir. Liflorin elastiklik modulu
matrisdon xeyli yiiksok olduguna gors, V; artdiqca kompozitin imumi sartliyi do artir. Bu sobabdon
mithondislor ¢ox vaxt maksimum moéhkamlik alds etmoak tigiin liflarin hacm payini artirmaga ¢alisirlar,
lakin texnoloji va istehsal mahdudiyyatlori bu géstaricinin optimal saviyyads saxlanmasini talob edir.
Qeyd etmok lazimdir ki, bu diistur yalniz lif istigamotinda (uzununa istigamotdos) tatbig olunan
yiiklor ii¢lin dogrudur vo bu halda kompozit material maksimum moéhkomlik niimayis etdirir [3, s.102].
Lifloro perpendikulyar istigamatds isa elastiklik modulu daha asagi olur vo bu halda daha miirokkab
modellordan istifads olunur. Masalan, enina istigamat ti¢iin elastiklik modulu toxmini olaraq asagidaki
kimi ifado edilir:

1 % 0
E. E E,

Bu diistur gostorir Ki, enina istigamotdo matrisin tosiri daha dstiinliik togkil edir va naticoda
kompozitin imumi sortliyi azalir. Bu, onunla izah olunur ki, hamin istigamotds yiikiin osas hissosi
liflordon ¢ox matris torafindon gobul edilir. Matris materiali isa adoton liflorlo miiqayisods daha az sort
Vo daha elastik olduguna goroa kompozitin iimumi mexaniki gostoricilori asagi diisiir. Buna goroa do
enino istigamoatdo kompozitlorin mohkamlik vo sortlik xiisusiyyatlori liflorin istigamotine uygun olan
hallarla miiqayisodo daha zsif olur.

Kompozit materiallarin digor miihiim xiisusiyyoti anizotroplugqdur. Anizotrop materiallar
miixtolif istigamotlordo forgli mexaniki vo fiziki xassolor gostorir. Bu xiisusiyyot kompozitlorin
ononoavi izotrop materiallardan (masalon, metallar) asas forglorindan biridir. Mohz bu xiisusiyyot
sayasindo mithandislor materialin strukturunu konkret yiik soraitino uygun sokilds layihalondira bilirlor
[6, s.95].

Anizotropluq xiisusilo liflorin istigamotlonmasi ilo baghidir. Ogor liflor yalniz bir istigamotdo
yerlosdirilorsa, material hamin istigamotdo yiiksok mdohkomlik vo sortlik gostorir, lakin digor
istigamotlordo zoaif olur. Bu problemi aradan qaldirmaq iigiin ¢oxqatli (layli) kompozit strukturlar
hazirlanir. Bu strukturlarda liflor miixtolif bucaqlar altinda yerlogdirilir (mosalon, 0°, 90°, +45°),
noticodo material daha balanslagdirilmis mexaniki xtisusiyyatlora malik olur.

Bundan olave, kompozit materiallarin mexaniki davranigi yalniz elastiklik modulu ilo
mohdudlagsmir. Onlarin méhkomlik haddi, yorulma davamliligi, zorbo miigavimati vo ¢atlarin yayilma
mexanizmi do miithim ohomiyyat kasb edir. Kompozitlords catlarin yayilmast liflor torafindan
mohdudlasdirildig: {igiin bu materiallar yiiksok yorulma miiqavimatine malikdir. Bu iss onlarin uzun
miiddatli istismar soraitinds daha etibarli olmasini tamin edir.

Notico etibarilo, kompozit materiallarin mexaniki xiisusiyyatlori onlarin mikrostruktur
qurulusu, komponentlorin xassalori va liflorin orientasiyasi ilo six baghidir. Bu xiisusiyyatlorin nozari
modellorlo avvalcadon hesablanmasi iso miiasir mithondislikds daha effektiv vo optimallasdirilmig
konstruksiyalarin yaradilmasina imkan verir.

Kompozit materiallarin xiisusiyyatlori onlarin istehsal texnologiyasindan birbasa asilidir.
Miiasir dovrda bir ne¢a asas istehsal tisulu genis istifado olunur.
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Avtoklav tsulu - bu metod yiiksok temperatur vo tozyiq altinda kompozit materialin
borkidilmasini nozords tutur. Bu proses zamani material xiisusi qapali kamerada (avtoklavda) idaro
olunan miihit soraitindo emal edilir. Avtoklav tisulu laylar arasinda yaranan bosluglari minimuma
endirir, lif vo gqatranin daha six birlogmasini tomin edir va noticods materialin mexaniki méhkamliyini
ohomiyyatli doracods artirir [2, s.88]. Bundan olave, bu iisul kompozitlorin vahid struktur almasina,
daxili qlisurlarin azalmasina vo yiiksok keyfiyyatli sothin formalasmasina imkan verir. Bu sobabdan
avtoklav texnologiyasi aviasiya, kosmik sanaye vo digar yiiksok dagiqlik talob edon saholords genis
totbiq olunur.

Vakuum infuziyast - bu dsul boyik oOl¢iili vo mirokkob formali konstruksiyalarin
hazirlanmasinda genis istifado olunur. Proses zamani quru lif materiallar1 qalib tizarine yerlogdirilir vo
tizori vakuum Ortliyii ilo baglanir. Daha sonra qatran vakuumun tasiri ilo liflorin arasina barabor sokilds
daxil edilorak biitiin hocmi doldurur. Bu iisul material daxilinds hava bosluglarini minimuma endirir,
strukturun keyfiyyatini vo mohkomliyini artirir. Vakuum infuziyasi texnologiyasi hamginin material
sorfiyyatini optimallagdirir vo istehsal Xorclorini azaltmaga komok edir. Bu sobabdon kiilok
turbinlorinin ganadlarinin, gomi konstruksiyalarmin vo digor iridlgiilii kompozit momulatlarin
istehsalinda genis totbiq olunur [5, s.140].

Pultruziya vo liflorin sarmmmasi tsullart - borularin vo profil tipli konstruksiyalarin
hazirlanmasinda istifads olunur. Bu isullar xiisusilo boru kemarlarinin va tozyiq gablarinin istehsali
tictin effektivdir. Pultruziya prosesi zamani liflor gatranla hopdurularaq gelibdan ¢akilir va sabit kasiya
malik, yiiksok mohkomliya sahib profillor alds edilir. Liflorin sarinmasi tisulunda iso lif materiallart
miioyyon bucaq altinda formaya sarimaraq mohkom Vvo davamli strukturlar hazirlanir. Bu
texnologiyalar naticasinds alinan momulatlar korroziyaya davamliligi, ylingiilliiyli vo uzunomiirliiliiyii
ilo secilir vo miixtalif sonaye sahalarinda genis totbig olunur.

Kompozit materiallar ananovi materiallarla miiqayisads bir sira miihiim tstiinliiklora malikdir va
bu tstiinliiklor onlarin miiasir mithandislik sahoasinds genis totbiqini sortlondirir. Bu materiallarin osas
forglondirici xtisusiyyati onlarin yiiksok performans gostaricilorini asagi ¢oki ilo birlagdira bilmasidir.
Bu iso xiisusilo aerokosmik, avtomobil va enerji sanayesinds boyiik shamiyyat kasb edir.

Kompozit materiallar yiiksok méhkomlik vo sortlik gostaricilorino malik olmaqla yanasi, asagi
sixligla xarakterizo olunur. Bu iss onlarin xiisusi méhkomliyini (mohkomlik/sixliq nisbati) shomiyyatli
daracads artirir. Masalan, karbon lifli kompozitlar bazi hallarda poladdan daha méhkom olsa da, ondan
bir ne¢o dofo yiingiildiir. Bu xiisusiyyat konstruksiyalarin hom dayaniqligini artirir, hom do imumi
kiitlosini azaldir.

Kompozit materiallarin sixliginin asagi olmasi onlarin oan miihiim dstiinliiklarindan biridir. Bu
xuisusiyyat nogliyyat vasitalorinds yanacaq sorfiyyatinin azalmasina, enerji effektivliyinin artmasina vo
Umumi istismar xorclorinin asagi diismosino Sobob olur. Xiisusilo aviasiya sonayesinds g¢okinin
azalmasi birbasa olaraq ugus mosafasinin artmasina vo yanacaq gonastina gatirib ¢ixarir.

Ononavi metal materiallarin asas problemlarindon biri korroziyadir. Kompozit materiallar iso,
xiisusilo polimer matrisli kompozitlor, namli vo aqgressiv kimyavi miihitlordo yiiksok davamliliq
gostarir. Onlar doniz suyu, tursular vo Qgoalovilorin tesiri altinda paslanmir vo bu ssbabdan doniz
miithandisliyi va kimya sonayesinds genis istifads olunur.

Kompozit materiallar tokrarlanan yiiklor altinda uzun miiddot 6z mexaniki xiisusiyyatlorini
qoruyub saxlayir. Masalon, onlarin yorulma miigavimoti aliiminiumla miiqayisado 3—4 dofo yiiksokdir
[1, s.67]. Bu xiisusiyyat xiisusilo dinamik yiiklara moruz qalan konstruksiyalar ti¢iin vacibdir. Bundan
olavo, kompozitlords ¢atlarin yayilmasi liflor torafindon mohdudlasdirilir vo bu liflor gatin qarsisini
alan baryer rolunu oynayir. Noticodo material gafil siradan ¢ixmir, daha tohliikasiz davranis niimayis
etdirir.

Kompozit materiallarin digor miihiim tstiinliiyii onlarin dizayn baximindan yiiksak cevikliya
malik olmasidir. Liflarin istigamati, qatlarin say1 vo yerlogsmasi doyisdirilorok materialin xiisusiyyatlori
konkret totbiq sahasine uygunlasdirila bilor. Bu iss miithandisloro optimal konstruksiyalar yaratmaga
imkan verir. Masalon, daha ¢ox garginliys moruz galan hissalords liflorin sixlig: artirila bilor.
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Bundan olave, kompozit materiallar vibrasiyalarin udulmasi, istilik izolyasiyasi vo elektrik
izolyasiya xiisusiyyatlori baximindan da stiinliik niimayis etdirir. Onlarin asagi istilik kegiriciliyi vo
yiiksok soniimlomo gabiliyyati bozi xiisusi tathiglords avozolunmaz edir. Notico etibarilo, kompozit
materiallarin yiiksok mohkomlik, ylingiilliikk, davamliliq vo dizayn ¢evikliyi kimi xiisusiyyatlori onlart
ononavi materiallara giiclii alternativo gevirir. Bu ustiinliiklor miiasir texnologiyalarin inkisafinda
kompozitlorin rolunu daha da artirir vo onlarin golocokds daha genis totbiq olunacagini gostarir.

Kompozit materiallarin unikal mexaniki vo fiziki xiisusiyyatlori onlarin miixtalif sonaye
saholorinds genis totbigine sorait yaratmigdir. Yiingiilliik, yiikksok mohkomlik, korroziyaya davamliliq
Vo dizayn gevikliyi bu materiallar1 miiasir texnologiyalarin asas elementlorindan birina ¢evirmisdir [2,
s.15].

Kompozit materiallar miiasir aviasiya vo kosmik sonayenin inkisafinda miihiim rol oynayir.
Tayyars vo kosmik aparatlarin konstruksiyalarinda onlarin tatbiqi imumi ¢akini shamiyyatli daracads
azaltmaga imkan verir ki, bu da yanacaq sorfiyyatinin azalmasi vo ugus effektivliyinin artmasi ilo
noticalonir [1, s.89]. Bundan olavo, kompozit materiallar yiiksok yorulma miigavimatine Vo
korroziyaya davamliliga malik olduglart {iglin uzunmiiddotli istismar soraitindo daha etibarli hesab
olunur.

Miiasir sornigin tayyaralorindo kompozitlordon govds, ganadlar, quyrug hissalori vo daxili
konstruksiya elementlori hazirlanir. Kosmik texnologiyalarda isa bu materiallar yiiksok temperatur
dayisikliklorina vo vakuum soraitino davamli olduglari ti¢iin raket vo peyk konstruksiyalarinda istifado
edilir [6, s.132].

Enerji sektorunda kompozit materiallarin rolu xiisusilo borpa olunan enerji manbalorinin inkisafi
ilo daha da artmigdir. Kiilok turbinlorinin ganadlarmin istehsalinda istifado olunan kompozit
materiallar hom yiingiil, hom do yiikksok méhkamliya malik olduqlari ti¢iin boyiik 6l¢iilii strukturlarin
hazirlanmasina imkan verir [5, s.140]. Miiasir turbin qanadlarinin uzunlugu 80-100 metra goadar ¢ata
bilir vo bu 0lgiido konstruksiyanin effektiv iglomosi yalmiz kompozit materiallar sayosindo
mimkiindiir.

Bundan slave, kompozitlor giinos enerjisi sistemlarinda vo digor enerji qurgularinda da istifado
olunur. Onlarin korroziyaya davamliligi vo uzunémiirliiliiyii enerji sistemlorinin istismar miiddatini
artirir [2, s.201].

Avtomobil sonayesinds kompozit materiallarin totbigi son illords siiratlo genislonmisdir. Bu
materiallar nogliyyat vasitalorinin ¢okisini azaltmagla yanacaq sorfiyyatin1 asagi salir vo otraf miihito
atilan zororli qazlarin miqdarini azaldir [1, s.54]. Eyni zamanda, kompozitlor yiiksok enerji udma
gabiliyyatino malik olduglari ti¢iin gqoza zamani tohliikasizliyi artirir.

Kompozit materiallar avtomobil kuzovunda, sassi elementlorinda, interyer hissalorinds vo bazi
miiharrik komponentlorinds istifado olunur. Xiisusilo idman avtomobillorinds va elektrik nagliyyat
vasitolorinds onlarin totbiqi daha genis yayilmisdir [3, s.176].

Doniz miihitinds isloyan konstruksiyalar ti¢iin material segimi xiisusi shamiyyat dasiyir. Duzlu
Su Vo yiiksok riitubat metallarda siiratli korroziyaya soabob olur. Kompozit materiallar isa bu ciir
aqressiv miihitlora qars1 yiiksok davamliliq gostarir va bu sababdan gomigayirmada genis tatbiq olunur
[5, 5.188].

Onlar gomi govdolorinin, yaxta konstruksiyalarinin, sualtt qurgularin vo platformalarin
hazirlanmasinda istifado edilir. Kompozitlorin yiingiill olmasi1 gominin siiratini vo Yyanacaq
effektivliyini artirir, eyni zamanda texniki xidmot ehtiyacini azaldir. Bundan olave, kompozit
materiallar vibrasiyalar1 daha yaxs1 uddugu tigiin komfort saviyyasini do yiiksaldir [6, s.205].

Beloliklo, kompozit materiallar miixtolif sonaye sahslorindo genis totbiq olunaraq texnoloji
inkisafin asas horokotverici qiivvalorindan birina gevrilmisdir vo onlarin istifadosi golocokds daha da
artacaqdir.

Nanotexnologiyalarin siiratli inkisafi kompozit materiallarin xiisusiyyatlorinin keyfiyystco yeni
Saviyyaya yiiksalmasing sobob olmusdur. Nanodlgiilii doldurucularin, xiisusile karbon nanoborularinin
(CNT — Carbon Nanotubes) va grafen kimi materiallarin kompozitlarin torkibins alave edilmasi onlarin
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mexaniki, elektrik vo istilik xiisusiyyatlorini shamiyyatli dorocods yaxsilasdirir. Bu nanodlgiilii
komponentlor ¢ox yiiksok moéhkamlik va elastiklik moduluna malik olduglari {i¢iin matris daxilindo
alava giiclondirici rol oynayir.

Karbon nanoborularmin kompozitlora daxil edilmasi naticasinds materialin elastiklik modulu,
dartilma mohkamliyi vo zorbs davamliligr artir. Eyni zamanda, bu materiallarin elektrik kegiriciliyi do
yiiksalir ki, bu da onlarin funksional imkanlarini1 genislondirir. Mahz bu sababdon belo kompozitlor
“agilli materiallar” kimi xarakterizo olunur [1, s.120].

“Agilli materiallar” 6z daxili strukturunda bas veran doyisiklikloro reaksiya vera bilon
sistemlordir. Bu materiallar mexaniki zodolonma, mikrogatlarin yaranmasi vo ya deformasiya zamani
0z elektrik miigavimatini doyisir. Bu doyisikliklor xiisusi sensor sistemlori vasitasilo geyds alinaraq
strukturun vaziyyati haqqinda real vaxt rejimindo molumat oldo etmoys imkan verir. Bu xiisusiyyat
“struktur saglamliginin monitoringi” (Structural Health Monitoring — SHM) kimi taninir vo xiisusilo
aviasiya, kosmik sanaye va boylik miithandislik qurgularinda genis totbiq olunur.

Nanotexnologiyanin tatbigi ilo inkisaf etdirilon kompozit materiallar golocokdo miihiim rol
oynayacaq sahoalordon biri kimi digget ¢okir. Xiisusilo 6z-6ziinii barpa edon kompozitlor innovativ
yanasmalar arasinda xiisusi shamiyyat dasiyir. Bu materiallarda mikrogatlarin meydana golmasi
zamani daxilindos yerloson xiisusi kapsullar zodslonmis sahoys miidaxilo edarok onu avtomatik barpa
edir. Belaliklo, materialin struktur biitdvliiyii qorunur va alava texniki miidaxilalara ehtiyac galmur.

Bu texnologiyanin tatbigi ilo konstruksiyalarin émrii shomiyyatli dorocods uzanir, homginin
texniki xidmat vo tomir xarclori azalir. Oz-6ziinii barpa edon materiallar aerokosmik, avtomobil, enerji
Vo ingaat sahalorinds tohliikasizlik vo dayaniqliligi artirmaqla yanasi, materialin uzunémiirlilitytini
tomin edir. Galocokds bu sahads aparilacaq todqigatlar materiallarin daha yiliksok miigavimat vo
elastiklik gostoricilorine malik olmasina imkan yaradacaq vo nanotexnologiyanin totbiq dairasini daha
da genislondiracak.

Bundan slava, ¢oxfunksiyali kompozitlorin yaradilmasi istiqamatinds do todqiqatlar aparilir. Bu
materiallar eyni zamanda hom mexaniki yiikdasiyici, hom do elektrik vo ya istilik funksiyalarini yerino
yetira bilir. Masalon, golocokds toyyara ganadlarinin hom struktur elementi, hom do enerji saxlayan
batareya kimi foaliyyat géstarmasi miimkiin ola bilor.

Kompozit materiallarin genis yayilmasina baxmayaraq, onlarin ekoloji baximdan bozi ciddi
problemlori mévcuddur. Bu problemlarin basinda kompozitlorin tokrar emalinin ¢otinliyi dayanir.
Xiisusilo termoset polimer osasli kompozitlor yiiksok temperaturda geri donmoz kimyavi reaksiyalar
noticasindo borkidiyi tgiin yenidon oridilorok istifado oluna bilmir [5, s.210]. Bu iso onlarin
utilizasiyasini ¢atinlogdirir va otraf miihito manfi tosir gostarir.

Istifado miiddoti basa gatmis kompozit materiallarin oksariyyoti poliqonlara géndorilir vo ya
yandirilir. Bu proseslor iso hom torpag, hom do hava miihitinin ¢irklonmasina sobob ola bilor. Xiisusilo
yanma zamani zorarli qazlarin ayrilmasi ekoloji risklori artirir.

Bu problemlorin aradan galdirilmasi tgiin son illords bir nego alternativ yanasma inkisaf
etdirilmisdir. Bunlardan biri mexaniki vo kimyovi tokrar emal {isullaridir. Mexaniki emal zamani
kompozit materiallar xirdalanaraq ikinci doracali doldurucu kimi istifads olunur. Kimyoavi emal isa
matrisin pargalanaraq liflarin yenidan istifadasine imkan verir.

Daha perspektivli istiqgamatlordan biri isa biokompozit materiallarin inkisafidir. Bu materiallar
tobii liflordan (katan, bambuk, kenaf va s.) va biopolimerlardon hazirlanir. Biokompozitlor ham barpa
olunan resurslara osaslanir, hom do bioloji pargalanma gabiliyystino malikdir. Bu iso onlarin ekoloji
baximdan daha davamli alternativ kimi qiymatlondirilmasina sabab olur.

Bundan slave, termoplastik matrisli kompozitlorin istifadoesi do ekoloji problemlorin hoallinds
miihiim rol oynayir. Termoplastik materiallar istilik tosiri altinda yeniden formalasdirila bildiyi {igiin
onlarin tokrar emali daha asandir. Bu xiisusiyyot golocokdo kompozit sonayesinin daha dayanigli
inkisafina tohfa vera bilar.

Umumiyyatls, kompozit materiallarin golocok inkisafi yalmz onlarin mexaniki vo funksional
xiisusiyyatlorinin yaxsilagdirilmasi ilo deyil, hom do ekoloji davamliligin tomin olunmasi ilo six
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baglhidir. Nanotexnologiya vo yasil materiallarin inteqrasiyast bu sahodo yeni imkanlar agir vo
kompozitlorin daha genis vo masuliyyatli sokilds totbigine sorait yaradir.

Kompozit materiallar miiasir miithondisliyin ayrilmaz hissasine g¢evrilmis vo bir ¢ox sonaye
saholorindo ononovi materiallart ugurla ovoz etmisdir. Onlar yiiksok mohkomlik, asagi sixliq,
korroziyaya davamliliq vo uzunomiirliiliik kimi iistiin xiisusiyyatlari ilo segilorak, ham texniki, ham do
iqgtisadi baximdan samarali hallor toqdim edir. Xiisusilo aerokosmik, avtomobil, enerji vo doaniz
miithandisliyi sahalorinds kompozitlorin totbiqi konstruksiyalarin performansini shomiyyatli doaracoads
artirmigdir.

Bu materiallarin on miihiim {stiinliklorindon biri onlarin  x{isusiyyatlorinin avvalcadan
layihalondirilo bilmasidir. Liflorin istigamatinin, matris noviiniin vo strukturun optimallagdirilmasi
sayasinds konkret is soraitino uygun material aldo etmok miimkiindiir. Bu iso miihondislikdo daha
etibarli, yiingiil vo somarali konstruksiyalarin yaradilmasina gorait yaradir.

Galacok elmi va texnoloji inkisaflari nazors alaraq, nanotexnologiyalarin vo agilli materiallarin
inkisafi kompozitlorin funksional imkanlarin1 ohomiyyatli doracodo genislondirocokdir. Xiisusilo 6z-
ozlinii barpa edan, zadsalonmani 6ncadan askar edon vo ¢oxfunksiyali xiisusiyyatlora malik materiallar
bu sahads yeni inkisaf marhalasinin asasini toskil edir. Belo materiallar, konstruksiya vo avadanliglarin
struktur biitovliiylinii qoruyaraq onlarin dmriinii uzadir, texniki xidmot Xorclorini azaldir vo miixtalif
totbiq sahoalorinds etibarliligi artirir. Bu ciir innovativ materiallar aerokosmik, avtomobil, enerji vo
ingaat sahalorinds yeni texnoloji hallorin totbigini miimkiin edir.

Bundan olava, ekoloji problemlorin hoalli baximindan biokompozitlarin va tokrar emal
texnologiyalariin inkisafi xiisusi shamiyyat dasiyir. Bu yanasma tabii resurslardan somorali istifadani
tomin edir vo istehsal proseslorinin ekoloji yiikiinii azaldir, belaliklo davamli vo “yasil”
texnologiyalarin totbigins sorait yaradir.

Noatico etibarilo, kompozit materiallar yalniz movcud texnologiyalarin tokmillasdirilmasinda
deyil, ham do golacok innovativ hallorin formalasmasinda mithiim rol oynayir. Onlarin funksional
imkanlarmin genislondirilmasi vo ekoloji uygunlugunun artirilmasi miiasir elmin vo sonayenin prioritet
istigamotlorindan biri olaraq galacaq, tedgiqat vo tatbiq sahalarinds yeni imkanlar agacaqdir.
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VJIK 631
CTPYKTYPA Y NEPCIEKTUBBI MTPUMEHEHHS KOMITO3UTHBIX MATEPHAJIOB B
COBPEMEHHBIX TEXHOJIOTHSIX

dabuuH Maxamman Oray /xaBagoB
I'snoxnncknii I'ocynapcTBeHHbIH Y HUBEPCHTET

Pe3zrome. B Oanuoii cmamve nooOpoOHO UCCLEOVIOMC HAYYHO-MeopemuiecKie OCHO8bl KOMHO3UMHBIX
Mamepuanos, — AGIAOWUXCA  OOHUM U3  Haubolee  NEPCHEeKMUBHLIX — HANPABGNEHUU  COBPEMEHHO20
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MamepuanosedeHusl, a Mmakice ux CmpyKmypHvie KOMNOHEHMbl U CMpamezuieckoe 3HaueHue 8 Co8PeMeHHOu
npomviuiiennocmy. Komnoszumuvle mamepuanvl npedcmasisaiom coOoU UCKYCCMBEHHble Mamepuansl,
0bpazosanHvle NymeM MAKPOCKONUYECKO20 00beOUHeHus 08yx uiu 0onee KOMNOHEHMO8 C PAa3IUYHbIMU
QuzuuecKuMU U XUMUYECKUMU CGOUCMBAMU, NPU INOM OHU OEMOHCMPUPYIOM NPEBOCXO0HbIEe XAPAKMEPUCTIUKY,
He npucyujue Hu 0OHOMY U3 UX KOMNOHEHMO8 N0 omoenbHoCmuy. B uccnedosanuu npogooumcs cpasHumebHblil
AHANU3 KOMNO3UMOB C NOAUMEPHOU, MEMALIUYECKOU U KepaMUYecKol Mmampuyetl, d makice Ha OCHO8e HAYYHbIX
Gaxmoe 060CHOBbIBACNCA KOPPENAYUSL MENHCOY UX MEXAHUYECKOU NPOYHOCBIO, KOPPOZUOHHOU CMOUKOCHbIO U
yoenvHuIM 8ecom. B cmamwve maxoice paccmampusaromcs mexHoLo2UYecKue Npopulebl, OOCTHUSHYMblE
Onazo00aps nNpuMeHeHUur0 KOMNO3UMO8 6 aAdIPOKOCMUYECKOU NPOMBIULIEHHOCY, a8MOMOOUNECPOeHUY U
cexmope  80300HOGIAEMOU  dHepeemuKy. Brusuue yenepooHvix 6010KOH U HAHOCPYKIMYPUPOBAHHBIX
KOMNO3UMOB HA CHUNCEHUE MACChl UHIICEHEPHbIX KOHCMPYKYULL U NOGblueHue 3dHepeodpdexmusHocmu
AHAU3UPYEMC € UCNOAb308AHUEM  KOIUHECNBeHHbIX nokazamenel. B 3akmoueHue o0Ocysxcoaromces
cyujecmsyrowue IKojio2udecKkue npodiembl, CA3AHHbIE C NepepabomKol KOMNOZUMHbBIX MAMEPUATIO8, d MAaKiCe
OyOyuue meHOeHyuY pa3gumusi 8 OaHHOU 00AACMU, 8 YACHOCIU NEPCHEKMUBbI OUOKOMNOZUMOS.

Kntouesvie cnoea: komnosummusie mamepuanvi, mampuya, apmupyrowas ¢asza, noaumepwl,
HAHOKOMNO3UMbl, MeXaHuyecKue C80UCmaa, YOelbHdas HNpPOYHOCMb, AHU30OMPONUs, 2UOpPUOHbIE
mamepuansl.

UDC 631
STRUCTURE AND APPLICATION PROSPECTS OF COMPOSITE MATERIALS IN
MODERN TECHNOLOGIES

Elchin Mahammad oglu Javadov
Ganja State University

Summary. This article provides an in-depth investigation into the scientific and theoretical foundations of
composite materials, their structural components, and their strategic significance in modern industry.
Composite materials are engineered materials formed by combining two or more constituents with significantly
different physical or chemical properties that, when combined, produce a material with characteristics different
from the individual components. The research conducts a comparative analysis of polymer, metal, and ceramic
matrix composites, providing scientific evidence for the correlation between their mechanical strength,
corrosion resistance, and specific weight. Furthermore, the article explains the technological breakthroughs
achieved through the application of composites in the aerospace industry, automotive manufacturing, and
renewable energy sectors. The impact of carbon fiber and nanostructured composites on weight savings and
energy efficiency in engineering structures is analyzed with quantitative indicators. At the conclusion of the
study, existing environmental challenges regarding the recycling of composite materials and future development
trends in this field, particularly the prospects of biocomposites, are discussed. This work serves as a
fundamental resource for researchers and engineers working in the field of materials science.

Keywords: composite materials, matrix, reinforcing phase, polymers, nanocomposites,
mechanical properties, specific strength, anisotropy, hybrid materials.
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AG NEFTLO NAFTALAN NEFTININ QOTRANSIZLASDIRILMASI
TEXNOLOGIYASI VO ALINAN MOHSULUN FiZiKi-KiMYOVI XASSOLORI

Giilnara Mayil qiz1 9sgarova, Nargiz Hasan qiz1 Mammadova, Aysel Fizuli quzz1 Mammoadova,
Ramziyya Yaqub qiz1 Sarifova
Ekologiya vo Tobii Ehtiyatlar institutu
Ganca sohari H.9liyev prospekti 419
gulya.atayeva.0l@mail.ru, nargiz1984mammadova@gmail.com

Xiilasa. Magaloda nativ Naftalan neftinin ag neft P1 markast ilo selektiv hallolma iisulu ilo
Qotransiziasdirilmasi texnologiyasi tadqiq edilmisdir. Tadgigatin maQsadi kosmetologiya vo usaq
dermatologiyasinda tatbiq ti¢tin torkibinda 95-98% naften karbohidrogenlori olan soffaf, acig-sari
rongli miialicovi mahsulun alinmast prosesini optimallagsdirmaqdir. Miiayyan edilmisdir ki, Naftalan :
Ag neft nisbati 1:4, temperatur 40°C va 24 saat ¢6kdiirma zamani qatranli-asfalten maddalorin 98.5%-
i ¢okiir. Holledicinin 65-70°C temperaturda va 150 mm Civa siitunu tazyiqinda vakuum govulmasindan
sonra paltar lakalamayan, zoif iya malik va dariya hopma qabiliyyati 3.2 dofo yiiksok olan mahsul
alinmigdir. Isdo prosesin fiziki-kimyavi asaslari, naften tursularinin neytrallasma va efirlogma
reaksiyalar:, mahsulun analitik gdstoricilari cadval saklinda togdim olunmugsdur. Tadgiqatin nazori
ahamiyyati selektiv ekstraksiya mexanizminin elmi asaslandiriimasindan ibaratdir. Praktiki ahamiyyati
Naftalan asasinda mohsul c¢esidinin geniglondirilmasi Vo emalin rentabelliyinin artirilmasidur.
Hesablanmusdir ki, 1 ton nativ neftin emalindan igtisadi somara 18 250 manat toskil edir. Islonmig
texnologiya kosmetik vasitalarin sanaye istehsalinda tatbiq olunmusdur.

Acar sozlor: Naftalan nefti, qotransizlasdirma, ag neft, naften karbohidrogenlori, selektiv
ekstraksiya, soffaf Naftalan, iqtisadi samara.

Giris.Naftalan nefti Azorbaycanin unikal tobii sarvati olub, 100 ildan artiqdir ki, baneologiyada
istifado olunur (Badslov, 1985). Nativ Naftalan neftinin asas gatismazlig: torkibinds 17-23% gatran vo
asfaltenlorin olmasidir (Musayev, 1978). Bu maddolor tiind-gahvayi rong, kaskin iy verir vo paltari
lokalayir ki, bu da onun kosmetologiya va pediatriyada totbigini mahdudlasdirir.

Son illor "ag Naftalan" adlanan, qatranlardan tomizlonmis soffaf mohsula tolobat artmisdir
(©hmadov Vo Ismayilov, 2024). Bdabiyyat tohlili gdsterir ki, gotransizlasdirma iiciin an samarali iisul
selektiv holledicilorlo ekstraksiyadir (Valiyev vo Agayev, 2022). Bu mogsadlo n-heksan, neft efiri,
izooktan istifads olunsa da, igtisadi vo texnoloji baximdan an optimal holledici ag neft P1 markasidir.

Tadgigatin moaqsadi: ag neftlo Naftalan neftinin gotransizlasdirilmasi prosesinin optimal
soraitini miioyyan etmok vo alinan mohsulun fiziki-kimyoavi xassalorini todqiq etmokdir. Ciinki bu
asililiglarin xarakterino goro Naftalan neftinin fiziki-kimyavi xassalarini tanzimlomak va son xassalori
ovvalcadan verilmis miialicovi mohsullar istehsal etmok imkani yaranir (Hiiseynova vo Qasimov,
2023).

Material va metodlar.Todqgiqat obyekti kimi Naftalan yatagindan gétiiriilmiis nativ Naftalan
nefti istifado olunmusdur. Halledici kimi ag neft P1, TOCT 3134-78, aromatik karbohidrogenlarin
miqdar1 <0.5% gotiirilmiisdiir.

Qotransizlasdirma prosesi asagidaki sxem tizra aparilmigdir: 100 q nativ Naftalan nefti 400 ml ag
neftlo 40°C-do 30 doqige qarisdirilmis, 24 saat ¢okdiiriilmiis, siiziilmiis vo ag neft vakuum-rotor
buxarlandiricisinda 65-70°C-das, 150 mm civa siit. tazyiqinds qovulmusdur.
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Prosesin kimyavi mahiyyati selektiv hall olmaya osaslanir. Ag neft naften karbohidrogenlarini
hoall edir, gatran vo asfaltenlori iso ¢okdiirtir:

Naftalan nativ + C,, H>,,4+2— Naften mohlulu + Qatran ¢okiintii (1)

Alman mohsulda gedon osas kimyavi reaksiyalar naften tursularinin ¢evrilmalori ilo baglidir.
Qotransiz Naftalanin torkibindo qalan naften tursulari neytrallasma reaksiyasina girorok bakterisid
naftenatlar omolo gotirir (Sliyeva va Sadiqov, 2021):

R-COOH + NaOH — R-COONa + H, O (2)

Burada R - naften radikalidir. Homginin naften tursular spirtlorlo efirlosma reaksiyasina daxil
olur (Rzayev & Abbasova, 2023):

R-COOH + Cz HE,OH—> R'COOCQ H5+ Hzo (3)

Fiziki-kimyovi analizlor TOCT 3900, TOCT 33, TOCT 11858, 'OCT 5985 metodlar1 ilo
aparilmigdir. Naften karbohidrogenlorinin miqdart QQX-MS {isulu ilo toyin edilmisdir (Korimov vo
Hiiseynova, 2022).

Naticolor vo onlarin miizakirasi.  Aparilan tocriibolor naticosindo miioyyon edilmisdir ki,
Naftalan : ag neft nisbati 1:4 olduqda qatranli maddslorin 98.5%-1 ¢okiir. Nisbat 1:3 oldugda ¢okiintii
tam ayrilmir, 1:5 olduqda iso naften itkisi 12%-9 catir.

Alinan gotransiz Naftalan neftinin fiziki-kimyavi gostaricilori cadval 1-ds verilmisdir.

Nativ va gatransiz Naftalan neftinin miiqayisali xassalori

Cadval 1.

Gostarici Nativ naftalan Qatransiz Naftalan Metod
Rang Tiind-gohvayi Acig-sari,goffaf Vizual
Sixliq 20°C, g/sm3 0.927-0.970 0.910-0.925 C'OCT 3900
Ozliiliik 50°C 100-220 45-60 I'OCT 33
Naften 55-70 95-98 QQX-MS
karbohidrogeni,%
Qatran+asfaltin,% 17-23 <20 I'OCT 11858
Tursu adadi, mq 1.5-3.0 0.2-0.5 I'OCT 5985
Ag neft qahg1, % - <0.1 QQX

Coadvaldon goriindiiyli kimi, gatransizlasdirmadan sonra mohsulun rangi kaskin agilir, 6zlilik 2
dofa azalir, naften karbohidrogenlarinin pay1 98%-o ¢atir. Tursu adadinin azalmasi naften tursularinin
bir hissasinin gatranla birlikds ayrilmasi il izah olunur (Mommadov 2023).
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Cadval 2.
Qatransizlasdirma prosesinin optimal rejimi
Parametr Qiymat Osaslandirma
Ag neft: Naftalan nisbati 4:1 Maksimal gotran ¢6kmasi
Temperatur 40°C Ozliiliiyiin azalmas1
Qarisdirma miiddati 30 daq Homogenlosmoa
Cokdiirmo miiiidati 24 saat Tam faza ayrilmasi
Qovma temperaturu 65-70°C Naftenlorin oksidlogmamasi
Vkuum 150 mm c.siit Ag neftin agag1 temperaturda
govulmasi

Prosesin optimal parametrlori cadval 2-do timumilosdirilmisdir.

Alinan mohsulun miialicovi xiisusiyyati saxlanilir, ¢linki osas bioloji aktiv komponent -
politsiklik naftenlor - itmir. Oksino, qatranlarin uzaqlasdirilmast doriys hopmani 3.2 dofo artirir
(Karimov vo Hiiseynova, 2024). Mohsulun agiq rongi vo zoif iyi onun usaq dermatologiyasinda,
kosmetik maska va kremlarin torkibinds istifadasine imkan verir (Mommoadov vo Oliyeva, 2023).

Tadqiqat isinin yeniliyi. Nativ Naftalan neftinin keyfiyyatini yiiksaltmok va kosmetik
moagsadlor ti¢iin yararli soffaf mohsul almaq ii¢lin ag neft P1 ilo selektiv ekstraksiya tisulu todqiq
edilorok &yronilmis vo optimal texnoloji parametrlor miioyyanlosdirilmisdir. Ik dofo olaraq
gostarilmigdir ki, Naftalan : Ag neft 1:4 nisbatinda, 40°C-do 24 saat ¢okdiiriildiikdo qatranli-asfalten
maddolor 98.5% konarlasir, naften karbohidrogenlorinin migdari iso 98%-5 catir.

Tadgiqat isinin tatbiqi ahamiyyati. Nativ Naftalan neftinin ag neftlo gotransizlasdirilmasi
soffaf, agig-sar1 rongli mohsulun alinmasini tomin edir. Bu mohsul paltar lokalomir, zoif iyos malikdir
vo doriya hopma gabiliyyati 3.2 dofo yiiksokdir. Alinan "ag Naftalan" usaq dermatologiyasinda,
miialicovi-profilaktik kosmetik vasitalorin - krem, maz, maska - istehsalinda, axin xattinin
fasilasizliyini tomin etmoys vo eyni zamanda xalq tosorriifatt ohomiyyati dasiyan Respublikanin
Naftalan resurslarindan somorali istifadays, miialicovi mohsullarin ¢esidinin genislondirilmasina imkan
VErir.

Tadgqiqat isinin iqtisadi samarasi. Soffaf Naftalan istehsalinda 1 ton nativ neftdon 500-550 kq
omtoos mohsulu alinir. "Naftalan Kurortu" MMC-don verilon malumata goro 2026-c1 il ii¢iin 1 kq nativ
Naftalan neftinin maya doyoari 1.2 manat, 1 litr ag neft P1-in topdansatis qiymoti 2.8 manatdir. 1 ton
nativ nefta 4000 litr ag neft sorf olunur. Ag neftin 95%-i qovularaq tokrar istifads olunur. 1 ton nativ
neftin emali zamani itkilori nozoro almagla sorf olunan ag neft 200 litr toskil edir. Istehsal xarclorini
nozars aldiqda 1 kq soffaf Naftalanin maya doyari 8.5 manat, satis qiymoti 45 manatdir. Belaliklo, 1
ton nativ neftdon alinan 500 kq mohsulun iqtisadi somorasi 500_(45 - 8.5) = 18 250 manat toskil
edacok.

Natica
1.Ag neft P1 Naftalan neftinin qotransizlasdirilmasi tiglin effektiv vo iqtisadi sorfoli holledicidir.
Optimal nisbat Naftalan : ag neft = 1:4 togkil edir.
2.Toklif olunan texnologiya ils torkibinds 95-98% naften karbohidrogeni olan, agiq-sar1, soffaf mahsul
alinir. Mohsulun ¢iximi nativ nefto gora 50-55% toskil edir.
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3.Qotransizlasdirma zamani asas kimyoavi g¢evrilmoalor getmir, proses selektiv fiziki hall olmaya
osaslanir. Qaliq naften tursular1 neytrallasma vo efirlosmo reaksiyalarina girorok mohsulun bakterisid
Xassasini tamin edir.
4.Alan "ag Naftalan" paltar lokalomir, zaif iys malikdir vo miiasir dermatologiya, kosmetologiyanin
toloblorina cavab verir. Bu, Naftalan mohsullarinin ¢esidini genislondirmoys imkan yaradir.
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YK 667.662.5
TEXHOJIOI'UA JETAPU3ALINN HA®TAJTAHOBOI'O MACJIA BEJIBIM MACJIOM U
OV3NYECKU-XUMHUYECKHE CBOMCTBA MOJYYEHHOT O ITIPOJIYKTA

I'yabnapa Maiinn Acraposa, Haprus Xacan Mammanosa, Aiicenb @u3yan MammaaoBa,
Pamsus Ary6 I'n3u Illapudosa
HNHeTuTyT 3K0J10TMH M TPUPOJAHBIX pecypcoB
Ipocnekr um. I'. AuineBa, 419, ropox I'angxa
gulya.atayeva.0l@mail.ru,nargiz1984mammadova@qgmail.com

Pezwome. B cmamve uccnedosana mexuono2us o0b6eccmMoru8anus HAMUGHOU HAGMANAHCKOU
Heghmu ¢ nomowpio yaum-cnupuma mapku 111 memooom cenekmuenozo pacmeopenus. Llenv pabomol
3aKnouaemcs 6 ONMUMUAYUU Npoyecca NONYYEHUs NPO3PAUHO20, CEMI0-JHCeNmo20 Ne4ebH020
NPOOYKMA ¢ COOEpHCaHUuem HAPmMeHo8bIX Yeneeo00po0os 95-98% ons kocmemono2uu u OemcKou
oepmamonozuu. Ycmauoeieno, uymo npu coomuowenuu Hagmanan : Yaum-cnupum 1:4,
memnepamype 40°C u omcmaueanuu 24 uaca ocaxcoaemcs 98.5% cmonucmo-acganomenoswix
sewecms. Ilocne saxyymmuoi omeouku pacmeopumensn npu 65-70°C u oasenenuu 150 mm pm. cm.
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NOYYeH NPOOYKM, He NAUKAWUL 00edcOy, uMerwull ciabviil 3anax u nosvlueHHyo 6 3.2 pasa
NpOoHUYaeMocmy uepes Koxcy. B pabome uznoocenvt puzuxo-xumuieckue 0CHO8bl npoyecca, peaKyuu
Helmpanuzayuy u dmepu@urayuu HaQmeHo8bIX KUCIOM, AHATUMUYecKue NnoKazamenu npooyKma 6
mabauyHot popme. Teopemuueckas 3HAUUMOCMb 3AKTIOYAEMCA 8 HAYUHOM 0DOCHOBAHUU MEXAHUZMA
cenexmuenol dxcmpaxyuu. Ilpakmuyeckas 3HAUUMOCMb COCMOUM 8 PACUWUPEHUU ACCOPMUMEHMA
NPOOYKYUU HA OCHOBE HAPMANAHA U NosbluleHUuY penmabenbHocmu nepepabomku. Paccuumano, umo
9KOHOMUYecKull 3gpghekm om nepepabomru 1 mounsvt Hamusrou Heghmu cocmasnsem 18 250 manam.
Paspabomannas mexuonozusn enedpena 8 npomululieHHOe NPOUIBOOCBO KOCMEMULECKUX CPeoCms.

Kntouesvle cnosa: nagpmananckas megpmo, obeccmonusauue, yaum-cnupum, HagmeHosvle
V211e6000p00bl, CeleKMmUeHas  dKCMpaxKyus, npospauHvlii.  HAgmana, 9KOHOMUYECKASL
aghghexmuernocme.

UDC 667.662.5
TECHNOLOGY OF DETARIZATION OF NAPHTALAN OIL WITH WHITE OIL AND
PHYSICAL-CHEMICAL PROPERTIES OF THE PRODUCT OBTAINED

Gulnara Mayil gizi Asgarova, Nargiz Hasan gizi Mammadova, Aysel Fizuli gizi Mammadova,
Ramziyya Yagub gizi Sharifova
Institute of Ecology and Natural Resources
419 H. Aliyev Avenue, Ganja city
gulya.atayeva.0l@mail.ru,nargiz1984mammadova@gmail.com

Summary. The technology of de-resinification of native Naftalan oil using white spirit grade P1
through selective dissolution was studied. The research aims to optimize the process of obtaining a
transparent, light-yellow therapeutic product containing 95-98% naphthenic hydrocarbons for
cosmetology and pediatric dermatology. It was determined that at a Naftalan : White spirit ratio of
1:4, temperature of 40°C and 24-hour settling, 98.5% of resinous-asphaltene substances precipitate.
After vacuum distillation of the solvent at 65-70°C and 150 mm Hg, a product was obtained that does
not stain clothes, has a weak odor, and 3.2 times higher skin permeability. The paper presents
physicochemical foundations of the process, neutralization and esterification reactions of naphthenic
acids, and analytical parameters of the product in tabular form. Theoretical significance lies in the
scientific substantiation of the selective extraction mechanism. Practical significance consists in
expanding the range of Naftalan-based products and increasing processing profitability. It was
calculated that the economic effect from processing 1 ton of native oil is 18,250 manat. The developed
technology has been implemented in industrial production of cosmetic products.

Keywords: Naftalan oil, de-resinification, white spirit, naphthenic hydrocarbons, selective
extraction, transparent Naftalan, economic efficiency.
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MASINQAYIRMADA DIYIRLONMO YASTIQLARININ ETIBARLILIGININ
ARTIRILMASINDA ULTRADISPERS ALMAZ-QRAFIT QATQILI LITOL-24
YAGININ TODQIQI

Sadir Saday oglu Quliyev
Azarbaycan Texnologiya Universiteti
Sedir.g@mail.ru

Xiilasa.Magingayirmada istifada olunan diyirlonma yastiglarimin is qabiliyyatinin artirilmast
magsadilo Litol-24 plastik siirtkii yaguun ultradispers almaz-qrafit qatqist ilo modifikasiyast
eksperimental olaraq todqiq edilmisdir. Miixtalif qatqi miqdarlarinda yastigin siikunat miigavimat
qiivvasi, siirtiinma amsalr va temperatur rejimlarinin tosiri arasdriimisdr. Eksperimental naticalarin
riyazi emall asasinda optimal qatqi migdart miiayyan edilmigdir. Todqgiqat gostarmisdir ki, Litol-24
stirtkii yaginda kiitlo tizra toxminon 1% ultradispers almaz-qrafit alavasi totbiq olundugda yastigin
stirtiinma miigavimati minimum qiymoat alur va sistemin etibarlilig yiiksalir.

Agar sozlor: diyirlonmo yastigi, Litol-24, ultradispers almaz-grafit, siirtiinma amsali, etibarliliq,
vaglama materiall.

Giris. Miasir masingayirmada diyirlonmo yastiglari mexanizmlorin davamliligi, enerji sarfi vo
istismar etibarliligina birbasa tosir edon osas elementlordon biridir. Yastiglarin uzundomiirliiliyiini
miloyyan edon osas amillordon biri istifado edilon yaglama materialinin fiziki-mexaniki
xisusiyyotloridir. Bu baximdan movceud plastik siirtkii  yaglarimin  funksional —qatqilarla
tokmillagdirilmasi aktual elmi va praktiki mosalo hesab olunur.

Todgigatda Litol-24 siirtkii yagina ultradispers almaz-qrafit olavasinin daxil edilmasinin
diyirlonma yastiginin ig xiisusiyyatlorine tosiri dyronilmisdir.

Tadqgigatin moaqsadi. Litol-24 plastik yaginda ultradispers almaz-qrafit qatqisinin optimal
miqdarint miiayyan etmoklo diyirlonma yastiginin siikunot miigavimat qiivvasini vo siirtiinmo amsalini
azaltmagq, naticado etibarliliq gostaricilarini yiiksaltmak.

Tadqgigatin metodikasi. Odadabiyyat malumalarini tohlil edilorak yag oslavalorinin xiisuyyatlori
Oyronilir, yastiglar {i¢iin daha moagbul olan1 perspektivli material kimi gobul edilib asaslandirilir.

TOHLILVO MUZAKIRO

Tadqiqat isindo masinqayirmada genis totbiq olunan diyirlonms yastiglarinin is gabiliyyatinin,
etibarliliq gostoricilarinin va siirtlinmo xiisusiyyatlorinin yaxsilagdiriimasi magsadilo Litol-24 markal
plastik siirtkii yaginin ultradispers almaz-qrafit gatqisi ilo modifikasiyasi eksperimental iisullarla
aragdirilmisdir. Tadqiqat zamani asas magsad miixtolif miqdarda qatqinin yastigin siikunat miigavimat
qiivvasing, siirtiinmo amsalina vo miixtolif temperatur rejimlorinds is xarakterino tosirini miioyyan
etmok olmusdur [2,s. 167].

Todgigat obyekti kimi sonayeds genis istifade olunan diyirlonmo yastigi segilmisdir. Yaglama
materiali qisminds baza niimuns Kimi Litol-24 plastik siirtkii yagindan istifads olunmusdur. Litol-24
yiiksok mexaniki sabitliys, genis temperatur intervalinda islomo gabiliyyatina vo kifayat godor yiiksok
kolloid dayanigliga malik olduguna goros masinqayirmada daha cox istifado edilon yaglama
materiallarindan hesab edilir. Aparilan eksperimentlordo Litol-24 yaginin triboloji xiisusiyyatlorinin
yaxsilagdirilmast magsadila ona ultradispers almaz-qrafit qatqist alave edilmisdir [3, s. 347].
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Ultradispers qatqnin torkibi toxminon 80% qrafit vo 20% almaz tozundan ibarat gobul
edilmisdir. Qatq1 hissaciklorinin dlgiilori nanodlgiilii diapazonda segilmis va Onlarin orta dlgiisii 10-60
nanometr arasinda doyismisdir. Belo 6lgilii hissaciklor yagin daxili strukturuna daxil olaraq stirtiinon
sothlor arasinda daha davamli qoruyucu qat yaratmaga imkan verir. Bu isa 6z novbasinda mexaniki
itkilorin azalmasina va sistemin timumi etibarliliginin yiiksalmasins sorait yaradir.

Eksperimental todgigatlarda Litol-24 yagma qatqi kiitlo iizro mixtolif miqdarlarda daxil
edilmisdir. Todqigat programina uygun olaraq qatqinin miqdar1 0,2%; 0,4%; 0,6%; 0,8%; 1,0%; 1,2%;
1,4%; 1,6%; 1,8% va 2,0% olmagla doyisdirilmisdir. Hor bir niimuna ayrica hazirlanmis, homogen
garigigin alinmasi iigiin mexaniki garisdirma tisulundan istifads edilmisdir [1, s. 231].

Tadqiqatlarin aparilmasi ti¢lin xiisusi eksperimental qurgu hazirlanmisdir. Qurgunun osas
elementlori eksperimental diyirlonmo yastigi, yiik yaradici sistem, su qabi, plastik gab, asqi ipi,
elektron torozi, dayaq stolu, stativ vo Olgma vasitolorindon ibarat olmusdur. Qurgunun is prinsipi
yastigin siikunot Vvoziyystindon ¢ixmasi tgiin tolob olunan minimal qiivvenin 6l¢iilmoasine
osaslanmigdir.

Eksperimental qurguda diyirlonmo yastiginin xarici halqasi otrafina nazik vo uzanmayan ip
sarmmusdir. Ipin sorbast ucuna xiisusi plastik qab barkidilmisdir. Plastik gab ovvalca bos vaziyyotdo
saxlanilmis vo sistemin harokatsiz qalmasi miisahido edilmisdir. Sonra qaba sabit siiratlo su slave
olunmugdur. Suyun miqdari artdigca gabin yaratdigi yiikk boyiimiis vo miioyyon kritik anda yastigin
stikunat miigavimat qiivvasi dof edilorok sistem harokato baslamisdir [4, s. 9].

Horakotin bas verdiyi anda suyun oalave olunmasi dayandirilmis vo gab daxilinds olan timumi
kiitlo elektron tarazi vasitasilo dlgiilmiisdiir. Olgiilon bu giymat yastigda yaranan siikunat miigavimat
quvvasinin giymatlondirilmasi tigiin istifado edilmisdir. Hor bir eksperiment minimum bes dofo tokrar
olunmus, naticalorin orta giymati hesablanaraq yekun gostaricilor miioyyon edilmisdir [8, s. 13].
Toadgigatin ikinci morhalasinds haroksto miigavimot qiivvasi giymatlondirilmisdir. Bunun {igiin
yastigin eyni yik altinda vo eyni baslangic soraitindo harokot miiddati vo harokot xarakteri
Oyronilmisdir. Miixtolif yag niimunalori ilo aparilan sinaqlarda yiikiin miioyyon hiindiirliitkdon sorbast
horokoti zaman1 kegon vaxt geyds alinmigdir. Miigavimot qiivvasinin bdyiik oldugu hallarda horokat
vaxtiin artdigi, miigavimatin azaldigi hallarda iso harokstin daha siiratli bas verdiyi miioyyan
edilmisgdir [5, s. 113].

Yaglama materialinin temperaturdan asili davraniginin dyronilmasi tigiin eksperimentlor miixtolif
temperatur rejimlarinds aparilmisdir. Tacriibalor 20°C, 25°C, 30°C va 35°C temperatur soraitinds
tokrarlanmigdir. Hor temperatur rejiminds baza Litol-24 yag: vo qatqili Litol-24 niimunalori miiqayisali
sokildo giymatlondirilmigdir. Temperatur doyisdikca siirtiinma omsalinin vo miiqavimat qiivvasinin
doyismosi ayrica qeydos alinmigdir [7, s. 11].

Eksperimental molumatlarin emali ti¢lin riyazi modellogdirmo iisullarindan istifado edilmisdir.
Alinmis naticalorin tohlili gostormisdir ki, qatqinin miqdart ilo siikunat siirtinmo omsali arasindaki
olago geyri-xotti xarakter dasiyir vo kvadratik qanunauygunluqla doyisir. Buna géro prosesin riyazi
modeli ikinci daracali polinom saklinds qurulmusdur [6, s. 7-11].

Model parametrlorinin hesablanmasi zamani an kigik kvadratlar iisulu totbiq edilmisdir. Bu iisul
eksperimental noqtalora maksimum yaxin kegon funksiyanin miisyyan edilmosine imkan vermisdir.
Riyazi emal naticasindos alinmig model asasinda optimal gatqi migdari tayin edilmis va nazari naticalor
eksperimental molumatlarla miiqayise olunmusdur.

Noticalorin etibarliligini tomin etmoak {iglin biitiin 6lgmalor eyni laboratoriya soraitinds, eyni
cihazlarla vo sabit metodikaya uygun aparilmisdir. Olgmoalorin tokrarlanmasi va orta giymatlorin gobul
edilmasi tosadiifi xatalarin tasirini azaltmisdir [9, s.202-206].

Aparilmis todqiqat metodikasi naticasinds Litol-24 plastik siirtkii yaginda ultradispers almaz-
grafit qatqisinin totbiginin diyirlonmo yastiqlarinda siirtinmonin azalmasina, siikunot miiqavimot
qiivvesinin asagi diismosine Vo sistemin etibarliligmin yiiksolmosine tosiri kompleks sokilda
giymatlondirilmisdir.
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Natica

Almmis tadgigat naticolori gostormisdir ki, ultradispers almaz-qrafit qatqist artdigca siikunot
sirtiinma omsalt ovval azalir, sonra yenidon artmaga baslayir. Minimum gostorici 1,0% qatq1
miqdarinda miisahids olunmusdur. Bu halda siirtiinma amsali taxminan 0,037 olmusdur.

Litol-24 siirtkii yagina ultradispers almaz-qrafit olavasi yastigin is qabiliyyatini yaxsilagdirir.

Siirtiinma omsalinin minimum qiymati qatqinin 1% miqdarinda miisahids olunur.

Temperatur artdiqca miigavimat qiivvosi azalir.

Toklif olunan modifikasiya diyirlonma yastiglarinin etibarliliginin vo istismar miiddatinin
artirtlmasina imkan verir.
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VIIK 621.822
WCCJIEJTOBAHUE YJIBTPAUCIIEPCHPOBAHHOM AJIMA3HO-TPAGUTOBON
JTIOBABKHY B MACJIE LITOL-24 JIJIsI MOBBIIIEHUS HAJEKHOCTH MOIIIUITHUKOB
KAYAHUS B MAIIIMHAX

Cagup Capaii ority I'yiinen
AzepOaiigxaHckuil TexHoJoru4ecKkuii Y HUBepcuTeT
Sedir.g@mail.ru

Pe3zvrome. /{1 nogviuieHus npouszgo0umenbHOCmy NOOUUNHUKOS KA4eHUs, UCHONb3VeMblX 8
MAWUHOCMPOCHUU, IKCHePUMEHMATIbHO UCCIe00sana mooupurkayus niacmuunou cmaszku Litol-24
VILMPAOUCHEPCHOU  AIMA3HO-2pagumosou  0obaskou. H3yueHo 6nusHue Ccuibl CMAmMuUYecKo2o
conpomuenenus NOOWUNHUKA, KOdphuyuenma mpeHus u memnepamypHbixX pelcumos npu paziudHslx
Konuwecmeax 0obasku. Ha ocnose mamemamuyeckou oOpabomku 3KCNEpUMEHMANbHbIX Pe3VibInamos
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onpeoeneHo onmuMaibHoe Koaudecmeo 0obasku. Hccnedosanue noxazano, umo npu 0odasieHuu
npumepno 1% no macce yrompaoucnepchoii aimazno-epagumosou odobasku k cmaske Litol-24
conpomugienue mpeHus NOOUUNHUKA 00CMU2aen MUHUMAIbHO20 3HAYEHUS, d HAOEHCHOCTb CUCHEMbL
nosvlIuaemcs.

Kniouesvie cnosa: noowunnux xawenus, Litol-24, ynempaoucnepcnas anrmasno-epagpumosas
0obaska, Kodghhuyuenm mpenus, HadeHCHOCMb, CMA3KA.

UDC 621.822
RESEARCH OF ULTRADISPERSED DIAMOND-GRAPHITE ADDITIVE LITOL-24
OIL IN INCREASING THE RELIABILITY OF ROLLING BEARINGS IN MACHINERY

Sadir Saday Guliyev
Azerbaijan Technology University
Sedir.g@mail.ru

Summary. In order to increase the performance of rolling bearings used in mechanical
engineering, the modification of Litol-24 plastic lubricant with ultradisperse diamond-graphite
additive was experimentally studied. The effect of the bearing's static resistance force, friction
coefficient and temperature regimes at different additive amounts was investigated. Based on the
mathematical processing of the experimental results, the optimal additive amount was determined. The
study showed that when approximately 1% by mass of ultradisperse diamond-graphite additive is
applied to Litol-24 lubricant, the friction resistance of the bearing takes a minimum value and the
reliability of the system increases.

Keywords: rolling bearing, Litol-24, ultradisperse diamond-graphite, friction coefficient,
reliability, lubricant.
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“INFLUENCER” MARKETINQINDO MUASIR TRENDLOR VO
BEYNOLXALQ TOCRUBONIN TODQIQi

Sakit Samadov, Namiq Nasirli

Azarbaycan Dovlat Neft va Sanaye Universiteti
E-mail: namignesirli9@gmail.com

Xiilasa.BU tadgiqatin 25as maQsadi miiasir dovrda “influencer” marketinginin qlobal inkisaf
trendlorini va gabaqcil beynalxalq tacriiboni todqiq edarak, bu yanasmalarin Azarbaycanin ragamsal
marketing miihitina neca uygunlasdirila biloCayini nazari va praktiki cahatdon asaslandirmaqdr.
Xiisusi olaraq, mikro va nano-influenserlorin artan rolu, qisa video formatlarimin dominanthig, siini
intellekt va canli satis (live commerce) kimi yeni texnoloji imkanlar arasdirilaraq, bu tendensiyalarin
bizneslorin konversiya gdstaricilarina va auditoriya ilo emosional baglarina neca tosir gastardiyi
miisyyanlasdirilmigdir. Eyni zamanda, beynalxalq tacriibaya asaslanaraq, Azarbaycan bizneslari iigiin
global trendlarin milli madoni xiisusiyyatlora vo yerli istehlak¢i davramisina uygun sokilda
inteqrasiyasint  tomin eda bilocak effektiv amakdasliq modellorinin  asas istiqamatlori iglonib
hazirlanmisdr.

Tadgiqgat nazari-analitik va miigayisali metodlar asasinda aparilmigdir. Méoveud elmi adabiyyat,
global marketing trendlori iizro beynolxalg hesabatlar vo uzunmiiddatli sosial media statistikalar
sistemli sokilda tohlil edilmisdir. Inkisaf etmis Qarb élkalori va regional olaraq Azorbaycana yaxin
bazarlarin (Tiirkiya, Rusiya, Orta Asiya) istirak xiisusiyyatlori miigayisali tohlilo calb olunmus, bu
tocriibalarin yerli bazarin inkisaf perspektiviloring tasiri qiymatlondirilmisdir.

Acar sozlar: "influencer” marketingi, ragamsal trendlar, beynalxalq tacriiba, rogamsal marketing,
Azarbaycan bazar

Giris.Miiasir dovrds influenser marketingi siiratlo doyison vo dinamik xarakter dasiyan bir
sahoys cevrilmigdir. Ovvollor ugurun osas gostoricisi miimkiin godar genis auditoriyaya ¢atmaq hesab
olunurdusa, hazirda daha ¢ox orijinalliq, fordilogdirilmis yanasma va Olgiilo bilon real kommersiya
naticalari 6n plana ¢ixir. Xiisusilo 2025-2026-c1 illorin global tendensiyalar1 arasinda mikro va nano-
influenserlors maragin artmasi, qisa video formatlarinin davamli yiiksalisi, siini intellektin mazmun
istehsalina inteqrasiyast vo performansa osaslanan ddonis modellorine kegid xiisusi 6nom dasiyir. Bu
doyisikliklor bizneslori omokdasliq strategiyalarini yenidon nozordon kegirmoys vo daha planli,
uzunmiiddatli torafdasliqlar qurmaga istiqamatlondirir.

Beynolxalq tocriibads an nozaragarpan trendlardon biri qisa formatli saquli videolarin dominant
movqeya yiiksolmasidir. TikTok, Instagram Reels vo YouTube Shorts kimi platformalarda yayimlanan
15-60 saniyalik orijinal va dinamik videolar, ononavi paylagimlarla miiqayisodo xeyli yiiksok istirak vo
konversiya gostoricilori niimayis etdirir. Qlobal brendlorin, eloco do Tiirkiyonin aparict kosmetika
sirkatlorinin tacriibasi tasdigloyir ki, bu formatdan foal istifado etmokls slava reklam xarclarina ehtiyac
duymadan {izvi mezmunun genis miqyasda yayilmasina nail olmaq miimkiindiir.

Texnoloji innovasiyalar baximindan digor mithiim inkisaf istiqgamoti virtual vo siini intellekt
osaslt influenserlorin siirotlo yayilmasidir. Rogomsal personajlar vo siini intellekt torofindon idaro
olunan bloqgular sirkotlora imic tizorindo tam nozarot imkani yaradir vo insan amilindon dogan
potensial risklori aradan qaldirir. Paralel olaraq, generativ siini intellekt texnologiyalar1 vasitasilo
influenserlor miixtolif auditoriya qruplar1 ti¢lin qisa miiddatdo fordilosdirilmis mozmun hazirlamaq
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imkan1 alds edirlor. Beynslxalq arasdirmalara asasen, emosional bag qorundugu vo mazmun siini tasir
bagislamadigi halda, istehlakgilar bu ciir paylasimlara getdikco daha bdyiik maraq gostorirlar.

Beynoalxalq tocriibonin dorindon 6yronilmasi gostorir Ki, forgli cografi bazarlarda influenser
marketinginin totbig modellori oshomiyyatli doracads forglonir. ABS vo Qarbi Avropa 6lkalorinds
sirkotlor daha ¢ox aydin osas foaliyyat gostoricilorine (KPI) vo dorin analitikaya osaslanan
uzunmiiddatli safirlik modellarins istiinliik verirlar ki, bu yanasma hoar investisiya olunan dollara sabit
olaraq 5-7 dollar galir (ROI) tamin edir. Bunun aksins olaraq, Cin, Canubi Koreya va Hindistan kimi
Asiya bazarlarinda canli yayimlar vo interaktiv satig formatlari daha boyiik somaralilik niimayis etdirir.
Burada influenser ham aparici, hom ds birbasa satis niimayandasi rolunu 6z tizorine gotiiriir. Madani vo
dil baximindan Azorbaycana daha yaxin olan Tiirkiys tocriibasi iSo siibut edir ki, xiisusilo gozallik,
gastronomiya Vo turizm kimi spesifik nis sahoalords 20.000-100.000 izlayicisi olan yerli mikro-
influenserlor on yiiksok konversiya gostaricilorine nail ola bilirlor.

Mbohz Asiya bazarlarindan gaynaqlanan vo hazirda global miqyasda on siiratlo inkisaf edon
tendensiyalardan biri do "live commerce" — canli yayimlar vasitasilo birbasa satislardir. Cin vo Canub-
Sorqi Asiyada artiq osas elektron ticarat kanali kimi gobul edilon bu formatda ugurlu bir influenser
yaymmi qisa middat arzinds brends milyonlarla dollar golir gazandira bilir. Eyni zamanda, alig-veris
edila bilon mozmun (shoppable content) anlayis1 da rogomsal marketingqds ingilab edir. Instagram,
TikTok vo Telegram kimi platformalarin totbiqdaxili alig funksiyalarini inkisaf etdirmosi sayasinds
istehlakgilar videonu izloyarkon birbaga mohsulu sifaris eda bilirlor. Beynolxalq tocriiba gostarir Ki,
influenserlorin  mohsulun se¢im vo sifaris prosesini addim-addim niimayis etdirdiyi bu ciir
kampaniyalar moda, kosmetika vo istehlak mallari sektorlarinda konversiya gostaricilorini 30-50%
artirir. Turkiyodo vo Yaxin Sorqds do canli satislarin siiratlo populyarliq gqazanmasi Azarbaycan
bizneslari {iglin mobil auditoriyani calb etmok baximindan boyiik perspektivior vad edir.

Trendlorin inkisafi ilo paralel olaraq, soffafliq vo etik standartlar masalasi do getdikca daha ¢ox
on plana cixir. Avropa Ittifagq1 vo Boyiik Britaniyada reklam mozmununun #reklam vo ya #sponsorlu
kimi etiketlorlo yayimlanmasi artiq mocburi norma halin1 almigdir. Miiasir istehlakgilar gizli
kommersiya mogsadli mozmunu asanhqla forglondirir vo amokdashq sortlorini agiq sokildo bayan
edon, kampaniya noticolorini soffaf boliison brendlora daha ¢ox etibar edirlor. Davamli inkisaf,
ekologiya vo sosial masuliyyat movzularina artan digqgat influenser marketinginds do 6z oksini tapur.
Qlobal aragdirmalara gora, 35 yasdan asagi istehlakg¢ilarin 60%-don ¢oxu ekoloji cohatdon tomiz
mohsullari, yerli istehsali vo sosial tosobbiislori dostokloyan "yasil" influenserlorlo omokdasliq edan
sirkatloro wstiinliik verir. Beynolxalq brendlor artiq yalniz moahsul satist ilo Kifaystlonmir, otraf miihitin
qgorunmasi, qadin sahibkarlara dostok vo modoni irsin saxlanmasi kimi movzulara fokuslanan
influenserlorlo amakdasliq edorak auditoriya ilo giiclii emosional bag qururlar.

Vizual mazmunun Ustiinliyiine baxmayaraq, audio vo podkast formatlarinin populyarligi da
qlobal miqyasda siiratlo artmaqdadir. Telegram vo Clubhouse kimi platformalarda taqdim olunan sasli
mesajlar vo canli audio yayimlari, xiisusilo maliyys, tibbi va tohsil kimi miirokkab xidmatlorin tosviqi
zamanut izlayicilorlo etibarli vo somimi sdhbot miihiti yaradir. Hindistan vo Latin Amerikasinda B2B
mohsullarinin tanidilmasinda bu formatlarin yiiksok effektivliyi siibut olunmusdur. Digor innovativ
istigamot iso genislondirilmis realliq (AR), Web3 texnologiyalar1 vo metaverselorin influenser
marketingino inteqrasiyasidir. L'Oréal vo Gucci kimi global brendlor Roblox vo Decentraland
platformalarinda AR filtrlori vo virtual geyim otaqlar1 sinaqdan kecirirlor ki, bu da istehlakgilara
rogomsal mithitdo mohsullar1 yoxlamaq imkani verarok istirak soviyyasini xeyli artirir.

Sirkatlor birdofalik paylasimlardan uzaqlasaraq influenserlorin otrafinda sadiq icmalarin
(community-driven marketing) formalasdirilmasina sormays qoyurlar. Qapali séhbatlor, onlayn
goriislor vo istifadogilor torofindon yaradilan mozmunun birgo hazirlanmasi miistorinin omiirliik
doyarini artirmaga xidmot edir. On ugurlu beynoalxalq brendlor homginin platformalararasi (cross-
platform) strategiyalardan istifado edorok tok bir sosial sobokoys fokuslanmaq ovazina, eyni
influenserin eyni vaxtda Instagram, TikTok, Telegram vo YouTube-da foaliyyst gostordiyi vahid
kampaniyalar qururlar. Qlobal tacriibalorin tohlili siibut edir ki, an gabaqcil sirkatlor mévcud trendlori
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kor-koranos tatbiq etmir, onlar1 6z sanaye spesifikasina vo milli madani kontekstlars — yerli yumor, ailo
hekayalari va anonalara — uygunlasdiraraq izlayicilarlo daha davamli alagolor formalagdirirlar.

Beynolxalq tocriibado kampaniyalarin malumatlar (data) ssasinda daha darindon fardilosdirilmasi
mithiim yer tutur. Qlobal brendlor influenserlorin se¢imi, effektivliyin prognozlasdirilmasi vo fargli
auditoriya segmentlori tiglin xiisusi mozmunlarin hazirlanmasi1 magsadilo siini intellekt alstlorindan
genis istifado edirlor. ABS vo Avropada bu yanagma hor bir ismaricin konkret izloyici qrupu ligiin
aktualligim1 artirir vo noticads investisiya golirliliyini (ROI) shamiyyatli doracads yiiksoldir. Asiya
bazarlarinda, xiisuson Conubi Koreya va Yaponiyada isa eyni influenserin miixtolif yas vo davranis
gruplari tigiin bir paylasimin bir ne¢o forqli versiyasini yaratmasi artiq standart tocriibays ¢evrilmisdir.

Miiasir influenser marketinginin onanavi marketing alstlori ilo integrasiya olundugu hibrid
modellor global tocriibads xiisusi yer tutur. ABS vo Avropada sirkoatlor influenser tovsiyalarini pop-up
magazalar, xtisusi tadbirlor va loyalliq programlar1 kimi oflayn faaliyyatlorlo ugurla sinxronlasdirirlar.
Bu hibrid yanagma rogomsal miihitdo formalasan etimadi real hoyata dasiyaraq konversiyani xeyli
artirir.  Tlrkiyo vo Qazaxistan kimi oxsar roomsallagsma soviyyasino malik olkolorde do bu
strategiyalar xiisusilo turizm va porakands satis sektorlarinda boyiik effektivlik niimayis etdirir; bels Ki,
influenser avvalca onlayn mokanda maraq oyadir, ardinca iso auditoriyani canli goriiglors vo ya xiisusi
promosyonlara doavat edir.

Perspektivli inkisaf istiqamatlorindon biri do regional vo hiperlokal influenserlorin shamiyyatinin
artmasidir. Ovvallor asas digget paytaxt vo boyiik soharlords yasayan bloqgulara yonalirdiss, hazirda
brendlor yerli auditoriyanin giindalik hayatini vo modani xiisusiyyatlorini daha yaxsi anlayan regional
mozmun yaradicilart ilo omokdagliga istiinlikk verirlor. Braziliya, Hindistan vo Tiirkiyodo hoyata
kegirilon kampaniyalar siibut edir ki, bu ciir hiperlokal yanagma abunagilorin real hoyati ilo daha
yaxindan soslosdiyi ti¢iin hom istirak, ham do konversiya nisbatlorini maksimuma c¢atdirir. Rusiya,
Qazaxistan vo Glirciistan kimi oxsar sosial-iqtisadi soraito malik olkalorin tocriibasi do gostarir Ki,
somimi hekayolor, ailo doyorlori vo milli ononolor tizorindos qurulan yerli kampaniyalar, Qarb
formatlariin birbasa kopyalarindan qat-qat ugurlu olur. Qlobal trendlorin yerli realliglara
uygunlagdiriimadan kor-koranas totbigi nadir hallarda istonilon naticoni verir.

On ugurlu beynolxalg kampaniyalar tok bir moshur ad {izorinds deyil, miixtalif Saviyyali
influenserlorin diggstlo secilmis ekosistemi tizorinda qurulur. Qlobal brendlar kiitlovi shato dairasi
tomin etmok iiciin meqa-influenserlorlo, dorin konversiya vo etimad yaratmaq igiin iso mikro-
influenserlorls paralel isloyirlor. Bununla yanasi, strategiyalarin davamli monitoringi va siiratlo doyison
platforma algoritmlorina ¢evik uygunlasma boyiik shomiyyst dasiyir. Masalon, Conubi Koreya vo
Yaponiyada influenser marketing komandalar real vaxt rejimindo malumatlari tohlil edorak, paylagim
dorc olundugdan dorhal sonra auditoriyanin reaksiyasina uygun olaraq mazmunu tanzimlayirlor.

Influenser marketinginin sosial tosir vo xeyriyys layiholori ilo inteqrasiyast da miihiim
tendensiyaya cevrilmigdir. Qlobal miqyasda sirkotlor yalnmiz mohsul tanitmagqla kifaystlonmir, otraf
miihitin qorunmasi, tohsil, qadin sahibkarlara dostok vo madoni irsin saxlanmasi kimi md&vzulara
fokuslanan influenserlorlo amokdasliq edirlor. Patagonia vo LVMH kimi nahonglarin tocriibasindo
gormok olar ki, istehlak¢ilar real sosial masuliyyst niimayis etdiran va icmalarla birgs layihalor hoyata
kegiran brendlora daha yiiksok doyar verirlar.

Biitiin bu miirokkob ekosistemi idaro etmok li¢iin aparict beynolxalq sirkatlor kadrlarin davamli
inkisafina xiisusi sormays qoyurlar. Onlar birgo ustad dorslori toskil edir, tohsil proqramlari hazirlayir
Vo torofdaslar tigiin daxili akademiyalar yaradirlar. Bu sistemli yanasma onlara mozmun keyfiyyatini
qorumaga va Yyeniliklors, eloca do doyigon alqoritmlars gevik adaptasiya olmaga imkan verir.

Miasir trendlorin vo beynalxalq tocriibalorin tohlili tosdiq edir ki, influenser marketingi artiq
sadaco taktiki reklam yerlosdirmasi deyil, sirkotlorin iimumi marketing ekosisteminin strateji siitununa
cevrilmisdir. Qlobal tocriibolorin  kor-korans totbiqi ovozins, onlarin  Azarbaycanin spesifik
xisusiyyatlorine — yiiksok mobil trafiko, modoni ononalora vo yerli sasloro olan etimada —
uygunlasdirilmasi yerli biznesloro hom mévcud alatlordon samorali istifade etmays, hom da ragomsal
bazarda dayaniqli rogabat Ustiinlilyli qazanmaga méhkom zomin yaradacaqdir.
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Molumatlarin moxfiliyi vo analitikanin etik istifadesi qlobal praktikada xiisusi digqgot
morkazindadir. GDPR vo CCPA kimi sort gaydalarin totbigindon sonra beynslxalg brendlor va
influenserlor soxsi molumatlarla islomok ti¢iin daha soffaf modellors kegmoys mocbur olmuslar.
Molumat toplama mexanizmlorini agiq sokildo izah edoan vo istifadagilora 6z molumatlart {izarinds
nozarat imkani veron sirkotlor auditoriya etibar1 baximindan ohamiyyatli istiinliik qazanirlar.
Azorbaycan bizneslori da, milli rogomsal reklam ganunvericiliyinin tadricon inkisaf etdiyini nazars
alarag, omokdasliq siyasatlorini hazirlayarkon bu beynslxalq tacriibadon faydalanmalidirlar.

Qlobal tacriibanin tesiri altinda Azorbaycanda B2B (biznesdon bizness) vo pesokar xidmot
sektorlarinda da influenser marketinginin totbigi nazaragarpacaq dorocods genislonmisdir. Banklar,
s1gorta sirkatlori, IT miiossisalori va tohsil morkozlari artiq sads vizuallardan ¢ox, otrafli icmallara, is
aragsdirmalarina vo ekspert raylarins istiinliik verirlor. Hiiqugstinaslar, maliyyagilor vo miallimlor kimi
pesokar tacriibaya malik soxslorlo amokdasliq xiisusila effektiv naticalor verir, ¢iinki onlarin tovsiyoalari
auditoriya torafindon miistagil vo niifuzlu monba kimi gabul olunur. Bu ciir ardicil postlar, miisahibalor
Vo uzun videolar vasitosilo qurulan kampaniyalar ciddi maliyys vo tohsil gorarlari veran izlayicilor
arasinda dorin etimad formalagdirir.

Texnoloji trendlorin digar bir ganadi olan Web3 texnologiyalar1 vo NFT amokdasliglarina maraq
stiratlo artmaqdadir. Qlobal moakanda bazi influenserlor 6z ragomsal kolleksiyalarini taqdim edir vo ya
blokgeyn vasitosilo mozmuna ekskliiziv giris imkani yaradirlar. Bu trend Azoarbaycanda halo kiitlovi
xarakter dagimasa da, Tirkiys Vo Fars korfazi 6lkolorinds artiq foal sokilds sinagdan kegirilir. Yerli
brendlor iiclin bu ciir innovativ layihalor texnologiyaya bagli gonc auditoriyani calb etmok vo
abunagilars alava dayar yaratmagq ligiin ¢ox perspektivli bir vasito ola bilar.

Natica.Moagalomizin yekunu olaraq geyd etmaliyik ki, miiasir ragomsal iqtisadiyyatda influenser
marketinginin idaro edilmasi artiq parakonds va intuitiv bir faaliyyat deyil, daqiq olgiilo bilon, elmi
osasli strateji idaroetmo sistemidir. Qlobal trendlarin vo beynolxalq tocriibonin tohlili gostorir ki,
Azorbaycanda bu sahonin ugurlu galocayi mohz sistemli planlagdirmadan vo malumatlara asaslanan
gorarlardan asilidir.

Xiisusilo 6lkomizin modoni xiisusiyystlorini nazors aldigda, qisa video vo canli yaymm
formatlarinda ¢alisan mikro vo nano-influenserlorin on giiclii tosiro malik oldugu tesdiqini tapir.
Sirkoatlor sadaca birdafolik reklam kampaniyalarindan uzaqlasaraq, uzunmiiddatli sofir proqramlarina
vo influenser marketinginin digar rogomsal alstlorlo inteqrasiyasina kegid etmoklo ham investisiya
golirliliyini (ROI) artira, ham da istehlakg1 etimadint méhkamlandira bilorlor.

Bu mogsadla rogomsal bazarda foaliyyat gostoron bizneslors asagidaki asas addimlarin atilmasi
toklif olunur:

« Sistemli Qiymatlondirmo: Influenserlorin segimi zamani yalmz komiyyato deyil, uygunlug,
orijinallig vo madaniyysto uygunluq kimi keyfiyyot meyarlarina osaslanan daxili qaydalar va
giymatlondirmo matrislori totbig edilmalidir.

e Cevik vo Uzunmiiddotli Modellar: Sabit 6donislo performansa osaslanan (bonus) modellari
birlogdiron hibrid 6donis mexanizmlorina Vo uzunmiiddotli torofdasliq miigavilalorina kegid tomin
olunmalidir.

e Davamli Analitika: Kampaniyalarin effektivliyini 6lgmak ii¢lin bagdan-ayaga atribusiyadan vo
miiasir analitik alatlordan istifado etmoklo sistemli monitoring toskil edilmolidir.

e Qlobal Trendlorin Lokalizasiyasi: Canli ticarat, alig-veris edilo bilon moazmun va
genislondirilmis realliq (AR) formatlar1 kimi beynalxalg trendlor Azorbaycan auditoriyasinin
spesifikasina uygunlasdirilmalidir.

« Regional Inkisaf: Yalniz paytaxtla mohdudlasmayaraq, bdlgalordoki auditoriyaya daha dorindon
niifuz etmok {igiin regional influenserlorlo omokdasliq inkisaf etdirilmalidir.
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Bu strateji, coxfaktorlu vo analitik yanasmalarin totbiqi sirkotlors yalniz marketing
kommunikasiyalarmin effektivliyini artirmaga vo biidcalori optimallasdirmaga deyil, eyni zamanda
stiratlo doyison ragomsal miihitdo dayaniqli ragabat iistiinlityli oldo etmays imkan veracokdir.
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RESEARCH OF MODERN TRENDS AND INTERNATIONAL PRACTICE IN
“INFLUENCER” MARKETING
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Summary.The main objective of this study is to study the global development trends and
advanced international experience of influencer marketing in the modern era and to substantiate
theoretically and practically how these approaches can be adapted to the digital marketing
environment of Azerbaijan. In particular, the increasing role of micro and nano-influencers, the
dominance of short video formats, artificial intelligence and new technological opportunities such as
live sales (live commerce) were examined, and how these trends affect the conversion rates of
businesses and emotional ties with the audience were determined. At the same time, based on
international experience, the main directions of effective cooperation models that can ensure the
integration of global trends in accordance with national cultural characteristics and local consumer
behavior for Azerbaijani businesses were developed.

The study was conducted on the basis of theoretical-analytical and comparative methods. The
existing scientific literature, international reports on global marketing trends and long-term social
media statistics were systematically analyzed. The participation characteristics of developed Western
countries and regionally close markets to Azerbaijan (Turkey, Russia, Central Asia) were involved in
the comparative analysis, and the impact of these experiences on the development prospects of the
local market was assessed.

Keywords: influencer marketing, digital trends, international experience, digital marketing,
Azerbaijani market
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HCCJEJOBAHUE COBPEMEHHBIX TEHAEHIIMA U MEXJIYHAPOJTHOM MMPAKTUKH
B COEPE MAPKETHHI'A C YHACTHUEM BJIMATEJIBHBIX JIMIY (MH®JIIOEHCEPOB).

Caxur Camanos, Hamuk Hacupan
Asepoaitnxanckuii 'ocynapcrBennnsiii Hedrerazospiii u IIpoMblnieHHbI YHUBEPCUTET
namignesirli9@gmail.com

Pe3zrome.Ocnosuas yenb 0aHHO20 UCCTE008AHUSL — U3YYeHUe 2T100ANbHbIX MEHOCHYUU PA3GUMUSL
U nepedoBoco MeHCOYHAPOOHO20 ONbIMA UHPIIOCHC-MAPKEMUH2A 68 COBPEMEHHYI0 9NOXY, a MAaKice
meopemuyeckoe U Npakmuyeckoe O000CHO8AHUe adanmayuu >mMux nooxo008 K Yu@poeol
MapkemuHeogou cpede Azepbatioxcana. B uacmuocmu, 6viiu paccmompeHnvl 803pacmarnuias poib
MUKPO- U HAHOUH@DNIIOEHCEPO8, OOMUHUPOBAHUE KOPOMKUX BUOEOPONUKOS, UCKYCCIEEHHbI UHMENLEeKM
U HOBble MEXHONI02UYECKUEe 803MOINCHOCMU, maKue Kak npsamvle npooadcu (live commerce), a maxice
onpedeneno GuuAHUe IMUX MeHOeHYUll Ha Kod@uyueHmovl KoHgepcuu OusHeca U SMOYUOHATLHYIO
cea3b ¢ ayoumopueil. OOHOBpeMEHHO, HA OCHO8e MeMCOYHapOOHO20 Onbimd, Obliu pa3pabomarwvl
OCHOBHble Hanpasienus 3PGekmuenvix mooenell compyoOHU4ecmed, Komopwvle Mo2ym obecneuums
unmezpayuio - 2N100ANbHLIX MEHOCHYULl 6 COOMBEMCMEUU C  HAYUOHAILHOIMU  K)IbMYPHbIMU
0COOEHHOCMAMU U MECIHBIM NOMPEeOUMENbCKUM NosedeHueM OJisl a3epoatiodicancko2o busmeca.

Hccneoosanue npogoounoce Ha OCHO8e MeOPemuKO-aHAIUMUYecKuUxX U CPAGHUMENbHbIX
memooos.  Cucmemamuuecku — aHAIUZUPOBANUCL — CYWECMBVIOWAs — HAYYHAA — Jumepamypd,
MENCOYHAPOOHBLE OMYENbL O 2100ANLHBIX MAPKEMUHZ08bIX MEHOEHYUSAX U Q0ICOCPOYHASL CIAMUCTIUKA
coyuanvuvlx cemell. B cpasnumenvholil ananuz ObLiu BKIIOYEHbI XAPAKMEPUCUKY YHACMUS PA36UMbBIX
3aNAOHBIX CMPAH U PECUOHATILHBIX PLIHKOS, Onuzkux k Azepoauiocany (Typyus, Poccus, Llenmpanvras
A3us), u oyeneHo e1uaHUe IMO20 ONBIMA HA NEPCHEKMUBL PA3BUMUSL MECTNHO20 PbIHKA.

Knwouesvie cnosa: unghnioenc-mapkemune, yugposvie mpeHobl, MeHCOYHAPOOHbIU ONnblm,
yughposotl mapkemuHe, azepoauoHCaAHCKUll pbIHOK

Redaksiyaya daxilolma: 18.04.2026
Capa gobul olunma: 19.06.2026

C === 9

140



141



